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CHAPTER 1

#J774 Python 18 I R =X B 8% /1 1f1 645 C Al C++ B85 RELITE AR g 77 Python E(i#4s . 3% APL[FIfEH] 1]
JA C+, HEIERE L, 1% K HARE Python/C APL. {§iJf] Python/C APLAT IR FJRA , 25— e [Elks
€ H RS 9% AR 45 JE SE 2 5T Python B C B, & AT RE R I WA INE . 28 MR R 21
K e R i Python (EEIRAAH 5 5 52 0@ 7 70 e I R X AH(E] embedding (#ix AX) Python,

A 5 P TRLAL e — A 3 A 2 PR i A, R [k (cookbook) | D7k ARA M. A AT T H AT AYE—ERE
B E BBz, AR I Python ik A S HARRE I FErr, (Hi A Python [ B FEEIAE 40 5]
PEFCARBLAET B

AR AR 2 % 5C Python, # 2 APL s UERZMRA MIY; BLAh, KEZWHR A Python (i I R (R 75 2
S it B e SRR UL, DN AR B RURE Python i AT R R i A A 55 S e T RE 2 4 13

1.1 BREE

UTAIEAE S5 55 A CPython sy C F25UHS, s bVEUHR PEP 7 s S0 RIE . S0 ELIR0
Python AN, GESCHFARILIT . SRR E RO =T MSEhUa, MRS, Wi e
& FIEDRRA Python.

1.2 I A$EXE (include files)

{i il Python/C API Fir i) i A ekt . ZREVRI S 4R 10 5 SEARIIE R DA T i B4 7 AT E IR RS 5 LA

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

E R A5 A AT BERE: <stdio.h>. <string.h>. <errmo.h>. <limits.h>. <assert.h>
Fl <stdlib.h> (WIEAH).
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Hi(E]
Hi 7 Python W[ g @ if &L @y ip 2L ML 2 40 R EATIEAR (1 TH I PEAY (pre-processor), [Al AR-LBHET| A
AEAn R WE A SR 2 Fij 5| A Python . h,

MAES| A Python.h Z Hi#RZEEFE PY_SSIZE_T_CLEAN. A HILEEMEINH, waE2) 7] fshsd
E¥A,

Py 7€ #e7% Python.h b LG I AT R4 A% (3 SN s AR MERR AR 5| ARBRSN) HREAT Py B _Py B DA
_Py BREARY A AR Python FEVEERSMN , MEscsmes s AIERI . Sifsn B2 A EA TR A Tisk .

e

I E RN AN B SE FEAE T LA Py B0 _Py BREARYZ AR, 8 @ alald BEI WK, EfE X mHEREASER
2€ Python A ERY AT RS, & LEIRAS T BE & E S DA IE LE 1 AR 2 — BRI SH Y HoAth 44 7

12 U A5 8 5 18 Python — g 42 %, ¥F Unix B AR H[F prefix/include/pythonversion/ Al
exec_prefix/include/pythonversion/, HH prefix fil exec_prefix f Python [{) configure
EIA WA ER ME %, version 2 '$d.%d" % sys.version_info[:2]. £ Windows |, 1E5HZ:3E7F
prefix/include W1, H prefix B E4 235 (installer) F 23 HIE

TR, I (AR ) H ERE S s 5 | AR B AL (search path) 1. R 52 H EVC1EE
R L, RN #include <pythonX.Y/Python.h>; EEIAELZV-GEE LI, prefix |
BT SRR exec_prefix MFERFEREH,

C+ e R, [EVE APTSe i) C AGESR, (HARIEARGE A D BB extern "cv, FIL, 4
e PATATATRIR BRI A G2 C++ i APL,

1.3 FHMER

Python £RIEAR HHESE T &AM MES, REWCEFRETCITA MR ML (BIfPy_RETURN_NONE), H
il SEE A TR PAFEA—E R e Bl &.
PyMODINIT_FUNC

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

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

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

bi

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spam_module) ;

}

L

4 Chapter 1. &4y
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Py_ABS (X)
[l x EEEHE .
1 3.3 g
Py_ALWAYS_INLINE
SR g s s it A FIREATEIR =X (static inline function), % ase a] A Z & B [FIEE A A% R .

TESE N R A M IR EEBUT 2 8 Python I, BT AR A PEREZSRMEI A TR, flin, MSC
AERR SRR T 2 B R AR pR A

H H 1] Py_ALWAYS_INLINE #EE [Pl A7Flek X ] RE B S ECE 22 PERE (B A sCRS /N )
HERCAM R ST T, St 0 LU B 3 N BRI

AR Python 2AEMEE R E (Wi ry DEBUG BEAWIES), Py _ALWAYS INLINE BAERAE
ERA G

EAEAE R MR mi AR e . VA

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

TE 3.11 A
Py_CHARMASK (c)

51 B 2 (128, 127] 5 [0, 255] #EEER FoosCEH. EMELEGH ¢ HEE unsigned char
[l {5

Py_DEPRECATED (version)
A H R EE 8 . BT SE 4 RG22 Tl o
it :

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

1€ 3.8 MUAATE: HiH T MSVC %48,
Py_GETENV (s)
H Y getenv(s), (A4 AE & 4 5 b T -E A [ % NULL (3 RPyconfig.

use_environment),

Py_MAX (X,y)
B x iy 2 M B HE
TE 3.3 U

Py_MEMBER_SIZE (type, member)
PAGE TCAH [V BEAS [ 4548 (type) member [R/N.

T 3.6 HUGA.

Py_MIN (X, y)
W\ = My Z WA e/ IME.
1E 3.3 FAIA.

Py_NO_INLINE

SMmEAMIRA. G, BEDT C HER I HRERARXR LTO+PGO #EMRAH (F2
[E] bpo-33720)

ik

1.3. FAMER 5
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[Py_NO_INLINE static int random(void) { return 4; } ]

TE 3.11 A

Py_STRINGIFY (x)
# x #FIF C 75, 4 Py_STRINGIFY (123) €r[alf 123",
TE 3.4 BB

Py _UNREACHABLE ()

TAREY BT R AR U AR R, T UL IE . BIANTE case REMELINE T HTA AT BE(E Y
switch BUAINH) default: FA). FEARW REAEENENY assert (0) X abort () AL EEHIE .

FERETRI (release mode) ', ELAEHIBhAmi it i AR RS, (Elid ey I A AP R G i i o 91
Nz E RSB R GCC{fiff] __builtin_unreachable () RKEALE.

Py_UNREACHABLE () [J—fH i/, 76— KA R EHMEEREVE _Py NO_RETURN [y 2 If
AR -

NSRRI 2 A MRS P R AR RS ) mT AR, RIRAS T B E 4 . B e KR PR A e 1 T
ZR G0N [ (TR UM A B RO . FEEESEN, B SR AR T I . G R A [ R R
WPAMER Py_FatalError ().
1 3.7 BBA.

Py_UNUSED (arg)
A R R E R R S HOAWE B A . flA0: int func(int a, int
Py_UNUSED (b)) { return a; }.
15 3.4 IRWA.

PyDoc_STRVAR (name, Str)

7 —fi 44 [E) name 1588, ATDAYESCHRFH A . A28 Python 2 7E[EIA SO H i 1 (E

HI A E)ZS
W PEP 7 P ETH, i PyDoc_STRVAR VRSO T DA SR AE AT SO Ha 1 () T 785 Python.
i
PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");
static PyMethodDef deque_methods[] = {
{/{pc.;y.a'.', (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VR

}

PyDoc_STR (str)
()45 5 A - HR T — (R SO, MR SO R g R I e 25 e
W PEP 7 HEFIEIH, H PyDoc_ STR $& 5 U5 DA IR AEEA SO 75 1 8 Python.
it :

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

bi

6 Chapter 1. &4y
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1.4 P, BEFnLBHE

K Z 8 Python/C API pF zUHAT — (M 8 2 15 | #5 A K — (M BLEIE] pyobject* AL, HZIEE— A5,
& 1) —{H /R T 7 Python ¥ {FH MG (opaque) ERIZUE], HiAFE R ZBUEEIT, Python 355 AR AY =X
JEHL AT A Python 4 (- Z4[E] (BINBE. 1E B RIA S | ) , ke M M C BERER. %
-4 1) Python #) (480475 A MR (heap) W AR E A G Pyob ject RUEIY) B B stk [ERE s d, X
BN Pyobject* FIRFEEd. ME—MIBIANERLE M v e MERS e, e M 2 E
REPyTypeObject ¥ff.

JiiA Python #14 (%2 Python ¥4 ) #8A —HZL(E] (rype) Fl—1H 2 M EHHE (reference count). —{RHI14 1)
HEEE T e B (Flan— s, M list o —# i e smim; BEELZAE, A
types). SFAMEAEFTE A BIE], G E LAY 2B R EE:; Glan, 2 (HMERT) *a* 351
B 1452 Python list ¥}, PyList_Check (a) [FIE.

141 28E5#

MGt EZ, HERAEMEE N ARE (a2 EHA RN EftAa 2 DA
W AT — PR E) 2 08 . BRI AT AR S — (AP F, sl (aR(ER) C &, sl 3wl C i
KPR A B, — A i — (AT & e REaORy (RIH 2 G 1), 2 I e R e 2
(deallocated). QISRE A& HAMYRIZ M, T2 REwRi. IR R A5 -t E G Ty
REMI 2, R DMK EIR S A PRI, HBE . (e BEAR 2 MR 1 ) A2 O S ]
B OHE, RERE DA . )

2 MG R R . B IR R E S ry INCREF () HBUS SR 208 (B2 W 5t
—), EWiHE4Pry DECREF () R (A2 H51#(E—). Py _DECREF () F4EL incref F4E[FIH
B, HECWEBES EEHEUE G 2EZE, REPFIYF RIS (deallocator) , FETAE &0 & 724 {4 24 [E]
sERE R . e PR RS, ER R EE G ARE (B0 list) By & BRI o S
k2 R, BT EAFE SRS R 2REIORTT Rk 1 2/ EERE TR B R 2
AN AR RO S R R AT G (3% sizeof (Py_ssize_t) >= sizeof (void*) ),
PR Ih 22 M e o — {1 7 B P 45

(L o B EVE R 60 B ) FR R AR S Sy (R A — R 2 e (RIS n 2 ST o BieR b, S R )
B, PR MO 1, R B IR g 1. SRTTE W A A, AR RS
R FT(EIA s . 0] 2 MG M — FEIE S R B LA PR A S B ) B R IR . SRR
DR R 2 IAAE T B BRI S B, AN TR R IR S B ] 2 e (R i 2 1
Al ) o th BUE R E A — 8 2SR AE A Python I iy SERLAL VRS | R 4 C s s ipn
R R AEE I o0 ] R S 2 B 2 I

SR, — 3 FLA R B 0 — 1 Tist s B — BP0 R B & — BeRp R TR U 2 . St LA v
wiesIRPERZY e, B2 REHEER BT .. BIERE RO A CUE I B/ T R @ g ] A
AT ILBRAERY L Python R34 — (AR UHS AL e dF 2 HIRERE Py_DECREF () [BIEHE ML, HILA&TAE
I EVER A EHE SRR -

— T 2 A 1 Oy ¥ S AR 3l A (generics) #:E (44 #§ DA PyObject_. PyNumber_. PySequence_ B{
PyMapping_ BHEAMIER) o 18 SE B4R 2 Hr 3 0 S e M [l 34 1 i (] 4 e (B8 i He 2 IR S
1B AR A EATAE R B G AR Py DECREF ()5 sEst B AV,

14. . BOFIREHR 7
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SRFBFAER

Python/C AP ik 511 2 B Gt 7 7 BV o ) 4 & ay PR HE DRI RE . T HEM B R 2 IR AR 1 (1 (B
WA, EMARILER) . THASH] BWEFEATREZ S M, A3feL By Py_DECREF., iy
ARER AT ARS8 R A 2 IR A RE A R A e e B A AN T B2 IR Bl F Y Py DECREF ()
Py XDECREF () FES M — S ME M AT HALE I & (EF 2GR ) . 5 @KU 2 1
P RECLR 4 B RV R, R R E R — (37 2 . W EE T A SRS, I g EN S A 2
Mo RS R 2 RPN T BT A1

B, EOT IR A A PR 2008, AT RENE: A BRI (steal) PIFIIZIE, SHER . IR

RAE R RIS MEEAEENGISNEPyList_SetTtem () MPyTuple_SetItem(), BEFEH
THHEHNZE (EAZEIEH LR tple 58 list (92881 . HEA Z 65 8@ r 45388 i (populate)
tuple B, list (&1, SR BLERSIISIE; Flin, #57 wple (1, 2, "three") (WA LALNT Fins
(JCE R SR i 4 53 0 SR R ) |

PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

3);

t, 0, PyLong_FromLong(lL));

t, 1, PyLong_FromLong(2L));

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

EEPyLong FromLong () €A 2, ErEIgiryTuple SetTtem () REHL. ANSRARAEHE B
F—E W, EAE T2 REE, a2 Bas Bk 2 mifli Py INCREF () SRS —{H 21,

ff A% o [B), PyTuple SetItem() & % & tuple YH H 19 *F — 4 ¥; PySequence_SetItem()
fipyobject_setItem() H[EEBEML, tuple & — A A 4 (immutable) 2 RHE]. VR H ¥
R E O tuple il PyTuple_SetTItem().

APAMEF PyList_New () flPyList_SetItem () #id N E TN FER S RFE XS

{ELRRAEBE W AE TP R/ B ) 25 2 9 SR S RN tuple 1 Tist, 45— R 5k Py_Bui 1dvalue () W
uﬁcﬁ@jﬁﬁﬁ%%#,mﬂmmmwﬂﬁoWWtE%W@ﬁﬁ%ﬂ%%%Tﬁﬁﬁﬁﬂ(Eﬁﬁ
T )

PyObject *tuple, *list;

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

B R e DAIRLEAE T 2 IR IH H 2R Pyobject _SetTtem () MM AR, HOAMEIRA IR IETE S 5 19
RS . AEAEEES, AR S AT & FscAR e, PREVARAS IS — 18 2 Bt vl DA(E) 2 B
(IFEeprsil). filan, seeR0r st (BB L2 AEMaT 8 Fes) /Y RTA B H SUE i 4e E HHH -

int
set_all (PyObject *target, PyObject *item)
{
Py_ssize_t i, n;
n = PyObject_Length (target) ;
if (n < 0)
return -1;

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

return -1;

(T —T0

8 Chapter 1. &4y




The Python/C API, ([ 3.12.4

HEHEE—5)
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;

}
Py_DECREF (index) ;

}

return 0O;

}

oF 2 A A HS BTSR[] BE SRR 3 K Z 8 el U 2 IR U3 R 8 3% 2 IR Br g REE AT, B3
ZEY 2 B E X FHRZ2 BT RE. FREEE: ERZEET, [bE A Y42 B ST
), WHESRN 2B EEZYIME-—2 8, HILEEY 2 B8 KR, Wpyobject_GetItem()
fipysequence_GetItem(), #JEMBIME—MHZE (FFn 2 KE2BYIEE).

FEEA R EE RIS %Eﬁ A8 b5 =X ] e 1) 22 R LB ED AR IR W6 41 e =X - 31 & (plumage)™ (1E[E15] %
1RB & H X g2 AE) * RgEAe! WL, WRIRERPyList_GetTtem () # list PHRE—HIEH ,
WAREHA LS - Wzn% ﬁHﬂPySequencefGetItem() HE IF)— list B [ A SE H  (ELIA 165
SERFHEIE B, RHEE S s B R EY I 2 R .

PAR i i, (IR ] 4 55 ok XA s o — B 4 8 Lise "R IE H 4EA; — kil pyList_GetItem(),

{Aﬁ£ﬂ§PySequence GetItem():

long

sum_list (PyObject *list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
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)

BT —T0
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(R E—1)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

1.4.2 B[

A DB AR H Al R EITE Python/C APL iSRS S KZ HU2 iy C ZUE), M int. long.
double il char*, —SELEHERIFI AT A 1) A A BT RE H Y o s 08 1 24 (DY e e (E)
o HAURR R RA RO E . B 2R B M ek X .

type Py_ssize_t

[EE 2 ABI [ —3B4Y. — A5 SE f e BUE), 45 sizeof (Py_ssize_t) == sizeof (size_t),
C99 B HIEEF BRI (size_t ZEFFHREAFE) . HHRAMHEH, H52E PEP 353,
PY_SSIZE_T MAX f2Py ssize t FEIH I,

1.5 Bish

WEARTEREE W EESUEIE, Python BREE & LR Z IR G AR EHMFISNE A By ELEALIFI L, REEE
AP RIEINE MR, BRI e M BRI RS, EIRENE A ) ] (stack trace) [l 4 fi
I

SR, R C BREEE (D, %ﬁ*ﬁﬁz@%ﬁ/ﬁ BN . BRARE R A SO 7 A IR, 75 1) Python/C
APL 1) i A e sCRR AT AT S (il 5h . Sl 6 — M ek UB B Sariny, B ar8UE—Mosh, DEEHAmERY
2, [Elbl (R R . ﬁn%lﬁ%%i{%ﬂl a2 NULL A2 -1, ER
A I 4726k G AT ARAEL true/false K38, false F 8 AR /0A7 B AR ] PEATTHERO 8452 gt
z%ﬁﬁfﬁﬁ’éﬂﬁﬁl%ﬁ, AR B yrr_occurred () WITEMIBENR . ELLHANG o RTINS

5 R S e I (E3UA T 48 00 7755 25 ] (per-thread storage) AR (3 AH G HATE AE3LF 746 I8 A2 = v ) 4
WAFRES ) o FATEE T UR R AR BE . — BB s R B A B4, R PyErr Occurred () W R
*ﬁ%ﬁ~%51 EOIIMEA R, RSN EY RS 20, SR EE NULL. S HIAMR R R
fR%: PyErr Setstring () & R (EEARHEAK) a;’éféﬁ ISMREEI RS, MiPyErr Clear ()
& I AGEBR B AR RE o

SERERBIAMIR B =08 (B AR NULL &) WAL B ANRE] . S ERY ] SME TN Rl 3. Z2EEL sys .
exc_info () ¥ Python £ LA MFE M &% (H2TMEASHE: Python ¥4 /R i Python try ... except
BRA R LA e R —(EG14h, 1M C J@ 4B AR BEEAE B S E C el X B LR e A7 AE , E 3’2 3% Python i
JCALI AR R, #ZEIE &S T EEA sys . exc_info () FIHARSER,

ATERL, A€ Python 1.5 F4f, f& Python F2xUHG A7 HUBI SR A8 1 w198 H IR B4 T 48 20 42 i 7 v e FF I sys .
exc_info () B\, ‘Wl Python FE:CAGHY T T4 BISMRAE. LLA, WIREAFIR SR RE 5 vk sl 540
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TR, N B B S R SR ORI A A TR A I SR A, AT O B LI 2 g B SR A o 5 ]
PABY 1B Sh g BRAR A i e Bt , B LR th A DM S A s NI 2E 1 IEAE B B SN 5 R A s B
5 1] 981 o BN (stack frame) 2 SR (AHEID 7@ H AR A mEER .

PR, b — i b R T L AT B 1 e B R AR A i ] e R 5 5 188 T U502, Al
PIAMREERAERIFIE . EEZEETEA WMy, BRE-Esdnes, HEREZRE
F—fAGISh — B RIS [ F 5, [EE B i D s 1 s 2 A

FTH sun_sequence () #BIER T — A6 SMEE FLARSERRI G 1. RT3 8 61570 R I B SRR g

AHEEIEATHATZ I, DL RIS T M. 1%, B THRBRE S8 Python,
IR 471 Python FL2H:

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

item = 0
dict[key] = item + 1
TEARAHIER C FEAs:

int

incr_item (PyObject *dict, PyObject *key)

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

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

/* Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong (0OL) ;
if (item == NULL)
goto error;
I3
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) ;

(BT —H
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HEHEE—5)
Py_XDECREF (const_one) ;
Py_XDECREF (incremented_item) ;

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

}

BEGTRETE CETHE M goto Bk KR! BMIR T APyErr ExceptionMatches ()
MpyErr Clear () HEHFF RGN, PAKVPAPY XDECREF () HECE T #EA Bl REE NULL (92 18 (3
HARHM X' Py_DECREF () #EiB | NULL 2 BRF € 978 ). EEMZ, HRRAAHEA 102 IR0 8 B v)
idil [;J;;I{I}J PAREHCAEENEAIVERT s FkEH, BRI E -1 (%), EHEHAELERE — R 8 h#%
F B

1.6 #& A X Python

HA Python BRI AE (M SIE R E ) 752950 —HE ZEH 2 Python B8 0] 4G b 8157
R B . BRI R T RE H BEAE E B s BA L R 1 T .

HEARBHIRIL R R SR Py _Tnitialize (). B GHIRL A WRASANE, EE7 KA builtins,
_main__ Ml sys. EEGVIHMBHERBE (sys.path).

Py Initialize () gk [[EAD] #3513 (script argument list) | (sys.argv). WHRAEFEHITH Python
FeACaE TR B v g, WA EPyConfig.argv MlPyConfig.parse_argv, fugPython #1441 HE .

R ZHAES . (FRESEAE Unix 1 Windows I, [EFMEIREA ANW), Py _Initialize () €{R# Python pg
FUHE A Y Python BB 28 vl ATRE RO B, [ERIEHEMZME Python B % &8 vl |4 T8 2800 B 1Y e (A5
BIARET AR RIS . S0 F R AIHE], & &7E shell iy RIS (FRIEE M PATH) P F|Z[E python
FITEATRE SR, EfE AR HER AR —MAE 1ib/pythonx. v i H EIAEIE .

Bilhn, GuARAE /usr/local/bin/python H13# | Python WJEATAH S, B e B AA /usr/local/
lib/pythonx.Y i, (FHH _LiEMesEmBEE 2 [ M4 (allback) | {'E, HE PATH ik A% 4 [E
python WM RIRE A . ) (3 mT DA I o e B 45 8 MOk 7 25 0L 47 [F) PYTHONHOME , B 588 3%
PYTHONPATH FEAZE F& A8 Hi T 48 A B MY) H E,

MAWERAERXTTPLIEBAENE WPy Initialize () Z 8 FEIY Py_SetProgramName (file) R3]
W K. FIEE PYTHONHOME {3 4% % % & [F) H PYTHONPATH /5 4 4 A 76 A7 E I A8 MY w1 . 7% %2
TN EN AL EBEIEE WPy _GetPath (), Py _GetPrefix (). Py GetExecPrefix ()
Py _GetProgramFullPath () (&EPEFENE Modules/getpath.c),

W 75 B e[ B 97 46 16 (uninitialize) | Python. 51, M A A2 nl GE A B & 7 B 4G (F R I
WPy Initialize ()) o AR B 52 i 1 % Python (i F IE1AE B4k Python )L FC RS . & 0T
PRI Py FinalizeEx () HRSERL. 414 Python HHIENWIMG IR AE , Py _IsInitialized() &
B true. A7 BE SEDBEAYTE 2GRl FER =i P 4 . SR Py _FinalizeEx () g FEjLH Python
A B A RO R B H R A R O SR I B A R R R
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1.7 [RIEEE

Python W DAYE B Rl ] 22 B 45 2K [E) ] 38 BB A0 A1 AL 0 3 AN, 8 S B A1 Er e g AT 3R B
(runtime) ¥ HN & BHSY (overhead), HIHTEZIHE T AEH B .

Python J5UA A5 EE [EIMUAS 111 Misc/SpecialBuilds . txt EH (LS LR EEHEE M) e BII%, EX
EZIBE2 MG, [EIRCIR IS IC AR RR S T2 B R R TR A AT B A B LA TR 4 M Rl i o
IR

Py_DEBUG

fifi 510 Py_DEBUG [ 4E 4 i i % & 2E il Python Y[ 4 ¥ . Py_DEBUG #£ Unix £ B o BB 1
./configure @4l A ——with-pydebug JEH . 3k Python FiL5E M) _DEBUG B AEMTEIEBRE 7 7 —
B, % Py_DEBUG 7f Unix & FEIH, St b auzim.

BT R HHIA R S A RS A, B e ATESMOM A, F52(E Python FRERHE.

FEFE Py_TRACE_REFS RIEIHZ MBI (2R #AM --with-trace-refs #IE). WHEHEN, HiRE
Py ObFect i i &8 SN (7 A4k G U () 1 P # 11 [E] 3 (circular doubly linked list), 4= #8543 fir A B
BE. BHEEE B ITE BTS2 R, (ERERT, S84 R i A Bk ) 2 42 . )

HHELZHMER, #52([E Python JFIATEEATK T Misc/SpecialBuilds.txt,

1.7. REESE 13
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CHAPTER 2

C APIIZEH

BiAlEA 55 SMEIEIA 3L, Python () C APT A S 7E I AR AH A MEHENE PEP 387 1, O Ml By A 2 AR A A S iR
ey G s S g APL) . SEEBIAT APT S((EIfR: AP {475 F1 ] 0142 s 06 450 i o () RE IR EEA T

CPython [ i i #2201 2 /i1 (Application Binary Interface, ABI) £ BEHUA i /2 ) i FH o) AR 2 (G2
BAERI X 4 w2042 5%08), Hi, [F Python 3.10.0 iy =51 REEIE 3.10.8
g, RZARSR, (H3.9.x fl 3.11.x SiEE A4,

CAPL W@, A ANIRIAREE M :
. p&k API, VRS {ER B A et A sk, MEEEHIEE. S7EZ YDA PyUnstable B4 oK

il
o LR API, FEZAMIRERAZ MRS . WA EFKPy_LIMITED_APT W, HABEMFEEEH Python.h
N

T A e i LB

HH IEEHI B 42 FLH API (private API), 182 _Py_InternalState, BfH{ER T K4S (patch release)
AT REROE L, AN E R TEA . WSRARTEE FE M APL, W DASGE] CPython [ %54 [EIST MR F 7k
w2 B APL,

2.1 F85%Ery C API

EMVA PyUnstable Bl 44 #) APL# € /4B CPython BEAEANE , [EJnl REYEAE (M U ZMUA AT s (51
i 3).9 F)3.10), A S BUEMENE S 2B R aER SR SR ha gl (FIAn4E 3.10.0 2
3.10.1),

B R TE, fIanfasias.
L API ) S 2R 2204 CPython BRESARN, [EVERR AN J) SRR E1 5 LA B AR

15
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22 BEMEAEAZEMSTE

) B R, A SO S 5AR 7 (extension), {H3Z PR APLFIES & ABLYETA APL {7 = B LA ] i 2058
Y -- Bl e A 3L Python (embedding Python) 1,

2.2.1 FpR C API

Python 3.2 5| A\ T %[k API (Limited API), ‘&2 Python C API fij—f{f T4 {152 R API (¥4 7] DA Sk
— YA Z A RA R Python., 2 APT RYIEIZE 7] £ F 7 .

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

4 Py_LIMITED_APT 5 S5([EI¥ EMRIYE 758 48 i 5 Ik Python A PY VERSION HEX {H. #%
J8 7 4 5 R A o B T BELGE 48 E HRA BR AR Y T Python 3 iRAS— A, [ELEL AT AGE FI M 2 A 5|
AWJ3ZHE APL,

HH M PY_VERSION_HEX FE4E, RN (hardcode) /MR EA (U4t Python 3.10
0x030A0000), PAEAEMTH AR A Python JRASIES Tk REAT SREFAR A 1

PRIZTT DAYS Py_LIMITED_API E3%[F 3, 88l 0x03020000 (Python 3.2, 5| A T 3Z2KE API [ 4%)
AT

2.2.2 185 ABI

[EIT#8E, Python $2{t T —{H4€ € ABI (Stable ABI): —HLI{E{H Python 3.x A Z P SREFRIZE 1T 5% -
T ABLUEL TR 2 [ APL PP BRIRAIATFSE, (A SHARRTSE - BN, SCIREEHZ IR APL T ek oK.

1€ Windows I, {if I F5 & ABI 4% 7t s% 882 5] python3. d11 i A4 A R =0 E , il il python39.
dll,

TEHLLESF-55 |, Python A ETNHELA abi 3 FEEAr &4 iy s UBAE S (B4 mymodule.abi3.so0). B
A IR SR WA RUER) ABL. FERIBEAEME N (BEITRTR) & b, GIANGEH 3.10+ 32 AP
HE A TEA G ERARMUAS Y Python AT 2%¢ .

T ABL iy iy ok AR e sUAFAE 1 Python (i 3k Sk s Uiy, A RIEEE 4. (e M i
A C TH R B (preprocessor) [HFE T o

2.2.3 SR API S5 EFIMEE

ZBE AP ) FAE R FL e ) 52 451K C APL AT T A Wl REAGBRAE, (BT RE &%t BE .

B, MESkpyList_GetItem() W, (HEK (N4l BESMryList T 1TEM() [EIRTH. B4
FEATAT DA, RIE)E mT AR List 90140 Ao s AR BEVE A 7

WREE 56 py_LIMITED_APT, —¥ C APl iR Ak i BB 5 4. €58 Py_LIMITED_API ff
AR, MRS Python ERHEE MR LR TR B AZ e, (AT RE G (R RE

WiAA M Py _LIMITED_API FF3%, B AMEHERERAN ABI %2R APL % 7E. 38 il PSR = 7% Python hit
AR PERE, (HErPRHIAHZA M. (EH Py_LIMITED_APT HisBifEVE MK 7T, WTRATESRR & A I 7 A8 T
HH T B — BN, R RIS Y Python RCAS Y THES T IUAS (prerelease)
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2.2.4 ZPR APl ;F==E18
T, [ Py_LIMITED APT MEATHN i & 5¢ AR iB R BAT & = [ API 8#2% ABI, Py_LIMITED_APT
[z EFE, (0 APLZ UG HAGRE, FlanEL3E3R (semantic).

Py_LIMITED_AP T 3R i — 1 [ 2 (50 ] AE Ak Python fiCAS Hr 55017 5 | BORIE Y pRi X 5 4n—17 B 4R
% NULL fEES [ #1650, 7E Python 3.9 H1, NULL B{#ECFGRIBTHATE], {HAE Python 3.8 v, 5| UK 1
A, EENULL BUH S IR (dereference) H. i (crash). FHALLAYE [ #ul H iR G54 (struct) AR .

B, HAEFR Py_LIMITED_APT W, —SS&EEMA H Al A EobEm, e 22i API fj—
BT
HOPSE SRR, FRAM R S DA SRR I AT A YK Python MUA IR 7, (B A5l i A S AR A I A T/

AR E AR I A (i ) APLIY SO, A & 2 75 W A 32 iR APL. R A 5§ Py_LIMITED_API,
SR B I E AT D (P AR R, N RaR) A B

AR, SZPR APT A7 @ f85E R 7E Python 3.8 FHlH] Py LIMTITED_AP T AT &ificf i W25 i 709 HE DA
Python 3.12 £, {HA—3EFEVA Python 3.12 43 3% . HHEVRAARANE ABLBRAFFIIAE, #9352 APL AT AE €
[EFH R -

23 EFRIERER

ABI B2 M A HREDR Python, 35 I (EV BT (¥ A it . MBS bR A A s A 8 0. R4S 2 ABL IE 1Y,
HUEAE ESE T PG ] EMEERER R SURERER A S

B2 1 Python 17 & A A ST HELR TR - & LA FTA Python ASH AR BIERE E ABL 197 U E.
python.org FIFFE % =Jy # i #4 # 11 Windows FI macOS il Al 25 (L] .

2.4 FR API IR

HEi, %% AP BFEDLFIEE :

* PY VECTORCALL_ARGUMENTS_OFFSET
e PyAlter_Check ()

e PyArg Parse()

* PyArg ParseTuple ()

* PyArg ParseTupleAndKeywords ()

* PyArg UnpackTuple ()

* PyArg VaParse ()

* PyArg VaParseTupleAndKeywords ()
* PyArg ValidateKeywordArguments ()
* PyBaseObject_Type

e PyBool_FromLong ()

e PyBool_Type

e PyBuffer FillContiguousStrides ()

23. FRIRER 17
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PyBuffer FillInfo()
PyBuffer_ FromContiguous ()
PyBuffer GetPointer ()
PyBuffer IsContiguous ()
PyBuffer_ Release()
PyBuffer_ SizeFromFormat ()
PyBuffer ToContiguous ()
PyByteArrayIter_Type
PyByteArray_AsString ()
PyByteArray_ Concat ()
PyByteArray_ FromObject ()
PyByteArray FromStringAndSize ()
PyByteArray_Resize ()
PyByteArray_ Size ()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()

PyCFunction_New ()

18
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e PyCFunction_NewEx ()

e PyCFunction_Type

* PyCMethod_New ()

* PyCallIlter New/()

e PyCallIter_Type

e PyCallable_Check ()

* PyCapsule_Destructor

e PyCapsule_GetContext ()

e PyCapsule_GetDestructor ()

* PyCapsule_GetName ()

e PyCapsule_GetPointer ()

* PyCapsule_Import ()

* PyCapsule_IsValid()

* PyCapsule_New ()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor ()

* PyCapsule_SetName ()

* PyCapsule_SetPointer ()

e PyCapsule_Type

¢ PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

* PyCodec_Encode ()

* PyCodec_Encoder ()

e PyCodec_IgnoreErrors ()

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

e PyCodec_LookupError ()

* PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError()

e PyCodec_ReplaceErrors ()

* PyCodec_StreamReader ()

e PyCodec_StreamWriter ()
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e PyCodec_StrictErrors ()

e PyCodec_Unregister ()

* PyCodec_XMLCharRefReplaceErrors ()
* PyComplex_FromDoubles ()
* PyComplex_ImagAsDouble ()
* PyComplex_RealAsDouble ()
e PyComplex_Type

* PyDescr_NewClassMethod ()
* PyDescr_NewGetSet ()

* PyDescr_NewMember ()

* PyDescr_NewMethod ()

* PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

* PyDictKeys_Type

* PyDictProxy_New ()

* PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type
* PyDictValues_Type

* PyDict_Clear ()

e PyDict_Contains ()

e PyDict_Copy ()

e PyDict_DelItem()

e PyDict_DelItemString()

e PyDict_GetItem()

e PyDict_GetItemString/()

e PyDict_GetItemWithError ()
* PyDict_Items ()

e PyDict_Keys ()

e PyDict_Merge ()

e PyDict_MergeFromSeqZ2 ()

e PyDict_New ()

e PyDict_Next ()
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e PyDict_SetItem()

e PyDict_SetItemString()

e PyDict_Size /()

e PyDict_Type

* PyDict_Update ()

* PyDict_Values ()

* PyEllipsis_Type

e PyEnum_Type

* PyErr BadArgument ()

* PyErr BadInternalCall ()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr_Display ()

* PyErr DisplayException()

e PyErr ExceptionMatches ()

e PyErr Fetch()

* PyErr Format ()

* PyErr FormatV()

* PyErr GetExcInfo ()

* PyErr GetHandledException ()
e PyErr GetRaisedException ()

e PyErr GivenExceptionMatches ()
e PyErr NewException ()

* PyErr NewExceptionWithDoc ()
* PyErr NoMemory ()

e PyErr NormalizeException ()

* PyErr Occurred()

e PyErr Print ()

* PyErr PrintEx ()

e PyErr_ProgramText ()

* PyErr ResourceWarning ()

* PyErr Restore()

e PyErr SetExcFromWindowsErr ()
* PyErr SetExcFromWindowsErrWithFilename ()
* PyErr SetExcFromWindowsErrWithFilenameObject ()

* PyErr SetExcFromWindowsErrWithFilenameObjects ()
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e PyErr SetExcInfo ()

* PyErr SetFromErrno ()

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

e PyErr SetFromWindowsErrWithFilename ()
* PyErr SetHandledException ()

e PyErr SetImportError ()

* PyErr SetImportErrorSubclass ()

* PyErr SetInterrupt ()

e PyErr SetInterruptEx()

* PyErr SetNone ()

* PyErr SetObject ()

e PyErr SetRaisedException ()

* PyErr _SetString/()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()

* PyErr WarnEx ()

* PyErr WarnExplicit ()

* PyErr WarnFormat ()

e PyErr WriteUnraisable()

e PyEval_AcquireLock ()

¢ PyEval AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()
* PyEval EvalCode ()

* PyEval_EvalCodeEx ()

* PyEval_EvalFrame ()

e PyEval_FEvalFrameEx ()

* PyEval GetBuiltins ()

e PyEval_GetFrame ()

* PyEval_GetFuncDesc ()

e PyEval GetFuncName ()

* PyEval_ GetGlobals ()

22 Chapter 2. C APl %14



The Python/C API, ([ 3.12.4

PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ ReleaseLock ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread/()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BRufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_IndentationError

PyExc_IndexError
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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_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
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
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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()
PyFloat_GetMax ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New ()
PyFrozenSet_Type
PyGC_Collect ()
PyGC_Disable ()
PyGC_Enable ()
PyGC_IsEnabled()
PyGILState Ensure()

PyGILState_GetThisThreadState ()
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e PyGILState_Release()

e PyGILState_STATE

* PyGetSetDef

* PyGetSetDescr_Type

e PyImport_AddModule ()

* PyImport_AddModuleObject ()

e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

* PyImport_Import ()

* PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
* PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport__ImportModuleNoBlock ()
* PyImport_ReloadModule ()

* PyIndex_Check ()

e PyInterpreterState

e PyInterpreterState_Clear/()

* PyInterpreterState_Delete ()

* PyInterpreterState_Get ()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

* PyInterpreterState_New()

e PyIter Check /()

e PyIter_ Next ()

e PyIter_Send()

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

PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangeIter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow ()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()
PyLong_AsSsize_t ()
PyLong_AsUnsignedLong ()
PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()
PyLong_AsUnsignedLongMask ()
PyLong_AsVoidPtr ()
PyLong_FromDouble ()
PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong FromSize_ t ()

PyLong FromSsize_ t ()
PyLong_FromString ()
PyLong_FromUnsignedLong ()
PyLong_ FromUnsignedLongLong ()

PyLong_FromVoidPtr ()
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PyLong_GetInfo ()
PyLong_Type

PyMap_Type
PyMapping_Check ()
PyMapping_GetItemString/()
PyMapping_ HasKey ()
PyMapping_HasKeyString/()
PyMapping_Items ()
PyMapping_ Keys ()
PyMapping_Length ()
PyMapping_SetItemString()
PyMapping Size ()
PyMapping_Values ()

PyMem Calloc ()

PyMem Free/()

PyMem _Malloc ()

PyMem Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMember_GetOne ()
PyMember__SetOne ()
PyMemoryView_FromBuffer ()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_ GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_BRase
PyModuleDef Init ()
PyModuleDef_Type
PyModule_ AddFunctions ()
PyModule_AddIntConstant ()
PyModule_AddObject ()

PyModule_ AddObjectRef ()
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e PyModule_ AddStringConstant ()
e PyModule_ AddType ()

e PyModule_Createl ()

* PyModule_ExecDef ()

e PyModule FromDefAndSpecZ ()

* PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule_ GetFilename ()

e PyModule_GetFilenameObject ()
* PyModule_GetName ()

e PyModule_ GetNameObject ()

e PyModule_GetState()

* PyModule_ New ()

* PyModule_NewObject ()

e PyModule_SetDocString/()

e PyModule_Type

* PyNumber_Absolute ()

* PyNumber_ Add ()

* PyNumber_And/()

* PyNumber_ AsSsize_t ()

* PyNumber_Check ()

e PyNumber_Divmod ()

e PyNumber_ Float ()

* PyNumber_ FloorDivide ()

* PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()

* PyNumber_InPlaceFloorDivide ()
* PyNumber_ InPlaceLshift ()

e PyNumber_ InPlaceMatrixMultiply ()
* PyNumber_InPlaceMultiply ()

e PyNumber_InPlaceOr ()

* PyNumber_InPlacePower ()

* PyNumber_InPlaceRemainder ()
* PyNumber_InPlaceRshift ()

* PyNumber_InPlaceSubtract ()

e PyNumber_ InPlaceTrueDivide ()
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PyNumber_InPlaceXor ()
PyNumber Index ()
PyNumber_ Invert ()
PyNumber_Long ()
PyNumber_Lshift ()
PyNumber_ MatrixMultiply ()
PyNumber Multiply()
PyNumber_Negative ()
PyNumber_Or ()

PyNumber_ Positive()
PyNumber_ Power ()
PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_ Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
Py0OS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()

PyOS_vsnprintf ()
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e PyObject

e PyObject.ob_refcnt

* PyObject.ob_type

e PyObject_ASCII()

e PyObject_AsCharBuffer ()

* PyObject_AsFileDescriptor ()
* PyObject_AsReadBuffer ()

e PyObject_AsWriteBuffer ()

e PyObject_Bytes ()

e PyObject_Call()

* PyObject_CallFunction/()

e PyObject_CallFunctionObjArgs ()
* PyObject_CallMethod/()

* PyObject_CallMethodObjArgs ()
e PyObject_CallNoArgs ()

* PyObject_CallObject ()

* PyObject_Calloc ()

* PyObject_CheckBuffer ()

e PyObject_CheckReadBuffer ()
e PyObject_ClearWeakRefs ()

s PyObject_CopyData ()

* PyObject_DelItem()

* PyObject_DelIlItemString()

* PyObject_Dir ()

* PyObject_Format ()

e PyObject_Free ()

* PyObject_GC_Del ()

* PyObject_GC_IsFinalized()
* PyObject_GC_IsTracked()

* PyObject_GC_Track ()

* PyObject_GC_UnTrack ()

* PyObject_GenericGetAttr ()
e PyObject_GenericGetDict ()
* PyObject_GenericSetAttr ()
* PyObject_GenericSetDict ()

* PyObject_GetAlIter ()
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* PyObject_GetAttr ()

e PyObject_GetAttrString()
e PyObject_GetBuffer ()

* PyObject_GetItem()

* PyObject_GetIter ()

* PyObject_GetTypeData ()

e PyObject_HasAttr ()

e PyObject_HasAttrString()

* PyObject_Hash ()

* PyObject_HashNotImplemented/()

e PyObject_Init ()

* PyObject_TInitVar()

* PyObject_IsInstance ()
* PyObject_IsSubclass ()
e PyObject_IsTrue ()

* PyObject_Length ()

* PyObject_Malloc ()

* PyObject_Not ()

e PyObject_Realloc ()

* PyObject_Repr ()

* PyObject_RichCompare ()

e PyObject_RichCompareBool ()

* PyObject_SelflIter()

e PyObject_SetAttr ()

e PyObject_SetAttrString()
* PyObject_SetItem()

* PyObject_Size()

e PyObject_Str()

e PyObject_Type ()

* PyObject_Vectorcall ()

* PyObject_VectorcallMethod()

* PyProperty_Type
¢ PyRangelIter_Type
¢ PyRange_Type

* PyReversed_Type

* PySeqglter New()
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PySeqlter_ Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()

PySequence_1In ()

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 ()
PySlice_GetIndicesEx()
PySlice_New()
PySlice_Type

PySlice_Unpack ()
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PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewType ()
PyStructSequence_SetItem()
PyStructSequence_UnnamedField
PySuper_Type
PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete ()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID ()
PyThreadState_GetInterpreter ()
PyThreadState_New ()

PyThreadState_SetAsyncExc ()

34

Chapter 2. C APl %14



The Python/C API, ([ 3.12.4

PyThreadState_Swap ()
PyThread_GetInfo()

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()
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PyTuple_Size ()

PyTuple_Type

PyTypeObject

PyType_ClearCache ()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc ()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetSlot ()
PyType_GetTypeDataSize ()
PyType_IsSubtype ()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd/()
PyUnicodeEncodeError_GetObject ()

PyUnicodeEncodeError_GetReason ()
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PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_AsASCIIString/()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString ()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String ()
PyUnicode_ AsUTF32String ()
PyUnicode_AsUTF8AndSize ()
PyUnicode_AsUTF8String ()
PyUnicode_AsUnicodeEscapeString()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString/()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()

PyUnicode_CompareWithASCIIString()
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PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCITI ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnicodeEscape ()
PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTFl16Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()

PyUnicode_FromObject ()
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PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_InternFromString()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier()
PyUnicode_Join ()
PyUnicode_Partition()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call()
PyVectorcall_ NARGS ()
PyWeakReference
PyWeakref_ GetObject ()
PyWeakref NewProxy ()
PyWeakref_ NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()

PyZip_Type
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Py_AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py _BLOCK_THREADS

Py _BuildValue ()

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

Py END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()

Py _EnterRecursiveCall ()
Py Exit ()

Py FatalError ()
Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding
Py_Finalize ()

Py _FinalizeEx()

Py _GenericAlias ()

Py _GenericAliasType
Py_GetBuildInfo ()
Py_GetCompiler ()

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

Py GetPrefix()

Py _GetProgramFullPath ()
Py_GetProgramName ()

Py GetPythonHome ()
Py_GetRecursionLimit ()
Py_GetVersion ()
Py_HasFileSystemDefaultEncoding
Py_IncRef ()

Py_Initialize()
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e Py InitializeEx()

e Py Is()

* Py IsFalse()

e Py IsInitialized()
e Py _IsNone ()

e Py IsTrue()

e Py LeaveRecursiveCall ()
* Py Main()

* Py_MakePendingCalls ()
* Py NewInterpreter()
* Py NewRef ()

* Py _ReprEnter()

* Py _ReprLeave ()

* Py SetPath()

* Py SetProgramName ()
* Py _SetPythonHome ()
* Py_SetRecursionLimit ()
s Py _UCS4

¢ Py UNBLOCK_THREADS
e Py_UTF8Mode

* Py VaBuildValue ()

e Py Version

e Py XNewRef ()

s Py buffer

e Py_intptr_t

* Py ssize_t

e Py_uintptr_t

* allocfunc

e binaryfunc

e descrgetfunc

* descrsetfunc

* destructor

* getattrfunc

e getattrofunc

* getbufferproc

e getiterfunc
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getter

hashfunc

initproc

inquiry
iternextfunc
lenfunc

newfunc
objobjargproc
objobjproc
releasebufferproc
reprfunc
richcmpfunc
setattrfunc
setattrofunc
setter
ssizeargfunc
ssizeobjargproc
ssizessizeargfunc
ssizessizeobjargproc
symtable
ternaryfunc
traverseproc
unaryfunc
vectorcallfunc

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 F ILE * 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_Madin (int argc, wchar_t **argv)
Z E ABI 1) —7i/>. 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,
aslongas PyConfig.inspect is zero.

int Py_BytesMain (int argc, char **argv)
[EfE 0 ABL -4 B 3.8 Br A B44. Similar to Py_Main () but argv is an array of bytes strings.
TE 3.8 Mg A

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 0.
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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.

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), re-
turn the value of PyRun_InteractiveLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys.getfilesystemencoding()). If filename
is NULL, this function uses "?27?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 0 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 SystemEx1it is raised, this function will not return -1, but exit the process,
aslongas 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 O 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.

il

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

int (*PyOS_InputHook)(void)
[E)#Z 5 ABI [f)—#F45. 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 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.

TE 3.12 fR %52 5 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 I %% 55 : The result must be allocated by PyMem RawMalloc () or PyMem_RawRealloc (), instead
of being allocated by PyMem Malloc () or PyMem_Realloc ().

FE 3.12 Jit i) 5% 5 This function is only called from the main interpreter.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
EI{EAE: #rey 484, 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 1% 14 . #7449 4 88, Execute Python source code from st 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)

EI1&4E: #7494 P&, 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 *locals, int closeit)
EI4E 1A #rey 4 P8, 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 *1ocals,

PyCompilerFlags *flags)
EIM& 14 . #rhy 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 *locals, int

closeit, PyCompilerFlags *flags)

B {44 : #7894 M& ., Similarto 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.
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PyObject *Py_CompileString (const char *str, const char *filename, int start)
EMRAE : #reh 408, [F)EF ABI [)—3%%4). 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)

EIM&AE : #7849 404, This is a simplified interface to Py._CompileStringExFlags () below, with optimize
setto —1.

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags, int
optimize)
E 1% 15 #7eg 4 B&, 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 JRABMA.

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

EfR4A: #ra9 % R&, Like Py _CompileStringObject (), but filename is a byte string decoded from the
filesystem encoding and error handler.

e 3.2 RBTIA.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)

EMRAE : #rag 288, [EFEE ABI[Y-%F4). 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 *locals, PyObject *const *args, int
argcount, PyObject *const *kws, int kwcount, PyObject *const *defs, int
defcount, PyObject *kwdefs, PyObject *closure)

ERAE : #ray 40, [EFSE ABI #Y—344). Evaluate a precompiled code object, given a particular environment
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: Fray 48, [EFEE ABI )4 Evaluate an execution frame. This is a simplified interface to
PyEval_EvalFrameEx (), for backward compatibility.

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
EIMRAE : #reh 208, [B)EF ABI 1Y—%4). 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 J %% 55 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.
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int Py_eval_input
The start symbol from the Python grammar for isolated expressions; for use with Py_ CompileString ().
int Py_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.
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 *flagsis NULL, cf_flags is treated as equal to 0, and any modification
dueto from _ future_  import is discarded.

intcf_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.
TE 3.8 IR SE TR : ke of _feature_version #8157 .

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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A o ) e B LA RS L Python W) 1F 1) 2 IR GHEC
Py_ssize_t Py_REFCNT (PyObject *0)
AP 0 12 IREHL

FETERE, M RE AT R B R R RO T 2 DB 2 B B, SRR T
(immortal) ], [FIHAAIEF B INS MG, AREME RS Mls . I, BT 0= 1 RASh, RER
SR I ) A

i Py _SET REFCNT () MxRE Y2 B
1E 3.10 jiRy st Py rREFCNT () HEk[EfTEIEIAE 2 (inline static function).
1E 3.11 f 5T 2 AEIARHE const PyObject*,
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
BREV o 2 M.
FTERL, BERRCE R P .
1E 3.9 BBA.
T 312 Ji 5 5 AR A B v
void Py_ INCREF (PyObject *0)
FREPASEAIE: o B E) 4 08, BIE IEAEH ) HOAS e B 85 ()
1M B T 3 I 1% 7] % 12 JEUHY (in-place) BEPIEE] 4 18, Py_NewRef () pRaXal HIRESL HT I 4 02 .
e YR, EmFIPy_DECREF () KEEIE
ZYIEANREE] NULL; QUERARASHEE BN & NULL, il Py _XINCREF ().
R PR 2 G DMTAT 5 sEBRIB L 0, F/DEA L LL (R RIE], 1t ok X IEAG ATl R
TE 3.12 KA B AN S B e
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void Py_XINCREF (PyObject *0)
Bilpy INCREF () $h, {H¥1F o WTLAEI NULL, 7EEMERHE N EHA ARk
HiE APy _XNewRef (),
PyObject *Py_NewRef£ (PyObject *0)
[EVfEe ABLIY—T5r B 3.10 ek M46. BT EYFRHE 408 R o WM Py TNCREF () E)EMEYI:

O,

EAHEEE 4 meny, EEHF Py DECREF () DI S M.
Yt o AEEE) NULL; 41 o A[PAFI NULL, HIffi Py _xNewRef ().
S5 (D

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

AT PARS I

[self7>attr = Py_NewRef (obj) ;

T2 (ElPy_INCREF (),
1 3.10 GmA.
PyObject *Py_XNewRe£ (PyObject *0)
[E)fd ABL{Y—5> & 3.10 kB4, Bipy NewRref () Hiftl, {A¥{F o WA NULL.
WY o EINULL, Il5%eR {8 M # NULL,
1E 3.10 g
void Py_DECREF (PyObject *0)
T — RS o E 208, TS ARG .

WA —E & e gifei (R 2 BetdoEs)%) , Qs asy (F 2 ZUER ik ek =X (deallocation
function) (AFHEI NULL).

1 R A B P AR IR 1 ek B ] 4 1
YRR NULL; QSRARARHEE B A& NULL, #5H Py_XDECREF (),
AN IR A DT T B BB TR o, /DR LY sR(E], R A EA TR

i

MR T DA BT L Python FEsURG#AR A (BIAN, #REBRA __del O HEmBIEIE IR ).
HESR SRR SCHS Th i B SN AS B A 2R, (H AT I RESA vl DA B A7 BUT Y Python 4isisd B
EREWEAE ] Py_DECREF () ZHl, WS MAr BUNAT MY E IR —20IRRE. B, 1%
list *pEIRR AR SIS C R 0 2 B EE 2 BRI b, 50T list RORME RS, AR ERRIR

SN Py DECREF (),

TE 3.12 U3 B AN EEIYITEA GHE .
void Py_ XDECREF (PyObject *0)

APy DECREF () %L, {FE4) 17T DL NULL, 1538 B0 ) F 1 4R F 1T, 7653 (F) 0 1 5
Hipy DECREF () MW+ .
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void Py_CLEAR ( PyObject *0)

BRI S R P 0 WE) & 8. WOk T Ak NOLL, TEE R E N EAERNEEN; A, AOR
#ipy DECREF () M, KrAES |8t E [l NULL, Py DECREF () KA R ELE 1,
EUARAEREICH 2 B i/ Lot (0 e S M ET 5 | it i () oL

B H ORI IR (garbage collection) ] [H] i RE Mk iR 2] 2 3 iAW R0 2 Iy, Gl i B A2 4 3=

=
S o

TE 312 RIS EAS [ EOE M @ PORM (evaluate) — . WERS 1 HoA HAREIME , RIATEEEL .
void Py_ IncRef (PyObject *0)

[E)fE @ ABI 104y REBUSEAYI: o EI 408, Py XINCREF () WBREMA . &0 H1jd Python
I runtime Bj BB A o

void Py_DecRef (PyObject *0)

Efs ABI [y 254, FRHCEIE o ) %08, Py XDECREF () MBI, & 7T 7 Python fy
runtime EJHEHRA .

Py_SETREF (dst, src)
B R HCE N dst 1Y (E] 4 REEG: dst 58 E] src.
Hipy CLEAR () WIEE—8E, [HHEHR ] ] RE R B

Py_DECREF (dst) ;
dst = src;

GRS

[Py_SETREF(dst, src); ]

o E AR dot BB I _ 280 _ o dst B sre, BEAS IR dse AR A I 2 1 A8 T A
(side-effect) Z PG A G dst 24 o) — AP

e 3.6 FBA.
TE 3.12 A9 52T ELAES [ BORTE G pORIE— U, QRS oA HABRIE T, R EEEEE.

Py_XSETREF (dst, src)
Py _SETREF BAERHY S5 Py_XDECREF () TWdEPy_DECREF (),

T 3.6 B A.
E 3.12 WU ST EAES | OB @ ORI QRS 8o HA R, R EEA
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CHAPTER D

BI5h ez IR

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 not 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).
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5.1 Printing and clearing

void PyErr_Clear ()

[E)fZ 2 ABI [#)-—3#B4y. Clear the error indicator. If the error indicator is not set, there is no effect.

void PyErr_PrintEx (int set_sys_last_vars)

[BJfS 5 ABI (-4 Print a standard traceback to sys.stderr and clear the error indicator. Unless the
error is a SystemEx1it, 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!

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_valueand sys.last_traceback
are also set to the type, value and traceback of this exception, respectively.

T 3.12 L4584 58 The setting of sys.last_exc was added.

void PyErr_Print ()

5 & ABI 1)/, PyErr_PrintEx (1) HE4.

void PyErr_ WriteUnraisable (PyObject *obj)

[F)f5 2 ABI [1—3/%>. 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 impos-
sible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs in an
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.
Tr 3.4 MUY % 55 Print a traceback. Print only traceback if obj is NULL.
JE 3.8 fREYEETE: Use sys.unraisablehook ().

void PyErr_DisplayException (PyObject *exc)

= E ABL 19— B 3.12 pr A B 45. Print the standard traceback display of exc to sys.stderr,
including chained exceptions and notes.

e 3.12 BAA.

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)

[EJ#Z 5 ABI [f)-—#F45. 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 'ut£-8"'.
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void PyErr_SetObject (PyObject *type, PyObject *value)
B2 & ABI [#)—3%(4y. This function is similar to PyErr_SetString () but lets you specify an arbitrary
Python object for the “value” of the exception.

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

EMEAE - 48% [F) NULL., [E)iS 5 ABI [#)—54). This function sets the error indicator and returns NULL. exception
should be a Python exception class. The format and subsequent parameters help format the error message; they
have the same meaning and values as in PyUnicode_FromFormat (). format is an ASCII-encoded string.

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)

EM& 14 4% [F NULL, [EfE5E ABL -4 B 3.5 B AB44. Same as PyErr Format (), but taking a
va_list argument rather than a variable number of arguments.

TE 3.5 RBEA.
void PyErr_SetNone (PyObject *type)
[E)fE 2 ABI [#)—%(4). This is a shorthand for PyErr_SetObject (type, Py _None).

int PyErr_BadArgument ()

[E)f& 2 ABI [1)—%B4). 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 ()
AR L B R NULL., [Efg % ABI 1 — ¥ 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)

EM& 14 48 % [F) NULL, [E)fEE ABI [~ 3(4). 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 er rno value and whose second item is the corresponding error message (gotten from strerror ()),
and then calls PyErr_SetObject (type, object). On Unix, 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)
E& 45 4% [Fl NULL, [EfSE ABI [543, Similar to 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 £ilename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
% fE: 48 % NULL, [EiE & ABL () — 3 4y B 3.7 m A B 4. Similar to
PyErr_SetFromErrnoWithFilenameObject (), but takes a second filename object, for raising
errors when a function that takes two filenames fails.

1E 3.4 JRPIA.
PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
12 S R S 3 NULL. [Efg8 % ABL # — # 4~ Similar  to

PyErr_SetFromErrnoWithFilenameObject (), but the filename is given as a C string. filename
is decoded from the filesystem encoding and error handler.
PyObject *PyErr_SetFromWindowsErr (int ierr)

EI{% 44 : 482 [F) NULL., [E)f5 52 ABI #—35% on Windows § 3.7 ¥ & B44. 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.
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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 strerror attribute set to the corresponding error message (gotten from FormatMessage () ), and then
calls PyErr_SetObject (PyExc_OSError, object). This function always returns NULL.

W : Windows,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
= 4% 44: 48 % [F] NULL, [BViS 52 ABI ) — %5 4 on Windows @ 3.7 #& A B 44.  Similar to
PyErr_ SetFromWindowsErr (), with an additional parameter specifying the exception type to be raised.
1 FH : Windows.,

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

1% 14 4 % [F) NULL, [EE & ABI [ — 34> on Windows B 3.7 ¥ K Bl 45,  Similar to
PyErr SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is decoded
from the filesystem encoding (os . fsdecode () ) and passed to the constructor of OSError as a third parame-
ter to be used to define the £i lename attribute of the exception instance.

W : Windows,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

1% 18 4 % [F) NULL, [EE & ABI [ — 34> on Windows B 3.7 ¥ K Bl 45,  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 £i 1ename attribute of the exception
instance.

% : Windows,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)
w 4% {4 % [E) NULL, [EfS & ABIL [ — i %> on Windows & 3.7 §i & Bl 4.  Similar to
PyErr_SetExcFromWindowsErrWithFilenameObject (), butaccepts a second filename object.
i : Windows.,
TE 3.4 BRI
PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)

B A% 48 % [F) NULL, [E)iE ¢ ABI [ — %% 4> on Windows & 3.7 ¥& A B 44.  Similar to
PyErr_ SetFromWindowsErrWithFilename (), with an additional parameter specifying the exception
type to be raised.

1% H: Windows,
PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)

B 4% 44 482 [F) NULL, [EVi& & ABI [)—3%34 & 3.7 #& A Bl 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 JBTMA.

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, PyObject
*path)
EMEAE: 482 [F) NULL, [Ei55E ABL 3% & 3.6 B R B44. Much like PyErr_SetImportError ()
but this functlon allows for specifying a subclass of ImportError to raise.

TE 3.6 IR A
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void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

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

1E 3.4 B
void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

ZE ABI[)—{Br & 3.7 e AB44. Like PyErr SyntaxLocationObject (), but filename is a byte
string decoded from the filesystem encoding and error handler.

1E 3.2 iRBIA.

void PyErr_SyntaxLocation (const char *filename, int lineno)
&5 ABI [)—i4y. Like PyErr_SyntaxLocationEx (), but the col_offset parameter is omitted.

void PyErr_BadInternalCall ()
[BJfS 2 ABI [1)-—3%54). 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 0 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)

= E ABI [1)—/47. 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_Runt imeWarning. The standard Python warn-
ing categories are available as global variables whose names are enumerated at Standard Warning Categories.

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.

TE 3.4 B A

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

[F)f5 5 ABI [#)—(4). 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.

5.3. Issuing warnings 57



The Python/C API, $(F) 3.12.4

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)

[B)iZ 52 ABI [1—3%%4>. Function similar to PyErr WarnEx (), but use PyUnicode_FromFormat () to
format the warning message. format is an ASClII-encoded string.

TE 3.2 JRBTMA.

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

[E)F% 52 ABI [#)— 34> B 3.6 B A B 44. Function similar to PyErr WarnFormat (), but category is
ResourceWarning and it passes source to warnings .WarningMessage.

1E 3.6 MBIA.

5.4 Querying the error indicator

PyObject *PyErr_Occurred ()

EMRAE: 45 4 0%, [FFEE ABI f)—%>. 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)f% 5 ABI [y — ¥ 4r. 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)

[EJ% 2 ABI 14>, 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)

EMEAE: ey 4. 508 ABL > B 3.12 #i A Bl44. 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.

For example:

{
PyObject *exc = PyErr_GetRaisedException();

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

PyErr_SetRaisedException (exc) ;
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hs%

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

1E 3.12 JRBTIA.

void PyErr_SetRaisedException (PyObject *exc)
[EFZ 2 ABI [—3B4> B 3.12 g A B44. Set exc as the exception currently being raised, clearing the existing
exception if one is set.

o

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

TE 3.12 B
void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )
[BJFS 2 ABI [-—384%. 7E 3.12 iRz B 8E([EIH: 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.

~

il

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

For example:

{
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)
[EfE 2 ABI [W—3R4. 7E 3.12 R 2 B 9%([EIf: 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 temporarily.
Use PyErr_Fetch () to save the current error indicator.
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void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)

[ElfE 52 ABI 13545 HE 3.12 2 £ 9% [EIH: Use PyErr GetRaisedException () instead, to avoid
any possible de-normalization.

Under certain circumstances, the values returned by PyErr_Fetch () below can be “unnormalized”, meaning
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 normalization 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);
}

PyObject *PyErr_GetHandledException (void)

[F)fE & ABI [—8%r & 3.11 #r A Bl44. Retrieve the active exception instance, as would be returned by sys .
exception (). This refers to an exception that was already caught, not to an exception that was freshly raised.
Returns a new reference to the exception or NULL. Does not modify the interpreter’s exception state.

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.

1E 3.11 BAgmA.

void PyErr_SetHandledException (PyObject *exc)

[E)fE @ ABIL[—4R%r B 3.11 #5 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.

e 3.11 HRAmA.

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

[EFE 52 ABI [)—#5%r & 3.7 #i A B 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 exception 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 ().
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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 () to restore or clear
the exception state.

1E 3.3 JRABTINA.
void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

[F)f5 5 ABI [—%15%r & 3.7 B A B 44. 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 ().

il

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 ABIA.

7E 3.11 fiAY5%§: The type and t raceback arguments are no longer used and can be NULL. The interpreter
now derives them from the exception instance (the value argument). The function still steals references of all
three arguments.

5.5 Signal Handling

int PyErr_CheckSignals ()
= 7E ABI [1)—3#4). 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).

e

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

void PyErr_SetInterrupt ()

[F)f5 & ABI () — 7 4>,  Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).
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e

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

int PyErr_SetInterruptEx (int signum)

[EfE % ABL [ — %54 B 3.10 p& A~ B 45. 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_DFL or 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.

1 3.10 RBA.

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 equivalent to 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 [ f{)%% 5 On Windows, the function now also supports socket handles.

5.6 ISR

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

EMEAE: #rey 408, [FfS e ABI [#)—4). 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 (accessible 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)

EIARAE: #rey 4nd, [BEfSE ABI )74y, 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 fRBINA.
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5.7 Bl

PyObject *PyException_GetTraceback (PyObject *ex)
= AR A #ah 488, [FfEE ABL Y- -/ 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)
[FJfZ 1 ABI [1)—75%7. Set the traceback associated with the exception to tb. Use Py_None to clear it.

PyObject *PyException_GetContext (PyObject *ex)
B ARAE: ey 48, [EFS 0 ABIL (- 0> 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)
= F ABI [1-—%B4>. Set the context associated with the exception to ctx. Use NULL to clear it. There is no

P

type check to make sure that ctx is an exception instance. This steals a reference to ctx.

PyObject *PyException_GetCause (PyObject *ex)
ERAE: #eg 408, [EFEFE ABI 1754 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.

void PyException_SetCause (PyObject *ex, PyObject *cause)
[E)f5 7 ABI [1)—7F/4). 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)
EMRAE : #reg 4 g, [EFEE ABL %4> B 3.12 B K B44. Return args of exception ex.

void PyException_SetArgs (PyObject *ex, PyObject *args)
[0 ABL -4y B 3.12 e A Bi44. Set args of exception ex to args.

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

I
TS

8 NG AP, B AT REFE/INSUAS 8 AT T E VA A s

.

(%

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.

e 3.12 HRAFA.
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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)

EARAE: Frey 48, [EfEE ABI )04, 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)
BB ey 488, [FSE ABI[-—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)
EARME: ey 48, [DEE ABI Y- /). 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)
[EfZ 5 ABI [1—#14). 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)
[F)f5 7 ABI [)—3/>. 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)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
[EZ & ABI [1)—%3/%). 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)
[EJZ 52 ABI [#)—4>. 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: #reh4ma. [DFEE ABIL Y- %) 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)

[F)f5 & ABI [——3%>. Set the reason attribute of the given exception object to reason. Return 0 on success, —1
on failure.
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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 mod-
ules. 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 #p_call implementations because the call protocol takes care of recursion
handling.
int Py_EnterRecursiveCall (const char *where)

[FfE & ABIL [1—8%r & 3.9 ¥ A B44. 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.

¥E 3.9 W52 58 This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
[ElfE 2 ABL 134 B 3.9 #e K F44. Ends a Py _EnterRecursiveCall (). Must be called once for
each successful invocation of Py_EnterRecursiveCall ().

FE 3.9 i 1) 58 This function is now also available in the limited API.

Properly implementing tp_ repr for container types requires special recursion handling. In addition to protecting 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 1 ABI [1— /7. Called at the beginning of the £ p_ repr implementation to detect cycles.

If the object has already been processed, the function returns a positive integer. In that case the tp_repr imple-

mentation should return a string object indicating a cycle. As examples, dict objects return { ...} and 1ist
objectsreturn [...].

The function will return a negative integer if the recursion limit is reached. In that case the t p_ repr implemen-
tation should typically return NULL.

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

void Py_ReprLeave (PyObject *object)

= ABI ) —#4)r. Ends a Py_ReprEnter (). Must be called once for each invocation of
Py_ReprEnter () that returns zero.

5.10 Standard Exceptions

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

C Name Python Name [EIfg
PyExc_BaseException BaseException 1
PyExc_Exception Exception Page 67, 1

BET—H
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Rt 1-EEF—8

C Name Python Name [EIf#
PyExc_ArithmeticError ArithmeticError Iz @, 1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedEr ConnectionAbortedError
PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedEr ConnectionRefusedError
PyExc_ConnectionResetErro ConnectionResetError
PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError

PyExc_GeneratorExit GeneratorExit
PyExc_TImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError LR, L
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError

PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError

PyExc_OSError OSError Lazelo 2y
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErr UnicodeTranslateError
PyExc_ValueError ValueError

BET—H
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g1 -EEF—8
Python Name

[EI%

C Name

PyExc_ZeroDivisionError ZeroDivisionError

TE 33 | A ||| NS 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 #ll
PyExc_TimeoutError &£7F PEP 3151 #5| A

TE 3.5 UM PyExc_StopAsyncIteration fl PyExc_RecursionError,
TE 3.6 JiRWE A PyExc_ModuleNotFoundError,

These are compatibility aliases to PyExc_OSError:

C Name

[EIf#

PyExc_EnvironmentError
PyExc_TIOError
PyExc_WindowsError

(5]

TE 3.3 fRAY%2 5 These aliases used to be separate exception types.
[EVfigt:

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:

C Name Python Name o)+
PyExc_Warning Warning S
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
fifg -

&)

! 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.

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

5.11. Standard Warning Categories
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PyObject *PyOS_FSPath (PyObject *path)
EMEAE: #reh 408, [EFEE ABL—% B 3.6 #i A M45. Return the file system representation for path.
If the object is a str or bytes object, then a new strong reference is returned. If the object implements the
os.PathLike interface, then _ fspath__ () isreturned as long asitisa str or bytes object. Otherwise
TypeError is raised and NULL is returned.

TE 3.6 B A

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 function 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 ()

25 ABI [%)—34) on platforms with fork() & 3.7 #5 A B44. 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.

a5

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

e 3.7 A
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void PyOS_AfterFork_Parent ()
[EFZ 52 ABI [#%)—35%) on platforms with fork() & 3.7 #% A B 44. 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 ()
[EF2 52 ABI [#)—354) on platforms with fork() 8§ 3.7 5 4 F44. 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
PyOS_BeforeFork (), PyOS_AfterFork_Parent () and PyOS_AfterFork_ _Child().

void PyOS_AfterFork ()

[EFZ 5 ABI [1)-—%F45 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) A1 : This function is superseded by Py0S_AfterFork Child().

int PyOS_CheckStack ()

[EVf5 2 ABI (1545 on platforms with USE_STACKCHECK # 3.7 #% /~Ff44. 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)
[EVig5e ABI [1)—#B47
PyOS_sighandler_t PyOS_getsig (inti)

[F)f5 & ABI [—74>. Return the current signal handler for signal i. This is a thin wrapper around either
sigaction () or signal (). Do not call those functions directly!
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PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)
B2 2 ABI [1)—3%14>. Set the signal handler for signal i to be A; return the old signal handler. This is a thin
wrapper around either sigaction () or signal (). Do not call those functions directly!

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
[Ef55E ABI % B 3.7 Bak B 4.

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

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

Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape error
handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence 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, *sizeissetto (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 _encoding
and 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 B A.
T 3.7 {54 T The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

JE 3.8 fi Y &% FE: 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)

= E ABIL [ —35%> B 3.7 # 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_pos is set to (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 _encoding
and filesystem errors members of PyConfig.
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Use the Py_DecodeLocale () function to decode the bytes string back to a wide character string.

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

hs%

The PyUnicode_EncodeFSDefault () and PyUnicode_EncodeLocale () functions.

TE 3.5 Mg A
T 3.7 fiR 5% 58 The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

7 3.8 H Y &% ¥H: The function now uses the UTF-8 encoding on Windows if PyPreConfig.
legacy_windows_fs_encoding is zero.

6.2 REEN

These are utility functions that make functionality from the sys 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)
EMEAE: 42 A 408, [EJfSE ABI ()74 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)
[EfZ 2 ABI [1)—3B4). Set name in the sy s module to v unless v is NULL, in which case name is deleted from
the sys module. Returns 0 on success, —1 on error.

void PySys_ResetWarnOptions ()
= ABI [ —/>. Reset sys.warnoptions to an empty list. This function may be called prior to
Py Initialize().

void PySys_AddWarnOption (const wchar_t *s)
B2 5 ABI [)—3%(4). This APIis kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.

Append sto sys.warnoptions. This function must be called priorto Py_Tnitialize () inorder to affect
the warnings filter list.

1 311 R PEH.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
[F)f5 & ABI [)—734). This API s kept for backward compatibility: setting PyConfig. warnopt i ons should
be used instead, see Python Initialization Configuration.

Append unicode to sys .warnoptions.

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

1E 3.1 ez B IEH.
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void PySys_SetPath (const wchar_t *path)
[EfE & ABI [ — 3 4 This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_ search_paths_set should be used instead, see
Python Initialization Configuration.

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

1E 3.1 RZ EpEE .
void PySys_WriteStdout (const char *format, ...)
[EfZ 5 ABI [1y——%154). Write the output string described by format to sys . st dout. 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, ...)
[EJfS 2 ABI [f)-—384y. As PySys_WriteStdout (), but write to sys . stderr or stderr instead.

void PySys_FormatStdout (const char *format, ...)
[ & ABI [y — #F 4>.  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 B

void PySys_FormatStderr (const char *format, ...)
[BJfS 2 ABI [f)-—384. As PySys_FormatStdout (), but write to sys . stderr or stderr instead.

1E 3.2 JRBTMA.

void PySys_AddXOption (const wchar_t *s)
[F)f5 5 ABI (334> & 3.7 #e A Bl44. This API is kept for backward compatibility: setting PyConfig.
xoptions should be used instead, see Python Initialization Configuration.

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

TE 3.2 B
e 311 jiiZ BgEA.
PyObject *PySys_GetXOptions ()
EARAE: 2R 48, [EFSE ABL 354> B 3.7 A Bl 44. Return the current dictionary of —X options,

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

1E 3.2 A

int PySys_Audit (const char *event, const char *format, ...)

Raise an auditing event with any active hooks. Return zero for success and non-zero with an exception set on failure.

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

Note that # format characters should always be treated as Py ssize_ t, regardless of whether
PY_SSIZE_T_ CLEAN was defined.
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sys.audit () performs the same function from Python code.

1 3.8 HUBIA.

TE 3.8.2 R %4 B: Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.
int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure. If the
runtime has been initialized, also set an error on failure. Hooks added through this 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 sy s . addaudithook with no arguments. If
any existing hooks raise an exception derived from Except i on, 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 (). args is
guaranteed to be a PyTupleObject. userData is the argument passed to PySys_AddAuditHook().

e 3.8 HUBIA.

6.3 1THEH

void Py_FatalError (const char *message)

[F)fZ 7 ABI [#)—7%45. 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 MUY % 55 Log the function name automatically.

void Py_Exit (int status)
[EZ 5 ABI [#)-—F4y. 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 [%) %% 58 : Errors from finalization no longer ignored.

int Py_AtExit (void (*func)())

[E2 5 ABI 14y 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
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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)
BRI Fay % Bg, = 7E ABI [1—4). This is a wrapper around Py Import_ Import () which takes a
const char* as an argument instead of a PyOb ject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
AR A H ey % . B E ABL 19— i 4 This function is a deprecated alias of
PyImport_ImportModule ().

JE 3.3 Jiu ¥ %% 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.

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)
El {2 4E: #4894 8, 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 *locals,
PyObject *fromlist, int level)
EAR A #reg 48, [EREE ABL 554> B 3.7 PR A Bl 45. 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.

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.
TE 3.3 B

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist, int level )
EARAE ey B8, = 5F ABI [1)—%14). Similar to Py Import_ImportModuleLevelObject (), but
the name is a UTF-8 encoded string instead of a Unicode object.

TE 3.3 HiR M) 5% 58 Negative values for level are no longer accepted.

PyObject *PyImport_Import (PyObject *name)
EMRAE: ey 488, [EEE ABI [1—4). This is a higher-level interface that calls the current “import hook
function” (with an explicit level of 0, meaning absolute import). It invokes the __import__ () function from
the __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.

6.4. SIAEH 75



The Python/C API, $(F) 3.12.4

PyObject *PyImport_ReloadModule (PyObject *m)
EMERAE : #rey 4 88, [FFE 5 ABI (14 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_AddModuleObject (PyObject *name)
EARAE: R R 40, [EFEE ABL B9—3> & 3.7 #e K Bl44. 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 NULL with an
exception set on failure.

i E)

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.

1E 3.3 JRBTINA.
PyObject *PyImport_AddModule (const char *name)

EARE: 2R 488, [ESE ABILB9-—%B4y. Similar to Py Import_AddModuleObject (), but the name
is a UTF-8 encoded string instead of a Unicode object.

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

EMR G Hreg 40, [EfSE 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.modules on entry to
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.

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.

See also Py Import_ExecCodeModuleEx () and PyImport_ExecCodeModuleWithPathnames ().

TE 3.12 Fi )% 55: The setting of __cached__ and __loader__ is deprecated. See ModuleSpec for
alternatives.
PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
EIMRAE: #rey 4me, [EEE S ABI [W—#04). Like Py Import_ExecCodeModule (), butthe _ file
attribute of the module object is set to pathname if it is non-NULL.
S5 R PyImport_ExecCodeModuleWithPathnames ().
PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, PyObject
*cpathname)
EMEE: ey 4, [ERSE ABL[W—34r B 3.7 MK B44. Like PyImport_ExecCodeModuleEx (),
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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.

1E 3.3 iBIA.

TE 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)
EMEAE: #eg4ng, [EEE ABI [—34). Like PyImport_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.

1E 3.2 I

TE 3.3 it 5% 8 : Uses imp . source_from_cache () in calculating the source path if only the bytecode path
is provided.

T 3.12 HUASE B AP C BRI imp B4

long PyImport_GetMagicNumber ()

= E ABI [/ 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.

e 3.3 HAYSE B B R IRORE [l 3 -1
const char *PyImport_GetMagicTag ()
[F)2 & ABI [1)—3%B4>. 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 ()

EARAE: 15 A 408, [EfS 4 ABI [0/, 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)
ERAE: #eg40a, [EFEE ABLIY—304> B 3.8 #i A B44. 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 BB

PyObject *PyImport_GetImporter (PyObject *path)
EMRIE: #reh &g, B ABI (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)

[EiZ 2 ABL B354 & 3.7 BR A B44. 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 Import_ImportModule (). (Note the misnomer --- this function would reload the
module if it was already imported.)

TE 3.3 g A
TF 3.4 MUY 5E 5 The __ file_  attribute is no longer set on the module.
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int PyImport_ImportFrozenModule (const char *name)
[EJfZ 2 ABI {1354 Similar to Py Tmport_ImportFrozenModuleObject (), but the name isa 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 £reeze 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

T 3.11 Jif) 5% 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))

= ABI 1) —4>. Add a single module to the existing table of built-in modules. This is a convenience
wrapper around Py Import_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 Tmport_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 newtab 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 ().

If Python is initialized multiple times, PyImport_AppendInittab () or
PyImport_ExtendInittab () must be called before each Python initialization.
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6.5 &F¥l marshal B8

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 0 is the historical version, version 1 shares interned 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)
B4R 1A : #1494 B&. 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 1ong.

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)
B 1§45 #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 1H: #7494 8%, 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)

EIM& 14 : #7a4 404, 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.

6.5. &F#} marshal gy%iE 79



The Python/C API, $(F) 3.12.4

6.6 BlfTSIRBENE

These functions are useful when creating your own extensions functions and methods. Additional information and exam-
ples 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

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:

* Formats such as y* and s* fill a Py_buffer 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 pro-
cessing the data (or in any early abort case).

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

¢ Other formats take a st r 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 immutable
(e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the data).

fti(E]

For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before in-
cluding Python.h. On Python 3.9 and older, the type of the length argument is Py _ssize_ t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.

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
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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.

il

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 () as converter.

TE 3.5 iR {)5# 55 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 ¢ None) [Py_buffer]
Like s*, but the Python object may also be None, in which case the buf member of the Py_buf fer 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.

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

TE 3.5 MU 5% 5 : 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 byt es 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 byt earray object, without attempting any conversion. Raises TypeError
if the object is not a bytearray object. The C variable may also be declared as PyObject*.

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* (0] 3{ 85 bytes-like object) [Py_buffer]
This format accepts any object which implements the read-write buffer interface. It fills a Py _buffer
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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 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 implementation
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 e s 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 e s # except that byte string objects are passed through without recoding them. Instead, the implementation
assumes that the byte string object uses the encoding passed in as parameter.

TE 3.12 A5 u, u#, 2, and Z# are removed because they used a legacy Py_UNICODE* representation.
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B

b (int) [unsigned char]
Convert a nonnegative Python integer to an unsigned tiny int, stored in a 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]
H—1# Python ¥ #{##[F)p{ C Y short int.,

H (int) [unsigned short int]
H—{# Python B HHHEIRL C (1) unsigned short int, WFLER MR AHH .

i (int) [int]
1 Python $&HUEFI C 1Y int.

I (int) [unsigned int]
1 Python #HIE[EI, C ) unsigned int, WEBFEMER AR,
1 (int) [long int]
#4—1# Python #&#(E)5 C i) long int.
k (int) [unsigned long]
#—1H Python BB (FIR, C ) unsigned long, WELAMR M.
L (int) [long long]
%1 Python $&#{##[FIi{ C ) long long.
K (int) [unsigned long long]
44-—{# Python #BUHE) C ) unsigned long long, MHEGBFMER (M.
n (int) [Py_ssize_t]
4% (i Python ¥ [F)i% C fPy_ssize t.
c (bytes sk EPf[E] 1 (1) bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, to a C char.

TE 3.3 RS B fFF bytearray ¥,
c (B¥EE 11y str) [int]

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

f (float) [float]
Convert a Python floating-point number to a C f1oat.

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

D (complex) [Py_complex]
s —1i Python [FIEE) R, C i Py_complex &k,
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Hivhtt

O (#fF) [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! (%) [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 (W) [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 status should be 1 for a successful conversion and 0 if the conversion has
failed. When the conversion fails, the converter function should raise an exception and leave the content of address
unmodified.

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 i 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 0 if it was false. This accepts any valid Python value. See
truth for more information about how Python tests values for truth.

£ 3.3 B

(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 ifems. 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 argument
list are keyword-only. Currently, all keyword-only arguments must also be optional arguments, so | must always
be specified before $ in the format string.

TE 3.3 [ A
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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 corre-
sponding to that and the following format units are left untouched.

API 3t

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
[F)F2 5 ABI [)—%%/). 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)
[F)f5 5 ABI /) —B4y. 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 *keywords[], ...)

[EJZ 5 ABI [f)-—B4y. 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. Empty names
denote positional-only parameters. Returns true on success; on failure, it returns false and raises the appropriate
exception.

TE 3.6 {525 : Added support for positional-only parameters.
int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords[],
va_list vargs)
[F)f5 7 ABI [1—314). Identical to PyArg ParseTupleAndKeywords (), except that it accepts a va_list
rather than a variable number of arguments.
int PyArg_ValidateKeywordArguments (PyObject*)

= ABI [1)—i/7>. Ensure that the keys in the keywords argument dictionary are strings. This is only needed
if PyArg ParseTupleAndKeywords () isnot used, since the latter already does this check.

1E 3.2 A

int PyArg_Parse (PyObject *args, const char *format, ...)
B2 7# ABI [—4). Function used to deconstruct the argument lists of “old-style” functions --- these are
functions which use the METH_OLDARGS parameter parsing method, which has been removed in Python 3. This
is not recommended for use in parameter parsing in new code, and most code in the standard interpreter has been

modified to no longer use this for that purpose. It does remain a convenient way to decompose other tuples, however,
and may continue to be used for that purpose.
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

B2 7 ABI [—354). 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);
}

return result;

}

L

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)

6.6.2 Building values

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

EMEAE : #7044 88, [EFS 5 ABI [#)—04). 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 O 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# formats,
the required data is copied. Buffers provided by the caller are never referenced by the objects created 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.
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s (str 5 None) [const char *]
Convert a null-terminated C string to a Python st r 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 st r 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 8 None) [const char *]

s 1A

z# (str B{ None) [const char *, Py _ssize t]

N s# M.

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#t (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 *]

s FHFE .

U# (str 5 None) [const char *, Py _ssize t]

A s# MIF
i (int) [int]
#—10 C {1 int H(EIY Python Hdid 4,
b (int) [char]
#5—1# C ) char #[EIA Python B4
h (int) [short int]
M C ) short int H[EJRK Python 4 {4: .

1 (int) [long int]
#4—fi C 1Y) Long int #FIAL Python F#{4.

B (int) [unsigned char]

#—1M C ) unsigned char H[E]jY Python B854,

H (int) [unsigned short int]
#—1 C () unsigned short int JE[EIjN, Python E&#d{4:.

I (int) [unsigned int]
W1 C ¥ unsigned int H[F]E Python B8 {f .

k (int) [unsigned long]
#%—fi C iy unsigned long H[FIAL Python {4

L (int) [long long]
#§—MH C 11 Long long H[EIRY Python #HP{4

K (int) [unsigned long long]
#—1f C 1) unsigned long long JE[EI/H, Python E&#i{4: .
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n (int) [Py_ssize_t]
H—MH C Py _ssize t HEIR Python B,

c (EJEE 1) bytes) [char]
M C H AT int BE)K Python HREEl ) bytes.

c (I 11y str) [int]
H—MH C hRFE—M T int BEIRL Python - REE—1 str.

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

f (£loat) [float]
Convert a C f1loat to a Python floating-point number.

D (complex) [Py_complex *]
H—1f C 1ypy_complex &iHEEI Python [E1#.

O (¥1F) [PyObject *]
Pass a Python object untouched but create a new strong reference to it (i.e. its reference count is incremented
by one). If the object passed in is a NULL pointer, it is assumed that this was caused because the 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 (#fF) [PyObject *]
o Al

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.

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

(items) (tuple) [matching-items]
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)

EMRAE . Fray 408, [ ABI - 5f4). Identical to Py, BuildValue (), except that it accepts a va_list
rather than a variable number of arguments.
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6.7 FRE[MREXt

F At i E VRS A 2 R ) pR X
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

[E)i 7 ABL 1357 AR TR formar FIFEANG 18, B A8 size (T4 siro 75 2(E] Unix
EE snprintf (3).

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

[Ef5 ABI 057 MRS formar TS | 3R B va, 1 RARIE size (7 7CHLA siro Unix F
EEH vsnprintf (3).

PyOS_snprintf () MIPyOS_vsnprintf () WHEERE C RFEK X snprintf () fil vsnprintf ()., B
T8 H 2 AR5 A 2200 (corner case) R AYATIE—2, ik C s HIARK.

AL BE RS FEPR I E IR str [size—1] 4RE(E] "\0" . MAMKGEAN GFE str PEs AR size 7 C4L (IGRHER
"NO0"). EWE R ERESK str = NULL. size > 0, format != NULL fl size < INT_MAX. F&i:
H, BFREFECI9n = snprintf (NULL, 0, ...) ZFhYekXsREN S 6 B R S I A/
T8 20 R S [ A (rv) B AN T 1 L
* W0 <= rv < size W, EHHEERY), rv FEICHEEA sr CRASE strlev] BERYRERE '\0' it
).

© W rv >= sizelff, MMEEREE, DHEERE rv + 1 AOTHNEEEA LY. EEENE

K, str[size-1] 2 '\0"',

s W rv < OMf, R TAANMFIFEERE T ] FEEMHET, strisize-1] 2 '\0', Hsr 1K
R AREF . FRIHED) R R R ERRE 5 .
PATF R s PR L 88 353 2 48 B (locale-independent) (1 H3 5 B 1 #E(E .
unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

= ABI [f)—/4). Convert the initial part of the string in str 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 Ob, 0o or 0x to
tell which base. If these are absent it defaults to 10. 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.

g} Unix FEE strtoul (3),
TE 3.2 IRBIMA.

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

[E)f5 & ABI )—734. Convert the initial part of the string in st 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.
W5 [, Unix FEE strtol (3).
1 3.2 IR A

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)

[EIfE7E ABL 4. M7H s MEE double, JKIGIFF]HE Python BISh. 32107 H 56 A H B
Python ff] float () HMRAEZMTFHES, B s AHAHIE SRR 2% . BEEH § R85
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W endptr [FINULL, HAIEEEMEFE . GRFRNZFEHOERFER, A51% valueError
[A]f# 1.0,

R endptr A& NULL, HIFn[fE#(EI7E, [Fi rendptr s@E8 18— A ER 7o, Ry
ARG BEER AN 2 17 B A RE R, IR *endptr 810 FHEAYBYEE, 5% ValueError [EJ[] {3
-1.0,

W s FREER KT MEE B AATE R B D (BIf "1e500" EHFZ 6 FEEBHFEER) , R
overflow_exception [F] NULL H|[E|{# Py HUGE_VAL (@i mifsses) EEA S EEATE 40,
%H, overflow_exception WhZHHG[H]—1H Python 4N 5lEE%GISMNEIRIfE —1. 0, 755 Wit
HEF, #% *endptr s BRI EERIEZ B — T I0.

SR ETT P A AT AT A R (BIANGCIRREAS I EERR ), S SUE B H 11 Python I SMEImI 8 1. 0.,
TE 3.1 JRBIA.

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
[EFZ 50 ABI 1045 (H ALY format_code. precision Fl flags ¥ double val #FIE5 5 .

format_code Wo/BSE 'e', 'E', '"f£', 'F', 'g'. 'G'HB 'r' HpZz—. ¥ v, 2L precision
WAZEE 0 [Flegizms. "o # e repr () #0,

flags 7] PASE A Bl Z {8 Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 B}, Py_DTSF_ALT, &#kH&ENs—
e

* Py_DTSF_SIGN A EAZAE MEH) FHR AT FAF 555 oC, BIE val JEEH.
* Py_DTSF_ADD_DOT_0 fRFRHELR M E ) FHr B R AN S 1R B B

e Py DTSF_ALT R X EEH [ H 1 (alternate) | 4% X 1L B, H WM EH, 72
[FlPy0oS_snprintf () "#' 3.

M ptype &4 NULL, IREVE$5 009 E 45 9k 5% [F) Py_DTST_FINITE., Py DTST_INFINITE H{
Py_DTST_NAN H 2z —, SHEUCE val AR, MEREECES.

(B2 48 ) buffer (R, o @ S A7 A QSR E] G B 16 NULL. WP 3 £ 55 i 1
N pyMem_Free () AFEHMIER) FE o

TE 3.1 g A.
int PyOS_stricmp (const char *s1, const char *s2)
ANEARNE R FER I . RAPEH T N T B stremp O M, HEEZBEA/NG.

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

A RN FH . s T U P58 strnemp () A, H2EZMER/NE -

6.8 PyHash API

Wt sFlPyTypeobject . tp_hash H&.,
type Py_hash_t

MEERE: G,

1E 3.2 RBTIMA.
type Py_uhash_t

MEEIERIE): MfFoRseu.

e 3.2 iRBIA.
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type PyHash_FuncDef
PyHash_GetFuncDef () i TR EE.
const char *name
MR 4R (UTE-8 4t 7R ) o
const int hash_bits
MEEHERYETRR AN (PAGZIEEI AL )
const int seed_bits
Seed # AR/ (PARLTCEIRAL) .
1E 3.4 FRABNA.
PyHash_FuncDef *PyHash_GetFuncDef (void)

thz%
PEP 456 [ 424 H ] 2 #3481 33 2203 (Secure and interchangeable hash algorithm) | .

e 3.4 RBTA.

6.9 Reflection

PyObject *PyEval_GetBuiltins (void)
PR 1A 404, [EfEE ABI () -5/ 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)
EMEAE: 15 R 488, [FfE5E ABI [)—754. Return a dictionary of the local variables in the current execution
frame, or NULL if no frame is currently executing.

PyObject *PyEval_GetGlobals (void)
EMR G 12 288, [EfSE ABI 145 Return a dictionary of the global variables in the current execution
frame, or NULL if no frame is currently executing.

PyFrameObject *PyEval_GetFrame (void)
ERAE: 15 4 8. [E)f5E ABI1)-—%%). Return the current thread state’s frame, which is NULL if no frame
is currently executing.

HiE R PyThreadState GetFrame ().

const char *PyEval_GetFuncName (PyObject *func)
[E)f% 2 ABI )54y 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)f% 72 ABI [#)—4). 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.
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6.10 HEHEISEDDRFZIERN

int PyCodec_Register (PyObject *search_function)
)i ABI (19— [EIE—{R7 0 g i a1 R k=X
TEEIRIEA (side effect), & & BB encodings (ARMATEM) , PARELRE M4 AR %R KA
RPEE—M.

int PyCodec_Unregister (PyObject *search_function)

DE ABLIY— 5 & 3.10 peok B46. BURIEIE A a5 25 8 R ek X ENE R EEIR (registry) HHIR. 41
R RRAERYEE, HRBATEAERIE . WhmE 0, Bk SR g5 8 i SNE ] -1.

e 3.10 A

int PyCodec_KnownEncoding (const char *encoding)

(Vi ABL (13547 [l 1 55 0, ABBIEIREEH 4T encoding W C EE Smgasas . 5 MmN e
.

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
EMEAE: #rag e, [ ABLY—i)). B2 4 ARAS 4 1 Sm A5 APL,
object B HIRA VAKRIE encoding T A 03 1) st as ek x, [EVEEFI VA errors & 361 SR IEFE ). errors 7]
PARR(E) NULL SR{E F 4 RS2 E S TR O ¥ . AR SmA#E, 1I5]%F LookupError.

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
MR Frag 488, [EFE0E ABL Ry Bz iR as# i i as APL,

object YR AR encoding BT AEH SO MRAGAE K, N 1Y DA errors 7 08 ARIEHIT . errors 7]
DABHE] NULL ACl I 43RS 25 AT . SRR R B AH638, HI3 18 LookupError,

6.10.1 RARIEESE X API

AR, BRI encoding TR BT FoOREIEDVING , 55 (4575 18 AR ) 25 4R 14 A A% P DA [543 K
ANETTSEA AR . AR ARARE fitGes, M Er80E KeyError [El[f# NULL,

PyObject *PyCodec_Encoder (const char *encoding)

EMEAE: Frag e, [ ABLIY-—5r. BUSHE encoding 1) 4t bR 2o
PyObject *PyCodec_Decoder (const char *encoding)

EMEAE: Frad e, [ ABLIY—5r. BUSHE encoding 1) RS R 2.
PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

EARAE . FTag LRE, =E ABI [—4). BUS 45 7E encoding Y] IncrementalEncoder ¥4
PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

EMRAE : #reg 4 g, [EEE ABIL[—304. BUBASE encoding [f) IncrementalDecoder Y.
PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)

PR ey g, S ABL 304 BUS4E & encoding Y] St reamReader TR,
PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

EMRAE: #reg4g, [DEEE ABI 34 BUBASE encoding (] StreamWriter TR .
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6.10.2 A5 Unicode R MR EEEXNIE API

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

[E)f55 ABL (1)), FE4 ) name R EIEISERR EEHLEIIT: (callback) PR error. &5 4 A #5 18 51 4835
it RS 11 7 T S AR A 1 57 TCAHE) . name %5 i [FIWF 0L S A5/ A A0 R =X IR ) S R 22 B0 K I 1 [ B
B g B 5 B O{E 5] #, Bl UnicodeEncodeError. UnicodeDecodeError  E{
UnicodeTranslateError [WE B, F & BA A [ & 1 oo sk A7 o 417 51 K HAE IR 46 =
BB RGN (FBBE SRR, #52(E Unicode Exception Objects) . [BIIRELAET |88 45 2 BB
AN, B (A A R 2 B R [N — 04 (two-item tuple), DA K — A4 26 S i = B v L Bt K
TP A A5/ A0S I B St R B

JREIRE R O, EERRRE [l -1,
PyObject *PyCodec_LookupError (const char *name)

AR Freg 48, [EFEE ABL 5. ik name FEEIE SR R BRI R 2. VEE—TEERIR TS
[E], WIPAMEIE NULL, fEEfRIHEIR, A4 mlE strict” f§ 55 pEBE [B]IFE

PyObject *PyCodec_StrictErrors (PyObject *exc)
=418 4R [E NULL. [BFE7E ABLY--H5). 514 exc fEEBIS.
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
AR Areg4ie. [ERE ABL—#B4). 28 unicode gk, BhiEEHIEA
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
EMEAE: Frag e, B ABL Y. A% unicode #if§eH & [EIE 2 8 U+FFFD.
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
AR ey 40, [ERTE ABLY—4. ¥ unicode #gH iR Bk EIE) XML o2 .
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
AR Frad 40, [EEE ABLIY- 4. 1% unicode A§EE R BEIAHEBE (\x. \uf\v).
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
EME A #rag4md. [EEEE ABLIY—H9> B 3.7 B A B4, #% unicode % fiGas i BREIE) \N{ . . . BHED.
1E 3.5 RBIA.

6.11 Support for Perf Maps

On supported platforms (as of this writing, only Linux), the runtime can take advantage of perf map files to make Python
functions visible to an external profiling tool (such as perf). A running process may create a file in the /tmp direc-
tory, which contains entries that can map a section of executable code to a name. This interface is described in the
documentation of the Linux Perf tool.

In Python, these helper APIs can be used by libraries and features that rely on generating machine code on the fly.
Note that holding the Global Interpreter Lock (GIL) is not required for these APIs.
int PyUnstable_PerfMapState_Init (void)

RS APL, B REAE MR ST R A (TR O
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Open the /tmp/perf-$pid.map file, unless it’s already opened, and create a lock to ensure thread-safe writes
to the file (provided the writes are done through PyUnstable_WritePerfMapEntry ()). Normally, there’s
no need to call this explicitly; just use PyUnstable_WritePerfMapEntry () and it will initialize the state
on first call.

Returns 0 on success, —1 on failure to create/open the perf map file, or —2 on failure to create a lock. Check
errno for more information about the cause of a failure.

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

TEAE L APL, BT RBTE/ INRA B A T VG A 5 i o

Write one single entry to the /tmp/perf-S$pid.map file. This function is thread safe. Here is what an example

entry looks like:
# address size name
7£3529fcf759 b py::bar:/run/t.py

Will call PyUnstable_PerfMapState_Init () before writing the entry, if the perf map file is not already
opened. Returns 0 on success, or the same error codes as PyUnstable PerfMapState_Init () onfailure.

void PyUnstable_PerfMapState_Fini (void)

R TALE AP, T AEAE/ MRATE I (E 4 5 A

Close the perf map file opened by PyUnstable_PerfMapState_TInit (). This is called by the runtime
itself during interpreter shut-down. In general, there shouldn’t be a reason to explicitly call this, except to handle
specific scenarios such as forking.
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HhZ 414k 8 (Abstract Objects Layer)

AE Y R B Python YA EAEH, ke HAUE], sCRA B SER 240 (Fianirf e 2L Es i A
Jr A IED) o BN A 24T, A" €3] 8% — {8 Python [E% (exception).

15 B bR SRR TR AR R IERERI G4 1 (Blin—M i pyLise_New () ESCAY st 9944) , i Hh g IEH
[ ¥l [E—22 4 NULL #9918 ..

7.1 MR E

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

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 ().

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 RAW; if given, the str () of the object is written instead of
the repr ().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

[F)f5 5 ABI [1—7%5/4). Returns 1 if o has the attribute attr_name, and 0 otherwise. This is equivalent to the
Python expression hasattr (o, attr_name). This function always succeeds.
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e

Exceptions that occur when this calls __getattr__ () and__getattribute__ () methods are silently
ignored. For proper error handling, use PyObject_GetAttr () instead.

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

[F)fZ & ABI [1y—%(4). This is the same as PyObject_HasAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

(e

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_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *0, PyObject *attr_name)
EMRAE: #rey40a, [EEEE ABI [#)—754). 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.

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
EMRAE: #reh4ng, [EEEE ABI [1—3%54). 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*.

PyObject *PyObject_GenericGetAttr (PyObject *0, PyObject *name)

EMR G #rag 288, B ABI[1Y-—%F4). 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)
[F)f% 52 ABI [1)— 754y 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 = wv.

If vis 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)
[FJf% 52 ABI {45 This is the same as PyObject_SetAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
)75 % ABI 314>, 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 is
raised and -1 is returned.

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
Delete attribute named attr_name, for object 0. Returns —1 on failure. This is the equivalent of the Python statement
del o.attr_name.
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int PyObject_DelAttrString (PyObject *o, const char *attr_name)
This is the same as PyObject_DelAttr (), but attr_name is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObject*.

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)
ERAE: #reh 4 0&, [EFSE ABLAY- 5% @ 3.10 jR 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.

On failure, returns NULL with an exception set.

1E 3.3 A
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
[E)fE 5 ABI [—33%r & 3.7 e A Bl 44. A generic implementation for the setter of a __dict___ descriptor.
This implementation does not allow the dictionary to be deleted.
1E 3.3 A
PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict___ of the object obj. If there is no __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, [E)fS e ABI %), 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 02, 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)

[F)f5 £ ABI ) — (4. Compare the values of ol and 02 using the operation specified by opid, like
PyObject_RichCompare (), but returns —1 on error, O if the result is false, 1 otherwise.

e

If ol and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py EQ and 0 for
Py_NE.

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
[Ef% 5 ABI [ — #0 4. 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 (ob7j). Returns the formatted string on
success, NULL on failure.

PyObject *PyObject_Repr (PyObject *0)
EIMEAE: #eg 4 &, [EiEE ABIL 1—#}4)>. Compute a string representation of object o. 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.

JE 3.4 i) %# 55 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_ASCII (PyObject *0)
EEAE: #eg 4B, BEEE ABI [)—34). As PyObject_Repr (), compute a string representation of
object o, but escape the non-ASCII characters in the string returned by PyOb ject_Repr () with \x, \u or
\U escapes. This generates a string similar to that returned by PyOb ject_Repr () in Python 2. Called by the
ascii () built-in function.

PyObject *PyObject_Str (PyObject *0)

EAR A #reg 488, [FfE 0 ABI [#)—74)>. Compute a string representation of object 0. Returns the string
representation on success, NULL on failure. This is the equivalent of the Python expression str (o). Called by
the str () built-in function and, therefore, by the print () function.

TE 3.4 W 5% 5 This function now includes a debug assertion to help ensure that it does not silently discard an
active exception.
PyObject *PyObject_Bytes (PyObject *0)
EMR A8 ey 4nd, [EFE5E ABI [)—7B4r. 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)
[E)fZ 5 ABI [1-—354). 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 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.

If cls has a __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 type 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)
[E)fE 52 ABI [1)—#%B4). Return 1 if inst is an instance of the class cls or a subclass of cls, 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.

If clshasa___instancecheck__ () method, it will be called to determine the subclass status as described in
PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cls.

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)
[E)#% 72 ABI [1—F 4. Compute and return the hash value of an object 0. On failure, return —1. This is the
equivalent of the Python expression hash (o).
T 3.2 fiR /5% 58 The return type is now Py_hash_t. This is a signed integer the same size as Py_ssize_t.

Py_hash_t PyObject_HashNotImplemented (PyObject *0)

[F)2 5 ABI [1)—34). Seta 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.
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int PyObject_IsTrue (PyObject ¥0)
[E)2 5 ABI [)—34). 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 7 ABI [#)—7545. 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)
EMR1E . #rey 4, [EfSE ABI [#)-—%F4>. When o is non-NULL, returns a type object corresponding to the
object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python
expression t ype (o) . This function 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 TypeObject*, 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 fype or a subtype of type, and 0 otherwise. Both parameters must be
non-NULL.

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
[FJfZ 7 ABI (1545, Return the length of object o. 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
len (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 BRI

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
EMEAE: ey 48, [EESE ABI 04y, 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)
[FJf5 7 ABI [#)—74). 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
tov.

int PyObject_DelItem (PyObject *o, PyObject *key)
[F)f5 & ABI f#)—7/>. 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 *PyObject_Dir (PyObject *0)
SARAE . Ay LR, = E ABI 1)), 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)

EMR 1 #rag 408, [EFSE ABI [1Y-—#545. 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.
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PyObject *PyObject_GetAIter (PyObject *0)

EMRAE: #reg 48, [DFEE ABL—344> B 3.10 #5 A B44. This is the equivalent to the Python expression
aiter (o). Takesan AsyncIterable object and returns an AsyncIterator forit. 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.

e 3.10 HRFA.

void *PyObject_GetTypeData (PyObject *o, PyTypeObject *cls)

&5 ABL[—i04> B 3.12 Re A Bi44. Get a pointer to subclass-specific data reserved for cis.

The object o must be an instance of cls, and cls must have been created using negative PyType_Spec.
basicsize. Python does not check this.

On error, set an exception and return NULL.

1E 3.12 R A.

Py_ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)

[E)fZE ABLY-—%) B 3.12 Ba K 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 ~-PyType_ Spec.basicsize; it is 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.

On error, set an exception and return a negative value.

£ 3.12 FGmA.

void *PyObject_GetItemData (PyObject *0)

Get a pointer to per-item data for a class with Py_ TPFLAGS_TTEMS_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 i

7.2 IF:0Yig5E (Call Protocol)

CPython 37 3% Wi fE A [F] FIFRERU % 52« tp_call Fil vectorcall ([a]j=BFnY).

7.21 tp_call B5E

BUE tp_call WREAELZ FEOIESZ T RFI . IR TR (slot) 1% (E):

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

)

I R — R g T — 18 tuple (TAHL) FOROGIED M. —{H dict KRB 751 8, SR Python A1
M callable (*args, **kwargs). args WA NULL (WURESG S8, € —1f % tuple) , {HAN
RE BRSS9, kwargs WTLAZ NULL.

BRI GIANE Y p_cal (FH, tp_new Mtp_init HEHEIET|HL.
i pyobject_call () s HAbeF API HRIEIY—EP{F
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7.2.2 Vectorcall {§5F

£ 3.9 FBTIA.
Vectorcall {ff & fe 1 PEP 590 51 AR, &2 i R xS AIA 03 00 FAE g o

KEBRYEAN I, AN g {445 4%, CPython JFAETRRIF:nY b€ 5 i 5] 5 F vectorcall. #Aifi, iE[EIAZ—1H
TEMERLAE . AN, A =B B p_call (MIARMEMPyobject_call()). Hitk, —f3X
% vectorcall [{EEH M EE i tp_call, Wb, SEamfi M ER €, WIE g eEn R 8 R . 2
FERGE M H B EAGE R to_call ft@Elpyvectorcall call (). iafEf5—FHRRE:

B
—{ifl 57 4% vectorcall fSEEI B B E LA A ERN tp_call,

TE 3.12 R A2 ¥: The Py _TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the class’s
__call__ () method is reassigned. (This internally sets tp_call only, and thus may make it behave differently
than the vectorcall function.) In earlier Python versions, vectorcall should only be used with i mmutab1e or static types.

T — I vectorcall Fb p_call 18, A MERZ EEE vectorcall, BTN, A0SR AEIF 2 752155 | i EE] args
tuple (F[#IC4AL) F1 kwargs dict (BH#7 5 Hryih ), AREIEAE vectorcall HEEIA E .

BET AE®EI Py TPFLAGS HAVE VECTORCALL JHAE[E¥tp vectorcall offset i EEIW1F4E
MG B vectorcallfunc (1) offset ZREAE vectorcall 5 « & &4 1 HA DA N 2 7 2 sR X HE AR -

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

[Ef55E ABI f—5 B 3.12 R A B44.
o callable ;23585 Y )P o

o args 3Bl C i PAN (array), 408500 ¥ 5 [
B (. ARE S, S R(E W A NULL.,

o nargsf JEALE 5 G0 b el 58 &A1)
PY_VECTORCALI,_ARGUMENTS_OFFSET JEfZ, UIHEAE nargsf MEARE BRI B S | B, =l
M PyVectorcall NARGS ().

o kwnames y&—EALE Ay BRBE 725 [ B A4 F% 1Y) tuple;
EVAJEE], w2 kwargs TS, B4 P ERE TS (str s B ER), EHEM%HE
EAEER. REABET 518, IEE kwnames 7T PAH NULL AU
PY VECTORCALIL_ARGUMENTS_ OFFSET

5 ABL [ @ 3.12 ok B4&. WNRAE vectorcall [ nargsf 5|8 R 7 ILHEARE, R Ao Frgnpny
A AT args ﬁﬂ’ﬂﬁ EVAJEEE], args f81a B AIG1 81 ORZ 0) o WREIY Dy Db ZE7E Bl {22
AZJR args [-1]1 19

#{pyobject_vVectorcallMethod (), EfEARIUEERIRE TTHER args (0] Hks.

Bl DA DA % 7 A g o o0 (R [ B A A O TR B 2R R, AR (B 4 B Ry 4l
M PY_VECTORCALL_ARGUMENTS_OFFSET. igfkf € 41 bound method ([E%% Hr¥k) 2 BiAynI I
o =X A A R A T (SR A B —BAE ALY self 51850

e 3.8 AR

BNl EAET vectorcall W, R B b TR Y R — B R e AP i R
PyObject_Vectorcall () il EHA RN .
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e

T CPython 3.8 Ht, vectorcall APT 1 A B o =X B & DL B BH R B B9 & B 2 4t
_PyObject_Vectorcall,_ Py TPFLAGS_HAVE_VECTORCALL,_PyObject_VectorcallMethod,
_PyVectorcall_Function. _PyObject_CallOneArg. _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg, I 4k, PyObject_VectorcallDict e PA
_PyObject_FastCallDict ZfEfEflt. BEELABIAH ER, MEAHIKEMH LMK E
e

i (F) 1
M tp_call Wy, w0 W 3F R A6 4% 0% [Fl: CPython ¥ i fff i p_call 1) W MY G il
Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

PR, 1B AN Nl T vectorcall 7 B Y = g I 1Y 5 AE 55 S5 17 i 5§ ]l Py_EnterRecursiveCall Fil

Py_LeaveRecursiveCall .

Vectorcall 532 API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
[E)f5 ABLIY—04r B 3.12 R ABA45. 43— vectorcall nargsf 5%, [EIfE5 [ BFE#E. Huiss
[ i -

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) ]

SR, WE(F PyVectorcall NARGS pRaX AR TR ZHE 7T .
TE 3.8 JRAINA.

vectorcallfunc PyVectorcall_Function (PyObject *op)

W op AN IR vectorcall 15 (RIEIREIA 218 s @ BHIALIR) . st NULL. 11, [EEGET
1 op Wi vectorcall BRXAEEE . B RN G5 8BS

BRELET op B 1% vectorcall BFEEYR_ ¥, W PABEARTE PyVectorcall _Function (op)
= NULL AJE .
1E 3.9 B A

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
[EJES & ABI (1354 & 3.12 s KB 44, WY callable (fjvectorcall func, HALED B #5T | #%
ZHEIRA tuple 1 dict #E 45 5E o

B -MEMEX, HEHRWHRAto_call WAMEZ R tp_call WEE. EATM
fEPy TPFLAGS HAVE_VECTORCALL JEAEF] H & A €riE 6] (fall back) ffi f{ tp_call,

1E 3.8 MBIA.
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7.2.3 Y0y API

A7 2 1R o 2RI R 2ACRE Y Python 490 4518 o5 2 i HC 7 | SR BT e 0 24 7 S 97 1 1P T 5 T DA 2
tp_call B vectorcall, [E)y"[ETn] GEEI T AT, wfistie— IR A /R Erhg .

TEREE TR WSS EER SR AR .

T callable args kwargs
PyObject_Call () PyObject * tuple dict/NULL
PyObject_CallNoArgs () PyObject * --- ---
PyObject_CallOneArg () PyObject * —{H¥Y{f -
PyObject_CallObject () PyObject * tuple/NULL ---
PyObject_CallFunction () PyObject * format ---
PyObject_CallMethod () Pk + char* format ==
PyObject_CallFunctionObjArgs () PyObject * TH[&ET|# -
PyObject_CallMethodObjArgs () Y + 258 A 5T | Y -
PyObject_CallMethodNoArgs () Yl + 2% - ==
PyObject_CallMethodOneArg () Yt + 45 —AE e ==
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () B8 + 4% vectorcall vectorcall

PyObject *PyObiject_Call (PyObject *callable, PyObject *args, PyObject ¥*kwargs)

AR #rag g [EREE ABLIY-—i . BEIY—{E ATIEAL ) Python ¥ {4 callable, Ff}H7Hi tuple args fif
R T | U ol 7 kwargs TG E Y B 75 19

args WEAE] NULL; WNFARTEES [ #, iM% wple, Q1R AT EEE T4, B kwargs 7 DA
NULL,

IR S, BTE R BORES | 5 — (8 5 SNE) =] {8 NULL.
B 4E A Python JE.5 callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)

e R Frey 4 0d, VRS ABLAY—H5 A 3.10 BROR B46. I —(E W] IEIL ) Python #){4: callable
AHEAATAG [ G52 AN 0PI Python AT RLH){:1 A 50r 5C

BT R [l SR mlofE Ok RO | 1 31 SNE [ {8 NULL.
1E 3.9 HUghnA.

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

EMEAE: Brag B, RN —(E AT ) Python 4{4: callable [FIA5 1E b —{H (7 & 5 | 5 arg T[4 B
F1%.

JRCT R [l (A SR, sl SR B 5 | 38— {1 1) N [ 8 NULLL
1E 3.9 ABIA.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

AR ey sk, [EFEE ABLY- 705y, BEL—{E W E0Y ) Python ¥){4F callable, [} Hi tuple args 7
HoEE . WARRTEEAGI L, A args 7T PAE) NULL.

B e [l (4 SR w2 RO | — {1 451 S ] {8 NULL .
BEE ) Python S callable (*args) .
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PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

AR Arag 4. [ERE ABLI— 7). R —f al L) Python ¥4 callable, i} diitnl 1) C
51 &L CHIMMEH Py Buildvalue () IR R AR . #UT AR NULL, FREV 7
PALATT

B [l SR ko A RO 5 | % 51 S [ {8 NULL.,
5 ZHE N Python 4.1 callable (*args) .

HE, WRIRHEMEA Pyobject* 58, HlpyObject_CallFunctionObjArgs () j&7—fEEHHE
R

AE 3.4 RIS E: S M# formar HEEIEH char * i,

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)

WMRAE B0 408, [EVFS5E ABI 34y RN obj ¥4t Hh 44 [E) name ) method [EIPH 4% di &) 8411 C 5|
#, EL CHl#tPy_Buildvalue () #FHAHA, [FIEE A M wple.

R P PAE] NULL, 7RI SR A5 | 8

JE R LA AR, e S RS | — {151 SNE R 8 NULL.

B Python S obj.name (argl, arg2, ...).

HER, WRIRAMA pyobject* 518, APyObject_CallMethodObjArgs () j&i—fH R

TE 3.4 WS : name 1 format (BIEICAE char * Ik,
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

AR Hrah 408, [ERIE ABL Y-l WE—{E W] REIU ) Python Y{4 callable, Ff} S T 5 11y
PyObject* 5 #f, 1ELT| B AN EAE NULL 218 . HE w58 0 2 HORER L

BRG] SR mlorE SR O | 1 451 SNE] [ {8 NULL .
B 4E A Python 5 callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)

ERAE: Ay 48, [EREE ABLY— i 7p. Y Python #J{F obj Hi#)—1 method, H' method 4
name H1ff) Python “FE W14 7E « FIY IR 1 PR SO AT 8 1Y Pyobject 518, &2 | Hue AN EAE
NULL %8 H3R] S8 2 BRI

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

AP AALATS [ S g Y Python #)14F obj i) —{F method, JH:rf method 44 i name 1§ Python 534
PHAGTE -

JRCT R ] (A R, e SR AR 5 | 38— {1 ) AN ] 8 NULLL.
e 3.9 IBTIA.
PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)

B A — {57 B 5 | B arg HUFEDY Python ¥4 obj HAY—1# method, H:r method £ FfH name H11 Python
FERYIELE E o

IR IRE AR O R BORE S | —f 51 SNET [l 48 NULL .
£ 3.9 HGA.

104 Chapter 7. {5 ¥11 B (Abstract Objects Layer)



The Python/C API, ([ 3.12.4

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

[EVig 2 ABIL 1) — 5y B 312 pR A B 45, W0 —{f 7] IF 1Y (¥ Python ¥ {4 callable. [ff 35 5| #%
Blvectorcall func AHE . W callable 738 vectorcall , Bl ' €1 H PN LEAE callable F1 1) vectorcall

.
JRCI R ] (LA SR, B SR Bk 5 | 3 — {1 ) SN o] (8 NULL
1E 3.9 IRPMA.
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwdict)

W BEAE vectorcall Y & HEEA AR TR 7 B 5 | ORIEIY callable, (B _b DAL kwdicr #% 23 ) BE
FHI8. args (5% AL SO E S B

MmN TR, AR TR AT | M EE). R, R U R A TERE I A —
M ZAEE B 5 [ s . EEA (EEL S [ 301 tuple R A BRI .

£ 3.9 HGA.

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

[E5 52 ABI 354 & 3.12 e A B4&. i fi] vectorcall MNL & 5 AR IE Y —{f method. method %44 5 DA
Python £ name (W42 . Y method A (HE] args[0], T args WA args[1] B4R AT HI
RFEIEI D E. BEMAZE DA ED 8. nargsf [EVEIE args[0] ZEEII AL E S| #p s, R
args [0] (Y{HE ] BERk i e s H B2 /N b PY. VECTORCALI_ARGUMENTS_OFFSET. BASETFS|#M] DA
BAEPyObject_Vectorcall () P—HEWEA .

MR R APy _TPFLAGS METHOD_DESCRIPTOR H¢tk, 5 M ASEHEN args 1) & /E[E)5 | kg ny
unbound method (R[EV&; %) Wit

SR RE I AR O R BCRE S 1 (51 SNl 48 NULL.
1E 3.9 JRBMA.

7.2.4 IR E API

int PyCallable_Check (PyObject *0)
[EVige ABL[#)—i055. FIEHF o A ETRIREIY . Qs 2 nr el ARl 1, oAb REEImE o,
i {1 R AN P R

7.3 HFHE

int PyNumber_Check (PyObject *0)
[E)Z 5 ABI [f)-—#F45. Returns 1 if the object o provides numeric protocols, and false otherwise. This function
always succeeds.
T 3.8 JiR[{ 5% 5 Returns 1 if o is an index integer.

PyObject *PyNumber_Add (PyObject *01, PyObject ¥02)
EMEAE: ey 4, [EfS 0 ABI 14>, Returns the result of adding ol and 02, or NULL on failure. This
is the equivalent of the Python expression o1 + o2.

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
EMEAE: #rag 4ng, [EfS 0 ABI 1974, Returns the result of subtracting 02 from o/, or NULL on failure.
This is the equivalent of the Python expression o1 - o2.
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PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
EAEAE: Frah 408, [FE5E ABI #9140, Returns the result of multiplying o/ and 02, or NULL on failure.
This is the equivalent of the Python expression o1 * o2.

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
EMRAE: Frag 48, [EFSE ABL—> B 3.7 iR 44, Returns the result of matrix multiplication on o/
and 02, or NULL on failure. This is the equivalent of the Python expression o1 @ o2.

e 3.5 iBTIA.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
EMEAE: Frag 488, [EEEE ABI - Return the floor of ol divided by 02, or NULL on failure. This is
the equivalent of the Python expression o1 // o02.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
EMRAE: #reg 488, [FFE5E ABI [#)—3%%4). 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 / o2.

PyObject *PyNumber_Remainder (PyObject *0l, PyObject *02)
EMEAE: #rag 488, [EfE 2 ABI [1)—734). 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)
EAEAE: Frah 408, [FEEE ABI #Y-—#54). See the built-in function divmod (). Returns NULL on failure.
This is the equivalent of the Python expression divmod (ol, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
EMR A #rah 408, [EfSE ABI /). See the built-in function pow () . Returns NULL on failure. This is
the equivalent of the Python expression pow (01, 02, 03), 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)
EMEAE: ey 48, [EfE5E ABI [)—754. Returns the negation of o on success, or NULL on failure. This is
the equivalent of the Python expression —o.

PyObject *PyNumber_Positive (PyObject *0)
EMR G Freg g, [EfEE ABI ()54, Returns o on success, or NULL on failure. This is the equivalent of
the Python expression +o.

PyObject *PyNumber_Absolute (PyObject *0)
ERAE: Freg4Bg, [ESE ABI 1354, Returns the absolute value of o, or NULL on failure. This is the
equivalent of the Python expression abs (o) .

PyObject *PyNumber_Invert (PyObject *0)
EMRAE: #1208, [FfE5E ABI[1—%5/%). 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)
EMR G ey 48, [DFEE ABI [)—354). Returns the result of left shifting ol by 02 on success, or NULL on
failure. This is the equivalent of the Python expression o1 << 02.

PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)

EMRAE: #rag 48, [EfSE ABI f)—%). Returns the result of right shifting o/ by 02 on success, or NULL
on failure. This is the equivalent of the Python expression o1 >> 02.
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PyObject *PyNumber_And (PyObject *o1, PyObject ¥02)
B #rhy 408, [EfEE ABI [)—3/%>. Returns the “bitwise and” of ol and 02 on success and NULL on
failure. This is the equivalent of the Python expression o1 & o2.

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
ERAE . B0y 28 [EIfS0E ABI [ -745. Returns the “bitwise exclusive or” of 0l by 02 on success, or NULL
on failure. This is the equivalent of the Python expression o1 ~ o2.
PyObject *PyNumber_Oxr (PyObject *ol, PyObject *¥02)
EIMEE: ey g, [EEE S ABI [)—7B4)>. Returns the “bitwise or” of o/ and 02 on success, or NULL on
failure. This is the equivalent of the Python expression o1 | o02.
PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject ¥02)
EMRE: #rey 408, [EFEE ABI [#)—3%(4). Returns the result of adding 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.
PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject ¥02)
EMR 1 #rag 408, [EFEE ABI[-—%14). Returns the result of subtracting 02 from ol, or NULL on failure.
The operation is done in-place when ol supports it. This is the equivalent of the Python statement 01 -= o2.

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *¥02)
EMEAE: #roh 408, [FfEE ABI 1345 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 01 *= 02.

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
EMRE: #reg40a, [EiSE ABIL 44 B 3.7 B A B 44. 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 o1 @= o2.

e 3.5 LB
PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
EARAE: #rhg 48, [FfS ABI (19— #04). Returns the mathematical floor 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
//= o2.
PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject ¥02)

EMRE: ey 4n8, [EFE5E ABI [#)-—3%4). 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 01 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
EMEAE: #rhg 48, [EfEE ABI )3/, Returns the remainder of dividing o/ by 02, or NULL on failure.

[o)

The operation is done in-place when ol supports it. This is the equivalent of the Python statement 01 %= o02.

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject *03)
EIMRAA: #ray 48, [EfE D ABI 1545, 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, o3) otherwise. If 03 is to be ignored, pass Py_ None
in its place (passing NULL for o3 would cause an illegal memory access).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *¥02)
ERAE: #FHeg 408, [DFEE ABI [—4). Returns the result of left shifting 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
<<= 02.
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PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
EMEAE: ey 40, [EFEE ABILHJ—04). 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 o1
>>= 02.

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject ¥02)
EAEAEL: #ray 408, [EfEE ABI [)—/%>. Returns the “bitwise and” of ol 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 o1 &=
o2.

PyObject *PyNumber__InPlaceXor (PyObject *ol, PyObject *02)
EMEAE: Frag 40, [FEE ABI -4, 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)
EIMEE: ey 4ng, [EEE S ABI [1)—%B4>. Returns the “bitwise or” of ol 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 01 | =
o2.

PyObject *PyNumber_Long (PyObject *0)
EIMRE: #rag g, [EFEE ABI [#)-—3B4). 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_Float (PyObject ¥0)
EMEAL: #rag 4 0a., [EiEE ABI )34 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)
EMRAE : #rah 408, [EEE ABI [)—%(4). Returns the o converted to a Python int on success or NULL with a

TypeError exception raised on failure.

T 3.10 iR Y5 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)

EMR G #rey g, [EfEE 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 *0, PyObject *exc)
)25 ABI [)—314). Returns o converted toa 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 excis NULL, then the exception is cleared and the value is clipped toPY_SSIZE_T_MIN
for a negative integer or PY_SSIZE_T_MAX for a positive integer.

int PyIndex_Check (PyObject *0)

[FE & ABI [)—3%89r B 3.8 B A B 44. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and O otherwise. This function always succeeds.
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7.4 FFIIRTE

int PySequence_Check (PyObject *0)
[F)f5 5 ABI [J—3/%>. 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)
[F)f5 5 ABI [#)—74). 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)
EIRAE: ey 488, [FfEE ABI %545 Return the concatenation of ol and 02 on success, and NULL on
failure. This is the equivalent of the Python expression o1 + o02.

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
EMRE: #reg40d, [EiEE ABI [-—#54). 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)
EIARE: Frag 4g, EEE ABI %54 Return the concatenation of ol 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 o1 +=
02.

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
EMEAE: #ray 4. [FFEE ABI i—0%). 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 i)
EARE: #ey 48, [EEEE ABI [1-—3#04. 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 il, Py_ssize_t i2)
EARAE: Fray L8, = 7E ABI [1)—/>. Return the slice of sequence object o between i/ 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)
[F)f5 1 ABI [#)—3%). Assign object v to the ith element of 0. Raise an exception and return —1 on failure; return

0 on success. This is the equivalent of the Python statement o [1] = wv. This function does not steal a reference
tov.

If vis NULL, the element is deleted, but this feature is deprecated in favour of using Py Sequence_DelItem().

int PySequence_DelItem (PyObject *0, Py_ssize_t 1)
[F)f5 5 ABI [1)—7/7. Delete the ith element of object 0. Returns —1 on failure. This is the equivalent of the
Python statement del of[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)
[F)f2 & ABI [1—3%54). Assign the sequence object v to the slice in sequence object o from il to i2. This is the
equivalent of the Python statement o [11:12] = wv.

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t12)
[EJFZ 72 ABI 1754y Delete the slice in sequence object o from i/ to i2. Returns —1 on failure. This is the
equivalent of the Python statement del o[il:i2].
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Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
[F)F2 5 ABI [)—3%%4>. 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)
[F)f5 1 ABI [f)—54). 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)
[E)i% & ABI 19 —3#B%>. 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)
B AR AE: #rag 48g. [EfSE ABI [ 04). 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)
EMRE: Frey 48, S E ABI [)—#4>. 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)

EMR A8 Frag 48d, [EFE5E ABI [)—%B4>. 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 () ono,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)
w4248 : &8 484, 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 Py Sequence_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)
B 1% 14 : #7469 % 18, Return the ith element of 0 or NULL on failure. Faster form of PySequence_GetItem()
but without checking that PySequence_Check () on o is true and without adjustment for negative indices.
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7.5 HIRE

HitaFlpyobject_GetItem(). PyObject_SetItem() FIPyObject_Delltem().

int PyMapping_Check (PyObject *0)
[V ABIL (1755 WA A SR A S et e sl S Ul Jr (slicing) B Il 1, HHIMIME 0. F5VERL,
A __getitem () Jyihg Python M, B frlalfif 1, [AIEE e e e lgiE) 2 2 VSO
ARt i {1 R AR 2 Y

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
[EVfEE ABL 155 IR R o s gt SRR -1, SEAHE R Python FEHK len (o) .

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
R #reg 488, [EFEE ABLIW . BHPyobject_GetItem() HFl, {H key $iF5E[E] const
char* UTF-8 i\ LA F R, MARE PyObject*,

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
[EfE 5 ABL ) 3B4y. BELPyobject _SetTtem () HA|, 1H key #i$55E[E const char* UTF-8 4ifi§
Pt T, AR Pyobject*,

int PyMapping_DelItem (PyObject *o, PyObject *key)
B2 Pyobject_Delltem() fE4.

int PyMapping_DelItemString (PyObject *o, const char *key)
BHlpyobject_Delltem() A, 1H key #i#5E([E) const char* UTF-8 i LA FH, A=
PyObject*,

int PyMapping_HasKey (PyObject *o, PyObject *key)

[EVE 2 ABI (577 W R3S P AT key IEIE 1, REE 0. 55193 Python S5 key
in o. &R ZRING.

e
WEMM __getitem_ () J7¥kIRF 88 AR 0901 A0 I 0 BR R 20 . (E) 73 G M R BE B R, W R

HPyObject_GetItem(),

int PyMapping_HasKeyString (PyObject *o, const char *key)
[EfE 2 ABI [—3B4y. i@8lPyMapping HasKey () #[E, 1A key #i5E[F) const char* UTF-8 4l
figclFd, MR Pyobject*,

il
WEMN __getitem_ () JKEUHISLEREE st WOFRE A B SN SRR 2 o (E) 30

e M PyMapping GetItemString ().

PyObject *PyMapping_Keys (PyObject ¥0)
AR Ay 2. BT ABLIY- 5. R A1 o Bl S H51, JHURE Il 8 NULL,
T 3.7 SR EE: AEDART, a%pR e [ H 21 soeAl .
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PyObject *PyMapping_Values (PyObject *0)
AR Ay st BT ABLIY-or. IR A o HE R HRS . JRHEE ] {3 NULL.
TE 3.7 LS AELART, %k AR g1 st

PyObject *PyMapping_Items (PyObject *0)

ARG #7408 [EEE ABLIY 0. BCEh sl e o Bl JEH i ER 5], Hoh i iE H# 2 S
BEEE I TCA . Je B[R] NULL,

e 3.7 BB RE: FELATT, w4 eR 2 [l (5 51 BT A .

7.6 [F{C28in 8

7 T S R R R R
int PyIter_Check (PyObject *0)

[EJf5 & ABLIY-—#B5r B 3.8 R A B4, QR o WAL MM Py Tter Next () R {#HIEE
(non-zero), {HIEI M 0. 5 oK X — & TN o

int PyAIter_Check (PyObject *0)
[EF7E ABLI—7r B 3.10 AR R4s. IR o A AsyncIterator sk, MIRIEAEE, 75
I 0. & M8 R 3 —E E AT .
e 3.10 A

PyObject *PyIter_Next (PyObject *0)

AR Hrag 208, [EIRTE ABL—#). WIEERE o N —fRfH. Mifpyiter Check (), &Y
e —AERE: (hgEEies) . WREGRAE, WEE N oL BASDEGIS. WERBREH
RFEELE SRR, Ul NULL [EVERE 15

i e —EERRERRMERE, CRAMEY RiEk:

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

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

}

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

/* release reference when done */
Py_DECREF (item) ;
I3

Py_DECREF (iterator);

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

}
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type PySendResult
HirFRPyIter_Send () ANRZEHHS]E: (enum) i,
1 3.10 BUgemA.
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
55 ABLY- 0 B 3.10 B KBS, I arg (38 4 BN EMRRS dter p . [A]{E:
o QUREMR A [ EHI[E] PYGEN_RETURN. [H|/{H{E 3% presult [5]{4
o WREICSEEVE (vield) BIF PYGEN_NEXT. [EVAE(HBE presult 58,
o TNSRENRELD | B 4N I [E] PYGEN_ERROR, presult 353 Z[F] NULL.
1 3.10 BUgemA.

7.7 #4115 F (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 buffer 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 information
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:
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.
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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-—H4r (&4 FAME) B 3.11 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 () thisfield 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 memory

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_WRITABLE 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 tems i ze still has the value for the original format.

If shape is present, the equality product (shape) * itemsize == len still holds and the con-
sumer can use itemsize to navigate the buffer.

If shapeis NULL as aresult of a PyBUF_STIMPLE or a PyBUF_WRITABLE request, the consumer must
disregard i temsize and assume itemsize ==
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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 O, 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 be equalto len.

Shape values are restricted to shape [n] >= 0. The case shape [n] == 0 requires special attention.
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.

Constants:
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_ND IM 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 7, 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 I'd to any of the flags in the next section. Since PyBUF_SIMPLE is defined as O,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

PyBUF_FORMAT can be I'd to any of the flags except PyBUF_SIMPLE. The latter already implies format B (unsigned
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 st ridesis 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, buf 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
"o
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v $ itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

if strides[j] > 0)

return 0 <= offset+imin and offset+imaxtitemsize <= 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]. Insuboffsets representation, 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:
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void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

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

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];
}
I3

return (void*)pointer;

7.7.4 Buffer-related functions

int PyObject_CheckBuffer (PyObject *obj)

[ ABI 314> B 3.11 Bk B44. 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 149> B 3.11 pa A B4, 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 Buf ferError, set view—>o0bj to NULL and
return —1.

On success, fill in view, set view—>ob7j to a new reference to exporter and return 0. In the case of chained buffer
providers that redirect requests to a single object, view—>obj MAY refer to this object instead of exporter (See
Buffer Object Structures).

Successful calls to PyOb ject_GetBuffer () must be paired with calls to PyBuffer_ Release (), similar
tomalloc () and free (). Thus, after the consumer is done with the buffer, PyBuffer Release () must
be called exactly once.

void PyBuffer Release (Py_buffer *view)

[EFZ 5 ABI [#)-—3B4r & 3.11 e A B 45. 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)

ZE ABL—#5> B 3.11 i K B 44. Return the implied i temsize from format. On error, raise an
exception and return -1.

1E 3.9 B

int PyBuffer_ IsContiguous (const Py_buffer *view, char order)

[EfE 5 ABL[Y-—#B4r B 3.11 B A B44. Return 1 if the memory defined by the view is C-style (orderis 'C")
or Fortran-style (order is 'F ') contiguous or either one (order is 'A"). Return 0 otherwise. This function always
succeeds.

void *PyBuf fer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)

[E)f5 2 ABI [1)-—3%3%r B 3.11 #5 A B44. Get the memory area pointed to by the indices inside the given view.
indices must point to an array of view->ndim indices.

7.7. $&4i% € (Buffer Protocol) 119




The Python/C API, $(F) 3.12.4

int PyBuffer_FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
&5 ABL[—4> & 3.11 #r A Bi45. Copy contiguous len bytes from buf to view. fort canbe 'C' or 'F'
(for C-style or Fortran-style ordering). O is returned on success, —1 on error.

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)

[EVf5 5 ABI f—3%> @ 3.11 #i Ak B44. Copy len bytes from src to its contiguous representation in buf. order
canbe 'C' or 'F' or 'A"' (for C-style or Fortran-style ordering or either one). O is returned on success, —1 on
error.

This function fails if len != src->len.

int PyObject_CopyData (PyObject *dest, PyObject *src)
[EfE 2 ABIL—34> @ 3.11 fp 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)

[EFZ 5 ABI J—04> & 3.11 R B4&. 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)

[E)fE 2 ABI[)—34) B 3.11 #& A Hl44. 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—>o0b7j to a new reference to exporter and return 0. Otherwise, raise Buf ferError, set
view->o0b7j 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.

7.8 B & 415 F (Buffer Protocol)

1E 3.0 iz B E .

E U pE 2 Python 2 W [ 4R ME E 2 | AP [—34 . 7E Python 3 | 3%k B RAEAE, (AE L=t
154 oS BIAERS A 2.x REaAE . BT 7 X4 1 B 1 2 AR AP (e, (M e s A2 AT E 11 (export)
01 [t e T A BB VR A A= e (3

M, 7 =% IR W npyobject GetBuffer() (BY &2 DA y* Bl wx 4% X # (format code) W

WpryArg ParseTuple () ZA|RE) MY {4 1) 4 18 (545 1B (buffer view), DA S 4% 1y [ 4L [ w5 e f Ry
BRI PyBuffer Release () .

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
[EVEEE ABL s s). [ i m] AR 7 oo A 2 MERRC AR O B TR oy 5| Wb S 9%
B— F B (single-segment) F G WA T BENEEEIE 0, [ELKF buffer 3% E[FRCIEHENI B . ¥ buffer_len
e Eg A R . b -1 [EIfES R IFRE TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
B e ABI o7y [l 1) 0 S AT Rk 2 MERTGT AR B DB U FRER . obj 5| LA SR B — 1y
BEnT R I A1 o BRI O, (B3 buffer 3B [ERCIRBEOIE . 14 buffer_len 5% BB MASE . 1]
8 -1 [EIfESE R IFREE TypeError,
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int PyObject_CheckReadBuffer (PyObject *0)
E)FE ABL—07. Q2R o SR ¥ — Fr BEn AR ME 1w /i, HmlE 1, SHIEE o, EMm—Eg
AT
R, %R E U ORI R R I, (E) FLF 0 o X Rr B AR (R B AN e T . BB S A
B PyObject_GetBuffer ().

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

[EVFS 7 ABL - f 45 [l ) n] S5 st i B 0L B4R . oy 5 B0l JH S 9% ML BE TUAR A I8t /1 -
IR 0, [EVH buffer s [ERCIEMOIE, Hf buffer_len SUELARM N ARIE . W HF -1 7RSSR

€ TypeError,

7.8. EX{& 4% F (Buffer Protocol) 121



The Python/C API, $(F) 3.12.4

122 Chapter 7. {5 ¥11 B (Abstract Objects Layer)



CHAPTER 8

AERYHtE

I 4 M ) e XA e 2 B i 1 Python #) (R Z(E), i B s AL (E) () 0 2 (08 40 &2 1M IEVR 2 A1) - 2
HIRARAE Python R E i 3] — A HE & 2 B EIE MR T, IR — e S e . flanf
fPyDict_Check () HHEsd— MR EEF UL, ARFEEEREFLUA Python ¥4 ZUEIRY” % (family tree)”,

1%

He
=

HEARATEFTIR 2 AP AR T AR RIE, HAZ AR GE NULL. foFF NULL fE AT
RE T MRC TR IR A A A O B R 2 A 2 B R 1k

8.1 EuEWfF

BB A4 Python ZU[EIY) /51 HL (singleton) #J{} None.

8.1.1 B

type PyTypeObject
[E)2Z [ APL (—33%y (#[F)l—18 i #A 45 4% (opaque struct)) . The C structure of the objects used to describe
built-in types.
PyTypeObject PyType_Type
[EJ#Z 5 ABI [1—#F45. 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 O 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)

B2 5 ABI [#)—3%14). Return the tp_f1ags 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 JiR X 5% 58 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__). This is a replacement for accessing tp_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 nec-
essary 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)

[E)#Z 72 ABI [1—%B45. 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 suc-
cess, —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 rype as watched. The callback granted watcher_id by Py Type_Addwatcher () will be called whenever
PyType_Modified () reports a change to type. (The callback may be called only once for a series of consec-
utive modifications to fype, if _PyType_Lookup () is not called on fype between the modifications; this is an
implementation detail and subject to change.)

An extension should never call PyType_Wat ch with a watcher_id that was not returned to it by a previous call
to PyType_AddWatcher ().

1E 3.12 HGmA.

typedef int (*PyType_WatchCallback)(PyObject *type)

Type of a type-watcher callback function.

The callback must not modify fype 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.
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int PyType_HasFeature (PyTypeObject *o, int feature)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single bit flags.
int PyType_IS_GC (PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_ GC.
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
[EEE & ABI {5/ 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 issubclass () would do.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
EIRAE: #rah 48, [EFEE ABI 104>, 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)
AR ey 4, S ABI -, Generic handler for the tp_new slot of a type object. Create a
new instance using the type’s tp_alloc slot.
int PyType_Ready (PyTypeObject *type)

[FJfZ 1 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 par-
ents. 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 t p_ t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
EMRE: #rag40g, S ABL1Y—48%> A 3.11 # A PBi45. Return the type’s name. Equivalent to getting
the type’s __name___ attribute.

1E 3. 11 i A.

PyObject *PyType_GetQualName (PyTypeObject *type)
EMRAE: Frag 408, [ESE ABL— B 3.11 J K H44. Return the type’s qualified name. Equivalent to
getting the type’s ___qualname___ attribute.

TE 3.1 BRAEIA.
void *PyType_GetSlot (PyTypeObject *type, int slot)

[ & ABIL [1—304> & 3.4 B A Bl 44. 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 slot argument.
T 3.4 BMA.

TE 3.10 [R5 PyType_GetSlot () can now accept all types. Previously, it was limited to ieap types.
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PyObject *PyType_GetModule (PyTypeObject *type)

[E)f5 2 ABI )5 B 3.10 K& A Bl44. Return the module object associated with the given type when the type
was created using Py Type_FromModuleAndSpec ().

If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may be
a subclass of the intended class, and subclasses are not necessarily defined in the same module as their superclass.
See PyCMethod to get the class that defines the method. See Py Type GetModuleByDef () for cases when
PyCMethod cannot be used.

1E 3.9 MABIA.

void *PyType_GetModuleState (PyTypeObject *type)

[ ABI [-—3514> B 3.10 #R A B44. Return the state of the module object associated with the given type.
This is a shortcut for calling PyModule_GetState () onthe result of Py Type_GetModule ().

If no module is associated with the given type, sets TypeError and returns NULL.

If the #ype has an associated module but its state is NULL, returns NULL without setting an exception.

1E 3.9 MABIA.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

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 meth-
ods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed using the
PyCMethod calling convention.

e 3.11 A

int PyUnstable_Type_AssignVersionTag (PyTypeObject *type)

TE A ST APL, BT RETE/INIRAEE A [ A i 5 Ml o

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 0 if a new tag could not be
assigned.

1E 3.12 HRAA.

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)
B & ABL 1 — %4> B 3.12 p5 A~ Bl 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).

126

Chapter 8. B4



The Python/C API, ([ 3.12.4

Metaclasses that override t p_new are not supported, except if tp_new is NULL. (For backwards compatibility,
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 mod-
ule object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for each
class individually.

This function calls PyType_Ready () on the new type.

Note that this function does not fully match the behavior of calling t ype () or using the class statement. With
user-provided base types or metaclasses, prefer calling t ype (or the metaclass) over PyType_From* functions.

Specifically:
e _ new__ () isnot called on the new class (and it must be set to type.__ _new__ ).
e __init__ () is not called on the new class.
e __init_subclass__ () isnot called on any bases.

* __ set_name__ () isnot called on new descriptors.

TE 3.12 B A

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
EMRE: #reh 208, [EEE 2 ABI [—304 & 3.10 pe KB4, Z5{8 A PyType_FromMetaclass (NULL,
module, spec, bases),
TE 3.9 A
TE 3.10 iR f%) %2 58 . The function now accepts a single class as the bases argument and NULL as the tp_doc slot.
TE 3.12 JiR /¥ %% 5. 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)
EMRE: #rag 4, [EEE ABLW—E4 & 3.3 AR5, 245 PyType_FromMetaclass (NULL,
NULL, spec, bases),
e 3.3 A

TE 3.12 W% 5% ¥: 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_FromSpec (PyType_Spec *spec)
EMRE: #rag 40g, [EEE ABI [—34). %8N PyType_FromMetaclass (NULL, NULL, spec,
NULL) .

T 3.12 KU 5% ¥5: 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 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.

8.1. EmEMH 127



The Python/C API, $(F) 3.12.4

type PyType_Spec
&5 ABL—i4y (6.4 Fr A s B ) . Structure defining a type’s behavior.
const char *name
Name of the type, used to set Py TypeObject . tp_name.

intbasicsize

If positive, specifies the size of the instance in bytes. It is used to set Py TypeOb ject.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 su-
perclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory reserved this
way.

TE 3.12 fR %)% 5 : Previously, this field could not be negative.

int itemsize

Size of one element of a variable-size type, in bytes. Used to set Py TypeObject.tp_itemsize. See
tp_itemsize documentation for caveats.

If zero, tp_itemsize 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 i temsize is only possible in the following situations:

¢ The base is not variable-sized (its tp_itemsize).

* Therequested PyType_Spec.basicsizeispositive, suggesting that the memory layout of the base
class is known.

e The requested PyType_Spec.basicsize is zero, suggesting that the subclass does not access the
instance’s memory directly.

e Withthe Py TPFLAGS_ITEMS_AT_END flag.

unsigned int £lags

Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, Py Type_FromSpecWithBases () sets it automati-
cally.

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

[EfE & ABI [f—4 (L4 F7 A s B ) . Structure defining optional functionality of a type, containing a slot
ID and a value pointer.

int slot

A slot ID.

Slot IDs are named like the field names of the structures Py TypeOb ject, PyNumberMet hods,
PySequenceMethods, PyMappingMethods and PyAsyncMethods with an added Py_
prefix. For example, use:

e Py_tp_dealloctoset PyTypeObject.tp_dealloc
* Py_nb_addtoset PyNumberMethods.nb_add

* Py_sqg_lengthtoset PySequenceMethods.sq_length
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The following “offset” fields cannot be set using Py Type_Slot:

* tp_weaklistoffset (use Py _TPFLAGS_MANAGED_WEAKREF instead if pos-

sible)
e tp_dictoffset (QISRWHE, FEWMPy_TPFLAGS_MANAGED_DICT)
e tp_vectorcall_ offset (& H PyMemberDef T 1]
" 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 PyMemberDef
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)
e 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_ FromSpecWithBases () instead.

TE 3.9 fRAY%E T Slots in PyBuf ferProcs may be set in the unlimited API.
JE3.11 R T : bf _getbufferand 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 ¥if¥

Note that the Py TypeOb ject 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 312 RIS Py None [FIAJEN (immortal).,

Py_RETURN_NONE
Return Py_ None from a function.

8.2 B{EMF
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

[F5Z i APL 13— 384> (#EF)—18 1% 80 & 4% (opaque struct)) . This subtype of PyObject represents a
Python integer object.
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PyTypeObject PyLong_Type
B2 ABI [)—3#54). 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 isa PyLongObject orasubtype of PyLongObject. This function always succeeds.

int PyLong_CheckExact (PyObject *p)

Return true if its argument is a PyLongOb ject, but not a subtype of PyLongObject. This function always
succeeds.

PyObject *PyLong_FromLong (long v)
EMR G Frag 4 0d ., [BESE ABI[1-—#F4). Returnanew 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)

EEAE: #rag 4, [EEEE ABI [)—3%4>. Return a new PyLongObject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
ERAE: Frag & E. ZF ABI f—4>. Return a new PyLongObject object froma C Py_ssize_t,
or NULL on failure.

PyObject *PyLong_FromSize_t (size_tv)
EARE: #ray 4 0g, [FfE 5 ABI (1—754). Return a new PyLongObject object from a C size_t, or
NULL on failure.

PyObject *PyLong_FromLongLong (long long v)
EMR G Frag 208, [E)FE5E ABI[1)-—F4). Return anew PyLongOb ject object froma C long long, or
NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
ERE: #ray e, [ElfS 2 ABI ()74 Return a new PyLongObject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
MR Fey %R, = E ABI 147, Return a new PyLongOb ject object from the integer part of v,
or NULL on failure.

PyObject *PyLong_FromString (const char *str, char **pend, int base)

EMEAE: Frhg 408, [FfEE ABI (19— %4). Return a new PyLongObject 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 st 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 a ValueError. 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 st is not NULL-terminated following the
digits and trailing whitespace, ValueError will be raised.

hz%

Python methods int .to_bytes () and int . from_bytes () toconverta PyLongOb ject to/from an
array of bytes in base 256. You can call those from C using PyOb ject_CallMethod ().
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PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
EI{E4E: #e94 8, Convert a sequence of Unicode digits in the string u to a Python integer value.
15 3.3 JRBIMA.

PyObject *PyLong_FromVoidPtr (void *p)

ERAE: #reh 40, [EFSE ABI #Y—74). Create a Python integer from the pointer p. The pointer value can
be retrieved from the resulting value using PyLong_AsVoidPtr ().

long PyLong_AsLong (PyObject *obj)
Z £ ABI [)—47. Return a C long representation of obj. If obj is not an instance of PyLongObject,
first call its ___index__ () method (if present) to convert it to a PyLongOb ject.

Raise OverflowError if the value of obj is out of range for a 1ong.
Returns —1 on error. Use PyErr_Occurred () to disambiguate.

YE 3.8 fRJ5EH: Use __index_ () if available.

JE 3.10 JiR[¥)%# 55 This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
= £ ABI [)—34). Return a C 1ong representation of obj. If obj is not an instance of PyLongObject,
first callits __index__ () method (if present) to convertitto a PyLongObject.

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.
TE 3.8 U5 T : Use __index_ () if available.
TE 3.10 R %)% 55 This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)
[F)f5 5& ABI () — 7 4r. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index___ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range fora long long.
Returns —1 on error. Use PyErr_Occurred () to disambiguate.

FE 3.8 B35 8 : Use __index__ () if available.

JE 3.10 JiR f¥)%# 55 This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

[E)% % ABI [ #54>. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_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.
e 3.2 B

FE 3.8 fJ55 8 : Use __index__ () if available.

JE 3.10 JiR %% 55 This function will no longer use __int__ ().
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Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

B2 & ABI ()—7#$4>. Return a 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)

)35 & ABI ff)—3/>. Return a C unsigned long representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

Returns (unsigned long) -1 onerror. Use PyErr_Occurred () to disambiguate.

size_t PyLong_AsSize_t (PyObject *pylong)

[E)% 2 ABI 1 —#F4r. 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)

[F)f5 5 ABI [)—#(4r. Return a C unsigned long long representation of pylong. pylong must be an
instance of PyL.ongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.
Returns (unsigned long long) -1 onerror. Use PyErr_Occurred () to disambiguate.

TE 3.1 fRASEAEE : A negative pylong now raises OverflowError, not TypeError.

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

[F)f% & ABI [)—7#F4r. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index___ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range foran unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

Returns (unsigned long) -1 onerror. Use PyErr Occurred () to disambiguate.
YE 3.8 fR5EHE: Use __index_ () if available.
7E 3.10 Jit[¥)%% 55 This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

= E ABI [1)—3%4). Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

Returns (unsigned long long) -1 onerror. Use PyErr Occurred () to disambiguate.
IE 3.8 U5 T : Use __index_ () if available.
TE 3.10 R [%) % 55 This function will no longer use __int__ ().
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double PyLong_AsDouble (PyObject *pylong)

B2 & ABI [ —#4r. 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 [1—4>. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an

OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

Returns NULL on error. Use PyErr_Occurred () to disambiguate.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

R AL AL, BT REAE/ MIA B o EVA 65 BB

Return 1 if op is compact, O otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small integers. For
compact valuesuse PyUnstable_Long_CompactValue ();forothersfall backtoa PyLong_As * function
orcallingint.to_bytes().

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)

TE A ST APL, BT RETE/INRAEE A [ A i 5 o

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.

Otherwise, the return value is undefined.

8.2.2 Boolean (fik) ¥

Python 11 boolean ;& DAEE # T-HAEML AR E . HAGPy_False fiPy_ True Wiff] boolean, K —fi%
LA b8 X ER 8 F i boolean, {H R %1 F £ (macro) /2 1] FH .

PyTypeObject PyBool_Type

B2 & ABI 1) —%1%>. This instance of Py TypeObject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)
R o EIEIEPyBool Type RIFMEEAE. MMM BT
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PyObject *Py_False

Python [fY) False #{4. WEEIE A5 vk HEAS BT (immortal)
1 312 RS Py _False BRI,
PyObject *Py_True

Python /) True {4, M HEA T4 )5 HIEIAS BT (immortal).
TE 312 JRIEET: Py True [EIANWI .
Py_RETURN_FALSE

WPy False,
Py_RETURN_TRUE

WX Py True,

PyObject *PyBool_FromLong (long v)
EMRAE: Frag i, [ERUE ABLA—ARor ARIE v I EBMERE Py True B Py _False.

8.2.3 Floating-Point Objects

type PyFloatObject
This subtype of PyOb ject represents a Python floating-point object.

PyTypeObject PyFloat_Type
[EJfZ 5 ABI )74 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 is a PyFloatObject or a subtype of PyFloatObject. This function always
succeeds.

int PyFloat_CheckExact (PyObject *p)
Return true if its argument is a PyFloatObject, but not a subtype of PyFloatObject. This function always
succeeds.

PyObject *PyFloat_FromString (PyObject *str)
EMEAE: #rey 408, [FiS ABI - 74>, Create a PyFloatObject object based on the string value in
str, or NULL on failure.

PyObject *PyFloat_FromDouble (double v)
EMR G #reg 4 g, [EFEE ABI (-4, Create a PyFloatObject object from v, or NULL on failure.

double PyFloat_AsDouble (PyObject *pyfloat)

B2 ABI [)—3#14). 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 U5 HE: Use __index_ () if available.
double PyFloat_AS_DOUBLE (PyObject *pytloat)
Return a C double representation of the contents of pyfloat, but without error checking.

PyObject *PyFloat_GetInfo (void)

EMR 1 #rag 408, [EFSE ABI [1—#545. 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.
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double PyFloat_GetMax ()
)25 ABI [1)—547. Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
25 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
7754 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).

1E 3.11 A

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, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or O on
little endian processor.

Return value: 0 if all is OK, —1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:
¢ What this does is undefined if x is a NaN or infinity.
e —0.0 and +0 . 0 produce the same bytes string.
int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.
int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.
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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 [FIguifs

ft C APLZiCF, Python 4 [EVH (4% B AE[EI MR AS R A4E): 7 )& 24 B4 Python £y Python #1{4:, 5
— TR RN PR E R C &5 . APLERAL 7B &R AE A R X

1E[E C #mnDe

FEVER, B2 iE e R 2 BB e MR 45 SR [m ) pR 2R A 1E (by value) AT, TS5 08 FE AR EL
T2 M (dereference) ‘B 1M, EAEEME API FP#RE—5U1 .

type Py_complex

Hi13 77 Python 1S {2 BB C 450, 2 S PREISCY) {14 o MR 75 oK 6] 8 R 2 TR
o A (B A sl

double real

double imag

3 v Ik

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
PAC 1 Py_complesx o B nl i E He # .
Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
PA C 1Py complex Fm a2 ul (o i [E1 g e 1) 22
Py_complex _Py_c_neg (Py_complex num)
PAC 1 Py_complex R B EEIEL num (14 L (negation).

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
PA C Iy Py_complex 3w a2 ] 3 s i [ o et «
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Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
PA C [Py complex Fm a2l {3 i [V v o
AN divisor [F null, Bt 535 & 6 B F¥ errno 3% 52([F EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
PAC Py _complex FrnEARMME num 1) exp I T HIE
W num [F] null B exp A ZIEEH, Q& BEZE errno 58 E[E] EDOM,

{€[E] Python ¥j{a4(F)g

type PyComplexObject
B Pyobject I FHUEULFE—{E Python [El#I{4:

PyTypeObject PyComplex_Type
[EVfE 7 ABL )4, 8 Py Typeobject K E IR F Python [FIZI(E]. &8 Python Jg 1Y) complex
e [ — Pt

int PyComplex_Check (PyObject *p)
WRHS [ Hog—{f Py ComplexObject M @EPyComplexObject WTAIE, HI@m M true, SEMH K
XA R

int PyComplex_CheckExact (PyObject *p)
WRILT | #UR— W PyComplexObject, {HAREPyComplexObject [-FHE, HIEr Al rue, &M
FEEWN PN

PyObject *PyComplex_FromCComplex (Py_complex v)
EMRAE: #eg &, W CHIPy complex (HENT—{#H) Python [Fl#i{t. {E85 7RI n1{H NULL Bk
FEBIHb

PyObject *PyComplex_FromDoubles (double real, double imag)
EMRE: #eg2mE, [EFSE ABI-—E045. #E real Fl imag [M{E-—E M PyComplexobject Y. A
SR [ 8 NULL [EIREE B Ah .

double PyComplex_RealAsDouble (PyObject *op)
[ElfE7e ABI {45, A C #) double JE IR op MY L.
RIGORE, B VAIREE -1 0 [EIRERIS, HILHERZIFIY PyErr Occurred () AARA SRR

double PyComplex_ImagAsDouble (PyObject *op)
[EVige ABI [1)—B47. % op FIERRIEE C 1y double [HIfH.

Py_complex PyComplex_AsCComplex (PyObject *op)
B [E)# op B Py_complex {H.
U2k op A2 Python [EIH# {4, HA —M __complex_ () Jrik, I Jc &%y ks op
Python [EJ# 4 4:. Wi _ complex_ () [ElkEsw, MEEEGMIBE _ float_ (), UWIHE
__float__ () KK, HEMEMNIRE __index_ ().

K BCWE, Bty ¥k [ fipy_complex [E] ffreal #[E -1.0, [E & & B4, KN 0L R % R
WpyErr Occurred () FAGEHaR.

1E 3.8 AR WA AR __index_ ().
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3 R

JF NI — AT — B SR 5 HeBOE R Python 7R 5 A HokrE LEF 54

8.3.1 i+ (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
[EJ#Z 5 ABI [1—F4y. 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.

PyObject *PyBytes_FromString (const char *v)
EMEAE: #rag 4 ig, [EFEE ABIL -0/ 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)
B4 Freg 4, [EEE ABI {354y Return a new bytes object with a copy of the string v as value and
length len on success, and NULL on failure. If v is NULL, the contents of the bytes object are uninitialized.

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

EMRAE  #reg48e ., [EFEE ABI %4y Take a 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 EEAE printf(wd").'

$u unsigned int LB print £ ("su") Paee 1391

$1d long ZAEN print £ ("2 ld") Page 139, 1

$1lu unsigned long  ZE{E iR print £ ("s1um) Fae 31

$zd Py _ssize_t @ Z{EJA printf ("$zd") Fae 1391

$zu size_t EfERN print £ ("Szu") Pae 1391

%3 int EEMEN print £ (" %1") L 113 1

$x int LEEIN print £ ("sx") Page 1391

%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.
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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)
AR Freg 48, [EiZ ABL [/, Identical to PyBytes FromFormat () except that it takes
exactly two arguments.

PyObject *PyBytes_FromObject (PyObject *0)
EIRAE: #reg 408, [E)iEE ABI 1314, Return the bytes representation of object o that implements the
buffer protocol.

Py_ssize_t PyBytes_Size (PyObject *0)
[EJ#Z 5 ABI 145 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)
[Ef% 72 ABI [J—4). Return a pointer to the contents of 0. The pointer refers to the internal buffer of o,
which consists of 1len (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 must not be deallocated. If o is not a bytes object at
all, PyBytes_AsString () returns NULL and raises TypeError.

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)

[F)f5 & ABI {#)—747. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 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 mustnot be deallocated. If obj is not a bytes object at
all, PyBytes_ AsStringAndSize () returns —1 and raises TypeError.

T 3.5 iR 5 Previously, TypeError was raised when embedded null bytes were encountered in the bytes
object.

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

ZE ABI 1) Create a new bytes object in *bytes containing the contents of newpart appended to bytes;
the caller will own the new reference. The reference to the old value of bytes 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)
[FJf5 1 ABI [)—74). Create a new bytes object in *bytes 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)

A way to resize a bytes object even though it is “immutable”. Only use this to build up a brand new bytes object;
don’t use this if the bytes may already be known in other parts of the code. It is an error to call this function if
the refcount on the input bytes object is not one. 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;

! For integer specifiers (d, u, Id, lu, zd, zu, i, x): the O-conversion flag has effect even when a precision is given.
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the address in *byfes may differ from its input value. If the reallocation fails, the original bytes object at *byfes is
deallocated, *bytes is set to NULL, MemoryError is set, and —1 is returned.

8.3.2 {uscibEF¥14 (Byte Array Objects)

type PyByteArrayObject
i Pyobject M RIEIZ T Python AL TCALME Pt
PyTypeObject PyByteArray_ Type

[EEE & ABL ). BMPyTypeobject HEHIfCZ T Python AY{Z CAL 45 U (E]; 7F Python JE
i) bytearray [El[a—{E4{4.

DIREESR

int PyByteArray_Check (PyObject *0)
WP 0 22— TTALS Y1, s @ AL 2 7 R E B, IR ek =X
&' IAT .

int PyByteArray_CheckExact (PyObject *0)

WP 02— AT RS, (EAGR ACH A R ER 7 2B e, AR R
e G IRAT .

Ef# APl B3

PyObject *PyByteArray_FromObject (PyObject *0)

R Freg 4 0e. [EFEE ABLIY 5. BATEYCE o M H R A CAH S 0, [EVEAE T 4
ek (buffer protocol).

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)

AR Frag % BE. [EFEE ABLIY 3B 1€ srring RIARTE len # 7 — (R AL CAL S M. 252k
JCHI 9] {8 NULL,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)

AR Ay 4. [EREE ABL Yoy, A TALIES] o A b, (Wl — {40 & 45 SR A B T AL
4.

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
552 ABL - 0. FEMAEE NULL 4548548, (01K bytearray B R/,

char *PyByteArray_AsString (PyObject *bytearray)

[EIFE5E ABL 7. TEMR AR AR (E NULL $8454% , 1 byrearray [ [E17 [ EEEIF TS . [u] (3174 fE57)
sy A | R S A B

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
[EIRS5E ABL 93 # bytearray 1 [ETR 8% 1 K/ HE(ED len
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EX

EE R T e A ERGEE, B HEMA g,

char *PyByteArray_AS_STRING (PyObject *bytearray)
YlpyByteArray AsString () $fil, HEVHEHRRE.

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
BlpyByteArray Size () ¥, {BEEEERGE.

8.3.3 Unicode {4 1R iR 55 28
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.

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

= ABI [1—/7. 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 A

type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.
T 3.3 iR 5# §E: In previous versions, this was a 16-bit type or a 32-bit type depending on whether you selected
a "narrow” or "wide” Unicode version of Python at build time.

type PyYASCIIObject

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 FIA.
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PyTypeObject PyUnicode_Type

B2 5 ABI [#)—3%/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 0bj 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.

e 3.3 B

1E 3.10 it 2 % #E(E) ) : 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 RPN
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 ABIA.

PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.

TE 3.3 MU A.
JE 3.12 JRHJ% T : PyUnicode_WCHAR_KIND B #iLE.
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” representation
(not checked).

1E 3.3 RABIA.
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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.

TE 3.3 g
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 JRABTINA.
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.

1E 3.3 RPN
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.

£ 3.3 HUgmA.

int PyUnicode_IsIdentifier (PyObject *unicode)

[F)f5 5 ABI [)— 754>, Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return 0 otherwise.

T£ 3.9 W5 5 The function does not call Py._FatalError () anymore if the string is not ready.

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 ch is a whitespace character.
int Py_UNICODE_ISLOWER (Py_UCS4 ch)

Return 1 or 0 depending on whether ch 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 c# is a decimal character.

int Py_UNICODE_ISDIGIT (Py UCS4 ch)
Return 1 or 0 depending on whether ch is a digit character.
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int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

Return 1 or 0 depending on whether ch is a numeric character.
int Py_UNICODE_ISALPHA (Py_UCS4 ch)

Return 1 or 0 depending on whether ch is an alphabetic character.
int Py_UNICODE_ISALNUM (Py_UCS4 ch)

Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py UCS4 ch)

Return 1 or 0 depending on whether ch 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.

1 3.3 JitZ & 9% : This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)

Return the character ch converted to upper case.

TE 3.3 B %% #k[E]f): This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)

Return the character ch converted to title case.

TE 3.3 Wiz 4% #%[E)fH: This function uses simple case mappings.

int Py_UNICODE_TODECIMAL (Py_UCS4 ch)

Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This function
does not raise exceptions.

int Py_UNICODE_TODIGIT (Py UCS4 ch)

Return the character ch converted to a single digit integer. Return —1 if this is not possible. This function does not
raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)

Return the character ch converted to a double. Return —1. 0 if this is not possible. This function does not raise
exceptions.

These APIs can be used to work with surrogates:
int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)
Check if ch is a surrogate (0xD800 <= ch <= 0xDFFF).
int Py_UNICODE_IS_HIGH_SURROGATE (Py_UCS4 ch)
Check if ch is a high surrogate (0xD800 <= ch <= O0xDBFF).
int Py_UNICODE_IS_LOW_SURROGATE (Py_UCS4 ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= 0xDFFF).

Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py_UCS4 high, Py_UCS4 low)

Join two surrogate characters and return a single Py UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair. high must be in the range [0xD800; OxDBFF] and low must be in the range
[0xDCO00; OxDFFF].
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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)
El 1% 14 #7844 B4, Create a new Unicode object. maxchar should be the true maximum code point to be placed

N

in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127, 255, 65535,
1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not resizable.

£ 3.3 BRBNA.
PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
© % fh: # #9 4 B, 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 bujffer
is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCSI range, it will be
transformed into UCS1 (PyUnicode_1BYTE_KIND).

1E 3.3 JRABTINA.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)
EARAE: Freg 408, [EEEE ABLF)-#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 JR )5 55 str == NULL with size > 0 is not allowed anymore.
PyObject *PyUnicode_FromString (const char *str)

EMRE: #reh 4, [BFEE ABI [1—#B4). Create a Unicode object from a UTF-8 encoded null-terminated
char buffer str.

PyObject *PyUnicode_FromFormat (const char *format, ...)
EMRAE : #rey 408, DS ABIL1Y—#4). Take a C print £ () -style format string and a variable number of
arguments, calculate the size of the resulting Python Unicode string and return a string with the values formatted
into it. The variable arguments must be C types and must correspond exactly to the format characters in the format
ASCII-encoded string.

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.
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5. Length modifier (optional).

6. Conversion type.

The conversion flag characters are:

| Flag Meaning

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, x, or X) specify the type of the argument (int

by default):

| Modifier | Types \

1
11
]
Z
t

long B{ unsigned long

long long 8{ unsigned long long
intmax_t 3f uintmax_t

size t 8f ssize t

ptrdiff t

The length modifier 1 for following conversions s or V specify that the type of the argumentis const wchar_t*.

The conversion specifiers are:

Con- Type Comment

version

Speci-

fier

% n/a The literal $ character.

d, i Specified by the length  The decimal representation of a signed C integer.

modifier

u Specified by the length  The decimal representation of an unsigned C integer.

modifier

o Specified by the length  The octal representation of an unsigned C integer.

modifier

x Specified by the length  The hexadecimal representation of an unsigned C integer (lowercase).

modifier

X Specified by the length  The hexadecimal representation of an unsigned C integer (uppercase).

modifier

e int A single character.

S const char* B A null-terminated C character array.

const wchar_t*

) 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 #{4

\Y PyObject*,const A Unicode object (which may be NULL) and a null-terminated C charac-

char* & const terarray asasecond parameter (which will be used, if the first parameter
wchar_t* is NULL).

S PyObject* The result of calling PyObject_Str ().

R PyObject* The result of calling PyObject_Repr ().
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()

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 "sV" (if the PyObject * argument

is not NULL).

e

Unlike to C printf () the 0 flag has effect even when a precision is given for integer conversions (d, i, u,
0, X, or X).

T 3.2 fiR 5% 5 Support for "$11d" and "$11u" added.
TE 3.3 {525 Support for "$14", "$11i" and "$z1i" added.
1 3.4 Y54 T Support width and precision formatter for "$s", "$A", "$U", "$V", "$S", "$R" added.

T 3.12 Jit i 5% 58 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.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
EMR 1 #rag 408, [BEEE ABIL 14y, Identical to PyUnicode FromFormat () except that it takes
exactly two arguments.

PyObject *PyUnicode FromObject (PyObject *obj)
ERAE : Frhy B8, =E ABI [1—/4). 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)
EMEE: #FHey g, [BEEE ABI )34y Decode an encoded object obj to a Unicode object.

bytes, bytearray and other byfes-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)

[E)fE @ ABI 1484 B 3.7 B A B44. Return the length of the Unicode object, in code points.

1E 3.3 JRABTINA.

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.

1E 3.3 FABINA.

3. FIlmt 147



The Python/C API, $(F) 3.12.4

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 A
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

[E)f5 2 ABI )55 B 3.7 5 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).

TE 3.3 B A

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
[EE 5 ABI [A—#5> & 3.7 # A< Bi45. 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)
EARAE: Frey g, [DFEEE ABL 584> B 3.7 B A H45. 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 & ABL 404 & 3.7 B A< B 4&. 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.

TE 3.3 MU A-

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)
[EfE 5 ABIL [#)-—334r B 3.7 W A Bl44. 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.

£ 3.3 BGA.

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: #eg4nd, [EFEE ABLI—E4r & 3.7 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. str must
end with a null character but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () todecode a string from the filesystem encoding and error
handler.

This function ignores the Python UTF-8 Mode.
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hs%

Py_DecodeLocale () AR,

1E 3.3 B

TE 3.7 W) 52 ¥: 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_DecodelLocale (const char *str, const char *errors)
m A% M A oe 4 M, R E ABL B W A 37 R OK M 4. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

e 3.3 iRBIA.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

EMR G ey 28, [EFEE ABL -4 B 3.7 B A B44. 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 () toencode a string to the filesystem encoding and error handler.

This function ignores the Python UTF-8 Mode.

hs%

Py_EncodeLocale () R,

1E 3.3 B

TE 3.7 W) 52 ¥: The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_EncodeLocale () was used for the surrogateescape, and
the current locale encoding was used for strict.

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)f% 5 ABI [)—%}4). ParseTuple converter: encode str objects -- obtained directly or through the os.
PathLike interface -- to bytes using PyUnicode_EncodeFSDefault ();bytes objects are output as-
is. result must be a PyBytesOb ject* which must be released when it is no longer used.

TE 3.1 g A.
TE 3.6 fiRA{5E R Accepts a path-like object.

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:
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int PyUnicode_FSDecoder (PyObject *obj, void *result)
= E ABI 134>, ParseTuple converter: decode bytes objects -- obtained either directly or indirectly
through the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str
objects are output as-is. result must be a PyUnicodeOb ject* which must be released when it is no longer used.

1E 3.2 FRBTIMA.
TE 3.6 MUK 525 Accepts a path-like object.

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)
EMR G ey 4, [EiSE ABI [)—3%B4). 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 () BT,

TE 3.6 JR[{5# 5 The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)
EMEAE: #rey 408, [FEE ABI [1)—74). Decode a null-terminated string from the filesystem encoding and
error handler.

If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().
TE 3.6 iR 5% The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
EIAR A #rag 48k, ([EfEE ABI 1—3%54>. 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 () K.

16 3.2 A A
TE 3.6 IRA)5# T The filesystem error handler is now used.

wchar_t Support

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
EMEAE : #rah 408, [FfE5E ABI [#)—34). 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)
[EJ#Z 5 ABI )34, 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.
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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)

[F)f5 1 ABI [#)—5%)> & 3.7 B A B 44. 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 iRBIA.

TE 3.7 HiU{) 55 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via the
following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones of
the built-in str () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system calls should use
PyUnicode_FSConverter () forencoding 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)
EARAE: Frah 4 BE, = E ABI [1t)—%f /7. 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 str () built-in
function. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
B ey 488, [EfEE ABI ()54 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.
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UTF-8 R iEH%2%

These are the UTF-8 codec APIs:

PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)
EEAE: #rag 4, [DFE G ABI [)—3% /). Create a Unicode object by decoding size bytes of the UTF-8
encoded string szr. 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)

EMRAE : #ra4 4 88, [FIFE 2 ABI [1—EB4r. 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)

EIAR1E: #reh 4rg. [EfS 0 ABI ()543, 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)
B2 & ABI [1—354> & 3.10 #5 A PFi44. Return a pointer to the UTF-8 encoding of the Unicode object, and
store the size of the encoded representation (in bytes) in size. The size argument can be NULL; in this case no
size will be stored. The returned buffer always has an extra null byte appended (not included in size), regardless of
whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated and pointers
to it become invalid when the Unicode object is garbage collected.

TE 3.3 BA.
T 3.7 fiR X %% 58 The return type is now const char * rather of char *.
FE 3.10 Jit i) 5% 5 This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

TE 3.3 A
T 3.7 iR {)%% 58 The return type is now const char * rather of char *.

UTF-32 {GhgiE2s

These are the UTF-32 codec APIs:

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

WIARAE : Frag 488, [EfS5E ABI 1)/}, Decode size bytes from a UTF-32 encoded buffer string and return
the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to “strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian
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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 *byteorderis -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)
= A& fh: A ey 4 M., [ ¢ ABL ) — ¥ 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)
EMEAE: #reg 48, [EJfE5E ABI ()74 Return a Python byte string using the UTF-32 encoding in native
byte order. The string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception
was raised by the codec.

UTF-16 {RRZE52%

These are the UTF-16 codec APIs:

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

EMRAE : #reh 408, [EfEE ABI [1)—3454). 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: big 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 *byteorderis -1 or
1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \uf f fe 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)
= AR A A oay 4 B, B & ABL 1 — 4 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)
EMEAE: ey 408, [FFE5E ABI )4 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.
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UTF-7 G RE%2%

These are the UTF-7 codec APIs:

PyObject *PyUnicode_DecodeUTF 7 (const char *str, Py_ssize_t size, const char *errors)
EEAE: #rag 4B, [DFE G ABI [)—3% /). Create a Unicode object by decoding size bytes of the UTF-7
encoded string szr. 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)

EMEAE : Frad 488, [FiS 52 ABL )54y If consumed is NULL, behave like PyUnicode DecodeUTE7 ().
If consumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

Unicode-Escape Codecs

These are the “Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
ERAE: #Hey 408, [DFEE ABI[J—4). Create a Unicode object by decoding size bytes of the Unicode-
Escape encoded string szr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
EAEAE: #rag 488, [EFEE ABI f)—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)
MR AE : #reh 208, [E)fEE ABI Y314y Create a Unicode object by decoding size bytes of the Raw-Unicode-
Escape encoded string szr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
EAEAE: Frag 408, [FEE ABI Y4y 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 #Z2iE2E

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)
ER 1A #rey 488, [EIfSE ABI -4 Create a Unicode object by decoding size bytes of the Latin-1
encoded string sfr. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
BB #7a4 408, [EEEE ABI [1—3%64). 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.
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ASCII R hEHB2%

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)
EIMEE: #rey 408, [E & ABI [#)—3%(4r. Create a Unicode object by decoding size bytes of the ASCII
encoded string szr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)

B ARAE: Freh 40, [EEE ABI f)—3/%). Encode a Unicode object using ASCII and return the result as
Python bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

These are the mapping codec APIs:

PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
B AR 1E: #rag 48, [EJfS 2 ABI [1-—754). 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 O 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, OXxFFFE or '\
ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
B RAE : Frah 408, [B)fS5E ABI 145 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)

EMEAE: #rag 4R, [EfEE ABI[Y—4). 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. Un-
mapped 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.
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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)
ERAE : #reg 488, [FIFEE ABI [—iB4) on Windows & 3.7 ik A B 44. 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)

EMEAE: #ray 48, [EEEE ABL %4 on Windows B 3.7 e K 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)
B #reh 408, [EEE ABI [)—354) on Windows & 3.7 #& A Bl44. Encode a Unicode object using
MBCS and return the result as Python bytes object. Error handling is "strict”. Return NULL if an exception was
raised by the codec.
PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

EMEAE: ey 4ma, [EFSE ABI (1304 on Windows & 3.7 ¥ A 44, 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 A

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)
EMEAE: ey 488, [EfS e ABI (1754 Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
B ARAE: Frey 4 0&, [DFEE ABI)—#5r. 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)

EARAE: #rey 4, [DEEE ABI [)—54). Split a 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)

EMRAE : Fray 408, [FEE ABI (1—E4). Join a sequence of strings using the given separator and return the
resulting Unicode string.
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Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

[F)2 5 ABI [1)—#547. 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), 0 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)
[F)fZ & ABI [1)—/>. 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)
= F ABL 11— E84r B 3.7 e oK B 4. Return the first position of the character ch 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.

TE 3.3 MU A
T 3.7 W52 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)

[ & ABI ) — % 4 Return the number of non-overlapping occurrences of substr in
unicode[start:end]. Return —1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
EARAE: Frhg 408, [FEEE ABI 154y 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)f5 & ABI [1)—74). 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_CompareWithASCIIString (PyObject *unicode, const char *string)

[EfZ 5 ABI [#J-—%F4). 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)
EARAE : #ray 408, [EFSE ABL Y- -5/ 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_EQ, Py_NE, Py_LT,and Py_LE.

PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
EMEE: Frag 4, [EfE 2 ABI [1J—754. Return a new string object from format and args; this is analogous

o

to format % args.

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
[F)f5 2 ABI 11/, 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.
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void PyUnicode_InternInPlace (PyObject **p_unicode)
[F)f5 5 ABI [1—7/4). 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, it sets *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 (creating a
new strong reference). (Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral; you own the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *str)

EAR L #ag 2 e, [EEE ABI [ — 304> A combination of PyUnicode FromString () and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned, or
a new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 Tuple (i) ¥

type PyTupleObject
This subtype of PyOb ject represents a Python tuple object.
PyTypeObject PyTuple_Type
[FJf5 2 ABI [1—3/7. This instance of Py TypeObject 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)
EMEAE: ey 488, [EfSE ABI [1—5%. Return a new tuple object of size len, or NULL on failure.

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
EM&E: #ray 488, [EfEE ABI [)-—54). Return a new tuple object of size n, or NULL on failure. The tuple
values are initialized to the subsequent n C arguments pointing to Python objects. PyTuple_Pack (2, a, b)
is equivalent to Py_Buildvalue (" (00)", a, b).
Py_ssize_t PyTuple_Size (PyObject *p)
[EJ7Z 5 ABI [1—ii45. Take a pointer to a tuple object, and return the size of that tuple.
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
Return the size of the tuple p, which must be non-NULL and point to a tuple; no error checking is performed.
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
EMRAE 158 408, [0 ABI [)—3%(/4). 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)

E{E4E: 15 H 48, Like PyTuple_GetItem(), but does no checking of its arguments.

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
EMEAE: ey 408, [FFEE ABI [1—5/%). Return the slice of the tuple pointed to by p between low and high,
or NULL on failure. This is the equivalent of the Python expression p [low:high]. Indexing from the end of
the tuple is not supported.
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int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
[F)fZ 52 ABI [f)—#3/4>. 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.

(e

This function ”steals” a reference to o, and, unlike PyTuple_SetItem (), does not discard a reference to
any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

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 *PyStructSequence_NewType (PyStructSequence_Desc *desc)
ERAE: Frag 48, [EFE5E ABIJ—%>. 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 ().
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)
The same as PySt ruct Sequence_InitType, but returns O on success and —1 on failure.

e 3.4 RPTIA.

type PyStructSequence_Desc
[EfE 0 ABL 4 (&4 P& m B ) . Contains the meta information of a struct sequence type to create.
const char *name

Name of the struct sequence type.

const char *doe

Pointer to docstring for the type or NULL to omit.
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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

25 ABI[)—3434) (6.4 Fr A m B ). Describes a field of a struct sequence. As a struct sequence is modeled as
atuple, all fields are typed as PyOb ject*. The index inthe fields array of the Py St ruct Sequence_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, setto Py St ruct Sequence_UnnamedField
to leave unnamed.

const char *doe

Field docstring or NULL to omit.

const char *const PyStruct Sequence_UnnamedField
B ABL 04y B 3.11 #e A Bi44. Special value for a field name to leave it unnamed.

F£ 3.9 W )5 5 The type was changed from char *.
PyObject *PyStructSequence_New (PyTypeObject *type)

ERAE: #eg 408, [EfE 0 ABI 1—3%(4). Creates an instance of fype, which must have been created with
PyStructSequence_NewType ().

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

EMEAE: 45 408, [EfE 2 ABI [1J—%5%). Return the object at position pos in the struct sequence pointed to
by p. No bounds checking is performed.

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
E{E4E: A 48, Macro equivalent of Py St ructSequence_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.

e

This function “steals” a reference to o.

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_Set Item (), butimplemented as a static inlined function.

il

This function "steals” a reference to o.
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8.3.6 List (&87%1]) %%

type PyListObject
PyObject B+ HUEIFE/R Python [ list (FR%1) #ft.
PyTypeObject PyList_Type

57 ABL B0 IbPyTypeObject EifilZ R~ Python [ list FU[E], iE 5 Python g i) 1ist J2&[A]
—fEPI1F

int PyList_Check (PyObject *p)

WA p S —1 list P a2 list ZUEZ FRUEIEEBI, At true. 33 1R o8& X 7KGE € AT .
int PyList_CheckExact (PyObject *p)

WA p S list PPHEAR 2 list ZUENFRUEI EEBI, At true. 5217 o8 7K0E € BT
PyObject *PyList_New (Py_ssize_t len)

ERAE: Ara s, [ERE ABLAY— 7. BRI EHR EED len fBTERS, SR RACRE I NULL,

e

W len KA, RIBMER S5 Y02 EHH g EE NULL, HG, FEfHPyList_SetItem()
o i T8 H e B BB AT, REEME G RPySequence_sSetItem () WIS API
PR, WAREAS 147 EE (expose) 47 Python 2.

Py_ssize_t PyList_Size (PyObject *list)
[EVfE ABIf—f5 55 [AMEE dise S5 IR RBE s B R ER AR 1en (1ist) .

Py_ssize_t PyList_GET_SIZE (PyObject *list)
HipyList_size () JEfRl, {AEG S50

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
=R AR &g, [EREE ABLY- -5y I list 45 1) i H 5 FP AL index (L BP0 . WAL E AT
[l EASRERTIRERFIBERT . MR index 15 FHE (<0 8¢ >=len(list)) HI|[Fl{# NULL
% IndexError 4k,

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
EMRIE: A 4B, HlPylList GetItem() JEML, HEGEZE.

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

EFE 7 ABL 1550 #5885 R 5] index R TE H 5% E L item. WINFFEIE 0, WIIR index 48 H 15 A4
& Hi) (] {8 -1 [EiE 18 IndexError fBilFh.

e
HeeR TREI % item 210, BEEH &S h 2 BO0E FOAAEHE N2 .

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
pyList_Setitem() WEHIEX, EGE@RMAE. SilHEERNNEEES CAEBERNHRT]
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e

B [ ¥ iem 218, EHEPyList _SetItem() ARIE, B &EEETEYEE
THHMZ M list PALE | 1T 2 A ER (leak).

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

[EIF5 & ABI (130, #$IEH item $& A5 list FZRT| index WAL EZ W QRS HIIE 05 1Rk
W R el -1 [ERE B oh. JERUA 1ist . insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)

[EfE 2 ABIL {5040 91 item FHIMB) S50 list A8 TE . WSR B B[Rl 05 SRS, Hij [a]{E
-1 [EIEFAN. B 1ist . append (item) o

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)

AR Arag k. B ABL -0 VR st i aa s, Hoh el low 11 high 2 B A«
AR EA B Il ] 3 NULL [ERE ISk, BIRUR 1ist [low:highl. AT KRERT].

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
[EJES 2 ABI [543 ¥ low F1 high 272 B0 list V) )7 5% B E itemlist (AE)%E . LA 1ist [low:high]

= itemlist. itemlist W REE NULL, FRpMEI—M2s:5] (Y EG) . sShREE 0, e Bk i [a]
-1, AZRERTRARBIRERT] .

int PyList_Sort (PyObject *list)

(ViS5 ABI )41, ) list 1T H AT IR (in place) HE/F . AUENREMIE 0, JKHCWRFRIE -1, S
A list.sort (),

int PyList_Reverse (PyObject *list)
[EVfE 7 ABL 1 — 05y s SO lise (S H o IR R 0, GBI I -1, JEAHE R list.

reverse ().
PyObject *PyList_AsTuple (PyObject *list)

AL Hrao 8. VR ABL A 1B BTG wple (GTAL) P, Mg i WA A
E tuple (1ist) .

8.4 FaIUF
8.4.1 Famtt

type PyDictObject
PyObject THIBEACF—1{H Python FHLy{4:,
PyTypeObject PyDict_Type

[EJf5 ABIL )B4y, PyTypeobject EHIFE—{# Python ~HLAIRE . I1EE Python J& Hf dict [EI[H]
—fE

int PyDict_Check (PyObject *p)
A p oMLY R s SR T B AR EC B € [l true. BURR SRR U BT -
int PyDict_CheckExact (PyObject *p)
# p g —F MY HEEA R W7 I TR EE ], AR e, BLRRUERER @ HUATIRN .
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PyObject *PyDict_New ()
ERAE: Aray s, [ERE ABLAY— 7). [ — iAo, SRR BORs Il NULL,

PyObject *PyDictProxy_New (PyObject *mapping)
EMRE: #reh 40, [EEE ABI—#04>. Return a types.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)
[EJ#Z 5 ABI [1—i45. Empty an existing dictionary of all key-value pairs.

int PyDict_Contains (PyObject *p, PyObject *key)
[E)FZ 5 ABI [1-—3F4y. 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.

PyObject *PyDict_Copy (PyObject *p)
EMRAE: ey 288, [EfEE ABI Y47 . Return a new dictionary that contains the same key-value pairs as
p-

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
)55 & ABI (04>, 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)
[F)Z 52 ABI [#)—4>. This is the same as PyDict_SetItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

int PyDict_DelItem (PyObject *p, PyObject *key)
[F)fZ & ABI 1) — % /%>. 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)
[Ef% 72 ABI [#)——4>. This is the same as PyDict_DelItem (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

EME1E: 158 48, [EfEE ABI 1)~ /. Return the object from dictionary p which has a key key. Return
NULL if the key key is not present, but without setting an exception.

e

Exceptions that occur while this calls __hash__ () and __eqg__ () methods are silently ignored. Prefer the
PyDict_GetItemWithError () function instead.

FE 3.10 Ji ¥ %% §5: Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.
PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

EMEAE 15 R 404 [F)FE5E ABI Y-, Variantof PyDict_Get ITtem () thatdoes 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.
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PyObject *PyDict_GetItemString (PyObject *p, const char *key)
EMRAE 15 408, [BFEE ABI[1Y—314). This is the same as PyDict_Get Item (), but key is specified as
a const char* UTF-8 encoded bytes string, rather than a PyOb ject*.

(e

Exceptions that occur while this calls __hash__ () and __eqg__ () methods or while creating the temporary
st r object are silently ignored. Prefer using the PyDict_GetItemWithError () function with your own
PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
EI 4R A 1% 4 8&, 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.

1E 3.4 JA.

PyObject *PyDict_Items (PyObject *p)
EIMEE: #ay 48, [EFEE ABI )34 Return a PyListObject containing all the items from the
dictionary.

PyObject *PyDict_Keys (PyObject *p)
EIMEAE: #rey 408, BB ABI 1—3%4). Return a PyListObject containing all the keys from the
dictionary.

PyObject *PyDict_Values (PyObject *p)
EAEAE: #reg 4 g, [ESE ABL -4 Return a PyListObject containing all the values from the
dictionary p.

Py_ssize_t PyDict_Size (PyObject *p)
[F)f5 72 ABI ) —#( /). 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)
[EJFZ 5 ABI ()4, 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.

£ PN

p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

.

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 (o) ;
return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
[EFZ 52 ABI [1)—334). 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_Get Item (). 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 0 on success or —1 if an exception was raised.

int PyDict_Update (PyObject *a, PyObject *b)

B 2 ABI [)—34. Thisis the sameas PyDict_Merge (a, b, 1) inC,andissimilartoa.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 O on success or —1 if an exception was raised.

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq?2, int override)

[EJ% 72 ABI [14-—#%F4). Update or merge into dictionary a, from the key-value pairs in seq2. 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 0 on success or —1 if an exception was raised. Equivalent Python
(except for the return value):

def PyDict_MergeFromSeqg2 (a, seq2, 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.

1 3.12 iUgom A
int PyDict_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyDict_AddwWatcher (). Return O on suc-
cess, —1 on error (e.g. if the given watcher_id was never registered.)

TE 3.12 fRBEIA.
int PyDict_Watch (int watcher_id, PyObject *dict)

Mark dictionary dict as watched. The callback granted watcher_id by PyDict_AddWatcher () will be called
when dict is modified or deallocated. Return 0 on success or —1 on error.

£ 3.12 FGmA.
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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.

e 312 JRBTA.

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.

1E 3.12 FGmA.

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 eventis 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.

e 3.12 B

8.4.2 KEMH

This section details the public API for set and frozenset objects. Any functionality not listed be-
low 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 (includ-
ing PyNumber_ And(), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor(),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr (), and
PyNumber_InPlaceXor ()).

type PySetObject

This subtype of PyObject is used to hold the internal data for both set and frozenset objects. It is like
a PyDictObject in that it is a fixed size for small sets (much like tuple storage) and will point to a separate,
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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
=7 ABI [1)—3#4). This is an instance of Py TypeOb ject representing the Python set type.
PyTypeObject PyFrozenSet_Type
[EfZ 5 ABI 14y, 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 pis 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.

£ 3.10 HEHA.
int PyAnySet_CheckExact (PyObject *p)
Return true if p is a set object or a frozenset object but not an instance of a subtype. This function always
succeeds.
int PyFrozenSet_CheckExact (PyObject *p)
Return true if pisa frozenset object but not an instance of a subtype. This function always succeeds.
PyObject *PySet_New (PyObject *iterable)
EIRAE: #rey 4, [EfEE ABI 1304, 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)

B ARAE: #rhy 408, [FfE & ABI (—34). Return a new 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 iterable 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)
[EJfZ 72 ABI [#)—#F4>. Return the length of a set or frozenset object. Equivalent to len (anyset).
Raises a SystemError if anyset is not a 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)
[EBfZ ¢ ABI 1304 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 tempo-
rary 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)
7% 52 ABI [ — % 4. 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)
[EJfZ 52 ABI [#)—354). 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)
EMEAE : #r0h 404, [FfE5E ABI )3/ Return a new reference to an arbitrary object in the set, and removes
the object from the ser. Return NULL on failure. Raise KeyError if the set is empty. Raise a SystemError
if set is not an instance of set or its subtype.

int PySet_Clear (PyObject *set)
[E)% % ABI [)-—74r. Empty an existing set of all elements. Return 0 on success. Return —1 and raise
SystemError if sef is not an instance of set or its subtype.

8.5 BXMtF

8.5.1 FHRY¥ (Function Objects)

EA LR Python bR eR

type PyFunctionObject
IR C it

PyTypeObject PyFunction_Type
id s pyTypeobject WE I, HMAFKT Python XA [E], Python BB w3 nl Bl types.
FunctionType il E.

int PyFunction_Check (PyObject *0)
WA o 2R (B PyFunction Type (WAE]) HIFIH true. ZHUMEARE NULL, MR
RERIIHAT

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
AR ATy s, SRR code FHBAMRIY X PIF. globals WhJE e —H A R REE
FERR ) 4 B

BR XA SO 53 (docstring) 144 A2 fE A2 UG W) 14F BT IS, _module_ J&2H globals Pt lii%. 5l
W % {E . 1E[E) (annotation) F1EH Y (closure) ¥ #% [F] NULL, _ qualname__ &% [EF0 AL X A5 9y 1
co_qualname 84 G HI{E..

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

EARME: A48, FPyFunction New () ML, (At AHENWM _ qualname_ BIERIREE,
qualname JEE]—{# unicode ¥4 2 NULL; I[F] NULL, _ qualname_  JEE @t BB a4 (4
co_qualname 848 G HI{E..

1E 3.3 RBIA.
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PyObject *PyFunction_GetCode (PyObject *op)
AR AR 2R (AR R B Y R XA op e
PyObject *PyFunction_GetGlobals (PyObject *op)
EARAR: PER SR, ] S A g R o AT B 4 e K 1 op
PyObject *PyFunction_GetModule (PyObject *op)
EARAE: R 488, [BlE—E XY op Z __module_ JEVERIborrowed reference, ‘& R] DA NULL,
T A S AL AR o B, (AT AR Python R EUE M A 14
PyObject *PyFunction_GetDefaults (PyObject *op)
A R M. [E R op S TTEHEUE, BEATAR—MSA 25 30 wple (JuAl) 5

NULL,
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BCE K RPIF op W51 MIHBE . defaults 07H/2 Py_None 51l tuple.
5% systemError HAFJHIREBIE -1,
void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
[El—1 45 € (1 R X fune 5% 5E vectorcall B .
Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall function!

16 312 iR
PyObject *PyFunction_GetClosure (PyObject *op)

ERAA: AR SR AR U 1 op FHBAERY PR AL, & AT AR (A NULL Bl —fE a0 cell 1)
tuple.,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
A A LR A op BRI P, closure 1L 7H )2 Py_None Bz —fE & cell %11 tuple.
5| % systemError HAFJHIR:BIE -1,
PyObject *PyFunction_GetAnnotations (PyObject *op)
ERAE: R R MR op WAERE), EW AR BN (mutable) 7ML NULL,
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
wE R op WARE], annotations W JE & — 875 Py_None.
5| SystemError HAERKERIE -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 (). Incase of error (e.g. no more watcher IDs available), return —1 and set an
exception.

1E 3.12 HRFmA.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyFunction_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.)

15 312 JRAMA.
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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

e 312 JRBTA.

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 PyFunction_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 event is PyFunction_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 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.

e 3.12 R A

8.5.2 EHlF £ (Instance Method Objects)

BB & PyCrunct ion Mt 44 (wrapper), g PyCcrunction [EJ4 (bind) B HHEW 4/ —H =K.
TR T LY PyMethod_New (func, NULL, class) BJFERY,

PyTypeObject PyInstanceMethod_Type
PyTypeObject [HE I3 Python B HEHEl. EAE /BT (expose) £ Python FE,
int PyInstanceMethod_Check (PyObject *0)

W o B—MER EYH (BEEPyInstanceMethod _Type) HI[E/fE true, 2 #ubh/EAF NULL,
TEpR A S G AT

PyObject *PyInstanceMethod_New (PyObject *func)

AR Arad . MR RGBT, fune EUERERIEMYICE, LEEHIIERIEEF func
pR L E Y o

PyObject *PyInstanceMethod_Function (PyObject *im)
EMRAA T AR S0 MR BT im B R
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
EARAE AR 4R, E4E (macro) AR Py TnstanceMethod_Function (), ZMg T SEtees.
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8.5.3 FiEWH (Method Objects)

JrEEE4 X (bound function) P4, 5 A EraEI4E 2] — M6 & e FEEn s, REG % (B
BT IrE) AR,

PyTypeObject PyMethod_Type
Bl Py Typeobject EHIfEZ Python J%A[F]. EAEE types.MethodType /A B4 Python FE.
int PyMethod_Check (PyObject *0)
W o R— it (BEEryMethod Type) HIEIE true. SBUAZUAE NULL, R4 &
AT -
PyObject *PyMethod_New (PyObject *func, PyObject *self)

AR Freg e, EEBA T EYIE, func EEUTZEATREIYY:, self [Fli% i REEIGE B EE 6
AETIEEIY I, func BR W EHIENY . self 25ZHAE] NULL,

PyObject *PyMethod_Function (PyObject *meth)
EMEAA AR S0, MBI R TR meth R R X
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
EARAE: A 4R, BEERARMPyMethod Function (), ZM T8k .
PyObject *PyMethod_Self£ (PyObject *meth)
EMEAE T AER S0 MR E] TR meth A B
PyObject *PyMethod_GET_SELF (PyObject *meth)
EARE: A SR BB PyMethod _Self (), MG T Himtat.

8.5.4 Cell ¥ht%

"Cell” P14 F i B B4 22 {8 1 FH 3k 2 R (reference) (528, SRS RO & 8, #BEA M cell YFE T
R RZ (AT 2 BB ) BE stack frame HP i) [ 3ak M A s 0 &5 ANV FHIERAY cell 208, BRIBMEH T
RS AFPGEZERE , M cell S IMEITAE cell PIFA S . BTEE cell P12 FR S MR (de-reference)
T B AL Te AL (byte-code) 5 304% fFHUREAN G HE) RS MR . cell Y-7E HAM 7 v REA KA H -

type PyCellObject

Cell YT Z C &5
PyTypeObject PyCell_Type

SHHE cell PRy (FEUE].
int PyCell_Check (PyObject *ob)

W ob 22— cell YFRIEIEEAE; ob MEANE NULL, I ok 42 G e T
PyObject *PyCell_New (PyObject *ob)

AR Ay 5. BEIE— S ob HHT cell Y. ZHOTPAE NULL,
PyObject *PyCell_Get (PyObject *cell)

AR ey 4. [ cell W cell EIZE, HATHEE NULL. A0SR cell A2 cell ¥4, B[]
fH NULL [E% 2 Bl Ak

PyObject *PyCell_GET (PyObject *cell)
EARAE: AR 4. [ cell WI1F cell EIZ, HREAME cell 215 E NULL [E] HLE-—# cell %14,
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int PyCell_Set (PyObject *cell, PyObject *value)
5 cell Y1 cell PHEIZEEE] value., 5 FEATAT S cell Y5 HIEIA 2. value A] PAE] NULL, cell
WA NULL,
TERIRFIIE 00 B cell NJ2—18 cell Hyf4, R e I AME I -1,

void PyCell_SET (PyObject *cell, PyObject *value)

# cell Y114 cell IEFEE] value, ANEriifks Wst, EHANEIETTMZ2mE; cell W/EEHE NULL
() HLIE—1# cell #14.

8.5.5 AWM

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 PyCode_GetFirstFree (PyCodeObject *co)

Return the position of the first free variable in a code object.
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)

EA RAE T AP, B RETE/MRA B A T VA AR i s 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.

JE 311 REYETE: H3 qualname fll exceptiontable 2,

T 3.12 kU952 5 : Renamed from PyCode_New as part of 1~4% % #9 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)

TE A TS APL, BT RETE/INIRAEE A [ A i 5 A o

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.

¥E 3.8 fREENIA: as PyCode_NewWithPosOnlyArgs
FE 311 RS P qualname il exceptiontable 228,

TE 3.12 Jit ) 5% 5 : Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is deprecated,
but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

W {&{A: #7494 B4, 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 0 otherwise.

TE 3.1 FRAEIIA.
PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an 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.

e 3.11 A

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.

TE 3. 11 g
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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 er-
ror, NULL is returned and an exception is raised.

1 311 RBIIA.

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 exception
is raised.

16 311 JRPmA.

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.

1E 3.12 RPN A.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode_AddwWatcher () for the current inter-
preter. Return 0 on success, or —1 and set an exception on error (e.g. if the given watcher_id was never registered.)

TE 312 JRAMA.

type PyCodeEvent
Enumeration of possible code object watcher events: - PY_CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY
TE 3.12 B

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. Otherwise,
the callback is invoked before the destruction of co takes place, so the prior state of co can be inspected.

If event is 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 FGmA.
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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_RequestCodeExtralIndex (freefunc free)

EA RAE T AP, B ] RETE/MRA B A T EVA AR i s 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.

FE 3.6 fREENIA: as _PyEval_RequestCodeExtraIndex

TE 3.12 R ¥)5# 5 : Renamed to PyUnstable_Eval_RequestCodeExtraIndex. 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)

TE A ST APL, BT RETE/INIRAEE A v A i 5 M o

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 O without setting an exception.
JE 3.6 fR¥EINA: as _PyCode_GetExtra

TE 3.12 U5 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)

TEAE L APL, BT RETE/INRA B A T BV A ) i o

Set the extra data stored under the given index to extra. Return 0 on success. Set an exception and return -1 on
failure.

JE 3.6 fR¥EINA: as _PyCode_SetExtra

TE 3.12 it 55 5 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated, but
will be available until the API changes.
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8.6 Hih¥fF

8.6.1 =¥+ (File Objects)

iE 88 APL 2 R EIEA 2 Y {71114 Python 2 C API (¥ fe/MEHE (minimal emulation), &3 5 AGHU C £l
JEE A 8218 1/O (FILE*) HYSC4& . 1E Python 3 vy, MEZEEHMER M ARG 1o BIAL, TAEHAERBTHO TR M
B VO FiEsk T 2B . Fmdid g ok 25 298 APL FHE C sy, 3550 i B e P A [ERR e et
5 e = RIS E I 1o APLL

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding, const

char *errors, const char *newline, int closefd)

EMEME: #rag40&, [EFE5E ABI f)—3/). 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 1o .open () function documentation.

i

H1# Python H3 A H CHYARTEE , 1B MELEME R B AR AR A 0N A4 E (5
WE R HE P AT AT o

1E 3.2 RS 20 name J& 1k

int PyObject_AsFileDescriptor (PyObject *p)

[EVEse ABL (Y547 [HIEER p BB OAE R HAZEE] int. W2 R, AN EHE. R
B, JREIY R £1leno O ik (WERAFETE) s R%07 TEabZ8 Il — A, B VEEAR SRR S e ]
. e B HNEE S HORs [l — 1.

PyObject *PyFile_GetLine (PyObject *p, int n)

EMEAE: #reg 4 m8., [EfE5E ABI 19—/ 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 n 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)

## 1o.open_code () WIEHTEILAZEBILALA I (handler) EHEH 2 ¥,
The handler is a function of type:

type Py_OpenCodeHookFunction
Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guaran-
teed to be PyUnicodeObject.
userData F8 5 BHE R EEIpR = (hook function) H1. Hy A AT BB € 18 Al A THEER (runtime) W1 [FIE) o
X, IR B AR 1) Python R AE.
H A I EE) bR 2R AE S A I A, DR it o /e AT W AR, BRAFE M A 9t
HRAEEAE sys.modules H1A] [,

Once a hook has been set, it cannot be removed or replaced, and later calls to PyFi le_SetOpenCodeHook ()
will fail. On failure, the function returns -1 and sets an exception if the interpreter has been initialized.

Py _Initialize () ZHIFFIY KA 2L4EN.
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Raises an auditing event set opencodehook with no arguments.

1 3.8 IBIA.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
[EVFE7E ABL - F45. M1 obj AR po flags ME— TR R Py_PRINT _RAW; WURAH
&, MEAYIR ste () AR repr () o TEMINEME 0 BAESRMORME -1 H8UE BRI HI5b.

int PyFile_WriteString (const char *s, PyObject *p)
[EVFE7E ABLf—ir. AT s SRR po BRSNEF B 0, 10 R HOks Il B -1, (Bl st &t
(I SMRE] o

8.6.2 Rl iR

PyTypeObject PyModule_Type
[EJ#% 2 ABI [1——i4>. This instance of Py TypeOb ject 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)
EIMRAE ey 408, [EfEE ABLIY-—304> & 3.7 B A< B4, 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 providinga ___file__ attribute.

Return NULL with an exception set on error.

TE 3.3 R
TE 3.4 MU _ package_ Fl_ loader_ #i#k[El None.,

PyObject *PyModule_New (const char *name)
EIEAE . #7094 88, [FIEE & ABI [f)—%B4y. Similar to PyModule NewObject (), but the name is a UTF-8
encoded string instead of a Unicode object.

PyObject *PyModule_GetDict (PyObject *module)
ERAE: 5 R 488, [EFE5E ABIJ—ii%>. Return the dictionary object that implements module’s namespace;
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 manip-
ulate a module’s _ dict .

PyObject *PyModule_GetNameObject (PyObject *module)
EMRE: ey 488, [BEEE ABIL(—35% & 3.7 B KB 44. 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.

e 3.3 BB

const char *PyModule_GetName (PyObject *module)

[BJfZ 52 ABI ) — #B4F.  Similar to PyModule GetNameObject () but return the name encoded to
'utf-8".
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void *PyModule_GetState (PyObject *module)
[F)fZ & ABI [1—3%54). 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)f5 5 ABI [¥—7/>. 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)

EMR 1 #rag40a, [ERSE ABI 14>, 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 A

const char *PyModule_GetFilename (PyObject *module)
[E)fE 2 ABI [#)—%(4). Similar to PyModule GetFilenameObject () but return the filename encoded to
‘utf-8’.

TE 32 RZ B ¥([EIH: PyModule_ GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_GetFilenameObject () instead.

Initializing C modules

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.
type PyModuleDef
[EfZ 5 ABLf—#B4r (8.4 F7F R 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 multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initialization.

W R A PEP 3121,
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PyMethodDef *m_methods
A pointer to a table of module-level functions, described by PyMet hodDef values. Can be NULL if no
functions are present.

PyModuleDef _Slot *m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.
TE 3.5 fR Y% T Prior to version 3.5, this member was always set to NULL, and was defined as:

inquirym_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

TE 3.9 fRAY% T 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 imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

TE 3.9 A5 T No longer called before the module state is allocated.

Jreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

TE 3.9 {5 T 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)
© AR fE: #r a9 % 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)

EMRE: #eg48e., [EfEE ABI [—3B4). Create a new module object, given the definition in def, assum-
ing the API version module_api_version. If that version does not match the version of the running interpreter, a
RuntimeWarning is emitted.
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Return NULL with an exception set on error.

(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 ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way behave
more like Python modules: the initialization is split between the creation phase, when the module object is created, and
the execution phase, when it is populated. The distinction is similar to the __new__ () and __init__ () methods of
classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict__ or individual classes created
with PyType FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject *PyModuleDef_Init (PyModuleDef *def)

MR 45 R %08 [EFEE ABLIT 4 B 3.5 #& A B 45. 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 ABTINA.
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.
1E 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:
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PyObject *create_module (PyObject *spec, PyModuleDef *def)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec

Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python module:
typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject *module)

If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.
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_GIIL_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 1is not specified, the import machinery defaults to
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED.

e 312 JRPTIA.

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 di-
rectly, for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

= AR5 #4948, Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule_ FromDe fAndSpec?Z () with module_api_version set to PYTHON_API_VERSION.

1E 3.5 AIA.

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

EMRAE: #rag 48, [EEE ABL[—34r B 3.7 PR A B 44. 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.

Return NULL with an exception set on error.

e

Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this if you
are sure you need it.

1E 3.5 ABIA.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)

&5 ABL[—34y B 3.7 B A< B44. Process any execution slots (Py_mod_exec) given in def.
TE 3.5 RPN

int PyModule_SetDocString (PyObject ¥*module, const char *docstring)

S E ABI ) — 3> B 3.7 B A B 45, 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.

1E 3.5 iRBIA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

B0 ABL [—334r B 3.7 B A B44. Add the functions from the NULL terminated functions array to module.
Refer to the PyMet hodDe f documentation for details on individual entries (due to the lack of a shared module
namespace, module level “functions” implemented in C typically receive the module as their first parameter, making
them similar to instance methods on Python classes). This function is called automatically when creating a module
from PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

1E 3.5 ABIA.
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Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

[Ff5 5 ABI [1—30%> & 3.10 5 A PBl44. 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.

FEHER -

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;

}

L

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 (obj) ;
return res;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

1E 3.10 UG
int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

[EfE 2 ABI [1—3B4). Similar to PyModule AddObjectRef (), but steals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.

e

Unlike other functions that steal references, PyModule_AddObject () only releases the reference to value
on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
erTor.

LIRS R
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p
static int

add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
3
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return 0O;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

P

[E)fZ 2 ABI [1)——%%%>. 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, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
[F)f5 1 ABI [#)—04). 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, 0 on success.

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)
[Ff5 & ABL #y-—30%> B 3.10 #a A F45. 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 FUBIA.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be

created from a single definition.

PyObject *PyState_FindModule (PyModuleDef *def)
B AR1E: 5 R 4, [EFSE ABI )—30%>. 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)
[EfE 2 ABI 334> B 3.3 B A B4, Attaches the module object passed to the function to the interpreter
state. This allows the module object to be accessible via PyState_FindModule ().
Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
callsPyState_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.
Return —1 with an exception set on error, 0 on success.

1E 3.3 RPN
int PyState_RemoveModule (PyModuleDef *def)

&5 ABI[—3%14> B 3.3 e A B 44. 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 R A.

8.6.3 [[/ft2¢ (Iterator) ¥

Python 4 1t 7 Wy 7 a1 9 (E1 X 2% (iterator) ¥ 4, 5% — 7 J& /7 51 [ AU+ (sequence iterator), i ] A 52 4%
__getitem_ () FYEMER)TS, 2 T ZEL AT IFNY (callable) 4 {4 1M SSH (sentinel value) — & ffi A,
EIE L 31 PR T RE I A, D] SR R A R E AR
PyTypeObject PySeqIter_Type
B ABL 5. WAEW R HPyseqTter New () BT M{ERER G4 A K R EE) 751
AMEWERERRK iter () FWHETIHEIERX.
int PySeqIter_Check (PyObject *op)
Return true if the type of op is PySeqgIter_ Type. This function always succeeds.
PyObject *PySeqIter_New (PyObject *seq)
EMEAE: #ray 404, [EfEE ABI 1)) . Return an iterator that works with a general sequence object, seq.
The iteration ends when the sequence raises IndexError for the subscripting operation.
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PyTypeObject PyCallIter_Type
= E ABI Y3047 Type object for iterator objects returned by PyCallTter New () and the two-argument
form of the iter () built-in function.
int PyCallIter_ Check (PyObject *op)
Return true if the type of opis PyCallIter_Type. This function always succeeds.
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
EARAE T Feg 2 BE, Z & ABI [1)—/>. 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 (I#iR2E) ¥k

"Descriptor” SR YIS B I W, MR BE ) dictionary (FH) .

PyTypeObject PyProperty_Type
[F)f5 & ABI (19— [E)7Z descriptor ZU[EI BLEI {4

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
ERAE: Freh 4 R&. [EFEE ABL -0

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
wMRAE: #rag 4 0é. (S ABIL 50

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
ERE: #rag 408, BT ABL 40

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
EMRE: G2,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
=AM Ay 2R, [ERTE ABL -4

int PyDescr_IsData (PyObject *descr)

N4 descriptor ¥4 descr fiiR ) e — R & RHE R ME AR, S8 R B RER R &0 5 ¥R 1]
0. descr Wo/B[Fl—1f descriptor {45 [FIA $inthier.

PyObject *PyWrapper_New (PyObject*, PyObject*)
EMEAE: Frag e, [EREE ABLIY—)

8.6.5 YK ¥4

PyTypeObject PySlice_Type
[F)f5 12 ABI [1— 5% 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 *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
%A . #rhg %08 [EFSE ABI f—34). 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.
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int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
B2 & ABI [1)—3%B/4>. 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 O 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.
TE 3.2 fit )58 5 : The parameter type for the slice parameter was PyS11iceObject * before.

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)

[F)fZ & ABI [f)—%4). Usable replacement for PyS1ice GetIndices (). 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.

Return 0 on success and -1 on error with an exception set.

e

This function is considered not safe for resizable sequences. Its invocation should be replaced by a combination
of PySlice_Unpack () and PySlice AdjustIndices () where

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <.
—0) {
// return error

}

is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) |
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

T 3.2 fit {5 5 : The parameter type for the slice parameter was PyS1iceObject * before.

7E 3.6.1 R A% §: If Py_ LIMITED_API 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.

IE 3.6.1 R Z B ([EIf: If Py_LIMITED_APT is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx () is a deprecated function.
int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

[EfZ 2 ABI 84 B 3.7 #5 A B 44. Extract the start, stop and step data members from a slice object as C
integers. Silently reduce values larger than PY_SSIZE_T_MAX to PY_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

Return -1 with an exception set on error, O on success.
1E 3.6.1 JlLBE A

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)

[F)f5 5 ABI —30%r B 3.7 #& A Bl 45. 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.
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Return the length of the slice. Always successful. Doesn’t call Python code.

1 3.6.1 JRBIIA.

Ellipsis Object

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py None, it is an immortal. singleton object.

TE 312 RIS TE: Py E11ipsis [EIAPKARY (immortal).,

8.6.6 MemoryView ¥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)
EMRAE : #rey 408, [FFEE ABI[1—14). 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: Frag e, [FFEE ABL—3%> & 3.7 Bk Bl45. Create a memoryview object using mem as the
underlying buffer. flags can be one of PyBUF_READ or PyBUF_WRITE.

1E 3.3 A
PyObject *PyMemoryView_ FromBuffer (const Py_buffer *view)
EMRAE : #rey 4 0&, [EFEE ABL-—4)> B 3.11 i K Bl44. Create a memoryview object wrapping the given
buffer structure view. For simple byte buffers, PyMemoryView_ FromMemory () is the preferred function.
PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
EARAE: #rag 408, [EFEE ABI [1—0/r. Create a memoryview object to a configuous chunk of memory
(in either ’C’ or 'F’ortran 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 true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)

Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
EMRAE : #rey4ng, [EFEE ABI (1754, 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)
B ARAE: Fray 48, [EFEE ABI 14> 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.

PyObject *PyWeakref_GetObject (PyObject *ref)
WA R 48, [EETE ABL 14 Return 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 refer-
ence.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)
EM&14: 5 482, Similar to Pyleakref GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)
[EJ7Z 5% ABI 14y This function is called by the tp_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 Capsules

Refer to using-capsules for more information on using these objects.

1E 3.1 R A

type PyCapsule
This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to access
C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
[EJZ 5 ABI [543 The type of a destructor callback for a capsule. Defined as:

[typedef void (*PyCapsule_Destructor) (PyObject *); ]

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)
EARAE: Fray 48, [EFEE ABI [1—4). 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 ().

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
[FJfZ 1 ABI [1)— 5% 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)
[EJfZ 5 ABI )74, 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)
[F)f5 7 ABI [)—3/>. 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)
[B)fZ 52 ABI [)—3#(4). Return the current name stored in the capsule. On failure, set an exception and return
NULL.
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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)

[EFZ 5 ABI 1345 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.
T 3.3 MUAY%E 55 no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

[E)#Z 5 ABI )B4, 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 compared.)

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)
[EfZ 5 ABI 154y 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)
[F)f5 5 ABI -4, 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)

[F)f5 & ABI [1)—3/7. 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.

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
[F)f5 2 ABI {1/ 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 ¥){¥

type PyFrameObject
[E52 [ APL (1384 (#E)—18 Ri% B & 4% (opaque struct)) . FHRIHIAR frame P41 C G5k

TeE A R EA A B A .

TE 3.11 K55 55 The members of this structure were removed from the public C APL. 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.
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PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.
TE 3.11 fRAY %2 5 Previously, this type was only available after including <frameobject . h>.
int PyFrame_Check (PyObject *obj)
Return non-zero if obj is a frame object.
T 3.11 JiR[¥)%# 55 Previously, this function was only available after including <frameobject .h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
TE 3.9 B A

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
s frame i £_builtins JE.
[E{#strong reference, %5 AREE) NULL,
1 3.1 JRFA.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
[0 ABL 4> B 3.10 Re A B44. Get the frame code.
[a] & strong reference.
The result (frame code) cannot be NULL.
1E 3.9 A

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by a
generator. Does not raise an exception, even if the return value is NULL.

[a]{Estrong reference B{ NULL,
16 311 JRPTmA.
PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
WAs frame /) f_globals &M .
IEH;ﬁihstmng reference. %ﬁ%x ﬁ'é NULL,
1 311 A
int PyFrame_GetLasti (PyFrameObject *frame)
Bt frame /) £_lasti Bt
N frame.f_lasti & None [ -1,
TE 3.1 g A

PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)
W5 frame )54 85 name.
o AESNIRE Bl (A B ) strong reference.,
* QURSEBORTFTE, 5|9 NameError [Fa|f# NULL.
* FESERRIES BB SME M NULL.
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name FREWA/E R str.
TE 3.12 fRBEIA.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)
Similar to PyFrame_GetVar (), but the variable name is a C string encoded in UTF-8.

1E 3.12 B
PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s £_locals attribute (dict).

[a]{Estrong reference.
16 311 iR

int PyFrame_GetLineNumber (PyFrameObject *frame)
[EVf5 5 ABIL 1—3%> B 3.10 # & Bl44. 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.

1 311 RBINA.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _PylnterpreterFrame *frame) ;

TEA LT APL, BT RETE/ INRA B A T BV A ) s o

Return a strong reference to the code object for the frame.

1E 3.12 BAFmA.

int PyUnstable_InterpreterFrame_GetLasti (struct _PylnterpreterFrame *frame) ;

TE A ST APL, BT RETE/ MR A EE A (E A i 5 Ml e

Return the byte offset into the last executed instruction.

1E 312 JRAMA.

int PyUnstable_InterpreterFrame_GetLine (struct _PylnterpreterFrame *frame) ;

TEAR LT APL, BT RETE/ INRA B A T BV A i i o
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Return the currently executing line number, or -1 if there is no line number.

1 312 JRBMA.

8.6.10 [Fl4 2% (Generator) ¥

[EVAE 28 (/2 Python I A E BIE)A: 2 FIfR 2% (generator iterator) (4. B3 7 75 (ER € [B)A: (i ek =X
IR, MR PyGen_New () 8{PyGen_NewWithQualName ().

type PyGenObject

FREESR IR C K.
PyTypeObject PyGen_Type

BBV 2R S e U E P 1
int PyGen_Check (PyObject *ob)

UA2R ob J&—fHELERS (generator) PRI AME EL(E ;s ob AZHREI NULL. Bk a4 € BT .
int PyGen_CheckExact (PyObject *ob)

W5 ob EUEIZ PyGen_Type RIMEHE(E; ob MEARFE NULL. HeR=UAE & AT
PyObject *PyGen_New (PyFrameObject *frame)

EIARAE: #ag s, FLR frame YWy E SR RUE O EVE 24 . SR G BGE — M3 frame Y
21 (reference). 5|#AEAE] NULL,

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

WAR AR e 4B, BN frame Wy g Sr B W EE S YA, HP __name_ Al
__qualname__ #[E] name Ml qualname. YR = € BUE — W % frame B2 18, frame 5| # 8 R [E]
NULL,

8.6.11 Coroutine (i%i2) Wi

1E 3.5 IRBMA.
Coroutine Y@ HRLEDA async B ACE 1 e BT [ A 40
type PyCoroObject
JH A coroutine #J{4:14 C % .
PyTypeObject PyCoro_Type
Hi coroutine ¥4 3 E Y ZUEIH F
int PyCoro_CheckExact (PyObject *ob)
At ob HAEUENE PyCoro Type RIEHEME; ob MAARE NULL, HeRUAE &84T
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

CIARAE: #rag 4B, FLR frame W) {4 K 37 [E 0] —{H B 49 coroutine ¥4, H i __name_ I
__qualname__ ##%[E] name 1 qualname, MR EHEAS—{H % frame )2 B (reference). frame 5|3
WA NULL,
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8.6.12 1RiE R B
£ 3.7 HRGMA.
16 3.7.1 Uy S8

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 (void) ;

2 A5 7 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:
PyObject *PyContext_New (void)
1R 1E: #8484, Create a new empty context object. Returns NULL if an error has occurred.
PyObject *PyContext_Copy (PyObject *ctx)

EI &4 #7494 B, Create a shallow copy of the passed czx context object. Returns NULL if an error has
occurred.
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PyObject *PyContext_CopyCurrent (void)

B 1% 14 . #7449 %P4, 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)

B2 1A #7494 84, Create a new 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;
¢ 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)

EIE1E: #7894 B8, Set the value of var to value in the current context. Returns a new token object for this
change, or NULL if 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 foken
was called. This function returns O on success and —1 on error.

8.6.13 DateTime ¥4

datetime BEAIRBLAAE HIHFIRE I 1 . FEMENAEATE LR 1/, WE MR datetime. h GIAJR
JEARTS T (R, Python.h [EME5] AREHREAM ), HE4E PyDateTime IMPORT MJHBHAM , 1 il &
VEEIRTAL BT I 1L R U — 843 % ELASIAR I C S Fa i A (BB 52 B PyDateTimeAPT W1, WS HE
AN BRI
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.
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.
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PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same object as datetime.date in
the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of PyTypeObject 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 object as datetime.time in
the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeObject represents Python type for the difference between two datetime values; it is the
same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of Py TypeOb ject represents the Python time zone info type; it is the same object as datetime.
tzinfo in the Python layer.

FHIRFEHL UTC H41 (singleton) i EL4E
PyObject *PyDateTime_TimeZone_UTC
EE R R UTC KRR 5], 2l datetime.timezone . utc fH[EYIHE:.
1 3.7 A A.
HFI A E 4
int PyDate_Check (PyObject *ob)
AR ob I BIFIFIPyDateTime DateType B PyDateTime_DateType WTHI[E], HI[E/{E true, ob A~
HEINULL, S5 AT .
int PyDate_CheckExact (PyObject *ob)
R ob P BIEIEPyDateTime_DateType, H[E{E true, ob ANEE NULL, Bl k= —E &7,
int PyDateTime_Check (PyObject *ob)
R ob P BIEIEPyDateTime_DateTimeType By PyDateTime_DateTimeType [FAIE], A4
true, ob AFHE NULL. 32l o =0— & .
int PyDateTime_CheckExact (PyObject *ob)
R ob HFEElPyDateTime DateTimeType, HF/E true, ob AEE NULL. B HER—F @H#LT
int PyTime_Check (PyObject *ob)
IR ob E{’JiﬂPyDateTimeiTime Type B PyDateTime_TimeType E‘J%ﬂ, HIJ[A{E true, ob A~
HEINULL, 5 MR AT .
int PyTime_CheckExact (PyObject *ob)
AR ob (HBRUFIEPyDateTime_TimeType, HI[EME true, ob AFEEI NULL, &l k=X — & €7 mah.
int PyDelta_Check (PyObject *ob)
A ob I BUEIEIPyDateTime DeltaType 8% PyDateTime_DeltaType [HFHIE], HI[E]{E# true, ob
AEEINULL, S R AT .
int PyDelta_CheckExact (PyObject *ob)

R ob PYHEIEIPyDateTime _DeltaType, R true, ob AFHE NULL. 51— & 87
.
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int PyTZInfo_Check (PyObject *ob)
AR ob WRIFIEIPyDateTime_TZInfoType B PyDateTime_TZInfoType MTHE], HI[H{# true.
ob RTHEI NULL, &M e —& i,

int PyTZInfo_CheckExact (PyObject *ob)

R ob REEPyDateTime TZInfoType, HEME true, ob AEE NULL, B — & @HATH
1.

LIRS
PyObject *PyDate_FromDate (int year, int month, int day)
EAEE g4, EREARES. . HIY datetime.date,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

EARAE: Feg 4B, RE—EESEEE. A, H. B, 2. B, S0P datetime.datetime,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

AR ey 40, R EARESE. A HL R 4. B R E fold (R RHTED) 14

datetime.datetime,

1E 3.6 JRATINA.
PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
EMRE: #reg4nE., E—EEEER. . B, MYt datetime . date,
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
AR ATe 5. ME—EAREER. 4. B EPE fold (RpMITE]) M datetime. time,
e 3.6 IBMA.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

ER A #rhg 4. Bl —(f datetime.timedelta Y, FRMEEMRE. MM, T
FRUEAL (normalization) DA A: B PP BRI PO datetime. timedelta YT EN HEFEE.

PyObject *PyTimeZone_FromOffset (PyObject *offset)
EARAE : #Feg 4B, [PE—F datetime.timezone Y, HoRmAMWEEIMEER offser 51 HFER.
TE 3.7 A

PyObject *PyTimeZone_FromOf fsetAndName (PyObject *offset, PyObject *name)
EIMRAE: #eh 4B, [A{H—{f datetime.timezone Y, HECWMBEEH ofser 2| HFR, EREE

tzname name .,
TE 3.7 A

#E date Wy 4 b B2 HUAR 02 09 B S, 5] Mo H 2 filpyDateTime Date W B, W THE ()
WPyDateTime_DateTime). 5|#UANEE NULL, [FHAEERE:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
mIEAE Gy, IR

int PyDateTime_GET_MONTH ( PyDateTime_Date *0)
Ml A Gy, EIERE, #1512,

int PyDateTime_GET_DAY (PyDateTime_Date *0)
Ml H A, R, 15 31,
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# datetime P {F BRI E 5. 58 E R PyDateTime _DateTime BB, WiEFHEE. 18R
BENvLL, FHAGHARE:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
/N, [FIIE#E %, 4 0 %) 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
Wl sy, [FIEREHL, 4E 0 %) 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
Il D, [EEHH, 4 0 %) 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
Il Ry, [FIEHES, 1€ 0 51 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
[l {5 fold, [F0 =} 1 [y IEHREHL.
1t 3.6 IBIMA.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
|84 tzinfo (T]fESE None).,
1E 3.10 i A

fie time Py PF SRR B . SR EPyDateTime Time WYEHI, W45 THE. 51#AEE NULL,
EHA g ZE:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
Wl /N, [EIEHE%, 7 0 %) 23,
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
Il 5y, (FIIEREHL, € 0 %) 59.
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
| Ry, EEREH, 7§03 59,
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
MEARD, [EIERES, 7 0 3] 999999,
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Il {8 fold, [F0 5§ 1 fyIEREHE,
1E 3.6 FRBTIMA.
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
|54 tzinfo (T]fESE None).,
£ 3.10 HEHEA.

# time delta Y4 FHREARN A E 4 . 5B M PyDateTime_Delta WIEHI, W5 FHEl. 518AGEE
NULL, [EIHAErgrsi(E:

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
DA -999999999 F| 999999999 2 ] ) #i T =X [ e K4 .
1 3.3 B
int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
PA 0 21| 86399 - [H] i1 # i 2 [l (A
TE 3.3 A
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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)
EIMRAE: #ag4id., SE B AEIEL datetime.datetime. fromtimestamp () B5|$IT4H,
# S E ] —{f ) datetime.datetime P,
PyObject *PyDate_FromTimestamp (PyObject *args)

EIARAE: FHey4E, BT GHEIEL datetime.date. fromtimestamp () BTG HUOGAH, Hir
[El[u]E— ) datetime.date P,

8.6.14 BFIRTRYIH

PR o R B E R R i [E @ AL E). H WA W FE -- GenericAlias Al Union, 5 GenericAlias A /A B
(expose) %5 C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

[EfE 2 ABL 304> B 3.9 ke A PB44. 737 —1F GenericAlias ¥ {f, %[ JANERY Python [ types.
GenericAlias class. origin 1 args 5|84 Fli%E T GenericAlias i _ origin_ Hi_ args_
B VL. origin JEFZTLEAH Py TypeObject* H args A PAR{H PyTupleObject* Biff& PyObject*, 1l
A args N2 wple (Fod), A& H B @ — MR EE 1% wple H __args__ @#akE (args,
) o HEIEAT IR IE I B, FrARME origin RN EALE], M@ A EkM. GenericAlias [
__parameters__ BYEEH __args__ MBS (constructed lazily), 2 iRy, €5 | 25— 61 4E)
[A] {8 NULL.,

PATF 2 e — i 3% 72 B E)Z 4 (generic) AT

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem_ ", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

EEA
BRI YA __class_getitem_ ().

5 3.9 IRBNA.

PyTypeObject Py_GenericAliasType
S ABLIY—4r B 3.9 M ARB4E. Py _GenericAlias () sz C BUE]. S5{H % Python
H) types.GenericAlias,

1E 3.9 JRBINA.
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CHAPTER 9

Initialization, Finalization, and Threads

WEE 2 RPython #7145 1L35% % .

9.1 Python #4122 Hi

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_SetPath()

Py _SetProgramName ()

Py _SetPythonHome ()
Py_SetStandardStreamEncoding ()
PySys_AddWarnOption ()
PySys_AddXOption ()

PySys_ResetWarnOptions ()

¢ Informative functions:
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— Py _IsInitialized()
— PyMem GetAllocator()
— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py GetPlatform()
— Py_GetVersion()
« Utilities:
— Py_DecodeLocale ()
¢ Memory allocators:
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

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_BytesWarningFlagto 2.

int Py_BytesWarningFlag

This API 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.

Hi —b BEIHEE .
1E 3.12 iR AR BEE .

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#IHEL PYTHONDEBUG BRIEBEHE .

EA VAN
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1 3.12 iz A BEE .
int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used instead,
see Python Initialization Configuration.

If set to non-zero, Python won’t try to write . pyc files on the import of source modules.
iy -B i IEHL PYTHONDONTWRITEBYTECODE FElsst sk < o
1 3.12 iz & BEE .

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.
1 3.12 iz & B E .

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.

WSRESE A Y PYTHONHASHSEED #ii € [El— i JF 25 e Il (E] 1.
If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.
£ 3.12 2 B EH.

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used instead,
see Python Initialization Configuration.

ZWE T VT e B E 1Y) PYTHON* PREFA# 8L, {4l PYTHONPATH Eil PYTHONHOME,
1 -E Bl -T BRIERLE
TE 3.12 JiRZ AR T

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 j%IEEL PYTHONINSPECT BRI EE .
1 3.12 itz B E .
int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig.interactive should be used instead, see
Python Initialization Configuration.

M -1 BIEUE
1 3.12 iz EpkE .
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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 -1 BRIHEUE .
1E 3.4 JRABMA.
1 3.12 iz & EE .

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.

AR PR 558 PYTHONLEGACYWINDOWSF SENCODING # 5% i [F— M L2 2 e HI 35 F 1.
LS H PEP 529,

T ] : Windows,

e 3.12 fiiZ B E.

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.
BRI L PEP 528,

1 H : Windows.

1E 3.12 Mz B .

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).

i —s BEIHBE .
TE 3.12 2 AR REE .

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.
i —-s33IH, -1 $EJHEL PYTHONNOUSERSITE BB EERE.
e 3.12 it B HE .
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int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be used
instead, see Python Initialization Configuration.

i -0 j#IHEL PYTHONOPTIMI ZE ¥Ebs 5 8GR E .
T 3.12 itz Sk E .

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 »

TE 3.2 JRBEA.

1E 3.12 iz & B E .

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered stdio should be used instead,
see Python Initialization Configuration.

Force the stdout and stderr streams to be unbuffered.
i —u j#IEEL PYTHONUNBUFFERED JEIE 2 # E .
1E 3.12 it 2 B E .

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.

Hi —v $IEHL PYTHONVERBOSE FREE S MGRE .
1E 3.12 fit 2 % B E .

9.3 Initializing and finalizing the interpreter

void Py_Initialize()

[EJ#% 2 ABI [#)-—%B4y. Initialize the Python interpreter. In an application embedding Python, this should be
called before using any other Python/C API functions; see Before Python Initialization for the few exceptions.

This initializes the table of loaded modules (sys .modules), and creates the fundamental modules builtins,
__main__ and sys. It also initializes the module search path (sys.path). It does not set sys.
argv; use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without calling
Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

Usethe Py _InitializeFromConfig () 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.
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void Py_InitializeEx (int initsigs)

B2 52 ABI [)—734). This function works like Py_Tnitialize () if initsigs is 1. If initsigs is 0, it skips
initialization registration of signal handlers, which might be useful when Python is embedded.

Usethe Py _TnitializeFromConfig () function to customize the Python Initialization Configuration.

intPy_IsInitialized()

ZE ABI [1J—/7. Return true (nonzero) when the Python interpreter has been initialized, false (zero) if not.
After Py_FinalizeEx () is called, this returns false until Py Tnitialize () is called again.

int Py_FinalizeEx ()

[0 ABI[1-—314)> & 3.6 B A B44. Undo all initializations made by Py Initialize () and subsequent
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_Tnitialize ()
again first).

Since this is the reverse of Py_Initialize (), it should be called in the same thread with the same interpreter
active. That means the main thread and the main interpreter. This should never be called while Py RunMain ()
is running.

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 modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py_TInitialize () and Py FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.

T 3.6 UG

void Py_Finalize ()

[F)f5 % ABI [#)— 74>, This is a backwards-compatible version of Py_FinalizeEx () that disregards the
return value.

9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py_Tnitialize (), if itis called at all. It specifies which encoding and
error handling to use with standard 10, with the same meanings as in str.encode ().

It overrides PYTHONIOENCOD ING values, and allows embedding code to control IO encoding when the environ-
ment variable does not work.
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encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sy s . stderr always uses the "backslashreplace” error handler, regardless of this (or any other) setting.

If Py_FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls to
Py Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
1E 3.4 RPN
1 311 iR HE.

void Py_SetProgramName (const wchar_t *name)

[F)f% ¢ ABI /)% 4r. This API is kept for backward compatibility: setting PyConfig.program name
should be used instead, see Python Initialization Configuration.

This function should be called before Py Tnitialize () is called for the first time, if it is called at all. It
tells the interpreter the value of the argv [0] argument to the main () function of the program (converted to
wide characters). This is used by Py_GetPath () and some other functions below to find the Python run-time
libraries relative to the interpreter executable. The default value is 'python'. The argument should point to
a zero-terminated wide character string in static storage whose contents will not change for the duration of the
program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

1 311 R HE.
wchar_t *Py_GetProgramName ()

B2 & ABI () —3% 4. Return the program name set with Py_SetProgramName (), or the default. The
returned string points into static storage; the caller should not modify its value.

WA ERZAEPy _Initialize () ZHIMEIY, 5 H]€EBH# NULL,
TE 310 HR S o R AEPy Tnitialize () ZHIFENY, BEAE€r[n{H NULL,

wchar_t *Py_GetPrefix ()

[F)Z ¢ ABI [1J—#F 4. Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environment
variables; for example, if the program name is ' /usr/local/bin/python’, the prefixis ' /usr/local’.
The returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

WA A ERZAEPy_Tnitialize () ZHIFFIY, 75 H€r bl NULL,
TE 3.10 i3 WIRAEPy Tnitialize () ZHIFENY, FAEE W NULL,

wchar_t *Py_GetExecPrefix ()

[F)f5 5 ABI [#)—74). Return the exec-prefix for installed platform-dependent files. This is derived through
a number of complicated rules from the program name set with Py_SetProgramName () and some envi-
ronment variables; for example, if the program name is ' /usr/local/bin/python', the exec-prefix is
'/usr/local"'. The returned string points into static storage; the caller should not modify its value. This cor-
responds to the exec_prefix variable in the top-level Make file 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
inthe /usr/local/plat subtree while platform independent may be installed in /usr/local.
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Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines running
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 meaningless, 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.

MR A ERZAEPy_Tnitialize () ZHIFFIY, 75 H€rnl{# NULL,
AE 310 JRIKSET: WIRAEPy Initialize () ZHIWENY, BIEEI{E# NULL,

wchar_t *Py_GetProgramFullPath ()

[EJ#Z 5 ABI [543 Return the full program name of the Python executable; this is computed as a side-effect
of deriving the default module search path from the program name (set by Py_SetProgramName () above).
The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.executable.

W AESAEPy ITnitialize () Z VMY, 75 H)€B{# NULL,
TE 310 FRIK S E: APy Tnitialize () ZHIWFENY, BEEr[E{EH NULL,

wchar_t *Py_GetPath ()

[EfZ 5 ABI [/)-—#F45. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series of
directory names separated by a platform dependent delimiter character. The delimiter character is ' : ' on Unix
and macOS, ' ; ' on Windows. The returned string points into static storage; the caller should not modify its value.
The list sys . path is initialized with this value on interpreter startup; it can be (and usually is) modified later to
change the search path for loading modules.

WA ERZAEPy_Initialize () ZHIFENY, 5 H)€Bl{# NULL,
JE 310 fREYSE T NRAEPy Initialize () Z HIFERY, FRAEEr[E/{H NULL,

void Py_SetPath (const wchar_t*)

[F)fE 5 ABIL (19334 B 3.7 #e A Bl44. This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_ search_paths_set should be used instead, see
Python Initialization Configuration.

Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should
be separated by the platform dependent delimiter character, whichis ' : ' on Unix and macOS, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath ())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if required
after calling Py_Initialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

TE 3.8 iR\ %% 5 The program full path is now used for sys.executable, instead of the program name.
1 3.11 iz #pEA.

const char *Py_GetVersion ()

[FJfZ 1 ABI [1— %% Return the version of this Python interpreter. This is a string that looks something like
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["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]1" ]

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 ()

[F)fZ 5 ABI [1—7/4). 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'. On macOS, itis 'darwin’'. On
Windows, it is '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 ()

[[)2 5 ABI [1)—34y. 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 ()

[EfZ 5 ABI [)—#45. Return an indication of the compiler used to build the current Python version, in square
brackets, for example:

["[Gcc 2.7.2.21" ]

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 ()

= ABI [1—%(/>. Return information about the sequence number and build date and time of the current
Python interpreter instance, for example

["#67, Aug 1 1997, 22:34:28" J

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 **argy, int updatepath)

[EJ#Z 5 ABI [#)-—%4). This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig. safe_path should be used instead, see Python Initialization Configuration.

Set sys.argv based on argc and argv. These parameters are similar to those passed to the program’s main ()
function with the difference that the first entry should refer to the script file to be executed rather than the executable
hosting the Python interpreter. If there isn’t a script that will be run, the first entry in argy can be an empty string.
If this function fails to initialize sys . argv, a fatal condition is signalled using Py_FatalError ().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys.path
according to the following algorithm:

* If the name of an existing script is passed in argv [ 0], the absolute path of the directory where the script
is located is prepended to sys .path.

» Otherwise (that is, if argc is 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").
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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 Configuration.

il

It is recommended that applications embedding the Python interpreter for purposes other than executing a single
script pass 0 as updatepath, and update sy s . path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sys . path element
after having called PySys_SetArgv (), for example using:

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); ]
&

1E 3.1.3 JiUg A
1 3.11 it 2 % B (E .

void PySys_SetArgv (int argc, wchar_t **argv)
= E ABI [ — #5/r. This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_arqgv should be used instead, see Python Initialization Configuration.

This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter was
started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
TE 3.4 R {)5# 58 The updatepath value depends on —1I.

1 311 R BEH.

void Py_SetPythonHome (const wchar_t *home)

[E)& 5 ABI [#)—74>. This API is kept for backward compatibility: setting PyCon£ig. 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.

1E 3.1 ez .

wchar_t *Py_GetPythonHome ()

)5 & ABI ) — #04>. Return the default “home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

MR A A ERZAEPy _Tnitialize () ZHIFEIY, 75 H€rHl{# NULL,
TE 310 JRIKSEET: WIRAEPy Initialize () ZHIMNY, BIEE[EH NULL,
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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 ()). Thelock is also released around potentially blocking I/O operations like reading or writing
a file, so that other Python threads can run in the meantime.

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current PyThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the G/L has the following simple structure:

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

This is so common that a pair of macros exists to simplify it:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation
Py_END_ALLOW_THREADS

The Py BEGIN_ALLOW_THREADS macro opens a new block and declares a hidden local variable; the
Py_END_ALLOW_THREADS macro closes the block.

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 cryptographic
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functions operating over memory buffers. For example, the standard z1ib and hash1lib modules release the GIL
when compressing or hashing data.

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 auto-
matically 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 aforementioned
third-party library), you must first register these threads with the interpreter by creating a thread state data structure, then
acquiring the GIL, and finally storing their thread state pointer, before you can start using the Python/C API. When you
are done, you should reset the thread state pointer, release the GIL, and finally free the thread state data structure.

The PyGILState Ensure () and PyGILState Release () functions do all of the above automatically. The
typical idiom for calling into Python from a C thread is:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py_Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 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
thisfor os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os.fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS AfterFork Child () tries to
reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly, which
os.fork () does. This means finalizing all other Py ThreadState objects belonging to the current interpreter and
allother 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 Fp& API

These are the most commonly used types and functions when writing C extension code, or when embedding the Python
interpreter:
type PyInterpreterState

[F)57 [ APIL 1) —35%  (#[E]l—18 R % #A 4 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
)37 [ API [—304y  (#[E)—18 % P & 4% (opaque struct)) . This data structure represents the state of a
single thread. The only public data member is:
PyInterpreterState *interp

This thread’s interpreter state.

void PyEval_InitThreads ()
[EfZ 5 ABI [1-—34y. Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.

5 3.9 MRS ek SUBITEA S U AT 24 .

TE 3.7 IR Y54 T This function is now called by Py Initialize (), so you don’t have to call it yourself
anymore.

T 3.2 Ji {52 5 This function cannot be called before Py_Tnitialize () anymore.
e 3.9 2 A& EEI.

int PyEval_ThreadsInitialized()

[BJfZ 2 ABI [1)—3B%). Returns a non-zero value if PyEval_TInitThreads () has been called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

TE 3.7 Y525 The GIL is now initialized by Py_Tnitialize ().
1E 3.9 M2 AAEEI.

PyThreadState *PyEval_SaveThread ()
[EfZ 72 ABI [)—#B4). 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)

=T J—47. Acquire the global interpreter lock (if it has been created) and set the thread state to #state,
[FJf5 1 ABI [#)—5%). Acquire the global interpreter lock (if it has b ted) and set the thread state t
which must not be NULL. If the lock has been created, the current thread must not have acquired it, otherwise
deadlock ensues.

e

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You canuse _Py_IsFinalizing() orsys.is_finalizing () to check
if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.
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PyThreadState *PyThreadState_Get ()

[[)2 & ABI [#)—3(4). Return the current thread state. The global interpreter lock must be held. When the
current thread state is NULL, this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

[F)f5 5 ABI [#)—74). Swap the current thread state with the thread state given by the argument tstate, 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 ()

[EfZ 5% ABI 1545 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 withacallto PyGILState_Release (). Ingeneral, other thread-related APIs may be used
between PyGILState_Ensure () and PyGILState Release () callsaslong 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 () mustsave the handle
forits call to PyGILState Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code. Failure
is a fatal error.

e

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the thread
was not created by Python. You canuse _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)

[EJfZ 1 ABI [1J—74). Release any resources previously acquired. After this call, Python’s state will be the same
as it was prior to the corresponding PyGILState Ensure () call (but generally this state will be unknown to
the caller, hence the use of the GILState API).

Everycallto PyGILState_Ensure () mustbe matchedbyacallto PyGILState Release () onthe same
thread.

PyThreadState *PyGILState_GetThisThreadState ()
[F)F2 5 ABI [)—34). Get the current thread state for this thread. May return NULL if no GILState API has been

used on the current thread. Note that the main thread always has such a thread-state, even if no auto-thread-state
call has been made on the main thread. This is mainly a helper/diagnostic function.

int PyGILState_Check ()

Return 1 if the current thread is holding the GIL and 0 otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return 1.
This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory allocation
functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or otherwise behave
differently.

£ 3.4 G

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.
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Py_BEGIN_ALLOW_THREADS
EiE € ABI (% — 3B 4 This macro expands to { PyThreadState *_save; _save =
PyEval_SaveThread () ;. Note that it contains an opening brace; it must be matched with a follow-
ing Py_END_ALLOW_THREADS macro. See above for further discussion of this macro.

Py_END_ALLOW_THREADS
[F)f5 72 ABI [1—#%(4). This macro expands to PyEval_RestoreThread (_save); }. Note that it con-
tains 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
[E)Z 72 ABI () —3% 4. This macro expands to PyEval_RestoreThread (_save) ;: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS

[EJ#Z 72 ABI {f)—#F 4. This macro expands to _save = PyEval_SaveThread () ;: it is equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

9.5.5 {Kk& API

All of the following functions must be called after Py_Tnitialize ().
TE 3.7 MBS Py_Initialize () now initializes the GIL.

PylInterpreterState *PyInterpreterState_New ()
[FJfZ 5 ABI [/, Create a new interpreter state object. The global interpreter lock need not be held, but
may be held if it is necessary to serialize calls to this function.
Raises an auditing event cpython.PyInterpreterState_New with no arguments.

void PyInterpreterState_Clear (PylnterpreterState *interp)
[F)Z & ABI [)—%F4). Reset all information in an interpreter state object. The global interpreter lock must be
held.
Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
[E)Z 72 ABI [1—%(4). 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)
[EJ#Z 72 ABI [1—#F4>. 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)2 5 ABI [1)—547. Reset all information in a thread state object. The global interpreter lock must be held.
TE 3.9 ¥ 5% 5 This function now calls the PyThreadState.on_delete callback. Previously, that hap-
pened in PyThreadState Delete ().

void PyThreadState_Delete (PyThreadState *tstate)
[EfZ & ABI [1)—%F4). Destroy a thread state object. The global interpreter lock need not be held. The thread
state must have been reset with a previous call to PyThreadState_Clear ().

void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().
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PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
&5 ABL[—4> & 3.10 #e A Bi45. Get the current frame of the Python thread state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
W R PyEval_GetFrame (),
tstate A~ W] [E] NULL,

1E 3.9 FRABMA.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
[F)fE @ ABIL 1484 & 3.10 #5 A F44. Get the unique thread state identifier of the Python thread state tstate.
tstate AT [F] NULL,

1E 3.9 A

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
[0 ABL W4y B 3.10 #e A PBi44. Get the interpreter of the Python thread state #state.
tstate N[ [F] NULLS,

1E 3.9 FRBNA.
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 HRFmA.

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.

e 311 RBTINA.

PyInterpreterState *PyInterpreterState_Get (void)
[0 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.
TE 3.9 B

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
ZE ABI [)—31%r B 3.7 i A B44. 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.

1E 3.7 A
PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

[E)fE & ABI 19—/ & 3.8 B A B44. 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.
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TE 3.8 MU

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.
TE 3.9 R [{)5% 58 The function now takes a fstate parameter.

TE 3.11 )52 5. The frame parameter changed from PyFrameObject* to _PyInterpreterFrame*.

_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 RATINA.
PyObject *PyThreadState_GetDict ()

BSR4 88, [EfEE ABI f#)- /> 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)
[E)Z 5 ABI [#)—3%14). Asynchronously raise an exception in a thread. The id argument is the thread id of the
target thread; exc is the exception object to be raised. This function does not steal any references to exc. To prevent
naive misuse, you must write your own C extension to call this. Must be called with the GIL held. Returns the
number of thread states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL,
the pending exception (if any) for the thread is cleared. This raises no exceptions.

FE 3.7 M) 58 5 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

[F)f2 & ABI [1)—3%B/4>. 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. You canuse _Py_IsFinalizing() orsys.is_finalizing/() tocheck
if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

¥E 38 WOy & 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).
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void PyEval_ReleaseThread (PyThreadState *tstate)

[F)2 5 ABI [)—3547. 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 fstate argument, which must not be
NULL, is only used to check that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not been
initialized).

void PyEval_AcquireLock ()
[E)2 5 ABI [)—3#545. Acquire the global interpreter lock. The lock must have been created earlier. If this thread

already has the lock, a deadlock ensues.

T 3.2 W Z 1 ¢ [F) §: This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

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_TIsFinalizing () orsys.is_finalizing () to check
if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

E 38 MMy 2 Updated to be consistent with PyEval RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_Ensure (), and terminate the current thread if
called while the interpreter is finalizing.

void PyEval_ReleaseLock ()
[F)f5 & ABI [1)—715/>. Release the global interpreter lock. The lock must have been created earlier.

I 32 MR 2 1% %% [F] H: This function does not update the current thread state.  Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

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 PyInterpreterState_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 R
Structure fields:

int use_main_obmalloc

If this is 0 then the sub-interpreter will use its own “object” allocator state. Otherwise it will use (share) the
main interpreter’s.
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If this is O then check_multi_interp extensions must be 1 (non-zero). If this is 1 then gil
must not be PyTnterpreterConfig OWN_GIL.

intallow_fork
If this is 0 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 O 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 al-
lowed.

int allow_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 0 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 (PyTnterpreterConfig SHARED _GIL).
PyInterpreterConfig_SHARED_GIL

Use (share) the main interpreter’s GIL.
PyInterpreterConfig_OWN_GIL

Use the sub-interpreter’s own GIL.

If this is PyInterpreterConfig OWN_GIL then PyInterpreterConfig.
use _main_obmalloc must be 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 fun-
damental modules builtins, _ main__ and sys. The table of loaded modules (sys.modules) and the
module search path (sys.path) are also separate. The new environment has no sys.argv variable. It has
new standard I/O stream file objects sys.stdin, sys.stdout and sys.stderr (however these refer to the
same underlying file descriptors).

The 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, fstate_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.
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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 FgmA.

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 = O,
.allow_threads = 1,
.allow_daemon_threads = 0O,
.check_multi_interp_extensions = 1,
.glil = PyInterpreterConfig_OWN_GIL,
i
PyThreadState *tstate = Py_NewlInterpreterFromConfig(&config);
.

Note that the config is used only briefly and does not get modified. During initialization the config’s values are
converted into various Py InterpreterState values. A read-only copy of the config may be stored internally
onthe PyInterpreterState.

Extension modules are shared between (sub-)interpreters as follows:

¢ For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec (), a separate mod-
ule object is created and initialized for each interpreter. Only C-level static and global variables are shared
between these module objects.

» For modules using single-phase initialization, e.g. PyModule_ Create (), the first time a particular exten-
sion 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_TInitialize ();in that case, the ex-
tension’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.

PyThreadState *Py_NewInterpreter (void)

)35 & 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)

[EJ7Z 5 ABI [1-—3F4y. 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 it returns.

Py_FinalizeEx () will destroy all sub-interpreters that haven’t been explicitly destroyed at that point.
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9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig () youcan 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.

1E 3.12 A

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 . c1lose () they can (accidentally or maliciously) affect each other’s
open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not work properly;
this is especially likely when using single-phase initialization or (static) global variables. It is possible to insert objects
created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* APIs s delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_ Ensure () and
PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling of
Python code from non-Python created threads will probably be broken when using sub-interpreters.

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)

[EJZ 72 ABI [y B4y, Schedule a function to be called from the main interpreter thread. On success, O is
returned and func is queued for being called in the main thread. On failure, —1 is returned without setting any
exception.
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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 conditions met:

* on a bytecode boundary;
¢ with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return 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.

o

This is a low-level function, only useful for very special cases. There is no guarantee that func will be called
as quick as possible. If the main thread is busy executing a system call, func won’t be called before the system
call returns. This function is generally not suitable for calling Python code from arbitrary C threads. Instead,
use the PyGILState API.

£ 3.1 HGmA.

TE 3.9 W5 B 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 obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace CALL, PyTrace EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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Value of what Meaning of arg

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 Function object being called.

PyTrace_C_EXCEPTION Function object being called.

PyTrace_C_RETURN Function object being called.

PyTrace_OPCODE Always Py_None.

int PyTrace_CALL
The value of the what parameter to a Py_ t race func 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 race func 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 racefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN

The value for the what parameter to Py_ t race func functions when a call is about to return.
int PyTrace_C_CALL

The value for the what parameter to Py_ t race func functions when a C function is about to be called.
int PyTrace_C_EXCEPTION

The value for the what parameter to Py_ t race func functions when a C function has raised an exception.
int PyTrace_C_RETURN

The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

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.

WU b JHAF A GIL o
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void PyEval_SetProfileAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetProfile () but sets the profile function in all running threads belonging to the current in-
terpreter instead of the setting it only on the current thread.

P 25 AR GIL

As PyEval_ SetProfile (), this function ignores any exceptions raised while setting the profile functions in
all threads.

1E 3.12 A
void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_ C_CALL,
PyTrace_ C_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.

Wi R sys.settrace () K.
IR 255 IR 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 inter-
preter instead of the setting it only on the current thread.

WY A GIL

As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace functions in all
threads.

15 3.12 JRBMA.

9.9 Advanced Debugger Support

These functions are only intended to be used by advanced debugging tools.

PylnterpreterState *PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylnterpreterState *PyInterpreterState_Main ()

Return the main interpreter state object.

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

Return the next interpreter state object after inferp from the list of all such objects.

PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first PyThreadState object in the list of threads associated with the interpreter interp.

PyThreadState *PyThreadState_Next (PyThreadState *tstate)

Return the next thread state object after tstate from the list of all such objects belonging to the same
PyInterpreterState object.
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9.10 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 Clevel 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.

il

None of these API functions handle memory management on behalf of the void* values. You need to allocate
and deallocate them yourself. If the void* values happen to be PyObject*, these functions don’t do refcount
operations on them either.

9.10.1 Thread Specific Storage (TSS) API

TSS APl is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

e 3.7 ABMA.

hs%
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

type Py_tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying TLS

implementation, and it has an internal field representing the key’s initialization state. There are no public members
in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py_tss_ NEEDS_TNIT 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 alloca-
tion of this type is not possible due to its implementation being opaque at build time.
Py_tss_t *PyThread_tss_alloc ()

[E)fEF ABI %84 B 3.7 # A B+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.
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void PyThread_tss_free (Py_iss_t *key)

&2 ABI [)—304> B 3.7 #o A Bl 44. Free the given key allocated by PyThread_tss_alloc (), after
first calling PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

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_1ss_t *key)
[Ff5 5 ABI (19— & 3.7 B A 44, Return a non-zero value if the given Py_tss_t has been initialized
by PyThread_tss_create ().

int PyThread_tss_create (Py_1ss_t *key)

ZE ABI [—3F4> B 3.7 #e A~ M 45. Return a zero value on successful initialization of a TSS key. The
behavior is undefined if the value pointed to by the key argument is not initialized by Py_tss_NEEDS_ INIT.
This function can be called repeatedly on the same key -- calling it on an already initialized key is a no-op and
immediately returns success.

void PyThread_tss_delete (Py_tss_t *key)
[E)fE & ABI ()34 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_fss_t *key, void *value)
[EfE 5 ABL -84 B 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)
[EfE 5 ABL—304) B 3.7 B A B 44. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.

9.10.2 Thread Local Storage (TLS) API

TE 3.7 Wz 45 9% [EIH: This API is superseded by Thread Specific Storage (TSS) API.

fti(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.
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int PyThread_create_key ()
[E%% & ABI )55

void PyThread_delete_key (int key)
[EVfEE ABI )43

int PyThread_set_key_value (int key, void *value)
B ABI )53

void *PyThread_get_key_value (int key)
[E)fE & ABI {4

void PyThread_delete_key_value (int key)
B ABI )5

void PyThread_ReInitTLS ()
[EVfZ 5 ABI f)—3B43.

9.10. Thread Local Storage Support
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1E 3.8 JRBA.

Python can be initialized with Py_TnitializeFromConfig () and the PyConfig structure. It can be preinitial-
ized with Py_PreInitialize () and the PyPreConfig structure.

There are two kinds of configuration:

» 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 G HI

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

BT 1)
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(M L—H)

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception (status)) {

goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;

}
PyConfig_Clear (&config);

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

List of wchar_t* strings.
If length is non-zero, items must be non-NULL and all strings must be non-NULL.
Methods:

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 O.
Python must be preinitialized to call this function.
Structure fields:
Py_ssize_t length
List length.

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 AW [E] 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 Py St atus . func, whereas functions to create a status set func to NULL.

i
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PyStatus alloc (void **ptr, size_t size)

{
*ptr =

PyMem_RawMalloc (size);

if (*ptr == NULL) {
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 O;

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): usemalloc () 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_DEBUG (6): Python pymalloc memory allocator with debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using --without-pymalloc.

ALY i

FE#%: 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 O.
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 ¥ipyPreconfig.utf8 _mode #[F] 0,
e M PyConfig.filesystem_encoding #[F) "mbes",
e ¥pyConfig.filesystem errors #&[F] "replace",
Initialized the from PYTHONLEGACYWINDOWSF SENCOD ING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
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 Com-
mand 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.
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int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Setto 0 or 1 by the -X ut £8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: —1 in Python config and 0 in isolated config.

10.5 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 A~T[[F] NULL,
PyStatus Py_PrelInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)
Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig RTJ[E] NULL,
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
Preinitialize Python from preconfig preconfiguration.

Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.

preconfig ZNA[[E] NULL,

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py ExitStatusException ().

For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py PreInitialize() and before
Py_InitializeFromConfig() to install a custom memory allocator. It can be called before
Py _PrelInitialize () if PyPreConfig.allocatorissetto PYMEM ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_ RawMalloc () must not be used before the Python preinitialization,
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:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfigqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
Structure containing most parameters to configure Python.

When done, the PyConfig Clear () function must be used to release the configuration memory.
Structure methods:

void PyConfig_InitPythonConfig (PyConfig *config)

Initialize configuration with the Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)

Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)

Copy the wide character string str into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int arge, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (a2 rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,
wchar_t **items)

Set the list of wide strings list to length and items.

Preinitialize Python if needed.
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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.

T7E 3.10 H 1Y) % . The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

TE 3.11 R AETE: PyConfig Read () no longer calculates all paths, and so fields listed under Python
Path Configuration may no longer be updated until Py TnitializeFromConfig () is called.

void PyConfig_Clear (PyConfig *config)

Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyConfig method:

* PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using PyStatus_Exception ()
and Py_ExitStatusException ().

Structure fields:
PyWideStringList axgv
A58 sys.argv,

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments 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.
THRAE: 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] isequal to L"-m" (python -m module), prepend the current working directory.

e If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.
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¢ 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 JghA.

wchar_t *base_exec_prefix

sys.base_exec_prefix,
THFR(HE: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

TEFR(HE: NULL,

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix,
THRR{H: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to 0 and configure_c_stdio isnon-zero, disable buffering on the C streams stdout and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.
HBE: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —bb command line option.
ik 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

HE: 0.
& 3.10 FGIA.
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int code_debug_ranges
If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges
command line option.

THRCE: 1o
1E 3.1 JgmA.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the ——check—-hash-based-pycs
command line option.

Valid values:
* 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.

JE#: L"default",

See also PEP 552 "Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:

¢ On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.

e If buffered_ stdio equals zero, disable buffering of stdin, stdout and stderr streams.

e If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
Set to 1 by the -X dewv option and the PYTHONDEVMODE environment variable.
Default: —1 in Python mode, 0 in isolated mode.
int dump_refs
Dump Python references?
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREF' S environment variable.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

TEFE: 0.
wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

THFR(H: NULL,
Part of the Python Path Configuration output.
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wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

THRR{E: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () atstartup.
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8_mode is non-zero.

e "ascii"if Pythondetectsthatnl_langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latinl).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
¢ Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii".

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 is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
* "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.
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Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.

wchar_t *home

Python home directory.
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
JEFR{E: NULL,
Part of the Python Path Configuration input.
int import_time
If non-zero, profile import time.
Setthe 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
K 0.
int inspect
Enter interactive mode after executing a script or a command.

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . stdin does not appear to be
a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is

non-empty.
THEE: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.
R 0.

int int_max_str_digits
Configures the integer string conversion length limitation. An initial value of —1 means the value
will be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of O disables the limitation. Values greater than zero but less

than 640 (sys.int_info.str_digits_check_threshold) are unsupported and will produce an
€erTor.

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)inisolated mode.

e 3.12 Jg A

int isolated

If greater than 0, enable isolated mode:

e Set safe_pathto 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.
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* #4use_environment FEE 0: ZM PYTHON BEHIMIH,
e Set user_site_directoryto 0: don’t add the user site directory to sys.path.

* Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also the Isolated Configuration and PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use io.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. #ifdef MS_WINDOWS macro can be used for Windows specific code.
HE: 0.

See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats

If non-zero, dump statistics on Python pymalloc memory allocator at exit.
Set to 1 by the PYTHONMALLOCSTATS environment variable.
The option is ignored if Python is configured using the —--without-pymalloc option.
@ 0,
wchar_t *platlibdir
Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure —--with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
1E 3.9 B A.

T 3.11 {54 55 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_set is equal to 0, Py_TnitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.
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Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).

Part of the Python Path Configuration output.

int optimization_level

Compilation optimization level:
* 0: Peephole optimizer, set __debug___ to True.
¢ 1: Level 0, remove assertions, set ___debug__ to False.
e 2: Level 1, strip docstrings.
Incremented by the —~O command line option. Set to the PYTHONOPTIMIZE environment variable value.

HE: 0.

PyWideStringList orig_argv

The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig_argv listis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the a rgv member and the Py GetArgcArgv () function.

Default: empty list.
e 3.10 A

int parse_argv

Parse command line arguments?

If equals to 1, parse a rgv 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, 0 in isolated mode.

7E 3.10 liU 52§ : The PyConfig. argv arguments are now only parsed if PyConfig.parse_argv
equals to 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on com-
pilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Need a debug build of Python (the Py_DEBUG macro must be defined).

% 0,

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into st derr. If equals to 0, suppress
these warnings.

Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.
7E 3.11 AR A%)58 5 : Now also applies on Windows.
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wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.prefix.
THRR{E: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
e If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

e If the WITH_NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment
variable if set.

* Use argv [0] of argv if available and non-empty.

Otherwise, use L"python" on Windows, or L"python3" on other platforms.
THF{E: NULL,
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX en-
vironment variable.

If NULL, sys.pycache_prefixissetto None.
THEL{E: NULL,
int quiet
Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive mode.
Incremented by the —g command line option.
Bt 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, it is set to script .py by the python3 script.py argcommand line.
s R PyConfig.skip_source_first_line $#EIH,
FEFE: NULL,

wchar_t *run_module

Value of the —m command line option.
Used by Py_ RunMain ().

THR(HE: NULL.
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int show_ref_count

Show total reference count at exit (excluding immortal objects)?
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
B 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 is set to the inverted value of site_ import.
THEAE: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
ik 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace™" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.utf8_ mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.ut f8_mode is non-zero, or if the LC_CTYPE locale
is ”C” or "POSIX”.

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

If non-zero, call tracemalloc.start () atstartup.

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment vari-
able.
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Default: -1 in Python mode, 0 in isolated mode.
int perf_profiling
Enable compatibility mode with the perf profiler?
If non-zero, initialize the perf trampoline. See perf_profiling for more information.
Set by -X perf command line option and by the PYTHONPERF SUPPORT environment variable.
THRECH: 1o
e 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.

intuser_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, O in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

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.
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 pri-
ority).

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.

int write_bytecode
If equal to 0, Python won’t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment variable.

sys.dont_write_bytecode is initialized to the inverted value of write bytecode.
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THBE: 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 argu-
ments, 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 Ji)55 W The show_alloc_count field has been removed.

10.7 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)

Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py ExitStatusException ().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called
before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);
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More complete example modifying the default configuration, read the configuration, and then override some parameters.
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(&config);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception(status)) A
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception (status)) {
goto done;
}
status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception (status)) {
goto done;

status = Py_InitializeFromConfig(&config);

done:

PyConfig_Clear (&configqg);
return status;
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10.8 Isolated Configuration

PyPreConfig InitIsolatedConfig() and PyConfig InitIsolatedConfig () functions create a
configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.

10.9 Python Configuration

PyPreConfig_InitPythonConfig () and PyConfig_InitPythonConfig () functions create a configu-
ration 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__ FRIE##

(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
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— 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 explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as set if module_search_paths_set is set to 1. In this case, module_search_paths will be
used without modification.

Set pathconfig warnings to O to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

If base prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefix respectively.

Py_RunMain () and Py_Main () modify sys.path:

e If run_filenameis setand is a directory which contains a __main___.py script, prepend run_filename
to sys.path.

e If isolatedis zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current directory
cannot be read.

— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sys . path.

If site_import is non-zero, sys.path can be modified by the site module. If user site_ directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package directory to
sys.path.

The following configuration files are used by the path configuration:
* pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (Unix only)
If a . _pth file is present:
e Wisolated #EN 1.
o ¥use environment $EFE 0,
o Wsite import FEF 0,
o Wsafe path#FEFE 1.

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable
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10.11 Py_RunMain()

int Py_RunMain (void)

Execute the command (PyConfig. run_command), thescript (PyConfig. run_filename)or the module
(PyConfig.run_module) specified on the command line or in the configuration.

By default and when if —i option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using Py_ RunMain ().

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.

10.13 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

¢ ”Core” initialization phase, “bare minimum Python”:

Builtin types;

Builtin exceptions;

Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).

e ”"Main” initialization phase, Python is fully initialized:

Install and configure importlib;

Apply the Path Configuration;

Install signal handlers;

Finish sys module initialization (ex: create sys.stdout and sys.path);

Enable optional features like faulthandler and tracemalloc;

Import the site module;
- etc.
Private provisional API:

e PyConfig._init_main:ifsetto 0, Py _InitializeFromConfig () stops atthe "Core” initialization
phase.

PyStatus _Py_InitializeMain (void)

Move to the "Main” initialization phase, finish the Python initialization.
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No module is imported during the "Core” phase and the import1ib module is not configured: the Path Configuration
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(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_ InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);
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Memory management in Python involves a private heap containing all Python objects and data structures. The manage-
ment 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/O */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;
(BT —H)
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HEHEE—5)
free(buf); /* malloc'ed */
return res;

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.

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.

hs%

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 allocator
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 do-
mains 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 /ere. 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 PyObject_Malloc () for allocating memory for buffers.

The three allocation domains are:

¢ 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 bufters where
the allocation must be performed with the GIL 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 ().
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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();
calmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

TE 3.4 JRBTMA.

void *PyMem_RawMalloc (size_tn)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.
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)
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 ANA.

void *PyMem_RawRealloc (void *p, size_t n)

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 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 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)

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 behavior occurs.

If p is NULL, no operation is performed.

11.4 Memory Interface

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.

o

The GIL must be held when using these functions.

TE 3.6 R [%)5# 55 The default allocator is now pymalloc instead of system malloc ().
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void *PyMem_Malloc (size_tn)

[E2 5 ABI [)—3%%4). 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)

[E)fE 2 ABI )34 B 3.7 i 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
PyMem_Calloc (1, 1) had been called instead.

1E 3.5 B

void *PyMem_Realloc (void *p, size_t n)

[EJfZ 5 ABI )74 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)

[F)fZ 1 ABI [f)—3%). 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,orif 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 (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns a
pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

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)
MpPyMem Free () FH[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.

¢ PyMem MALLOC (size)
e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)
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e PyMem_RESIZE (ptr, type, size)

e PyMem_FREE (ptr)

¢ 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

avail.

able for allocating and releasing memory from the Python heap.

fHi(E]

There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object when

int;

ercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators

section.

The

default object allocator uses the pymalloc memory allocator.

E

The GIL must be held when using these functions.

e
=]

void

void

void

*PyObject_Malloc (size_tn)
)35 2 ABI )34y 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.

*PyObject_Calloc (size_t nelem, size_t elsize)
B0 ABI 3484 B 3.7 e 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.

1 3.5 BB A.
*PyObject_Realloc (void *p, size_t n)
[EJ% 5 ABI 17/ 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.
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void PyObject_Free (void *p)

[B)fZ & ABI [#)—4). Frees the memory block pointed to by p, which must have been returned by a previ-
ous 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:

Configuration Name PyMem_RawMallo PyMem_Malloc  PyOb-
ject_Malloc
Release build "pymalloc" malloc pymalloc pymalloc
Debug build "pymalloc_debug malloc + debug pymalloc +de- pymalloc +de-
bug bug
Release build, without py- "malloc" malloc malloc malloc

malloc
Debug build, without py-
malloc

"malloc_debug" malloc +debug

malloc +debug malloc + debug

Legend:

e Name: value for PYTHONMALLOC environment variable.

* malloc: system allocators from the standard C library, C functions:

and free ().

e pymalloc: pymalloc memory allocator.

* "+ debug”: with debug hooks on the Python memory allocators.

* ”"Debug build”: Python build in debug mode.

11.7 Customize Memory Allocators

1E 3.4 FRBNA.

type PyMemAllocatorEx

malloc (), calloc (), realloc()

Structure used to describe a memory block allocator. The structure has the following fields:

G

=
B

void *ctx

void* malloc(void *ctx,
void* calloc (void *ctx,

elsize)

void* realloc (void *ctx,

new_size)

void free(void *ctx,

size_t size)

size_t nelem, size_t

void *ptr, size_t

void *ptr)

user context passed as first argument
allocate a memory block

allocate a memory block initialized with
Zeros

allocate or resize a memory block

free a memory block
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TE 3.5 U532 58 : The PyMemAllocator structure was renamed to PyMemAllocatorExandanew calloc
field was added.

type PyMemAllocatorDomain
Enum used to identify an allocator domain. Domains:

PYMEM_DOMAIN_RAW
EEEave
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM_DOMAIN_MEM
BRI
* PyMem Malloc(),
* PyMem Realloc ()
* PyMem_Calloc ()
* PyMem Free/()
PYMEM_DOMAIN_OBJ
* PyObject_Malloc ()
* PyObject_Realloc ()
* PyObject_Calloc ()
* 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 inter-
preters 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.

i

PyMem_SetAllocator () does have the following contract:
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e It can be called after Py_PreInitialize () and before Py_TnitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator other than the
ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called without the
GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_TnitializeFromConfig () has been called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other arbitrary
one is not supported.

¥E 3.12 iR % 5 : 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 preinitial-
ization 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 OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

Runtime s :

* 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).
¢ Detect write after the end of the buffer (buffer overflow).

¢ 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 tracemalloc 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: ] means the slice of
bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs from a Python
slice):

pl[-2*S:-S]
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.
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e 'm' for PYMEM DOMAIN MEM.

e 'o!' for PYMEM _DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl[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.

pIN+S:N+2*S]
Only used if the PYMEM_DEBUG_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 L5 HE: The PyMem_SetupDebugHooks () function now also works on Python compiled in release 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_DOMAIN_OBJ and PYMEM DOMAIN_MEM
domains are called.

TE 3.8 H ) 5% ¥H: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Windows
CRT debugmalloc () and free ().

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_DOMATIN_MEM (ex: PyMem_Malloc ())and PYMEM _DOMATIN_OBJ
(ex: PyObject_Malloc ()) domains.

The arena allocator uses the following functions:
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
* 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).
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11.9.1 Customize pymalloc Arena Allocator

£ 3.4 JRBTIMA.

type PyObjectArenaAllocator
Structure used to describe an arena allocator. The structure has three fields:

L BEE
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 size) free an arena

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

Get the arena allocator.

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

Set the arena allocator.

11.10 tracemalloc C API

1E 3.7 RABMA.

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.

11.11 354

Here is the example from section 42 %, 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/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

The same code using the type-oriented function set:
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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;

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.
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CHAPTER 12

Object Implementation Support

This chapter describes the functions, types, and macros used when defining new object types.

12.1 £ heap L5 ECHiF

PyObject *_PyObject_New (PyTypeObject *type)
EEE TR DR 31
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
EEE TR DR 31
PyObject *PyObiject_Init (PyObject *op, PyTypeObject *type)
R4 A 4. [ ABL—E 0. HE R BLUEIRI) ba 2 AR R H A Be i op. IR

H P Er g . AR npe FOR T a0 S SEIRBERAR AL S, W HOBH B A S BRI 5
o IR HARAR LA 32 5 B

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)

AR E: fER 4 8& . [EFEE ABLIY-—. BB pyobiect_1nit () MFTAIhEE, EH &R
—{E /N YRR R R

PyObject_New (TYPE, typeobj)

fifi f C &5 #E2U(E] TYPE Al Python ZU[EI¥1{4: rypeobj (Py TypeObject *) 43— Python ¥4, KAE
#% Python Y {1528 (header) HiE MM @RI a1k FENY & G HEg ARMR B A P E—2 1R (9
2 IEEIE—) . SO SR/ type WA tp_basicsize BMIRIEE -

PyObject_NewVar (TYPE, typeobj, size)

il C 45 #EHL[E) TYPE FlI Python [y BU[EIY) 4 rypeobj (PyTypeObiect *) 4t —f ) Python 4.
FAE#% Python ¥ {4 EEEE v & LR LA Er bl with i . FelERE 2 MITEE T TYPE 450 K/NEIN L typeobj
Yk cp_itemsize BIIHEALR) size (Py_ssize_t) MNIM(H. 5B B BLAN tple 35 7 AEEIVE 257
WIEE R B SRR AR B . AR 0 B8 e A B AH [ ) e PR B 40 i b n] DA D R o i
FIRE, BIRE TR BIRCR
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void PyObject_Del (void *op)
R H PyObject New B3 PyObject NewVar SrFLi P mriidnl. &l & 2w 2B pre e
tp_dealloc handler IR, WP fH R LA, PRI ROLERA AT DARAEIR, R EVE ALY
FLIE S C A T2 — A 201 Python 4714

PyObject _Py_NoneStruct

B E Y152 Python i) None. ‘B RMEZERPy_None BAAAFI, #ZE LR ERHE M2 fs

hzs%

PyModule_ Create ()
o3 P RT T e AE SL  TeA AL

12.2 @AMHER

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 PyObject 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
[E5Z [ APLf—350%r. (RA 3R B 245 ABI 45—3F4-.) All object types are extensions of this type.
This is a type which contains the information Python needs to treat a pointer to an object as an object. In a normal
“release” build, it contains only the object’s reference count and a pointer to the corresponding type object. Nothing
is actually declared to be a PyOb ject, but every pointer to a Python object can be casttoa PyObject*. Access
to the members must be done by using the macros Py_ REFCNT and Py_ TYPE.

type PyVarObject
[E5Z [ APL (19334, (RAB 34 B £ 45 % ABI #—3f%-. ) This is an extension of PyObject 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_STZE.

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:
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[PyVarObject ob_base;

i b L Pyvarobject 3L,

int Py_ Is (PyObject *x, PyObject *y)
[ ABL 04> B 3.10 #e A Bi44. Test if the x object is the y object, the same as x is y in Python.
1E 3.10 i A.

int Py_IsNone (PyObject *x)

&5 ABI [—314> B 3.10 #r A B44. Test if an object is the None singleton, the same as x is None in
Python.

1 3.10 M.
int Py_IsTrue (PyObject *X)

[EViZ 5 ABI 1) B 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)

[EfE 5 ABI [#)—354> & 3.10 5 A B44. Test if an object is the False singleton, the same as x is False
in Python.

1 3.10 HGMA.

PyTypeObject *Py_TYPE (PyObject *0)
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 Ji)3# 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 fype. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.
1E 3.9 A
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
HEIF o I BLUEIRLE] type.
1E 3.9 A
Py_ssize_t Py_SIZE (PyVarObject *0)
HUiG Python ¥11F o YR/
Use the Py_SET_SIZE () function to set an object size.

16 3.11 RS TE: 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 R/ NGR(E] size.
15 3.9 AN
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PyObject_HEAD_INIT (type)

This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

1222 EEHRRXBRHE

type PyCFunction
[EJfZ 52 ABI #3543, 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

[EZ % 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

Type of the functions used to implement Python callables in C with signature METH _FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:
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PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

1E 3.9 JRBINA.

type PyMethodDef
EfE @ ABL [—#B4> (L4 P m B ) . Structure used to describe a method of an extension type. This
structure has four fields:
const char *ml_name
Name of the method.

PyCFunction m1_meth
Pointer to the C implementation.
intml_flags
Flags bits indicating how the call should be constructed.
const char *ml_doc
Points to the contents of the docstring.
The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject*.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though

PyCFunction defines the first parameter as PyObject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS

This is the typical calling convention, where the methods have the type Py CFunct 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 PyCFunctioniithKeywords. The function expects three parame-
ters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or possibly NULL if there are no
keyword arguments. The parameters are typically processed using PyArg ParseTupleAndKeywords ().

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject* values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

TE 3.7 A
TE 3.10 fR Y% ¥ : METH_FASTCALL is now part of the siable ABI.
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METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

15 3.7 A

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.

1E 3.9 Mg hnA.
METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to prevent
a compiler warning.
METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject* parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.
METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.
METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the staticmethod () built-in function.
One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named ___contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

EARAE: Ay 4ma. [EEEE ABL—4)> & 3.9 B K Bl44. Turn ml into a Python callable object. The caller
must ensure that ml outlives the callable. Typically, ml is defined as a static variable.
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The self parameter will be passed as the self argument to the C function in m1->m1_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.

hz%

function.___module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if METH_METHOD
issetonml->ml_flags.

15 3.9 BN
PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

EMRE: #rey &g, [EED ABI [—E04. %8 PyCMethod_New (ml, self, module, NULL),
PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

EIARAE: #ag 2, [EEE ABL 19— 34B4 B 3.4 MR B 44, {8 PyCMethod_New (ml, self,
NULL, NULL),

12.2.3 Accessing attributes of extension types

type PyMemberDef

[E)fE & ABI [)—304)> (L4 F7# m B ) . Structure which describes an attribute of a type which corresponds 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 offset

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 *doc

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 Py Type_FromSpec () or similar), PyMemberDe f may contain a def-
inition for the special member "___vectorcalloffset__ ", correspondingto tp_vectorcall_ offset
in type objects. These must be defined with Py_T_PYSSIZET and Py_READONLY, for example:
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static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset__ ", Py_T PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

bi

(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 to
use Py TPFLAGS_MANAGED_DICT and Py TPFLAGS_MANAGED_WEAKREF instead.

Ir 312 it 52 ¥ PyMemberDef is always available. Previously, it required including "st ructmember.h".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
)15 2 ABI )34} Get an attribute belonging to the object at address obj_addr. The attribute is described by
PyMemberDef m. Returns NULL on error.

6 3.12 HX B9 5% ¥: PyMember_GetOne is always available.  Previously, it required including
"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Z % ABI [1J—1i34). Set an attribute belonging to the object at address obj_addr to object o. The attribute to
set is described by PyMemberDef m. Returns 0O if successful and a negative value on failure.

TE 3.12 MU W) &% ¥H: PyMember_SetOne is always available. Previously, it required including
"structmember.h".

Member flags

The following flags can be used with PyMemberDef. flags:

Py _READONLY
ZNLIF YN
Py AUDIT_READ

Emit an object .__getattr__ audit event before reading.

Py RELATIVE_OFFSET

Indicates that the o £ 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. Itis
mandatory in that case.

This flag is only used in Py Type_S1ot. When setting t p_members during class creation, Python clears it and
sets PyMemberDef.offset to the offset from the PyObject struct.

FE 3.10 fit 1) 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.

JE 3.12 fiR % ¥: 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.

272 Chapter 12. Object Implementation Support



The Python/C API, ([ 3.12.4

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 (Bmo0omk1) 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
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(*): 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.

(**): 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 fR#I0 A : 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

&5 ABL [ —304> (6L4-#7H # B ) . Structure to define property-like access for a type. See also description
of the PyTypeObject.tp _getset slot.

const char *name
J& 14
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 *doc
AR SO R
void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*gettex)(PyObject*, void*)

[F)f5 12 ABI 1)/} The get function takes one Py Ob 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 (*setter)(PyObject*, PyObject*, void*)

[Ef% & ABI 1354y, 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.
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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”

fOPage 277,2

PyTypeObject Slot"c 277 1 Type special methods/attrs In
CTDI

<R> tp_name const char * __name__ X X

tp_basicsize Py_ssize_t X X X
tp_itemsize Py _ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * 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 Y%
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 It . _le ,_eq_,_ne , X G

—gt_,_ge

(tp_weaklistoffset) Py_ssize_t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc _next__ X
tp_methods PyMethodDef [] X X

tp_members PyMemberDef [] X

tp_getset PyGetSetDef [] X X

BET—H
276 Chapter 12. Object Implementation Support



The Python/C API, ([ 3.12.4

Fit 1 - BEE—E
PyTypeObject Slot' Type special methods/attrs Info*
CTDI
tp_base PyTypeObject * _ _base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set_ ,_ delete_ X
(tp_dictoffset) Py _ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] void * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
[tp_watched] unsigned char
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 Py Type_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").
”I””: inheritance

X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

% — the slots of the sub-struct are inherited individually

G — inherited, but only in combination with other slots; see the slot's description

? — it's complicated; see the slot's description
Note that some slots are effectively inherited through the normal attribute lookup chain.
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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__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__
__rdivmod__
nb_power ternaryfunc __pow__ __ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc _ Ishift_ _ rlshift
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc __floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __dtruediv__
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___

BET—H
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Rig2-EEL—H

Slot Type special methods
sqg_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___
__delitem__
sg_contains objobjproc __contains__
sqg_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc ()
bf_releasebuffer 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 *
280 Chapter 12. Object Implementation Support
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W2 AN T ITHSlot Type typedefs.

12.3.2 PyTypeObject Definition

The structure definition for Py TypeOb ject can be found in Include/object .h. For convenience of reference,
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;
(B TF—H)
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(M L—H)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

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;
} PyTypeObject;

12.3.3 PyObiject Slots

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that PyType_Type (the metatype) initializes
tp_1itemsize, which means that its instances (i.e. type objects) must have the ob_ s1i ze field.

Py _ssize_t PyObject .ob_refcnt

[E)f5 7 ABI [1)—5/7. 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 (objects 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
ZE ABI [1)—157. 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 &Py Type_Type. However, for dynamically
loadable extension modules that must be usable on Windows (at least), the compiler complains that this is not a valid
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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 .0b_type = &PyType_Type;

This should be done before any instances of the type are created. PyType_ Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_t ype field of the base class. Py Type_Ready () will not change this
field if it is non-zero.

Inheritance:
This field is inherited by subtypes.
PyObject *PyOb ject . _ob_next
PyObject *PyObject ._ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sy s .getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF S
is set.

Inheritance:

These fields are not inherited by subtypes.

12.3.4 PyVarObject Slots

Py _ssize_t PyVarObject .ob_size
[BJES 5 ABI [-—EB45. 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 PyTypeObject 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 *PyTypeOb ject .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 t p_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_ '.
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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_itemsize field, types with
variable-length instances have a non-zero t p_ i temsi ze field. For a type with fixed-length instances, all instances
have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the "length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_ 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_prevand _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

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_ i tems1i ze, it is generally 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
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freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s tp_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 refer-
ence 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.

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_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py _TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_ TPFLAGS_HAVE_VECTORCALL must also set t p_ ca 11 and make sure its behaviour is
consistent with the vectorcallfunc function. This can be done by setting tp_call to PyVectorcall_Call ().

TE 3.8 Hit 1) 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 R Y54 58 : 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 fp_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_VECTORCALL flag is not always inherited. If
it’s not set, then the subclass won’t use vectorcall, except when PyVectorcall_ Call () is explicitly called.

getattrfunc PyTypeObject .tp_getattr

An optional pointer to the get-attribute-string function.
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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‘?%ﬂi tp_getattr., tp_getattro

This field is inherited by subtypes together with tp_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc 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 *PyTypeObject .tp_as_async

Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and asyn-
chronous iterator protocols at the C-level. See Async Object Structures for details.

T 3.5 R#N 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 PyObject_Repr ():

[PyObject *tp_repr (PyObject *self);

The function must return a string or a Unicode object. Ideally, this function should return a string that, when passed
to eval (), given a suitable environment, returns an object with the same value. If this is not feasible, it should
return a string starting with ' <' and ending with ' > ' from which both the type and the value of the object can be
deduced.

Inheritance:
This field is inherited by subtypes.
i

When this field is not set, a string of the form <%$s object at %p> is returned, where $s is replaced by the
type name, and $p by the object’s memory address.

PyNumberMethods *Py TypeObject .tp_as_number

Pointer to an additional structure that contains fields relevant only to objects which implement the number protocol.
These fields are documented in Number Object Structures.

Inheritance:

The tp_as_number field is not inherited, but the contained fields are inherited individually.
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PySequenceMethods *Py TypeObject .tp_as_sequence

Pointer to an additional structure that contains fields relevant only to objects which implement the sequence protocol.
These fields are documented in Sequence Object Structures.

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 PyTypeObject .tp_hash

An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyObject_Hash ():

[Py_hash_t tp_hash (PyObject *); ]

The value -1 should not be returned as a normal return value; when an error occurs during the computation of the
hash value, the function should set an exception and return —1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyOb ject_HashNot Implemented ().

This field can be set explicitly to PyObject_HashNotImplemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of __hash__ = None at the Python level,
causing isinstance (o, collections.Hashable) to correctly return False. Note that the converse
is also true - setting __hash___ = None on a class at the Python level will result in the t p_hash slot being set
to PyObject_HashNotImplemented ().

Inheritance:
A : tp_hash., tp_richcompare

This field is inherited by subtypes together with tp richcompare: a subtype inherits both of
tp_richcompare and tp_hash, when the subtype’s tp_richcompare and tp_hash are both NULL.
ternaryfunc PyTypeObject.tp_call

An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyOb ject_Call ():

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); J

Inheritance:
This field is inherited by subtypes.

reprfunc PyTypeObject .tp_str

An optional pointer to a function that implements the built-in operation str (). (Note that str 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); J
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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.

Fige:

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 PyObject_GenericGetAttr (), which implements the normal way
of looking for object attributes.

Inheritance:
B4 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.

Hie:
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:
B4 tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

Hiig:
PyBaseObject_Type uses PyObject_GenericSetAttr ().
PyBufferProcs *PyTypeObject .tp_as_buffer

Pointer to an additional structure that contains fields relevant only to objects which implement the buffer interface.
These fields are documented in Buffer Object Structures.

Inheritance:

The tp_as_bufrfer field is not inherited, but the contained fields are inherited individually.
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unsigned long Py TypeOb ject .tp_£flags

This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; others 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_traverseand tp_clear fields in the subtype exist and have NULL values. .. XXX are most flag bits
really inherited individually?

i
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the value of
the tp_ flags field. The macro PyType_HasFeature () takes a type and a flags value, #p and f, and checks
whether tp—>tp_flags & £ 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 (). In this case, the ob_ t ype field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREFed when an
instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREFed or DECREF’ed). 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:
7?7
Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().
Inheritance:
77
Py_TPFLAGS_READYING
This bit is set while Py Type_ Ready () is in the process of initializing the type object.

Inheritance:

7
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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 /& %z 3%
S EDE g % 4% . This bit also implies that the GC-related fields tp_t raverseand tp_clear are present
in the type object.

Inheritance:
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together withthe t p_t raverseand tp_clearfields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_ TPFLAGS_HAVE_STACKLESS_EXTENSION.

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 to
meth (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 ob 7 .meth () : it avoids creating a temporary
”bound method” object for ob7j .meth.

1E 3.8 UB A
Inheritance:

This flag is never inherited by types without the Py TPFLAGS_ TMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_MANAGED_DICT

This bit indicates that instances of the class have a ___dict___ attribute, and that the space for the dictionary
is managed by the VM.

If this flag is set, Py TPFLAGS_HAVE_ GC should also be set.
TE 3.12 JRBIA.
Inheritance:

This flag is inherited unless the tp_dictoffset field is set in a superclass.

Py_TPFLAGS_MANAGED_ WEAKREF

This bit indicates that instances of the class should be weakly referenceable.

TE 3.12 B
Inheritance:

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.
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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.

e 3.12 J 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.

TE 3.4 RGO A.

Tr 3.8 it .2 £ #%[F) ] : 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 KR A.

TE 3.12 Y 5% 5 This flag is now removed from a class when the class’s __call__ () method is reas-
signed.

This flag can now be inherited by mutable classes.

Py_TPFLAGS_IMMUTABLETYPE
This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.

PyType_Ready () automatically applies this flag to static types.

Inheritance:
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This flag is not inherited.

1 3.10 IRBMA.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_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 typesif tp_baseisNULL or sPyBaseObject_Typeand 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).

f#(E]

To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make tp_new only succeed for subclasses.

1 3.10 FRBTIMA.

Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

fHi(E]

Py TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to en-
able 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

1 3.10 RBMA.

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Sequence, and unset
when registering collections.abc.Mapping.

il
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Py TPFLAGS_MAPPINGand Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to en-
able 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 i A.
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 an internal feature and should 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 PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, void *arg); ]

More information about Python’s garbage collection scheme can be found in section /3 35 ¥ =Dl 49 ¥ 4%

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISTIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, 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 sel f->key member, it can only be NULL or a Python string and therefore cannot be part of a reference
cycle.
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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.

o

When implementing tp_ 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_weak11ist 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 t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

T 3.9 R )55 5. 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 flag
bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.
inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS HAVE_GC
flag bit is set. The signature is:

[int tp_clear (PyObject *); ]

The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_clear functions in the system must combine to break all reference cycles. This
is subtle, and if in any doubt supply a tp_clear function. For example, the tuple type does not implement a
tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely of tuples.
Therefore the tp_clear functions of other types must be sufficient to break any cycle containing a tuple. This
isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_ clear should drop the instance’s references to those of its members that may be Python
objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self—->key);
Py_CLEAR(self->args);
Py_CLEAR (self-—>kw) ;
Py_CLEAR(self->dict);
return O;

}

L

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
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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 important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py CLEAR ()
macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference count-
ing 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 ob-
jects 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 tp_dealloc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section &3z 32 38 @Dl a9 ¥ 3%,
Inheritance:
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS HAVE_GC flag bit: the
flag bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc Py TypeOb ject .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 ():

B Comparison

<
Py LT

<
Py LE
Py_EQ o

! —
Py NE

>
Py_GT

>=
Py_GE

12.3. B[ 295



The Python/C API, $(F) 3.12.4

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 PyObject_RichCompare ().

The returned value is a new strong reference.
On error, sets an exception and returns NULL from the function.
TE 3.7 A

Inheritance:

Bf#H: tp_hash, tp_richcompare

This field is inherited by subtypes together with t p_hash: a subtype inherits tp_ richcompareand tp_hash
when the subtype’s tp_richcompare and tp_hash are both NULL.

i
PyBaseObject_Type provides a t p_ richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_ t PyTypeObject.tp_weaklistoffset
While this field is still supported, Py TPFLAGS_MANAGED_WEAKREEF should be used instead, if at all possible.
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by

PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyOb ject* which is initialized to NULL.

Do not confuse this field with tp_weak 11 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.

Bt

If the Py TPFLAGS MANAGED_ WEAKREF bit is set in the tp_ f1ags field, 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 iferator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

This function has the same signature as PyObject_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:
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[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 ¢ p_ i t er function, and that function should return the iterator instance itself
(not a new iterator instance).

This function has the same signature as Py Iter_Next ().
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 methods
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 PyMemberDe £ structures, declaring regular data mem-
bers (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 SetDe £ structures, declaring computed attributes
of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a getset
descriptor.

Inheritance:
This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).
PyTypeObject *Py TypeObject .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 Py Type_GenericNew (), with implicit conversion to a pointer, are
valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type is not required
to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are
strictly standard conforming in this particular behavior.
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Consequently, tp_base should be set in the extension module’s init function.

Inheritance:
This field is not inherited by subtypes (obviously).
i

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 PyType_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
__add__ () ). 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 JRf{)%# T8 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 mech-
anism).

it

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

i

It is not safe to use PyDict_SetItem () on or otherwise modify tp_dict with the dictionary C-APL

descrgetfunc PyTypeObject .tp_descr_get

An optional pointer to a "descriptor get” function.

The function signature is:

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); ]

Inheritance:

This field is inherited by subtypes.

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.
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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 con-
tains 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 mem-
ory 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.

2L .
"x .
This slot has no default. For static types, if the field is NULL then no __dict__ gets created for instances.

If the Py TPFLAGS MANAGED_DICT bitis setin the tp_dict field, then tp_dictoffset will be set to
—1, to indicate that it is unsafe to use this field.

initproc PyTypeObject .tp_init
An optional pointer to an instance initialization function.

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

The function signature is:

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds); J

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after the
type’s t p_new function has returned an instance of the type. If the t p_new function returns an instance of some
other type that is not a subtype of the original type, no t p_ init function is called; if tp_new returns an instance
of a subtype of the original type, the subtype’s tp_init is called.

Returns 0 on success, —1 and sets an exception on error.
Inheritance:

This field is inherited by subtypes.

Fige:

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:
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[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).
Bk

For dynamic subtypes, this field is always setto Py Type GenericAlloc (),toforce astandard heap allocation
strategy.

For static subtypes, PyBaseObJject_Type uses PyType GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

An optional pointer to an instance creation function.

The function signature is:

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds) ; 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.

Setthe 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.

B

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

[freefunc PyTypeObject.tp_free
An optional pointer to an instance deallocation function. Its signature is:

[void tp_free(void *self); ]

An initializer that is compatible with this signature is PyObject_Free ().

Inheritance:

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
Hiig:

In dynamic subtypes, this field is set to a deallocator suitable to match PyType GenericAlloc () and the
value of the Py_ TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().
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inquiry PyTypeObject .tp_is_gc

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 t p_ £ 1ags field, and check the Py TPFLAGS_HAVE_ GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and 0 for a non-collectible
instance. The signature is:

[int tp_is_gc (PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

Inheritance:

This field is inherited by subtypes.

Hi:

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 type is 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.

i

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 *PyTypeObject .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 type is initialized.
Inheritance:
This field is not inherited; it is calculated fresh by Py Type_Ready ().

PyObject *Py TypeObject .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__ ().
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TE 3.12 fit ) 5% 5 : For some types, this field does not hold a valid PyOb ject *. The type was changed to void*
to indicate this.

Inheritance:

This field is not inherited.

PyObject *PyTypeObject .tp_weaklist

Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

TE 3.12 i) 5% 5 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_finalizeisset, 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:

p
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, 1if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/% coo =Y

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc
is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects
from some other C or C++ library, care should be taken to ensure that destroying those objects on the thread which
called tp_dealloc will not violate any assumptions of the library.
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Inheritance:
This field is inherited by subtypes.
1E 3.4 RPN

TE 3.8 FiLft) 5% 5 Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALTZE flags bit in
order for this field to be used. This is no longer required.

hz%
”Safe object finalization” (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call__. If tp_vectorcall is NULL, the default call implementation using __new__ () and
__init__ () isused.

Inheritance:
This field is never inherited.
TE 3.9 BRI (the field exists since 3.8 but it’s only used since 3.9)

unsigned char Py TypeObject .tp_watched

Internal. Do not use.

£ 3.12 A

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 PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

12.3.7 Heap Types
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (), PyType_FromModuleAndSpec (),or PyType_FromMetaclass ().
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12.4 Number Object Structures

type PyNumberMethods

This structure holds pointers to the functions which an object uses to implement the number protocol. Each function
is used by the function of similar name documented in the # 5 1 & section.

Here is the structure definition:

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc

typedef struct {

inquiry nb_
unaryfunc nb_invert;

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

bool;

nb_1lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc 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;

unaryfunc nb_index;

nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

e

Binary and ternary functions must check the type of all their operands, and implement the necessary conversions
(at least one of the operands is an instance of the defined type). If the operation is not defined for the given
operands, binary and ternary functions must return Py_Not Implemented, if another error occurred they
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L 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 PyNumberMet hods .nb_add

binaryfunc PyNumberMet hods.nb_subtract

binaryfunc PyNumberMethods.nb_multiply

binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods .nb_lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMet hods.nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMet hods .nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods .nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power

binaryfunc PyNumberMethods .nb_inplace_lshift
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binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMet hods.nb_inplace_and

binaryfunc PyNumberMethods.nb_inplace_xor

binaryfunc PyNumberMethods .nb_inplace_or

binaryfunc PyNumberMethods .nb_floor_divide

binaryfunc PyNumberMethods .nb_true_divide

binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMet hods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 Mapping Object Structures

type PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has three
members:

lenfunc PyMappingMethods.mp_length
This function is used by PyMapping Size () and PyObject_Size (), and has the same signature. This slot
may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods.mp_subscript
This function is used by PyOb ject_GetItem () and PySequence_GetSlice (), and has the same signa-
ture 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 PyOb ject_SetItem(),PyObject_DelIltem(),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.
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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 sqg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sg_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem (), after trying the item assignment and deletion via the
mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment and
deletion.

objobjproc PySequenceMethods.sq_contains
This function may be used by PySequence_Contains () and has the same signature. This slot may be left to
NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_TInPlaceConcat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceConcat () will
fall back to PySequence_Concat (). Itis also used by the augmented assignment +=, after trying numeric
in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceRepeat () will
fall back to PySequence_Repeat (). It is also used by the augmented assignment *=, after trying numeric
in-place multiplication via the nb_inplace_multiply slot.

12.7 Buffer Object Structures

type PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an exporter
object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs.bf_getbuffer

The signature of this function is:

[int (PyObject *exporter, Py_buffer *view, int flags); ]

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise Buf ferError, set view—>ob3j to NULL and return - 1.
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(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->obj to exporter and increment view->obj.
(S) [l 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—>o0bj 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, suboffsetsand internal are read-only for the consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly with
all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBufferProcs.bf_releasebuffer
The signature of this function is:

[void (PyObject *exporter, Py_buffer *view); ]

Handle a request to release the resources of the buffer. If no resources need to be released, PyBufferProcs.
bf_releasebuffer may be NULL. Otherwise, a standard implementation of this function will take these
optional steps:

(1) Decrement an internal counter for the number of exports.
(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the internal 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—>ob j, 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

1E 3.5 HBTINA.
type PyAsyncMethods

This structure holds pointers to the functions required to implement awaitable and asynchronous iterator objects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;

BT 1)
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sendfunc am_send;
} PyAsyncMethods;

(M L—H)

unaryfunc PyAsyncMethods.am_await

The signature of this function is:

[PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods.am_aiter

The signature of this function is:

[PyObject *am_aiter (PyObject *self);

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);

See PyIter_Send () for details. This slot may be set to NULL.

1E 3.10 A

12.9 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)

[F)f5 1 ABI [#)—54). The purpose of this function is to separate memory allocation from memory initialization.

It should return a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized
to zeros, but with ob_refcnt setto 1 and ob_ t ype set to the type argument. If the type’s tp_itemsizeis
non-zero, the object’s ob_ s i ze field should be initialized to nitems and the length of the allocated 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*)
[EVi& e ABI [1)—3B47

typedef void (*£reefunc)(void*)
SR tp_free,

12.9. Slot Type typedefs
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typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject™*)
[EVi& e ABI [1)—#B47. 7 Rtp_new.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
[EliS 5 ABI -4y, #Rtp_init,
typedef PyObject *(*reprfunc)(PyObject*)
[EfgE ABI 1—#43. R tp_repr.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
[F)f5 & ABI [/ Return the value of the named attribute for the object.
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

25 ABI [1—34). 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)f2 5 ABI [1)—54y. Return the value of the named attribute for the object.
TR tp_getattro,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

&5 ABI [1—4). Set the value of the named attribute for the object. The value argument is set to NULL to
delete the attribute.

SR tp_setattro,

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Ef& & ABI [W—3R4). 8 Rtp_descr_get,

typedef int (*descrset func)(PyObject*, PyObject*, PyObject™*)
[E)fE 4 ABI [—3B4y. s tp_descr_set,

typedef Py_hash_t (*hashfunc)(PyObject*)
[EVig e ABI [1)—#B4y. # R.tp_hash.

typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
[Elf& & ABI [H—34R4y. s Rtp_richcompare,

typedef PyObject *(*getiterfunc)(PyObject*)
555 ABI f—#4y. #Rtp_iter.

typedef PyObject *(*iternextfunc)(PyObject*)
EfE & ABI [W—3R4). 8 Rtp_iternext,

typedef Py_ssize_t (*1enfunc)(PyObject*)
(ViS5 ABI [1)—3#B43

typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
[EJfGE ABLI-—T5r @ 3.2 B A R4,

typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
[ElfgE ABLI—H5 B 3.12 iRk,

typedef PyObject *(*unaryfunc)(PyObject*)
[E)fE 2 ABI fi—3R4).

typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
[E)iE 7 ABI [1—#B4>
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typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
7 Ham_send,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject™*)
[EVf& e ABI [1—B47

typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
[EVig e ABI [1)—3#B47

typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
[EVig e ABI [1)—3#B47

typedef int (*objobjproc)(PyObject*, PyObject*)
(ViS5 ABI [1)—3#B43

typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
B ABI 1—E843

12.10 G4

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, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobij_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */

BT 1)
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/* tp_as_mapping */
/* tp_hash */

/* tp_call */

/% tp_gtr ¥/

/* tp_getattro */
/* tp_setattro */
/* tp_as_buffer */
/* 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~ 0~

~

~ 0~

O O O O O O o o
~

~

N~ SN N S~ S~ N

~

~ SN N SN SN N~ 0~

O O O O O O O O OO oo oo o o
~

~

bi

(M L—H)

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, 0)

.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,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using

Py_TPFLAGS_DISALLOW_INSTANTIATION flag:
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typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_ TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 fERHIIR ORI TR

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 tp_t raverse handler. If instances of the type are mutable, a tp_clear imple-
mentation must also be provided.

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:

12.11. EREIREIWEISTIE 313




The Python/C API, $(F) 3.12.4

1. The memory for the object must be allocated using PyOb ject_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, PyOb ject_GC_UnTrack () must be called.

2. The object’s memory must be deallocated using PyOb ject_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_traverse and tp_clear fields if the type inherits from a class that
implements 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)

(500

TEA L APL, BT RETE/INRA B AT T VG A 0 i o

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 instance is
not yet decided. For allocating a variable number of fields, prefer using PyVarObject and tp_itemsize
instead.

1E 3.12 RPN

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)
[F)2 5 ABI [J—3%F4). 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)
[EfE 5 ABI [)-—35R4> & 3.9 B A B44. 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 JRBTMA.

int PyObject_GC_IsFinalized (PyObject *op)
%5 ABI [—3R4> & 3.9 B A B44. 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 ().

1E 3.9 JIBIA.

void PyObject_GC_Del (void *op)
[F)f% & ABI [ — 75 4.  Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

[EJ7Z 5 ABI #3545 Remove the object op from the set of container objects tracked by the collector. Note that
PyObject_GC_Track () canbe called again on this object to add it back to the set of tracked objects. The deal-
locator (tp_dealloc handler) should call this for the object before any of the fields used by the tp_traverse
handler become invalid.

T 3.8 i[5 ¥ : The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been removed
from the public C APL

The tp_traverse handler accepts a function parameter of this type:

typedef int (*visitproc)(PyObject *object, void *arg)
[EfZ 5 ABI )74, Type of the visitor function passed to the tp_t raverse handler. The function should
be called with an object to traverse as object and the third parameter to the t p_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% 72 ABI [1——f4y. 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:

12.11. EREIREIWEISTIE 315



The Python/C API, $(F) 3.12.4

void Py_VISIT (PyObject *0)

If o0 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:

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

The tp_clear handler must be of the i nguiry type, or NULL if the object is immutable.
typedef int (*inquiry)(PyObject *self)

[F)f5 7 ABI [)—/%). 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)

[F)f5 5 ABI [1)— 74>, 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 O immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

[E)fE & ABI[—304> & 3.10 #5 A F44. Enable the garbage collector: similar to gc . enable (). Returns the
previous state, 0 for disabled and 1 for enabled.

TE 3.10 fRBEIA.
int PyGC_Disable (void)

[ ABI 54> B 3.10 #r A B 44. Disable the garbage collector: similar to gc.disable (). Returns
the previous state, O for disabled and 1 for enabled.

e 3.10 HAFA.
int PyGC_IsEnabled (void)

[EVf% & ABI /9 —3%> B 3.10 #& & 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 RBA.
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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 (gcevisitobjects_t callback, void *arg)

TEA LT APL, BT RETE/ INRA B A T BV A 8 il o

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of callback.

wh
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.

TE 3.12 R A
typedef int (*gevisitobjects_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.

e 3.12 RPN A.
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API #0 ABI iR A &35

CPython %1 PA K F 4E (macro) /A BRHRASE . wvER, ¥ESW 288 (built) BT B4, EIA—ER2
WA TEREE (run time) Fr(l A A HRAS

BRI AT APT FI ABI AR @ M i, il FC APLAS 2 1.
PY_MAJOR_VERSION
TE3.4.1a2 Y 3.
PY_MINOR_VERSION
JE 3.4.1a2 i 4,
PY_MICRO_VERSION
JE3.4.1a2 i 1.

PY_RELEASE_LEVEL

fF3.4.1a2 HJ a. 0xA U3 alpha g4, 0xB ft3 beta A, 0xC [EJEEffifE#RA . oxF AIFHR &
Hit o

PY RELEASE_SERIAL
T 3.4.1a2 WY 2. FBREHRAEE A .
PY_VERSION_HEX
ol 4 A5 (B B — L B Python fiUASEE
AR AT DA DA BRI HE o2 32 e R

ficiE  fx (KiW{LT#F (big endian order)) =% 3.4.1a2 FpME
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 {3 hexversion 0x030401a2, 3.10.0 {3 hexversion 0x030a00£0,
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BT RE el , B0 #1f PY_VERSION_HEX >= ...,
AT EIRFF ISPy Version HfT.
const unsigned long Py_Version

[EIFSE ABL ¥ — 05y @ 311 pac A B4, & 16 (1) B0 1 3 SORE B0 Python 77 BRIE UA 98, %X
Hipy VERSION_HEX HARMIF. EW&TERATERELM K Python A .

TE 3.11 fRBEIA.
B #2312 224E Include/patchlevel.h,
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APPENDIX A

>>>

83X shell (Y FEE Python 7R850, 5 WU RETE B o DA LB 5 e A TR RS S 01

AR

2to3

o AR RIS IR . FE— B VLR ZE A B AT (delimiter, BIFRSE. Jrffo%. IEHEHREL
=519%) [E8, SURTEREE —M4EHE (decorator) 4%, #L AREsUAGIE, H.B)5X shell HURMTH
¢ Python $27R°7 JC.

o Fi# Ellipsis,

— {7 % Python 2.x FEsUHSHE/E] Python 3.x FEAMEAY TH , B /2718 SR AHS S AU AAH A PR ACEE AL
BECE, T SRR 2 R 30 S BT 5 R i JER Fr AT T Al £ 24

2to3 FE 0] DABEME R X HEH DA 1ib2to3 il B4 T MBS A D8, ¥E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (il 3L KE])

%A REE (REE ABC) 4t T e Mu ik, 1EEduck-typing (B F2(E]) Mitdizc. Hh
BRI AT, B2 hasattr (), RIBMRERECREA MM SEER (Gl fEER 7% (magic method)) .
ABC [EJf][E#5E#% subclass (FHEE)) , EMEREEKEH S M class (JEE]), HA5HE isinstance ()
J issubclass () #il; #2[E abc HALRYEIH 4. Python A #F £ [EE ) ABC, ARG (1F
collections.abc #i4H). #F (F£ numbers #ifH). &% ({F io #54H) I import 4GS FIEH A £%
(#£ importlib.abc BifH). YRATAMER abe fi4H A H O ABC,

annotation ([FJf)

jgﬁlﬁﬁi-?é%l class @1, M2 Bk M EEAH BB ERE. IO, RN AEEpe hine (Z4EHR
)

TEFUATEE (runtime), [ ok e (EV R SRV REAF I, (ELAdiB . class JBMEA R XTI, & 20 (E)
f A AERAL class MY _annotations__ FFFRIE ML

#52(Flvariable annotation. function annotation, PEP 484 Fl PEP 526, 526 ¥eh L h e ER . B
EVRR ) A B 7% 2 [E) annotations-howto.,
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argument (5]%})
WP Y oK X R BIE 46 function (8{method) WI{B. 5|8 WitE:

o Bl4E 5] # (keyword argument): FERRANEI . DAEREI (identifier, 40 name=) BHEEME| 8L,
a2 PA ** #&1H dictionary (8L ) [EWEREIERS | #. B, 3 81 5 &RZPAR complex () FEIY
) BH S5 |

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

« 15 31 4K (positional argument): I BT W7 | . (0 WO — (7 | 08 RO A4
B, R () ARE * 2 fhierable (ATEVRYDPE) HROTCEMEMEE. BT, 3 1 5 ABRDA TPt
H 32 5

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

51 W e A ek R P I A B . BV SRS (R i e AR B, S (E calls Fofifi. 7ERE
R, AT AESE SR AR RN — A5 18 H S Ah (e s e 4 s 0

a2 BRI parameer (2%0) H . % LEE D5 #2822 ML, P& PEP 362,

asynchronous context manager (JE[FR]B5EEEPIZS)
— @ v] PAFE il async with PRIAC A T RIS 4, MESEM T FE __aenter_ () Al
__aexit__ () method (J7¥E) HFEHIH. H PEP 492 5] A.

asynchronous generator (JE[R]2B(EI4:2%)
— 1l & [a] {# asynchronous generator iterator (JE[EHEIAEFFEEE) MR R . BEHERRBE ML async
def & W FER L (coroutine function), HANFKZE M T vield BHNK, BEA M —FRF W R
async for [FIEMME.

B ATRE I S — AR E e g R =, EAE T TR Rn R $EA BEKRE
(asynchronous generator iterator), ¥ FRIEN) B EANENERE , AR H s HeE, ARG 3¢,

—fE LR B EVERS R TS await N, PAMK async for fll async with PR,

asynchronous generator iterator (JEF]2BE)/: 25EICES)
—Aiil i asynchronous generator (EFEIEIESS) R ESTAIYH:.

& B —{Hasynchronous iterator (E[FHEUREY), B EVA __anext_ () method FIFNYE:, & [a]{H—{F
T AEFEY 1 (awaitable object), %A IEATIERI BB A 2R R 14, HEIBE R yield #H
s

B yield Y EEBART, ERCEMENTIRE (GG ESESE M E T K oy BAK) . EER S
EA ZEREVAS 1 __anext_ () BHER A S5 A RO ERE, & et m 1k ibhy #4535
1. H2[[E PEP 492 1 PEP 525,

asynchronous iterable (-] o[ [F{CH1:)
— AP, BEFPATE async for BRIAX P M. LHEREM _aiter_ () method [H] & —
B asynchronous iterator (EFIMEMER). B PEP 492 5] A,

asynchronous iterator (JE[FRIZBECRS)
—{HEAVE __aiter_ () fl__anext__ () method B¥){4. _ anext__ () WA —{Fawaitable (7]
EREIE) . async for ErTIERIAENERAY __anext_ () method ff AW S5 14, HEIE
5% stopAsyncIteration ffl4h. [ PEP 492 5] A,

attribute ()&M)
— (W B SE W A BB A, RZ AR 2 BB ad 1 (5 ) B 40 B i 3 = (dotted expression) /)44 Figi 2 I8 . @,
R o H—HE M a, RIEZEEITEREDA 0.0 BESHE.
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WER—EIEARE, & T4 A2 d identifiers JiT i 38 2 R EJFF (identifier) 198 M2 4 7T fiE
(g, BIANGE] setattr () o MRIEHEAE PR EEA O 70 PR ARAE I, 22 getattr ()
REAFE .

awaitable (W Z:55M1k)
—fE V] ATE await R PR AP R E— W coroutine (h#e), B2 —MA _await__ ()
method ¥4, JiE2[E PEP 492,

BDFL
Benevolent Dictator For Life (&S5 {"28M# %), X 4% Guido van Rossum, Python f{#l1E# .

binary file (- iEfiRER)
— 1 GEEIGE IR 8 A bytes-like objects (CBERLTTHERYINE) Wifile object (REZRMIE) . —HEAIAHREMGITH
DA (b, 'wh' B 'rb+ ') BHEREZE. sys.stdin.buffer. sys.stdout.buffer,
PAJ io.BytesIO fl gzip.GzipFile B,

w2 Eext file (CFHEE), ER—MHBEEFIRAA str WIFRERY.

borrowed reference (fi5H]Z14)
1 Python () C API 7, S 22— MY, Pz R sSEN A S M2 1.
WA DEEHE], & @ E— 2K H5 4 (dangling pointer). i, — K k73 FIYL (garbage collection)
W ARS BRI foc 15— Bl strong reference ([EIZBR), TA4Z 0 1F85E).

$borrowed reference WERY Py INCREF () AN B JEHh (in-place) ##([F[Elstrong reference &9 2 sk I
Bz A BEE I — R S A 2 B2 BigisEl. Py NewRef () pRZX AT A A ST — B i sirong

reference.,

bytes-like object (JEfsc4l:Hh#tl)
— 1l 32 % 4 &7 ¥ %€ (Buffer Protocol) H.REEJRE ty C-contiguous 3% 8 ¥ 4. B W45 G 1Y bytes.
bytearray fil array.array ¥, VAKHZE R memoryview Y. B IJCAHEY 0] N E
PR HECT ORI RS EAE B ORERAT . TR RS B socket (FHBE) ik

YR TR A R R P . IR SO & A Lo R [T s AL R el T
SR fE W LS bytearray, PAM bytearray ) memoryview, HAMEBEEIE —EAE
R REEA TS (THESE SN AR YIE]) b S 4% bytes, PAK bytes ¥4

memoryview,

bytecode ({i CZiTE)
Python {1 J5UAA TS € S ML (AL , 42 Python F5U7E CPython 1 BaSeh rFiAe 7otk . eyl
B G BB (21 pyc R, DLBEH U — IR EET TR (DA B 50
I ICAAE) . B [ PHFES (intermediate language) | 82 T4E— Ml virtual machine ([F1HEH%ES)
b, AR O R C AL TSR EN F TS (machine code). BEREIOIL, (A REALHA |k
SEPAEAN [ Python [EHEEME RS > BEMERY , tRREYE AR R ARAR Y Python 2 [R5 .

(L TCALAS 5 21 F AT DATE dis BRI ERA SO 4R 3] o

callable (n]WEnL 1)
—{{l callable & 1] PAREIFEIY 540024, WEnU B AT BEDA R AN — 45 18 (55 Rargument ) :

[callable(argumentl, argument2, argumentN) ]

— Al function BELILFE A ymethod HR & callable, — A BAE __call_ () J¥EMY class 22 B it 2 {1
callable,

callback ([A]If:)
VEEVS | #ept (EE 1) — B R X (subroutine) pRC, e A A1) A IR ] B Bl 7

class (J(E])
— P S AR . Class () 0 3838 5 & 1% method (1) 38, 154K method 7] PAYE
class [ EE ) b atEA T4 .
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class variable (KE[E/528%)
—H7E class TR EFE, HERZ LGETE class IR (GBI ZAE class (BB T) W& om s 8.

complex number ([EJ%)
—ERMAE M EEAR LT, I B iR g 2 B8 B A EE 2 A . [El#o 2 )
AL (1 T AR) MECBRS, IS ALE TR b g s (E) 1, 7E TR i85 (E) 5. Python [EJZ
THEMW R, CRARENERFRER: [FERREHE WA J i, flin3+13. A%
#% math BAAEI T RS R EIE, 35ETH cmath B, IS0 68 2 — A i R o ST fe .
MR REAE B RS e MR, IREIRT-ARREE /7T DA% b 205 e .

context manager (5E4RIZS)
— (AT AR with BRSO ARSI, MEREREFR _enter__ () Fl _exit__ ()
method &5l . #2[E PEP 343,

context variable (|i5BE%4%Y)
—{E s, HAAE T DUREE B SRS A AT . 38 BT 4% 38 f3% £7 [ (Thread-Local Storage),
FEH A, — s BE R R T2 T RE LA NFAME. SR, BIRES S, £ —MEfTssh e & s
ZARNEEE, MR B G, RAEEFTHYIER 2L (concurrent asynchronous task) H1, s
wheemBE]. ##2[E contextvars.,

contiguous (%)
R — 1 52 18 [ )2 C-contiguous 5% J& Fortran contiguous, HI|'& & fE ) Mg (R B2 #4581 . FE4E (zero-
dimensional) ¥ %&1E [ AR & C M Fortran contiguous. 7E—#E (one-dimensional) [#%1] 4, £-J8 H W /ELF RO
HE B A AR S, TR 7 21 BB IR R . 72 2 4 (multidimensional) C-contiguous [i%1 H1,
Fierr R AL N 7 B 4 I IRy, et — MR 5 | S Ak e, #RTT, 7E Fortran contiguous [#i%1H1,
SRR,

coroutine (1F%)
A 2 B (subroutine) f)—Fl HE R FEAITE . BIRR 22 o 3 (08 s ] S ol ate A (E VY ) — (T 1 ] B ol
i%tﬂo.b’v’ﬁ%ﬁfw\?:???%z:[ﬁ]H‘Jﬁﬁfﬁﬁ%ﬁ?ﬁiﬁ/\\ BHEAEE. EMAEELA asyne def BAXBE M. H
2 [F] PEP 492,

coroutine function (FLe&X)
— @[l fcorourine (EL) WLFIIR. —(EHFEMARAELL asyne def BukRBrEss, Ertaosg
await. async for fll async with BT . ST A PEP 492 5] A,

CPython
Python 72355 5 HAEE B /E (canonical implementation), #{#§fH{E python.org . [CPython | & {H#7sEAE
WAERFAE A, DAl 2 I BB LB RE S W ELAE, (9140 Jython B} IronPython.

decorator (ZH:fifize)

— (AR, EEhES AR, WECEMT Cwrapper FEVE, HiME I E-—H K X 1) 84 (function
transformation) ., g1 R 2 classmethod () fl staticmethod ().

Fetiianarik FUZ RN . DA W eh o0 SRAERR IR 2 S5 AU

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

L

Class WLAFEAHF RS, (EAETREILLBORE . BN EEig i E L4, w52 EekaUE s8R class E 5
AR SO

descriptor (HiiA%%)
{H5E5% T __get_ (). __set_ () B{__delete_ () method Fy¥{k. 21 class B {2 —(HH
WERRE, ERE R AT e B A R R . W, EH b SRS 5 e A Ry
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BHE a W class FHAP AR ZME b (W04, (HUAE b2 — R e, A E B A 2 method €1
WP, SRR 2 A BE AR 2 VR A HLAR Python () BSE, WIEEMEFL2habn s, SEIhiewifm=.
method. J&VE (property). class method. [EJfE method, DA ¥} super class (ACHHE)) B2,

B 18 4 method YT &M, w52 descriptors Bl iR # f TTHEH .

dictionary (4zilL)
— 11 B# Bt F 41 (associative array), oo (50 8 e g LT BIE . SV LR AR A A __hash__ () Al
__eq__ () method ¥4, #E Perl g TR EIAEE] (hash).

dictionary comprehension (il &)
—FE BN, AR 8 T B i B e e R, (B R B A SR DA 5 g ]
results = {n: n ** 2 for n in range (10)} @F4AE—fFd, BAE TH n B IE n
** 2, #2[E] comprehensions.

dictionary view (zHLEGHL)
# dict.keys (). dict.values() J dict.items () [FMEHAYHREETHAGH . EMRML TS
MR T H 1B R AR, L%Tm%ﬁﬁ%@]ﬂ% E?*ﬁﬁ“%fiﬂﬂh_ib A, 2 BB A g B e
#apy list (EE%)), A 1ist (dictview) . #52I[F dict-views.

docstring ([EI]H)
—{BIAE class, MBI T, EESE —EERGRBI R OR . MR THEEHATR G2, 3
B aimes ik, EA S class, SR __doc_ BYEd. B ENFE A AEHE
(introspection) [EVEF , A e /2 9 4 A (EVRH SO A7 At (0 5

duck-typing (W f-2%4[E])
—FEAE A RS, BN R B E AR e R A BRI AT BT A iR,
method 5§ J& 7 € B 40 b Pl 0 0] w4k (Fﬁﬂ%ﬁ%tﬂﬂ% (B8 7~ i HL i sfg —Eg 1, AR(E
E—Er—EE . ) HEEGE AR RE, KOsk shio R i 6E 3 £ 40 (polymorphic
Substltutlon) SR B BTG . R 2R (B o (5 type ) B isinstance () #THIEL. ({HJ2F
W, WBFRER U8 % & & 3aE (abstract base class) H@Fﬁ?ﬁo) SR, Bl E GEH hasattr ()
i, BUREAFP FEAEEH A .

EAFP

Easier to ask for forgiveness than permission. (7K R LFERFF AT S).) B WL Python 4 EUA
B B RSB A, [EFE % Gt B T A il . e AR 2 (E) ELPER i Ja , HRR
SEAFAERTZ 1) try Fl except BUAR . EBMTELFF 2 HAMEEE (B0 C) & RMLBYL JARS I T 5.

expression (i)
—BOT DA ERR ERYRE . DA, —MEEsr2Ue oy . 20, BVEIFIL, 5y ol ek gy
G AT B, IS S TT R R R ;ﬁinll:g/ﬁ\:’ﬁﬁnn s AFERZ, [EHEFFE R Python 75
FHEAEEE R AN —Lstatement (BIAR) ANREPAMEER R, BlU while. HA{H (assignment)
WA, AR EE .

extension module ($ 7¢HigH)
—fEPA C 8 C++ Sk AR, B ] Python [ty C API REEAZ.C J A i 5 R XS AT L H) .

f-string (f ‘=)
PA £ B E T [EIETER AR SO R E [f 2R |, R E ORI . i) PEP
498,

file object (F%Wit)
— (bl R P 2 5 1A 228 ] (file-oriented) APT (fill read () BY write () %F method) ZR¥EAEJEIE EIEAY
Yotk ARTERE R RS AT 3, B R o S B A A 2 R A B A R A A SRR (1
R A /. SO REE AR R . socket (). EE (pipe) %) WIFFHL. HHEW B REE 54
Z W1 (file-like object) B % R (stream) .

TEEE, A=EERY: R =g x %;%@IH’JLJE&#Q?@HK% 2. BB 1o B4
FRESE. BRI 2 M open O
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file-like object (JFik%dil)
file object (REZWIME) M IFIFET-

filesystem encoding and error handler (4% %4 U5 FIEE S Pl L)
Python it JTJ i) — Tl A A6 P11 85 ik BE PR 20, 2R AS SR B AR R B AL oCAH, AL Unicode % %)

i 22 2 40 A A 00 B R S BE U FRAR BT A /N 128 AL TCA . ANIRAE R A Hi g A Ay R L b AR s% , HI APT
B &% UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PRI A EASAE
ARG A SR SR HE pR 2

filesystem encoding and error handler (¥ & 2 % 4 f5 0 48 5% /% ¥ 8 =) & 7£ Python B I
HiPyConfig Read() Mg 3 KB B: 7 & [Flfilesystem_encoding, DA NPyConfig M B
Bfilesystem errors.

g2 [Ellocale encoding (RIS 4RHE ) .
finder (k%)
— (@, e g AE e import FURLAL Sk loader (FIALE)
B TR AL S A . LIRS S48 2% (meta path finder) 7§ Jf] sys.meta_path, Tiy&i&78 H F4# 5%
(path entry finder) @f# ] sys .path_hooks.
#%2([E) importsystem Fl import1ib DA TR L 4.

floor division ([i] FHUE%RE:)
i) ARy 2 B B P S M M B . 1) NBUE R ERE R 2 / /. Bln, EE 11 /7 41
FHEGRE 2, B float (J7FE#) EPREFTRIER 2.75 N, R, (-11) // 4FERZ -3,
B2 -2.75 #ié TGRS L. 7 2([E PEP 238,

function ()
— AR B RS, B REE Y e S, ] DA R Sl 2 7| S, S s | ]
AR AT, i Elparameter (23%). method (J5%%:), PAMK function F2ffi
function annotation (XEIEE)
oF X 2 el o B f)—flannotarion ([EJRE) .
o 2 E R gl i AR 2 (E13E =« i, S (M sk STEI & S 2 Wi ine 518, EEA M int B

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

bR U E R REATE function FEEiA FEANRRE .
i % [Elvariable annotation F1 PEP 484, WA I REM k. BRERYRETET %, HiEs

annotations-howto,

__future__
future fFiARZ: from _ future_  import <feature>, @I5/R4HELn (I FHATLEAE Python R 3K
BEAA A R EEE R R BGESE . AR E A T __future_ BUHHRIGET feamre (3
ft) TTREAME. i import MALAEIS B HORAE, R0T A R — 18 7 B0 2 B A2 il IRy o v i i 1) it
FEE P, DAREMRSE e (e AE) EERA Y6

>>> import __ future_

>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (b7l )
HRC AN P T, R AR . Python SUATRIR I, 2% S BT (reference counting) ,

326 Appendix A. fi75E


https://peps.python.org/pep-0238/
https://peps.python.org/pep-0484/

The Python/C API, ([ 3.12.4

PA Bz — 1 R [E g IR o B 2 BR A 2 (reference cycle) A 47 B 17 3% [ #% (cyclic garbage collector) <5E A -
B3R A AT PASE R gc AAH 3 I T

generator ([E4:%%)
—{W & [al E generator iterator ([EVEZFENCES) M. BEHEERB HIEFEWEX, EARZEEE
T yield #ERHN, AEEIAE—RIWME, =L@l R for FRE, miJ2PA next () X, RMHEHF
) —{FME -
18 AT AR FE s — RIS R, (EAE e, iR FoREA BERE., B HkE
F R EREREZE, Ol A se BHTeE, DABHR R

generator iterator ([FJA4:2$[F1CZS)
— i thgenerator ([E)A:%%) eAZ BT Y

T yield U ERIRET, ERUEMEHATRE (A5 RS HO R E T vy BAsC) . HEE
[EVR 2 MRS, B g s ey A ATAT (SRR LE R AR T IR 20T B A 0 sl U AN D)

generator expression ([FlZ:g$#%)
— e R EHERRAER . EREERG -MEFAGERRX, RiEEE W for T4, BTAERT
[l s, DA — (RN 1 7. %A AER X ENE R XA 2

u?F’

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (JZXIpFX,)
A8 i 28 o AL R 2, % o g AN ) i 2R (B A ) S o o 30 ) Rz o P OB R 2 42
72 A LI Sk (dispatch algorithm) 2(EJsE

Y5t 2 (Elsingle dispatch (B—3HBF) #gE3&H . functools.singledispatch () Hffi#efl PEP
443,

generic type (JZ¥I#I[E])
—(H e E 9 2 ¥ 1k. (parameterized) f{jrype (FUE]); 20 BSesBE], 52 1ist Ml dict. BEHH
1 [Flfe = M.

2Rz 0L RE. PEP 483, PEP 484, PEP 585 fil typing 4.

GIL
s [Flglobal interpreter lock (43 B 222584 ) -

global interpreter lock (43 i E8%$84)
CPython B4 I FH A, FH DARECRER R HOA — A T4 REWLAT Python [¥)byrecode ({7 TCHLAG) «
F AR (A5 R s @ AIE), W0 dict) H BT (concurrent access) [ &k, I
& TT PAfE 1L CPython [ EE1E . S B (M B e, @ (F B4R B4 5 I 2 #1474 (multi-threaded), {H
AR 2 ik b 2 SR PR A MRS REIEHR LAY — KB P17 (parallelism) .,

SR, A7 Lo oA, S R EE BRSO, BT O AT IR A e A [ & ST B
(computationally intensive) [{E R, B DAMEE: GIL. B4h, FE#AT VO Ky, GIL 482y fidi:.

W E S [RGBty (DATE R Al B B 3t %QHE’JE%%&) %3 O EAR S, W
[EE—fer B — R PR AR ISE N, S ErA TRk, — IR, HEOluE ARE A, S Ees
[ERr L, MM S A A

hash-based pyc (Zf[EEHER pyc)
— B {7 TCALAE (bytecode) B 77k, B 8 FH Ak (EVP 1T AN 2 S8 B IS DA i R Y e AR IS AU RE , 2HHfE -8 oA 3K
M. #52[E] pyc-invalidation.,

hashable (W] 3[EIf))
WA — A ENY, ZEEHAEGER F RS (EFR%E MM _hash__ () method), H.
Al A EA R (B __eq_ () method), HREIEHE—MH T 4 EE. s REM
SR TTRE 1, e M A A A EE .
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AL (hashability) (—E4{F 0 JiI 1 dictionary (5°#) HYBERIset (526r) AUME, HEIGLEERES
fEERAE HETAR G T A EHA

ﬁ%%uﬁ’ﬂ Python 7~ 1] 4 .i_%ﬁ:%KXET%.E/J T“B’Jﬁ%% ({5 4n list 5 dictionary) [EIARJE; MWiAH

sEZEes (Bt wple (JCAL) F frozenset) , HA R BMAYICE A HEER, ©MA S A 20 5EEK .
E%#Fzrzﬁ)ﬂ%ﬁnz class BB, HIlE LeP {4 g e I_W’EIEI’J BAMAE A LB AR & N FH A 1)
(AP MEE O e, e M aEEE R A4 B B MAY 1d(

IDLE
Python [}] Integrated Development and Learning Environment (%% & B #¢ Bl 2L 2 PE1E ), idle 20 LA 11 4
FRAS A ELREAR RS, B Python PAFMEEEAT A — B e b fit

immutable (An]%H1k)
— i BAAEEEN . AR P wple (JoAl) . BEYARARESIECER . TR
— (R R (B BB AT, RSB ST — R . B M B S ENE A M Jr, #5 SE2E £f
@, 40 dictionary (“H) Hfiy—fE .

import path (5] A#%1%)
—EAE (Bssteon ) WFIR, MmARLE B2 1E import BLALIE, & Hipath based finder (HEHAH
By Stady) BESBHMALIE. 78 import HIFH, MAIEYREH 2K H sys.path, EHHRTEM
(subpackage) 1l %, EHRAHERAALEMN __path__ @ik,

importing (5IA)
—fEEBAE . —(ERALH Y Python R UHS P AZ B ILIEAR , #0) — AL+ i) Python RexUHG T -

importer (5IA%})
— (i REE 4k AR BB finder (SF48i) tiloader (BALR) Y-

interactive ( H BiiY)
Wmmﬁﬁﬂﬁﬁﬁﬁﬁﬁ,E%ﬁ%ﬂ%ﬁﬁ%%%%ﬁ?ﬁ%A@ﬁﬁﬂLﬁT SLEPEATE M
EFIHEF EMmEER. REES python, RFTFEALMGE (FTREFE A RSN £ L) .
S ET A SR A RO R AR ER N i (RER(E help(x))

interpreted (Fi%0)
Python J& T B3G5 . MM aEan s, AN (1 [55) ] BE A etk , PRIEA (7 JC4LAS (bytecode) 4
%%‘%EI’J@T B RN IR R W A 0EA T, N TR IR MEM S ) — R TiE , AR FTE .. i
(nn G L.%) SRR S A E B / BREEENN, R e M A AR = A TR g . 52 Elinteractive
HENW

interpreter shutdown (273 BH)
& Python ELREAME ZURBAPARE, BEEEA— ﬁl‘h?ﬂiﬁ%ﬁx, TE I B M R i A B B R, it
zﬂ%ﬂ%@?ﬁ%.%z’k% B G ZRIFIE R =Dl %5 (garbage collector) . 15 BRI EE 6 & B 2 AU MRS
PRI (destructor) 55555 | ¥ [E] P (weakref callback), .ﬁﬁ Hrp R . o B P P B e A T i R e
BB G A, REE IR EETREARNEAER T (5 RABI1-2 0K X B A sl 2 e ) .

HAG A F 2R, 2 __main_ BUHEEPOESTHEIA T AHATE

iterable (n[[EfCH1t:)
— e R E)— ok e P R . ATIER R B ELE A P S A (52 1ist, st Al
tuple) FMIFLIEFHRE, B2 dict, # ‘{#WF DA AR IR & FREAEAT class 4, HZHIRLE class
ﬁ_iter_() method ﬁ%g‘rf/ﬁygqu@nce (Fﬁ]‘]) sy E]"J _getltem () meth0d7 Pz%'fﬁFTjEXET.
R

ERP AT R for [ERBMFF 2 HALTHEZ—E AT (zip O« map () ..)e F— @A BRI
VEES | i ELE AR iter () K, B GERZYOF R E—EESR. Jﬂ:lﬁ%%x.)ﬂﬁ/‘%r%‘~ﬁﬂﬁ
AT (one pass) . (I HEIRARRE, WHEA—EZIFNY iter () SAFTERERBYF. for B
R 1 B P S L g E@@ﬁ*@%ﬁ%@%iﬁﬁ@“%{ F A [EV R P AR A s [EACRE
Wiz Fliterator ([EVL#E) . sequence (JFEH) Flgenerator ([EVERS).
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iterator ([E/{t2%)

—fl TR 4 EEHEY EA A _ next_ () method (8 244 T BLEL TR next ()
GRF I E R S TEE B R SRR, Bl €r5]%8 sStopTteration filsh. BRE, %EUCERY
PREB I, MAEMEE _ next_ () method fifE—LIFNY , #HH &K 5[%F StopIteration,
REFUEA MM __iter_ () method, E&HEHENCEYIFAY, BroARMEIRZSEAE T ERD 2,
ELAT A K 22 o ) oAb T BV W R 35 . — (R EEA B 41, 2 B £ [E (multiple iteration
passes) (IFEFUHE . — AWM (B2 1ist) HERRMASEEEL iter () BRI for B H#
ek, #aBEAd—mMemmERss. SHERRER LS (ZREM) K, ReREEn—sER
Wl A . e R ER S, AR ARG

1 typeiter SCH AT DAFREN B 2 il
CPython F{fE4NEI:  CPython [EVRRIGHIN—HuA @rig ey [[EMUENA/EFR __iter_ () ) BIBLE.

key function ($EpHX,)
8t bR 2B 3T R 2 (collation function) & —fE AT IFAY (callable) PR, ‘& € [ml 8 —1 A HEJT (sorting) B
FEJF (ordering) M. BIA, locale.strxfrm () ¥ AREIE —{8 1 i e o HE w10 A HEF 8

Python HiiF 2 T H., #4532 DA R A A T Rl P 80 A X BEMEdE nin ()« max () .
sorted(). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby ().

B R T DA S E SR . B4, str.lower () method W] RAFEEIAS 43 K /INES HEJT 19 4 R
Ao B, —MHERAWT A lambda EH A A, fIM0 lambda r: (r[0], r[2]). J5h,
operator.attrgetter (). operator.itemgetter () fil operator.methodcaller () Eﬁ]

GRS R X (constructor). B AT ESLANGE SR X 61, w5 2 EWfTHET .

keyword argument ( B3 [%))
s Flargument (3]38).

lambda
B —expression (GEER) FrALSI—HE 44T ERR, (inline function), 5% B AT R . 757

lambda PR EEYE 2 lambda [parameters]: expression

LBYL
Look before you leap. ( =447, ) 1a 06 4 5 AU S e A7yl 25 4% 2 1, PR REHL IS EER . &
T EAS BLEAFP AT M, HERMRrO AL if BudETE.

2 siTagEs T, LBYL aUaE [=18] 1 T&47) 2 M5 T EWR 4 (race condition) 1
B BIANPANFEXAS if key in mapping: return mappinglkey], WIS —EATHAE R
ZRALER IR Z B, 1E mapping HASIR T key, RRZREXAE& AL, &0 P E W DAF 84 (lock) B fif A
EAFP % il 7 AR ARIE]

list (#i51)
—{l Python [Elidf)sequence (J¥51). EVEERH T2 list, & HEEHRIHALTE S h iy —{H[H51 (array)
MG — (A #4553 51 (linked list), [RIEFFIROCER 105 TR 2 O(1).

list comprehension (& %1% & E )
— T 2 g HL {7 5] PP ) A R A n 2, (5 P A SR DA— 1 list [ p 55 ¥k . result =
["{:#04x}'.format (x) for x in range (256) if x $ 2 == 0] @FHE—fFEE list, Hrp
f987 0 3] 255 & (L), FTA S8+ /SO 8 (0x..). i f T4 . IR, HI range (256)
W T TC R AR R

loader (%A Z¥)
—{H BEEF AR . T EE R —HAE) load_module () [ method (J7%:). #A B H 2
Blifinder (FAGgR) WIE. HZAMHFERE PEP 302, Bjitabsiract base class (5 HEREE) , #%2(E

importlib.abc.Loader,

locale encoding ([ I Zhi%)
7£ Unix |, ‘B2 LC_CTYPE &l EW gk, B PAH locale.setlocale (locale.LC_CTYPE,

329


https://peps.python.org/pep-0302/

The Python/C API, $(F) 3.12.4

new_locale) RKE .

7E Windows |, B 2 ANSI A5 E (code page, flin "cpl252").,
FE Android 11 VxWorks |, Python i [f] "ut £-8" {EE] &I 4nfE .
locale.getencoding () W DA AREUS: [ 38 4 A

W5 2% filesystem encoding and error handler

magic method (k7 )5 ;)
special method ($5k5H) W—183EIE R R i .

mapping ()
— SR, B S IB AT BB AT R, BLRE B/ abstract base classes (3152 £ iCHEE]) 1, collections.
abc.Mapping B{ collections.abc.MutableMapping ff 3§ i B method, #&i ]t FE dict,
collections.defaultdict, collections.OrderedDict fl collections.Counter,

meta path finder (JCIEE=IES)
—MAL A #58 sys.meta_path Ifi [E ] finder (FH85). TCHICFRIRILLAEA B S48 % (path eniry
finder) #HB{EZ A .

B A TE R AR RGPS B AE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JciH[E])
—7& class /Y class, Class &8 A%E & g 57 —1# class 4 ff. — 1 class dictionary (F=#it), DA —1# base
class (FKME]) 5. Metaclass A% 08 M58, [E#SI#% class. KZEAY A A RERE
TR AR EAE. Python [RREZ AR S REEIE S H 5T metaclass, 414 354 oK
TEIL T H, (2T 2R, metaclass 1] DURAEEIR BEMMARE T £, EME s AR EEHEAAE
WM T AL A rE . BEEE . EEEAIEE (singleton), DA 2 HADAEH

42 &5 A DATE metaclasses 25 i 14k 2] .

method (Jji%)
—{RI7E class 2% B [Flgh 5 360 ph . An2E method fEEIEL class B4 11— BB Mg R0y, B S 4% i85 3%
T MBS Hargumen: (51%0) (51 BOBHYRE sel1f). #SE funcion (Ki3X) Finested
scope (FHIRVEHIIER) .

method resolution order (Jj 7. M IE)T)
D VERRATNE 72 A A R SR R S A T, base class (FLRKEE]) i@ )T . B Python F 2.3 JiT
HLEs I RS EE AR, S5 2(E python_2.3_mro,

module (Ei%H)

—{H &L Python 2 xUAG i) AL A% HEA7 (organizational unit) FMIF. BIALA — M 25, EUSEER
Python ¥{f:. KA e #E thimporting Bi#AE, HHAZ Python,

TS Epackage ().
module spec (FiZHBIF%)
—E % 2SS E, B RN EAAEZE Y import AH B &R, B 42 importlib.machinery.ModuleSpec
) — 1B
MRO
i 22 [Emethod resolution order (75 ¥EFENTIET ) o

mutable (W[5E47})
AT A B, BHERFEMN i O o SR SEimmuable (R EPT) .

named tuple (F%Ic4H)
fifift Tnamed tuple (47 7CA1) | J2HGE wple R ITAIFIS class, FLEH) W3] (indexable) JE3¢ 1
AT DA P42 J 1 SR A . e (E]EY, class 1 A] DA HAD AR 4
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5 [F g M Fl 2 named tuple, f33%H time.localtime () Fl os.stat () FE{HEMME. B—HH T2

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

4% named tuple 2 EIZHE] (W EF1) . 5637, —{# named tuple 18, 1] DAYE— {1 IE KLY class & FE 58
3L, B class 287K H tuple, HEF T AMAL (named field) RITT . 5EH1Y class 7] AT T4
T PA#E K H typing.NamedTuple &, AT DA A T g ek =X (factory function) collections.
namedtuple () A, BERAHIEIN T —LEHIMY method, 5 L% method W] fE & 7E T 5 s [FIE
named tuple 7, MEEFLHNT.

namespace (i %23H)
SR AE I . 4% S T2 DA dictionary (FHL) B ECVE. A WA, At K EVE a4 25 1
AP (78 method ) A BLAR I 24 251 . dv s 25 RS b7 1k A fa il ss, RSB IAH AL,
W, izl builtins.open Hil os.open () it e MY fiv 4 23 W A1 B . i 4% 25 ] to s vh B
Tl [ A R W B AE B — R pR X, At vl s Pk v #st . BN, %5 random.seed () B
itertools.islice () AHHEHIFE R, SRS EEH random fil itertools MHAHAEEE,

namespace package (i Z23IMIE:)
—{{il PEP 420 package (£1}), ‘& HB1EE)I T2 (subpackage) [ —{H 254 - fiv 44 25 HI &4 1T REEA B AL
fodorik, T ELAMAREE PRI (Hregular package (EMEN), HEEMEEA _init__.py
B RS

w2 Emodule (Fi4H) .

nested scope ( HUREMIR)
fiE(E)22 I8 Mg 7E 3% (enclosing definition) H B8 B HE f1 . SR PRIE), — 1 pR 2C USRS o o) — 10 el =X P g
EF, HIeMaeE2 RNl r sl SR, fERREETN, SRE IR RN 2 R, T
VR . [tk s s e e B (B VP I b sl B A [ Bk, At S R 7 At 42 245 T PP R L
ME A . nonlocal 2 #AMNEEHEEITE A

new-style class (1A %i[E))
— W8 4, BRI BIAET A W class P48 U 1Y class &G 7658119 Python fiR A<+, HUAG Hr=C
class 7 g {#i il Python BB (). ZEKMILIAE, B/& __slots__. HifiiR#F (descriptor), J&PE (property).
__getattribute__ (). class method (ME[EIH¥:) # static method ([EIBEH ).

object (#1})
HARE (BrHuE) EieRMATE (method) MEMIERL. B HRIEMnew-style class (X HH(E])
M %% base class (FEHEE]) .

package (1})
—{[fl Python f¥jmodule (BigH), B0 AR S TH4H (submodule) 52 EFI) 1244 (subpackage). 7 I
ME, e A __path_ JEYER—H Python .

syt Eregular package (IEBIEN) Fllnamespace package (fy4 25 HEMF) -

parameter (Z4)
T function (PR =X) B method & 3% 1 Y — 1 iy 45 B 8% (named entity), T 45 P 3% pR X R [E 3 52 19—
Wargument (51%), sERLEE N2 M5 3. HAH A2 SoE
* positional-or-keyword (v B8 ) F5IH— (W] DAd e 12 F B2 AEE M 48 5 7 | SR n 5 [ 4.
1622 B TR, BIAnbA Ry foo F bar:

[def func (foo, bar=None): ... ]
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* positional-only (PEBRNOZE): FaM]—E e+ I AL E B ity 5 [ B fERERM S HIIRT U E
—f8 /o0, WURT PATERZ T OUHI T E SER O E 2 8, HIANLAR ) posonlyl 11 posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o keyword-only ({EBREAGET): 50— N GEARR S F bk 5 | . fEm=UE sz #d,
AT 5 B 0 B 2 B (var-positional parameter) B(@ HLALRY * S0, kAT DATE AR )7 & FefE R
B F28, HIMPATIA kw_onlyl 1 kw_only2:

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

* var-positional (fEREWHAIE): FEW]—RREVMERF AR R A8 T | B (TEC W 2 Mok Z
WAL ES 2 Ah) . BB EREHS WA R T 8L ~ AGERN, BIILAT args:

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

* var-keyword (ALFWCRBHHET) : EWINT PRI T BB #7518 (TEC U 2 =2 )
MBS T5 M5 . ERSURERTEH S WA T E b o~ AGESR), Bl L m#sl i

kwargs,
ZWOTOAE IS | U B A SO R, U n] DAE)— S8R P i | e i TELRA

%%Zﬁﬁf%%[ﬂ@argumem (%I%() @%E N ﬁﬁﬁﬁ%#ﬁ‘:J%I%i%n%%ﬁZ FEE:‘ Egﬁ\ inspect.Parameter
class, function T i, DA PEP 362,

path entry (¥4#5iH )
teimport path. (3| ABAE) 0 (ERIE, Miparh based finder (GERBAERITMER) Fr2% ZAIRAT
$32 import HOKAL,

path entry finder (4750 H =B 2% )
W sys.path_hooks Hf{—1{f A FEIYH{4: (callable) (7 BI—1{f path entry hook) Fit [a/E i) —F& finder , &
FE AT PA—(fpath entry g PR .

B A R AR TE B A2 BEAE Y method, 752 (F] importlib.abe.PathEntryFinder,

path entry hook (pP&f%1HHTE)
1t sys.path_hooks F|FH 1) —{@ AT FEIY ) £F (callable), 7 & FN3E AATHE — 8 F¢ & Bpath entry g
PR, R B parh entry finder (B{IRIHH FARA) -

path based finder (J%Ji %15 =525 )
FEFRHY TUAAE F 48 82 (meta path finder) Z —, "B fE—{fimport path F1 {82441

path-like object (FHPRISHI1E)
—HRE R RGBSR B ] DR — R B8 str 5 bytes Y1, s —E
{E os.PathLike WEMYE. BB os. fspath () K, —fZX% os.PathLike W ERYE
A A EEIE] str 8 bytes R R FIKEE; 1M os.fsdecode () M os.fsencode () HIAMEIR H R
R str } bytes B4R . B PEP 519 5] A,

PEP
Python Enhancement Proposal (Python 34[EJ$222). PEP 22—k #HERA 3044, B REE) Python #HBEIR L%
#f, B2dHA Python [1)—H# D) REE % DI RERIFE 7 FIBEEE . PEP JER% BLPL L R B4R B i DA S e b2
ZEIRENEE R

PEP (77AE H I, R MEE GO fEAHE S . AL B A S B R A 7 RE . DA E A Python
ozt EsR ), S B AAY 3A%H] . PEP (Ol st Dy M B S .
#2([E PEP 1,

portion (%))

TR —HE AR (BT R AE—MH zip B ) , (B LA SR AEH (M iy 25 M £ (namespace
package) F FTERK, 4NfF PEP 420 FPESR.
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positional argument ({3 % 514%})
52 (Flargument (5]35).

provisional API (¥47 API)
W1t APL 248, (EAENER U [ fZ A2 1% (backwards compatibility) SR, BUEBEHENR APL, H#ESR
P, R MR E ST, B DER e =R E S, HInE.0 s N\ BRREA b5,
WA EE B AR (R ) . SESFEEA g ERhEL — G AP
A Z TR e B A A e ey, B MA gk,

g A 4T AP, [ AR S T W iE [ RENRE TR — M B, 1)
SREr T ek — 1 AR A A R E DT %

T2 {1 30 A (A5 v o =X, B O TR TS BT A, T S R AR ) I P 25 B A R R A et Bl et . 7
2[F) PEP 411 T B 240 .

provisional package (‘17%81})
#h2[Flprovisional API (47 API).,

Python 3000
PythonJ 3x RHVAER (RACAETAIER, HWRES 3 Mm@ EE 1R 24, ) o ml DA 5 [
[ Py3k].

Pythonic (Python JEF&ITY))
—EAREE B, BHER T Python 5 Hede WAV AR, MM A HAGE 5 % RS s
VERERAE. BI4n, Python Wi RIK—FEEME MY, MM for AN, ¥ ERYL G
g?%ﬁ@ o 2 HAFE SRR EREEA 2, AR EGE Python it A A 6 (i ] — 8 e 51
o AR -

-
for i in range(len(food)):

print (food[i])

HBZN, AR IAEERER . BAA Python JEl# :

for piece in food:
print (piece)

qualified name (Pl %F5)
— il [EEA W RG], B BURAE— RBALIY A R T B A i 8 class, BB method 11 [
&1, fn PEP 3155 it E 56, SR TEE Y BRI class T, BRE 24 R EELHA) (444 REAH) -

p
>>> class C:

class D:
def meth (self) :
pass

>>> C.__ _qualname___

YCV

>>> C.D.__gualname_
IC.D'

>>> C.D.meth.___qualname_
'C.D.meth'

wRGRALAHRE, T ATRE & & (fully qualified name) j& F7R %A SE R B A B AR, AR AR
LM, Hlil email .mime.text:

>>> import email .mime.text
>>> emaill.mime.text. name
'email .mime.text'
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reference count (Z2W314)
R — Y 2 BRI 2 BT R SR, B a9 RAECE (deallocated). A
e TR (immortal) | [EIHEA A € ool 8 i 2 st ., R GE RN SRR E. 21K
FHGE #AE Python RS A A F|, (HEEZCPython TAEMN — B #ICER . RS W] DARE Y
getrefcount () PREAREME—RERE P10 2 BEH.

regular package (FHI£F)
—fEEF package (£4F), Fl—MEE __init__.py HEMEE.

Yt 2Elnamespace package (fiv44 25 MEME) o

__slots__
Tclass.jBE’J~1EIEt i BB ECE S E OB A, DA FRE ] dictionary (F81L), R FUIE
B BERZ RO, (HEA Eﬁi&%ﬁﬁﬁﬂﬁﬁ)ﬂ I A A TR AE — (T P BA 48 (memory-critical)
F14) PR R 2 R A R B 9 2 U ED

sequence (J3E41)
—AWliterable (FJIEMCIME), Bi%iH _ getitem_ () special method (JpikF5¥E), i B #ET K%
TR T EER, EEFK T MM __len_ () method ZR[EHzZ)IFHMEE . —EHTHHFH
¥ list, str, tuple flbytes, i, MR dict BW¥$E _ getitem () fl__len_ (), {H
‘YR EIE B (mapping) WA 2541, HIEIA R 7 @ AL R A immutable 8, A & HEHL

4 H R HE(E] (abstract base class) collectlons abc.Sequence EFE T —ME Y E RN, I
NERININ _getltem ) fl__len_ (), #EWIINT count (). index (). __contains__ ()

__reversed__ Eﬂflﬂzﬁﬁﬁﬁlﬁ’ﬁi. DA register () #AREMEIE. 32 WRT5)
VA SO, nﬁﬁ%ﬁf?ﬂﬁkﬂ"ﬁ

set comprehension (454 %4 )
— MBI R, AR PTG T K, [E R AL S DA {1 set [n]fH,
results = {c for ¢ in 'abracadabra' if c not in 'abc'} €FAE—({FF set: {'r",
'd'y, FH2([F F| comprehensions

single dispatch (¥.—Jd))
generic funcion (JZZIpA) FHEER-—ERX, FEUL, FAEMSEEE N -5 8 BI(E.,

slice (YJ})
— {1, BB S Bsequence (7)) WHE—35 . B —BYI A B9 2 AT 5T (subscript
notation) [1, AEAH ZMH#T, NMAEMTZHMHEHE, Bl variable_name[1:3:5]. FEHGHE
(M) FroEmElRs, e slice Y4,

special method (¥55%J5i%)
— T @9 Python [ BN method, F A3 HAEZEIAT R @S, Blinhnyk. &7 method (1944 F
Err B EE AN 45 B2 Wil T IEE]. Special method 7 specialnames Fr A7 ZE4HEIHH .

statement (JiiA)
PR (suite, —(EFEMG [E]) PE9—5. BRI UG —{Rlexpression (FEE ),
BESHEBEY (Hlif. while Bf for) MEZMaiEY—.

static type checker ([FJEXIFIRAES)
i Python FEzUHEEI S HTHOSNEE TH., BEEIR ISR, B2MH TR EMRMEE. HaizERER
7= (type hints) DA typing #4H..

strong reference ([F/Z)
1¢ Python [f) C APL 1, [F12 UZ SIS IR, s ERA %2 BnREAisriEs . 8 2 s
WY Py INCREF () SOMEFEFIZ M. .%ﬁﬂgﬂ%ﬂﬁﬁf’y DECREF () FiEIZ M.

py_NewRef () MzUA] R EST — B EmEI2 . @%, ERBESROERSZ 6, YEEZE
S FE Py DECREF () Bz, PAREGRENR—M2 M.

g2 Eborrowed reference (f&2 M) .
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text encoding (3L )
Python H [ 5~ Ef 22— Unicode 2L (code point) )55 (#i[EFE U+0000 -- U+10FFFF 2 [H]). #Efd
FEEE L R, B AT IR E— A e AT 51

ﬂ%‘r*ﬁl?%f?ﬂ%&ﬁ%ﬂ?ﬁﬂ, FRE) T4, A7 7040 7 5 88 v % - ep U RRE) [R5
(decoding) |,

A ZREARIFI SCTF P PSR A (codecs), EMBESRE [0 Mis 1.

text file (SCTRER)
—E BRI B A st PRI —ARlfile object (FEZPINF) . BH, CFHEEE LR FH o5 A
[ &AL (byte-oriented datastream) [F€r [ B i Hlrexs encoding (SCFHifl§) o CFRERMIBITH: PALF
B ('rrEk 'w) BEIAEZE. sys.stdin, sys.stdout PAK io.StringIO BEH.

2 Ebinary file (ZHENAER), B2 —AEEEREBNE A8 1504 $ 1 (bytes-like object) IR W)
4,

triple-quoted string (= 5| 9EF)5z)
A =555 () S5 158 O) MEERRA M8 . 8RS MEEE FALER 351 555 o A3
NG, (HERFFZEEAE, B RA A, SR n] AZE 7 P 5 A BEE] (unescaped) fY#5|
SERIEES 98, M HEMAS T 8 A #4850 (continuation character) 5t FI AFS#R 24T, &M EMAEMS
(A -5 R E .

type (Z[F))
— i Python ¥4 EIEE T B2 ESER Y SHEYERE —MBEE. — Y2 ZERT AR
B __class__ BIHEARGE, A type (obJ) KIgE,

type alias (JU[EIE%)

—(EBIEI [ 3657, A BENS & 44— ER(E)RF (identifier) SR
HFE)4 E R E R [EIR 7 (type hing) RAG . BN

def remove_gray_shades (

colors: list[tuple[int, int, int]]) —-> list[tuplelint, int, int]]:
pass

.

ADARSGERK, BEEA AT

Color = tuple[int, int, int]

-

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

#%2[F) typing Ml PEP 484, 75 LI REYSIAR.

type hint (ZI[ElHEA3)
—TMannotation ([EfE), EFE—MEE. — class J& ok — {0 b8 =X it 22 ok (o] 8 A TR L (ED.
BB RSB IRMERY T AS2 9k Python [EIHIfY, (HEMEHEIE 2 [Fl4k & %5 (static rype checkers) R4 F
[t B IDE 58 AR A% A4 45 (completion) FIE 4 (refactoring) .
AIEEAH. class JEEFIRE (R & Wit s) MBERR R, #50T DAMH typing. get_type_hints ()
RAEHL
i 2[F] typing fil PEP 484, 7 HLIRERHIA

universal newlines (3fi)HI[ElfT5C)
— T i w8 SCF U (text stream) [ 5K, @ AR Ir A B G [E)RRE)E]-— A7 B &5 )0 Unix 47 RBAEH] '\
n'. Windows &% '\r\n"' FI & Macintosh &% '\r'., #52([F PEP 278 1 PEP 3116, DA K& A
bytes.splitlines () W&,
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variable annotation (%ZI([FIF%)
— {5, class B M annotation ([EIRE) .

(R 8 Bk class Py, RO IR :

class C:
field: 'annotation'

SEWERRE B R EWR T (type hint): G0, SRS BEH GRS int (CBH) E:

[count: int = 0

VR e annassign TEE AT REAIOARRE.

52 function annotation (RERE) . PEP 484 Fl PEP 526, ¥& HWIhgemdiik. BAERNREE
Bk, 72 [E annotations-howto .,

virtual environment ([FJ3E5aEs)
— 1 1% 1 B B (cooperatively isolated) [ ¥4 TEI S, AERHE Python (%) I 2 Al i Fi #2205 DAL AT 8]
Python ##[EVEF:, i A G [H —(8 R &0 _L#EA T HoAh Python JE A2 A7 EEAE T8 .

Witz venv,
virtual machine ([E5ERERS)

— 54 RS AT E AU B (computer). Python [ [FEEME 28 Er3 AT Hbyrecode (HiJCHLRE) 422 it
B AT .

Zen of Python (Python Z[E])
Python gt 5 R BT B0 51 35, HLEIAA B R FEARAN G GG = . AR AT A 7E 1 B Ui X T
REA [import thisl] FRIIE.
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APPENDIX B

BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

it
* Fred L. Drake, Jr., J§ilf Python SC{ T HAEM Al A K —FEB I EIA 1ERS ;
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

C.1 &icio

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
REWFTAGE, HiyR/EE—ERE ABC RS B E . [F4F Python 15 T #FZ K A HAL A E L, Guido
e EEES.

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

BOREA BB F1n wEE GPL &% 7

09.0%F 1.2 A 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com 7§
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF 5
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =2
22 PAE 2.1.1 2001 £4- PSF 2
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e

GPL MIZEEAFRF A2 1E GPL T # (L] Python. N GPL, FTA 1) Python SAHEHR ] ARG B th %
MRAS, (B — ARy 2 R FIBHR . GPL AHZS AR RE A Python W] DA%S & HAMb7E GPL R #2(E)iY
PR HHER R AT .

IR 2SN T, £ Guido FRE NIATH, FfHE Le A i B [ERIE AT A

C.2 FANREMHLIEMFZXER Python HISHERK

Python #CHFIEIA SR RZHE R B R PSF 424 &4

% Python 3.8.6 Filf, [EIWISCHhayaiBl, R AR, 298 HIZHE (dual licensed) i PSF #Z2HES
#1DA K Zero-Clause BSD 3% # .

AL Python H SRS R BLR AN R4 HE . & SR RENS & B 2 AU — i pia i . B E Se 4%
MR SERIE R, TSR0 (E S a8 a9 42 HE f2 3038 .

C.2.1 ¥ PYTHON 3.12.4 §Y PSF 1% &1

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

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

3.12.4 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.4 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.12.4 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
fA»OR

340 Appendix C. ;B3 E1i%E



The Python/C API, ([ 3.12.4

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, 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 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ) BEOPEN.COM B &#

BEOPEN PYTHON BHRIZHES #1568 1 I

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

BT 1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 ¥ PYTHON 1.6.1 g CNRI iR &#

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
(AT —3)
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6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 Fi¥ PYTHON 0.9.0 Z 1.2 §§ CWI RS

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.
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C.2.5 FAj® PYTHON 3.12.4 [FEA 42X 589 ZERO-CLAUSE BSD %1%

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 (I B RS A1 18 B Bt
AR (AR SRR BEHE SRS L, 40 AE Python BEEATA b STl 5 = )y W

C.3.1 Mersenne Twister

random &1 JiE N ) _random C 4% 7o 2 =X A & T LA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html [ F#(EIFEEBEAFE . AN 2R ERA TR s 5 R -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

BHT—3D
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PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Sockets

socket fEAHH ] getaddrinfo () fl getnameinfo () K=, Ef7 WIDE EZ (https://www.wide.ad.jp/)
(B, AN ) SR 8 Pl i -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
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. 1IN 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 FEFE# socket JR 7%

test.support.asynchat fl test.support.asyncore FA SN :

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

BT 1)
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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.

(M L—H)

C.3.4 Cookie &1

http.cookies HALM & AT EEH:

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 #ifTiE
trace B ALE AR R

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

BT 1)
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Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode £ UUdecode F=;
uu AL DA A -

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
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C.3.7 XML iEi 5= peigoy

xmlrpc.client FEAHAE DA EIY:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test.test_epoll B ATE:

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.
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C.3.9 Select kqueue

select BAIHHY kqueue /M1 E 75 DA AR :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash. c %47 Marek Majkowski’ J£Ji* Dan Bernstein [} SipHash24 JEZE M EE. BEEPATF
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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod H dtoa

Python/dtoa.c HEZ42ME T C 1y dtoa Hl strtod pR, FIAME C 1) 8K B2 i B 0M 7 e HAHBEED . %A
L2474 H David M. Gay 2RISR, B B8] DA https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T, #2009 4E 3 H 16 H T2 UG 240 & DA MR S e ] -

/***********'k****************************************************

*

* The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E O

E I

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.
*

E O

*************************************~k*************************/

C.3.12 OpenSSL

2R OpenSSL R X H] YA 26 RAL M, Al hashlib, posix. ssl. crypt Sl EARTIHAE.
LEAh, Windows FlI macOS [} Python 42 $¢F 5 il AE 40 & OpenSSL s s A4S, J7 AFR At e ik ()
OpenSSL #Z AR~ . %fJ7% OpenSSL 3.0 HUAR DA S i AT A= (14 BB AiCA I ] Apache & Rl v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
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.

BT —1)
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"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
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

(BT —1)
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EHE—5)
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
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

(BT —1)
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EHE—5)
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

IR ARfE# E pyexpat P EE] ——with-system—expat, HHIZIEFTEE M —MES expat JFAATEHY E
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:

BT 1)
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(R E—1)
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

IRARfE# E _ctypes BAUK T _ctypes A EL ——with-system-1ibffi, HHIZIEAEH
—fHES libfli SR U 1) S A S

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "~ "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

WSR2 5 TN 21ib A DABORA VA R 2 1ib 78, Wit & i —ME 2dib J5aa 15 &l
AR

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,

including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

BT 1)
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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 {# ¥ 4EEIFE (hash table) B AE, J2DA cfuhash BLZE([FIRLRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.17 libmpdec

AETE RS decimal fEAK T _decimal C IE#R BRI EF ——with-system-libmpdec, 7 HIZHH
A& H-—H[ES libmpdec bR =X 2 Y Il AR A -

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|sXEH

test B H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uh https://www.
w3.org/TR/xml-c14n2-testcases/ Hiig2z, HZER 3-clause BSD 1% #ifh 2% (F) -

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
BT 1)
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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.

(M L—H)

C.3.19 Audioop

audioop FEAH{# ] SoX B LW g771.c #E L PR, hitps://sourceforge.net/projects/sox/files/sox/12.17.7/

sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and

consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio B HMEAZE uvloop 0.16 Hfg @2k, HAELHA MIT $ZREZCHE(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
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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Python 13z 3 [EJHA SCH4- 04 IURE :

Copyright © 2001-2023 Python Software Foundation {3 & —HJHEF] .

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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3l

':'"Eﬂ‘{?ﬂ]“ﬁi}? _PyInterpreterFrame (C struct), 193
..., 321 _PyInterpreterState_GetEvalFrameFunc (C
2to’3 321 Sfunction), 217
>>> 321 _PyInterpreterState_SetEvalFrameFunc (C
all__ (B#H#%) .75 function), 217
_dict_ (BAFE) 177 _PyObject_GetDictPtr (C function), 97
__doc__ (HALEY) 177 _PyObject_New (C function), 265
_fj_]_e_ (B4 EM) , 177,178 _PyObject_NewVar (C function), 265
_futu; 326 _PyTuple_Resize (C function), 159
__import___ _threzld
built-in function ([EZEZER) ,75 Eiﬁ%ﬂ’zm
__loader_ (H#HEM) ,177 RESU
main __ PYVENV_LAUNCHER__, 237,243
module (F4H) , 12 PATH, 12
j‘}%ﬁ\ﬂ 205, 219, 220 PYTHONCOERCECLOCALE, 248
name (EALEME) . 177 PYTHONDEBUG, 202, 242
_ package_  (##BM¥) ,177 PYTHONDEVMODE, 238
PYVENV LAUNCHER 237. 243 PYTHONDONTWRITEBYTECODE, 203, 245
" slots 334 o PYTHONDUMPREFS, 238, 283

PYTHONEXECUTABLE, 243
PYTHONFAULTHANDLER, 239
PYTHONHASHSEED, 203, 239
PYTHONHOME, 12, 203, 210, 240
PYTHONINSPECT, 203, 240
PYTHONINTMAXSTRDIGITS, 240
PYTHONIOENCODING, 206, 207, 244
PYTHONLEGACYWINDOWSFSENCODING, 204,

233
PYTHONLEGACYWINDOWSSTDIO, 204, 241
PYTHONMALLOC, 254, 258, 260, 261
PYTHONMALLOCSTATS, 241, 254
PYTHONNODEBUGRANGES, 238
PYTHONNOUSERSITE, 204, 245
PYTHONOPTIMIZE, 205, 242
PYTHONPATH, 12, 203, 241

_frozen (C struct), 78

_inittab (C struct), 78

_inittab.initfunc (C member), 78
_inittab.name (C member), 78

_Py_c_diff (C function), 136

_Py_c_neqg (C function), 136

_Py_c_pow (C function), 137

_Py_c_prod (C function), 136

_Py_c_quot (C function), 136

_Py_c_sum (C function), 136
_Py_TInitializeMain (C function), 250
_Py_NoneStruct (Cvar), 266
_PyBytes_Resize (C function), 139
_PyCFunctionFast (C type), 268
_PyCFunctionFastWithKeywords (C type), 268
_PyCode_GetExtra (C ®R) ,175
_PyCode_SetExtra (C @ﬁ) 175 PYTHONPERFSUPPORT, 245

_PyEval_RequestCodeExtralndex (C 5 Eﬁ) s PYTHONPLATLIBDIR, 241
175 PYTHONPROFILEIMPORTTIME, 240

PYTHONPYCACHEPREFIX, 243

_PyFrameEvalFunction (C type), 217
PYTHONSAFEPATH, 237
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PYTHONTRACEMALLOC, 244 tuple (JT4l) ,110
PYTHONUNBUFFERED, 203, 237 builtins ([F)&)
PYTHONUTF8, 234, 248 module (H4L) ,12
PYTHONVERBOSE, 205, 245 # 4, 205, 219, 220
PYTHONWARNINGS, 245 bulit-in function ([FZ & R)
ascii, 98
A bytes (f74L) ,98
abort (Cc B=R) ,74 hash (%)) ,98
abs len, 99
built-in function ([El&EER) , 106 repr, 97
abstract base class (#HZ KAL) , 321 type (A[F) ,99
allocfunc (C fype), 309 bytearray (fLTALMEF])
annotation ([EJf&) , 321 object (#fF) , 140
argument (5#) ,322 bytecode (frm#i#) ,323
argv (sys ##¥) ,209 bytes-like object (M TMEHHF) ,323
ascii bytes (fL041)
bulit-in function (EHZ®ZR) ,98 bulit-in function (EH&EER) ,98
asynchronous context manager (JE[F FI1F#E object (#tF) , 138
TIHEE) L322
asynchronous generator iterator (3f 7 # C
4 #BEMRE) 322 callable (F*Fw44F) |, 323

asynchronous generator (R FMAEHE) ,322 callback (EI"E) 323
asynchronous iterable (FRFHAERME) . calloc (c ) ,253

322 Capsule
asynchronous iterator (FEFERE) ,322 object (#fF) , 190
attribute (&) ,322 C-contiguous (C EHH) , 116,324
awaitable (T &#44) |, 323 class variable (FE# %) ,324
classmethod
B built-in function ([E&EER) ,270
BDFL, 323 class (#[E) , 323
binary file (Zi#{rt %) ,323 cleanup functions (WEER) ,74
binaryfunc (C type), 310 close (os ##lW) ,220
porrowed reference (H%E) ,323 CO_FUTURE_DIVISION (C var), 47
buffer interface (BHNTH) code object (BABHHH) ,172
(F L&MW E), 113 compile (#i#%)
buffer object (4EfHE) built-in function (FZZR) ,76
(FRESEWHE), 113 complex number (%{) , 324
buffer protocol (& =E) ,113 object (#1tF) ,136
built-in function ([HZZR) context manager (FHEEHEE) ,324
__import_ ,75 context variable (1§3E# %) ,324
abs, 106 contiguous (ZE#AH) , 116,324
classmethod, 270 copyright (sys #A&L#) ,209
compile (43%) ,76 coroutine function (HEFERX) ,324
divmod, 106 coroutine (##) ,324
float, 108 CPython, 324
hash (§[F]) , 287
int, 108 D
len, 111, 161, 164, 167 decorator (ZHAFH#) ,324
pow, 106, 107 descrgetfunc (Ctype), 310
repr, 286 descriptor (F# ) ,324
staticmethod, 270 descrsetfunc (Ctype), 310
tuple (JL#l) , 162 destructor (C type), 309
built-in function (WE &) dictionary comprehension (FHiGFEHEH) ,
len, 109 325

362 %51



The Python/C API, ([ 3.12.4

dictionary view (FH#Apid) , 325
dictionary (F#) ,325

object (#1#) , 162
divmod

built-in function ([FZZR) , 106
docstring (%?$) , 325
duck-typing (% FAI[F) , 325

E

EAFP, 325

EOFError (%W%) , 176
exc_info (sys ##w#) , 10
executable (sys ##wH) ,208
exit (C L%!Eh) 774

expression (EEZR) ,325
extension module (FEHAEL) , 325

F
f-string (f &) ,325
file object (B EHH) ,325
file-like object (MM ZEWMH) 326
filesystem encoding and error handler
(1 A Fspms st RIEER) ,326

file (%)

object (##) ,176
finder (&%) ,326
float

built-in function ([El&E &) , 108
floating-point

object (##) ,134
floor division (| FEUEKRE) , 326
Fortran contiguous (Fortran HEEH) , 116,

324

freefunc (Ctype), 309
free (C ®R) ,253
freeze utility (H##TE) ,78
frozenset (ﬁ(i%%.jﬁ\)

object (##) , 166
function annotation (& R[EFE) , 326
function (®R) ,326

object (41F) , 168

G

garbage collection (¥ [E ) , 326
gcvisitobijects_t (Ctype), 317

generator expression ([El4&HEER) , 327
generator iterator ([E4BEIRE) 327
generator ([El4 %) ,327

generic function (B&E FR) ,327
generic type (EAA[F) ,327
getattrfunc (Ctype), 310

getattrofunc (Ctype), 310

getbufferproc (Ctype), 310

getiterfunc (Ctype), 310

getter (Ctype), 275

GIL, 327

global interpreter lock(4 I HEH), 211,
327

H

hash-based pyc (?Eé’i%’f%ﬁ’] PYC) , 327
hashable (T #[Elw) |, 327
hashfunc (Ctype), 310
hash (?’E)
built-in function ([EJZEZ=R,) , 287
bulit-in function (FIZZR) ,98

IDLE, 328
immutable (R &HH) |, 328
import path (B AEAE) , 328
importer (G| A\£) ,328
importing (Bl A) , 328
incr_item(), 11,12
initproc (Ctype), 310
inquiry (Ctype), 316
instancemethod

object (##) , 170
int

built-in function ([EJZEZ=R,) , 108
integer (%%ﬁ)

object (4#) ,129
interactive (Z#H) , 328
interpreted (HEH) ,328
interpreter lock (HEH4) ,211
interpreter shutdown (EEZHH) ,328
iterable (FEK4H) , 328
iterator (ﬁ%&) , 329
iternextfunc (Ctype), 310

K

key function (#£®=R) ,329
KeyboardInterrupt ([EIZH4) ,61,62
keyword argument (B85 5|#) , 329

L

lambda, 329
LBYL, 329
len
built-in function ([EZ &) , 111, 161,
164, 167
built-in function (HZE&ER) , 109
bulit-in function ([El&Z &) ,99
lenfunc (Ctype), 310
list comprehension (BZ|4&46EH) , 329
list (#7]) ,329
object (##) , 161

e ]
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loader (#FHAH) ,329
locale encoding (B 4&#) , 329
lock, interpreter (8. H#EH) ,211
long integer (&%)

object (##) , 129

LONG_MAX (c E#) ,131

M
magic

method (F#¥) ,330
magic method (EMHTF %) ,330
main (), 206,207, 209
malloc (C ®R) ,253
mapping (##:) , 330

object (##) , 162
memoryview (BB E)

object (4#) , 188
meta path finder (TTEEZEHE) ,330
metaclass (JGH[E) , 330
METH_CLASS (C macro), 270
METH_COEXIST (C macro), 270
METH_FASTCALL (C macro), 269
METH_KEYWORDS (C macro), 269
METH_METHOD (C macro), 270
METH_NOARGS (C macro), 270
METH_O (C macro), 270
METH_STATIC (C macro), 270
METH_VARARGS (C macro), 269
method resolution order (FEMATIEF), 330
MethodType (types &L WF) , 168,171,177
method (F %) , 330

magic, 330

object (##) , 171

special, 334
module spec (HMA) ,330
modules (sys W) , 75,205
module (##l) ,330

_ main_ ,12

builtins ([F#) ,12

object (H#4l) ,177

search (# %) path (/&) ,12

signal (#%F) , 61,62

sys, 12
MRO, 330
mutable (J&44) , 330

N

named tuple (Mf4&JG#AL) ,330
namespace package (@& ZEEH) ,331
namespace (&&= M) ,331

nested scope (ﬁﬁkﬁ?)ﬂﬁi) , 331
new-style class (FH=HE) ,331
newfunc (C type), 309

None

object (##) , 129
numeric (1)
object (##) , 129

O

object (##1)
module (##41) ,177
object (##) ,331
bytearray (Tﬁfﬁ?ﬂl‘?ﬂ) , 140
bytes (fLG#l) , 138
Capsule, 190
code (#) ,172
complex number ([EJ#) ,136
dictionary (F#) ,162
file (%) ,176
floating-point, 134
frozenset (&ﬁ%’%é\)
function (®E =) , 168
instancemethod, 170
integer (% %) ,129
list (&73]) , 161
long integer (E%%ﬁ) , 129
mapping (#8) , 162
memoryview (FEIEEMRE) , 188
method (F¥) ,171
None, 129
numeric (HfE) , 129
sequence (JF%|) ,138
set (£4) ,166
tuple (Jo#l) , 158
type (AF) ,7,123
objobjargproc (Ctype), 311
objobjproc (Ctype), 311
OverflowError (WZEF4) , 131,132

P

package variable (E## %)
_all_ ,75
package (B#) ,331
parameter (%3%) ,331
PATH, 12
path based finder (ERBLWZSHE) 332
path entry finder (BEIEEH F4gk) ,332
path entry hook (BEIEHF) ,332
path entry (BRIEEH) ,332
path-like object (MEEH4E) ,332
path (sys #&Ld) , 12,205,208
path (#/%)
module (##l) search (#=) ,12
B4 search (#F) 205,208
PEP, 332
platform (sys #&LHF) ,209
portion (#4) ,332
positional argument (L% 3|#) ,333

, 166
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pow

built-in function ([El&E®ER) , 106, 107

provisional API (¥4T API) ,333
provisional package (¥4{T&E1#) ,333
Py_ABS (C macro), 4

Py_AddPendingCall (C function), 221
Py_ALWAYS_INLINE (C macro), 5
Py_AtExit (C function), 74
Py_AUDIT_READ (C macro), 272
Py_AuditHookFunction (Ctype), 74
Py_BEGIN_ALLOW_THREADS (C macro), 214
Py_BEGIN_ALLOW_THREADS (C E#) ,211
Py_BLOCK_THREADS (C macro), 215
Py_buffer (Ctype), 114

Py_buffer.buf (Cmember), 114
Py_buffer. format (C member), 114
Py_buffer.internal (C member), 115
Py_buffer.itemsize (C member), 114
Py_buffer.len (C member), 114
Py_buffer.ndim (C member), 115
Py_buffer.ob] (C member), 114
Py_buffer.readonly (C member), 114
Py_buffer.shape (C member), 115
Py_buffer.strides (C member), 115
Py_buffer.suboffsets (C member), 115
Py_Buildvalue (C function), 86
Py_BytesMain (C function), 43
Py_BytesWarningFlag (C var), 202
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 50
Py_CompileString (C function), 45
Py_CompileStringExFlags (C function), 46
Py_CompileStringFlags (C function), 46
Py_CompileStringObject (C function), 46
Py_CompileString (C &=R) ,47
Py_complex (Ctype), 136
Py_complex.imag (C member), 136
Py_complex.real (C member), 136
Py_DEBUG (C macro), 13

Py_DebugFlag (C var), 202
Py_DecodeLocale (C function), 71
Py_DECREF (C function), 50

Py_DecRef (C function), 51

Py_DECREF (C ®=#R) ,7
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C var), 203
Py_Ellipsis (Cvar), 188
Py_EncodeLocale (C function), 71
Py_END_ALLOW_THREADS (C macro), 215
Py_END_ALLOW_THREADS (C E#£) ,211
Py_EndInterpreter (C function), 220
Py_EnterRecursiveCall (C function), 65
Py_EQ (C macro), 295

Py_eval_input (Cvar), 46

Py_Exit (C function), 74
Py_ExitStatusException (C function), 231
Py_False (Cvar), 133

Py_FatalError (C function), 74
Py_FatalError (), 209
Py_FdIsInteractive (C function), 69
Py_file_input (Cvar), 47

Py_Finalize (C function), 206
Py_FinalizeEx (C function), 206
Py_FinalizeEx (C &) , 74,205,220
Py_FrozenFlag (Cvar), 203

Py_GE (C macro), 295

Py_GenericAlias (C function), 200
Py_GenericAliasType (C var), 200
Py_GetArgcArgv (C function), 250
Py_GetBuildInfo (C function), 209
Py_GetCompiler (C function), 209
Py_GetCopyright (C function), 209
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 207
Py_GetExecPrefix (C ®HR) ,12
Py_GetPath (C function), 208

Py_GetPath (), 207, 208

Py_GetPath (C ®=R) ,12
Py_GetPlatform (C function), 209
Py_GetPrefix (C function), 207
Py_GetPrefix (C ®=#) ,12
Py_GetProgramFullPath (C function), 208
Py_GetProgramFullPath (C & Eh) , 12
Py_GetProgramName (C function), 207
Py_GetPythonHome (C function), 210
Py_GetVersion (C function), 208

Py_GT (C macro), 295

Py_hash_t (Ctype), 90
Py_HashRandomizationFlag (C var), 203
Py_IgnoreEnvironmentFlag (C var), 203
Py_INCREF (C function), 49

Py_IncRef (C function), 51

Py_INCREF (C ®=R) .7
Py_Initialize (C function), 205
Py_Initialize (), 206,207
Py_InitializeEx (C function), 206
Py_InitializeFromConfig (C function), 246
Py_Initialize (C ®=R) , 12,220
Py_InspectFlag (Cvar), 203
Py_InteractiveFlag (Cvar), 203

Py_1Is (C function), 267

Py_IS_TYPE (C function), 267

Py_IsFalse (C function), 267
Py_IsInitialized (C function), 206
Py_IsInitialized (C ®=R) ,12
Py_1IsNone (C function), 267
Py_IsolatedFlag (Cvar), 203
Py_IsTrue (C function), 267
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Py_LE (C macro), 295

Py_LeaveRecursiveCall (C function), 65
Py_LegacyWindowsFSEncodingFlag (Cvar), 204
Py_LegacyWindowsStdioFlag (C var), 204
Py_LIMITED_APTI (C macro), 16

Py_LT (C macro), 295

Py_Main (C function), 43

PY_MAJOR_VERSION (C macro), 319

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5
PY_MICRO_VERSION (C macro), 319

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 319
Py_mod_create (C macro), 180

Py_mod_exec (C macro), 181
Py_mod_multiple_interpreters (Cmacro), 181

Py_SET_TYPE (C function), 267
Py_SetPath (C function), 208
Py_SetPath (), 208
Py_SetProgramName (C function), 207
Py_SetProgramName (), 205, 207, 208
Py_SetProgramName (C ®=) ,12
Py_SetPythonHome (C function), 210
Py_SETREF (C macro), 51
Py_SetStandardStreamkEncoding (C function),
206
Py_single_input (Cvar), 47
Py_SIZE (C function), 267
Py_ssize_t (Ctype), 10
PY_SSIZE_T_MAX (C E#) ,132
Py_STRINGIFY (C macro), 6
Py_T_BOOL (C macro), 274

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTEPp_T_BYTE (C macro), 274

(C macro), 181
Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED
(C macro), 181
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED (C
macro), 181
Py_NE (C macro), 295
Py_NewInterpreter (C function), 220
Py_NewInterpreterFromConfig (C function),219
Py_NewRef (C function), 50
Py_NO_INLINE (C macro), 5
Py_None (Cvar), 129
Py_NoSiteFlag (Cvar), 204
Py_NotImplemented (C var), 95
Py_NoUserSiteDirectory (C var), 204
Py_OptimizeFlag (Cvar), 204
Py_PrelInitialize (C function), 234
Py_PreInitializeFromArgs (C function), 234
Py_PreInitializeFromBytesArgs (C function),
234
Py_PRINT_RAW (C macro), 95
Py_PRINT_RAW (C E#£) ,177
Py_QuietFlag (C var), 205
Py_READONLY (C macro), 272
Py_REFCNT (C function), 49
Py_RELATIVE_OFFSET (C macro), 272
PY_RELEASE_LEVEL (C macro), 319
PY_RELEASE_SERIAL (C macro), 319
Py_ReprEnter (C function), 65
Py_ReprLeave (C function), 65
Py_RETURN_FALSE (C macro), 134
Py_RETURN_NONE (C macro), 129
Py_RETURN_NOTIMPLEMENTED (C macro), 95
Py_RETURN_RICHCOMPARE (C macro), 296
Py_RETURN_TRUE (C macro), 134
Py_RunMain (C function), 250
Py_SET_REFCNT (C function), 49
Py_SET_SIZE (C function), 267

Py_T_CHAR (C macro), 274

Py_T_DOUBLE (C macro), 274

Py_T_FLOAT (C macro), 274

Py_T_INT (C macro), 274

Py_T_LONG (C macro), 274

Py_T_LONGLONG (C macro), 274

Py_T_OBJECT_EX (C macro), 274

Py_T_PYSSIZET (C macro), 274

Py_T_SHORT (C macro), 274

Py_T_STRING (C macro), 274

Py_T_STRING_INPLACE (C macro), 274

Py_T_UBYTE (C macro), 274

Py_T_UINT (C macro), 274

Py_T_ULONG (C macro), 274

Py_T_ULONGLONG (C macro), 274

Py_T_USHORT (C macro), 274

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 (C
macro), 292

Py_TPFLAGS_HAVE_FINALIZE (C macro), 291

Py_TPFLAGS_HAVE_GC (C macro), 289

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), 290

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), 289
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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), 222

Py_True (Cvar), 134

Py_tss_NEEDS_INIT (C macro), 225

Py_tss_t (Ctype), 225

Py_TYPE (C function), 267

Py_UCS1 (C type), 141

Py_UCS2 (C type), 141

Py_UCS4 (Ctype), 141

Py_uhash_t (Ctype), 90

Py_UNBLOCK_THREADS (C macro), 215

Py_UnbufferedStdioFlag (Cvar), 205

Py_UNICODE (C type), 141

Py_UNICODE_IS_HIGH_SURROGATE (C function),
144

Py_UNICODE_IS_LOW_SURROGATE (C function), 144

Py_UNICODE_IS_SURROGATE (C function), 144

Py_UNICODE_TISALNUM (C function), 144

Py_UNICODE_TISALPHA (C function), 144

Py_UNICODE_ISDECIMAL (C function), 143

Py_UNICODE_ISDIGIT (C function), 143

Py_UNICODE_ISLINEBREAK (C function), 143

Py_UNICODE_ISLOWER (C function), 143

Py_UNICODE_ISNUMERIC (C function), 143

Py_UNICODE_ISPRINTABLE (C function), 144

Py_UNICODE_ISSPACE (C function), 143

Py_UNICODE_ISTITLE (C function), 143

Py_UNICODE_ISUPPER (C function), 143

Py_UNICODE_JOIN_SURROGATES (C function), 144

Py_UNICODE_TODECIMAL (C function), 144

Py_UNICODE_TODIGIT (C function), 144

Py_UNICODE_TOLOWER (C function), 144

Py_UNICODE_TONUMERIC (C function), 144

Py_UNICODE_TOTITLE (C function), 144

Py_UNICODE_TOUPPER (C function), 144

Py_UNREACHABLE (C macro), 6

Py_UNUSED (C macro), 6

Py_VaBuildvValue (C function), 88

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
101

Py_VerboseFlag (C var), 205

Py_Version (Cvar), 320

PY_VERSION_HEX (C macro), 319

Py_VISIT (C function), 315

Py_XDECREF (C function), 50

Py_XDECREF (C ®=#®) ,12

Py_XINCREF (C function), 49

Py_XNewRef (C function), 50

Py_XSETREF (C macro), 51

PyAIter_Check (C function), 112

PyAnySet_Check (C function), 167
PyAnySet_CheckExact (C function), 167
PyArg_Parse (C function), 85
PyArg_ParseTuple (C function), 85
PyArg_ParseTupleAndKeywords (C function), 85
PyArg_UnpackTuple (C function), 85
PyArg_ValidateKeywordArguments
tion), 85
PyArg_VaParse (C function), 85
PyArg_VaParseTupleAndKeywords (C function),
85
PyASCIIObject (Ctype), 141
PyAsyncMethods (C type), 308
PyAsyncMethods.am_aiter (C member), 309
PyAsyncMethods.am_anext (C member), 309
PyAsyncMethods.am_await (C member), 309
PyAsyncMethods.am_send (C member), 309
PyBool_Check (C function), 133
PyBool_FromLong (C function), 134
PyBool_Type (Cvar), 133
PyBUF_ANY_CONTIGUOUS (C macro), 117
PyBUF_C_CONTIGUOUS (C macro), 117
PyBUF_CONTIG (C macro), 117
PyBUF_CONTIG_RO (C macro), 117
PyBUF_F_CONTIGUOUS (C macro), 117
PyBUF_FORMAT (C macro), 116
PyBUF_FULL (C macro), 117
PyBUF_FULL_RO (C macro), 117
PyBUF_INDIRECT (C macro), 116
PyBUF_MAX_NDIM (C macro), 115
PyBUF_ND (C macro), 116
PyBUF_READ (C macro), 188
PyBUF_RECORDS (C macro), 117
PyBUF_RECORDS_RO (C macro), 117
PyBUF_SIMPLE (C macro), 116
PyBUF_STRIDED (C macro), 117
PyBUF_STRIDED_RO (C macro), 117
PyBUF_STRIDES (C macro), 116
PyBUF_WRITABLE (C macro), 116
PyBUF_WRITE (C macro), 188
PyBuffer_FillContiguousStrides
tion), 120
PyBuffer_FillInfo (C function), 120
PyBuffer_FromContiguous (C function), 119
PyBuffer_GetPointer (C function), 119
PyBuffer_IsContiguous (C function), 119
PyBuffer_Release (C function), 119
PyBuffer_SizeFromFormat (C function), 119
PyBuffer_ToContiguous (C function), 120
PyBufferProcs (Ctype), 307
PyBufferProcs.bf_getbuffer (C member), 307
PyBufferProcs.bf_releasebuffer (Cmember),
308
PyBufferProcs

(C  func-

(C  func-

(c #AE) ,113
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PyByteArray_AS_STRING (C function), 141
PyByteArray_AsString (C function), 140
PyByteArray_Check (C function), 140
PyByteArray_CheckExact (C function), 140
PyByteArray_Concat (C function), 140
PyByteArray_FromObject (C function), 140
PyByteArray_FromStringAndSize (C function),
140
PyByteArray_GET_SIZE (C function), 141
PyByteArray_Resize (C function), 140
PyByteArray_Size (C function), 140
PyByteArray_Type (Cvar), 140
PyByteArrayObject (C type), 140
PyBytes_AS_STRING (C function), 139
PyBytes_AsString (C function), 139
PyBytes_AsStringAndSize (C function), 139
PyBytes_Check (C function), 138
PyBytes_CheckExact (C function), 138
PyBytes_Concat (C function), 139
PyBytes_ConcatAndDel (C function), 139
PyBytes_FromFormat (C function), 138
PyBytes_FromFormatV (C function), 139
PyBytes_FromObject (C function), 139
PyBytes_FromString (C function), 138
PyBytes_FromStringAndSize (C function), 138
PyBytes_GET_SIZE (C function), 139
PyBytes_Size (C function), 139
PyBytes_Type (Cvar), 138
PyBytesObject (Ctype), 138
PyCallable_Check (C function), 105
PyCallIter_Check (C function), 186
PyCallIter_New (C function), 186
PyCallIter_Type (Cvar), 185
PyCapsule (C type), 190
PyCapsule_CheckExact (C function), 190
PyCapsule_Destructor (C type), 190
PyCapsule_GetContext (C function), 190
PyCapsule_GetDestructor (C function), 190
PyCapsule_GetName (C function), 190
PyCapsule_GetPointer (C function), 190
PyCapsule_Import (C function), 191
PyCapsule_IsValid (C function), 191
PyCapsule_New (C function), 190
PyCapsule_SetContext (C function), 191
PyCapsule_SetDestructor (C function), 191
PyCapsule_SetName (C function), 191
PyCapsule_SetPointer (C function), 191
PyCell_Check (C function), 171
PyCell_GET (C function), 171
PyCell_Get (C function), 171
PyCell_New (C function), 171
PyCell_SET (C function), 172
PyCell_Set (C function), 171
PyCell_Type (Cvar), 171

PyCellObject (Ctype), 171
PyCFunction (C type), 268
PyCFunction_New (C function), 271
PyCFunction_NewEx (C function), 271
PyCFunctionWithKeywords (C type), 268
PyCMethod (C type), 268
PyCMethod_New (C function), 270
PyCode_Addr2Line (C function), 173
PyCode_Addr2Location (C function), 173
PyCode_AddWatcher (C function), 174
PyCode_Check (C function), 172
PyCode_ClearWatcher (C function), 174
PyCode_GetCellvars (C function), 173
PyCode_GetCode (C function), 173
PyCode_GetFirstFree (C function), 172
PyCode_GetFreevars (C function), 174
PyCode_GetNumFree (C function), 172
PyCode_GetVarnames (C function), 173
PyCode_NewEmpty (C function), 173
PyCode_NewWithPosOnlyArgs (C ®=) ,173
PyCode_New (C ®=R) ,172
PyCode_Type (Cvar), 172
PyCode_WatchCallback (C type), 174
PyCodec_BackslashReplaceErrors
tion), 93
PyCodec_Decode (C function), 92
PyCodec_Decoder (C function), 92
PyCodec_Encode (C function), 92
PyCodec_Encoder (C function), 92
PyCodec_IgnoreErrors (C function), 93
PyCodec_IncrementalDecoder (C function), 92
PyCodec_IncrementalEncoder (C function), 92
PyCodec_KnownEncoding (C function), 92
PyCodec_LookupError (C function), 93
PyCodec_NameReplaceErrors (C function), 93
PyCodec_Register (C function), 92
PyCodec_RegisterError (C function), 93
PyCodec_ReplaceErrors (C function), 93
PyCodec_StreamReader (C function), 92
PyCodec_StreamWriter (C function), 92
PyCodec_StrictErrors (C function), 93
PyCodec_Unregister (C function), 92
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 93
PyCodeEvent (C type), 174
PyCodeObject (Ctype), 172
PyCompactUnicodeObject (Ctype), 141
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version c
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplex_AsCComplex (C function), 137
PyComplex_Check (C function), 137
PyComplex_CheckExact (C function), 137

(C  func-
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PyComplex_FromCComplex (C function), 137
PyComplex_FromDoubles (C function), 137
PyComplex_ImagAsDouble (C function), 137
PyComplex_RealAsDouble (C function), 137
PyComplex_Type (C var), 137
PyComplexObject (Ctype), 137
PyConfig (Ctype), 235
PyConfig_Clear (C function), 236
PyConfig_InitIsolatedConfig (C function),?235
PyConfig_InitPythonConfig (C function), 235
PyConfig_Read (C function), 236
PyConfig_SetArgv (C function), 235
PyConfig_SetBytesArgv (C function), 235
PyConfig_SetBytesString (C function), 235
PyConfig_SetString (C function), 235
PyConfig_SetWideStringList (C function), 235
PyConfig.argv (C member), 236
PyConfig.base_exec_prefix (C member), 237
PyConfig.base_executable (C member), 237
PyConfig.base_prefix (C member), 237
PyConfig.buffered_stdio (C member), 237
PyConfig.bytes_warning (C member), 237
PyConfig.check_hash_pycs_mode (C member),
238
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
239
PyConfig.
PyConfig.
PyConfig.
PyConfig.

code_debug_ranges (C member), 237
configure_c_stdio (C member), 238
dev_mode (C member), 238

dump_refs (C member), 238
exec_prefix (C member), 238
executable (C member), 238
faulthandler (C member), 239
filesystem_encoding (C member),

filesystem_errors (C member), 239
hash_seed (C member), 239
home (C member), 240
import_time (C member), 240
PyConfig.inspect (C member), 240
PyConfig.install_signal_handlers (C mem-
ber), 240
PyConfig.int_max_str_digits (Cmember), 240
PyConfig.interactive (C member), 240
PyConfig.isolated (C member), 240
PyConfig.legacy_windows_stdio (C member),
241
PyConfig.malloc_stats (C member), 241
PyConfig.module_search_paths (C member),
241
PyConfig.module_search_paths_set (C mem-
ber), 241
PyConfig.optimization_level (Cmember), 242
PyConfig.orig_argv (C member), 242
PyConfig.parse_argv (C member), 242
PyConfig.parser_debug (C member), 242

PyConfig.pathconfig_warnings (C member),
242
PyConfig.perf_profiling (C member), 245
PyConfig.platlibdir (C member), 241
PyConfig.prefix (C member), 242
PyConfig.program_name (C member), 243
PyConfig.pycache_prefix (C member), 243
PyConfig.pythonpath_env (C member), 241
PyConfig.quiet (C member), 243
PyConfig.run_command (C member), 243
PyConfig.run_filename (C member), 243
PyConfig.run_module (C member), 243
PyConfig.safe_path (C member), 236
PyConfig.show_ref_count (C member), 243
PyConfig.site_import (C member), 244
PyConfig.skip_source_first_line (C mem-
ber), 244
PyConfig.stdio_encoding (C member), 244
PyConfig.stdio_errors (C member), 244
PyConfig.tracemalloc (C member), 244
PyConfig.use_environment (C member), 245
PyConfig.use_hash_seed (C member), 239
PyConfig.user_site_directory (C member),
245
PyConfig.verbose (C member), 245
PyConfig.warn_default_encoding (Cmember),
237
PyConfig.warnoptions (C member), 245
PyConfig.write_bytecode (C member), 245
PyConfig.xoptions (C member), 246
PyContext (Ctype), 195
PyContext_CheckExact (C function), 195
PyContext_Copy (C function), 195
PyContext_CopyCurrent (C function), 195
PyContext_Enter (C function), 196
PyContext_Exit (C function), 196
PyContext_New (C function), 195
PyContext_Type (Cvar), 195
PyContextToken (C type), 195
PyContextToken_CheckExact (C function), 195
PyContextToken_Type (Cvar), 195
PyContextVar (Ctype), 195
PyContextVar_CheckExact (C function), 195
PyContextVar_Get (C function), 196
PyContextVar_New (C function), 196
PyContextVar_Reset (C function), 196
PyContextVar_Set (C function), 196
PyContextVar_Type (Cvar), 195
PyCoro_CheckExact (C function), 194
PyCoro_New (C function), 194
PyCoro_Type (Cvar), 194
PyCoroObject (Ctype), 194
PyDate_Check (C function), 197
PyDate_CheckExact (C function), 197

e ]
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PyDate_FromDate (C function), 198
PyDate_FromTimestamp (C function), 200
PyDateTime_Check (C function), 197
PyDateTime_CheckExact (C function), 197
PyDateTime_Date (Ctype), 196
PyDateTime_DATE_GET_FOLD (C function), 199
PyDateTime_DATE_GET_HOUR (C function), 199
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 199
PyDateTime_DATE_GET_MINUTE (C function), 199
PyDateTime_DATE_GET_SECOND (C function), 199
PyDateTime_DATE_GET_TZINFO (C function), 199
PyDateTime_DateTime (C type), 196
PyDateTime_DateTimeType (C var), 197
PyDateTime_DateType (C var), 196
PyDateTime_Delta (C type), 196
PyDateTime_DELTA_GET_DAYS (C function), 199
PyDateTime_DELTA_GET_MICROSECONDS (&
function), 199
PyDateTime_DELTA_GET_SECONDS (C function),
199
PyDateTime_DeltaType (Cvar), 197
PyDateTime_FromDateAndTime (C function), 198
PyDateTime_FromDateAndTimeAndFold (e
function), 198
PyDateTime_FromTimestamp (C function), 200
PyDateTime_GET_DAY (C function), 198
PyDateTime_GET_MONTH (C function), 198
PyDateTime_GET_YEAR (C function), 198
PyDateTime_Time (C type), 196
PyDateTime_TIME_GET_FOLD (C function), 199
PyDateTime_TIME_GET_HOUR (C function), 199
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 199
PyDateTime_TIME_GET_MINUTE (C function), 199
PyDateTime_TIME_GET_SECOND (C function), 199
PyDateTime_TIME_GET_TZINFO (C function), 199
PyDateTime_TimeType (C var), 197
PyDateTime_TimeZone_UTC (C var), 197
PyDateTime_TZInfoType (Cvar), 197
PyDelta_Check (C function), 197
PyDelta_CheckExact (C function), 197
PyDelta_FromDSU (C function), 198
PyDescr_IsData (C function), 186
PyDescr_NewClassMethod (C function), 186
PyDescr_NewGetSet (C function), 186
PyDescr_NewMember (C function), 186
PyDescr_NewMethod (C function), 186
PyDescr_NewWrapper (C function), 186
PyDict_AddwWatcher (C function), 165
PyDict_Check (C function), 162
PyDict_CheckExact (C function), 162
PyDict_Clear (C function), 163
PyDict_ClearWatcher (C function), 165

PyDict_Contains (C function), 163
PyDict_Copy (C function), 163
PyDict_DelItem (C function), 163
PyDict_DelItemString (C function), 163
PyDict_GetItem (C function), 163
PyDict_GetItemString (C function), 163
PyDict_GetItemWithError (C function), 163
PyDict_TItems (C function), 164
PyDict_Keys (C function), 164
PyDict_Merge (C function), 165
PyDict_MergeFromSeq?2 (C function), 165
PyDict_New (C function), 162

PyDict_Next (C function), 164
PyDict_SetDefault (C function), 164
PyDict_SetItem (C function), 163
PyDict_SetItemString (C function), 163
PyDict_Size (C function), 164

PyDict_Type (Cvar), 162

PyDict_Unwatch (C function), 165
PyDict_Update (C function), 165
PyDict_Values (C function), 164
PyDict_Watch (C function), 165
PyDict_WatchCallback (C type), 166
PyDict_WatchEvent (C type), 166
PyDictObject (Ctype), 162
PyDictProxy_New (C function), 163
PyDoc_STR (C macro), 6

PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 55
PyErr_BadInternalCall (C function), 57
PyErr_CheckSignals (C function), 61
PyErr_Clear (C function), 54

PyErr_Clear (C ®&=&) ,10,12
PyErr_DisplayException (C function), 54
PyErr_ExceptionMatches (C function), 58
PyErr_ExceptionMatches (C ®=R) ,12
PyErr_Fetch (C function), 59

PyErr_Format (C function), 55
PyErr_FormatV (C function), 55
PyErr_GetExcInfo (C function), 60
PyErr_GetHandledException (C function), 60
PyErr_GetRaisedException (C function), 58
PyErr_GivenExceptionMatches (C function), 58
PyErr_NewException (C function), 62
PyErr_NewExceptionWithDoc (C function), 62
PyErr_NoMemory (C function), 55
PyErr_NormalizeException (C function), 60
PyErr_Occurred (C function), 58
PyErr_Occurred (C =) ,10
PyErr_Print (C function), 54
PyErr_PrintEx (C function), 54
PyErr_ResourceWarning (C function), 58
PyErr_Restore (C function), 59
PyErr_SetExcFromWindowsErr (C function), 56
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PyErr_SetExcFromWindowsErrWithFilename

(C function), 56

PyEval_ReleaseThread(), 213
PyEval_RestoreThread (C function), 213

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_RestoreThread(), 213

(C function), 56

PyEval_RestoreThread (C ®=R) ,211

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SaveThread (C function), 213

(C function), 56
PyErr_SetExcInfo (C function), 61
PyErr_SetFromErrno (C function), 55
PyErr_SetFromErrnoWithFilename (C func-
tion), 55
PyErr_SetFromErrnoWithFilenameObject (C
function), 55
PyErr_SetFromErrnoWithFilenameObjects
(C function), 55
PyErr_SetFromWindowsErr (C function), 55
PyErr_SetFromWindowsErrWithFilename (C
function), 56
PyErr_SetHandledException (C function), 60
PyErr_SetImportError (C function), 56
PyErr_SetImportErrorSubclass (C function),
56
PyErr_SetInterrupt (C function), 61
PyErr_SetInterruptEx (C function), 62
PyErr_SetNone (C function), 55
PyErr_SetObject (C function), 54
PyErr_SetRaisedException (C function), 59
PyErr_SetString (C function), 54
PyErr_SetString (C ®=R) , 10
PyErr_SyntaxLocation (C function), 57
PyErr_SyntaxLocationEx (C function), 57
PyErr_SyntaxLocationObject (C function), 56
PyErr_WarnEx (C function), 57
PyErr_WarnExplicit (C function), 57
PyErr_WarnExplicitObject (C function), 57
PyErr_WarnFormat (C function), 57
PyErr_WriteUnraisable (C function), 54
PyEval_AcquireLock (C function), 218
PyEval_AcquireThread (C function), 217
PyEval_AcquireThread(), 213
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 91
PyEval_GetFrame (C function), 91
PyEval_GetFuncDesc (C function), 91
PyEval_GetFuncName (C function), 91
PyEval_GetGlobals (C function), 91
PyEval_GetLocals (C function), 91
PyEval_InitThreads (C function), 213
PyEval_InitThreads (), 205

PyEval_SaveThread(), 213
PyEval_SaveThread (C ®&R) ,211
PyEval_SetProfile (C function), 223
PyEval_SetProfileAllThreads (C function),223
PyEval_SetTrace (C function), 224
PyEval_SetTraceAllThreads (C function), 224
PyEval_ThreadsInitialized (C function), 213
PyExc_ArithmeticError (C ##) ,65
PyExc_AssertionError (C #3) ,65
PyExc_AttributeError (C #3) ,65
PyExc_BaseException (C *}é%{) , 65
PyExc_BlockingIOError (C ﬁ%%{) , 65
PyExc_BrokenPipeError (C ##) ,65
PyExc_BufferError (C #%) ,65
PyExc_BytesWarning (C #3%) .67
PyExc_ChildProcessError (C ##) ,65
PyExc_ConnectionAbortedError (C %ﬁ%{) , 05
PyExc_ConnectionError (C ##) ,65
PyExc_ConnectionRefusedError (C ##),65
PyExc_ConnectionResetError (C ##) ,65
PyExc_DeprecationWarning (C #3%) ,67
PyExc_EnvironmentError (C %%ﬁ() , 67
PyExc_EOFError (C ##) ,65
PyExc_Exception (C ##) ,65
PyExc_FileExistsError (C #3{) ,65
PyExc_FileNotFoundError (C #3%) ,65
PyExc_FloatingPointError (C ##) ,65
PyExc_FutureWarning (C %%{) , 67
PyExc_GeneratorExit (C ##) ,65
PyExc_ImportError (C #%#) ,65
PyExc_ImportWarning (C #3%) ,67
PyExc_IndentationError (C #3f) ,65
PyExc_IndexError (C ﬁ%{) , 65
PyExc_InterruptedError (C ##) ,65
PyExc_IOError (C ##) ,67
PyExc_IsADirectoryError (C #3f) ,65
PyExc_KeyboardInterrupt (C ##) ,65
PyExc_KeyError (C %ﬁ}() , 65
PyExc_LookupError (C %%{) , 65
PyExc_MemoryError (C #%) ,65
PyExc_ModuleNotFoundError (C ##) ,65
PyExc_NameError (C #3%) ,65
PyExc_NotADirectoryError (C ##) ,65
PyExc_NotImplementedError (C %E}() , 65
PyExc_OSError (C ##) ,65
PyExc_OverflowError (C #3%() ,65

PyEval_MergeCompilerFlags (C function), 46 PyExc_PendingDeprecationWarning (C ##)
PyEval_ReleaseLock (C function), 218 , 67

PyEval_ReleaseThread (C function), 217 PyExc_PermissionError (C %%{) , 65

#5| 371



The Python/C API, $(F) 3.12.4

PyExc_ProcessLookupError (C ﬁ%%{) , 65
PyExc_RecursionError (C #3%) ,65
PyExc_ReferenceError (C #3%) ,65
PyExc_ResourceWarning (C %%ﬁ) , 67
PyExc_RuntimeError (C ##) ,65
PyExc_RuntimeWarning (C %%{) , 67
PyExc_StopAsyncIteration (C ##) ,65
PyExc_StopIteration (C #%) ,65
PyExc_SyntaxError (C ##) ,65
PyExc_SyntaxWarning (C #3%) ,67
PyExc_SystemError (C %ﬁk) , 65
PyExc_SystemExit (C ##) ,65
PyExc_TabError (C ##) ,65
PyExc_TimeoutError (C #3%) ,65
PyExc_TypeError (C #%) ,65
PyExc_UnboundLocalError (C %%() , 65
PyExc_UnicodeDecodeError (C ﬁ%ﬁ}() , 65
PyExc_UnicodeEncodeError (C ##) ,65
PyExc_UnicodeError (C #%) ,65
PyExc_UnicodeTranslateError (C #3#) ,65
PyExc_UnicodeWarning (C #3%) ,67
PyExc_UserWarning (C %E}() , 67
PyExc_ValueError (C ##) ,65
PyExc_Warning (C #3%) ,67
PyExc_WindowsError (C ##) ,67
PyExc_ZeroDivisionError (C #3) ,65
PyException_GetArgs (C function), 63
PyException_GetCause (C function), 63
PyException_GetContext (C function), 63
PyException_GetTraceback (C function), 63
PyException_SetArgs (C function), 63
PyException_SetCause (C function), 63
PyException_SetContext (C function), 63
PyException_SetTraceback (C function), 63
PyFile_FromFd (C function), 176
PyFile_GetLine (C function), 176
PyFile_SetOpenCodeHook (C function), 176

PyFloat_Unpack?2 (C function), 136
PyFloat_Unpack4 (C function), 136
PyFloat_Unpack8 (C function), 136
PyFloatObject (Ctype), 134

PyFrame_Check (C function), 192
PyFrame_GetBack (C function), 192
PyFrame_GetBuiltins (C function), 192
PyFrame_GetCode (C function), 192
PyFrame_GetGenerator (C function), 192
PyFrame_GetGlobals (C function), 192
PyFrame_GetLasti (C function), 192
PyFrame_GetLineNumber (C function), 193
PyFrame_GetLocals (C function), 193
PyFrame_GetVar (C function), 192
PyFrame_GetVarString (C function), 193
PyFrame_Type (Cvar), 191

PyFrameObject (Ctype), 191
PyFrozenSet_Check (C function), 167
PyFrozenSet_CheckExact (C function), 167
PyFrozenSet_New (C function), 167
PyFrozenSet_Type (Cvar), 167
PyFunction_AddWatcher (C function), 169
PyFunction_Check (C function), 168
PyFunction_ClearWatcher (C function), 169
PyFunction_GetAnnotations (C function), 169
PyFunction_GetClosure (C function), 169
PyFunction_GetCode (C function), 169
PyFunction_GetDefaults (C function), 169
PyFunction_GetGlobals (C function), 169
PyFunction_GetModule (C function), 169
PyFunction_New (C function), 168
PyFunction_NewWithQualName (C function), 168
PyFunction_SetAnnotations (C function), 169
PyFunction_SetClosure (C function), 169
PyFunction_SetDefaults (C function), 169
PyFunction_SetVectorcall (C function), 169
PyFunction_Type (Cvar), 168

PyFile_SetOpenCodeHook.Py_OpenCodeHookFuBgFunation_WatchCallback (C type), 170

(Ctype), 176
PyFile_WriteObject (C function), 177
PyFile_WriteString (C function), 177
PyFloat_AS_DOUBLE (C function), 134
PyFloat_AsDouble (C function), 134
PyFloat_Check (C function), 134
PyFloat_CheckExact (C function), 134
PyFloat_FromDouble (C function), 134
PyFloat_FromString (C function), 134
PyFloat_GetInfo (C function), 134
PyFloat_GetMax (C function), 134
PyFloat_GetMin (C function), 135
PyFloat_Pack2 (C function), 135
PyFloat_Pack4 (C function), 135
PyFloat_Pack8 (C function), 135
PyFloat_Type (Cvar), 134

PyFunction_WatchEvent (C type), 169
PyFunctionObject (C type), 168
PyGC_Collect (C function), 316
PyGC_Disable (C function), 316
PyGC_Enable (C function), 316
PyGC_IsEnabled (C function), 316
PyGen_Check (C function), 194
PyGen_CheckExact (C function), 194
PyGen_New (C function), 194
PyGen_NewWithQualName (C function), 194
PyGen_Type (Cvar), 194

PyGenObject (C type), 194
PyGetSetDef (C type), 275
PyGetSetDef.closure (C member), 275
PyGetSetDef.doc (C member), 275
PyGetSetDef.get (C member), 275
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PyGetSetDef .name (C member), 275
PyGetSetDef.set (C member), 275
PyGILState_Check (C function), 214
PyGILState_Ensure (C function), 214
PyGILState_GetThisThreadState (C function),
214
PyGILState_Release (C function), 214
PyHash_FuncDef (C type), 90
PyHash_FuncDef.hash_bits (C member), 91
PyHash_FuncDef .name (C member), 91
PyHash_FuncDef.seed_bits (C member), 91
PyHash_GetFuncDef (C function), 91
PyImport_AddModule (C function), 76
PyImport_AddModuleObject (C function), 76
PyImport_AppendInittab (C function), 78
PyImport_ExecCodeModule (C function), 76
PyImport_ExecCodeModuleEx (C function), 76
PyImport_ExecCodeModuleObject (C function),
76
PyImport_ExecCodeModuleWithPathnames (C
function), 77
PyImport_ExtendInittab (C function), 78
PyImport_FrozenModules (Cvar), 78
PyImport_GetImporter (C function), 77
PyImport_GetMagicNumber (C function), 77
PyImport_GetMagicTag (C function), 77
PyImport_GetModule (C function), 77
PyImport_GetModuleDict (C function), 77
PyImport_Import (C function), 75
PyImport_ImportFrozenModule (C function), 77
PyImport_ImportFrozenModuleObject (e
function), 77
PyImport_ImportModule (C function), 75
PyImport_ImportModuleEx (C function), 75
PyImport_ImportModuleLevel (C function), 75
PyImport_ImportModuleLevelObject (C func-
tion), 75
PyImport_ImportModuleNoBlock (C function),
75
PyImport_ReloadModule (C function), 75
PyIndex_Check (C function), 108
PyInstanceMethod_Check (C function), 170
PyInstanceMethod_Function (C function), 170
PyInstanceMethod_GET_FUNCTION (C function),
170
PyInstanceMethod_New (C function), 170
PyInstanceMethod_Type (Cvar), 170
PyInterpreterConfig (Ctype), 218
PyInterpreterConfig DEFAULT_GIL (C macro),
219
PyInterpreterConfig_OWN_GIL (C macro), 219
PyInterpreterConfig_SHARED_GIL (C macro),
219

PyInterpreterConfig.

(C member), 219

PyInterpreterConfig.

219

PyInterpreterConfig.

219

PyInterpreterConfig.

member), 219

PyInterpreterConfig.

(C member), 219

PyInterpreterConfig.

PyInterpreterConfig
(C member), 218

allow_daemon_threads
allow_exec (Cmember),
allow_fork (Cmember),

allow_threads (e

check_multi_interp_extensions

gil (C member), 219
use_main_obmalloc

PyInterpreterState (Ctype), 213
PyInterpreterState_Clear (C function), 215
PyInterpreterState_Delete (C function), 215
PyInterpreterState_Get (C function), 216
PyInterpreterState_GetDict (C function), 216
PyInterpreterState_GetID (C function), 216
PyInterpreterState_Head (C function), 224
PyInterpreterState_Main (C function), 224
PyInterpreterState_New (C function), 215
PyInterpreterState_Next (C function), 224
PyInterpreterState_ThreadHead (C function),

224

PyIter_Check (C function), 112
PyIter_Next (C function), 112
PyIter_Send (C function), 113
PyList_Append (C function), 162
PyList_AsTuple (C function), 162
PyList_Check (C function), 161
PyList_CheckExact (C function), 161
PyList_GET_ITEM (C function), 161
PyList_GET_SIZE (C function), 161
PyList_GetItem (C function), 161
PyList_GetItem (C =) ,9
PyList_GetSlice (C function), 162
PyList_Insert (C function), 162
PyList_New (C function), 161
PyList_Reverse (C function), 162
PyList_SET_ITEM (C function), 161
PyList_SetItem (C function), 161
PyList_SetItem (C ®=R) ,8
PyList_SetSlice (C function), 162
PyList_Size (C function), 161
PyList_Sort (C function), 162

PyList_Type (Cvar), 161

PyListObject (Ctype), 161

PyLong_AsDouble (C function), 132
PyLong_AsLong (C function), 131
PyLong_AsLongAndOverflow (C function), 131
PyLong_AsLongLong (C function), 131
PyLong_AsLongLongAndOverflow (C function),

131

e ]
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PyLong_AsSize_t (C function), 132
PyLong_AsSsize_t (C function), 131
PyLong_AsUnsignedLong (C function), 132
PyLong_AsUnsignedLongLong (C function), 132
PyLong_AsUnsignedLongLongMask (C function),
132
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
PyLong_FromSize_t (C function), 130
PyLong_FromSsize_t (C function), 130
PyLong_FromString (C function), 130
PyLong_FromUnicodeObject (C function), 130
PyLong_FromUnsignedLong (C function), 130
PyLong_FromUnsignedLongLong (C function), 130
PyLong_FromVoidPtr (C function), 131
PyLong_Type (C var), 129
PyLongObject (C type), 129
PyMapping_Check (C function), 111
PyMapping_DelItem (C function), 111
PyMapping_DelItemString (C function), 111
PyMapping_GetItemString (C function), 111
PyMapping_HasKey (C function), 111
PyMapping_HasKeyString (C function), 111
PyMapping_Items (C function), 112
PyMapping_Keys (C function), 111
PyMapping_Length (C function), 111
PyMapping_SetItemString (C function), 111
PyMapping_Size (C function), 111
PyMapping_Values (C function), 111
PyMappingMethods (C type), 306
PyMappingMethods.mp_ass_subscript (e
member), 306
PyMappingMethods.mp_length (C member), 306
PyMappingMethods.mp_subscript (C member),
306
PyMarshal_ReadLastObjectFromFile (C func-
tion), 79
PyMarshal_ReadLongFromFile (C function), 79
PyMarshal_ReadObjectFromFile (C function),
79
PyMarshal_ReadObjectFromString (C func-
tion), 79
PyMarshal_ReadShortFromFile (C function), 79
PyMarshal_WriteLongToFile (C function), 79
PyMarshal_WriteObjectToFile (C function), 79
PyMarshal_WriteObjectToString (C function),
79
PyMem_Calloc (C function), 256
PyMem_Del (C function), 256

PYMEM_DOMAIN_MEM (C macro), 259
PYMEM_DOMAIN_OBJ (C macro), 259
PYMEM_DOMAIN_RAW (C macro), 259
PyMem_Free (C function), 256
PyMem_GetAllocator (C function), 259
PyMem_Malloc (C function), 255

PyMem_New (C macro), 256
PyMem_RawCalloc (C function), 255
PyMem_RawFree (C function), 255
PyMem_RawMalloc (C function), 255
PyMem_RawRealloc (C function), 255
PyMem_Realloc (C function), 256
PyMem_Resize (C macro), 256
PyMem_SetAllocator (C function), 259
PyMem_SetupDebugHooks (C function), 260
PyMemAllocatorDomain (C type), 259
PyMemAllocatorEx (C type), 258
PyMember_GetOne (C function), 272
PyMember_SetOne (C function), 272
PyMemberDef (C type), 271

PyMemberDef .doc (C member), 271
PyMemberDef . flags (C member), 271
PyMemberDef .name (C member), 271
PyMemberDef .of fset (C member), 271
PyMemberDef . type (C member), 271
PyMemoryView_Check (C function), 188
PyMemoryView_FromBuffer (C function), 188
PyMemoryView_FromMemory (C function), 188
PyMemoryView_FromObject (C function), 188
PyMemoryView_GET_BASE (C function), 188
PyMemoryView_GET_BUFFER (C function), 188
PyMemoryView_GetContiguous (C function), 188
PyMethod_Check (C function), 171
PyMethod_Function (C function), 171
PyMethod_GET_FUNCTION (C function), 171
PyMethod_GET_SELF (C function), 171
PyMethod_New (C function), 171
PyMethod_Self (C function), 171
PyMethod_Type (Cvar), 171

PyMethodDef (C type), 269

PyMethodDef .ml_doc (C member), 269
PyMethodDef .ml_flags (C member), 269
PyMethodDef .ml_meth (C member), 269
PyMethodDef .ml_name (C member), 269
PyMODINIT_FUNC (C macro), 4
PyModule_AddFunctions (C function), 182
PyModule_AddIntConstant (C function), 184
PyModule_AddIntMacro (C macro), 184
PyModule_AddObject (C function), 183
PyModule_AddObjectRef (C function), 183
PyModule_AddStringConstant (C function), 184
PyModule_AddStringMacro (C macro), 184
PyModule_AddType (C function), 184
PyModule_Check (C function), 177
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PyModule_CheckExact (C function), 177
PyModule_Create (C function), 179
PyModule_Create?2 (C function), 179
PyModule_ExecDef (C function), 182
PyModule_FromDefAndSpec (C function), 182
PyModule_FromDefAndSpec?2 (C function), 182
PyModule_GetDef (C function), 178
PyModule_GetDict (C function), 177
PyModule_GetFilename (C function), 178
PyModule_GetFilenameObject (C function), 178
PyModule_GetName (C function), 177
PyModule_GetNameObject (C function), 177
PyModule_GetState (C function), 177
PyModule_New (C function), 177
PyModule_NewObject (C function), 177
PyModule_SetDocString (C function), 182
PyModule_Type (Cvar), 177
PyModuleDef (C type), 178
PyModuleDef_Init (C function), 180
PyModuleDef_Slot (Ctype), 180
PyModuleDef_Slot.slot (C member), 180
PyModuleDef_Slot.value (Cmember), 180
PyModuleDef .m_base (C member), 178
PyModuleDef .m_clear (C member), 179
PyModuleDef .m_doc (C member), 178
PyModuleDef .m_free (C member), 179
PyModuleDef .m_methods (C member), 178
PyModuleDef .m_name (C member), 178
PyModuleDef .m_size (C member), 178
PyModuleDef .m_slots (C member), 179
PyModuleDef.m_slots.m_reload (C member),
179
PyModuleDef .m_traverse (C member), 179
PyNumber_Absolute (C function), 106
PyNumber_Add (C function), 105
PyNumber_And (C function), 106
PyNumber_AsSsize_t (C function), 108
PyNumber_Check (C function), 105
PyNumber_Divmod (C function), 106
PyNumber_Float (C function), 108
PyNumber_FloorDivide (C function), 106
PyNumber_Index (C function), 108
PyNumber_InPlaceAdd (C function), 107
PyNumber_InPlaceAnd (C function), 108
PyNumber_InPlaceFloorDivide (C function), 107
PyNumber_InPlaceLshift (C function), 107
PyNumber_InPlaceMatrixMultiply (C func-
tion), 107
PyNumber_InPlaceMultiply (C function), 107
PyNumber_InPlaceOr (C function), 108
PyNumber_InPlacePower (C function), 107
PyNumber_InPlaceRemainder (C function), 107
PyNumber_InPlaceRshift (C function), 107
PyNumber_InPlaceSubtract (C function), 107

PyNumber_InPlaceTrueDivide (C function), 107
PyNumber_InPlaceXor (C function), 108
PyNumber_Invert (C function), 106
PyNumber_Long (C function), 108
PyNumber_Lshift (C function), 106
PyNumber_MatrixMultiply (C function), 106
PyNumber_Multiply (C function), 105
PyNumber_Negative (C function), 106
PyNumber_Or (C function), 107
PyNumber_Positive (C function), 106
PyNumber_Power (C function), 106
PyNumber_Remainder (C function), 106
PyNumber_Rshift (C function), 106
PyNumber_Subtract (C function), 105
PyNumber_ToBase (C function), 108
PyNumber_TrueDivide (C function), 106
PyNumber_Xor (C function), 107
PyNumberMethods (C type), 304
PyNumberMethods.nb_absolute (Cmember), 305
PyNumberMethods.nb_add (C member), 305
PyNumberMethods.nb_and (C member), 305
PyNumberMethods .nb_bool (C member), 305
PyNumberMethods .nb_divmod (C member), 305
PyNumberMethods.nb_float (C member), 305
PyNumberMethods.nb_floor_divide (C mem-
ber), 306
PyNumberMethods .nb_index (C member), 306
PyNumberMethods.nb_inplace_add (Cmember),
305
PyNumberMethods.nb_inplace_and (Cmember),
306
PyNumberMethods.nb_inplace_floor_divide
(C member), 306
PyNumberMethods.nb_inplace_lshift c
member), 305

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 306
PyNumberMethods.nb_inplace_multiply (C
member), 305
PyNumberMethods.nb_inplace_or (C member),
306
PyNumberMethods.nb_inplace_power (C mem-
ber), 305
PyNumberMethods.nb_inplace_remainder (C
member), 305
PyNumberMethods.nb_inplace_rshift (e
member), 305
PyNumberMethods.nb_inplace_subtract (C
member), 305
PyNumberMethods.nb_inplace_true_divide
(C member), 306
PyNumberMethods.nb_inplace_xor (Cmember),
306
PyNumberMethods .nb_int (C member), 305

e ]
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PyNumberMethods .nb_invert (C member), 305
PyNumberMethods.nb_1shift (C member), 305
PyNumberMethods.nb_matrix_multiply (e
member), 306
PyNumberMethods.nb_multiply (C member), 305
PyNumberMethods.nb_negative (Cmember), 305
PyNumberMethods.nb_or (C member), 305
PyNumberMethods.nb_positive (Cmember), 305
PyNumberMethods.nb_power (C member), 305
PyNumberMethods.nb_remainder (C member),
305
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
306
PyNumberMethods .nb_xor (C member), 305
PyObject (C type), 266
PyObject_AsCharBuffer (C function), 120
PyObject_ASCII (C function), 98
PyObject_AsFileDescriptor (C function), 176
PyObject_AsReadBuffer (C function), 120
PyObject_AsWriteBuffer (C function), 121
PyObject_Bytes (C function), 98
PyObject_Call (C function), 103
PyObject_CallFunction (C function), 103
PyObject_CallFunctionObjArgs (C function),
104
PyObject_CallMethod (C function), 104
PyObject_CallMethodNoArgs (C function), 104
PyObject_CallMethodObjArgs (C function), 104
PyObject_CallMethodOneArg (C function), 104
PyObject_CallNoArgs (C function), 103
PyObject_CallObject (C function), 103
PyObject_Calloc (C function), 257
PyObject_CallOneArqg (C function), 103
PyObject_CheckBuffer (C function), 119
PyObject_CheckReadBuffer (C function), 120
PyObject_ClearWeakRefs (C function), 189
PyObject_CopyData (C function), 120
PyObject_Del (C function), 265
PyObject_DelAttr (C function), 96
PyObject_DelAttrString (C function), 96
PyObject_DelItem (C function), 99
PyObject_Dir (C function), 99
PyObject_Format (C function), 97
PyObject_Free (C function), 257
PyObject_GC_Del (C function), 315
PyObject_GC_IsFinalized (C function), 315
PyObject_GC_IsTracked (C function), 315
PyObject_GC_New (C macro), 314
PyObject_GC_NewVar (C macro), 314
PyObject_GC_Resize (Cmacro), 314
PyObject_GC_Track (C function), 314

.nb_reserved (C member), 305
.nb_rshift (C member), 305

.nb_subtract (C member), 305
.nb_true_divide (Cmember),

PyObject_GC_UnTrack (C function), 315
PyObject_GenericGetAttr (C function), 96
PyObject_GenericGetDict (C function), 97
PyObject_GenericSetAttr (C function), 96
PyObject_GenericSetDict (C function), 97
PyObject_GetAIter (C function), 99
PyObject_GetArenalAllocator (C function), 262
PyObject_GetAttr (C function), 96
PyObject_GetAttrString (C function), 96
PyObject_GetBuffer (C function), 119
PyObject_GetItem (C function), 99
PyObject_GetItemData (C function), 100
PyObject_GetIter (C function), 99
PyObject_GetTypeData (C function), 100
PyObject_HasAttr (C function), 95
PyObject_HasAttrString (C function), 96
PyObject_Hash (C function), 98
PyObject_HashNotImplemented (C function), 98
PyObject_HEAD (C macro), 266
PyObject_HEAD_INIT (C macro), 267
PyObject_Init (C function), 265
PyObject_InitVar (C function), 265
PyObject_IS_GC (C function), 315
PyObject_IsInstance (C function), 98
PyObject_IsSubclass (C function), 98
PyObject_IsTrue (C function), 98
PyObject_Length (C function), 99
PyObject_LengthHint (C function), 99
PyObject_Malloc (C function), 257
PyObject_New (C macro), 265
PyObject_NewVar (C macro), 265
PyObject_Not (C function), 99
PyObject._ob_next (C member), 283
PyObject._ob_prev (C member), 283
PyObject_Print (C function), 95
PyObject_Realloc (C function), 257
PyObject_Repr (C function), 97
PyObject_RichCompare (C function), 97
PyObject_RichCompareBool (C function), 97
PyObject_SetArenaAllocator (C function), 262
PyObject_SetAttr (C function), 96
PyObject_SetAttrString (C function), 96
PyObject_SetItem (C function), 99
PyObject_Size (C function), 99
PyObject_Str (C function), 98
PyObject_Type (C function), 99
PyObject_TypeCheck (C function), 99
PyObject_VAR_HEAD (C macro), 266
PyObject_Vectorcall (C function), 104
PyObject_VectorcallDict (C function), 105
PyObject_VectorcallMethod (C function), 105
PyObjectArenaAllocator (C type), 262
PyObject.ob_refcnt (C member), 282
PyObject.ob_type (C member), 282
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PyOS_AfterFork (C function), 70
PyOS_AfterFork_Child (C function), 70
PyOS_AfterFork_Parent (C function), 70
PyOS_BeforeFork (C function), 69
PyOS_CheckStack (C function), 70
PyOS_double_to_string (C function), 90
PyOS_FSPath (C function), 69
PyOS_getsig (C function), 70
PyOS_InputHook (C var), 45
PyOS_ReadlineFunctionPointer (Cvar), 45
PyOS_setsig (C function), 70
PyOS_sighandler_t (Ctype), 70
PyOS_snprintf (C function), 89
PyOS_stricmp (C function), 90
PyOS_string_to_double (C function), 89
PyOS_strnicmp (C function), 90
PyOS_strtol (C function), 89
PyOS_strtoul (C function), 89
PyOS_vsnprintf (C function), 89
PyPreConfig (C type), 232
PyPreConfig_InitIsolatedConfig (C func-
tion), 232
PyPreConfig_InitPythonConfig (C function),
232
PyPreConfig.allocator (C member), 232
PyPreConfig.coerce_c_locale (Cmember), 233
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 233
PyPreConfig.configure_locale (C member),
232
PyPreConfig.dev_mode (C member), 233
PyPreConfig.isolated (C member), 233
PyPreConfig.legacy_windows_fs_encoding
(C member), 233
PyPreConfig.parse_argv (C member), 233
PyPreConfig.use_environment (C member), 233
PyPreConfig.utf8_mode (C member), 233
PyProperty_Type (Cvar), 186
PyRun_AnyFile (C function), 43
PyRun_AnyFileEx (C function), 43
PyRun_AnyFileExFlags (C function), 44
PyRun_AnyFileFlags (C function), 43
PyRun_File (C function), 45
PyRun_FileEx (C function), 45
PyRun_FileExFlags (C function), 45
PyRun_FileFlags (C function), 45
PyRun_InteractiveLoop (C function), 44
PyRun_InteractiveLoopFlags (C function), 44
PyRun_InteractiveOne (C function), 44
PyRun_InteractiveOneFlags (C function), 44
PyRun_SimpleFile (C function), 44
PyRun_SimpleFileEx (C function), 44
PyRun_SimpleFileExFlags (C function), 44
PyRun_SimpleString (C function), 44

PyRun_SimpleStringFlags (C function), 44
PyRun_String (C function), 45
PyRun_StringFlags (C function), 45
PySendResult (Ctype), 112
PySeqlter_Check (C function), 185
PySeglter_New (C function), 185
PySeqglter_Type (Cvar), 185
PySequence_Check (C function), 109
PySequence_Concat (C function), 109
PySequence_Contains (C function), 110
PySequence_Count (C function), 109
PySequence_DelItem (C function), 109
PySequence_DelSlice (C function), 109
PySequence_Fast (C function), 110
PySequence_Fast_GET_ITEM (C function), 110
PySequence_Fast_GET_SIZE (C function), 110
PySequence_Fast_ITEMS (C function), 110
PySequence_GetItem (C function), 109
PySequence_GetItem (C &) ,9
PySequence_GetSlice (C function), 109
PySequence_Index (C function), 110
PySequence_InPlaceConcat (C function), 109
PySequence_InPlaceRepeat (C function), 109
PySequence_ITEM (C function), 110
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