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S A A B 5 5 W SO R B2 1k A Python ) C il C++ FEREEHHEGT, B0 FEFE T A {1 i API (i
FAFER A ) o FF extending-index FHAMBMEIZ, BHA T HEETn—BER, HEEA FRAEH
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CHAPTER 1

#Hix Python (1 1 F R BREE /T R4S C R C+ BHE AEEAE %8 @ AA7HL Python %45, #% API [a]fk
AR C+, RIEIf R S, 38 31 HAR(E] Python/C APL, {i fi] Python/C APL A RIEA AR A, 55—
182 E 5 H RSB Uk A4 35 2828 75 Python BL32#4MY C B4, BV RERAAE WA HYE. 45 M
E?%E%ﬁ%ﬁ%ﬂ% P i Python FEEVZ 6 5 3288 1 #7070 ME A R X AR [E) embedding (A
;) Python,

A 5 AL — AN B A ) PR IR AR, Horh [Erak (cookbook) | ik RA R, A #ME T H W] DAfE—
ERIE E A Bz, [E MR E0R Python i AFIIAMME AL, (Higk A Python Ry FEEIR
(LI i SeaiE

AR iR AR 2 7C Python, 712 APL s XHRRAA IR MO, KZ M A Python A th ek
TPt B E SO, DR MAE B UK Python i} AT I AR 2 BTS2 A 5 90 78 T B2 1 e 08

1.1 REEE

WERARIEAE S R 25| A7 CPython Wiy C R23XH, VRBATELNR PEP 7 rhig A R AEIE . M IR MR
i) Python JIRASUNAT, iE L5 Eg bl . MR A SRR = e, MRLERE 24, BRIFIRAY
PR AHE M E RS Python,

1.2 S| A\$&3X (include files)

{li /] Python/C API g T A7 kit . ZUIETRIE A2 SR8 DA T BATAAE AR A s h g LA -

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

i BER 75| ADL FERERETH: <stdio.h>. <string.h>,<errno.h>,<limits.h>, <assert.h>
M <stdlib.h> (WERATH).

e

HiJ% Python W] BB & 38— L @ 5 AL R A EASMERBERR 1) T B P45 (pre-processor), [AIHCAR 54 JATE
FIMMEAMERHERBME Z Bi5] A Python. h.
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##FAES| A Python.h Z BI#[SEEF PY_SSIZE_T_CLEAN., A BB EME, #2E:
FHEHA,

|47 7] Sttt

JIr A 577 Python.h h ELAE Wl A AR (53 ShE @ BRMERREEAR | ARYBRSN) HREG Py B _Py %K.
PA _Py BHEHMYA FRAL Python FEAEIERBAE M, ST m & NHERI . A 24 A EG TR B wisst

fi(E]

I ERE A HEE FAEM VA Py B _Py BHEAMY A RE . B @bl BN, g R i1
R Python fitAs LMy I RSAEYE , 5 LERCAS T E @ 7 3 LATE LY BT AR — BHSE R HoAth 4 6

A GE A 18 7 i Python — #2274, #F Unix b & M7 % H [F] prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H W prefix fll exec_prefix [ Python [
configure [EIAMMESBIESE, version J& '$d.%d' $ sys.version_info[:2]. f£ Windows I,
FEGE S prefix/include 1, Hd prefix 23 B4R (installer) 423 H ([E.

FHI AR, SR (WERAR) H ERE iS5 AR AL (search path) H1, R J5 5 H(E
WAE RIS b, KRBT #include <pythonX.Y/Python.h>; EEELFHHE LK,
prefix T PGB EIERKE exec_prefix MFERERH.

C+ fEHETER, [ APLSERM C AUESE, (HERBERE R A DB YE extern "C,
B, SEFPTALARIRERAERI ] B C++ H1Y APL

1.3 FRANESE

Python fZ5EAE HEFE T & MA HWE S, KEWERAAETMA AR T (Flanry_RETURN_NONE),
HAb R @A TARRX. NTER—E BB,
PyMODINIT_ FUNC

Declare an extension module Py Init initialization function. The function return type is PyObject*. The
macro declares any special linkage declarations required by the platform, and for C++ declares the function as
extern "C".

The initialization function must be named Py Init_ name, where name is the name of the module, and should
be the only non-static item defined in the module file. Example:

static struct PyModuleDef spam_module = {
PyModuleDef HEAD_INIT,
.m_name = "spam",

}i

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

}

Py_ABS (X)
e 8 5 (g (ETSH(E -
1E 3.3 FANA.
Py ALWAYS_INLINE
SR it A2 I AEIREATEIR 3L (static inline function), &k 1T LAZINS B EEE MR AGZ A

TESE ] R SR A B BT 72 B Python IRf, B A IR A HERE 2R IO R84 TR . B4,
MSC TE SR B A5 e A o

4 Chapter 1. &4}y
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H H i Py_ALWAYS_INLINE #50 [E) 8647 ) ok X T e @ B BCE 22 PERE (Bl AR A/ g
) o FERAMCER AT ST, A i LU B3 N BCEHER

IR Python J2XERRSEA X N (AR Py _DEBUG HERWIEFR), Py _ALWAYS_INLINE [F &5
HHEERAS i

EETE R FERE L migde e .

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

T8 3.11 BUgemA.
Py_CHARMASK (c)

5L R [-128, 127] 5 [0, 255) #EERFooscE . EMELEH ¢ HEE unsigned char
(EJ e .

Py_DEPRECATED (version)
HH AR CE R B . ERUEBHER 9 Hl .
i

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

1 3.8 WAL Fids T MSVC 3#% .
Py GETENV (s)
Bl getenvi(s), HUNRLE S5 EEE T -8 H) Bl ~uLL (3§ HpyConfig.

use_environment) o

Py MAX(X,y)
Ml x fly 2 MR
TE 3.3 B hA.

Py_MEMBER_SIZE (type, member)
PAMLTCAHLEV LS E 45 (type) member HIR/N,

1t 3.6 IBMA.

Py_MIN (X, y)
M = Fl y Z I ER/ME.
1E 3.3 A

Py_NO_INLINE

s A Fln, BEDT CHEEEAE: #HRRERARXEEY LTO+PGO g EMRAH (7
2:[F) bpo-33720) .

I

[nyNOfINLINE static int random(void) { return 4; }

TE 3.11 iREEIA.
Py STRINGIFY (x)
4 #FF] C 58, i Py_STRINGIFY (123) &r[Efl "123",

1E 3.4 FRBA.
Py_UNREACHABLE ()

HARP R MR B AR U B A R, R BRI, BIAITE case B EAE TG Al RE(E
#) switch PR PR default: Fh). FERW REAZIEN] assert (0) i abort () AL H
.

B (release mode) T, FAEE Bhwimes i AL FE NS, [k B S0 A7 RS s i 2 1
BtnE% B A B AE B840 F i GCC f#iffl __builtin_unreachable () AEAE.

13. FRAMER 5
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Py UNREACHABLE () f—Ml &2, E¥ iR mEEERBHE Py NO_RETURN HJp
Z YA .

AR AR S AR AR A ] R/ RRR S N ol DARE, HIRSMH I E 4. BlanE(Re i e r
R SE [alfE TR I A A . SRS, RIS R AR NI . SR e [
IR A Py_FatalError (),

£ 3.7 HGA.

Py_UNUSED (arg)
A% 1 BRI EXOE 38R OR G B 2 MDA B A R A . BN int func(int a, int

Py_UNUSED (b)) { return a; }.

1E 3.4 HRPTIA.
PyDoc_STRVAR (name, str)

a4 ) name RSB, WTRATESCHREH A . AR Python 2 AE(EIG SCUF T R I I ) T 22
, RREE A

an PEP 7 W FTRH, {8 PyDoc STRVAR AR SO 8 T DA SR AE A SO F s ) S B e

Python,
i
p
PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");
static PyMethodDef deque_methods[] = {
/S ..
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VYA

}

PyDoc_STR (str)
()45 5 A - B S — SO ER IR SO R A F I T 2 R
W PEP 7 R, i PyDoc_ STR $§ 58 SO 53 DAL IR AEEA SO 7 R 2 %: Python,
i -

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

1.4 Y. BFoLEBHE

K Z ¥ Python/C API p&=CHERAT — {5k 22 1 5 | S A K — R BLEIE] Pyobjece* [mlfE(E, HAIEDE M5
B, F8 1l AT = Python Y FHY IS (opaque) ERIAE]. fATE R ZHIEEIR, Python 355 PAHIIH
7 X EFLTAT Python ) HZU(E] (BIANRIE . 1EFEBLAIG  BUEIE ) , b e % i B C BU(EI2R
FoR. BT FrA Y Python ) AL A HERE (heap) ot MRiKIEARN G Pyobject BB H B a4 uk [F]
Restly, HEEBH] Pyobject* MERYISES M. M—BIsNEREWH; hidt e MERN SR,
e M 2ERE Py Typeob ject PfH,

fiiA Python ¥4 (E:- %22 Python #8%) #iA —HZLE] (rype) Fl—1H 2 BEEIHK (reference count), — R4
FHEIESE T2 EER 2 (Ban— 8%, —q List 53— # E R Rs; B LA,
i types) o EPNHEET A AIOAE, B4 —HEERGEY RSB RN ZHE; fihn, & (FMES)
*a* F5 [ ) {E 2 Python list B, PyList_Check (a) [EJE.
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141 28E5#

SR R, FEB A E RN AR (T HE S 2 EE AR ) ERtEA 2 AR
W AT — R 4 e ERRR M AT VAR D — A i, s e (R(EIRE) C s, skt
8 C R A ISR B, 3 — R et — (A () & e geR iR (RDHL 2 IS ) , s i
WRERNCE (deallocated). WIRE MG EHAY P2 I, MEMII2 M EPREL. ASE R RIS
FOEGEMEREMY S, AR ETRE H ALY PHRFRICE, KIS . (RN E.2 Y
FEAE e B B B AT, RED 52 DAl )

2 WG R I b . (BRI R B depy INCREF () REUSERYIER 2 IR (B2 IEE
#om—), B E&Ery_DECREF () KA (RS EEHE—)., Py _DECREF () B4 incref B
SIS Z, HEELAEARE2RGE GBI, KA RS (deallocator). FEAAS RS
EYHERES PRI, e BB, EaR e —EEE Y AZIE (FIh0 list) FEE SR
Y S HAb Y 2 6, BT R T SR e s B . SRR Rk 2 /gD
TR Hh AR 2 TR T R T RO PR A O B U — B2 e Er i (3% sizeof (Py_ssize_t)
>= sizeof (void*) ). [HIZ HFFEHE IS i B A A

[V Wh 2 EV A 6 5 P - PR Y AR A O (R 5 — ) 2 ne (RIS 2 Bl . PR b, B8R
RS, YRR S BT Ea I 1, i S B s @ 1, SRS A G A AR, FTRAR
%2 EHE A B . T S B ME— R S PR B IR A S R ) B R BRI S . R
RITE 2 — (AP A 2 R A A T 2 DB MR S R, AN TR R IR I S ) 4
(BRI m 2 BT o i BLUERE R —f S 2UEEHRAEE Python FFI A HE FEAAL b AR5 | SR 4% C 5
R L A ] R P L S0 ] (Rl 3 2 B 2 T

ORI, — {8 SR B2 AE — ] List s B (E 9 PRIEOR B B — B R B TR U 2 . SESe H At #
WREG SR P ERr, EH2 REEETRBUE I E . HIENGRERDIEF M EE TG
IR ABHAT AR AL & Python Rl A —(EAEXAG AL e A RIMERE Py_DECREF () [l BHfafi I
PR A AT A AR A TR B

— L A I VR BT 38 A (generics) #:1E (#4FEPA PyObject_. PyNumber_., PySequence_ if
PyMapping_ BHSEMIEAR) . 18 SR (EQE T B0 B B m L (i E 4 n8 (RPEE 2 st .
1B AR A AT R B A AR Py DECREF () 5 iEstiUEISE — AV

SRFBFAER

Python/C API i 8 s H T FE T JH 48 60 947 4 ACHREE. 5 HEWE TR I 2 BT e (4B
AT, CMAR I ). RS 0 | SRR R S I, A /E 1P| Py_DECREF. iy
AR T DUBRS , 525 REOR 25 e 2 A M RS A6 £ 5 A 7 25 2 IR B P I Py, DECREF ()
WPy XDECREF () B M — SCH IEa MR E PRI S CRRRATIITIE). % HE 20
H BT R S 0T I 40, NP B RRE B 1) (A9 2 . AT T A7 HEB RS , WP R E
BB, W1 4 0 AT BT

RS, HIFI R A PR 2 B, A AT AEME: sl BRI (steal) YIS I, SCEEH . &
I A IR EWRE IR 2 R ek, ek UBUE BB A 2 I, B EEEaR.

RAGRA GRS, MAEESEENGIINEPyList_SetItem() MPyTuple_SetItem(), B
B THIEHMZ W (HARZEIEH R wple 5 list (2 ) o B 261 B 8 S i 9 14 2k 58 m
(populate) tuple =¥ list [ 18, ELEpRzCBAERIS I Bilan, #57 tple (1, 2, "three") HYREZHE
AR R (SE B e it sl st e a5 5 A R R ) -

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

ig[ElpyLong FromLong () GRS, B HBryTuple Setitem () $EML. WIRARANME
AU — R r, DS Er2 R PREI, FErEm 2 Mg e i 61 py_ INCREF () M)
—fHZ K.

14. Y. BEF0REHE 7
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B # o [F], PyTuple SetTtem() & #% & tuple J H Wy " — ¥ ¥ PySequence_SetItem()
Mipyobject_setItem () FHELE ML, tuple /& — 7 A Al 4# (immutable) (1) &R B[E]. (RIERZ R
HARE O tuple i PyTuple SetItem().

A PMEEFH PyList_New () MlPyList_SetItem () #HiEs FNETTY|FRA SRR .

(R AR TR T AR A () 38 2L 07 YR A S A AN tuple Al list. A — (R i s Py_Buildvalue ()
A LAGE CHBN I R, H formar sring 5135 . {54087 (¥ v A XA T DA A R AR RE) (&
EE TR )

PyObject *tuple, *list;

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

SR L AR LA I 2 IR IH H SRl PyObject _SetTtem () MR, HCUIERAG VR IEAE S
FIRE 8. ZEIREREET, M BR 2 AT I e LR e, PR EWRARIUSHT 8 2 B g m] DA
M2 (TFREPREmR]) . s, M=K lise (B LRAEM IS FH) #FTA I H SUE R4 e H -

N
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; i++) {
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;

}

B 2 (o] (L0 ) R (R A AN T o I R 508 6K 22 o 2010 2 RO S MO s R % 2 IR T B RE AT, (HRE
Z Y {2 BN R B2 BT AR, JRAREE: ERZEET, BUER Y2 B e T
M, REETS) 2 R S ngE—2 08, LR E Y 2 I s, WPyobject _GetItem()
fipysequence_GetItem(), H2BIME—FHHZE (FFnE R E2BYTEGE).
AR BRI AR RS A — 0 R X B A 2 08 UERE R BRE pR X - 30 £, (plumage)* (1§[E)7]
HRBLSH X2 AE) * RgEAC! WL, WRRMHPyList_GetTtem () fE list F4REE—1H
HH, WAGHE LS E - (BRI Pysequence_GetTtem () HE[Hl— list HERUAHFKIEE (H
W sE M58, IRREE Sriig SR EY 2 |,

PAR i, [EIRH A 4 25 ok 2SR T — 8 3 8 list "R IE H 4R — IRl PyList_GetItem(),

— KM PySequence_GetItem():

long

sum_list (PyObject *1list)

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

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */

€ & A}
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(L —5)
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;
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 += value;

}
else {

Py DECREF (item); /* Discard reference ownership */
}

}

return total;

1.4.2 B[

A DB AR H AR EORHLETE Python/C APT i f 24F 5 K2 Hu2 il 8y C ZUEl, filln int. long.,
double il char*. —SELsRERIEIE T I A 51 HHASEAEL I REE 13 1) o s 49 1 2 (B S e 1 1 ()
e, AR AR REARE S (. 55 LE s SR8 & M o o — A i o

type Py_ssize_t

EF5 & ABL ) — 2. — M W AF 95y % g A [E), {15 sizeof (Py_ssize_t) ==
sizeof (size_t). C99 [FIf5 H % E MBI R (size_t & WMAFIERLBEAE) . FHHE
#, 3 2[F PEP 353, PY_SSIZE_T MAX &Py ssize t ZUERHKIF(E.

14. 4%, BELBIE 9
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1.5 fHi5p

IR ERFE R SR iEHE, Python BR¥E it L 2 BEBI A1 R EEBEAY B SMer 1 B (IR AR TP, SRAR
%iﬁféﬂ?w%ﬂ@ﬂ?ﬂq%‘, e, HEEMBERE iy, 7RI e MiEiE EEE ] (stack trace) [f]
AR

SR, S C BgtaE 2k, SRR AR A AR b R B IR AR AE ok X SO0 b o9 A W e ], 5
Python/C APT {47 el N AR AT AT [ 88 b i o — (A sl 2B B gfivy, B @ stE —Mmpish, [EEE
A A2, [ S R gE . WRERE S 4 ol S R A ZE 2 NULL RAR
i -1, WUETR e 2 T, A7 25 ek X [0l (A ARAEL true/false £528, false FoRgie. RAH AR
I ] 5 YA ) 8 5 7 e A AN TR [ (L, I R5 M PyErr_Occurred () WIMERIGETRE. iELt
1AM B B e b (B A S0

1l 51 R 8 7 (R (AT 4% 19 4747k 25 ] (per-thread storage) Hhffitl  CE AR B AATE (BT AR ME T A o i
M ZE ) o TR AR PR Rz —: BEAEBIAN R B A BiISL . B PyErr Occurred()
WA AL E B RSN EE AL, B I EE p AN R T 2 B, R I NuT L, S A
REHIERAGMRE: pyErr Setstring () ¥ AR (EEAREEMNI) B0E B SR B L,
MpyErr_Clear () = MAGHERBISMRE -

SR B AMIR BE B = (FRRT DAE) NULL /) WA a5 AN IR, S8 1% 451 AL AN ] 3 . 3 L B
sys.exc_info () ) Python &AM M & (L2 EMEARHE: Python ¥4 /R Python try
.. except PEAZURHAY A —MEI 5L, 1 C A B IR BEAELEGAME C o R ELE A, HEIE
#3% Python (7 TCAL IS E A 1 EE , s%(EE &35 B EEAT sys . exc_info () AIH RS ER.

ATERL, € Python 1.5 Bi#f, 1€ Python A2 3UH 17 BBl SMIK 8 1 328 HSC8% AT A 20 42 4 5 ke ey
sys.exc_info () B3\, E Wl Python FExaGIEIATAEBISMRAE. BLAL, WITEAFIRGI SR RE 7k
AR EE A Ak, DA B S o OIS OR AT AR A AT R ) B SR ARG, A8 1T O B IR L 25 14 8
SSIRAE . 3E T AR 1B P i AR A P i) o SR, T8 LU 2 th A (D 52 10 R U 35 1 A S P A 91
AT ELAY ;B [l P (stack frame) 2 A4 PRE)D Tl W AR 2 A dpEIE R

PEE]— R, 00 55— o SACHA T LE AT B 11 ok A M RZ AR A BT R R 15 5 185 T IS, PR 2,
R AMIR B ELR A B i3 . EEZEEea a2 R, ERg—Easianss, HER
SR T — IS - B RIS g ra I oh, [EEISR B SR b I B i 2

FHifY sum_sequence () HHIRR T—MEARRIGI SME AR GTEGRAY B 1. 2558 08 1 5 7E AR B 2 8
RPN EE LA A 1 2 B, DUR RO eRURR T —Se R 2. 1ok, [T R REHE
Python, FAfE/R T 45441 Python FEH :

def incr_item(dict, key):
252578
item = dict[key]
except KeyError:

item = 0
dict[key] = item + 1
R HIER C R

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();

€ & A}
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(B —1)
item = PyLong_FromLong (0OL) ;
if (item == NULL)
goto error;

}
const_one = PyLong_FromLong (1L);
if (const_one == NULL)

goto error;

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

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

t

J

EBEGTAERTHE CiEaE P EMH goto B MFRR! Bl T APyErr_ExceptionMatches ()
%uPyErr Clear () HKIEFAFZEMBISN, VAKLAPy_XDECREF () At E Hr#Aa Al gEE] NULL ()2 18
(FEEAMH X Py DECREF() 1EiB %] NULL 2 BRI 63 ) . A2, HIMATTHER 2 IR 15
WA L E] NULL DAUBEILRRIEDERIFE A ke, s v ta kel -1 (kM) , EHMEERE K
I o 4% A (B

1.6 #&x AR, Python

AT Python FEdiRAE (MM &) T2 O —IHE RAEH5 2 Python EREAR 1R 4H (L8
SERE B, ELREERA TR D R BETE LS I AR AL AR B

%Zﬁﬂ@%ﬂﬁé‘%@iﬁmw_mitialize()o B eI A AL %, [EE S AL builtins,
__main__ Ml sys. BEGVHMEHEREE (sys.path).

Py_TInitialize() T&‘,:E [EJA 5| #5412 (script argument list) ] (sys.argv). WRFE I
Python FE=UHEFREE 58 8, HIWMVERR EPyConfig.argv MlPyConfig.parse_argv, &g HPython #1744
LB E .

TERZ A% (FEZAE Unix F1 Windows |, [EE4IEiIRG AIE]), Py_Tnitialize () €k Python
pR 2 AT 387 Python BB n AT RO AL B B e, [ER I H B2 Python B %48 n A TAE RO E M
B R BIARETAA AL 8 RIS AS . B R, & &7 shell AR (B paTH) PR E
HE) python (ATHATIESE, [EIEHAHE &R —FAE 1ib/pythonx. v ¥ HEIWAHE (7 E

Flan, WRFAE /usr/local/bin/python H13% % Python FI S FTAEZ, Bl &K Tlﬁuﬁ" /usr/
local/lib/pythonX.y H. (HHE LEMEFERBSEHEE [EH (fallback) | (7H, & PATH FHA
F|ZE python AT ATREZIE A . ) 8 A 2 T DA 8 5 o P B 0 IO 78 35 U AT IPYTHONHOME f;
HEM R E PYTHONPATH FEAZEIE I A8 mi i 4 A B A H [E].

The embedding application can steer the search by setting PyConfig.program_name before calling
Py_InitializeFromConfig (). Note that PYTHONHOME still overrides this and PYTHONPATH is still in-
serted in front of the standard path. An application that requires total control has to provide its own implementation of

1.6. #& A3 Python 11
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Py_GetPath (), Py_GetPrefix (), Py_GetExecPrefix (), and Py _GetProgramFullPath () (all
defined in Modules/getpath.c).

AW 75 g [E TBUM 9 45 4k (uninitialize) ] Python, i &1, JE JH A% 5 ol AR B B 48 (PR
W-Upy Tnitialize()) B3 JE I FE 2 fd B2 5¢ B T % Python #Y fifi ] ()48 B2 4% i Python 4} it
F e s, B DAERIE Py FinalizeEx () H5E M. 15 Python & §i & it #] 45 1L Ik BE, BR
K Py IsInitialized() &4 true. A EHINENE L AR E RN EG P4 H. #FHE
FPy_FinalizeEx () 7€ fjih Python EL3#a% /0 Fo Y ArA s I s, 40 B wi i VA5 R icwt % se i 4
FFA3 e R T A

1.7 [RIEEE

Python W] DATE 8 B IRp (i i 22 5 S AR 38 e an M OB AL RO B A Mg A, o S A AR A S e U T IR
(runtime) BN & BH4Y (overhead), HFEREBEE FAEH M.

Python J5U R 5 ¥ (A H i) Misc/SpecialBuilds. txt HRA — M0 & 2 MR E R TR E,
[ESC#%AE 2 Mt RIS S i A B ol 2 B S R A TR P A A B AN Y H AR 401
A R

Py_DEBUG
i H % 3810 Py_DEBUG EL4E4R3% ELifay & 2L i Python AR5 ¥ . Py _DEBUG 7 Unix ¥ 1 ZE M 7E

./configure - HhIA ——with-pydebug K[Ef. Ik Python [RE[H _DEBUG H SEMELE I R T
i—8h. ¥ Py_DEBUG i Unix ALE VNG, A5 EEIL frak .

B TR AR 2 A RS AL, B EATESMOM A, F2(E Python [RETHE.

JEF Py_TRACE_REFS REHZMIBE (Z2H#AA ——with-trace-refs ), FHEHN, &l
) Rl Py Ob j e ot 3% W1 AF 5 MR (7 S48 250 1 46 B 8 11 [E)3% (circular doubly linked list). 4484y
Rl A pEaE . R FES T B TS . (TEHEAEN, ST B E T AR B ) 2 4% . )

HRAWE Lt angi, #52(F) Python JFIAERET P Misc/SpecialBuilds. txt,
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CHAPTER 2

C APl IZ2EH

Bl 3 SMREIEA S, Python 1) C APL (L S 7E [ R A A VLSRG PEP 387 . R 2 Wk Bh 0 je HH A0
IR sEy Gt g e APL) . B APT s(El: APT {75 F1 ] 9942 o 06 150 e o )RR EA T

CPython [ JfEE i F£2X /T 1 (Application Binary Interface, ABI) £ YR BLARUA 2 [ Hi Al [ R AHZ Y (40
e FE R % s52E NEe-F 425 %8), Wik, [ Python 3.10.0 2 AR il sEEE
3.10.8 iEFF, K2 AR8K, {H3.9.x fil 3.11.x i E4E.,

CAPLH WA, A ARIMRE TN E

o TARE APL, WREEFEREA A gL, MEAEHE. GE4M T A PyUnstable Hif
RATC -

o LR AP FEZARIREUAS 2 MY « S EFePy_LIMITED_API W, HAEM & Python.
h /L\\F%ﬂo

T A e i LB

HHIRER BN LW FLA API (private API), 142 _Py_InternalState, HJIfEZEHRS T A (patch
release) HL AT RERE TR, AN Er ATl Al ARARTEZM HE M APL, A DABKE] CPython [ %5 % [l
A R 2R A2 A T 2 B AP,

2.1 F$5Er C API

FEATDA PyUnstable BZAN4: 1 APLASfr /s B CPython BCANE, (VAT AEAE 4 (A U< BERRL A o E77 T ik
(47 3.9 ) §.10>, T i BT ME 2 . AR e S M BN A gk . (flnde
3.10.0 #| 3.10.1) .,

B R R TE, fIanfasias.
{ e AP f) S 22 8 % 2080 CPython BHEEANGT , [EITERRAEAI A I SR AT 515 LL 5 B A 25

13
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22 BEMEAEAZEMSTE

I B B, AR SCPF T 7 (extension), [HZ MR APLAIRIE ABLTERTA APL iy i #R AR R 47
FE A - BIANAE R A Python (embedding Python) .,

2.21 PR C API

Python 3.2 5| A T % % API (Limited API), ‘& J& Python C API f{j—{l T-4&. (%08 2 P2 API (75 0] DA
BB — VO R 2 (R AR Y Python., 32 APT fEIZE 2 42 F 7 .
Py LIMITED_ API

FEALE Python . h 2 HiE S ELAE DA UG I SZ B APT, [EJBk:SE 32 PR API JUA.

% Py_LIMITED_APT iE FR[EI¥ R IE TEA IR MY 5 ik Python fiUANYPY_VERSTON HEX {H.

A% 0 0 5 L A o 0D T SO R T RUAS B AR T T Python 3 B —E2 ], [E)HL AT RAGE 38 25 iR
AHTFIAMZIR APL,

B H(F ] PY_VERSION_HEX E£E, AUNEFE (hardcode) F/MNRIELfRAS (i 414% 3 Python 3.10
) 0x030R0000), AR HI A K Python AR I T4 sk T PR o 1

VRIZATDANS Py_LIMITED_API EZE[F 3, i@Hl 003020000 (Python3.2, 3| A T3[R API ik
%) .

2.2.2 125 ABI

EIT#BE, Python $2fit 7118 & ABI (Stable ABI): —#UI7E4& il Python 3.x HUAS 2 B PRFFAH 2R 04T

=

Pto
T ABUYAL S 7E 2 % APL R BRBATSE, (E A0 & HABRT S - 140, SR EERUZIR APT firab J5 R =0

7t Windows |, i JJA%E ABI Y45 72 i i% i 3% 3 python3.d11 TR 2 45 & A1 ik =08, il
python39.d1l1,

TERLEF-5 I, Python M2 4R(EIME LA abi3 £EE A AL kUM ZE (B8 mymodule.abi3.so),
B IR SR AT AR ABL, FECRAYAEAEM M (BT RTA) & b, Bl 3.10+ %2
FL APT 2 f) 3% SE A G [ERARAUA ) Python JiT 446 .

T ABL Bt BT M A EE R X A7AE L Python [y 3t spg X sy, MR EERIEEE . e Mgk
JAE] C FEBEBEST (preprocessor) [ -

2.2.3 %R API sEEFOERE

ZFR AP 1y H A2 U dr i H 523810 C APL AT Ir A T RERYERYE, (HrTRE e kitae.

BN, #EskpyLisc _GetItem() W, (HEW [Ri4] BEESMryList _cET 1TEM() [EIRT A,
ELAEEAT T AT, PRIEVE T DA List 4012 B4 48 g HUAS B VE AL

EFAE%K Py_LIMITED_APT, —# C API FaUpi i Aai i FEE 4, £ Py LIMITED API
G, M FES Python BRI G HER ot M2 E A8t , (Hnl sE et g .

iAW Py_LIMITED_API 3%, WA E AR ABI SiiesZ R APLi% 7. 8 7] PAFE % Python
WRAS Y PERE, (e R 2. (] Py_LIMITED_API &g g7, AlDAYEE EIRA I IE 7
ANTT R BN, 7 BIASEE A ) Python JRUAS I BEE AT I AS (prerelease) .
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2.2.4 ZPR APl ;F=EIg
YR, ] Py _LIMITED_API jf 17 % 5% 1~ 5¢ & i% 2 X5 £F A Ik APl (4% £ ABI,
Py LIMITED_API {£JF#/EFE, (H APLIEFE HALGEEE, FNTEMINHEEE (semantic).

Py_LIMITED_APT fIEVA B 0 — 1 [ 2 FH #E 8 A1 Python HUAS ARG 5 | BRI pR =X . 51 2 —1
BtA#E % NULL fEE]S | # sk x0, £E Python 3.9 1, NULL BifEfQ 342 LA T(E], {HAE Python 3.8 1,
SIHUE P E A, B3 NULL BUN 2 I (dereference) HLARTE (crash). FELLAY S| 8500 FH A &5 M8 (struct) 1
WA o

AR, BAEFR Py_LIMITED_APT Wy, —Lu&hMaL H i & uiiEm, B2 2R APL
) —3 4o

HUELE R, FAMER S AE SR I AT A U Python A ACHITR ST, ([EH B 6 S A ARAS e A
He.

FoM R WA H A T K APL B SCF, A B 2 5 B it 52 FRAPL. BRI il E 5%
Py_LIMITED_APT, —SeFLf MRl W & A(E A (e H 2R Mas, plinRat) maes bl
8

TR, 2R APL A 28 &N A Python 3.8 H{fi f§ Py_LIMITED_APT jffT 4wk W & I 7%
EVA Python 3.12 j#77, {HA—EREVA Python 3.12 %43, #FELR2UNHEIEE ABL {8 E, 2R API
Al e ey E FH FIE %

23 FEIEEERE

ABI BEZE PEASEEIET Python, S IRUETRA G i At . RIS oK s R AN s g I tH A2 ABI Y H
W, ELSEAEER T PG L EMEEIER RS R SRR I RS 2

B E Y Python B2 A A FALTEORERE -5 _ERYFTA Python UAFAABIRAIE ABI B 77 U B
python.org FIFFL % =Jy #1i# #1711 Windows Fl macOS A 2 15 R (E.

2.4 ZBR APl EIR

FIRT, 2 APIEFELARIEHE

e PY VECTORCALL_ARGUMENTS_OFFSET

e PyAlter_Check ()

e PyArg Parse()

e PyArg ParseTuple ()

e PyArg ParseTupleAndKeywords ()

e PyArg UnpackTuple ()

e PyArg VaParse ()

e PyArg VaParseTupleAndKeywords ()
e PyArg ValidateKeywordArguments ()
e PyBaseObject_Type

e PyBool_FromLong()

e PyBool_ Type

e PyBuffer FillContiguousStrides ()

e PyBuffer FillInfo()

23. FREEER 15
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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 ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

PyCFunction
PyCFunctionFast
PyCFunctionFastWithKeywords
PyCFunctionWithKeywords
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()
PyCFunction_Type

PyCMethod_New ()

16
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e PyCallIter_New/()

e PyCalllter_Type

e PyCallable_Check ()

e PyCapsule Destructor

e PyCapsule_GetContext ()

e PyCapsule_GetDestructor ()

e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

e PyCapsule_IsValid()

e PyCapsule New()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor ()

e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

¢ PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

e PyCodec_IgnoreErrors ()

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

e PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError ()

e PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister ()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplex_FromDoubles ()

e PyComplex_ImagAsDouble ()

e PyComplex_RealAsDouble ()
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PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type
PyDictRevIterKey_ Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem/()
PyDict_DelIltemString()
PyDict_GetItem()
PyDict_GetItemRef ()
PyDict_GetItemString()
PyDict_GetItemStringRef ()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqZ ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString()
PyDict_Size()
PyDict_Type
PyDict_Update ()
PyDict_Values ()

PyEllipsis_Type
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e PyEnum_Type

e PyErr BadArgument ()

e PyErr BadInternalCall ()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr_ Display ()

e PyErr DisplayException()

e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr FormatV ()

e PyErr GetExcInfo ()

e PyErr GetHandledException ()

e PyErr GetRaisedException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print ()

e PyErr PrintEx ()

e PyErr_ProgramText ()

e PyErr ResourceWarning ()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

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

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()
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PyErr_SetInterrupt ()
PyErr_SetInterruptEx()
PyErr SetNone ()
PyErr_SetObject ()
PyErr_SetRaisedException ()
PyErr_SetString/()
PyErr_SyntaxLocation ()
PyErr_SyntaxLocationEx ()
PyErr _WarnkEx ()

PyErr WarnExplicit ()
PyErr WarnFormat ()
PyErr _WriteUnraisable ()
PyEval_AcquireThread /()
PyEval_EvalCode ()
PyEval_EvalCodeEx ()
PyEval_EvalFrame ()
PyEval_ EvalFrameEx ()
PyEval_GetBuiltins ()
PyEval_GetFrame ()
PyEval_GetFrameBuiltins ()
PyEval_GetFrameGlobals ()
PyEval_GetFrameLocals ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError

PyExc_BytesWarning
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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
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
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PyExc_RuntimeWarning
PyExc_StopAsynclteration
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_GetArgs ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetArgs ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()
PyFile_ FromFd()
PyFile_GetLine ()
PyFile_WriteObject ()
PyFile WriteString()
PyFilter_Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString()

PyFloat_GetInfo ()

22

Chapter 2. C API 814



The Python/C API, &[F) 3.13.0rc2

e PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

e PyFrameObject

e PyFrame_GetCode ()

e PyFrame_GetLineNumber ()

e PyFrozenSet_New ()

e PyFrozenSet_Type

e PyGC_Collect ()

e PyGC_Disable ()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState_GetThisThreadState ()
e PyGILState_Release()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()

e PyImport_AddModuleRef ()

e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

e PyImport_ExecCodeModuleObject ()
e PyImport_ExecCodeModuleWithPathnames ()
e PyImport_GetImporter ()

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport__ImportModuleNoBlock ()

e PyImport_ReloadModule ()

2.4. ZBR APl 0= 23



The Python/C API, £[F] 3.13.0rc2

PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear()
PyInterpreterState _Delete()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()

PyIter_ Next ()

PyIter Send()
PyListIter_Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetItemRef ()
PyList_GetSlice()
PyList_Insert ()
PyList_New()
PyList_Reverse ()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()

PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangelter_Type
PyLong_AsDouble ()
PyLong_AsInt ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()
PyLong_AsSsize_t ()
PyLong_AsUnsignedLong ()
PyLong_AsUnsignedLongLong ()

PyLong_AsUnsignedLongLongMask ()
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e PyLong_AsUnsignedLongMask ()
e PyLong _AsVoidPtr ()

e PyLong_ FromDouble ()

e PylLong_ FromLong()

e PyLong_FromLongLong ()

e PyLong FromSize_ t ()

e PyLong FromSsize_t ()

e PyLong_FromString/()

e PyLong_ FromUnsignedLong ()

e PyLong FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

e PyLong_GetInfo()

e PyLong_Type

e PyMap_Type

e PyMapping Check ()

e PyMapping_GetItemString()

e PyMapping_GetOptionalItem()
e PyMapping_GetOptionalltemString()
e PyMapping_ HasKey ()

e PyMapping_ HasKeyString()

e PyMapping HasKeyStringWithError ()
e PyMapping HasKeyWithError ()
e PyMapping_Items ()

e PyMapping Keys ()

e PyMapping_Length ()

e PyMapping SetItemString/()

e PyMapping Size ()

e PyMapping_Values ()

e PyMem Calloc()

e PyMem Free()

e PyMem Malloc ()

e PyMem RawCalloc ()

e PyMem RawFree ()

e PyMem RawMalloc ()

e PyMem RawRealloc ()

e PyMem Realloc()

e PyMemberDef

e PyMemberDescr_Type

e PyMember_GetOne ()
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PyMember_SetOne ()
PyMemoryView_FromBuffer ()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_BRase
PyModuleDef Init ()
PyModuleDef_Type
PyModule_Add ()

PyModule_ AddFunctions ()
PyModule AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_ AddType ()
PyModule_ CreateZ2 ()
PyModule_ ExecDef ()
PyModule_ FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_ GetFilenameObject ()
PyModule_ GetName ()
PyModule_GetNameObject ()
PyModule_GetState ()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString ()
PyModule_Type
PyNumber_Absolute ()
PyNumber_Add ()

PyNumber_ And()

PyNumber_ AsSsize_t ()
PyNumber_Check ()

PyNumber_Divmod ()

26

Chapter 2. C API 814



The Python/C API, &[F) 3.13.0rc2

e PyNumber_ Float ()

e PyNumber_ FloorDivide ()

e PyNumber_InPlaceAdd ()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_ InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_ InPlaceMultiply ()
e PyNumber_InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_ InPlaceRemainder ()
e PyNumber_InPlaceRshift ()

e PyNumber_InPlaceSubtract ()
e PyNumber_ InPlaceTrueDivide ()
e PyNumber_ InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long()

e PyNumber_ Lshift ()

e PyNumber_MatrixMultiply ()

e PyNumber_Multiply ()

e PyNumber_ Negative ()

e PyNumber_Or ()

e PyNumber_ Positive ()

e PyNumber_Power ()

e PyNumber_Remainder ()

e PyNumber_ Rshift ()

e PyNumber_Subtract ()

e PyNumber_ToBase ()

e PyNumber_TrueDivide ()

e PyNumber_Xor ()

e PyOS_AfterFork ()

e PyOS _AfterFork_Child()

e PyOS_AfterFork_Parent ()

e PyOS_BeforeFork ()

e PyOS_CheckStack ()

e PyOS_FSPath ()

e PyOS_InputHook

¢ PyOS_InterruptOccurred()
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PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()

PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsFileDescriptor ()
PyObject_Bytes ()
PyObject_Call ()
PyObject_CallFunction()
PyObject_CallFunctionObjArgs ()
PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckBuffer()
PyObject_CleariWeakRefs ()
PyObject_CopyData ()
PyObject_DelAttr ()
PyObject_DelAttrString ()
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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e PyObject_GC_UnTrack ()

e PyObject_GenericGetAttr ()

e PyObject_GenericGetDict ()

e PyObject_GenericSetAttr ()

e PyObject_GenericSetDict ()

e PyObject_GetAIter ()

e PyObject_GetAttr ()

e PyObject_GetAttrString()

e PyObject_GetBuffer ()

e PyObject_GetItem()

e PyObject_GetIter ()

e PyObject_GetOptionalAttr ()
e PyObject_GetOptionalAttrString()
e PyObject_GetTypeData ()

e PyObject_HasAttr ()

e PyObject_HasAttrString()

e PyObject_HasAttrStringWithError ()
e PyObject_HasAttrWithError ()
e PyObject_Hash ()

e PyObject_HashNotImplemented /()
e PyObject_Init ()

e PyObject_InitVar()

e PyObject_IsInstance ()

e PyObject_IsSubclass ()

e PyObject_IsTrue ()

e PyObject_Length ()

e PyObject_Malloc ()

e PyObject_Not ()

e PyObject_Realloc ()

e PyObject_Repr ()

e PyObject_RichCompare ()

e PyObject_RichCompareBool ()
e PyObject_SelflIter()

e PyObject_SetAttr ()

e PyObject_SetAttrString()

e PyObject_SetItem()

e PyObject_Size ()

e PyObject_Str()

e PyObject_Type ()
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PyObject_Vectorcall ()

PyObject_VectorcallMethod ()

PyProperty_ Type
PyRangelter_Type
PyRange_Type
PyReversed_Type
PySegIter_New()
PySeqglter_ Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_In ()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type
PySet_Add ()
PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()
PySet_Pop ()
PySet_Size()
PySet_Type
PySlice_AdjustIndices ()

PySlice_GetIndices ()
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e PySlice_GetIndicesEx ()

e PySlice_ New/()

e PySlice_ Type

e PySlice_Unpack ()

e PyState_AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem/()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e PyStructSequence_SetItem()
e PyStructSequence_UnnamedField
e PySuper_Type

e PySys_Audit ()

e PySys_AuditTuple ()

e PySys_FormatStderr ()

e PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions ()

e PySys_ResetWarnOptions ()

e PySys_SetArgv ()

e PySys_SetArgvEx ()

e PySys_SetObject ()

e PySys_WriteStderr()

e PySys_WriteStdout ()

e PyThreadState

e PyThreadState_Clear ()

e PyThreadState_Delete ()

e PyThreadState_Get ()

e PyThreadState_GetDict ()

e PyThreadState_GetFrame ()

e PyThreadState_GetID()

e PyThreadState_GetInterpreter ()
e PyThreadState_New ()

e PyThreadState_SetAsyncExc ()
e PyThreadState_Swap ()

e PyThread_GetInfo ()
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PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread _delete_key ()
PyThread _delete _key_value()
PyThread_exit_thread()
PyThread_free_lock ()
PyThread_ _get_key_value ()
PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_ tss_alloc()
PyThread_tss_create ()
PyThread_tss_delete()
PyThread_tss_free()
PyThread_tss_get ()
PyThread_ tss_1is_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 ()
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e PyType_FromModuleAndSpec ()

e PyType_FromSpec/()

e PyType FromSpecWithBases ()

e PyType_GenericAlloc ()

e PyType GenericNew ()

e PyType GetFlags ()

e PyType GetFullyQualifiedName ()

e PyType_GetModule ()

e PyType_GetModuleByDef ()

e PyType_GetModuleName ()

e PyType_GetModuleState ()

e PyType_GetName ()

e PyType GetQualName ()

e PyType_GetSlot ()

e PyType_GetTypeDataSize ()

e PyType_IsSubtype ()

e PyType _Modified()

e PyType_Ready ()

e PyType_Slot

e PyType_Spec

» PyType_Type

e PyUnicodeDecodeError_Create ()

e PyUnicodeDecodeError_GetEncoding()
e PyUnicodeDecodeError_GetEnd()

e PyUnicodeDecodeError_GetObject ()
e PyUnicodeDecodeError_GetReason ()
e PyUnicodeDecodeError_GetStart ()
e PyUnicodeDecodeError_SetEnd()

e PyUnicodeDecodeError_SetReason ()
e PyUnicodeDecodeError_SetStart ()
e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd/()

e PyUnicodeEncodeError_GetObject ()
e PyUnicodeEncodeError_GetReason ()
e PyUnicodeEncodeError_GetStart ()
e PyUnicodeEncodeError_SetEnd/()

e PyUnicodeEncodeError_SetReason ()
e PyUnicodeEncodeError_SetStart ()

e PyUnicodelIter_Type
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PyUnicodeTranslateError_GetEnd/()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()

PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString/()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String()
PyUnicode_AsUTF32S5tring ()
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 ()

34

Chapter 2. C API 814



The Python/C API, &[F) 3.13.0rc2

e PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale ()

e PyUnicode_DecodeLocaleAndSize ()
e PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()
e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16 ()

e PyUnicode_DecodeUTFlé6Stateful ()
e PyUnicode_DecodeUTF32 ()

e PyUnicode_DecodeUTF32Stateful ()
e PyUnicode_DecodeUTF7 ()

e PyUnicode_DecodeUTF7Stateful ()
e PyUnicode_DecodeUTFS8 ()

e PyUnicode_DecodeUTF8Stateful ()
e PyUnicode_DecodeUnicodeEscape ()
e PyUnicode_EncodeCodePage ()

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale ()

e PyUnicode_EqualToUTF8 ()

e PyUnicode_EqualToUTF8AndSize ()
e PyUnicode_ FSConverter()

e PyUnicode_FSDecoder ()

e PyUnicode_Find()

e PyUnicode_FindChar ()

e PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()

e PyUnicode_FromFormat ()

e PyUnicode_ FromFormatV ()

e PyUnicode_FromObject ()

e PyUnicode_FromOrdinal ()

e PyUnicode_FromString()

e PyUnicode_ FromStringAndSize ()

e PyUnicode_FromWideChar ()

e PyUnicode_GetDefaultEncoding()
e PyUnicode_GetLength ()

e PyUnicode_InternFromString ()

e PyUnicode_InternInPlace()

e PyUnicode_IsIdentifier()
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PyUnicode_Join ()
PyUnicode_Partition ()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call()
PyVectorcall NARGS ()
PyWeakReference
PylWeakref_GetObject ()
PyWeakref_GetRef ()
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 ()
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Py_EndInterpreter()
Py _EnterRecursiveCall ()
Py Exit ()

Py _FatalError ()

Py_FileSystemDefaultEncodeErrors

Py_FileSystemDefaultEncoding
Py_Finalize ()
Py_FinalizeEx()
Py_GenericAlias ()

Py _GenericAliasType
Py_GetBuildInfo ()
Py_GetCompiler ()
Py_GetConstant ()
Py_GetConstantBorrowed ()
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 IsFinalizing/()
Py_IsInitialized()
Py_TIsNone ()

Py_IsTrue ()

Py LeaveRecursiveCall ()
Py_Main/()
Py_MakePendingCalls ()
Py_NewInterpreter()

Py_NewRef ()
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Py_ReprEnter()

Py _ReprLeave ()

Py SetProgramName ()

Py_SetPythonHome ()

Py_SetRecursionLimit ()

Py _UCS4

Py UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()
Py Version

Py _XNewRef ()
Py _buffer
Py_intptr_t
Py ssize_t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getbufferproc
getiterfunc
getter
hashfunc
initproc
inquiry
iternextfunc
lenfunc
newfunc
objobjargproc
objobjproc
releasebufferproc
reprfunc
richcmpfunc
setattrfunc
setattrofunc

setter
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e ssizeargfunc

e ssizeobjargproc

e ssizessizeargfunc

e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

e vectorcallfunc

e Visitproc
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CHAPTER 3

The Very High Level Layer

The functions in this chapter will let you execute Python source code given in a file or a buffer, but they will not let
you interact in a more detailed way with the interpreter.

Several of these functions accept a start symbol from the grammar as a parameter. The available start symbols are
Py_eval_input, Py_file_input,and Py_single_input. These are described following the functions
which accept them as parameters.

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)

[EJfZ 5 ABI [#)—%F4). The main program for the standard interpreter. This is made available for programs
which embed Python. The argc and argv parameters should be prepared exactly as those which are passed to
a C program’s main () function (converted to wchar_t according to the user’s locale). It is important to note
that the argument list may be modified (but the contents of the strings pointed to by the argument list are not).
The return value will be 0 if the interpreter exits normally (i.e., without an exception), 1 if the interpreter exits
due to an exception, or 2 if the parameter list does not represent a valid Python command line.

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)
[FfE @ ABIL 1384 & 3.8 B A B44. Similar to Py_Main () but argv is an array of bytes strings.

T 3.8 MG

int PyRun_AnyFile (FILE *fp, const char *filename)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving closeit set to 0 and flags set
to NULL.

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the closeit argument set to O.

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)

This is a simplified interface to PyRun_AnyFileExFlags () below, leaving the flags argument set to
NULL.
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile(). filename 1is decoded from the filesystem encoding (sys.
getfilesystemencoding () ). If filename is NULL, this function uses " 2?2 " as the filename. If closeit
is true, the file is closed before PyRun_SimpleFileExFlags () returns.

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)

Executes the Python source code from command in the __main___ module according to the flags argument.
If _ _main__ does not already exist, it is created. Returns O on success or —1 if an exception was raised. If
there was an error, there is no way to get the exception information. For the meaning of flags, see below.

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 *fp, const char *filename)
This is a simplified interface to PyRun_SimpleFileExFlags () below, leaving closeit set to 0 and flags
set to NULL.

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
This is a simplified interface to PyRun_SimpleFileExFlags () below, leaving flags set to NULL.

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

Similar to PyRun_SimpleStringFlags (), but the Python source code is read from fp instead of an
in-memory string. filename should be the name of the file, it is decoded from filesystem encoding and error
handler. If closeit is true, the file is closed before PyRun_SimpleFileExFlags () returns.

e

On Windows, fp should be opened as binary mode (e.g. fopen (filename, "rb")). Otherwise,
Python may not handle script file with LF line ending correctly.

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

This is a simplified interface to PyRun_TInteractiveOneFlags () below, leaving flags set to NULL.

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags *flags)

Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys.psl and sys.ps2. filename is decoded from the filesystem
encoding and error handler.

Returns 0 when the input was executed successfully, —1 if there was an exception, or an error code from the
errcode. h include file distributed as part of Python if there was a parse error. (Note that errcode.h is
not included by Python. h, so must be included specifically if needed.)

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

This is a simplified interface to PyRun_InteractiveLoopFlags () below, leaving flags set to NULL.

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

Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys .psl and sys.ps?2. filename is decoded from the filesystem encoding and error
handler. Returns O at EOF or a negative number upon failure.

int (*PyOS_InputHook)(void)

[F)Z 72 ABI [—#34). Can be set to point to a function with the prototype int func (void). The
function will be called when Python’s interpreter prompt is about to become idle and wait for user input from
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the terminal. The return value is ignored. Overriding this hook can be used to integrate the interpreter’s prompt
with other event loops, as done in the Modules/_tkinter. c in the Python source code.

JE 3.12 JiR %% 55 This function is only called from the main interpreter.

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

Can be set to point to a function with the prototype char *func (FILE *stdin, FILE *stdout,
char *prompt), overriding the default function used to read a single line of input at the interpreter’s
prompt. The function is expected to output the string prompt if it’'s not NULL, and then read a line of input
from the provided standard input file, returning the resulting string. For example, The readline module
sets this hook to provide line-editing and tab-completion features.

The result must be a string allocated by PyMem_RawMalloc () or PyMem RawRealloc (),or NULL if
an error occurred.

TE 3.4 W52 5 The result must be allocated by PyMem_RawMalloc () or PyMem RawRealloc (),
instead of being allocated by PyMem_Malloc () or PyMem Realloc ().

JE 3.12 Jit %% 55 This function is only called from the main interpreter.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
W42 15 Fray 4 P&, This is a simplified interface to PyRun_StringFlags () below, leaving flags set
to NULL.
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
B %15 #4694 B&. Execute Python source code from sir in the context specified by the objects globals
and locals with the compiler flags specified by flags. globals must be a dictionary; locals can be any object that

implements the mapping protocol. The parameter start specifies the start token that should be used to parse
the source code.

Returns the result of executing the code as a Python object, or NULL if an exception was raised.

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
WI{Z44: #raY 488, This is a simplified interface to PyRun_FileExFlags () below, leaving closeit set
to 0 and flags set to NULL.

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals, int

closeit)

w1% 15 #ray 4 R&, This is a simplified interface to PyRun_FileExFlags () below, leaving flags set
to NULL.

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

PyCompilerFlags *flags)

EI4&18 . #7hy 488, This is a simplified interface to PyRun_FileExFlags () below, leaving closeit set
to 0.

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals,

int closeit, PyCompilerFlags *flags)

B AR5 #a4 4 P&, Similar to PyRun_StringFlags (), but the Python source code is read from fp
instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem
encoding and error handler. If closeit is true, the file is closed before PyRun_FileExFlags () returns.

PyObject *Py_CompileString (const char *str, const char *filename, int start)
= A% A #oey % M. [ F ABL By — # 4n This is a simplified interface to
Py_CompileStringFlags () below, leaving flags set to NULL.

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

B4R 44 #rey 4 B&, This is a simplified interface to Py_CompileStringExFlags () below, with
optimize set to —1.
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PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags,
int optimize)
EI4% 15 #hY9 488, Parse and compile the Python source code in str, returning the resulting code object.
The start token is given by start; this can be used to constrain the code which can be compiled and should
be Py_eval_input,Py_file_input,or Py_single_input. The filename specified by filename is
used to construct the code object and may appear in tracebacks or SyntaxError exception messages. This
returns NULL if the code cannot be parsed or compiled.

The integer optimize specifies the optimization level of the compiler; a value of —1 selects the optimization
level of the interpreter as given by —O options. Explicit levels are 0 (no optimization; ___debug___is true), 1
(asserts are removed, __debug___is false) or 2 (docstrings are removed too).

1E 3.4 RPTIA.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)

E{ZAE: #Hag4hé, Like Py _CompileStringObject (), but filename is a byte string decoded from
the filesystem encoding and error handler.

1E 3.2 JRABTINA.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)

EMEAE: ey 408, [EESE ABI [)—304). This is a simplified interface to PyEval_ FEvalCodeEx (),
with just the code object, and global and local variables. The other arguments are set to NULL.

PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *1ocals, PyObject *const *args, int
argcount, PyObject *const *kws, int kwcount, PyObject *const *defs, int
defcount, PyObject *kwdefs, PyObject *closure)

EARE: #rag 408, [DFEE ABI f-—54). Evaluate a precompiled code object, given a particular en-
vironment for its evaluation. This environment consists of a dictionary of global variables, a mapping object

of local variables, arrays of arguments, keywords and defaults, a dictionary of default values for keyword-only
arguments and a closure tuple of cells.

PyObject *PyEval_EvalFrame (PyFrameObject *f)
EARAE: Freg 48k, [EEEE ABI 04>, Evaluate an execution frame. This is a simplified interface to
PyEval_FEvalFrameEx (), for backward compatibility.

PyObject *PyEval_EvalFrameEx (PyFrameObject *{, int throwflag)

MR A4 Frag 408, [EIFS 2 ABI ()B4 This is the main, unvarnished function of Python interpretation.
The code object associated with the execution frame f is executed, interpreting bytecode and executing calls
as needed. The additional throwflag parameter can mostly be ignored - if true, then it causes an exception to
immediately be thrown; this is used for the throw () methods of generator objects.

TE 3.4 fRA%AHE: This function now includes a debug assertion to help ensure that it does not silently discard
an active exception.

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
This function changes the flags of the current evaluation frame, and returns true on success, false on failure.

int Py_eval_input
The start symbol from the Python grammar for isolated expressions; for use with Py CompileString().

intPy_file_input
The start symbol from the Python grammar for sequences of statements as read from a file or other source; for
use with Py CompileString (). This is the symbol to use when compiling arbitrarily long Python source
code.

int Py_single_input
The start symbol from the Python grammar for a single statement; for use with Py_CompileString ().
This is the symbol used for the interactive interpreter loop.
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struct PyCompilerFlags

This is the structure used to hold compiler flags. In cases where code is only being compiled, it is passed as
int flags, and in cases where code is being executed, it is passed as PyCompilerFlags *flags. In
this case, from __future__ import can modify flags.

Whenever PyCompilerFlags *flagsisNULL, cf_flagsis treated as equal to 0, and any modifica-
tiondue to from __ future_  import is discarded.

int cf_flags
Compiler flags.
int cf_feature_version
¢f _feature_version is the minor Python version. It should be initialized to PY_MINOR_VERSION.
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
e 3.8 RIS 38 of _feature_version F{V .
int CO_FUTURE_DIVISION

This bit can be set in flags to cause division operator / to be interpreted as “true division” according to PEP
238.
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cHAPTER 4

A o ) e B LA IR L Python W01 2 IR HEC
Py_ssize_t Py_REFCNT ( PyObject *0)
AP 0 12 IREHL

Note that the returned value may not actually reflect how many references to the object are actually held. For
example, some objects are immortal and have a very high refcount that does not reflect the actual number of
references. Consequently, do not rely on the returned value to be accurate, other than a value of 0 or 1.

i py_sET_REFCNT () BXBGEY2 HAHE
1E 3.10 jRiy s Py reEFCNT () HEik([EFTEEAE K 2L (inline static function).
1E 3.11 f 5T 2 AEIARHE const PyObject*,
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refent)
BUEPIT 0 12 BT
On Python build with Free Threading, if refcnt is larger than UINT32_MAX, the object is made immortal.
This function has no effect on immortal objects.
1E 3.9 IRBmA
15 3.12 RS B AR E B
void Py_ INCREF (PyObject *0)
REFUSEYIE o BOB(E 4 18, RIE EAE 6 H B REREESE.
This function has no effect on immortal objects.

M o T AR 15 7] 4 e J b (in-place) BEFIEIE] 4 1. Py NewRef () i) H A 22 HH(E)

Apa
I

>

When done using the object, release is by calling Py DECREF ().

ZWIFAREE NULL; WERARAHEE B AR NULL, M Py _XINCREF ().

REHE IR G DMET T RN EB M 0, B SLLLY) (F2AE], ek =X EA FEATROR
e 312 JUR B NI G s
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void Py_XINCREF (PyObject *0)
Hapy TNCREF () Hiftl, BH1F o WA NULL, ZEEFEHE T EA &A F MR
g APy _XNewRef ().

PyObject *Py_NewRef (PyObject *0)

[EF5 7 ABL Y% B 3.10 B R B4, BB BTE] 4 08 0 ik o RN Py INCREF () [El[nl{Ei4))
% o0,

ARSI 4 ey, ERHIEN Py DECREF () DABEIZ 2.
Y o AEEE] NULL; #14R o ] DA NULL, RffiflPy_XNewRef ().
S5 2 (E):

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

ARSI

[self—>attr = Py_NewRef (obj) ;

5yt 2EPy_INCREF ().
1E 3.10 RPN A
PyObject *Py_XNewRe€£ (PyObject *0)
[EFZ5E ABIL - B 3.10 R AR BA44. Biry NewRef () HfSl, ¥4 o W[ PAEI NULL.,
WA o [EINULL,  Hila% bR 22 ] 3 NULL,
e 3.10 RBTIA.
void Py_DECREF (PyObject *0)
TR R o WE 2 m8 KRS A G P .
This function has no effect on immortal objects.

AN 18— (E) 4 ne R (B R 2 BT O S 2 ), B s34 14 2 24 B 4 R 28 (deallocation
function) (AfE[E NULL),

U R 3 AR IR W R ek BB ] 4 1
ZWEAREE NULL; QSRR AHEE B A2 NULL, #5MUH Py _XDECREF (),
ANBL R R A DM BB 0, /DB SLLL (1 3R(E], ek R EA TR

)

R R 20 0] A SUT 2 Python F2NABMHA A (B, EREMEA __del () HEpyMEEIEH
). BfESR CAEAR SRS TP O B AN Sl B H Ak, 2 AT RORE S vl DA B i A7 BT A Python 4=
WM. B EWEAES Py _DECREF () Z 1, W4T 88 Siof7 B AT ] 40 {2340 B Bl 17— Btk
R, lan, ¢ list PEIRRY A RE S E S E EIRR Y (i 2 BREIETS B s St 8o, 503 list B0k}
ik, REEEGREEIT Py DECREF ().

1E 3.12 A S8 B AR DA S HiB .

void Py_ XDECREF (PyObject *0)
Hpy_DECREF () $U{bh, HEZ#F L@ NuLL, fEEfiETESNEER. EEltads
Hlpy DECREF () MR H .

void Py_ CLEAR (PyObject *0)

FERCE R o WIEl 4 8. Y ErRER NULL, EEENETESEANEER: S0, R
#ipy DECREF () #fH, BAES| 8t 3% EF NULL, Py DECREF () [R50 H FMEE M,
() S R He 22 MR 2 /O b o8 ) B e 3 B (B3t 5 | B8 2 (B NU L
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ié? BRI I (garbage collection) 9 fif] AT B ik JiE 5] 2 38 TA M) 2 BRIRE (0 it EL A2 21
FE.
%%.12 JUI 4 T AT | OB AE M e DR (E (evaluate) — . HUSRT [ Ch HAREIE A, RIS P (E
void Py_IncRef (PyObject *0)
BV e ABL— 4y RERBUSE R o W4 08, Py XINCREF () HIEA. &0l R
Python ¥J runtime B 8& iz A .
void Py_DecRef£ (PyObject *0)
[ES & ABI f—30r. FEBCE I o ME1 408, Py XDECREF () HIERRRAS . &0 A} Python (¥
runtime B BEHR A .
Py_SETREF (dst, src)
Fi AR A RO AW 4 dst 1(E) 4 e (B0 dst 5% 5 [E) sre.

Hilpy CLEAR () WIEE—8E, THHE ] 2] aE R B

Py_DECREF (dst) ;

dst = src;

GREWITEZ:

[Py_SETREF (dst, src); }

TG RECE dor BEHMS B _ 200 _ % dst BEE sre, AR dse Bl AR R A A 04T AT IR
(side-effect) Z FEA A G AHIT dst 248 ) — AR

TE 3.6 BN

1 312 WS EAES | BB e ok I — R . WS [ e HAWRIER , RIRFEEEH .
Py XSETREF (dst, src)

Py SETREF EAEM)EMS . FEH Py _XDECREF () MidkPy_DECREF (),

1E 3.6 MRBIA.
TE 3.12 HUI ST BT | MO BE @ DR — . QRS o HALRIE A, R EEEA
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CHAPTER B

Bl5h R

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).

Concretely, the error indicator consists of three object pointers: the exception’s type, the exception’s value, and the
traceback object. Any of those pointers can be NULL if non-set (although some combinations are forbidden, for
example you can’t have a non-NULL traceback if the exception type is NULL).

When a function must fail because some function it called failed, it generally doesn’t set the error indicator; the
function it called already set it. It is responsible for either handling the error and clearing the exception or returning
after cleaning up any resources it holds (such as object references or memory allocations); it should rot continue
normally if it is not prepared to handle the error. If returning due to an error, it is important to indicate to the caller
that an error has been set. If the error is not handled or carefully propagated, additional calls into the Python/C API
may not behave as intended and may fail in mysterious ways.

fi(E]

The error indicator is not the result of sys.exc_info (). The former corresponds to an exception that is
not yet caught (and is therefore still propagating), while the latter returns an exception after it is caught (and has
therefore stopped propagating).

5.1 Printing and clearing

void PyErr_Clear ()

B 52 ABI f4)-—8%). Clear the error indicator. If the error indicator is not set, there is no effect.

void PyErr_ PrintEx (int set_sys_last_vars)

[ 7 ABI [1)—54). Print a standard traceback to sys . stderr and clear the error indicator. Unless the
error is a SystemEx1t, in that case no traceback is printed and the Python process will exit with the error
code specified by the SystemExit instance.

Call this function only when the error indicator is set. Otherwise it will cause a fatal error!
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If set_sys_last_vars is nonzero, the variable sys.last_exc is set to the printed exception. For
backwards compatibility, the deprecated variables sys.last_type, sys.last_value and sys.
last_traceback are also set to the type, value and traceback of this exception, respectively.

T 3.12 JiR 5% 55 The setting of sys . last_exc was added.

void PyErr_ Print ()
[EBJfS 2 ABI [)—384). PyErr_PrintEx (1) [HE4.

void PyErr_ WriteUnraisable (PyObject *obj)
[FfE 5 ABI [1)—4y. Call sys.unraisablehook () using the current exception and obj argument.
This utility function prints a warning message to sys.stderr when an exception has been set but it is

impossible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs
inan__del__ () method.

The function is called with a single argument obj that identifies the context in which the unraisable exception
occurred. If possible, the repr of obj will be printed in the warning message. If obj is NULL, only the traceback
is printed.

An exception must be set when calling this function.
TE 3.4 JR[{)5% 58 Print a traceback. Print only traceback if obj is NULL.
FE 3.8 fRASEH: ffi[f] sys.unraisablehook ().

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

Similar to PyErr WriteUnraisable(), but the formatr and subsequent parame-
ters help format the warning message; they have the same meaning and values as in
PyUnicode_FromFormat (). PyErr_WriteUnraisable (obj) is roughly equivalent to
PyErr_FormatUnraisable ("Exception ignored in: $R", obj). If formatis NULL, only
the traceback is printed.

TE 3.13 B A.
void PyErr_ DisplayException (PyObject *exc)

[EVfZ & ABI #—38%> B 3.12 B K Bl 44. Print the standard traceback display of exc to sys.stderr,
including chained exceptions and notes.

e 312 JRPTA.

5.2 Raising exceptions

These functions help you set the current thread’s error indicator. For convenience, some of these functions will always
return a NULL pointer for use in a return statement.

void PyErr_SetString (PyObject *type, const char *message)
[F)fZ 5 ABI [#)—3%4>. This is the most common way to set the error indicator. The first argument specifies
the exception type; it is normally one of the standard exceptions, e.g. PyExc_RuntimeError. You need
not create a new strong reference to it (e.g. with Py_ TNCREF () ). The second argument is an error message;
it is decoded from 'utf-8"'.

void PyErr_SetObject (PyObject *type, PyObject *value)
[EJfZ 52 ABI [1)——#4). This function is similar to PyErr_SetString () butlets you specify an arbitrary
Python object for the “value” of the exception.

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)

B4 482 [F) NULL, [E)i5E ABI [#)—%(4). This function sets the error indicator and returns NULL.
exception should be a Python exception class. The formar and subsequent parameters help format the error
message; they have the same meaning and values as in PyUnicode_FromFormat (). formatis an ASCII-
encoded string.
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PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)

E4% A4 4852 [FI NULL, [F)FS 5 ABL )35 & 3.5 B A BA44. Same as PyErr Format (), but taking
ava_list argument rather than a variable number of arguments.

1 3.5 A
void PyErr_SetNone (PyObject *type)
[F)fE & ABI [#)—%B4). This is a shorthand for PyErr_SetObject (type, Py_None).

int PyErr_ BadArgument ()
= 5 ABI B — 0 4». This is a shorthand for PyErr_SetString (PyExc_TypeError,
message), where message indicates that a built-in operation was invoked with an illegal argument. It is
mostly for internal use.

PyObject *PyErr_NoMemory ()
A R 3 NULL., @8 & ABI B — ¥ 4 This is a shorthand for
PyErr_SetNone (PyExc_MemoryError); it returns NULL so an object allocation function can
write return PyErr_NoMemory () ; when it runs out of memory.

PyObject *PyErr_SetFromErrno (PyObject *type)

&4 482 [F] NULL, [EJfZ5F ABI 114y This is a convenience function to raise an exception when
a C library function has returned an error and set the C variable errno. It constructs a tuple object whose
first item is the integer errno value and whose second item is the corresponding error message (gotten from
strerror ()),andthencallsPyErr_SetObject (type, object). OnUnix, whenthe errno value
is EINTR, indicating an interrupted system call, this calls PyErr CheckSignals (), and if that set the
error indicator, leaves it set to that. The function always returns NULL, so a wrapper function around a system
call can write return PyErr_SetFromErrno (type); when the system call returns an error.

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)

%14 : 48.5% [F NULL [FE)fZ F ABI [)—%B%4y. Similarto PyErr SetFromErrno (), with the additional
behavior that if filenameObject is not NULL, it is passed to the constructor of fype as a third parameter. In the
case of OSError exception, this is used to define the i lename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)

w A% fEr R NULL, [E)f& ¢ ABI [ — &4 & 3.7 # A B 4. Similar to
PyErr_SetFromErrnoWithFilenameObject (), but takes a second filename object, for rais-
ing errors when a function that takes two filenames fails.

1E 3.4 BB A
PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
4R A % NULL. [Efg % ABL  — ¥ 7h Similar  to

PyErr_ SetFromErrnoWithFilenameObject (), but the filename is given as a C string. file-
name is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)

B AR5 482 [F) NULL, [B)fE 52 ABL )33 on Windows § 3.7 #5 A B 44. This is a convenience
function to raise OSError. 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 OSError object with the winerror
attribute set to the error code, the st rerror attribute set to the corresponding error message (gotten from
FormatMessage () ), and then calls PyErr_SetObject (PyExc_OSError, object). This func-
tion always returns NULL.

% . Windows,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

B 425 4 % [F) NULL, [E)i& 5 ABI [ — %4> on Windows & 3.7 #& A Bl 44. Similar to
PyErr_SetFromWindowsErr (), with an additional parameter specifying the exception type to be raised.

W : Windows,
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PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
© % i 48 % [F] NULL. [Ef5 & ABI 1) — B4 on Windows & 3.7 p& A Bl 44,  Similar to
PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is de-
coded from the filesystem encoding (os . fsdecode () ) and passed to the constructor of OSError as a
third parameter to be used to define the £ilename attribute of the exception instance.
. Windows,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject

*filename)

© 4% {48 % [F] NULL. [Ef55E ABI 1) — B4 on Windows @ 3.7 p& A Bl 44,  Similar to
PyErr_SetExcFromWindowsErr (), with the additional behavior that if filename is not NULL, it is
passed to the constructor of OSError as a third parameter to be used to define the £ilename attribute of
the exception instance.

. Windows,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)
© 4% fi: 48 % [F] NULL, [Ef5 & ABI 1) — %54 on Windows & 3.7 B A Bl 44,  Similar to
PyErr_SetExcFromWindowsErrWithFilenameObject (), butaccepts a second filename object.

. Windows,
T 3.4 A

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

4% 44 4 % [ NULL. [EF5 & ABIL () — 74> on Windows B 3.7 ¥ A& P 4.  Similar to
PyErr SetFromWindowsErrWithFilename (), with an additional parameter specifying the excep-
tion type to be raised.
% : Windows,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
E&14: 4% [F) NULL, [E)FS5E ABI )34 & 3.7 B A B 44. This is a convenience function to raise

ImportError. msg will be set as the exception’s message string. name and path, both of which can be
NULL, will be set as the ImportError’s respective name and path attributes.

1 3.3 HUBA.
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)

= & fh: 4 % [F) NULL, [BfE & ABI () — ¥ 4> & 3.6 p A B 4. Much like
PyErr_SetImportError () but this function allows for specifying a subclass of ImportError
to raise.

1E 3.6 iBIA.

void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

Set file, line, and offset information for the current exception. If the current exceptionis nota SyntaxError,
then it sets additional attributes, which make the exception printing subsystem think the exception is a
SyntaxError.

1E 3.4 RPTIA.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
[EfE 5 ABI [)—3R4% & 3.7 R A B44. Like PyErr SyntaxLocationObject (), but filename is a
byte string decoded from the filesystem encoding and error handler.

TE 3.2 B
void PyErr_SyntaxLocation (const char *filename, int lineno)
B ABI [1)—ii4y. Like PyErr SyntaxLocationEx (), but the col_offset parameter is omitted.
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void PyErr BadInternalCall ()
[BJf% 2 ABI [y — #B 4> This is a shorthand for PyErr_SetString (PyExc_SystemError,
message), where message indicates that an internal operation (e.g. a Python/C API function) was invoked
with an illegal argument. It is mostly for internal use.

5.3 Issuing warnings

Use these functions to issue warnings from C code. They mirror similar functions exported by the Python warnings
module. They normally print a warning message to sys.stderr; however, it is also possible that the user has specified
that warnings are to be turned into errors, and in that case they will raise an exception. It is also possible that the
functions raise an exception because of a problem with the warning machinery. The return value is O if no exception
is raised, or —1 if an exception is raised. (It is not possible to determine whether a warning message is actually
printed, nor what the reason is for the exception; this is intentional.) If an exception is raised, the caller should do its
normal exception handling (for example, Py DECREF () owned references and return an error value).

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

[EfZ 5 ABI [543, Issue a warning message. The category argument is a warning category (see below)
or NULL; the message argument is a UTF-8 encoded string. stack_level is a positive number giving a number
of stack frames; the warning will be issued from the currently executing line of code in that stack frame. A
stack_level of 1 is the function calling PyErr_WarnEx (), 2 is the function above that, and so forth.

Warning categories must be subclasses of PyExc_Warning; PyExc_Warning is a subclass of
PyExc_Exception; the default warning category is PyExc_RuntimeWarning. The standard Python
warning categories are available as global variables whose names are enumerated at Standard Warning Cate-
gories.

For information about warning control, see the documentation for the warnings module and the —W option
in the command line documentation. There is no C API for warning control.

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)

Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper
around the Python function warnings.warn_explicit () ;see there for more information. The module
and registry arguments may be set to NULL to get the default effect described there.

1E 3.4 JRBTINA.

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const

char *module, PyObject *registry)

[F)f5 & ABI [)—7/>. Similar to PyErr_WarnExplicitObject () except that message and module
are UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
[BfZ & ABI [1)—345/4>. Function similar to PyErr WarnEx (), butuse PyUnicode FromFormat ()
to format the warning message. format is an ASCII-encoded string.

TE 3.2 iU A-
int PyErr_ ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

[EJfS 5 ABI -4 B 3.6 - &K B 44. Function similar to PyErr WarnFormat (), but category is
ResourceWarning and it passes source to warnings.WarningMessage.

1E 3.6 JBMA.
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5.4 Querying the error indicator

PyObject *PyErr_Occurred ()

EIMRAE : 5 A 408, [FfE & ABI [)—7/)>. Test whether the error indicator is set. If set, return the exception
type (the first argument to the last call to one of the PyErr_Set * functions or to PyErr_Restore ()). If
not set, return NULL. You do not own a reference to the return value, so you do not need to Py_ DECREF ()
it.

The caller must hold the GIL.

e

Do not compare the return value to a specific exception; use PyErr_ExceptionMatches () instead,
shown below. (The comparison could easily fail since the exception may be an instance instead of a class,
in the case of a class exception, or it may be a subclass of the expected exception.)

int PyErr_ ExceptionMatches (PyObject *exc)

[F)FZ 72 ABI [—%(4). Equivalent to PyErr_GivenExceptionMatches (PyErr_Occurred(),
exc) . This should only be called when an exception is actually set; a memory access violation will occur if
no exception has been raised.

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

[F)f5 & ABI [1J—%>. Return true if the given exception matches the exception type in exc. If exc is a class
object, this also returns true when given is an instance of a subclass. If exc is a tuple, all exception types in the
tuple (and recursively in subtuples) are searched for a match.

PyObject *PyErr_GetRaisedException (void)

EMRAE ey 288, [EFEE ABL 334 B 3.12 5 K B44. Return the exception currently being raised,
clearing the error indicator at the same time. Return NULL if the error indicator is not set.

This function is used by code that needs to catch exceptions, or code that needs to save and restore the error
indicator temporarily.

L NIk
{

PyObject *exc = PyErr_GetRaisedException();
/* ... code that might produce other errors ... */

PyErr_SetRaisedException (exc) ;

%

PyErr_GetHandledException (), to save the exception currently being handled.

1 312 R A.

void PyErr_SetRaisedException (PyObject *exc)

S ABLIT)—37 & 3.12 B2 A Bl 44. Set exc as the exception currently being raised, clearing the existing
exception if one is set.

i

This call steals a reference to exc, which must be a valid exception.
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1 312 JRPmA.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )
[EfE 50 ABI 1045 4E 312 lZ 4B 95[EIfH: Use PyErr GetRaisedException () instead.
Retrieve the error indicator into three variables whose addresses are passed. If the error indicator is not set,

set all three variables to NULL. If it is set, it will be cleared and you own a reference to each object retrieved.
The value and traceback object may be NULL even when the type object is not.

e

This function is normally only used by legacy code that needs to catch exceptions or save and restore the
error indicator temporarily.

EPRIak

e 0

{

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

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

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
[EJfZ 2 ABI [W—3R4%. 7E 3.12 iR Z B9 ([EIH: Use PyErr SetRaisedException () instead.

Set the error indicator from the three objects, type, value, and traceback, clearing the existing exception if one
is set. If the objects are NULL, the error indicator is cleared. Do not pass a NULL type and non-NULL value
or traceback. The exception type should be a class. Do not pass an invalid exception type or value. (Violating
these rules will cause subtle problems later.) This call takes away a reference to each object: you must own
a reference to each object before the call and after the call you no longer own these references. (If you don’t
understand this, don’t use this function. I warned you.)

e

This function is normally only used by legacy code that needs to save and restore the error indicator tem-
porarily. Use PyErr_Fetch () to save the current error indicator.

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

[E)fE & ABI [f—384. A€ 3.12 IR Z &8 H: Use PyErr GetRaisedException () instead, to
avoid any possible de-normalization.

Under certain circumstances, the values returned by PyErr_Fetch () below can be "unnormalized”, mean-
ing that *exc is a class object but *val is not an instance of the same class. This function can be used to
instantiate the class in that case. If the values are already normalized, nothing happens. The delayed normal-
ization is implemented to improve performance.

e

This function does not implicitly set the __traceback___ attribute on the exception value. If setting the
traceback appropriately is desired, the following additional snippet is needed:

if (tb != NULL) {
PyException_SetTraceback (val, tb);
}
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PyObject *PyErr_GetHandledException (void)
258 ABI [f)—%84> B 3.11 pr A Bl44. Retrieve the active exception instance, as would be returned by
sys.exception (). Thisrefers 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.

e

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.

e 3.11 A

void PyErr_ SetHandledException (PyObject *exc)
[ ABI [—#54y & 3.11 #r A B44. 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.

e

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.

1 3.1 JRPmA.

void PyErr_ GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
[EfEE ABI —#B4> B 3.7 e A Bl 44. 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().

e

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_SetExcInfo () torestore
or clear the exception state.

1 3.3 BB

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
25 ABI [8)—334r B 3.7 B A B44. 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 ().

e

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 GetExcInfo () toread the
exception state.

1E 3.3 A
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TE 3.11 fi )5 5. The type and traceback 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 Signal Handling

int PyErr_CheckSignals ()
[F)f% ¢ ABI 1% This function interacts with Python’s signal handling.

If the function is called from the main thread and under the main Python interpreter, it checks whether a signal
has been sent to the processes and if so, invokes the corresponding signal handler. If the signal module is
supported, this can invoke a signal handler written in Python.

The function attempts to handle all pending signals, and then returns 0. However, if a Python signal handler
raises an exception, the error indicator is set and the function returns —1 immediately (such that other pending
signals may not have been handled yet: they will be on the next PyErr CheckSignals () invocation).

If the function is called from a non-main thread, or under a non-main Python interpreter, it does nothing and
returns 0.

This function can be called by long-running C code that wants to be interruptible by user requests (such as by
pressing Ctrl-C).

fH(E

The default Python signal handler for STGINT raises the KeyboardInterrupt exception.

void PyErr_ SetInterrupt ()

[F)f% & ABI ) — % 4>. Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

fH(E

This function is async-signal-safe. It can be called without the GI/L and from a C signal handler.

int PyErr_SetInterruptEx (int signum)

[Ff5 5 ABI 19— 384> B 3.10 #& A B 44. Simulate the effect of a signal arriving. The next time
PyErr_CheckSignals () is called, the Python signal handler for the given signal number will be called.

This function can be called by C code that sets up its own signal handling and wants Python signal handlers
to be invoked as expected when an interruption is requested (for example when the user presses Ctrl-C to
interrupt an operation).

If the given signal isn’t handled by Python (it was set to signal .SIG_DFLor signal.SIG_IGN), it will
be ignored.

If signum is outside of the allowed range of signal numbers, —1 is returned. Otherwise, O is returned. The
error indicator is never changed by this function.

e

This function is async-signal-safe. It can be called without the GI/L and from a C signal handler.

e 3.10 HFIA.
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int PySignal_SetWakeupFd (int fd)

This utility function specifies a file descriptor to which the signal number is written as a single byte whenever
a signal is received. fd must be non-blocking. It returns the previous such file descriptor.

The value —1 disables the feature; this is the initial state. This is equivalentto signal.set_wakeup_£fd ()
in Python, but without any error checking. fd should be a valid file descriptor. The function should only be
called from the main thread.

TE 3.5 fi A% 5 On Windows, the function now also supports socket handles.

5.6 s

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)

EMR G #rag 288, [EfSE ABI 1Y-—#545. This utility function creates and returns a new exception class.
The name argument must be the name of the new exception, a C string of the form module.classname.
The base and dict arguments are normally NULL. This creates a class object derived from Exception (ac-
cessible in C as PyExc_Exception).

The __module___ attribute of the new class is set to the first part (up to the last dot) of the name argument,
and the class name is set to the last part (after the last dot). The base argument can be used to specify alternate
base classes; it can either be only one class or a tuple of classes. The dict argument can be used to specify a
dictionary of class variables and methods.

PyObject *PyErr_ NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject
*dict)

EIMRAE: #rey 408, [EEE ABI [{)—3%4). Same as PyErr_ NewException (), except that the new
exception class can easily be given a docstring: If doc is non-NULL, it will be used as the docstring for the
exception class.

1E 3.2 A

5.7 BlsMEt

PyObject *PyException_GetTraceback (PyObject *ex)
B4R 1E: Frey 4. [EFE @ ABI f)—34>. Return the traceback associated with the exception as a
new reference, as accessible from Python through the _ traceback___ attribute. If there is no traceback
associated, this returns NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
[EJFZ 5 ABI 145 Set the traceback associated with the exception to tb. Use Py_None to clear it.

PyObject *PyException_GetContext (PyObject *ex)

EIMR 1 #rag 488, [EFSE ABI [)-—3F4). Return the context (another exception instance during whose
handling ex was raised) associated with the exception as a new reference, as accessible from Python through
the _ context__ attribute. If there is no context associated, this returns NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
[EfZ 5 ABI [)—3545. Set the context associated with the exception to ctx. Use NULL to clear it. There is
no type check to make sure that czx is an exception instance. This steals a reference to ctx.

PyObject *PyException_GetCause (PyObject *ex)
EMEAE: #rag 4 ig, [EfSE ABI ¥4 Return the cause (either an exception instance, or None, set

by raise ... from ...) associated with the exception as a new reference, as accessible from Python
through the __cause___ attribute.
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void PyException_SetCause (PyObject *ex, PyObject *cause)

[F)35 & ABI )57 Set the cause associated with the exception to cause. Use NULL to clear it. There is
no type check to make sure that cause is either an exception instance or None. This steals a reference to cause.

The ___suppress_context__ attribute is implicitly set to True by this function.
PyObject *PyException_GetArgs (PyObject *ex)

EMEE: ey 4ig, [EFEE ABLIY—%r B 3.12 B A Hl44. Return args of exception ex.
void PyException_SetArgs (PyObject *ex, PyObject *args)

[ ABI 4> B 3.12 Re A B44. Set args of exception ex to args.

PyObject *PyUnstable_Exc_PrepReraiseStar (PyObject *orig, PyObject *excs)

3

8 LT AP, B W] REAE/INUAS B A T (VA A 2 i s o

(m

5

Implement part of the interpreter’s implementation of except *. orig is the original exception that was caught,
and excs is the list of the exceptions that need to be raised. This list contains the unhandled part of orig, if any,
as well as the exceptions that were raised from the except * clauses (so they have a different traceback from
orig) and those that were reraised (and have the same traceback as orig). Return the ExceptionGroup that
needs to be reraised in the end, or None if there is nothing to reraise.

1 3.12 B

5.8 Unicode Exception Objects

The following functions are used to create and modify Unicode exceptions from C.
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

EMRAE : #rey 408, [EfE & ABI )3/, Create a UnicodeDecodeError object with the attributes
encoding, object, length, start, end and reason. encoding and reason are UTF-8 encoded strings.

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
EMRAE : #reg40g, [EiEE ABI [)—3%(4). Return the encoding attribute of the given exception object.

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
EMEAE: ey 408, [EfSE ABI[1—74). Return the object attribute of the given exception object.

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)
[F)f5 2 ABI )47 Get the start attribute of the given exception object and place it into *start. start must
not be NULL. Return 0 on success, —1 on failure.

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)
[EZ 5 ABI [543, Set the start attribute of the given exception object to start. Return 0 on success, —1
on failure.

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

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
[F)f5 & ABI )74 Get the end attribute of the given exception object and place it into *end. end must
not be NULL. Return 0 on success, —1 on failure.

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)
[EJ7Z 5 ABI [1—#B4>. Set the end attribute of the given exception object to end. Return 0 on success, —1
on failure.

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
EARAE: ey 48, [DEE ABIY)-—/). Return the reason attribute of the given exception object.

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

[EJFZ 5 ABI 1314y Set the reason attribute of the given exception object to reason. Return 0 on success,
—1 on failure.

5.9 Recursion Control

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension
modules. They are needed if the recursive code does not necessarily invoke Python code (which tracks its recursion
depth automatically). They are also not needed for #_call implementations because the call protocol takes care of
recursion handling.
int Py_EnterRecursiveCall (const char *where)

=E ABIY-—3 B 3.9 i A Bl 44. Marks a point where a recursive C-level call is about to be performed.

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using
PyOS_CheckStack (). If this is the case, it sets a MemoryError and returns a nonzero value.

The function then checks if the recursion limit is reached. If this is the case, a RecursionError is set and
a nonzero value is returned. Otherwise, zero is returned.

where should be a UTF-8 encoded string such as " in instance check" to be concatenated to the
RecursionError message caused by the recursion depth limit.

TE 3.9 M%) %2 58 This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
[EiE o ABI [—3B4> B 3.9 Be KB 44. Ends a Py_EnterRecursiveCall (). Must be called once
for each successful invocation of Py_EnterRecursiveCall ().

¥E 3.9 M55 This function is now also available in the limited API.

Properly implementing tp_ repr for container types requires special recursion handling. In addition to protect-
ing the stack, tp_repr also needs to track objects to prevent cycles. The following two functions facilitate this
functionality. Effectively, these are the C equivalent to reprlib.recursive_repr ().

int Py_ReprEnter (PyObject *object)
[FJf5 & ABI [1)—77%}. Called at the beginning of the tp_ repr implementation to detect cycles.

If the object has already been processed, the function returns a positive integer. In that case the tp_repr
implementation should return a string object indicating a cycle. As examples, dict objects return { . ..}
and 1ist objectsreturn [...].
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The function will return a negative integer if the recursion limit is reached. In that case the tp_ repr imple-
mentation should typically return NULL.

Otherwise, the function returns zero and the t p_ repr implementation can continue normally.

void Py_ReprLeave (PyObject *object)

()5 & ABI 1) — 43~

Ends a Py _ReprEnter ().

Py_ReprEnter () that returns zero.

5.10 Standard Exceptions

Must be called once for each invocation of

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

variables:

C &’ Python &% [l
PyExc_BaseException BaseException !
PyExc_Exception Exception L
PyExc_ArithmeticError ArithmeticError LR L
PyExc_AssertionError AssertionError
PyExc_ AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedE ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedE ConnectionRefusedError
PyExc_ConnectionResetErr ConnectionResetError
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 R Es 1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundErro ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedErro NotImplementedError
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PyExc_OSError

OSError

PyExc_OverflowError OverflowError

PyExc_PermissionError PermissionError

PyExc_ProcessLookupError ProcessLookupError

PyExc_RecursionError RecursionError

PyExc_ReferenceError ReferenceError

PyExc_RuntimeError RuntimeError

PyExc_StopAsynclteration StopAsyncIteration

BET—H
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R 1-EEL—8

C & Python & i)
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError

PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateEr
PyExc_ValueError
PyExc_ZeroDivisionError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

£33 B B A

PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,
PyExc_ProcessLookupError fll PyExc_TimeoutError s2%E PEP 3151 #{5]| A

TE 3.5 IRWE A : PyExc_StopAsynclteration fll PyExc_RecursionError,
TE 3.6 WA PyExc_ModuleNotFoundError,

These are compatibility aliases to PyExc_OSError:

C &

PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

[Elf#

7 3.3 A% % 55 These aliases used to be separate exception types.
figt:

&

5.11 Standard Warning Categories

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:

! This is a base class for other standard exceptions.
2 Only defined on Windows; protect code that uses this by testing that the preprocessor macro MS_WINDOWS is defined.
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C & Python 7 [EIf#
PyExc_Warning Warning £
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

TE 3.2 WA PyExc_ResourceWarning
(EIfig -

3 This is a base class for other standard warning categories.

5.11. Standard Warning Categories 65



The Python/C API, £[F] 3.13.0rc2

66 Chapter 5. fl5pEEE



CHAPTER O

A e R 0] T ACAT R T RAT R, WS ) C AU T 22l [E14: (portable). 7 C il
Python module (#5%4H) . PAK BT e8> 5 [ B(ELEA C i {E 2R Python P E(E4F .

6.1 fERAMIH

PyObject *PyOS_FSPath (PyObject *path)

B ey 408, [EFEE ABL[—r A 3.6 iZ K Bl44. Return the file system representation for
path. If the objectis a st r or bytes object, then a new strong reference is returned. If the object implements

the os.PathLike interface, then _ fspath__ () is returned as long as it is a str or bytes object.
Otherwise TypeError is raised and NULL is returned.
TE 3.6 RBEIIA.

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?2?2"'.

This function must not be called before Python is initialized.

void PyOS_BeforeFork ()

[E)f5 5 ABI 1384y on platforms with fork() & 3.7 #% A Bf4&. 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.

o

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

1E 3.7 ABIA.
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void PyOS_AfterFork_Parent ()
[EF2 5 ABI 14— on platforms with fork() & 3.7 #% A~ F44. 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
clones the current process, regardless of whether process cloning was successful. Only available on systems
where fork () is defined.

o

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

TE 3.7 [ A

void PyOS_AfterFork_Child ()

[FF2 5 ABI [ —E54) on platforms with fork() & 3.7 #& A H44. 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.

o

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

1E 3.7 A

hz%

os.register_at_fork() allows registering custom Python functions to be called by
Py0OS_BeforeFork (), Py0OS _AfterFork_ Parent () and PyOS _AfterFork Child().

void PyOS_AfterFork ()

[E7Z 5 ABI [1)-—%F4) 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.

TE 3.7 2 45 9%([E) ] : This function is superseded by Py0OS_AfterFork_ Child().

int PyOS_CheckStack ()

[EFE & ABI [ — 9B 4> on platforms with USE_STACKCHECK & 3.7 ’& A& B 45  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.

typedef void (*PyOS_sighandler_t)(int)
[E)fE ABI 14>

PyOS_sighandler t PyOS_getsig (inti)
[E)fZ 52 ABI [#)—354). 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 PyOS_setsig (int i, PyOS_sighandler t h)

[F)Z 5 ABI [1)—%B47. Set the signal handler for signal i to be &; return the old signal handler. This is a thin
wrapper around either sigaction () or signal (). Do not call those functions directly!
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wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
[ElfE 0 ABL [—3B45 & 3.7 BB 44,

s
This function should not be called directly: use the PyConfig APl 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_PreInitialize () function.

Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape er-
ror handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence
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 members of 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.

hz%

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize (
functions.

TE 3.5 g
TE 3.7 {52 5 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.
JE 3.8 JiR 1% % T: The function now uses the UTF-8 encoding on Windows if PyPreConfig.

legacy_windows_fs_encoding is zero;
char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

[EfZ 52 ABL 1 — B4 B 3.7 B A Bl 44. 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.

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

The PyUnicode_EncodeFSDefault () and PyUnicode_EncodeLocale () functions.

1E 3.5 IR
JE 3.7 IR %% 58 The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

TE 3.8 JR 1Y %% ¥: The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacy_windows_fs_encoding is zero.

6.2 ZMEAX

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)
EMR1E: 5 488, [EfSE ABI [#)-—%F4). 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)
[EJfZE ABI [)—%B4). 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 ()
[FJf5 7 ABI [1)—754). Reset sys.warnoptions to an empty list. This function may be called prior to
Py Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Clear sys.warnoptions and
warnings.filters instead.

void PySys_WriteStdout (const char *format, ...)
)35 % ABI 1)), 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, ...)
[EfE 2 ABI [W)—3R4y. As PySys_WriteStdout (), but write to sys . stderr or stderr instead.

void PySys_FormatStdout (const char *format, ...)
[E#% & ABI 1y — #F 4r. Function similar to PySys_WriteStdout() but format the message using
PyUnicode_ FromFormatV () and don’t truncate the message to an arbitrary length.

1E 3.2 ABIA.

void PySys_FormatStderr (const char *format, ...)
[EfE 2 ABI [1)—%R4. As PySys_FormatStdout (), but write to sys . stderr or stderr instead.

1 3.2 JRAg A
PyObject *PySys_GetXOptions ()
ERAE: E R 408, [EFEE ABLI—%r 8 3.7 B A B44. Return the current dictionary of —X options,

similarly to sys._xoptions. On error, NULL is returned and an exception is set.

1E 3.2 iRABIA.
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int PySys_Audit (const char *event, const char *format, ...)
252 ABI [#)—35%r & 3.13 #a A< PBi44. Raise an auditing event with any active hooks. Return zero for
success and non-zero with an exception set on failure.
The event string argument must not be NULL.

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 must not be used. It 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.

Note that # format characters should always be treated as Py _ssize t, regardless of whether
PY SSIZE T CLEAN was defined.

sys.audit () performs the same function from Python code.

See also PySys_ AuditTuple ().

1E 3.8 iBIA.

T 3.8.2 )55 B Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.
int PySys_AuditTuple (const char *event, PyObject *args)

%2 ABI [—3R4> B 3.13 #e A B44. Similar to PySys_Audit (), but pass arguments as a Python
object. args must be a tuple. To pass no arguments, args can be NULL.

TE 3.13 JgE A
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 API are called for all
interpreters created by the runtime.

The userData pointer is passed into the hook function. Since hook functions may be called from different
runtimes, this pointer should not refer directly to Python state.

This function is safe to call before Py_ Tnitialize (). 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 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.

If the interpreter is initialized, this function raises an auditing event sys.addaudithook with no argu-
ments. If any existing hooks raise an exception derived from Exception, the new hook will not be added
and the exception is cleared. As a result, callers cannot assume that their hook has been added unless they
control all existing hooks.

typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)

The type of the hook function. event is the C string event argument passed to PySys_Audit () or
PySys_AuditTuple (). args is guaranteed to be a PyTupleObject. userData is the argument
passed to PySys_AddAuditHook().

1E 3.8 MABIA.
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6.3 {TEZH

void Py_FatalError (const char *message)

[F)2 72 ABI () —3%4). 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_API macro is defined.

T 3.9 {5 Log the function name automatically.

void Py_Exit (int status)

[FJfZ 1 ABI [#)—34). Exit the current process. This calls Py._FinalizeEx () 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 iR [{)%# 5 Errors from finalization no longer ignored.

int Py AtExit (void (*func)())

[EJfZ 2 ABI )[4, 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 function 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 SIAR#

PyObject *PyImport_ImportModule (const char *name)
EIRAE: #rhh 408, [EE S ABI [¥)—354). This is a wrapper around Py Import_Import () which
takes a const char* as an argument instead of a PyObject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
B AR fE: # ey % e, [EE G ABI Y — 3 4 This function is a deprecated alias of
PyImport_ImportModule ().

JE 3.3 %) %4 55 This function used to fail immediately when the import lock was held by another thread.
In Python 3.3 though, the locking scheme switched to per-module locks for most purposes, so this function’s
special behaviour isn’t needed anymore.

Deprecated since version 3.13, will be removed in version 3.15: Use PyImport_ImportModule () in-
stead.

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)
B 4% {A: #7444 B& ., Import a module. This is best described by referring to the built-in Python function
__import__ ().
The return value is a new reference to the imported module or top-level package, or NULL with an exception

set on failure. Like for __import__ (), the return value when a submodule of a package was requested is
normally the top-level package, unless a non-empty fromlist was given.

Failing imports remove incomplete module objects, like with Py Import_ImportModule ().
PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *1ocals,
PyObject *fromlist, int level)

EMRAE: ey 4iE, [EEEE ABLI-— B 3.7 B A Bl45. Import a module. This is best described by
referring to the built-in Python function ___import__ (), as the standard __import__ () function calls
this function directly.
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The return value is a new reference to the imported module or top-level package, or NULL with an exception
set on failure. Like for __import__ (), the return value when a submodule of a package was requested is
normally the top-level package, unless a non-empty fromlist was given.

1E 3.3 A
PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)
EIMEAE : #0488, [FfE 5 ABI [f)—%B4y. Similar to Py Import_ImportModulelLevelObject (),
but the name is a UTF-8 encoded string instead of a Unicode object.

T 3.3 MUY % 55 Negative values for level are no longer accepted.

PyObject *PyImport_Import (PyObject *name)
EIMRE: ey 4ng, [EFEE ABI [-—#04. This is a higher-level interface that calls the current “import
hook function” (with an explicit level of 0, meaning absolute import). It invokesthe ___import__ () function
fromthe _ _builtins__ of the current globals. This means that the import is done using whatever import
hooks are installed in the current environment.

This function always uses absolute imports.

PyObject *PyImport_ReloadModule (PyObject *m)
EIMRAE: #reg 48, [ERE 0 ABI [1—%B4>. Reload a module. Return a new reference to the reloaded
module, or NULL with an exception set on failure (the module still exists in this case).

PyObject *PyImport_AddModuleRef (const char *name)

EMRAE: ey &g, [EFEE ABL %> B 3.13 #a A M44. Return the module object corresponding to
a module name.

The name argument may be of the form package.module. First check the modules dictionary if there’s
one there, and if not, create a new one and insert it in the modules dictionary.

Return a strong reference to the module on success. Return NULL with an exception set on failure.
The module name name is decoded from UTF-8.

This function does not load or import the module; if the module wasn’t already loaded, you will get an empty
module object. Use PyImport_ImportModule () or one of its variants to import a module. Package
structures implied by a dotted name for name are not created if not already present.

e 313 JRBTA.
PyObject *PyImport_AddModuleObject (PyObject *name)

EIMRAE 45 A 208, [BIFSE ABLIY -84 A 3.7 B K B44. Similar to Py Import_AddModuleRef (),
but return a borrowed reference and name is a Python st r object.

TE 3.3 A
PyObject *PyImport_AddModule (const char *name)
EIARAE: R 4n8, Z ¢ ABI [1—%(4y. Similar to Py Import_AddModuleRef (), but return a

borrowed reference.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

B ARAE: #rag 4 g, S ABI[—B4)>. Given a module name (possibly of the form package.
module) and a code object read from a Python bytecode file or obtained from the built-in function
compile (), load the module. Return a new reference to the module object, or NULL with an exception
set if an error occurred. name is removed from sys.modules in error cases, even if name was already in
sys.modulesonentryto PyImport_ExecCodeModule (). Leaving incompletely initialized modules
in sys.modules is dangerous, as imports of such modules have no way to know that the module object is
an unknown (and probably damaged with respect to the module author’s intents) state.

The module’s __spec___and __loader__ will be set, if not set already, with the appropriate values. The
spec’s loader will be set to the module’s __1oader__ (if set) and to an instance of SourceFileLoader
otherwise.
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The module’s __ file_ attribute will be set to the code object’s co_filename. If applicable,
__cached__ will also be set.

This function will reload the module if it was already imported. See Py Import_ReloadModule () for
the intended way to reload a module.

If name points to a dotted name of the form package .module, any package structures not already created
will still not be created.

Seealso Py Import_ExecCodeModuleEx () and Py Import_ExecCodeModuleWithPathnames ().

TE 3.12 W54 58 : The setting of __cached__and __loader_ is deprecated. See ModuleSpec for
alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
EMEAE #0208 [ES 0 ABI [#—34). Like Py Import_ExecCodeModule (),butthe_ file
attribute of the module object is set to pathname if it is non-NULL.
W R PyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleObject (PyObject ¥*name, PyObject *co, PyObject *pathname,

PyObject *cpathname)

EIMRAE #0448 [BIE2 ABLIY 354 & 3.7 B KB44. Like Py Import_ExecCodeModuleEx (),
but the _ cached___ attribute of the module object is set to cpathname if it is non-NULL. Of the three
functions, this is the preferred one to use.

TE 3.3 MU A
T 3.12 )52 5 Setting __cached__is deprecated. See ModuleSpec for alternatives.
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

EMRE e 488, [BIFS & ABI [1)—3%54). Like Py Tmport_ExecCodeModuleObject (), but name,
pathname and cpathname are UTF-8 encoded strings. Attempts are also made to figure out what the value for
pathname should be from cpathname if the former is set to NULL.

£ 3.2 BGA.

TE 3.3 Ji5ETE: Uses imp . source_from_cache () in calculating the source path if only the bytecode
path is provided.

e 3.12 MRS B NG AR BR A imp B4

long PyImport_GetMagicNumber ()

[EJZ 52 ABI [#)—3F4). Return the magic number for Python bytecode files (a.k.a. .pyc file). The magic
number should be present in the first four bytes of the bytecode file, in little-endian byte order. Returns -1 on
error.

T 3.3 HRAYSEE: A HUkF (o] (4 - 1.

const char *PyImport_GetMagicTag ()

[F)fZ ¢ ABI [1J—— 5%, Return the magic tag string for PEP 3147 format Python bytecode file names. Keep
in mind that the value at sys . implementation.cache_tag is authoritative and should be used instead
of this function.

1E 3.2 A

PyObject *PyImport_GetModuleDict ()
EIMRAE 2 288, [EF55E ABI [¥)—%545. Return the dictionary used for the module administration (a.k.a.
sys.modules). Note that this is a per-interpreter variable.

PyObject *PyImport_GetModule (PyObject *name)
EMEAE: Frah 48, [DFEE ABL—% B 3.8 #i K M 45. Return the already imported module with

the given name. If the module has not been imported yet then returns NULL but does not set an error. Returns
NULL and sets an error if the lookup failed.

1E 3.7 ABIA.

74 Chapter6. TH


https://peps.python.org/pep-3147/

The Python/C API, &(F 3.13.0rc2

PyObject *PyImport_GetImporter (PyObject *path)

EARAE: Frag 408, [FfE 5 ABI f)-—#4). Return a finder object for a sys.path/pkg.__path__
item path, possibly by fetching it from the sys.path_importer_cache dict. If it wasn’t yet cached,
traverse sys.path_hooks until a hook is found that can handle the path item. Return None if no hook
could; this tells our caller that the path based finder could not find a finder for this path item. Cache the result
in sys.path_importer_cache. Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)

[EJfE 2 ABI 334> B 3.7 B A Bi+44. Load a frozen module named name. Return 1 for success, 0 if the
module is not found, and -1 with an exception set if the initialization failed. To access the imported module on
a successful load, use Py ITmport_ImportModule (). (Note the misnomer --- this function would reload
the module if it was already imported.)

TE 3.3 R IA.
TE 3.4 fRA)5#FE: The _ file_  attribute is no longer set on the module.

int PyImport_ImportFrozenModule (const char *name)

[EJfE 52 ABI #3545 Similar to Py Import_ImportFrozenModuleObject (), but the name is a
UTF-8 encoded string instead of a Unicode object.

struct _frozen

This is the structure type definition for frozen module descriptors, as generated by the freeze utility (see
Tools/freeze/ in the Python source distribution). Its definition, found in Include/import.h, is:

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

TE 3.11 iR %2 5 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))

[EJfZ 52 ABI )4y Add a single module to the existing table of built-in modules. This is a convenience
wrapper around PyImport_ExtendInittab (), returning —1 if the table could not be extended. The
new module can be imported by the name name, and uses the function initfunc as the initialization function
called on the first attempted import. This should be called before Py_Tnitialize ().

struct _inittab
Structure describing a single entry in the list of built-in modules. Programs which embed Python may use an
array of these structures in conjunction with Py Import_ExtendInittab () to provide additional built-in
modules. The structure consists of two members:
const char *name

The module name, as an ASCII encoded string.
PyObject *(*init func)(void)
Initialization function for a module built into the interpreter.

int PyImport_ExtendInittab (struct _inittab *newtab)

Add a collection of modules to the table of built-in modules. The newrab array must end with a sentinel entry
which contains NULL for the name field; failure to provide the sentinel value can result in a memory fault.
Returns 0 on success or -1 if insufficient memory could be allocated to extend the internal table. In the event
of failure, no modules are added to the internal table. This must be called before Py Tnitialize ().
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If Python is initialized multiple times, PyImport_AppendInittab () or
PyImport_ExtendInittab () must be called before each Python initialization.

6.5 &l marshal )12

These routines allow C code to work with serialized objects using the same data format as the marshal module.
There are functions to write data into the serialization format, and additional functions that can be used to read the
data back. Files used to store marshalled data must be opened in binary mode.

Numeric values are stored with the least significant byte first.

The module supports two versions of the data format: version O is the historical version, version 1 shares in-
terned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating-point numbers.
Py_MARSHAL_VERSION indicates the current file format (currently 2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of
the size of the native 1ong type. version indicates the file format.

This function can fail, in which case it sets the error indicator. Use PyErr Occurred () to check for that.
void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)

Marshal a Python object, value, to file. version indicates the file format.

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

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)

E) 1% 18 : #7489 % B4 . Return a bytes object containing the marshalled representation of value. version indicates
the file format.

The following functions allow marshalled values to be read back in.

long PyMarshal_ReadLongFromFile (FILE *file)
Return a C 1ong 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 long.

On error, sets the appropriate exception (EOFError) and returns —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.

On error, sets the appropriate exception (EOFError) and returns —1.

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
B84 : #8948, Return a Python object from the data stream in a FILE* opened for reading.

On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

B2 48: #4494 08, Return a Python object from the data stream in a FILE* opened for reading. Unlike
PyMarshal_ReadObjectFromFile (), this function 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.

On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)

4% 14 : #8444, Return a Python object from the data stream in a byte buffer containing len bytes pointed
to by data.

On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.
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6.6 BlfTSIRBENE

These functions are useful when creating your own extensions functions and methods. Additional information and
examples are available in extending-index.

The first three of these functions described, PyArg ParseTuple(),
PyArg_ParseTupleAndKeywords (), and PyArg _Parse (), all use format strings which are used to
tell the function about the expected arguments. The format strings use the same syntax for each of these functions.

6.6.1 Parsing arguments

A format string consists of zero or more “format units.” A format unit describes one Python object; it is usually a single
character or a parenthesized sequence of format units. With a few exceptions, a format unit that is not a parenthesized
sequence normally corresponds to a single address argument to these functions. In the following description, the
quoted form is the format unit; the entry in (round) parentheses is the Python object type that matches the format
unit; and the entry in [square] brackets is the type of the C variable(s) whose address should be passed.

Strings and buffers

fiiE)

On Python 3.12 and older, the macro PY_SSIZE_T_CLEAN must be defined before including Python.h to
use all # variants of formats (s#, y#, etc.) explained below. This is not necessary on Python 3.13 and later.

These formats allow accessing an object as a contiguous chunk of memory. You don’t have to provide raw storage
for the returned unicode or bytes area.

Unless otherwise stated, buffers are not NUL-terminated.
There are three ways strings and buffers can be converted to C:

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

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

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

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

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

s (str) [const char *]
Convert a Unicode object to a C pointer to a character string. A pointer to an existing string is stored in the
character pointer variable whose address you pass. The C string is NUL-terminated. The Python string must
not contain embedded null code points; if it does, a ValueError exception is raised. Unicode objects are
converted to C strings using 'ut £-8"' encoding. If this conversion fails, a UnicodeError is raised.
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e

This format does not accept bytes-like objects. If you want to accept filesystem paths and convert them to C
character strings, it is preferable to use the O& format with PyUnicode_ FSConverter () asconverter.

TE 3.5 Y52 5 Previously, TypeError was raised when embedded null code points were encountered in
the Python string.

s* (str mibytes-like object) [Py_buffer]
This format accepts Unicode objects as well as bytes-like objects. It fills a Py buf fer structure provided by
the caller. In this case the resulting C string may contain embedded NUL bytes. Unicode objects are converted
to C strings using 'ut £-8"' encoding.

s# (str, read-only bytes-like object) [const char *, Py ssize t]
Like s*, except that it provides a borrowed buffer. The result is stored into two C variables, the first one a
pointer to a C string, the second one its length. The string may contain embedded null bytes. Unicode objects
are converted to C strings using 'ut £-8"' encoding.

z (str 5§ None) [const char #]
Like s, but the Python object may also be None, in which case the C pointer is set to NULL.

z* (str. bytes-like object B} None) [Py_buffer]
Like s*, but the Python object may also be None, in which case the buf member of the Py_buffer
structure is set to NULL.

z# (str, read-only bytes-like object or None) [const char *, Py _ssize_t]
Like s#, but the Python object may also be None, in which case the C pointer is set to NULL.

vy (Misig{bytes-like object) [const char *]
This format converts a bytes-like object to a C pointer to a borrowed character string; it does not accept Unicode
objects. The bytes buffer must not contain embedded null bytes; if it does, a Va lueError exception is raised.

TE 3.5 R %5 55 Previously, TypeError was raised when embedded null bytes were encountered in the
bytes buffer.

y* (bytes-like object) [Py_buffer]
This variant on s* doesn’t accept Unicode objects, only bytes-like objects. This is the recommended way to
accept binary data.

y# (read-only bytes-like object) [const char *, Py _ssize_t]
This variant on s # doesn’t accept Unicode objects, only bytes-like objects.

S (bytes) [PyBytesObject *]
Requires that the Python object is a bytes object, without attempting any conversion. Raises TypeError
if the object is not a bytes object. The C variable may also be declared as PyOb ject*.

Y (bytearray) [PyByteArrayObject *]
Requires that the Python object is a bytearray object, without attempting any conversion. Raises
TypeError if the objectis nota 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 PyOb ject*.

w* (W] :§{ 45 bytes-like object) [Py_buffer]
This format accepts any object which implements the read-write buffer interface. It fills a Py_buffer
structure provided by the caller. The buffer may contain embedded null bytes. The caller have to call
PyBuffer Release () when itis done with the buffer.

es (str) [const char *encoding, char **buffer]
This variant on s is used for encoding Unicode into a character buffer. It only works for encoded data without
embedded NUL bytes.

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
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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 () will allocate a buffer of the needed size, copy the encoded data into this buffer and
adjust *buffer to reference the newly allocated storage. The caller is responsible for calling PyMem_ Free ()
to free the allocated buffer after use.

et (str,bytes or bytearray) [const char *encoding, char **buffer]
Same as e s except that byte string objects are passed through without recoding them. Instead, the implemen-
tation assumes that the byte string object uses the encoding passed in as parameter.

es# (str) [const char *encoding, char **buffer, Py ssize t *buffer_length]
This variant on s# is used for encoding Unicode into a character buffer. Unlike the es format, this variant
allows input data which contains NUL characters.

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.

There are two modes of operation:

If *buffer points a NULL pointer, the function will allocate a buffer of the needed size, copy the encoded data
into this buffer and set *buffer to reference the newly allocated storage. The caller is responsible for calling
PyMem_Free () to free the allocated buffer after usage.

If *buffer points to a non-NULL pointer (an already allocated buffer), PyArg ParseTuple () will use this
location as the buffer and interpret the initial value of *buffer_length as the buffer size. It will then copy the
encoded data into the buffer and NUL-terminate it. If the buffer is not large enough, a ValueError will be
set.

In both cases, *buffer_length is set to the length of the encoded data without the trailing NUL byte.

et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py ssize t *buffer_length]
Same as es# except that byte string objects are passed through without recoding them. Instead, the imple-
mentation assumes that the byte string object uses the encoding passed in as parameter.

15 312 JiAJ5SE T u, u#, 7, and Z# are removed because they used a legacy Py_UNTICODE* representation.

By

b (int) [unsigned char]
Convert a nonnegative Python integer to an unsigned tiny int, stored ina C unsigned char.

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

h (int) [short int]
%1 Python #&#(E)5, C i) short int,

H (int) [unsigned short int]

1 —1# Python ####([FIi C f) unsigned short int, WEEEFMER AR .
i (int) [int]

#%—1# Python # B (FIR C 11 int.
I (int) [unsigned int]

#%—1# Python £ #(FI C i) unsigned int, WFAREMER IR,

1 (int) [long int]
1§ —1# Python ##ik[FAY, C /) long int.
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k (int) [unsigned long]

#§— 1 Python BBH(EIL C ) unsigned long, MELEAR M AARA.

L (int) [long long]

#§— 1 Python BHI(EIY C ) 1long long.,

K (int) [unsigned long long]

H§—1# Python ##ii#(EIiY C 1) unsigned long long, E[FIEALMERE LT .

n (int) [Py_ssize_t]

1 Python FEHUHEIY C (py_ssize t.

c (bytes #k EJ¥(F] 1 (¥ bytearray) [char]

Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.

TE 3.3 MU B 27F bytearray .

c (REE 11 str) [int]

Convert a Python character, represented as a st r object of length 1, toa C int.

f (£loat) [float]

11 Python % BE 5 [E] 5%, C f¥):c:type:float,

d (float) [double]

1 Python 77 B #i#(F %, C f1Y:c:type:double.

D (complex) [Py_complex]

#é—1# Python [E/BUEEI C (1 Py_complex ik,

Hibht

O (¥fl) [PyObject *]

Store a Python object (without any conversion) in a C object pointer. The C program thus receives the actual
object that was passed. A new strong reference to the object is not created (i.e. its reference count is not
increased). The pointer stored is not NULL.

o! (¥1l:) [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.

os (M) [converter, anything]

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

[status = converter (object, address); }

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

If the converter returns Py_ CLEANUP__SUPPORTED, it may get called a second time if the argument parsing
eventually fails, giving the converter a chance to release any memory that it had already allocated. In this
second call, the object parameter will be NULL; address will have the same value as in the original call.

TE 3.1 M55 il A Py_CLEANUP_SUPPORTED.,

p (bool) [int]

Tests the value passed in for truth (a boolean predicate) and converts the result to its equivalent C true/false
integer value. Sets the int to 1 if the expression was true and O if it was false. This accepts any valid Python
value. See truth for more information about how Python tests values for truth.

1E 3.3 A
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(items) (tuple) [matching-items]
The object must be a Python sequence whose length is the number of format units in items. The C arguments
must correspond to the individual format units in items. Format units for sequences may be nested.

It is possible to pass “long” integers (integers whose value exceeds the platform’s LONG_MAX) however no proper
range checking is done --- the most significant bits are silently truncated when the receiving field is too small to
receive the value (actually, the semantics are inherited from downcasts in C --- your mileage may vary).

A few other characters have a meaning in a format string. These may not occur inside nested parentheses. They are:

Indicates that the remaining arguments in the Python argument list are optional. The C variables corresponding
to optional arguments should be initialized to their default value --- when an optional argument is not specified,
PyArg_ParseTuple () does not touch the contents of the corresponding C variable(s).

PyArg ParseTupleAndKeywords () only: Indicates that the remaining arguments in the Python ar-
gument list are keyword-only. Currently, all keyword-only arguments must also be optional arguments, so |
must always be specified before $ in the format string.

e 3.3 FBIA.

The list of format units ends here; the string after the colon is used as the function name in error messages (the
“associated value” of the exception that PyArg ParseTuple () raises).

The list of format units ends here; the string after the semicolon is used as the error message instead of the
default error message. : and ; mutually exclude each other.

Note that any Python object references which are provided to the caller are borrowed references; do not release them
(i.e. do not decrement their reference count)!

Additional arguments passed to these functions must be addresses of variables whose type is determined by the format
string; these are used to store values from the input tuple. There are a few cases, as described in the list of format units
above, where these parameters are used as input values; they should match what is specified for the corresponding
format unit in that case.

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.

APl HR

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

= iE ABI [14-—347. Parse the parameters of a function that takes only positional parameters into local
variables. Returns true on success; on failure, it returns false and raises the appropriate exception.

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

[EfZ 5 ABI %)% Identical to PyArg ParseTuple (), except that it accepts a va_list rather than a
variable number of arguments.

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

[F)F2 5 ABI [)—3%3/). Parse the parameters of a function that takes both positional and keyword parameters
into local variables. The keywords argument is a NULL-terminated array of keyword parameter names speci-
fied as null-terminated ASCII or UTF-8 encoded C strings. Empty names denote positional-only parameters.
Returns true on success; on failure, it returns false and raises the appropriate exception.
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e

The keywords parameter declaration is char *const* in C and const char *const* in C++.
This can be overridden with the PY CXX CONST macro.

TE 3.6 Jii )55 Added support for positional-only parameters.

TE 3.13 H 1 5% 5. The keywords parameter has now type char *const* in C and const char
*const* in C++, instead of char**. Added support for non-ASCII keyword parameter names.

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

[F)f5 5 ABI [ —3( /%>, Identical to PyArg ParseTupleAndKeywords (), except that it accepts a
va_list rather than a variable number of arguments.

int PyArg_ValidateKeywordArguments (PyObject*)

[E)fZ & ABI fJ—7/. Ensure that the keys in the keywords argument dictionary are strings. This is only
needed if PyArg ParseTupleAndKeywords () is not used, since the latter already does this check.

1E 3.2 RABIA.

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

ZE ABI [1)—i/>. Parse the parameter of a function that takes a single positional parameter into a local
variable. Returns true on success; on failure, it returns false and raises the appropriate exception.

Example:

(// Function using METH O calling convention
static PyObject*
my_function (PyObject *module, PyObject *argqg)
{
int value;
if (!PyArg_Parse(arg, "i:my_function", &value)) {
return NULL;

// ... use value

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

[FJf5 7 ABI [1)—7%>. 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.

This is an example of the use of this function, taken from the sources for the _weakref helper module for
weak references:

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);

€ & A}
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(R L —5)
}

return result;

The call to PyArg UnpackTuple () in this example is entirely equivalent to this call to
PyArg ParseTuple():

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

PY_CXX_CONST

The value to be inserted, if any, before char *const* in the keywords parameter declaration of
PyArg_ParseTupleAndKeywords () and PyArg VaParseTupleAndKeywords (). Default
empty for C and const for C++ (const char *const*). To override, define it to the desired value
before including Python.h.

1E 3.13 A

6.6.2 Building values

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

EIMR1E: #rey 408, [EEE ABI [#)—3f4). 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 () does not always build a tuple. It builds a tuple only if its format string contains two or
more format units. If the format string is empty, it returns None; if it contains exactly one format unit, it returns
whatever object is described by that format unit. To force it to return a tuple of size 0 or one, parenthesize the
format string.

When memory buffers are passed as parameters to supply data to build objects, as for the s and s# for-
mats, the required data is copied. Buffers provided by the caller are never referenced by the objects cre-
ated by Py_BuildValue (). In other words, if your code invokes malloc () and passes the allocated
memory to Py_BuildValue (), your code is responsible for calling free () for that memory once
Py_BuildValue () returns.

In the following description, the quoted form is the format unit; the entry in (round) parentheses is the Python
object type that the format unit will return; and the entry in [square] brackets is the type of the C value(s) to
be passed.

The characters space, tab, colon and comma are ignored in format strings (but not within format units such as
s#). This can be used to make long format strings a tad more readable.

s (str 8 None) [const char *]
Convert a null-terminated C string to a Python str object using 'ut £-8"' encoding. If the C string
pointer is NULL, None is used.

s# (str o None) [const char *, Py_ssize t]
Convert a C string and its length to a Python str object using 'ut£-8"' encoding. If the C string
pointer is NULL, the length is ignored and None is returned.

y (bytes) [const char *]
This converts a C string to a Python bytes object. If the C string pointer is NULL, None is returned.

y# (bytes) [const char *, Py ssize t]
This converts a C string and its lengths to a Python object. If the C string pointer is NULL, None is
returned.

z (str B None) [const char *]

s #HFE .
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z# (str o None) [const char #, Py ssize t]

Fl s# FH

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 wchar_t *, Py ssize t]
Convert a Unicode (UTF-16 or UCS-4) data buffer and its length to a Python Unicode object. If the
Unicode buffer pointer is NULL, the length is ignored and None is returned.

U (str 5 None) [const char *]
1 s AHIA
U# (str 5§ None) [const char *, Py ssize t]
Fl s# HHIA
i (int) [int]
#4—fH C Y int #EI Python F#F.
b (int) [char]
#—M# C Y char #4[FI5Y Python {4 .
h (int) [short int]
H—1f C 1y short int E[FI Python B &1y {4:.
1 (int) [long int]
#4—1# C ) Long int H[FIE Python FEHY ().

B (int) [unsigned char]

#—1f C f) unsigned char [EF)j{ Python B85 {4,

H (int) [unsigned short int]
44— C ) unsigned short int E[EIY Python #3uft:.

I (int) [unsigned int]

#—1f C ) unsigned int E[FIjY Python 385 {4:.

k (int) [unsigned long]
#—1MH C ¥y unsigned long #EJAK Python ¥ 84

L (int) [long long]
#%—{# C ) Long long H[FIAY Python FE# (.

K (int) [unsigned long long]

44— C ) unsigned long long E[EIAY Python #3udf4:.
n (int) [Py_ssize_ t]

¥—1W CfrPy_ssize_t H[EI{ Python ¥ 8,
c (EPEFEI 11 bytes) [char]

A5 C (A7 CALR) int EIRE Python FHHZEEl—fY bytes.
c (E#EE 1M1 str) [int]

HE—f C HfE—HF I int BE Python R FEEl ) str.
d (float) [double]

#4—1H C ) double #[EIAL Python 7 2.
f (float) [float]

#—1fil C 1) £1oat EFIAL Python 77 Eh#.

D (complex) [Py_complex *]
H—1f C fPy_complex &Eitki#(E] 5, Python [FJ#.

O (¥fl:) [PyObject *]
Pass a Python object untouched but create a new strong reference to it (i.e. its reference count is incre-
mented by one). If the object passed in is a NULL pointer, it is assumed that this was caused because the
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call producing the argument found an error and set an exception. Therefore, Py_Buildvalue () will
return NULL but won't raise an exception. If no exception has been raised yet, SystemError is set.

s (1) [PyObject *]
F1 0 AHIA]

N (#1F) [PyObject *]
Same as O, except it doesn’t create a new strong reference. Useful when the object is created by a call to
an object constructor in the argument list.

o& (Y1) [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]
Convert a sequence of C values to a Python tuple with the same number of items.

[items] (1ist) [matching-items]
Convert a sequence of C values to a Python list with the same number of items.

{items} (dict) [matching-items]
Convert a sequence of C values to a Python dictionary. Each pair of consecutive C values adds one item
to the dictionary, serving as key and value, respectively.

If there is an error in the format string, the SystemError exception is set and NULL returned.

PyObject *Py_VaBuildValue (const char *format, va_list vargs)

EMEAE: #rag 4. [EEE ABI )—/%r. Identical to Py Buildvalue (), except that it accepts a
va_list rather than a variable number of arguments.

6.7 FRE[MEXt

F s - i (E VR XA 7 R i ) R
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

[EVi e ABLY—5 . HAEAE U H formar FIFRANS |9, i A size (i TCHHAG stro 552 [EF) Unix
FEEM snprintf(3).

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

[EJF5 7 ABI 5y, ARIEME I Ep formar NS85 | $0HRA va, B SR size (7 JCHL4R siro Unix
FEHEWE vsnprint£ (3),

PyOS_snprintf () MIPyOS_vsnprintf () WHEERE C REE X snprintf () fll vsnprintf (),
‘B H 2 TR 245 (corner case) N EYFTE—2L, MM C UK,

AP M EE str[size-1] REAE) "'\0" . MTRGENETE str PR GBI size el (WIGREEE
M '\0" ). EWERAHER str != NULL, size > 0, format != NULL fll size < INT_MAX,
W, EFEAREHAECY9n = snprintf (NULL, 0, ...) ZERCAYeR = AREN & DB ) Sl W KN

T 2L R Y T L (rv) MBI B

o W0 <= rv < sizelf, BHEEINT, rvFICHEA sir ORMISE str(rv] ERRERE '\ i
Je4l) .

C U rv o= size B, WMENEN, BAFEAG rv + 1 ROCHMEHE ).
TEETR, strisize-1] & '\0"',

e W v < 0, K THAAFRSEEAE 7). FEEMEE TR, strisize-1] #2 '\0', Hsr
Y HAT S AR E . BRI HE D 5 UET R R - 55

PATR bR AR (L BEL A skt 1 6 (locale-independent) Fry<7*£f 1) B (B .
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unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

[F)2 5 ABI [)—3#4>. Convert the initial part of the stringin st r to an unsigned long value according
to the given base, which must be between 2 and 36 inclusive, or be the special value 0.

Leading white space and case of characters are ignored. If base is zero it looks for a leading O, 0o or 0x to
tell which base. If these are absent it defaults to 1 0. Base must be 0 or between 2 and 36 (inclusive). If ptr
is non-NULL it will contain a pointer to the end of the scan.

If the converted value falls out of range of corresponding return type, range error occurs (errno is set to
ERANGE) and ULONG_MAX is returned. If no conversion can be performed, 0 is returned.

i} Unix FEE strtoul (3) .
TE 3.2 g

long PyOS_strtol (const char *str, char **ptr, int base)

25 ABI [1—34). Convert the initial part of the string in st r to an 1ong value according to the given
base, which must be between 2 and 36 inclusive, or be the special value 0.

Same as PyOS_strtoul (), butreturn a 1ong value instead and LONG_MAX on overflows.
#EH Unix FEE strtol (3),
TE 3.2 R A.

double PyOS_string to_double (const char *s, char **endptr, PyObject *overflow_exception)

(Vi ABL (147 #7H s BEE double, JHLFFS]HE Python B4k, 321 F Eh 4G SRR
Python [f] float () @R ZMFRES, H s MIA SR ZH . B H bR

W endptr [FINULL, HJEERLMA 7. R FHEANRTFEEOARER, Q5% valueError
ElmfE -1.0,

Q2R endptr A2 NULL, RIS AEEIET A, [ *endptr 0 EHE 8 — R HER 770, 0
?%E@%ﬂﬂé‘ﬁﬁﬁ%ﬁX%i&fﬁ%%ﬁE@ﬁﬁ%ﬁ, Qe *endptr f5 AT HRHIFIIE, 5]#E ValueError
Flm{# -1. 0,

W s FoR BB AR ML AR 2hdeh (i "1e500" ¥ERF 2 P& LA E KM TE), W
H overflow_exception [FINULL HI|[Hf§ Py_HUGE_VAL (€445 5% i55ee) B H A E 0]
Bilsh, A, overflow_exception MAZEE[A]—1H Python BN 518 a% B 4NE -1, 0.
EiEMEEETR, # *endptr d@EEHG MBI NEZ B % T,

T SR (B R AR AT A A B R (BIANGe AN L R B R ) | % E B Y Python i ANE] ] {#
-1.0,

TE 3.1 R A

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)

[EJES ABI [-—384%. {# HERALEY format_code. precision F flags ¥ double val HEFIFIFEE .

format_code WMJB/Z "e' . 'E', "£', 'F', 'g', 'G' 8 "' HrZz—., ¥, FRHLNY precision
WAZEE O [Fl g 2ms. ' M @12 repr () #83K,

flags T PAREH el L {4 Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O0 B Py_DTSF_ALT, &yiHise
T :

Py _DTSF_STGN HRAZTE M E IR EAFFIC, BIE val JEEY.
+ Py_DTSF_ADD_DOT_0 fRFHER Hl HY 55 B AR S 1R R B

o Py DTSF_ALT A EZEEM [ ) (alternate) | #% XL BLHI. HHFHE, &2
[ElPyoS_snprintf () "#' BI3CH:

TR prype J29E NULL, HREVE 810 HIE 9% € Py_DTST_FINITE., Py _DTST_INFINITE B
Py_DTST_NAN HH 2z —, SHEUCHE val ZABRE. MEFREEES

[ S8 1) buffer FOFEIE, Hoh @ SEER T, WREECHR] E M NULL, Y E A TS
HWIEIY PyMem Free () AP MK FE
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1E 3.1 JRABTINA.
int PyOS_stricmp (const char *s1, const char *s2)
ANED RN R TER . SR U8B stremp () MR, R BEZMRNE.

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

AES RN FH B RAE TP st rnemp O M, H2EZBANE .

6.8 PyHash API

See also the Py TypeOb ject . tp_hash member and numeric-hash.
type Py_hash_t
MEENATE: AR,
1 3.2 RPN
type Py_uhash_t
MEEMEAE): AT
TE 3.2 JR A
PyHASH_MODULUS
The Mersenne prime P = 2**n -1, used for numeric hash scheme.
1E 313 JRPmA.
PyHASH_BITS
The exponent n of P in PyHASH_MODULUS.
1E 3.13 A
PyHASH MULTIPLIER
Prime multiplier used in string and various other hashes.
1E 3.13 A
PyHASH_INF
The hash value returned for a positive infinity.
1 3.13 JRPA.
PyHASH_IMAG

The multiplier used for the imaginary part of a complex number.

e 3.13 B
type PyHash_FuncDef
PyHash_GetFuncDef () il 3 E R €K
const char *name
ME R4 (UTF-8 4iflE5H).
const int hash_bits
MEEMERERS N (PARLICEREAL) .
const int seed_bits
Seed ¥ AT/ (PARZTCEIHLAL) o
e 3.4 JA.
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PyHash_FuncDef *PyHash_GetFuncDef (void)

Whs*%
PEP 456 [ 424 H. ] A28 il i) 3 [E)7# 35375 (Secure and interchangeable hash algorithm) |,

£ 3.4 B

Py_hash_t Py_HashPointer (const void *ptr)

Hash a pointer value: process the pointer value as an integer (cast it to uintptr_t internally). The pointer
is not dereferenced.

The function cannot fail: it cannot return —1.

e 3.13 HAFIA.

Py_hash_t PyObject_GenericHash (PyObject *obj)

Generic hashing function that is meant to be put into a type object’s tp_hash slot. Its result only depends on
the object’s identity.

CPython E{ff&lfi: In CPython, it is equivalent to Py HashPointer ().
1 3.13 A

6.9 Reflection

PyObject *PyEval_GetBuiltins (void)

=42 fE: R 4 m. [ & ABL ) — ¥ 4 313 itz % i B i Use
PyEval_GetFrameBuiltins () instead.

Return a dictionary of the builtins in the current execution frame, or the interpreter of the thread state if no
frame is currently executing.

PyObject *PyEval_GetLocals (void)

w AR E R 4B, [ERE e ABL - #B 4 FE 313 2 & #i [E] F: Use either
PyEval_GetFrameLocals () to obtain the same behaviour as calling 1ocals () in Python code, or
else call PyFrame GetILocals () on the result of PyEval GetFrame () to access the £_locals
attribute of the currently executing frame.

Return a mapping providing access to the local variables in the current execution frame, or NULL if no frame
is currently executing.

Refer to Locals () for details of the mapping returned at different scopes.

As this function returns a borrowed reference, the dictionary returned for optimized scopes is cached on the
frame object and will remain alive as long as the frame object does. Unlike PyEval_ GetFrameLocals ()
and locals (), subsequent calls to this function in the same frame will update the contents of the cached
dictionary to reflect changes in the state of the local variables rather than returning a new snapshot.

TE 3.13 fi )52 5H: As part of PEP 667, PyFrame_GetLocals (), locals (), and FrameType.
f_locals no longer make use of the shared cache dictionary. Refer to the What’s New entry for additional
details.

PyObject *PyEval_GetGlobals (void)

= 4% fE: tE A % . B E ABL 1 — 5 fE 313 itz 1% #f [F] H: Use
PyEval_GetFrameGlobals () instead.

Return a dictionary of the global variables in the current execution frame, or NULL if no frame is currently
executing.
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PyFrameObject >“PyEval_GetFrame (void)
EERAE: A 4%, = 7F ABI [1)—%F4>. Return the current thread state’s frame, which is NULL if no
frame is currently executing.
s R PyThreadState_GetFrame ().

PyObject *PyEval_GetFrameBuiltins (void)

EMRE: #reh g, [EFEE ABLY-—3B4r & 3.13 B K B44. Return a dictionary of the builtins in the
current execution frame, or the interpreter of the thread state if no frame is currently executing.

e 3.13 A

PyObject *PyEval_GetFrameLocals (void)

EMRAE : Frey 408, DS ABLIY—E4) & 3.13 #r A B4, Return a dictionary of the local variables in
the current execution frame, or NULL if no frame is currently executing. Equivalent to calling 1locals () in
Python code.

To access £_1locals on the current frame without making an independent snapshot in optimized scopes, call
PyFrame_GetLocals () ontheresultof PyEval_ GetFrame ().

TE 3.13 JBhA.
PyObject *PyEval_GetFrameGlobals (void)

EMEAE : #rag 288, B ABI 354> & 3.13 #5 A B44. Return a dictionary of the global variables in
the current execution frame, or NULL if no frame is currently executing. Equivalent to calling globals ()
in Python code.

e 3.13 JRBTA.

const char *PyEval_GetFuncName (PyObject *func)
[EJfZ 5 ABI 11—/, Return the name of func if it is a function, class or instance object, else the name of
funcs type.

const char *PyEval_GetFuncDesc (PyObject *func)

[F)FZ 52 ABI [)—754). Return a description string, depending on the type of func. Return values include

”()” for functions and methods, ” constructor”, ” instance”, and ” object”. Concatenated with the result of

PyEval_GetFuncName (), the result will be a description of func.

6.10 EIRER I IRATERR

int PyCodec_Register (PyObject *search_function)
[E)ig 7 ABI (19— [EIE—{R 570 g i a8 R k=X
TEEIRIFE (side effect), & @ BB encodings (WERMATEM), PARELRE RN R mA
FR AP — 1

int PyCodec_Unregister (PyObject *search_function)

[EIFEE ABLIY 43 & 3.10 fa A s, BUHEIE s 18 R ek N ENS B EER (registry) M.
IR R A AER BT, WPRBATAE AT Ml 0, B8 AR SaRins €5 | 45 (I ANET [l -1

TE 3.10 fRBEIA.
int PyCodec_KnownEncoding (const char *encoding)

[EfEE ABL 3. [l 1 8% 0, EAUEER RS A L E encoding i C [FIE 4R iSRS . 5 &
A -

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
w A ey 08, [EIREGE ABLAY -TH055. BERZ ARG H 0 4TS APL,

object YHIELE VAL TE encoding T AL % B g es ek X, [EVEFH DA errors [E R SETRIE TR 7 YE o errors
A PARRIE] NULL S 4 i e TR vE . WSR2 4G, HI5]% LookupError,
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PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
MR Aray 2ia. [EiEE ABL Ry B2 H RS i as APL,

object YHIEX VAL E encoding T A % B i ok =X, [EEFH DA errors [ FEMSE TR BE TR 7 Y5 o errors
A PARRIE] NULL 2 A 4 i e E S TS V5 . IR R 4G, HI5]% LookupError,

6.10.1 FARIBEESEX API

TELA TR, #A4R11Y encoding “FHR I A U EEIEVINGT 35 375308 I T A5 4 1) S S 7T DA [
SR/NETTEA R AURRARE SfEaSeS, M @80E KeyError [EJm/f# NULL,

PyObject *PyCodec_Encoder (const char *encoding)

AR Ay 4. [EREE ABL Y. BUSHTE encoding 1) it k=X .
PyObject *PyCodec_Decoder (const char *encoding)

AR Frah 40 [EREE ABLIY- . BUS4E encoding (RIS & R .

PyObject *PyCodec_IncrementalEncoder (const char >‘%:ncoding, const char *errors)

EMRAE: #res 4R, [EiEE ABI [R5 BUB4S E encoding ) IncrementalEncoder Y.
PyObject *PyCodec_IncrementalDecoder (const char >‘%:ncoding, const char *errors)
EMRAE . #res 4R, [EiSE ABI (3B BUB4S E encoding [ IncrementalDecoder Y.

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
EMRAE . #res 4, [EESE ABI [R5 BUB4SE encoding Y] StreamReader TR .
PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

EMRAE : #res 4, [EESE ABI B4 BUB4S € encoding Y] StreamWriter TR .

6.10.2 A} Unicode &% R EBEX (T API

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

EVFE 2 ABL V)50 FE4 E W) name REIEISS 3R B P [R]FF (callback) R error. 3 4 it i 2] 4
S I ) - TG/ R B 7 TC AL () H. name B35 <2 [EINT: 1L Gt A /A G o8 =X s i ﬁ%{ﬂj, Lr i ai!
B[ e X

B B /5 B O 5] #%, Hl UnicodeEncodeError., UnicodeDecodeError  &E{
UnicodeTranslateError W E B, 40 & BA A M 8 5 o s o 87 51 B HAE Ji 4
FHRPRB RGN (BB KX, #2[FUnicode Exception Objects) . [RIWFRAHT | 454
SERIBIA, B s S R 8 B RN —JC4lL (two-item tuple), DA K —fRAC R IF LA T
o R Z A RS 1) i G /A O P 2 ) R

ST [l O, B [l -1,

PyObject *PyCodec_LookupError (const char *name)

e A Bray s, RS ABLIG 00 #54% name 1 O EE gt s L oR 2 )y
FRIGE), WTDAMIE NULL, TL@FIT S I striet” F) ik i 28 [ 0

PyObject *PyCodec_StrictErrors (PyObject *exc)

= 48[ NULL. [EJfSE ABLIY-i4r. 518 exc fEEIFISE.
PyObject *PyCodec_IgnoreErrors (PyObject *exc)

EMEAE: a4 g, [DFEE ABL -, ZB unicode #55% , BkiBsEaRAIEA .
PyObject *PyCodec_ReplaceErrors (PyObject *exc)

AR Freh s8R [EREE ABLAY—HJ0. % unicode #f5EH SR EE » 3 U+FFFD.
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

ERAE: Aray 2R, [ERE ABLAY—#7). ¥ unicode Al EIE XML 7t 2 M,
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PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
=R Hrag 408, [EREE ABLAY—). ff unicode AfS&E R HERAERBLE (\x. \ufi\v).
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

R Areg 4re. B ABLIY—iR5r A 3.7 kB 45. A% unicode #mlEH AR EIE \N<{ . . .} Bk
[,

1E 3.5 FBTIMA.

6.11 PyTime C API

TE 3.13 iRBIA.
The clock C API provides access to system clocks. It is similar to the Python t ime module.

For C API related to the datet ime module, see DateTime %14

6.11.1 Types

type PyTime_t
A timestamp or duration in nanoseconds, represented as a signed 64-bit integer.

The reference point for timestamps depends on the clock used. For example, PyTime_Time () returns
timestamps relative to the UNIX epoch.

The supported range is around [-292.3 years; +292.3 years]. Using the Unix epoch (January 1st, 1970) as
reference, the supported date range is around [1677-09-21; 2262-04-11]. The exact limits are exposed as
constants:

PyTime_t PyTime_MIN

Minimum value of PyTime_t.
PyTime_t PyTime_MAX

Maximum value of PyTime t.

6.11.2 Clock Functions

The following functions take a pointer to a PyTime_ t that they set to the value of a particular clock. Details of
each clock are given in the documentation of the corresponding Python function.

The functions return O on success, or —1 (with an exception set) on failure.

On integer overflow, they set the PyExc_OverflowError exception and set *result to the value clamped to
the [PyTime_MIN; PyTime_MAX] range. (On current systems, integer overflows are likely caused by miscon-
figured system time.)

As any other C API (unless otherwise specified), the functions must be called with the GIL held.
int PyTime_Monotonic (PyTime_t *result)
Read the monotonic clock. See t ime .monotonic () for important details on this clock.
int PyTime_PerfCounter (PyTime_t *result)
Read the performance counter. See time.perf_counter () for important details on this clock.
int PyTime_Time (PyTime_t *result)

Read the “wall clock” time. See t ime .time () for details important on this clock.
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6.11.3 Raw Clock Functions

Similar to clock functions, but don’t set an exception on error and don’t require the caller to hold the GIL.
On success, the functions return 0.

On failure, they set *result to 0 and return —1, without setting an exception. To get the cause of the error, acquire
the GIL and call the regular (non-Raw) function. Note that the regular function may succeed after the Raw one
failed.

int PyTime_MonotonicRaw (PyTime_t *result)

Similar to PyTime_Monotonic (), but don’t set an exception on error and don’t require holding the GIL.

int PyTime_PerfCounterRaw (PyTime_t *result)

Similar to PyTime_PerfCounter (), but don't set an exception on error and don’t require holding the
GIL.

int PyTime_TimeRaw (PyTime_t *result)

Similar to PyTime_ Time (), but don’t set an exception on error and don’t require holding the GIL.

6.11.4 Conversion functions

double PyTime_AsSecondsDouble (PyTime_tt)

Convert a timestamp to a number of seconds as a C double.

The function cannot fail, but note that double has limited accuracy for large values.

6.12 ¥ Perf Map By371E

TESCRI-6 L (R R AR, R Linux) , runtime W PAFIH perf map 4 5 fiAgsb#r TH (61
1 perf) WTLARLE] Python el IEAEEATINITRENT B HE /tmp HIEPES.— RS, Hh @At
— BT AT ARG S B A R A H o B YIRITE Linux Perf T HL 1 SCUF oA WA

1 Python ', 15 2L B APL 0] DA IEF T R (on the fly) [EIAEME SR 0570 o =X AN DO REFT A -
FHYER, 152Y API ANFREHFA A A8 (GIL),
int PyUnstable_PerfMapState_Init (void)

Il
A

BTG API, TR MR A A (L S s

.

G

ITBA /tmp/perf-spid.map H%E, BIAFCELITH, @088 AR ATAE 2C 41y (thread-
safe) B AL (BIRRE ARERPyUnstable WritePerfMapEntry () SEW). WHEAFE
BRI B HEM A PyUnstable WritePerfMapEntry () B & & K REY] 1A 1k
R AE

FESLATH perf map ARSI IRIEE O, JCHCREIEIE -1, A7 SRR R -2 434 errno DA
MU 22 365 IR B T

int PyUnstable_WritePerfMapEntry (const void *code_addr, unsigned int code_size, const char
*entry_name)

TEA TS APL, BT RETE/ MR A EE A A i 5 Ml e
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A —EHB A /tnp/perf-$pid.map 5. WK ZMTHLEN. DU H A
# address size

name
7£3529fcf759 b py::bar:/run/t.py

N5 4 oK BA(E) perf map #525, WAEE MG H Z BIVEI PyUnstable PerfMapState Init ().

DiRg i O, RMURF B PyUnstable PerfMapState Init () JRMURFAH ] R EERAS .
void PyUnstable_PerfMapState_Fini (void)

RS APL, BT RETE/ MR EE A o [ A Ao 5 bl o

B PyUnstable_PerfMapState_Init () BIEIRY perf map #8258, 18 210 H B2 B B I H
runtime A8 BIFI ), —ARE], BT BERE forking Ze45 i 5EAh, A HERZ IHREHLIEIY &,

6.12. ¥ Perf Map B912
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CHAPTER /

hE {8 (Abstract Objects Layer)

A e e B Python WA HAE T, M HAUE], sl B Bz BIEI (R U] (31 i A (i 2 e
FA TR . R AR A BB A 5] 45— {H Python [EJ# (exception).

18 2 R AR AN BE F N R IEFERI AR AL 4 (Bn—M i PyList_New () #SLI list ¥p4F), 1 H ARG IE
H [FA i s [E—2e 9k NULL f91{H.

7.1 MR E

PyObject *Py_GetConstant (unsigned int constant_id)
[EJfS 2 ABI [-—3B4> & 3.13 B R B44. Get a strong reference to a constant.
Set an exception and return NULL if constant_id is invalid.

constant_id must be one of these constant identifiers:
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Constant Identifier Value Returned object

0 None
Py_CONSTANT_NONE

1 False
Py_CONSTANT_FALSE

2 True
Py_CONSTANT_TRUE

3 Ellipsis
Py_CONSTANT_ELLIPSIS

4 NotImplemented
Py_CONSTANT NOT IMPLEME

5 0
Py_CONSTANT_ZERO

6 1
Py _CONSTANT ONE

7 T
Py_CONSTANT_EMPTY_ STR

8 bl |l

Py _CONSTANT_EMPTY BYTES

Py CONSTANT_EMPTY_TUPLE

Numeric values are only given for projects which cannot use the constant identifiers.

T 3.13 g
CPython E{ff&ll{{i: In CPython, all of these constants are immortal.

PyObject *Py_GetConstantBorrowed (unsigned int constant_id)
S ABI [—3B4> & 3.13 pr K B44. Similar to Py_GetConstant (), but return a borrowed refer-

ence.

This function is primarily intended for backwards compatibility: using Py_GetConstant () is recom-
mended for new code.

The reference is borrowed from the interpreter, and is valid until the interpreter finalization.

1 313 JRBA.

PyObject *Py_NotImplemented
The Not Implemented singleton, used to signal that an operation is not implemented for the given type
combination.

Py_RETURN_NOTIMPLEMENTED
Properly handle returning Py Not Implemented from within a C function (that is, create a new strong
reference to Not Implemented and return it).

Py PRINT RAW

Flag to be used with multiple functions that print the object (like PyObject_Print () and
PyFile_WriteObject ()). If passed, these function would use the str () of the object instead of the
repr ().
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int PyObject_Print (PyObject *o, FILE *fp, int flags)
Print an object o, on file fp. Returns —1 on error. The flags argument is used to enable certain printing options.
The only option currently supported is Py._ PRINT_RAI; if given, the str () of the object is written instead
of the repr ().

int PyObject_HasAttrWithError (PyObject *o, const char *attr_name)
[EfE 2 ABI B4 B 3.13 PR KB 44, Returns 1 if o has the attribute atfr_name, and 0 otherwise. This
is equivalent to the Python expression hasattr (o, attr_name). On failure, return —1.

1E 3.13 R A.

int PyObject_HasAttrStringWithError (PyObject *o, const char *attr_name)
[EVfE 5 ABI [19—30%r & 3.13 #e A Bil45. This is the same as PyOb ject_HasAttrWithError (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

1 313 il A
int PyObject_HasAttr (PyObject *0, PyObject *attr_name)

[F)f5 5 ABI [#)—334). Returns 1 if o has the attribute attr_name, and 0 otherwise. This function always
succeeds.

e

Exceptions that occur when this calls _ getattr_ () and _ getattribute__ () meth-
ods are silently ignored. For proper error handling, use PyObject_HasAttrWithError(),
PyObject_GetOptionalAttr () or PyObject_GetAttr () instead.

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

[F)f% 12 ABI[1J—%54). Thisis the same as PyOb ject_HasAttr (),butattr_nameis specified asa const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

fHiE

Exceptions that occur when this calls _ getattr_ () and _ getattribute__ () methods
or while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_HasAttrStringWithError (), PyObject_GetOptionalAttrString() or
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
EIMRAE #7844 18, [FVEE 7E ABI [1—354). Retrieve an attribute named attr_name from object o. Returns the
attribute value on success, or NULL on failure. This is the equivalent of the Python expression o . attr_name.

If the missing attribute should not be treated as a failure, you can use PyObject_GetOptionalAttr ()
instead.

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
EMRIE: #rey 4, [EFS 2 ABI [—545. This is the same as PyObject_GetAttr (), but attr_name
is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

If the missing attribute should not be treated as a failure, you can use
PyObject_GetOptionalAttrString () instead.

int PyObject_GetOptionalAttr (PyObject *obj, PyObject *attr_name, PyObject **result) ;
7% 5 ABI [ — B4y B 3.13 #e A B 44. Variant of PyObject_GetAttr () which doesn’t raise
AttributeError if the attribute is not found.

If the attribute is found, return 1 and set *result to a new strong reference to the attribute. If the attribute
is not found, return 0 and set *result to NULL; the AttributeError is silenced. If an error other than
AttributeError israised, return —1 and set *result to NULL.
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1E 3.13 U

int PyObject_GetOptionalAttrString (PyObject *0bj, const char *attr_name, PyObject **result) ;

[EfE 2 ABI [—54> B 3.13 # K B44. This is the same as PyObject_GetOptionalAttr (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject *.

e 3.13 JRBTIA.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject ¥name)

EIMR1E: ey 4, [EfEE ABI %4y Generic attribute getter function that is meant to be put into
a type object’s tp_getattro slot. It looks for a descriptor in the dictionary of classes in the object’s MRO
as well as an attribute in the object’s ___dict___ (if present). As outlined in descriptors, data descriptors take
preference over instance attributes, while non-data descriptors don’t. Otherwise, an AttributeError is
raised.

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)

ZE ABI [1)—5/7. Set the value of the attribute named attr_name, for object o, to the value v. Raise
an exception and return —1 on failure; return 0 on success. This is the equivalent of the Python statement
o.attr_name = v.

If v is NULL, the attribute is deleted. This behaviour is deprecated in favour of using
PyObject_DelAttr (), but there are currently no plans to remove it.

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *Vv)

[EJ7Z 5 ABI [1—%F4y. This is the same as PyObject_SetAttr (),butattr_nameis specified asa const
char* UTF-8 encoded bytes string, rather than a PyObject*.

If v is NULL, the attribute is deleted, but this feature is deprecated in favour of using
PyObject_DelAttrString().

The number of different attribute names passed to this function should be kept small, usually by using
a statically allocated string as attr_name. For attribute names that aren’t known at compile time, pre-
fer calling PyUnicode FromString () and PyObject_SetAttr () directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object.

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

)35 & ABI #7345 Generic attribute setter and deleter function that is meant to be put into a type
object’s tp_setattro slot. It looks for a data descriptor in the dictionary of classes in the object’s MRO,
and if found it takes preference over setting or deleting the attribute in the instance dictionary. Otherwise,
the attribute is set or deleted in the object’s ___dict___ (if present). On success, O is returned, otherwise an
AttributeError israised and -1 is returned.

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

[EfE 5 ABI [)-—584> B 3.13 R A Bl 44. Delete attribute named attr_name, for object 0. Returns —1 on
failure. This is the equivalent of the Python statement del o.attr_name.

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

[EJfE 2 ABI [f—3%4 B 3.13 #a K B +44. This is the same as PyObject_DelAttr (), but attr_name is
specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

The number of different attribute names passed to this function should be kept small, usually by using
a statically allocated string as attr_name. For attribute names that aren’t known at compile time, pre-
fer calling PyUnicode FromString () and PyObject_DelAttr () directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object for lookup.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)

EMRAE : #ray 408, [EEE ABLIY—54)> & 3.10 R A B44. A generic implementation for the getter of
a__dict__ descriptor. It creates the dictionary if necessary.

This function may also be called to get the __dict__ of the object 0. Pass NULL for context 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.

TERHRE, &rlnl i NULL [ERE Bl 5h.
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1E 3.3 JRABTINA.
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
[F)fE & ABL—35%r & 3.7 B A Bl44. A generic implementation for the setter of a___dict___ descriptor.
This implementation does not allow the dictionary to be deleted.
1 3.3 RPN
PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to ___dict__ of the object obj. If thereisno ___dict
exception.

, return NULL without setting an

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 *ol, PyObject *02, int opid)
EMEE: #rey 408, [DFSE ABI [#)—4). Compare the values of ol and 02 using the operation specified
by opid, which must be one of Py_ LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE, corresponding to <,
<=, ==, !=, >, or >= respectively. This is the equivalent of the Python expression o1 op o2, where op is
the operator corresponding to opid. Returns the value of the comparison on success, or NULL on failure.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
[[)fZ & ABI () —#4>. Compare the values of ol and o2 using the operation specified by opid, like
PyObject_RichCompare (), but returns —1 on error, O if the result is false, 1 otherwise.

fHi(E]

If 0l and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_EQ and 0O
for Py NE.

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
[EJ#% 72 ABI )B4 Format obj using format_spec. This is equivalent to the Python expression
format (obj, format_spec).

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

PyObject *PyObiject_Repr (PyObject *0)
EMEAE : #rag 208, [BFS 5 ABI [)—4(4). Compute a string representation of object 0. Returns the string
representation on success, NULL on failure. This is the equivalent of the Python expression repr (o) . Called
by the repr () built-in function.

TE 3.4 {R[{)%# 58 This function now includes a debug assertion to help ensure that it does not silently discard
an active exception.

PyObject *PyObject_ASCII (PyObject *0)
ERAE: ey 4, DS ABI 4. As PyObject_Repr (), compute a string representation of
object o, but escape the non-ASCII characters in the string returned by PyObject_Repr () with \x, \u or

\U escapes. This generates a string similar to that returned by PyObject_Repr () in Python 2. Called by
the ascii () built-in function.

PyObject *PyObject_Str (PyObject *0)
MR G : Frag 408, [EFSE ABI 1414y, Compute a string representation of object o. Returns the string

representation on success, NULL on failure. This is the equivalent of the Python expression st r (o). Called
by the str () built-in function and, therefore, by the print () function.

TE 3.4 fRA%AHE: This function now includes a debug assertion to help ensure that it does not silently discard
an active exception.
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PyObject *PyObject_Bytes (PyObject *0)
EMEAE: #ray 404, [FEE ABI A%, Compute a bytes representation of object 0. NULL is returned
on failure and a bytes object on success. This is equivalent to the Python expression bytes (o), when o is not
an integer. Unlike bytes (o), a TypeError is raised when o is an integer instead of a zero-initialized bytes
object.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
[EfE 52 ABI [#—%4>. Return 1 if the class derived is identical to or derived from the class cls, otherwise
return 0. In case of an error, return —1.

If cis is a tuple, the check will be done against every entry in cls. The result will be 1 when at least one of the
checks returns 1, otherwise it will be 0.

If clshasa__ subclasscheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass, i.e. contained in
cls._ _mro

Normally only class objects, i.e. instances of t ype or a derived class, are considered classes. However, objects
can override this by havinga ___bases___ attribute (which must be a tuple of base classes).

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
[BfZ & ABI [1)—354). Return 1 if inst is an instance of the class cls or a subclass of cIs, or 0 if not. On error,
returns —1 and sets an exception.

If cls is a tuple, the check will be done against every entry in cls. The result will be 1 when at least one of the
checks returns 1, otherwise it will be 0.

Ifclshasa _instancecheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, inst is an instance of c¢ls if its class is a subclass of cIs.

An instance inst can override what is considered its class by havinga ___class___ attribute.

An object cls can override if it is considered a class, and what its base classes are, by havinga _ bases_
attribute (which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *0)
[FJf5 1 ABI [1J—/%>. Compute and return the hash value of an object 0. On failure, return —1. This is the
equivalent of the Python expression hash (o).
TE 3.2 [ 54 55 : The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

Py_hash_t PyObject_HashNot Implemented (PyObject *0)

[EfZ 52 ABI [#)—#14). Set a TypeError indicating that t ype (o) is not hashable and return —1. This
function receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to
the interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *0)
[FJfZ 1 ABI [1—74). Returns 1 if the object o is considered to be true, and 0 otherwise. This is equivalent
to the Python expression not not o. On failure, return —1.

int PyObject_Not (PyObject *0)
[FJf5 & ABI [1)—7/). Returns 0 if the object o is considered to be true, and 1 otherwise. This is equivalent
to the Python expression not o. On failure, return —1.

PyObject *PyObject_Type (PyObject *0)
MR AE : Hre4 408, [Ef5 2 ABI[1-—F4). When ois 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 creates a new strong reference to the return value. There’s really no reason
to use this function instead of the Py_ TYPE () function, which returns a pointer of type Py TypeOb ject*,
except when a new strong reference is needed.

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of type, and 0 otherwise. Both parameters must be
non-NULL.
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Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
[Ef% 7 ABI 1B 4>, Return the length of object 0. If the object o provides either the sequence and
mapping protocols, the sequence length is returned. On error, —1 is returned. This is the equivalent to the
Python expression 1len (o).

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

Return an estimated length for the object o. First try to return its actual length, then an estimate using

__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent
to the Python expression operator.length_hint (o, defaultvalue).
TE 3.4 MBI A.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
EMEE: #eh40&, [EEEE ABI [#)—04). Return element of o corresponding to the object key or NULL
on failure. This is the equivalent of the Python expression o [key].

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
= E ABI [1)—5/>. Map the object key to the value v. Raise an exception and return —1 on failure; return
0 on success. This is the equivalent of the Python statement o [key] = wv. This function does not steal a
reference to v.

int PyObject_DelItem (PyObject *o, PyObject *key)
[F)2 5 ABI [)—3%(/4). Remove the mapping for the object key from the object 0. Return —1 on failure. This
is equivalent to the Python statement del o [key].

PyObject *PyObiject_Dir (PyObject *0)
EMEAE : ey 408, [FfE @ ABI [#)—04). This is equivalent to the Python expression dir (o), returning
a (possibly empty) list of strings appropriate for the object argument, or NULL if there was an error. If the
argument is NULL, this is like the Python dir (), returning the names of the current locals; in this case, if no
execution frame is active then NULL is returned but PyErr_Occurred () will return false.

PyObject *PyObject_GetIter (PyObject *0)
EARAA: ey 4B, = E ABI [1)—/>. This is equivalent to the Python expression iter (o). It
returns a new iterator for the object argument, or the object itself if the object is already an iterator. Raises
TypeError and returns NULL if the object cannot be iterated.

PyObject *PyObject_GetAIter (PyObject *0)
EIMRAE : #7044 08[BS ABL[—414) & 3.10 #5 A B44. This is the equivalent to the Python expression
aiter (o). Takes an AsyncIterable object and returns an AsyncIterator for it. This is typically a

new iterator but if the argument is an AsyncIterator, this returns itself. Raises TypeError and returns
NULL if the object cannot be iterated.

TE 3.10 Hgl A
void *PyObject_GetTypeData (PyObject *o, PyTypeObject *cls)
[ ABL W04y B 3.12 #e A Bi44. Get a pointer to subclass-specific data reserved for cls.

The object o must be an instance of cls, and cls must have been created using negative Py Type_Spec.
basicsize. Python does not check this.

On error, set an exception and return NULL.
TE 3.12 fRBEIA.
Py_ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)

[ ABIL [—3154) & 3.12 #r A B44. Return the size of the instance memory space reserved for cls, i.e.
the size of the memory PyObject_GetTypeData () returns.

This may be larger than requested using Py Type_Spec.basicsize;itis safe to use this larger size (e.g.
with memset ()).

The type cls must have been created using negative Py Type_Spec.basicsize. Python does not check
this.
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On error, set an exception and return a negative value.

TE 3.12 B
void *PyObject_GetItemData (PyObject *0)
Get a pointer to per-item data for a class with Py TPFLAGS ITEMS_AT END.

On error, set an exception and return NULL. TypeError is raised if o does not have
Py TPFLAGS_ITEMS_AT END set.

1E 3.12 A
int PyObject_VisitManagedDict (PyObject *obj, visitproc visit, void *arg)
Visit the managed dictionary of obyj.

This function must only be called in a traverse function of the type which has the
Py TPFLAGS_MANAGED_DICT ﬂag set.

1E 3.13 B A.
void PyObject_ClearManagedDict (PyObject *obj)
Clear the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py_TPFLAGS_MANAGED_DICT flag set.

e 3.13 JRBTA.

7.2 I0Y{EF (Call Protocol)
CPython 37 1% WifE A BRI 52 : tp_call F1 vectorcall ([ EREHY ),

7.21 tp_call B5E

BUE tp_call MBI EOEZ T RFINY . 3408 FER (slot) 11y a5 i (E]:

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

J

TSN e B —{ tuple (JCAHL) FoROiETI8. —H dict F/RBISET51 8, BLiR Python F22{
5 callable (*args, **kwargs). args WWEAE NULL (UnREG S8, € H—Mss tuple) ,
BN SR EG B 5 |8, kwargs TTLAE NULL.

BB BIAME Y p_call {1}, tp_new Fltp_init WiEHRELES ¥
ffifipyobject _call () EHAbF = API ZRIFI—{E )1}

7.2.2 Vectorcall i F

1 3.9 FR#E A
Vectorcall 1 5 /& 7E PEP 590 85| AR, T2 ph =P 1 56 A SCR i hHin s < -

REBREN L, SR 44 52 3%, CPython AMETERIFE MY € 6 i 1) 5 ] vectorcall, X1, EEIA
— R ERL A . BEAh, AL = RSB G EEE tp_call (AR Pyobject_call()). HI,
—1l# 57 4% vectorcall (EE N EEANFtp_call, MAh, MR E, WRE YAt EER 2
ARG o B a1 A AR AR 2 tp_call @Elpyvectorcall call (). iEfEfg— LM

®E
—{f 4% vectorcall FYHEL BB EEL A HIRRERMN cp_call,
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T 3.12 fRY) 588 The Py_TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the class’s
__call__ () method is reassigned. (This internally sets tp_cal 1 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.

R ALY vectorcall [ p_call 18, SARERZ B vectorcall, B, ANSRAIFNY #7551 5 | i EIE)
args tuple (5|#{7C4L) 1 kwargs dict (B85 |87 ) , BREIELAE vectorcall gilFIA & 3.

HET ASE®E Py TPFLAGS _HAVE VECTORCALL JEAE[FI¥ tp_vectorcall offset s EEW
#itE A B vectorcallfunc 1) offset HCEL{E vectorcall 1 5E . 15 & F5 - HA LA 85 2 s U P15

typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
(Vi ABL[1)—#B5r & 3.12 Rk F45.
o callable ;2 FEHIF M A1 -

o args j&—fil Cli 5 Piis] (array), 48008 S [BELR I
BREE TS By . UREAS %, SEME R AZ NULL,

o nargsf JENLE 5B L el 58 &A1)
PY_VECTORCALL_ARGUMENTS_OFFSET JEAZ, NSRRI nargsf FESE BRH N B ##E,
sl Pyvectorcall_NARGS ().

o kwnames J&— A5 BT B SE 72 5 [ ¥ A4 % 1T tuple;
EVA)REE], 5 kwargs FHLAGHEE, ERARFUHEETH (str i HFEENEA), EHEM
WERANEEIR . WREAG BS54, BBE kwnames W A NULL f0%5
PY VECTORCALIL_ARGUMENTS_ OFFSET

[EfEE ABIL iy—%) E] 3 12 R B4E. QIARAE vectorcall 1) nargsf 5| ¥ s T RS, JI o aTak
ISP L 25 i FR T i args 1 M. EAJEEE, args Fe1M AR Y51 H 1 R 0). B )5 Wb ZH1E
{2 HiE R args [ EI’JfE

HidPyObject_VectorcallMethod (), BABTEAEN M ERETHEE args [0] Wik,

TR DA DA £ o7 A (B 09 X (SR B A AN e R B AR i, AR (B o ok B 0y 3
FlPY VECTORCALL_ARGUMENTS OFFSET, Yatkff € i# 4l bound method ([EJ4E5¥k) ZFHMAl

It o AR A ROAR A 1) TR Y GE TR B & — (AR 1 2R self 5130 -
1 3.8 JRBIMA.
LI — {4 1 vectorcall B W) £, AR b T L Ay o — bR BE R o APT R R K

PyObject_Vectorcall () i ﬁ’%?ﬁxﬁiﬂﬁ

&Lz
TE M p_call Wg, B F oY FH RN @ 4 0k [E: CPython 3R i ] mp_call 1 WF WY & il

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

EMFE30R, 848 7 ME 1 vectorcall [AINFERY = 0 1 J5 E 72 BLIEE E 8 i )] Py_EnterRecursiveCall 1

Py_LeaveRecursiveCall ,
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Vectorcall 1Z API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)

57 ABL 3> @ 3.12 jak B 44, 45 7E — 18 vectorcall nargsf 5|45, [MME 5|80 EE. H
CIEAE)SE

[(Pyissizeit) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) }

SR, JMEMH ] PyVectorcall NARGS pRx AR TR AR 7T
TE 3.8 B A.

vectorcallfunc PyVectorcall_Function (PyObject *op)

MR op N3 4% vectorcall fiE (HEZEIR LR BRe e BOIAR ), SEE NULL. ]I, [HE G4
FEAE op Y vectorcall RAFEER . G H RN &5 [ EE B S

B K Z HE WA op B A X E vectorcal K fE Ik L A ¥, WO & M A A
PyVectorcall_ Function (op) != NULL 3JE.

1E 3.9 A
PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)

[EfSE ABI [—5545 & 3.12 p AR B4, WY callable () vectorcall func, HAvE S|8N B
51855 [EIPA tuple Al dict A& A2 -

B —MEMEA, HENRWIR At call ERMEZ MR tp_call MEME. EATH
# Py TPFLAGS HAVE_VECTORCALL JAE[F] H & A€ [ (fall back) i tp_call,

1 3.8 FBIA.

7.2.3 &y API

A 21 1 2 HT ) Y Python 977 4541 R 2K @ 16 HL 5 | S (T R 1 4 42 i S 3 OB JE 37T A
*2 tp_call 5 vectorcall, [E)7 [EInT GEEVHIEI AT, W50 A RITHEA EEHER 1.

TGS TR R ERS R ER SR AR .

B callable args kwargs
PyObject_Call () PyObject * tuple dict/NULL
PyObject_CallNoArgs () PyObject * --- ---
PyObject_CallOneArqg () PyObject * —f#¥{4 -
PyObject_CallObject () PyObject * tuple/NULL ---
PyObject_CallFunction () PyObject * format -
PyObject_CallMethod () M4 + char*  format o=
PyObject_CallFunctionObjArgs () PyObject * H[&5|E ==
PyObject_CallMethodObjArgs () P + &5 GIE-GIb
PyObject_CallMethodNoArgs () Ptk + 458 o ——
PyObject_CallMethodOneArg () Yk + 4458 —{E W12 ==
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject *  vectorcall dict/NULL
PyObject_VectorcallMethod () 58 + 4455 vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)

AR Arad k. [EFTE ABLY- 7. R {E AT IEnU i) Python 4 callable, Ff# i tuple args
JIia R 5 | B 7 B kwargs JIr A 5 1 BR R 5 | B

args WWEAE NULL; WNRARFLES | #, 356 H 4 wple. WIRAFEBE TS %, ) kwargs 1]
PAE] NULL,

JRCT R [ (LA SR, s SR B 5 | {1 ) AN [ 8 NULLL
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B EHE A Python 4.3 callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)
EMEAE: ey 4 0E, [EFSaE ABL - 304)> B 3.10 R A B4s. WERY—{ A RERL 4 Python H{4: callable
[EURHE LA S 8. 35 /2 N5 | ] Python WIIE I P {41 55 R0 X

JRCEIIRE TR SR, B SRR 5 35— 45 SME ] 8 NULL.
e 3.9 RBTA.
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

AR ATag M. REIY—{E TR ) Python {4 callable [EIFfE 7 1E 4 — M (85 | arg Ti[E14 BH
HT T

JST R [l 5 AR, mrE S AR | 38— 31 A1 [l 8 NUILL
1E 3.9 BB A
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

EMRAE : #rag 408, [EFEE ABLY-—304y. WER—(F BT IRy 34 Python ¥4 callable, Bt tuple args
I 5 8. WERATREEASG #, W args 7T PAIE] NULL.

JRCTII R ] (A% R, s SR BRORE 5 | 3—{1 9) NED [ 8. NULLL.
B 4HE A Python 4.5 callable (*args) .
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
AR ey 4 g, [EFEE ABLY—#5r. WP H AT IEAY () Python Y1{4: callable, Pfffs itk vy 4%

W CHl¥. =2 CHlMME Py Buildvalue () ARSI T ERAHA . # W PAE] NULL, FR
[EV S AT 5] 9

B R [ (A SR mHE S OIS | — {1 451 SN ] 8 NULL .
1B 4HE A Python 4.1 callable (*args).

WA, MHEARREA Pyobject* 58, HlPyObject_CallFunctionObjArgs () 4&5—{f 5k
T
1 3.4 WS S5l formar FRIECAE char * T

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)

AR Frag 4R, [EFSE ABLY—40. RN obj 114 44 [E) name () method [EIPfH A 85 m] 41
CHl#. B Cyl¥hry Buildvalue () #NFE A, EEE AW —1# tuple.

R P PAE) NULL, 7R B SR 5 | 9
JE I ] AR, PR 2 BB | 3 — {1 i) SN [ . NULL
BEE Python HE I obj.name (argl, arg2, ...).

HE, WRIREMEA pyobject* 58, |PyObject_CallMethodObjArgs () s&d;—H B HH
(R EE

TE 3.4 iR name Fl format BIEICAE char * Hk,
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

EAR AR ey &Rk, [EETE ABLAY - H . REIY—{R ] WA Y Python ¥ callable,  Fff i B n] 4
() PyObject* 51¥. BT HuE M EAE NULL . B n[ 8 1) 23Ot

R (45 SR s O RO 5 | — {1 451 SN ] {8 NULL .
BEE Python J#EE T callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
PR #rag 4na., [BVESE ABI - 3345 BERY Python #9114 obj Hrf)—{f method, H:H' method 44
Hith name Py Python “FER YA E . DLIFFIUIRR 1 AR B AT 8210 Pyobject* 5lH. @45 | Hue
PAGZEAE NULL f% 781 HL30R W] 5 1) 2 ORIt

IR IR B JBORE S % — {8 61 ShE ] {8 NULL,
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PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject ¥name)

ANSEH AT A0 5 | S nY Python #1{4: obj H1f#)—1 method, JH:*t method 4 i H1 name ") Python
HPELEE -

JRCT R [l (A SR, sl SR Bk 5 | 38— {1 1) N [ 8 NULLL.
1E 3.9 FNA.

PyObject *PyObject_CallMethodOneArgqg (PyObject *obj, PyObject *name, PyObject *arg)

06§ 25— (#5190 arg HUIF1Y Python ) obj iy — 1 method, Lt method 4 7 Hi name Wiy
Python FH R4 E «

IR AR, e IO [ — {8 1 SME) ] (8 NULL.
TE 3.9 JRBMA.

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
[EVfS 2 ABL (19— 758 B 3.12 pa A P45, B —{# o] BF- 1 (¥ Python ¥ {4 callable. Fff 7 5] ¥4

Blvectorcallfunc WHAHE. R callable 3 3% vectorcall, RI)'E €5 B2 WE I 1EGXAE callable 11
vectorcall B, .

JRCTII R Il (At R, e SR B 5 | 38— {1 ) AN [ 8 NULLL.
5 3.9 IRBMA.
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
Pt A BAE vectoreall T 7€ H AR R [F) (O B35 | BORIE Y callable, B fin LA i kwdict A% 3R
PS5 8. args A HAD & 0BG L.

e TRl e, ARE R AT [T R, e RER A TEREN ) S AR
— A ZAEER 75 | st EEAEELES 301 tuple A B {dH o

TE 3.9 JRBTIMA.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
BV ABL 35 B 3.12 re R B 4&. fi A vectorcall I IU & 41 AR I il —1 method. method [%) 4% Fi%
DA Python “FH name WK% 7E . BTN method (194 HE] args[0], Tii args BEFIAHE args[1] BUATAH
Gy R RIFI 5 . AR DAL ES 8. nargsf [EVELE args(0] AEE L85 | Hury #,
MR args [0] WME A BEWE G338 QI _EPY VECTORCALL_ARGUMENTS_OFFSET. [BH#tF
BT PAMBIEPyObject_Vectorcall () H—HREEA.

WY PR A Py_TPFLAGS_METHOD_DESCRIPTOR $5¥k, &M DASEREM args 15 (EES | S
Y unbound method (REIZEHTH) Pk

SRR R, B SBR[ 3% — i 61 ShE ] {8 NULL,
TE 3.9 HGA.

7.2.4 IR 4E API

int PyCallable_Check (PyObject *0)

[EVEE7E ABL iRk FIEWE o R A EI AT . ARy 2 nl g a4l 1, HoAb i T ]
8 0. B R A EIFIY SR
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7.3 BFWHE

int PyNumber_Check (PyObject *0)
[F)2 72 ABI [—354). Returns 1 if the object o provides numeric protocols, and false otherwise. This
function always succeeds.
TE 3.8 fRA5AHE : Returns 1 if o is an index integer.

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
EMRAE: Fray4e, [EfS 0 ABI [#)—75/45. Returns the result of adding o/ and 02, or NULL on failure.
This is the equivalent of the Python expression o1 + o2.

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
B ARAE: Fray i, [EFE 5 ABI [#)-—7(4). Returns the result of subtracting 02 from ol, or NULL on
failure. This is the equivalent of the Python expression o1 - o2.

PyObject *PyNumber_ Multiply (PyObject *ol, PyObject *02)
EMRAE : #rag 408, [E)fE & ABI[1-——314). Returns the result of multiplying o/ and 02, or NULL on failure.
This is the equivalent of the Python expression o1 * 02.

PyObject *PyNumber MatrixMultiply (PyObject *ol, PyObject *02)
AR Frag 4 Be, [EFEE ABLAY—> A 3.7 R A B4, Returns the result of matrix multiplication
on ol and 02, or NULL on failure. This is the equivalent of the Python expression o1 @ o2.

TE 3.5 FRABNA.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
EMR G #rey 40, [EfS 2 ABI ()54, Return the floor of o] divided by 02, or NULL on failure. This
is the equivalent of the Python expression o1 // o2.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject ¥02)
EMRAE : #reg 488, [EFSE ABI[1Y--i4). Return a reasonable approximation for the mathematical value
of ol divided by 02, or NULL on failure. The return value is "approximate” because binary floating-point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating-point value when passed two integers. This is the equivalent of the Python expression o1 / 02.

PyObject *PyNumber_Remainder (PyObject *0l, PyObject ¥02)
ERAE #4408, [EFS 5 ABI#—/). Returns the remainder of dividing o/ by 02, or NULL on failure.
This is the equivalent of the Python expression o1 % o2.

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
ERAE : Fray 488, [BFS5E ABI 1704y See the built-in function divmod () . Returns NULL on failure.
This is the equivalent of the Python expression divmod (0ol, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject ¥02, PyObject *03)
EMRE: Freh 4md, [EESE ABI 1954y See the built-in function pow (). Returns NULL on failure.
This is the equivalent of the Python expression pow (01, 02, o3), where 03 is optional. If 03 is to be
ignored, pass Py_None in its place (passing NULL for 03 would cause an illegal memory access).

PyObject *PyNumber_Negative (PyObject *0)
EIMRAE : #rey 408, [DFE 5 ABI[)—3(4). Returns the negation of o on success, or NULL on failure. This
is the equivalent of the Python expression —o.

PyObject *PyNumber_Positiwve (PyObject *0)
R4 #rhy 408 [EF5 5 ABL -1/} Returns o on success, or NULL on failure. This is the equivalent
of the Python expression +o.

PyObject *PyNumber_Absolute (PyObject *0)

EMRAE: #rey 4 Ba, [EEE ABI [1)—%B4. Returns the absolute value of o, or NULL on failure. This is
the equivalent of the Python expression abs (o) .
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PyObject *PyNumber_Invert (PyObject *0)
ERAE: #rey 408, [EEE ABI [)—3%4)>. Returns the bitwise negation of o on success, or NULL on
failure. This is the equivalent of the Python expression ~o.

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
EMEAE : #rag 208, [EFS 0 ABI %4> Returns the result of left shifting 0/ by 02 on success, or NULL
on failure. This is the equivalent of the Python expression o1 << o2.

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
EIRAE: #reh 48, [EFSE ABI 19— #F4>. Returns the result of right shifting o/ by 02 on success, or
NULL on failure. This is the equivalent of the Python expression o1 >> o02.

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
EMEE: #rey 408, [E)fE e ABI %), Returns the “bitwise and” of o/ and 02 on success and NULL
on failure. This is the equivalent of the Python expression o1 & o02.

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
EMR 1 #rag 408, [EEEE ABIL 104 Returns the "bitwise exclusive or” of ol by 02 on success, or
NULL on failure. This is the equivalent of the Python expression o1 *~ 02.

PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
EMERAE: #ey 488, [EEE 2 ABI (%345 Returns the "bitwise or” of o] and 02 on success, or NULL on
failure. This is the equivalent of the Python expression o1 | o2.

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *¥02)
EMEAE : #rag 208, [EE 2 ABI [—4%/4). Returns the result of adding o] and 02, or NULL on failure. The
operation is done in-place when ol supports it. This is the equivalent of the Python statement 01 += 02.

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)

B ARAE: #ray 4, [EJfE0¢ ABI [#)- 754>, Returns the result of subtracting 02 from o/, or NULL on
failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1
-= 02.

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
EIMRAE : #rag 408, [E)fE & ABI[1-——414). Returns the result of multiplying o/ and 02, or NULL on failure.

The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 *=
o2.

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject ¥02)

AR Frag4a. [EEE ABLAY- %> B 3.7 B A B44. Returns the result of matrix multiplication
on ol and 02, or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent
of the Python statement 01 @= o2.

1E 3.5 RPN
PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
EMEAE: e 4e . [EfEE ABI )07, Returns the mathematical floor of dividing o/ by 02, or NULL

on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol //= o2.

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
EMEAE: #r0y 4 08, [E)iS 5 ABI [#)—54). Return a reasonable approximation for the mathematical value
of ol divided by 02, or NULL on failure. The return value is “approximate” because binary floating-point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return

a floating-point value when passed two integers. The operation is done in-place when ol supports it. This is
the equivalent of the Python statement o1 /= o2.

PyObject *PyNumber InPlaceRemainder (PyObject *ol, PyObject *02)

EIEAE: #rag 4B, [EFEE ABI [—%4)r. Returns the remainder of dividing ol by 02, or NULL on
failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1

o)

%= 02.
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PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject *03)
B #ey 4 g, [EfSE ABI 19-—%5%>. See the built-in function pow () . Returns NULL on failure.
The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 **=
02 when 03 is Py__None, or an in-place variant of pow (01, 02, o03) otherwise. If 03 is to be ignored,
pass Py_None in its place (passing NULL for 03 would cause an illegal memory access).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject ¥02)

EMEE: #4808, [EFEE ABI %) Returns the result of left shifting 0/ by 02 on success, or NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol <<= o2.

PyObject *PyNumber InPlaceRshift (PyObject *ol, PyObject *02)
EIMRAE : #reh 208, B2 ABI [1—54). Returns the result of right shifting o/ by 02 on success, or NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol >>= o2.

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)

EMRAE : #rey g, [EfSE ABI 1545 Returns the “bitwise and” of o/ and 02 on success and NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol &= o2.

PyObject *PyNumber_InPlaceXor (PyObject ¥ol, PyObject *02)
EIRAE: #rey 4ie, [EfEE ABI [)-—3%54). Returns the "bitwise exclusive or” of ol by 02 on success,
or NULL on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python
statement o1 "= o2.

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject ¥02)
EIEAE : ey 488, [EESE ABI %545 Returns the “bitwise or” of o/ and 02 on success, or NULL on
failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1
|= o2.

PyObject *PyNumber_Long (PyObject *0)
EARAE: #rag 408, [EFEE ABI 19—/ Returns the o converted to an integer object on success, or
NULL on failure. This is the equivalent of the Python expression int (o).

PyObject *PyNumber_F1loat (PyObject *0)
EMR G #reh 40, [EfEE ABI 1414y Returns the o converted to a float object on success, or NULL
on failure. This is the equivalent of the Python expression f1oat (o).

PyObject *PyNumber_Index (PyObject *0)
EIMRAE: ey 408, [EfE 5 ABI [1)—3f4). Returns the o converted to a Python int on success or NULL

with a TypeError exception raised on failure.

T 3.10 %8 55 : The result always has exact type int. Previously, the result could have been an instance
of a subclass of int.

PyObject *PyNumber_ToBase (PyObject *n, int base)
EIMR 4G : #rag 208 , [B)FS 2 ABI 145 Returns the integer n converted to base base as a string. The base
argument must be one of 2, 8, 10, or 16. For base 2, 8, or 16, the returned string is prefixed with a base marker
of '0b', '00"',or '0x"', respectively. If n is not a Python int, it is converted with PyNumber_Index ()
first.

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)

[F)fZ 72 ABI [/, Returns o converted to a Py_ssize t value if o can be interpreted as an integer.
If the call fails, an exception is raised and —1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError
or OverflowError). If exc is NULL, then the exception is cleared and the value is clipped to
PY SSIZE_T_MIN for a negative integer or PY_SSIZE_T_MAX for a positive integer.
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int PyIndex_Check (PyObject *0)
[E 5 ABI [—#4)> & 3.8 B A Hl44. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and 0 otherwise. This function always succeeds.

7.4 ol E

int PySequence_Check (PyObject *0)

[EJf% 72 ABI #3543, Return 1 if the object provides the sequence protocol, and 0 otherwise. Note that
it returns 1 for Python classes witha ___getitem__ () method, unless they are dict subclasses, since in
general it is impossible to determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PySequence_Size (PyObject ¥0)

Py_ssize_t PySequence_Length (PyObject *0)
[EfZ & ABI (154>, Returns the number of objects in sequence o on success, and —1 on failure. This is
equivalent to the Python expression len (o).

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
GG #rag 48, [FEE ABI (1345 Return the concatenation of ol and 02 on success, and NULL
on failure. This is the equivalent of the Python expression o1 + o2.

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
EMEAE: #reg 4 rg, [EfE0E ABI [19—%5/%). Return the result of repeating sequence object o count times,
or NULL on failure. This is the equivalent of the Python expression o * count.

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

EMRE: #eg 488, [EfE D ABI [19—b%). Return the concatenation of o and 02 on success, and NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python expression
ol += o2.

PyObject *PySequence_InPlaceRepeat (PyObject *0, Py_ssize_t count)
EMR 1 #rag 488, [EFEE ABI [)-—3%F4). Return the result of repeating sequence object o count times,
or NULL on failure. The operation is done in-place when o supports it. This is the equivalent of the Python
expression o *= count.

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t 1)
EMRAE: #rey 488, [FFEE ABI [1—%B4). Return the ith element of o, or NULL on failure. This is the
equivalent of the Python expression o [1].

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t i1, Py_ssize_t 12)
EIMEAE: #rey 408, [FFEE ABI f)—3/>. Return the slice of sequence object o between il and i2, or
NULL on failure. This is the equivalent of the Python expression o [11:12].

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

ZE ABI [)—34). Assign object v to the ith element of 0. Raise an exception and return —1 on failure;
return O on success. This is the equivalent of the Python statement o [1] = wv. This function does not steal
a reference to v.

If v is NULL, the element is deleted, but this feature is deprecated in favour of using
PySequence_DelItem().

int PySequence_DelItem (PyObject *o, Py_ssize_t1)
[EZ 5 ABI [1—%B4>. Delete the ith element of object 0. Returns —1 on failure. This is the equivalent of
the Python statement del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *V)

[EZ 2 ABI [543, Assign the sequence object v to the slice in sequence object o from il to i2. This is
the equivalent of the Python statement 0 [11:12] = wv.
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int PySequence_DelSlice (PyObject *0, Py_ssize_t il, Py_ssize_t12)
25 ABI [1)—354). Delete the slice in sequence object o from il to i2. Returns —1 on failure. This is the
equivalent of the Python statement del o[11:12].

Py_ssize_t PySequence_Count (PyObject *0, PyObject *value)

[E)f& 72 ABI [ —354>. Return the number of occurrences of value in o, that is, return the number of
keys for which o [key] == wvalue. On failure, return —1. This is equivalent to the Python expression
o.count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
[EfZ 2 ABI [1)—#4). Determine if o contains value. If an item in o is equal to value, return 1, otherwise
return 0. On error, return —1. This is equivalent to the Python expression value in o.

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
[EfE 52 ABI [14-—#%B4). Return the first index i for which o [1] == value. On error, return —1. This is
equivalent to the Python expression o. index (value).

PyObject *PySequence_List (PyObject *0)
EAEAE: ey 404, [E)fEE ABI [#)-—/>. Return a list object with the same contents as the sequence
or iterable o, or NULL on failure. The returned list is guaranteed to be new. This is equivalent to the Python
expression 1ist (o).

PyObject *PySequence_Tuple (PyObject ¥0)
EMEAE: ey 488, [FfE5E ABI [)—754). Return a tuple object with the same contents as the sequence
or iterable o, or NULL on failure. If o is a tuple, a new reference will be returned, otherwise a tuple will be
constructed with the appropriate contents. This is equivalent to the Python expression tuple (o).

PyObject *PySequence_Fast (PyObject *o, const char *m)

EIMRAE #7044 88, [E)fE 0 ABI[1)-—%(4). Return the sequence or iterable o as an object usable by the other
PySequence_Fast* family of functions. If the object is not a sequence or iterable, raises TypeError
with m as the message text. Returns NULL on failure.

The PySequence_Fast* functions are thus named because they assume o is a PyTupleObject or a
PyListObject and access the data fields of o directly.

As a CPython implementation detail, if o is already a sequence or list, it will be returned.

Py _ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that
o is not NULL. The size can also be retrieved by calling PySequence_Size () on o, but
PySequence_Fast_GET_SIZE () is faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
EMEE: 45 488 . Return the ith element of o, assuming that o was returned by PySequence_Fast (),
0 is not NULL, and that i is within bounds.

PyObject **PySequence_Fast_ITEMS (PyObject ¥0)
Return the underlying array of PyObject pointers. Assumes that o was returned by PySequence_Fast ()
and o is not NULL.

Note, if a list gets resized, the reallocation may relocate the items array. So, only use the underlying array
pointer in contexts where the sequence cannot change.

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)
) 1% {A: # 49 % BB, Return the ith element of o or NULL on failure.  Faster form of

PySequence_GetItem () but without checking that PySequence_Check () on o is true and with-
out adjustment for negative indices.
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7.5 HIRE

HitaFlpyobject_GetItem(). PyObject_SetItem() FIPyObject_Delltem().

int PyMapping_Check (PyObject *0)
[EVfSE ABL (55 QAR A SR AL b o B S 9 U) - (slicing) Rl JmlfeE 1, A5 I3 0. i
o, BRAA _ getitem () JyyARY Python BIE), &yl 1, FRIEE AR X BIE R
AR S 3 M o U R LY

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
[EVFE 7 ABL 1355 WCE L E A o i B, RIBCRE M — 1. SEAHE R Python JE 57X
len (o).

PyObject *PyMapping_GetItemString (PyObject *0, const char *key)
AR Areg 4. [EREE ABLIY—iR4r. JEHiPyObject GetTtem() MlH], {H key #idkEE
const char* UTF-8 #iE{/ jCALF S, M AE PyObject*,

int PyMapping_GetOptionalItem (PyObject *obj, PyObject *key, PyObject **result)
[EfE 2 ABI [ — 354> & 3.13 #e K Bl 45, Variant of PyObject_GetItem () which doesn’t raise
KeyError if the key is not found.

If the key is found, return 1 and set *result to a new strong reference to the corresponding value. If the key is
not found, return 0 and set *result to NULL; the KeyError is silenced. If an error other than KeyError is
raised, return —1 and set *result to NULL.

1E 3.13 A

int PyMapping_GetOptionalItemString (PyObject *obj, const char *key, PyObject **result)
[EfZ 2 ABI [—3B4> & 3.13 e K B4&. This is the same as PyMapping GetOptionalItem(),but
key is specified as a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

1E 3.13 A
int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
&5 ABI [—#). 88lpyobject_setItem () A, {H key #35E([E) const char* UTF-8
MG AICALTH, A PyObject*,
int PyMapping_DelItem (PyObject *o, PyObject *key)
E@EPyobject_pelTtem() [HEI4 .
int PyMapping_DelItemString (PyObject *o, const char *key)
BHLPyObject_DelTtem () Mal, {H key ##5 &L const char* UTF-8 #fiE (i jCAL 7=, MiA
B PyObject*,
int PyMapping_HasKeyWithError (PyObject *o, PyObject *key)
[EZ 52 ABI [—3R4> & 3.13 #e A B44. Return 1 if the mapping object has the key key and 0 otherwise.

This is equivalent to the Python expression key in o. On failure, return —1.

e 3.13 JRPMA.

int PyMapping_HasKeyStringWithError (PyObject *o, const char *key)
[EJfS 2 ABI [1-—%B4> & 3.13 e K B4&. This is the same as PyMapping HasKeyWithError (), but
key is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

1E 313 JRPMA.
int PyMapping_HasKey (PyObject *o, PyObject *key)

[EFEE ABL i — 8 7r. QSRS (4 A g key HUIIEE 1, 750 ] (4 0, SEAE Y Python 575X
key in o, jEf KA & 2NN
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e

Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper er-
ror handling, use PyMapping HasKeyWithError (), PyMapping GetOptionalItem() or
PyObject_GetItem /() instead.

int PyMapping_HasKeyString (PyObject *0, const char *key)

[EF55E ABI ()4 i@8lPyMapping HasKey () M, {H key 3§ %E([E) const char* UTF-8
GRS A T, MAZ PyObject*,

e

Exceptions that occur when this calls __getitem__ () method or while creating the temporary st r ob-
jectare silently ignored. For proper error handling, use PyMapping HasKeyStringWithError (),
PyMapping GetOptionalltemString () or PyMapping GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
B A e &8 [EREE ABLAG—il 0 sl E— @4 1 o B2 SR ERS , SR HRg ] 4 NULL.,
15 3.7 A5 FEDART, w% ek g a5 oAl
PyObject *PyMapping_Values (PyObject ¥0)
EARE: Arag 4R, [EEE ABLIY—F05 BIRF I 1 o H{ERYH . JRHCRF ] {8 NULL,
1 3.7 WU SETE: AEDART, a% ek g ol e g1 soeal

PyObject *PyMapping_Items (PyObject *0)

EARAE: Arag s [EIRE ABLAY— ) IRl 1 o (2 I H i epsl], Hop g (i H # 2
BB CAL. SR [l ] NULL,

1E 3.7 WS B AELART, i ek 2 [ e s 5 el e

7.6 [Fl{X28inmeE

A P 2P A E AR R =X
int PyIter_Check (PyObject *0)

[EIfEE ABL B B 3.8 B KB4, WIRYIE o DA EMEIELA Py Iter Next () R [E/{HIESE
(non-zero), SHIEIEH 0, B A2 GHATHI.

int PyAIter_Check (PyObject *0)
[EfE 2 ABLY-—#5r B 3.10 iR B4, WY o HIRML AsyncIterator Wk, HIRIEIESE,
ARl 0. 5&E M8 e X — R AT i .
15 3.10 JRPA.

PyObject *PyIter_Next (PyObject *0)

AR ey 48, [EFE 0 ABI (1) —45%r. EMEECES o R —E. WPy Iter Check (), #%
Y sZE 2 —EEE (RPN ESE) . WEREERISE, REE NULL BEARBE B, s
RIAH RS, [l nuLL [E/ELERI 5.

T —EERREARSNER, CRERSmEaREk:

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

if (iterator == NULL) {
(BT —H)
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(s —E)
/* 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
HirFRPyTter_Send () ANIREEHRHISE: (enum) {H.
1E 3.10 JCg A
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
[EIF5 7 ABL B B 3.10 B R B45. ¥ arg (H355 RN [EMCHS iter v, [B]f8
o WREIR A W H)[E] PYGEN_RETURN, [M[fE{i%ih presult [n]{H
o WREFEAEA (vield) BI[E) PYGEN_NEXT. [EAE{HIEME presult []{H .,
o QNSREN 285 5545 4RI [E) PYGEN_ERROR. presult #3% 5E[E) NULL,
TE 3.10 B

7.7 #:41%5F (Buffer Protocol)

Certain objects available in Python wrap access to an underlying memory array or buffer. Such objects include the
built-in bytes and bytearray, and some extension types like array . array. Third-party libraries may define
their own types for special purposes, such as image processing or numeric analysis.

While each of these types have their own semantics, they share the common characteristic of being backed by a
possibly large memory buffer. It is then desirable, in some situations, to access that buffer directly and without
intermediate copying.

Python provides such a facility at the C level in the form of the bujffer protocol. This protocol has two sides:

« on the producer side, a type can export a "buffer interface” which allows objects of that type to expose infor-
mation about their underlying buffer. This interface is described in the section Buffer Object Structures;

« on the consumer side, several means are available to obtain a pointer to the raw underlying data of an object
(for example a method parameter).

Simple objects such as bytes and bytearray expose their underlying buffer in byte-oriented form. Other forms
are possible; for example, the elements exposed by an array .array can be multi-byte values.

An example consumer of the buffer interface is the write () method of file objects: any object that can export a
series of bytes through the buffer interface can be written to a file. While write () only needs read-only access
to the internal contents of the object passed to it, other methods such as readinto () need write access to the
contents of their argument. The buffer interface allows objects to selectively allow or reject exporting of read-write
and read-only buffers.

There are two ways for a consumer of the buffer interface to acquire a buffer over a target object:
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e call PyObject_GetBuffer () with the right parameters;
e call PyArg ParseTuple () (or one of its siblings) with one of the y*, w* or s* format codes.

In both cases, PyBuffer Release () must be called when the buffer isn’t needed anymore. Failure to do so
could lead to various issues such as resource leaks.

7.7.1 Buffer structure

Buffer structures (or simply “buffers”) are useful as a way to expose the binary data from another object to the Python
programmer. They can also be used as a zero-copy slicing mechanism. Using their ability to reference a block of
memory, it is possible to expose any data to the Python programmer quite easily. The memory could be a large,
constant array in a C extension, it could be a raw block of memory for manipulation before passing to an operating
system library, or it could be used to pass around structured data in its native, in-memory format.

Contrary to most data types exposed by the Python interpreter, buffers are not PyOb ject pointers but rather simple
C structures. This allows them to be created and copied very simply. When a generic wrapper around a buffer is
needed, a memoryview object can be created.

For short instructions how to write an exporting object, see Buffer Object Structures. For obtaining a buffer, see
PyObject_GetBuffer().
type Py_buffer

[EfEE ABLIY-—#4r (&4 FHME) A 311 AR,

void *buf

A pointer to the start of the logical structure described by the buffer fields. This can be any location
within the underlying physical memory block of the exporter. For example, with negative st rides the
value may point to the end of the memory block.

For contiguous arrays, the value points to the beginning of the memory block.
PyObject *obj
A new reference to the exporting object. The reference is owned by the consumer and automatically

released (i.e. reference count decremented) and set to NULL by PyBuffer Release (). Thefield is
the equivalent of the return value of any standard C-API function.

As a special case, for temporary buffers that are wrapped by PyMemoryView FromBuffer () or
PyBuffer FillInfo () this field is NULL. In general, exporting objects MUST NOT use this
scheme.

Py _ssize_t 1len

product (shape) * itemsize. For contiguous arrays, this is the length of the underlying mem-
ory block. For non-contiguous arrays, it is the length that the logical structure would have if it were
copied to a contiguous representation.

Accessing ( (char *)buf) [0] up to ((char *)buf) [len-1] is only valid if the buffer
has been obtained by a request that guarantees contiguity. In most cases such a request will be
PyBUF_SIMPLE or PyBUF_WRITABLE.

int readonly
An indicator of whether the buffer is read-only. This field is controlled by the PyBUF_WRI TABLE flag.

Py _ssize_t itemsize

Item size in bytes of a single element. Same as the value of struct.calcsize () called on non-
NULL format values.

Important exception: If a consumer requests a buffer without the PyBUF_FORMAT flag, format will
be set to NULL, but i temsi ze still has the value for the original format.

If shape is present, the equality product (shape) * itemsize == len still holds and the
consumer can use itemsize to navigate the buffer.
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L

If shape is NULL as a result of a PyBUF_SIMPLE or a PyBUF_WRITABLE request, the consumer
must disregard i temsize and assume itemsize ==

char *format
A NULL terminated string in st ruct module style syntax describing the contents of a single item. If
this is NULL, "B" (unsigned bytes) is assumed.
This field is controlled by the PyBUF_FORMAT flag.

int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a
single item representing a scalar. In this case, shape, st rides and suboffsets MUST be NULL.
The maximum number of dimensions is given by PyBUF_MAX_NDIM.

Py_ssize_t *shape
An array of Py_ssize_t of length ndim indicating the shape of the memory as an n-dimensional
array. Note that shape [0] * ... * shape[ndim-1] * itemsize MUST beequalto len.

Shape values are restricted to shape [n] >= 0. The case shape [n] == 0 requires special atten-
tion. See complex arrays for further information.

The shape array is read-only for the consumer.
Py_ssize_t *strides
An array of Py_ssize_ t of length ndim giving the number of bytes to skip to get to a new element

in each dimension.

Stride values can be any integer. For regular arrays, strides are usually positive, but a consumer MUST
be able to handle the case strides[n] <= 0. See complex arrays for further information.

The strides array is read-only for the consumer.

Py_ssize_t *suboffsets

An array of Py_ssize_t of length ndim. If suboffsets[n] >= 0, the values stored along the
nth dimension are pointers and the suboffset value dictates how many bytes to add to each pointer after
de-referencing. A suboffset value that is negative indicates that no de-referencing should occur (striding
in a contiguous memory block).

If all suboffsets are negative (i.e. no de-referencing is needed), then this field must be NULL (the default
value).

This type of array representation is used by the Python Imaging Library (PIL). See complex arrays for
further information how to access elements of such an array.

The suboffsets array is read-only for the consumer.

void *internal

This is for use internally by the exporting object. For example, this might be re-cast as an integer by the
exporter and used to store flags about whether or not the shape, strides, and suboffsets arrays must be
freed when the buffer is released. The consumer MUST NOT alter this value.

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers
of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimensions. Currently
set to 64.
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7.7.2 Buffer request types

Buffers are usually obtained by sending a buffer request to an exporting object via PyObject_GetBuffer ().
Since the complexity of the logical structure of the memory can vary drastically, the consumer uses the flags argument
to specify the exact buffer type it can handle.

All Py_buf fer fields are unambiguously defined by the request type.

request-independent fields

The following fields are not influenced by flags and must always be filled in with the correct values: ob j, buf, len,
itemsize, ndim.

readonly, format

PyBUF_WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the choice
MUST be consistent for all consumers.

PyBUF_FORMAT

Controls the format field. If set, this field MUST be filled in correctly. Otherwise, this field
MUST be NULL.

PyBUF_WRITABLE can be [d to any of the flags in the next section. Since PyBUF_SIMPLE is defined as 0,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

PyBUF_FORMAT can be [d to any of the flags except PyBUF_STIMPLE. The latter already implies format B (un-
signed bytes).

shape, strides, suboffsets

The flags that control the logical structure of the memory are listed in decreasing order of complexity. Note that each
flag contains all bits of the flags below it.

Request | shape strides | suboffsets |

yes yes if needed
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE
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contiguity requests

C or Fortran contiguity can be explicitly requested, with and without stride information. Without stride information,
the buffer must be C-contiguous.

Request | shape = strides | suboffsets = contig |
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL Cu{F
PyBUF_ANY CONTIGUOUS
PyBUF_ND yes NULL | NULL C

compound requests
All possible requests are fully defined by some combination of the flags in the previous section. For convenience, the
buffer protocol provides frequently used combinations as single flags.

In the following table U stands for undefined contiguity. The consumer would have to call
PyBuffer IsContiguous () to determine contiguity.

Request | shape = strides | suboffsets ~contig | readonly | format |

yes yes if needed U 0 yes
PyBUF_FULL

yes yes if needed U 180 yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 180 yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL U 180 NULL
PyBUF_STRIDED RO

yes NULL | NULL C 0 NULL
PyBUF_CONTIG

yes NULL | NULL C 180 NULL
PyBUF_CONTIG_RO
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7.7.3 Complex arrays

NumPy-style: shape and strides

The logical structure of NumPy-style arrays is defined by i temsize, ndim, shape and strides.

If ndim == 0, the memory location pointed to by bu £ is interpreted as a scalar of size i temsize. In that case,
both shape and st rides are NULL.

If strides is NULL, the array is interpreted as a standard n-dimensional C-array. Otherwise, the consumer must
access an n-dimensional array as follows:

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

As noted above, bu £ can point to any location within the actual memory block. An exporter can check the validity
of a buffer with this function:

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
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= O:

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

return True

imin = sum(strides[j]* (shape[j]-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+imaxt+itemsize <= memlen

PIL-style: shape, strides and suboffsets

In addition to the regular items, PIL-style arrays can contain pointers that must be followed in order to get to the
next element in a dimension. For example, the regular three-dimensional C-array char v [2] [2] [3] can also be
viewed as an array of 2 pointers to 2 two-dimensional arrays: char (*v[2]) [2] [3]. In suboffsets representa-
tion, those two pointers can be embedded at the start of bu £, pointing to two char x[2] [3] arrays that can be
located anywhere in memory.

Here is a function that returns a pointer to the element in an N-D array pointed to by an N-dimensional index when
there are both non-NULL strides and suboffsets:

void *get_item_ pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

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

pointer += strides[i] * indices[i];

€ & A}
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(L —5)
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
I3

return (void*)pointer;

7.7.4 Buffer-related functions

int PyObject_CheckBuffer (PyObject *obj)

[E)f8 2 ABIL 34> B 3.11 #& A& B45. Return 1 if obj supports the buffer interface otherwise 0. When 1 is
returned, it doesn’t guarantee that PyOb ject_GetBuffer () will succeed. This function always succeeds.

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

& ABL 19— B 3.11 B A PBA+4. Send a request to exporter to fill in view as specified by flags. If
the exporter cannot provide a buffer of the exact type, it MUST raise BufferError, set view->ob7j to
NULL and return —1.

On success, fill in view, set view—>0bj to a new reference to exporter and return 0. In the case of chained
buffer providers that redirect requests to a single object, view—>0bj MAY refer to this object instead of
exporter (See Buffer Object Structures).

Successful calls to PyObject_GetBuffer () must be paired with calls to PyBuffer Release (),
similar to malloc () and free(). Thus, after the consumer is done with the buffer,
PyBuffer Release () must be called exactly once.

void PyBuffer Release (Py_buffer *view)

[EJfS 2 ABI [ —304> & 3.11 #e A Bl 4%. Release the buffer view and release the strong reference (i.e.
decrement the reference count) to the view’s supporting object, view—>obj. This function MUST be called
when the buffer is no longer being used, otherwise reference leaks may occur.

It is an error to call this function on a buffer that was not obtained via PyObject_GetBuffer ().

Py_ssize_t PyBuffer SizeFromFormat (const char *format)

[E)fE 2 ABI [—354> & 3.11 R A B4%. Return the implied i temsize from format. On error, raise
an exception and return -1.

1E 3.9 ABIA.

int PyBuffer_IsContiguous (const Py_buffer *view, char order)

[ & ABL 19— 4r & 3.11 R A~ F45. Return 1 if the memory defined by the view is C-style (order
is 'C") or Fortran-style (order is 'F ") contiguous or either one (order is 'A"). Return O otherwise. This
function always succeeds.

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
[FfE 5 ABI [—33%r & 3.11 ¥ A Bl 45. Get the memory area pointed to by the indices inside the given
view. indices must point to an array of view—>ndim indices.

int PyBuffer_ FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
[EZ 52 ABI [-—3F4> & 3.11 Bk B44. Copy contiguous len bytes from buf to view. fort canbe 'C' or
'"F' (for C-style or Fortran-style ordering). 0 is returned on success, —1 on error.

int PyBuffer ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)

5 ABL 304 B 3.11 #r A Bl44. Copy len bytes from src to its contiguous representation in buf.
ordercanbe 'C' or 'F' or 'A"' (for C-style or Fortran-style ordering or either one). 0 is returned on success,
—1 on error.

This function fails if len = src->len.
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int PyObject_CopyData (PyObject *dest, PyObject *src)
[FfE & ABI 1—3B4> & 3.11 #r A B4, 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.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)
%2 ABL[-—#54 B 3.11 #e A BA44. Fill the strides array with byte-strides of a contiguous (C-style if
order is 'C' or Fortran-style if order is 'F ') array of the given shape with the given number of bytes per
element.

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)
25 ABI[—%14)> B 3.11 ¥ A B4, Handle buffer requests for an exporter that wants to expose buf of

size len with writability set according to readonly. buf is interpreted as a sequence of unsigned bytes.

The flags argument indicates the request type. This function always fills in view as specified by flags, unless
buf has been designated as read-only and PyBUF_WRITABLE is set in flags.

On success, set view—>obj to a new reference to exporter and return 0. Otherwise, raise BufferError,
set view—>ob7j to NULL and return —1;

If this function is used as part of a getbufferproc, exporter MUST be set to the exporting object and flags must
be passed unmodified. Otherwise, exporter MUST be NULL.
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8.1 BRIt

MBS TR 4R Python U [F)4y {4 Ei B3] (singleton) 414 None.

8.1.1 BE¥ft

type PyTypeObject
[E52 [ API ()84 (#[El—18 1% #A & 4% (opaque struct)) . The C structure of the objects used to
describe built-in types.

PyTypeObject PyType_Type
[F)f5 & ABI )34 This is the type object for type objects; it is the same object as t ype in the Python
layer.

int PyType_Check (PyObject *0)
Return non-zero if the object o is a type object, including instances of types derived from the standard type
object. Return 0 in all other cases. This function always succeeds.

int PyType_CheckExact (PyObject *0)

Return non-zero if the object o is a type object, but not a subtype of the standard type object. Return 0 in all
other cases. This function always succeeds.
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unsigned int PyType_ClearCache ()

&5 ABI [1)—34). Clear the internal lookup cache. Return the current version tag.

unsigned long PyType_GetFlags (PyTypeObject *type)

25 ABI [1)—34). Returnthe t p_ £1ags member of fype. 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.

TE 3.2 JBA.
TE 3.4 HR {5255 The return type is now unsigned long rather than long.

PyObject *PyType_GetDict (PyTypeObject *type)

Return the type object’s internal namespace, which is otherwise only exposed via a read-only proxy (cls.
__dict__). Thisis a replacement for accessing t p_dict directly. The returned dictionary must be treated
as read-only.

This function is meant for specific embedding and language-binding cases, where direct access to the dict is
necessary and indirect access (e.g. via the proxy or PyObject_GetAttr ())isn't adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their own types.

£ 3.12 FGmA.

void PyType_Modified (PyTypeObject *type)

[EJ7Z 5 ABI [1—3F4y. 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.

1E 3.12 HFmA.

int PyType_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id (previously returned from Py Type_ AddWatcher ()). Return O 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 ().

1E 3.12 JRBTIA.

int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by Py Type_AddWatcher () 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 type, if _PyType_Lookup () is not called on type between the modifications;
this is an implementation detail and subject to change.)

An extension should never call PyType_Wat ch with a watcher_id that was not returned to it by a previous
callto PyType_ AddWatcher ().

1E 3.12 FGmA.

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 type or any type in its
MRO; violating this rule could cause infinite recursion.

e 3.12 HAFmA.

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.
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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)
[EJEE & ABI {57 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_TIsSubclass () todo the same check that i ssubclass () would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
W% #7eh 484, [FSE ABL ()54, Generic handler for the tp_alloc slot of a type object.
Use Python’s default memory allocation mechanism to allocate a new instance and initialize all its contents to
NULL.

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)
EARAE: #rag 4 0&. [FFEE ABI )74 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)
[F)f% 5 ABI [#)— (/. Finalize a type object. This should be called on all type objects to finish their

initialization. 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.

e

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)
B ey g, RS E ABL 1—304> & 3.11 5 A Bl45. Return the type’s name. Equivalent to
getting the type’s __name___ attribute.

15 3. 11 RAMA.

PyObject *PyType_GetQualName (PyTypeObject *type)
EIMRAE : Frhh 408, [EF50E ABLY-—3484 & 3.11 #5 A B44. Return the type’s qualified name. Equivalent
to getting the type’s ___qualname___ attribute.

e 3.11 HRFmA.
PyObject *PyType_GetFullyQualifiedName (PyTypeObject *type)
[Ef5 & ABLHY—41%r B 3.13 ji A 44, Return the type’s fully qualified name. Equivalent to £" {type.

_ module_ }.{type._ _gqualname__ }", or type._ qualname__ if type._ module__ is
not a string or is equal to "builtins".

e 3.13 JRPMA.
PyObject *PyType_GetModuleName (PyTypeObject *type)
[ ABL -4 B 3.13 #e A B44. Return the type’s module name. Equivalent to getting the t ype .

_ _module___ attribute.

TE 3.13 JBA.
void *PyType_GetSlot (PyTypeObject *type, int slot)
[EfZ & ABI H—3%> & 3.4 #- K Bl45. 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.
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15 3.4 A
TE 3.10 K5 TE: PyType GetSlot () cannow accept all types. Previously, it was limited to heap types.
PyObject *PyType_GetModule (PyTypeObject *type)

)52 ABIL—304)> & 3.10 #E A F44. 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 PyCMet hod to get the class that defines the method. See Py Type_ GetModuleByDef ()
for cases when PyCMethod cannot be used.

1E 3.9 HRABTIMA.
void *PyType_GetModuleState (PyTypeObject *type)

[Ef5 & ABI 1—31%> B 3.10 Bk Bl44. Return the state of the module object associated with the given
type. This is a shortcut for calling PyModule GetState () onthe result of PyType_ GetModule ().

If no module is associated with the given type, sets TypeError and returns NULL.
If the rype has an associated module but its state is NULL, returns NULL without setting an exception.
1E 3.9 FRANA.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

[Ff5 & ABI [1)—304) & 3.13 §r A Bl44. Find the first superclass whose module was created from the given
PyModuleDef 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.

1E 311 RBTIA.

int PyUnstable_Type_AssignVersionTag (PyTypeObject *type)

I3

BB RALE APL, B AT B MR B 16 o VA £ AT s O S

Uk

.

(%

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or O if a new tag could not be
assigned.

e 312 JRBTA.

126 Chapter 8. BEg¥itE



The Python/C API, &(F 3.13.0rc2

Creating Heap-Allocated Types

The following functions and structs are used to create heap types.
PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec,
PyObject *bases)
% 52 ABI [ — %4> A 3.12 p K B 45, 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).

Metaclasses that override tp_new are not supported, except if tp_new is NULL. (For backwards compati-
bility, other PyType_From* functions allow such metaclasses. They ignore t p_new, which may result in
incomplete initialization. This is deprecated and in Python 3.14+ such metaclasses will not be 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 Py Type_ 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:

. new___ () is not 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.

e 3.12 JRFMA.
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
=M A oe 2 B B E OABL 1) — i 4 A 310 R K B 4. 5 E R
PyType_FromMetaclass (NULL, module, spec, bases),
1E 3.9 JIBIA.

T 3.10 At f¢ 5% 5 The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

T 3.12 B4 %% 55 The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
=& A #oeg 2 K. B E ABL 1 - W B 33 R A R 4 SIS
PyType_FromMetaclass (NULL, NULL, spec, bases),

1E 3.3 A

TE 3.12 W52 5 : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

The t p_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.
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PyObject *PyType_FromSpec (PyType_Spec *spec)
EARAE: Freg g, [EfEE ABI 304 &8N PyType_FromMetaclass (NULL, NULL,
spec, NULL),

Tr 3.12 i Y5 58 . 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.

The t p_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

type PyType_Spec
[EfZ5E ABL f—35> (4B A M B ) . Structure defining a type’s behavior.
const char *name
Name of the type, used to set Py TypeObject . tp_name.

int basicsize

If positive, specifies the size of the instance in bytes. It is used to set PyTypeObject.
tp_basicsize.

If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition to the
superclass. Use PyOb ject_Get TypeData () to get a pointer to subclass-specific memory reserved
this way.

TE 3.12 R {)5# T8 Previously, this field could not be negative.

int itemsize

Size of one element of a variable-size type, in bytes. Used to set PyTypeObject.tp_itemsize.
See tp_itemsize documentation for caveats.

If zero, t p_ i temsize is inherited. Extending arbitrary variable-sized classes is dangerous, since some
types use a fixed offset for variable-sized memory, which can then overlap fixed-sized memory used by a
subclass. To help prevent mistakes, inheriting itemsize is only possible in the following situations:

o The base is not variable-sized (its tp_itemsize).

e The requested Py Type_Spec.basicsize is positive, suggesting that the memory layout of the
base class is known.

o The requested Py Type_Spec.basicsize is zero, suggesting that the subclass does not access
the instance’s memory directly.

e With the Py_ TPFLAGS_ITEMS_AT_END flag.

unsigned int £lags
Type flags, used to set Py TypeObject.tp_flags.

If the Py_ TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeciWithBases () sets it auto-
matically.

PyType_Slot *slots
Array of PyType_S1ot structures. Terminated by the special slot value {0, NULL}.

Each slot ID should be specified at most once.

type PyType_Slot
[ ABL Y304y (L4 Fr A M B ) . Structure defining optional functionality of a type, containing a
slot ID and a value pointer.

int slot

A slot ID.
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13

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:

e Py tp _dealloctoset PyTypeObject.tp dealloc

e Py _nb_addtoset PyNumberMethods.nb_add

e Py_sqg_lengthtoset PySequenceMethods.sq_length
The following “offset” fields cannot be set using Py Type_Slot:

e tp_weaklistoffset (use Py TPFLAGS_MANAGED_WEAKREF instead if

possible)

o tp dictoffset (WIRWEE, FMH Py _TPFLAGS_MANAGED_DICT)

e tp_vectorcall_offset (7% i PyMemberDef i ig]
" vectorcalloffset_ ")

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to sup-
port Python older than 3.12), specify the offset in Py_tp_members. See PyMem-
berDef documentation for details.

The following fields cannot be set at all when creating a heap type:
e tp_vectorcall (use tp_newand/or tp_init)

« Internal fields: tp_dict, tp_mro, tp_cache, tp_subclasses, and
tp_weaklist.

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid
issues, use the bases argument of Py Type_FromSpeciWithBases () instead.

9 RA5# T Slots in PyBuf ferProcs may be set in the unlimited API.

TE 3.11 [RISETE: bf_getbuffer and bf_releasebuffer are now available under the limited

API.

void *pfunc

The desired value of the slot. In most cases, this is a pointer to a function.

Slots other than Py_ tp_doc may not be NULL.

8.1.2 None Y%

Note that the Py TypeObject for None is not directly exposed in the Python/C API. Since None is a singleton,
testing for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None

The Python None object, denoting lack of value. This object has no methods and is immortal.

TE 3.12 U452 58 Py None is immortal.

Py_RETURN_NONE

Return Py_None from a function.

8.1. EuEmt
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8.2 B{EMIHF

8.2.1 B

All integers are implemented as “long” integer objects of arbitrary size.

On error, most PyLong_As* APIs return (return type) -1 which cannot be distinguished from a number.
Use PyErr_Occurred () to disambiguate.
type PyLongObject
57 APL 1354 (#[Fl—18 Ri% 7R £ #% (opaque struct)) . This subtype of PyObject represents a
Python integer object.
PyTypeObject PyLong_Type
[F)f5 5 ABI [#)—3B%). This instance of Py TypeObject represents the Python integer type. This is the
same object as int in the Python layer.
int PyLong_Check (PyObject *p)
Return true if its argument is a PyLongObject or a subtype of PyLongObject. This function always
succeeds.
int PyLong_CheckExact (PyObject *p)
Return true if its argument is a PyLongObject, but not a subtype of PyLongObject. This function
always succeeds.
PyObject *PyLong_FromLong (long v)
EMR A ey 48, [FE G ABI [Y—#0/). Return a new PyLongObject object from v, or NULL on

failure.

The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.

PyObject *PyLong_FromUnsignedLong (unsigned long v)

EMEIE: #rag4ng, [EiE 2 ABI[1—7(4). Return anew PyLongOb ject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
MR 4G : #7044 08  [BIEEE ABL 154} Returnanew PyLongObject objectfromaC Py _ssize t,
or NULL on failure.

PyObject *PyLong_FromSize_t (size_t V)
EMRAE : #rag 4, B ABI[1—4). Return a new PyLongObject object froma C size_t, or
NULL on failure.

PyObject *PyLong_FromLongLong (long long v)
EIEAE : Frag 4R, (B ABL Y5/, Return anew PyLongObject objectfromaC long long,
or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
EMEAE: Frag 4, [FEEE ABI1—5%). Return anew PyLongObject object froma C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
ERAE: #rag 48, [EESE ABI %5/ Return a new PyLongObject object from the integer part
of v, or NULL on failure.

PyObject *PyLong_FromString (const char *str, char **pend, int base)

EMR 1 #rag40d, [EEEE ABI 154>, Return a new 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 str 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
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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.

%

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject
to/from an array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
IR 1E: #e9 484, Convert a sequence of Unicode digits in the string u to a Python integer value.

1E 3.3 ABNA.
PyObject *PyLong_FromVoidPtr (void *p)
ERAE: #rag 48, [FE 5 ABI -4}, Create a Python integer from the pointer p. The pointer value
can be retrieved from the resulting value using PyLong AsVoidPtr ().
PyObject *PyLong_FromNativeBytes (const void *buffer, size_t n_bytes, int flags)
Create a Python integer from the value contained in the first n_byfes of buffer, interpreted as a two’s-

complement signed number.

flags are as for PyLong AsNativeBytes (). Passing -1 will select the native endian
that CPython was compiled with and assume that the most-significant bit is a sign bit.  Pass-
ing Py_ASNATIVEBYTES_UNSIGNED_BUFFER will produce the same result as calling
PyLong_FromUnsignedNativeBytes (). Other flags are ignored.

1E 3.13 JRPMA.
PyObject *PyLong_FromUnsignedNativeBytes (const void *buffer, size_t n_bytes, int flags)

Create a Python integer from the value contained in the first n_bytes of buffer, interpreted as an unsigned
number.

flags are as for PyLong_AsNativeBytes (). Passing —1 will select the native endian that CPython was
compiled with and assume that the most-significant bit is not a sign bit. Flags other than endian are ignored.

1E 3.13 I A
long PyLong_AsLong (PyObject *obj)

[F)f5 7 ABI [1)—/. 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 PyLongObject.

Raise OverflowError if the value of obj is out of range for a 1ong.
Returns —1 on error. Use PyErr_Occurred () to disambiguate.
FE 3.8 i35 8 : Use __index__ () if available.
JE 3.10 JiR %% 55 This function will no longer use __int__ ().
int PyLong_AsInt (PyObject *obj)

[ElfE 2 ABIL 384 & 3.13 #r K B 44. Similar to PyLong AsLong (), but store the result ina C int
instead of a C 1long.

£ 3.13 UG

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
[EJ2 5 ABI 1345 Returna C Long representation of obj. If obj is not an instance of PyLongObject,
first callits ___index__ () method (if present) to convert it to a PyLongOb ject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return -1
as usual.

Returns —1 on error. Use PyErr_Occurred () to disambiguate.
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FE 3.8 fJ5E 8 : Use __index__ () if available.
JE 3.10 JiR %% 55 This function will no longer use __int__ ().
long long PyLong_AsLongLong (PyObject *obj)

[E)F% 52 ABI [)—#B4r. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convertittoa PyLongObject.

Raise OverflowError if the value of obj is out of range fora long long.
Returns —1 on error. Use PyErr_ Occurred () to disambiguate.

YE 3.8 fR5EEH: Use __index_ () if available.

JE 3.10 Jit [ %% 55 This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
)35 7 ABI ff)— 4>, 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 PyLongOb ject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflowto 1 or —1, respectively,
and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

Returns —1 on error. Use PyErr_Occurred () to disambiguate.

1E 3.2 JRBTMA.

YE 3.8 fR5EHE: Use __index_ () if available.

JE 3.10 Jit [ %% 55 This function will no longer use __int__ ().
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

[EfZ 5 ABI [1)—/>. Returna C Py_ssize t representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range fora Py_ssize t.
Returns -1 on error. Use PyErr_Occurred () to disambiguate.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
[EfZ 5 ABI 134y Returna 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.
Returns (unsigned long) -1 onerror. Use PyErr_Occurred () to disambiguate.

size_t PyLong_AsSize_t (PyObject *pylong)
[E)7Z 5 ABI [1)—%F4>. Return a C size_t representation of pylong. pylong must be an instance of
PyLongObiject.

Raise OverflowError if the value of pylong is out of range fora size_t.
Returns (size_t) -1 onerror. Use PyErr Occurred () to disambiguate.
unsigned long long PyLong_AsUnsignedLongLong ( PyObject *pylong)

=E ABI[1)—#%7. 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.
Returns (unsigned long long)-1onerror. Use PyErr Occurred () to disambiguate.

T 3.1 fiRA5E . A negative pylong now raises OverflowError, not TypeError.
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unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
2 & ABI ) —3#14>. 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 PyLongOb ject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

Returns (unsigned long) -1 onerror. Use PyErr_Occurred () to disambiguate.
FE 3.8 fitJ5E 8 : Use __index__ () if available.
1E 3.10 iR f%)5# 58 This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

= ABI1—3#3/). Returna Cunsigned long long representation of obj. If obj is not an instance
of PyLongObject, first callits __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.

Returns (unsigned long long) -1 onerror. Use PyErr Occurred () to disambiguate.
YE 3.8 5T : Use __index_ () if available.
7E 3.10 Jit i) 5% ¥ This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)
[[)F2 % ABI [ — %[ 4. 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.
Returns -1 .0 on error. Use PyErr_Occurred () to disambiguate.
void *PyLong_AsVoidPtr (PyObject *pylong)
[F)f5 2 ABI )34y Convert a Python integer pylong to a C vo1id 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 ().

Returns NULL on error. Use PyErr_Occurred () to disambiguate.

Py_ssize_t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py_ssize_t n_bytes, int flags)

Copy the Python integer value pylong to a native buffer of size n_bytes. The flags can be set to —1 to behave
similarly to a C cast, or to values documented below to control the behavior.

Returns —1 with an exception raised on error. This may happen if pylong cannot be interpreted as an integer,
or if pylong was negative and the Py_ASNATIVEBYTES_REJECT_NEGATIVE flag was set.

Otherwise, returns the number of bytes required to store the value. If this is equal to or less than n_bytes, the
entire value was copied. All n_bytes of the buffer are written: large buffers are padded with zeroes.

If the returned value is greater than than n_bytes, the value was truncated: as many of the lowest bits of the
value as could fit are written, and the higher bits are ignored. This matches the typical behavior of a C-style
downcast.

(e

Overflow is not considered an error. If the returned value is larger than n_bytes, most significant bits were
discarded.

0 will never be returned.
Values are always copied as two’s-complement.

Usage example:
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(int32_t value;
Py_ssize_t bytes = PyLong_AsNativeBytes (pylong, &value, sizeof (value), -1);
if (bytes < 0) {
// Failed. A Python exception was set with the reason.
return NULL;
}
else if (bytes <= (Py_ssize_t)sizeof (value)) {
// Success!
}
else {
// Overflow occurred, but 'value' contains the truncated
// lowest bits of pylong.
}

.

Passing zero to n_bytes will return the size of a buffer that would be large enough to hold the value. This may
be larger than technically necessary, but not unreasonably so. If n_bytes=0, buffer may be NULL.

e

Passing n_bytes=0 to this function is not an accurate way to determine the bit length of the value.

To get at the entire Python value of an unknown size, the function can be called twice: first to determine the
buffer size, then to fill it:

// Ask how much space we need.
Py_ssize_t expected = PyLong_AsNativeBytes (pylong, NULL, 0, -1);
if (expected < 0) {
// Failed. A Python exception was set with the reason.
return NULL;
}
assert (expected != 0); // Impossible per the API definition.
uint8_t *bignum = malloc (expected) ;
if (!bignum) {
PyErr_SetString (PyExc_MemoryError, "bignum malloc failed.");
return NULL;
}
// Safely get the entire value.
Py_ssize_t bytes = PyLong_AsNativeBytes (pylong, bignum, expected, -1);
if (bytes < 0) { // Exception has been set.
free (bignum) ;
return NULL;
}
else if (bytes > expected) { // This should not be possible.
PyErr_SetString (PyExc_RuntimeError,
"Unexpected bignum truncation after a size check.");
free (bignum) ;
return NULL;
}
// The expected success given the above pre—-check.
// ... use bignum
free (bignum) ;

flags is either -1 (Py_ASNATIVEBYTES_DEFAULTS) to select defaults that behave most like a C cast, or
a combintation of the other flags in the table below. Note that —1 cannot be combined with other flags.

Currently, -1 corresponds to Py_ASNATIVEBRYTES_NATIVE_ENDIAN |
Py_ASNATIVEBYTES_UNSIGNED_BUFFER.
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Flag Value

=1
Py ASNATIVEBYTES_DEFAULTS

0
Py ASNATIVEBYTES_BIG_ENDIAN

1
Py ASNATIVEBYTES_LITTLE_ENDIAN

3
Py ASNATIVEBYTES_NATIVE_ ENDIAN

4
Py ASNATIVEBYTES_UNSIGNED_ BUFFER

8
Py ASNATIVEBYTES_REJECT NEGATIVE

16

Py ASNATIVEBYTES_ALLOW_ INDEX

Specifying Py_ASNATIVEBYTES_NATIVE_ENDIAN will override any other endian flags. Passing 2 is
reserved.

By default, sufficient buffer will be requested to include a sign bit. For example, when converting 128 with
n_bytes=1, the function will return 2 (or more) in order to store a zero sign bit.

If Py ASNATIVEBYTES_UNSIGNED_BUFFER is specified, a zero sign bit will be omitted from size cal-
culations. This allows, for example, 128 to fit in a single-byte buffer. If the destination buffer is later treated
as signed, a positive input value may become negative. Note that the flag does not affect handling of negative
values: for those, space for a sign bit is always requested.

Specifying Py_ASNATIVEBYTES_REJECT_NEGATIVE causes an exception to be set if pylong is nega-
tive. Without this flag, negative values will be copied provided there is enough space for at least one sign bit,
regardless of whether Py_ASNATIVEBYTES_UNSIGNED_BUFFER was specified.

If Py _ASNATIVEBYTES_ALLOW_INDEX is specified and a non-integer value is passed, its
__index__ () method will be called first. This may result in Python code executing and other threads
being allowed to run, which could cause changes to other objects or values in use. When flags is -1, this
option is not set, and non-integer values will raise TypeError.

il

With the default flags (-1, or UNSIGNED_BUFFER without REJECT_NEGATIVE), multiple Python inte-
gers can map to a single value without overflow. For example, both 255 and -1 fit a single-byte buffer
and set all its bits. This matches typical C cast behavior.

1E 3.13 I mA.
PyObject *PyLong_GetInfo (void)

[EJZ 72 ABI [)—754). On success, return a read only named tuple, that holds information about Python’s
internal representation of integers. See sys.int_info for description of individual fields.

FEJHORE, ErInl e NULL [EREE fil4) .
e 3.1 g
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int PyUnstable_Long_IsCompact (const PyLongObject *op)

R TG APL, TR/ A 1 EVA £ (8

Return 1 if op is compact, 0 otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small integers.
For compact values use PyUnstable_ Long_CompactValue ();forothersfallbacktoa PyLong As*
function or PyLong _AsNativeBytes ().

The speedup is expected to be negligible for most users.
Exactly what values are considered compact is an implementation detail and is subject to change.

Py_ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

TEAE L APL, BT REAE/ INRA B A T BV A 0 i

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.

Otherwise, the return value is undefined.

8.2.2 Boolean (7i%k) ¥if¥

Python 1] boolean /& ABE S HHEML AR E BN . HA Py _False flpy_True Wiffl boolean, [ Ht—fkf
7T ANEN R bR A EAS 8 S boolean., {H R %1 4 (macro) &2 1] FH Y.

PyTypeObject PyBool_Type

[EJZ 5 ABI [/)-—3%4). This instance of Py TypeOb ject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)
W2 o MAEIEPyBool Type RIMEEA . MM & BIIHAT
PyObject *Py_False
The Python False object. This object has no methods and is immortal.
TE 312 fRIBTE: Py _Falseis immortal.
PyObject *Py_True
The Python True object. This object has no methods and is immortal.
TE 312 UAETE: Py True is immortal.
Py_RETURN_FALSE
el py_False,
Py_RETURN_TRUE
el py_True,

PyObject *PyBool_FromLong (long v)
ARE: Arag 4R, [EFE ABLIY— 305 MR v I EBRERIE Py True i Py_False,
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8.2.3 ZE 8 (Floating-Point) ¥k

type PyFloatObject
This subtype of PyOb ject represents a Python floating-point object.

PyTypeObject PyFloat_Type
[FJf5 1 ABI [1—3%7. This instance of Py TypeOb ject represents the Python floating-point type. This is
the same object as £1oat in the Python layer.

int PyFloat_Check (PyObject *p)
Return true if its argument isa PyFloatObject or a subtype of PyFloatOb ject. This function always
succeeds.

int PyFloat_CheckExact (PyObject *p)
Return true if its argument is a PyFloatOb ject, but not a subtype of PyFloatObject. This function
always succeeds.

PyObject *PyFloat_FromString (PyObject *str)
EMEAE: ey 408, [FfE @ ABI[—4)4). Create a PyFloatObject object based on the string value
in str, or NULL on failure.

PyObject *PyFloat_FromDouble (double v)
EMEAE : #4208, [EVfS 0 ABIL[1)—754). Createa PyFloatObject object from v, or NULL on failure.

double PyFloat_AsDouble (PyObject *pyfloat)

[B)2 & ABI [1—34). Return a C double representation of the contents of pyfloat. If pyfloat is not a
Python floating-point object but has a __float__ () method, this method will first be called to convert
pyfloat into a float. 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.

YE 3.8 T : Use __index_ () if available.

double PyFloat_AS_DOUBLE ( PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.

PyObject *PyFloat_GetInfo (void)
EMEAE: ey 408, [F)fE @ ABI 14>, Return a structseq instance which contains information about
the precision, minimum and maximum values of a float. It’s a thin wrapper around the header file f1oat . h.
double PyFloat_GetMax ()
[FJfZ 7 ABI [1)—%/>. Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
B2 ABI [1)—4y. 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).

TE 3. 11 iRBIA.
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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:

o 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.

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 0 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.

8.2.4 [Fgiinfs

it C API 2%, Python f¥[EISU (- B B AEE R A W ZUE]: — R /2 22 BA%4S Python F25Xfr) Python 17,
o — TR RN B IREE ) C 454, APLERME T B —R/E I m=.
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) C BN EH

TV, 2E S 4 i AEE 2 BUE MRS SR 0B pR 2 4R 1A (Dy value) AT, AR50 HE 12
HUH 2 IR (dereference) ‘M. EAFHEARE API FRERE—20)

type Py_complex

HH 377 Python [EVU) (-2 MBI C Fil. K2 Uk PRIETSECY) (4 o USSR R SR & ] S AR 2
(ETF &5 M= (i A sl o £

double real

double imag

% e FE

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

PA C Hypy_complex FoniBaA Al wifEE 2z Al .
Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)

PAC 1Py complex B A m] 3 s i [E 3 1 22
Py_complex _Py_c_neg (Py_complex num)

PAC 1Py _complex R TEA A EEI num (130 S (negation).
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

PAC I Py_complex B A m] 3 s i [ o e i «
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

PAC 1 Py_complex B A Rl i A E #ur i .

AR divisor [F) null, HI it 536 [mHEF errno 5 5E([F EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

PA C fypy_complex FRTEA I num {1 exp 7 HIAE R .

AR e [F] null H. exp AZIEECH, AL % @ R EEN errno #EE EDOM,

{E[E] Python e IIgY

type PyComplexObject
M Pyobject 1T REMZE—{H Python [EHH 4.

PyTypeObject PyComplex_Type
[EVf5 7 ABL )B4y, dE Ml Py Typeobject [ HlfLF Python [EJ#{AL(E]. & B2 Python Ji i1y
complex & [f—{HHP{4

int PyComplex_Check (PyObject *p)
R HT|#E—EPyComplexObject By F EPyComplexObject W THIE], HI€[a{#E true, &
8 e A R

int PyComplex_CheckExact (PyObject *p)
MR HEE | #E—{fPyCcomplexObject, HANEPyComplexObject WFHIE], A€ [EE true. 35
EEShw N N

PyObject *PyComplex_FromCComplex (Py_complex v)

EMRAE: ey 4B, W CHIPy_complex (HES.—HFH Python [EI#H . FEEE 7 A NULL
[EIREE B 51
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PyObject *PyComplex_FromDoubles (double real, double imag)

B #eg 488, (BB ABI [—EB0. 1 real #l imag Ml {E—{# i PyComplexObject Y.
TR R IRE [m] {8 NULL IE;’EEWJ%O

double PyComplex_RealAsDouble (PyObject *op)
[EVfE7 ABI[)—45. A C ) double JE[RIE op L.

If op is not a Python complex number object but hasa __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () isnot defined then it falls back
tocall PyFloat_AsDouble () and returns its result.

RIGCRE, B VEIEMEE — 1. 0 [EIRGERISL, HULHERZIFIY PyErr Occurred () AARESTR
TE 3.13 Mupl5E 5 Use _ complex_ () if available.

double PyComplex_ImagAsDouble (PyObject *op)
[EVig ABI [1)—3B47. % op FERRIEE] C 1) double [HIfH.

If op is not a Python complex number object but hasa __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
tocall PyFloat_AsDouble () and returns 0.0 on success.

IR, BTN —1 .0 EIREHISN, BB PyErr Occurred () AHETERR:.
FE 313 [R5 T Use __complex_ () if available.

Py_complex PyComplex_AsCComplex (PyObject *op)
[ {8 op B Py_complex (.

WS op A~ 12 Python [E# 14, HA —MH __complex_ () H¥E, RIS eriny % iy vk op il
Python [HJ#(F. R _ complex () [EkREFH, MEEEFMIER _ float (). WHE
__float__ () K&, AeMBEEERE __index_ ().

KW, B 5 ¥k Il fpy_complex [E) f§real $[E -1.0, [E@E 656, K I E 0T

WpyErr Occurred () KA EETR.
T 3.8 UM AEEE: QAR AR _ index_ ().

1

3 ol

JF IV — R EAE AT — R E S 1 BOE I R Python #5 R MAE ZUE) P 1«

8.3.1 (i ¥4 (Bytes Objects)

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.
type PyBytesObject

This subtype of PyOb ject represents a Python bytes object.
PyTypeObject PyBytes_Type

[[)fZ & ABI 1—354). This instance of Py TypeObject represents the Python bytes type; it is the same
object as bytes in the Python layer.

int PyBytes_Check (PyObject *0)

Return true if the object o is a bytes object or an instance of a subtype of the bytes type. This function always
succeeds.

int PyBytes_CheckExact (PyObject *0)

Return true if the object o is a bytes object, but not an instance of a subtype of the bytes type. This function
always succeeds.
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PyObject *PyBytes_FromString (const char *v)

EMEAE: e 408, [EFEE ABI )4 Return a new bytes object with a copy of the string v as value
on success, and NULL on failure. The parameter v must not be NULL; it will not be checked.

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

R4 #reh 408, [EFEE ABI f—74). Return a new bytes object with a copy of the string v as value
and length len on success, and NULL on failure. If vis NULL, the contents of the bytes object are uninitialized.

PyObject *PyBytes_FromFormat (const char *format, ...)
EIMRAE  #rag 288, [EFS 5 ABI 3845, Takea C print £ () -style format string and a variable number
of arguments, calculate the size of the resulting Python bytes object and return a bytes object with the values
formatted into it. The variable arguments must be C types and must correspond exactly to the format characters
in the format string. The following format characters are allowed:

| Format Characters | Type | Comment \

%% n/a The literal % character.

$c int A single byte, represented as a C int.

sd int SEfE R printf("gd") !

Su unsigned int LB print £ ("sun).!

$1d long BTN print £ ("2 ld") ]

$1lu unsigned long | Z{E R printf ("$1u").!

$zd Py_ssize_t | Z{8i printf ("%zd").!

Szu size_t SfEIA print £ ("$zu").!

$i int SEfEA print £ ("%1i") .

$x int LN print £ ("%x") !

%s const char* A null-terminated C character array.

$p const void* The hex representation of a C pointer. Mostly equivalent to
printf ("$p") except that it is guaranteed to start with the
literal Ox regardless of what the platform’s print £ yields.

An unrecognized format character causes all the rest of the format string to be copied as-is to the result object,
and any extra arguments discarded.

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
EMRAE : #rag 4 ng ., [EFEE ABIL -4y, Identical to PyBytes_FromFormat () except that it takes
exactly two arguments.

PyObject *PyBytes_FromObject (PyObject *0)
B #reg 4Bk, [EiEE ABI [1)—#34). Return the bytes representation of object o that implements
the buffer protocol.

Py_ssize_t PyBytes_Size (PyObject *0)
[F)f% & ABI [1)— %% Return the length of the bytes in bytes object o.

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Similar to PyBytes_Size (), but without error checking.

char *PyBytes_AsString (PyObject *0)

[F)fZ 72 ABI [1— (%) Return a pointer to the contents of 0. The pointer refers to the internal buffer of o,
which consists of 1en (o) + 1 bytes. The last byte in the buffer is always null, regardless of whether there
are any other null bytes. The data must not be modified in any way, unless the object was just created using
PyBytes_FromStringAndSize (NULL, size). It mustnot be deallocated. If o is not a bytes object
atall, PyBytes_AsString () returns NULL and raises TypeError.

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

! For integer specifiers (d, u, 1d, lu, zd, zu, i, x): the O-conversion flag has effect even when a precision is given.
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int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
[[)fZ 72 ABI [—3%(4). Return the null-terminated contents of the object obj through the output variables
buffer and length. Returns O on success.

If length is NULL, the bytes object may not contain embedded null bytes; if it does, the function returns —1
and a ValueError is raised.

The buffer refers to an internal buffer of obj, which includes an additional null byte at the end (not
counted in length). The data must not be modified in any way, unless the object was just created using
PyBytes_FromStringAndSize (NULL, size). It must not be deallocated. If obj is not a bytes
objectatall, PyBytes_AsStringAndSize () returns —1 and raises TypeError.

TE 3.5 IR %52 55 Previously, TypeError was raised when embedded null bytes were encountered in the
bytes object.

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
[F)2 5 ABI [)—34). Create a new bytes object in *byfes containing the contents of newpart appended to
bytes; the caller will own the new reference. The reference to the old value of byfes will be stolen. If the new
object cannot be created, the old reference to bytes will still be discarded and the value of *byfes will be set to
NULL; the appropriate exception will be set.

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
[EJZ 5 ABI [/)-—#F4). Create a new bytes object in *byfes containing the contents of newpart appended to
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
Resize a bytes object. newsize will be the new length of the bytes object. You can think of it as creating a new
bytes object and destroying the old one, only more efficiently. Pass the address of an existing bytes object as
an lvalue (it may be written into), and the new size desired. On success, *bytes holds the resized bytes object

and 0 is returned; the address in *byfes may differ from its input value. If the reallocation fails, the original
bytes object at *bytes is deallocated, *bytes is set to NULL, MemoryError is set, and —1 is returned.

8.3.2 {uibEF¥14 (Byte Array Objects)

type PyByteArrayObject
i Pyobject T RIEIAZE T Python LTS YT
PyTypeObject PyByteArray Type

[EIF5 7 ABL 145 @Ml Py Typeobject ME B T Python i JCALRESZE]); 7E Python
H1f) bytearray [ElF— ¥,

DIREESR

int PyByteArray_Check (PyObject *0)
MR o A CAHFES Y, SCE 2 A e s BUE FRUEIR E e, . ekt
AR S AT -

int PyByteArray_ CheckExact (PyObject *0)

RV o & — AL TCA S P, AR A7 eAR s B E) F2UE R BEG, T[] (e . pRiat
AR AT

142 Chapter 8. BEg¥itE



The Python/C API, &(F 3.13.0rc2

EHi APl B

PyObject *PyByteArray_FromObject (PyObject *0)

EIARAE: Arag 408, [EEE ABL 5. AR o BUE B0 A T AL 1, [FIEE
T % & Wk (buffer protocol) .

eI, Erlnl i NuLL [EIREE B A

PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_f len)
WMEAE: #rag 48k, [EFEE ABL 300 18 string S AR len ST — (8B 07 JCALBES H 12F o
eI, ErlalfE NULL [EIREE B A

PyObject *PyByteArray Concat (PyObject *a, PyObject *b)

EARE: Frah 408, [ERIE ABL— . AT o Fl b, Bl — {86 & 4 R Hi LT
AL o

FEJIRE , grlal e NULL [ElRE il Sh.
Py_ssize_t PyByteArray_Size (PyObject *bytearray)
55 ABI 1354y, 1EMAE NULL $51E4% , [8l{8 bytearray {1 K/)N.

char *PyByteArray_AsString (PyObject *bytearray)

[EFSE ABL Y50 fEMA R E NULL 5154%, 1% bytearray (VR [ EHEIF 051 . [l {81y i
B 4882 iy 2 PRI — {1l 23 (5 C A

int PyByteArray_ Resize (PyObject *bytearray, Py_ssize_t len)
[EIFS5E ABL 93 #f bytearray 1 [ETHR 8% i /N HE(ED len

EX

L E A T A EAE R, B HEMA g i,
char *PyByteArray_AS_STRING (PyObject *bytearray)
HlpyByteArray AsString () ), BEAREE.

Py_ssize_t PyByteArray GET_SIZE (PyObject *bytearray)
BlpyByteArray Size () ¥, {BEGERGE.

8.3.3 Unicode ¥4 B2 4G 2528
Unicode ¥§

Since the implementation of PEP 393 in Python 3.3, Unicode objects internally use a variety of representations, in
order to allow handling the complete range of Unicode characters while staying memory efficient. There are special
cases for strings where all code points are below 128, 256, or 65536; otherwise, code points must be below 1114112
(which is the full Unicode range).

UTF-8 representation is created on demand and cached in the Unicode object.

fti(E]

The Py_ UNICODE representation has been removed since Python 3.12 with deprecated APIs. See PEP 623 for
more information.
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Unicode Type

These are the basic Unicode object types used for the Unicode implementation in Python:

type Py_UCS4
type Py_UCS2
type Py_UCS1

[F)2 5 ABI [)—3#547. 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.

1E 3.3 iABNA.
type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

TF 3.3 JiUHJ %4 B 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.

Deprecated since version 3.13, will be removed in version 3.15.

type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

These subtypes of PyObject 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.

1E 3.3 RABTINA.

PyTypeObject PyUnicode_Type
[F)f% 1 ABI [#)—%4). This instance of Py TypeObject 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:

int PyUnicode_Check (PyObject *obj)
Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.

int PyUnicode_CheckExact (PyObject *obj)

Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always
succeeds.

int PyUnicode_READY (PyObject *unicode)
Returns 0. This API is kept only for backward compatibility.

TE 3.3 MBI
1r 3.10 i % #[EIH]: This API does nothing since Python 3.12.
Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)

Return the length of the Unicode string, in code points. unicode has to be a Unicode object in the “canonical”
representation (not checked).

1E 3.3 JABTINA.
Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)
Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

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.

1E 3.3 iRABTIA.
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PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

TE 3.3 MU A-
FE 312 5 PyUnicode_ WCHAR_KIND CLgi#Z4 .

int PyUnicode_KIND (PyObject *unicode)

Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this
Unicode object uses to store its data. unicode has to be a Unicode object in the “canonical” representation (not
checked).

1E 3.3 A
void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical” repre-
sentation (not checked).

1E 3.3 RPN
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.

1E 3.3 U
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.

1E 3.3 M.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

Read a character from a Unicode object unicode, which must be in the ”canonical” representation. This is less
efficient than PyUnicode_READ () if you do multiple consecutive reads.

e 3.3 B
Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)

Return the maximum code point that is suitable for creating another string based on unicode, which must be
in the “canonical” representation. This is always an approximation but more efficient than iterating over the
string.

1E 3.3 HBIA.

int PyUnicode_IsIdentifier (PyObject *unicode)

= 5E ABI[1)-—14). Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return O otherwise.

TE 3.9 fiA{) %% 5 The function does not call Py_FatalError () anymore if the string is not ready.
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Unicode Character Properties

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)

Return 1 or 0 depending on whether c/ is a whitespace character.
int Py_UNICODE_ISLOWER (Py UCS4 ch)

Return 1 or 0 depending on whether c/ is a lowercase character.
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_UCS4 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# is a digit character.
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

Return 1 or 0 depending on whether c# 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:

Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
Return the character ch converted to lower case.

Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
Return the character ch converted to upper case.

Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
Return the character ch converted to title case.

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.
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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 <= 0OxDFFF).

int Py_UNICODE_IS_HIGH_SURROGATE (Py UCS4 ch)
Check if ch is a high surrogate (0xD800 <= ch <= 0xDBFF).

int Py_UNICODE_IS_LOW_SURROGATE (Py UCS4 ch)
Check if ch is a low surrogate (0xDC00 <= ch <= OxDFFF).

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; OxDBFF] 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)
E{4E: #ay% &, 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.

1E 3.3 JRABTINA.
PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

E 1% {f: # 89 % 1B, 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.

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).

1E 3.3 A
PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)
EIR A ey 2E, = E ABI [f)—#}/4). Create a Unicode object from the char buffer str. 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 stris NULL and size > 0
TE 3.12 J) 58 str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString (const char *str)
EMEAE : #rey 488, [FfS 2 ABI [1)—/}. Create a Unicode object from a UTF-8 encoded null-terminated
char buffer str.
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PyObject *PyUnicode_FromFormat (const char *format, ...)

EIMEE: #rey 48, [EEE ABI [—384). Take a C printf ()-style format string and a variable
number of arguments, calculate the size of the resulting Python Unicode string and return a string with the
values formatted into it. The variable arguments must be C types and must correspond exactly to the format
characters in the format ASCII-encoded string.

A conversion specifier contains two or more characters and has the following components, which must occur
in this order:

1. The '$ ' character, which marks the start of the specifier.
2. Conversion flags (optional), which affect the result of some conversion types.

3. Minimum field width (optional). If specified as an ' * ' (asterisk), the actual width is given in the next
argument, which must be of type int, and the object to convert comes after the minimum field width
and optional precision.

4. Precision (optional), given as a ' . ' (dot) followed by the precision. If specified as ' *' (an asterisk),
the actual precision is given in the next argument, which must be of type int, and the value to convert
comes after the precision.

5. Length modifier (optional).
6. Conversion type.

The conversion flag characters are:

| HEE A% |

0 The conversion will be zero padded for numeric values.
= The converted value is left adjusted (overrides the O flag if both are given).

The length modifiers for following integer conversions (d, i, o, u, %, or X) specify the type of the argument
(int by default):

| Modifier ~Types \

1 long B{ unsigned long

11 long long B unsigned long long
j intmax_t Bf uintmax_t

z size_t 8f ssize_t

t ptrdiff_t

The length modifier 1 for following conversions s or V specify that the type of the argument is const
wchar_t*.

The conversion specifiers are:
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Con- Type Comment

version

Speci-

fier

% n/a The literal % character.

d, 1 Specified by the The decimal representation of a signed C integer.

length modifier

u Specified by the The decimal representation of an unsigned C integer.

length modifier

o Specified by the The octal representation of an unsigned C integer.

length modifier

x Specified by the The hexadecimal representation of an unsigned C integer (lowercase).

length modifier

X Specified by the The hexadecimal representation of an unsigned C integer (uppercase).

length modifier
int A single character.

s const char* & A null-terminated C character array.

const wchar_t*

P const void* The hex representation of a C pointer. Mostly equivalent to
printf ("$p") except that it is guaranteed to start with the literal
0x regardless of what the platform’s print £ yields.

A PyObject* The result of calling ascii ().

U PyObject* — Unicode Y14

\Y PyObject™*, A Unicode object (which may be NULL) and a null-terminated C char-

const char* B{
const wchar_t*

acter array as a second parameter (which will be used, if the first pa-
rameter is NULL).

S PyObject* The result of calling PyObject_Str ().

R PyObject* The result of calling PyObject_Repr ().

T PyObject* Get the fully qualified name of an object type; call
PyType_GetFullyQualifiedName ().

#T PyObject* Similar to T format, but use a colon (:) as separator between the
module name and the qualified name.

N PyTypeObject* Get the fully qualified name of a type; call
PyType_GetFullyQualifiedName ().

#N PyTypeObject* Similar to N format, but use a colon (:) as separator between the
module name and the qualified name.

()

The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes or wchar_t items (if the length modifier 1 is used) for "$s" and "$V" (if the PyObject*
argument is NULL), and a number of characters for "$A", "$U", "$S", "$R" and "$V" (if the
PyObject* argument is not NULL).

e

Unlike to C print £ () the O flag has effect even when a precision is given for integer conversions (d, i,

u, 0, X, or X).

T 3.2 MUY 5 5 Support for "$11d" and "%11u" added.
T 3.3 fiRA{)5# 58 Support for "$1i", "$11i" and "$z1i" added.

TE 3.4 iR 5% 5 . Support width and precision formatter for "%s", "$A", "$U", "$V", "$S", "$R" added.

8.3. FIlMmtF

149



The Python/C API, £[F] 3.13.0rc2

TE 3.12 fit 55 5 Support for conversion specifiers o and X. Support for length modifiers § and t. Length
modifiers are now applied to all integer conversions. Length modifier 1 is now applied to conversion specifiers
s and V. Support for variable width and precision *. Support for flag —.

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.

T 3.13 FjRAY %55 Support for $T, $#T, %N and % #N formats added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
EIMRE: #ag 4, [EFE 5 ABI B3R 45. Identical to PyUnicode FromFormat () except that it

takes exactly two arguments.

PyObject *PyUnicode_FromObject (PyObject *obj)
EMRE: #Frag 408, [EFSE ABI #7354, 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 a new strong reference to the
object.

Objects other than Unicode or its subtypes will cause a TypeError.
PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
ERAE: ey 48, [FFEE ABI HY—3/). 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)

ZE ABI [)—i4> & 3.7 ik A B 44. Return the length of the Unicode object, in code points.

1E 3.3 A

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 IRBMA.
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.

TE 3.3 g
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

[FfE & ABI [—30%r B 3.7 W A Bl44. 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).

1 3.3 JBTIMA.
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Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

25 ABI [—314> & 3.7 B A B44. 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.

TE 3.3 A
PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)
EMEAE: Frey 4 0g, [EEE ABLIY—39 B 3.7 & A B44. Return a substring of unicode, from character

index start (included) to character index end (excluded). Negative indices are not supported.

TE 3.3 A
Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

[F)fE 5 ABI 19— #04> B 3.7 B A Bl 44. Copy the string unicode 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 unicode). buffer is returned on success.

1 3.3 JIBA.
Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)
[ 2 ABL [1—34B4> B 3.7 B A B44. Copy the string unicode 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.

T 3.3 JBTMA.

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 length, const char *errors)

ERAE: #ey4nd, [EFEE ABLI—E4r & 3.7 B A B 44. Decode a string from UTF-8 on Android
and VxWorks, or from the current locale encoding on other platforms. The supported error handlers are
"strict" and "surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors
is NULL. st# 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.

hs%

Py_DecodeLocale () BT\,

1E 3.3 ABIA.

TE 3.7 iU 5% 5 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)
w AR fE: Foay 4 M. B E ABL 1 - 4 A 37 B A M 4. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

TE 3.3 [ A
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PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

EMEAE: #reg 4B, [DEE ABL 19—H04 & 3.7 & A B 44. Encode a Unicode object to UTF-8 on
Android and VxWorks, or to the current locale encoding on other platforms. The supported error handlers are
"strict" and "surrogateescape" (PEP 383). The encoder uses "strict" error handler if errors
is NULL. Return a bytes object. unicode cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error handler.

This function ignores the Python UTF-8 Mode.

hz%

Py_EncodeLocale () T\,

1E 3.3 ABIA.

TE 3.7 HUH 5% 5 The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_FEncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

File System Encoding

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 () asthe conversion function:
int PyUnicode_FSConverter (PyObject *obj, void *result)

[F)f5 7 ABI [1)—3[4). ParseTuple converter: encode st r 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.

1 3.1 RPN
TE 3.6 fRASEAEE . Accepts a path-like object.
To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () asthe conversion function:
int PyUnicode_FSDecoder (PyObject *obj, void *result)
[EfZ 5 ABI [1—3%%4). ParseTuple converter: decode byt es 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 PyUnicodeOb ject* which must be released when it is no
longer used.

1 3.2 A
TE 3.6 fiRA{5E TR Accepts a path-like object.

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_f size)
EMRAE : #rah 408, [EEE ABI [1—04). 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 ().

hz%

Py_DecodeLocale () 3.

TE 3.6 iR T The filesystem error handler is now used.
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PyObject *PyUnicode_DecodeFSDefault (const char *str)
EMEAE: ey 408, [FEE ABI )4, Decode a null-terminated string from the filesystem encoding
and error handler.
If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().
TE 3.6 JR[{5# T The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
EARAE : Freg 4R, [EIfEE ABI [)—4). 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 ().

hz%

Py_EncodeLocale () FAZS.

TE 3.2 g
T 3.6 U5 55 The filesystem error handler is now used.

wchar_t 712

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
EMRE : #rag 408, [EfEE ABI [1-—47. Create a Unicode object from the wchar_t buffer wstr 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 *wstr, Py_ssize_t size)
[F)35 7& ABI 14>, Copy the Unicode object contents into the wchar_t buffer wstr. 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.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

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)

[EfZ 5 ABL 1354 B 3.7 B A B44. 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.

1E 3.2 B

Tr 3.7 55 5 : Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
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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.

Generic Codecs

These are the generic codec APIs:

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

EMEAE: #rah 404, [EfEE ABI Y-/, Create a Unicode object by decoding size bytes of the encoded
string str. encoding and errors have the same meaning as the parameters of the same name in the st r () 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)

ARG FTeg 4 RE, Z £ ABI 1) —ii/>. 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 1R hEi528

These are the UTF-8 codec APIs:

PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)
EMEAE: ey 408, [EfEE ABI 1/ Create a Unicode object by decoding size bytes of the UTF-8
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
= AR fE: # oy 2 B, IR E ABL B — P e 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)
R ey 48, [EFEE ABI f#)—4. 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)

[EFZ 2 ABI [1—3B4> B 3.10 ¥ B 44. 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.

On error, set an exception, set size to —1 (if it’s not NULL) and return NULL.
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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.

TE 3.3 RN
T 3.7 HiL /)5 5 The return type is now const char * rather of char *.
Tr 3.10 kLAY %5 55 This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

1E 3.3 RABIA.

JE 3.7 W% 58 The return type is now const char * rather of char *.
Yp

UTF-32 & hR %528

These are the UTF-32 codec APIs:

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

EARAE: Frey 4 8&, [DFEE ABI [#)— (4. 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
*pbyteorder == 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 *str, Py_ssize_t size, const char *errors, int

*byteorder, Py_ssize_t *consumed)

= OAR A #osy % . [EE E ABL B — W 4 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)
EARAE : Frag 488, [FFEE ABI )54 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.
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UTF-16 {RAZIESS

These are the UTF-16 codec APIs:

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

EIMEE: #rey 488, [FE & ABI [—#64). 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.

PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *str, Py_ssize_t size, const char *errors, int

*byteorder, Py_ssize_t *consumed)

B o1& fE: # oy % B, [EE E ABL 1 — ¥ 4N 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)
EAR 1 #rag 408, [EfS 4 ABI ()54, 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 iRhRIS 28

These are the UTF-7 codec APIs:

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)
EMEAE: ey 408, [EfSE ABI[1—/r. Create a Unicode object by decoding size bytes of the UTF-7
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
w AR A A oay 4 88, [EfE & ABL () — %5 4. If consumed is NULL, behave like
PyUnicode_DecodeUTF7 (). If consumed is not NULL, trailing incomplete UTF-7 base-64 sec-
tions 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.
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Unicode-Escape Codecs

These are the "Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
EMEAE : ey 408, [EFEE ABI -4 Create a Unicode object by decoding size bytes of the Unicode-
Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

ERAE #4408, [FEE ABI [)—3%>. 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 *str, Py_ssize_t size, const char *errors)
EIMR1E: #rah g, [FFEE ABI 1y-—#B4). Create a Unicode object by decoding size bytes of the Raw-
Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

= AR4E: Frey 488, [EfEE ABI )34, 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.

Latin-1 {5 #R 522

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 *str, Py_ssize_t size, const char *errors)
EMEAE: Frag 4 0&, [P ABI -4 Create a Unicode object by decoding size bytes of the Latin-1
encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
EMEAEL: #rhg 488, [FfE 0 ABI [)—%5%). 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 4R EH52%

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize t size, const char *errors)
EMEAE: #rey 4 e., [EfS ABI [1)-—7545. Create a Unicode object by decoding size bytes of the ASCII
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
EIMRAE : #ray 408, [E)EE ABI 1Y—F4). 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.
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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 *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
EMEAE: Fray 404, [EfEE ABI Y-/, Create a Unicode object by decoding size bytes of the encoded
string str 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 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None.
Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
ERAE: ey 4 &, [EEE ABIJ—4>. 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 O 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 *unicode, PyObject *table, const char *errors)
EIMR 8 ey 4md, [EFSE ABI )B4y, Translate a string by applying a character mapping table to it
and return the resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion
of the character).

Mapping tables need only provide the _ _getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

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 *str, Py_ssize_t size, const char *errors)

BB #rag 4B, [EFEE ABL 354> on Windows & 3.7 #5444, Create a Unicode object by
decoding size bytes of the MBCS encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
EMRAE : Frah 488, [FFS 52 ABI[1—EB%) on Windows 8 3.7 e A B 44. If consumed is NULL, behave like
PyUnicode_DecodeMBCS (). If consumed is not NULL, PyUnicode_DecodeMBCSStateful ()
will not decode trailing lead byte and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
EMEE: #rag 4e, [EFEE ABI—34) on Windows § 3.7 # A~ Hl44. 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.
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PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

ERAE: #rey 2B, [EEEE ABL 19—3584) on Windows § 3.7 #5 A Bi44. 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.

1E 3.3 FIA.

Methods & Slots

Methods and Slot Functions

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)
EMEME: ey 408, [EfEE ABI 4. Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
EMR A ey 48, [EFEE ABI [#)-—354). 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 *unicode, int keepends)
EAEAE : #Freg 48, [FfEE ABI[1)—54). Splita Unicode string at line breaks, returning a list of Unicode
strings. CRLF is considered to be one line break. If keepends is 0, the Line break characters are not included
in the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
EMR G ey g, [EfSE ABI [1)-—3%B4>. Join a sequence of strings using the given separator and return
the resulting Unicode string.
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

[EfZ 5 ABI [1—%%4). Return 1 if substr matches unicode [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 *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)
B2 % ABI (1) —3%(/>. Return the first position of substr in unicode [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 *unicode, Py _UCS4 ch, Py_ssize_t start, Py_ssize_t end, int
direction)
B %F ABI ) — 4> & 3.7 ¥& A& Bl 44. Return the first position of the character ch in
unicode[start:end] using the given direction (direction == 1 means to do a forward search, direc-

tion == —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.

1E 3.3 B A
TE 3.7 R\ 5% 58 start and end are now adjusted to behave like unicode [start:end].
Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

EfE = ABI 19 — 3 4 Return the number of non-overlapping occurrences of substr in

=
o

unicode [start:end]. Return —1 if an error occurred.
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PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t

maxcount)
ERAE: #eg 408, [DEE ABI [—354). Replace at most maxcount occurrences of substr in unicode
with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
[F)f% 5 ABI ) —(4)y. Compare two strings and return —1, 0, 1 for less than, equal, and greater than,
respectively.

This function returns —1 upon failure, so one should call PyErr Occurred () to check for errors.

int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py_ssize_t size)

[EfE 5 ABI (314 & 3.13 #r A B 45. Compare a Unicode object with a char buffer which is interpreted
as being UTF-8 or ASCII encoded and return true (1) if they are equal, or false (0) otherwise. If the Unicode
object contains surrogate characters or the C string is not valid UTF-8, false (0) is returned.

This function does not raise exceptions.

e 3.13 JRPMA.
int PyUnicode_EqualToUTF8 (PyObject *unicode, const char *string)
[BJfS 2 ABI [—%4> & 3.13 B A B44. Similar to PyUnicode Equal ToUTF8AndSize (), but

compute string length using st rlen (). If the Unicode object contains null characters, false (0) is returned.

1E 3.13 A

int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

[F)f% 5 ABI [#)—(4). Compare a Unicode object, unicode, 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)

B E: #rag 488, [ ABI [#)—3%4>. Rich compare two Unicode strings and return one of the
following:

e NULL in case an exception was raised
e Py Trueor 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)
EIARAE: #ray 4 B8, = E ABI 1) —#5/>. Return a new string object from format and args; this is

[

analogous to format % args.

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
[F)f5 & ABI [1)—7/>. Check whether substr is contained in unicode and return true or false accordingly.

substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

[EfZ 2 ABI [1——54. Intern the argument *p_unicode 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 *p_unicode,itsets * p_unicode to it (releasing the reference to the old string object and creating
a new strong reference to the interned string object), otherwise it leaves * p_unicode alone and interns it.

(Clarification: even though there is a lot of talk about references, think of this function as reference-neutral.
You must own the object you pass in; after the call you no longer own the passed-in reference, but you newly
own the result.)

This function never raises an exception. On error, it leaves its argument unchanged without interning it.
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Instances of subclasses of st r may not be interned, that is, PyUnicode_CheckExact (*p_unicode)
must be true. If it is not, then -- as with any other error -- the argument is left unchanged.

Note that interned strings are not “immortal” . You must keep a reference to the result to benefit from
interning.

PyObject *PyUnicode_InternFromString (const char *str)
B ARAE: e % BR, = F ABI [ —#F4>. A combination of PyUnicode_ FromString () and

PyUnicode_InternInPlace (), meant for statically allocated strings.

Return a new ("owned”) reference to either a new Unicode string object that has been interned, or an earlier
interned string object with the same value.

Python may keep a reference to the result, or make it immortal, preventing it from being garbage-collected
promptly. For interning an unbounded number of different strings, such as ones coming from user input,
prefer calling PyUnicode_FromString () and PyUnicode_InternInPlace () directly.

CPython E{ff#llfifi: Strings interned this way are made immortal.

8.3.4 Tuple (5T#l) Wit

type PyTupleObject
This subtype of PyOb ject represents a Python tuple object.
PyTypeObject PyTuple_Type
= ABI [f)—#/>. This instance of Py TypeOb ject represents the Python tuple type; it is the same
object as tuple in the Python layer.
int PyTuple_Check (PyObject *p)
Return true if p is a tuple object or an instance of a subtype of the tuple type. This function always succeeds.

int PyTuple_CheckExact (PyObject *p)
Return true if p is a tuple object, but not an instance of a subtype of the tuple type. This function always
succeeds.

PyObject *PyTuple_New (Py_ssize_t len)
MR G : Frhh 408, [FFE 0 ABI 1545 Return a new tuple object of size len, or NULL with an exception
set on failure.

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
EMRAE : #ra4 488, [R5 ABI (1)), Return a new tuple object of size n, or NULL with an exception
set on failure. The tuple values are initialized to the subsequent n C arguments pointing to Python objects.
PyTuple_Pack (2, a, b) isequivalentto Py_Buildvalue (" (00)", a, b).

Py_ssize_t PyTuple_Size (PyObject *p)
= ABI [1)—#5/2. Take a pointer to a tuple object, and return the size of that tuple. On error, return —1
and with an exception set.

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
Like PyTuple Size (), but without error checking.

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
EIMRAE 2R 488, [EFS50E ABI )B4, Return the object at position pos in the tuple pointed to by p.
If pos is negative or out of bounds, return NULL and set an IndexError exception.

The returned reference is borrowed from the tuple p (that is: it is only valid as long as you hold
a reference to p). To get a strong reference, use Py_NewRef (PyTuple_GetItem(...)) or
PySequence_GetItem().

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
EMEME: #5488, Like PyTuple GetItem (), but does no checking of its arguments.
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PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
ERAE: ey 4i&, [FEE ABIfJ—%r. Return the slice of the tuple pointed to by p between low and
high, or NULL with an exception set on failure.

This is the equivalent of the Python expression p [low:high]. Indexing from the end of the tuple is not
supported.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
[F)f5 2 ABI [1)—3/). Insert a reference to object o at position pos of the tuple pointed to by p. Return 0 on
success. If pos is out of bounds, return —1 and set an IndexError exception.

(e

This function steals” a reference to o and discards a reference to an item already in the tuple at the affected
position.

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
Like PyTuple_SetItem (), butdoes no error checking, and should only be used to fill in brand new tuples.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

e

This function steals” a reference to o, and, unlike Py Tuple_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)

Can be used to resize a tuple. newsize will be the new length of the tuple. Because tuples are supposed to be
immutable, this should only be used if there is only one reference to the object. Do not use this if the tuple
may already be known to some other part of the code. The tuple will always grow or shrink at the end. Think
of this as destroying the old tuple and creating a new one, only more efficiently. Returns 0 on success. Client
code should never assume that the resulting value of *p will be the same as before calling this function. If the
object referenced by *p is replaced, the original *p is destroyed. On failure, returns —1 and sets *p to NULL,
and raises MemoryError or SystemError.

8.3.5 Struct Sequence Objects

Struct sequence objects are the C equivalent of namedtuple () objects, i.e. a sequence whose items can also be
accessed through attributes. To create a struct sequence, you first have to create a specific struct sequence type.
PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
B AR #rag 4 0g, [FiEE ABI [#)—75/4). Create a new struct sequence type from the data in desc,
described below. Instances of the resulting type can be created with Py St ruct Sequence_New ().

Return NULL with an exception set on failure.

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
Initializes a struct sequence type fype from desc in place.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)

Like PyStructSequence_InitType (), butreturns O on success and —1 with an exception set on fail-
ure.

1E 3.4 JRBTMA.

type PyStructSequence_Desc
[EfZ 5 ABL %384 (6L4-F7H m & ) . Contains the meta information of a struct sequence type to create.
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const char *name

Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.

PyStructSequence_Field *£ields

Pointer to NULL-terminated array with field names of the new type.
intn_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field

[E)f5 7 ABI [#)—30%r (&4 FrH & B) . 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.

const char *name

Name for the field or NULL to end the list of named fields, set to
PyStructSequence_UnnamedField to leave unnamed.

const char *doe

Field docstring or NULL to omit.

const char *const PyStruct Sequence_UnnamedField
B ABL -4y B 3.11 Re A B44. Special value for a field name to leave it unnamed.

F£ 3.9 W) %8 5 The type was changed from char *.
PyObject *PyStructSequence_New (PyTypeObject *type)

EIARAE : Frag 4 0e . [FIfEE ABI1Y—/r. Creates an instance of type, which must have been created with
PyStructSequence_NewType ().

Return NULL with an exception set on failure.

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
EMEAE: 158 488, [EfSE ABI [#)—%%). Return the object at position pos in the struct sequence pointed
to by p.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
EARAE: 15 488, Aliasto PyStructSequence_GetItem().

TE 3.13 Jitf) 5 5 Now implemented as an alias to PyStruct Sequence_GetItem ().

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

[F)f5 & ABI [ — % 4>, Sets the field at index pos of the struct sequence p to value o. Like
PyTuple_ SET_TTEM/(), this should only be used to fill in brand new instances.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

e

This function “steals” a reference to o.

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
Alias to PyStruct Sequence_SetItem().

T 3.13 flAY 5% 5 Now implemented as an alias to Py St ruct Sequence_SetItem().
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8.3.6 List (%) ¥

type PyListObject
pyObject E{H TR Python 1 list (ER51) i,
PyTypeObject PyList_Type
[EIE7E ABILf—F4). HPyTypeobject FHIZRR Python 1 list Z4[F]. jEHL Python JE Yy 1ist
s [ —fE 1.
int PyList_Check (PyObject *p)
W p S —1 list P a2 list ZUEZ FRUEIGEEB], At true. 55 1R o8 7K0E € BT .
int PyList_CheckExact (PyObject *p)
WA p S —1 list PPEAR 2 list ZUENFRUEI EEB, St true. 35 1R o8 X7KG0E € BT .
PyObject *PyList_New (Py_ssize_t len)
ERAE: Ara s, [ERE ABLAY— 7. BRI EHR EED len fBTERS, SR RACRE I NULL,

e

If len is greater than zero, the returned list object’s items are set to NULL. Thus you cannot use abstract
API functions such as PySequence_SetItem() or expose the object to Python code before setting
all items to a real object with PyList_SetItem() or PyList_SET_TITEM (). The following APIs
are safe APIs before the list is fully initialized: PyList_SetItem() and PyList_SET _ITEM().

Py_ssize_t PyList_Size (PyObject *list)

[EVfE ABLf—35 55 [AMEE lise S5 IR RBE s B RER AR 1en (1ist) .
Py_ssize_t PyList_GET_SIZE (PyObject *list)

HipyList_Size () Ffl, (AEH G
PyObject *PyList_GetItemRef (PyObject *list, Py_ssize_t index)

EMEE: Frag g, [FiEw ABL Y- 754> & 3.13 B K B44. Return the object at position index in the
list pointed to by list. The position must be non-negative; indexing from the end of the list is not supported. If
index is out of bounds (<0 or >=len (list)), return NULL and set an IndexError exception.

1E 3.13 A
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
EARAE: 2R 488, [EfE 0 ABI [1J—%34. Like PyList_GetItemRef (), but returns a borrowed
reference instead of a strong reference.
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
EMRAE: EA 4R, BlPyList_GetItem() ¥, (BEHEERBE.
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

[EVig ABL 1)y M 8h3R5 | index gErt) YA H e ) item. BEHIREMIE 00 ISR index 8 H 5
A E A A -1 3% E—M IndexError fil4h.

fH(E
e TREI % irem )2 18, EEER S5 2P 8008 FOFEEE SR,

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
pyList_sSetItem() WESERNX, EFHHEE. Sl ERNERER CAERE .

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.
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e

EE T#E ¥iem 2R, DHEPyList_SetTtem() AEIHE, B R €O ZH
BETEEWZ R list FALE | T2 BE S ER (eak).

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
[EF5 52 ABI 04 A$TEH item A S35 list &5 | index (07 E 2 Bl . A0SR AZNANEE 05 dnsf
B -1 [ERE b, SRR 1ist . insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
TE ABL [ —5R0. A irem PRINEN SR list (B AR TH . QNSRRI EIE 05 AR AT, HY
[l —1 EREGISh. BIUR 1ist . append (item),

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
EIARAE: Arag 4 e, B ABL-04r. [EIE st R a5, A5 low H1 high 2 1 1H)4)
o AREA B I EE NULL FIREGISh. BRUA 1ist [low:highl . ANIEIERT] AP
=5l.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
[EJF5 2 ABL () — 345 #§ low R high 2 [/ list Y] v 3% & B itemlist {9 [E) %5, J5 L iR
list[low:high] = itemlist. itemlist JREFEI NULL, Fmaii—Masss] (WHER). mh
el O, RBURERIEE -1, ARSI R RFIHERET

int PyList_Extend (PyObject *list, PyObject *iterable)

Extend list with the contents of iterable. This is the same as PyList_SetSlice(list,
PY_SSIZE_T_MAX, PY_SSIZE_T_MAX, iterable) and analogous to list.
extend(iterable) orlist += iterable.

Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.

1 313 iR
int PyList_Clear (PyObject *list)

Remove all items from /ist. This is the same as PyList_SetSlice (list, 0, PY_SSIZE_T_ MAX,
NULL) and analogousto list.clear () ordel list[:].

Raise an exception and return -1 if list is not a 11 st object. Return 0 on success.

TE 3.13 JBA.

int PyList_Sort (PyObject *list)
(EVFEE ABL Y5y, 3 list (92 H BEAT A (in place) HEF o BCENRF I E 0, SRIKHF[E —1. SEAH
HOA 1ist.sort ().

int PyList_Reverse (PyObject *list)
[EVFE e ABL [y B S st (I H o I REIEE 0, JRHREEEIE —1. EHE R 1ist.
reverse (),

PyObject *PyList_AsTuple (PyObject *list)

WARAE: ey 4 Ra . BT ABL Y100 [BE—FEHT) wple (JCAL) Wi, Hop s list iE%
FHER tuple (1ist) .
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8.4 FaRUIF
8.4.1 L

type PyDictObject
pyObject §AUREFK—1H Python 7 JH 4.
PyTypeObject PyDict_Type
5 7E ABL )3y, PyTypeObject BRI F—1H Python FHLAUAE . [LEH Python g i) dict
[Em]— P
int PyDict_Check (PyObject *p)
#r p e E M a1 L RE E ) P [l crue, I pR U AR ST LA T )
int PyDict_CheckExact (PyObject *p)
2 p I HEER & i T AR E ), J I cue. SeR AR UCER @ HUAT IR
PyObject *PyDict_New ()
ERAE: Aray s, [ERE ABLAY— ). [ —RRTAY 255, B7ER HORs Il NULL,
PyObject *PyDictProxy_New (PyObject *mapping)
EIMRAE : #0408, [E)EF ABLI—3(4). Returna t ypes . MappingProxyType object for a mapping
which enforces read-only behavior. This is normally used to create a view to prevent modification of the
dictionary for non-dynamic class types.
void PyDict_Clear (PyObject *p)
[FJf5 & ABI [1)—%>. Empty an existing dictionary of all key-value pairs.
int PyDict_Contains (PyObject *p, PyObject *key)
[EJ#Z 72 ABI [{)—#B4y. Determine if dictionary p contains key. If an item in p is matches key, return 1,
otherwise return 0. On error, return —1. This is equivalent to the Python expression key in p.
int PyDict_ContainsString (PyObject *p, const char *key)

This is the same as PyDict_Contains (), but keyis specified as a const char* UTF-8 encoded bytes
string, rather than a PyOb ject*.

TE 3.13 B

PyObject *PyDict_Copy (PyObject *p)
ERAE : Frag 488 . (B2 ABL 1) /). Return a new dictionary that contains the same key-value pairs
as p.

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
[F)f5 5 ABI [f)—3%). Insert val into the dictionary p with a key of key. key must be hashable; if it isn't,
TypeError will be raised. Return 0 on success or —1 on failure. This function does not steal a reference to
val.

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
[EJ7Z 52 ABI 14y Thisis the same as PyDict_SetItem(),butkeyisspecifiedasa const char*
UTF-8 encoded bytes string, rather than a PyObject*.

int PyDict_DelItem (PyObject *p, PyObject *key)
[FJ2 2 ABI [)—74)>. Remove the entry in dictionary p with key key. key must be hashable; if it isn't,
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on
failure.

int PyDict_DelItemString (PyObject *p, const char *key)

[F)fZ 1 ABI [1)— %% Thisis the same as PyDict_DelItem(),butkeyisspecifiedasaconst char*
UTF-8 encoded bytes string, rather than a PyObject*.
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int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result)
[F)fE & ABL 554 & 3.13 #e K B 44. Return a new strong reference to the object from dictionary p which
has a key key:
« If the key is present, set *result to a new strong reference to the value and return 1.

« If the key is missing, set *result to NULL and return O.

» On error, raise an exception and return —1.

1 313 iR A
See also the PyObject_GetItem () function.
PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

EMEAE: 5 408, [EEEE ABI 1), Return a borrowed reference to the object from dictionary p
which has a key key. Return NULL if the key key is missing without setting an exception.

e

Exceptions that occur while thiscalls__hash__ () and __eq__ () methods are silently ignored. Prefer
the PyDict_GetItemWithError () function instead.

JE 3.10 iR f4)%# 58 Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

B 15 488, [EfEE ABIL 14>, Variant of PyDict_GetItem() that does not suppress
exceptions. Return NULL with an exception set if an exception occurred. Return NULL without an exception
set if the key wasn’t present.

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

EMEAE 15 408, [FfE 0 ABI[)—(%). Thisis the same as PyDict_Get ITtem (), but keyis specified
asa const char* UTF-8 encoded bytes string, rather than a PyObject*.

{nal

Exceptions that occur while this calls __hash__ () and __eqg () methods or while creating the tem-
porary str object are silently ignored. Prefer using the PyDict_GetItemWithError () function
with your own PyUnicode_FromString () key instead.

int PyDict_GetItemStringRef (PyObject *p, const char *key, PyObject **result)

[ ABL Y354 B 3.13 B A BA44. Similar than PyDict_Get ItemRef (), but key is specified as
aconst char* UTF-8 encoded bytes string, rather than a PyOb ject*.

TE 3.13 Hig A

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
%A 45 488, This is the same as the Python-level dict . setdefault (). If present, it returns the
value corresponding to key from the dictionary p. If the key is not in the dict, it is inserted with value defaultobj

and defaultobj is returned. This function evaluates the hash function of key only once, instead of evaluating it
independently for the lookup and the insertion.

TE 3.4 BRI

int PyDict_SetDefaultRef (PyObject *p, PyObject *key, PyObject *default_value, PyObject **result)
Inserts default_value into the dictionary p with a key of key if the key is not already present in the dictionary.
If result is not NULL, then *result is set to a strong reference to either default_value, if the key was not present,
or the existing value, if key was already present in the dictionary. Returns 1 if the key was present and de-

Sfault_value was not inserted, or 0 if the key was not present and default _value was inserted. On failure, returns
-1, sets an exception, and sets *result to NULL.
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For clarity: if you have a strong reference to default_value before calling this function, then after it returns,
you hold a strong reference to both default value and *result (if it’s not NULL). These may refer to the same
object: in that case you hold two separate references to it.

e 3.13 P A.
int PyDict_Pop (PyObject *p, PyObject *key, PyObject **result)
Remove key from dictionary p and optionally return the removed value. Do not raise KeyError if the key
missing.
« If the key is present, set *result to a new reference to the removed value if result is not NULL, and return
1.
o If the key is missing, set *result to NULL if result is not NULL, and return 0.

« On error, raise an exception and return —1.

This is similar to dict .pop (), but without the default value and not raising KeyError if the key missing.

e 3.13 JRBTA.
int PyDict_PopString (PyObject *p, const char *key, PyObject **result)

Similar to PyDict_Pop (), but key is specified as a const char* UTF-8 encoded bytes string, rather
thana PyObject*.

1 313 RPN A

PyObject *PyDict_Items (PyObject *p)
EMEAE: ey 488, [FiEE ABI [#)—%04). Returna PyListObject containing all the items from the
dictionary.

PyObject *PyDict_Keys (PyObject *p)
EMR1E: #rey 4ng, B ABI[-—#04>. Returna PyListObject containing all the keys from the
dictionary.

PyObject *PyDict_Values (PyObject *p)

EMRE: #ray 408, [EfEE ABI Y44y, Returna PyListObject containing all the values from the
dictionary p.

Py _ssize_t PyDict_Size (PyObject *p)

[E)Z 72 ABI [)—#B4). Return the number of items in the dictionary. This is equivalent to len (p) on a
dictionary.
int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

25 ABI [)—334). Tterate over all key-value pairs in the dictionary p. The Py_ssize_ t referred to by
ppos must be initialized to O 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.

S

s R

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

}

L J

The dictionary p should not be mutated during iteration. It is safe to modify the values of the keys as you
iterate over the dictionary, but only so long as the set of keys does not change. For example:
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p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (o) ;

The function is not thread-safe in the free-threaded build without external synchronization. You can use
Py _BEGIN_CRITICAL_SECTION to lock the dictionary while iterating over it:

Py_BEGIN_CRITICAL_SECTION (self->dict);
while (PyDict_Next (self->dict, &pos, &key, &value)) {

}
Py_END_CRITICAL_SECTION() ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
[F)f5 5 ABI [1)—7/). Iterate over mapping object b adding key-value pairs to dictionary a. b may be a
dictionary, or any object supporting PyMapping Keys () and PyObject_GetItem(). If override is
true, existing pairs in a will be replaced if a matching key is found in b, otherwise pairs will only be added if
there is not a matching key in a. Return O on success or —1 if an exception was raised.

int PyDict_Update (PyObject *a, PyObject *b)
[BJfS 2 ABI [—#B4>. This is the same as PyDict_Merge (a, b, 1) in C, and is similar to a.
update (b) in Python except that PyDict_Update () doesn't fall back to the iterating over a sequence
of key value pairs if the second argument has no “keys” attribute. Return 0 on success or —1 if an exception
was raised.

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
[EJ7Z 5 ABI 14y Update or merge into dictionary a, from the key-value pairs in seg2. seq2 must be an
iterable object producing iterable objects of length 2, viewed as key-value pairs. In case of duplicate keys, the
last wins if override is true, else the first wins. Return O on success or -1 if an exception was raised. Equivalent
Python (except for the return value):

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

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.

TE 3.12 HgmA.

int PyDict_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyDict_AddWatcher (). Return 0 on
success, —1 on error (e.g. if the given watcher_id was never registered.)

e 312 JRBTA.
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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 O on success or —1 on error.

e 3.12 JEHmA.
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 O on success or —1 on error.

1 312 RPN A
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.

TE 3.12 JiRBE A

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. Do not trigger Python code execution in the callback, as it could modify the dict as a side effect.

If event is PyDict_EVENT_DEALLOCATED, taking a new reference in the callback to the about-to-be-
destroyed dictionary will resurrect it and prevent it from being freed at this time. When the resurrected object
is destroyed later, any watcher callbacks active at that time will be called again.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can be inspected.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr_WriteUnraisable (). Otherwise it should return O.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

1E 3.12 i A.

8.4.2 KEYH

This section details the public API for set and frozenset objects. Any functional-
ity not listed below is best accessed using either the abstract object protocol (including
PyObject_CallMethod(), PyObject_RichCompareBool (), PyObject_Hash (),

PyObject_Repr(), PyObject_IsTrue (), PyObject_Print (), and PyObject_GetIter ()) or
the abstract number protocol (including PyNumber_ And (), PyNumber_Subtract (), PyNumber_Or (),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr (),and PyNumber_InPlaceXor ()).
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type PySetObject
This subtype of PyObject is used to hold the internal data for both set and frozenset objects. It is like
aPyDictObject inthatitis a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.
PyTypeObject PySet_Type
[F)fZ & ABI [1)—%%. This is an instance of Py TypeOb ject representing the Python set type.
PyTypeObject PyFrozenSet_Type
[EJfZ 5 ABI [1——354). This is an instance of Py TypeObject representing the Python frozenset type.
The following type check macros work on pointers to any Python object. Likewise, the constructor functions work
with any iterable Python object.
int PySet_Check (PyObject *p)
Return true if p is a set object or an instance of a subtype. This function always succeeds.
int PyFrozenSet_Check (PyObject *p)
Return true if pis a frozenset object or an instance of a subtype. This function always succeeds.

int PyAnySet_Check (PyObject *p)
Return true if p is a set object, a frozenset object, or an instance of a subtype. This function always
succeeds.

int PySet_CheckExact (PyObject *p)
Return true if p is a set object but not an instance of a subtype. This function always succeeds.

e 3.10 JRFMA.
int PyAnySet_CheckExact (PyObject *p)
Return true if pis a set objectora frozenset object but not an instance of a subtype. This function always
succeeds.
int PyFrozenSet_CheckExact (PyObject *p)
Return true if p is a frozenset object but not an instance of a subtype. This function always succeeds.

PyObject *PySet_New (PyObject *iterable)
EMRAE : #rag 48, [EFEE ABI 754>, Return a new set containing objects returned by the iterable.
The iterable may be NULL to create a new empty set. Return the new set on success or NULL on failure. Raise
TypeError if iferable is not actually iterable. The constructor is also useful for copying a set (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
EMEAE: #roh 408, [EFSE ABI (%) Return anew frozenset containing objects returned by the

iterable. The iterable may be NULL to create a new empty frozenset. Return the new set on success or NULL
on failure. Raise TypeError if iferable is not actually iterable.

The following functions and macros are available for instances of set or frozenset or instances of their subtypes.

Py_ssize_t PySet_Size (PyObject *anyset)
ZF ABI [)—/). Return the length of a set or frozenset object. Equivalent to 1en (anyset).
Raises a SystemError if anyset isnota set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)

Macro form of PySet_Size () without error checking.

int PySet_Contains (PyObject *anyset, PyObject *key)
[F)f5 & ABI [1)—747. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike the Python
__contains__ () method, this function does not automatically convert unhashable sets into temporary
frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.
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int PySet_Add (PyObject *set, PyObject *key)
[BJFS 4 ABI [ — 304> Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a
MemoryError if there is no room to grow. Raise a SystemError if sef is not an instance of set or its
subtype.

The following functions are available for instances of set or its subtypes but not for instances of frozenset or

its subtypes.

int PySet_Discard (PyObject *set, PyObject *key)
[ ABI [)—35/4>. Return 1 if found and removed, 0 if not found (no action taken), and —1 if an error
is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable.
Unlike the Python discard () method, this function does not automatically convert unhashable sets into
temporary frozensets. Raise SystemError if sef is not an instance of set or its subtype.

PyObject *PySet_Pop (PyObject *set)
EIMR A Freg 2 mg, [EEEE ABI [-—3%(4). Return a new reference to an arbitrary object in the set, and
removes the object from the sef. Return NULL on failure. Raise KeyError if the set is empty. Raise a
SystemError if sef is not an instance of set or its subtype.

int PySet_Clear (PyObject *set)

[F)f5 5 ABI [1)— 54> Empty an existing set of all elements. Return 0 on success. Return —1 and raise
SystemError if set is not an instance of set or its subtype.

8.5 ENMF

8.5.1 FX¥¥ (Function Objects)

A — LR AT Python pRY RS

type PyFunctionObject
IR C it

PyTypeObject PyFunction_Type
i MMryTypeobject LRI, HAAKT Python e A(E], Python P2kt & W& types.
FunctionType il

int PyFunction_Check (PyObject *0)
WA o MR XY (HEG PyFunction Type [(AE]) RIEE true, ZHAZIARE NULL. I
A BT -

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
R Fray s Rk, [l {E SRR AEYI 1T code A B BRI globals WhIH & — {87 A BRI
REEVA B AT s ) -

BRI SO (docstring) Fl44 FR EFE XS Y TS, _ module_ J& [ globals FTHifs. 5l
BIESE . 2[E) (annotation) F1EH4Y (closure) ¥ #%[F) NULL, _ qualname_  #EREIFIFE G4
co_qualname HR{AH[FAI{E.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
WA Ara9 4. RPyFunction_New () M, BHAFEAMF _qualname BRI
%€, qualname JEF]—{f unicode ¥ {482 NULL; N[ NULL, _ qualname__  JBVE & ¥k
[P co_qualname FHAAHIF I

£ 3.3 HGA.

PyObject *PyFunction_GetCode (PyObject *op)
AR AR SRR (ARG YA B Y R A ope
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PyObject *PyFunction_GetGlobals (PyObject *op)
ERAR: PER SRR, ] S A g R X AT B 4 e K 1 op
PyObject *PyFunction_GetModule (PyObject *op)
E ARG AR 4R, BE—MREYHE op 2 _ _module_ JBVERIborrowed reference, B W] PASE
NULL,
T A AL ARG F B, (AT AR Python FEs B EUE M H A 14 .
PyObject *PyFunction_GetDefaults (PyObject *op)

AR AR 2. [EE R op W95 EBERE, BT — A 2051 8 wple (JTHL)
B NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BCE BRI op W5 MIHEE . defaults 1LJH 2 Py_None m{—1{H tuple.
5% systemError HYESRBCHE B -1,
void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
(1 45 72 4 R X4 fune 585 vectorcall M {7 o
Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall function!

1 3.12 g A.
PyObject *PyFunction_GetClosure (PyObject *op)

AR R 2 Rg. [EEEE R Y op FHEASRIGBAAL, BT DA NULL Bl —E 7 cell ¥
I¢) tuple,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
i A LR A op AHBHIRI BAAD, closure AL 72 Py_None 82—l 5 cell %14 tuple.
5|3 systemError HAFRBIREEIE -1,
PyObject *PyFunction_GetAnnotations (PyObject *op)
EARAE: AR 4R RIE AP op ERE), SE T DA E TS B 1Y (mutable) FULEY NULL.,
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
B BT op WIREE], annotations W /&7, Py_None.
514 systemError HAERMIRG(HIH -1,

int PyFunction_AddWatcher (PyFunction_WatchCallback callback)

Register callback as a function watcher for the current interpreter. Return an ID which may be passed to
PyFunction_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and
set an exception.

1E 3.12 HRAA.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyFunction_AddWatcher () for the
current interpreter. Return 0 on success, or —1 and set an exception on error (e.g. if the given watcher_id was
never registered.)

e 3.12 JRBTA.

type PyFunction_WatchEvent

Enumeration of possible function watcher events: - PyFunction_EVENT_CREATE
- PyFunction_EVENT_DESTROY - PyFunction_EVENT_MODIFY_CODE -
PyFunction_EVENT_MODIFY_DEFAULTS - PyFunction_EVENT_MODIFY_ KWDEFAULTS

1E 3.12 G
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typedef int (*PyFunction_WatchCallback)(PyFunction_WatchEvent event, PyFunctionObject *func,
PyObject *new_value)

Type of a function watcher callback function.

If event is PyFunction_EVENT_CREATE or PyFunction_EVENT_DESTROY then new_value will be
NULL. Otherwise, new_value will hold a borrowed reference to the new value that is about to be stored in func
for the attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects, including infinite
recursion.

If event is PyFunct ion_EVENT_CREATE, then the callback is invoked after func has been fully initialized.
Otherwise, the callback is invoked before the modification to func takes place, so the prior state of func can be
inspected. The runtime is permitted to optimize away the creation of function objects when possible. In such
cases no event will be emitted. Although this creates the possibility of an observable difference of runtime
behavior depending on optimization decisions, it does not change the semantics of the Python code being
executed.

If eventisPyFunction_EVENT_DESTROY, Taking a reference in the callback to the about-to-be-destroyed
function will resurrect it, preventing it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr_WriteUnraisable (). Otherwise it should return O.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

£ 3.12 JGA.

8.5.2 EHlHEMHE (Instance Method Objects)

FHI ) R PyCrunct ion HAL4E4% (wrapper), tI2i§PyCrunction [E4h (bind) FJEEY 1 — T
FH. BERTHEEYE PyMethod_New (func, NULL, class) RN,

PyTypeObject PyInstanceMethod_Type
PyTypeObject [WEHIfLF Python B ERE. EAE 2B (expose) i Python Fiall.

int PyInstanceMethod_Check (PyObject *0)
Wk o R—MEB LW (BEErPyInstanceMethod Type) H[{E true. 2 HnHA(E
NULL. BCeRaCAERE & AT

PyObject *PyInstanceMethod_New (PyObject *func)

AR Ay S0 BT EGIIEY I, fune [EUEREATVEMPICE, TEEL B AR R
func pRA AL EHIFI

PyObject *PyInstanceMethod_Function (PyObject *im)
EARAE T AR R MBI T BTk im iR X
PyObject *PyInstanceMethod_GET_ FUNCTION (PyObject *im)
EMRAA: R 488, E4E (macro) UK Py InstanceMethod _Function (), ZWE T SRk,
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8.5.3 FiEWH (Method Objects)

R EIE)AS M2 (bound function) #4F. Ty VA4 2 & wk [EVAS 5 — 18 (i il 3 2 SN B0l . R BV )y v
(Eg5 8 —mEEN %) CATH.
PyTypeObject PyMethod_Type
B PyTypeobject FHIF Python TR, BEEE types.MethodType /A B4 Python F2
e
int PyMethod_Check (PyObject *0)
Wk o R— MM (REEPyMethod Type) WM true. ZHLEREINULL, IHHALZ
G AT .
PyObject *PyMethod_New (PyObject *func, PyObject *self)
EARAE: Arad S, IR, func REENE R ATNFI0E, self [ElR% 07 R B EISS 2
Blo AEDVEGIFIIRE, func B @ TN . self MARE NULL,
PyObject *PyMethod_Function (PyObject *meth)
AR AR R [ B S DTk meth R
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
EHE: A SR, BEERRANPyMethod_Function (), ZMET #HRA.
PyObject *PyMethod_Self (PyObject *meth)
EMRAE: ER 0 SRR 5k meth W E .
PyObject *PyMethod_GET_SELF (PyObject *meth)
ERE: A SR EEMAMPyMethod _Self (), MG T Himtgd.

8.5.4 Cell %

"Cell” Py T TEBIEZ A TR IT 2 B (reference) (YA M. EPFMG ISRV ML, e cell Y{HE)
TR ST 2 MGAE R R stack frame v (14 [ g M 53 060 5 ANV FH I cell 20, B TRIER
T T RS (AL, T coll o e A (LTI AL cell Yy PA Bt . RS cell By fH: IR 5 I
(de-reference) T5ZA: LA TCALAG (byte-code) 3 #% s FEHUREA & HEJ RS M. cell Yy HoAtuth 75 m]
REA KA -
type PyCellObject

Cell Y1t 2 C %Kit
PyTypeObject PyCell_Type

S cell PP 14 HAED.
int PyCell_Check (PyObject *ob)

W ob 22— cell YyFRIEIEEAE; ob WEAE NULL, I oR A2 G e T .
PyObject *PyCell_New (PyObject *ob)

EIEAE Freg % ig . ESZEIRE A ob BT cell Y. 2un PAE] NULL.
PyObject *PyCell_Get (PyObject *cell)

WARAE: Freg 4R, [ cell Wi cell EIZE, HTREEI NULL. IR cell AN2E—1# cell Y4, HIlM
[ NULL [EJRR 2 B Sh o

PyObject *PyCell_GET (PyObject *cell)
A AR SRR M cell Y1 cell (NEVZE, (HRAAET cell Z753E NULL [E] HE—{# cell {4
int PyCell_Set (PyObject *cell, PyObject *value)

#4 cell Y14 cell EIZRE(E) value., 38 ASFERUTATE cell YFE RIEAMZ 8. value 7] PAE] NULL,
cell hEARE NULL,

TEIREIEME 00 B cell An2—1M cell P, AR e I ANE ] 8 -1
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void PyCell_SET (PyObject *cell, PyObject *value)

# cell Y114 cell BT value, ANEifiF s REr, B E R EIEIT T2 cell WHEEE
NULL [E] HE—1# cell #{4.

8.5.5 EAEMH

Code objects are a low-level detail of the CPython implementation. Each one represents a chunk of executable code
that hasn’t yet been bound into a function.

type PyCodeObject

The C structure of the objects used to describe code objects. The fields of this type are subject to change at
any time.

PyTypeObject PyCode_Type

This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)

Return true if co is a code object. This function always succeeds.
Py_ssize_t PyCode_GetNumFree (PyCodeObject *co)

Return the number of free variables in a code object.

int PyUnstable_Code_GetFirstFree (PyCodeObject *co)

JE A RAE T AP, B RETE/MIRA B AT T VA R i s o

Return the position of the first free variable in a code object.

JE 3.13 iR[Y%4 58 : Renamed from PyCode_GetFirstFree as part of 7~4% € 49 C API. The old name is
deprecated, but will remain available until the signature changes again.
PyCodeObject *PyUnstable_Code_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, PyObject *qualname, int firstlineno,
PyObject *linetable, PyObject *exceptiontable)

TEAE L APL, BT RBTE/ INRA B AT T BV A 0 i o

Return a new code object. If you need a dummy code object to create a frame, use PyCode_NewEmpty ()
instead.

Since the definition of the bytecode changes often, calling PyUnstable_Code_New () directly can bind
you to a precise Python version.

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.

e 311 A Jii qualname il exceptiontable 228,

T 3.12 W55 5 : Renamed from PyCode_New as part of <45 % 4% C API. The old name is deprecated,
but will remain available until the signature changes again.
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PyCodeObject *PyUnstable_Code_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,
PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

I3

5 AP, BT REAE/ MIABEA AT FE T

BT A

(ol

Similar to PyUnstable_Code_New (), but with an extra "posonlyargcount” for positional-only arguments.
The same caveats that apply to PyUnstable_Code_New also apply to this function.

TE 3.8 fREENNA: as PyCode_NewWithPosOnlyArgs
JE 3.11 fREYSE T i qualname fll exceptiontable 28,

TE 3.12 iR1J5% 5 : Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is depre-
cated, but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

EIM& 1 #ra44 B8, Return a new empty code object with the specified filename, function name, and first
line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you
just need the line number of a frame, use PyFrame_GetLineNumber () instead.

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 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.

1E 3. 11 HRAmA.

PyObject *PyCode_GetCode (PyCodeObject *co)
Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesOb ject representing the bytecode in a code object. On error, NULL is returned and an exception
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.

TE 311 JRBmA.
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.

1 311 g A
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.
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1 311 JRPmA.
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.

TE 3.11 fRBEIA.
int PyCode_AddWatcher (PyCode_WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be passed to
PyCode_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and set an
exception.

e 312 JRBMA.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode_AddWatcher () for the current
interpreter. Return O on success, or —1 and set an exception on error (e.g. if the given watcher_id was never
registered.)

1E 3.12 HmA.
type PyCodeEvent
Enumeration of possible code object watcher events: - PY _CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY
e 3.12 JRPMA.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)
Type of a code object watcher callback function.

If event is PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized. Oth-
erwise, the callback is invoked before the destruction of co takes place, so the prior state of co can be inspected.

If eventis PY_CODE_EVENT_DESTROY, taking a reference in the callback to the about-to-be-destroyed code
object will resurrect it and prevent it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

Users of this API should not rely on internal runtime implementation details. Such details may include, but
are not limited to, the exact order and timing of creation and destruction of code objects. While changes in
these details may result in differences observable by watchers (including whether a callback is invoked or not),
it does not change the semantics of the Python code being executed.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr _WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

1E 3.12 iFmA.

8.5.6 Extra information
To support low-level extensions to frame evaluation, such as external just-in-time compilers, it is possible to attach
arbitrary extra data to code objects.

These functions are part of the unstable C API tier: this functionality is a CPython implementation detail, and the
API may change without deprecation warnings.

Py_ssize_t PyUnstable_Eval_RequestCodeExtraIndex (freefunc free)
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TEA ST APL, BT RETE/INIRAEE A [ A i 5 Ml o

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra and
PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored under the
new index. Use Py_DecRef () when storing PyObject.

TE 3.6 iR A as _PyEval_RequestCodeExtralndex

TE 3.12 R %% ¥ : Renamed to PyUnstable_Eval_ RequestCodeExtralndex. The old private
name is deprecated, but will be available until the API changes.

int PyUnstable_Code_GetExtra (PyObject *code, Py_ssize_t index, void **extra)

Il
S

R TR API, TR R A A (L S s

)

.

(¢

Set extra to the extra data stored under the given index. Return O on success. Set an exception and return -1
on failure.

If no data was set under the index, set extra to NULL and return 0 without setting an exception.
JE 3.6 fR¥EINA: as _PyCode_GetExtra

TE 3.12 FiU 5% 5 : Renamed to PyUnstable_Code_GetExtra. The old private name is deprecated,
but will be available until the API changes.

int PyUnstable_Code_SetExtra (PyObject *code, Py_ssize_t index, void *extra)

RURTALE AP, R AEAE/ MRS A (R 5 A

Set the extra data stored under the given index to extra. Return O on success. Set an exception and return -1
on failure.

JE 3.6 fR¥EINA: as _PyCode_SetExtra

TE 3.12 U5 5 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated,
but will be available until the API changes.

8.6 HihifF

8.6.1 EXEM% (File Objects)

B4 AP 2 F A ElEAE 94 Python 2 C API {#5/]MEi#E (minimal emulation), ‘&3 KR C B2HER
K FHEH A& /O (FILE*) 4% . 7E Python 3 Hr, RN 1o BH, EEBRMERFMILNE
HELRTH /O EFR T Z BN . FHihRm U2 28 APLMEHE C e, TEMNE SRS E
RS AR = AU AE R (E)7E L 10 APL,
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PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)

EIEE: #rey 488, [FEE ABI [)—3%(4>. Create a Python file object from the file descriptor of an
already opened file fd. The arguments name, encoding, errors and newline can be NULL to use the defaults;
buffering can be -1 to use the default. name is ignored and kept for backward compatibility. Return NULL
on failure. For a more comprehensive description of the arguments, please refer to the 10 .open () function
documentation.

i

H1 7 Python BRiA E TR, & MELERE 2 e e R SRR AR O () (E AR A TR P
(BIAERHE P AT & ) o

TE 3.2 RS 20 name J& 1k

int PyObject_AsFileDescriptor (PyObject *p)
[EVES7E ABI )543 WIEEL p B AORE SAMA SEE) int, QURPpOR s, AIMEHAE . 2R
AR, RRFIPIEE) £ileno O ik (WPRAFAE); RErika MR s, EARERE S
IR E . R il SNEE S FEORE I -1

PyObject *PyFile_GetLine (PyObject *p, int n)
EMEAE: #rey 408, [EfE5E ABI [1—35/). Equivalent to p.readline ([n]), this function reads one
line from the object p. p may be a file object or any object with a readline () method. If n is 0, exactly
one line is read, regardless of the length of the line. If n is greater than 0, no more than n bytes will be read
from the file; a partial line can be returned. In both cases, an empty string is returned if the end of the file
is reached immediately. If 7 is less than 0, however, one line is read regardless of length, but EOFError is
raised if the end of the file is reached immediately.

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
% io.open_code () WIEHATEIAE RN EIEFEA (handler) ELHEH 2.
The handler is a function of type:

typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)
Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guar-
anteed to be PyUnicodeObject.

userData FEHZER 0 | [FIFIpF X (hook function) H1. H A AT 8 € fE A [F] (B4 7B (runtime) IFENY
EIt, HILRZ R A E 4245 1) Python iR AE .

H A L ENE b AR A P A R R A, DR s e e e A T P8 A AL, R ME s
W B 4E B AE sys.modules HA[ .,

Once a hook has been set, it cannot be removed or replaced, and later «calls to
PyFile_ SetOpenCodeHook () will fail. On failure, the function returns -1 and sets an exception
if the interpreter has been initialized.

fEPy_Initialize () ZEiFENY IR L 40 .
A | b | 5 — W FE 4% 557 (auditing event) set opencodehook,
TE 3.8 BB A

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

[EF5 52 ABI 555 #4114 obj 55 ARSI p. flags ME— LR AIEAR SR Py PRINT_RAW; YR
BHEE, MEAYHN str () AR repr () o FERZNEME 0 sy B mIE -1 5 3E @ 1Bl
Ak

int PyFile_WriteString (const char *s, PyObject *p)

[Ef3E ABLI— 5. AT H s EIREEW I po B IIRF IO O, 15 SR [l 4 -1, [E s
A BISMRE.
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8.6.2 Rt

PyTypeObject PyModule_Type
[EJ#Z 7 ABI [ —#F 4. This instance of PyTypeObject represents the Python module type. This is
exposed to Python programs as t ypes .ModuleType.

int PyModule_Check (PyObject *p)

Return true if p is a module object, or a subtype of a module object. This function always succeeds.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule_ Type. This function always succeeds.

PyObject *PyModule_NewObject (PyObject *name)
B AR #ey 4 d, BEEE ABI () — 3% & 3.7 #& A B 45, Return a new module object
with the __name___ attribute set to name. The module’s _ _name_ , _ doc__, _ package_ , and
__ loader__ attributes are filled in (all but __name___ are set to None); the caller is responsible for pro-
vidinga __ file_ _ attribute.

TE s ] NULL [FI 2 40 o
TE 3.3 g A.
TE 34 RIS _ package_ Ml _ loader_  #f#%[F] None,

PyObject *PyModule_New (const char *name)
EMERAE: #reg 4, [EEE ABI [—3#54>. Similar to PyModule NewObject (), but the name is a
UTF-8 encoded string instead of a Unicode object.

PyObject *PyModule_GetDict (PyObject *module)

EMR G 12 288, [EfE 5 ABI 1945 Return the dictionary object that implements module’s names-
pace; this object is the same as the ___dict___ attribute of the module object. If module is not a module
object (or a subtype of a module object), SystemError is raised and NULL is returned.

It is recommended extensions use other PyModule_* and PyObject_ * functions rather than directly ma-
nipulate a module’s __dict_ .
PyObject *PyModule_GetNameObject (PyObject *module)

EIARE: Frag 4, [ESE ABL 34 & 3.7 B K Bl44. Return module’s __name_ value. If the
module does not provide one, or if it is not a string, SystemError is raised and NULL is returned.

1E 3.3 iABIA.

const char *PyModule_GetName (PyObject *module)
[BJfS 2 ABI [f—%( 4. Similar to PyModule GetNameObject () but return the name encoded to
'utf-8"'.

void *PyModule_GetState (PyObject *module)
[F)2 5 ABI [#)—3%/4>. Return the “state” of the module, that is, a pointer to the block of memory allocated
at module creation time, or NULL. See PyModuleDef.m size.

PyModuleDef *PyModule_GetDef (PyObject *module)
[F)f% 7 ABI [#)—4). Return a pointer to the PyModuleDef struct from which the module was created,
or NULL if the module wasn’t created from a definition.

PyObject *PyModule_GetFilenameObject (PyObject *module)

MR AE  #r ey 488 [EIFS 2 ABI #3545, Return the name of the file from which module was loaded using
module’s __file__ attribute. If this is not defined, or if it is not a unicode string, raise SystemError and
return NULL; otherwise return a reference to a Unicode object.

1E 3.2 R
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const char *PyModule_GetFilename (PyObject *module)

[EfZ i ABIL 193145 Similarto PyModule GetFilenameObject () butreturn the filename encoded
to ’utf-8’.

T 3.2 Rz B 8EIH: PyModule GetFilename () raises UnicodeEncodeError on unencodable
filenames, use PyModule GetFilenameObject () instead.

a1t C 124

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

[EfZ 5 ABI f1—3B4 (6.4 A B ) . 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
Name for the new module.
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 addi-
tional amount of memory it requires for its state. Non-negative m_size is required for multi-phase
initialization.
LR R PEP 3121,

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 fR Y%A T Prior to version 3.5, this member was always set to NULL, and was defined as:

inquiry m_reload
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fraverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 fA%%2 5 No longer called before the module state is allocated.
inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_s i ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used, the cyclic
garbage collector is not involved and m_free is called directly.

TE 3.9 MR AY%2 5 No longer called before the module state is allocated.
Jfreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
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.

TE 3.9 fAY%2 5 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)
1R A #r 49 % B&., 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)

EIMRAE : #7044 08, [F)fE 2 ABI [543, 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
RuntimeWarning is emitted.

e SO )8 NULL (B 5E Bl oh

e

Most uses of this function should be using PyModule Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using
functions like PyModule 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 ob-
ject is created, and the execution phase, when it is populated. The distinction is similar to the __new__ () and
__init__ () methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be 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 ()), orits 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)

EAEAE: 4R 4. [EfEE ABL Y% 8 3.5 B A B44. 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.
1E 3.5 ABIA.
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.
TE 3.5 A
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__s1ize; 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.
Py_mod_multiple_interpreters

Specifies one of the following values:

Py MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main interpreter’s
GIL. (See isolating-extensions-howto.)

Py_MOD_PER_INTERPRETER_GII_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL. (See
isolating-extensions-howto.)

This slot determines whether or not importing this module in a subinterpreter will fail.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod _multiple_interpreters is not specified, the import machinery defaults to
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

e 3.12 B A.
Py_mod_gil
Specifies one of the following values:

Py_MOD_GIL_USED

The module depends on the presence of the global interpreter lock (GIL), and may access global state
without synchronization.

Py _MOD_GIL_NOT USED

The module is safe to run without an active GIL.

This slot is ignored by Python builds not configured with ——disable—-gil. Otherwise, it determines whether
or not importing this module will cause the GIL to be automatically enabled. See whatsnew313-free-threaded-
cpython for more detail.

Multiple Py_mod_gil slots may not be specified in one module definition.
If Py_mod_gil is not specified, the import machinery defaults to Py_MOD_GIL_USED.
1 313 JRPmA.

See PEP 489 for more details on multi-phase initialization.
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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)

© 1% 1E: #7449 % B, Create a new module object, given the definition in def and the Module-
Spec spec. This behaves like PyModule FromDefAndSpec2 () with module_api_version set to
PYTHON_API_ VERSION.

TE 3.5 A
PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

EARAE: #reg 4, [EEE ABL 3% & 3.7 #e K Bl44. Create a new module object, given the
definition in def and the ModuleSpec spec, assuming the API version module_api_version. If that version does
not match the version of the running interpreter, a Runt imeWarning is emitted.

A SR H R [l 8 NULL [El s il b o

e

Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this if
you are sure you need it.

e 3.5 BAA.
int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
&5 ABIL [—E04> B 3.7 B A< B44. Process any execution slots (Py_mod_exec) given in def.

1E 3.5 HRBTIMA.
int PyModule_SetDocString (PyObject *module, const char *docstring)

[Ff5 & ABI (1 —3B%r B 3.7 #& K Bl 44. 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.

TE 3.5 A A
int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

[BJfS 2 ABI 384 A 3.7 #= A Bl 44. Add the functions from the NULL terminated functions ar-
ray 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 mod-
ule 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.

1E 3.5 ANA.

XEMER

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)

B0 ABL Y354y B 3.10 #e A Fi45. 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 -1 if value is NULL. It must be called with an exception raised in this case.
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FREHER -

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:

p
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.

The number of different name strings passed to this function should be kept small, usually by only
using statically allocated strings as name. For names that aren’t known at compile time, prefer call-
ing PyUnicode FromString() and PyObject_SetAttr () directly. For more details, see

PyUnicode_InternFromString (), which may be used internally to create a key object.

e 3.10 HAFMA.

int PyModule_Add (PyObject *module, const char *name, PyObject *value)

[EfZ 2 ABI f—3R4r A 3.13 #- A B 4&. Similar to PyModule AddObjectRef (), but “steals” a
reference to value. It can be called with a result of function that returns a new reference without bothering to

check its result or even saving it to a variable.

ikis ik

if (PyModule_Add (module, "spam", PyBytes_FromString(value)) < 0) {
goto error;

e 313 JRBTA.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

[BJfZ 52 ABI [ —3045. Similar to PyModule_AddObjectRef (), but steals a reference to value on

success (if it returns 0).

The new PyModule_Add () or PyModule AddObjectRef () functions are recommended, since it is

easy to introduce reference leaks by misusing the PyModule_ AddObject () function.

il

value on success.

on error.

Unlike other functions that steal references, PyModule_AddObject () only releases the reference to

This means that its return value must be checked, and calling code must Py XDECREF () value manually

R
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rPyObject *obj = PyBytes_FromString(value);

if (PyModule_AddObject (module, "spam", obj) < 0) {
// If 'obj' is not NULL and PyModule_AddObject () failed,
// 'obj' strong reference must be deleted with Py XDECREF ().
// If 'obj' is NULL, Py XDECREF () does nothing.
Py_XDECREF (obj) ;
goto error;

I3

// PyModule_AddObject () stole a reference to obj:

// Py_XDECREF (obj) 1is not needed here.

.

TE 3.13 fRZ 4B ¥EEH: PyModule AddObject () is soft deprecated.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
B2 ABI [)-—#45. Add an integer constant to module as name. This convenience function can be used
from the module’s initialization function. Return —1 with an exception set on error, O on success.

This is a convenience function that calls PyLong_ FromLong () and PyModule AddObjectRef ();
see their documentation for details.
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

[F)f5 & ABI [)—%/%). Add a string constant to module as name. This convenience function can be used from
the module’s initialization function. The string value must be NULL-terminated. Return —1 with an exception
set on error, O on success.

This is a convenience function that calls PyUnicode InternFromString() and
PyModule_ AddObjectRef ();see their documentation for details.
PyModule_AddIntMacro (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 with an exception set on error, 0 on success.
PyModule_AddStringMacro (module, macro)
Add a string constant to module.
int PyModule_AddType (PyObject *module, PyTypeObject *type)

[FfE 2 ABI 354> & 3.10 pr A Bl44. Add a type object to module. The type object is finalized by calling
internally Py Type_Ready (). The name of the type object is taken from the last component of tp_name
after dot. Return —1 with an exception set on error, O on success.

1E 3.9 JIBIA.
int PyUnstable_Module_SetGIL (PyObject *module, void *gil)

RS APL, B A MR BT R A (TR O

Indicate that module does or does not support running without the global interpreter lock (GIL), using one of
the values from Py_mod_gil. It must be called during module’s initialization function. If this function is
not called during module initialization, the import machinery assumes the module does not support running
without the GIL. This function is only available in Python builds configured with ——disable-gil. Return
-1 with an exception set on error, O on success.

TE 3.13 UG
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REER

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)
ERE: 15 R 288, (B ABI 1954} . 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)
[0 ABL[-—3%R4> B 3.3 #R A B44. 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).

The caller must hold the GIL.
RG] 0, FE SRR R -1 BV il 4h
TE 3.3 JRBEA.

int PyState_RemoveModule (PyModuleDef *def)

5 & ABI ff)—04)> & 3.3 # A F45. Removes the module object created from def from the interpreter
state. Return —1 with an exception set on error, O on success.

The caller must hold the GIL.
TE 3.3 B

8.6.3 [Fl{X2% (lterator) Hif¥

Python {1t T Wi 38 JH (1 A% (iterator) {4, 55— /2 /7 51| [ fL 4% (sequence iterator), i i 77 ¢ $%
__getitem__ () HYRMMERIFA, 5 ZHATIENY (callable) 4 {4 FINYLLE (sentinel value) — i H
ERFI ) R AT RE R A TRl SR R A R AR
PyTypeObject PySeqIter_ Type
[EVfE:¢ ABI ffy—R5r. WA Py SegTter New () Jir M EVRE 04 DA S A (E) 22
A REME RS iter O WES|HIER.
int PySeqIter_Check (PyObject *op)
Return true if the type of op is PySegIter_Type. This function always succeeds.

PyObject *PySeqIter_New (PyObject *seq)
EMR G #rag 4nd, [EFS5E ABI [#)—754). Return an iterator that works with a general sequence object,
seq. The iteration ends when the sequence raises IndexError for the subscripting operation.
PyTypeObject PyCallIter_Type
[FJf5 5 ABI [y, Type object for iterator objects returned by PyCallIter New () and the two-
argument form of the iter () built-in function.
int PyCallIter_ Check (PyObject *op)
Return true if the type of op is PyCallIter Type. This function always succeeds.
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PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
EMR G  #Frag 408, [EiS 2 ABI Y45 Return a new iterator. The first parameter, callable, can be any
Python callable object that can be called with no parameters; each call to it should return the next item in the
iteration. When callable returns a value equal to sentinel, the iteration will be terminated.

8.6.4 Descriptor (}iX2E) Y

"Descriptor” JE AP R LL G PER T, EMAFAER BUE (41 dictionary () .

PyTypeObject PyProperty_Type
[FIf5 & ABI [1—5%. [E)7 descriptor Z[FIR BUEI {4

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
EMEE: Frag e, [REE ABLIY—4)

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
MR Aray e, [EfSE ABLI—HB5

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
EMEE: #rag e, [DRE ABLIY—5)

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
EMRIE: Feg 408,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
EIMEAE Freg48&. [EfSE ABL )B4

int PyDescr_IsData (PyObject *descr)

W4 descriptor $){: descr F{R )2 — 8 EORHE MER BIEAESAE, 83 A e iR 2 — My AR
[l 0. descr Wh/H[E)—{# descriptor ¥1{f; [EA S0

PyObject *PyWrapper_New (PyObject*, PyObject*)
EIMEAE Freg 4 8&. [EfSE ABIL R4

8.6.5 YR ¥*

PyTypeObject PySlice_Type
= ABI [1)—%47. The type object for slice objects. This is the same as s11ice in the Python layer.
int PySlice_Check (PyObject *ob)
Return true if ob is a slice object; ob must not be NULL. This function always succeeds.
PyObject *PyS1ice_New (PyObject *start, PyObject *stop, PyObject *step)
MR 4G : #Frag 408, [EFSE ABI[1-—#54). Return a new slice object with the given values. The start, stop,

and step parameters are used as the values of the slice object attributes of the same names. Any of the values
may be NULL, in which case the None will be used for the corresponding attribute.

Return NULL with an exception set if the new object could not be allocated.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)

[EJZ 52 ABI [~ #R4). Retrieve the start, stop and step indices from the slice object slice, assuming a sequence
of length length. Treats indices greater than length as errors.

Returns 0 on success and —1 on error with no exception set (unless one of the indices was not None and failed
to be converted to an integer, in which case —1 is returned with an exception set).

You probably do not want to use this function.

F£ 3.2 )58 5 : The parameter type for the slice parameter was PyS1iceObject * before.
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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)

[F2 5 ABI [)—3#14). Usable replacement for PyS1ice_Get Indices (). Retrieve the start, stop, and
step indices from the slice object slice assuming a sequence of length length, and store the length of the slice
in slicelength. Out of bounds indices are clipped in a manner consistent with the handling of normal slices.

SRS 0, FERIRE I -1 [EIBGE FiSh.

e

This function is considered not safe for resizable sequences. Its invocation should be replaced by a combi-
nation of PyS1ice_Unpack () and PySlice_AdjustIndices () where

e B

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength)
=< 0) {
// return error

}

. J

is replaced by

e B

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

. J

FE 3.2 )58 5 The parameter type for the slice parameter was PyS1iceObject * before.

IE 3.6.1 Ry % : If Py_LIMITED_APT is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx () isimplemented
as a macro using PySlice_Unpack () and PySlice_AdjustIndices (). Arguments start, stop and
step are evaluated more than once.

TE 3.6.1 R £ ¥ EIfH: If Py_LIMITED_API is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (notincluding) PySlice_ GetIndicesEx () isadeprecated function.
int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

[EfE & ABIL9—30r & 3.7 #e A Bl44. Extract the start, stop and step data members from a slice object as
C integers. Silently reduce values larger than PY_SSIZE_T_MAXtoPY_ SSIZE_T_ MAX, silently boost the
start and stop values less than PY_SSIZE_T_MINtoPY_SSIZE_T_MIN, and silently boost the step values
less than —-PY_SSIZE_T_MAXto -PY_SSIZE_T_MAX

JRIIREIEEE 0, FERMOEE I -1 [EBE B4
1E 3.6.1 UG

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)

[EVfZ5E ABL H—3> B 3.7 B A B44. Adjust start/end slice indices assuming a sequence of the specified
length. Out of bounds indices are clipped in a manner consistent with the handling of normal slices.

Return the length of the slice. Always successful. Doesn’t call Python code.

1E 3.6.1 BB
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Ellipsis Object

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py_None, it is an immortal singleton
object.

FE 312 WSS Py E11ipsis [FIARJKN (immortal).,

8.6.6 MemoryView #j{4

A memoryview object exposes the C level buffer interface as a Python object which can then be passed around like
any other object.
PyObject *PyMemoryView_FromObject (PyObject *obj)
EMR G #rey4ie, [EFSE ABI 754>, Create a memoryview object from an object that provides the
buffer interface. If obj supports writable buffer exports, the memoryview object will be read/write, otherwise
it may be either read-only or read/write at the discretion of the exporter.
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
EMEAE: ey 40E . [EfEE ABLIY-—)> A 3.7 B K B 44. Create a memoryview object using mem as
the underlying buffer. flags can be one of PyBUF_READ or PyBUF_WRITE.

1E 3.3 HRBTIMA.

PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
EARAE: #rag 408, S ABI W —304)> & 3.11 # A B 45. Create a memoryview object wrapping
the given buffer structure view. For simple byte buffers, PyMemoryView FromMemory () isthe preferred
function.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

EIMRAE : Fray 408, [EFSE ABI 144y, Create a memoryview object to a contiguous chunk of memory
(in either ’C’ or "Fortran order) from an object that defines the buffer interface. If memory is contiguous, the
memoryview object points to the original memory. Otherwise, a copy is made and the memoryview points to
a new bytes object.

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
Return true if the object obj is a memoryview object. It is not currently allowed to create subclasses of
memoryview. This function always succeeds.

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
Return a pointer to the memoryview’s private copy of the exporter’s buffer. mview must be a memoryview
instance; this macro doesn’t check its type, you must do it yourself or you will risk crashes.

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
Return either a pointer to the exporting object that the memoryview is based on or NULL if

the memoryview has been created by one of the functions PyMemoryView_ FromMemory () or
PyMemoryView_FromBuffer (). mview must be a memoryview instance.
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8.6.7 53 WBYH

Python supports weak references as first-class objects. There are two specific object types which directly implement
weak references. The first is a simple reference object, and the second acts as a proxy for the original object as much
as it can.

int PyWeakref_Check (PyObject *ob)

Return non-zero if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return non-zero if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)

Return non-zero if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
ERAE: #reg 488, [EE G ABI [1—3%54). 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 ob is not a weakly referenceable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
EMRE: #rag 48, [EFEE ABI [)—3%F4). 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 referenceable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

int PyWeakref_GetRef (PyObject *ref, PyObject **pobj)
[EfEE ABI 19— B 3.13 s A B 44. Get a strong reference to the referenced object from a weak
reference, ref, into *pobj.

» On success, set *pobj to a new strong reference to the referenced object and return 1.
« If the reference is dead, set *pobj to NULL and return O.
» On error, raise an exception and return -1.
1E 3.13 A
PyObject *PyWeakref_GetObject (PyObject *ref)

EMEE: A 40, S5 ABI 4>, Return a borrowed reference to the referenced object from a
weak reference, ref. If the referent is no longer live, returns Py_None.

il

This function returns a borrowed reference to the referenced object. This means that you should always call
Py_INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

Deprecated since version 3.13, will be removed in version 3.15: Use PyWeakref GetRef () instead.

PyObject *PyWeakref GET_OBJECT (PyObject *ref)
%A 15 M %08, Similar to Pyleakref GetObject (), but does no error checking.

Deprecated since version 3.13, will be removed in version 3.15: Use Pylieakref GetRef () instead.
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void PyObject_ClearWeakRefs (PyObject *object)

[F)f2 5 ABI [1)—34y. This function is called by the t p_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.

void PyUnstable_Object_ClearWeakRefsNoCallbacks (PyObject *object)

TEAE L APL, BT RETE/ INRA B AT T BV A 0 bl o

Clears the weakrefs for object without calling the callbacks.

This function is called by the t p_dea11oc handler for types with finalizers (i.e., __del__ () ). The handler
for those objects first calls PyObject_ClearieakRefs () to clear weakrefs and call their callbacks, then
the finalizer, and finally this function to clear any weakrefs that may have been created by the finalizer.

In most circumstances, it’s more appropriate to use PyObject_ClearWeakRefs () to clear weakrefs
instead of this function.

e 3.13 HAA.

8.6.8 Capsules

Refer to using-capsules for more information on using these objects.

15 3.1 BRBNA.
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

[typedef void (*PyCapsule_Destructor) (PyObject *);

[E)7Z 5 ABI 145 The type of a destructor callback for a capsule. Defined as:

See PyCapsule_New () for the semantics of PyCapsule_Destructor callbacks.

int PyCapsule_CheckExact (PyObject *p)

Return true if its argument is a PyCapsule. This function always succeeds.

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

ERAE: Frey48g, [FfEE ABI [f)-74). Create a PyCapsule encapsulating the pointer. The pointer
argument may not be NULL.

On failure, set an exception and return NULL.

The name string may either be NULL or a pointer to a valid C string. If non-NULL, this string must outlive the
capsule. (Though it is permitted to free it inside the destructor.)

If the destructor argument is not NULL, it will be called with the capsule as its argument when it is destroyed.

If this capsule will be stored as an attribute of a module, the name should be specified as modulename.
attributename. This will enable other modules to import the capsule using PyCapsule Import ().
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void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
[[)F2 72 ABI [1)—%L4). Retrieve the pointer stored in the capsule. On failure, set an exception and return
NULL.

The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule
is NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule
names.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
[F)f2 5 ABI [J—34). Return the current destructor stored in the capsule. On failure, set an exception and
return NULL.

It is legal for a capsule to have a NULL destructor. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid () or PyErr_Occurred () to disambiguate.

void *PyCapsule_GetContext (PyObject *capsule)
Z £ ABI [1)—714). Return the current context stored in the capsule. On failure, set an exception and
return NULL.

It is legal for a capsule to have a NULL context. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid() or PyErr_Occurred () to disambiguate.

const char *PyCapsule_GetName (PyObject *capsule)
[FJf5 1 ABI [#)—54). Return the current name stored in the capsule. On failure, set an exception and return
NULL.

It is legal for a capsule to have a NULL name. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid () or PyErr_Occurred () to disambiguate.
void *PyCapsule_Import (const char *name, int no_block)

)35 7 ABI )34, 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.

Return the capsule’s internal pointer on success. On failure, set an exception and return NULL.
TE 3.3 fRAJ%E TR no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

[F)2 5 ABI )14y Determines whether or not capsule is a valid capsule. A valid capsule is non-NULL,
passes PyCapsule_CheckExact (), has a non-NULL pointer stored in it, and its internal name matches
the name parameter. (See PyCapsule_GetPointer () for information on how capsule names are com-
pared.)

In other words, if PyCapsule_ IsValid () returns a true value, calls to any of the accessors (any function
starting with PyCapsule_Get) are guaranteed to succeed.

Return a nonzero value if the object is valid and matches the name passed in. Return 0 otherwise. This function
will not fail.

int PyCapsule_SetContext (PyObject *capsule, void *context)
[FJfZ & ABI [1J—5%>. Set the context pointer inside capsule to context.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
[EfZ 52 ABI 145 Set the destructor inside capsule to destructor.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetName (PyObject *capsule, const char *name)

[E2 5 ABI 1345 Set the name inside capsule to name. If non-NULL, the name must outlive the capsule.
If the previous name stored in the capsule was not NULL, no attempt is made to free it.

Return 0 on success. Return nonzero and set an exception on failure.
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int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
[E& 5 ABI [1)—54). Set the void pointer inside capsule to pointer. The pointer may not be NULL.

Return 0 on success. Return nonzero and set an exception on failure.

8.6.9 Frame ¥i%

type PyFrameObject
[F3Z2 [ AP ()—384r  (#E)—18 Ri% B & 4% (opaque struct)) . IR frame P17 C 454,

e TE R R A 2 BRI L

TE 3.11 iRA{ 5% 55 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.
PyTypeObject PyFrame_Type

The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.

T 3.11 LAY 52 T Previously, this type was only available after including <frameobject .h>.
int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.

TE 3.11 JiR %% 55 Previously, this function was only available after including <frameobject .h>.
PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

ER1E: #0484, Get the frame next outer frame.

Return a strong reference, or NULL if frame has no outer frame.

1E 3.9 FRABTIMA.
PyObject *PyFrame_GetBuiltins (PyFrameObject *{frame)

EMRAE: #rag %08, U frame () £_builtins J§.

[6l{#strong reference., 459 BEE] NULL,

1 311 g A
PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)

EMRE: #eg 28, ESE ABI W34 B 3.10 # KB 44. Get the frame code.

[B]{E.strong reference.,

The result (frame code) cannot be NULL.

1E 3.9 RPIA.

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

B4R 1A #7494 8., 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.

[n]{8strong reference B, NULL,
1 311 A

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
EARAE: ey 4B, BUS frame Y] £_globals Bk,
[B{Estrong reference. %55 ANFEF] NULL,
TE 311 fRBEIA.
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int PyFrame_GetLasti (PyFrameObject *frame)
WS frame B £_lasti JBTE.
N frame.f_lasti & None HlJ[R[{E -1,
1 311 RBIA.
PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)
EMEE: g4 E . BUS frame B3R name.
o TSI [l (5 S BAEL ) strong reference
o WEREBORAEAE, HI5[%E NameError [EIf# NULL.
o TESTRRIS |81 SNEI [l NULL,
name [EIEIL S str.
1E 3.12 JRBTINA.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)

IR 4A: #raYy 4B, Similar to PyFrame_GetVar (), but the variable name is a C string encoded in
UTF-8.

TE 312 JRAMA.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)

B4R 1A # a9 % A, Get the frame’s £_locals attribute. If the frame refers to an optimized scope,
this returns a write-through proxy object that allows modifying the locals. In all other cases (classes, mod-
ules, exec (), eval ()) it returns the mapping representing the frame locals directly (as described for
locals()).

[B]{&.strong reference.,
1 3.11 JRBMA.
FE 3.13 WU 58 5 As part of PEP 667, return a proxy object for optimized scopes.

int PyFrame_GetLineNumber (PyFrameObject *frame)
&5 ABL[—#04y & 3.10 #e A Bi44. Return the line number that frame is currently executing.

Internal Frames

Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame

The interpreter’s internal frame representation.

1E 311 RBTIA.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _PylnterpreterFrame *frame) ;

LA APL, BT REAE A B VA (T S M S

Return a strong reference to the code object for the frame.

1 312 JRPMA.
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int PyUnstable_InterpreterFrame_GetLasti (struct _PylnterpreterFrame *frame) ;

BRI APL, BT MR A AT (BTG5 S

(il

Return the byte offset into the last executed instruction.

£ 3.12 FUGA.

int PyUnstable_InterpreterFrame_GetLine (struct _PylnterpreterFrame *frame) ;

R AL AL, RS/ A BT o EVA 5 M BB T

Return the currently executing line number, or -1 if there is no line number.

e 3.12 FRAFA.

8.6.10 [FJ4 28 (Generator) ¥4

[E)4: 282 Python A AR EHIEIA: #5[E1f4% (generator iterator) (4 F. ‘&M iF M EM ErEI A R
RS, AR PyGen_New () BiPyGen_NewlithQualName ().

type PyGenObject

HREEZR IR C it
PyTypeObject PyGen_Type

BREE SR S e 2L E 1
int PyGen_Check (PyObject *ob)

W2 ob J&—{HEA: 2% (generator) PRI [H L EL(E s ob WZEARE NULL. b pR A2 & AT .
int PyGen_CheckExact (PyObject *ob)

W2 ob WAUEIRE PyGen Type RIAMEEAE; ob M RE NULL. kXA &M 8AT.
PyObject *PyGen_New (PyFrameObject *frame)

AR Freg %, HR frame W) ST B ME— O EVE S Y. IR G BUE —(H3 frame
[) 22 I (reference). 5|#ubhZHANE] NULL,

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

P AR AR ey 4 BE, FEN frame Wy g ST E Il B A S, HR _ name I
__qualname__ #Z[E) name 1 quainame. 118X €& BE — 1 ¥ frame (2 8. frame B O E
AE NULL,

8.6.11 Coroutine (#%12) ¥i¢

1E 3.5 FRBEIA.
Coroutine -2 HFLEPA async B HCE 2410 ok = r [ E R F
type PyCoroObject

FJ7 coroutine {411y C %

PyTypeObject PyCoro_Type
Hi coroutine ¥ {3 HEA AL EW F

198 Chapter 8. BEg¥itE



The Python/C API, &(F 3.13.0rc2

int PyCoro_CheckExact (PyObject *ob)
W2 ob AEIE PyCoro_Type RIAMEEAE; ob MAUREI NULL. HekARE G eldT .

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

EARAE: Breg e, HR frame W) F A E S B[] E B coroutine #) 4, HH _ _name_ Al
__qualname__ #%[E name F1 qualname. &3 & BUS—FE % frame ()2 18 (reference). frame 5]
HuhEAE NULL,

8.6.12 1EIE L St
1E 3.7 g
1 3.7.1 il

fHi(E]

In Python 3.7.1 the signatures of all context variables C APIs were changed to use PyOb ject pointers instead
of PyContext, PyContextVar,and PyContextToken, e.g.:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

2 AR R bpo-34762,

This section details the public C API for the contextvars module.

type PyContext
The C structure used to represent a contextvars.Context object.
type PyContextVar
The C structure used to represent a contextvars.ContextVar object.
type PyContextToken
The C structure used to represent a contextvars. Token object.
PyTypeObject PyContext_Type
The type object representing the context type.
PyTypeObject PyContextVar_ Type
The type object representing the context variable type.
PyTypeObject PyContextToken_Type
The type object representing the context variable token type.
Type-check macros:
int PyContext_CheckExact (PyObject *0)
Return true if o is of type PyContext_ Type. o must not be NULL. This function always succeeds.
int PyContextVar_CheckExact (PyObject *0)
Return true if o is of type PyContextVar_Type. o must not be NULL. This function always succeeds.
int PyContextToken_CheckExact (PyObject *0)
Return true if o is of type PyContext Token_ Type. o must not be NULL. This function always succeeds.

Context object management functions:
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PyObject *PyContext_New (void)
EI1% 18 #7894 H&., Create a new empty context object. Returns NULL if an error has occurred.
PyObject *PyContext_Copy (PyObject *ctx)

EIE{A: #7489 % 8%, Create a shallow copy of the passed ctx context object. Returns NULL if an error has
occurred.

PyObject *PyContext_CopyCurrent (void)

EI4E1E: #rehy 4 B&, Create a shallow copy of the current thread context. Returns NULL if an error has
occurred.

int PyContext_Enter (PyObject *ctx)
Set ctx as the current context for the current thread. Returns O on success, and —1 on error.
int PyContext_Exit (PyObject *ctx)

Deactivate the ctx context and restore the previous context as the current context for the current thread. Returns
0 on success, and —1 on error.

Context variable functions:

PyObject *PyContextVar_New (const char *name, PyObject *def)

EI{244 : #rah 488, Create anew ContextVar object. The name parameter is used for introspection and
debug purposes. The def parameter specifies a default value for the context variable, or NULL for no default.
If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)

Get the value of a context variable. Returns —1 if an error has occurred during lookup, and 0 if no error
occurred, whether or not a value was found.

If the context variable was found, value will be a pointer to it. If the context variable was not found, value will
point to:

e default_value, if not NULL;
o the default value of var, if not NULL;
e NULL
Except for NULL, the function returns a new reference.
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
EIR1E: #8484, Set the value of var to value in the current context. Returns a new token object for this
change, or NULL 1f an error has occurred.
int PyContextVar_Reset (PyObject *var, PyObject *token)

Reset the state of the var context variable to that it was in before PyContextVar_ Set () that returned the
token was called. This function returns O on success and —1 on error.

8.6.13 DateTime ¥4

datetime HEAFR AT H MM HIY . FEOEHTATE LR X2 |, MG datetime . h 5IA
ARG (f5ER, Python.h [FMES| A\RZAREEE), HIE4E PyDateTime IMPORT AAZHUZHAM , 1M
AR LR A — 5. RZE AR C ST A [EI B8 8 PyDateTimeAPT H1,
733 sep  UNNEE SR
type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyOb ject represents a Python datetime object.
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type PyDateTime_Time
This subtype of PyOb ject represents a Python time object.

type PyDateTime_Delta
This subtype of PyOb ject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same objectas datetime.date
in the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of Py TypeOb ject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same objectas datetime .t ime
in the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it
is the same object as datet ime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of PyTypeObject represents the Python time zone info type; it is the same object as
datetime.tzinfo in the Python layer.

AL UTC ¥i49] (singleton) [ E 48 :

PyObject *PyDateTime_TimeZone_UTC
[EEZE7s UTC [ R84, 28 datetime.timezone.utc fHE K1,
TE 3.7 A

HFI A E 4

int PyDate_Check (PyObject *ob)
N ob WBLFEIPyDateTime DateType B{ PyDateTime_DateType [T HI[E], H[EE true,
ob ANHEI NULL. 33 8 iR 3 @i .

int PyDate_CheckExact (PyObject *ob)
W ob ZEFPyDateTime_DateType, HI[E{E true, ob ANEE NULL, & ER—E @HAIT
eI

int PyDateTime_Check (PyObject *ob)
R ob WAIFFlPyDateTime DateTimeType B PyDateTime_DateTimeType [HFZIFE, H
[ true. ob AHFE NULL. & ff = Gt .

int PyDateTime_CheckExact (PyObject *ob)
R ob WAIFIFEIPyDateTime_DateTimeType, HI[E{H true, ob ANFHEI NULL, iE iR —E €
AT«

int PyTime_Check (PyObject *ob)
N ob WBLFEPyDateTime TimeType B PyDateTime_TimeType [WFHI[E], H[EE# true,
ob NEHEINULL, B2 AT .

int PyTime_CheckExact (PyObject *ob)
W ob I BUFIFlPyDateTime_TimeType, HIE|{#E true, ob AR NULL, &Mk — & &HiT
eI

int PyDelta_Check (PyObject *ob)

R ob W BIFIElPyDateTime_DeltaType By PyDateTime_DeltaType [FAIE], A [H 4 true.
ob RBEINULL. 20 R —E AT .
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int PyDelta_CheckExact (PyObject *ob)
WA ob WRUEIEIPyDateTime_DeltaType, HIE/E true. ob ANEEI NULL., &K= —F €T
B

int PyTZInfo_Check (PyObject *ob)
5 ob WAIFIEPyDateTime_TZInfoType B PyDateTime_TZInfoType [HFHUE], H[E]
true, ob AHEEFI NULL. &1 K= — & &ATh.

int PyTZInfo_CheckExact (PyObject *ob)
R ob BEEFlPyDateTime TZInfoType, RHA/E true, ob AEEI NULL, S{HER—F @
(IR

JERVA Y/ NS SR <,

PyObject *PyDate_FromDate (int year, int month, int day)
R Areg 4. EEARESE. H. HWPI datetime. date,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

EARAE : Fray 4 ra ., ME—EBEEEE. AL B B . B R datetime . datetime.,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

R ey 4, PIEEARESE. B B B . B RRbE fold (RERTED) w4 ir

datetime.datetime,

1E 3.6 HBTIA.
PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
ERAE: ey 4, RIE—HAEER. 0. B, MY datetime . date.,
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
MR ey 40, G ERER. 2. B, fRPER fold (KR I(E)) MM datetime. time,
1E 3.6 JA.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

AR #reg 4, [lE-—ff datetime.timedelta Y4, FREEN KE. RO HAPE
BATIZNELL (normalization) DA AL B TR BRI RPHA7 7d datetime . timedelta P FRTE)f) i H
[E,

PyObject *PyTimeZone_FromOffset (PyObject *offset)

AR Frag 4. [BE—(f datetime.timezone Y, HAKMZMEE WML & H ofser 518
FR,

1E 3.7 B

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
EARAE: Fray 4 iE., [PE—{f datetime.timezone Y4, HEEWMEER offset 5| ¥HFE R,

4 tzname name.,
TE 3.7 B A

# date 9 ¢F IR BB AL A B S 51 8 wb B 2 fllpyDateTime _Date WY E B, W 7 HE (f
WiPyDateTime_DateTime)., o|#UAEE NULL, [FHAEERIE:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
EEAGy, EIERE.

int PyDateTime_GET_MONTH (PyDateTime_Date *0)

M A Gy, [EIEREE, ¢ 1 %) 12,
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int PyDateTime_GET_DAY (PyDateTime_Date *0)
Ml HY, EIERE, €15 31,

# datetime {4 P HEBUROLN E 4. 51 8ULE R PyDateTime DateTime WIEHI, 45 THEE. 518

AMEE NULL, [EHA e E:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
[/ NEF, [EIIE#E%, 4 0 3] 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
Wl s, [FIEREHL, 1€ 0 %) 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
IR, [EE#, #0559,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
Ml Ry, [FIERE, 1€ 0 51 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
[l {8 fold, [F]O = 1 (Y IEHEH.
1E 3.6 BN

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
[a] {8 tzinfo (W[ fESE None).,

1E 3.10 g A

fie time PSR E S 51 MR PyDateTime Time LRI, W THIE. 518AHE

NULL, [EJH AR g 3(E:
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
[l /MR, [FIIERE 8, 4E 0 %) 23,
int PyDateTime_TIME_GET_ MINUTE (PyDateTime_Time *0)
Il s, [FIIEREHL, 1€ 0 %) 59.
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
|l Ry, EIEREH, 7§03 59,
int PyDateTime_TIME_GET_ MICROSECOND (PyDateTime_Time *0)
Il Ry, [FIERES, 1€ 0 51 999999,
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
[] & fold, [F0 =Y 1 frIERE L.
1E 3.6 JIRPIA.
PyObject *PyDateTime_TIME_GET_ TZINFO (PyDateTime_Time *0)
[5|{# tzinfo (TA]fESE None),
1E 3.10 JRPA.

# time delta Y HEBUROI E 2. 518 ERMPyDateTime Delta [EH], U THEE. 518N

e NULL, [EHA G RE:
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
DA -999999999 F1| 999999999 2 ] i) Hi T =X [ e K 4 .
1E 3.3 B A
int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
PA O %] 86399 2 [H] Ay MU X I (AL # .
15 3.3 RBTIMA.

8.6. HithvintF
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int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
PA 0 %] 999999 2 [ ) HE BOE 3 [l A0 B
15 3.3 JRBIIMA.
[E)7 75 ERLAL ¥/ DB API [l EL4E
PyObject *PyDateTime_FromTimestamp (PyObject *args)
EMEAE: ey 4id., SE B AEEL datetime.datetime. fromtimestamp () 58T
#, 7z r[EE{E—H datetime . datetime P,
PyObject *PyDate_FromTimestamp (PyObject *args)

ERIE: 4B, ATl S EEA datetime.date. fromtimestamp () AU | EOCAH, #t
SEFAE—{f 1) datetime.date P,

8.6.14 BFIRTRYIH

AL T 8 AR B E R i [E) @ 8(E) . H B4 Wi -- GenericAlias £] Union, A GenericAlias H /2y

B (expose) 45 C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)
EfE 52 ABL [ —#570 B 3.9 #a A B 4. # 57 —{# GenericAlias ¥ {4, & [ A FE 1Y Python [
types.GenericAlias class. origin fll args 5| 843 [El#% %€ T GenericAlias [ _ origin_
Bl _ args_ B, origin EFZ TR PyTypeobject* H args W[PAEMH PyTupleObject* B}
fE R PyObject*. WA args N2 tuple (JoAl), A& BB @ —MREE 11 tuple H.
__args__ gkl (args, ). HEETRCHEIEEE, FTPARIME origin A RMAAE], it
ErANEr2kB, GenericAlias i _ parameters_ BMEEIH _ args_ 1B ST (constructed
lazily). & JHORE, @58 SNE) [ # NULL.

AT S fi e — M1 % 7 3L ENZ AL (generic) f) 511

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem ", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

EEA
BRI A _ class_getitem ().

5 3.9 IRBNA.
PyTypeObject Py_GenericAliasType

[E)fg 7 ABL )4 B 3.9 A BA4S. Py_GenericAlias () %Y ¢4 C BUE]. SFER
Python H'[{) types.GenericAlias.

1E 3.9 JRBINA.
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CHAPTER 9

Initialization, Finalization, and Threads

WEE 2 RLPython #1745 1035 % .

9.1 Python ##&1t ZHi

In an application embedding Python, the Py_Tnitialize () function must be called before using any other
Python/C API functions; with the exception of a few functions and the global configuration variables.

The following functions can be safely called before Python is initialized:

« Configuration functions:

PyImport_AppendInittab ()
PyImport_ExtendInittab ()
PyInitFrozenExtensions ()
PyMem_SetAllocator ()

PyMem_ SetupDebugHooks ()
PyObject_SetArenaAllocator ()
Py _SetProgramName ()

Py _SetPythonHome ()

PySys_ResetWarnOptions ()

« Informative functions:

Py IsInitialized()

PyMem_ GetAllocator()
PyObject_GetArenaAllocator ()
Py_GetBuildInfo ()
Py_GetCompiler ()
Py_GetCopyright ()

Py_GetPlatform()
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- Py_GetVersion/()

« Utilities:

- Py_DecodeLocale()
Memory allocators:
- PyMem_RawMalloc ()

- PyMem_RawRealloc ()

PyMem RawCalloc ()

- PyMem_RawFree ()

 Synchronization:

- PyMutex_Lock ()

- PyMutex_Unlock ()

fHi(E]

The following functions should not be called before Py Tnitialize(): Py_EncodeLocale (),
Py_GetPath (), Py_GetPrefix(), Py _GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads ().

9.2 Global configuration variables

Python has variables for the global configuration to control different features and options. By default, these flags are
controlled by command line options.

When a flag is set by an option, the value of the flag is the number of times that the option was set. For example, —-b
sets Py_BytesWarningFlagto 1l and —bb sets Py_BytesWarningFlag to 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.

H1 —b JEIHEE »

Deprecated since version 3.12, will be removed in version 3.14.

int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used instead,
see Python Initialization Configuration.

Turn on parser debugging output (for expert only, depending on compilation options).

i —d j#JEEL PYTHONDEBUG BRISS 3 E .

EAVAN

Deprecated since version 3.12, will be removed in version 3.14.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used in-
stead, see Python Initialization Configuration.

If set to non-zero, Python won't try to write . pyc files on the import of source modules.

i -B j#IHEL PYTHONDONTWRITEBYTECODE FRIEBE I E .

EAVAN

Deprecated since version 3.12, will be removed in version 3.14.
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int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig_warnings should be
used 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.
Deprecated since version 3.12, will be removed in version 3.14.

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.

QRIS PYTHONHASHSEED s [F)— il k2 At 1.
If the flag is non-zero, read the PY THONHASHSEED environment variable to initialize the secret hash seed.
Deprecated since version 3.12, will be removed in version 3.14.

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used in-
stead, see Python Initialization Configuration.

ZIWS T A Tl BE B SR 2 Y PYTHON* #3555 8, 4l PYTHONPATH ¥l PYTHONHOME,
H -E B -1 #IRE
Deprecated since version 3.12, will be removed in version 3.14.

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.

i -1 JRIEEL PYTHONINSPECT BB s i iE .

PRNN

Deprecated since version 3.12, will be removed in version 3.14.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig. interactive should be used instead,
see Python Initialization Configuration.

-1 BIERE.
1E 3.12 it 2 5% B EI .

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.

-1 BEIHERE
TE 3.4 U
Deprecated since version 3.12, will be removed in version 3.14.

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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R IE RS 449 PYTHONLEGACYWINDOWSF SENCODING #¢ 3% i [E—{f k2 55 Al 5% (E] 1.
Ez;ﬂ% =5 PEP 529,
1 : Windows,

Deprecated since version 3.12, will be removed in version 3.14.

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 io._WindowsConsoleIO for sys standard streams.
Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
W2 AL PEP 528,

. Windows,

Deprecated since version 3.12, will be removed in version 3.14.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_ import should be used instead,
see Python Initialization Configuration.

Disable the import of the module site and the site-dependent manipulations of sys.path that it entails.
Also disable these manipulations if site is explicitly imported later (call site.main () if you want them
to be triggered).

B -S p&ﬂio

Deprecated since version 3.12, will be removed in version 3.14.

int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user_site_directory should be
used instead, see Python Initialization Configuration.

Don’t add the user site-packages directorytosys.path.

M —s $IH. -1 %JEH PYTHONNOUSERSITE IS HELE.

NN

Deprecated since version 3.12, will be removed in version 3.14.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_Ilevel should be used
instead, see Python Initialization Configuration.

i -0 HSEJH L PYTHONOPTIMIZE BEBE s R & .

Deprecated since version 3.12, will be removed in version 3.14.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig. quiet should be used instead, see Python
Initialization Configuration.

Don’t display the copyright and version messages even in interactive mode.
HI —o ST EE »
1E 3.2 ABIA.

Deprecated since version 3.12, will be removed in version 3.14.

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used in-
stead, see Python Initialization Configuration.

Force the stdout and stderr streams to be unbuffered.

i —u BEIEEL PYTHONUNBUFFERED FRtE 58 #i5l i -
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Deprecated since version 3.12, will be removed in version 3.14.

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.

i —v j#IEEL PYTHONVERBOSE BRIEBEE .

EAVAN

Deprecated since version 3.12, will be removed in version 3.14.

9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

[FJfZ & ABI 1%}, 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 the new PyConfig API of the Python Initialization Configuration 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.

e

On Windows, changes the console mode from O_TEXT to O_BINARY, which will also affect non-Python
uses of the console using the C Runtime.

void Py_InitializeEx (int initsigs)
[EJZ 52 ABI (/)34 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_TnitializeFromConfig () function to customize the Python Initialization Configuration.

intPy_IsInitialized()

[F)fZ 72 ABI [1—%%). 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_IsFinalizing ()

[EVfZ & ABI f)—30%> @ 3.13 B K M44. Return true (non-zero) if the main Python interpreter is shutting
down. Return false (zero) otherwise.

e 3.13 JRBA.

int Py FinalizeEx ()
[EfZ 2 ABI [-—%R4> B 3.6 #5 A B4&. Undo all initializations made by Py Initialize () 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).

Since this is the reverse of Py_Tnitialize (), it should be called in the same thread with the same in-
terpreter active. That means the main thread and the main interpreter. This should never be called while
Py_RunMain () is running.
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Normally the return value is 0. If there were errors during finalization (flushing buffered data), -1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python
without having to restart the application itself. An application that has loaded the Python interpreter from a
dynamically loadable library (or DLL) might want to free all memory allocated by Python before unloading the
DLL. During a hunt for memory leaks in an application a developer might want to free all memory allocated
by Python before exiting from the application.

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Tnitialize () and Py _FinalizeEx () more than once.

518 —E N5 | B FE % SF 4 cpython. _PySys_ClearAuditHooks.
TE 3.6 I A

void Py_Finalize ()

[FJfZ 2 ABI [)—354). This is a backwards-compatible version of Py_FinalizeEx () that disregards the
return value.

9.4 Process-wide parameters

void Py_ SetProgramName (const wchar_t *name)

[F)2 5 ABI [#)—7%>. This APIis 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.

1E 3.1 iRz AR BEE.

wchar_t *Py_GetProgramName ()

[F)f2 52 ABI [#)—35%). Return the program name set with PyConfig.program_name, or the default.
The returned string points into static storage; the caller should not modify its value.

MR AN ERZAEPYy_Tnitialize () ZHIFFMY, 750 €A NULL,
TE 310 H s o R APy Tnitialize () ZHIWFENY, BEAEEr B NULL,

Deprecated since version 3.13, will be removed in version 3.15: Get sys .executable instead.

wchar_t *Py_GetPrefix ()

B2 & ABI [1—354>. Return the prefix for installed platform-independent files. This is derived through
a number of complicated rules from the program name set with PyConfig. program_name and some
environment variables; for example, if the program name is ' /usr/local/bin/python’, the prefix
is '/usr/local'. The returned string points into static storage; the caller should not modify its value.
This corresponds to the prefix variable in the top-level Makefile and the ——prefix argument to the
configure script at build time. The value is available to Python code as sys.prefix. It is only useful
on Unix. See also the next function.

MR A A ERZAEPY_Tnitialize () ZHIFFIY, 75 HI€rH{# NULL,
TE 310 HR S WA EPy Tnitialize () ZHIFENY, BEAEEr[E{E NULL,
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Deprecated since version 3.13, will be removed in version 3.15: Get sys.prefix instead.

wchar_t *Py_GetExecPrefix ()

[FJfZ 1 ABI [#)—54). Return the exec-prefix for installed platform-dependent files. This is derived through
a number of complicated rules from the program name set with PyConfig. program_name and some
environment variables; for example, if the program nameis ' /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 Make fi1le and the ——exec—prefix argument
to the configure script at build time. The value is available to Python code as sys .exec_prefix. Itis
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.

WA ERZAEPy_Tnitialize () ZHIFFAY, 750 [ NULL.
16 3.10 MRS R QRAEPy_Tnitialize () ZRIMENY, BifE €[l NULL,
Deprecated since version 3.13, will be removed in version 3.15: Get sys.exec_prefix instead.

wchar_t *Py_GetProgramFullPath ()

[[)FZ 5 ABI [¥)—#4>. 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 PyConfig.
program_name). The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.executable.

IR AR ER%AEPy_Tnitialize () ZHIFFIY, 5 HI € H{# NULL.
TE 3.10 FRI¥ 580 WSRAEPy Tnitialize () ZHINENY, B7E€r[H{E NULL,
Deprecated since version 3.13, will be removed in version 3.15: Get sys.executable instead.

wchar_t *Py_GetPath ()

[E7Z 5 ABI [1)—#F4y. Return the default module search path; this is computed from the program name (set
by PyConfig.program_name) 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 sy s . 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.

WA ERZAE Py _Tnitialize () ZHFFIY, GHI€EE# NULL,
1 3.10 B TE: WIRAEPY _Tnitialize () ZHINEAY, BIfE€[Hl {4 NULL.
Deprecated since version 3.13, will be removed in version 3.15: Get sys.path instead.

const char *Py_GetVersion ()

[E)fZ & ABI f#—34>. 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]1"
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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 ()

[Ff& 5 ABI [1)—34). 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 ()

[EJfZ 5% ABI 154y 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 ()

[EJ#% 2 ABI 14> Return an indication of the compiler used to build the current Python version, in
square brackets, for example:

["[GCC 2:Tc2:2]"

)

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 ()

VHM ? ABI E]‘ - |-1 1% k}. Return information about the sequence number and build date and time of the current
q
PythOIl interpreter instance, for example

["#67, Aug 1 1997, 22:34:28"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

[F)f5 5& ABI #) — %[ 4r. This API is kept for backward compatibility: setting PyConfig.argv,
PyConfig.parse_argv and PyConfig.safe_path should be used instead, see Python Initializa-
tion 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 sy s . 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.

o 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.

212

Chapter 9. Initialization, Finalization, and Threads



The Python/C API, &(F 3.13.0rc2

e

It is 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 sy s . path element
after having called Py Sys_SetArgv (), for example using:

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); }

TE 3.1.3 g A
e 311 iR P E .
void PySys_SetArgv (int argc, wchar_t **argv)

[F)f5 & ABI [y — 4. This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_argv 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 Hi )52 5 The updatepath value depends on — 1.
1 311 HRZ A BEE .

void Py__SetPythonHome (const wchar_t *home)
[EJ#Z 5 ABI [543, 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.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
1 3.11 HRZ A PEE .

wchar_t *Py_GetPythonHome ()

[F)f5 & ABI [¥)—5%). Return the default "home”, that is, the value set by PyConfig. home, or the value
of the PYTHONHOME environment variable if it is set.

WA ERZAEPy_Initialize () ZHIFENY, 5 HI€ B NULL,
JE 310 [REYSE T NRFEPy Initialize () ZHIWFERY, FRAEEr[E/{H NULL,

Deprecated since version 3.13, will be removed in version 3.15: Get PyConfig.home or PYTHONHOME
environment variable instead.
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9.5 Thread State and the Global Interpreter Lock

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 GIL 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 ()). Thelockisalso 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 GIL 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

J

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.

The block above expands to the following code:

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation
PyEval_RestoreThread(_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread
state. When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before
the lock is released (since another thread could immediately acquire the lock and store its own thread state in the
global variable). Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before
storing the thread state pointer.

ffi(E]

Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or crypto-
graphic functions operating over memory buffers. For example, the standard z1ib and hashlib modules
release the GIL when compressing or hashing data.
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9.5.2 Non-Python created threads

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 APIL. 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 PyThreadState objects belonging to the current inter-
preter and all other PyInterpreterState 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 FBg& API

These are the most commonly used types and functions when writing C extension code, or when embedding the
Python interpreter:
type PyInterpreterState

[E5Z [ API ()34 (#(E)—18 R 1% 80 & 4% (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
[E52 [ APIL 384 (#&[E]—18 =% B & 4% (opaque struct)) . This data structure represents the state of
a single thread. The only public data member is:
PylInterpreterState *interp
This thread’s interpreter state.
void PyEval_InitThreads ()
[Ff& 5 ABI [1)—i34). Deprecated function which does nothing.

In Python 3.6 and older, this function created the GIL if it didn’t exist.

e 3.9 RS ek U E A S U AT S0

T 3.7 Wt %# 58 : This function is now called by Py Initialize (), so you don’t have to call it yourself
anymore.

TE 3.2 {45 5 This function cannot be called before Py_Tnitialize () anymore.

1E 3.9 i AW ETH.

PyThreadState *PyEval_SaveThread ()
[EfZ 2 ABI [1)—#14). 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)

B2 52 ABI [#)—34). 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.

fH(E

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. Youcanuse Py_IsFinalizing () orsys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

PyThreadState *PyThreadState_Get ()
[FJf5 & ABI [#)—754). 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).

See also PyThreadState_GetUnchecked ().

PyThreadState *PyThreadState_GetUnchecked ()

Similar to PyThreadState_Get (), but don’t kill the process with a fatal error if it is NULL. The caller
is responsible to check if the result is NULL.
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T 313 AR #% Jn A:  In Python 3.5 to 3.12, the function was private and known as
_PyThreadState_UncheckedGet ().

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

[EJ7Z 5 ABI [543, 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 ()

[F)F2 72 ABI [)—3%(4). 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 PyGIL.State Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code.
Failure is a fatal error.

(e

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. Youcanuse Py_IsFinalizing () orsys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

void PyGILState_Release (PyGILState_STATE)

[FJf5 2 ABI [#)—%54). 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 acall to PyGILState Release () onthe
same thread.

PyThreadState *PyGILState_GetThisThreadState ()

252 ABI [#)—3#54>. 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.

e 3.4 G

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS

B2 & ABI [y — #%f 4>  This macro expands to { PyThreadState *_save; _save =
PyEval_SaveThread () ;. Note that it contains an opening brace; it must be matched with a following
Py_END_ALLOW_THREADS macro. See above for further discussion of this macro.
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Py _END_ALLOW_THREADS
B2 52 ABI [#)—34>. This macro expands to PyEval_RestoreThread (_save); }. Note that it
contains a closing brace; it must be matched with an earlier Py BEGIN_ALLOW_THREADS macro. See
above for further discussion of this macro.

Py_BLOCK_THREADS
[EJ7Z 5 ABI [f—%R4y. This macro expands to PyEval_RestoreThread (_save) ;: itis equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS

[EJ#Z 5 ABI [1-—f4). This macro expands to _save = PyEval_SaveThread () ;: itis equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

9.5.5 {KpE API

All of the following functions must be called after Py Tnitialize ().
TE 3.7 S . Py_Initialize () now initializes the GIL.

PylInterpreterState *PyInterpreterState_New ()
[EJf% & ABI 174y, 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.

58— RIS | MU fE % ) cpython.PyInterpreterState_New,

void PyInterpreterState_Clear (PylnterpreterState *interp)
[F)fZ 7 ABI [#)—%54). Reset all information in an interpreter state object. The global interpreter lock must
be held.

o8 AP S | B FER% ZEE cpython . PyInterpreterState_Clear,

void PyInterpreterState_Delete (PylnterpreterState *interp)
[EJZ 5 ABI [1-—f4). Destroy an interpreter state object. The global interpreter lock need not be held. The
interpreter state must have been reset with a previous call to PyInterpreterState_Clear ().
PyThreadState *PyThreadState_New (PylnterpreterState *interp)
[F)f5 2 ABI [1)—7/). 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)
[F)FZ 52 ABI [)—754). Reset all information in a thread state object. The global interpreter lock must be
held.

T 3.9 WAt % 8 This function now calls the PyThreadState.on_delete callback. Previously, that
happened in PyThreadState_Delete ().

void PyThreadState_Delete (PyThreadState *tstate)

[EJ% 72 ABI ) %34y 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 Py ThreadState_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)
[EVfE 5 ABIL 19— B 3.10 kg Ak B44. Get the current frame of the Python thread state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
Wi R PyEval_GetFrame ().,
tstate N A[[F] NULL,
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1E 3.9 FABNA.

uint64_t PyThreadState_GetID (PyThreadState *tstate)

[EfZ 2 ABL 1354 B 3.10 # A B44. Get the unique thread state identifier of the Python thread state
tstate.

tstate ANA][E] NULL,
TE 3.9 IRBEIMA.

PyInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
[0 ABL Y304 B 3.10 #e A Bi45. Get the interpreter of the Python thread state zstate.

tstate A~A][E] NULL,
TE 3.9 IR

void PyThreadState_EnterTracing (PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state tstate.

Resume them using the PyThreadState_LeaveTracing () function.

e 3.11 HmA.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state fstate suspended by the
PyThreadState_ EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.

£ 3.11 A

PyInterpreterState *PyInterpreterState_Get (void)
[ ABL 4> B 3.9 #e A Bi44. Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.
The caller must hold the GIL.
e 3.9 IBIA.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

[E)iZ 5 ABI )-8/ B 3.7 B2 A~ Hl44. Return the interpreter’s unique ID. If there was any error in doing
so then -1 is returned and an error is set.

The caller must hold the GIL.
TE 3.7 [

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
[EVfZ 5 ABLH—34) & 3.8 B A Bl 44. 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.

TE 3.8 HUGMA.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *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.

Tr 3.9 W45 55 The function now takes a fstate parameter.

JE 311 R W & W 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”.
TE 3.9 B A.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval frame)

Set the frame evaluation function.
See the PEP 523 "Adding a frame evaluation API to CPython”.
1E 3.9 B A.

PyObject *PyThreadState_GetDict ()

EMEAE 158 482, [F)fS5F ABI [#)—54). 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)

[EfZ & ABI 174>, 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.

TE 3.7 )5 5 The type of the id parameter changed from 1ong to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

= E ABI 14>, Acquire the global interpreter lock and set the current thread state to tstate, which
must not be NULL. The lock must have been created earlier. If this thread already has the lock, deadlock
ensues.

(e

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. Youcanuse Py_IsFinalizing () orsys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

£ 3.8 i @By & 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)

[FJf5 7 ABI [1)—#34). 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 tstate 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).
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9.6 Sub-interpreter support

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 a
process. 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 Py InterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the PyThreadState_Swap () function. You can create and
destroy them using the following functions:
type PyInterpreterConfig

Structure containing most parameters to configure a sub-interpreter. Its values are used only in
Py _NewInterpreterFromConfig () and never modified by the runtime.

TE 3.12 JRBMA.
Structure fields:

intuse_main_obmalloc
If this is O then the sub-interpreter will use its own “object” allocator state. Otherwise it will use (share)
the main interpreter’s.

If thisis O then check_multi_interp_extensions mustbe 1 (non-zero). If thisis 1 then gi 1
must notbe PyInterpreterConfig_OWN_GIL.

intallow_fork
If this is O then the runtime will not support forking the process in any thread where the sub-interpreter
is currently active. Otherwise fork is unrestricted.

Note that the subprocess module still works when fork is disallowed.

intallow_exec
If this is 0 then the runtime will not support replacing the current process via exec (e.g. os.execv ())
in any thread where the sub-interpreter is currently active. Otherwise exec is unrestricted.

Note that the subprocess module still works when exec is disallowed.

intallow_threads
If this is O then the sub-interpreter’s threading module won't create threads. Otherwise threads are
allowed.

intallow_daemon_threads
If this is O then the sub-interpreter’s threading module won't create daemon threads. Otherwise
daemon threads are allowed (as long as allow_threads is non-zero).

int check_multi_interp_extensions

If this is O then all extension modules may be imported, including legacy (single-phase init) modules,
in any thread where the sub-interpreter is currently active. Otherwise only multi-phase init extension
modules (see PEP 489) may be imported. (Also see Py_mod_multiple_interpreters.)

This must be 1 (non-zero) if use_main_obmallocis 0.
intgil
This determines the operation of the GIL for the sub-interpreter. It may be one of the following:

PyInterpreterConfig DEFAULT_GIL
Use the default selection (PyInterpreterConfig SHARED GIL).

PyInterpreterConfig_SHARED_GIL
Use (share) the main interpreter’s GIL.
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PyInterpreterConfig OWN_GIL
Use the sub-interpreter’s own GIL.

If this is PylInterpreterConfig OWN_GIL then PyInterpreterConfig.
use_main_obmalloc mustbe 0.

PyStatus Py_NewInterpreterFromConfig (PyThreadState **tstate_p, const PylnterpreterConfig *config)

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 hasno sys . argv variable.
It has new standard 1I/O stream file objects sys.stdin, sys.stdout and sys.stderr (however these
refer to the same underlying file descriptors).

The given config controls the options with which the interpreter is initialized.

Upon success, tstate_p will be set 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, zstate_p is set to NULL; 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. Likewise a current thread state must be set on entry. On success, the returned
thread state will be set as current. If the sub-interpreter is created with its own GIL then the GIL of the calling
interpreter will be released. When the function returns, the new interpreter’s GIL will be held by the current
thread and the previously interpreter’s GIL will remain released here.

1E 3.12 KA.

Sub-interpreters are most effective when isolated from each other, with certain functionality restricted:

PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = 0,
.allow_exec = 0,
.allow_threads = 1,

.allow_daemon_threads = 0O,
.check_multi_interp extensions = 1,
.gil = PyInterpreterConfig_ OWN_GIL,
bi
PyThreadState *tstate = Py_NewInterpreterFromConfig (&confiqg);

Note that the config is used only briefly and does not get modified. During initialization the config’s values
are converted into various PyTnterpreterState values. A read-only copy of the config may be stored
internally on the Py InterpreterState.

Extension modules are shared between (sub-)interpreters as follows:

o 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 particu-
lar extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is
squirreled 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 module’s dictionary thus end up shared across (sub-)interpreters, which might cause unwanted
behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter has been
completely re-initialized by calling Py FinalizeEx () and Py_Initialize ();in that case, the
extension’s initmodule function is called again. As with multi-phase initialization, this means that
only C-level static and global variables are shared between these modules.
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PyThreadState *Py_NewInterpreter (void)

B2 5 ABI ) — %[ 4>. Create a new sub-interpreter. This is essentially just a wrapper around
Py _NewInterpreterFromConfig () with a config that preserves the existing behavior. The result is
an unisolated sub-interpreter that shares the main interpreter’s GIL, allows fork/exec, allows daemon threads,
and allows single-phase init modules.

void Py_EndInterpreter (PyThreadState *tstate)

[EJfZ% 52 ABI 14y Destroy the (sub-)interpreter represented by the given thread state. The given thread
state must be the current thread state. See the discussion of thread states below. When the call returns,
the current thread state is NULL. All thread states associated with this interpreter are destroyed. The global
interpreter lock used by the target interpreter must be held before calling this function. No GIL is held when
1t returns.

Py_FinalizeEx () will destroy all sub-interpreters that haven’t been explicitly destroyed at that point.

9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig () you can create a sub-interpreter that is completely isolated from
other interpreters, including having its own GIL. The most important benefit of this isolation is that such an interpreter
can execute Python code without being blocked by other interpreters or blocking any others. Thus a single Python
process can truly take advantage of multiple CPU cores when running Python code. The isolation also encourages a
different approach to concurrency than that of just using threads. (See PEP 554.)

Using an isolated interpreter requires vigilance in preserving that isolation. That especially means not sharing any
objects or mutable state without guarantees about thread-safety. Even objects that are otherwise immutable (e.g.
None, (1, 5)) can’t normally be shared because of the refcount. One simple but less-efficient approach around
this is to use a global lock around all use of some state (or object). Alternately, effectively immutable objects (like
integers or strings) can be made safe in spite of their refcounts by making them immortal. In fact, this has been done
for the builtin singletons, small integers, and a number of other builtin objects.

If you preserve isolation then you will have access to proper multi-core computing without the complications that
come with free-threading. Failure to preserve isolation will expose you to the full consequences of free-threading,
including races and hard-to-debug crashes.

Aside from that, one of the main challenges of using multiple isolated interpreters is how to communicate between
them safely (not break isolation) and efficiently. The runtime and stdlib do not provide any standard approach to
this yet. A future stdlib module would help mitigate the effort of preserving isolation and expose effective tools for
communicating (and sharing) data between interpreters.

TE 3.12 iRAIA.

9.6.2 Bugs and caveats

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.
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9.7 Asynchronous Notifications

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)

[F)Z & ABI [1)—#54>. Schedule a function to be called from the main interpreter thread. On success, 0 is
returned and func is queued for being called in the main thread. On failure, —1 is returned without setting any
exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument
arg. It will be called asynchronously with respect to normally running Python code, but with both these con-
ditions met:

« on a byfecode boundary;
o with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return 0 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.

He
=G

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.

1E 3.1 RBIA.

T 3.9 fRAY%2 5 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.

9.8 Profiling and Tracing

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 obyj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyIlTrace_C_CALL, PyTrace_ C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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Value of what arg H& s

PyTrace_CALL Always Py_None.

PyTrace_EXCEPTION Exception information as returned by sys.exc_info ().
PyTrace_LINE Always Py None.

PyTrace_RETURN Value being returned to the caller, or NULL if caused by an exception.
PyTrace_C_CALL WY iy ol Ak

PyTrace_C_EXCEPTION #EFFnY ek =ik,

PyTrace_C_RETURN BRI Y i el Sk

PyTrace_OPCODE Always Py_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 f_trace_lines to 0 on that
frame.

int PyTrace_RETURN

The value for the what parameter to Py_ t race func functions when a call is about to return.
int PyTrace_C_CALL

The value for the what parameter to Py_t racefunc 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.
N 35 b JHAF A 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.

I b JHAF A GIL
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As PyEval_SetProfile (), this function ignores any exceptions raised while setting the profile functions
in all threads.

TE 3.12 iRAIA.

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.

WiE i sys.settrace () K=,
WL 35 WA JE R 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.

P 255 A GIL

As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace functions in
all threads.

e 3.12 A

9.9 Reference tracing

TE 3.13 BRBIA.

typedef int (*PyRefTracer)(PyObject*, int event, void *data)

The type of the trace function registered using PyRefTracer_SetTracer (). The first parameter is a
Python object that has been just created (when event is set to PyRefTracer CREATE) or about to be
destroyed (when event is set to PyRe fTracer DESTROY). The data argument is the opaque pointer that
was provided when PyRefTracer_SetTracer () was called.

e 3.13 A

int PyRefTracer_CREATE

The value for the event parameter to PyRe £ Tracer functions when a Python object has been created.

int PyRefTracer_DESTROY

The value for the event parameter to PyRe £ Tracer functions when a Python object has been destroyed.

int PyRefTracer_SetTracer (PyRefTracer tracer, void *data)

Register a reference tracer function. The function will be called when a new Python has been created or when
an object is going to be destroyed. If data is provided it must be an opaque pointer that will be provided when
the tracer function is called. Return 0 on success. Set an exception and return —1 on error.

Not that tracer functions must not create Python objects inside or otherwise the call will be re-entrant. The
tracer also must not clear any existing exception or set an exception. The GIL will be held every time the
tracer function is called.

The GIL must be held when calling this function.

TE 3.13 BRBIA.

PyRefTracer PyRefTracer_GetTracer (void **data)

Get the registered reference tracer function and the value of the opaque data pointer that was registered when
PyRefTracer_SetTracer () was called. If no tracer was registered this function will return NULL and
will set the data pointer to NULL.

The GIL must be held when calling this function.
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1E 3.13 HGmA.

9.10 Advanced Debugger Support

These functions are only intended to be used by advanced debugging tools.

PyInterpreterState *PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PyInterpreterState *PyInterpreterState_Main ()
Return the main interpreter state object.

PyInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after inferp from the list of all such objects.

PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)

Return the pointer to the first Py ThreadState object in the list of threads associated with the interpreter
interp.

PyThreadState *PyThreadState_Next (PyThreadState *tstate)

Return the next thread state object after tstate from the list of all such objects belonging to the same
PyInterpreterState object.

9.11 Thread Local Storage Support

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.

fHi(E]

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 PyOb ject*, these functions don’t do refcount
operations on them either.

9.11.1 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.

TE 3.7 BBTIA.

hz%
”A New C-API for Thread-Local Storage in CPython” (PEP 539)
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type Py_tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying
TLS implementation, and it has an internal field representing the key’s initialization state. There are no public
members in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py tss_NEEDS_INIT is allowed.

Py _tss_NEEDS_INIT

This macro expands to the initializer for Py_ tss_t variables. Note that this macro won’t be defined with
Py _LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_tss_t, required in extension modules built with Py_LIMITED_API, where static
allocation of this type is not possible due to its implementation being opaque at build time.

Py_tss_t *PyThread_tss_alloc ()

= ABL —1% & 3.7 #e A Bl 44, Return a value which is the same state as a value initialized with
Py_tss_NEEDS_INIT,or NULL in the case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)

[ & ABL [—304> B 3.7 #& A Bl 44. 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.

fH(E

A freed key becomes a dangling pointer. You should reset the key to NULL.

Bk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread_tss_set ()
and PyThread tss_get () are undefined if the given Py tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created (Py_tss_t *key)
[EZ 5 ABL %14y B 3.7 B A~ B44. Return a non-zero value if the given Pyt ss_ t has been initialized
by PyThread tss_create ().

int PyThread_tss_create (Py_iss_t *key)

25 ABI [)—34> B 3.7 B A B 44. 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 Pyt ss_ NEEDS_TINIT.
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)

[EE 5 ABL -4 B 3.7 B A B 44. 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)
[EZ 2 ABI %84 & 3.7 B A B44. 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)

[EfZ 52 ABI [)-—3%84> & 3.7 ¥ A< F44. 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.
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9.11.2 1T BB (Thread Local Storage, TLS) API:

1E 3.7 2 % [EH: This API is superseded by Thread Specific Storage (TSS) API.

fi(E]

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.

Due to the compatibility problem noted above, this version of the API should not be used in new code.
int PyThread_create_key ()
[EVf& 5 ABI [—3B47.
void PyThread_delete_key (int key)
[EVf& 5 ABI f—B47
int PyThread_set_key_value (int key, void *value)
[EVf& 5 ABI f—B47
void *PyThread_get_key_value (int key)
[EVf& 5 ABI f—3B47
void PyThread_delete_key_value (int key)
[EVf& 5 ABI f)—3B47
void PyThread_ReInitTLS ()
[EVf& e ABI [1—3B47

9.12 Synchronization Primitives

The C-API provides a basic mutual exclusion lock.

type PyMutex
A mutual exclusion lock. The PyMutex should be initialized to zero to represent the unlocked state. For
example:
[PyMutex mutex = {0}; }

Instances of PyMutex should not be copied or moved. Both the contents and address of a PyMutex are
meaningful, and it must remain at a fixed, writable location in memory.

e

A PyMutex currently occupies one byte, but the size should be considered unstable. The size may change
in future Python releases without a deprecation period.

1E 3.13 BAA.

void PyMutex_Lock (PyMutex *m)

Lock mutex m. If another thread has already locked it, the calling thread will block until the mutex is unlocked.
While blocked, the thread will temporarily release the GIL if it is held.

e 313 B A.
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void PyMutex_Unlock (PyMutex *m)

Unlock mutex m. The mutex must be locked --- otherwise, the function will issue a fatal error.

1E 3.13 U

9.12.1 Python Critical Section API

The critical section API provides a deadlock avoidance layer on top of per-object locks for free-threaded CPython.
They are intended to replace reliance on the global interpreter lock, and are no-ops in versions of Python with the
global interpreter lock.

Critical sections avoid deadlocks by implicitly suspending active critical sections and releasing the locks during calls
to PyEval_SaveThread (). When PyEval_ RestoreThread () is called, the most recent critical section
is resumed, and its locks reacquired. This means the critical section API provides weaker guarantees than traditional
locks -- they are useful because their behavior is similar to the GIL.

The functions and structs used by the macros are exposed for cases where C macros are not available. They should
only be used as in the given macro expansions. Note that the sizes and contents of the structures may change in future
Python versions.

fti(E]

Operations that need to lock two objects at once must use Py BEGIN_CRITICAL_SECTIONZ. You cannot
use nested critical sections to lock more than one object at once, because the inner critical section may suspend
the outer critical sections. This API does not provide a way to lock more than two objects at once.

Example usage:

static PyObject *
set_field (MyObject *self, PyObject *value)
{
Py_BEGIN_CRITICAL_SECTION (self);
Py_SETREF (self->field, Py_XNewRef (value)) ;
Py END_CRITICAL_SECTION () ;
Py_RETURN_NONE;

In the above example, Py_SETREF calls Py_DECREF, which can call arbitrary code through an object’s deal-
location function. The critical section API avoids potentital deadlocks due to reentrancy and lock ordering by al-
lowing the runtime to temporarily suspend the critical section if the code triggered by the finalizer blocks and calls
PyEval_SaveThread().

Py _BEGIN_CRITICAL_SECTION (op)

Acquires the per-object lock for the object op and begins a critical section.

In the free-threaded build, this macro expands to:

{
PyCriticalSection _py_cs;
PyCriticalSection_Begin(&_py_cs, (PyObject*) (op))

In the default build, this macro expands to {.

1E 3.13 BUgem .
Py_END_CRITICAL_SECTION ()

Ends the critical section and releases the per-object lock.

In the free-threaded build, this macro expands to:

230 Chapter 9. Initialization, Finalization, and Threads



The Python/C API, &(F 3.13.0rc2

PyCriticalSection_End (& _py_cs);
I3

In the default build, this macro expands to }.

TE 3.13 fRBEINA.
Py_BEGIN_CRITICAL_SECTION2 (a, b)

Acquires the per-objects locks for the objects a and b and begins a critical section. The locks are acquired in
a consistent order (lowest address first) to avoid lock ordering deadlocks.

In the free-threaded build, this macro expands to:

{
PyCriticalSection2 _py_cs2;
PyCriticalSection_Begin2 (&_py_cs2, (PyObject”*) (a), (PyObject*) (b))

In the default build, this macro expands to {.

1 313 JRBTA.

Py_END_CRITICAI_SECTIONZ ()
Ends the critical section and releases the per-object locks.

In the free-threaded build, this macro expands to:

PyCriticalSection_End2 (&_py_cs2);
}

In the default build, this macro expands to }.

1 313 JRBA.
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Python ##a1LERE

1E 3.8 JRBA.

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preini-
tialized with Py_PreTnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o 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.

The Py_RunMain () function can be used to write a customized Python program.

See also Initialization, Finalization, and Threads.

hz%
PEP 587 ”Python Initialization Configuration”.

10.1 3G HI

Example of customized Python always running in isolated mode:

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);

*/

€ & A}
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(L —5)
if (PyStatus_Exception(status)) {
goto exception;

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

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);
if (PyStatus_IsExit (status)) {
return status.exitcode;
}
/* Display the error message and exit the process with
non-zero exit code */
Py_ExitStatusException(status);

10.2 PyWideStringList

type PyWideStringList

wchar_t* FHET,

If length is non-zero, items must be non-NULL and all strings must be non-NULL.

Tk

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Append item to list.
Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)

Insert item into list at index.
If index is greater than or equal to list length, append item to list.
index must be greater than or equal to 0.
Python must be preinitialized to call this function.
Structure fields:
Py_ssize_t length
IR,
wchar_t **items

List items.
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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
Bt tUEL o
const char *func
Name of the function which created an error, can be NULL.
Functions to create a status:
PyStatus PyStatus_Ok (void)
Success.
PyStatus PyStatus_Error (const char *err_msg)
Initialization error with a message.
err_msg AT[F] NULL,
PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).
PyStatus PyStatus_Exit (int exitcode)
Exit Python with the specified exit code.
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)
Is the result an error?

int PyStatus_IsExit (PyStatus status)
Is the result an exit?

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.

e

Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func to
NULL.

-

PyStatus alloc(void **ptr, size_t size)
{

*ptr = PyMem RawMalloc (size);

if (*ptr == NULL) {

(BT —1D

10.3. PyStatus 235



The Python/C API, £[F] 3.13.0rc2

(R L —5)

return PyStatus_NoMemory () ;

}

return PyStatus_Ok () ;

int main(int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception (status)) A
Py_ExitStatusException (status);

}

PyMem_Free (ptr);
return 0;

10.4 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:

int allocator

Name of the Python memory allocators:

PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
PYMEM_ALLOCATOR_MALLOC (3): use malloc () of the C library.
PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

PYMEM_ALLOCATOR_PYMALLOC_DEBRUG (6): Python pymalloc memory allocator with debug
hooks.

PYMEM_ALLOCATOR_MIMALLOC (6): use mimalloc, a fast malloc replacement.

PYMEM_ALLOCATOR_MIMALLOC_DEBUG (7): use mimalloc, a fast malloc replacement with
debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not sup-
ported if Python is configured using --without-pymalloc.

PYMEM_ ALLOCATOR_MIMALLOC and PYMEM ALLOCATOR_MIMALLOC_DEBUG are not sup-
ported if Python is configured using —--without-mimalloc or if the underlying atomic
support isn’t available.

HREREE,

JEH#: PYMEM_ALLOCATOR_NOT_SET,
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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 0.
w5 Fllocale encoding .
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.

If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
5 Fllocale 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
WREARE] 0:
o ¥PyPreconfig.utf8 _mode #[Fl 0,
e #PyConfig.filesystem_encoding #[F) "mbes",
o« ¥pyCconfig.filesystem errors #&[F] "replace",
Initialized from the PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #1fdef MS_WINDOWS macro can be used for Windows specific code.
W 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.
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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 NAJ[E] NULL,

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const *argv)
Preinitialize Python from preconfig preconfiguration.

Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig AN [F] 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 NAJ[E] NULL,

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception () and
Py_ExitStatusException ().

For Python Configuration (PyPreConfig_InitPythonConfig ()),if Pythonis initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py PrelInitialize() and before
Py_InitializeFromConfig () to install a custom memory allocator. It can be called before
PyiPreInitialize()ifPyPreConfig.allocatorﬁssﬂtoPYMEMﬁALLOCATORiNOTisET

Python memory allocation functions like PyMem RawMalloc () mustnot 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 (&preconfig);

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 st into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (a2 rgv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (a rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list, Py_ssize_t
length, wchar_t **items)

Set the list of wide strings 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 stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

TE 3.10 iR/ &% B: 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.

5311 fUNAETE: PyConfig Read () nolonger calculates all paths, and so fields listed under Pyt/on
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 PyCon £ig method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e 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

Set sys . argv command line arguments based on a rgv. 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.

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.
THFH: 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.

o If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.

o 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.
1E 3. 11 iR

wchar_t *base_exec_prefix

sys.base_exec_prefix,

THRR{H: NULL.

Part of the Python Path Configuration output.
See also PyConfig.exec_prefix.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the _ PYVENV_LAUNCHER___ environment variable.
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Set from PyConfig.executable if NULL.
THRR(H: NULL.

Part of the Python Path Configuration output.
See also PyConfig.executable.

wchar_t *base_prefix

sys.base_prefix,

THRR{H: NULL.

Part of the Python Path Configuration output.
See also PyConfig.prefix.

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.
THRLH: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparingbytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —b command line option.
THEL: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when 1o . Text IOWrapper uses its default encod-
ing. See io-encoding-warning for details.

HE: 0.
£ 3.10 FUGHA.

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.

Setto 0 by the PY THONNODEBUGRANGES environment variable and by the -X no_debug_ranges
command line option.

FHEAE: 1.
e 3. 11 iRBTIA.

wchar_t *check_hash_pycs_mode

Control the wvalidation behavior of hash-based .pyc files: value of the
-—check-hash-based-pycs command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ’check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The check_source’ flag in hash-based pycs determines invalidation.

FH#%: L"default",

See also PEP 552 "Deterministic pycs”.
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int configure_c_stdio

If non-zero, configure C standard streams:
« On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
o If buffered_ stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Win-
dows).

Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
Set to 1 by the —X dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREF'S environment variable.

Needs a special build of Python with the Py_ TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

HE: 0.
wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

TEFRA{H: NULL,
Part of the Python Path Configuration output.
See also PyConfig.base_exec_prefix.

wchar_t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
THRR(H: NULL.

Part of the Python Path Configuration output.

See also PyConfig.base_executable.

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () at startup.
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding
Filesystem encoding: sys.getfilesystemencoding().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:

e "utf-8"if PyPreConfig.utf8 mode is non-zero.
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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" isreplaced with "ascii™".

See also the i lesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On  Windows: use "surrogatepass" by  default, or "replace" if
legacy windows_fs_encoding of PyPreConfig isS non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
e "surrogateescape"
e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem_encoding member.
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

Set the default Python "home” directory, that is, the location of the standard Python libraries (see
PYTHONHOME).

Set by the PYTHONHOME environment variable.
THRR(H: 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.
W 0,
int inspect
Enter interactive mode after executing a script or a command.
If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter

interactive mode after executing the script or the command, even when sys . st din does not appear to
be a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable
is non-empty.

W 0.
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int install_signal_handlers

Install Python signal handlers?
Default: 1 in Python mode, O in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.
R 0.

intint_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). Avalueof 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 variable.

Default: —1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated
mode.

e 3.12 iRBTIA.

int cpu_count
If the value of cpu_count is not —1 then it will override the return values of os.cpu_count (),
os.process_cpu_count (),and multiprocessing.cpu_count ().

Configured by the -X cpu_count=n/default command line flag or the PYTHON_CPU_COUNT
environment variable.

BBE: 1.
e 3.13 JUgA.

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.

o ¥use environment FEE) 0: ZN& PYTHON IBES44 8],
e Setuser_site_directory to 0: don’t add the user site directory to sys.path.

o 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 i0o.FileIO instead of io._WindowsConsoleIO for sys.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. #1fdef MS_WINDOWS macro can be used for Windows specific code.
THEL: 0.

See also the PEP 528 (Change Windows console encoding to UTF-8).
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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.
R 0.

wchar_t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBD IR environment variable.

Default: value of the PLATLIBD IR macro whichis set by the configure —--with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.

1E 3.9 BIMA.

7E 3.11 iR Y54 T8 : 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 .pathsep).

Set by the PYTHONPATH environment variable.
THRR(H: 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_TnitializeFromConfig () 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.
e 1: Level 0, remove assertions, set __debug__ toFalse.
o 2: Level 1, strip docstrings.

Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable
value.

Hiig: 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.
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Default: empty list.

e 3.10 HEHIA.
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 stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, O in isolated mode.

£ 3.10 R i) 5% §: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Needs a debug build of Python (the Py_DEBUG macro must be defined).
THEL: 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, O in isolated mode.
Part of the Python Path Configuration input.
IE 3.11 iR f{)%# 58 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

THF{H: NULL,
Part of the Python Path Configuration output.
See also PyConfig.base_prefix.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
e On macOS, use PYTHONEXECUTABLE environment variable if set.

o [fthe WITH NEXT_ FRAMEWORK macrois defined,use _ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv[0] of argv if available and non-empty.

o Otherwise, use L"python" on Windows, or L"python3" on other platforms.
THRCfE: 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 PYTHONPYCACHEPREF IX
environment variable. The command-line option takes precedence.
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If NULL, sys.pycache_prefixissettoNone.
THRR(H: 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.
WL 0.
wchar_t *run_command
Value of the —c command line option.
Used by Py_RunMain ().
FRAH: NULL.
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, itis set to script.py by the python3 script.py arg command line.
Wi R PyConfig.skip _source_first_line #EIH,
FERE: NULL,

wchar_t *run_module

Value of the —m command line option.
Used by Py_ RunMain ().
FERK{H: NULL.

wchar_t *run_presite

package .module path to module that should be imported before site.py is run.

Set by the -X presite=package.module command-line option and the PYTHON_PRESITE
environment variable. The command-line option takes precedence.

Needs a debug build of Python (the Py_DEBUG macro must be defined).
THRR(HE: NULL.

int show_ref_ count

Show total reference count at exit (excluding immortal objects)?
Setto 1 by -X showrefcount command line option.
Needs a debug build of Python (the Py_REF_DEBUG macro must be defined).
e 0.
int site_import
Import the site module at startup?

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.
path that it entails.

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 isset to the inverted value of site_ import.

TR 1.
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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.

i 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).

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8"if PyPreConfig.utf8_mode is non-zero.

o Otherwise, use the locale encoding.
Default error handler:

e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.ut f8_ mode is non-zero, or if the LC_CTYPE lo-
cale is ”C” or "POSIX”.

e "strict" otherwise.

See also PyConfig.legacy windows_stdio.

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 PYTHON_PERF_JIT_SUPPORT environment
variable for perf support with stack pointers and -X perf_ 7jit command-line option and by the
PYTHON_PERF_JIT_SUPPORT environment variable for perf support with DWARF JIT informa-
tion.

THRECH: 1o
1E 3.12 JUgA.

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.
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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, 0O 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.
THEE: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings. filters which is checked first (highest
priority).

The —W command line options adds its value to 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.

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 isinitialized to the inverted value of write_bytecode.
THEE: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, 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 JiY)5E W The show_alloc_count field has been removed.
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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)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_ Clear (&configqg);
return;

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

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. 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(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;

if (PyStatus_Exception (status)) {
(BHET—H)
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(R L —5)

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)) A
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)) A
goto done;

status = Py_InitializeFromConfig (&confiqg);
done:

PyConfig_ Clear (&config);
return status;

10.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig InitIsolatedConfig () functions create
a configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.
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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:

« Path configuration inputs:
- 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_ _¥@iasiig

- (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

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module search_paths_set is equal to 0, module_search_paths 1is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case,
module_search_paths will be used without modification.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

If base_prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefix respectively.

Py_RunMain () and Py_Main () modify sys.path:
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e If run_filename is set and is a directory which contains a _ main__ .py script, prepend
run_filenameto sys.path.

o 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 sys .path.

If site_import isnon-zero, sys.path can be modified by the site module. If user _site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package directory
to sys.path.

The following configuration files are used by the path configuration:
e pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (Unix only)
If a . _pth file is present:
e Wisolated BEF 1.
o ¥use environment $EFE 0,
e Wsite_import #EN 0.
o Wisafe_pathEF 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 ().

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)

Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.
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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”:

[V AUE;

[EV 4t ;

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;

FIA site fifll;

— eftc.

Private provisional API:

e PyConfig._init_main:ifsetto 0, Py InitializeFromConfig () stops atthe ”Core” initializa-
tion phase.
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 calculate 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(&config);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig (&config);

PyConfig_Clear (&configqg);

if (PyStatus_Exception(status)) A
Py _ExitStatusException (status);

I3

/* Use sys.stderr because sys.stdout is only created

(HERT—TD
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(R L —5)
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)) A
Py_ExitStatusException (status);
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111 @28

Memory management in Python involves a private heap containing all Python objects and data structures. The
management of this private heap is ensured internally by the Python memory manager. The Python memory manager
has different components which deal with various dynamic storage management aspects, like sharing, segmentation,
preallocation or caching.

At the lowest level, a raw memory allocator ensures that there is enough room in the private heap for storing all
Python-related data by interacting with the memory manager of the operating system. On top of the raw memory
allocator, several object-specific allocators operate on the same heap and implement distinct memory management
policies adapted to the peculiarities of every object type. For example, integer objects are managed differently within
the heap than strings, tuples or dictionaries because integers imply different storage requirements and speed/space
tradeoffs. The Python memory manager thus delegates some of the work to the object-specific allocators, but ensures
that the latter operate within the bounds of the private heap.

It is important to understand that the management of the Python heap is performed by the interpreter itself and that
the user has no control over it, even if they regularly manipulate object pointers to memory blocks inside that heap.
The allocation of heap space for Python objects and other internal buffers is performed on demand by the Python
memory manager through the Python/C API functions listed in this document.

To avoid memory corruption, extension writers should never try to operate on Python objects with the functions
exported by the C library: malloc (), calloc (), realloc () and free (). This will result in mixed calls
between the C allocator and the Python memory manager with fatal consequences, because they implement different
algorithms and operate on different heaps. However, one may safely allocate and release memory blocks with the C
library allocator for individual purposes, as shown in the following example:

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;

J

In this example, the memory request for the I/O buffer is handled by the C library allocator. The Python memory
manager is involved only in the allocation of the bytes object returned as a result.
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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
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.

hzs%

The PYTHONMALLOC environment variable can be used to configure the memory allocators used by Python.

The PYTHONMALLOCSTATS environment variable can be used to print statistics of the pymalloc memory allo-
cator every time a new pymalloc object arena is created, and on shutdown.

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail,
but for debugging purposes a simplified table can be found at /iere. There is no hard requirement to use the memory
returned by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although
this is the recommended practice). For example, one could use the memory returned by PyMem_ RawMalloc ()
for allocating Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

o Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must
go to the system allocator or where the allocator can operate without the G/L. The memory is requested directly
to the system.

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the G/L held. The memory is taken from the Python private heap.

¢ Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the
Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching
specific deallocating functions must be used. For example, PyMem_Free () must be used to free memory allocated
using PyMem Malloc ().

11.3 Raw Memory Interface

The following function sets are wrappers to the system allocator. These functions are thread-safe, the GIL does not
need to be held.

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc() and
free();callmalloc (1) (or calloc (1, 1)) when requestingzero bytes.

TE 3.4 RGO

void *PyMem_RawMalloc (size_tn)

[EFE 2 ABL 1—%5%r & 3.13 R A B 44. Allocates n bytes and returns a pointer of type void* to the
allocated memory, or NULL if the request fails.
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Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyMem_RawMalloc (1) had
been called instead. The memory will not have been initialized in any way.

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

[EZ5E ABI [#)— 84> B 3.13 B A Bl 45. 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.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyMem_RawCalloc (1, 1) had been called instead.

1E 3.5 A

void *PyMem_RawRealloc (void *p, size_t n)

[EZ 52 ABI [#)—%B4r & 3.13 #r A B44. Resizes the memory block pointed to by p to n bytes. The contents
will be unchanged to the minimum of the old and the new sizes.

If p is NULL, the call is equivalent to PyMem_RawMalloc (n);else if  is equal to zero, the memory block
is resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyMem RawMalloc (),
PyMem_RawRealloc () or PyMem RawCalloc ().

If the request fails, PyMem_RawRealloc () returns NULL and p remains a valid pointer to the previous
memory area.

void PyMem_RawFree (void *p)

[EfS & ABI ) — 37> & 3.13 #& & M 45. Frees the memory block pointed to by p, which
must have been returned by a previous call to PyMem_RawMalloc (), PyMem_RawRealloc () or
PyMem_RawCalloc (). Otherwise, or if PyMem_RawFree (p) has been called before, undefined be-
havior occurs.

If p is NULL, no operation is performed.

114 EEEAE

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes,
are available for allocating and releasing memory from the Python heap.

The default memory allocator uses the pymalloc memory allocator.

%B:

(=]

The GIL must be held when using these functions.

TE 3.6 Y5 55 The default allocator is now pymalloc instead of system malloc ().

void *PyMem_Malloc (size_tn)

[EfZ 2 ABI [1--#54>. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyMem_Malloc (1) had been
called instead. The memory will not have been initialized in any way.

void *PyMem_Calloc (size_t nelem, size_t elsize)

[Ef55E ABI [1—754> & 3.7 # A 44, 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.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if
PyMem_Calloc (1, 1) had been called instead.

11.4.
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TE 3.5 UG

void *PyMem_Realloc (void *p, size_t n)
[EJZ 52 ABI -4 Resizes the memory block pointed to by p to n bytes. The contents will be unchanged
to the minimum of the old and the new sizes.

If p is NULL, the call is equivalent to PyMem_Malloc (n); else if n is equal to zero, the memory block is
resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyMem Malloc (),
PyMem Realloc () or PyMem_Calloc().

If the request fails, PyMem_Realloc () returns NULL and p remains a valid pointer to the previous memory
area.

void PyMem_Free (void *p)
[EJ% 72 ABI [#)— 3[4y, Frees the memory block pointed to by p, which must have been returned by
a previous call to PyMem Malloc (), PyMem Realloc () or PyMem_ Calloc (). Otherwise, or if
PyMem_Free (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.
The following type-oriented macros are provided for convenience. Note that TYPE refers to any C type.

PyMem_New (TYPE, 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.

PyMem_Resize (p, TYPE, n)
Same as PyMem_Realloc (),butthe memory block isresizedto (n * sizeof (TYPE) ) bytes. Returns
apointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

This is a C preprocessor macro; p is always reassigned. Save the original value of p to avoid losing memory
when handling errors.

void PyMem_Del (void *p)
fpyMem_Free () A,

In addition, the following macro sets are provided for calling the Python memory allocator directly, without involving
the C API functions listed above. However, note that their use does not preserve binary compatibility across Python
versions and is therefore deprecated in extension modules.

e PyMem_ MALLOC (size)

e 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 Object allocators

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes,
are available for allocating and releasing memory from the Python heap.

e

There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory
Allocators section.
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The default object allocator uses the pymalloc memory allocator.

&

The GIL must be held when using these functions.

void *PyObject_Malloc (size_tn)

[F)f5 & ABI (1145, Allocates n bytes and returns a pointer of type void* to the allocated memory, or

NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyObject_Malloc (1) had
been called instead. The memory will not have been initialized in any way.

void *PyObject_Calloc (size_t nelem, size_t elsize)

[EfZ 2 ABL 134 B 3.7 B A B44. 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.

Requesting zero elements or elements of size zero bytes returns a distinct non-NULL pointer if possible, as if

PyObject_Calloc (1, 1) had been called instead.

e 3.5 AIA.

void *PyObject_Realloc (void *p, size_t n)

()35 2 ABI )54} Resizes the memory block pointed to by p to n bytes. The contents will be unchanged

to the minimum of the old and the new sizes.

If p is NULL, the call is equivalent to PyObject_Malloc (n);else if n is equal to zero, the memory block

is resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to PyObject_Malloc (),

PyObject_Realloc () or PyObject_Calloc ().

If the request fails, PyObject_Realloc () returns NULL and p remains a valid pointer to the previous

memory area.

void PyObject_Free (void *p)

[F)f5 & ABI [1)—7#/}. Frees the memory block pointed to by p, which must have been returned by a previous
call to PyObject_Malloc (), PyObject_Realloc () or PyObject_Calloc (). Otherwise, or if
PyObject_Free (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.

11.6 Default Memory Allocators

Default memory allocators:

BE 21 PyMem_RawMallc PyMem_Malloc  PyOb-
ject_Malloc
Release build "pymalloc" malloc pymalloc pymalloc
Debug build "pymalloc_debuc malloc +debug pymalloc + pymalloc +
debug debug
Release build, without py- "malloc" malloc malloc malloc
malloc

Debug build, without py- "malloc_debug" malloc + debug
malloc

malloc + de-
bug

malloc + de-

bug

Legend:

11.6. Default Memory Allocators
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o Name: value for PYTHONMALLOC environment variable.

e malloc: system allocators from the standard C library, C functions: malloc (), calloc (), realloc ()
and free ().

e pymalloc: pymalloc memory allocator.

e mimalloc: mimalloc memory allocator. The pymalloc allocator will be used if mimalloc support isn’t avail-
able.

o 7+ debug”: with debug hooks on the Python memory allocators.

« ”"Debug build”: Python build in debug mode.

11.7 Customize Memory Allocators

TE 3.4 JRBTIMA.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

L I=F 3

void *ctx user context passed as first argument
void* malloc (void *ctx, size_t size) allocate a memory block

void* calloc(void *ctx, size_t nelem, allocate a memory block initialized
size_t elsize) with zeros

void* realloc(void *ctx, void *ptr, size_t allocate or resize a memory block
new_size)
void free (void *ctx, void *ptr) free a memory block

TE 3.5 [R5 5. The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

type PyMemAllocatorDomain
Enum used to identify an allocator domain. Domains:

PYMEM_DOMAIN_RAW
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()
PYMEM_DOMAIN_MEM
PR
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free/()
PYMEM_DOMAIN_OBJ
PR
e PyObject_Malloc ()

e PyObject_Realloc ()
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e PyObject_Calloc/()
e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
Get the memory block allocator of the specified domain.

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
Set the memory block allocator of the specified domain.

The new allocator must return a distinct non-NULL pointer when requesting zero bytes.

For the PYMEM DOMAIN RAW domain, the allocator must be thread-safe: the GIL is not held when the
allocator is called.

For the remaining domains, the allocator must also be thread-safe: the allocator may be called in different
interpreters that do not share a GIL.

If the new allocator is not a hook (does not call the previous allocator), the PyMem_SetupDebugHooks ()
function must be called to reinstall the debug hooks on top on the new allocator.

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

o
PyMem_SetAllocator () does have the following contract:

e It can be called after Py PreTnitialize () and before Py TnitializeFromConfig ()
to install a custom memory allocator. There are no restrictions over the installed allocator other than
the ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called
without the GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_InitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator for some
other arbitrary one is not supported.

¥E 3.12 iR ¥52 8 All allocators must be thread-safe.
void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preini-
tialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release
mode (ex: PYTHONMALLOC=debug).

The PyMem_SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte 0xFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

Runtime 75 :

« Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated
by PyMem_Malloc ().

« Detect write before the start of the buffer (buffer underflow).
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« Detect write after the end of the buffer (buffer overflow).

e Check that the GIL is held when allocator functions of PYMEM DOMAIN _OBJ (ex:
PyObject_Malloc ())and PYMEM DOMAIN_MEM (ex: PyMem_Malloc ()) domains are called.

On error, the debug hooks use the t racemalloc module to get the traceback where a memory block was allocated.
The traceback is only displayed if t racemalloc is tracing Python memory allocations and the memory block was
traced.

LetS=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory
layout is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1:j] means
the slice of bytes from * (p+1i) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs
from a Python slice):

pl-2*s:-8]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).
p[-s]

API identifier (ASCII character):
e 'r' for PYMEM DOMAIN_RAW.
e 'm' for PYMEM _DOMAIN_MEM.

e '0' for PYMEM_DOMAIN_OBJ.

p[—-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
p[0:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting
a smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

PIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

PI[N+S:N+2*S]
Only used if the PYMEM_DERUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t.
If ”bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run,
to capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is
the only place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact.
If they’ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The
other main failure mode is provoking a memory error when a program reads up one of the special bit patterns and
tries to use it as an address. If you get in a debugger then and look at the object, you're likely to see that it’s entirely
filled with PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning
uninitialized memory is getting used).

T 3.6 MU 5 ¥: The PyMem SetupDebugHooks () function now also works on Python compiled in re-
lease mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMATIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

T7E 3.8 WU 1Y) % TE: Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Win-
dows CRT debugmalloc () and free ().
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11.9 The pymalloc allocator

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short lifetime. It
uses memory mappings called “arenas” with a fixed size of either 256 KiB on 32-bit platforms or 1 MiB on 64-bit
platforms. It falls back to PyMem RawMalloc () and PyMem_RawRealloc () for allocations larger than 512
bytes.

pymalloc is the default allocator of the PYMEM _DOMAIN_MEM (ex: PyMem_Malloc()) and
PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc ()) domains.

The arena allocator uses the following functions:
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
e malloc () and free () otherwise.

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled
at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 Customize pymalloc Arena Allocator

TE 3.4 JRBTMA.

type PyObjectArenaAllocator
Structure used to describe an arena allocator. The structure has three fields:

v =€

void *ctx user context passed as first argument
void* alloc(void *ctx, size_t size) allocate an arena of size bytes
void free (void *ctx, void *ptr, size_t free an arena

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

Get the arena allocator.

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

Set the arena allocator.

11.10 The mimalloc allocator

e 3.13 HGHmA.

Python supports the mimalloc allocator when the underlying platform support is available. mimalloc ”is a general
purpose allocator with excellent performance characteristics. Initially developed by Daan Leijen for the runtime
systems of the Koka and Lean languages.”
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11.11 tracemalloc C API

1E 3.7 B A

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

Track an allocated memory block in the t racemalloc module.

Return 0 on success, return —1 on error (failed to allocate memory to store the trace). Return -2 if tracemalloc
is disabled.

If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
Untrack an allocated memory block in the t racemalloc module. Do nothing if the block was not tracked.

Return -2 if tracemalloc is disabled, otherwise return O.

11.12 G461

Here is the example from section 4% %7, rewritten so that the I/O buffer is allocated from the Python heap by using
the first function set:

PyObject *res;

char *buf = (char *) PyMem Malloc (BUFSIZ); /* for I/0 */
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;

The same code using the type-oriented function set:

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

J

Note that in the two examples above, the buffer is always manipulated via functions belonging to the same set. Indeed,
it is required to use the same memory API family for a given memory block, so that the risk of mixing different
allocators is reduced to a minimum. The following code sequence contains two errors, one of which is labeled as
fatal because it mixes two different allocators operating on different heaps.

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 () */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are
allocated and released with PyOb ject_New, PyObject_NewVar and PyObject_Del ().

These will be explained in the next chapter on defining and implementing new object types in C.

266 Chapter 11. EiEREE



cHAPTER 12

Object Implementation Support

This chapter describes the functions, types, and macros used when defining new object types.

12.1 7% heap 5 ECHhif

PyObject *_PyObject_New (PyTypeObject *type)
EMEE: G2,

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
EMRE: G R RE,

PyObject *PyObiject_Init (PyObject *op, PyTypeObject *type)
e A R 4e . [EFEE ABL 0. B R BUERIYIIG 2 ARG B B op. IR
P el . 2R type FoR T2 BEIE BRAR AT 28, WS SIS A28 Bl 4
. P AR 250 &

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
AR R 40, [ERE ABLIY-— . BEgHEB| Pyobject _Tnit () WIFTAIAE, EHEWIG
MR/ N TS M AR RE T

PyObject_New (TYPE, typeobj)
i C 45 ZLE) TYPE FiI Python ZU[EIY) 4 typeobj (PyTypeObject*) 43 FL—fH #ify Python 1.
AAER% Python P{HARIH (header) H i FERIR A2 AN S acRI A1k s WP L 35 0 OIS {11 1 490 414 i) WE—
S (WS EEHIE ) . SRR AT N type W cp_basicsize BMIAAEE .

PyObject_NewVar (TYPE, typeobj, size)
fiiJ1] C 45 AUE] TYPE Fi) Python ) Z[EMW) {1 typeobj (PyTypeObject *) JrFl—{HHf) Python 4
f. RAEZ Python W AHAREA o E RV AL Bl wIdn e . etRB S HITHR T TYPE 45 R/ INREIN
- typeobj Wy tp_itemsize RIRERALNY size (Py_ssize_t) HALAE. & H A F 8 AN tuple i8
T RE I g I E) e 5 O/ R AR R o SRR 2 ) B 3]+ A A ] e AR 4 T o T
PAEVDRCAR S A RO U, SEd e TRt i A B AR .

void PyObject_Del (void *op)
B pyobject_New B Pyobject_NewVar RLAPIIFRIRCIER. Bl % W FRUERT S
SEW tp_dealloc handler HIRFIY , WA SE M R LA, W1 2 CLER AN AT AR AR, PRI A
Sy FCAYRCIE BE O A P2 — B %0 Python #1%:.
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PyObject _Py_NoneStruct

B AP 52 Python Hif) None. & HIEZ##Py_None BAERAFHL, a% BRI Z R 21
HUEELE

hz%

PyModule Create()

J L RO PR A A ST R A

12.2 @RMTRE

There are a large number of structures which are used in the definition of object types for Python. This section
describes these structures and how they are used.

12.2.1 Base object types and macros

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
[E5ZFR AP [—3B4r. (RA R4 B 452 ABI #9—3R%-.) All object types are extensions of this
type. This is a type which contains the 1nformat10n 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
[E2Z i AP [ —35%.  (RA R4 B 45 % ABI 49—3k4>.) This is an extension of PyOb ject that
adds the ob_ size field. This is only used for objects that have some notion of length. This type does not
often appear in the Python/C API. Access to the members must be done by using the macros Py REFCNT,
Py_TYPE,and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

[PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_ VAR_HEAD macro expands to:

[PyVarObject ob_base;

i LI Pyvarobject )30,
int Py_ Is (PyObject *x, PyObject *y)
[EVfZ5E ABI—31> B 3.10 #r Ak B44. Testif the x object is the y object, the same as x is vy in Python.

1 3.10 JRBA.
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int Py_IsNone (PyObject *X)
&5 ABI [—3514) B 3.10 #r A Bi44. Test if an object is the None singleton, the same as x is None
in Python.

£ 3.10 HEHA.
int Py_ IsTrue (PyObject *X)

[EZ 5 ABI (R4 A 3.10 #r A B44. Test if an object is the True singleton, the same as x is True
in Python.

1E 3.10 A
int Py_IsFalse (PyObject *X)

2 ABI [)—3%%r & 3.10 #5 A Bl 44. Test if an object is the False singleton, the same as x is
False in Python.

15 3.10 JRPMA.
PyTypeObject *Py_TYPE (PyObject *0)
EIME{E: £ 488, Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

TE 3.11 M) 5% 8. 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 (0) == type.
1 3.9 BRBIA.
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
K o B BUEIRRE] type.
TE 3.9 A
Py_ssize_t Py_SIZE (PyVarObject *0)
Hu#5 Python 11+ 0 IR/,
Use the Py_SET_STIZE () function to set an object size.

JE 3.11 fR5TE: 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)
HEIE 0 A/ NGR(E] size.
TE 3.9 BRI

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 PyVarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,
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1222 EEHRR BB

type PyCFunction

[EJZ 5 ABI [543 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

= E ABI )4, 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

[EVfZ & ABI f—35%> @ 3.13 #r A 45, 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

[ ABI 1% —344> A 3.13 B A B 44. 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
METH_FASTCALL | METH_KEYWORDS. The function signature is:

C with signature METH _METHOD |

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_ class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

1E 3.9 FRANA.
type PyMethodDef

[EfZ 5 ABI [1—3B45 (L4 Fr R A & ) . Structure used to describe a method of an extension type. This

structure has four fields:

const char *m1l_name
Name of the method.

PyCFunction m1_meth
Pointer to the C implementation.
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intml_flags

Flags bits indicating how the call should be constructed.

const char *m1_doc

Points to the contents of the docstring.

The m1_methisa 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 ion. 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_KEYWORDS

Can only be used in certain combinations with other flags: METH_VARARGS | METH_KEYWORDS,
METH _FASTCALL | METH_KEYWORDS and METH _METHOD | METH_FASTCALL | METH _KEYWORDS.

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).

TE 3.7 B A
Tr 3.10 fRAY5E T : 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 vec-
torcall 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.

1E 3.7 ATIA.

METH_METHOD
Can only be used in the combination with other flags: METH_METHOD | METH_FASTCALL |
METH _KEYWORDS.

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 HGA.
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METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunct ion. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

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.

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.
PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

EMRAE: ey 4iE . [EFEE ABLEY-—> A 3.9 B K 44, Turn ml into a Python callable object. The
caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked.
self can be NULL.

The callable object’s __module___ attribute can be set from the given module argument. module should be
a Python string, which will be used as name of the module the function is defined in. If unavailable, it can be
set to None or NULL.

%

function._ module_

The cls parameter will be passed as the defining class argument to the C function. Must be set if
METH_METHODis setonml->ml_flags.

TE 3.9 BUBmA.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
EARAE: #Feg 4 e, [EE 0 ABI [—34r. 245 PyCMethod_New (ml, self, module,
NULL) .

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

EMRE: #Fey e, [EREE ABLIW—ER4 & 3.4 R B 44, 248 PyCMethod_New (ml, self,
NULL, NULL),
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12.2.3 Accessing attributes of extension types

type PyMemberDef

[EfZ 2 ABI 434y (L4 F7 A B ) . Structure which describes an attribute of a type which corre-
sponds to a C struct member. When defining a class, put a NULL-terminated array of these structures in the
tp_members slot.

Its fields are, in order:

const char *name

Name of the member. A NULL value marks the end of a PyMemberDef [] array.
The string should be static, no copy is made of it.

int type

The type of the member in the C struct. See Member types for the possible values.
Py_ssize_ t of fset

The offset in bytes that the member is located on the type’ s object struct.

int £lags
Zero or more of the Member flags, combined using bitwise OR.

const char *doe

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is defined using
PyDoc_STR.

By default (when f1ags is 0), members allow both read and write access. Use the Py_ READONLY flag for
read-only access. Certain types, like Py_ T STRING, imply Py_ READONLY. Only Py_T OBJECT_EX
(and legacy T_OBJECT) members can be deleted.

For heap-allocated types (created using PyType_ FromSpec () or similar), PyMemberDef may
contain a definition for the special member "__vectorcalloffset_ ", corresponding to
tp_vectorcall_offset in type objects. These must be defined with Py_T_PYSSIZET and
Py_READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset_ ", Py_T_PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

i

(You may need to #include <stddef.h>foroffsetof().)

The legacy offsets tp_dictoffset and tp_weaklistoffset can be defined similarly using
" dictoffset_ "and"__ _weaklistoffset__ " members, but extensions are strongly encouraged
touse Py TPFLAGS MANAGED_DICTand Py TPFLAGS_MANAGED_ WEAKREF instead.

JE 312 MWy %% T: PyMemberDef is always available.  Previously, it required including
"structmember.h".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
()35 2 ABI 13747 Get an attribute belonging to the object at address obj_addr. The attribute is described
by PyMemberDef m. Returns NULL on error.

TE 3.12 B B 5% . PyMember_GetOne is always available. Previously, it required including
"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
= ABI [1)—i1/7>. Set an attribute belonging to the object at address obj_addr to object o. The attribute
to set is described by PyMemberDef m. Returns 0 if successful and a negative value on failure.

£ 312 WU B 3f ¥: PyMember_SetOne is always available. Previously, it required including
"structmember.h".
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Member flags

The following flags can be used with PyMemberDef. flags:

Py_READONLY
AATE A
Py_AUDIT_READ
Emit an object.__getattr__ audit event before reading.

Py _RELATIVE_OFFSET

Indicates that the of fset of this PyMemberDef entry indicates an offset from the subclass-specific data,
rather than from PyObject.

Can only be used as part of Py_tp_members slot when creating a class using negative basicsize. It
is mandatory in that case.

This flag is only used in Py Type_S1ot. When setting t p_membe rs during class creation, Python clears it
and sets PyMemberDef.of fset to the offset from the PyObject struct.

FE 3.10 fi1)5# 5 : The RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED macros available with
#include "structmember.h" are deprecated. READ_RESTRICTED and RESTRICTED are equivalent to
Py _AUDIT _READ;WRITE_RESTRICTED does nothing.

FE 3.12 JiR %4 ¥ The READONLY macro was renamed to Py_ READONLY. The PY_AUDIT_READ macro was
renamed with the Py__ prefix. The new names are now always available. Previously, these required #include
"structmember.h". The header is still available and it provides the old names.

Member types

PyMemberDef . type can be one of the following macros corresponding to various C types. When the member
is accessed in Python, it will be converted to the equivalent Python type. When it is set from Python, it will be
converted back to the C type. If that is not possible, an exception such as TypeError or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr ().
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E&£A% C type Python type

char int
Py T_BYTE

short int
Py_T_SHORT

int int
Py_T_INT

long int
Py_T_LONG

long long int
Py_T_LONGLONG

unsigned char int
Py_T_UBYTE

unsigned int int
Py_T_UINT

unsigned short int
Py_T_USHORT

unsigned long int
Py_T_ULONG

unsigned long long int
Py_T_ULONGLONG

Py ssize_ t int
Py _T_PYSSIZET

float float
Py_T_FLOAT

double float
Py_T_DOUBLE

char (Bmo0sk1) bool
Py_T_BOOL

const char* (¥) str (RO)
Py_T_STRING

const char([] (¥) str (RO)
Py_T_STRING_INPLACE

char (0-127) str (¥%)
Py _T_CHAR

PyObject* object (D)

Py _T OBJECT_EX

(*): Zero-terminated, UTF8-encoded C string. With Py_ T_ STRING the C representation is a pointer;
with Py_T_STRING_INPLACE the string is stored directly in the structure.

12.2. BAMHER
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(**): String of length 1. Only ASCII is accepted.
(RO): Implies Py._ READONLY.

(D): Can be deleted, in which case the pointer is set to NULL. Reading a NULL pointer raises
AttributeError.

TE 3.12 BRI In previous versions, the macros were only available with #include "structmember.h"
and were named without the Py__ prefix (e.g. as T_INT). The header is still available and contains the old names,
along with the following deprecated types:

T_OBJECT

Like Py_T_OBJECT_EX, but NULL is converted to None. This results in surprising behavior in Python:
deleting the attribute effectively sets it to None.

T _NONE
Always None. Must be used with Py READONLY.

Defining Getters and Setters

type PyGetSetDef

%2 ABL —3#4r (&4 F7H s B ) . Structure to define property-like access for a type. See also
description of the Py TypeObject.tp_getset slot.

const char *name
Ji&g 44
getter get
C function to get the attribute.
setter set
Optional C function to set or delete the attribute. If NULL, the attribute is read-only.
const char *doec
] SR S R
void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*getter)(PyObject*, void*)

[EfZ 5 ABI [543, The get function takes one PyOb ject* parameter (the instance) and a user data
pointer (the associated closure):

It should return a new reference on success or NULL with a set exception on failure.
typedef int (*settexr)(PyObject*, PyObject*, void*)

[F)f5 7 ABI [1)—#54). set functions take two PyObject* parameters (the instance and the value to be
set) and a user data pointer (the associated closure):

In case the attribute should be deleted the second parameter is NULL. Should return 0 on success or —1 with
a set exception on failure.

276 Chapter 12. Object Implementation Support



The Python/C API, &(F 3.13.0rc2

12.3 B4

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.

Type objects are fairly large compared to most of the standard types. The reason for the size is that each type object
stores a large number of values, mostly C function pointers, each of which implements a small part of the type’s
functionality. The fields of the type object are examined in detail in this section. The fields will be described in the
order in which they occur in the structure.

In addition to the following quick reference, the 17 section provides at-a-glance insight into the meaning and use

of PyTypeObject.

12.3.1 Quick Reference

“tp slots”

PyTypeObject Slot"ec 278 | Type special methods/attrs InfoPase 278 2
CTDI
<R> tp_name const char * __pname__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py _ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py _ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr__,  delattr G
tp_as_async PyAsyncMethods * sub-slots %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
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 G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * _doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc _lt ,_le , eq ,_ne , X G
8, _ge
(tp_weaklistoffset) Py_ssize_t X ?
tp_iter getiterfunc iter
tp_iternext lternextfunc next
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 descrget func _get X
tp_descr_set descrset func _set_, delete_ X
EET—A
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Rg1-EEF—8

PyTypeObject Slot' Type special methods/attrs Info’
CTDI
(tp_dictoffset) Py ssize t X ?
tp_init initproc _init__ X X X
tp_alloc allocfunc X 7 ?
tp_new newfunc __hew___ X X ?7?
tp_free freefunc X X ?7?
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
[tp_watched] unsigned char
sub-slots
Slot Type special methods
am_await 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__
BET—H

1 (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).

2 Columns:

”0”: set on PyBaseObject_Type

”T”: seton PyType Type
”D”: default (if slot is set to NULL)

X - PyType_Ready sets this value if it is NULL

~ — PyType_Ready always sets this value

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column

”I”: inheritance

b

o°

o Q

— it's complicated;

Note that some slots are effectively inherited through the normal attribute lookup chain.

("I") .

— type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots;
see the slot's description

see the slot's description
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Rig2-BEL—H

Slot Type special methods
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod___

_ rdivmod___
nb_power ternaryfunc __pow__ __ rpow__
nb_inplace_power ternaryfunc _jmwm_
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift 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__ __ TrXor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _Oor___ ror__
nb_inplace_or binaryfunc _dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float_
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true divide binaryfunc _truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__

__rmatmul__
nb_inplace_matrix _multiply binaryfunc __imatmul
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

_ delitem___
sq_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sg_ass_item ssizeobjargproc __setitem___

_delitem___
sg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf _releasebuffer

getbufferproc ()
releasebufferproc ()
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slot typedefs

typedef Parameter Types Return Type
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
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 *
PyObject *
12.3. BEH e 281
PyObject *
hashfunc PyObject * Py_hash_t
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W2 AN 7T ITHSlot Type typedefs.

12.3.2 PyTypeObject Definition

The structure definition for Py TypeObject can be found in Include/object .h. For convenience of refer-
ence, this repeats the definition found there:

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;

BET—T
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(R L —5)

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

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

12.3.3 PyObiject Slots

The type object structure extends the Py VarObject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_si ze field.

Py_ssize_ t PyObject .ob_refecnt
= & ABIL [ — % 4r.  This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (ob-
jects whose ob__t ype points back to the type) do not count as references. But for dynamically allocated type
objects, the instances do count as references.

Inheritance:
This field is not inherited by subtypes.

PyTypeObject *PyObject .ob_type
[F)f2 5 ABI [)—547. 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;
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This should be done before any instances of the type are created. Py Type_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.

Inheritance:

This field is inherited by subtypes.

12.3.4 PyVarObject Slots

Py_ssize_ t PyVarObject .ob_size

[EJfS 2 ABI [—3%+. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

Inheritance:

This field is not inherited by subtypes.

12.3.5 PyTypeObiject Slots

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).

Inheritance:

This field is not inherited by subtypes.

Py _ssize_t PyTypeObject .tp_basicsize

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_ i temsi 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_si ze 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_s1izetoindicate a negative number, and Nis abs (ob_size) there. Also, the presence of an ob_size
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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_ s i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by the
value of tp basicsize. Example: suppose a type implements an array of double. tp itemsize
is sizeof (double). It is the programmer’s responsibility that tp_basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Inheritance:

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, it is 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 reference
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 to_ free 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 deallocator
should be the one used to allocate the instance; this is normally PyObject_Del () if the instance was
allocated using PyOb ject_New or PyObject_NewVar,or PyObject_GC_Del () if the instance was
allocated using PyOb ject_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 release the owned
reference to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

Inheritance:

This field is inherited by subtypes.
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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 vectorcallfunc pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

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().

TE 3.8 M54 5 Before version 3.8, this slot was named tp_print. In Python 2.x, it was used for printing
to a file. In Python 3.0 to 3.7, it was unused.

TE 3.12 WA %4 55 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.

Inheritance:

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflagis notalways 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.

Inheritance:
E%é,zﬁ tp_getattr, tp_getattro

This field is inherited by subtypes together with t p_ getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc 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.

Inheritance:
B4l: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattro: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

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.

T 3.5 JR#IN A : Formerly known as tp_compare and tp_reserved.
Inheritance:

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 PyOb ject_Repr ():

286

Chapter 12. Object Implementation Support



The Python/C API, &(F 3.13.0rc2

[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.

Inheritance:
This field is inherited by subtypes.
i

When this field is not set, a string of the form <%s object at %$p> isreturned, where $s is replaced by
the type name, and $p by the object’s memory address.

PyNumberMethods *PyTypeObject .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.

Inheritance:
The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods *PyTypeObject .tp_as_sequence

Pointer to an additional structure that contains fields relevant only to objects which implement the sequence
protocol. These fields are documented in Sequence Object Structures.

Inheritance:
The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods *Py TypeObject .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.

Inheritance:
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 PyOb ject_Hash ():

[Py_hash_t tp_hash (PyObject *);

)

The value -1 should not be returned as a normal return value; when an error occurs during the computation
of the hash value, the function should set an exception and return —1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

This field can be set explicitly to PyOb ject_HashNot Implemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of _ _hash__ = None at the Python
level, causing isinstance (o, collections.Hashable) to correctly return False. Note that the
converse is also true - setting__hash___ = None on aclass at the Python level will result in the tp_hash
slot being set to PyOb ject_HashNot Implemented ().

Inheritance:
M4: tp_hash. tp_richcompare

This field is inherited by subtypes together with tp richcompare: a subtype inherits both of
tp_richcompareand tp_hash, when the subtype’s tp_richcompareand tp_hash are both NULL.

it
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PyBaseObject_Type uses PyObject__GenericHash ().

ternaryfunc PyTypeObject .tp_call

An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ():

[Pyobject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); }

Inheritance:
This field is inherited by subtypes.

reprfunc Py TypeObject .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 PyObject_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.

Inheritance:
This field is inherited by subtypes.
2L .
"x .
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.

Inheritance:
E?%ﬂl 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.

L.
nx-
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro

An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr ():

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value); }

In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this
field to PyObject_GenericSetAttr (), which implements the normal way of setting object attributes.

Inheritance:

E‘?ﬁéﬂl tp_setattr., tp_setattro
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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.
i
PyBaseObject_Type uses PyObject_GenericSetAttr ().

PyBufferProcs *Py TypeObject .tp_as_buffer
Pointer to an additional structure that contains fields relevant only to objects which implement the buffer in-
terface. These fields are documented in Buffer Object Structures.
Inheritance:

The tp_as_buffer field is not inherited, but the contained fields are inherited individually.

unsigned long Py TypeOb ject .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.

Inheritance:

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_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. .. XXX are most
flag bits really inherited individually?

BE
PyBaseObject_Type {#i ] 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_fl1ags field. The macro PyType_ HasFeature () takes a type and a flags value, #p and
f, and checks whether tp—>tp_flags & £ isnon-zero.

Py TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_ t ype field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREF’ed). Heap types should also support garbage collection
as they can form a reference cycle with their own module object.

Inheritance:
77?

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).

Inheritance:
77
Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().

Inheritance:

m
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Py_TPFLAGS_READYING

This bit is set while Py Type_Ready () is in the process of initializing the type object.

Inheritance:

7

Py _TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyObject_GC_Del (). More information in section /4
I 33 YR el a9 & 4%, This bit also implies that the GC-related fields tp_traverseand tp_clear
are present in the type object.

Inheritance:
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

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_t raverse 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.

Inheritance:

7

Py_TPFLAGS_METHOD_DESCRIPTOR

This bit indicates that objects behave like unbound methods.
If this flag is set for t ype (meth), then:

e meth._get_ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent
tometh (obj, *args, **kwds).

e meth._get_ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds) .

This flag enables an optimization for typical method calls like obj .meth () : it avoids creating a tem-
porary “bound method” object for obj .meth.

TE 3.8 UHE A
Inheritance:

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE flag set. For exten-
sion 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.

The type traverse function must call PyOb ject_VisitManagedDict () andits clear function must
call PyObject_ClearManagedDict ().

TE 3.12 JRMA.
Inheritance:

This flag is inherited unless the tp_dictoffset field is set in a superclass.

290

Chapter 12. Object Implementation Support



The Python/C API, &(F 3.13.0rc2

Py TPFLAGS_MANAGED_WEAKREF

This bit indicates that instances of the class should be weakly referenceable.

1E 3.12 R

Inheritance:

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

Py_TPFLAGS_ITEMS_AT_END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the instance’s memory
area, at an offset of Py_TYPE (obj) ->tp_basicsize (which may be different in each subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not variable-
sized. Python does not check this.

TE 3.12 Fgm A
Inheritance:
This flag is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_ SUBCLASS
Py TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS

These flags are used by functions such as PyLong_ Check () to quickly determine if a type
is a subclass of a built-in type; such specific checks are faster than a generic check, like
PyObject_IsInstance (). Custom types that inherit from built-ins should have their tp_flags
set appropriately, or the code that interacts with such types will behave differently depending on what
kind of check is used.

Py TPFLAGS_HAVE_FINALIZE
This bit is set when the tp_ finalize slotis present in the type structure.
1E 3.4 JRABTINA.

Tr 3.8 R 2 &4 [F)H: 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.

Inheritance:
This bit is inherited if tp_call is also inherited.

1E 3.9 WA

TE 3.12 fi 5% 56 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.
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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.

Inheritance:

This flag is not inherited.

1E 3.10 FGIA.

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.

Inheritance:

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

ffi(E]

To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make ¢ p_new only succeed for subclasses.

1E 3.10 FCHIA.
Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of a
mat ch block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

il

Py _TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Inheritance:

This flag is inherited by types that do not already set Py_ TPFLAGS_SEQUENCE.

hz%
PEP 634 -- Structural Pattern Matching: Specification

1E 3.10 FGIA.
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.
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f#(E)
Py _TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

Inheritance:

This flag is inherited by types that do not already set Py TPFLAGS_MAPPING.

hz%
PEP 634 -- Structural Pattern Matching: Specification

1E 3.10 FGIA.

Py TPFLAGS_VALID_ VERSION_TAG
Internal. Do not set or unset this flag. To indicate that a class has changed call Py Type_Modified()

o

This flag is present in header files, but is not be used. It will be removed in a future version of CPython

const char *PyTypeObject .tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as
the _doc___ attribute on the type and instances of the type.

Inheritance:
This field is not inherited by subtypes.

traverseproc Py TypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector.  This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, wvoid *argqg);

More information about Python’s garbage collection scheme can be found in section /%% 35 38 =l a4 3%

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_traverse function simply calls Py VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:

e 7
static int

local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py _VISIT (self->args);

Py_VISIT (self->kw);

Py _VISIT (self->dict);

return O;

Note that Py VISIT () is called only on those members that can participate in reference cycles. Although
there is also a se1f->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.

Heap types (Py_TPFLAGS_HEAPTYPE) must visit their type with:
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[Py_VISIT(Py_TYPE(self));

It is only needed since Python 3.9. To support Python 3.8 and older, this line must be conditional:

#1f PY VERSION_HEX >= 0x03090000
Py_VISIT (Py_TYPE (self));
#endif

If the Py TPFLAGS_MANAGED_DICT bit is set in the tp_ flags field, the traverse function must call
PyObject_VisitManagedDict () like this:

[Pyobject_VisitManagedDict((PyObject*)self, visit, arg);

e

When implementing t p_ t raverse, 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_weak1ist 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.

Tt 3.9 WX A %% 8. 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.

Inheritance:
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_t raverse,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_c1ear functions in the system must combine to break all reference cycles.
This is subtle, and if in any doubt supply a tp_ clear function. For example, the tuple type does not imple-
ment a tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely
of tuples. Therefore the t p_ c1ear 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);

EET—T
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(L —5)
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 released (via Py_DECREF () ) until after the pointer to the contained object is set
to NULL. This is because releasing the reference 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 im-
portant 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.

If the Py TPFLAGS_MANAGED_DICT bit is set in the tp_ flags field, the traverse function must call
PyObject_ClearManagedDict () like this:

[PyobjecticlearManagedDict ((PyObject*)self);

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_dealloc is 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 /3% 3z 3R =4 v ¥ 4%
Inheritance:
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with t p_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 TypeObject.

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 ():

12.3. B[ 295



The Python/C API, £[F] 3.13.0rc2

B Comparison

<
Py LT

<=
Py LE
Py_EQ o

! —
Py NE

>
Py _GT

>3
Py_GE

The following macro is defined to ease writing rich comparison functions:

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 PyOb ject_RichCompare ().

The returned value is a new strong reference.
On error, sets an exception and returns NULL from the function.
TE 3.7 IR

Inheritance:

FEA 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 t p_richcompare and tp_hash are both NULL.

i

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-
ever, if only tp_ hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py ssize_t PyTypeObject.tp_weaklistoffset

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_CleariWeakRefs () and the PyWeakref_ * functions. The instance structure needs to
include a field of type PyOb ject* which is initialized to NULL.

Do not confuse this field with t p_weak 1 i st; that is 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 _weaklistoffset.
Inheritance:

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.
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i

Ifthe Py TPFLAGS MANAGED WEAKREF bitissetinthe tp flagsfield, then tp_weaklistoffset
will be set to a negative value, to indicate that it is unsafe to use this field.

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ():

[PyObject *tp_iter (PyObject *self); }

Inheritance:
This field is inherited by subtypes.

iternextfunc PyTypeObject .tp_iternext

An optional pointer to a function that returns the next item in an iterator. The signature is:

[Pyobject *tp_iternext (PyObject *self); }

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set.
When another error occurs, it must return NULL too. Its presence signals that the instances of this type are
iterators.

Iterator types should also define the tp_ i t er function, and that function should return the iterator instance
itself (not a new iterator instance).

This function has the same signature as PyIter Next ().
Inheritance:
This field is inherited by subtypes.

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.

Inheritance:
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.

Inheritance:
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 PyGet SetDef 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.

Inheritance:

This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).
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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.

il

Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be “address
constants”. Function designators like PyType GenericNew (), with implicit conversion to a pointer,
are valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both
compilers are strictly standard conforming in this particular behavior.

Consequently, tp_base should be set in the extension module’s init function.

Inheritance:
This field is not inherited by subtypes (obviously).
it

This field defaults to &PyBaseObject_Type (which to Python programmers is known as the type
object).

PyObject *PyTypeObject .tp_dict

The type’s dictionary is stored here by Py Type_Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__ () ). Once initialization for the type has finished, this field should be treated as read-only.

Some types may not store their dictionary in this slot. Use Py Type_GetDict () to retrieve the dictionary
for an arbitrary type.

JE 3.12 I 45 58 Internals detail: For static builtin types, this is always NULL. Instead, the dict for such
types is stored on PyInterpreterState. Use PyType_GetDict () to get the dict for an arbitrary

type.

Inheritance:

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

it

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

45

Itis not safe touse PyDict_Set Item () onor otherwise modify ¢ p_dict with the dictionary C-APL.

descrgetfunc Py TypeObject .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);

Inheritance:

This field is inherited by subtypes.
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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.
Inheritance:
This field is inherited by subtypes.
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_ dict; 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.

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.
Inheritance:

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.

Hig:
This slot has no default. For static types, if the field is NULL thenno ___dict__ gets created for instances.

If the Py TPFLAGS_MANAGED_DICT bitis setin the tp_flags 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 key-
word 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 o_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 O on success, —1 and sets an exception on error.
Inheritance:

This field is inherited by subtypes.
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gt
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); }

Inheritance:
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
Hi:

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 (). Thatisthe recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

An optional pointer to an instance creation function.

The function signature is:

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); J

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.

Inheritance:

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

2L .
H'a

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.

Jfreefunc PyTypeObject .tp_free

An optional pointer to an instance deallocation function. Its signature is:

[void tp_free(void *self); }

An initializer that is compatible with this signature is PyObject_Free ().

Inheritance:

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
i

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.
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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_ f1ags 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, PyType_ Type, defines this function to
distinguish between statically and dynamically allocated types.)

Inheritance:
This field is inherited by subtypes.
S
This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases
Tuple of base types.
This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

o

Multiple inheritance does not work well for statically defined types. If you set tp_bases to a tuple,
Python will not raise an error, but some slots will only be inherited from the first base.

Inheritance:
This field is not inherited.

PyObject *Py TypeObject .tp_mro

Tuple containing the expanded set of base types, starting with the type itself and ending with object, in
Method Resolution Order.

This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.
Inheritance:
This field is not inherited; it is calculated fresh by Py Type_ Ready ().
PyObject *PyTypeObject .tp_cache
Unused. Internal use only.
Inheritance:

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_ ().

TF 3.12 U5 58 For some types, this field does not hold a valid PyOb ject*. The type was changed to
void* to indicate this.

Inheritance:
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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.

TF 3.12 MUY 55 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.

Inheritance:
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.

Inheritance:
This field is not inherited.

destructor PyTypeObject .tp_finalize

An optional pointer to an instance finalization function.

Its signature is:

[Void tp_finalize (PyObject *self);

)

If tp_finalizeis set, the interpreter calls it once when finalizing an instance. It is called either from the
garbage collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated.
Either way, it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the

object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a

non-trivial finalizer is:

g
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value,
/* Save the current exception,
PyErr_Fetch (&error_type,

/* */

*/

/* Restore the saved exception.
PyErr_Restore(error_type,

if any.
s&error_value,

error_value,

*error_traceback;

*/

&error_traceback);

error_traceback);

J

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.

Inheritance:

This field is inherited by subtypes.
1E 3.4 FRBNA.

TE 3.8 R [} %# 55 Before version 3.8 it was necessary to set the Py TPFLAGS _HAVE_FINALIZE flags bit
in order for this field to be used. This is no longer required.
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hz%
”Safe object finalization” (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__ () and
__init__ () isused.

Inheritance:
This field is never inherited.
TE 3.9 RPN (the field exists since 3.8 but it’s only used since 3.9)

unsigned char Py TypeObject .tp_watched

Internal. Do not use.

1E 3.12 HRAFA.

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static Py TypeOb ject structure is defined directly in code
and initialized using Py Type_Ready ().

This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

« Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the
type object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific
state.

Also, since Py TypeOb ject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

12.3.7 Heap Types
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s 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 % 5 1 & section.

Here is the structure definition:
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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_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc

nb_matrix_multiply;

binaryfunc nb_inplace_matrix multiply;

} PyNumberMethods;
.

(e

Binary and ternary functions must check the type of all their operands, and implement the necessary con-
versions (at least one of the operands is an instance of the defined type). If the operation is not defined for
the given operands, binary and ternary functions must return Py_Not Implemented, if another error
occurred they must return NULL and set an exception.

e

The nb_ reserved field should always be NULL. It was previously called nb_ 1ong, and was renamed
in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add

binaryfunc PyNumberMethods .nb_subtract
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binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods

nb_multiply
nb_remainder

nb_divmod

.nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods.nb_positive

unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
unaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide

nb_inplace_true_divide

.nb_index

.nb_matrix multiply

.nb_inplace_matrix multiply

12.4. Number Object Structures
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12.5 Mapping Object Structures

type PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has
three members:

lenfunc PyMappingMethods .mp_length
This function is used by PyMapping Size () and PyObject_Size (), and has the same signature. This
slot may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods.mp_subscript
This function is used by PyObject_GetItem() and PySequence_GetSlice (), and has the same
signature as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to
return 1, it can be NULL otherwise.

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(),
PySequence_SetSlice () and PySequence_DelSlice(). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.6 Sequence Object Structures

type PySequenceMethods

This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq _length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It
is also used for handling negative indices via the sg_itemand the sg_ass_itemslots.

binaryfunc PySequenceMethods.sq_concat
This function is used by PySequence_Concat () and has the same signature. It is also used by the +
operator, after trying the numeric addition via the nb_ add slot.

ssizeargfunc PySequenceMethods.sq_repeat
This function is used by PySequence_Repeat () and has the same signature. It is also used by the *
operator, after trying numeric multiplication via the nb_multiply slot.

ssizeargfunc PySequenceMethods.sq_item

This function is used by PySequence GetItem () and has the same signature. It is also used by
PyObject_GetItem (), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_Iengthslotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_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.
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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 (). It is 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 Buf ferError, set view—>obj to NULL and return
-1.

(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->0b7 to exporter and increment view—>o0b7j.
(5) Ilff 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

« Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to
specific requests are in section Buffer request types.

All memory pointed to in the Py__buf fer structure belongs to the exporter and must remain valid until there
are no consumers left. format, shape, strides, suboffsets and internal are read-only for the
consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly
with all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBufferProcs.bf_releasebuffer

The signature of this function is:

[void (PyObject *exporter, Py_buffer *view); }
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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 e rna 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

TE 3.5 A
type PyAsyncMethods

This structure holds pointers to the functions required to implement awaitable and asynchronous iterator ob-
jects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

The signature of this function is:

[PyObject *am_await (PyObject *self); ]

The returned object must be an iterator, i.e. PyIter Check () mustreturn 1 for it.
This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods.am_aiter

The signature of this function is:

[Pyobject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext__ () for details.
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); ]
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See PyIter_Send () for details. This slot may be set to NULL.

1 3.10 JRBA.

12.9 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)
[FJfZ 7 ABI [#)—%545. 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 setto 1 and ob_ t ype set to the type argument. If the type’s
tp_1itemsizeisnon-zero, the object’s ob_size field should be initialized to nitems and the length of the al-
located memory block should be tp_basicsize + nitems*tp_itemsize,rounded up to a multiple
of sizeof (void¥*) ;otherwise, nitems is not used and the length of the block should be tp_basicsize.

This function should not do any other instance initialization, not even to allocate additional memory; that should
be done by tp_new.

typedef void (*destructor)(PyObject*)
[E)iE5E ABI [1—4
typedef void (*£reefunc)(void*)
SERtp free,
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
[EVf& e ABI [1)—#B47. 7 Rtp_new.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
(Vi e ABIL [1—#B45. # Rtp_init.
typedef PyObject *(*reprfunc)(PyObject*)
[EVfS e ABI ()B4 7 Rtp_repr.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
[F)Z 5 ABI [1)—4y. Return the value of the named attribute for the object.
typedef int (¥*setattrfunc)(PyObject *self, char *attr, PyObject *value)

[EJfZ 12 ABI [/ Set the value of the named attribute for the object. The value argument is set to NULL
to delete the attribute.

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
[F)f5 & ABI [1)—75/>. Return the value of the named attribute for the object.
sERtp_getattro,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

[EJZ 5 ABI [1)—3547. Set the value of the named attribute for the object. The value argument is set to NULL
to delete the attribute.

miRtp_setattro,

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
[E#% e ABI ff)—#4). # Rtp_descr_get.

typedef int (*descrset func)(PyObject*, PyObject*, PyObject™*)
[EE 50 ABI i—4y. s Rtp_descr_set,

typedef Py_hash_t (*hashfunc)(PyObject*)
[EVig5e ABI [j—#B4r. #& R.tp_hash.

typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
EfE 5 ABL 4. 5 Rtp_richcompare,
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typedef PyObject *(*getiterfunec)(PyObject*)
[EfS5E ABLI—#4). i tp_iter,

typedef PyObject *(*iternext func)(PyObject*)
[EJfS & ABI [f—3R4y. 5 Rtp_iternext,

typedef Py_ssize_t (*1lenfunc)(PyObject*)
[EVi& e ABI [—B47

typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
[EViS e ABL[—#B5r & 3.12 ek F45.

typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
[E5%5E ABI [—74 B 3.12 KB4,

typedef PyObject *(*unaryfunc)(PyObject*)
(Vi e ABI [1)—3#B43

typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
[EVi& e ABI [—B47

typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
5 Ham_send,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
B & ABI 1—&R43

typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
[EVig5e ABI [1)—#B47

typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
[E)5& & ABI fl—45

typedef int (*objobijproc)(PyObject*, PyObject*)
[E)iE5E ABI [1—4>

typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
B ABI 1—ER43

12.10 36l

The following are simple examples of Python type definitions. They include common usage you may encounter.
Some demonstrate tricky corner cases. For more examples, practical info, and a tutorial, see defining-new-types and
new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi
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You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
’ /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* tp_traverse */
/* tp_clear */
/* tp_richcompare */
/* tp_weaklistoffset */
/* tp_iter */
/* tp_iternext */
/* tp_methods */
/* tp_members */
/* tp_getset */
/* tp_base */
/* tp_dict */
/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */
/* tp_alloc */
myobj_new, /* tp_new */

N~ SN SN N N N~ O~

~
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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, O)

.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObject),

.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,
(BHET—H)
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(B —1)
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,
.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
using Py_ TPFLAGS_DISALLOW_INSTANTIATION flag:

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, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datal[l];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

12.11 IR LR BRI IE

Python’s support for detecting and collecting garbage which involves circular references requires support from object
types which are “containers” for other objects which may also be containers. Types which do not store references to
other objects, or which only store references to atomic types (such as numbers or strings), do not need to provide any
explicit support for garbage collection.

To create a container type, the tp_flags field of the type object must include the Py_TPFLAGS_HAVE_GC
and provide an implementation of the t p_ t raverse handler. If instances of the type are mutable, a tp_clear
implementation must also be provided.
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Py TPFLAGS_HAVE_GC
Objects with a type with this flag set must conform with the rules documented here. For convenience these
objects will be referred to as container objects.

Constructors for container types must conform to two rules:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2. Once all the fields which may contain references to other containers are initialized, it must call
PyObject_GC_Track ().

Similarly, the deallocator for the object must conform to a similar pair of rules:
1. Before fields which refer to other containers are invalidated, PyObject_GC_UnTrack () must be called.

2. The object’s memory must be deallocated using PyObject_GC_Del ().

o

If a type adds the Py_ TPFLAGS_HAVE_GC, then it must implement at least a tp_ t raverse handler
or explicitly use one from its subclass or subclasses.

When calling PyType Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverseand tp_clear fields if the type inherits from a class that im-
plements the garbage collector protocol and the child class does not include the Py TPFLAGS HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)
Analogous to PyObject_New but for container objects with the Py_ TPFLAGS_HAVE_GC flag set.

PyObject_GC_NewVar (TYPE, typeobj, size)
Analogous to PyObject_NewVar but for container objects with the Py TPFLAGS_HAVE_ GC flag set.

PyObject *PyUnstable_Object_GC_NewWithExtraData (PyTypeObject *type, size_t extra_size)

TE A LT APL, BT RETE/INUAS B A T (VA A 4 bl

Analogous to PyObject_GC_New but allocates extra_size bytes at the end of the object (at offset
tp_basicsize). The allocated memory is initialized to zeros, except for the Python object
header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

i

The function is marked as unstable because the final mechanism for reserving extra data after an in-
stance is not yet decided. For allocating a variable number of fields, prefer using PyVarObject and
tp_1itemsize instead.

TE 3.12 fRBEIA.
PyObject_GC_Resize (TYPE, op, newsize)

Resize an object allocated by PyOb ject_NewVar. Returns the resized object of type TYPE * (refers to any
C type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py _ssize_t.
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void PyObject_GC_Track (PyObject *op)
[[)fZ 72 ABI [ —354)>. Adds the object op to the set of container objects tracked by the collector. The
collector can run at unexpected times so objects must be valid while being tracked. This should be called once
all the fields followed by the tp_ t raverse handler become valid, usually near the end of the constructor.
int PyObject_IS_GC (PyObject *obj)
Returns non-zero if the object implements the garbage collector protocol, otherwise returns 0.

The object cannot be tracked by the garbage collector if this function returns 0.

int PyObject_GC_IsTracked (PyObject *op)
= E ABI[—04> & 3.9 #r K Hl44. Returns 1 if the object type of op implements the GC protocol and
op is being currently tracked by the garbage collector and O otherwise.

This is analogous to the Python function gc.is_tracked().

1E 3.9 JRBTIMA.

int PyObject_GC_IsFinalized (PyObject *op)
[EZ 5 ABI 134> & 3.9 p A P44, Returns 1 if the object type of op implements the GC protocol and
op has been already finalized by the garbage collector and 0 otherwise.

This is analogous to the Python function gc.is_finalized().

TE 3.9 R NA.

void PyObject_GC_Del (void *op)
[F)f% 7 ABI [ — &0 4>. Releases memory allocated to an object using PyObject GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

[EJ7Z 5 ABI [)—54>. Remove the object op from the set of container objects tracked by the collector. Note
that PyObject_GC_Track () can be called again on this object to add it back to the set of tracked objects.
The deallocator (tp_dealloc handler) should call this for the object before any of the fields used by the
tp_traverse handler become invalid.

TE 3.8 [R52 5 : The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been re-
moved from the public C APIL.

The tp_traverse handler accepts a function parameter of this type:

typedef int (*visitproe)(PyObject *object, void *arg)
[EZ 72 ABI [14—%4). Type of the visitor function passed to the tp_traverse handler. The function
should be called with an object to traverse as object and the third parameter to the tp_t raverse handler
as arg. The Python core uses several visitor functions to implement cyclic garbage detection; it’s not expected
that users will need to write their own visitor functions.

The tp_traverse handler must have the following type:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
[EJ#% 5 ABI )71/ Traversal function for a container object. Implementations must call the visit function
for each object directly contained by self, with the parameters to visit being the contained object and the arg
value passed to the handler. The visit function must not be called with a NULL object argument. If visit returns
a non-zero value that value should be returned immediately.

To simplify writing tp_traverse handlers, a Py VISIT () macro is provided. In order to use this macro, the
tp_traverse implementation must name its arguments exactly visit and arg:
void Py_VISIT (PyObject *0)

If 0 is not NULL, call the visit callback, with arguments o and arg. If visit returns a non-zero value, then return
it. Using this macro, tp_ t raverse handlers look like:
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static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py _VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

L J

The tp_clear handler must be of the i nquiry type, or NULL if the object is immutable.

typedef int (*inquiry)(PyObject *self)
[EJf% 52 ABI #3143, Drop references that may have created reference cycles. Immutable objects do not
have to define this method since they can never directly create reference cycles. Note that the object must still
be valid after calling this method (don’t just call Py_ DECREF () on a reference). The collector will call this
method if it detects that this object is involved in a reference cycle.

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.

Py_ssize_t PyGC_Collect (void)

[EJfZ 2 ABI [#)—#4y. Perform a full garbage collection, if the garbage collector is enabled. (Note that
gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

[EFZ 52 ABI [#)—7B4r & 3.10 #5 A B 45. Enable the garbage collector: similar to gc . enable (). Returns
the previous state, O for disabled and 1 for enabled.

TE 3.10 JRBMA.
int PyGC_Disable (void)

[FfE % ABI 19— & 3.10 ¥r A Bl 44. Disable the garbage collector: similar to gc.disable ().
Returns the previous state, O for disabled and 1 for enabled.

1 3.10 B
int PyGC_IsEnabled (void)

ZE ABI [ —3 4> B 3.10 #r A B 45. Query the state of the garbage collector: similar to gc.
isenabled (). Returns the current state, O for disabled and 1 for enabled.

e 3.10 FRBTIA.

12.11.2 Querying Garbage Collector State

The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gcvisitobjects_t callback, void *arg)

TEA LT APL, BT RETE/ INRA B A T VG A Hu s o

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of callback.
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He
=5

If new objects are (de)allocated by the callback it is undefined if they will be visited.

Garbage collection is disabled during operation. Explicitly running a collection in the callback may lead
to undefined behaviour e.g. visiting the same objects multiple times or not at all.

1 312 JRPA.
typedef int (*gecvisitobjects_t)(PyObject *object, void *arg)

Type of the visitor function to be passed to PyUnstable GC_VisitObjects (). arg is the same as
the arg passed to PyUnstable GC_VisitObjects. Return O to continue iteration, return 1 to stop
iteration. Other return values are reserved for now so behavior on returning anything else is undefined.

1E 3.12 HAFmA.
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cHAPTER 13

API #0 ABI hR AR & 18

CPython i DA N E 4E (macro) A BHHIRASE . #dE, BERAZEE (built) FrH B, FIA—2
SEPATEEE (run time) FIF i RO IUAS

BRI HCAS AP FI ABI AR @ MR i, G APLAS 2 14
PY MAJOR_VERSION
£ 3.4.1a2 ) 3.
PY MINOR_VERSION
FE 3.4.1a2 P 4,
PY MICRO_VERSION
TE3.4.1a2 Y 1.
PY RELEASE_LEVEL

FE 3.4.1a2 F a. OxA L3 alpha Jiids. 0xB {03 beta {4, 0xC [FIEATEERA . 0xF HIE)

PY_RELEASE_SERIAL
1E 3.4.1a2 iy 2, FHERKEARA .
PY_VERSION_HEX
Pl A S (E) B — B 80 Python AR 5% .
AR A TR AT AT DA BRI B 02— 32 (7 To e AR -

fii 5t A fojT (KiRfLT4BRF (big endianorder)) 3 3.4.1a2 M
& &
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

Kt 3.4.1a2 A3 hexversion 0x030401a2. 3.10.0 {3 hexversion 0x030a00£0,
B A T B LLse, N #1f PY_VERSION_HEX >= ...,
A P& BT8Py Version g,
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const unsigned long Py_Version

[EIf5 52 ABL 5B B 311 pro B 46, 4 il (F) B0 & S8 8 Python AT ERBE IR AR SE, 4% X
Hlpy VERSION_HEX BEAEMIE. B8 STEHATEEELM H Y Python WA .

1E 3.11 iUgomA.
Fir A 23] 1 B S48 & F84E Include/patchlevel.h,
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cHAPTER 14

Monitoring C API

Added in version 3.13.

An extension may need to interact with the event monitoring system. Subscribing to events and registering callbacks
can be done via the Python API exposed in sys.monitoring.
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cHAPTER 15

Generating Execution Events

The functions below make it possible for an extension to fire monitoring events as it emulates the execution of Python
code. Each of these functions accepts a PyMonitoringState struct which contains concise information about
the activation state of events, as well as the event arguments, which include a PyObject * representing the code
object, the instruction offset and sometimes additional, event-specific arguments (see sy s .monitoring for details
about the signatures of the different event callbacks). The codelike argument should be an instance of types.
CodeType or of a type that emulates it.

The VM disables tracing when firing an event, so there is no need for user code to do that.

Monitoring functions should not be called with an exception set, except those listed below as working with the current
exception.

type PyMonitoringState

Representation of the state of an event type. It is allocated by the user while its contents are maintained by the
monitoring API functions described below.

All of the functions below return 0 on success and -1 (with an exception set) on error.

See sys.monitoring for descriptions of the events.

int PyMonitoring_FirePyStartEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_START event.

int PyMonitoring_FirePyResumeEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_RESUME event.

int PyMonitoring_FirePyReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *retval)

Fire a PY_RETURN event.
int PyMonitoring_FirePyYieldEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *retval)
Fire a PY_YIELD event.
int PyMonitoring_FireCallEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*callable, PyObject *arg0)
Fire a CALL event.
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int PyMonitoring_FireLineEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, int
lineno)

Fire a LINE event.
int PyMonitoring_FireJumpEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*target_offset)

Fire a JUMP event.

int PyMonitoring_ FireBranchEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *target_offset)

Fire a BRANCH event.

int PyMonitoring_FireCReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *retval)

Fire a C_RETURN event.
int PyMonitoring_FirePyThrowEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a PY_THROW event with the current exception (as returned by PyErr GetRaisedException ()).
int PyMonitoring_FireRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a RATISE event with the current exception (as returned by PyErr_GetRaisedException ()).
int PyMonitoring_FireCRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a C_RATISE event with the current exception (as returned by PyErr_GetRaisedException ()).

int PyMonitoring_FireReraiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a RERAISE event with the current exception (as returned by PyErr_GetRaisedException ()).

int PyMonitoring_FireExceptionHandledEvent (PyMonitoringState *state, PyObject *codelike,
int32_t offset)

Fire an EXCEPTION_HANDLED event with the current exception (as returned by
PyErr_GetRaisedException()).

int PyMonitoring_FirePyUnwindEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_UNWIND event with the current exception (as returned by PyErr_GetRaisedException ()).

int PyMonitoring_FireStopIterationEvent (PyMonitoringState *state, PyObject *codelike, int32_t
offset, PyObject *value)

Fire a STOP_ITERATION event. If value is an instance of StopIteration, itis used. Otherwise, a
new StopIteration instance is created with value as its argument.

15.1 Managing the Monitoring State

Monitoring states can be managed with the help of monitoring scopes. A scope would typically correspond to a
python function.
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APPENDIX A

>>>
The default Python prompt of the inferactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

AR

o The default Python prompt of the interactive shell when entering the code for an indented code block,
when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

o i Ellipsis,

abstract base class (Hli4ILcKiE)
W& REE (UHEE ABC) 24t 7T —MeRmNMm ik, EEduck-ryping (16F2E) AR,
HAFERIY AT, 1852 hasattr (), HIFERRMMBORA A MRUWETR (B0 BERT /772 (magic
method)) . ABC [EIJf[EJ#E1 subclass (FHEE]) , BMERERH 55— class (JEE]) , EA5A]
¥ isinstance () } issubclass () ¥k 2 E) abe BALRERN S04, Python A 7 £ B
ABC, HIINERIEHE (7E collections.abe #ifl). B (¥£ numbers fi4H ). HB (F£ 1o #i4H)
J import G AL (FF importlib.abe f#H). MRATAEH abe fig a7 H T ABC.

annotation ([EJf%)
;@;ﬁi?ﬁé%{‘ class k. o002 Bk I MEACAT BB O AELED. JRABLOI), &R AR ype hine (4
[EHER) .

TEFATIRES (runtime) , (5 es ) (VR IR VA AT, (AL AIE38 L. class B MERTRNME)R, &0 (F
WA . class fIEEFCHY _ annotations_ 4k E M,

#8522 [Elvariable annotation. function annotation, PEP 484 F1 PEP 526, 15025 %A thaefERY .
A EVRE A A BT B8 v th 75 22 E) annotations-howto

argument (5|%)
WY pR 2 IR BB 45 function (B{method ) W{H. 5|8CE WifE:

o B4 7| B (keyword argument): FERRZNTEIY F1, PLFRE)IT (identifier, 4N name=) BHFEIT |3,
B2 DA ** 12 1A dictionary (Fih) [ERUEMELERS 3. B0, 3 F 5 #RZPAT complex ()
L] v ) [ 5 |

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): NJe BT 5T B L8 T | BOTHE— {5 B LA E IR
B, A () fEE) * 2 & iierable (PEWCHIFE) PTHOTCHEPER. G0, 3 F S HRLAT
R NCIVATCIE &

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

5| BB S A e P R PR DS B, B SCICIE R i i AR A R, 5 () calls Biffi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

Sy 2 ORI parameer (Z80) WH . % LHEET 58282 B 2EE, YAk PEP 362,

asynchronous context manager (JE[]2{E555H1%%)
—H A AFE ] async with BRAX P IR WY, MEREBEFR __aenter_ () Hl
__aexit__ () method (J7¥k) AAEHINI. H PEP 492 5] A,

asynchronous generator (JE[RIZBE:ZS)
— 1l &r [8{#asynchronous generator iterator (E[RIHEAEZREULEE) WER. BHEERG—MPA async
def M LKL (coroutine function), FHRFEHE BT T vield EHX, feAM—FRIIWH
A async for [FIREMIME.

T AT AR — AR P E A 2R i, (EAERESE  , WATRER R Ak R A SEX
% (asynchronous generator iterator), H#—RFIEM ARG, IO SR HTRE, PABEREL
o

—{HFER B E SRR AL await E X, PAM async for fll async with BIARR.

asynchronous generator iterator (JER]35E): 25 EURES)
—Aiil i asynchronous generator (FE[EMEIAERE) RAFTESL Y.

& B—asynchronous iterator (AE[EHEULEE), BB PA__anext_ () method FEIFNYIEE, €r[a]{EH—
H AT R (awaitable object), ZYIMFATIEF A EVERS MR TR, HFBEF M yield
B yield S Hifey, [ERC B ERITIRAE (38 R M E P wy BA) . &k
R ¥ EA BERENS P __anext_ () [BIMEM WS AA RO EER, &/ E LK
FHEREAT. 520 PEP 492 fll PEP 525,

asynchronous iterable (] nf[F{CH1:)
— AP, B PATE async for BRAX R . LA TR __aiter_ () method [u]{E—
B asynchronous iterator (FE[FAHENLES). H PEP 492 5] A,

asynchronous iterator (JEN]BEMCES)
—(HEAE _aiter_ () fl__anext__ () method ¥4, _ anext_ () WhJE[EME—{Hawaitable
(WSEFYE) o async for GFNTAERIZEEIR AN __anext_ () method Jir [l /Y ] 2 R4 14,
HFI'EY|%t StopAsyncIteration fil4h. H PEP 492 5] A,

attribute ()&M)
— {1 B A B W (B, %R 22 Rz 2t £ P 40 B i3 5 (dotted expression) Y44 Fl g2 HE . 3l
an, WY o A& a, HIFZETEREDA 0.0 #EZ3 K.

WR—AYE T, ST — 4 A2 identifiers fif & 382 #h[E)FF (identifier) (1))@ M2 A
AIRERY, BIANfEH setattr () o 1318 bk B B8 M e 5 (i ) 28640 b B B R B, T 2 v 2
getattr () FHEIGE.

awaitable (WZ54591t:)
— ] DAKE await EE X PWEH O . E A DA — Wcoroutine (A2) , w2 —MA
__await__ () method i, ##E&E PEP 492,

BDFL
Benevolent Dictator For Life (& E{-28M## ), X4 Guido van Rossum, Python [l 15 %

binary file (- ifEfiH§ER)
— 1 REERHURN 55 Abyres-like objects (N TCHEWI) 1 file object (REZEWI) . —IENIRE MBI
A DAL (b, 'wb! 8 'rb+') BIERMEZE. sys.stdin.buffer. sys.stdout.
buffer, PAM io.BytesIO Ml gzip.GzipFile EHi.
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w2 Eex file (CFREE), B MARERIRREA str W RD.

borrowed reference (ff)J1]%18)
1& Python ) C APL 1, f§ 12BN 28, Lz RS EA g S M2
M. ARz R E), B BE) A KR FEAF (dangling pointer), 4N, — K3 [A]IK (garbage
collection) W] ARG MW (11 et — Bl strong reference (12 1&), i sz {-85(E,

$borrowed reference WEN Py INCREF () PAYSE JF L (in-place) #E([ElElstrong reference 324 i 2 I
¥, BRI AR E R IR 2 IR 2 migiss(El. Py _NewRref () pRCA] RS EESL— M0 BT

Hstrong reference.

bytes-like object (ifSiycalH¥1t:)
—A{{f 48 4 151 ¥ . (Buffer Protocol) BLREEIME Hy C-contiguous B WM. BHEIEFAEN bytes.
bytearray fl array.array ¥, PAKRFFZHE I memoryview Y. BACH S P14 W] H
A BE PR A BRI AT E R B AR R A . A R IS SR socket (FEEE) #ERE.

P S R ORI T B . (WSS 2 i ey (R [ T AL ST AL .
AT SR I W) (4% bytearray, DAK bytearray fiy memoryview. JLAMIMEYToE M it
PO RS LE A TSI (TMERU IR TCALEBYIPE D) 5 JEEEMIFAHE bytes, DA bytes
YA memoryview,

bytecode (fyiJCA1RS)
Python [ J5% 4G 8% & 9% sk U AT AT, B2 Python £2:U7E CPython Bk i FIRS#R k. %L
TCALIE R SO A pyc RET, DAEEE R — A LR GE R pu (n] DA AR S5 AA1
R E N CALE) . S [ EE S (intermediate language) | 45 ([F) 2 847 7F — i virtual machine
(Elerges) b, s EIeies G fT B (17 CAHLAS S E A A28 6 (machine code). BEYEEMIE, 7
JCALAS sy _b S A R F] ) Python [EfEMR  BHEMER), BASREXEA IR AR Python 2 B 45

(LTCALAGAY 451 T ATE dis AR EIRT SO )

callable (n]WF-nl$y1}:)
— 1 callable ;2 F] DARLIF I 404, WU IRF AT REDA R ST A — A5 9 (i Rargument) -

[callable(argumentl, argument2, argumentN) }

—AW function B AL jmethod FR 2 callable, —{F7G EAE __call__ () JyER class 22 B B2 1
callable,

callback ([a]If)
VIS | 3ol (0 ) — 18 B R 2X (subroutine) Rz, @ F A 2 AR5 T B LA 7

class (Hi([E])
— {1 H A S 3 W A B . Class 19 3838 % & 9 & method Y EFE, 8 £E method 1] DA
TE class [ EBI_EIET 4R

class variable (K([E/5%4%)
—{H7E class FREESE, HERZ HAETE class JEIR (BRI RAE class BB ) W&o s,

complex number ([EJ%)
—EFM AR EER ST, TR Ber A e gl on [ — |l B — M ER 2 f . [E#ot 2
EVCAL (-1 PR RECBRS, AR AR PR 1, ETAREDHEE . Python
[z T #EK %, ©rARERRERIRES; ERRetE —mesn 5 sime, sl
3+13. HEA math FAHEN TR0 A RE, A cmath B0, F0 62— A
HERE BRI RE . AR EIG 25 B3 B MK, ARE AT REREE 17T DAL A 2 A

context manager ([5E345PI%)
— (AR PAFE ] with BRI T RIREEYIE, MELBHREFR __enter_ () fil _exit_ ()
method A5l . w5 2([E PEP 343,

context variable ([¥55%4%)
S, PLEATDURES S ST AR A . S5 44 B B 7 (Thread-Local Storage).
e, s EAE R A T4 PTRE A R R (. SR, BUAIESE S, 2T TR e
LIS, s F g, RAEETHIERHT# (concurrent asynchronous task) 1, ¥
TASEEORAEBE], 35 2[F contextvars,
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contiguous (JHiZEAY)
WS — {4 1 5 & C-contiguous B J2& Fortran contiguous, RII'E € HEYI A HLE R HAY . F4fE (zero-
dimensional) ) 4% 1dr [# &R s C J Fortran contiguous . 7£—#E (one-dimensional) [#%1 /| £&-J8 H W /EAFRL
TR RS PO A AR RS, TR T 7 A BRAGIERY . ¥E 2 40 (multidimensional) C-contiguous
S, FeRn AR AL T R B A B H R, fefg— R G 88 SR, 7E Fortran contiguous
fg SRS e

coroutine (%)
LR AL (subroutine) ) HEEEVRESEAOTE X . MRS A A IS T A EE 55—
BRHR . R NT AFERF 2 R R RE B AL IR . BMEEEILL async def BIAHE
H1E. HiE2(E PEP 492,

coroutine function ({FEr)
—{ B Ecoroutine (FFe) PiFME. — MR BE asyne def AR, [EInTREEr
% await, async for fll async with BT, S H PEP 492 5| A,

CPython
Python F& = HE = AU HE EL{F (canonical implementation), ##$7i7E python.org I, [CPython | &7
FETES BRI, DA I B AR B B HE S B, 9140 Jython Y TronPython,

decorator (ZH:fiigy)
— MR, e mlE s R, WE T e ewrapper 7EYE, Bl A [El—7E R X 4 [F] (function
transformation), #EAf#SHYH RHEIFE classmethod () fll staticmethod ().

Fetfian ik HUR AR pE . DA W ek o SRR 3R R A ALY

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

@staticmethod
def f (arqg):

Class WAL FAES, (EAEAREIBOR T H . B Setidn i e 207, 52 Em U 2R class
SE S IR S0

descriptor (HiiA%%)
FERT __get_ (). __set_ () Bf __delete__ () method ¥4, & —1M class B E—
AR, ERERE LT E e A R R e . W, BT o.b B . S s B
JEYERE, G a 1Y class FHL AP EIRAFEE b (90F, (RAR b2 MR, BIAREER AR
method G Iy . EHEIRER B Z IR AR Python (B, WEICMEHFLIIREMERE, B
ThEEUHE R, . method. J&VE (property). class method. [EJfiE method, DA J% ¥} super class (4QHA[E))
2.

PR HA S method FYSE 2 ¥R, #52(E] descriptors SR 3 6 FH e «

dictionary (52ilL)
— il AW [ 5] (associative array), T EE RS GO BIE . HPTDURITATHA __hash_ () M
__eq__ () method {4, 7 Perl g fEEVHEE] (hash).

dictionary comprehension (‘L5 4 EE)
— MBI AERE— R T EMR A i AR iR e 3R, ELI R ERA SR DA — R 2 L ] e
results = {n: n ** 2 for n in range (10)} SFA&E—FFH, TS TH n MITENE
n ** 2, #52[F] comprehensions,

dictionary view (zHLEgGHI)
£ dict.keys (). dict.values () M dict.items () M{ERPAWRGEF A . &Mt
TR B R, B R A B, R R, T
IHE)5E 8 list (F2%1)), ZE{#H list (dictview) . FE2[E dict-views,

docstring ([EIW]z¢t)
—fEAE class. PR BBIAL, MEEVSS— R B FH S0AS . BESR EAE B U TR 6 1 2
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B froidnes ik, EWOAIE class. pRaCEBALA _ doc_ J@MEd. ditEIRH 5 ER ] LIS
iB(E (introspection) 2R[EVE , PR E 2 W4 1 (ETH SO FRAZE vE A, o

duck-typing (4} %4(F))
— MR AGEEEEAE, BN R RS WY B E R e R B ERER A B2
/2, method oi & 1 € B AL pEIP I S . (TS Al AR —(EVG 7 if B i A fg —(EH
T, BB —EL BT, ) HEEG A mmIEsy e 2E, osstrfSisae s 2w
(polymorphic substitution) S & () 88 5. T FRUEIE B ] type () B{ isinstance () i
TR, (ER e, WrBIEnr AT 46 %08 k38 [E] (abstract base class) RAGFE. ) SR, BEH
B hasattr () i, B2 EAFP FEAREHTEFE .

EAFP
Easier to ask for forgiveness than permission. (FE>REA W RA A ELEY ) BT R Python 4
JEHS e R S R R AT, (B % A S A TR R P 50 41 o 38 R (B Lt g JaAs
HAFHORFERTF 2 try Fl except A, % Hi 2 HABES (F40 C) % WIMLBYL JaA%
e T 3

expression (i)
— B AR EDR (AR . EAEEE], — M e oy, SR, BEFR. EE TR
Wy S5 B TR B, TS LE oA RE (. B2 AR S AR A2, FHEE R
Python 55 5 s #02HA . I M —Lstatement (BGAT) RNEEMHAEER L, il while, B
{H (assignment) tH 2R, MARIEER.

extension module (7 B4 )
—HPA C 3 C++ & A4, B0 Python /) C APT AREEAZ L S il I 5 A Ul i A T HL 8

f-string (f GzH8)
DA 5 F [T R SRl ) [f 2B, B R R SOAR M SR . a2 (E
PEP 498,

file object (K%RW1l)
— {1 P i 228 ] (file-oriented) API (1l read () B{ write () %5 method) ARERVEIEIEE
TR ARBERE YR 0 X, B REE R 8 S B WA A 2 e A 1) R A7 4 s R
HE (BlIaEER A /. el E R . socket (##FE). 45 (pipe) %) WIFFEL. HEEWE
WA FRE 3 4% 2 M 1 (file-like object) BY, % 34, (stream) .
BB L, A=FEEEY: IR = 1548 5 &l — B4 SR F 48 % . EMPNAETE io
B v e g%, EEEYIERE R open () M,

file-like object (Kik§4:Wtl)
file object (REZEWI) WIFIFEF .

filesystem encoding and error handler (K2R LM REMFR)
Python JIT 4 ] i) — 7 4w 5 A S s pE H pR =X, F SRR 2R B VESE R S eA, PAAHS Unicode %5l
FMEERS
W R R 5 o T E B RE S R AB TG /N 128 AT ICEH . ANSRAE R R 4 g 5 ey R (L i A5, ]
API (/=& 5] % UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () ERIH HHMEL
PR S AR 00 A A R S R BE P R 2

filesystem encoding and error handler (F %8 %2 4% & 1% 1 45 3% jE ¥ K =) & 4£ Python [F] B I
thPyCconfig Read() PRI E: w2 [Frilesystem _encoding, DA JRPyConfig Wy X
Bfilesystem _errors.

#t2(Ellocale encoding (@I 41E) .

finder (=HbgrdY)
—fEIE, EaEREIETEY import AL R oader (FARR) -

B WTEBB R SR g . LIS FAR 55 (meta path finder) ] sys.meta_path, W& H Fi
% (path entry finder) € ffiffl sys.path_hooks.,

#52[F] importsystem 1 importlib DA T iR 2 4.
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floor division (] F %)
) AR A 25 B B BT R B SR Ry . ) N BRYE R 2 / /. filn, R 11 /7 4
FFHASRE 2, 82 float (FRERMD) ELRREFTEIERY 2.75 AR, #@50RE, (-11) // 4ERRE
-3, HER -2.75 & FEGLE L. @E2E PEP 238,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.

This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

function (pA=X)
—HER A BOAS, B REE Y 2 e T R AR R B B 7| L, 5 e | don]
R RS Eparameter (23). method (J53%), A function i

function annotation (p&sX([EIRE)
PR 2 2 R BB — {8 annotation ([E1f#).
o R o e o PR A 2 (B2 =+ i, 35 (W ek sCTE I € A5 2 Wil int 518, [Eef—M int 1]
A :

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

bR A EIRE A R FE function FEHiAT wEAH Rk .
it 22 [Elvariable annotation F1 PEP 484, ¥4 WINGER A . BIRERMREERTE, Bzl

annotations-howto,

__future__
future [FAR: from _ future_  import <feature>, 5%l HIFLLYE Python &
PRI B A P R HE A R YA SR RE 28, AR E B4, 1M __future_ BIAHIGET
feature (4%) WBERY(E. it import SUASA FISE A HORAE, /RVT LAE 18 3700 2 e 2 1] Rs 1
WHHEE| EES T, AR eI e (e %) mEEZmhhE:
>>> import __ future_

>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (b nlik)
RO TR N TR0 R, R LR R iR R . Python AT RIS ML, 2% i 2 IEET B (reference
counting), DA K — {1 fiig [EAG J 71 v B 2 BRI 2 (reference cycle) 11 B 5 3% Bl #% (cyclic garbage
collector) A&5¢ . 33 M1 PT LA oo B4 36 HLt A T4 il

generator ([E14:5%)
— il € |8l {E generator iterator ([EVA#ENES) M. BHEERE —HIEFEKER, (HARKZE
WET yield AKX, fEEE—RHIWME, ELEn] AR for FlE, S02PAnext () Kz, kM
RHA R —E{E

TE E T RE 1 ACFOR —EA gk, (AFESEs s, Wit R oML ZERE. H—HE
EEREERERSRE, It se s rah . DA T

generator iterator ([F)2:%$EMCES)
—Alil figenerator ([F1A2%) MR=FTESLAPI1E.

B yield EFRIA)T, ERAAIERTRE (FU5E FE MO E b oy Bd) . &
A BERENEE, ©ERE R BEAT (IR U 8 R E08T B AR i ok U TR
IAl).

generator expression ([EF)/}: 2§35
An expression that returns an iferator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional i f clause. The combined expression generates values for an enclosing
function:
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>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (7Z%IpX)
1 £ 2 R AR B pR X, % o X A [ 1) B (BB VF R [ (Y S . P o] 3 o R % (D O A
Y, B E: (dispatch algorithm) 2[EF5E .

k2 [Elsingle dispatch (—3F ) #isE5R1%H . functools.singledispatch () fifizsfl PEP
443,

generic type (JZ%I%I[F])
— i GEEIW 22 ¥4k (parameterized) [Krype (HUE]); # 2 HaHE, B2 list fldict. B
R A [Flag = fIE .

g2z AE 4~ RE. PEP 483, PEP 484, PEP 585 il typing Bigl.

GIL
%52 (Flglobal interpreter lock (430 B 2E8544) .

global interpreter lock (4% 8H)
CPython H a3 T AT, T DARE PR B RS KA — (34T 4% BESLAT Python [byrecode ({7 7CHL
) . WA (AR EERE), i dict) [ EyMhEfEfTEEL (concurrent access)
WIfE B, BT AT DA 4k CPython MO BCAE. 8@ B E s, @M E SRR ER S MEZHAT4H
(multi-threaded), {FfQ B2 & ik 5 22 JEF A (i 2 BE(EMR L) — B - FA 71 (parallelism),

SRIM, AL Femial, M 2R a e st =0 i, Mt e AT I A s () S 5 B 4
(computationally intensive) F/T35HE, AI AR GIL. B4k, FE$ifT VO B, GIL 482 eyl fiis: .

As of Python 3.13, the GIL can be disabled using the ——disable-gil build configuration. After building
Python with this option, code must be run with -X gil O or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to use
multi-core CPUs efficiently. For more details, see PEP 703.

hash-based pyc (FREIZEHERT pyc)
— (AL TCAAS (bytecode) T A7AE , Bl I AEEE A /2 S M JF A e MO B AR A U RE [, R e HoA
Wbk, #52([F pyc-invalidation

hashable (] 3EE))
WR— DA — R ENE, s EE A GE PACR s (BF%—# __hash__ () method),
HoJ B ALY G A (B3R __eq () method), AREVEHLE T aEW14. Hlg4E
JEHEE R 2 v 3 E 4, e M 0h ZE A A [ A 2 (B

AT (hashability) (—{# 91 0] A dictionary () fY8ERN set (Sefy) MR, HEELE
KRR H B T EE.

K281 Python AT SAFI (A2 P AEENR : WISR0ZR88 (19040 list 5% dictionary) [EPARJZ; TR
A (B4 tple (JCAL) Al frozenset) , A EMICRZ T EERY, E14 LA 2 i
[Elf. #P R E# A E class FEH, RE LSS G oSBT A EN . B AMAE B HLBIRAR
AN (RAFEMERC LK), mEMEREFENZMEREMY 140 .

IDLE
Python [ Integrated Development and Learning Environment (%45 BHaSBLEL B PEES) . idle 2 —{f A

) S AT EL AR B S . ENT Python RUBEHESEAT A —EHede fit.

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

immutable (An]%&1k)
—(H B EEENYE. RSy aiEET . FHA wple (JUAl) . BHEYIER N REHHCEN .
NSRS [ A (b ZE R G A, MBS, — B . MR B EE R ENE R, i E
B, 40 dictionary (FHL) Hr)—fE G .
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import path (5] AB#E)
—fAfE (b2 n ) mpIk, MRS B AE import BEAHIRF , Eiparh based finder (L%
Bty ) BN ACE . 7E import I, SUAZESIRIEHZHKA sys.path, HERTEN
(Subpackage) ME, EWnlfeeA e __path B,

importing (5IA)
— AR, — AL Y Python RexUHE AT AZ B ILIEAE , #0) — A4 H) Python REsXHS{H I .

importer (5| A%%)
—{HE REEIF R AW EBER finder (FAEE) WRloader (FARR) PiF.

interactive ( H BjiYy)
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly
by selecting it from your computer’s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x) ). For more on interactive mode, see tut-interac.

interpreted (i %11))
Python & — Tl F w5 5 SE AR RE T, S I T RE A AR, R EA (4L (bytecode)
SR AN ATAE o Li‘%ﬂ“%‘ﬁn%%—fu\ﬁ?iﬁl.ﬁ, T AN o HH R ST ) — MR A T4 %ﬁﬁﬁﬁ
;.E‘%nn ul_(x%tlﬁ%ﬁ)%ﬁﬁgﬁﬁﬁﬂﬁﬁaﬂ%/ PREEEIN, R e R = o A A g
[Elinteractive (B

interpreter shutdown (B8 EIE)
H Python F{ e o ZURBHPANY, © & A—RrRRY B, 7RI E B A vl & & IR, Bl
TR A A4 TR B S E A 4 . 2 G 2RI 3538 el 22 (garbage collector). TaREEB B H % A
TE R fEMERE S (destructor) S5 5 | F ) I (weakref callback), [EJ4TH: A Al . e BH PR B Bt
aﬁjﬁlﬁ%ﬁ%ﬁ;@ﬁﬂ%@% Ah, WIEE B g IR TRE AR FAER T (8 A B2 ik X R4
Iyt 1)

HAEG B 2P, 2 __main_ B EIEROES T EA O A HATE L

iterable (n[[EfC#1k)
— TR AR E— K [l B . W ER AR B A A BUE) (552 1ist, str
Ml tuple) FELLRFPHIAIE], 202 dict, 240, U\ZU I E A class 1, HEILL
class 5 __iter_ () method 82 B {Esequence (J74) FEEM _ getitem_ () method, ¥t
e T E 14
AERY TR for [EIEAFF 2 HMFLE—FFHIHTT (2ip O map () ..). F—EATEY
HAEED | S R AR iter () K, BEEZ%YE R E— ﬁ[.ﬁ%’% lfk.ﬁ%%lﬁjﬂﬂﬁ/\?r*ﬁ
—HHAE#E4 T3 (one pass) JEFT . ﬁmﬁ%’%ﬂ%ﬂ WEA—EEIFN iter () S HTEMEIRZY
. for AR & A EMENREFLE LS, BT RER R a2 5 %I JH AP 30
HizEtes. BiEzBieraor (EUCEE). sequence (JF51)) Figenerator ([EVEER).

iterator ([E{C%%)
—(AFRERR . EEHEEER2E _ next () method (HiJE T BB 4K
next ( )) )T EE R TS HE o BT SRR, R Er5|%f StopIteration 4.
e, #% lﬁ%%%#lﬁa%ﬁﬂﬂ AR _ next_ () method [{iE—EIEIY, # H € kS| 2
StopIteration, .ﬁ%ﬁﬁ“ﬁﬁ*ﬁ] __iter_ () method, &€ HENCEMIEA L, FroAGEH
EMR A AR T EU I F, ELRT AR K 2 S A b T 35 & . —EIREER Bl 41, &g
ik Z i [ (multiple iteration passes) 2. — AP (82 1ist) FERFRRAGEEELS
iter () BRAITE for BB ERE, AEELE MBI, FHERSERLF (2R
ﬁ%ﬁﬁm gl e g —mER P @ e . [F— e g s EREs s iE, ARG E—
B 25 (A 254 o

1 typeiter SCH T DAFREI T L Bl o

CPython ‘£ ff 4l fili: CPython does not consistently apply the requirement that an iterator define
__iter__ (). And also please note that the free-threading CPython does not guarantee the thread-safety of
iterator operations.

key function (ZrA)
R B 7 K =X (collation function) s —{f AT (callable) pRx, &€ [m] {3 — 1 ] jAHE (sorting)
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%gf? (ordering) ffE. 4N, locale.strxfrm () #FAEIA: 1 T M Wi e HE e 18 B HE
?

Python iiF 2 T A, #RH3Z DASE ek A il e 2 e e el L O 3. B E3E min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () »

B RAE AR DA, — . B, str.lower () method T PAFEIEIR 43K/ INEs HE 11 88t ki
o 83, —EE KA WA AR Lambda R AP, fIU0 lambda r: (r[0], r[2]). 7i4h,
operator.attrgetter (). operator.itemgetter () il operator.methodcaller ()

AR S A R 5 (constructor) . B AT 7 AN S R K G, S 2 E T -

keyword argument (B &5 190
52 (Flargument (5]35).

lambda
B —expression (GBS ) B 4L A — 11 BE 4 47 [E)p 5X (inline function), 3% bR =Xk RF iy SR AH

#£37 lambda FFFHFEEVE 2 lambda [parameters]: expression

LBYL

Look before you leap. (=M1, ) 1570 4 A% EUR G e A TPy sl e $k 2w, I At il st SE E Ak
o EEEREELEAFP Jr IR, HERNRORGATZ if MR

E—MEPATHESE T, LBYL =UATE [ =8 R (247 Z M5 T #HEWRF: (race condition) 1
JaFE . FITNPA TIRER S if key in mapping: return mappinglkey]l, WS —HITEHE
P2 REAEAIRZ AT, € mapping FREER T key, HIZAEACHGAL & R AL 2 T DA T8 (lock)
i1 EAFP i X AR E.

list (Hi%1)
— il Python [El fjsequence  (Fp31) . [EEERA T2 list, & HEC RS 5 b g — @ Bk
(array) AR —(H #4551 (linked llst) HEFHOCE EI’J IR (EJE L2 O(1).

list comprehension (£ 5|45 & i)
— 7 P A S 7 5 P AR Ay e E (A R A DA list [ 2y ¥k . result =
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[[F4&—{HFE list,
Moty 0 3 255 @EE, Fra@es oS s 0x.). if PR, WRERE, 1
range (256) HHIETA ITCEA S HEIL

loader (EAZY)
— {8 REEJE AL . B EFR—H4E load_module () H method (7). HAfeiH
Bl finder (F452%) [HE, WA 2(E PEP 302, Eﬁﬁ/\absnactbase class (HhaREHEE), #

%[F] importlib.abc.Loader,

locale encoding ( [% 38 27%)
7t Unix [, ‘B2 LC_CTYPE WMz &M & fl5. © W PLH locale.setlocale(locale.
LC_CTYPE, new_locale) K#HE-

1 Windows |, ‘E42& ANSIUAEE (code page, fillll "cpl252™),
{E Android 1 VxWorks |, Python f§iJf] "ut £-8" VE[F I 4mE .
locale.getencoding () W] DAFH AREUE: [ I8 4 A
WA filesystem encoding and error handler

magic method (J&#7 J51k)
special method (FFRJTHE) M—M8EIE Rl 2 .

mapping (%)
— AR, BB EEN AR, H A8 EAF abstract base classes (fi % &R H(E) o,
collections.abc.Mapping B collections.abc.MutableMapping Arf§E ) method. #i
BilfdFE dict .collections.defaultdict.collections.OrderedDict filcollections.
Counter,

meta path finder (JCI&{E=hHES)
— A sys.meta_path MM BE K finder (FAgss) . TCEEE AR aRELz4 1228 B 548 % (path
entry finder) MBI ZA A
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BTN TEIE R B A PY B AE ) method, 352 ([F) importlib.abc.MetaPathFinder,

metaclass (JtHE])
— & class 1Y class. Class & &R & & 57— class 44 . —1# class dictionary (ZFH#L), DAK—1#
base class (JEJEESHE]) %13, Metaclass B #5218 5185, [EE# % class, KZHAY 18
FEGE S St —(ATE R A B /E . Python fAFEZ JRAE Y E REA ST A 5T 1Y metaclass. K1) (i
HERARFEW T A, (HRHEFER, metaclass 7] DASEHEEIR HABREAMEE T . BME i
EIFEEAEE. B TaE 24t BEYEES . BEEEA (singleton), DAKFFZ HALATH

B4 & HI ] PATE metaclasses #4848 F] .

method (J57%:)
—H7E class A< H4(Fl9E E 2 k=, WIS method VEEIH: class B (91— &8 E g hEny , HI &l er s
BN E PP IEE (05— Wargument (3180 (M3 BOBH BRI se1t). 2 E uncion ()
Flinested scope (HEIRAEIEL)

method resolution order (J5 7 M7 IE)T)
T5 YRR R A2 R A 2 AR, base class (JJKHBHE]) w8 = M)E . B Python
2.3 JRE AR T VR A, w5 2(E) python_2.3_mro,

module (%)
—{f#4T: Python F&sUE Y 4H %% B {7 (organizational unit) [4{:. g A — a4, BUGIE
[#) Python #{f. HAE I thimporting (AR, WA ZE Python,
iz Epackage ().

module spec (BigHHI#%)
— Al S, BAE RS AL import B & il. B J& importlib.machinery.
ModuleSpec —1{EEFl.

MRO
it 2(Emethod resolution order (75 YERMTNEFF ) o

mutable (n[5E47})
YA DA R, BRI 1O o AR Eimmuable (RAEPIE) o

named tuple (Fff%c4l)
g [named tuple (P44 7C4L) | 2F54E tuple R (T BUE SR class, HEHW 25| (indexable) JC
ZHH AT DA P42 S 1 AR A E . 1 Le AR, class 7] DAL HiAth il 4k

A LE)#R(E)Z named tuple, f35H time.localtime () fl os.stat () EERE. B—FEHAT

2 sys.float_info:

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

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

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

True

£ 2% named tuple 2 [E@AE] (40 LB) o 5(#, — i named tuple 0] DAGE—fl IE BLHY class
FookE s, HEL class Z#7K H tuple, HEFE TS (named field) RIFT . 354119 class 7]
AT L% . W PA#K H typing.NamedTuple AR, WA A A LRER (factory function)
collections.namedtuple () R . BF MBI T —LLEH4MK) method, 5 2% method A]
b2 AEF 5 ok [E)7 ) named tuple H1, SEVEFR 1)

namespace (#yZ4sil)
SEMPE R o 45 25 M2 DA dictionary (281) WEECIE. G Wk . iy KIEE ) a4 25 1
MAEYIEH (FF method H) A SR A 24 25 . w44 25 138 PR 7 Lk v 44 e, ARG AR A Ak . 51
1, P builtins.open £l os.open () E&EBEMA G S MARES B 425 MR
FH e [ 2 IR RS A AR B A — R X, ARSI W R PR S v Atk . BN, %5 random. seed ()
o itertools.islice () WML R, BEEHENEH random fll itertools MAIFEEE.

namespace package (@ #4235 WEA4E)
— 1 PEP 420 package (£1F) , & HBEIEET £ (subpackage) 1 —fH 7585 . A4 a5 M E(FrTfg
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EV Sk, T H A ARE S P ARG R — Mreqular package (R , WEEMEBS
__init__.py mARE.

B2 [Emodule (Fi4H) .

nested scope ( HUHR1ETIR)
REFI2 IR 41ME 2 2% (enclosing definition) FFAYSE#LRE F7 . ZRBIRIE], — M R =X AR 2 78 5 — 1 R =X
e, B2 BANgm0h s s, Fe, AESEET, SRR EERE H k2
W TR R . W SRR A EVE VR R IO R A TR, A SR A A A
SR E A . nonlocal R EANEEHEGEITE A

new-style class (#r=\HH(E])
—HEEX, CRIEBAENA N class P14 I A1 class JE@#& . FEHIH Python fiuA i, A 7K
class 7 Rt fl Python U . ZEDIRE, 152 _ slots__ . FiR#F (descriptor). J& 1 (property).
__getattribute_ (). class method (JHEIJ ) Fi static method ([EJRE %),

object (¥1})
HARE (BUESE) KeieERMATE (method) MATMIEERL. BT Mnew-style class (FialH
[F]) fyf# base class (FJFHEE),

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£if})
—{[ Python [{jmodule (F541), &0 DAL T4 (submodule) B 2 IEFIF) £/ (subpackage). I
W EmE, EEERA __path_ JEER—{H Python i .

Syt & Eregular package (IEHIEAE) Fnamespace package (fir S MEE) .

parameter (Z8)
Tr function (pRZ) B{ method & 3% F 1Y — W v 4% B B4 (named entity), B $500% KR BEEIIE 210 —
fHargument (518%), sifERLeEEI IR Z M5 8. HoAA AR K2 BoE:
« positional-or-keyword (/BB BAHET) + 50— W] DAJ% 08 15 F ol SR VEEIM 42 5 7| Sepl R Y
518, EESEMEEEEL, BNl TE foo Fl bar:

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

« positional-only ({EFROZE) : H5H—MH L REHL BEOL EAHR LA T | . e E S 28 &£t
W/ TG, BnT DAERZ 7 OCHI T E FEAE R E 2 8, HIALAR ) posonlyl FI posonly2:

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

o keyword-only (fEFRBISEF): F500—F HAEDARH s F R R L 5 | 8. ek | S8 #h
A — AT = 8B 3 B 2 85 (var-positional parameter) By 2 BLAH 1 * F£I0, BUW DAYEHAZ 7 &
FAERR B2, BIINPAR Y kw_onlyl FI kw_only2:

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

o var-positional (fEREMCEAIE) : 48U —HBELMER AR LI A7 B0 | (TEC B 2 8
O ET | M AN . BRSO ERTE L2 WA Em L~ AGEFRR, BIIPATY

args:

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

o var-keyword ({EREHEBSET): AT HHRILN TR EE RS # (o ts 82
?QE@E@%?%I%&Z%)O B ERE RS EATR T E L~ e, Fn 1w #
| H ) kwargs o

ST AR | ORI BRI Y s F5 0, o] DAE)— 6585 1y 5 | B o TR (-

333



The Python/C API, £[F] 3.13.0rc2

55 it 2 BV 35 R Wargument (580 M H . % 5 BB 5] 3o 2 82 M2 ([, inspect.
Parameter class, function Z#ji, DA PEP 362,

path entry (W75
Aeimport path (3| ABEFE) TPy BCE, Wipath based finder (SERSEAEHTRE) G5% BHRE
S import FYBEAL.

path entry finder (B4 8423
¥ sys.path_hooks H{—1f Bl BRI {4 (callable) (& Rl —1{path entry hook) Bt [R/E ) — & finder ,
B RITE AT PA— Ml path entry g (i 5EAH o

B A R TE H A2 EAER method, 5 2([F) importlib.abe.PathEntryFinder,

path entry hook (p&f%3HH(E))
f£ sys.path_hooks ¥ ZRHH—{E T IFIY {4 (callable), 58 FIE WMAAE— (855 & path entry H
T, A BlE—Fparh entry finder (FEARIEH A4 o

path based finder (FLRPEIRIFHES)
THFH) US4 A 4R 25 (meta path finder) Z—, B @ {E—@limport path 1825454 .

path-like object (JHPEFEH1E)
— B FRRAE R R BT DU — B FRR BRI str 5 bytes Y4, w2 —M
BHVF os.PathLike W EWWH. BBIFEIY os. fspath () K, —f%4E os.PathLike WE
YT ABEEIE] str 5 bytes R RHIEES: Tl os. fsdecode () K os.fsencode () HI
AER] A TERR st ) bytes A4S, 1 PEP 519 3] A,

PEP
Python Enhancement Proposal (Python #[El#222), PEP 22—k #HEIH 304, & #EE] Python - EER
HEEFR, 2R Python 19—05 B BE 3% T BE RO AR P A ER 1% . PEP 5% TP (0L Y2 1t 36 17 A
PAS A ZE T RE A AR IR

PEP At HIY, R EE R PIREMFEEE . FLE b B Sl 1 R ) 3 S, AR I
Python (1% #HEVRAIFEE, & Seilfeiy 1= 2] . PEP )14 2 & e te At Bk [ g vy e e B s
.

52 PEP 1,

portion (34))
1B — H [ ) —4HAR 58 (0 n] BE R AAAE— 1 zip A ), 38 LUAE 22 RE 38— 1 fin 44 25 H1 B 14 (namespace
package) G T E(RR, 4H[A PEP 420 HhiyE .

positional argument ({37 ¥ 514%)
w2 (Flargument (5]8Y).

provisional API (%47 API)
WAt APL 245, FEARE R U R [ R AH A (backwards compatibility) R, S #HERRT APL.
BESR LN, REre MBI, M EER A ERWEE, FaEZ0REE A SR
EELE, Wnged BB EAHANE T (LA . S8 EEA G EmHhE L
——HA APT YA Z HI RSB e LA BRI e i 8 IRy, B A etk

RIS A 4T AP, [ AR AA R0 Bt Gyl ] [ e 2] — S MT AT p st B ng R FE
8K G g T RSkt — 1 R A A I IRE T
T5 {18 R ol AR A v o X i o 5 B T AN BTt A, 7T S R it (R P IR ) 25 BH 0 A B I s T ot
i 2[E PEP 411 T i 58 Z 40 .

provisional package (¥47£5{})
52 (Elprovisional API (%47 API),

Python 3000

PythOHJ&X ZONRAHERE (RACARITRIRER), EREEE 3 AT R EERE AR ) ] DA (E
[Py3k].

Pythonic (Python &K ))
— (A AREE B US, EEM T Python 355 A W HIEE, A28 HALEE 5 Rayiid
AREAEREAAS . Fl4n, Python g Wy —MEE ML, MM for BHRX, ¥—MEnERY
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PRI A TCR AT EIRE . 32 HAURE 5 A E RS 4L, FTAR K Python 9 A R 61
A e e A A O -

-
for i in range(len(food)):

print (food[i])

.

2T, DA AR R . 3HA7 Python Jalks :

p
for piece in food:
print (piece)

qualified name (FR & %H%)
—{H B4R, B BRI — AL A 23 AE 3] A4 H 2 210 class. pRUEK method Y
[E%£% 1, W PEP 3155 W 3%, B TEIE R pRUAT class 5, FRE 44 f B (124 R AH ) -

-

>>> class C:
class D:
def meth (self):
pass
>>> C.__ qgualname_
ICV
>>> C.D.__gualname
'C.D'
>>> C.D.meth.___qualname_
'C.D.meth'

BTG RBAERE, T2 TRE & & (fully qualified name) 23R %A V) SE BB 4 R BEAR , A 4E A
MAZEM, BTl email .mime.text:

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

reference count (= Wi514L)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are immortal and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (IEBIEA)
—(HE & ipackage (BF), Bl—@a4& __init_ .py HEMHE.

52 Enamespace package (f4 2 MELE) .

REPL
An acronym for the "read—eval-print loop”, another name for the interactive interpreter shell.

__slots__
e class [ERRH)— M E 4y, ERFMFERESEOBENZSH, PALIEBE G dictionary (FHL) , 7K
WA O, MEAR RN, H bﬁ%ﬁ%u\ﬁﬁﬁﬂﬁﬁﬂi oA B 45 I AR A {1 e e o
(memory-critical) ) i F R = AEAE A LB 1) 2 A D

sequence (J3:41)
—fRiterable (WJEMRA1F), &M __getitem_ () special method (HFFkHTiE), (B H K5I
BB EBCRI TR, EEF T —M __len_ () method [0l f# 3% 7 51 ({2 . —LL[E]
J?ﬁljiﬂ_@j% list, str, tuple fl bytes. FEHERE, MR dict T _ getitem_ () M
len , (A ERHEIE L (mapping) AR FH, PHIEHA )y 202 M AR 1 immutable §

Eﬁk%&

TH}%%TE%EE (abstract base class) collections.abc.Sequence F3% 7 — 1IN & 1/,
AEIRR _ getitem () f1__len_ (), BT count (). index (). _ _contains__ ()
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Ml __reversed_ (). EfEMIEANAEAEE, WA register () #iIRSHEE. =2 E7»
JEAN RSO, R R SERAE.

set comprehension (&4 HR)
— MR E, AR T E Y i &R e, B R R AS DA set

[f#, results = {c for c in 'abracadabra' if c not in 'abc'} €r[E4—fF5
set: {'r', 'd'}. #H2[E comprehensions.

single dispatch (¥.—3)E)
generic function (ZHLpRZ) MR, FEdl, EIENSEEERENE 58 AE,

slice (YJ})
— @, [:.L%@/\ —Blsequence (7)) BIFE—5 . Br—BHYI R 175200 H R AAF9E (sub-
script notation) [1, 342, B EFEZ MEHE Y, #lil variable_name[1:3:5],
RS () f@?ﬁﬂ@%ﬁ, i slice Y.

soft deprecated
A soft deprecation can be used when using an API which should no longer be used to write new code, but it
remains safe to continue using it in existing code. The API remains documented and tested, but will not be
developed further (no enhancement).

The main difference between a “soft” and a (regular) "hard” deprecation is that the soft deprecation does not
imply scheduling the removal of the deprecated API.

Another difference is that a soft deprecation does not issue a warning.

See PEP 387: Soft Deprecation.

special method (5% Jj1):)
—TFE &9 Python [ B)IFIYY) method, FI A ¥ SAE BUERAATHERLE R, Blanmi. & method (144
T & 7r BREE A4S B A Wi RJEEE]. Special method 7 specialnames H g #EAHEIHA .

statement ([4iiAX)
PR —MEMH (suite, —EFEXAE [ ]) H—FB. BRR T UE—{flexpression (FEH
X)), WESHEBETE (Fllif. while 5§ for) MILT&ERY —.

static type checker ([FJREMI[Efur7s)
@ Python R sCHSEI M S L H, REIEHR 888, G20 TAERMEE. Szl
[El32-7 (type hints) PAJ% typing Big.

strong reference ([F1%1K)
1& Python ) C APL 1, [F12 BUZSWIMFNS IR, W HERE %2 B rEEs . #rs i
AP Py TNCREF () HOEREZ R, BRsREE#ry DECREF () BEIZ R,

Py _NewRef () PRZAT AN ES—(HE Y HNEIZ IR, W5, ERBESRERRZ 51, WEE
ZESB M I py DECREF () HE, DABRER—H 28K,
wE s Flborrowed reference (fEH 2 ).

text encoding (3L 4%)

Python H1#) 55 22— Unicode A% % (code point) (#1751 (#iEAE U+0000 -- U+10FFFF 2 fif]). #F
ST E— FER B AT IR E— A e AT 5

ﬂ%ﬂ@???ﬂ%&ﬁ%ﬂ?ﬁm TRE) a5, WAL TCA T o) B S a% 7 mp R RRE) T AR
(decoding) ],

A ZTEA ST I i ES (codecs), BEMBATRE [ 307 il .

text file (i%iﬁ’%)
— A REEFEI 5 A st Y —1f file object (REZEWIME) . BH, CFHEEE L RAFIITH
i ) &R (byte-oriented datastream) [E)€r [ B jE Ftext encoding (SCF4AE) . SCFEAEENBI T4 -
PIScEREE (e 5w ) BIEMARZE. sys.stdin. sys.stdout PAK io.StringIO BB,

HakzElbinary file ( “HEMER), B2 MEEEREBFIE A 281204 2 9 1F (bytes-like object) WK
ES7/ LN

triple-quoted string (= 5|3E[E) )
H = E 598 ) S5 19% O BIEERSA R — M7 h . MR B MEEA SR ALET R 5 | 55 5 AL
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oNhAE, HERFFZEHE, MR RA K. SRR AT AR B E) (unescaped)
(R85 [ DERNEE S| 5%, 1 e AT (81 #4170 (continuation character) i n] ARSI AT, JEMEFFE
A A 25 I T A R e A 1

type (%I[E])
—1# Python ¥+ REIEE T e A EEAE Y SmEDaEEa —mREE. —MAeErRENT
PAHER __class__ BMEAAFH, DA type (ob]) HAHR.

type alias (ZU[EIEI%)

—{EAE [ 3650, F A BE G 2 46— FR(EIFRF (identifier) KA.
REIE)4 A 2 [E32 5 (type hint) R . Biltn:

def remove_gray_shades (

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

pass
. J

FTPAR IR R, SR AR

Color = tuple[int, int, int]

-

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

pass
. J

#2[F typing I PEP 484, A LI RERHIIA .

type hint (HI[EIHEA3)
—fannotation ([E1RE), EHeE— M. —H class J& M=o — 1 of =) 2 8k ] 1 7 T AL ED
FERR R R, TR 24 Python (B, (HEMHEI &2 [l & %5 (startic type checkers){RA
A, [E)RelH B IDE 58 fF2 W54 4> (completion) FIE## (refactoring).
S s B class BRI R A OR & s ) mBE R, v LM typing.
getftypefhints()ﬂ@ﬁﬂﬂo

i 2(E typing fll PEP 484, AU RERYHEIR .

universal newlines (i#i)JH[Ef7T5C)
— e i SCF L (text stream) [ 2, € AR A G ERRE)E— 470 &5 5 Unix f7 R 1E G
"\n'. Windows {&f '\r\n" FI# ) Macintosh &% '\r'. FH2[E PEP 278 11 PEP 3116, DA
J* bytes.splitlines () BIFAINAHEE.

variable annotation (%5Z3(Ff%)
— (W S 85y, class JB P annotation ([EIFE) .

(VR B class J RIS, MRELRIEIRIER:

class C:
field: 'annotation'

St EREE 3 F RN [E32 7 (type hint): BN, SRS BOEMI € B int (358 (4:

[count: int = 0 }

5 B (EVRE (1) R AE annassign T 6047 2F 4 10 Al RE .

#52[Elfunction annotation (FRR[ERE). PEP 484 F1 PEP 526, %4 WIheEMHiA . BR RN &
B, 75 2(E annotations-howto.

virtual environment ([EJ}ER4%)
— W 173 VEFR B (cooperatively isolated) [ TEEEE, fERE Python (15 I & A1 e HIFE 15 D2 S FITHA
Python #[EIEM:, Wi A€ ¥[8 R 4% _LiEF T Hifth Python JEE IR A7 HEA: T8 .

Haa(F venv,
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virtual machine ([EHEEKERS)
5 LB S RN (computer). Python (WIEEHAE @ LTt bytecode ((LTCALES) Aess
g i e A -

Zen of Python (Python Z[F])
Python 51 I BT BLAG 51 %, HLEIZA B HA FRARFN (6 F ILRR = o BLs R nT DA e B B 4R
JUEEIA [import this| R4%KF|IE.
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APPENDIX B

BARELEFIRA S 14

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

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

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

B.1 Python {895 Bk 1

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

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

i E IR

C.1 &icio

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

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

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

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

BREA  FEB i waE GPL 8% 7

09.0%F 12 A/l 1991-1995 CWI B2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF y=s
2.1.2 2.1.1 2002 PSF ys
2.1.3 2.1.2 2002 PSF =
22 DAL 2.1.1 2001 £4- PSF 2

fi(E]

GPL 2 EIR /R FA" @1 GPL T #(E] Python. A8 GPL, Jir 1) Python FZHEAS T ATE/REE[EE i
BIRUAS, AR —E BRI 52 5 AEIBH IR . GPL AHZR W #2HE(E5 Python 7] DA% & HAl#E GPL 4%
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IR (I AT )

IR Z I AMRE T, A Guido F8E NIUAT, ifHE Le A iy B [ERE T fig.

C.2 FRFRHLHMFGXER Python BIEHIER

Python S FIEII SCF IR LR PSF 424 649

% Python 3.8.6 B4R, [EIMASCH:rpg&ifl, R BAIHADRE A, 298 FHIZHE (dual licensed) 7 PSF #%
KEA #1PA N Zero-Clause BSD 3% 42 ,

AN Python R BEFOR RO BE . TS RS LA RE 2 R — B . BRE L
FHER RSS2 EHO EI 9 0y 348 S 200

C.2.1 ¥ PYTHON 3.13.0rc2 i PSF 1% &1

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

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

3.13.0rc2 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 3.13.0rc2 alone or in any.
—derivative

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

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

Reserved" are retained in Python 3.13.0rc2 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 3.13.0rc2 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
3.13.0rc2.

4. PSF is making Python 3.13.0rc2 available to Licensee on an "AS IS"._
—basis.

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

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

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE
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USE OF PYTHON 3.13.0rc2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.
—~0rc2

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A_
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0rc2, 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. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee,.
—Or any

third party.

8. By copying, installing or otherwise using Python 3.13.0rc2, Licensee.

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

C.2.2 Fj¥ PYTHON 2.0 Y BEOPEN.COM #Z## &%)

BEOPEN PYTHON B #ZHEA 455 1 i

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects

€ & A}
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(B —1)
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
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 Hj? PYTHON 1.6.1 B4 CNRI 1R &

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

EET—3
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(B E—H)
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI iR#EE#

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 F}* PYTHON 3.13.0rc2 [FEA #4FI#2X 5 /) ZERO-CLAUSE BSD 1%

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #usr(F#kRany iR 8 MBI

AT A SRR R ORI Y R SR G B, B2 AE Python BEEICAS H BTl [E)i 25 =ik i -

C.3.1 Mersenne Twister

random BLAHIE T _random C #% £ #2402 7 DA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html f F#REIFEERAFERE. PAN 2 FEGRA SR sg g -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

346 Appendix C. B MR



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

The Python/C API, &(F 3.13.0rc2

C.3.2 Sockets

socket BAH /T getaddrinfo () il getnameinfo () K=, B¥E WIDE BZ (https:/www.wide.
ad.jp/) [E), FARTE] B JE A 2 vh bl 4 il -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FERF#¥ socket fRFE

test.support.asynchat fl test.support.asyncore FAA ST :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

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 #{TIEN

trace B W& PAT I
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 £ UUdecode F=,

The uu codec contains the following notice:

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 FEiRF2FFreny

xmlrpc.client M-S DA

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test.test_epoll BigHI & DA

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 B kqueue il & LA HEHH -

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 f§Z 6% Marek Majkowski’ %5 j* Dan Bernstein ] SipHash24 B VERIEE. B0
PATR R :
<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>
Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:
The above copyright notice and this permission notice shall be included in
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 Ed dtoa
Python/dtoa . c MMM T C 1) dioa il sutod B, FII C 1 R HEVE BOR 57t T MWD, AR

F2fiTA4: H David M. Gay B7 i[RI A5, 1235 BIAE W] DAJE https://web.archive.org/web/20220517033456/http:

/Iwww.netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G648 2005 DA IR RE B 2 REAZE Y -

/****************************************************************

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E 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.

WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

*
*
*
*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*
*
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(HEBT—TD
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(B E—H)
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(BT —H)
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

AR B pyexpat T EE] ——with-system-expat, & HIZMHETEEH—MES expat JFHAT
B B AR AR

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

BRAEFERIE _ctypes BALUK T _ctypes Mkt € —-with-system-1ibffi, FHHIRZIHKSE
- MEETE Tibffi 5 4R A5 1 Rl A 2

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

URAE R S BARBIY 2lib A KA ABOR vk R 2110 JE5E, Rz se g M —MEE 2ib [5G
AR R A 2

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {Ji ¥ 3EEIZE (hash table) E4/E, DA cfuhash BZE([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

(HEBT—TD
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

MAEfE S decimal BLAHIECTF _decimal C 7 fE X Bt () ——with-system-libmpdec, &A%
B F—H(E) 5 libmpdec o X JFH ) il A A 2 -

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N B EH

test AP CI4N 2.0 HIFLEM (Lib/test/xmltestdata/cl14n-20/) 24 W3C #Hu} https:
/Iwww.w3.0org/TR/xml-c14n2-testcases/ #A52%, H2HR 3-clause BSD #7HEw: %5 (F):

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

(BT —H)
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

C.3.20 asyncio

asyncio BALMHMEIA 2 AE uvloop 0.16 FHEE2R, FA MIT $ZHE2CEE(E:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE

(HERET—TD
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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.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s ”"Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ""AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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ERFEIEF
...,323
>>> 323
_all (BHEH) 72
__dict__ (H#AEMK) 181
__doc__ (#AEM) ,181
__file_ (H#4EK) ,181
_ future_ ,328
__import_

built-in function ([El&#&E=R) ,72
__loader__ (##4/&M) ,181
_ _main_

module (H#4) ,11

H4H, 209, 222, 223
_ name__ (F#BMH) , 181
__package__ (#MEME) , 181
_ _PYVENV_LAUNCHER_ , 240, 246
_ _slots_ ,335
_frozen (C struct), 75
_inittab (Cstruct), 75
_inittab.initfunc (C member), 75
_inittab.name (C member), 75
_Py_c_diff (C function), 139
_Py_c_neqg (C function), 139
_Py_c_pow (C function), 139
_Py_c_prod (C function), 139
_Py_c_quot (C function), 139
_Py_c_sum (C function), 139
_Py_InitializeMain (C function), 254
_Py_NoneStruct (Cvar), 267
_PyBytes_Resize (C function), 142
_PyCode_GetExtra (C ®E=) ,179
_PyCode_SetExtra (C ®E=) ,179

_PyEval_RequestCodeExtraIndex(C ®E=#R),

179
_PyFrameEvalFunction (C type), 219
_PyInterpreterFrame (C struct), 197

_PyInterpreterState_GetEvalFrameFunc

(C function), 220

_PyInterpreterState_SetEvalFrameFunc

(C function), 220
_PyObject_GetDictPtr (C function), 99
_PyObject_New (C function), 267

_PyObject_NewVar (C function), 267
_PyTuple_Resize (C function), 162
_thread

A, 216

K

A

__ PYVENV_LAUNCHER
PATH, 11
PYTHON_CPU_COUNT, 244
PYTHON_GIL, 329
PYTHON_PERF_JIT_SUPPORT, 248
PYTHON_PRESITE, 247
PYTHONCOERCECLOCALE, 252
PYTHONDEBUG, 206, 246
PYTHONDEVMODE, 242
PYTHONDONTWRITEBYTECODE, 206, 249
PYTHONDUMPREF'S, 242
PYTHONEXECUTABLE, 246
PYTHONFAULTHANDLER, 242
PYTHONHASHSEED, 207, 243
PYTHONHOME, 11, 207, 213, 243
PYTHONINSPECT, 207, 243
PYTHONINTMAXSTRDIGITS, 244
PYTHONIOENCODING, 248
PYTHONLEGACYWINDOWSFSENCODING, 208,
237
PYTHONLEGACYWINDOWSSTDIO, 208, 244
PYTHONMALLOC, 258, 262, 263, 265
PYTHONMALLOCSTATS, 245, 258
PYTHONNODEBUGRANGES, 241
PYTHONNOUSERSITE, 208, 249
PYTHONOPTIMIZE, 208, 245
PYTHONPATH, 11, 207, 245
PYTHONPLATLIBDIR, 245
PYTHONPROFILEIMPORTTIME, 243
PYTHONPYCACHEPREF IX, 246
PYTHONSAFEPATH, 240
PYTHONTRACEMALLOC, 248
PYTHONUNBUFFERED, 208, 241
PYTHONUTFS, 237, 252
PYTHONVERBOSE, 209, 249
PYTHONWARNINGS, 249

, 240, 246

abort (Cc ®R) ,72
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abs bytearray ({LJC4LMEF)
built-in function ([El&E &) , 107 object (##) , 142
abstract base class (£ &EKHE) ,323 bytecode (fLTL##H) ,325
allocfunc (Ctype), 309 bytes-like object (ML TLAHEDMH) , 325
annotation ([EJf8) ,323 bytes (fLT04L)
argument (5#) ,323 bulit—-in function (%@ﬁ) , 100
argv (in module sys), 240 object (#1fF) , 140
argv (sys ##lH) ,212
ascii C
bulit-in function ([EH#E®R) ,99 callable (FHFm{4fF) , 325
asynchronous context manager (FEF FWH callback (E ") 325
FEEE) 324 calloc (C ®HA) ,257
asynchronous generator iterator ([ F Capsule
B4 #EIRE) |, 324 object (##) ,194

asynchronous generator(3FFEAEE),324 c-contiguous (c #EEW) , 117,326
asynchronous iterable (FEF TERMHE) class variable (EE%H) 325

,324 classmethod
asynchronous iterator (EFEFERE),324 built-in function ([FZZ=R) ,272
attribute (B#) ,324 class (#[E)) , 325
awaitable (T &&MH) ,324 cleanup functions (FHEERX) ,72
close (os ﬁ%?ﬂqj) ,222

B CO_FUTURE_DIVISION (C var), 45
BDFL, 324 code object (BR®EHH) , 176
binary file (Zi#fufg %) ,324 compile (#43)
binaryfunc (Ctype), 310 built-in function ([BIEER) ,73
borrowed reference (% ®E) ,325 complex number ([El#) ,325
buffer interface (BHNT) object (#1F) , 138

(FREFEHE), 114 context manager (FEEHRE) ,325
buffer object (ZEMH) context variable (f##%#) ,325

(F REmE), 114 contiguous (EAH) , 117,326
buffer protocol (& E) ,114 copyright (sys ##w#) ,212
built-in function ([EZE &) coroutine function (HE&ER) ,326

_ _import_ ,72 coroutine (#H#) ,326

abs, 107 CPython, 326

classmethod, 272

compile (#i3%) ,73 D

divmod, 107 decorator (#4fi#) ,326

float, 109 descrget func (C type), 309

hash (3[F) , 287 descriptor (###) ,326

int, 109 descrsetfunc (C type), 309

len, 112,164, 168, 171 destructor (C type), 309

pow, 107, 109 dictionary comprehension (FHiFEHEL),

repr, 286 326

staticmethod, 272 dictionary view (FHA#EIE) ,326

tuple (JC#L) , 165 dictionary (F#) ,326
built-in function (HZEER) object (##) , 166

len, 110 divmod

tuple (7t4l) , 111 built-in function (FZZR) , 107
builtins ([F)Z) docstring ([EFJHF#) , 326

module (#4) , 11 duck-typing (#%FA[E) ,327

M4, 209, 222, 223
bulit-in function (%@ﬁ) E

ascii, 99 EAFP, 327

bytes (T,\‘”lej/éﬂ) » 100 EOFError ([EZEHFI4) , 180

hash (4[H) , 100 exc_info (sys ##H) ,10

len, 1(;}) executable (sys ##l#) ,211

repr, exit (C ®R) ,72

type (Z[E) , 100 expression (EER) ,327
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extension module (FEHAEL) , 327

F
f-string (f &) ,327
file object (#FMt#F) .327
file-like object (¥t ZEMH) ,327
filesystem encoding and error
handler (% £ Z % 4 # Fv 4¢ 3%
#gR) 327
file (%)
object (##) ,179
finder (&%) ,327
float
built-in function ([El&EER) , 109
floating-point (V%)
object (4#) ,137
floor division (| FEUEKE) ,328
Fortran contiguous (Fortran &K ), 117,
326
free threading, 328
freefunc (C type), 309
free (C ®=R) ,257
freeze utility (BK#&TLE) ,75
frozenset (&ﬁ%ﬁé\)
object (##) , 170
function annotation (& RX[EIE) , 328
function (E =) ,328
object (##) ,172

G

garbage collection (Hrd%FE ) , 328
gcvisitobjects_t (Ctype), 316

generator expression ([EJE#HEHR) ,328
generator iterator ([El4ZBEIRE) 328
generator ([El4#) ,328

generic function (ZAER) ,329
generic type (RAAMFE]) ,329
getattrfunc (Ctype), 309

getattrofunc (C type), 309

getbufferproc (Ctype), 310

getiterfunc (Ctype), 309

getter (Ctype), 276

)
b

GIL, 329

global interpreter lock (&3 &4) ,
214, 329

H

hash-based pyc (#I%EHH pyc) ,329
hashable (¥3[EJH) , 329
hashfunc (C type), 309
hash (?&)
built-in function ([FZZR) ,287
bulit-in function (ﬁ@iﬁ) , 100

IDLE, 329
immortal, 329
immutable (}T:T’T%%ﬁ‘) , 329

import path (B AEKAE) ,330
importer (3| A#) ,330
importing (Z|A\) ,330
incr_item(), 10, 11
initproc (Ctype), 309
inquiry (Ctype), 315
instancemethod

object (##) , 174
int

built-in function ([FZZR) , 109
integer (jfé(%()

object (##) , 130
interactive (E#H) , 330
interpreted (H#EH) ,330
interpreter lock (H#E#H4) ,214
interpreter shutdown (HEZEHHMHE) ,330
iterable (Wﬁ%ﬁ:) , 330
iterator (ﬁ%&) , 330
iternextfunc (C type), 310

K

key function (£ =) ,330
KeyboardInterrupt ([EJZ#4) , 59
keyword argument (B#£53%) ,331

L

lambda, 331
LBYL, 331
len
built-in function (HZZR) , 112, 164,
168, 171
built-in function (WZE®R) ,110
bulit-in function ([ElZE=R) , 101
lenfunc (C type), 310
list comprehension (#EF|%4EH) 331
list (#7]) ,331
object (##) , 164
loader (#A%) ,331
locale encoding (&%) , 331
lock, interpreter (4. H#EH) ,214
long integer (&ZE#)
object (##) ,130
LONG_MAX (c E#) ,131

M
magic
method (F#¥) ,331
magic method (BEHTF i) ,331
main (), 210,212, 240
malloc (C ®R) ,257
mapping (¥8:) , 331
object (##) , 166
memoryview (FIEEHE)
object (##) ,192
meta path finder (TTHEEFHiHE) ,331
metaclass (FUHEE) , 332
METH_CLASS (C macro), 272
METH_COEXIST (C macro), 272

gL ]
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METH_FASTCALL (C macro), 271
METH_KEYWORDS (C macro), 271
METH_METHOD (C macro), 271
METH_NOARGS (C macro), 271
METH_O (C macro), 272
METH_STATIC (C macro), 272
METH_VARARGS (C macro), 271
method resolution order (FEMATE)F) .
332

MethodType (types #AHH) , 172,175,181
method (F¥) ,332

magic, 331

object (4#) ,175

special, 336
module spec (HALMAE) ,332
modules (sys W) , 72,209
module (##1) ,332

_ main_ , 11

builtins ([E#) , 11

object (##H) ,181

search (%) path (Bf) ,11

signal (%ﬂ.?j}%) , 59

sys, 11
MRO, 332
mutable (&4 H) ,332

N

named tuple ([f4&GAL) ,332
namespace package (& ZXMEH) ,332
namespace (@@?Fﬂﬁ) , 332
nested scope (;;%;H:%J‘ﬂi;ﬁ) , 333
new-style class (%‘ﬁrrit%kﬁ) , 333
newfunc (C type), 309
None

object (##) ,129
numeric (E‘Mﬁ)

object (##) , 130

O

object (##l)
module (#4H) , 181

object (#1#) ,333
bytearray (L TAL[HEZ]) , 142
bytes (fLjt#l) , 140
Capsule, 194
code (FR#) ,176
complex number ([EJ%) ,138
dictionary () ,166
file (4% %) ,179
floating-point (3% %) , 137
frozenset (ﬁ%’%lj‘:\) , 170
function (®=) ,172
instancemethod, 174
integer (%#) ,130
list (#7]) , 164
long integer (&ZE#) , 130
mapping (##:) , 166
memoryview (FIEEAE) , 192

method (F#) ,175
None, 129
numeric (FE) , 130
sequence (JF7|) , 140
set (£4) ,170
tuple (Ju#l) , 161
type (#[F) ,6,123
objobjargproc (Ctype), 310
objobjproc (C type), 310
optimized scope, 333
overflowError (WZEFH) , 131,132

P
package variable (EH2#)

_all ,72

package (&) ,333
parameter (%#) ,333

PATH, 11

path based finder (HEAEKEHFHE) 334
path entry finder (BREIEE FK&) ,334
path entry hook (BEIEHE) ,334

path entry (BARIEEH) ,334
path-like object (B4 #) ,334
path (sys M&LF) , 11,209,211
path (E/%)

module (##l) search (##) ,11

4 search (#2) 209,211
PEP, 334
platform (sys ##F) ,212
portion (#4) ,334
positional argument (frE3|%) ,334
pow

built-in function ([EJ&#&=) , 107, 109
provisional APT (¥4T aAPI) ,334
provisional package (¥4{TE#) ,334
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 224
Py_ALWAYS_INLINE (C macro), 4
Py_AtExit (C function), 72
Py_AUDIT_READ (C macro), 274
Py_AuditHookFunction (Ctype), 71
Py_BEGIN_ALLOW_THREADS (C macro), 217
Py_BEGIN_ALLOW_THREADS (C E#) ,214
Py_BEGIN_CRITICAL_SECTION (C macro), 230
Py_BEGIN_CRITICAL_SECTIONZ (C macro), 231
Py_BLOCK_THREADS (C macro), 218
Py_buffer (Ctype), 115
Py_buffer.buf (Cmember), 115
Py_buffer. format (C member), 116
Py_buffer.internal (C member), 116
Py_buffer.itemsize (C member), 115
Py_buffer.len (Cmember), 115
Py_buffer.ndim (C member), 116
Py_buffer.ob]j (Cmember), 115
Py_buffer.readonly (C member), 115
Py_buffer.shape (C member), 116
Py_buffer.strides (C member), 116
Py_buffer.suboffsets (C member), 116
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Py_BuildValue (C function), 83
Py_BytesMain (C function), 41
Py_BytesWarningFlag (C var), 206
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 48
Py_CompileString (C function), 43
Py_CompileStringExFlags (C function), 44
Py_CompileStringFlags (C function), 43
Py_CompileStringObject (C function), 43
Py_CompileString (C ®ER) ,44
Py_complex (C type), 139
Py_complex.imag (C member), 139
Py_complex.real (C member), 139
Py_CONSTANT_ELLIPSIS (C macro), 96
Py_CONSTANT_EMPTY_BYTES (C macro), 96
Py_CONSTANT_EMPTY_STR (C macro), 96
Py_CONSTANT_EMPTY_TUPLE (C macro), 96
Py_CONSTANT_FALSE (C macro), 96
Py_CONSTANT_NONE (C macro), 96
Py_CONSTANT_NOT_IMPLEMENTED (C macro), 96
Py_CONSTANT_ONE (C macro), 96
Py_CONSTANT_TRUE (C macro), 96
Py_CONSTANT_ZERO (C macro), 96
PY_CXX_CONST (C macro), 83

Py_DEBUG (C macro), 12

Py_DebugFlag (Cvar), 206
Py_DecodeLocale (C function), 68
Py_DECREF (C function), 48

Py_DecRef (C function), 49

Py_DECREF (C &) ,7

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 206
Py_Ellipsis (Cvar), 192
Py_EncodeLocale (C function), 69
Py_END_ALLOW_THREADS (C macro), 217
Py_END_ALLOW_THREADS (C E#) ,214
Py_END_CRITICAL_SECTION (C macro), 230
Py_END_CRITICAL_SECTIONZ (C macro), 231
Py_EndInterpreter (C function), 223
Py_EnterRecursiveCall (C function), 62
Py_EQ (C macro), 296

Py_eval_input (Cvar), 44

Py_Exit (C function), 72
Py_ExitStatusException (C function), 235
Py_False (Cvar), 136

Py_FatalError (C function), 72
Py_FatalError (), 212
Py_FdIsInteractive (C function), 67
Py_file_input (Cvar), 44

Py_Finalize (C function), 210
Py_FinalizeEx (C function), 209

Py _FinalizeEx (C ®=R) ,72,209,222,223
Py_FrozenFlag (Cvar), 206

Py_GE (C macro), 296

Py_GenericAlias (C function), 204
Py_GenericAliasType (C var), 204
Py_GetArgcArgv (C function), 253
Py_GetBuildInfo (C function), 212

Py_GetCompiler (C function), 212
Py_GetConstant (C function), 95
Py_GetConstantBorrowed (C function), 96
Py_GetCopyright (C function), 212
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 211
Py_GetExecPrefix (C ®=R) , 11
Py_GetPath (C function), 211
Py_GetPath (), 210
Py_GetPath (C ER) , 11
Py_GetPlatform (C function), 212
Py_GetPrefix (C function), 210
Py_GetPrefix (C ®=R) , 11l
Py_GetProgramFullPath (C function), 211
Py_GetProgramFullPath (C ®=) ,1l1
Py_GetProgramName (C function), 210
Py_GetPythonHome (C function), 213
Py_GetVersion (C function), 211
Py_GT (C macro), 296
Py_hash_t (Ctype), 87
Py_HashPointer (C function), 88
Py_HashRandomizationFlag (Cvar), 207
Py_IgnoreEnvironmentFlag (C var), 207
Py_INCREF (C function), 47
Py_IncRef (C function), 49
Py_INCREF (C ®R) ,7
Py_Initialize (C function), 209
Py_Initialize(), 210
Py_InitializeEx (C function), 209
Py_InitializeFromConfig (C function), 250
Py_Initialize (C ®R) ,11,222
Py_InspectFlag (Cvar), 207
Py_InteractiveFlag (Cvar), 207
Py_1Is (C function), 268
Py_IS_TYPE (C function), 269
Py_TIsFalse (C function), 269
Py_IsFinalizing (C function), 209
Py_TIsInitialized (C function), 209
Py _IsInitialized (C ® =) ,12
Py_TIsNone (C function), 268
Py_TIsolatedFlag (Cvar), 207
Py_TIsTrue (C function), 269
Py_LE (C macro), 296
Py_LeaveRecursiveCall (C function), 62
Py_LegacyWindowsFSEncodingFlag (C var),
207
Py_LegacyWindowsStdioFlag (C var), 208
Py_LIMITED_APTI (C macro), 14
Py_LT (C macro), 296
Py_Main (C function), 41
PY_MAJOR_VERSION (C macro), 317
Py_MAX (C macro), 5
Py_MEMBER_SIZE (C macro), 5
PY_MICRO_VERSION (C macro), 317
Py_MIN (C macro), 5
PY_MINOR_VERSION (C macro), 317
Py_mod_create (C macro), 184
Py_mod_exec (C macro), 185
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Py_mod_gil (C macro), 185

Py_mod_gil.Py_MOD_GIL_NOT_USED
macro), 185

Py_mod_gil.Py_MOD_GIL_USED (C macro), 185

Py_mod_multiple_interpreters (C macro),
185

(c

Py_T_DOUBLE (C macro), 275
Py_T_FLOAT (C macro), 275
Py_T_INT (C macro), 275
Py_T_LONG (C macro), 275
Py_T_LONGLONG (C macro), 275
Py_T_OBJECT_EX (C macro), 275

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORRELT_PYSSIZET (C macro), 275

(C macro), 185
Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED
(C macro), 185
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED
(C macro), 185
Py_NE (C macro), 296
Py_NewInterpreter (C function), 222
Py_NewlInterpreterFromConfig (C function),
222
Py_NewRef (C function), 48
Py_NO_INLINE (C macro), 5
Py_None (C var), 129
Py_NoSiteFlag (Cvar), 208
Py_NotImplemented (C var), 96
Py_NoUserSiteDirectory (Cvar), 208
Py_OpenCodeHookFunction (C type), 180
Py_OptimizeFlag (C var), 208
Py_PreInitialize (C function), 238
Py_PrelInitializeFromArgs (C function), 238
Py_PreInitializeFromBytesArgs (C func-
tion), 238
Py_PRINT_RAW (C macro), 96
Py_PRINT_RAW (C E#) ,180
Py_QuietFlag (Cvar), 208
Py_READONLY (C macro), 274
Py_REFCNT (C function), 47
Py_RELATIVE_OFFSET (C macro), 274
PY_RELEASE_LEVEL (C macro), 317
PY_RELEASE_SERIAL (C macro), 317
Py_ReprEnter (C function), 62
Py_ReprLeave (C function), 63
Py_RETURN_FALSE (C macro), 136
Py_RETURN_NONE (C macro), 129
Py_RETURN_NOTIMPLEMENTED (C macro), 96
Py_RETURN_RICHCOMPARE (C macro), 296
Py_RETURN_TRUE (C macro), 136
Py_RunMain (C function), 253
Py_SET_REFCNT (C function), 47
Py_SET_SIZE (C function), 269
Py_SET_TYPE (C function), 269
Py_SetProgramName (C function), 210
Py_SetPythonHome (C function), 213
Py_SETREF (C macro), 49
Py_single_input (Cvar), 44
Py_SIZE (C function), 269
Py_ssize_t (Ctype), 9
PY_SSIZE_T_MAX (C E#£) ,132
Py_STRINGIFY (C macro), 5
Py_T_BOOL (C macro), 275
Py_T_BYTE (C macro), 275
Py_T_CHAR (C macro), 275

Py_T_SHORT (C macro), 275

Py_T_STRING (C macro), 275

Py_T_STRING_INPLACE (C macro), 275

Py_T_UBYTE (C macro), 275

Py_T_UINT (C macro), 275

Py_T_ULONG (C macro), 275

Py_T_ULONGLONG (C macro), 275

Py_T_USHORT (C macro), 275

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro),
291

Py_TPFLAGS_BASETYPE (C macro), 289

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 291

Py_TPFLAGS_DEFAULT (C macro), 290

Py_TPFLAGS_DICT_SUBCLASS (C macro), 291

Py_TPFLAGS_DISALLOW_INSTANTIATION
macro), 292

Py_TPFLAGS_HAVE_FINALIZE (C macro), 291

Py_TPFLAGS_HAVE_GC (C macro), 290

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 291

Py_TPFLAGS_HEAPTYPE (C macro), 289

Py_TPFLAGS_IMMUTABLETYPE (C macro), 291

Py_TPFLAGS_ITEMS_AT_END (C macro), 291

Py_TPFLAGS_LIST_SUBCLASS (C macro), 291

Py_TPFLAGS_LONG_SUBCLASS (C macro), 291

Py_TPFLAGS_MANAGED_DICT (C macro), 290

Py_TPFLAGS_MANAGED_WEAKREF (C macro), 290

Py_TPFLAGS_MAPPING (C macro), 292

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro),
290

Py_TPFLAGS_READY (C macro), 289

Py_TPFLAGS_READYING (C macro), 290

Py_TPFLAGS_SEQUENCE (C macro), 292

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 291

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 291

Py_TPFLAGS_UNICODE_SUBCLASS (C macro),
291

Py_TPFLAGS_VALID_VERSION_TAG (C macro),
293

Py_tracefunc (Ctype), 224

Py_True (Cvar), 136

Py_tss_NEEDS_INIT (C macro), 228

Py_tss_t (Ctype), 227

Py_TYPE (C function), 269

Py_UCS1 (Ctype), 144

Py_UCS2 (Ctype), 144

Py_UCS4 (Ctype), 144

Py_uhash_t (Ctype), 87

Py_UNBLOCK_THREADS (C macro), 218

Py_UnbufferedStdioFlag (Cvar), 208

Py_UNICODE (C type), 144
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Py_UNICODE_IS_HIGH_SURROGATE (C function),
147

Py_UNICODE_IS_LOW_SURROGATE (C function),
147

Py_UNICODE_IS_SURROGATE (C function), 147

Py_UNICODE_ISALNUM (C function), 146

Py_UNICODE_ISALPHA (C function), 146

Py_UNICODE_ISDECIMAL (C function), 146

Py_UNICODE_ISDIGIT (C function), 146

Py_UNICODE_ISLINEBREAK (C function), 146

Py_UNICODE_ISLOWER (C function), 146

Py_UNICODE_ISNUMERIC (C function), 146

Py_UNICODE_ISPRINTARLE (C function), 146

Py_UNICODE_ISSPACE (C function), 146

Py_UNICODE_ISTITLE (C function), 146

Py_UNICODE_ISUPPER (C function), 146

Py_UNICODE_JOIN_SURROGATES (C function),
147

Py_UNICODE_TODECIMAL (C function), 146

Py_UNICODE_TODIGIT (C function), 146

Py_UNICODE_TOLOWER (C function), 146

Py_UNICODE_TONUMERIC (C function), 146

Py_UNICODE_TOTITLE (C function), 146

Py_UNICODE_TOUPPER (C function), 146

Py_UNREACHABLE (C macro), 5

Py_UNUSED (C macro), 6

Py_VaBuildvalue (C function), 85

PY_VECTORCALL_ARGUMENTS_OFFSET (o
macro), 103

Py_VerboseFlag (C var), 209

Py_Version (Cvar), 318

PY_VERSION_HEX (C macro), 317

Py_VISIT (C function), 314

Py_XDECREF (C function), 48

Py_XDECREF (C &) ,1l1

Py_XINCREF (C function), 47

Py_XNewRef (C function), 48

Py_XSETREF (C macro), 49

PyAIter_Check (C function), 113

PyAnySet_Check (C function), 171

PyAnySet_CheckExact (C function), 171

PyArg_Parse (C function), 82

PyArg_ParseTuple (C function), 81

PyArg_ParseTupleAndKeywords (C function),
81

PyArg_UnpackTuple (C function), 82

PyArg_ValidateKeywordArguments (C func-
tion), 82

PyArg_VaParse (C function), 81

PyArg_VaParseTupleAndKeywords (C func-
tion), 82

PyASCIIObject (Ctype), 144

PyAsyncMethods (C type), 308

PyAsyncMethods.am_aiter (C member), 308

PyAsyncMethods.am_anext (C member), 308

PyAsyncMethods.am_await (C member), 308

PyAsyncMethods.am_send (C member), 308

PyBool_Check (C function), 136

PyBool_FromLong (C function), 136
PyBool_Type (Cvar), 136
PyBUF_ANY_CONTIGUOUS (C macro), 118
PyBUF_C_CONTIGUOUS (C macro), 118
PyBUF_CONTIG (C macro), 118
PyBUF_CONTIG_RO (C macro), 118
PyBUF_F_CONTIGUOUS (C macro), 118
PyBUF_FORMAT (C macro), 117
PyBUF_FULL (C macro), 118
PyBUF_FULL_RO (C macro), 118
PyBUF_INDIRECT (C macro), 117
PyBUF_MAX_NDIM (C macro), 116
PyBUF_ND (C macro), 117
PyBUF_READ (C macro), 192
PyBUF_RECORDS (C macro), 118
PyBUF_RECORDS_RO (C macro), 118
PyBUF_SIMPLE (C macro), 117
PyBUF_STRIDED (C macro), 118
PyBUF_STRIDED_RO (C macro), 118
PyBUF_STRIDES (C macro), 117
PyBUF_WRITABLE (C macro), 117
PyBUF_WRITE (C macro), 192
PyBuffer_FillContiguousStrides (C func-
tion), 121
PyBuffer_ FillInfo (C function), 121
PyBuffer FromContiguous (C function), 120
PyBuffer_GetPointer (C function), 120
PyBuffer_IsContiguous (C function), 120
PyBuffer_Release (C function), 120
PyBuffer_ SizeFromFormat (C function), 120
PyBuffer_ ToContiguous (C function), 120
PyBufferProcs (Ctype), 307
PyBufferProcs.bf_getbuffer (C member),
307
PyBufferProcs.bf_releasebuffer (C mem-
ber), 307
PyBufferProcs (C A[F) , 114
PyByteArray_AS_STRING (C function), 143
PyByteArray_AsString (C function), 143
PyByteArray_Check (C function), 142
PyByteArray_CheckExact (C function), 142
PyByteArray_Concat (C function), 143
PyByteArray_FromObject (C function), 143
PyByteArray_FromStringAndSize (C func-
tion), 143
PyByteArray_GET_SIZE (C function), 143
PyByteArray_Resize (C function), 143
PyByteArray_Size (C function), 143
PyByteArray_Type (Cvar), 142
PyByteArrayObject (C type), 142
PyBytes_AS_STRING (C function), 141
PyBytes_AsString (C function), 141
PyBytes_AsStringAndSize (C function), 141
PyBytes_Check (C function), 140
PyBytes_CheckExact (C function), 140
PyBytes_Concat (C function), 142
PyBytes_ConcatAndDel (C function), 142
PyBytes_FromFormat (C function), 141
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PyBytes_FromFormatV (C function), 141
PyBytes_FromObject (C function), 141
PyBytes_FromString (C function), 140
PyBytes_FromStringAndSize (C function), 141
PyBytes_GET_SIZE (C function), 141
PyBytes_Size (C function), 141
PyBytes_Type (Cvar), 140
PyBytesObject (C type), 140
PyCallable_Check (C function), 106
PyCallIter_Check (C function), 189
PyCallIter_New (C function), 189
PyCallIter_Type (Cvar), 189
PyCapsule (C type), 194
PyCapsule_CheckExact (C function), 194
PyCapsule_Destructor (Ctype), 194
PyCapsule_GetContext (C function), 195
PyCapsule_GetDestructor (C function), 195
PyCapsule_GetName (C function), 195
PyCapsule_GetPointer (C function), 194
PyCapsule_Import (C function), 195
PyCapsule_IsValid (C function), 195
PyCapsule_New (C function), 194
PyCapsule_SetContext (C function), 195
PyCapsule_SetDestructor (C function), 195
PyCapsule_SetName (C function), 195
PyCapsule_SetPointer (C function), 195
PyCell_Check (C function), 175
PyCell_GET (C function), 175
PyCell_Get (C function), 175

PyCell_ New (C function), 175

PyCell SET (C function), 175
PyCell_Set (C function), 175
PyCell_Type (Cvar), 175

PyCellObject (Ctype), 175
PyCFunction (C type), 270
PyCFunction_New (C function), 272
PyCFunction_NewEx (C function), 272
PyCFunctionFast (C type), 270
PyCFunctionFastWithKeywords (Ctype), 270
PyCFunctionWithKeywords (C type), 270
PyCMethod (C type), 270

PyCMethod_New (C function), 272
PyCode_Addr2Line (C function), 177
PyCode_Addr2Location (C function), 177
PyCode_AddwWatcher (C function), 178
PyCode_Check (C function), 176
PyCode_ClearWatcher (C function), 178
PyCode_GetCellvars (C function), 177
PyCode_GetCode (C function), 177
PyCode_GetFreevars (C function), 178
PyCode_GetNumFree (C function), 176
PyCode_GetVarnames (C function), 177
PyCode_NewEmpty (C function), 177
PyCode_NewWithPosOnlyArgs (C ®=) ,177
PyCode_New (C ®=R) ,176
PyCode_Type (Cvar), 176
PyCode_WatchCallback (Ctype), 178

PyCodec_BackslashReplaceErrors (C func-
tion), 90
PyCodec_Decode (C function), 89
PyCodec_Decoder (C function), 90
PyCodec_Encode (C function), 89
PyCodec_Encoder (C function), 90
PyCodec_IgnoreErrors (C function), 90
PyCodec_IncrementalDecoder (C function), 90
PyCodec_IncrementalEncoder (C function), 90
PyCodec_KnownEncoding (C function), 89
PyCodec_LookupError (C function), 90
PyCodec_NameReplaceErrors (C function), 91
PyCodec_Register (C function), 89
PyCodec_RegisterError (C function), 90
PyCodec_ReplaceErrors (C function), 90
PyCodec_StreamReader (C function), 90
PyCodec_StreamWriter (C function), 90
PyCodec_StrictErrors (C function), 90
PyCodec_Unregister (C function), 89
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 90
PyCodeEvent (C type), 178
PyCodeObject (Ctype), 176
PyCompactUnicodeObject (C type), 144
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C
member), 45
PyCompilerFlags.cf_flags (Cmember), 45
PyComplex_AsCComplex (C function), 140
PyComplex_Check (C function), 139
PyComplex_CheckExact (C function), 139
PyComplex_FromCComplex (C function), 139
PyComplex_FromDoubles (C function), 139
PyComplex_ImagAsDouble (C function), 140
PyComplex_RealAsDouble (C function), 140
PyComplex_Type (Cvar), 139
PyComplexObject (Ctype), 139
PyConfig (Ctype), 239
PyConfig_Clear (C function), 239
PyConfig_InitIsolatedConfig (C function),
239
PyConfig InitPythonConfig (C function), 239
PyConfig_Read (C function), 239
PyConfig_SetArgv (C function), 239
PyConfig_SetBytesArgv (C function), 239
PyConfig_SetBytesString (C function), 239
PyConfig_SetString (C function), 239
PyConfig SetWideStringList (C function),
239
PyConfig.argv (C member), 240
PyConfig.base_exec_prefix (C member), 240
PyConfig.base_executable (C member), 240
PyConfig.base_prefix (C member), 241
PyConfig.buffered_stdio (C member), 241
PyConfig.bytes_warning (C member), 241
PyConfig.check_hash_pycs_mode (C mem-
ber), 241
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PyConfig.code_debug_ranges (C member),
241
PyConfig.configure_c_stdio (C member),
241
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
242
PyConfig.filesystem errors
243
PyConfig.
PyConfig.
PyConfig.

cpu_count (C member), 244
dev_mode (C member), 242
dump_refs (C member), 242
exec_prefix (Cmember), 242
executable (C member), 242
faulthandler (C member), 242
filesystem_encoding (C member),

(C member),

hash_seed (C member), 243
home (C member), 243
import_time (C member), 243
PyConfig.inspect (C member), 243
PyConfig.install_signal_handlers
member), 243
PyConfig.int_max_str_digits (C member),
244
PyConfig.interactive (C member), 244
PyConfig.isolated (C member), 244
PyConfig.legacy_windows_stdio (C mem-
ber), 244
PyConfig.malloc_stats (C member), 244
PyConfig.module_search_paths (C member),
245
PyConfig.module_search_paths_set
member), 245
PyConfig.optimization_level (C member),
245
PyConfig.orig_argv (C member), 245
PyConfig.parse_argv (C member), 246
PyConfig.parser_debug (C member), 246
PyConfig.pathconfig warnings (C member),
246
PyConfig.perf_profiling (C member), 248
PyConfig.platlibdir (C member), 245
PyConfig.prefix (Cmember), 246
PyConfig.program_name (C member), 246
PyConfig.pycache_prefix (C member), 246
PyConfig.pythonpath_env (C member), 245
PyConfig.quiet (C member), 247
PyConfig.run_command (C member), 247
PyConfig.run_filename (C member), 247
PyConfig.run_module (C member), 247
PyConfig.run_presite (C member), 247
PyConfig.safe_path (C member), 240
PyConfig.show_ref_count (C member), 247
PyConfig.site_import (C member), 247
PyConfig.skip_source_first_1line (Cmem-
ber), 247
PyConfig.stdio_encoding (C member), 248
PyConfig.stdio_errors (C member), 248
PyConfig.tracemalloc (C member), 248
PyConfig.use_environment (C member), 248

(e

(c

PyConfig.use_hash_seed (C member), 243
PyConfig.user_site_directory (C member),
248
PyConfig.verbose (C member), 249
PyConfig.warn_default_encoding (C mem-
ber), 241
PyConfig.warnoptions (C member), 249
PyConfig.write_bytecode (C member), 249
PyConfig.xoptions (C member), 249
PyContext (C type), 199
PyContext_CheckExact (C function), 199
PyContext_Copy (C function), 200
PyContext_CopyCurrent (C function), 200
PyContext_Enter (C function), 200
PyContext_Exit (C function), 200
PyContext_New (C function), 199
PyContext_Type (Cvar), 199
PyContextToken (C type), 199
PyContextToken_CheckExact (C function), 199
PyContextToken_Type (Cvar), 199
PyContextVar (Ctype), 199
PyContextVar_CheckExact (C function), 199
PyContextVar_Get (C function), 200
PyContextVar_New (C function), 200
PyContextVar_Reset (C function), 200
PyContextVar_Set (C function), 200
PyContextVar_Type (C var), 199
PyCoro_CheckExact (C function), 198
PyCoro_New (C function), 199
PyCoro_Type (Cvar), 198
PyCoroObject (C type), 198
PyDate_Check (C function), 201
PyDate_CheckExact (C function), 201
PyDate_FromDate (C function), 202
PyDate_FromTimestamp (C function), 204
PyDateTime_Check (C function), 201
PyDateTime_CheckExact (C function), 201
PyDateTime_Date (C type), 200
PyDateTime_DATE_GET_FOLD (C function), 203
PyDateTime_DATE_GET_HOUR (C function), 203
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 203
PyDateTime_DATE_GET_MINUTE (C function),
203
PyDateTime_DATE_GET_SECOND (C function),
203
PyDateTime_ DATE_GET_TZINFO (C function),
203
PyDateTime_DateTime (C type), 200
PyDateTime_DateTimeType (C var), 201
PyDateTime_DateType (C var), 201
PyDateTime_Delta (Ctype), 201
PyDateTime_DELTA_GET_DAYS (C function), 203
PyDateTime_DELTA_GET_MICROSECONDS c
function), 203
PyDateTime_DELTA_GET_SECONDS (C function),
203
PyDateTime_DeltaType (C var), 201
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PyDateTime_FromDateAndTime (C function),

202

PyDateTime_FromDateAndTimeAndFold (C

Sfunction), 202
PyDateTime_FromTimestamp (C function), 204
PyDateTime_GET_DAY (C function), 202
PyDateTime_GET_MONTH (C function), 202
PyDateTime_GET_YEAR (C function), 202
PyDateTime_Time (C type), 200
PyDateTime_TIME_GET_FOLD (C function), 203
PyDateTime_TIME_GET_HOUR (C function), 203

PyDateTime_ TIME_GET_MICROSECOND (C func-

tion), 203

PyDateTime_TIME_GET_MINUTE (C function),

203

PyDateTime_TIME_GET_SECOND (C function),

203

PyDateTime_TIME_GET_TZINFO (C function),

203
PyDateTime_TimeType (Cvar), 201
PyDateTime_TimeZone_UTC (C var), 201
PyDateTime_TZInfoType (C var), 201
PyDelta_Check (C function), 201
PyDelta_CheckExact (C function), 201
PyDelta_FromDSU (C function), 202
PyDescr_IsData (C function), 190
PyDescr_NewClassMethod (C function), 190
PyDescr_NewGetSet (C function), 190
PyDescr_NewMember (C function), 190
PyDescr_NewMethod (C function), 190
PyDescr_NewWrapper (C function), 190
PyDict_AddWatcher (C function), 169
PyDict_Check (C function), 166
PyDict_CheckExact (C function), 166
PyDict_Clear (C function), 166
PyDict_ClearWatcher (C function), 169
PyDict_Contains (C function), 166
PyDict_ContainsString (C function), 166
PyDict_Copy (C function), 166
PyDict_DelItem (C function), 166
PyDict_DelItemString (C function), 166
PyDict_GetItem (C function), 167
PyDict_GetItemRef (C function), 166
PyDict_GetItemString (C function), 167
PyDict_GetItemStringRef (C function), 167
PyDict_GetItemWithError (C function), 167
PyDict_TItems (C function), 168
PyDict_Keys (C function), 168
PyDict_Merge (C function), 169
PyDict_MergeFromSeqg2 (C function), 169
PyDict_New (C function), 166
PyDict_Next (C function), 168
PyDict_Pop (C function), 168
PyDict_PopString (C function), 168
PyDict_SetDefault (C function), 167
PyDict_SetDefaultRef (C function), 167
PyDict_SetItem (C function), 166
PyDict_SetItemString (C function), 166

PyDict_Size (C function), 168
PyDict_Type (Cvar), 166
PyDict_Unwatch (C function), 170
PyDict_Update (C function), 169
PyDict_Values (C function), 168
PyDict_Watch (C function), 169
PyDict_WatchCallback (C type), 170
PyDict_WatchEvent (C type), 170
PyDictObject (Ctype), 166
PyDictProxy_New (C function), 166
PyDoc_STR (C macro), 6
PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 53
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 59
PyErr_Clear (C function), 51
PyErr_Clear (C ®=R) , 10,11
PyErr_DisplayException (C function), 52
PyErr_ExceptionMatches (C function), 56
PyErr_ExceptionMatches (C &) ,11
PyErr_Fetch (C function), 57
PyErr_Format (C function), 52
PyErr_FormatUnraisable (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 58
PyErr_GetHandledException (C function), 57
PyErr_GetRaisedException (C function), 56
PyErr_GivenExceptionMatches (C function),
56
PyErr_NewException (C function), 60
PyErr_NewExceptionWithDoc (C function), 60
PyErr_ NoMemory (C function), 53
PyErr_NormalizeException (C function), 57
PyErr_Occurred (C function), 56
PyErr_Occurred (C ®=R) ,10
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 57
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename
(C function), 54
PyErr_SetExcFromWindowsErrWithFilenameObject
(C function), 54
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C function), 54
PyErr_SetExcInfo (C function), 58
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename (C func-
tion), 53
PyErr_SetFromErrnoWithFilenameObject
(C function), 53
PyErr_SetFromErrnoWithFilenameObjects
(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C
function), 53
PyErr_SetHandledException (C function), 58
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PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),
54
PyErr_SetInterrupt (C function), 59
PyErr_SetInterruptEx (C function), 59
PyErr_SetNone (C function), 53
PyErr_SetObject (C function), 52
PyErr_SetRaisedException (C function), 56
PyErr_SetString (C function), 52
PyErr_SetString (C ®=) ,10
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireThread (C function), 220
PyEval_AcquireThread(), 216
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 88
PyEval_GetFrame (C function), 88
PyEval_GetFrameBuiltins (C function), 89
PyEval_GetFrameGlobals (C function), 89
PyEval_GetFrameLocals (C function), 89
PyEval_GetFuncDesc (C function), 89
PyEval_GetFuncName (C function), 89
PyEval_GetGlobals (C function), 88
PyEval_GetLocals (C function), 88
PyEval_InitThreads (C function), 216
PyEval_InitThreads (), 209
PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseThread (C function), 220
PyEval_ReleaseThread(), 216
PyEval_RestoreThread (C function), 216
PyEval_RestoreThread(), 216
PyEval_RestoreThread (C ®=#®) ,214
PyEval_SaveThread (C function), 216
PyEval_SaveThread(), 216
PyEval_SaveThread (C ® =) ,214
PyEval_SetProfile (C function), 225
PyEval_SetProfileAllThreads (C function),
225
PyEval_SetTrace (C function), 226
PyEval_SetTraceAllThreads (C function), 226
PyExc_ArithmeticError (C #3%) ,63
PyExc_AssertionError (C #3%) ,63
PyExc_AttributeError (C #3%f) ,63
PyExc_BaseException (C #3%) ,63
PyExc_BlockingIOError (C ##) ,63
PyExc_BrokenPipeError (C #3%) ,63
PyExc_BufferError (C ##) ,63
PyExc_BytesWarning (C #3%{) ,64
PyExc_ChildProcessError (C #3) ,63

PyExc_ConnectionAbortedError (C ##) ,
63
PyExc_ConnectionError (C #3%{) ,63
PyExc_ConnectionRefusedError (C ##) ,
63
PyExc_ConnectionResetError (C ##) ,63
PyExc_DeprecationWarning (C ##) , 64
PyExc_EnvironmentError (C ##) , 64
PyExc_EOFError (C ##) ,63
PyExc_Exception (C #%) ,63
PyExc_FileExistsError (C ?é%() , 63
PyExc_FileNotFoundError (C ##) ,63
PyExc_FloatingPointError (C #%) ,63
PyExc_FutureWarning (C #3%) , 64
PyExc_GeneratorExit (C #3%) ,63
PyExc_ImportError (C %%‘k) , 63
PyExc_ImportWarning (C ##) ,64
PyExc_IndentationError (C ##) ,63
PyExc_IndexError (C ##) ,63
PyExc_InterruptedError (C #3{) ,63
PyExc_IOError (C #3) ,64
PyExc_IsADirectoryError (C ##) ,63
PyExc_KeyboardInterrupt (C ##) ,63
PyExc_KeyError (C ##) ,63
PyExc_LookupError (C ##) ,63
PyExc_MemoryError (C #3%) ,63
PyExc_ModuleNotFoundError (C %%{) , 63
PyExc_NameError (C ##) ,63
PyExc_NotADirectoryError (C #%) ,63
PyExc_NotImplementedError (C #3) ,63
PyExc_OSError (C ##) ,63
PyExc_OverflowError (C #3%) ,63
PyExc_PendingDeprecationWarning (C 2
%) .04
PyExc_PermissionError (C #3#) ,63
PyExc_ProcessLookupError (C #3f) ,63
PyExc_RecursionError (C #3%) ,63
PyExc_ReferenceError (C #%#) ,63
PyExc_ResourceWarning (C ##) , 64
PyExc_RuntimeError (C #%#) ,63
PyExc_RuntimeWarning (C #3%) , 64
PyExc_StopAsynclteration (C ##() ,63
PyExc_StopIteration (C ﬁgé%() , 63
PyExc_SyntaxError (C ##) ,63
PyExc_SyntaxWarning (C ##) , 64
PyExc_SystemError (C ##) ,63
PyExc_SystemExit (C #%) ,63
PyExc_TabError (C ##) ,63
PyExc_TimeoutError (C ##) ,63
PyExc_TypeError (C ##) ,63
PyExc_UnboundLocalError (C #3) ,63
PyExc_UnicodeDecodeError (C ##) ,63
PyExc_UnicodeEncodeError (C ##{) ,63
PyExc_UnicodeError (C #%) ,63
PyExc_UnicodeTranslateError (C ##),63
PyExc_UnicodeWarning (C ##) , 064
PyExc_UserWarning (C #3%) ,64
PyExc_ValueError (C #%) ,63
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PyExc_Warning (C ##) ,64
PyExc_WindowsError (C #%) ,64
PyExc_ZeroDivisionError (C #3) ,63
PyException_GetArgs (C function), 61
PyException_GetCause (C function), 60
PyException_GetContext (C function), 60
PyException_GetTraceback (C function), 60
PyException_SetArgs (C function), 61
PyException_SetCause (C function), 60
PyException_SetContext (C function), 60
PyException_SetTraceback (C function), 60
PyFile_FromFd (C function), 179
PyFile_GetLine (C function), 180
PyFile_SetOpenCodeHook (C function), 180
PyFile_WriteObject (C function), 180
PyFile_WriteString (C function), 180
PyFloat_AS_DOUBLE (C function), 137
PyFloat_AsDouble (C function), 137
PyFloat_Check (C function), 137
PyFloat_CheckExact (C function), 137
PyFloat_FromDouble (C function), 137
PyFloat_FromString (C function), 137
PyFloat_GetInfo (C function), 137
PyFloat_GetMax (C function), 137
PyFloat_GetMin (C function), 137
PyFloat_Pack2 (C function), 138
PyFloat_Pack4 (C function), 138
PyFloat_Pack8 (C function), 138
PyFloat_Type (Cvar), 137
PyFloat_Unpack?2 (C function), 138
PyFloat_Unpack4 (C function), 138
PyFloat_Unpack8 (C function), 138
PyFloatObject (Ctype), 137
PyFrame_Check (C function), 196
PyFrame_GetBack (C function), 196
PyFrame_GetBuiltins (C function), 196
PyFrame_GetCode (C function), 196
PyFrame_GetGenerator (C function), 196
PyFrame_GetGlobals (C function), 196
PyFrame_GetLasti (C function), 196
PyFrame_GetLineNumber (C function), 197
PyFrame_GetLocals (C function), 197
PyFrame_GetVar (C function), 197
PyFrame_GetVarString (C function), 197
PyFrame_Type (C var), 196
PyFrameObject (C type), 196
PyFrozenSet_Check (C function), 171
PyFrozenSet_CheckExact (C function), 171
PyFrozenSet_New (C function), 171
PyFrozenSet_Type (Cvar), 171
PyFunction_AddWatcher (C function), 173
PyFunction_Check (C function), 172
PyFunction_ClearWatcher (C function), 173
PyFunction_GetAnnotations (C function), 173
PyFunction_GetClosure (C function), 173
PyFunction_GetCode (C function), 172
PyFunction_GetDefaults (C function), 173
PyFunction_GetGlobals (C function), 172

PyFunction_GetModule (C function), 173
PyFunction_New (C function), 172
PyFunction_NewWithQualName (C function),
172
PyFunction_SetAnnotations (C function), 173
PyFunction_SetClosure (C function), 173
PyFunction_SetDefaults (C function), 173
PyFunction_SetVectorcall (C function), 173
PyFunction_Type (Cvar), 172
PyFunction_WatchCallback (Ctype), 173
PyFunction_WatchEvent (C type), 173
PyFunctionObject (C type), 172
PyGC_Collect (C function), 315
PyGC_Disable (C function), 315
PyGC_Enable (C function), 315
PyGC_TIsEnabled (C function), 315
PyGen_Check (C function), 198
PyGen_CheckExact (C function), 198
PyGen_New (C function), 198
PyGen_NewWithQualName (C function), 198
PyGen_Type (Cvar), 198
PyGenObject (C type), 198
PyGetSetDef (C type), 276
PyGetSetDef.closure (C member), 276
PyGetSetDef .doc (C member), 276
PyGetSetDef.get (C member), 276
PyGetSetDef .name (C member), 276
PyGetSetDef.set (C member), 276
PyGILState_Check (C function), 217
PyGILState_Ensure (C function), 217
PyGILState_GetThisThreadState (C func-
tion), 217
PyGILState_Release (C function), 217
PyHASH_BITS (C macro), 87
PyHash_FuncDef (C type), 87
PyHash_FuncDef.hash_bits (C member), 87
PyHash_FuncDef .name (C member), 87
PyHash_FuncDef.seed_bits (C member), 87
PyHash_GetFuncDef (C function), 87
PyHASH_ IMAG (C macro), 87
PyHASH_INF (C macro), 87
PyHASH_MODULUS (C macro), 87
PyHASH MULTIPLIER (C macro), 87
PyImport_AddModule (C function), 73
PyImport_AddModuleObject (C function), 73
PyImport_AddModuleRef (C function), 73
PyImport_AppendInittab (C function), 75
PyImport_ExecCodeModule (C function), 73
PyImport_ExecCodeModuleEx (C function), 74
PyImport_ExecCodeModuleObject (C func-
tion), 74
PyImport_ExecCodeModuleWithPathnames
(C function), 74
PyImport_ExtendInittab (C function), 75
PyImport_FrozenModules (Cvar), 75
PyImport_GetImporter (C function), 75
PyImport_GetMagicNumber (C function), 74
PyImport_GetMagicTag (C function), 74
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PyImport_GetModule (C function), 74
PyImport_GetModuleDict (C function), 74
PyImport_Import (C function), 73
PyImport_ImportFrozenModule (C function),
75
PyImport_ImportFrozenModuleObject
function), 75
PyImport_ImportModule (C function), 72
PyImport_ImportModuleEx (C function), 72
PyImport_ImportModuleLevel (C function), 73
PyImport_ImportModuleLevelObject c
function), 72
PyImport_ImportModuleNoBlock (C function),
72
PyImport_ReloadModule (C function), 73
PyIndex_Check (C function), 109
PyInstanceMethod_Check (C function), 174
PyInstanceMethod_Function (C function), 174
PyInstanceMethod_GET_FUNCTION (C func-
tion), 174
PyInstanceMethod_New (C function), 174
PyInstanceMethod_Type (Cvar), 174
PyInterpreterConfig (Ctype), 221

(«©

PyInterpreterConfig DEFAULT_GIL (c
macro), 221

PyInterpreterConfig OWN_GIL (C macro),
221

PyInterpreterConfig_ SHARED_GIL (o
macro), 221

PyInterpreterConfig.allow_daemon_threads

(C member), 221
PyInterpreterConfig.
ber), 221
PyInterpreterConfig.
ber), 221
PyInterpreterConfig.

member), 221
PyInterpreterConfig.
(C member), 221
PyInterpreterConfig.gil (C member), 221
PyInterpreterConfig.use_main_obmalloc
(C member), 221
PyInterpreterState (Ctype), 216
PyInterpreterState_Clear (C function), 218
PyInterpreterState_Delete (C function), 218
PyInterpreterState_Get (C function), 219
PyInterpreterState_GetDict (C function),
219
PyInterpreterState_GetID (C function), 219
PyInterpreterState_Head (C function), 227
PyInterpreterState_Main (C function), 227
PyInterpreterState_New (C function), 218
PyInterpreterState_Next (C function), 227
PyInterpreterState_ThreadHead (C func-
tion), 227
PyIter_Check (C function), 113
PyIter_Next (C function), 113
PyIter_Send (C function), 114

allow_exec (C mem-
allow_fork (C mem-

allow_threads (C

PyList_Append (C function), 165
PyList_AsTuple (C function), 165
PyList_Check (C function), 164
PyList_CheckExact (C function), 164
PyList_Clear (C function), 165
PyList_Extend (C function), 165
PyList_GET_ITEM (C function), 164
PyList_GET_SIZE (C function), 164
PyList_GetItem (C function), 164
PyList_GetItemRef (C function), 164
PyList_GetItem (C ®=Z) ,8
PyList_GetSlice (C function), 165
PyList_Insert (C function), 165
PyList_New (C function), 164
PyList_Reverse (C function), 165
PyList_SET_ITEM (C function), 164
PyList_SetItem (C function), 164
PyList_SetItem (C ®=R) ,7
PyList_SetSlice (C function), 165
PyList_Size (C function), 164
PyList_Sort (C function), 165

PyList_Type (Cvar), 164

PyListObject (Ctype), 164

PyLong_AsDouble (C function), 133
PyLong_AsInt (C function), 131
PyLong_AsLong (C function), 131
PyLong_AsLongAndOverflow (C function), 131
PyLong_AsLongLong (C function), 132
PyLong_AsLongLongAndOverflow (C function),

132

PyLong_AsNativeBytes (C function), 133

PyLong_AsNativeBytes.

(C macro), 135
PyLong_AsNativeBytes
(C macro), 135
PyLong_AsNativeBytes
(C macro), 135

check_multi_interp BtergiksNativeBytes

(C macro), 135
PyLong_AsNativeBytes
(C macro), 135
PyLong_AsNativeBytes
(C macro), 135
PyLong_AsNativeBytes
(C macro), 135

Py ASNATIVEBYTES_ALLOW_INDEX

.Py_ASNATIVEBYTES_ BIG_ENDIAN

.Py_ASNATIVEBYTES_DEFAULTS

Py _ASNATIVEBYTES_LITTLE_ENDI

.Py_ASNATIVEBYTES_NATIVE_ENDTI

.Py_ASNATIVEBYTES_REJECT_NEGA

.Py_ASNATIVEBYTES_UNSIGNED_BU

PyLong_AsSize_t (C function), 132
PyLong_AsSsize_t (C function), 132
PyLong_AsUnsignedLong (C function), 132

PyLong_AsUnsignedLongLong (C function), 132
PyLong_AsUnsignedLongLongMask (C func-
tion), 133
PyLong_AsUnsignedLongMask (C function), 132
PyLong_AsVoidPtr (C function), 133
PyLong_Check (C function), 130
PyLong_CheckExact (C function), 130
PyLong_FromDouble (C function), 130
PyLong_FromLong (C function), 130
PyLong_FromLongLong (C function), 130
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PyLong_FromNativeBytes (C function), 131
PyLong_FromSize_t (C function), 130
PyLong_FromSsize_t (C function), 130
PyLong_FromString (C function), 130
PyLong_FromUnicodeObject (C function), 131
PyLong_FromUnsignedLong (C function), 130
PyLong_FromUnsignedLongLong (C function),
130
PyLong_FromUnsignedNativeBytes (C func-
tion), 131
PyLong_FromVoidPtr (C function), 131
PyLong_GetInfo (C function), 135
PyLong_Type (Cvar), 130
PyLongObject (C type), 130
PyMapping_Check (C function), 112
PyMapping_DelItem (C function), 112
PyMapping_DelItemString (C function), 112
PyMapping_GetItemString (C function), 112
PyMapping_GetOptionalItem (C function), 112
PyMapping_GetOptionalItemString (C func-
tion), 112
PyMapping_HasKey (C function), 112
PyMapping_HasKeyString (C function), 113
PyMapping_HasKeyStringWithError (C func-
tion), 112
PyMapping_HasKeyWithError (C function), 112
PyMapping_TItems (C function), 113
PyMapping_Keys (C function), 113
PyMapping_Length (C function), 112
PyMapping_SetItemString (C function), 112
PyMapping_Size (C function), 112
PyMapping Values (C function), 113
PyMappingMethods (C type), 306
PyMappingMethods.mp_ass_subscript (C
member), 306
PyMappingMethods.mp_length (C member),
306
PyMappingMethods.mp_subscript (C mem-
ber), 306
PyMarshal_ ReadLastObjectFromFile (c
function), 76
PyMarshal ReadLongFromFile (C function), 76
PyMarshal_ReadObjectFromFile (C function),
76
PyMarshal_ReadObjectFromString (C func-
tion), 76
PyMarshal_ ReadShortFromFile (C function),
76
PyMarshal_WriteLongToFile (C function), 76
PyMarshal_WriteObjectToFile (C function),
76
PyMarshal WriteObjectToString
tion), 76
PyMem_Calloc (C function), 259
PyMem_Del (C function), 260
PYMEM_DOMAIN_MEM (C macro), 262
PYMEM_DOMAIN_OBJ (C macro), 262
PYMEM_DOMAIN_RAW (C macro), 262

(C  func-

PyMem_Free (C function), 260
PyMem_GetAllocator (C function), 263
PyMem_Malloc (C function), 259
PyMem_New (C macro), 260
PyMem_RawCalloc (C function), 259
PyMem_RawFree (C function), 259
PyMem_RawMalloc (C function), 258
PyMem_RawRealloc (C function), 259
PyMem_Realloc (C function), 260
PyMem_Resize (C macro), 260
PyMem_SetAllocator (C function), 263
PyMem_SetupDebugHooks (C function), 263
PyMemAllocatorDomain (C type), 262
PyMemAllocatorEx (C type), 262
PyMember_GetOne (C function), 273
PyMember_SetOne (C function), 273
PyMemberDef (C type), 273
PyMemberDef .doc (C member), 273
PyMemberDef . flags (C member), 273
PyMemberDef .name (C member), 273
PyMemberDef.offset (C member), 273
PyMemberDef .type (C member), 273
PyMemoryView_Check (C function), 192
PyMemoryView_FromBuffer (C function), 192
PyMemoryView_FromMemory (C function), 192
PyMemoryView_FromObject (C function), 192
PyMemoryView_GET_BASE (C function), 192
PyMemoryView_GET_BUFFER (C function), 192
PyMemoryView_GetContiguous (C function),
192
PyMethod_Check (C function), 175
PyMethod_Function (C function), 175
PyMethod_GET_FUNCTION (C function), 175
PyMethod_GET_SELF (C function), 175
PyMethod_New (C function), 175
PyMethod_Self (C function), 175
PyMethod_Type (Cvar), 175
PyMethodDef (C type), 270
PyMethodDef .ml_doc (C member), 271
PyMethodDef .ml_flags (C member), 270
PyMethodDef .ml_meth (C member), 270
PyMethodDef .ml_name (C member), 270
PyMODINIT_FUNC (C macro), 4
PyModule_Add (C function), 187
PyModule_AddFunctions (C function), 186
PyModule_AddIntConstant (C function), 188
PyModule_AddIntMacro (C macro), 188
PyModule_AddObject (C function), 187
PyModule_AddObjectRef (C function), 186
PyModule_AddStringConstant (C function),
188
PyModule_AddStringMacro (C macro), 188
PyModule_AddType (C function), 188
PyModule_Check (C function), 181
PyModule_CheckExact (C function), 181
PyModule_Create (C function), 183
PyModule_Create?2 (C function), 183
PyModule_ExecDef (C function), 186
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PyModule_FromDefAndSpec (C function), 186
PyModule_FromDefAndSpec?2 (C function), 186
PyModule_GetDef (C function), 181
PyModule_GetDict (C function), 181
PyModule_GetFilename (C function), 181
PyModule_GetFilenameObject (C function),
181
PyModule_GetName (C function), 181
PyModule_GetNameObject (C function), 181
PyModule_GetState (C function), 181
PyModule_New (C function), 181
PyModule_NewObject (C function), 181
PyModule_SetDocString (C function), 186
PyModule_Type (Cvar), 181
PyModuleDef (C type), 182
PyModuleDef_Init (C function), 184
PyModuleDef_Slot (Ctype), 184
PyModuleDef_Slot.slot (C member), 184
PyModuleDef_Slot.value (C member), 184
PyModuleDef .m_base (C member), 182
PyModuleDef.m_clear (C member), 183
PyModuleDef .m_doc (C member), 182
PyModuleDef .m_free (C member), 183
PyModuleDef .m_methods (C member), 182
PyModuleDef .m_name (C member), 182
PyModuleDef .m_size (C member), 182
PyModuleDef .m_slots (C member), 182
PyModuleDef.m_slots.m_reload (C member),
182

PyModuleDef .m_traverse (C member), 182

PyMonitoring_FireBranchEvent (C function),
322

PyMonitoring_FireCallEvent (C function),
321

PyMonitoring_FireCRaiseEvent (C function),
322

PyMonitoring_ FireCReturnEvent (C func-
tion), 322

PyMonitoring_FireExceptionHandledEvent
(C function), 322
PyMonitoring_FireJumpEvent (C function),

322
PyMonitoring_FireLineEvent (C function),
321
PyMonitoring_FirePyResumeEvent (C func-
tion), 321
PyMonitoring_FirePyReturnEvent (C func-
tion), 321
PyMonitoring_FirePyStartEvent (C func-
tion), 321
PyMonitoring_FirePyThrowEvent (C func-
tion), 322
PyMonitoring FirePyUnwindEvent (C func-
tion), 322
PyMonitoring_FirePyYieldEvent (C func-
tion), 321
PyMonitoring_FireRaiseEvent (C function),
322

PyMonitoring_FireReraiseEvent (C func-
tion), 322
PyMonitoring_FireStopIterationEvent (C
function), 322
PyMonitoringState (C type), 321
PyMutex (C type), 229
PyMutex_Lock (C function), 229
PyMutex_Unlock (C function), 229
PyNumber_Absolute (C function), 107
PyNumber_ Add (C function), 107
PyNumber_And (C function), 108
PyNumber_AsSsize_t (C function), 109
PyNumber_Check (C function), 107
PyNumber_Divmod (C function), 107
PyNumber_Float (C function), 109
PyNumber_FloorDivide (C function), 107
PyNumber_Index (C function), 109
PyNumber_InPlaceAdd (C function), 108
PyNumber_InPlaceAnd (C function), 109
PyNumber_InPlaceFloorDivide (C function),
108
PyNumber_InPlaceLshift (C function), 109
PyNumber_InPlaceMatrixMultiply (C func-
tion), 108
PyNumber_InPlaceMultiply (C function), 108
PyNumber_InPlaceOr (C function), 109
PyNumber_InPlacePower (C function), 108
PyNumber_InPlaceRemainder (C function), 108
PyNumber_InPlaceRshift (C function), 109
PyNumber_InPlaceSubtract (C function), 108
PyNumber_ InPlaceTrueDivide (C function),
108
PyNumber_InPlaceXor (C function), 109
PyNumber_Invert (C function), 107
PyNumber_Long (C function), 109
PyNumber_Lshift (C function), 108
PyNumber MatrixMultiply (C function), 107
PyNumber_Multiply (C function), 107
PyNumber_Negative (C function), 107
PyNumber_Or (C function), 108
PyNumber_Positive (C function), 107
PyNumber_ Power (C function), 107
PyNumber_Remainder (C function), 107
PyNumber_Rshift (C function), 108
PyNumber_Subtract (C function), 107
PyNumber_ToBase (C function), 109
PyNumber_TrueDivide (C function), 107
PyNumber_Xor (C function), 108
PyNumberMethods (C type), 303
PyNumberMethods.nb_absolute (C member),
305
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 305

.nb_add (C member), 304
.nb_and (C member), 305
.nb_bool (C member), 305
.nb_divmod (C member), 305
.nb_float (C member), 305
.nb_floor_divide (Cmem-
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PyNumberMethods.nb_index (C member), 305

PyNumberMethods.nb_inplace_add (C mem-
ber), 305

PyNumberMethods.nb_inplace_and (C mem-
ber), 305

PyObject_CallMethod (C function), 105

PyObject_CallMethodNoArgs (C function), 105

PyObject_CallMethodObjArgs (C function),
105

PyObject_CallMethodOneArqg (C function), 106

PyNumberMethods.nb_inplace_floor_divideyObject_CallNoArgs (C function), 105

(C member), 305
PyNumberMethods.nb_inplace_1lshift (C
member), 305

PyObject_CallObject (C function), 105
PyObject_Calloc (C function), 261
PyObject_CallOneArqg (C function), 105

PyNumberMethods.nb_inplace_matrix_multiRyGbject_CheckBuffer (C function), 120

(C member), 305
PyNumberMethods.nb_inplace_multiply (C
member), 305
PyNumberMethods.nb_inplace_or (C mem-
ber), 305
PyNumberMethods.nb_inplace_power c
member), 305
PyNumberMethods.nb_inplace_remainder
(C member), 305
PyNumberMethods.nb_inplace_rshift (C
member), 305
PyNumberMethods.nb_inplace_subtract (C
member), 305

PyNumberMethods.nb_inplace_true_divide

(C member), 305
PyNumberMethods.nb_inplace_xor (C mem-

ber), 305
PyNumberMethods
PyNumberMethods

.nb_int (C member), 305
.nb_invert (C member), 305
PyNumberMethods.nb_1shift (C member), 305
PyNumberMethods.nb_matrix_multiply (C
member), 305
PyNumberMethods.nb_multiply (C member),
304
PyNumberMethods
305
PyNumberMethods
PyNumberMethods
305
PyNumberMethods
PyNumberMethods
305
PyNumberMethods
305
PyNumberMethods
PyNumberMethods
304
PyNumberMethods
ber), 305
PyNumberMethods.nb_xor (C member), 305
PyObject (C type), 268
PyObject_ASCII (C function), 99
PyObject_AsFileDescriptor (C function), 180
PyObject_Bytes (C function), 99
PyObject_Call (C function), 104
PyObject_CallFunction (C function), 105
PyObject_CallFunctionObjArgs (C function),
105

.nb_negative (C member),

.nb_or (C member), 305
.nb_positive (C member),

.nb_power (C member), 305
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 305
.nb_subtract (C member),

.nb_true_divide (C mem-

PyObject_ClearManagedDict (C function), 102
PyObject_ClearWeakRefs (C function), 193
PyObject_CopyData (C function), 120
PyObject_Del (C function), 267
PyObject_DelAttr (C function), 98
PyObject_DelAttrString (C function), 98
PyObject_DelItem (C function), 101
PyObject_Dir (C function), 101
PyObject_Format (C function), 99
PyObject_Free (C function), 261
PyObject_GC_Del (C function), 314
PyObject_GC_IsFinalized (C function), 314
PyObject_GC_IsTracked (C function), 314
PyObject_GC_New (C macro), 313
PyObject_GC_NewVar (C macro), 313
PyObject_GC_Resize (Cmacro), 313
PyObject_GC_Track (C function), 313
PyObject_GC_UnTrack (C function), 314
PyObject_GenericGetAttr (C function), 98
PyObject_GenericGetDict (C function), 98
PyObject_GenericHash (C function), 88
PyObject_GenericSetAttr (C function), 98
PyObject_GenericSetDict (C function), 99
PyObject_GetAIter (C function), 101
PyObject_GetArenaAllocator (C function),
265
PyObject_GetAttr (C function), 97
PyObject_GetAttrString (C function), 97
PyObject_GetBuffer (C function), 120
PyObject_GetItem (C function), 101
PyObject_GetItemData (C function), 102
PyObject_GetIter (C function), 101
PyObject_GetOptionalAttr (C function), 97
PyObject_GetOptionalAttrString (C func-
tion), 98
PyObject_GetTypeData (C function), 101
PyObject_HasAttr (C function), 97
PyObject_HasAttrString (C function), 97
PyObject_HasAttrStringWithError (C func-
tion), 97
PyObject_HasAttrWithError (C function), 97
PyObject_Hash (C function), 100
PyObject_HashNotImplemented (C function),
100
PyObject_HEAD (C macro), 268
PyObject_HEAD_INIT (C macro), 269
PyObject_Init (C function), 267
PyObject_InitVar (C function), 267
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PyObject_IS_GC (C function), 314
PyObject_IsInstance (C function), 100
PyObject_IsSubclass (C function), 100
PyObject_IsTrue (C function), 100
PyObject_Length (C function), 100
PyObject_LengthHint (C function), 101
PyObject_Malloc (C function), 261
PyObject_New (C macro), 267
PyObject_NewVar (C macro), 267
PyObject_Not (C function), 100
PyObject_Print (C function), 97
PyObject_Realloc (C function), 261
PyObject_Repr (C function), 99
PyObject_RichCompare (C function), 99
PyObject_RichCompareBool (C function), 99
PyObject_SetArenaAllocator (C function),
265
PyObject_SetAttr (C function), 98
PyObject_SetAttrString (C function), 98
PyObject_SetItem (C function), 101
PyObject_Size (C function), 100
PyObject_Str (C function), 99
PyObject_Type (C function), 100
PyObject_TypeCheck (C function), 100
PyObject_VAR_HEAD (C macro), 268
PyObject_Vectorcall (C function), 106
PyObject_VectorcallDict (C function), 106
PyObject_VectorcallMethod (C function), 106
PyObject_VisitManagedDict (C function), 102
PyObjectArenaAllocator (C type), 265
PyObject.ob_refcnt (C member), 283
PyObject .ob_type (C member), 283
PyOS_AfterFork (C function), 68
PyOS_AfterFork_Child (C function), 68
PyOS_AfterFork_Parent (C function), 67
PyOS_BeforeFork (C function), 67
PyOS_CheckStack (C function), 68
PyOS_double_to_string (C function), 86
PyOS_FSPath (C function), 67
PyOS_getsig (C function), 68
PyOS_InputHook (Cvar), 42
PyOS_ReadlineFunctionPointer (Cvar), 43
PyOS_setsig (C function), 68
PyOS_sighandler_t (Ctype), 68
PyOS_snprintf (C function), 85
PyOS_stricmp (C function), 87
PyOS_string_ to_double (C function), 86
PyOS_strnicmp (C function), 87
PyOS_strtol (C function), 86
PyOS_strtoul (C function), 85
PyOS_vsnprintf (C function), 85
PyPreConfig (C type), 236
PyPreConfig InitIsolatedConfig (C func-
tion), 236
PyPreConfig_InitPythonConfig (C function),
236
PyPreConfig.allocator (C member), 236

PyPreConfig.coerce_c_locale (C member),
237
PyPreConfig.coerce_c_locale_warn (c
member), 237
PyPreConfig.configure_locale (C member),
236
PyPreConfig.dev_mode (C member), 237
PyPreConfig.isolated (C member), 237
PyPreConfig.legacy_windows_fs_encoding
(C member), 237
PyPreConfig.parse_argv (C member), 237
PyPreConfig.use_environment (C member),
237
PyPreConfig.utf8_mode (C member), 237
PyProperty_Type (Cvar), 190
PyRefTracer (C type), 226
PyRefTracer_CREATE (C var), 226
PyRefTracer_DESTROY (C var), 226
PyRefTracer_GetTracer (C function), 226
PyRefTracer_SetTracer (C function), 226
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 41
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
PyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (Ctype), 114
PySeqglter_Check (C function), 189
PySeqglter_New (C function), 189
PySeqlter_Type (Cvar), 189
PySequence_Check (C function), 110
PySequence_Concat (C function), 110
PySequence_Contains (C function), 111
PySequence_Count (C function), 111
PySequence_DelItem (C function), 110
PySequence_DelSlice (C function), 110
PySequence_Fast (C function), 111
PySequence_Fast_GET_ITEM (C function), 111
PySequence_Fast_GET_SIZE (C function), 111
PySequence_Fast_ITEMS (C function), 111
PySequence_GetItem (C function), 110
PySequence_GetItem (C ®=R) ,8
PySequence_GetSlice (C function), 110
PySequence_Index (C function), 111
PySequence_InPlaceConcat (C function), 110
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PySequence_InPlaceRepeat (C function), 110
PySequence_ITEM (C function), 111
PySequence_Length (C function), 110
PySequence_List (C function), 111
PySequence_Repeat (C function), 110
PySequence_SetItem (C function), 110
PySequence_SetSlice (C function), 110
PySequence_Size (C function), 110
PySequence_Tuple (C function), 111
PySequenceMethods (C type), 306
PySequenceMethods.sq ass_item (C mem-

ber), 306

PySequenceMethods.sq concat (C member),
306

PySequenceMethods.sq contains (C mem-
ber), 306

PySequenceMethods.sq _inplace_concat (C
member), 306

PySequenceMethods.sq inplace_repeat (C
member), 307

PySequenceMethods.sqg _item (C member), 306

PySequenceMethods.sq length (C member),
306

PySequenceMethods.sq repeat (C member),
306

PySet_Add (C function), 171
PySet_Check (C function), 171
PySet_CheckExact (C function), 171
PySet_Clear (C function), 172
PySet_Contains (C function), 171
PySet_Discard (C function), 172
PySet_GET_SIZE (C function), 171
PySet_New (C function), 171

PySet_Pop (C function), 172
PySet_Size (C function), 171
PySet_Type (Cvar), 171

PySetObject (C type), 170
PySignal_SetWakeupFd (C function), 59
PySlice_AdjustIndices (C function), 191
PySlice_Check (C function), 190
PySlice_GetIndices (C function), 190
PySlice_GetIndicesEx (C function), 190
PySlice_New (C function), 190
PySlice_Type (Cvar), 190
PySlice_Unpack (C function), 191
PyState_AddModule (C function), 189
PyState_FindModule (C function), 189
PyState_RemoveModule (C function), 189
PyStatus (Ctype), 235
PyStatus_Error (C function), 235
PyStatus_Exception (C function), 235
PyStatus_Exit (C function), 235
PyStatus_IsError (C function), 235
PyStatus_IsExit (C function), 235
PyStatus_NoMemory (C function), 235
PyStatus_O0k (C function), 235
PyStatus.err_msqg (C member), 235
PyStatus.exitcode (C member), 235

PyStatus. func (C member), 235
PyStructSequence_Desc (Ctype), 162
PyStructSequence_Desc.doc (C member), 163
PyStructSequence_Desc.fields (C member),
163
PyStructSequence_Desc.n_in_sequence (C
member), 163
PyStructSequence_Desc.name (C member),
162
PyStructSequence_Field (Ctype), 163
PyStructSequence_Field.doc (C member),
163
PyStructSequence_Field.name (C member),
163
PyStructSequence_GET_ITEM (C function), 163
PyStructSequence_GetItem (C function), 163
PyStructSequence_InitType (C function), 162
PyStructSequence_InitType2 (C function),
162
PyStructSequence_New (C function), 163
PyStructSequence_NewType (C function), 162
PyStructSequence_SET_ITEM (C function), 163
PyStructSequence_SetItem (C function), 163
PyStructSequence_UnnamedField (C var),
163
PySys_AddAuditHook (C function), 71
PySys_Audit (C function), 71
PySys_AuditTuple (C function), 71
PySys_FormatStderr (C function), 70
PySys_FormatStdout (C function), 70
PySys_GetObject (C function), 70
PySys_GetXOptions (C function), 70
PySys_ResetWarnOptions (C function), 70
PySys_SetArgv (C function), 213
PySys_SetArgvEx (C function), 212
PySys_SetObject (C function), 70
PySys_WriteStderr (C function), 70
PySys_WriteStdout (C function), 70
Python 3000, 334
Python Enhancement Proposals
PEP 1,334
PEP 7,3,6
PEP 238,45,328
PEP 278,337
PEP 302, 331
PEP 343,325
PEP 353,9
PEP 362,324,334
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PYTHONLEGACYWINDOWSSTDIO, 208, 244
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PyThread_ReInitTLS (C function), 229
PyThread_set_key_value (C function), 229
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PyThread_tss_delete (C function), 228
PyThread_tss_free (C function), 228
PyThread_tss_get (C function), 228
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PyThread_tss_set (C function), 228
PyThreadState (Ctype), 216
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PyThreadState_Delete (C function), 218
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218
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219
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PyThreadState_GetID (C function), 219
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219
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PyTypeObject.tp_vectorcall (C member),
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PyUnicode_Substring (C function), 151
PyUnicode_Tailmatch (C function), 159
PyUnicode_Translate (C function), 158
PyUnicode_Type (Cvar), 144
PyUnicode_WRITE (C function), 145
PyUnicode_WriteChar (C function), 150
PyUnicodeDecodeError_Create (C function),
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PyUnicodeDecodeError_GetEncoding (o
function), 61
PyUnicodeDecodeError_GetEnd (C function),
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PyUnicodeDecodeError_GetObject (C func-
tion), 61
PyUnicodeDecodeError_GetReason (C func-
tion), 62
PyUnicodeDecodeError_GetStart (C func-
tion), 61
PyUnicodeDecodeError_SetEnd (C function),
62
PyUnicodeDecodeError_SetReason (C func-
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PyUnicodeDecodeError_SetStart (C func-
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PyUnicodeEncodeError_GetEncoding (C
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PyUnicodeEncodeError_GetReason (C func-
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PyUnicodeTranslateError_GetObject (C
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PyUnicodeTranslateError_GetReason (C
function), 62
PyUnicodeTranslateError_GetStart (o
function), 61
PyUnicodeTranslateError_SetEnd (C func-
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PyUnicodeTranslateError_SetReason (C
function), 62
PyUnicodeTranslateError_SetStart c
function), 61
PyUnstable, 13
PyUnstable_Code_GetExtra (C function), 179
PyUnstable_Code_GetFirstFree (C function),

176
PyUnstable_Code_New (C function), 176
PyUnstable_Code_NewWithPosOnlyArgs (C
function), 176
PyUnstable_Code_SetExtra (C function), 179
PyUnstable_Eval_RequestCodeExtralndex
(C function), 178
PyUnstable_Exc_PrepReraiseStar (C func-
tion), 61
PyUnstable_GC_VisitObjects
315
PyUnstable_InterpreterFrame_GetCode (C
function), 197
PyUnstable_InterpreterFrame_ GetLasti
(C function), 197
PyUnstable_InterpreterFrame_GetLine (C
function), 198
PyUnstable_Long_CompactValue (C function),
136
PyUnstable_Long_IsCompact (C function), 135
PyUnstable_Module_SetGIL (C function), 188

(C  function),

PyUnstable_Object_ClearWeakRefsNoCallbacks

(C function), 194
PyUnstable_Object_GC_NewWithExtraData
(C function), 313
PyUnstable_PerfMapState_Fini (C function),
93
PyUnstable_PerfMapState_Init (C function),
92
PyUnstable_Type_AssignVersionTag c
function), 126
PyUnstable_ WritePerfMapEntry (C function),
92
PyVarObject (C type), 268
PyVarObject_HEAD_INIT (C macro), 269
PyVarObject .ob_size (C member), 284
PyVectorcall_Call (C function), 104
PyVectorcall_Function (C function), 104
PyVectorcall_NARGS (C function), 104
PyWeakref_Check (C function), 193
PyWeakref_CheckProxy (C function), 193
PyWeakref_CheckRef (C function), 193
PyWeakref_GET_OBJECT (C function), 193
PyWeakref_GetObject (C function), 193
PyWeakref_GetRef (C function), 193
PyWeakref_ NewProxy (C function), 193
PyWeakref_ NewRef (C function), 193
PyWideStringList (C type), 234
PyWideStringList_Append (C function), 234
PyWideStringList_Insert (C function), 234
PyWideStringList.items (C member), 234
PyWideStringList.length (C member), 234
PyWrapper_New (C function), 190
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READ_RESTRICTED (C E£) ,274
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releasebufferproc (Ctype), 310
REPL, 335
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RESTRICTED (C E %) ,274
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set comprehension (EA&4%A4EE) 336
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soft deprecated, 336
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strong reference ([EJ& ) ,336
structmember.h, 276
sum_list (),9
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T_CHAR (C E#) ,276
T_DOUBLE (C E#) ,276
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T_OBJECT (C macro), 276
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T_SHORT (C E#) ,276
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T_UINT (C E%£) ,276
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traverseproc (Ctype), 314
triple-quoted string (Z5|9EIF &) , 336
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built-in function (%@ﬁ) , 165
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tuple (J04)
built-in function (WE®R) , 111
type alias (E[FE%) ,337
type hint (iﬂ%ﬂ?) , 337
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universal newlines (GBAEUTETT) ,337
USE_STACKCHECK (Cc E#) ,68
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variable annotation (##H([F%) ,337
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version (sys ##¥F) ,212
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sys, 209, 222,223
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