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S A A B 5 5 W SO R B2 1k A Python ) C il C++ FEREEHHEGT, B0 FEFE T A {1 i API (i
FAFER A ) o FF extending-index FHAMBMEIZ, BHA T HEETn—BER, HEEA FRAEH
API pF0,

Contents 1



The Python/C API, [T 3.13.2

2 Contents



CHAPTER 1

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

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

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

1.1 BREEE

URARIEAE S 5 25| AR CPython Wiy C A25XH, VRBATELNR PEP 7 i RIS MIEIE . M IR MR
(1) Python i AN, LR o SR E SIS =5 e, AR EIRE LA, BRIFIRAY
SO E M E RS Python,

1.2 S| A\#E3=E (include files)
{ifi Jil Python/C API i35 1) T kst ZUERT B A1 5 S68GE M A T 15 B4 T AE R RS s A

#define PY_SSIZE_T CLEAN
#include <Python.h>

BEBEWEET| AL MEREIZEIH: <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>

<stdlib.h> (WEEATH).

O il

Hi% Python W] BB & & —LL & 5P AL R A EAVMERR IR 1) TR P (pre-processor), [ACAR 4 JATE
FIAMEATERERBER Z /5| A Python. b,
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@%E%APmehZW%E%%PL%MREEEMOﬁ%%ﬁ%%ﬂ%,%%E%ﬁﬂ&ﬁ%J
HEAE,

PrAq sE 5% Pythonh i HLEE ] R4 A (3 SNEd BRHERR AR S | ARBRAN) #FRA py B0 _py HIRH.
PA _py BHEHIY & FRAL Python FEYEERRAEN , S7comes & AMEMIH . A5 RO A4 MR EVG DR B B4R -

O il

i I E ARG A MEE FEMA Py B¢ _py BASHA A . S8 Graltafls BN, (I8 R (i 5 At e
RZR Python fitAs Ly I RSAEYE , 5 LERCAS I AE @ 2 3 LATE LY BT AR — BHSE R HAth 4 6

1 U A5 18 5 i Python — & 22 %, ¥F Unix B /7t B [F] prefix/include/pythonversion/ Fll
exec_prefix/include/pythonversion/, H.H! prefix fll exec_prefix [ Python I configure [El4=
WMIAHE R E SR, version & '$d.%d' % sys.version_info[:2]. {F Windows I, HEUEZSENE prefix/
include H1, HHt prefix @H8E LA (installer) 424 H(E.

G| AKEEE, s (AR H EE S 05 | AT R AL (search path) H. 2§42 H Elie
BREE L, SAMEMAH #include <pythonX.Y/Python.h>; jg §ELF-HaE [, prefix |
BT IR E K H exec_prefix M F-HFFE IR,

C++ I F R, [EHE APLsE 2 C e s, (HEEAR B & i A 1 BB AE] extern mcm. AL,
TR TAEAT R R IR E R AT 6 C++ iy APLL

1.3 EHNESRE

Python 1A E I8 T & MA HWE S, KEWERECMA ARy i (Flalry_RETURN_NONE)
HAb 2w @ i T EAER. DATFERA—E 52 #%.
PyMODINIT_FUNC

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

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

-

static struct PyModuleDef spam_module = {
PyModuleDef HEAD_INIT,

.m_name = "spam",

bi

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

}

Py_ABS (X)
[l = EIEHE .
1 3.3 RABA.

Py ALWAYS_INLINE
BUR e A2 i A [F1R8F TE) R 2 (static inline function), #i###s i] DAZIS & [FIE)E AN A %R =X .

TEEE I B A B BR SRR 2 B Python IRf, BT MR A A PEREZEOR M EIRATEI R . Hin,
MSC FERREH AN AR ] R 2R

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

U Python S7EM SR Rt E (W ey pesuc EEGESR), Py _ALwAYs INLINE B EERAT
[EFERAS €1 -

EETE R FERE L migde e .

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

TE 3.11 fRBEIA.
Py_CHARMASK (C)

51 HbH 2 (128, 127] 5 [0, 255] B FosCE#. EMEL G c #EE unsigned char
(BT {2

Py_DEPRECATED (version)
AR E BB . B AR EREST 9545 F 2 1«
it

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

16 3.8 ISLIOBEE: 4 T MSVC %42,
Py_GETENV (S)

iﬁ{um\ getenv (s), {Eﬁﬂ%i{ﬁ/&\ﬁﬂiﬁiﬁT -E ,EJJ [E]ﬁ'; NULL (%ﬁpyConfig. usefenvironment)O

Py MAX (X,Y)
[lf8 = A1y 2 MR KA.
TE 3.3 B A

Py_MEMBER_SIZE (type, member)

PAGZTCAR [EEEL A ] 45 (cype) member BRI,

1E 3.6 IHINA.

Py_MIN (X, y)
MIE < Fl y 2 AR ME
1 3.3 JIBIA.

Py_NO_INLINE

s A Fln, BEDT CHEEMEAE: BRI AR X LTO+PGO @ EMRGH (7
2[F) bpo-33720).

I

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

TE 311 B A

Py_STRINGIFY (X)
4« WFF C 228, il py_STRINGIFY (123) @r[E|f# "123",
TE 3.4 MBI

Py_UNREACHABLE ()

EARREEEE T B B RS B AR R, SO UGB I . BIANTE case SEAUELIAE T A v BB(E
) switch BRIAZUHY default: T4, TEARTTREAZIFIY assert (0) f abort () WHLG A E.

B (release mode) T, FAEE BhiRas i AL RE NS, [k e B S0 A7 RS s i 2 1
Bl E 4 B AE B N id GCC {fif] __builtin_unreachable () RE{E.

Py_UNREACHABLE () [{)—f Ji& A2, FE¥—HK A Bl EHEARBIHE _py_No_RETURN ¥ pf 2 2 I
A

13. FRAMER 5
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R FE B A A W] BE(EAE R RS Rl AR, RUARTSMEH IS 4. BInE(CRe s s 4~
BRG] TR FE I A E . RS REEEN, AR e R R AR TR . A R e [
R A Py FatalError ().

1E 3.7 ABA.

Py_UNUSED (arg)

A Bt RS B3 58 R OR (T 0 2 MDA B A R . B AT int func(int a, int

Py_UNUSED (b)) { return a; }o

1E 3.4 JRBTMA.
PyDoc_STRVAR (name, str)

N7 — {844 [E) name P58 HL, ATDATESCHRFER AT . 2R Python S22 7EEIA SO 5 A i s ()R
B, HRZERE=,

un PEP 7 TR, i i pypoc_sTrRvar VEIEISCH 5 H3 W] DA SR AE BV SO 5 n 1 (E) R e i

Python,
it :
PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");
static PyMethodDef deque_methods[] = {
/S ..
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
1Y oo

}

PyDoc_STR (str)
(V46 5 M - F S — (RSO, SR SO Rl A I Rl s 2 e
W PEP 7 TSI, i pypoc. sTR $aE SO A SR AEEA SO Hf T 88 Python,
it -

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

1.4 Y. BEFSBHE

K Z 8 Python/C API g :UERAT — Ml 2k 2 5| 8 DA K — (M BLEIE] pyobject W mIMEAE, SEHEZ MR
B2, F&18—H FR AT Python Y4 AINEES (opaque) ZORIZUE], HMERZ BUEEI T, Python 555 PAM ]
)7 2 EBEFT AT Python ¥ 4FZ4(E) (BIANKRIE . E A S AN S | Mg ) , PR e P % BEH C AU (ED 2
FR. % T ARy Python ¥R FAE A HERE (heap) W1 IRIKIE AN G Pyobject BRI H B) 5 # o [
e, AR pyobject MEIR TS M. MBI SNEZIEWI; BN EMEIN e, Hit
M 2 EREryTypeobject Yf.

Ji A Python {4 (H: % J2 Python #4f) #5AH —{HZLE] (rype) F1—18 2 B HHEL (reference count), —fF¥I14:
FREIEE T e A EEER 2 (Ban— 8%, —qF st s—M 6 Z E R, B LA,
i L types) o EPINERHEEIIT R ABE], #A —WEEREEY RSB N E; fihn, & (FMES)
*a* F5 1] ) {F 2 Python list [, PyList_Check(a) [FE.

1.4.1 28E5#

SMFHEREE, WEBSWERTCREA/ NS ERY (M EER2IEEE RN ) ERtAa 2 AR
W AT — R IE 4 e SRR AT AR S — iR, s e (akEIRE) C s, st
1 C R A A I, — ) fct — R E) 4 e plilioRy (BRI 2 MG [ER) . e ibig
PUEIRICE (deallocated). QISR (5 B LAY PFAY 2 G, B M2 B EHREE. WREHIBEES

6 Chapter 1. &4}y
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FREEEMEREMY SR, AT DMK ERSE KAy R I E, KB, (BRI 2 R R
AR A R Bl MEDr s TSRk . )

S TR R AR E . IER M s R M Edery_ncrer () RBUSERYI 2 (12 5T
m—), Effi i E4ry_pEcrEF () KRS R (RIS EEH(E—). py_pEcrer () B incref E4E[E]
Mgz, WEELEARE2RGIEESEE, KA (deallocator). FEIAHE W SHEY
A4S R P e . e BB R, ER R MBS aRE (B list) &SR
i E i HAb Y 2 8, BT AR S EN e R . 2 BEHECRnT ekt 2/ EGT R
B AR ARAT 2 B ST R R RO TS B R — R Ao e i B (B sizeof (Py_ssize_t) >=
sizeof (void*) ). K122 MR 2 — {0 i B A 41

[V Wh 22 EA A 6 5 P - PR A AR A O (R — ) 2 ne (RIS 2 Bt . PHER b, B8R
RS, PPFH 2 BT Ea I 1, i S R B A e @ 1, SR W G AT AR, ATRAR
%2 G EV A B . 1 S B ME— ELE SR PR B R A S R ) B R BRI . R
RITE 2 — (AP A 2 A A7 T 2 DB MR S R, AN TR R IR I S ) 4
(BPIm 2 BT o BLUE R ERY —(f S 2 ELRAEE Python BN A HE FERIAL b AR(E)5 | R4S C 5
AP WL A ] R P S0 ] R 3 2 B 2 1

ORI, — 8 SRR B2 e — 1 List s Bl P PRI B B — B R B TR UG H 2 . SESe H At A
ARE R R D ERR i, EH2 EEHEER RIUE e . BEIEM G R A UEHE R BAE T i &
RN a] DALAT IR VR L L Python F23XH; A7 —(REHE AL SR P HIRERE Py_DECREF () ISR EEIN
PR A AR AR A TR B

— e TR 8 (generics) #:1F (% #6 DA PyObject_., PyNumber_. PySequence_ B}
PyMapping_ BIEHAY PR I) o 8 LL 4R VR 4R 2 d T B 10 S © M L 2R E) 4 e (R34 H 2 i
). SR E A AT R S A AR py_DECREF ()5 EARIER AV .

SREFTBFAER

Python/C APT i} 2% )22 T VLA JH 4 86 0 P A7 4R ACHERE. AT HER A 2 BT - (i)
e, S AR IE S0 ). [ B 208 ) SR MR T S I, A LIF | Py DECREF, 7
A7 ST DABIORS , T2 R e 2 R AT MR R s e 1 R T 95 2 IR 3B 3, _pcrer ()
Sy xDECREF () FEMUB I — SR AL TGRS &GN R T IOITN ) . % 2
H A HE M A6 (T L 5, O R E ) — (9 2 0, S EVA A W RS , I 4 A D
RS, R 7 4 0 R AR

RS, HIFI RS A Y PR 2 B, AT REME: B BRI (steal) YIS I, SCEEH . #
R4 REREF IS REE AR, ZRUBE e BiEawsm, ERRrmEean.

RAH RGBS R WEESERENBINEPyList_setTtem() MlpyTuple_setItem(), BE%E
BTHIEHMSE (EAZ¥IEH e tuple 5 list (U2 881 ) o PRIEAG 25060 F 307 80 7 i g 42 2 34
(populate) tuple =% list i &1, BELLpRX BEFERBINE I, B, @57 wple (1, 2, "three") [WFEXAFHT
AR s (Jei W nsst sl st sE L WIFH a7 XA R R )

PyObject *t;

t = PyTuple_New(3);

PyTuple_SetItem(t, 0, PyLong_FromLong (1L));
PyTuple_SetItem(t, 1, PyLong_ FromLong (2L)) ;
PyTuple_SetItem(t, 2, PyUnicode_FromString("three"));

iE[Flpyrong Fromiong () G RIME—AHNS M, B LRIPyTuple setrtem () FEHL. QAR 4B
Ay, EREHERNS RIS SN, F7Erm 2 Mk U i py_mverer () AR —H2
it

Bﬁ % Hy , PyTuple_SetItem() % %ﬁ ;HE tuple IE E E]’U "fi — j:T {f, PySequence_SetItem()
Fipyobject_setrtem() 0 [E)iE B, tuple & — i R 7] 4% (immutable) (1) & R BLE]., 4R E 3%
HERE CHEALH) tuple /] Py Tuple setitem().

W PAMEHpyList_New() flpyList_setTtem() ks FRIETEH) F M S5 .

(ELE A B WA s AR AR (0 2 27 A S AT tuple A1 Tist, 45— (W@ B Py Bus 1avalue ()
TTDAGE C (B Sy de s FLRIMI R, Hh format string 138, A1 1A W (RS A 1T DA A PR AR (&
SR T SRR )
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PyObject *tuple, *list;

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

O R e AR SSAE FH 2 I I H A pyobject_setTtem () RIHRFNEA, HAEIEAA R IELE S S
RS . EARESE S, A B A 2 R A T E e e As e, IR EUS5r iG) —f8 22 et ] DA
EFlzi ((FepiEm]). gian, se= st (TR LRATMm 8 F) M EH e R e E

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

Py_ssize_t i, n;

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

}

oK 2 B LA 0 T (EIms A R T] B SR(EE R Z 8 ek 20 2 IR S R s 2 I T A RES AT, B3
Z I EY 2 B R GBI 2 B TA . JREREYE: ERZSEET, B2 B R8T
B, RERNS RSS2, HILREY 2 EAE AR, Wpyobject_cGetTtem()
Mlpysequence_GetTtem(), HARMME—EHIK2E (FHRERBYTEE).

AR AR SR — 0 & Xm0 2 18 L EE MR R & X — 31 £ (plumage)* (1§[E)7]
FARBLH X9 WHEZRE) * mgEAe! FiL, WR RS HPyList_cetTrem() fE list PHRE—HIH
H, A GHaHS R — BRI pysequence_Get Ttem () fEfR— list PHEEBHFFEE (AL
R SE MRS 8, RHEE SrEEa B EY R 28,

PATR it , (VA A e] 55 o =X ARG — (R RE B List PO H AR — Rl pyLise_GetTtem(),

Aéﬁ(ﬁﬁﬁHPySequence_GetItem()Z

long

sum_list (PyObject *list)

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

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; 1 < n; i++) {
item = PyList_GetItem(list, 1i); /* 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;

€ & A}
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(B E—H)
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 (1 = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item) ;
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}
return total;

1.4.2 B[

A DB AR H AR EORHLEE Python/C APT iR B Z/E] s KU ¥ C ZUE), BIAN int, long,
double Ml char*, —LEEERERIFIE Al TR 81t ASTAEL BT It 1 e s BRI 0 1 2D S e g 1 Py (E
%, HABR AR AR S . 55 S R M s

type Py_ssize_t

[[fE & ABI MR, — A %}@Bﬁ;ﬁkiﬁﬁi. {§if8 sizeof (Py_ssize_t) == sizeof (size_t).,
C99 B B4 3B BRI 7 (size_t 2 MEATIEREMAE]) . A B MG, 552[[E PEP 353,
PY_SSIZE_T MAX f&Py ssize t ﬂﬂ@ﬁ?ﬁjﬁﬁ{ﬁo

1.5 f5i5p

WA ERFE R SR IEHE, Python BR¥E it L f 2 BEBI A1 R EEBEAY B SMEr 9 B (IR AR, SRAR
%i@fﬁﬂ?ﬂqﬁ%ﬂ‘?ﬂq F, ORISR, AR EMENErE S, R e M EE D] (stack trace) [7]
HAn O &

SR, #R C BRI L RE], &3 iﬁﬁ%ﬁ%z\ﬁaﬂﬁfﬂﬁ W 7 o 20 S oo A B R, 5
Python/C API H1 () Fir A7 sk sUHE 0l DAS [ 8551 40 . 38 7 — (0 R B B st s, Bl — B 4h, ..b
WA N2, B nes. WRER B, SMisnesEmiE v AR
i -1, BUEDR RS e EIE] A7 28 06 X € [l AT true/false 525, false ZRElak. MRAH RN
IEI%HJ%F%E’J% RN R ECE A AN IIRER MEAE, MRS pyErr_occurred () MARERIGEIEE R . &L
ANE Gk I e E A Sk

TSR A 7 B A T 41 A7 Gl 2 ] (per- thread storage) e (GEAE e IR T AR I AR K ()
B o SUATEE AT AR IR IR B —: BRAEBISN R IR A BISh . BRiskpyEre_occurred () ATH]
ARgEE A E AN AR bﬁl%%fﬂ%ﬁl%#ﬁ’ﬂaﬂ%ﬁﬂ@ T I [o] {4 nULL . 5% B AR B A pR X

1.5. fi5p 9
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HRZ: pyErr setstring () i A (EEARREHN) SEBIMRER R, MiryErr clear()
52 FH A R B AMIR RE

SERER ISR 8 =8 (R AT DA wuLs /) WypRAag: G ShZUED, S e Y (50 SMECR [m] ). i St B
sys.exc_info () (¥ Python £ HA MM 5% HR2EMEARHE: Python #{1:3 < H Python try ...
except BRI EIAY AR —MEGI5h, T C @A B AMRBEELEGISME C M EERFAE, HBED
1 Python (yCALAS B wEat i EEIRE, s ERE AT E MRS sys.exc_info () FIHRFIRA.

AERE, fE Python 1.5 BAYG, 1% Python A2 xXHE 77 U SR 8 Y & 138 HL 52 IR $AT 4 28 4x 1) O Yk e P
sys.exc_info () B, T [HH Python FEzUAE ) MHERATA GISMRAE . HLAh, WIREAEIUBI SR R I
AR EEAE TR, DR AR B A1 o 2R PR AR LA T A B B SR AR, 468 T PR B HLIRR L 25 4 051 41
ARAE . 3& T AR 1E ) b PR R P ) o LB BR , dE 2E gt e rh 7 (00 52 1) pR U 3 1 IEAE SR B A 1) 41
5 Y B ] P (stack frame) 22 R4 PRIE)D 13l 36 A TR AR BT RE R

PEE)— LRI, I 53— 1 B A T HE AT B 1 o X PR R AR v el SR A5 5 8 T BilSh, AR 2
RO AN G LRSS B i 3 . EEZEEeHa a2 R, ERg—Easians, HEr
SR T — IS - S5 S g r il oh, [EEIR 7 S wrnfe U 5 R ) S

FHI) sum_sequence () R T — A 1 1) A1 D HC A A0 (L8 1 19« Al 7 o A1 491 7 ) 30
RPN I BT A A 1 2 B DUR RO eR R T — SR . 1ot [ TR EHE
Python, AR 7454411 Python FEH :

def incr_item(dict, key):

try:
item = dictlkey]
except KeyError:

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

int
incr_item(PyObject *dict, PyObject *key)
{
/* Objects all initialized to NULL for Py XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;

int rv = -1; /* Return value initialized to -1 (failure) */

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

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

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

if (PyObject_SetItem(dict, key, incremented_item) < 0)
goto error;
rv = 0; /* Success */

/* Continue with cleanup code */

€ & A}
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(B —1)
error:

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

}

B B AR THE C 3B F P EHH goto BRIRAIAIFR ! B WA T PAPyErr ExceptionMatches ()
MlpyEre clear () HBEFEFERIBISN, PAK APy xpECREF () RECE H A Bl GEE nvuLL (92 88 (H
HAMTPR X'y Py _DECREF () FEIHE| NULL S ERFG ) . EERE, AT 2 RIS Hh
WILAARE) nurs DABEILREEIERIVER 5 Rtk BMEEPRIIALE -1 (KB, [E A RE K IEIY A
i A s Bl

1.6 #x AR, Python

A7 Python @A (MASIRTCHE &) T2 DR —IHE BT 52 Python EREAR IR 4A (L5
SEIE B, BRI D R BETE LS I AR AL AR BT

HEARMAEACER RSPy Tnitialize (). BEVBAEARARANSE, BT EBEBA builtins,
_main__ fll sys. EiRGUIIHIEAHE R (sys.path),

Py_Initialize () ANiiE [[EAT] #5513 (script argument list) | (sys.argv). UIHRYEEEH4T14 Python
FEaCAE g I g, HIWAMERR EPyConfig.argv MlPyConfig.parse_argv, ygldPython #1450 HLE o

TERZHAS . ($HE)Z7E Unix fil Windows I, [FVE4IHiNEAG RIF), Py Tnitialize () €rf#3% Python
oK X JBEAH 35 Python FLRRef v AT RAO ML E [, [EMR 2 I EZ0E Python L% 4% Nl WATHE 07 B 1)
R PR G AR AL I RIS . s E AN HE], &G 7E shell A RIKAE (FREGS B paTH) HIRE
HE) python M ATHATIE S, [EEHACHER A — 4 [E) 1ib/pythonx. v (1) H R AH S E

BN, GNARAE /usr/local/bin/python H13 %] Python FI#ATHE S, B E R BEAA /usr/local/
lib/pythonx.y f1, (FHE LiEMeF @i 2 [& M (fallback)] (VH, ¥ pata TR AE ZIE
python [ AT . ) 3 1T DA 8 5 i P B A O 78 25 A7 (E) pyTHONHOME, B B sk
FE PYTHONPATH FEAZEIE I8 i v 4 A A H [E].

The embedding application can steer the search by setting PyConfig.program name before calling
Py InitializeFromConfig (). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted
in front of the standard path. An application that requires total control has to provide its own implementation of
Py _GetPath (), Py_GetPrefix (), Py_GetExecPrefix (), and Py _GetProgramrFullPath () (all defined in
Modules/getpath.c).

W& 75 66 [F) THUN 40 44 1% (uninitialize) | Python. 540, JE A F220 0] GEAR 25 & B pH 4G (F K I
Wpy Tnitialize()) B34 MR ) B 52 5 7 3 Python (%) fff F [EAE 2485 Python ALY FEIEHE . 8
A PAEANEIY Py FinalizeEx () HRGEML. UNEE Python FHIEEARIGILIREE, R Py Isinitialized()
@l true. G RHE LI REME 2 GRS ER MM EE P4 SRy Finalizesx () €A
Python P840 Be BT A SO IR ES , 40 B w30 R onl 0 Fe B AL BT 40 C A e D

1.7 [RIEEE

Python W[ PATEHE LI 87 1) 22 16 48 2R (E T 3 A s e AU E A I RO M AL 8 SRR A A A e A T B
(runtime) 3K i RS (overhead), PILHREHE R AEHEM.

Python JE U AS SR [EUA H1#) Misc/SpecialBuilds . txt HGA — Ml & SRS ER e IR, 5
B2 Mt [ERCIR o i G b Sl 2 B R TR A TIRPE A T . AN 1) LA B A0 (0
A

1.6. #& A3 Python 11
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Py_DEBUG

{1l 5 261 py_DEBUG 4 & ik L S 4% 7 2E )i Python [¥) (k¥ . Py_DEBUG 7£ Unix & & 1 2L M 7F
./configure A HIA ——with-pydebug JRIEJf . 3 Python fR%EHY _pEBUG EAERIFFIEIE /R TiE—
¥, py_DEBUG £ Unix Zt & PIEIFHIE, HiResicdib vzt

B TR 2 A RS AL, B EATESMOM A, #52(E Python [RETHE.

EF% py_TRACE_REFS KEIHZMIBE (B2 R#H ——with-trace-refs EIE)., HA CFN, BB
M8 2yobject i A S MI (7 A A e () B R 8 [ [E13 (circular doubly linked list). 4=l 2 Fid thA
PHEE. BHESEEE A BTS2 IR (ERERT, E8AEE R E TR 2 R )

A HE LS, el Python JR GBS R 1Y) Misc/SpecialBuilds.txt,
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CHAPTER 2

C APl IZ2EH

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

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

CAPLH WA, A ARIMRE TN E

o RALE APL, WREGEREA TR, MEGAEHEE. S7E4R T A pyunstable HIEEAK
c.

o LR API, FEZMRERAZ A . A EFpy_LivITED_APT K, HABMFHEEHE python.h
/A\Fiﬁo

T A e i LB

e KBRS FLA API (private API), 182 Py_InternalState, BI{ffERE T R4S (patch release)
H AT RERE T, A A TIEA . QAR TS B S M APL, ] DABHE] CPython B %5 [EIBF3HURI% f
TR A 7R BT A B APL,

21 i858 C API

R PA PyUnstanle Bi% 4 i) APL#R @2 B CPython B{AFANHE, (EVT BETEAS (I Y 2 MUAS itk A7 3 0
(it 3.9 % ?10) , MR HBUEME R %5, HET AR GEMRIEEEMRA T A8l (Gl
3.10.0 2 3.10.1),

B R TR, franfasias.
(I APT (3 22 RS 2504 0 CPython BHEEAN, [EITEBEAIMY JI SR 8B LU B MR 4

22 BENEAEX ZEMNTT

[V B L, ASSCPF stk 7 (extension), {HAZFR API IR ABLFENTA AP I 7 =X sk DAAHIR 09 75
REAE -- BlUAEHR AR Python (embedding Python) 1.,

13
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2.2.1 R C API

Python 3.2 3| A T % & API (Limited API), ‘2 Python C AP {{y—(8 T-4. (#{f HI3Z IR AP A3 77T DA K
G — YOI A 2 5 A1 Python. 32 API EZ 7] 2 F 7
Py LIMITED_API

FEALE Python. h Z il E FeIL ELAEDAERE LU 32 K APT,  (EJBLiESZ I API A .

#§ Py_LIMITED_APT 7 FEESEME MR A SR 155K Python A py_vErRsTON_rEx {H. 34K
FEBLAE I A BRART T A Python 3 iR Z ABLAHZS, [ELELWT AR & RAG T AMZ IR APLL

BHH ] pY_VERSTION_HEX FE4E, AUNEIIL (hardcode) fie/ MR ERRAS (14t 5% Python 3.10 1y
0x03020000), PAEAEfH AR HIY Python WA A T 4 e A7) DA A

YRiE AT DA py_LIMITED_APT EFK(F 3, iEEL 0x03020000 (Python 3.2, 3| A T ZFE API [ iiA)
AHTH

2.2.2 25 ABI

[E]TH8E, Python $2fit {48 € ABI (Stable ABI): —#L/I{E4 1 Python 3.x fRAZ [HIf&+F ABI A%
AT -

L i

The Stable ABI prevents ABI issues, like linker errors due to missing symbols or data corruption due to changes in
structure layouts or function signatures. However, other changes in Python can change the behavior of extensions.
See Python’s Backwards Compatibility Policy (PEP 387) for details.

T ABLYHL SR 2 I APT BN AT 9T, (H Ot & HARAT ST - 1A, STRETZ IR AP B b5 iy R 2

7t Windows |, i JIH% & ABI [ 9 72 JfE 7% 3 #2 3| python3.dll MM A 2 K¢ & BOA Y i =08, 5140
python39.d11,

FEHLEF-5 |, Python ¥ A [EINHDA abi3 BRI 44 i 3L 2 A % (B0 mymodule.abi3.so) .
B IR TSR AT A TE R ABL FECRAIAEAEM A (BETRTR) & b, Blnei 3.10+ %2
B APT 72 i 3 S A Er B IR A Y Python i Z24€

T&sE ABL T i ek AR EE R X AETE 7 Python (3= pR=0Eh, MAERIERE . S e bl
JRAAGEA] C FEBE LSS (preprocessor) fYHA T -

2.2.3 SR API sEEFIMEE
PR API ) R fo i I 52800 C APL A7 T RERERAE, AT RE GG .

B, BESRkpyrist _cetrtem() WM, HEM (N4l BEGSEMEryrise_cer 11EM() [EIRTTH. B4
TEATRI DA H, PREVE w] DA List H0 14 ) 45 o B A B VR o

IHREA 56 py_LIMITED_APT, —U8 C API R oiimm ABigi & FFE4. 3% py LIMITED_API &
R, EMEEE Python R MR BOE MR SR e M, (En] G &AL e .

IH A py_LIMITED_APT E%, W LAGEAIAFEMASH) ABI ik sz R APL i 7E. 18 T DAS 5% Python it
ARPERE, HEBRHAAYE. (00 py_vmvrTeED_apT s I —REE, AT DATERFE BUAS 3 SEA T
FHI T AT B4, i R 81517 Python MUANH FEEAT A (prerelease).

2.24 %R API XEER

FETE R, i py_LIMITED_APT MEfT 4R 1 58 P Ris A AT & < % API 845 7€ ABI, Py_LIMITED_API
R ES, (0 APL B bS8, BT EES% (semantic).

Py_LIMITED_APT IR I — (Al [ A2 4 I FE B Python A S8y | ORI L R 5 i1 2n— 11 )
Uiz nunL FEE)S | B e, 7 Python 3.9 v, wurn BIfE A FEERRATIE], {H7E Python 3.8 1, 5]
AFRCEIEMN . BE nuLL HUH 2 8 (dereference) L (crash). JELAK S | Bl H R 5645 (struct) AAHAL .
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B MR, ¥AEF Py LIMITED APT W, —UEZERERIGL H HiA Erokhsme, RPaie 226 API (¥

HE LR, FAM R AT SR I AT A U Python MUAACGHIER I T, [E)H A 08 ) S AR A i A T
H.

Mt R EA R A 0 E A APL B9 SO, A B 2 4 Bk B it 52 R APL. Bl il 5E 5%
Py LIMITED_APT, —S&fAG MM & IR AT A (uliar H 2 2 maish, BlaRa) mgn B
He

R, %8R APL A—E @R EN): 7E Python 3.8 i {ii lf py_LIMITED_APT AT 4k 2 M & I 7oA 6B
DA Python 3.12 17, {HA—iEHELA Python 3.12 4 2% . HHE 2 WIS ABI A8 &, #B4 2R API 7]
e e AE .

23 ERERER
ABIFE A EIRET Python, 2 IUER G ) Awsstas . AR b 2B AN A s 28 IEL. S 2 ABI I H
(Y, SELEAEESE T (PG L e I R 3 R SRR R PR

£ 2 i Python #§71 # 40 B AT (4% 2 7 & LR BT Python HUAERARBIERE & ABI iy N .
python.org FIFFE 5 =5 84 % 41 Windows 1 macOS A2 i T E.

2.4 ZFR APl BEI&
H, 2R APLALEA T IRH

e PY VECTORCALL ARGUMENTS_ OFFSET
e PyAlter Check ()

e PyArg Parse()

e PyArg ParseTuple ()

e PyArg ParseTupleAndKeywords ()

e PyArg UnpackTuple ()

e PyArg VaParse ()

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

e PyBool_FromLong()

e PyBool_ Type

e PyBuffer FillContiguousStrides ()
e PyBuffer FillInfo()

e PyBuffer_ FromContiguous ()

e PyBuffer GetPointer()

e PyBuffer_ IsContiguous ()

e PyBuffer Release ()

e PyBuffer_ SizeFromFormat ()

e PyBuffer_ ToContiguous ()

e PyByteArrayIter_ Type
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PyByteArray_ AsString/()
PyByteArray_Concat ()

PyByteArray_ FromObject ()

PyByteArray_ FromStringAndSize ()

PyByteArray_Resize ()
PyByteArray_Size ()
PyByteArray_ Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()
PyBytes_Size()
PyBytes_Type

PyCFunction
PyCFunctionFast
PyCFunctionFastWithKeywords
PyCFunctionWithKeywords
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEXx ()
PyCFunction_Type
PyCMethod_New ()
PyCallIter_New/()
PyCallIter_ Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_GetDestructor ()

PyCapsule_GetName ()

16
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PyCapsule_GetPointer ()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New ()

PyCapsule_SetContext ()

PyCapsule_SetDestructor ()

PyCapsule_SetName ()
PyCapsule_SetPointer ()
PyCapsule_Type

PyClassMethodDescr_Type

PyCodec_BackslashReplaceErrors ()

PyCodec_Decode ()
PyCodec_Decoder ()
PyCodec_Encode ()
PyCodec_Encoder ()

PyCodec_IgnoreErrors ()

PyCodec_IncrementalDecoder ()

PyCodec_IncrementalEncoder ()

PyCodec_KnownEncoding ()

PyCodec_LookupError ()

PyCodec_NameReplaceErrors ()

PyCodec_Register ()
PyCodec_RegisterError ()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamWriter ()
PyCodec_StrictErrors ()

PyCodec_Unregister()

PyCodec_XMLCharRefReplaceErrors ()

PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble ()
PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type

PyDictIterItem_ Type
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PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem_Type
PyDictRevIterKey_ Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString ()
PyDict_GetItem()
PyDict_GetItemRef ()
PyDict_GetItemString/()
PyDict_GetItemStringRef ()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeq2 ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString/()
PyDict_Size()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type
PyErr_BadArgument ()
PyErr_BadInternalCall ()
PyErr_CheckSignals ()
PyErr_Clear()
PyErr_Display ()

PyErr_DisplayException ()
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e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr FormatV()

e PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GetRaisedException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()

e PyErr Print()

e PyErr PrintEx()

e PyErr_ ProgramText ()

e PyErr ResourceWarning()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

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

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

e PyErr SetInterruptEx()

e PyErr SetNone ()

e PyErr SetObject ()

e PyErr SetRaisedException ()

e PyErr SetString()

e PyErr SyntaxLocation()

24. TR APIBERE
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PyErr_SyntaxLocationEx ()
PyErr_WarnEx ()

PyErr _WarnExplicit ()
PyErr_WarnFormat ()

PyErr _WriteUnraisable ()
PyEval AcquireThread()
PyEval_EvalCode ()
PyEval_EvalCodeEx ()
PyEval_EvalFrame ()
PyEval_EvalFrameEx ()
PyEval_GetBuiltins()
PyEval_GetFrame ()

PyEval_ GetFrameBuiltins ()
PyEval_GetFrameGlobals ()
PyEval_GetFrameLocals ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_ InitThreads()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning

PyExc_EOFError
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PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError

PyExc_SystemExit

2.4.
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PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError

PyExc_UnicodeTranslateError

PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetArgs ()
PyException_GetCause ()

PyException_GetContext ()

PyException_GetTraceback ()

PyException_SetArgs ()
PyException_SetCause ()

PyException_SetContext ()

PyException_SetTraceback ()

PyFile_ FromFd/()
PyFile_GetLine()
PyFile_WriteObject ()
PyFile_WriteString/()
PyFilter Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString()
PyFloat_GetInfo()
PyFloat_GetMax ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()

PyFrozenSet_New ()
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e PyFrozenSet_Type

e PyGC_Collect ()

e PyGC_Disable ()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState_ GetThisThreadState ()
e PyGILState_Release ()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()

e PyImport_AddModuleRef ()

e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTag()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock ()
e PyImport_ReloadModule ()

e PyIndex_Check ()

e PyInterpreterState

e PyInterpreterState_Clear ()

e PyInterpreterState_Delete ()

e PyInterpreterState_Get ()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()
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e PyInterpreterState_New ()

e Pylter_Check ()

e PyIlter Next ()

e Pylter Send()

e PyListIter_Type

e PyListRevIter_Type

e PyList_Append()

e PyList_AsTuple()

e PyList_GetItem()

e PyList_GetItemRef ()

e PyList_GetSlice ()

e PyList_Insert ()

e PyList_New()

e PyList_Reverse()

e PyList_SetItem()

e PyList_SetSlice()

e PyList_Size()

e PyList_Sort ()

e PyList_Type

e PyLongObject

e PyLongRangelIter_ Type

e PyLong AsDouble ()

e PyLong_AsInt ()

e PyLong_AsLong ()

e PyLong_ AsLongAndOverflow ()
e PyLong_ AsLongLong ()

e PyLong_ AsLongLongAndOverflow()
e PyLong AsSize_t ()

e PyLong_AsSsize_t ()

e PyLong_AsUnsignedLong ()

e PyLong_AsUnsignedLongLong ()
e PyLong_AsUnsignedLongLongMask ()
e PyLong_AsUnsignedLongMask ()
e PyLong_ AsVoidPtr ()

e PyLong_FromDouble ()

e PyLong FromLong ()

e PyLong_ FromLongLong ()

e PyLong_ FromSize_t ()

e PyLong_FromSsize_t ()
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e PyLong FromString ()

e PyLong_FromUnsignedLong ()

e PyLong_FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

e PyLong_GetInfo()

e PyLong Type

e PyMap_Type

e PyMapping_Check ()

e PyMapping_GetItemString ()

e PyMapping_GetOptionalltem()
e PyMapping_GetOptionalltemString()
e PyMapping_HasKey ()

e PyMapping_HasKeyString/()

e PyMapping_HasKeyStringWithError ()
e PyMapping_HasKeyWithError ()
e PyMapping_Items ()

e PyMapping_Keys ()

e PyMapping_Length ()

e PyMapping_SetItemString ()

e PyMapping_Size ()

e PyMapping_Values ()

e PyMem Calloc ()

e PyMem Free()

e PyMem Malloc ()

e PyMem RawCalloc ()

e PyMem RawFree ()

e PyMem RawMalloc ()

e PyMem RawRealloc ()

e PyMem Realloc ()

e PyMemberDef

e PyMemberDescr_Type

e PyMember_GetOne ()

e PyMember_SetOne ()

e PyMemoryView_FromBuffer ()

e PyMemoryView_FromMemory ()

e PyMemoryView_FromObject ()

e PyMemoryView_GetContiguous ()
e PyMemoryView_Type

e PyMethodDef

24. TR APIBERE
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e PyMethodDescr_Type

e PyModuleDef

e PyModuleDef_ Base

e PyModuleDef_ Init ()

e PyModuleDef_ Type

e PyModule_ Add()

e PyModule_AddFunctions()

e PyModule_ AddIntConstant ()
e PyModule_AddObject ()

e PyModule_ AddObjectRef ()

e PyModule_AddStringConstant ()
e PyModule AddType ()

e PyModule_ Createl()

e PyModule_ ExecDef ()

e PyModule_ FromDefAndSpecZ ()
e PyModule_ GetDef ()

e PyModule_GetDict ()

e PyModule_GetFilename ()

e PyModule_ GetFilenameObject ()
e PyModule_GetName ()

e PyModule_GetNameObject ()

e PyModule_GetState()

e PyModule_ New ()

e PyModule_NewObject ()

e PyModule_SetDocString()

e PyModule Type

e PyNumber_Absolute ()

e PyNumber_Add ()

e PyNumber_And ()

e PyNumber_AsSsize_t ()

e PyNumber_Check ()

e PyNumber_Divmod ()

e PyNumber_ Float ()

e PyNumber_ FloorDivide ()

e PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_ InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
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PyNumber_InPlaceMultiply ()

PyNumber_InPlaceOr ()

PyNumber_InPlacePower ()

PyNumber_InPlaceRemainder ()

PyNumber_InPlaceRshift ()

PyNumber_InPlaceSubtract ()

PyNumber_InPlaceTrueDivide ()

PyNumber_InPlaceXor ()
PyNumber_Index ()
PyNumber_Invert ()
PyNumber_Long ()

PyNumber_Lshift ()

PyNumber MatrixMultiply ()

PyNumber_ Multiply ()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive ()
PyNumber_Power ()
PyNumber_Remainder ()
PyNumber_ Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork()
PyOS_AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred ()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t

PyOS_snprintf ()
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PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsFileDescriptor()
PyObject_Bytes ()
PyObject_Call ()

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc ()
PyObject_CheckBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelAttr ()
PyObject_DelAttrString ()
PyObject_DelItem()
PyObject_DelltemString ()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr ()
PyObject_GenericSetDict ()
PyObject_GetAIter ()

PyObject_GetAttr ()
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e PyObject_GetAttrString()

e PyObject_GetBuffer ()

e PyObject_GetItem()

e PyObject_GetIter()

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

e PyObject_HasAttr ()

e PyObject_HasAttrString/()

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

e PyObject_HashNotImplemented ()
e PyObject_Init()

e PyObject_InitVar()

e PyObject_IsInstance()

e PyObject_IsSubclass ()

e PyObject_IsTrue ()

e PyObject_Length ()

e PyObject_Malloc /()

e PyObject_Not ()

e PyObject_Realloc ()

e PyObject_Repr()

e PyObject_RichCompare ()

e PyObject_RichCompareBool ()
e PyObject_SelfIter()

e PyObject_SetAttr()

e PyObject_SetAttrString/()

e PyObject_SetItem()

e PyObject_Size()

e PyObject_Str()

e PyObject_Type ()

e PyObject_Vectorcall ()

e PyObject_VectorcallMethod()
e PyProperty_ Type

e PyRangelter_ Type

e PyRange_Type

e PyReversed_Type

e PySeqlter_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_In ()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type
PySet_Add ()
PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()
PySet_Pop ()
PySet_Size()
PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices()
PySlice_GetIndicesEx ()
PySlice_New/()
PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()

PyState_RemoveModule ()
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e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
e PyStructSequence_New ()

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

e PySys_Audit ()

e PySys_AuditTuple()

e PySys_FormatStderr ()

e PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions ()

e PySys_ResetWarnOptions ()

e PySys_SetArgv ()

e PySys_SetArgvEx()

e PySys_SetObject ()

e PySys_WriteStderr ()

e PySys_WriteStdout ()

e PyThreadState

e PyThreadState_Clear ()

e PyThreadState_Delete ()

e PyThreadState_Get ()

e PyThreadState_GetDict ()

e PyThreadState_GetFrame ()

e PyThreadState_GetID()

e PyThreadState_GetInterpreter()
e PyThreadState_New ()

e PyThreadState_SetAsyncExc ()
e PyThreadState_Swap ()

e PyThread_GetInfo ()

e PyThread ReInitTLS ()

e PyThread_acquire_lock ()

e PyThread_acquire_lock_timed()
e PyThread_allocate_lock()

e PyThread_ create_key ()

e PyThread_delete_key ()

e PyThread _delete_key_value ()
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PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value ()
PyThread_get_stacksize ()
PyThread_get_thread_ident ()
PyThread_get_thread_native_id()
PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create()
PyThread_tss_delete ()
PyThread_tss_free()
PyThread_tss_get ()
PyThread _tss_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New ()
PyTuple_Pack ()
PyTuple_SetItem()
PyTuple_Size ()
PyTuple_Type

PyTypeObject
PyType_ClearCache ()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc ()
PyType_GenericNew ()
PyType_GetFlags ()

PyType_GetFullyQualifiedName ()
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e PyType GetModule ()

e PyType_GetModuleByDef ()

e PyType_ GetModuleName ()

e PyType GetModuleState ()

e PyType_GetName ()

e PyType_ GetQualName ()

e PyType GetSlot ()

e PyType_GetTypeDataSize ()

e PyType_IsSubtype ()

e PyType Modified()

e PyType_Ready ()

e PyType_Slot

e PyType_ Spec

e PyType Type

e PyUnicodeDecodeError_Create ()

e PyUnicodeDecodeError_GetEncoding ()
e PyUnicodeDecodeError_GetEnd/()

e PyUnicodeDecodeError_GetObject ()

e PyUnicodeDecodeError_GetReason ()

e PyUnicodeDecodeError_GetStart ()

e PyUnicodeDecodeError_SetEnd/()

e PyUnicodeDecodeError_SetReason ()

e PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd()

e PyUnicodeEncodeError_GetObject ()

e PyUnicodeEncodeError_GetReason ()

e PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd()

e PyUnicodeEncodeError_SetReason ()

e PyUnicodeEncodeError_SetStart ()

e PyUnicodeIter_Type

e PyUnicodeTranslateError_GetEnd()

e PyUnicodeTranslateError_GetObject ()
e PyUnicodeTranslateError_GetReason ()
e PyUnicodeTranslateError_GetStart ()
e PyUnicodeTranslateError_SetEnd()

e PyUnicodeTranslateError_SetReason ()

e PyUnicodeTranslateError_SetStart ()
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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 ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()

PyUnicode_DecodeRawUnicodeEscape ()
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e PyUnicode_DecodeUTF16 ()

e PyUnicode_DecodeUTF16Stateful ()
e PyUnicode_DecodeUTF32 ()

e PyUnicode_DecodeUTF32Stateful ()
e PyUnicode_DecodeUTF7()

e PyUnicode_DecodeUTF7Stateful ()
e PyUnicode_DecodeUTFS8 ()

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

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale ()

e PyUnicode_EqualToUTF8 ()

e PyUnicode_EqualToUTF8AndSize ()
e PyUnicode_FSConverter ()

e PyUnicode_FSDecoder ()

e PyUnicode_Find()

e PyUnicode_FindChar ()

e PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()
e PyUnicode_FromFormat ()

e PyUnicode_FromFormatV ()

e PyUnicode_FromObject ()

e PyUnicode_FromOrdinal ()

e PyUnicode_FromString()

e PyUnicode_ FromStringAndSize ()
e PyUnicode_FromWideChar ()

e PyUnicode_GetDefaultEncoding()
e PyUnicode_GetLength ()

e PyUnicode_InternFromString ()

e PyUnicode_InternInPlace()

e PyUnicode_IsIdentifier()

e PyUnicode_Join ()

e PyUnicode_Partition()

e PyUnicode_RPartition()

e PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

e PyUnicode_Replace()

e PyUnicode_Resize ()
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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_ GetRef ()
PyWeakref_ NewProxy ()
PyWeakref_ NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py_BLOCK_THREADS
Py_BuildValue ()

Py _BytesMain ()

Py CompileString()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()

Py _EnterRecursiveCall ()
Py Exit ()
Py_FatalError()
Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding

Py _Finalize()
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Py FinalizeEx()

Py _GenericAlias ()

Py _GenericAliasType
Py_GetBuildInfo ()

Py _GetCompiler ()
Py_GetConstant ()
Py_GetConstantBorrowed ()
Py_GetCopyright ()

Py _GetExecPrefix()

Py _GetPath ()

Py _GetPlatform()

Py _GetPrefix()
Py_GetProgramFullPath ()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()
Py _GetVersion ()
Py_HasFileSystemDefaultEncoding
Py_IncRef ()

Py Initialize()

Py InitializeEx()

Py Is()

Py_IsFalse()

Py IsFinalizing()

Py IsInitialized()
Py_IsNone ()

Py_IsTrue ()

Py LeaveRecursiveCall ()
Py _Main ()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter ()

Py _ReprLeave ()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()
Py_UCS4

Py _UNBLOCK_THREADS

24.
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Py_UTF8Mode
Py_VaBuildValue ()
Py Version
Py_XNewRef ()
Py_buffer
Py_intptr_t

Py ssize_t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getbufferproc
getiterfunc
getter

hashfunc
initproc

inquiry
iternextfunc
lenfunc

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

traverseproc
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e unaryfunc
e vectorcallfunc

e visitproc
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CHAPTER 3

The Very High Level Layer

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

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

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

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

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

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

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

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

O HE

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_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

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

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

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

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

Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys.ps1 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)
[F)2 5 ABI [f)—734>. 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.

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

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

Can be set to point to a function with the prototype char *func (FILE *stdin, FILE *stdout, char
*prompt ), overriding the default function used to read a single line of input at the interpreter’s prompt. The
function is expected to output the string prompt if it’s not NULL, and then read a line of input from the provided
standard input file, returning the resulting string. For example, The read1line 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.

Tr 3.4 W45 55 The result must be allocated by PyMem_RawMalloc () or PyMem_RawRealloc (), instead
of being allocated by PyMem Malloc () or PyMem Realloc ().

JE 3.12 JiR 5% 55 This function is only called from the main interpreter.
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PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *1ocals)

E4% 14 #ay %P4, 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)
EI421E: Fray % B&, Execute Python source code from sir in the context specified by the objects globals
and locals with the compiler flags specified by flags. globals must be a dictionary; locals can be any object that
implements the mapping protocol. The parameter start specifies the start token that should be used to parse
the source code.

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

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

E{E4E: # ey %%, This is a simplified interface to PyRun_FileExFlags () below, leaving closeit set to
0 and flags set to NULL.

PyObject *pyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals, int
closeit)

& 1E: #6448, This is a simplified interface to PyRun_FileExFlags () below, leaving flags set to
NULL.

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
EIM& 14 #7844 8%, 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 1% 14 : #7649 % B4, Similar to PyRun_StringFlags (), but the Python source code is read from fp instead

of an in-memory string. filename should be the name of the file, it is decoded from the filesystem encoding
and error handler. If closeit is true, the file is closed before PyRun_FileExFlags () returns.

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

EMEAE : #rhg 408, [FFE5E ABI[)—04). This is a simplified interface to Py._CompileStringFlags ()
below, leaving flags set to NULL.

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

B4R 18 . #7444 88, This is a simplified interface to Py_CompileStringExFlags () below, with optimize
set to —1.

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags, int
optimize)
EIM&1H: #rhy 4 8%, 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 -0 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 FRBNA.

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

E{4E: #FHey %R, Like Py _CompileStringObject (), but filename is a byte string decoded from the
filesystem encoding and error handler.

1E 3.2 iRBIA.
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PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)

EARAE: #rag 48, [EiSE ABI [)—f4). This is a simplified interface to PyEval EvalCodeEx (),
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)
EARAE: Frag 40, [DFEE ABI #3747, Evaluate a precompiled code object, given a particular en-
vironment for its evaluation. This environment consists of a dictionary of global variables, a mapping object
of local variables, arrays of arguments, keywords and defaults, a dictionary of default values for keyword-only
arguments and a closure tuple of cells.
PyObject *PyEval_EvalFrame (PyFrameObject *f)
EMR G ey 2 8g, [EfEE ABI[Y-#54>. Evaluate an execution frame. This is a simplified interface to
PyEval_EvalFrameEx (), for backward compatibility.

PyObject *PyEval_EvalFrameEx (PyFrameObject *{, int throwflag)
=% AE : Fray 404, [F)f5 2 ABI[¥)- %/ 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 {R[{)%# 58 This function now includes a debug assertion to help ensure that it does not silently discard
an active exception.

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

int Py_eval_input
The start symbol from the Python grammar for isolated expressions; for use with pPy_CompileString().
intPy file_input
The start symbol from the Python grammar for sequences of statements as read from a file or other source; for
use with Py CompileString (). This is the symbol to use when compiling arbitrarily long Python source
code.
int Py_single_input
The start symbol from the Python grammar for a single statement; for use with Py_CompileString (). This
is the symbol used for the interactive interpreter loop.
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 *flags iS NULL, cf_flags is treated as equal to 0, and any modification
dueto from __ future_  import is discarded.

int c£_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 flagis setin cf_flags.
TE 3.8 IRAISETE: 1 of feature_version FR{V .
The available compiler flags are accessible as macros:

PyCF_ALLOW_TOP_LEVEL_AWAIT
PyCF_ONLY_AST
PyCF_OPTIMIZED_AST
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PyCF_TYPE_COMMENTS
See compiler flags in documentation of the ast Python module, which exports these constants under the
same names.

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 IR L Python W01 2 IR HEC
Py_ssize_t Py_REFCNT (PyObject *0)
AP 0 12 IREHL

PR, AT REE R EIRN OB R RAT T 2 Dt 2 . i, FREeiibE [ Rk
g (immortal) ), BIHEAAEFE B2 HEHE, AREMME R 2 . Fik, BT 08k 1 PASH,
AT PV EE A TR

iy _ser_rEFenT () ERAEOEYFS G
TE 3.10 iR Py reEFenT () FERESTFEIEI#E KL (inline static function).
TE 311 R E: 2HAEARFRE const Pyobject*,
void Py_SET_REFCNT (PyObject *0, Py_ssize_t refcnt)
BUEPIT 0 12 BT
On Python build with Free Threading, if refcnt is larger than UINT32_MAX, the object is made immortal.
R, SR T R B R 2.
1E 3.9 IRPMA.
15 3.12 RS B AR E B
void Py_ INCREF (PyObject *0)
REBSEAYIE o WFE 408, RIVE IEAE 6 R RER 85 ().
AR, MR TR YA 2
1 b 3 S PP A 15 7 % 12 JLHD, (in-place) BHFIEIE] 4 88 . Py vewrer () pRUR] A BT HTHIE 4

Rg o

e %, B Py pECREF () KFBEIE .

ZYEABEE nuLL s QSRR REE AR NULL, S Py xTNCREF () .
RENEE bk X DM 7 sNE B I 0, 2 /D3R St U sR(E], ok sUEA AR
TE 312 JUPSEEE: AN G sk
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void Py_XINCREF (PyObject *0)
Bipy_ rncrer () ML, BP0 AT wure, FEREE N A ETACR .
§%§§E%Py_XNewRef()o

PyObject *Py_NewRe£ (PyObject *0)

TE ABLI—E> B 3.10 RO BYE. BT EWIAFRHIE 4 08 it o BRI Py 1nerEF () [E[A1{EY)
% o,

WANFHREE 4Ry, EHHEIEN Py pECREF () DAREIGZZ .
YE o AREE] nunL; fSRE o WA nuLL, H#E Py xnewrer ().
S5 AR [E] -

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

AT PARS I

[self—>attr = Py_NewRef (obj);

Ak 2EPry_INCREF (),
TE 3.10 Hglm A

PyObject *Py_XNewRe£ (PyObject *0)
)i ABLIY—#85r B 3.10 Wk M44. Biry newres () BfBL, {B¥1{4 o W PAIE) NULL.
WA o [F] vurr,  HIIG% oA =04 Bl nuLL,
1E 3.10 A
void Py_DECREF (PyObject *0)
FEHC— B o WIE %08, RFEZB IR GHGMEA
PR, SRR TR HEE .

SRR —HE] 4 e loRE i (BN R0 2 BERTEOE 21 ), R g s ¢k 2 4B ik R 5X (deallocation
function) (ANFHE nULL),

1 R 3 B AR R 1 ek i (B ] 4 18
YRR nuLL s WERARAHEE B A2 NULL, #5IUH Py _XDECREF (),
ANELE R A DT T R B 0, 2B el sk(E], ek R EA TR

A g

FE R 3T DAL EUT % Python AR ABWGR A (B0, EREMEA __del O FIEREEIE
) o BESR AR CHS F A B A Erpl i i 2, H AT AR SKAS T DA H A7 BUIT A Python 4=
WA BRI py_DECREF () Z W, T A A IE s SO B AT AT A T I B A — BUIR R
B, 4 list HrE 20 AR RS HE S B R 40 2 BRI B S, S0 List ZORMEE
RZ B 5 B I Py_DECREF () .

T 3.12 SRS TE: R el
void Py_XDECREF (PyObject *0)

Mpy_pecrer () L, (HEZ90 (47T AR wooe, fEiE M E T ELAEMEN. 768 EHW & b8

Hipy pEcrEF () MR .
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void Py_CLEAR (PyObject *0)

BEHCE W1 0 W] 2 0e, @29 (F 7] G2 wuLs, TEEREEE N ELAEMEN; B, SOk
#ipy pecrer () M, BRAES BB E R NULL, Py DECREF () B AT FMEE R I,
EARAE R 2 B2 1 I Lot 01D B e 5 BB 5 | B () o

B R I W (garbage collection) ][] AT RE R R 21 2 B 1 2 BRI, (0 L EL 4621
HFEE.

TE 3.12 U5 B4 | OB @ DR E (evaluate) — Y. RS | oA HABEI(ERT, HIA 1 E(E
TR

void Py_IncRef (PyObject *0)

[EVfE 5 ABI ) —370. ACRBUS A o El 412, Py xINCREF () HIBREAS . ‘B 7 F i Python
F{) runtime B BB A .

void Py_DecRef (PyObject *0)

[Ef55E ABL iy 5. FERCEIME o W) 404, py_xpmcrer () IBRaIRAS. 0T A Python
runtime B fE R A o

Py_SETREF (dst, src)
B A MR HCEA I dst 1(E] % e (BN dst 3EE(E] sre.
Hipy crear () WTEE—FE, THIBER ) U85 T A2 B -

Py_DECREF (dst) ;

dst = src;

7 Y | =

LA RE:
[Py_SETREF (dst, src); }

1B G AE BEHCE dst BEEI R M _ 200 _ A% dst $EE) sre, (AR dse Bl G 0 A 2 1) AT AT A
(side-effect) Z FEAMGA G AHAE dst 245 0 — R A W14

1E 3.6 iRBIA.
15 3.12 M8 ELAES | OB B G ORIk . RS o HALRIE A, R PR EE A

Py_XSETREF (dst, src)
Py SETREF ELAEEYEE S5 Py _XxDECREF () Ti3dEPy_DECREF () .

1E 3.6 JRBMA.
TE 3.12 MRS BT | MBI G ROR E— . QRS [ #o HA R, R E R
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CHAPTER B

Bl5h R

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

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

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

O f#il

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

5.1 Printing and clearing

void PyErr_Clear ()
B 52 ABI [)-—38%). Clear the error indicator. If the error indicator is not set, there is no effect.
void PyErr_PrintEx (int set_sys_last_vars)

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

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

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

void PyErr_Print ()

[EJfE ¢ ABI B4y PyErr_PrintEx (1) EI4.

void PyErr_WriteUnraisable (PyObject *obj)

[E2 5 ABI [1)—4y. Call sys.unraisablehook () using the current exception and obj argument.

This utility function prints a warning message to sys.stderr when an exception has been set but it is im-
possible for the interpreter to actually raise the exception. It is used, for example, when an exception occurs
inan__del__ () method.

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

An exception must be set when calling this function.

JE 3.4 JR[¥)%% 55 Print a traceback. Print only traceback if obj is NULL.
FE 3.8 fRA5EH: {fi[f] sys.unraisablehook (),

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

Similar to PyErr WriteUnraisable (), but the format and subsequent parameters help format
the warning message; they have the same meaning and values as in PyUnicode FromFormat ().
PyErr_WriteUnraisable (obj) is roughly equivalent to PyErr FormatUnraisable ("Exception
ignored in: %R", obj). If formatis NULL, only the traceback is printed.

e 3.13 HRAFIA.

void PyErr_DisplayException (PyObject *exc)

[EE & ABI [—#04> B 3.12 45 A B 44, Print the standard traceback display of exc to sys.stderr,
including chained exceptions and notes.

1E 3.12 FGmA.

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)

[EJfZ 5 ABI [1%)-—#54>. 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_1TNCREF ()). The second argument is an error message; it is
decoded from 'utf-8'.

void PyErr_SetObject (PyObject *type, PyObject *value)

[E)fZ 5 ABI f—3%4). 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, ...)

EI42 15 4% [F) NULL. [E)iE5E 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.
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PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)

EM& 8 482 [F) NULL, B85 ABL(1—454) & 3.5 B A B44. Same as PyErr Format (), but taking
ava_list argument rather than a variable number of arguments.

TE 3.5 iR A.
void PyErr_SetNone (PyObject *type)
Z ¢ ABI [0y This is a shorthand for PyErr_SetObject (type, Py_None).

int PyErr_BadArgument ()
[E)i% 2 ABI [ — (4. This is a shorthand for PyErr_SetString (PyExc_TypeError, message),
where message indicates that a built-in operation was invoked with an illegal argument. It is mostly for internal
use.

PyObject *PyErr_NoMemory ()
B AR A 4 R NULL, [EfE & ABL @) — 3 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)

EME1E: 4% [F) NULL. [EVf5 52 ABI (1345 This is a convenience function to raise an exception when
a C library function has returned an error and set the C variable errno. It constructs a tuple object whose
first item is the integer errno value and whose second item is the corresponding error message (gotten from
strerror()), and then calls PyErr_SetObject (type, object). On Unix, when the 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)

w421 4% [F) NULL, [E)iS 7 ABI [1—B4%y. 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)

ERPESR R - NULL, [F)i& %€ ABL ) — %84 & 3.7 B A B 4.  Similar to
PyErr SetFromErrnoWithFilenameObject (), but takes a second filename object, for raising
errors when a function that takes two filenames fails.

TE 3.4 RO A.
PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
oA fEr B R NULL, [ & ABI 1 — # 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)

B AR5 42 [F) NULL, [Ff& 52 ABIL [#)—3#%B%> on Windows & 3.7 #5 A B 44. This is a convenience
function to raise 0OSError. If called with ierr of 0, the error code returned by a call to GetLastError () is
used instead. It calls the Win32 function FormatMessage () to retrieve the Windows description of error code
given by ierr or GetLastError (), then it constructs a OSError object with the winerror attribute set to the
error code, the st rerror attribute set to the corresponding error message (gotten from FormatMessage () ),
and then calls PyErr_SetObject (PyExc_OSError, object). This function always returns NULL.

1% FH: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

=) A% 15 48 5% [F) NULL, [EVi5 5 ABIL ) — %5 %> on Windows @ 3.7 #& & Bl 45. Similar to
PyErr SetFromWindowsErr (), with an additional parameter specifying the exception type to be raised.

1% JH: Windows.
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PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

4% 15: 48 % [F] NULL, [F)f& ¢ ABI [ — %4 on Windows & 3.7 #& A B 45. Similar to
PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is decoded
from the filesystem encoding (os . £sdecode () ) and passed to the constructor of OSError as a third param-
eter to be used to define the £ilename attribute of the exception instance.

¥ Jf: Windows.
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

= A2 g 4 % [F) NULL, [BViS 5 ABI [# — 354 on Windows & 3.7 & A B 44. Similar to
PyErr SetExcFromWindowsErr (), with the additional behavior that if filename is not NULL, it is passed to
the constructor of OSError as a third parameter to be used to define the f£ilename attribute of the exception
instance.

i JH: Windows.
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)
AL 48 % [F) NULL, [Bf5 5 ABI (1) &5 4> on Windows & 3.7 B A P 44. Similar to
PyErr SetExcFromWindowsErriWithFilenameObject (), butaccepts a second filename object.

1% FH: Windows.
T 3.4 JRBmA.

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

©) 4% {5 4 % [F) NULL. [E)f5 & ABI [ %) on Windows & 3.7 #& & B 45. Similar to
PyErr_SetFromWindowsErrWithFilename (), with an additional parameter specifying the exception
type to be raised.

1% F: Windows.

PyObject *PyErr_SetImportError (PyObject ¥msg, PyObject *name, PyObject *path)

E%1E: 4% [F NULL, [FRE2 ABI [W—35% & 3.7 #2 A Bi+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.

1E 3.3 A
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject ¥msg, PyObject *name, PyObject
*path)
B %44 : 482 [F) NULL, [E)iE5 ABI (1334 & 3.6 B A B44. Much like PyErr SetImportError ()
but this function allows for specifying a subclass of ImportError to raise.

T 3.6 HUGA.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

Set file, line, and offset information for the current exception. If the current exception is not a SyntaxError,
then it sets additional attributes, which make the exception printing subsystem think the exception is a
SyntaxError.

1E 3.4 JRBA.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
[BiEE ABI B3 & 3.7 e ANB44. Like PyErr SyntaxLocationObject (), but filename is a byte
string decoded from the filesystem encoding and error handler.

1E 3.2 A

void PyErr_SyntaxLocation (const char *filename, int lineno)

[E% 5 ABI 14y, Like PyErr SyntaxLocationEx (), but the col_offset parameter is omitted.
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void PyErr_BadInternalCall ()

[E)iE & ABI 1 -¥l4>. 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. (Itis 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)

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

Warning categories must be subclasses of PyExc_Warning; PyExc_Warning is a subclass of
PyExc_Exception; the default warning category is PyExc_RuntimeWarning. The standard Python 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.

1E 3.4 HRPTA.

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

[Ff2 52 ABI [#)—#4y. Similar to PyErr_WarnExplicitObject () except that message and module are
UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.
int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)

Z ¢ ABI [ —%4>. Function similar to PyErr warnEx (), but use PyUnicode_FromFormat () to
format the warning message. format is an ASCII-encoded string.

1E 3.2 A
int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
% ABI [1)-—%B4 B 3.6 B A& Bl 44. Function similar to PyErr WarnFormat (), but category is

ResourceWarning and it passes source to warnings.WarningMessage.

1E 3.6 A

5.4 Querying the error indicator

PyObject *PyErr_Occurred ()

EMEAE 15 A 408, [FJZ 0 ABI [1)—37/). 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.
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The caller must hold the GIL.

O K

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)

Z 7E ABI [)—/>. 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 ex-
ception has been raised.

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
[EJfZ 5% ABI [1-—#547. Return true if the given exception matches the exception type in exc. If exc is a class
object, this also returns true when given is an instance of a subclass. If exc is a tuple, all exception types in the
tuple (and recursively in subtuples) are searched for a match.

PyObject *PyErr_GetRaisedException (void)
EMRAE : Frag 408, [EEEE ABLIY-> B 3.12 i A Bl45. 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.

£ PN

{

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

PyErr_SetRaisedException (exc);

s 't =

PyErr GetHandledException (), to save the exception currently being handled.

TE 3.12 FGA.

void PyErr_SetRaisedException (PyObject *exc)
[F)fE 1 ABI(—35%> B 3.12 #5 A B44. Set exc as the exception currently being raised, clearing the existing
exception if one is set.

A By

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

1 312 iR
void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
[EiE 2 ABI [W—3R4y. 7E 3.12 2 B %% ([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.
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O il

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

S 2A(E]
{

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)
[EJfS 2 ABI [4—3484%. 7E 3.12 iR 248 95([EIH: Use PyErr SetRaisedException () instead.

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

O fiE

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

void PyErr_NormalizeException (PyObject **exc, PyObject ¥*val, PyObject **tb)

[EfE 2 ABI [W)—Eb4. 7E 3.12 IR 2 B8 H: 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.

O %K

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)

= ABIL—B> & 3.11 jr A B44. 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.

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

e 311 RBTA.

void PyErr_SetHandledException (PyObject *exc)

= ABIL [)—Br B 3.11 B A Bl44. 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.

O 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 GetHandledException ()
to get the exception state.

e 311 RBTIA.

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

[EE 2 ABI [)— 384> B 3.7 # A B 45. Retrieve the old-style representation of the exception info,
as known from sys.exc_info (). This refers to an exception that was already caught, not to an excep-
tion that was freshly raised. Returns new references for the three objects, any of which may be NULL.
Does not modify the exception info state. This function is kept for backwards compatibility. Prefer using
PyErr._GetHandledException().

O HE

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 ABNA.

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

[FIfE 5 ABI [—35%r & 3.7 #e 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 ().

i 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 () to read the
exception state.

1E 3.3 JRBTMA.

TE 3.11 JiUf¥) 54 55 : The t ype and t raceback arguments are no longer used and can be NULL. The interpreter
now derives them from the exception instance (the value argument). The function still steals references of all
three arguments.
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5.5 Signal Handling

int PyErr_CheckSignals ()
(B2 ABI [1——i4y. 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).

O i

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

void PyErr_SetInterrupt ()

[F)f% 7 ABI [y — % 4r.  Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

O HE

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

int PyErr_SetInterruptEx (int signum)
[Ff5 5 ABIL 11— 54> & 3.10 #g A B 44. Simulate the effect of a signal arriving. The next time
PyErr CheckSignals () is called, the Python signal handler for the given signal number will be called.

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

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

If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, 0 is returned. The
error indicator is never changed by this function.

O il

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

1E 3.10 UG

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_£d ()
in Python, but without any error checking. fd should be a valid file descriptor. The function should only be
called from the main thread.
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TE 3.5 iR 525 : On Windows, the function now also supports socket handles.

5.6 BISpEE

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

EMR G #rag 2 0g ., [EFS 5 ABI 1Y—#45. 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)

B AR Frah 4 BE, = E ABI 154>, Same as PyErr NewException (), except that the new
exception class can easily be given a docstring: If doc is non-NULL, it will be used as the docstring for the
exception class.

1E 3.2 A

5.7 Bl

PyObject *PyException_GetTraceback (PyObject *ex)
EIAEAE: #ray 488, RS ABI [ -—%54)>. 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)
[F)f5 1 ABI [1)—5/7. Set the traceback associated with the exception to th. Use Py_None to clear it.

PyObject *PyException_GetContext (PyObject *ex)
EARAE: Frag 4 i&. [EFE5E ABIf#)-/). 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)
[EJfZ 2 ABI 174>, Set the context associated with the exception to ctx. Use NULL to clear it. There is
no type check to make sure that ctx is an exception instance. This steals a reference to ctx.

PyObject *PyException_GetCause (PyObject *ex)
EMRAE : Fray 408, [FFE 5 ABI[1)-—%(4). Return the cause (either an exception instance, or None, set by
raise ... from ...)associated with the exception as a new reference, as accessible from Python through
the  cause__ attribute.

void PyException_SetCause (PyObject *ex, PyObject *cause)
[FJf5 22 ABI )45 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)
WARAE #reh 4. [ ABLIK- 3> A 3.12 B A B44. Return args of exception ex.

void PyException_SetArgs (PyObject *ex, PyObject *args)
= ABL Y309 A 3.12 KR A B44. Set args of exception ex to args.
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PyObject *PyUnstable_Exc_PrepReraiseStar (PyObject *orig, PyObject *excs)

e
JEA RAE T AP, B RETE/MRA B A T EVA AR i s o

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.

£ 3.12 FGmA.

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)

EMEAE: #ray 488, [EFSE ABI —ii/). 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)
EMEAE: ey 408, [EfSE ABI[1—34). Return the encoding attribute of the given exception object.

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
EMRAE: #reg40g ., [EFEE ABI [)—3%%4). 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)
B2 ABI 113545 Get the start attribute of the given exception object and place it into *start. start must
g P ) p
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)
[EJiZ 2 ABI 345 Set the start attribute of the given exception object to start. Return 0 on success, —1
g P )
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)
[EfE 52 ABI 113547 Get the end attribute of the given exception object and place it into *end. end must
g p ] p
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)

[FJf5 & ABI [)—74). Set the end attribute of the given exception object to end. Return 0 on success, -1 on
failure.
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PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
EMEE: ey 408, [EFSE ABI [1—74). 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)

[F2 5 ABI [1—354). Set the reason attribute of the given exception object to reason. Return 0 on success,
-1 on failure.

5.9 Recursion Control

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

[EfE 50 ABL{—3B4> & 3.9 - A~ B 45. 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 Py0S_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.

FE 3.9 f1)%5 55 This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
EfE 5 ABI 354> B 3.9 Be K B 44. Ends a Py_EnterRecursiveCall (). Must be called once for
each successful invocation of Py_EnterRecursiveCall ().
JE 3.9 iR A% T This function is now also available in the limited API.

Properly implementing t p_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)

[EfZ 5 ABI [1-—ii45. Called at the beginning of the tp_repr implementation to detect cycles.

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

implementation should return a string object indicating a cycle. As examples, dict objects return { . ..} and
list objectsreturn [...].

The function will return a negative integer if the recursion limit is reached. In that case the tp_repr imple-
mentation should typically return NULL.

Otherwise, the function returns zero and the tp_repr implementation can continue normally.

void Py_ReprLeave (PyObject *object)
[B)fZ ¢ ABI 1) — % 4r. Ends a Py _ReprEnter (). Must be called once for each invocation of
Py _ReprEnter () that returns zero.
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5.10 Standard Exceptions

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

variables:

C &

Python &%

[EIf#

PyExc_BaseException
PyExc_Exception
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_ChildProcessError
PyExc_ConnectionAbortedErrc
PyExc_ConnectionError
PyExc_ConnectionRefusedErroc
PyExc_ConnectionResetError
PyExc_EOFError
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_GeneratorExit
PyExc_ImportError
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError
PyExc_OverflowError
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_PythonFinalizationErr
PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsyncIteration
PyExc_StoplIteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError

BaseException
Exception
ArithmeticError
AssertionError
AttributeError
BlockingIOError
BrokenPipeError
BufferError
ChildProcessError
ConnectionAbortedError
ConnectionError
ConnectionRefusedError
ConnectionResetError
EOFError
FileExistsError
FileNotFoundError
FloatingPointError
GeneratorExit
ImportError
IndentationError
IndexError
InterruptedError
IsADirectoryError
KeyError
KeyboardInterrupt
LookupError
MemoryError
ModuleNotFoundError
NameError
NotADirectoryError
NotImplementedError
OSError
OverflowError
PermissionError
ProcessLookupError
PythonFinalizationError
RecursionError
ReferenceError
RuntimeError
StopAsyncIteration
StopIteration
SyntaxError
SystemError
SystemExit

TabError
TimeoutError
TypeError
UnboundLocalError
UnicodeDecodeError

1
Page 64, 1
Page 64, 1

Page 64, 1

Page 64, 1

BET—H

5.10. Standard Exceptions
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R 1-EEL—8

C &

Python &

PyExc_UnicodeEncodeError

PyExc_UnicodeError UnicodeError

PyExc_UnicodeTranslateError

PyExc_ValueError ValueError

PyExc_ZeroDivisionError

UnicodeEncodeError

UnicodeTranslateError

ZeroDivisionError

Y{ 33 Hﬁ%ﬂzj][]/\ PyExc_BlockingIOError, PyExc_BrokenPipeError, PyExc_ChildProcessError,

PyExc_ConnectionError,
PyExc_ConnectionResetError,
PyExc_InterruptedError,

PyExc_ConnectionAbortedError,
PyExc_FileExistsError,
PyExc_IsADirectoryError,

PyExc_ConnectionRefusedError,
PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_PermissionError, PyExc_ProcessLookupError Al PyExc_TimeoutError ;g f£ PEP 3151

BEIA

¥E 3.5 JIRWE A PyExc_StopAsyncIteration fll PyExc_RecursionError,

i";E 3.6 Hﬁ%ﬁj}ﬂ/\ PyExc_ModuleNotFoundError,

These are compatibility aliases to PyExc_OSError:

C &

[EIf#

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

(¥}

TE 3.3 Jit )5 5 These aliases used to be separate exception types.

&

fige:

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 pPyobject*; they are all class objects. For completeness, here are all

the variables:

C & Python #f [EIf#
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

TE 3.2 FRWE N : PyExc_ResourceWarning.

=

figt:

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

6.1 ERZFEIA

PyObject ¥*pyOS_FSPath (PyObject *path)

ERAE : #7044 08 ., [DESE ABLH—)> B 3.6 Bk Bl44. 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__ () is returned as long as it is a str or bytes object. Otherwise
TypeError is raised and NULL is returned.
TE 3.6 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)) is true. 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

Hrardran
This function must not be called before Python is initialized.

void PyOS_BeforeFork ()

252 ABI [#)— 354> on platforms with fork() 8§ 3.7 #5 /4~ F44. 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.

A B

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

1 3.7 JRA A
void PyOS_AfterFork_Parent ()

[EFZ 5 ABI [#)—3B43 on platforms with fork() & 3.7 % A F44. Function to update some internal state after
a process fork. This should be called from the parent process after calling fork () or any similar function that
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clones the current process, regardless of whether process cloning was successful. Only available on systems
where fork () is defined.

A By

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

1 3.7 A A.
void PyOS_AfterFork_Child ()

[EZ 5 ABI [543 on platforms with fork() & 3.7 k5 B44. 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.

A By

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 FANA.
& sl
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)—%R4) 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.

Tr 3.7 iR £ 9% A : This function is superseded by Pyos_AfterFork_child().

int PyOS_CheckStack ()
[BJfS 2 ABI [#)-—51545 on platforms with USE_STACKCHECK # 3.7 g F44. Return true when the inter-
preter runs out of stack space. This is a reliable check, but is only available when USE_STACKCHECK is defined
(currently on certain versions of Windows using the Microsoft Visual C++ compiler). USE_STACKCHECK will
be defined automatically; you should never change the definition in your own code.

typedef void (¥*PyOS_sighandler_t)(int)
[E)iZ5E ABI [1—4>.

PyOS_sighandler_t PyOS_getsig (int 1)
[EJfZ 72 ABI [#)——i4>. Return the current signal handler for signal i. This is a thin wrapper around either
sigaction() or signal (). Do not call those functions directly!

PyOS_sighandler_t PyOS_setsig (int i, PYOS_sighandler_t h)
[Ef2 5 ABI [1)—3#B47. Set the signal handler for signal i to be &; return the old signal handler. This is a thin
wrapper around either sigaction () or signal (). Do not call those functions directly!

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
[EVRE7E ABL ) B 3.7 iR B4,

66 Chapter6. TH



The Python/C API, %(E) 3.13.2

A B
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 _Preinitialize () function.

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

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

Return NULL on decoding error or memory allocation error. If size is not NULL, *size issetto (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.

& hsg

The PyUnicode_DecodeFSDefaultAndSize () and PyUnicode_DecodeLocaleAndSize () func-
tions.

TE 3.5 B A.
TE 3.7 fiR /%% 58 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

TE 3.8 iR 1Y 5 ¥H: The function now uses the UTF-8 encoding on Windows if PyPreconfig.
legacy_windows_fs_encoding is zZero,
char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

[EF% 52 ABIL 1 —7B4> B 3.7 B A Bl 44. Encode a wide character string to the filesystem encoding
and error handler. If the error handler is surrogateescape error handler, surrogate characters in the range
U+DC80..U+DCEFF 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.

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

A L

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

The PyUnicode_EncodeFSDefault () and PyUnicode_EncodeLocale () functions.

TE 3.5 Mg A-
TE 3.7 iR 52 5 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

JE 3.8 R 1y 5% T: The function now uses the UTF-8 encoding on Windows if PyPreconfig.
legacy_windows_fs_encoding is zero.

6.2 RFEEN

These are utility functions that make functionality from the sys module accessible to C code. They all work with
the current interpreter thread’s sys module’s dict, which is contained in the internal thread state structure.
PyObject *PySys_GetObject (const char *name)
EARAE: 45 408, [FEE ABI ()05 . 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)
[E)fE i ABI [)—354y. Set name in the sys 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 ()
[EJ#% 72 ABI [1—#F4>. Reset sys.warnoptions to an empty list. This function may be called prior to
Py Initialize().

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

void PySys_WriteStdout (const char *format, ...)
[F)f5 5 ABI [1—54). Write the output string described by format to sys.stdout. No exceptions are
raised, even if truncation occurs (see below).

Sformat 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 [)—3R4y. As PySys_liriteStdout (), but write to sys . stderr or stderr instead.

void PySys_FormatStdout (const char *format, ...)
[Ef% & ABI 1y - #¢ 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, ...)
[E)iE 2 ABI [#)—3R4). As PySys_FormatStdout (), but write to sys . stderr or stderr instead.

1 3.2 IR A

PyObject *PySys_GetXOptions ()
EMRAE 5 488, [ E ABL %> A 3.7 iR A Bl45. Return the current dictionary of - options,
similarly to sys._xoptions. On error, NULL is returned and an exception is set.

1E 3.2 iRBIA.

68 Chapter6. TH



The Python/C API, %(E) 3.13.2

int PySys_Audit (const char *event, const char *format, ...)
252 ABI [#)—35%r & 3.13 #a A< PBi44. Raise an auditing event with any active hooks. Return zero for
success and non-zero with an exception set on failure.

The event string argument must not be NULL.

If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart
from N, the same format characters as used in Py_Buildvalue () are available. If the built value is not a
tuple, it will be added into a single-element tuple.

The N format option must not be used. It consumes a reference, but since there is no way to know whether
arguments to this function will be consumed, using it may cause reference leaks.

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

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

1E 3.8 IBIA.

T 3.8.2 i) 555 Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.
int PySys_AuditTuple (const char *event, PyObject *args)

[EfZ 2 ABI [—3#04> B 3.13 p A B 44, Similar to PySys_Audit (), but pass arguments as a Python
object. args must be a tuple. To pass no arguments, args can be NULL.

1E 3.13 FRglh A

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

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

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

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

The hook function is always called with the GIL held by the Python interpreter that raised the event.

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

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

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

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

1E 3.8 MABIA.
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6.3 {TEZH

void Py_FatalError (const char *message)
= ABI [1t)—/>. Print a fatal error message and kill the process. No cleanup is performed. This

oh A
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.

TE 3.9 A% Log the function name automatically.

void Py_Exit (int status)
= E ABI 1) —#3/). 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.
JE 3.6 JiR[{)5# 55 Errors from finalization no longer ignored.

int Py_AtExit (void (*func)())

[EZ 52 ABI 1134y 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 0; on failure, it returns —1. The cleanup func-
tion registered last is called first. Each cleanup function will be called at most once. Since Python’s internal
finalization will have completed before the cleanup function, no Python APIs should be called by func.

s 't =

PyUnstable AtExit () for passinga void *data argument.

6.4 5|\

PyObject *PyImport_ImportModule (const char *name)
PR ey 4, [FiS ABI -4y This is a wrapper around Py Import_Import () which takes
a const char* asan argument instead of a Pyobject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
= A& 5 # ey % R, [EFS F ABL 9 - ¥ 4r. This function is a deprecated alias of
PyImport_ImportModule ().

T 3.3 {52 55 This function used to fail immediately when the import lock was held by another thread.
In Python 3.3 though, the locking scheme switched to per-module locks for most purposes, so this function’s
special behaviour isn’t needed anymore.

Deprecated since version 3.13, will be removed in version 3.15: 5 Py ITmport_ImportModule () .

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

EA& A5 #7494 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)
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EMRAE: ey 2 mg, [EFEE ABL 34 B 3.7 B B 44. 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.
1E 3.3 A

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

ERAA: Frag 4Bg, = F ABI [1)—%54y. Similar to Py Import_ImportModuleLevelObject (), but
the name is a UTF-8 encoded string instead of a Unicode object.

TE 3.3 fRAY 5 5 : Negative values for level are no longer accepted.

PyObject *PyImport_Import (PyObject *name)
AR #ray 408, S ABI ) %54, 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.

PyObject *PyImport_ReloadModule (PyObject *m)
B #rey 4 e, [EFES 2 ABI 19— #4. Reload a module. Return a new reference to the reloaded
module, or NULL with an exception set on failure (the module still exists in this case).

PyObject *PyImport_AddModuleRef (const char *name)
EARAE: Freg 4. [EEEE ABLY-59> B 3.13 B A 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 a strong reference to the module on success. Return NULL with an exception set on failure.
The module name name is decoded from UTF-8.

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

e 3.13 B A.
PyObject *PyImport_AddModuleObject (PyObject ¥name)

EARAE: AR 4R, [EFEE ABL—i & 3.7 B B44. Similar to Py Import_AddModuleRef (),
but return a borrowed reference and name is a Python str object.

1E 3.3 ABIA.

PyObject *PyImport_AddModule (const char *name)

EIRAE & A 488 [FIS 2 ABI [1)—354>. Similar to Py Import_AddModuleRef (), butreturn a borrowed
reference.

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

EMEAE : #r0h 488 [B)FS 0 ABI[1)—%54). 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.
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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 __loader__ (if set) and to an instance of SourceFilelLoader
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 PyImport_ExecCodeModuleEx () and PyImport_ExecCodeModuleWithPathnames ().

JE 3.12 W 5% 55 The setting of __cached__ and __loader__ is deprecated. See ModuleSpec for
alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
EIRAE: #rag 48R, [EEE ABI )34y Like PyImport_ ExecCodeModule (), butthe _ file
attribute of the module object is set to pathname if it is non-NULL.

m%ﬁPyImport_ExecCodeModuleWi thPathnames () »

PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, PyObject
*cpathname)
EMRAE : #0408 [FE 02 ABI [—354> B 3.7 B A B 44. Like Py Import_ExecCodeModuleEx (), but
the _ cached__ attribute of the module object is set to cpathname if it is non-NULL. Of the three functions,
this is the preferred one to use.

1E 3.3 JRPIA.
TE 3.12 fR Y585 Setting __cached__ is deprecated. See ModuleSpec for alternatives.
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)

EIAR{E: #rey 4nd, S ABI 384y, Like Py Import 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.

TE 3.2 ABIA.

T 3.3 Hit 55 8 : Uses imp.source_from_cache () in calculating the source path if only the bytecode
path is provided.

e 3.12 JU SR T AT SRR 1np BEAL

long PyImport_GetMagicNumber ()

[EJZ 52 ABI [#)—#54>. Return the magic number for Python bytecode files (a.k.a. .pyc file). The magic
number should be present in the first four bytes of the bytecode file, in little-endian byte order. Returns -1 on
error.

T 3.3 HAYSE T A HUE (] (4 -1

const char *PyImport_GetMagicTag ()

[F)f5 & ABI [1)—/%>. 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.

TE 3.2 A
PyObject *PyImport_GetModuleDict ()

EMRAE 15 R %58, [FfE5E ABI [)—%54). Return the dictionary used for the module administration (a.k.a.
sys.modules). Note that this is a per-interpreter variable.
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PyObject *PyImport_GetModule (PyObject *name)
EARAE: Freh 4, [EFEE ABL A% B 3.8 i A Bl44. 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.

1 3.7 B

PyObject *PyImport_GetImporter (PyObject *path)
EARAE . FTay & RE, ZE ABI [1)—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)

B ABI 384> B 3.7 #e K Bl44. 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 PyImport_ImportModule (). (Note the misnomer --- this function would reload
the module if it was already imported.)

1E 3.3 iR
JE 3.4 RMJ5#TE: The _ file_  attribute is no longer set on the module.

int PyImport_ImportFrozenModule (const char *name)

[EfE 2 ABI 113545 Similar to Py Import_ImportFrozenModuleObiect (), but the name is a UTF-8
encoded string instead of a Unicode object.

struct _frozen

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

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

JE3.11 iRAY%ETE: 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))

[FJf5 & ABI [#)—754). 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 Import_ExtendInittab () to provide additional built-in
modules. The structure consists of two members:

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

int PyImport_ExtendInittab (struct _initfab *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 _Initialize().

If Python is initialized multiple times, Py Import_AppendInittab () Of PyImport_ExtendInittab ()
must be called before each Python initialization.

6.5 &¥l marshal By 12

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

Numeric values are stored with the least significant byte first.

The module supports two versions of the data format: version O is the historical version, version 1 shares in-
terned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating-point numbers.
Py_MARSHAL_VERSTON 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 1long 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)
©] 1% 14 : #7489 % B4 . Return a bytes object containing the marshalled representation of value. version indicates
the file format.

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

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

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

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

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

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
E 1% 18 #7694 P&, 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)

B4R 4E: #rey 488, 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.
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On error, sets the appropriate exception (EOFError, ValueError or TypeError) and returns NULL.

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

1% 14 #7649 %4 B4, 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.

6.6 BTSN RBENE

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

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

6.6.1 FI#T5I%

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

O #HE

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

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

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

o Formats such as y* and s* fill a Py_burfrer 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 PyBurfer Release () after you have finished
processing the data (or in any early abort case).

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

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

To ensure that the underlying buffer may be safely borrowed, the object’s PyBufferpProcs.
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_releasebuffer requirement, there is no check to verify whether the input object is im-
mutable (e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the
data).

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

O filE

This format does not accept byfes-like objects. If you want to accept filesystem paths and convert them to
C character strings, it is preferable to use the 0& format with PyUnicode_FSConverter () as converter.

TE 3.5 M52 55 Previously, TypeError was raised when embedded null code points were encountered in
the Python string.

s* (str @bytes-like object) [Py_buffer]
This format accepts Unicode objects as well as bytes-like objects. It fills a Py_burfrer 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. MiF{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 3§ 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 8§ None) [Py_buffer]
Like s*, but the Python object may also be None, in which case the buf member of the Py_buffer structure
is set to NULL.

z# (str. MEF W bytes-like object B 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.

y (Mi5E{¥ 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 U5 TE: 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.

v# (Mi5# ) bytes-like object) [const char *, Py _ssize_t]
This variant on s# doesn’t accept Unicode objects, only bytes-like objects.

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

Y (bytearray) [PyByteArrayObject *]
Requires that the Python object is a bytearray 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 PyObject*.

w* (] 3#{85 bytes-like object) [Py_buffer]
This format accepts any object which implements the read-write buffer interface. It fills a Py _buffer
structure provided by the caller. The buffer may contain embedded null bytes. The caller have to call
PyBuffer_Release () when it is done with the buffer.
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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 I} bytearray) [const char *encoding, char **buffer]
Same as es except that byte string objects are passed through without recoding them. Instead, the implemen-
tation assumes that the byte string object uses the encoding passed in as parameter.

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

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

A P A

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

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

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

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

TE 312 JiA)5E T u, u#, 7, and z# are removed because they used a legacy Py_UNICODE* representation.

B

These formats allow representing Python numbers or single characters as C numbers. Formats that require
int, float or complex can also use the corresponding special methods _ index_ (), _ float__ () or
__complex__ () to convert the Python object to the required type.

For signed integer formats, OverflowError is raised if the value is out of range for the C type. For unsigned integer
formats, no range checking is done --- the most significant bits are silently truncated when the receiving field is too
small to receive the value.

b (int) [unsigned char]

#§—1 Python £ B MO E I AEAT 5% tiny integer (/NVEEML), FEAFHE C Y unsigned

B (int) [unsigned char]
#%— 1 Python $E#EIAY tiny integer, HHELMPLMERS (AR, ff7F7E C Y unsigned char.

h (int) [short int]

#§—1@ Python gilEE R C ¥ short int.
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H (int) [unsigned short int]
#%—1® Python %%@ﬁ}ﬁj C 1) unsigned short int, $§}J@$§ﬂ{ﬁ{jfﬁﬁo

i (int) [int]

#—1 Python #BIEEI C 1Y int.,
I (int) [unsigned int]

#%—1# Python #BHEI AL C (1) unsigned int, WEARMER (T,
1 (int) [long int]

18 Python %‘Eﬁ%)ﬂz C 1 long int,

k (int) [unsigned long]
—1 Python ®& #{##[Fa{ C 1Y) unsigned long, ME[FHARMELNARET.

L (int) [long long]
1 Python FHIHEI C 1Y 1ong long.,

K (int) [unsigned long long]
46— Python %MV C ) unsigned long long, MERAFLMERS (k.

n (int) [Py _ssize t]

#%— 1 Python #EHKEIK C ) ry_ssize t,
c (bytes B EP¥[F] 1 (1) bytearray) [char]

Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.
15 3.3 JUHISEEE: FuFF bytearray YIfF.
c (B)¥[E] 1 1y str) [int]

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

£ (£float) [float]
11 Python % BE##E[E] %, C f):c:type:float

d (float) [double]
#s—1F Python 75 B #5##F 5 C [¥:c:type:double,

D (complex) [Py_complex]
#4— 1 Python [FI##EIR C 1 ry_complex &l

Hit ¥tk

O (object) [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.

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

os& (object) [converter, address]
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_Parsex* 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
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allocated. In this second call, the object parameter will be NULL; address will have the same value as in the
original call.

Examples of converters: PyUnicode FSConverter () and PyUnicode_FSDecoder ().
TE 3.1 MU TE: 3 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.

1E 3.3 A

(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.

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

I
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,
pPyArg 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 IR A

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

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

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

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

For the conversion to succeed, the arg object must match the format and the format must be exhausted. On success,
the PyArg_Parse* functions return true, otherwise they return false and raise an appropriate exception. When the
PyArg_Parse* functions fail due to conversion failure in one of the format units, the variables at the addresses
corresponding to that and the following format units are left untouched.

API HE

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
[E)fZ 72 ABI [)—74). 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)f% 5 ABI [1)— %5/, Identical to PyArg ParseTuple (), except that it accepts a va_list rather than a
variable number of arguments.

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *const
*keywords, ...)
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[EJZ 5 ABI /)14y Parse the parameters of a function that takes both positional and keyword parameters
into local variables. The keywords argument is a NULL-terminated array of keyword parameter names speci-
fied as null-terminated ASCII or UTF-8 encoded C strings. Empty names denote positional-only parameters.
Returns true on success; on failure, it returns false and raises the appropriate exception.

O fiE

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

AE 3.6 iR HSE B SR SAAE RS 3 4 SR

TE 3.13 M58 55 The keywords parameter has now type char *const*in C and const char *const*
in C++, instead of char**. Added support for non-ASCII keyword parameter names.

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

*keywords, va_list vargs)

[E)Z 2 ABI [1—%B4>. Identical to PyArg ParseTupleAndKeywords (), except that it accepts a va_list
rather than a variable number of arguments.

int PyArg_ValidateKeywordArguments (PyObject™*)

[EJ#% 72 ABI [#)——4>. Ensure that the keys in the keywords argument dictionary are strings. This is only
needed if PyArg ParseTupleAndKeywords () is not used, since the latter already does this check.

1E 3.2 A

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

B3 2 (E):

[F)f5 1 ABI (1%} Parse the parameter of a function that takes a single positional parameter into a local
variable. Returns true on success; on failure, it returns false and raises the appropriate exception.

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

// ... use value ...

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

[F)f5 7 ABI [1)—7/>. A simpler form of parameter retrieval which does not use a format string to specify
the types of the arguments. Functions which use this method to retrieve their parameters should be declared
as METH_VARARGS in function or method tables. The tuple containing the actual parameters should be passed
as args; it must actually be a tuple. The length of the tuple must be at least min and no more than max; min and
max may be equal. Additional arguments must be passed to the function, each of which should be a pointer to
a PyObject* variable; these will be filled in with the values from args; they will contain borrowed references.
The variables which correspond to optional parameters not given by args will not be filled in; these should be
initialized by the caller. This function returns true on success and false if args is not a tuple or contains the
wrong number of elements; an exception will be set if there was a failure.

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

static PyObject *
weakref ref (PyObject *self, PyObject *args)
(T 5D
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(R L —5)

PyObject *object;
PyObject *callback = NULL;
PyObject *result = NULL;

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

return result;

}

=

J

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

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

PY_CXX_CONST

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

e 313 JRBA.

6.6.2 EEHIE

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

EMEAE: #rhg 488, [FfE 0 ABI [1)-—%3/4). 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_BuildvValue () 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.

s (str 3§ None) [const char *]
Convert a null-terminated C string to a Python str object using 'ut£-8' encoding. If the C string
pointer is NULL, None is used.

s# (str 3§ 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.
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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 1§ None) [const char *]

A s FHIF .

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

N s# A

u (str) [const wchar_t *]

Convert a null-terminated wchar_t buffer of Unicode (UTF-16 or UCS-4) data to a Python Unicode

object. If the Unicode buffer pointer is NULL, None is returned.

u# (str) [const wchar_t *, Py ssize t]

Convert a Unicode (UTF-16 or UCS-4) data buffer and its length to a Python Unicode object. If the

Unicode buffer pointer is NULL, the length is ignored and None is returned.

U (str 5§ None) [const char *]

s HIH

U# (str B None) [const char *, Py ssize t]

1 s# FHIF

i (int) [int]

#§—18 C ¥y int EER Python HEEH 1.

b (int) [char]

Hf—1 C F) char $(EIR Python BB 1.

h (int) [short int]

H—1 C 1) short int HE[EI, Python E&# {4,

1 (int) [long int]

41— C ¥ long int FEH[EIAL Python 244 .

B (int) [unsigned char]

48— C ) unsigned char FH[FIA Python #8414 .

H (int) [unsigned short int]

W—1# C ) unsigned short int HH[EIY Python H3{4:.

I (int) [unsigned int]

1%—1® C iy unsigned int ﬁﬁi Python B4,

k (int) [unsigned long]

#%—{# C ) unsigned long H(EIAK Python 38y (.
L (int) [long long]

#—1f C# 1ong long F[EJA Python EEHH{}:.

K (int) [unsigned long long]

#—1i C ) unsigned long long BH[EI Python BE#Hy {4 .

n (int) [Py_ssize t]

H&—1f Cypry_ssize_ t $§'}ﬁ‘2 Python L,

c (EP¥[E 1 ¥ bytes) [char]
18 C A FE—ANICALR) int #EIRL Python HHRJEE-—) bytes.

c (FJ%[E) 11 str) [int]

A1 C R E—FFITH int BEIK Python HREEF—1) str.
d (float) [double]

#§—1 C ¥y dounle HEIL Python 725

f (£loat) [float]

#—1f C 1y £1oat #EK Python 725 ¥
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D (complex) [Py_complex *]
B C Iy py_complex & RFHE]L Python )%,

O (object) [PyObject *]
Pass a Python object untouched but create a new strong reference to it (i.e. its reference count is incre-
mented by one). If the object passed in is a NULL pointer, it is assumed that this was caused because the

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 (object) [PyObject *]
F o M.

N (object) [PyObject *]
Same as 0, 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 (object) [converter, anything]
Convert anything to a Python object through a converter function. The function is called with anything
(which should be compatible with void*) as its argument and should return a “new” Python object, or
NULL if an error occurred.

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

EMRAL #4408, [FfEE ABI f#)—/). Identical to Py Buildvalue (), except that it accepts a va_list
rather than a variable number of arguments.

6.7 FHREFRENIL
PR AR A T

int PyOS_snprint£ (char *str, size_t size, const char *format, ...)

Vi ABL . 4B ER formar FNAFANS |, i A size (i TCHAG stro 552 [E) Unix
?EE snprintf(3),

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

[EViE 7 ABLY—5 . H4EAE P ER formar T2 | 8RS va, B AN size (7T stro Unix
:TF‘EE vsnprintf (3).

PyOS_snprintf () %HPyOS_Vsnprintf () @%T%YE C [ZIJ—:EE[Z];—LE snprintf () ﬂl vsnprintf (), 'E'ﬂiﬁ[ﬁ/‘]
H & e s A 229 (corner case) FIOATIE—2, Tk C s=CHIARSA,

FIHEIRTEOR IR str[size-1] JRAE N0 MMAGEANEAE str HhEg AR IH size (CHl (B35 R HER
"NO') . i Wi R REREESR str '= NULL, size > 0, format != NULL il size < INT_MAX. b,
EFOREAEL C99n = snprintf (NULL, 0, ...) S50 ek oRE) e 0 B A7 [/
TE LE R Y 1] AR (rv) AN 1 R -
o H 0 <= rv < sizelRf, ENHEEINRTD, v FIOHBA sr (NIHE striev) JEIYRERE ' \o' 7T
).

o Horv >= size B, WiHEEMEE, FHFEAG ov + 1 MoCHMNEE R A GBS . 72T
T, str[size-1] & '"\0"',
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o B orv < oFf, R TERFMFREEAET | FEEREREET, strisize-1) {2 N0, Hsr il

RIBGTARESE. SRR PR E R R T

DA bR AR (At B 7 358 1 6 (locale-independent) )7 £ 51 5 (O B .

unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

[EfZ 5 ABI )34y 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 0b, 0o or 0x to
tell which base. If these are absent it defaults to 10. Base must be O 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.

3% R Unix FEEHE streoul (3),
TE 3.2 R ImA.

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

[EJfZ 5 ABI [#)-—F4y. Convert the initial part of the string in str 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 Py0S_strtoul (), but return a 1ong value instead and LONG_MAX on overflows.
i L Unix FEE strtol (3),
TE 3.2 A

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

[EfE 0 ABI (13454, ¥58 s BFE double, ZRHURE| % Python 4. 23210 454 B ER
Python ) float () HAEREZFEHRES, H s MIGEEs RIS, HEHH 5 %
ERER

WA endptr [ nurn, AJEEEELME . UERFREA R EHARGER, 158 valueError
[ -1.0,

W endptr A2 nurn, HIFEATREEIEI T, E ~endptr s g A —MARHEEIR o0, 0E
?zE‘J%ﬂﬁﬁ‘ﬁﬁ&%ﬁﬁ%ﬁf%ﬁ%{%ﬁﬁﬁ%ﬂ?, HIEEE *endptr ${ M FH K BHEE, 5]%F ValueError
A -1.0,

MR s FRPER KT L GEAAEF B (B0 1es00m FEFF L V-G LAV Z B TE), E
overflow_exception [F] NULL HI[FIf¥ py_nUuGE VAL (&4 % MAFHE) B H AR EEMmBI5h.
]I, overflow_exception MJEHH [ —1 Python 4N 518 s% B ANEI I -1. 0, £ Wi
TEEF, # *endptr @ ElE HEERE2 ZRHE T,

Q2R A ETS00 P o A A AT LA R (U ANRE IR N R I B 3%) | 5 S B 1Y Python {7 SME] [ {3
~1.0,

1E 3.1 RBImA.

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

[EfE 50 ABL 304y (# HIRAERY format_code. precision F flags #% double val BEIEIFE.

format_code WhESE 'e', 'E', "£', 'F', 'g', 'G' B 'r' Hptz—, B e, LAY precision

WA 0 El e pe2ms . o MR ERME repr 0 A8

flags 7] DA ZEA# 8% Z{# {8 Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O BY, Py_DTSF_ALT, &{{BiELr—
L

o Py _DTSF_sIGN X ERMUETE IME N FH B i _AF 587, BRI val dEE8L
* Py_DTSF_ADD_DOT_0 X ZRAELR M1 7 5 e AR e 1 e B

o Py DTSF_ALT fC X HWEH [ A ¥ (alternate) | #% AL B . H B M ER, &
PyOS_snprintf() Y EI/‘JjCﬁ:o

|

»

=l
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5 ptype 2 3E nuLL, HREVE 38 1) 1 (8 4 % 3% & [F] Py_DTST_FINITE, Py DTST_INFINITE &
Py_DTST_NAN HHZ —, H[EUCE val R PR, SERREEL IR,

[EEAE 2R 1) buffer (a4, Hb @ aEEE R FE, AR EIE R [ 3 nuLL, 05 &S
WM pyMem Free () ARFERIBMEAY T

T 3.1 A
int PyOS_stricmp (const char *s1, const char *s2)
A RN FH L. BRI E )y NP B stremp O ], N2 B2/ .

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

A KNI H . sRAHIE T U P stenemp O IR, HEEZEA/DNE.

6.8 PyHash API

See also the Py TypeObject . tp_hash member and numeric-hash.
type Py_hash_t

MEERE: G,

1E 3.2 FRBTIMA.
type Py_uhash_t

MEENATE: MmpFosRe.

1E 3.2 B

PyHASH_MODULUS
The Mersenne prime P = 2**n -1, used for numeric hash scheme.

1 313 JRBA.

PyHASH_BITS
The exponent n of P in PyHASH MODULUS.

1E 3.13 BAmA.

PyHASH_MULTIPLIER

Prime multiplier used in string and various other hashes.

1 3.13 BN

PyHASH_INF
The hash value returned for a positive infinity.
TE 3.13 JRBMA.

PyHASH_IMAG

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

TE 3.13 FRAEIA.
type PyHash_FuncDef
PyHash_GetFunchef () i 3k E R 3%,
const char *name
WIEA L (UTF-8 S ).
const int hash_bits
MEEMERERIN (PARLTCEREAL) -
const int seed_bits
Seed # AR/ (PARLITCEIRAL) .
1E 3.4 JRBTIMA.
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PyHash_FuncDef *PyHash_GetFuncDef (void)

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

TE 3.4 HGA.

Py_hash_t Py_HashPointer (const void *ptr)
Hash a pointer value: process the pointer value as an integer (cast it to uintptr_t internally). The pointer is
not dereferenced.

The function cannot fail: it cannot return -1.

1 313 RAA.
Py_hash_t PyObject_GenericHash (PyObject *obj)
Generic hashing function that is meant to be put into a type object’s tp_hash slot. Its result only depends on
the object’s identity.
CPython E{ff&lfi: In CPython, it is equivalent to Py_HashPointer ().

1E 3.13 KRl A

6.9 Reflection

PyObject *PyEval_GetBuiltins (void)

EMRAE A 408, [BIFS 2 ABLY- B4, AE 3.13 HﬁZfﬁﬁtZﬁH Use PyEval_GetFrameBuiltins ()
instead.

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

PyObject *PyEval_GetLocals (void)
= AR R 4 M. B E ABL 1 - H 4 AE 313 R Z % w[E A Use either
PyEval_ GetFrameLocals () to obtain the same behaviour as calling 1ocals () in Python code, or else
call PyFrame_GetLocals () on the result of PyEval GetFrame () to access the £_locals attribute of
the currently executing frame.

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

Refer to 1ocals () for details of the mapping returned at different scopes.

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

TE 3.13 i) 5% 5 : As part of PEP 667, PyFrame_GetLocals (), locals (), and FrameType.f_locals

no longer make use of the shared cache dictionary. Refer to the What’s New entry for additional details.
PyObject *PyEval_GetGlobals (void)

EM'?}’E. 'f%)ﬂ %ﬂf": o *%:E ABI H‘J*iﬂ%j\ Z'_E 3.13 Hﬁz%%ﬂiﬂ% Use PyEval_GetFrameGlobals ()

instead.

Return a dictionary of the global variables in the current execution frame, or NULL if no frame is currently
executing.

86 Chapter6. TH


https://peps.python.org/pep-0456/
https://peps.python.org/pep-0667/

The Python/C API, %(E) 3.13.2

PyFrameObject *PyEval_GetFrame void)
EARIE: A 4R, = F ABI [—%P4). Return the current thread state’s frame, which is NULL if no
frame is currently executing.
#h R pyThreadState_GetFrame ().

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

TE 3.13 fRBEIA.
PyObject *PyEval_GetFrameLocals (void)

EIMRAE: #rey 408, [EfEE ABLW—354> B 3.13 B A B44. Return a dictionary of the local variables
in the current execution frame, or NULL if no frame is currently executing. Equivalent to calling 1ocals () in
Python code.

To access £_locals on the current frame without making an independent snapshot in optimized scopes, call
PyFrame_GetLocals () on the result of PyEval GetFrame ().

TE 3.13 JBA.
PyObject *PyEval_GetFrameGlobals (void)

ERAE: ey 488, [FEE ABL—%> B 3.13 Bk B45. Return a dictionary of the global variables
in the current execution frame, or NULL if no frame is currently executing. Equivalent to calling globals ()
in Python code.

e 3.13 R A.

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

const char *PyEval_GetFuncDesc (PyObject *func)

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

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

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

6.10 ERER M IRAZERK

int PyCodec_Register (PyObject *search_function)

BV ABL 45 [EE—# BT s fp i i R k.

TEEIEIE (side effect), @& BB encodings (ALRMARTEM) , PAHEREIRAAIRE R KX
FIFRAR R

int PyCodec_Unregister (PyObject *search_function)

[EFEE ABLIY- -4 8 3.10 fa A M4s. BUSEIE SRS R ek U ENE BRI (registry) [ HEL.
R R A A ERBEIE], APRBATAE T Ml 0, B8 AR Sy €5 | 45 I ANET I -1,

1 3.10 JRBA.

int PyCodec_KnownEncoding (const char *encoding)

(EVfS7E ABLf- 7. [ 1 5 o, HBSMIERREAH A E encoding M C DEwMEASE . 15 M X
R

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
AR Ay 2. [ERE ABLIY-—sr. BRZ SRt a1 4 5 APL.

object B fHIEXS VAKE 5E encoding T3k B i) it a iR =X, (B DA errors € SR IE BT Y5« errors
Al PARRIE] NULL A 4w R A E SR TH R e QR A i as, HI5 % LookupError,
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PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
MR Aray e, [EfSE ABL—#Rr. B2 H R iss i A as APL,

object B EEA VAR SE encoding P Ax$4 8| iR s ek 2, BV DA errors [ FREVSETRIEPE T ¥ o errors
Al DARRIE] NUTL AR g A A SR TE RO . ISR RN E S5 . HI5 1% LookupError,

6.10.1 EARIBEESEX API

FEPAF R, BRI encoding T A FoCidEEIEVNG 138 (15175 10 AR ) 2 1k 0 4 15 AT DA [
SRNETTEARCR . WRAIL D gfEases, B €@ KeyError [Fl[A]f nuLL,

PyObject *PyCodec_Encoder (const char *encoding)

EMEAE: Frag e, [ ABLIY—i5r. BUSHE encoding 1) 4t A .
PyObject *PyCodec_Decoder (const char *encoding)

EMEAE: Arag e, [ ABLIY—i5r. BUSHE encoding 1) iR #E A
PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

B4 Freg48g, [EEE ABI 304 BUB4EE encoding /Y] IncrementalEncoder ¥4
PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

ERAE 4 Rg, ZE ABI 3. BUS 45 %€ encoding /Y IncrementalDecoder ¥4,
PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)

EARAE . FraY 48, T%'ﬁi‘m ABI By, BUS455E encoding ) St reamReader KR,
PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

EMRE: #eg4ng, [EfSE ABI 3555 BSR4 %€ encoding ) StreamWriter T FEERZ.

6.10.2 A5 Unicode {RIE# R EEER T API

int PyCodec_RegisterError (const char *name, PyObject *error)
)i ABL 550 ZE4RE I name REIEISE R B M IF (callback) pRZX error. 78 Sl i #5183 51
Y S RIS 1 7 G R ARG 1) 7 TCAHE) B name -4 7 (EVT U 40 805/ A0 A% o =X e 79 15 iR 22 SRR, KTy
I AT pR 2
[ EELAS B4R 5 | 25, Bl UnicodeEncodeError, UnicodeDecodeError B UnicodeTranslateError
VBB, o dl & B BB - e s AT 7 91 B AR IR G 7 5 P A . (A PRSI &
AR, #SE Unicode Exception Objects) . [MINFLZET 4 WG 51, B30 ] 3 — 08 65 4
FeA R EN Y —JC4H (two-item tuple) , DA K — {1 £ 7% B - 5 v I 2 e VR 182 1) i A/ AR D 5 e 1
.
I 0, SEERRF I -1,

PyObject *PyCodec_LookupError (const char *name)

AR Hrag 408, [EIREE ABL Y- #). A4K name N CEIER S0 0] 09 e 5. AR E— Ry
SRIGE], PTPAMGE nutL, FESEREGENR, A stict” (1§ JE I ] .

PyObject *PyCodec_StrictErrors (PyObject *exc)

© 4448 42 [E NULL. [E)f35E ABL 340 514 exc fEEIFISh.
PyObject *PyCodec_IgnoreErrors (PyObject *exc)

MR Frag 488, [EfE5E ABLY—4). 20 unicode 3%, BEiMESERIVEIA .
PyObject *PyCodec_ReplaceErrors (PyObject *exc)

AR Freg 488, [EFEE ABL /). ## unicode #ifshst B EIE] 2 8 u+rrrED,
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

AR A7y 484, [EREE ABL 4. ¥ unicode #if SR EIE) XML FIC 2 .
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)

WIARAE . #hy % 8&, [FRS5E ABI )% 4% unicode %ifEst i FIE R £HEIBKE (\x. \u f1\U),
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PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

ARG Freag4ig, B ABL[H—E04r B 3.7 B B44. ¥ unicode 44 RFIE) \N1{ . . .} Bk
[®,

1E 3.5 U

6.11 PyTime C API
7E 3.13 BUIA.

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

For C API related to the datet ime module, see DateTime %1+

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

The reference point for timestamps depends on the clock used. For example, Py Time_Time () returns times-
tamps relative to the UNIX epoch.

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

PyTime_t PyTime_MIN
Minimum value of PyTime t.

PyTime_t PyTime_MAX

Maximum value of PyTime t.

6.11.2 Clock Functions

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

The functions return 0 on success, or —1 (with an exception set) on failure.

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

As any other C API (unless otherwise specified), the functions must be called with the GIL held.

int PyTime_Monotonic (PyTime_t *result)

Read the monotonic clock. See t ime .monotonic () for important details on this clock.

int PyTime_PerfCounter (PyTime_t *result)

Read the performance counter. See time.perf_counter () for important details on this clock.

int PyTime_Time (PyTime_t *result)
Read the “wall clock” time. See time.time () for details important on this clock.

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

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

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

int PyTime_PerfCounterRaw (PyTime_t *result)

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

int PyTime_TimeRaw (PyTime_t *result)

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

6.11.4 Conversion functions
double PyTime_AsSecondsDouble (PyTime_t t)
Convert a timestamp to a number of seconds as a C double.

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

6.12 ¥} Perf Map g2

TESRIFE . (BREBRR AR, IR Linux), runtime W] AR perf map 4% 5 (835804 TH (]
i perf) WIPARLE] Python s, IEFEEATHATREVT REGTE /tmp HE B, — A%, H P am i
— BT AT ARG S B A R S A H o B YIRITE Linux Perf T HL 1 SCUF R A

7 Python 7, SELL ) APL AT AR MR ES THIH] (on the fly) [E1A A & 51 o8 =X BRI BEFT LI .
AR, GE L APL AN SR I E A 8 (GIL).,

int PyUnstable_PerfMapState_Init (void)

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

THA /tmp/perf-s$pid.map B, BRAFE AT R, @S — BB DARECRELI 7442 41 (thread-safe)
BAZHERE (AR BAREMPyUnstable WritePerfMapEntry () SEHUI). HH A5 2B
ﬂ? HLI'E 5 F\éﬁ%’{ﬁﬂﬁ PyUnstable_WritePerfMapEntry () HE?)E@T{E‘(QLCH¥ HLI H%‘:%ﬂﬁﬁ’péﬂk% °

JEALAT R perf map AN IRE A 0, SRPGRF[E -1, 7 SHIRR R [ -2, AR errno DAE
WU 2 1 1S By

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

®
SRR AL API, TR A B R VA T 855 M S

A HEA /tnp/perf-spid.map 5. HRARHMATH LR T 2—MEEER#EG)]:

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

A5 o R B () perf map WE, BB AMEH Z I Pyunstable_PerfMapState_Init (). I
RplEl o, RHURE Bl Py Unstable PerfMapState Tnit () JRIUREHH R R SR o

void PyUnstable_PerfMapState_Fini (void)
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®
RUR AL AP, T AEHE/ MRS I (E T 5 A

BB PyUnstable PerfMapState Init () BAEIN perf map 525, 27 E S B R B run-
time A< EpIFIY ). —fR2KE], B TR forking S99 RN, ANHERZ I REHBIT I E .
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CHAPTER /

hE {8 (Abstract Objects Layer)

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

18 L8 R R A T BE R R IEFERI IR 1 (Bl f Py rise New () ZESLHY list P3F) , T H A IE
H [ 3 El— 24 4F nuLs (fE

7.1 MR E

PyObject *Py_GetConstant (unsigned int constant_id)
[EJfZ 2 ABI [f)—3R4> & 3.13 B A B44. Get a strong reference to a constant.

Set an exception and return NULL if constant_id is invalid.

constant_id must be one of these constant identifiers:
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EHHEEF HiE ElE 4

0 None

Py_CONSTANT NONE

1 False
Py_CONSTANT_FALSE

2 True
Py_CONSTANT_TRUE

3 Ellipsis
Py_CONSTANT_ELLIPSIS

4 NotImplemented
Py_CONSTANT_NOT_ IMPLEMENTI

5 0
Py_CONSTANT_ZERO

6 1
Py_CONSTANT_ONE

7 L
Py CONSTANT_EMPTY_STR

8 bll
Py CONSTANT_EMPTY_ BYTES

9 0

Py_CONSTANT EMPTY TUPLE

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

1E 3.13 A
1 CPython "1, By iE 2L AR @ 1 At .
PyObject *Py_GetConstantBorrowed (unsigned int constant_id)
[EFZ 5 ABI [—34R4> B 3.13 #e A Bl44. Similar to Py_GetConstant (), but return a borrowed reference.

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

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

1E 3.13 JRAMA.

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

Py RETURN_NOTIMPLEMENTED
Properly handle returning Py_Not Implemented from within a C function (that is, create a new strong refer-
ence to Not Implemented and return it).

Py_PRINT_RAW

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

int PyObject_HasAttrWithError (PyObject *o, PyObject *attr_name)
[EiE 2 ABI 334> B 3.13 #a K B44. Returns 1 if o has the attribute attr_name, and 0 otherwise. This
is equivalent to the Python expression hasattr (o, attr_name). On failure, return —1.

e 3.13 JRPMA.

int PyObject_HasAttrStringWithError (PyObject *o, const char *attr_name)
[EfE 2 ABI 34> & 3.13 #a A Bl 44. This is the same as PyObject_HasAttriithError (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

TE 3.13 JBhA.
int PyObject_HasAttr (PyObject *0, PyObject *attr_name)
[EJ7Z 72 ABI [1—%B45. Returns 1 if o has the attribute attr_name, and 0 otherwise. This function always

succeeds.
0 #E
Exceptions that occur when this calls _ getattr_ () and _ getattribute__ () methods arent
propagated, but instead given to sys.unraisablehook(). For proper error handling, use
PyObject_HasAttrWithError (), PyObject_GetOptionalAttr () Ofr PyObject_GetAttr () in-
stead.

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

[F)f5 7 ABI [#)—73/>. This is the same as PyObject_HasAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObject*.

O f#(E
Exceptions that occur when this calls _ getattr_ () and _ getattribute_ () methods
or while creating the temporary str object are silently ignored. For proper error han-

dling, use PyObject_HasAttrStringWithError (), PyObject_GetOptionalAttrString() Or
PyObject_GetAttrString () instead.

PyObject *PyObiject_GetAttr (PyObject *o, PyObject *attr_name)

EIMRAE #0418, [E)FS 2 ABI 104} Retrieve an attribute named attr_name from object o. Returns the
attribute value on success, or NULL on failure. This is the equivalent of the Python expression o.attr_name.

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

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)

GG #ray 488, [FfEE ABI 1345 This is the same as Pyobject_GetAttr (), but attr_name is
specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

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

int PyObject_GetOptionalAttr (PyObject *obj, PyObject *attr_name, PyObject **result) ;
[EVfZ & ABI ) — 84> B 3.13 B A Bl 44. Variant of Pyobject GetaAttr() which doesn't raise
AttributeError if the attribute is not found.

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

7.1. YiFRE 95



The Python/C API, [T 3.13.2

1E 3.13 U

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

B 52 ABI [ —304> & 3.13 #5 A B 4. This is the same as PyObject_GetOptionalAttr (), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

e 3.13 JRBTA.

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

EIME A #rey 4 0a, (B ABI 1—7#54r. Generic attribute getter function that is meant to be put
into a type object’s tp_getattro slot. It looks for a descriptor in the dictionary of classes in the object’s
MRO as well as an attribute in the object’s __dict__ (if present). As outlined in descriptors, data descriptors
take preference over instance attributes, while non-data descriptors don’t. Otherwise, an AttributeError is
raised.

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

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

o.attr_name = v.

If 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 *v)

[EJZ 5 ABI [f)—#F45. This is the same as Pyobject_SetAttr (), but attr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObject*.

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

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

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

()35 2 ABI fJ—/>. Generic attribute setter and deleter function that is meant to be put into a type object’s
tp_setattroslot. 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, 0 is returned, otherwise an AttributeError
is raised and -1 is returned.

int PyObject_DelAttr (PyObject ¥o, PyObject *attr_name)

[EfZ 2 ABI )34 & 3.13 WA B 44. Delete attribute named attr_name, for object 0. Returns -1 on
failure. This is the equivalent of the Python statement del o.attr_name.

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

ZE ABL [ —50%r A 3.13 #e A B 44, This is the same as PyObject_DelAttr (), but attr_name is
specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

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

PyObject *PyObject_GenericGetDict (PyObject *0, void *context)

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

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

TERIORE, ] non ERE B Ab .
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1 3.3 A

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
)5 ABI[—304> & 3.7 e A B44. A generic implementation for the setter of a __dict__ descriptor.
This implementation does not allow the dictionary to be deleted.

1 3.3 RPN
PyObject ¥*_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there isno _ 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)

EMR G #rey4Be ., [EFSE ABI 145, Compare the values of o/ 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 <, <=, ==,
I'=, >, or >=respectively. This is the equivalent of the Python expression o1 op o2, where op is the operator
corresponding to opid. Returns the value of the comparison on success, or NULL on failure.

int PyObject_RichCompareBool (PyObject *0l, PyObject *02, int opid)

[[)fZ & ABI () —#4>. Compare the values of ol and o2 using the operation specified by opid, like
PyObject_RichCompare (), but returns —1 on error, 0 if the result is false, 1 otherwise.

O

If ol and 02 are the same object, PyObject RichCompareBool () will always return 1 for Py_E0 and 0 for
Py_NE.

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
[EJ#% 72 ABI /)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)

ER1E: ey 488, [EEE ABI 11—/ 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.

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

PyObject *PyObject_ASCII (PyObject *0)
EMR A #rey 4 g, [DFEE ABI 1—3%4)>. As PyObject_Repr (), compute a string representation of
object o, but escape the non-ASCII characters in the string returned by Pyobject_Repr () with \x, \u or

\U escapes. This generates a string similar to that returned by PyObject_Repr () in Python 2. Called by the
ascii () built-in function.

PyObject *PyObject_Str (PyObject *0)

MR G : Frag 408, [EFSE ABI 1414y Compute a string representation of object o. Returns the string
representation on success, NULL on failure. This is the equivalent of the Python expression str (o). Called
by the str () built-in function and, therefore, by the print () function.

TE 3.4 fRA5AHE : This function now includes a debug assertion to help ensure that it does not silently discard
an active exception.
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PyObject *PyObject_Bytes (PyObject *0)
EMEAE: #ay 4 0&, [EfE5E ABI )04 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)
[EJfE 52 ABI [#)—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 cis is a tuple, the check will be done against every entry in cls. The result will be 1 when at least one of the
checks returns 1, otherwise it will be 0.

If 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 having a __bases__ attribute (which must be a tuple of base classes).

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
[BfZ & ABI [)—3454. 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 having a __bases_
attribute (which must be a tuple of base classes).

Py_hash_t PyObject_Hash (PyObject *0)
[F)f5 & ABI [#)—3%). 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 JiR{)%# 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)

[EfZ 72 ABI [)—34). Set a TypeError indicating that type (o) is not hashable and return —1. This
function receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the
interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *0)
[F)fZ 1 ABI 1)/} Returns 1 if the object o is considered to be true, and 0 otherwise. This is equivalent
to the Python expression not not o. On failure, return -1.

int PyObject_Not (PyObject *0)
[FJf5 & ABI [1)—7/7. Returns 0 if the object o is considered to be true, and 1 otherwise. This is equivalent
to the Python expression not o. On failure, return -1.

PyObject *PyObject_Type (PyObject *0)
MR G : #rah 408, [E)fEE ABI 14> 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 type (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_7vPE () 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.
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Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
[EZ 72 ABI [1—#%E4>. 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).
e 3.4 JRA.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
R Fray &Rg, = 7E ABI 13>, 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)
25 ABI [—3%(/4). 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] = v. This function does not steal a
reference to v.

int PyObject_DelItem (PyObject *o, PyObject *key)
[EJ7Z 5 ABI [1—F4y. Remove the mapping for the object key from the object o. Return -1 on failure. This
is equivalent to the Python statement del o[key].

int PyObject_DelItemString (PyObject *o, const char *key)
[EJFZ 5 ABI 134y This is the same as PyObject_DelItem (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyOb ject*.

PyObject *PyObject_Dir (PyObject *0)
EMRAE : #re4 408, [EfE & ABI 1754, 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)
B AR #rag 4 mg, [EEEE ABI [)—74). This is equivalent to the Python expression iter (o). It
returns a new iterator for the object argument, or the object itself if the object is already an iterator. Raises
TypeError and returns NULL if the object cannot be iterated.

PyObject *pyObject_SelfIter (PyObject *obj)
EM&AE : #ray 408, [EfE 2 ABI 14y, This is equivalent to the Python __iter_ (self): return
self method. It is intended for iterator types, to be used in the Py TypeObject.tp_iter slot.

PyObject *PyObject_GetAIter (PyObject *0)
EIMRAE #7044 08 [FIRE 3 ABL(—414) B 3.10 #5 A B44. This is the equivalent to the Python expression
aiter (o). Takes an AsyncIterable object and returns an AsyncIterator for it. This is typically a new

iterator but if the argument is an AsyncIterator, this returns itself. Raises TypeError and returns NULL
if the object cannot be iterated.

TE 3.10 Higl A
void *PyObject_GetTypeData (PyObject *0, PyTypeObject *cls)
[0 ABL W04y B 3.12 #e A Bi44. Get a pointer to subclass-specific data reserved for cls.

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

On error, set an exception and return NULL.

1E 3.12 KRl A
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Py_ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)
&5 ABI (1—3154) & 3.12 #r A 44, 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.
TE 3.12 JRGMA.

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 fBMA.
int PyObject_VisitManagedDict (PyObject *obj, visitproc visit, void *arg)
Visit the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py_TPFLAGS_MANAGED_DICT flag set.

e 3.13 HRAA.
void PyObject_ClearManagedDict (PyObject *obj)
Clear the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py TPFLAGS_MANAGED_DICT flag set.

e 3.13 R A.

7.2 120y % 5F (Call Protocol)
CPython 37 38 W T A [l [RIREAY B4 € © tp_call F11 vectorcall ([rjEHEAY)

7.2.1 tp_call %5
BT tp_call WHHEZ BB PIRFIY Y o %48 FeRE (slov) ) #ER(E):

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

BRI (R (8 tuple (JCA) FORMLET B — M dict ZoRBAE TS, BULUR Python &
Y callable (*args, **kwargs). args WoZE/ANEI NULL (WREED 8, &85 tuple), H
WARE BT 519, kwargs A DAJ2 NULL.

B GIAE Y p_call (], tp_new Flep_init B HEIES | HL.
i pyobject_ca11 () s HAhF =] API A —(E ) 1F

7.2.2 Vectorcall %5

£ 3.9 FBTIA.
Vectorcall {5 Je 7 PEP 590 51 AR, &2 bR xCF 0L S AIA RG34 FA s o

REBRVEAN L, SR e 44 S 3%, CPython AMETFRIFE MY v € 68 i 5] 5 ] vectorcall, X1, EEIAZ
—fEBEVERLE . MO, AL S IR B HAR M p_call (I ARMHpyobject_ca11()). HI,
—{ifl 57 4% vectorcall fRHEM A HE Etp_call, BeAb, A MR &, PTIEI Y E T EH 2
AR o 0 FE A AR IS i to_cal1 fEE[E)Pyvectorcall call (). B{HAG R
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A &
—f# 37 3% vectorcall FAHELRE M BV A MR REFRA to_call,

TE 312 U 5% W: 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 immutable or static

types.

SR HHE vectorcall o ip_call 18, ANKERZ EAE vectorcall. BTN, 0SBy 275 2 5 | i EIE]
args tuple (5|#7C41) F1 kwargs dict (BAHT | #i), HREIEAE vectorcall FLEH H K.

BE PABBE Py TPFLAGS HAVE VECTORCALL WEAEE M tp_vectorcall offset 3 EEI:45 1S
B vectorcallfunc 1] offset REAE vectorcall i€ . B2 — I8 M HAG LN a8 2 BRI Fe1E

typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
Vg ABLI—H5 B 3.12 iRk B4,
o callable F=F8WEPEY P14
o args & C 5l 515 (array), 408 f0E 5 1 BELUR i
PSS B E. RIS %, SR A NULL.

o nargsf JEQLE S BB Ll Re e
PY_VECTORCALI_ARGUMENTS_OFFSET R, USRI nargsf JERE RN B BEE, 56

HPyvectorcall NARGS (),

o kwnames J&—FALE AT B BE 725 [ A4 F% 1Y) tuple;
EVA)EEE], w2 kwargs FHLAGHE ., BEZ FWERETH (str SHFHEEWER), EHEM
WHRAEER. R EABE#E7%, H8E kwnames W DA NULL %5

PY_ VECTORCALL_ARGUMENTS_OFFSET

B E ABI H—# % Q 3 12 R B 4E. QNARAE vectorcall [ nargsf 5| #Haad T HUIERE, HI SR RFk
WY 5 RS B args [-1] MUME. [EVAJERE], args F81m M58 1 O 0). BEI 5 Db Z81E
[F] {8 2 Fi i i args [-1) E’J{E

HdPyobject_VectorcallMethod (), B fiEAZER M ERE R HELE args (0] ks,

ol DA DA 2% o7 4 AU 9 o8 (4 TR AR A A 00 sO R ) A g, AR ) o s 0 Y 3
JHPY VECTORCALL ARGUMENTS_OFFSET. Tatkfi€ri#4n bound method ([E)%A3E) 2 BE M ATIENY pg

A AR AR T CERHRR A —IRLE S (LR self 5190 o
e 3.8 iABIA.
B — T AR T vectorcall ¥ 4y ¢, G st & H Al T RF Y4 PF — b BE IR 2] APE g e K

PyObject_Vectorcall () i %Eﬂiﬁxﬁzéﬁ

i [E)
e p_call W, P WF 0 OR 2 ¥ 0k [E: CPython ¥ A I mp_call 1) W 1Y & fif

HﬂPyiEnterRecursiveCall () %ﬂPyﬁLeaveRecur51veCall ()o

[ER B3R, A1 H A B vectorcall IRy = % I 1Y Jy 7E 55 BL e E 5 1 B Py_EnterRecursiveCall F1

Py_LeaveRecursiveCall ,

Vectorcall 1Z API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)

[EJfS & ABI (384> & 3.12 KB4, 45 E —{8 vectorcall nargsf 58, BIET [ EREE. H
WA
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[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) J

SRIM, JE(E ] Pyvectorcall NARGS pRZCPAE K RETLIE 7T .
TE 3.8 IBLA.

vectorcallfunc PyVectorcall_Function (PyObject *op)

WH: op N 3% vectorcall g ([RIEIZUEIA SR E BHIA 4% ), skl NULL., 7501, [n{E
FFAE op i) vectorcall BT 358 bR A G5 | EE G5

BRELEGE op =15 15 vectorcall FFHEYR 5, RILAIEEASE PyVectorcall _Function (op)
!= NULL ZREESN .

1E 3.9 BRPIA.
PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)

[E)f55 ABL )B4 & 3.12 e A B4&. WENY callable [f)vectorcall func, A E 8| BT
#AMEIPA tuple F1 dict ¥4 5E o

B —MEMEL, HEHMEWM A call A E AR tp_call WEAE. EATH
#E Py TPFLAGS_HAVE_VECTORCALL FEAZ[F]H B A €riB[A] (fall back) fifi ] tp_call,

e 3.8 FBIA.

7.2.3 4y API

B Zo it o 20T 1 2RI Y Python #9304, 45 o8 X @i 5 | s (BB gl 7 ] 9 2 Fr S 3% 19 18 R P 2K T DA
52 tp_call 5 vectorcall, [F) T [EIT REE/EEIN) 14T, w584 SR A gopbs =X s =t

TREE TR RS ERS R ER SR AR .

Rz callable args kwargs
PyObject_Call () PyObject *  tuple dict/NULL
PyObject_CallNoArgs () PyObject * -— -
PyObject_CallOneArg() PyObject * #{E]%ﬁ: -—
PyObject_CallObject () PyObject *  tuple/NULL ---
PyObject_CallFunction () PyObject *  format ---
PyObject_CallMethod () ff"@ﬁ‘ + char* format -
PyObject_CallFunctionObjArgs () PyObject * ﬂﬁ%l%{ -—=
PyObject_CallMethodObjArgs () Y + 2% GIE-GlL -
PyObject_CallMethodNoArgs () Y + 455
PyObject_CallMethodOneArg () Y + %45 | L7/ s —
PyObject_Vectorcall () PyObject *  vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () 58 + 415 vectorcall ~ vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)

EMEAE: #rag 2ng ., [ERS 2 ABI (1354 WEY—(F a]iEny (% Python #9114 callable, [t tuple args
Fr & ﬁiﬂ’]@]%{&ﬂﬂ%ﬁ kwargs FIr 45 7€ 00 B 8 75 | 40

args WWEAE NULL; WNRARFLES | #, s H 4 wple. WRATEBETS 3, ) kwargs 7]
PAE] NULL,

B e [l A SR s S RS | — {1 451 SN [ ] 8 NULL
B ZHE N Python JE 1 callable (*fargs, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)

B AR A e 408, [DFE ABLIY 505 & 3.10 R B4S. W0 { W] IF0 ) Python {4 callable
[EPRIHAT AT 0 BRSOV Python RT3

IR AR, B SBR[ — {8 1 SME ] (8 NULL,
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1E 3.9 HRABMA.
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

AR Ay g, I —{E AT IEIU Y Python #1{4: callable [EIF 7 IE F— {8 7 E5 | 80 arg T EA B
HT T

JRCEIRE A SR, Bt SRR 5 | 35— 5] SME ] 8 NULL.
e 3.9 BTA.
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

EMEAE: Frag 288, [ 2 ABI (1304, WERY—(8 AT IERY % Python #9114 callable, it H tuple args
i 4. WURRTREMAS 5, ) args ATPAE] NULL.

JS T [ 5 SR, mrE e BRI | 38— 31 A1 [ e NUILL
15 ZE N Python 3£, callable (*args) .

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

AR #7a 4 8&. [EFEE ABI (#3000 R —{E Al Ry i) Python #9114 callable , it #fnl 4
1) C 58, B2 CHlEMfry_Buildvalue () JEMIHEA T AR R0 PAE NULL, R
EA SR 5 3.

JRCHI R ] (A8 R, e S B 5 | 38— {1 ) AN [ 8. NULLL.
1B 4 A Python ## callable (*args) .

WE, WRIREMA Pyobjectr 518, Rllpyobject_CallFunctionObjArgs () & —{F T HLH )

TE 3.4 R 5 format EEICAHE char * HIL,

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

EMEAE: ey 4a. [FEE ABIL 3040 FEIY obj M) b 44 (E) name () method [FIPf 45 i v 5 1)
CHl#. B CHl#Hry_Builavalue () HRFHAGM R, FEIEE A tuple.

R AE) NULL, FR[EAG ST TS 9
JE T I AR, mE R AR | 38— 91 SN [ e NUILL
BEE R Python A obj.name (argl, arg2, ...).

YI%:, ﬁlﬁ]%’f/ﬁ}:u%/\ PyObject™ %[%{, ,HJJPyObjecthallMethodObjArgs () %%*@E‘E’%EE‘J%
#.

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

EMEAE: #rag 2 iE, [ ABIL 554y RN —f w] REIY ) Python M2 callable, |48 v] 58
B pyobject* 5|4, 8485 |#ud AV BAE NULL &1 . S0 n] 58 1) 2 BURER L.

JRCEI IR [R5 SR, s SR ICIRE 5 1 35— 5] SME a1 8 NULL.
B 4E N Python JEE R, callable (argl, arg2, ...).
PyObject *PyObject_CallMethodObijArgs (PyObject *obj, PyObject *name, ...)
AR ey 4 0&. [T ABL - #4r. FERY Python {4 obj H1i¥)—{ method, ' method 4

& name W) Python FERYIEAE . BPE Y R @ M A7 v S8 1) Pyobjece* 58, EL5|#UE
DA EAE NULL 1% 16 . H 80E v 80 S okt

JRCTIRE M A AR, BTE SR ICRE 5 | 3% — (5] SME [l 8 NULL.
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

AR AT [ #ch i nY Python ¥4 obj H1i¥)—1{i method, H:Ht method £ FEHi name 11 Python =
YA E

IR IR, B JSORE 5 | 3% — I 61 ShE ] {8 NULL,
TE 3.9 B A.
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PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
BF A7 — {18 57 . 5| 3 arg HOIFIY Python #{4f: obj 1) — 1 method, JH:H' method £ i fi name 117

Python “FHR¥YI F4G7E
JRCT R [l (A SR, sl SR Bk 5 | 38— {1 1) N [ 8 NULLL.
1E 3.9 IRBTIA.
PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwnames)

[E)f3 2 ABL 14> B 3.12 prok B45. BP0 — i 5] 0 0 (%) Python 4 1% callable, [ff 74 5] #
Blvectorcallfunc WFHIE. U5 callable S 3% vectorcall, R G B WU LECHE callable W vec-
torcall K=,

JRCT R [l (A SR, i SR B 5 | 38— {1 ) AN [ 8 NULLL.
1E 3.9 FA.

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

Pt 2t LA E vecrorcall T 5 H AR [ 7 B 5 | BORIENY callable, {H€7 il E DA S8 kwdict 4% 30 AR
ST 518 args A AL E (L ES 1 #E

e ER O TR e, AR TS M E]. B, R R U AR E RS
— R ZAEE B 5 ) . EEE VR 5 | 0Y) tuple R A B

1E 3.9 B

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

[EVfE 2 ABL 19— A 3.12 e R B4&. {ii F vectorcall I HU & {51 AR I 1l —1] method., method [1%) 4% F%
PA Python “FH: name [)kg4RE . #PFIY method 4 1HE] args[0], Tii args [HIAE args[1] BALGHIFH
AR 5 [ # . NZEEEA D7 B S 8. nargsf EULEE args[0] ZEEI {7 B 5| B Bk,
MR args [0] WME AT GE#Y G o8 A ZE /N _ L Py VECTORCALI._ARGUMENTS_OFFSET. HSEFT|#
B PMEAEPyObject_Vectorcall () H—EEWHELA .

WY R A py_1PrLAGS METHOD_DESCRIPTOR bk, 381 DATE B args 1] & 1F )5 | SO ny
unbound method (AR[EVEE ) Wit

IR AR, e SO [ — {8 1 SME) ] (8 NULL.
e 3.9 BB

7.2.4 IR E API

int PyCallable_Check (PyObject *0)

[EVRE7E ABL il or. FIEYIE o AR ETWEI . Ry 2wl WEn 4 R Tl e 1, A T ]
8 oo E MR EIFI K.

7.3 BFWE

int PyNumber_Check (PyObject *0)
[EJ#Z 72 ABI [1—#%B4>. Returns 1 if the object o provides numeric protocols, and false otherwise. This
function always succeeds.
T 3.8 fiR %% 5 Returns 1 if o is an index integer.

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)

ERAE: #eg 408, [EFEE ABI [1—3%4). Returns the result of adding ol and 02, or NULL on failure.
This is the equivalent of the Python expression o1 + o2.
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PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
EMRAE : #7a4 %%, [FFE5E ABI [)—%54). Returns the result of subtracting 02 from o1, or NULL on failure.
This is the equivalent of the Python expression o1 - o2.

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
EMRAE ey 4 0&, S E ABI #9—704). 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 *0l1, PyObject *02)

EMR1E: ey 4g, [EfSE ABI 3545 B 3.7 BK B44. Returns the result of matrix multiplication
on ol and 02, or NULL on failure. This is the equivalent of the Python expression o1 @ o2.

1E 3.5 A

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
EIMRAE : #ray 408, [EEE ABI [1Y—3%(4). Return the floor of ol divided by 02, or NULL on failure. This
is the equivalent of the Python expression o1 // o2.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
AR 1E: #ray 488, [FfEE ABI )—34)>. Return a reasonable approximation for the mathematical
value of o/ 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 *ol, PyObject ¥02)
EMEAE: #7109 408, [EVES ¢ ABI 19—/} . Returns the remainder of dividing ol by 02, or NULL on failure.
This is the equivalent of the Python expression o1 % o2.

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
EMEAE : #rag 408, [EE 2 ABI 354> See the built-in function divmod (). Returns NULL on failure.
This is the equivalent of the Python expression divmod (01, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
EMRAE: #reh 488, [BVEEE ABI [)—#54). 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)
EMR G #rag 4nd ., [EFSE ABI 145 . 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)
EARAE : #ray 408, [FFS5E ABI Y-/} Returns o on success, or NULL on failure. This is the equivalent
of the Python expression +o.

PyObject *PyNumber_Absolute (PyObject *0)
EMEAE : #0488, [FFEE ABI [#)—#54). 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)
EIMRAE - #7044 08, [FFE & ABI[—%14). 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)
R ey 48, [FFEE ABI9—0). Returns the result of left shifting o/ by 02 on success, or NULL
on failure. This is the equivalent of the Python expression o1 << o02.

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

B AR E: #rag 4, [EiS ABI [#—764). Returns the result of right shifting o/ by 02 on success, or
NULL on failure. This is the equivalent of the Python expression o1 >> o2.
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PyObject *PyNumber_And (PyObject *ol, PyObject *02)
EMEAE: #ray 488, [BEEE ABI [)—#4). Returns the "bitwise and” of oI 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: Frag 4., [EiSE ABI [#)-—%4). Returns the "bitwise exclusive or” of ol by 02 on success, or
NULL on failure. This is the equivalent of the Python expression o1 ~ o2.

PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
EMEAE: #rag 4, B ABI [1—%4). Returns the “bitwise or” of 0l and 02 on success, or NULL on
failure. This is the equivalent of the Python expression o1 | o2.

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
EMRE: #eg48a, [EfE % ABI 1Y-—7B4). 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 o1 += o2.

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject ¥02)
EMEAE : a4 408, [EJfS 0 ABI[1)—74}. Returns the result of subtracting 02 from o, or NULL on failure.
The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 -= o2.

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
EMEAE: ey 408, [FfE & ABI [1)—754). Returns the result of multiplying o/ and 02, or NULL on failure.
The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 *= o2.

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)

EMEAE: Frag 4. [EFEE ABLI—4)> A 3.7 - A B45. 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 A
PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
ERAE: #reh 4%, [EFEE ABL 1)/} . 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
ol //= o2.

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)

AR AL #rey 28, [EfE ¢ ABI [1)—%54)>. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating-point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating-point value when passed two integers. The operation is done in-place when ol supports it. This is
the equivalent of the Python statement o1 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
EM&AE : Frhh 408, [E)FSE ABI [)-—F4). Returns the remainder of dividing ol by 02, or NULL on failure.
The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1 %= o2.

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
EAEE: ey 4B, [EEESE ABI 14 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 03 would cause an illegal memory access).

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
EMRAE : #reg 488, [EEEE ABI 1547 Returns the result of left shifting 0 by 02 on success, or NULL

on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol <<= o2.

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)

EMEAE : #rah 404, [FIFE 5 ABIY)-—/). Returns the result of right shifting o/ by 02 on success, or NULL
on failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement
ol >>= 02.
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PyObject *PyNumber_InPlaceaAnd (PyObject *ol, PyObject *02)
EMEAE: #rey 48, [FEEE ABI [—3%4). 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
ol &= o2.

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *¥02)
EMR1E: #reh 40g, [E)fE 0 ABI [1)—704). 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)
EMEAE: #rag 48, [EEE ABI [1-—%4). Returns the “bitwise or” of 0l and 02 on success, or NULL on
failure. The operation is done in-place when ol supports it. This is the equivalent of the Python statement o1
|= o02.

PyObject *PyNumber_Long ( Pvaject *0)
AR gL BE, = ABI [1—#5/>. Returns the o converted to an integer object on success, or
NULL on failure. Th1s is the equivalent of the Python expression int (o).

PyObject *PyNumber_Float (PyObject *0)
EMEAE: #reg 408, [EfEE ABI [1—/%). Returns the o converted to a float object on success, or NULL
on failure. This is the equivalent of the Python expression float (o).

PyObject *PyNumber_Index (PyObject *0)
EMR A Frey 288, [EFSE ABI [f)-—3F4). Returns the o converted to a Python int on success or NULL

with a TypeError exception raised on failure.

TE 3.10 RRAY %2 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)
EMEAE : #4408, [B)FS 0 ABI[#)—04). 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"',0r '0x"', respectively. If # is not a Python int, it is converted with PyNumber Tndex () first.
Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
[EJfZ 5 ABI [543, Returns o converted to a Py_ssize_t value if o can be interpreted as an integer. If
the call fails, an exception is raised and -1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would raise an
OverflowError, then the exc argument is the type of exception that will be raised (usually IndexError or
overflowError). If exc is NULL, then the exception is cleared and the value is clipped to PY_SSIZE_T MIN
for a negative integer or PY_SSIZE_T_MAX for a positive integer.

int PyIndex_Check (PyObject *0)

[EfZ 5 ABI [-—3%14> B 3.8 B A Bl44. Returns 1 if o is an index integer (has the nb_index slot of the
tp_as_number structure filled in), and 0 otherwise. This function always succeeds.

FFI E

int PySequence Check (PyObject *0)
7€ ABI [1)—#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)
[E)fZ 52 ABI [4)-—%54. Returns the number of objects in sequence o on success, and —1 on failure. This is
equivalent to the Python expression 1en (o).
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PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
EMRE: #reg 4, [ES 2 ABI [)—3454>. Return the concatenation of ol and 02 on success, and NULL
on failure. This is the equivalent of the Python expression o1 + o2.

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
EMEAE: #reg 4, [EfEE ABI ). 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 *0l, PyObject ¥02)
EMRE: #reg 4, [EEE ABI [)—454>. 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
ol += o2.

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

EMEE: Frag 4 B&, [FEEE ABI )54 Return the result of repeating sequence object o count times,
or NULL on failure. The operation is done in-place when o supports it. This is the equivalent of the Python
expression o *= count.

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t 1)
EIARAE: BTG LR, = E ABI [1—34). Return the ith element of o, or NULL on failure. This is the
equivalent of the Python expression o [i].

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_t i2)
ERAE: #eg 488, [EVE G ABI [1—3%54). Return the slice of sequence object o between il and i2, or
NULL on failure. This is the equivalent of the Python expression o[11:12].

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
[EJ7Z 5 ABI [#)—4). Assign object v to the ith element of o. Raise an exception and return —1 on failure;

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

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

int PySequence_DelItem (PyObject *o, Py_ssize_t 1)
[E7Z 52 ABI 1354y Delete the ith element of object 0. Returns —1 on failure. This is the equivalent of
the Python statement del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t i1, Py_ssize_t 12, PyObject *v)
)35 & ABI )34, Assign the sequence object v to the slice in sequence object o from i/ to i2. This is
the equivalent of the Python statement o[i1:i2] = w.

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
[Flf5 & ABI [1)—1/7. 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].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

[E)fZ % ABI (1 — %4>, Return the number of occurrences of value in o, that is, return the number of
keys for which o[key] == value. On failure, return -1. This is equivalent to the Python expression o .
count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
[EZ 2 ABI (143, 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)
[EJfZ 72 ABI 154y Return the first index i for which o[i] == value. On error, return —1. This is
equivalent to the Python expression o.index (value).

PyObject *PySequence_List (PyObject *0)
EIMRE: #eg 488, [EfE%E ABI [1-—%E4). 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).
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PyObject *PySequence_Tuple (PyObject *0)
EMEAE: ey 488, [FfEE ABI ()74 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 *0, const char *m)
EIMR{E: Frey 4 ng, [EfEE ABI [1-%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 () on o, but PySequence Fast_GET_SIZE() is
faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
E{248: 44 488, Return the ith element of o, assuming that o was returned by PySequence_Fast (),
0 is not NULL, and that i is within bounds.

PyObject **PySequence_Fast_ITEMS (PyObject *0)
Return the underlying array of PyObject pointers. Assumes that o was returned by PySequence_Fast () and
0 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 *0, Py_ssize_t 1)
4% 44 : #7404 4 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.

7.5 HIRE

Hita[Flpyobject_GetItem(), PyObject_SetItem() FllPyObject_DellItem() .

int PyMapping_Check (PyObject *0)

Iﬁ‘ & ABI [1)—{f 45 ﬁﬂ%%ﬁ:ﬁﬁ%ﬁ%ﬂﬂ&%%ﬁi%ﬂﬁ (slicing) JJ [l {5 1, AN 0. FsTE
B, ¥R __getitem () JrikHY Python HIE, eams, HEE ,.,\ﬂiﬁﬁza&iéﬁli’i%ﬁ
[EDEAL G . S @T%@'EBSZIJJE’J

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
[EVf5e ABL (1. ) Re [ A o i S, R IGRE [T -1, 3545 i Python 57
len(0),

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
EARE: Frag 408, [EFE 0 ABL[-—#r. BHiryobject _GetItem() FH[E, {H key #iF5E[E const
char* UTF-8 #Rfl{v JCAHFER, AL Pyobject*,

int PyMapping_GetOptionalItem (PyObject *obj, PyObject *key, PyObject **result)
[EiE 2 ABL [ —3B4> & 3.13 B A B 44. Variant of Pyobject_Get I'tem () which doesn’t raise KeyError
if the key is not found.

If the key is found, return 1 and set *result to a new strong reference to the corresponding value. If the key is
not found, return 0 and set *result to NULL; the KeyError is silenced. If an error other than KeyError is
raised, return -1 and set *resulf to NULL.

1E 3.13 HUmA.
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int PyMapping_GetOptionalItemString (PyObject *obj, const char *key, PyObject **result)
[EJFS 2 ABI [)-—384> & 3.13 B A B44. This is the same as PyMapping. GetOptionalltem (), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

e 3.13 B A
int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
[EFZ 5 ABI 134y i@Hilpyobject_secrtem() #AfA], {H key #i$5E[E const char* UTF-8 %l
Rl E, AR Pyobject,
int PyMapping_DelItem (PyObject *o, PyObject *key)
B R pPyobject_belItem() [HE4 .,
int PyMapping_DelItemString (PyObject *o, const char *key)
EHlpyobject_pelttem() A, 1H key #i45E[E] const char* UTF-8 #iiE{; jCALTH, A
PyObject*,
int PyMapping_HasKeyWithError (PyObject *¥o, PyObject *key)
i85 & ABI )% B 3.13 Bk Bl44. Return 1 if the mapping object has the key key and 0 otherwise.

This is equivalent to the Python expression key in o. On failure, return -1.

1 313 iR A
int PyMapping_HasKeyStringWithError (PyObject *0, const char *key)

[EFZ 5 ABI 04> B 3.13 #e K B44. This is the same as PyMapping HasKeyliithError (), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a Pyob ject*.

T 3.13 B A.
int PyMapping_HasKey (PyObject *o, PyObject *key)

[EVEE7E ABL 075 MRS HA S key IR 1, SRR 0. SEAH R Python JEFA key
in oo JE A KA & NI .

O i

xceptions which occur when this calls _ getitem_ method are silently ignored. or
Except hich hen th 11 O thod lently ignored F
proper error handling, use PyMapping HasKeyWithError (), PyMapping GetOptionalItem() Or
PyObject_GetItem () instead.

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

B ABL )8 iB8lryMapping Haskey () #[H, {H key #i1EE[E const char* UTF-8 %ifl
Nou#lFE, WA Pyobject*,

O #HlE

Exceptions that occur when this calls __getitem () method or while creating the temporary str ob-
ject are silently ignored. For proper error handling, use PyMapping HasKeyStringWithError (),
PyMapping_GetOptionalltemString () Or PyMapping GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
EARE: Fray 408, [EREE ABLI 4. BRI — Y o Bl S H 51, e B [l 3 nuLL.,
T 3.7 WS EE: FEDART, % ek g ol e a1 sl .
PyObject *PyMapping_Values (PyObject *0)
EARAE: Arag 4R, [ERE ABLIY— 505 BIRF I o B HS . JRICRE [l 8 nuLT.,
A 3.7 WS EE: AEDART, w% ek Er ol e 21 soeall .
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PyObject *PyMapping_Items (PyObject *0)
EEAE: Arag i, [EEE ABLI—H . MR MY o 2B MRS, Hrh R EE A2
R T, KRR oL,

TE 3.7 JRKBEEE: FELART, % Koy [l (e 1) siocAl

7.6 [EIfX21%
A I D AR 1

int PyIter_Check (PyObject *0)

[EliE 2 ABL [1—3B%r B 3.8 A B4s. W o WAL HELEL Py Tter Next () I [E{EIES
(non-zero), HHI[EIEH 0, B pA—2E GHTHII.

int PyAIter_Check (PyObject *0)
[E)F552 ABIL[—# B 3.10 AR B4E. WRYI1: o AL AsyncTterator Wk, AIRIMEIEE, &
HI 0, S8 ek 2 — s Er AT i .
1 3.10 B

PyObject *PyIter_Next (PyObject *0)

EMRAE: Freg 4 e, B ABL i [EEERE o N —MH{E. R#fryicer check (), #%
PpbsE e —EUCES (drFryEaed ). WREGRIRME, EE voe BARREGSh. AR
JEH R g, AR E noL [E)EGE B4

Zimm - EERREREER, C RN aRiE:

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

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

}

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

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

Py_DECREF (iterator);

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

}

type PySendResult
Mt FoRpyter send () ARIFRAFIEE (enum) {H .
TE 3.10 ARABEINA.
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
[Ef% 5 ABLIY)-H54> B 3.10 ek B4, % arg (382 3 EICHS ier th. B {E:
o QREERA [ # HI[E) pYGEN_RETURN . [A]{#H{E:5 18 presult [7] {4
o RES2AEA (vield) BIE) pYcEN_NEXT. [FEAE(E:7518 presult |54,
o WIEREIELE | 256 4N [E] PYGEN_ERROR, presult 33 Z[E] NULL,
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1 3.10 M.

7.7 #41RF (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 infor-
mation about their underlying buffer. This interface is described in the section Buffer Object Structures;

« on the consumer side, several means are available to obtain a pointer to the raw underlying data of an object
(for example a method parameter).

Simple objects such as bytes and bytearray expose their underlying buffer in byte-oriented form. Other forms
are possible; for example, the elements exposed by an array.array can be multi-byte values.

An example consumer of the buffer interface is the write () method of file objects: any object that can export a
series of bytes through the buffer interface can be written to a file. While write () only needs read-only access to the
internal contents of the object passed to it, other methods such as readinto () need write access to the contents of
their argument. The buffer interface allows objects to selectively allow or reject exporting of read-write and read-only
buffers.

There are two ways for a consumer of the buffer interface to acquire a buffer over a target object:
e call Pyobject_GetBufrfer () with the right parameters;
e call PyArg ParseTuple () (or one of its siblings) with one of the y*, w* or s* format codes.

In both cases, PyBuffer Release () must be called when the buffer isn’t needed anymore. Failure to do so could
lead to various issues such as resource leaks.

7.7.1 Buffer structure

Buffer structures (or simply “buffers”) are useful as a way to expose the binary data from another object to the Python
programmer. They can also be used as a zero-copy slicing mechanism. Using their ability to reference a block of
memory, it is possible to expose any data to the Python programmer quite easily. The memory could be a large,
constant array in a C extension, it could be a raw block of memory for manipulation before passing to an operating
system library, or it could be used to pass around structured data in its native, in-memory format.

Contrary to most data types exposed by the Python interpreter, buffers are not PyoOb 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
WE ABLI—ir (@&FTARER) 8 311 AL
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.
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PyObject *ob3j
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 (). The field is the
equivalent of the return value of any standard C-API function.

As a special case, for temporary buffers that are wrapped by PyMemoryView FromBuffer () Or

PyBuffer FillInfo () this field is NULL. In general, exporting objects MUST NOT use this scheme.
Py _ssize_t 1len

product (shape) * itemsize. For contiguous arrays, this is the length of the underlying 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] isonly valid if the buffer has been
obtained by a request that guarantees contiguity. In most cases such a request will be PyBUF_STMPLE
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 temsi ze still has the value for the original format.

If shapeis present, the equality product (shape) * itemsize == lenstill holdsand the consumer
can use itemsize to navigate the buffer.

If shape is NULL as a result of a PyBUF_SIMPLE or a PyBUF_WRITABLE request, the consumer must
disregard itemsize and assume itemsize == 1.

char *format
A NULL terminated string in st ruct module style syntax describing the contents of a single item. If
this is NULL, "B" (unsigned bytes) is assumed.
This field is controlled by the pyBUF_FORMAT flag.

int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points to a
single item representing a scalar. In this case, shape, st rides and suboffsets MUST be NULL. The
maximum number of dimensions is given by PyBUF_MAX_NDIM.

Py_ssize_t *shape
Anarray of Py_ssize_ t of length ndimindicating the shape of the memory as an n-dimensional array.
Note that shape [0] * ... * shape[ndim-1] * itemsize MUST be equal to Ien.

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.
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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.

it 8
PyBUF_MAX_ NDIM
The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers

of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimensions. Currently set
to 64.

7.7.2 Buffer request types

Buffers are usually obtained by sending a buffer request to an exporting object via PyOb ject_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_burrer 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. For example, PyBUF_SIMPLE | PyBUF_WRITABLE can
be used to request a simple writable buffer.

PyBUF_FORMAT

Controls the format field. If set, this field MUST be filled in correctly. Otherwise, this field
MUST be NULL.

PyBUF_WRITABLE can be |'d to any of the flags in the next section. Since PyBUF_SIMPLE is defined as 0,
PyBUF_WRITABLE can be used as a stand-alone flag to request a simple writable buffer.

pyBUF_FORMAT must be 'd to any of the flags except PyBUF_S1MPLE, because the latter already implies format B
(unsigned bytes). PyBUF_FORMAT cannot be used on its own.
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.
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Request | shape strides | suboffsets |

yes yes if needed
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL

PyBUF_ND

PyBUF_SIMPLE

NULL

NULL | NULL

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 CH 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.

PyBuffer_ IsContiguous () to determine contiguity.

The consumer would have

to call

7.7. #E4i%E (Buffer Protocol)
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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

7.7.3 Complex arrays
NumPy-style: shape and strides
The logical structure of NumPy-style arrays is defined by itemsize, ndim, shape and strides.

If ndim == 0, the memory location pointed to by bur is interpreted as a scalar of size itemsize. In that case,
both shape and st rides are NULL.

If strides is NULL, the array is interpreted as a standard n-dimensional C-array. Otherwise, the consumer must
access an n-dimensional array as follows:

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-11;
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
won
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:

EET—3
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(B E—H)
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+imax+itemsize <= memlen

PIL-style: shape, strides and suboffsets

In addition to the regular items, PIL-style arrays can contain pointers that must be followed in order to get to the
next element in a dimension. For example, the regular three-dimensional C-array char v[2][2][3] can also be
viewed as an array of 2 pointers to 2 two-dimensional arrays: char (*v[2]) [2] [3]. In suboffsets representation,
those two pointers can be embedded at the start of burf, pointing to two char x[2] [3] arrays that can be located
anywhere in memory.

Here is a function that returns a pointer to the element in an N-D array pointed to by an N-dimensional index when
there are both non-NULL strides and suboffsets:

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

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

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

}

return (void*)pointer;

7.7.4 Buffer-related functions

int PyObject_CheckBuffer (PyObject *obj)

[EVfZ 5 ABIL 19— B 3.11 A Bl44. Return 1 if obj supports the buffer interface otherwise 0. When 1
is returned, it doesn’t guarantee that PyObject_GetBuffer () will succeed. This function always succeeds.

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

%2 ABL 354 A 3.11 #e A B44. Send a request to exporter to fill in view as specified by flags. If
the exporter cannot provide a buffer of the exact type, it MUST raise BufferError, set view—>o0bj to NULL
and return -1.

On success, fill in view, set view—>obj 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 PyObject_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)

[EVfZ & ABI [)—3%> & 3.11 ¥e A Bl44. 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 ().
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Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

25 ABI [—314> & 3.11 B A 44, Return the implied it emsize from format. On error, raise an
exception and return -1.

5 3.9 IRBMA.
int PyBuffer_IsContiguous (const Py_buffer *view, char order)

ZE ABI [)—37r & 3.11 & A B44. Return 1 if the memory defined by the view is C-style (order is
'c ") or Fortran-style (order is 'F ') contiguous or either one (order is 'A"). Return 0 otherwise. This function
always succeeds.

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
[E)f5 5 ABI /34> @ 3.11 R A B 44. Get the memory area pointed to by the indices inside the given
view. indices must point to an array of view—>ndim indices.

int PyBuffer_FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
[E)f5 7 ABI [1)—33%r B 3.11 B A B+45. Copy contiguous len bytes from buf to view. fort canbe 'C' or
'F ' (for C-style or Fortran-style ordering). 0 is returned on success, —1 on error.

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

[EVfS & ABI #—31%> @ 3.11 §& & Hl44. Copy len bytes from src to its contiguous representation in buf.
ordercanbe 'C' or 'F' or 'A"' (for C-style or Fortran-style ordering or either one). 0 is returned on success,
-1 on error.

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

int PyObject_CopyData (PyObject *dest, PyObject *src)
=8 ABI [ —358%r B 3.11 #a A B44. Copy data from src to dest buffer. Can convert between C-style
and or Fortran-style buffers.

0 is returned on success, —1 on error.

void PyBuffer_FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize, char
order)
%2 ABI [—3F4r & 3.11 #r A B 44. 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 3> @ 3.11 #g Ak H44. Handle buffer requests for an exporter that wants to expose buf of
size len with writability set according to readonly. buf is interpreted as a sequence of unsigned bytes.

The flags argument indicates the request type. This function always fills in view as specified by flags, unless
buf has been designated as read-only and PyBUF_WRITABLE is set in flags.

On success, set view—>obj to a new reference to exporter and return 0. Otherwise, raise BufferError, set
view—>obj to NULL and return -1;

If this function is used as part of a gerbufferproc, exporter MUST be set to the exporting object and flags must
be passed unmodified. Otherwise, exporter MUST be NULL.
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type PyTypeObject
[F)37 [ API (1)—35%>  (#[E)—18 R 1% 94 4 4% (opaque struct)) . The C structure of the objects used to
describe built-in types.

PyTypeObject PyType_Type
[EJ#Z 2 ABI [1—%B4>. This is the type object for type objects; it is the same object as type 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.

unsigned int PyType_ClearCache ()
[F)& 5 ABI [1)—4y. Clear the internal lookup cache. Return the current version tag.
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unsigned long PyType_GetF1lags (PyTypeObject *type)

25 ABI [)—314). Return the tp_£1ags member of type. This function is primarily meant for use with
Py LIMITED_API; 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.

e 3.2 A

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
necessary and indirect access (e.g. via the proxy or PyObject_GetAttr ()) isn't adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their own types.

£ 3.12 FGmA.

void PyType_Modified (PyTypeObject *type)

[EJ7Z 5 ABI [1—3F4y. Invalidate the internal lookup cache for the type and all of its subtypes. This function
must be called after any manual modification of the attributes or base classes of the type.

int PyType_AddWatcher (PyType_WatchCallback callback)

Register callback as a type watcher. Return a non-negative integer ID which must be passed to future calls to
PyType_Watch (). In case of error (e.g. no more watcher IDs available), return —1 and set an exception.

e 3.12 HAFIA.

int PyType_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id (previously returned from Py Type Addwatcher ()). Return 0 on
success, —1 on error (e.g. if watcher_id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher_id that was not returned to it by a
previous call to Py Type_ AddwWatcher ().

e 3.12 HAFmA.

int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by Py Type_Addwatcher () will be called whenever
PyType_ Modified () reports a change to fype. (The callback may be called only once for a series of con-
secutive modifications to type, if _PyType_Lookup () is not called on type between the modifications; this is
an implementation detail and subject to change.)

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

1E 3.12 A

typedef int (*PyType_WatchCallback)(PyObject *type)

Type of a type-watcher callback function.

The callback must not modify type or cause Py Type_Modified () to be called on type or any type in its MRO;
violating this rule could cause infinite recursion.

1E 3.12 BAFmA.

int PyType_HasFeature (PyTypeObject *0, 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.
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int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
25 ABI [1—54). 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 () to do the same check that i ssubclass () would do.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
PR #reg4ig, [FEE 0 ABI[F)-—0%). Generic handler for the tp_a11oc 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)
EMRE: #rag 4 Ba., [EfEE ABIL[1Y-34). 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)
[B)2 % ABI [#)—4). 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 0 on
success, or return —1 and sets an exception on error.

O HE

If some of the base classes implements the GC protocol and the provided type does not include the
Py _TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_GC in its flags then
it must implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
B ey g, [EREE ABL 1 —304> B 3.11 # A B45. Return the type’s name. Equivalent to
getting the type’s __name___ attribute.

1E 3. 11 iABmA.

PyObject *PyType_GetQualName (PyTypeObject *type)
EMRAE #7044 08 . [EFEE ABLH—4)> B 3.11 §a & Ml44. Return the type’s qualified name. Equivalent
to getting the type’s __qualname___ attribute.

e 3.11 R A.
PyObject *PyType_GetFullyQualifiedName (Py7ypeObject *type)

[ ABL[9—5% B 3.13 R A< PBi+44. Return the type’s fully qualified name. Equivalent to £" {type.
__module__}.{type.__qualname__ }",0r type.__qualname_ if type.__module_ is not a String
orisequal to "builtins™".

1E 3.13 JRBIMA.

PyObject *PyType_GetModuleName (PyTypeObject *type)
[EZ 5 ABI [#)—3B4> & 3.13 #i A Bl44. Return the type’s module name. Equivalent to getting the type.
__module___ attribute.

TE 3.13 WUyl
void *PyType_GetSlot (PyTypeObject *type, int slot)
25 ABI [#)—33%r B 3.4 #5 A& B44. Return the function pointer stored in the given slot. If the result is

NULL, this indicates that either the slot is NULL, or that the function was called with invalid parameters. Callers
will typically cast the result pointer into the appropriate function type.

See PyType_Slot.slot for possible values of the slor argument.

1E 3.4 RPIA.

TE 3.10 J) 5 PyType GetSlot () can now accept all types. Previously, it was limited to heap rypes.
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PyObject *PyType_GetModule (PyTypeObject *type)

[EFf5 2 ABL )3 @ 3.10 fE A B 44. Return the module object associated with the given type when the
type was created using PyType_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 PyType GetModuleByDef () for cases when
PyCMethod cannot be used.

1E 3.9 MRBIA.

void *PyType_GetModuleState (PyTypeObject *type)

[EfE 2 ABI %54y B 3.10 ¥ A B44. Return the state of the module object associated with the given
type. This is a shortcut for calling PyModule GetState () on the result of PyType 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 BABIA.

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

= ABLIY—5%r B 3.13 #r A B 44. Find the first superclass whose module was created from the given
PyModuleDef def, and return that module.

If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed
using the PyCMethod calling convention.

5 3.11 HmA.

int PyUnstable_Type_ AssignVersionTag (PyTypeObject *type)

e
TEAE TG APL, BT RBTE/ INRA B A T VA bl 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 O if a new tag could not be
assigned.

TE 3.12 FGmA.

Creating Heap-Allocated Types

The following functions and structs are used to create /eap types.

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec, PyObject

*bases)

[EJfS & ABI [ -—EB4> & 3.12 #% A B 44. Create and return a heap type from the spec (see
Py TPFLAGS_HEAPTYPE).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL, the metaclass
is derived from bases (or Py_tp_base[s] slots if bases is NULL, see below).

Metaclasses that override t p_new are not supported, except if t p_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.)
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The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If
bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If
that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a
module object or NULL. If not NULL, the module is associated with the new type and can later be retrieved
with PyType GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.

This function calls Py Type Ready () on the new type.

Note that this function does nor fully match the behavior of calling type () or using the class statement.
With user-provided base types or metaclasses, prefer calling type (or the metaclass) over PyType_From*

functions. Specifically:
e _ new__ () is not called on the new class (and it must be set to type._ new_ ).

e _ init__ () isnot called on the new class.

e __init_subclass__ () is not called on any bases.
e _ set_name__ () is not called on new descriptors.
TE 3.12 A

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
EARAE : Fray 4. [BFEE ABL 34 & 3.10 i KB4, S5{E® PyType_FromMetaclass (NULL,

module, spec, bases),

TE 3.9 A

T 3.10 ¥ 5% 58 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

TE 3.12 B4 %% 5 The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only type 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)
EMEAE: #9408, [EEE ABL 3% & 3.3 i K BMl4s. Z5{E A PyType_FromMetaclass (NULL,
NULL, spec, bases).,

TE 3.3 A
T 3.12 fitY %5 5 The function now finds and uses a metaclass corresponding to the provided base classes.

Previously, only type 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)
IR Frey LR, ZF ABI 19—, A PyType_FromMetaclass (NULL, NULL, spec,
NULL) »

JE 3.12 iR Y54 55 : The function now finds and uses a metaclass corresponding to the base classes provided in
Py_tp_base[s] slots. Previously, only type 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.

type PyType_Spec
5 ABL—8%r (8.4 Fr A M. B ) . Structure defining a type’s behavior.

const char *name

Name of the type, used to set Py TypeObject . tp_name.
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int basicsize

If positive, specifies the size of the instance in bytes. It is used to set Py TypeObject.tp_basicsize.
If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition to the
superclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory reserved this
way.

TE 3.12 f {5 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 itemsize is only possible in the following situations:

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

o The requested PyType_Spec.basicsize is positive, suggesting that the memory layout of the
base class is known.

o The requested Py Type Spec.basicsize is zero, suggesting that the subclass does not access the
instance’s memory directly.

o With the py_TPFLAGS_1TEMS_AT END flag.

unsigned int £lags

Type flags, used to set Py TypeObject.tp_flags.

If the py_TPFLAGS_HEAPTYPE flagis notset, PyType FromSpecWithBases () sets it automatically.

PyType_Slot *slots

Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.

Each slot ID should be specified at most once.

type PyType_Slot

TEE ABLH—i (804 FrA m 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 PyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods and PyAsyncMethods with an added py_ prefix. For
example, use:

e Py_tp_dealloctoset PyTypeObject.tp_dealloc
e Py_nb_addtoset PyNumberMethods.nb_add
e Py_sqg lengthtoset PySequenceMethods.sq_length
The following “offset” fields cannot be set using Py Type Slot:
e tp_weaklistoffset (Use Py_TPFLAGS_MANAGED_WEAKREF instead if possible)
o tp_dictoffset (WIRWEE, T HPy_TPFLAGS_MANAGED_DICT)
e tp vectorcall offset (% PyMemberDef Hifh] "__vectorcalloffset_ ")

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to support 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_new and/or tp_init)
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o 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 PyType FromSpecWithBases () instead.

TE 3.9 f Y% 5 Slots in PyBufferProcs may be set in the unlimited API.

FE3.11 fJ5E 5 : br _getbuffer and bf_releasebuffer are now available under the limited API.
void *pfunc

The desired value of the slot. In most cases, this is a pointer to a function.

Slots other than Py_tp_doc may not be NULL.

8.1.2 None ¥ji¥

Note that the PyTypeObject for None is not directly exposed in the Python/C API. Since None is a singleton,
testing for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None

The Python None object, denoting lack of value. This object has no methods and is immortal.

TE 3.12 UBI5E T8 Py_None is immortal.

Py_RETURN_NONE

Return Py_None from a function.

8.2 BEMHF
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
[E52 [ APL (15154 (#&[El—18 Ri% 98 & 4% (opaque struct)) . This subtype of PyObject represents a
Python integer object.
PyTypeObject PyLong_Type
[F)F2 5 ABI [#)—734). This instance of Py TypeObject represents the Python integer type. This is the same
object as int in the Python layer.
int PyLong_Check (PyObject *p)
Return true if its argument is a PyLongObject or a subtype of PyLongobject. This function always suc-
ceeds.
int PyLong_CheckExact (PyObject *p)
Return true if its argument is a PyLongObject, but not a subtype of PyLongObject. This function always
succeeds.
PyObject *PyLong_FromLong (long v)
EIRAE: ey 4ng, [EFEE ABI -4 Return a new PyLongObject object from v, or NULL on

failure.

The current implementation keeps an array of integer objects for all integers between -5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.
PyObject *PyLong_FromUnsignedLong (unsigned long v)

EAEAE: #rag 4 nd, [EFE 0 ABI 545, Return a new PyLongObject object from a C unsigned
long, or NULL on failure.
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PyObject *PyLong_FromSsize_t (Py_ssize_t V)
EMEAE: #rag 488, [EES 5 ABI [#)—%4). Return a new PyLongObject object froma C Py_ssize_t,
or NULL on failure.

PyObject *PyLong_FromSize_t (size_t V)
EMR A Frey40a, [EFSE ABI ()4, Return a new PyLongObject object from a C size_t, or
NULL on failure.

PyObject *PyLong_FromLongLong (long long v)
EMR 1 #rag 48, S E ABI [)—3%¢4). Return a new PyLongObject object from a C long long,
or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
EIMRAE: #rag 4 rg, [EFS 2 ABI [)—%B4>. Return a new PyLongObject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
EMRAE : Fray 408, [ ABIL 14y . Return a new PyLongObject object from the integer part of
v, or NULL on failure.

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

EARAE: #rag 408, [EFFEE ABI[)—%54)>. 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 str on success or to the first character that could not be processed on error. If base is 0,
str is interpreted using the integers definition; in this case, leading zeros in a non-zero decimal number raises
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 str is not
NULL-terminated following the digits and trailing whitespace, ValueError will be raised.

s 't =

Python methods int.to_bytes () and int.from bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
B4 #Hey4 &, Convert a sequence of Unicode digits in the string u to a Python integer value.

1E 3.3 A
PyObject *PyLong_FromVoidPtr (void *p)
EMEAE: Fray 4R, [FfEE ABIL -4, Create a Python integer from the pointer p. The pointer value
can be retrieved from the resulting value using PyLong AsVoidPtr ().
PyObject *PyLong_FromNativeBytes (const void *buffer, size_t n_bytes, int flags)
Create a Python integer from the value contained in the first n_bytes of buffer, interpreted as a two’s-

complement signed number.

flags are as for PylLong AsNativeBytes(). Passing -1 will select the native endian
that CPython was compiled with and assume that the most-significant bit is a sign bit.
Passing Py_ASNATIVEBYTES_UNSIGNED_BUFFER will produce the same result as calling
PyLong_FromUnsignedNativeBytes (). Other flags are ignored.

T 3.13 g A.
PyObject *PyLong_FromUnsignedNativeBytes (const void *buffer, size_t n_bytes, int flags)

Create a Python integer from the value contained in the first n_bytes of buffer, interpreted as an unsigned
number.

flags are as for PyLong_AsNativeBytes (). Passing -1 will select the native endian that CPython was
compiled with and assume that the most-significant bit is not a sign bit. Flags other than endian are ignored.

e 3.13 JRFMA.
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long PyLong_AsLong (PyObject *obj)
)25 ABI [)—3#/>. 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 PyLongObject.

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

TE 3.8 U5 T : Use __index__ () if available.

TE 3.10 R [%) %8 55 This function will no longer use __int__ ().
long PyLong_AS_LONG (PyObject *obj)

A soft deprecated alias. Exactly equivalent to the preferred PyLong_AsLong. In particular, it can fail
with OverflowError or another exception.

TE 3.14 2 % 9&([EFH: The function is soft deprecated.
int PyLong_AsInt (PyObject *obj)

[EVfE 52 ABI 19354 & 3.13 #e K B4%. Similar to PyLong AsLong (), but store the result in a C int
instead of a C long.

1 313 JRPmA.
long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

[F)f5 ¢ ABI [#)—%). Return a C 1ong representation of obj. If obj is not an instance of PyLongobject,
first call its __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.
YE 3.8 5T : Use __index__ () if available.
TE 3.10 Jitf¥) %% 55 This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)
[[)fZ 52 ABI 1) —#/4>. Return a C long long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__ () method (if present) to convert it to a PyLongObject.

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

TE 3.8 U5 T : Use __index__ () if available.

TE 3.10 %)% 55 This function will no longer use __int__ ().

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

[F)f5 5 ABI [y — (/4> Return a C long long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__ () method (if present) to convertitto 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.
1 3.2 BB

¥E 3.8 U5 T : Use __index__ () if available.

TE 3.10 R i%) %8 55 This function will no longer use __int__ ().
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Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

[FfZ 52 ABI [)—3#}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 for a Py_ssize_t.

Returns -1 on error. Use PyErr_Occurred () to disambiguate.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

)35 & ABI )34} Returna C unsigned long representation of pylong. pylong must be an instance
of PyLongObject.

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

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

size_t PyLong_AsSize_t (PyObject *pylong)

[E)#% 5 ABI [1-—7#B4r. Return a C size_t representation of pylong. pylong must be an instance of
PyLongObject.

Raise overflowError if the value of pylong is out of range for a size_t.

Returns (size_t) -1 onerror. Use PyErr Occurred () to disambiguate.

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

[F)f5 5 ABI [1)—3/4). Return a C unsigned long long representation of pylong. pylong must be an
instance of PyLongObject.

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

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

unsigned long PyLong_AsUnsignedLongMask (PyObject *0obj)

[F)f5 5 ABI [)—74>. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__ () method (if present) to convertitto a PyLongObject.

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

Returns (unsigned long) -1 onerror. Use PyErr Occurred () to disambiguate.
YE 3.8 fUM5EHE: Use __index_ () if available.
TE 3.10 JiR %% 55 This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

)35 & ABI )34y Return a C unsigned long long representation of obj. If obj is not an instance
of PyLongObject, first call 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.
TE 3.8 U5 T : Use __index_ () if available.
TE 3.10 it %)% 55 This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)

[F)f5 & ABI [y — 4. Return a C double representation of pylong. pylong must be an instance of
PyLongObject.

Raise overflowError if the value of pylong is out of range for a double.

Returns -1.0 on error. Use PyErr Occurred () to disambiguate.
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void *PyLong_AsVoidPtr (PyObject *pylong)
25 ABI [1)—334). 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
“dﬂleLong_FromVOidPtr(L

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

Py_ssize_t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py_ssize_t n_bytes, int flags)
Copy the Python integer value pylong to a native buffer of size n_bytes. The flags can be set to —1 to behave
similarly to a C cast, or to values documented below to control the behavior.

Returns -1 with an exception raised on error. This may happen if pylong cannot be interpreted as an integer,
or if pylong was negative and the Py _ASNATIVEBYTES_REJECT_NEGATIVE flag was set.

Otherwise, returns the number of bytes required to store the value. If this is equal to or less than n_byfes, the
entire value was copied. All n_bytes of the buffer are written: large buffers are padded with zeroes.

If the returned value is greater than than n_bytes, the value was truncated: as many of the lowest bits of the
value as could fit are written, and the higher bits are ignored. This matches the typical behavior of a C-style
downcast.

O HE

Overflow is not considered an error. If the returned value is larger than n_bytes, most significant bits were
discarded.

0 AN Il 14«

Values are always copied as two's-complement.
o 1 -

int32_t value;
Py_ssize_t bytes = PyLong_AsNativeBytes (pylong, &value, sizeof (value), -1);
if (bytes < 0) {

// Failed. A Python exception was set with the reason.

return NULL;

}
else if (bytes <= (Py_ssize_t)sizeof (value)) {
// Success!
}
else {
// Overflow occurred, but 'value' contains the truncated

// lowest bits of pylong.

Passing zero to n_bytes will return the size of a buffer that would be large enough to hold the value. This may
be larger than technically necessary, but not unreasonably so. If n_bytes=0, buffer may be NULL.

O HE

Passing n_bytes=0 to this function is not an accurate way to determine the bit length of the value.

To get at the entire Python value of an unknown size, the function can be called twice: first to determine the
buffer size, then to fill it:

// Ask how much space we need.
Py_ssize_t expected = PyLong_AsNativeBytes (pylong, NULL, 0, -1);
if (expected < 0) {

// Failed. A Python exception was set with the reason.

(BFET—H
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(B —1)
return NULL;
}
assert (expected != 0); // Impossible per the API definition.
uint8_t *bignum = malloc (expected);
if (!bignum) {
PyErr_SetString (PyExc_MemoryError, "bignum malloc failed.");
return NULL;
}
// Safely get the entire value.
Py_ssize_t bytes = PylLong_AsNativeBytes (pylong, bignum, expected, -1);
if (bytes < 0) { // Exception has been set.
free (bignum) ;
return NULL;
}
else if (bytes > expected) { // This should not be possible.
PyErr_SetString (PyExc_RuntimeError,
"Unexpected bignum truncation after a size check.");
free (bignum) ;
return NULL;
}
// The expected success given the above pre-check.
// ... use bignum
free (bignum) ;

flags is either -1 (Py_ASNATIVEBYTES_DEFAULTS) to select defaults that behave most like a C cast, or a
combination of the other flags in the table below. Note that -1 cannot be combined with other flags.

Currently, -1 corresponds to Py_ASNATIVEBYTES_NATIVE_ENDIAN |
Py_ASNATIVEBYTES_UNSIGNED_BUFFER.

AR A

Py ASNATIVEBYTES_DEFAULTS

0
Py ASNATIVEBYTES_BIG_ENDIAN

1
Py ASNATIVEBYTES_LITTLE_ENDIAN

3
Py ASNATIVEBYTES_NATIVE_ENDIAN

4
Py ASNATIVEBYTES_UNSIGNED_BUFFER

8
Py ASNATIVEBYTES_REJECT_NEGATIVE

16

Py ASNATIVEBYTES_ALLOW_INDEX

Specifying Py ASNATIVEBYTES_NATIVE_ENDIAN will override any other endian flags. Passing 2 is reserved.

By default, sufficient buffer will be requested to include a sign bit. For example, when converting 128 with
n_bytes=1, the function will return 2 (or more) in order to store a zero sign bit.

If Py ASNATIVEBYTES_UNSIGNED_BUFFER is specified, a zero sign bit will be omitted from size calcula-
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tions. This allows, for example, 128 to fit in a single-byte buffer. If the destination buffer is later treated as
signed, a positive input value may become negative. Note that the flag does not affect handling of negative
values: for those, space for a sign bit is always requested.

Specifying Py_ASNATIVEBYTES_REJECT_NEGATIVE causes an exception to be set if pylong is negative.
Without this flag, negative values will be copied provided there is enough space for at least one sign bit, re-
gardless of whether Py_ASNATIVEBYTES_UNSIGNED_BUFFER was specified.

If Py ASNATIVEBYTES_ALLOW_INDEX is specified and a non-integer value is passed, its __index__ ()
method will be called first. This may result in Python code executing and other threads being allowed to run,
which could cause changes to other objects or values in use. When flags is -1, this option is not set, and
non-integer values will raise TypeError.

O K

With the default flags (-1, or UNSIGNED_BUFFER without REJECT_NEGATIVE), multiple Python inte-
gers can map to a single value without overflow. For example, both 255 and -1 fit a single-byte buffer and
set all its bits. This matches typical C cast behavior.

TE 3.13 FRAEIIA.
PyObject *PyLong_GetInfo (void)

[EJFZ 72 ABI [)—74). On success, return a read only named tuple, that holds information about Python’s
internal representation of integers. See sys.int_info for description of individual fields.

FEJIORE , €[l nor [l il 4t
e 3.1 B

int PyUnstable_Long_IsCompact (const PyLongObject *op)

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

Return 1 if op is compact, 0 otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small integers. For
compact values use PyUnstable_lLong_CompactValue ();for others fall back to a PyrLong_As* function
or PyLong_AsNativeBytes ().

The speedup is expected to be negligible for most users.

Exactly what values are considered compact is an implementation detail and is subject to change.

£ 3.12 FGmA.

Py_ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

e
TEA TS APL, BT RETE/ INRA B AT T VG A i g o

If op is compact, as determined by PyUnstable Long IsCompact (), return its value.

Otherwise, the return value is undefined.

£ 3.12 FGmA.
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8.2.2 Boolean (7i%k) ¥ifF

Python H1[1¥ boolean 2 DAR 8 THEENL R BTN . RGPy False fllpy True Wifil boolean, [ H— &k ZE
S FNEIRE 8 RE AR5 A R boolean, {H %1 E4E (macro) 42 7] FH .

PyTypeObject PyBool_Type

[EJfZ 5 ABI /)14y This instance of PyTypeObject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)
2R o W RIEIElpysool_type HI WA . ek 42 84T .
PyObject *Py_False
Python [¥] False ¥{f. BLAIHEIE A ) HIEI R kay (immortal)
TE 312 B  py_ralse [F) R ikaY,
PyObject *Py_True
Python (¥ True #J{4. W PHEG AT i BLE 7 sy .
TE 302 WU Py True [B)R %49 .
Py RETURN_FALSE
Rl Py_False,
Py RETURN_TRUE
W E Py True,

PyObject *PyBool_FromLong (long v)
EMRAE: ey 4R, [EIRUE ABLAY—AR2r AR v RYBBMEKI ry_True B Py False.

8.2.3 ZE & (Floating-Point) {4

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

PyTypeObject PyFloat_Type
B2 & ABI 1)—34>. This instance of PyTypeobject represents the Python floating-point type. This is
the same object as f1oat 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)
ARG #rhy 4 0&. [EESE ABI )4} Create a PyFloatObject object based on the string value in
str, or NULL on failure.

PyObject *PyFloat_FromDouble (double v)
EMRAE: #rey4nd, [EEEE ABI 174>, Create a PyFloatObject object from v, or NULL on failure.

double PyFloat_AsDouble (PyObject *pyfloat)

()35 72 ABI (19— Returna C double representation of the contents of pyfloat. If pyfloat is not a Python
floating-point object but hasa __ float__ () method, this method will first be called to convert pyfloat into
afloat. If _ float__ () is not defined then it falls back to __index__ (). This method returns -1 .0 upon
failure, so one should call PyErr Occurred () to check for errors.

YE 3.8 5T Use __index_ () if available.
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double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.

PyObject *PyFloat_GetInfo (void)
EMEAE: ey 408, [FfEE ABIHJ-—%). Return a structseq instance which contains information about
the precision, minimum and maximum values of a float. It’s a thin wrapper around the header file f1oat . h.
double PyFloat_GetMax ()
[EfZ 53 ABI 145 Return the maximum representable finite float DBL,_ MAX as C double.

double PyFloat_GetMin ()
[F)f5 ¢ ABI 1%/, Return the minimum normalized positive float DBL_MIN as C double.

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte
strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double
from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the
2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to
the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

15 3. 11 RBA.

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
0 on little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if x is a NaN or infinity.

« -0.0 Al +0.0 GEA: MR AITHT H .

int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

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

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in
little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The
PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on little
endian processor.

Return value: The unpacked double. On error, this is -1 .0 and PyErr Occurred () is true (and an exception is
set, most likely OverflowError).
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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 [FIguihfs

1 C APLZiKF, Python 1 [EVHA (-4 B AR [E MR A R 4E): — 7 )2 24 B4 Python #2511 Python #{:,
R RN I E R C 45HE. APLSRAE 7B & kAR A A e

1E[E C #mnDe

FEVEE, 2E Se 4 i AEE) 2 BUEDH M VR4S SR [ B pR 2 4R 1A (Dy value) AT, AR50 HE 12
Eliﬁ%ﬁﬁ (dereference) ‘B M. EAEREE APT H#f 221 .

type Py_complex

HH 3577 Python [EVU) (-2 BB 19 C Hil. K2 Uk PRIEIECY) (404 e SRR R R & ]SS AR 2
(BT &5 M (i A sl o £

double real

double imag

%A i oE FE (-

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

PA C 1 py_complex B A al e i ) e 1
Py_complex _Py_c_diff£ (Py_complex left, Py_complex right)

DA C 1 py_complex 7R B2 2 a3 7y {1 (B B T g 22
Py_complex _Py_c_neg (Py_complex num)

PA C ¥ py_compiex R B A EEIH num (1140 L H (negation).
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

PA C 1 py_complex R B A [m] 3 v {1 [ o) e i «
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

PA C 1 py_complex B A a8 i [E By i

WA divisor [E] null, JIJ 3t ¥ € B ZEHF errno 5% E(E) EpOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

A C ipy_complex FRTE I num () exp Y7 &5

R num [E) null B exp A2 1F B, Uﬁtﬁfﬂi@@@rg.ﬂ% errno 3 5E([E] EDOM,

{E[L] Python ¥ #FEIIgY

type PyComplexObject

&l pyobiect 1T HIENF—1i Python [E#E 4.
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PyTypeObject PyComplex_Type

[EVfE 7 ABL 15—y @ pyTypeobject [ BIAA 3R Python [/ [E]. & 5 Python Jig i1
complex s [d—HY

int PyComplex_Check (PyObject *p)

W HG B —{f pycomplexobject MiF# fgPyComplexobject [T RUE], I €M H true. E1HK
EWN PN

int PyComplex_CheckExact (PyObject *p)

AR HE [ R —f pycomplexobject, (AREPyComplexobiject HFBIE, HI€rE true, 15K
W PN

PyObject *PyComplex_FromCComplex (Py_complex v)

EMRAE: Fa9 408, ) CHpy _complex {H T —H#H Python [EI# ;. FESEFRIFF )8 nULL
BEB

PyObject *PyComplex_FromDoubles (double real, double imag)

wARAE s ey g, [EIFEE ABL Y35 1€ real Al imag [0] 88 () Py complexobiect P,
FEGE L [ NuLL [EIERE RIS

double PyComplex_RealAsDouble (PyObject *op)
[E)fd ABI )47, PA C 1) double [0 op I EHE.

If op is not a Python complex number object but has a __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
tocall PyFloat_AsDouble () and returns its result.

RHCHE, VA -1, 0 EREGISL, HILERIFIpyErr Occurred () HARAHH
e 3.13 JUAR 88 B AR A RG] __complex (),

double PyComplex_ImagAsDouble (PyObject *op)
[EVfE7 ABI[)—45. #$ op WERBIEE] C 1 double [FlfH,

If op is not a Python complex number object but has a __complex__ () method, this method will first be
called to convert op to a Python complex number object. If _ complex__ () is not defined then it falls back
tocall PyFloat_AsDouble () and returns 0.0 on success.

PR, YRR -1 0 [ERGEBISN, RILERZIEI pyErr Occurred () AR EETR
TF 3.13 st s qn SR el FHHIMEH _ complex ().

Py_complex PyComplex_AsCComplex (PyObject *op)

E%iﬁ[ op M Py_complex {Eo

WIS op A2 Python [E180H 4, (A —{H __complex_ () H¥E, HIRJC@ IR % vt op
Python [E1#{#F. MR __complex_ () [ElKsEFE, AEEEGREES] __float_ (. WIHE
_ float__ () KEF, HEMEMNER __index_ (),

g2 B KR, Iy ¥ I f#py_complex Hfreal B -1.0, #& & Pl b, I ME 3%
MW pyErr Occurred () ML EE iR

TE 3.8 IR ARl A A __index_ ().

3 It
FE SR — MBS B 03 T SLEVE 5 Python 3 SR 0 BT AU

8.3.1 (i ¥4 (Bytes Objects)

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.
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type PyBytesObject
This subtype of PyObject represents a Python bytes object.

PyTypeObject PyBytes_Type
[F)fZ & ABI 1y —#5%>. This instance of PyTypeobject 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)
EMR G #reg4nd, [EFSE ABI [1)-—754). 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_f len)
EMEE: Freh 408, [EFEE ABI )34 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 : #ray 48, DS ABIL[1Y—54). 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.

sc int A single byte, represented as a Cint.

%d int EEAE A printf("gd")

Su unsigned int LEfEHN print £ ("sun).!

%1d long EEfEIAN print £ ("s1d").!

%1u unsigned long | B printf ("s1u").!

$zd Py _ssize_t %ié’f ]j/\ p:fj_ntf(""/ozd").1

$zu size t %SF’T,EI]jA prlntf("%zu").]

$i int LN print £ (i) . !

$x int EEAEIN print £ ("sx").!

%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 0x regardless of what the platform’s print f yields.

An unrecognized format character causes all the rest of the format string to be copied as-is to the result object,
and any extra arguments discarded.

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
EARAE: #rag 408, [EFEE ABI 19—/, Identical to PyBytes_FromFormat () except that it takes
exactly two arguments.

PyObject *PyBytes_FromObject (PyObject *0)

EARAE: #rey 40, [DESE ABI [)—54). Return the bytes representation of object o that implements
the buffer protocol.

! For integer specifiers (d, u, 1d, lu, zd, zu, i, x): the O-conversion flag has effect even when a precision is given.
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Py_ssize_t PyBytes_Size (PyObject *0)
[E2 5 ABI [1)—347. 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)
[[)Z & ABI [1)—%/4>. Return a pointer to the contents of 0. The pointer refers to the internal buffer of o,
which consists of 1en (o) + 1 bytes. The last byte in the buffer is always null, regardless of whether there
are any other null bytes. The data must not be modified in any way, unless the object was just created using
PyBytes_FromStringAndSize (NULL, size). It mustnotbe 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)fZ 72 ABI [1—%(4). 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
aValueError is raised.

The buffer refers to an internal buffer of obj, which includes an additional null byte at the end (not
counted in length). The data must not be modified in any way, unless the object was just created using
PyBytes_FromStringAndSize (NULL, size). It must not be deallocated. If obj is not a bytes object
atall, PyBytes_AsStringAndSize () returns —1 and raises TypeError.

JE 3.5 %5 5: Previously, TypeError was raised when embedded null bytes were encountered in the
bytes object.

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
()35 & ABI f)-—3/>. 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 7 ABI [1)—7/7. 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)

Resize a bytes object. newsize will be the new length of the bytes object. You can think of it as creating a new
bytes object and destroying the old one, only more efficiently. Pass the address of an existing bytes object as
an lvalue (it may be written into), and the new size desired. On success, *bytes holds the resized bytes object
and 0 is returned; the address in *byfes may differ from its input value. If the reallocation fails, the original
bytes object at *bytes is deallocated, *bytes is set to NULL, MemoryError is set, and -1 is returned.

8.3.2 {u i FEF¥14 (Byte Array Objects)
type PyByteArrayObject
M pyobject MTFREMZE T Python LTS P4

PyTypeObject PyByteArray Type

S5 ABL 1)), i@ pyTypeobject WIE BN T Python 1 JLALM4 Z(E]; #E Python &
) bytearray [ElF—H P14 .
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BIBEESE
int PyByteArray_Check (PyObject *0)

R o & — AL TCAL S P, s @A oA s B E) T RUER BEG, T (e . pRat
AR AT -

int PyByteArray_CheckExact (PyObject *0)

R 02— ATCAHBES P, (B ALCALIS BB T RUER ge 6], R M. kX
AR AT -

E# APl B
PyObject *PyByteArray_FromObject (PyObject *0)

R ey 204, [ERSE ABL -0 AR o Il — (R A AL M 1, [EVECAE
T & & ¥k (buffer protocol).

FERORE, Gl noL (IR sE il oh .

PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
AR Frah g0, [EEE ABLIY- 50 18 string SHARPE len BT — (R BT RLTCAL A1 7F
TERBORE, & (e noLL B3R E HI Ak .

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)

AR Aray 408, [ERTE ABLIY— 30 AL TCA IS o Rl b, (B (88 6 35 A SR AN BT LT
A5 o

TER MR, ErlalfE nune [EIREE G A
Py_ssize_t PyByteArray_Size (PyObject *bytearray)
[EJf5 ABI 4. YEMAEE NULL 88245, [l bytearray f K/,

char *PyByteArray AsString (PyObject *bytearray)

[EFEE ABL 7B, FEM AR A(E nuLL 51R4R , #F byrearray [W(EVZS M EIF O o [l (3174
A7) ey 22 B I — {18 =5 (3 T4

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

[EFZ 5 ABI {3045 % bytearray P [E1EBEE IR I/ N HE(E] len.

ER

EEE AR T A, [EHEMA iR,

char *PyByteArray AS_STRING (PyObject *bytearray)
EﬁiPyByt eArray AsString() iﬂ{u s fﬁﬁﬁ%%’é*ﬁg o

Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)
EﬁiPyByt eArray_Size() @{Lj\ s 1@%%@%*@% o

8.3.3 Unicode ¥j{4 B {5 AR 1% 38
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.
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0 #HE

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_UCSs4
type Py_UCsS2
type Py_UCS1

[EF)f5 1F ABI [#)—3%). 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.

TE 3.3 i 5% 5 In previous versions, this was a 16-bit type or a 32-bit type depending on whether you
selected a "narrow” or "wide” Unicode version of Python at build time.

Deprecated since version 3.13, will be removed in version 3.15.

type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

These subtypes of PyObject represent a Python Unicode object. In almost all cases, they shouldn’t be used
directly, since all API functions that deal with Unicode objects take and return PyOb ject pointers.

TE 3.3 g

PyTypeObject PyUnicode_Type
[F)f5 7 ABI [#)—74). This instance of PyTypeObject represents the Python Unicode type. It is exposed
to Python code as str.

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:
int PyUnicode_Check (PyObject *obj)

Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.

int PyUnicode_CheckExact (PyObject *obj)

Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always
succeeds.

int PyUnicode_READY (PyObject *unicode)

Returns 0. This API is kept only for backward compatibility.

1E 3.3 A

Tr 3.10 iR 2 45 #%E)Hl: 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).

£ 3.3 UG

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)
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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.

£ 3.3 B

PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

Return values of the PyUnicode KIND () macro.
T 3.3 A
TE 3.12 fREEH: PyUnicode WCHAR_KIND BN .

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).

TE 3.3 A
void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical” repre-
sentation (not checked).

1E 3.3 FBIA.

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 PpyUnicode_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.

TE 3.3 g
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 A
Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)

Return the maximum code point that is suitable for creating another string based on unicode, which must be
in the “canonical” representation. This is always an approximation but more efficient than iterating over the
string.

1E 3.3 A

int PyUnicode_IsIdentifier (PyObject *unicode)

[F)f5 1 ABI [1)—754). Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return 0 otherwise.

JE 3.9 JiRA{%# T The function does not call Py_FatalError () anymore if the string is not ready.
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Unicode Character Properties
Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.
int Py_UNICODE_ISSPACE (Py_UCS4 ch)
WA ch R E)ZS ek mlE 1 5 o,
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
W ch RAEEVING FIeAmE 1 8 o,
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
g ch RAER R FICAKmEE 1 5 o,
int Py_UNICODE_ISTITLE (Py_UCS4 ch)
WA ch R AGE TR FIe K mE 1 5 0.
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
W ch R A EEF e E 1 5 o,
int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)
R4 ch 25 B F ook mlE 1 5 o,
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
W% ch R AT (digit) FICsemE 1 5 o,
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
W ch 2 A EE (numeric) FIC20RME 1 5 0.
int Py_UNICODE_ISALPHA (Py_UCS4 ch)
WA ch R AEEF R AR E 1 8 o,
int Py_UNICODE_ISALNUM (Py_UCS4 ch)
Mg ch 25 EFRE (alphanumeric) “FIT2¢ml 1 5 0.
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)
Return 1 or 0 depending on whether c# is a printable character, in the sense of str.isprintable ().

These APIs can be used for fast direct character conversions:

Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)

Il I EE NS 1 ch FIT.
Py_UCS4 Py_UNICODE_TOUPPER (Py_ UCS4 ch)

Il i EER 11 ch FT.
Py_UCS4 Py_UNICODE_TOTITLE (Py_ UCS4 ch)

] V) R E Y ch .
int Py UNICODE_TODECIMAL (Py UCS4 ch)

I ] (g (- i L IR RE 001 b FoT, AR EEIR I 1. R 2UR G 1 8BS
int Py UNICODE_TODIGIT (Py_UCS4 ch)

I e (B e — B e 0y h 0T, A IEEEIR Il 1. R EUR G 8Bl AL
double Py_UNICODE_TONUMERIC (Py UCS4 ch)

[ ] L (B 5 2 77 B 9 (double) 1) ch 70T, A MEEEEI I 1. 00 IR &5 18641
ELE APT A A s FACER T
int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)

iEr ch 2HEMCIEFIC (surrogate, 0xD800 <= ch <= 0xDFFF),
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int Py_UNICODE_IS_HIGH_SURROGATE (Py_UCS4 ch)

i ch B CHE G (high surrogate, 0xD800 <= ch <= 0xDBFF).

int Py_UNICODE_IS_LOW_SURROGATE (Py_UCS4 ch)

i ch B EMRACHEIC (low surrogate, 0xDCO0 <= ch <= 0xDFFF),

Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py_UCS4 high, Py_UCS4 low)

Join two surrogate code points and return a single Py _UCS4 value. high and low are respectively the leading

and trailing surrogates in a surrogate pair. high must be in the range [0xD800; 0xDBFF] and low must be in
the range [0xDC00; OxDFFF].

Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

EI{24E: #ay4%B& ., Create a new Unicode object. maxchar should be the true maximum code point to be
placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127, 255,
65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not
resizable.

On error, set an exception and return NULL.

TE 3.3 [ A

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

©) 1% A # 89 % 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
buffer 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).

£ 3.3 B

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)

EARAE: #7044 84, [EEEE ABI - 045, 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

T 3.12 [R5 58 str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString (const char *str)

EIMRAE : #7644 08, [EfE & ABI[)—3%f/4). Create a Unicode object from a UTF-8 encoded null-terminated
char buffer str.

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

EMEAE #7044 08[BS E ABIff)—0/). Takea Cprintf () -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
Sformat 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.
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2. Conversion flags (optional), which affect the result of some conversion types.

3. Minimum field width (optional). If specified as an ' *' (asterisk), the actual width is given in the next
argument, which must be of type int, and the object to convert comes after the minimum field width
and optional precision.

4. Precision (optional), given as a '. ' (dot) followed by the precision. If specified as '*' (an asterisk),
the actual precision is given in the next argument, which must be of type int, and the value to convert
comes after the precision.

5. Length modifier (optional).
6. Conversion type.

The conversion flag characters are:

| HEE A% |

0 The conversion will be zero padded for numeric values.
- The converted value is left adjusted (overrides the 0 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 longﬁiunsiqned long

11 long longﬁiunsigned long long
intmaxftﬁiuintmaxft

z sizeftEﬁssizeft

t ptrdiff t

The length modifier 1 for following conversions s or v specify that the type of the argument is const
wchar_t*.

The conversion specifiers are:

8.3. IRyl 143



The Python/C API, [T 3.13.2

Con- Type Comment
version
Speci-
fier
% n/a FIE S FIho
d, 1 Specified by the —fEAGFFIE CBMAY T FRIRIE,
length modifier
u Specified by the —fHMEf55% C BB A FTRIE,
length modifier
o Specified by the —{FE4EFFHE C BLHUY) /G TR
length modifier
x Specified by the —fHMEFFIE C HBW TR FRTE UNE).
length modifier
X Specified by the —fEEFFIE C BB TR RE (KK).
length modifier
int —HH—FIC.
const char* B{ —{#DA null 451 C FIcks],

const wchar_t

*

P const void*

A PyObject*

U PyObject™*

v PyObject*, const

char* EE const

wchar_t*

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.

PENY ascii () AUESSE.

—{# Unicode %{ﬁ}:o

A Unicode object (which may be NULL) and a null-terminated C char-
acter array as a second parameter (which will be used, if the first pa-
rameter is NULL).

S PyObject* BENYPyobject_Str () HIGEHR,
PyObject* BERYPyobject_Repr () BIGESE.

T PyObject* Get the fully qualified name of an object type; call
PyType_GetFullyQualifiedName ().

#T PyObject* Similar to T format, but use a colon (: ) as separator between the module
name and the qualified name.

N PyTypeObject* Get the fully qualified name of a type; call
PyType_GetFullyQualifiedName ().

#N PyTypeObject* Similar to N format, but use a colon (: ) as separator between the module
name and the qualified name.

O #E

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 "$s" and "sv" (if the PyObject*
argument is NULL), and a number of characters for "$A", "$U", "$s", "$R" and "%V" (if the PyObject *

argument is not NULL).

O #HE

Unlike to C print£ () the 0 flag has effect even when a precision is given for integer conversions (d, i, u,

o, X, Or X).

16 3.2 RS %S me11an A

T 3.3 MRAYSEE: B ne1
TE 3.4 JRSEE: HrEsE s

l"

"s1lu" [ IR
LSRR ;Fﬂ ngoqm B@i%o

CO"SAM, "sUML "sVUL "sSt. "sR" (R RUG RS AL
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TE 3.12 W52 5 : Support for conversion specifiers o and x. Support for length modifiers 5 and t. Length
modifiers are now applied to all integer conversions. Length modifier 1 is now applied to conversion specifiers
s and v. Support for variable width and precision *. Support for flag —.

An unrecognized format character now sets a SystemError. In previous versions it caused all the rest of the
format string to be copied as-is to the result string, and any extra arguments discarded.

T 3.13 RUAYSETE: B o7, s4T. s 4N AR SR .
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
EMEE: Frag 4, 2 ABI 154> Identical to PyUnicode FromFormat () except that it takes
exactly two arguments.
PyObject *PyUnicode_FromObject (PyObject *obj)
EMEAE: #rag g, [EfS e ABI [1)—74). 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 *0bj, const char *encoding, const char *errors)
ERAE: ey 48, [FFEE ABI HY—3/). Decode an encoded object obj to a Unicode object.

bytes, bytearray and other 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 [Fl#& 43 %
75 %% 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.

const char *PyUnicode_GetDefaultEncoding (void)

Z F ABI [ — il 4>. Return the name of the default string encoding, "utf-8". See sys.
getdefaultencoding ().

The returned string does not need to be freed, and is valid until interpreter shutdown.
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
&5 ABL[—4> B 3.7 e A Bi44. Return the length of the Unicode object, in code points.
AL RN, BOE HIAMNEIMI -1
1 3.3 iRBIA.

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 JRABTINA.

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 JRBEA.
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

[E)fE 5 ABI 304 B 3.7 B K 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.
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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).

BRG] 0, Ak Gl ey s il AN [l e -1,
TE 3.3 [ A

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

&5 ABI [—34> & 3.7 B A B44. Read a character from a string. This function checks that unicode
is a Unicode object and the index is not out of bounds, in contrast to PyUnicode READ_CHAR (), which
performs no error checking.

IR0, B A SRR s 1 SR E el 8 -1
1E 3.3 ABIA.

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)

EMRAE : #6408, [DEEE ABLI—H4)> & 3.7 B A Fl44. Return a substring of unicode, from character
index start (included) to character index end (excluded). Negative indices are not supported. On error, set an
exception and return NULL.

TE 3.3 R IA.
Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

B E ABI 144> B 3.7 B A B 44. Copy the string unicode into a UCS4 buffer, including a null
character, if copy_null is set. Returns NULL and sets an exception on error (in particular, a SystemError if
buflen is smaller than the length of unicode). buffer is returned on success.

15 3.3 iR A
Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

[FfE & ABI 19— & 3.7 B Ak B44. Copy the string unicode into a new UCS4 buffer that is allocated
using PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always
has an extra null code point appended.

1E 3.3 BIA.

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)

EMEAE: #rag 408, [BEEE ABLIY—43% & 3.7 B A B 44. Decode a string from UTF-8 on Android and
VxWorks, or from the current locale encoding on other platforms. The supported error handlers are "strict™"
and "surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors is NULL. str must
end with a null character but cannot contain embedded null characters.

Use PyUnicode DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and error
handler.

ek 3 2 0% Python UTF-8 A5,

s 't =

Py _DecodeLocale () ]Zlﬁo

1E 3.3 RABIA.

TE 3.7 Bt 5% 5 The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_DecodelLocale () was used for the surrogateescape, and
the current locale encoding was used for strict.
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PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

= AR Ao 4 B, B E ABL [ — 0 A 37 R A KM 4 D
JAPyUnicode_DecodeLocaleAndSize (), {Hffiff strien() FHEFHREE.

1E 3.3 HUBmA.
PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

EIMEAE: #rag4md, [EfEE ABL 304> B 3.7 B A B 44. Encode a Unicode object to UTF-8 on
Android and VxWorks, or to the current locale encoding on other platforms. The supported error handlers
are "strict" and "surrogateescape" (PEP 383). The encoder uses "strict" error handler if errors
is NULL. Return a bytes object. unicode cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error handler.

1tk 7 20 Python UTF-8 3,

& ws%

Py_EncodeLocale () BRTo

1E 3.3 ABMA.

T 3.7 JiiAY %5 HE: 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.

L EER

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 "oO&" converter should be used, passing
PyUnicode_FSConverter () as the conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)

[EJ#Z 72 ABI (/)38 4y. PyArg_Parse* 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 an address of a C variable of type PyObject* (or PyBytesObject*). On success, set
the variable to a new strong reference to a bytes object which must be released when it is no longer used and
return a non-zero value (Py_CcLEANUP_SUPPORTED). Embedded null bytes are not allowed in the result. On
failure, return 0 with an exception set.

If obj is NULL, the function releases a strong reference stored in the variable referred by result and returns 1.

1 3.1 P

TE 3.6 RS B2 — 1 path-like object .
To decode file names to str during argument parsing, the "os" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:
int PyUnicode_FSDecoder (PyObject *obj, void *result)

[EZ 52 ABI [¥)-—%14). PyArg_Parse* converter: decode bytes objects -- obtained either directly or indi-
rectly through the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be an address of a C variable of type PyObject* (or
PyUnicodeObject*). On success, set the variable to a new strong reference to a Unicode object which must
be released when it is no longer used and return a non-zero value (Py_CLEANUP_SUPPORTED). Embedded
null characters are not allowed in the result. On failure, return 0 with an exception set.

If obj is NULL, release the strong reference to the object referred to by result and return 1.
1E 3.2 A
T 3.6 (RS : J2 52— path-like object .
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PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)
EMEAE : #rag 288, [ ABI [#)—54). Decode a string from the filesystem encoding and error handler.

If you need to decode a string from the current locale encoding, use PyUnicode_DecodelLocaleAndSize ().

& ws%

Py_DecodeLocale () BT o

TE 3.6 iR The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

EMEAE: ey 488, [EFE5E ABI [)—754r. Decode a null-terminated string from the filesystem encoding
and error handler.

ﬂﬂ%?%%ﬁa%ﬂ R %%’fjiiﬂ%PyUni code_DecodeFSDefaultAndSize (),
TE 3.6 fRAE5% T The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

EMEAE: ey 408, [EiEE ABI[1—/%r. 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 ().

& hsg

Py_EncodeLocale () ]%lito

1E 3.2 IRWEI A
TE 3.6 JR[{5# 5 The filesystem error handler is now used.

wchar_t x18
¥R wehar_t BFHIRAL IR

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
EMEE: Frag g, [EfE 2 ABI [1)—7B45. 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)
= ABI 1) — 4. Copy the Unicode object contents into the wchar_t buffer wsir. At most size
wchar_t characters are copied (excluding a possibly trailing null termination character). Return the number
of wchar_t characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_t * string may or may not be null-terminated. It is the responsibility of the caller
to make sure that the wchar_t * string is null-terminated in case this is required by the application. Also, note
that the wchar_t* string might contain null characters, which would cause the string to be truncated when
used with most C functions.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
= ABLIY—389> B 3.7 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.
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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 A

T 3.7 Fii /5% 5 : Raises a ValueError if size is NULL and the wchar_t* string contains null characters.

[P ngmes

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 st r () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system calls should
use PyUnicode FSConverter () for encoding file names. This uses the filesystem encoding and error handler
internally.

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the
codec. Default error handling for all built-in codecs is "strict” (ValueError is raised).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

2 iR AR ISES
18 LR T A AR ) APT:

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

EMEAE: Frah 404, [BfEE ABI A/, 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)

EIME1E: #ag 488, [EFS 2 ABI [)—3F 4. Encode a Unicode object and return the result as Python
bytes object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

UTF-8 iRAkIS23

B4 UTF-8 %fiftias i) APL:
PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)
EMEAE: ey 408, [EfS 2 ABI 1B/ Create a Unicode object by decoding size bytes of the UTF-8
encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

EIMEAE : 04 488, [BESF ABI 1354y If consumed is NULL, behave like Py Unicode_DecodeUTFS ().
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)
EIMRAE : #rag 488, [FFE 5 ABI[1Y-—14). 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.

The function fails if the string contains surrogate code points (U+D800 - U+DFFF).
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const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
[FfE & ABI 1—3464> & 3.10 #5 A PBi44. 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.

B G SR B AMNEL size #%[EF) -1 (WA E NULL), [FA/{# nuLL,
The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

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 g A-
TE 3.7 s s EHEAEIRAE 2 const char * AN char *,
JE 3.10 JiR %% 55 This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
BidpyUnicode AsUTF8AndSize () BELL, (HAEEEFR/N,

A B

This function does not have any special behavior for null characters embedded within unicode. As a re-
sult, strings containing null characters will remain in the returned string, which some C functions might
interpret as the end of the string, leading to truncation. If truncation is an issue, it is recommended to use
PyUnicode_AsUTF8AndSize () instead.

TE 3.3 BB A.
?’f 3.7 Hﬁlﬁ/ﬁﬁjﬁi [E]T%ﬂfﬁ?’f% const char * ﬁ’ﬁZ(;E'E char *,

UTF-32 &A% 2%

15 e UTF-32 #iff#t i1 APL:
PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

EMEE: #rhg g, [ ABI 154, 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

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.

QR S A A 5 | 5 20 I [E] 48 NoLL
PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
B AR fE @ ey % B, [BE E ABL 1 — ¥ 4 If consumed 1is NULL, behave like
PyUnicode_DecodeUTF32 (). If consumed is not NULL, PyUnicode DecodeUTF32Stateful ()
will not treat trailing incomplete UTF-32 byte sequences (such as a number of bytes not divisible by four) as
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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)
EIRAE: #ra4 4 g, [EFE 2 ABI [)—7B4)>. 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 {RAZIE2S

8 462 UTF-16 #fiffis#5 1) APL:
PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

EMEAE . Frag &, 58 ABIL 1. 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 *byteorder is
-1 or 1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \ufffe
character).

After completion, *byteorder is set to the current byte order at the end of input data.

If byteorder is NULL, the codec starts in native order mode.

QR A ARG 5 | % 51 S ) ] oL

PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
= A& fE: #roag % M. B E OABL B — ¥ 4 If consumed is NULL, behave like
PyUnicode_DecodeUTF16 (). If consumed is not NULL, PyUnicode_DecodeUTFI16Stateful ()
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)

EIMRAA: #rag 4 g, [EFE 2 ABI [)—%B4. Return a Python byte string using the UTF-16 encoding in
native byte order. The string always starts with a BOM mark. Error handling is ”strict”. Return NULL if an
exception was raised by the codec.

UTF-7 iRAEIS 28

B2 UTF-7 S fisdn iy API:

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)
EMEE: ey 408, [EFEE ABI Y-, Create a Unicode object by decoding size bytes of the UTF-7
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)
EMRAE : B7ag 488, [FJEE S ABI [1—3B4. If consumed is NULL, behave like PyUnicode_DecodeUTF7 ().
If consumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those
bytes will not be decoded and the number of bytes that have been decoded will be stored in consumed.
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Unicode-Escape Codecs

These are the "Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
EMEAE: ey 408, [DFEE ABI #——%>. Create a Unicode object by decoding size bytes of the Unicode-
Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

EIEAE : #ray 4. B ABI[1—%547. 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_f size, const char *errors)
EMRAE: #rah 488, [EfS % ABI [1—745. Create a Unicode object by decoding size bytes of the Raw-
Unicode-Escape encoded string s#r. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

EIRAE: #ey 4 g, [BEEE ABI )74 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 {F &R 522

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted
by the codecs during encoding.
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
EMR G #roy 488, [EfE5E ABI [1—3F4). Create a Unicode object by decoding size bytes of the Latin-1
encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)

EIMR1E: ey 48, [EfEE ABI [#)-—3F4). Encode a Unicode object using Latin-1 and return the result
as Python bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

ASCII &z 2%

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
EMEAE: ey 4e . [FEE ABI )4, Create a Unicode object by decoding size bytes of the ASCII
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)

EMEAE: Frag 4, [FfE @ ABI 15/ 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.

i LU LA R 27 11 APT:
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PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
EMR G Frhy 408, [EFS 5 ABI [1-—f4). Create a Unicode object by decoding size bytes of the encoded
string str using the given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in
the range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or
None. Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
EMEAE: ey 484, [FfEE ABI %), Encode a Unicode object using the given mapping object and
return the result as a bytes object. Error handling is "strict”. Return NULL if an exception was raised by the
codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255
or None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are
treated as "undefined mapping” and cause an error.

The following codec API is special in that maps Unicode to Unicode.

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
EIMRE: #rag 48, [EFEE ABI [#)—3%(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.

Windows [ MBCS #& figig 22

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)

AR #rag 2 mg, [EES 0 ABI[-—354) on Windows & 3.7 ¥ A B44. Create a Unicode object by
decoding size bytes of the MBCS encoded string sfr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_f size, const char *errors, Py_ssize_t
*consumed)
EIARE: Feg4nd, [ESE ABI 3% on Windows § 3.7 WK 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_DecodeCodePageStateful (int code_page, const char *str, Py_ssize_t size, const char
*errors, Py_ssize_t *consumed)

B ARAE: # ey 4 BB, [EIE E ABL 19— %4 on Windows B 3.7 K& A B 44 Similar to
PyUnicode_DecodeMBCSStateful (), except uses the code page specified by code_page.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
EMEE: #rag 4e, [EFEE ABL 34 on Windows § 3.7 ## ~H44. 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)

EARE: #rag 4ne, [EES @ ABI 784 on Windows § 3.7 ¥ A B 4%. 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.
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1E 3.3 FAINA.

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)
EMRE Ay 4 g, [EiEE ABI [ 4). Concat two strings giving a new Unicode string.
PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
EMEAE: #rag4ng, [EiSE ABI [#)—745. 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.

On error, return NULL with an exception set.
Equivalent to str.split ().
PyObject *PyUnicode_RSplit (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)

EMEE: Frag g, B ABIY-—745. Similar to PyUnicode_split (), but splitting will be done
beginning at the end of the string.

On error, return NULL with an exception set.
Equivalent to str.rsplit ().

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)
EMEAE : Frag 408, [FfE 2 ABI f#)-—%4). Splita Unicode string at line breaks, returning a list of Unicode
strings. CRLF is considered to be one line break. If keepends is 0, the Line break characters are not included
in the resulting strings.

PyObject *PyUnicode_Partition (PyObject *unicode, PyObject *sep)
EMEAE: ey 408, [FIfE 2 ABI[)—#04). Split a Unicode string at the first occurrence of sep, and return
a 3-tuple containing the part before the separator, the separator itself, and the part after the separator. If the
separator is not found, return a 3-tuple containing the string itself, followed by two empty strings.

sep must not be empty.
On error, return NULL with an exception set.
Equivalent to str.partition().

PyObject *PyUnicode_RPartition (PyObject *unicode, PyObject *sep)
EMRAE: #rey g, [EFEE ABI [-—3B4y. Similar to PyUnicode_partition (), but split a Unicode
string at the last occurrence of sep. If the separator is not found, return a 3-tuple containing two empty strings,
followed by the string itself.

sep must not be empty.
On error, return NULL with an exception set.
Equivalent to str.rpartition().
PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)

EMR G Freg 40, [EfSE ABI ()B4 Join a sequence of strings using the given separator and return
the resulting Unicode string.
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

[EJZ 52 ABI #3154y, 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.
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Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
[F)F2 5 ABI [1)—3547. 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 ABI ) — 4> & 3.7 ¥& A& Bl 44. Return the first position of the character ch in
unicode[start:end] using the given direction (direction == 1 means to do a forward search, 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.

1E 3.3 IRBEIn A
T 3.7 R\ 5# 5 start and end are now adjusted to behave like unicode [start:end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

EfE = ABI 19 — 3 4 Return the number of non-overlapping occurrences of substr in
unicode [start:end]. Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
EAEAE: #rey 408, [EfEE ABIL 1)/ 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)
= ABI [ —#5/>. Compare two strings and return -1, 0, 1 for less than, equal, and greater than,
respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py_ssize_t size)

B2 ABI (14> A 3.13 #r A B 45. Compare a Unicode object with a char buffer which is interpreted
as being UTF-8 or ASCII encoded and return true (1) if they are equal, or false (0) otherwise. If the Unicode
object contains surrogate code points (U+D800 - U+DFFF) or the C string is not valid UTF-8, false (0) is
returned.

BERR A &5 HI b
e 3.13 JRBTA.

int PyUnicode_EqualToUTF8 (PyObject *unicode, const char *string)

[R5 ABL[—3%B4> B 3.13 B AR B44. Similar to PyUnicode_EqualToUTF8AndSize (), but compute
string length using strlen (). If the Unicode object contains null characters, false (0) is returned.

1E 3.13 A

int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

[F)f5 5 ABI [f)— /%) 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.

BepR A &5 B A1
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)

EIEE: #ey 488, [ ABI [#)—%4>. Rich compare two Unicode strings and return one of the
following:

e NULL in case an exception was raised
e Py TrueoOr 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.
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PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
B AR #rhg 488, [DES 0 ABI %04 Return a new string object from format and args; this is
analogous to format % args.

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
[EJZ 5 ABI [1-—ii45. Check whether substr is contained in unicode and return true or false accordingly.

substr has to coerce to a one element Unicode string. -1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

2 ABI [)—3#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.

(Clarification: even though there is a lot of talk about references, think of this function as reference-neutral.
You must own the object you pass in; after the call you no longer own the passed-in reference, but you newly
own the result.)

This function never raises an exception. On error, it leaves its argument unchanged without interning it.

Instances of subclasses of st r may not be interned, that is, PyUnicode_CheckExact (*p_unicode) must
be true. If it is not, then -- as with any other error -- the argument is left unchanged.

Note that interned strings are not “immortal” . You must keep a reference to the result to benefit from
interning.

PyObject *PyUnicode_InternFromString (const char *str)
B AR A #rey 488, [EEE ABI 19— #54>. A combination of PyUnicode FromString() and
PyUnicode_InternInPlace (), meant for statically allocated strings.

Return a new ("owned”) reference to either a new Unicode string object that has been interned, or an earlier
interned string object with the same value.

Python may keep a reference to the result, or make it immortal, preventing it from being garbage-collected
promptly. For interning an unbounded number of different strings, such as ones coming from user input,
prefer calling PyUnicode FromString () and PyUnicode_InternInPlace () directly.

CPython E{fE4N{i: Strings interned this way are made immortal.

8.3.4 Tuple (5Tti) P

type PyTupleObject
This subtype of PyObject represents a Python tuple object.

PyTypeObject PyTuple_Type
[F)f5 5 ABI (1) —754). This instance of PyTypeObject 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 : #rah 488, [EJfS 5 ABI[1)—%54). Return a new tuple object of size len, or NULL with an exception
set on failure.

PyObject *PyTuple_Pack (Py_ssize_t 1, ...)
EMRAE : Frey 408, [EFE5E ABI[1Y-—F4). Return a new tuple object of size n, or NULL with an exception
set on failure. The tuple values are initialized to the subsequent n C arguments pointing to Python objects.
PyTuple_Pack (2, a, b) isequivalentto Py Buildvalue (" (00)", a, b).
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Py_ssize_t PyTuple_Size (PyObject *p)
25 ABI [1)—354). Take a pointer to a tuple object, and return the size of that tuple. On error, return -1
and with an exception set.

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
Like PyTuple_Size (), but without error checking.

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
ERAE: SR 488, [EfE5E ABI 9—3/). 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(...)) Of PySequence_GetItem().
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
E{Z4E: 15 F 48, Like PyTuple_GetTtem(), but does no checking of its arguments.

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
EMEAE: Frey 408, [FfEE ABI -7, Return the slice of the tuple pointed to by p between low and
high, or NULL with an exception set on failure.

This is the equivalent of the Python expression p[low:high]. Indexing from the end of the tuple is not
supported.
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

[F)f5 & ABI (1747 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.

i il

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(), but does no error checking, and should only be used to fill in brand new tuples.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

O HE

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.
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PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
EARAE: Frag 4 &, [FEE ABI )45, Create a new struct sequence type from the data in desc,
described below. Instances of the resulting type can be created with Py St ruct Sequence New ().
Return NULL with an exception set on failure.

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
Initializes a struct sequence type type from desc in place.
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
Like PySt ruct Sequence_InitType (), but returns 0 on success and —1 with an exception set on failure.

1E 3.4 RPTIA.

type PyStructSequence_Desc
[EfE 5 ABL Y354 (6.4 %7 m B ) . Contains the meta information of a struct sequence type to create.

const char *name
Fully qualified name of the type; null-terminated UTF-8 encoded. The name must contain the module
name.

const char *doc

Pointer to docstring for the type or NULL to omit.
PyStructSequence_Field *£ields

Pointer to NULL-terminated array with field names of the new type.
intn_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
[Ff5 5 ABI ) — 787> (&4 FrH & B) . Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as Pyobject*. The index in the rfields array of the
pPyStructSequence_Desc determines which field of the struct sequence is described.
const char *name

Name for the field or NULL to end the list of named fields, set to Py St ruct Sequence_UnnamedField
to leave unnamed.

const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField
=E ABL[—34> B 3.11 e A B44. Special value for a field name to leave it unnamed.

TE 3.9 A5 5 The type was changed from char *.

PyObject *PyStructSequence_New (PyTypeObject *type)

EMEAE : ey 408, [FJiZ 0 ABI[/)—%4). Creates an instance of fype, which must have been created with
PyStructSequence_NewTIype ().

Return NULL with an exception set on failure.
PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

EMEE: 158 408, [Ef5E ABI )37, Return the object at position pos in the struct sequence pointed
to by p.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.
PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
El’f?i-'fﬁ ﬁ-‘;‘}ﬂ %{,EK‘% . Alias to PyStructSequence_GetItem().

T 3.13 hiAY 5% 5 Now implemented as an alias to Py St ruct Sequence_Get Item().
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void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
[[FZ & ABI [ — %4> Sets the field at index pos of the struct sequence p to value o. Like
PyTuple SET _ITEM(), this should only be used to fill in brand new instances.

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

O HE

This function “steals” a reference to o.

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
Alias to PyStructSequence_SetItem().

T 3.13 hiA% %5 5 Now implemented as an alias to Py St ruct Sequence_Set Ttem().

8.3.6 List (%) ¥k

type PyListObject
pyobject Wi T AUEIZR R Python (1 List (:p31)) #ft.
PyTypeObject PyList_Type
[E)i7e ABL )4 thpyTypeobject B3R Python () list Z4[F]. 58 Python Jg 1) 1ist J2
[l —{E 11
int PyList_Check (PyObject *p)
W2 p S list P a2 list ZUE) FRUEIR EEB], At true. 5517 8 KGR € AT .
int PyList_CheckExact (PyObject *p)
AR p 22— list YRR Tist ZUEWY FRUEI BB, SRl EF true. 535 18 R 2K GE € AT -
PyObject *PyList_New (Py_ssize_t len)

EARAE: Arag 40, [ERE ABLIY - F50. e AR EEE len (1 ER S, RGO [ NULL.

O #E

If len is greater than zero, the returned list object’s items are set to NULL. Thus you cannot use abstract API
functions such as PySequence_SetItem () or expose the object to Python code before setting all items
to a real object with PyrList_SetItem() or PyList_SET_I1TEM(). The following APIs are safe APIs
before the list is fully initialized: PyList_SetItem() and PyList_ SET ITEM().

Py _ssize_t PyList_Size (PyObject *list)
[EVfS e ABL-- 555 [l lise AN PIPFIGRBE s SEAHE R ERIIIIFIY 1en (List) .
Py_ssize_t PyList_GET_SIZE (PyObject *list)
Hipyrist_size () L, {AEVHEHGE.
PyObject *PyList_GetItemRef (PyObject *list, Py_ssize_t index)
EIMRAE: ey 48, [EfEE ABL [W—354)> B 3.13 B A B44. Return the object at position index in the

list pointed to by /ist. The position must be non-negative; indexing from the end of the list is not supported. If
index is out of bounds (<0 or >=len(list)), return NULL and set an IndexError exception.

1E 3.13 A
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
4848 15 R 488 S ABLIY)——#/). Like PyList_GetItemRef (), butreturns a borrowed reference
instead of a strong reference.
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize t 1)
MR ER M, HBlpyList Getrtem() JEMN, {BEAEHARAE.
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int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

52 ABL &R #5HRHI R index JEHIEH #E(E item. BCIIRERIE 0. W index 8 H 15
R [ R [\l -1 ([F3RE—1F IndexError Bi4h,

O {HE
e TREH % irem )2 18, EEES S5 2P 8008 FOAEEE S,

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
pyList_setrTtem() IWEAIEA, [EMGEMHE. il &N EEEA CAEEENHER

Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

O #HE

ZEE [FH] ¥ iem 218, EHEPyList_SetTtem() ARME, BR§HEREEYE
EEHR M list PALE | AR 2 AR ER (leak).

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
[EF552 ABI 4. A$TEH item 3 A H51 list RG] index FINIE 2 Flo WS SIH AT EIE 05 AN
KA AN B -1 [FIREEBISh . FELUR 1ist . insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
[EVfE 5 ABI [0 1 item MEINENER S list W0 . A0SR A el o5 SRS, R
i -1 [EIREEBISh. FHRUR 1ist . append (item) .

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)

w AR Frag 4. [EEE ABL Y550 [alE list g {hep 1), Hod 4 low FI high Z M %)
o IHREA B R [EE oL [FIREE B Ah. FEUY 1ist [low:highl. A XEREBIEKFIIER
5,

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
[EJFZ 5 ABL 545 #% low Fl high 22 [ list 4] | 32 [E) itemlist (EIZS o JELR 1ist [low:high]
= itemlist, itemlist WREEI NULL, FRMEC 2SS (VIR EER) . SN R o, 2ok [H]
B -1 AIRER I RARBIGRY].

int PyList_Extend (PyObject *list, PyObject *iterable)
Extend list with the contents of itferable. This is the same as PyList_SetSlice (list, PY_SSIZE_T_MAX,
PY SSIZE_T MAX, iterable) and analogousto list.extend(iterable) or list += iterable.

Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.

1E 3.13 iRBA.
int PyList_Clear (PyObject *list)

Remove all items from list. This is the same as PyList_SetSlice (list, 0, PY_SSIZE_T_MAX, NULL)
and analogous to list.clear () ordel list[:].

Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.

TE 3.13 B

int PyList_Sort (PyObject *list)
[EVfE & ABL {15045 %) list 19 TE H #EAT IR H (in place) HE/F . EM:EE o, LHHEEE -1, B
'jﬂﬁ'ﬁ/;\ list.sort ().

int PyList_Reverse (PyObject *list)

(VS ABL 5. SRS list (I H o RIS [ 0, IR f3 —1. SEAHFE Y 1ist.

reverse (),
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PyObject *PyList_AsTuple (PyObject *list)
R ey 488, [EFEE ABLY—5. [ wple (Jo4) P, Hooa s lise (HEIZ

FHHE A tuple (1ist) .

8.4 FIWMIF
8.4.1 i

type PyDictObject
pyobject THIREA K —(H Python “FHH {4,
PyTypeObject PyDict_Type
[EJf&7 ABL{f)-—#43. pyTypeobject BHIAF—{H Python “FIAIRE . B Python JE 7Y dict
[l — {11
int PyDict_Check (PyObject *p)
% p e —EF ML) B ) 1 B RE E F & e e S BR SRR B BT AT )
int PyDict_CheckExact (PyObject *p)
2 p R— I HEER & — M TR B, JI I cue. SRR RER G HUATIE .
PyObject *PyDict_New ()
AR Ay 4 ra. BT ABLIY—Rs. MHE—MEF 2 T, SUEE JRIORE R oL,

PyObject *PyDictProxy_New (PyObject *mapping)

O rd

EIMRAE ey 2nd, [EFE5E ABI %P4, 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)
BV ABLI-— 55 2B TP i TR S (E .

int PyDict_Contains (PyObject *p, PyObject *key)
[FJZ 2 ABI [f)—7#4). Determine if dictionary p contains key. If an item in p is matches key, return 1,
otherwise return 0. On error, return —1. This is equivalent to the Python expression key in p.

int PyDict_ContainsString (PyObject *p, const char *key)

This is the same as PyDict_Contains (), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyoObject*.

TE 3.13 Mg A.

PyObject *PyDict_Copy (PyObject *p)
EMR G #rah 488, [E)fE5E ABI ()74, Return a new dictionary that contains the same key-value pairs
as p.

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
[EJZ 52 ABI [#)-—354>. 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)
[E)f5 5 ABI [f)—%3%). 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)f5 % ABI [)—#(%>. 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.
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int PyDict_DelItemString (PyObject *p, const char *key)

)2 52 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*.

int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result)

[F)fE & ABL[—355%r & 3.13 ¥ K Bl 44. Return a new strong reference to the object from dictionary p which
has a key key:

« If the key is present, set *result to a new strong reference to the value and return 1.
« If the key is missing, set *result to NULL and return 0.
« On error, raise an exception and return 1.
e 3.13 JBA.
See also the PyObject_GetItem () function.
PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

EMEAE: 5 408, [EEEE ABIL 1) Return a borrowed reference to the object from dictionary p
which has a key key. Return NULL if the key key is missing without setting an exception.

O i

Exceptions that occur while this calls __hash__ () and __eq__ () methods are silently ignored. Prefer
the PyDict_GetItemWithError () function instead.

JE 3.10 fR[4)%% 55 Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject ¥key)

EIARAE: 15 R 28, [EfEE ABI (1y-—3%(4r. Variant of PyDict_GetItem() that does not suppress
exceptions. Return NULL with an exception set if an exception occurred. Return NULL without an exception
set if the key wasn’t present.

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

EMEAE: 15 A 208, [EiSE ABI[19—754). This is the same as PyDict_Get Item (), but key is specified
as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

O HE

Exceptions that occur while this calls __hash__ () and __eq__ () methods or while creating the tem-
porary str object are silently ignored. Prefer using the PyDict_GetItemwithError () function with
your own PyUnicode_FromString () key instead.

int PyDict_GetItemStringRef (PyObject *p, const char *key, PyObject **result)
B2 ABL 19354 B 3.13 B A BA44. Similar to PyDict_GetItemRef (), but key is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObject*.

1 3.13 JRPmA.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
%15 4% 488, This is the same as the Python-level dict .setdefault (). If present, it returns the
value corresponding to key from the dictionary p. If the key is not in the dict, it is inserted with value defaultobj

and defaultobj is returned. This function evaluates the hash function of key only once, instead of evaluating it
independently for the lookup and the insertion.

1E 3.4 JRAMA.
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int PyDict_SetDefaultRef (PyObject *p, PyObject *key, PyObject *default_value, PyObject **result)

Inserts default_value into the dictionary p with a key of key if the key is not already present in the dictionary. If
result is not NULL, then *result is set to a strong reference to either default_value, if the key was not present, or the
existing value, if key was already present in the dictionary. Returns 1 if the key was present and default_value
was not inserted, or 0 if the key was not present and default_value was inserted. On failure, returns -1, sets
an exception, and sets *result to NULL.

For clarity: if you have a strong reference to default_value before calling this function, then after it returns,
you hold a strong reference to both default_value and *result (if it's not NULL). These may refer to the same
object: in that case you hold two separate references to it.

1E 3.13 iR A.
int PyDict_Pop (PyObject *p, PyObject *key, PyObject **result)
Remove key from dictionary p and optionally return the removed value. Do not raise KeyError if the key
missing.
« If the key is present, set *result to a new reference to the removed value if result is not NULL, and return
1.
« If the key is missing, set *result to NULL if result is not NULL, and return 0.

» On error, raise an exception and return 1.

Similar to dict .pop (), but without the default value and not raising KeyError if the key missing.

1E 3.13 A

int PyDict_PopString (PyObject *p, const char *key, PyObject **result)
Similar to PyDict_Pop (), but key is specified as a const char* UTF-8 encoded bytes string, rather than
a PyObject*.
1E 3.13 A

PyObject *pyDict_Items (PyObject *p)
EIMEAE: #rey 4a. [FfEE ABI )0/ Return a PyListObject containing all the items from the
dictionary.

PyObject *PyDict_Keys (PyObject *p)
EIRAE: #rhy 288, [EfSE ABI (%84 Return a PyListobject containing all the keys from the
dictionary.

PyObject *PyDict_Values (PyObject *p)
EMEAE: #rng4nd, [FfEE ABI %%, Returna pyListObject containing all the values from the
dictionary p.

Py_ssize_t PyDict_Size (PyObject *p)
[F)f% 5 ABI (174>, Return the number of items in the dictionary. This is equivalent to len (p) on a
dictionary.

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
25 ABI [)—314). Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by
ppos must be initialized to 0 prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue
should either point to PyOb ject* variables that will be filled in with each key and value, respectively, or may
be NULL. Any references returned through them are borrowed. ppos should not be altered during iteration. Its

value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets are
not consecutive.

PN

PyObject *key, *value;

Py_ssize_t pos = 0;

€ & A}
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(R L —5)

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:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (1 == -1 && PyErr_Occurred()) A
return -1;
}
PyObject *o = PyLong_ FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (o) ;

}

The function is not thread-safe in the free-threaded build without external synchronization. You can use
Py_BEGIN_CRITICAI_SECTION to lock the dictionary while iterating over it:

Py_BEGIN_CRITICAL_SECTION (self->dict);
while (PyDict_Next (self->dict, &pos, &key, &value)) {

}
Py_END_CRITICAL_SECTION () ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)

[F)f5 5 ABI [1)—3/4>. Iterate over mapping object b adding key-value pairs to dictionary a. b may be a
dictionary, or any object supporting PyMapping Keys () and PyObject_GetItem(). If override is true,
existing pairs in a will be replaced if a matching key is found in b, otherwise pairs will only be added if there
is not a matching key in a. Return 0 on success or -1 if an exception was raised.

int PyDict_Update (PyObject *a, PyObject *b)

[E)i% 52 ABI [1%——5% . This is the same as PyDict_Merge (a, b, 1) inC,andissimilarto a.update (b)
in Python except that PyDict_Update () doesn’t fall back to the iterating over a sequence of key value pairs
if the second argument has no “keys” attribute. Return 0 on success or —1 if an exception was raised.

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)

= ABI [)—ii47. 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 (PyDictWatchCallback 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.
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1E 3.12 HmA.

int PyDict_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyDict_Addwatcher (). Return 0 on suc-
cess, —1 on error (e.g. if the given watcher_id was never registered.)

e 3.12 RPN A.

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.

1E 3.12 HgmA.
int PyDict_Unwatch (int watcher_id, PyObject *dict)

Mark dictionary dict as no longer watched. The callback granted watcher_id by PyDict_Addwatcher () will
no longer be called when dict is modified or deallocated. The dict must previously have been watched by this
watcher. Return 0 on success or —1 on error.

e 3.12 JRPMA.

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.

e 312 JRPMA.

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 main-
tain 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 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.

76 3.12 KUBA.
8.4.2 REMH

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 (including PyNumber And (),
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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,
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
[FJfZ & ABI [1J—%/>. This is an instance of Py TypeObject representing the Python set type.
PyTypeObject PyFrozenSet_Type
[F)fZ & ABI [1)—%. 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 p is a frozenset object or an instance of a subtype. This function always succeeds.
int PyAnySet_Check (PyObject *p)
Return true if p is a set object, a frozenset object, or an instance of a subtype. This function always
succeeds.
int PySet_CheckExact (PyObject *p)

Return true if p is a set object but not an instance of a subtype. This function always succeeds.

1E 3.10 FRBA.
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 p is a frozenset object but not an instance of a subtype. This function always succeeds.

PyObject *PySet_New (PyObject *iterable)
EMEIE: e 40a, [FFS ABI [1)—74). 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 iterable is not actually iterable. The constructor is also useful for copying a set (c=set (s)).
PyObject *PyFrozenSet_New (PyObject *iterable)

EMRAE: #reg 488, [E)EE ABI [1—4). 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)

[E#% 72 ABI [1-— 4y 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.
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int PySet_Contains (PyObject *anyset, PyObject *key)
[E)f% 22 ABI ff—#%(4). 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.

int PySet_Add (PyObject *set, PyObject *key)
Z 9 ABI 1) — /). 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)
[E)fE 2 ABI [1—3B%>. 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)
B4R 1E: ey 488, [EEE ABI f)—70/>. 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 sef is not an instance of set or its subtype.

int PySet_Clear (PyObject *set)

[F)f5 5 ABI 1 —34). 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 EINMIfF

8.5.1 FHX¥¥ (Function Objects)

A LU R Python R YRR

type PyFunctionObject
TR C &5t

PyTypeObject PyFunction_Type
i85 2Py Typeobject MYEHI, HALFE T Python pfixUAY[E), Python FE X 85l # Al i types.
FunctionType {ﬁﬂﬂ'ﬁo

int PyFunction_Check (PyObject *0)
W o R (BEA PyFunction Type AE]) HIEE rue, S#AERE NULL, MR
WREBIHAT o

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
EMEAE: Arhg IR [ —fE SRR Y code FHBAMR Y R I globals Wh/H & — (A A BE =
BE[EVAEIU) A3 s i 7 0

PR = SO ER (docstring) Fll44 Fi 2 (6 A2 AP 40 T LS, __module_ ;& H globals T % . 5|
BUTE A . E(F) (annotation) F1EA Y (closure) #% 3% [F) NULL, _ qualname_ #f s [EFIFE X A5 {4
co_qualname MR AH [ FI{E .

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

EAEE: Feh 4 &, Flpyrunceion New () L, (B AFFRAYIE __qualname_ BYERIRE,
qualname JEE]—1# unicode #4852 vurL; fIEI NULL, _ qualname &M kst [FIELAR A Y
4 co_qualname 1 AH [ AHI{E -

1E 3.3 ABIA.
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PyObject *PyFunction_GetCode (PyObject *op)
AR A PR, [l AR RS R B 1 e S op
PyObject *PyFunction_GetGlobals (PyObject *op)
WRAE L AR SRR [l e B g R X MR B ) R S op
PyObject *PyFunction_GetModule (PyObject *op)
EARAE 15 R 408, [nE-—J K op Z __module_ BRI borrowed reference, & R] PASE NULL,
A R A A R F 5, (AT DA Python R R EME A4 .
PyObject *PyFunction_GetDefaults (PyObject *op)

ERAE A S BRI op BT BOHBE, B0 AR 25 i tuple (STAL)

B NULL,
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BCE AP op W5 MIHEE . defaults 1LJH/2 Py_None 5(—{i tuple,
514 systemiError HAERMURF MM -1,
void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
(B {4 7 (¥ B AT fune L€ vectoreall L.
Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall function!
1E 3.12 B A.

PyObject *PyFunction_GetClosure (PyObject *op)

AR AR M. [ R S op FHEARAYPAAL, & RT AR vuLL SO R E cell #14
i) tuple.

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
e B X op MBI BAAL, closure WhJH 2 Py _None Big—fi 5 cell #1411 tuple.
514§ systemBrror HAEKMURF I ~1.
PyObject *PyFunction_GetAnnotations (PyObject *op)
AR A M. MR op WARE), JEATRAZE—E W 52 E) Y (mutable) L EL NULL,
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
% E R AW op WIIEIE], annotations WhZE &8 7 HLEE Py_None,
5|4 systemError HAEZMURE[R]{E -1,

int PyFunction_AddWatcher (PyFunction_WatchCallback callback)

Register callback as a function watcher for the current interpreter. Return an ID which may be passed to
PyFunction_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and set an
exception.

1E 3.12 HRFmA.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyFunction Addwatcher () for the cur-
rent interpreter. Return 0 on success, or —1 and set an exception on error (e.g. if the given watcher_id was
never registered.)

15 312 JRAMA.

type PyFunction_WatchEvent

Enumeration of possible function watcher events:
e PyFunction_EVENT_CREATE
e PyFunction_EVENT_DESTROY

e PyFunction_EVENT_MODIFY_ CODE
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e PyFunction_EVENT_MODIFY_ DEFAULTS

e PyFunction_EVENT_MODIFY KWDEFAULTS

1E 3.12 P A.

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_liriteUnraisable (). 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 HmA.

8.5.2 BEHlHEWHE (Instance Method Objects)

By pycrunction A4S (wrapper), WHEiffrycrunceion [E4] (bind) FBEEI (F0— R H )7
_t b%’fﬁ?}?%% PyMethod_New (func, NULL, class) ’Jﬂ}ﬂ[«l

PyTypeObject PyInstanceMethod_Type
PyTypeObject HIEHIftF Python B ¥ATIEl. B AEABH (expose) 45 Python F£x{.
int PyInstanceMethod_Check (PyObject *0)

ﬂﬂ% o =Y (MEBEryinstancerethod Type) HIEH true, SHAAE nULL,
PR AR AT

PyObject *PyInstanceMethod_New (PyObject *func)

EARAA: Areh 2k, W RBTAEGIEWIE, func ENERATREM YR, TEECHI T Ik
func R EHIFIY o

PyObject *PyInstanceMethod_Function (PyObject *im)
AR AR SR [ R B BT im i ek
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
ERAE: AR 4R, B4 (macro) iR Py InstanceMethod_Function (), AR T EiktGTE.

8.5.3 FiEM* (Method Objects)

77 EEIE 5 65X (bound function) #74F. Jy 548 2 € B EIAE 2] — 8 68 1 % 2 FeE R g il . REEE ik
(E&E ) —EER k) e .

8.5. ERA M 169



The Python/C API, [T 3.13.2

PyTypeObject PyMethod_Type
BfryTypeobiect B3 Python FHEME], BAVEF types.MethodType 2SBHZS Python F£2;,
int PyMethod_Check (PyObject *0)
W2 o @M (REEryvechod type) RIHE true. ZHULAAE NLL. M2 &
AT -
PyObject *PyMethod_New (PyObject *func, PyObject *self)

AR ey %R, [E—E O, func MEEUT B ATREI:, self [B)3% 5 1 EEI4E i B
Bl FETTIEGIEIEE , func BRI GHIENY o self DhZEAE] NULL,

PyObject *PyMethod_Function (PyObject *meth)
EARAE: AER S0, BB EI R meth R X
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
ERAE: R 2., BEERAMPyMethod Function (), AT HRMTAT.
PyObject *PyMethod_Self£ (PyObject *meth)
ERAE: ER SR [EMERAN R 5k meth (B
PyObject *PyMethod_GET_SELF (PyObject *meth)
MR B SR, EERIUR Py Method self (), ZNET HRARA.

8.5.4 Cell ¥3t¥

"Cell” Py {4 HI A BE B 22 0 VE I3k I 28 [ (reference) Y58, SRS BRI 8L, AREG M cell #{4E]
TEAFZAE M N S IREZE N BER stack frame H 1 [ ek 5 B 60 & SNESVE AR cell 2 1R, B RIBK
i TR FHGEERE, KA cell A AIETIA R cell Y{FA 5. BHEE cell YR L2
(de-reference) 75 5AE WK (. TCALAR (byte-code) A ¢ 1% fEHURF A€ H B LR . cell #)14-4F Hoth s 7 AT
REAN KA H

type PyCellObject

Cell IR Z C &5
PyTypeObject PyCell_Type

SHHE cell Py H2UE].
int PyCell_Check (PyObject *ob)

W ob S cell P{4RI MEHEAE; ob MEAEI NULL, IR AR & AT .
PyObject *PyCell_New (PyObject *ob)

EMEAE: Arag s, ELER S ob HIHT cell Y. 28R PAE nuLL,
PyObject *PyCell_Get (PyObject *cell)

WARAE ey % i&,  [EIE cell P14 cell EZE, HATREEI NULL, Q1SR cell ANiE—1H cell ¥4, Hilf
[l i nuzL [FlRsE 40 .

PyObject *PyCell_GET (PyObject *cell)
AR AR I cell YT cell MEZ, (HR2 AR cell 27 3E nuLt EHE-{H cell #{4.
int PyCell_sSet (PyObject *cell, PyObject *value)
6 cell P14 cell IEIZSRR(E) value. 5 A FEBATATE cell Py HIEIZR 192 B . value W] PAE] nUTL.
cell WEAIE] NULL,
FERSIREEME 00 SR cell N2 —18 cell Py, RIA§HEE G ANEImIE -1,
void PyCell_SET (PyObject *cell, PyObject *value)

5 cell By cell AR value. ANEriR#% 2 s, EHANGEITEM A cel MHEERE
NULL [FHE-—{# cell #114:.
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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 (closure) variables in a code object.

int PyUnstable_Code_GetFirstFree (PyCodeObject *co)

o
R RAGE APL, TR/ A 1 EVA £ (4

Return the position of the first free (closure) variable in a code object.

T 3.13 R 5% 5 : Renamed from PyCode_GetFirstFree as part of 7~4% € 4% C API. The old name is
deprecated, but will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags,
PyObject *code, PyObject *consts, PyObject *names, PyObject
*varnames, PyObject *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

e
TEA L APL, BT RETE/ INRA B AT T BV A ) i o

Return a new code object. If you need a dummy code object to create a frame, use PyCode NewEmpty ()
instead.

Since the definition of the bytecode changes often, calling PyUnstable Code_New () directly can bind you
to a precise Python version.

The many arguments of this function are inter-dependent in complex ways, meaning that subtle changes to
values are likely to result in incorrect execution or VM crashes. Use this function only with extreme care.

TE 3.11 fRIUBTE: F3 qualname fil exceptiontable Z2#f,

TE 3.12 i) 5% 5 : Renamed from PyCode_New as part of 1~4% € 49 C API. The old name is deprecated,
but will remain available until the signature changes again.

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)
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e
TE A ST APL, BT RETE/ INRA B A T VG A i 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.

TE 3.8 JiRWEIN A : as PyCode_NewWithPosOnlyArgs
YE 3.11 RIS TE: F1 qualname fil exceptiontable 28,

T 3.12 iR {)%# 8 : 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)
E4R1E: #a9 4 B&., Return a new empty code object with the specified filename, function name, and first
line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)
Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame_GetLineNumber () instead.
For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line, int

*end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at byte_offset.

Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.

e 3.11 JRPmA.

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 311 RBIA.

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 fRBEIA.

PyObject *PyCode_GetCellvars (PyCodeObject *co)
Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On
error, NULL is returned and an exception is raised.

15 3. 11 A

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 (closure) variables. On error, NULL is returned and an
exception is raised.

e 3.1 HRFIA.
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int PyCode_AddWatcher (PyCode_WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be passed
to PyCode_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return -1 and set an
exception.

e 312 JRBTA.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode Addwatcher () for the current
interpreter. Return 0 on success, or -1 and set an exception on error (e.g. if the given watcher_id was never
registered.)

1E 3.12 FGmA.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY _CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY
TE 3.12 JBEA.

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. Other-
wise, 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_liriteUnraisable (). 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 BRAFmA.

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)

e
TEAE L APL, BT RETE/ INRA B A T BV T 5 i 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.
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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.

¥E 3.6 WA as _PyEval_RequestCodeExtralIndex

T 3.12 W52 55 : 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)

e
TEAE LT APL, BT RETE/INAS B A T (VA A 5 il

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.
TE 3.6 [y A: as _PyCode_GetExtra

TE 3.12 JiR %% T: 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)

R TALE APL, TR/ AR 1 EVAT £ (8 e

Set the extra data stored under the given index to exfra. Return O on success. Set an exception and return -1
on failure.

¥E 3.6 fIRWENN A as _PyCode_SetExtra

T 3.12 JiR %% 5 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated, but
will be available until the API changes.

8.6 Hh¥ik
8.6.1 {E=X¥Y114 (File Objects)

iE Lk AP @ TR B R 11 Python 2 C APT f#5e/)MbifsE (minimal emulation), ‘B 2SR C ARME R
AREE A Al /O (FILE*) F (4R 7k Python 3 1, HESAIP AT B 1o BIAL, EAEHAERIHIIRHT
MRl VO L T 2 MEH . NHANRUZE L APL R C WSy, EZMH N B i E
RS A AR = RIS E I 10 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)

EIMR A4 Frag 408, [EIFSE ABI [/)-—4). Create a Python file object from the file descriptor of an already
opened file fd. The arguments name, encoding, errors and newline can be NULL to use the defaults; buffering
can be -/ 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 io.open () function documentation.

A L

H1 7 Python BRiA FH VARG, e MELERAE R S S S TR AR O (i G AR A T
(BIAERHHR P AR S ) -
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5 3.2 A SEEE: 20 name Ji§ 1k -
int PyObject_AsFileDescriptor (PyObject *p)
[EVFE 7 ABL (-7 M8 p B O R EASHEE inc. WERIHRZEY, RIREHE. R
AR, R ERY fileno O A (WURAFAE) s ROy vEabZH M B — g, BRI 24
REHE R, e ) MEE S HEORE Il e 1.
PyObject *PyFile_GetLine (PyObject *p, int n)
EMEAE: g 408, [E)fS 0 ABI [1——%). 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 # 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 » 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)
## 10.open_code () WIEFHEATEILAE MBI JEFIAE L (handler) FLEH 2L,
The handler is a function of type:
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)
Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guaranteed
to be PyUnicodeObject.

userData FEHHE S [EIFIRG X (hook function) H. A AT BE & FE A [F] AYEIATERE (runtime) IF-0Y
[Eefi, R IRZ R A B AR 1] Python R &

ey STV 5 A B AT G PR . TR B o LB IR B A AL, s P vy
W R &5 B AE sys .modules A,

Once a hook has been set, it cannot be removed or replaced, and later calls to PyFile SetOpenCodeHook ()
will fail. On failure, the function returns -1 and sets an exception if the interpreter has been initialized.

fEPy Initialize () ZHIFFIY IR Z LA .
AN S5 | 5 —EFE % ZE{; (auditing event) setopencodehook,
15 3.8 IHInA.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
[EVFE7E ABL )543 M1 obj ARERWNT po flags ME— SRS R Py_PRINT RAW; WIRA
€, MBAYR str O AR repr O o FEMINEIMEE 0 BUTEARMORE -15 M BOE B BI51 .
int PyFile_WriteString (const char *s, PyObject *p)

[EF3E ABLIY— 5. AT H s EIRHERW I po B BIIRF 0 O, 15 SR [l (8 -1, [E s
A BIAMRE.

8.6.2 Rt

PyTypeObject PyModule_Type
[F)f5 1 ABI )34y This instance of Py TypeObject represents the Python module type. This is exposed
to Python programs as types.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)

PR ey g, [ ABL - -404> B 3.7 B A B45. Return a new module object with module.
__name___ 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 settinga __file_  attribute.
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e S Bk [ 8 woLs [E)RE B4k
1E 3.3 A
YE 3.4 MU _ package_ fll _ loader_ Iﬁf{{%ﬁﬁﬁ None,
PyObject *PyModule_New (const char *name)
EIMEAE : #7049 %88, [B)E 4 ABI [#-—354). Similar to PyModule NewObject (), but the name is a UTF-8
encoded string instead of a Unicode object.
PyObject *PyModule_GetDict (PyObject *module)

EMEAE: 45 R 488, [BEfE5E ABI -7, Return the dictionary object that implements module’s names-
pace; this object is the same as the __dict__ attribute of the module object. If module is not a module object
(or a subtype of a module object), SystemError is raised and NULL is returned.

It is recommended extensions use other PyModule_ * and PyObject_* functions rather than directly manip-
ulate a module’s __dict_ .

PyObject *PyModule_GetNameObject (PyObject *module)
EIRAE: #reg 48, [EEE ABLIY-—354% & 3.7 B A B44. 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.

£ 3.3 HGA.

const char *PyModule_GetName (PyObject *module)
[ & ABI [)—3545. Similarto PyModule GetNameObject () butreturn the name encodedto 'ut £-8".

void *PyModule_GetState (PyObject *module)
[EJZ 5 ABI )4, Return the “state” of the module, that is, a pointer to the block of memory allocated
at module creation time, or NULL. See PyModuleDef.m_size.

PyModuleDef *PyModule_GetDef (PyObject *module)
B ABI 154y Return a pointer to the PyModuleDe  struct from which the module was created, or
NULL if the module wasn’t created from a definition.

PyObject *PyModule_GetFilenameObject (PyObject *module)

EARE: FaY R IE, = F ABI 13154y, 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 string, raise SystemError and return
NULL; otherwise return a reference to a Unicode object.

TE 3.2 LB

const char *PyModule_GetFilename (PyObject *module)
[E)fE 2 ABI [%—3B%). Similar to PyModule GetFilenameObject () but return the filename encoded to
“utf-8’.

FE 32 M2z B9 EIH: PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule GetFilenameObject () instead.

Miaft C 4

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 PylModule_ Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.
type PyModuleDef

[ElfZ 2 ABI [—i%r (6.4 F7 A M & ) . 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.
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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_t m_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 mul-
tiple 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_rree function has been called, if present.

Setting m_size to -1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initializa-
tion.

WL R PEP 3121,

PyMethodDef *m_methods
A pointer to a table of module-level functions, described by PyMethodDe r 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 fRAY%2 5 Prior to version 3.5, this member was always set to NULL, and was defined as:

inquiry m_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule GetState ())is NULL.

TE 3.9 fR %% 5 No longer called before the module state is allocated.

inquiry m_clear

A clear function to call during GC clearing of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 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 {5 T No longer called before the module state is allocated.
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Jfreefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_size is greater than O and the module state (as returned
by PyModule GetState ())is NULL.

TE 3.9 fA%%2 5 No longer called before the module state is allocated.

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)

w 1% 45 #7449 4 B8, Create a new module object, given the definition in def. This behaves like
PyModule_Create?2 () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

EIMRAG #7044 08 [E)fE 2 ABI [543, Create a new module object, given the definition in def, assuming
the API version module_api_version. If that version does not match the version of the running interpreter, a
RuntimeWarning is emitted.

e 2R R e noLL (FIR% e il 4h o

O HE

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 similartothe __new__ () and __init__ ()
methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()), or its contents (such as the module’s __dict__ or individual
classes created with Py Type_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PylInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:
PyObject *PyModuleDef_Init (PyModuleDef *def)
ERAE: 1A 408, [EfEE ABL Y354 B 3.5 #i A B44. Ensures a module definition is a properly
initialized Python object that correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.

£ 3.5 HGA.
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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 RABTINA.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create

Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject *create_module (PyObject *spec, PyModuleDef *def)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule Type. Any type can be used,
as long as it supports setting and getting import-related attributes. However, only PyModule_Type instances
may be returned if the PyModuleDef has non-NULL m_traverse,m_clear,m_free;non-zerom_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 GII_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL. (See
isolating-extensions-howto.)

This slot determines whether or not importing this module in a subinterpreter will fail.

Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.
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If Py mod multiple interpreters is not specified, the import machinery defaults to
Py _MOD_MULTIPLE_INTERPRETERS_SUPPORTED.

TE 3.12 Wiyl

Py_mod_gil
Specifies one of the following values:
Py_MOD_GIL_USED

The module depends on the presence of the global interpreter lock (GIL), and may access global state
without synchronization.

Py_MOD_GIL_NOT_USED
The module is safe to run without an active GIL.

This slot is ignored by Python builds not configured with --disable-gil. Otherwise, it determines whether
or not importing this module will cause the GIL to be automatically enabled. See whatsnew313-free-threaded-
cpython for more detail.

Multiple Py_mod_gil slots may not be specified in one module definition.

If Py_mod_gil is not specified, the import machinery defaults to Py_MOD_GIL_USED.

1E 3.13 BAFA.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used 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)
B4R 18 #rhY %84, Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule FrombDefAndSpec2 () with module_api_version set to PYTHON_API_VERSTION.

1E 3.5 JRABTINA.
PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

EIMEAE: #reg 4 e, [EEE ABL 1—3%) & 3.7 BR A B44. 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.

TE 42 B ] nuL BERE B 4b .

O e

Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this if you
are sure you need it.

TE 3.5 A
int PyModule_ExecDef (PyObject *module, PyModuleDef *def)

[ ABL W4y B 3.7 B A< B44. Process any execution slots (Py_mod_exec) given in def.
TE 3.5 BB A

int PyModule_SetDocString (PyObject *module, const char *docstring)

[ 2 ABL [ -—34r B 3.7 #e 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 AINA.
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int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

[BJfS & ABI [f5—3B4> B 3.7 B A Bl 45. Add the functions from the NULL terminated functions ar-
ray to module. Refer to the pPyMethodDef documentation for details on individual entries (due to the
lack of a shared module namespace, module level “functions” implemented in C typically receive the mod-
ule as their first parameter, making them similar to instance methods on Python classes). This function
is called automatically when creating a module from PyModuleDef, using either PyModule_Create or
PyModule_FromDefAndSpec

e 3.5 APIA.
XEHER

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)

[Ef% 5 ABL -4y B 3.10 #5 A F45. 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.
R # -

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 J

To be convenient, the function accepts NULL value with an exception set. In this case, return -1 and just leave
the raised exception unchanged.

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int wvalue)
{
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.

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

e 3.10 RBTIA.
int PyModule_add (PyObject *module, const char *name, PyObject *value)

[E)fE 2 ABI [—3B4> & 3.13 #e K B44. Similar to PyModule AddobjectRef (), but “steals” a reference
to value. It can be called with a result of function that returns a new reference without bothering to check its
result or even saving it to a variable.

LIRS R
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if (PyModule_Add (module, "spam", PyBytes_FromString(value)) < 0) {
goto error;

TE 3.13 fRBIMA.
int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
[E)fE 2 ABI [1)—%R4). Similar to PyModule AddobjectRef (), but steals a reference to value on success

(if it returns 0).

The new PyModule_Add () or PyModule AddObjectRef () functions are recommended, since it is easy
to introduce reference leaks by misusing the PyModule Addobject () function.

‘@ WD

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 _XDECREF () value manually
on error.

A
e 3\
PyObject *obj = PyBytes_FromString(value) ;
if (PyModule_AddObject (module, "spam", obj) < 0) {

// If 'obj' is not NULL and PyModule_AddObject () failed,

// 'obj' strong reference must be deleted with Py_XDECREF ().
// If 'obj' is NULL, Py _XDECREF () does nothing.

Py_XDECREF (obj) ;

goto error;

}
// PyModule_AddObject () stole a reference to obj:
// Py_XDECREF (obj) 1is not needed here.

L J

TE 3.13 fRZABBEEIH: PyModule_Addobject () is soft deprecated.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

[EZ 52 ABI [1)-—#F4. 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.

This is a convenience function that calls PyLong FromLong () and PyModule AddObjectRef ();see their
documentation for details.
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

[FJfZ & ABI [{J—(/%). 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.

This is a convenience function that <calls PyUnicode InternFromString/() and
PyModule_ AddObjectRef (); see their documentation for details.

PyModule_AddIntMacro (module, macro)
Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the intconstant 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)
=E ABL—3> & 3.10 pe A H44. Add a type object to module. The type object is finalized by calling
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internally Py Type Ready (). The name of the type object is taken from the last component of tp_name after
dot. Return -1 with an exception set on error, 0 on success.

1E 3.9 MABIA.

int PyUnstable_Module_SetGIL (PyObject *module, void *gil)

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

Indicate that module does or does not support running without the global interpreter lock (GIL), using one
of the values from Py _mod_gil. It must be called during module’s initialization function. If this function is
not called during module initialization, the import machinery assumes the module does not support running
without the GIL. This function is only available in Python builds configured with ~—disable-gil. Return
-1 with an exception set on error, 0 on success.

1E 3.13 A

REER

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can

be created from a single definition.

PyObject *PyState_FindModule (PyModuleDef *def)
EMEE: 15 R 208, (B ABI (197545, 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)
252 ABI [—3%54> & 3.3 B A FHl44. 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_aAddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls Pystate_FindModule. The function is mainly intended for implementing alternative im-
port 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.
B[R] 0, AE 2SO [] (8 -1 [EIRE Bl oh
TE 3.3 g

int PyState_RemoveModule (PyModuleDef *def)

[Ff5 & ABI [#)—04)> & 3.3 B A B44. Removes the module object created from def from the interpreter
state. Return —1 with an exception set on error, 0 on success.

The caller must hold the GIL.
TE 3.3 RPN
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8.6.3 [Fl{t28 (lterator) Hif¥

Python 4 {tt 7" M 8 ] iy AU % (terator) 1%, 5F—M 2 Fr 41 [EJAURS (sequence iterator), i ] 7 52 %
__getitem () FYEMMERITHI, A2 BTN (callable) 4 {4 HIMYLLH (sentinel value) — L fdf i,
EIFIU ) AR AT RE R A Tl SR R A R AR
PyTypeObject PySeqIter_Type
52 ABI )B4 WWHREWIHH A HPyseqrter new () BT 1EEEUCZEP2F A K H i ElE 7
FIREREEER iter 0 BHEEIHIER,
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: ey 48, [FJfEE ABI (%045, Return an iterator that works with a general sequence object,
seq. The iteration ends when the sequence raises IndexError for the subscripting operation.
PyTypeObject PyCallIter_Type
[F)f5 5 ABI [1)— 4. Type object for iterator objects returned by Pycalllter New() and the two-
argument form of the iter () built-in function.
int PyCallIter_Check (PyObject *op)
Return true if the type of op is PyCcaliiter Type. This function always succeeds.
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)

EMRAE #4408, [FfEE 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 (#iA2%) Yk

"Descriptor” AV AR BRI WIE, EMEAERBUE 41 dictionary (FH) i,
PyTypeObject PyProperty_Type
[F)f5 & ABI (19— [ descriptor Z[FI BUEI {4«
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
EIMEAE Freg 4 8&. [EfSE ABI )B4
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
EIMEAE Freg 4 8& . [EfSE ABIL )R
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
EIMEAE Freg48&. [EFEE ABIL )B4
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
EEE TR RDE 31
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
EMRE: #rag40é. [EFEE ABI 50
int PyDescr_IsData (PyObject *descr)

N3 descriptor Y descr FEVR Y& — 1 ZORLE ML o E ARG, sUE W e A2 — 5 IR
8] 0, descr WhZEEl—1{# descriptor #{4f; [EVA SRt .

PyObject *PyWrapper_New (PyObject*, PyObject™)
=AM #eg MR, [ERTE ABL B4
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8.6.5 YR ¥*

PyTypeObject PySlice_Type

ZE ABI [)—i/4>. The type object for slice objects. This is the same as s1ice 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)

EMR G Frag 408, [EFSE ABI 1545 Return a new slice object with the given values. The start, stop,
and step parameters are used as the values of the slice object attributes of the same names. Any of the values
may be NULL, in which case the None will be used for the corresponding attribute.

Return NULL with an exception set if the new object could not be allocated.
int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)

[EVfZ 5 ABI [)—i3/>. Retrieve the start, stop and step indices from the slice object slice, assuming a sequence
of length length. Treats indices greater than length as errors.

Returns 0 on success and -1 on error with no exception set (unless one of the indices was not None and failed
to be converted to an integer, in which case -1 is returned with an exception set).

You probably do not want to use this function.
T 3.2 M Y% 55 The parameter type for the slice parameter was PyS1iceObject * 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)
SE \J—1377. Usable replacement for PySiice GetIndices (). Retrieve the start, stop, and ste
[EJFZ 5 ABI [f)-—#%E4y. Usable repl t f 11 di (). Ret the start, stop, and step

indices from the slice object slice assuming a sequence of length length, and store the length of the slice in
slicelength. Out of bounds indices are clipped in a manner consistent with the handling of normal slices.

SRS 0, e IORE Il 8 -1 (R 1 S

O il

This function is considered not safe for resizable sequences. Its invocation should be replaced by a combi-
nation 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, é&step) < 0) {
// return error
}
slicelength = PySlice_ AdjustIndices (length, &start, &stop, step);

TE 3.2 fiR /%% 58 : The parameter type for the slice parameter was PyS1iceObject* before.

FE3.6.1 iR 5 8 If py_LIMITED_API is notset or set to the value between 0x03050400 and 0x03060000
(not including) or 0x03060100 or higher PySlice_GetIndicesEx () is implemented as a macro using
PySlice_Unpack () and PySlice_AdjustIndices (). Arguments start, stop and step are evaluated more
than once.

TE 3.6.1 iz % #;[EIH: 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.
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int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
2 & ABI [—384)> & 3.7 B A B44. 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_SSTIZE_T_MIN to PY_SSIZE_T_MIN, and silently boost the step values less
than -PY_SSIZE_T_MAX to -PY_SSIZE_T_MAX.

JETIRE 3 0, SR NG [l 8 -1 (B8 il 4 o
TE 3.6.1 B

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
[EVfZ5E ABL H—3> B 3.7 # A Bl44. Adjust start/end slice indices assuming a sequence of the specified

length. Out of bounds indices are clipped in a manner consistent with the handling of normal slices.

Return the length of the slice. Always successful. Doesn’t call Python code.

1E 3.6.1 FRBIA.

Ellipsis Object

PyTypeObject PyEllipsis_Type
[F)f5 5 ABI ) —(4). The type of Python E11ipsis object. Same as types.EllipsisType in the
Python layer.

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py_None, it is an immortal singleton object.

TE 312 WSS Py _E11ipsis [EIARPY (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)
ERAE: #ray 408, [EFEE ABIJ—/). Create a memoryview object from an object that provides the
buffer interface. If obj supports writable buffer exports, the memoryview object will be read/write, otherwise
it may be either read-only or read/write at the discretion of the exporter.
PyBUF_READ
Flag to request a readonly buffer.
PyBUF_WRITE
Flag to request a writable buffer.
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
EMEAE: ey 4, [FEE ABL -39 B 3.7 B K B44. Create a memoryview object using mem as
the underlying buffer. flags can be one of PyBUF_READ or PyBUF_WRITE.

TE 3.3 A
PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)

EMEE: Frag 4 g, S E ABLAY- 36> B 3.1 jR K M 44. 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)

MR G : Frag 408, [EFSE ABI[1-—#4). Create a memoryview object to a contiguous chunk of memory
(in either ’C’ or "Fortran order) from an object that defines the buffer interface. If memory is contiguous, the
memoryview object points to the original memory. Otherwise, a copy is made and the memoryview points to
a new bytes object.

buffertype can be one of PyBUF_READ Or PyBUF_WRITE.
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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 () Of PyMemoryView_FromBuffer ().
mview must be a memoryview instance.

8.6.7 5B

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 *0b)

Return non-zero if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)
Return non-zero if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)
Return non-zero if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef£ (PyObject *ob, PyObject *callback)

EIMRAE: #rag 4 e, [EfEE ABI [1-—#%E4). Return a weak reference object for the object ob. This will
always return a new reference, but is not guaranteed to create a new object; an existing reference object may
be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If 0b is not a weakly 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)
EIMRE: #rag 488, [EFEE ABI [)-—3F4). 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 0b is not a weakly referenceable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.
int PyWeakref_GetRef (PyObject *ref, PyObject **pobj)
[EFZE ABI (—3B4r B 3.13 B A Bl 44, Get a strong reference to the referenced object from a weak
reference, ref, into *pobj.
« On success, set *pobj to a new strong reference to the referenced object and return 1.
« If the reference is dead, set *pobj to NULL and return 0.

o On error, raise an exception and return -1.

1E 3.13 i mA.
PyObject *PyWeakref_GetObject (PyObject *ref)

ER1E: 15 A 48, [EEE ABIY-—#04>. Return a borrowed reference to the referenced object from a
weak reference, ref. If the referent is no longer live, returns Py_None.
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O fiE

This function returns a borrowed reference to the referenced object. This means that you should always
call Py _INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

Deprecated since version 3.13, will be removed in version 3.15: Use Pylicakref GetRef () instead.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)
EMEAE: 5 488, Similar to Pyleakref GetObject (), but does no error checking.

Deprecated since version 3.13, will be removed in version 3.15: Use Pyweakref GetRef () instead.

void PyObject_ClearWeakRefs (PyObject *object)
[EJF% 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.

void PyUnstable_Object_ClearWeakRefsNoCallbacks (PyObject *object)

e
EA RAL T AP, B REYE/MRA B A T (B AR AT i s o

Clears the weakrefs for object without calling the callbacks.

This function is called by the tp_dealloc handler for types with finalizers (i.e., __del  ()). The handler
for those objects first calls PyObject_CleariieakRefs () to clear weakrefs and call their callbacks, then the
finalizer, and finally this function to clear any weakrefs that may have been created by the finalizer.

In most circumstances, it’s more appropriate to use PyObject_CleariWeakRefs () to clear weakrefs instead
of this function.

1E 3.13 KRl A

8.6.8 Capsules
Refer to using-capsules for more information on using these objects.

£ 3.1 HRGA.

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
[E2 5 ABI [1—54). 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.
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PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
EMEAE: Frag 408, [FfE % ABI )45, 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)
[F)f5 5 ABI [)—7i3/>. 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)
[EJ#% 5 ABI [/J-—#F45. 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)
[E)fZ & ABI [f)—34). 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)
[E)2 5 ABI [)—3%(/4>. Return the current name stored in the capsule. On failure, set an exception and return
NULL.

It is legal for a capsule to have a NULL name. This makes a NULL return code somewhat ambiguous; use
PyCapsule_IsValid() or PyErr_Occurred () to disambiguate.

void *PyCapsule_Import (const char *name, int no_block)

[EJ% 72 ABI [-—{4y. 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 U958 5. no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

Z E ABI [)—7/y. 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.
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int PyCapsule_SetContext (PyObject *capsule, void *context)
B2 ABI [1)—4). Set the context pointer inside capsule to context.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
[EFZ 5 ABI 145 Set the destructor inside capsule to destructor.

Return 0 on success. Return nonzero and set an exception on failure.

int PyCapsule_SetName (PyObject *capsule, const char *name)

[EJFZ 52 ABI [#)-—754>. 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)f% 2 ABI [1)— %7 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 ¥4

type PyFrameObject
[E)Z B AP )4 ((E)—18 % A &5 4% (opaque struct)) . FIZCHiIR frame PR C k.
TEia 45 EA A B A .

TE 3.11 f %52 5 : The members of this structure were removed from the public C API. Refer to the What's
New entry for details.

The PyEval GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.

PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes .FrameType in the Python layer.

TE 3.11 fR %)% 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)
EM&E: #0948, Get the frame next outer frame.

Return a strong reference, or NULL if frame has no outer frame.
1E 3.9 JRBIMA.

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
ERAE: BTy 4 g, HUS frame ) £_builtins .
[l {#strong reference. 459 BEE] NULL,
1 311 g

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
EMRAE : #reg4g, [EFEE ABL[—34r B 3.10 B A B44. Get the frame code.

[B]{&.strong reference.,
The result (frame code) cannot be NULL.

1E 3.9 B
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PyObject *PyFrame_GetGenerator (PyFrameObject *frame)
w1245 #4948, 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.

[8] {#.strong reference BY, NULL,
1 3.1 JRFMA.
PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
EIMRAE: #ey4g, BUS frame 1) £_globals Bk,
[8{# strong reference. %55 AFEF] NULL,
TE 3.11 fRBEIA.
int PyFrame_GetLasti (PyFrameObject *frame)
Bt frame /) £_lasti B,
I frame.f_lasti & None HI[9]{8 -1,
1 3.11 B A.
PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)
EMRIE: #FHeg%ia, WS frame W58 name.
o TE NI R 0] E A BB ) strong reference.
o WIRSBEATELE, HI5]%8 NameError [Fl[|{# NULL,
o TESREF | 51 SMEI ] 8 NnuLL.
name [AEWAER str,
1E 3.12 i A

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)
B4R 1A #rhy 4 B4, Similar to PyFrame_GetVar (), but the variable name is a C string encoded in UTF-8.
TE 3.12 FUgl A

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
B E1E: #ay 4 B&, Get the frame’s £_locals attribute. If the frame refers to an optimized scope, this

returns a write-through proxy object that allows modifying the locals. In all other cases (classes, modules,
exec (), eval ()) it returns the mapping representing the frame locals directly (as described for 1ocals ()).

[B] {8 strong reference.
16 3.11 g A.
T 3.13 )52 5 As part of PEP 667, return an instance of PyFrameLocalsProxy._Type.

int PyFrame_GetLineNumber (PyFrameObject *frame)
[E)fZ5E ABL -4 B 3.10 #& A& B44. Return the line number that frame is currently executing.

Frame Locals Proxies
TE 3.13 iR A.

The f_locals attribute on a frame object is an instance of a "frame-locals proxy”. The proxy object exposes a
write-through view of the underlying locals dictionary for the frame. This ensures that the variables exposed by
f_locals are always up to date with the live local variables in the frame itself.

See PEP 667 for more information.
PyTypeObject PyFrameLocalsProxy_Type

The type of frame locals () proxy objects.
int PyFrameLocalsProxy_Check (PyObject *obj)

Return non-zero if obj is a frame locals () proxy.
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Internal Frames
Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame
The interpreter’s internal frame representation.

1 311 RBTINA.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _PylnterpreterFrame *frame) ;

I

BRI APL, TR/ AR (E A M S

)

.

(8

Return a strong reference to the code object for the frame.

1E 3.12 BAgTmA.

int PyUnstable_InterpreterFrame_GetLasti (struct _PylnterpreterFrame *frame) ;

®
LT AL APL, BTG M B VS (T2 M S

Return the byte offset into the last executed instruction.

e 3.12 RPN A.

int PyUnstable_InterpreterFrame_GetLine (struct _PylnterpreterFrame *frame) ;

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

Return the currently executing line number, or -1 if there is no line number.

1E 3.12 HmA.

8.6.10 [I/42% (Generator) ¥k
[EIAE #9142 Python HIACECBIEIEZREIR S (generator iterator) (¥4, BB Z M EM GEILEE TR
RS, AR PENPyGen_New () B{PyGen_NewliithQualName (),
type PyGenObject

FREESR IR C St
PyTypeObject PyGen_Type

BV 2R S e U E 1«
int PyGen_Check (PyObject *ob)

WA ob Z—MHE LR (generator) PRI B EL(E ; ob WAARE NuLL, IR UAE & AT
int PyGen_CheckExact (PyObject *ob)

W ob B(EL R PyGen_Type HIEMEE(E; ob MEHARE NULL. Lk A2 & R IHAT.
PyObject *PyGen_New (PyFrameObject *frame)

AR Freg %, R frame Y ST EME— B EVESS Y. LR G BUE — (3 frame
12 M (reference), 5| B ZHAIE] NULL.
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PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

AR A Freh 4 &, HR frame W EE ST B I E — B EAE S, HAR _nane I
__qualname__ #%[E] name F qualname. I o8 X & BUE —H % frame {2 8. frame 5| b0 AR
NULL,

8.6.11 Coroutine (i%¥2) ¥t
TE 3.5 A
Coroutine @ HBLEDA async B 7 HCH 5 1 p& 0BT [l ) F o
type PyCoroObject
JH A coroutine {414 C % .
PyTypeObject PyCoro_Type
8 coroutine ¥ {43 fE R ZLEI 12F .
int PyCoro_CheckExact (PyObject *0b)
W ob AEUENE Pycoro Type HIMMEEAA; ob WAURNE nULL. I bR =42 AT .

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

AR Arag e, H frame Y1 AR E ST [E] [E] - {E B 1) coroutine #{4, HH __name_ Al
__qualname__ #¢3R[E] name 1 qualname. MWK EBUE—H% frame 12 18 (reference). frame 5|
B EAE] NULL,

8.6.12 [His &Y
TE 3.7 KR
E 3.7.1 LAY 5

O #HE

In Python 3.7.1 the signatures of all context variables C APIs were changed to use PyObject pointers instead
of PyContext, PyContextVar, and PyContextToken, €.g.:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void) ;

T L M HiEE R bpo-34762,

This section details the public C API for the contextvars module.

type PyContext

The C structure used to represent a contextvars.Context object.

type PyContextVar

The C structure used to represent a contextvars.ContextVar object.

type PyContextToken

The C structure used to represent a contextvars. Token object.
PyTypeObject PyContext_Type

The type object representing the context type.
PyTypeObject PyContextVar_Type

The type object representing the context variable type.
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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)
EIM& 14 #4448, Create a new empty context object. Returns NULL if an error has occurred.

PyObject *PyContext_Copy (PyObject *ctx)
EI{%44: #rhy %88, Create a shallow copy of the passed ctx context object. Returns NULL if an error has
occurred.

PyObject *PyContext_CopyCurrent (void)
E & 1h: #4494 B&, Create a shallow copy of the current thread context. Returns NULL if an error has
occurred.

int PyContext_Enter (PyObject *ctx)
Set ctx as the current context for the current thread. Returns 0 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’)

B4R 18 #4948, 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:

o default_value, if not NULL;
o the default value of var, if not NULL;
e NULL
Except for NULL, the function returns a new reference.
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)

EIRAG : #7849 40, 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
token was called. This function returns 0 on success and —1 on error.
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8.6.13 DateTime ¥4

datetime FUAHFRALAAE HINFIRE Y (F . FEMEAEALE LR X 1, DRI datetime. h 5IAJR
JE RS (FERL, Python.h [EVES| AREPREHRE ), HLE%E PyDateTime 1MPORT MHWGHAN , TIHEE A
PRI I bR — 3B 5y . ZELAEHE 7] C A5 B FR A [E G52 8 pyDateTimeaPT HY, SZEAMY
A B .
type PyDateTime_Date

This subtype of PyObject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyoObject represents a Python datetime object.
type PyDateTime_Time
This subtype of PyObject represents a Python time object.
type PyDateTime_Delta
This subtype of PyObject represents the difference between two datetime values.
PyTypeObject PyDateTime_DateType
This instance of Py TypeObject 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 PyTypeObject 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 objectas datetime.
tzinfo in the Python layer.

HIAFEI UTC L6l (singleton) FE4R -
PyObject *PyDateTime_TimeZone_UTC
[{EZE78 UTC Wl & 85, 2B datetime.timezone.utc R HIHI:.
TE 3.7 A
REG A E A
int PyDate_Check (PyObject *ob)
N4 ob WAIFIFlpypateTime DateType B PyDateTime_DateType [FZIE], HI[E|{E# true, ob A
fHE wuLL. FE A AT
int PyDate_CheckExact (PyObject *ob)
W ob AEIEPypaterime_pateType, HI[EH true. ob AFHEI NULL. 381 KX — & GHATHI .
int PyDateTime_Check (PyObject *ob)
ﬁﬂ% ob E’\Jgﬁ_PyDateTime_DateTimeType ﬁ PyDateTime_DateTimeType E’\J%’;ﬂ, ,HIJ IEH%
true, ob AFHE NULL. 35l B FEAT I .
int PyDateTime_CheckExact (PyObject *0b)

N ob (HIEIE]lPypateTime _DateTimeType, HIE{H true, ob A NULL, & H KR —E EH
AT
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int PyTime_Check (PyObject *0b)
ﬂlﬁl% ob E/‘J@PyDateTimeiTimeType BR PyDateTime_TimeType E‘]?@, A IEH% true, ob A
HE NuLL. SR G AT
int PyTime_CheckExact (PyObject *ob)
ﬁﬂ% ob E’\]ﬂPyDateTimefTime Type, E[J E]% true., ob Z:%E': NULL, 'féﬁ] @K*E@ﬁﬁiﬁilﬁo
int PyDelta_Check (PyObject *ob)
N5 ob (W BUFIElPyDateTime DeltaType BY PyDateTime_DeltaType [HTZI[E], HI[E[{ true, ob
AFE nuLL. SE A AT
int PyDelta_CheckExact (PyObject *ob)

AR ob WAIFEIFlpypateTime DeltaType, HI[EE true, ob ANEE NULL, oKX —E €T
.

int PyTZInfo_Check (PyObject *ob)

ﬁﬂ% ob E‘JﬁgPyDateTime_TZInfoType ﬁ PyDateTime_TZInfoType E’{]?’;ﬂ, ,EJJ[EHEE} true,
ob AEEINULL, B R ST .

int PyTZInfo_CheckExact (PyObject *0b)
W ob AIEIE]PypateTime_T2InfoType, HIE/{H true. ob AHEINULL. Bl EX—E GHITK
i

BRI B A

PyObject *PyDate_FromDate (int year, int month, int day)

EARE: Freh4a, PEEEREF. H. HWME datetime.date,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

@1’%’1&1 %ﬁéﬁ%ﬁﬂ{%o E{gj‘—‘1@ﬁ¢%ﬁ£ﬁ H H. H%':\ éj\ 7F’/|‘ 1/%*’/"9/‘3%#F datetime.datetime,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

MR Areg 4. ME-EAREEE. H. B B e, B fRbEL fold (REMITED) M

datetime.datetime,

1E 3.6 RPN
PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
ERE: Arag 4 iE. BMEEERRERE. . B MEMWYIME datetime . date,
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
AR Ay s, M- EAREER 4. B b fold (RpEITE)) M datetine. time.
TE 3.6 JREE A

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

ER AR Frag &g, [ datetime.timedelta ¥, FIRAEM KUY, UM GAE. B
FTERMEAL (normalization) DASE A i) RS ORI AP A datetime. timedelta PfFREEHEEE.

PyObject *PyTimeZone_FromOffset (PyObject *offset)
ER A Arag 5. [ datetime.timezone WPk, HRaAMEE MR offser 51 %
No
1 3.7 B
PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
EIMRE: #rag 408, [ —{f datetime.timezone Y, HFEEMBEH offset 518 FR, FWF

7 tzname name.,

£ 3.7 BGA.
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# date ¥y 0k PR BUAE AL B B S, 51 # 0 8 & pypateTime_pate By HI, W THEE (4
HpyDateTime DateTime). B|¥AEE L, EIBAEEARE:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
M ARGy, [FIIERE .

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
mIEH Gy, EIEREE, #1512,

int PyDateTime_GET_DAY (PyDateTime_Date *0)
M HY, [FERE, ¢ 1% 31,

¢ datetime ¥){4F FHRBUROIAY E . 53R PyDateTime DateTime BEH, W THEE. 518K
AF vury, [FIHAS e[

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
Il /R, [FIIERE L, 4E 0 %) 23,

int PyDateTime_DATE_GET_ MINUTE (PyDateTime_DateTime *0)
o, [EIEREE, ¢ 0 5 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
MRy, [FIERH, 1€ 0 3 59,

int PyDateTime_DATE_GET MICROSECOND (PyDateTime_DateTime *0)
[l RD, [EFEEH, 70 5] 999999,

int PyDateTime_DATE_GET_ FOLD (PyDateTime_DateTime *0)
[l {# fold, [F]O0 Bf 1 fIEERH,
15 3.6 JRAhA.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
[a]{2 tzinfo (W] HER None).
1E 3.10 g A

e time Py SR AL A ELAE o 5| BUb AR PyDate Time Time HEH, 45 THIE. 51 #HASE v,
B HA g ZE:

int PyDateTime_TIME_GET_ HOUR (PyDateTime_Time *0)
[ /N, (EIE SR, 70 5 23,

int PyDateTime_TIME_GET MINUTE (PyDateTime_Time *0)
sy g, [EIERH, 70 % 59.

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
Wl D, [ElIERES, 1€ 0 3 59,

int PyDateTime_TIME_GET MICROSECOND (PyDateTime_Time *0)
Ml ERRD, EIERHE, 180 %] 999999.

int PyDateTime_TIME_GET_ FOLD (PyDateTime_Time *0)
[ {3 fold, [F10 =% 1 AYIEHEHL.
1E 3.6 HBTIMA.

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
[a]{2 tzinfo (] HER None).
1E 3.10 A

¢ time delta 4 PRI E4E . B3R M PyDateTine_Delta BWEH, WG THE. 518UNHE
[ vunn, EHAE kAR
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int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)

DA -999999999 31| 999999999 . ] iy e Mt FE = ] e K .
T 3.3 JRANA.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)

PA O 21| 86399 7 ] i) B i oK ] (AP B
e 3.3 iRBA.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)

DA 0 £ 999999 2 [H] iy B RO X Jul (iR .
T 3.3 JRABLIIA.

[E) 7 J5 {54 4 /F DB API Y 4 :

PyObject *PyDateTime_FromTimestamp (PyObject *args)

EARAE: FHeg4g, 4GE B A EIEL datetime.datetime. fromtimestamp () 5| #IGHH,
77 [FI[A] i —1{R 371 datetime.datetime {4,

PyObject *PyDate_FromTimestamp (PyObject *args)

EIMRAE: #reg4md, ST — A EHEA datetime.date. fromtimestamp () G| 8OICAL, &7
[E)[5] {5 —1{H i 1) datetime.date Y.

8.6.14 BFHRTRYIH

P T A B EHE R E R 8UE], H EiA MifE -- GenericAlias #] Union, H 5 Genericalias A/ FH
(expose) %5 C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

= ABL )3 B 3.9 iRk B44. 57— GenericAlias ¥4, %5 [R]jRIENY Python f types.
GenericAlias class. origin Fil args 5| Bk E T GenericAlias I _ origin_ Bl __ args_ J&
V. origin fERZ T2 PyTypeobject* H. args W] DA PyTupleobject* BEE PyObject*, I
AN args A2 tuple (JCAL), HIlEr A B —EHEEE] 1 /Y wple H__args_ @#ikE (args,
) o M T/ rs | Bk, IrPARME origin A2 MEBE), Xt & A EgRM. Genericalias )
__parameters_ JEPEEH __args_ 1EMEHIES (constructed lazily). E IR, &5 )% —fE B 5b
(EJfm] {# nULL,

PATF A2 11— 11 3% S 3L ENZ AL (generic) )91

e 3

static PyMethodDef my_obj _methods[] = {
// Other methods.

{" class getitem ", Py _GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

s 't =
ERHERITIR __class_getitem (),

1E 3.9 MABIA.

PyTypeObject Py_GenericAliasType

&5 ABL[H)—35%r & 3.9 B ANB45. Py_GenericAlias () i [RMEZW LR C BIE], 25 Python
':F‘EI/J types.GenericAlias,

TE 3.9 HGA.
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CHAPTER 9

Initialization, Finalization, and Threads

WA B 2 BB PR ORI, 5% FLPhon 404 1322

9.1 Python #)35{L 2 Al
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:
 Functions that initialize the interpreter:
— Py _Initialize()
— Py_InitializeEx()
— Py_InitializeFromConfig()
- Py BytesMain ()

— Py_Main /()

the runtime pre-initialization functions covered in Python #7144 1435 &
 Configuration functions:

— PyImport_AppendInittab ()

— PyImport_ExtendInittab ()

— PyInitFrozenExtensions ()

— PyMem_SetAllocator ()

— PyMem_SetupDebugHooks ()

— PyObject_SetArenaAllocator ()

— Py_SetProgramName ()

— Py_SetPythonHome ()

- PySys_ResetWarnOptions ()

- the configuration functions covered in Python #7144 14 3% €

« Informative functions:
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- Py_IsInitialized()
— PyMem_GetAllocator ()
— PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()
— Py_GetCompiler ()
— Py_GetCopyright ()
— Py_GetPlatform()
— Py_GetVersion()
— Py_IsInitialized()
« Utilities:
— Py_DecodeLocale ()
— the status reporting and utility functions covered in Python #1414 35% %
» Memory allocators:
— PyMem_RawMalloc ()
— PyMem_RawRealloc ()
— PyMem_RawCalloc ()
- PyMem_RawFree ()
« Synchronization:
— PyMutex_Lock ()

— PyMutex_Unlock ()

O f#E

Despite their apparent similarity to some of the functions listed above, the following functions should not be
called before the interpreter has been initialized: Py EncodelLocale (), Py _GetPath (), Py_GetPrefix(),
Py _GetExecPrefix (), Py_GetProgramFullPath (), Py_GetPythonHome (), Py_GetProgramName (),
PyEval_InitThreads(), and Py _RunMain().

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_BytesWarningFlag to 1 and -bb sets Py_BytesWarningFlag to 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 st r or bytes with int. Issue an error if greater
or equal to 2.

H1 b JEIABE »

Deprecated since version 3.12, will be removed in version 3.14.
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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 $EIEEL pYTHONDERUG IREE B BIGR 2 .

Deprecated since version 3.12, will be removed in version 3.14.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used instead,
see Python Initialization Configuration.

If set to non-zero, Python won’t try to write . pyc files on the import of source modules.

i -B $EIFEE PYTHONDONTWRITEBYTECODE Faim & #iik -

Deprecated since version 3.12, will be removed in version 3.14.

int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig warnings should be used
instead, see Python Initialization Configuration.

Suppress error messages when calculating the module search path in Py_GetPath ().
Private flag used by _freeze_module and frozenmain programs.
Deprecated since version 3.12, will be removed in version 3.14.

int Py_HashRandomizationFlag

This API is kept for backward compatibility: setting PyConfig.hash_seed and PyConfig.
use_hash_seed should be used instead, see Python Initialization Configuration.

IR RIS A2 8 Py THONHASHSEED 3 B JF 23 s Al sk 1.
If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.
Deprecated since version 3.12, will be removed in version 3.14.

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used instead,
see Python Initialization Configuration.

ZIWE TG ] RER B BB pYTHON* PR 8, f5UN PYTHONPATH Bi PYTHONHOME ,
M -E Bl -1 3IEE .
Deprecated since version 3.12, will be removed in version 3.14.

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead, see Python
Initialization Configuration.

When a script is passed as first argument or the —c option is used, enter interactive mode after executing the
script or the command, even when sys . stdin does not appear to be a terminal.

M -1 SEJEHL PYTHONINSPECT PRI HGRE.
Deprecated since version 3.12, will be removed in version 3.14.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig. interactive should be used instead, see
Python Initialization Configuration.

Y -1 JEIHBUE »
1E 3.12 {2 A BEE .
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int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig. i solatedshould 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.

H -1 BEIEEOE .
TE 3.4 MBI
Deprecated since version 3.12, will be removed in version 3.14.

int Py_LegacyWindowsFSEncodingFlag

This API is kept for backward compatibility: setting PyPreConfig.legacy_windows_fs_encoding
should be used instead, see Python Initialization Configuration.

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding
with surrogatepass error handler, for the filesystem encoding and error handler.

RS B 858 PYTHONLEGACYWINDOWSFSENCODING #3% E[F—{f AE2s 328 B 3 (F) 1.
L EEE T R PEP 529,

1 FH: Windows.

Deprecated since version 3.12, will be removed in version 3.14.

int Py_LegacyWindowsStdioFlag

This API is kept for backward compatibility: setting PyConfig. legacy_windows_stdio should be used
instead, see Python Initialization Configuration.

If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
W2k i PEP 528,

18 H: Windows.

Deprecated since version 3.12, will be removed in version 3.14.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site import should be used instead, see
Python Initialization Configuration.

Disable the import of the module site and the site-dependent manipulations of sys.path that it entails.
Also disable these manipulations if site is explicitly imported later (call site.main () if you want them to
be triggered).

i -s BEIHFRE .
Deprecated since version 3.12, will be removed in version 3.14.

int Py_NoUserSiteDirectory
This API is kept for backward compatibility: setting PyConfig.user site_directory should be used
instead, see Python Initialization Configuration.

Don’t add the user site-packages directoryto sys.path.
i -s 3%8IE, -1 3%IEEL PYTHONNOUSERSITE JRIE 8 #IER 2
Deprecated since version 3.12, will be removed in version 3.14.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be used
instead, see Python Initialization Configuration.

H -0 $RIAHL PYTHONOPTIMIZE RS S #3L E.

AV
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Deprecated since version 3.12, will be removed in version 3.14.
int Py_QuietFlag
This API is kept for backward compatibility: setting PyConfig.quiet should be used instead, see Python
Initialization Configuration.
Don’t display the copyright and version messages even in interactive mode.
H -~ BEIHRE .
1E 3.2 JRBTMA.
Deprecated since version 3.12, will be removed in version 3.14.

int Py_UnbufferedStdioFlag
This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used instead,
see Python Initialization Configuration.

Force the stdout and stderr streams to be unbuffered.

i —u SEIEHL PYTHONUNBUFFERED PR 58 B 7E o

EAVAN

Deprecated since version 3.12, will be removed in version 3.14.

int Py_VerboseFlag
This API is kept for backward compatibility: setting PyConfig. verbose should be used instead, see Python
Initialization Configuration.

Print a message each time a module is initialized, showing the place (filename or built-in module) from which
it is loaded. If greater or equal to 2, print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.

i -v SEJEHEL PYTHONVERBOSE FRIEAFHGER E .

PRV

Deprecated since version 3.12, will be removed in version 3.14.

9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

[E)fZ 5 ABI f#—34). 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. Italso initializes the module search path (sys.path). It does not set sys . argv; use the
Python Initialization Configuration API 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.

Use Py _InitializeFromConfig () to customize the Python Initialization Configuration.

O e

On Windows, changes the console mode from O_TEXT to 0_BINARY, which will also affect non-Python
uses of the console using the C Runtime.

void Py_InitializeEx (int initsigs)

[E)2 & ABI [1)—547. This function works like Py_Initialize () if initsigs is 1. If initsigs is 0, it skips
initialization registration of signal handlers, which may be useful when CPython is embedded as part of a larger
application.

Use Py_InitializeFromConfig () to customize the Python Initialization Configuration.
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PyStatus Py_InitializeFromConfig (const PyConfig *config)

Initialize Python from config configuration, as described in Initialization with PyConfig.

See the Python #1454 1. 3% 7€ section for details on pre-initializing the interpreter, populating the runtime
configuration structure, and querying the returned status structure.

int Py_IsInitialized()

Z F ABI [1)—3/7. 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 IsFinalizing()
[EfE 2 ABL -4 & 3.13 B A< FA+45. Return true (non-zero) if the main Python interpreter is shutting
down. Return false (zero) otherwise.

1E 3.13 BAA.

int Py _FinalizeEx ()
[FIf5 5 ABL —35%r & 3.6 #& A Bl 44. Undo all initializations made by Py_Initialize () and sub-
sequent use of Python/C API functions, and destroy all sub-interpreters (see Py_NewInterpreter () be-
low) that were created and not yet destroyed since the last call to Py_Tnitialize (). Ideally, this frees all
memory allocated by the Python interpreter. This is a no-op when called for a second time (without calling
Py _Initialize () again first).

Since this is the reverse of Py_Initialize (), itshould 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 mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Tnitialize () and Py_FinalizeEx () more than once.

58— NP 75 | B FEA% F 4 cpython. _PySys_ClearAuditHooks.,
TE 3.6 MBI

void Py_Finalize ()
[F)Z 5 ABI [f)—%F4). This is a backwards-compatible version of Py_FinalizeEx () that disregards the
return value.

int Py_BytesMain (int argc, char **argv)
25 ABL [ —304> & 3.8 B A B44. Similar to Py_Main () but argvis an array of bytes strings, allowing
the calling application to delegate the text decoding step to the CPython runtime.

1 3.8 B IA.
int Py_Main (int argc, wchar_t **argv)

Z E ABI 1) — 1 4>. The main program for the standard interpreter, encapsulating a full initializa-
tion/finalization cycle, as well as additional behaviour to implement reading configurations settings from the
environment and command line, and then executing __main__ in accordance with using-on-cmdline.

This is made available for programs which wish to support the full CPython command line interface, rather
than just embedding a Python runtime in a larger application.

204 Chapter 9. Initialization, Finalization, and Threads



The Python/C API, #&[F) 3.13.2

The argc and argv parameters are similar to those which are passed to a C program’s main () function, except
that the argv entries are first converted to wchar_t using Py_DecodeLocale (). Itis also important to note
that the argument list entries may be modified to point to strings other than those passed in (however, the
contents of the strings pointed to by the argument list are not modified).

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 argument list does not represent a valid Python command line.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit the process,
as long as Py_InspectFlag is notset. If Py InspectFlag is set, execution will drop into the interactive
Python prompt, at which point a second otherwise unhandled SystemExit will still exit the process, while
any other means of exiting will set the return value as described above.

In terms of the CPython runtime configuration APIs documented in the runtime configuration section (and
without accounting for error handling), Py_Main is approximately equivalent to:

PyConfig config;

PyConfig InitPythonConfig(&config);
PyConfig_SetArgv(&config, argc, argv);
Py_InitializeFromConfig(&config);
PyConfig Clear (&config);

Py_RunMain () ;

L J

In normal usage, an embedding application will call this function instead of calling Py_Initialize(),
Py InitializeEx() Of Py_InitializeFromConfig () directly, and all settings will be applied as de-
scribed elsewhere in this documentation. If this function is instead called after a preceding runtime initial-
ization API call, then exactly which environmental and command line configuration settings will be updated
is version dependent (as it depends on which settings correctly support being modified after they have already
been set once when the runtime was first initialized).

int Py_RunMain (void)

Executes the main module in a fully configured CPython runtime.

Executes the command (PyConfig. run_command), the script (PyConfig. run_filename) or the module
(PyConfig.run_module) specified on the command line or in the configuration. If none of these values are
set, runs the interactive Python prompt (REPL) using the __main__ module’s global namespace.

If PyConfig. inspect is not set (the default), the return value will be 0 if the interpreter exits normally (that
is, without raising an exception), or 1 if the interpreter exits due to an exception. If an otherwise unhandled
SystemExit is raised, the function will immediately exit the process instead of returning 1.

If pyconfig.inspect is set (such as when the -1 option is used), rather than returning when the interpreter
exits, execution will instead resume in an interactive Python prompt (REPL) using the __main__ module’s
global namespace. If the interpreter exited with an exception, it is immediately raised in the REPL session.
The function return value is then determined by the way the REPL session terminates: returning 0 if the session
terminates without raising an unhandled exception, exiting immediately for an unhandled SystemExit, and
returning 1 for any other unhandled exception.

This function always finalizes the Python interpreter regardless of whether it returns a value or immediately
exits the process due to an unhandled SystemExit exception.

See Python Configuration for an example of a customized Python that always runs in isolated mode using
Py_RunMain ().

int PyUnstable_AtExit (PylnterpreterState *interp, void (*func)(void*), void *data)

®
RURTALE API, R AEHE/ MRS I (R 5 A
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Register an atexit callback for the target interpreter interp. This is similar to Py_AtExit (), but takes an
explicit interpreter and data pointer for the callback.

The GIL must be held for interp.
1 3.13 B A.

9.4 Process-wide parameters

void Py_SetProgramName (const wchar_t *name)

[FJf5 5 ABI [#)—34). 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 Initialize () 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.

1E 3.1 Rz A BEE .

wchar_t *Py_GetProgramName ()

[FJfZ & ABI )54y Return the program name set with PyConfig. program_name, or the default. The
returned string points into static storage; the caller should not modify its value.

WA ERZAEPy Tnitialize () ZHIFFNY, 75 €A UL,
TE 3.10 S5 WISRAEPy Tnitialize () ZFFEIY, BAEE[R# NnULL.

Deprecated since version 3.13, will be removed in version 3.15: Get sys.executable instead.

wchar_t *Py_GetPrefix ()

[F)f5 7 ABI (1)—54). Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with PyConfig. program_name and some envi-
ronment 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.base_prefix. It is only useful on Unix. See also
the next function.

W ARERZAEPy Tnitialize () ZHIMENY, 7501 €r[E{ NnULL,
TE 3.10 M50 WISRAEPy Tnitialize () ZFFEIY, BAEE[R# NnULL.

Deprecated since version 3.13, will be removed in version 3.15: Get sys.base_prefix instead, or sys.
prefix if virtual environments need to be handled.

wchar_t *Py_GetExecPrefix ()

[EJ#Z 5 ABI )B4y Return the exec-prefix for installed platform-dependent files. This is derived through
a number of complicated rules from the program name set with PyConfig.program_name and some en-
vironment variables; for example, if the program name is ' /usr/local/bin/python’, the exec-prefix is
'/usr/local'. The returned string points into static storage; the caller should not modify its value. This
corresponds to the exec_prefix variable in the top-level Makefile and the -—exec-prefix argument to
the configure script at build time. The value is available to Python code as sys.base_exec_prefix. It
is only useful on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and
shared libraries) are installed in a different directory tree. In a typical installation, platform dependent files may
be installed in the /usr/local/plat subtree while platform independent may be installed in /usr/local.

206

Chapter 9. Initialization, Finalization, and Threads



The Python/C API, %(E) 3.13.2

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines run-
ning the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x
are another platform, and Intel machines running Linux are yet another platform. Different major revisions of
the same operating system generally also form different platforms. Non-Unix operating systems are a different
story; the installation strategies on those systems are so different that the prefix and exec-prefix are meaning-
less, and set to the empty string. Note that compiled Python bytecode files are platform independent (but not
independent from the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/local
between platforms while having /usr/local/plat be a different filesystem for each platform.

MR AR Py _Tnitialize () ZHIFEIY, 5 € nlf# nuLL,
TE 3.10 fiASE R ARAEPy Tnitialize () ZHIFEMY, BifE€rnlf# NnuLL,

Deprecated since version 3.13, will be removed in version 3.15: Get sys.base_exec_prefix instead, or
sys.exec_prefix if virtual environments need to be handled.
wchar_t *Py_GetProgramFullPath ()

[F)2 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 PyConfig.program name).
The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as sys.executable.

VR SN ERZAE Py _Tnitialize () ZHIPENY, 75 HI€[H{# nULL,
TE 3.10 ARIASEE: WISRFEPy Tnitialize () ZHIVENY, FHAE€[H{E nULL,
Deprecated since version 3.13, will be removed in version 3.15: Get sys.executable instead.

wchar_t *Py_GetPath ()

[F)f5 5 ABI 1) —754). Return the default module search path; this is computed from the program name
(setby PyConfig.program_name) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and macOS, '; ' on Windows. The returned string points into static storage; the caller should not
modify its value. The list 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.

PR AR RZ APy _Tnitialize () ZHIFFIY, 750 €[l nuLL,
T 3.10 RSB TE: WRAEPy Tnitialize () Z HiFENY, BifE € [H {8 nULL,
Deprecated since version 3.13, will be removed in version 3.15: Get sys.path instead.

const char *Py_GetVersion ()

[E)fZ & ABI f—34>. Return the version of this Python interpreter. This is a string that looks something
like

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]" }

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 ()

&5 ABI [1)—354). 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, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.
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const char *Py_GetCopyright ()
&5 ABI [1—54y. 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 ()

[EJfZ & ABI 134> Return an indication of the compiler used to build the current Python version, in
square brackets, for example:

["[GCC 2.7.2.2]" }

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

const char *Py_GetBuildInfo ()

[F)f% 1 ABI )34} Return information about the sequence number and build date and time of the current
Python interpreter instance, for example

["#67, Aug 1 1997, 22:34:28" }

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)
[EJ#Z 5 ABI [1——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
argv can be an empty string. If this function fails to initialize sys.argv, a fatal condition is signalled using
Py_FatalError().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys.
path according to the following algorithm:

« If the name of an existing script is passed in argv [ 01, the absolute path of the directory where the script
is located is prepended to sys.path.

o Otherwise (that is, if argc is 0 or argv[0] doesn’t point to an existing file name), an empty string is
prepended to sys.path, which is the same as prepending the current working directory (".").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

i il

It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 as updatepath, and update sys .path themselves if desired. See CVE 2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sys . path element
after having called PySys_SetaArgv (), for example using:

[PyRunisimpleString("import sys; sys.path.pop(0)\n"); ]

TE 3.1.3 g A
1 3.11 HRZ A BEEH.

208 Chapter 9. Initialization, Finalization, and Threads


https://www.cve.org/CVERecord?id=CVE-2008-5983

The Python/C API, %(E) 3.13.2

void PySys_SetArgv (int argc, wchar_t **argv)
[[)fZ & ABI [#)— %4> This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_argv should be used instead, see Python Initialization Configuration.

This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter was
started with the - 1.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
15 3.4 R[5 T The updatepath value depends on - 1.

1E 3.1 Rz AR BEE .

void Py_SetPythonHome (const wchar_t *home)
[F)Z 72 ABI 114>, This API is kept for backward compatibility: setting PyConfig. home should be

used instead, see Python Initialization Configuration.

Set the default "home” directory, that is, the location of the standard Python libraries. See PYTHONHOME for
the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change
for the duration of the program’s execution. No code in the Python interpreter will change the contents of this
storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

1 3.11 Rz B pEI.
wchar_t *Py_GetPythonHome ()

[EfZ 5% ABI 1154y Return the default "home”, that is, the value set by PyConfig. home, or the value of
the PYTHONHOME environment variable if it is set.

WA ERZAEPy_Initialize () ZHIPFNY, 7551 € [H & NULL,
16 3.10 RAYSETE: QIARAEPy Tnitialize () ZHIFFRY, BIFE & [W{# NULL,

Deprecated since version 3.13, will be removed in version 3.15: i{[EJEf5-Pyconrig. home B PYTHONHOME
PRbT S

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 ()). The lock 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
pPyThreadState. 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 GIL has the following simple structure:
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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.

O il

Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or crypto-
graphic functions operating over memory buffers. For example, the standard z1ib and hashlib modules release
the GIL when compressing or hashing data.

9.5.2 Non-Python created threads

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there
a thread state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the afore-
mentioned third-party library), you must first register these threads with the interpreter by creating a thread state
data structure, then acquiring the GIL, and finally storing their thread state pointer, before you can start using the
Python/C API. When you are done, you should reset the thread state pointer, release the GIL, and finally free the
thread state data structure.

The pPyGILState 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 */

R T—TD
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(B E—H)
/* 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 this for os. fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending or
embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into Python)
may result in a deadlock by one of Python’s internal locks being held by a thread that is defunct after the fork.
PyOS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly,
which os. fork () does. This means finalizing all other Py ThreadsState objects belonging to the current interpreter
and all other PyInterpreterState objects. Due to this and the special nature of the "main” interpreter, fork ()

LYY}

should only be called in that interpreter’s “main” thread, where the CPython global runtime was originally initialized.
The only exception is if exec () will be called immediately after.

9.5.4 =B API

These are the most commonly used types and functions when writing C extension code, or when embedding the
Python interpreter:

type PyInterpreterState

)27 [ API () —3%r  (#([El—18 R i% #A & ¥ (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

[F57 [ APL 1514 (#[E)—18 R i& B0 & 4% (opaque struct)) . This data structure represents the state of
a single thread. The only public data member is:

PylnterpreterState *interp
This thread’s interpreter state.

void PyEval_InitThreads ()
[F)f5 2 ABI {1~/ Deprecated function which does nothing.

In Python 3.6 and older, this function created the GIL if it didn’t exist.
TE 3.9 Wy s e ek SBAE A e U T =1

TE 3.7 iAWY %5 5 This function is now called by Py_Tnitialize (), so you don’t have to call it yourself
anymore.

T 3.2 fiR %) %% 5 This function cannot be called before Py_Tnitialize () anymore.

1E 3.9 iz B E .
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PyThreadState *PyEval_SaveThread ()

[F)F2 5 ABI [)—3/>. 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)

[EJ#Z 52 ABI [#)— 4. Acquire the global interpreter lock (if it has been created) and set the thread state
to tstate, which must not be NULL. If the lock has been created, the current thread must not have acquired it,
otherwise deadlock ensues.

i il

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use Py IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

PyThreadState *PyThreadState_Get ()

[F)2 5 ABI [#)—%(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).

m%ﬁ,PyThreadState_Get Unchecked () o

PyThreadState *PyThreadState_GetUnchecked ()

Similar to PyThreadState_Get (), but don't kill the process with a fatal error if it is NULL. The caller is
responsible to check if the result is NULL.

JE 3.13 fR #% 0 A: In Python 3.5 to 3.12, the function was private and known as
_PyThreadState_UncheckedGet ().

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

[F)fZ 12 ABI [#)—5%). Swap the current thread state with the thread state given by the argument zstate, which
may be NULL. The global interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

PyGILState_ STATE PyGILState_Ensure ()

[EJ% 72 ABI [1—B4). Ensure that the current thread is ready to call the Python C API regardless of the
current state of Python, or of the global interpreter lock. This may be called as many times as desired by
a thread as long as each call is matched with a call to PyGILState Release (). In general, other thread-
related APIs may be used between PyGILState Ensure () and PyGILState Release () calls as long
as the thread state is restored to its previous state before the Release(). For example, normal usage of the
Py_BEGIN_ALLOW_THREADS and Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState Ensure () was called, and
must be passed to PyGILState_Release () to ensure Python is left in the same state. Even though recursive
calls are allowed, these handles cannot be shared - each unique call to PyGILState Ensure () must save the
handle for its call to PyGILState Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code.
Failure is a fatal error.

O il

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use Py IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.
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void PyGILState_Release (PyGILState STATE)

[[)fZ 72 ABI [#)—%(4>. Release any resources previously acquired. After this call, Python’s state will be
the same as it was prior to the corresponding PyGILState Ensure () call (but generally this state will be
unknown to the caller, hence the use of the GILState API).

Every call to PyGILState_Ensure () must be matched by acall to PyGILState Release () on the same
thread.

PyThreadState *PyGILState_GetThisThreadState ()
[E)Z 52 ABI [)—754). 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.

TE 3.4 B

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.
Py_BEGIN_ALLOW_THREADS

EfE & ABI 19 — 3 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

= ABI [1)—54>. 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
[EJ#% 72 ABI [#)——%F 4. This macro expands to PyEval_RestoreThread (_save);: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS

[EJZ 72 ABI [#)—3%(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 {KpE API

All of the following functions must be called after py_Tnitialize ().

PylInterpreterState *PyInterpreterState_New ()
[EJ% 2 ABI 174y, Create a new interpreter state object. The global interpreter lock need not be held,
but may be held if it is necessary to serialize calls to this function.

58— RIS | U F§ 1% 1 cpython.PyInterpreterState_New,

void PyInterpreterState_Clear (PylnterpreterState *interp)

)25 ABI [)—3%E4). Reset all information in an interpreter state object. The global interpreter lock must
be held.

5' ] %&*@KF{T%%I%{E‘J?@*E%#F cpython.PyInterpreterState_Clear,
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void PyInterpreterState_Delete (PylnterpreterState *interp)

[F)2 5 ABI [)—314). Destroy an interpreter state object. The global interpreter lock need not be held. The
interpreter state must have been reset with a previous call to PyInterpreterState Clear ().

PyThreadState *PyThreadState_New (PylnterpreterState *interp)

[F)f5 1 ABI [1)—74). 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)
[EJ#Z 72 ABI 754y Reset all information in a thread state object. The global interpreter lock must be
held.

TE 3.9 Ji 5% 55 This function now calls the PyThreadState.on_delete callback. Previously, that hap-
pened in PyThreadState_Delete ().

TE 3.13 U525 : pyThreadState.on_delete [H|IEFE#EFZIE .

void PyThreadState_Delete (PyThreadState *tstate)

[F)f5 5 ABI [1J—74). 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 must be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
= ABI[1—34> B 3.10 pe A BA44. Get the current frame of the Python thread state zstate.

Return a strong reference. Return NULL if no frame is currently executing.
WiE B pyEval GetFrame ().

tstate ST [E] NULL,

5 3.9 AN

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
[F)fE 5 ABI (54> & 3.10 #e A PB4, Get the unique thread state identifier of the Python thread state
tstate.

tstate ASTA[[F] NULL,
TE 3.9 Mg

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
[FfE 2 ABL 1% & 3.10 jr A Fi44. Get the interpreter of the Python thread state tstate.

tstate ANA][E] NULL.
TE 3.9 IRABEIMA.

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 HRAFmA.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state tstafe suspended by the
PyThreadState EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.

e 311 RBTINA.
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PylInterpreterState *PyInterpreterState_Get (void)
&5 ABL —> 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 g A.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

i35 & ABI )3 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.
TE 3.7 A

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

[EfE 52 ABL 04> A 3.8 B A B 44. Return a dictionary in which interpreter-specific data may be stored.
If this function returns NULL then no exception has been raised and the caller should assume no interpreter-
specific dict is available.

This is not a replacement for PyModule_GetState (), which extensions should use to store interpreter-
specific state information.

e 3.8 IBIA.

PyObject *PyUnstable_InterpreterState_GetMainModule (PylnterpreterState *interp)

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

Return a strong reference to the __main__ module object for the given interpreter.
The caller must hold the GIL.
e 3.13 JRPMA.

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 ex-
ception.

Tr 3.9 W Y% 55 The function now takes a fstate parameter.

T 3.11 R f)%5# 55 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”.
1E 3.9 FRABNA.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

Set the frame evaluation function.
See the PEP 523 "Adding a frame evaluation API to CPython”.
1E 3.9 B A
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PyObject *PyThreadState_GetDict ()
MRG58 408, 25 ABI [1)—#54). Return a dictionary in which extensions can store thread-specific
state information. Each extension should use a unique key to use to store state in the dictionary. It is okay to
call this function when no current thread state is available. If this function returns NULL, no exception has been
raised and the caller should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
[EJf% & ABI 154>, 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.

T 3.7 JRA{)5# 5 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
[Ef% 72 ABI [#)——54>. 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.

O i

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use Py IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

7 3.8 R By & Updated to be consistent with PyEval RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_ Ensure (), and terminate the current thread if called
while the interpreter is finalizing.

pPyEval_ RestoreThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
[FJf5 5 ABI [)—7/>. Reset the current thread state to NULL and release the global interpreter lock. The
lock must have been created earlier and must be held by the current thread. The tstate argument, which must
not be NULL, is only used to check that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not
been initialized).

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 PyTnterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the Py ThreadState_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.
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TE 312 JRBMA.
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.

If this is 0 then check_multi_interp extensions mustbe 1 (non-zero). If this is 1 then gi 1 must
not be PyInterpreterConfig OWN_GIL.

int allow_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.

int allow_exec
If this is 0 then the runtime will not support replacing the current process via exec (e.g. os.execv ())
in any thread where the sub-interpreter is currently active. Otherwise exec is unrestricted.

Note that the subprocess module still works when exec is disallowed.

int allow_threads
If this is 0 then the sub-interpreter’s threading module won't create threads. Otherwise threads are
allowed.

int allow_daemon_threads
If this is 0 then the sub-interpreter’s t hreading 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.
int gil
This determines the operation of the GIL for the sub-interpreter. It may be one of the following:

PyInterpreterConfig DEFAULT_ GIL
Use the default selection (PyInterpreterConfig SHARED_GIL).

PyInterpreterConfig SHARED_GIL

Use (share) the main interpreter’s GIL.

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 fundamental modules builtins, __main__ and sys. The table of loaded modules (sys.modules) and
the module search path (sys.path) are also separate. The new environment has no sys.argv variable. It
has new standard I/O stream file objects sys.stdin, sys.stdout and sys.stderr (however these refer
to the same underlying file descriptors).

The 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
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below. If creation of the new interpreter is unsuccessful, zstate_p is set to NULL; no exception is set since the
exception state is stored in the current thread state and there may not be a current thread state.

Like all other Python/C API functions, the global interpreter lock must be held before calling this function
and is still held when it returns. Likewise a current thread state must be set on entry. On success, the returned
thread state will be set as current. If the sub-interpreter is created with its own GIL then the GIL of the calling
interpreter will be released. When the function returns, the new interpreter’s GIL will be held by the current
thread and the previously interpreter’s GIL will remain released here.

e 312 JRBTA.

Sub-interpreters are most effective when isolated from each other, with certain functionality restricted:

L

PyInterpreterConfig config = {
.use_main_obmalloc = 0,
.allow_fork = 0,
.allow_exec = O,
.allow_threads = 1,

.allow_daemon_threads = 0,
.check_multi_ interp_extensions = 1,
.gil = PyInterpreterConfig OWN_GIL,

bi

PyThreadState *tstate = NULL;

PyStatus status = Py_NewlInterpreterFromConfig(&tstate, &config);

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

}

J

Note that the config is used only briefly and does not get modified. During initialization the config’s values are
converted into various PyInterpreterState 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 module
object is created and initialized for each interpreter. Only C-level static and global variables are shared
between these module objects.

» For modules using single-phase initialization, e.g. PyModule Create (), the first time a particular ex-
tension 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_Tnitialize ();in that case, the
extension’s initmodule function is called again. As with multi-phase initialization, this means that only
C-level static and global variables are shared between these modules.

PyThreadState *Py_NewInterpreter (void)

[F)35 & ABI f) — 0 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)

[EJZ 5 ABI [1—ii45. Destroy the (sub-)interpreter represented by the given thread state. The given thread
state must be the current thread state. See the discussion of thread states below. When the call returns,
the current thread state is NULL. All thread states associated with this interpreter are destroyed. The global
interpreter lock used by the target interpreter must be held before calling this function. No GIL is held when
1t returns.

Py_FinalizeEx () will destroy all sub-interpreters that haven’t been explicitly destroyed at that point.
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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 . close () they can (accidentally or maliciously) affect
each other’s open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not
work properly; this is especially likely when using single-phase initialization or (static) global variables. It is possible
to insert objects created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided
if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* APIs is delicate, because these APIs assume a bijec-
tion 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)

[FJf5 7 ABI [1)—34). Schedule a function to be called from the main interpreter thread. On success, 0 is
returned and func is queued for being called in the main thread. On failure, -1 is returned without setting any
exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument
arg. It will be called asynchronously with respect to normally running Python code, but with both these con-
ditions met:

« on a bytecode boundary;

o with the main thread holding the global interpreter lock (func can therefore use the full C API).
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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.

A L

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 g

JE 3.9 IR Y5 T 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 ob-
ject 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:

Value of what 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 %ﬁﬂ?m«l E‘Jl%l:—ﬁttr%ﬁ:o

PyTrace_C_EXCEPTION #%IFnY = 1.
PyTrace_C_RETURN BTy 1 o = 4

PyTrace_OPCODE Always Py_None.

int PyTrace_CALL

The value of the what parameter to a Py_tracefunc 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_tracefunc 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
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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_tracerfunc 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 racefunc functions when a call is about to return.

int PyTrace_C_CALL

The value for the what parameter to Py_t racefunc functions when a C function is about to be called.

int PyTrace_C_EXCEPTION

The value for the what parameter to Py_t racefunc functions when a C function has raised an exception.

int PyTrace_C_RETURN

The value for the what parameter to Py_t racefunc functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_t race func 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 / 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 Py Trace LINE PyTrace OPCODE and PyTrace EXCEPTION.

See also the sys.setprofile () function.
I b JHAF A GIL
void PyEval_SetProfileAllThreads (Py_tracefunc func, PyObject *obj)

Like ryEval_SetProfile () but sets the profile function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

I 2 A GIL

As PyEval_SetProfile (), this function ignores any exceptions raised while setting the profile functions in
all threads.

1E 3.12 g 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.

’@Eﬁ sys.settrace () lZlﬁo
WP R A 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.

P 2 A GIL

As pyEval SetTrace (), this function ignores any exceptions raised while setting the trace functions in all
threads.
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15 3.12 HmA.

9.9 Reference tracing
1E 3.13 JRBMA.

typedef int (*PyRefTracer)(PyObject*, int event, void *data)

The type of the trace function registered using PyRe fTracer_Set Tracer (). The first parameter is a Python
object that has been just created (when event is set to PyRe fTracer CREATE) or about to be destroyed (when
event is set to PyRefTracer DESTROY). The data argument is the opaque pointer that was provided when
PyRefTracer_SetTracer () was called.

1E 3.13 HGImA.

int PyRefTracer_CREATE
The value for the event parameter to PyRe f Tracer functions when a Python object has been created.

int PyRefTracer_DESTROY
The value for the event parameter to PyRe f Tracer functions when a Python object has been destroyed.

int PyRefTracer_SetTracer (PyRefTracer tracer, void *data)

Register a reference tracer function. The function will be called when a new Python has been created or when
an object is going to be destroyed. If data is provided it must be an opaque pointer that will be provided when
the tracer function is called. Return 0 on success. Set an exception and return —1 on error.

Not that tracer functions must not create Python objects inside or otherwise the call will be re-entrant. The
tracer also must not clear any existing exception or set an exception. The GIL will be held every time the
tracer function is called.

The GIL must be held when calling this function.
T 3.13 A

PyRefTracer PyRefTracer_GetTracer (void **data)

Get the registered reference tracer function and the value of the opaque data pointer that was registered when
PyRefTracer SetTracer () was called. If no tracer was registered this function will return NULL and will
set the data pointer to NULL.

The GIL must be held when calling this function.
1E 3.13 FgA.

9.10 Advanced Debugger Support

These functions are only intended to be used by advanced debugging tools.

PylInterpreterState *PyInterpreterState_Head ()

Return the interpreter state object at the head of the list of all such objects.
PylInterpreterState *PyInterpreterState_Main ()

Return the main interpreter state object.
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

Return the next interpreter state object after 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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9.11 Thread Local Storage Support

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython C
level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void*
value per thread.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python.h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

O fHiE

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.

9.11.1 Thread Specific Storage (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

1E 3.7 RBMA.

o hsE
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

type Py_tss_t

This data structure represents the state of a thread key, the definition of which may depend on the underlying
TLS implementation, and it has an internal field representing the key’s initialization state. There are no public
members in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py _tss NEEDS_INIT is allowed.

Py_tss_NEEDS_INIT

This macro expands to the initializer for Py_tss_t variables. Note that this macro won’t be defined with
Py_LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py tss_t, required in extension modules built with Py_LIMITED_API, where static
allocation of this type is not possible due to its implementation being opaque at build time.
Py_tss_t *PyThread_tss_alloc ()
[EfE 2 ABI [W—304r & 3.7 MR A B4&. Return a value which is the same state as a value initialized with
Py_tss_NEEDS_INIT, or NULL in the case of dynamic allocation failure.
void PyThread_tss_£free (Py_1ss_t *key)

B2 ABL [1y—#B4r & 3.7 B A B 4%, 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.

O fiE

A freed key becomes a dangling pointer. You should reset the key to NULL.
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BiE

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_fss_t *key)
[ ABI [—334r & 3.7 B A B44. 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)
25 ABI [)—34> & 3.7 B A B44. 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_1ss_t *key)

[EFE 5 ABL 345 B 3.7 B A B 44. Destroy a TSS key to forget the values associated with the key across
all threads, and change the key’s initialization state to uninitialized. A destroyed key is able to be initialized
again by PyThread tss_create (). This function can be called repeatedly on the same key -- calling it on
an already destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)

SoE ABL Y34 B 3.7 R K B4, 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)

[Ff5 & ABI [9—35%> & 3.7 # A B44. 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.

9.11.2 $1{TH SR (Thread Local Storage, TLS) API:
Tr 3.7 iz A& #%E)JH: This AP is superseded by Thread Specific Storage (TSS) API.

O il

This version of the API does not support platforms where the native TLS key is defined in a way that cannot be
safely cast to int. On such platforms, PyThread create key () will return immediately with a failure status,
and the other TLS functions will all be no-ops on such platforms.

Due to the compatibility problem noted above, this version of the API should not be used in new code.
int PyThread_create_key ()
[EVi& e ABI [1)—3#B47
void PyThread_delete_key (int key)
[E)iE5E ABI [1—B4>.
int PyThread_set_key_value (int key, void *value)
[E)iE5E ABI [1)—B4>
void *PyThread_get_key_value (int key)
[E)iE 5 ABI [1—4
void PyThread_delete_key_value (int key)
[E)iE 5 ABI [1)—B4>.
void PyThread_ReInitTLS ()
[E)iE5E ABI [1—3B4>
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9.12 Synchronization Primitives

The C-API provides a basic mutual exclusion lock.

type PyMutex

A mutual exclusion lock. The PyMutex should be initialized to zero to represent the unlocked state. For
example:

[PyMutex mutex = {0};

Instances of PyMutex should not be copied or moved. Both the contents and address of a PyMutex are
meaningful, and it must remain at a fixed, writable location in memory.

O {#E

A pyMutex currently occupies one byte, but the size should be considered unstable. The size may change
in future Python releases without a deprecation period.

e 313 JRBA.

void PyMutex_Lock (PyMutex *m)

Lock mutex m. If another thread has already locked it, the calling thread will block until the mutex is unlocked.
While blocked, the thread will temporarily release the GIL if it is held.

e 313 JRBA.

void PyMutex_Unlock (PyMutex *m)
Unlock mutex m. The mutex must be locked --- otherwise, the function will issue a fatal error.

TE 3.13 JRAMA.

9.12.1 Python Critical Section API

The critical section API provides a deadlock avoidance layer on top of per-object locks for free-threaded CPython.
They are intended to replace reliance on the global interpreter lock, and are no-ops in versions of Python with the
global interpreter lock.

Critical sections avoid deadlocks by implicitly suspending active critical sections and releasing the locks during calls to
PyEval_SaveThread (). When PyEval_RestoreThread () iscalled, the most recent critical section is resumed,
and its locks reacquired. This means the critical section API provides weaker guarantees than traditional locks -- they
are useful because their behavior is similar to the GIL.

The functions and structs used by the macros are exposed for cases where C macros are not available. They should
only be used as in the given macro expansions. Note that the sizes and contents of the structures may change in future
Python versions.

O il

Operations that need to lock two objects at once must use Py BEGIN _CRITICAL_SECTIONZ2. You cannot use
nested critical sections to lock more than one object at once, because the inner critical section may suspend the
outer critical sections. This API does not provide a way to lock more than two objects at once.

Example usage:

static PyObject *
set_field (MyObject *self, PyObject *value)
{
Py_BEGIN_CRITICAL_SECTION (self);
Py_SETREF (self->field, Py_XNewRef (value));

€ & A}
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(el b —50
Py_END_CRITICAL_SECTION();
Py_RETURN_NONE;

In the above example, Py_SETREF calls Py_DECREF, which can call arbitrary code through an object’s dealloca-
tion function. The critical section API avoids potential deadlocks due to reentrancy and lock ordering by allow-
ing the runtime to temporarily suspend the critical section if the code triggered by the finalizer blocks and calls
PyEval_SaveThread().

Py_BEGIN_CRITICAL_SECTION (0p)

Acquires the per-object lock for the object op and begins a critical section.

In the free-threaded build, this macro expands to:

{
PyCriticalSection _py_cs;
PyCriticalSection_Begin(&_py_cs, (PyObject™) (op))

In the default build, this macro expands to {.

1E 3.13 UG

Py_END_CRITICAL_SECTION ()
Ends the critical section and releases the per-object lock.

In the free-threaded build, this macro expands to:

PyCriticalSection_End(&_py_cs);

In the default build, this macro expands to }.

1E 3.13 HUgmA.

Py_BEGIN_CRITICAL_SECTION2 (a, b)

Acquires the per-objects locks for the objects a and b and begins a critical section. The locks are acquired in
a consistent order (lowest address first) to avoid lock ordering deadlocks.

In the free-threaded build, this macro expands to:

{
PyCriticalSection2 _py_cs2;
PyCriticalSection2_Begin (&_py_cs2, (PyObject*) (a), (PyObject*) (b))

In the default build, this macro expands to {.

e 3.13 JRBTIA.

Py_END_CRITICAL_SECTION2 ()

Ends the critical section and releases the per-object locks.

In the free-threaded build, this macro expands to:

PyCriticalSection2_End(&_py_cs2);

In the default build, this macro expands to }.

1 3.13 BB
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1E 3.8 JRBA.

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfig structure. It can be preinitialized
with Py_Prelnitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o The Python Configuration can be used to build a customized Python which behaves as the regular Python. For

example, environment variables and command line arguments are used to configure Python.

« The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.

For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler

is registered.

The Py_RunMain () function can be used to write a customized Python program.

See also Initialization, Finalization, and Threads.

R =
PEP 587 ”Python Initialization Configuration”.

10.1 3G HI

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)

{

PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {

*/

(BT —E)
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(R L —5)

goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&config);

return Py_RunMain () ;

exception:
PyConfig Clear (&config);
if (PyStatus_IsExit (status)) {
return status.exitcode;
}
/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar_t* ?$$§Uo
If length is non-zero, items must be non-NULL and all strings must be non-NULL.
Tk
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Append item to list.
Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)

Insert item into list at index.
If index is greater than or equal to /ist length, append item to list.
index must be greater than or equal to 0.
Python must be preinitialized to call this function.
Structure fields:
Py_ssize_t length
IR,
wchar_t **items

List items.

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:
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int exitcode

Exit code. Argument passed to exit ().
const char *err_msg

SR AU 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 (PyStafus 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.

O #HE

Internally, Python uses macros which set PyStatus. func, whereas functions to create a status set func to
NULL.

-

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}
return PyStatus_Ok();

int main (int argc, char **argv)

void *ptr;
PyStatus status = alloc(&ptr, 16);

if (PyStatus_Exception(status)) {

€ & A}
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(R L —5)

Py_ExitStatusException(status);

}

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

Function to initialize a preconfiguration:

void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)

Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)

Initialize the preconfiguration with Isolated Configuration.

Structure fields:

int allocator

Name of the Python memory allocators:

PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.

PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.

PYMEM ALLOCATOR_MALLOC (3): use malloc () of the C library.
PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.
PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug hooks.
PYMEM ALLOCATOR_MIMALLOC (6): use mimalloc, a fast malloc replacement.

PYMEM_ALLOCATOR_MIMALLOC_DEBUG (7): use mimalloc, a fast malloc replacement with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are notsuppoﬂed if
Python is configured using —-without-pymalloc.

PYMEM_ALLOCATOR_MIMALLOC and PYMEM_ ALLOCATOR_MIMALLOC_DEBUG are not supported if
Pythonis configured using —--without-mimalloc or if the underlying atomic support isn’t avail-

able.

R R I,

Y7 : PYMEM_ALLOCATOR_NOT_SET,

int configure_locale

Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

w5 Fllocale encoding .

Default: 1 in Python config, 0 in isolated config.
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int coerce_c_locale

If equals to 2, coerce the C locale.

If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
w5 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:
. %PyPreConfig. utf£8_mode %ﬁ 0.
. ﬂ%PyConfig. filesystem _encoding %ﬁ "mbcs",
. ﬂéj—PyConfig. filesystem _errors %Z "replace",
Initialized from the PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
R 0.
int parse_argv
If non-zero, Py_PrelnitializeFromArgs () and Py _PrelnitializeFromBytesArgs () parse

their argv argument the same way the regular Python parses command line arguments: see Command
Line Arguments.

Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.

int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Set to 0 or 1 by the -x ut£8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
« Set the Python memory allocators (PyPreConfig.allocator)
o Configure the LC_CTYPE locale (locale encoding)

« Set the Python UTF-8 Mode (PyPreConfig.ut£8_mode)
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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 AN [F) NULL,

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)
Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig NAJ[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 AN[[F] NULL,

The caller is responsible to handle exceptions (error or exit) using PyStatus Exception() and
Py _ExitStatusException().

For Python Configuration (PyPreConfig InitPythonConfig()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -x ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py _PrelInitialize() and before
Py_InitializeFromConfig() to install a custom memory allocator. It can be called before
Py Prelnitialize () if PyPreConfig.allocator issetto PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem RawMalloc () mustnot 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:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfig);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */

Py_Finalize();

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:
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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 sfr into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)

Decode str using Py_DecodeLocale () and set the result into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (argv member of config) from the argv list of bytes strings. Decode bytes
uﬂngnyDecodeLocale(L

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,
wchar_t **items)

Set the list of wide strings list to length and items.
Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.

Fields which are already initialized are left unchanged.

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read() function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

TE 3.10 WY % B: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argv equals 1.

TE 3.11 )58 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 pyConf£ig 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:

e PyConfig.dev_mode
e PyConfig.isolated
e PyConfig.parse_argv

e PyConfig.use_environment
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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 i NON-Zero).

The caller of these methods is responsible to handle exceptions (error or exit) using PyStatus_Exception ()
and Py_ExitStatusException().

Structure fields:

PyWideStringList argv

Set sys.argv command line arguments based on argv. These parameters are similar to those passed
to the program’s main () function with the difference that the first entry should refer to the script file to
be executed rather than the executable hosting the Python interpreter. If there isn’t a script that will be
run, the first entry in argv can be an empty string.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sys . argv always exists and is never empty.
FEFRA{Y: 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:
o If argv/0]isequal to L"-m" (python —-m module), prepend the current working directory.

« If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.

o Otherwise (python -c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the -p command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.

1E 3.11 JgA.

wchar_t *base_exec_prefix

sys.base_exec_prefix,

THR%A(E: NULL,

Part of the Python Path Configuration output.
ﬁ%ﬁ,PyCon fig.exec_prefix

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

TERE : NULL,

Part of the Python Path Configuration output.

Wi H Ppyconfig. executable

wchar_t *base_prefix

sys.base_prefix,
FE#{H: NULL,
Part of the Python Path Configuration output.

g B pyconfig.prefix
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int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.
TR Lo

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 -b command line option.
R 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.

FHEE: 0.
1E 3.10 B

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 com-
mand line option.

FBE: 1o
1E 3.1 JgA.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the -—check-hash-based-pycs
command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

JH#: 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 (0_BINARY) on stdin, stdout and stderr.
o If buffered_ stdio equals zero, disable buffering of stdin, stdout and stderr streams.
o If interactiveisnon-zero, enable stream buffering on stdin and stdout (only stdout on Windows).

Default: 1 in Python config, 0 in isolated config.

10.6. PyConfig 235


https://peps.python.org/pep-0552/

The Python/C API, [T 3.13.2

int dev_mode

If non-zero, enable the Python Development Mode.
Set to 1 by the -x dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREF'S environment variable.

Needs a special build of Python with the Py_TRACE_REFS macro defined: see the configure
-—-with-trace-refs option.

0.
wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

TH#RA(E: NULL,
Part of the Python Path Configuration output.
‘H_Z%%%Py(?onfig. base_exec_prefix

wchar_t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
JEFR{H: NULL,

Part of the Python Path Configuration output.

‘@%ﬁPyCon fig.base_executable

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () at startup.
Setto 1 by -x faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: -1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"if nl_langinfo (CODESET) returns an empty string.
« Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANST_X3.
4-1968" is replaced with "ascii".

See also the filesystem errors member.
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wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if legacy windows_fs_encoding
of PyPreConfig isS non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
e "surrogateescape"
e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.
If use_hash_seed is zero, a seed is chosen randomly at Python startup, and hash_seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.

wchar_t *home

Set the default Python "home” directory, that is, the location of the standard Python libraries (see
PYTHONHOME).

Set by the PYTHONHOME environment variable.
TEFRA{H: NULL,
Part of the Python Path Configuration input.
int import_time
If non-zero, profile import time.
Set the 1 by the -x importtime option and the PYTHONPROF ILEIMPORTTIME environment variable.
ik oo
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.
k0.

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.

TEHE: 0.
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int int_max_str_digits
Configures the integer string conversion length limitation. An initial value of -1 means the value
will be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of 0 disables the limitation. Values greater than zero but less
than 640 (sys.int_info.str_digits_check_threshold) are unsupported and will produce an
error.

Configured by the -x int_max_str_digits command line flag or the PYTHONINTMAXSTRDIGITS
environment variable.

Default: -1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated mode.

e 3.12 iRBTIA.

int cpu_count
If the value of cpu_count is not -1 then it will override the return values of os.cpu_count (), os.

process_cpu_count (), and multiprocessing.cpu_count ().

Configured by the -X cpu_count=n/default command line flag or the PYTHON_CPU_COUNT envi-
ronment variable.

FBHE: 1o
e 3.13 JUgmA.

int isolated

If greater than 0, enable isolated mode:

o 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.

e #fuse_environment %ﬂ‘ﬁi 0: @H]% PYTHON Pﬁiﬁﬁ%{o
e Set user _site_directory to 0: don’t add the user site directory to sys.path.

o Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

Set to 1 by the -I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also the Isolated Configuration and PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use 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.
THEE: 0,

See also the PEP 528 (Change Windows console encoding to UTF-8).

int malloc_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.
e 0.
wchar_t *platlibdir
Platform library directory name: sys.platlibdir.

Set by the PYTHONPLATLIBDIR environment variable.
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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.
TE 3.9 A

7E 3.11 iR A4 54 58 . This macro is now used on Windows to locate the standard library extension modules,
typically under DL.Ls. 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.
TEFRA{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() Wwill replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (module_search_paths)and 0 (module_search _paths_set).
Part of the Python Path Configuration output.

int optimization_level

Compilation optimization level:
o 0: Peephole optimizer, set __debug__ to True.
e 1: Level 0, remove assertions, set __debug__ to False.
e 2: Level 1, strip docstrings.
Incremented by the -0 command line option. Set to the PYTHONOPTIMIZE environment variable value.
HE: 0,
PyWideStringList oxrig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig_argv list is empty and argv is not a list only containing an empty string, PyConfig Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the argv member and the Py_GetArgcArgv () function.
Default: empty list.
1E 3.10 JRBTmA.

int parse_argv

Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The PyConfig Read() function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

Tr 3.10 iR[{%E5E: The Pyconfig. argv arguments are now only parsed if PyConfig.parse_argv
equals to 1.
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int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Needs a debug build of Python (the Py_DEBUG macro must be defined).
T 0.

int pathconfig warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to 0,
suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.
7E 3.11 iR A%)%2 58 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.

prefix.

FRAH: NULL.

Part of the Python Path Configuration output.
’@fﬁ%ﬁ,PyConfig. base_prefix

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment vari-
able if set.

e Use argv[0] of argv if available and non-empty.

o Otherwise, use L"python" on Windows, or L."python3" on other platforms.
TEFR{H: NULL,
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREF IX envi-
ronment variable. The command-line option takes precedence.

If NULL, sys.pycache_prefix is set to None.
FEFRA{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.
k0.
wchar_t *run_command

Value of the —c command line option.
Used by Py_RunMain ().

THFR(H: NULL,
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wchar_t *run_£filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by
the Py_RunMain () function.

For example, it is set to script .py by the python3 script.py arg command line.
‘@ﬁ%ﬁPyConfig. skip_source_first_line %IEO
FEFRA{E: NULL,

wchar_t *run_module

Value of the -m command line option.
Used by Py_RunMain ().
TEFR{H: NULL,

wchar_t *run_presite

package .module path to module that should be imported before site.py is run.

Set by the -X presite=package.module command-line option and the PYTHON_PRESITE environ-
ment variable. The command-line option takes precedence.

Needs a debug build of Python (the Py_DEBUG macro must be defined).
TEFR{H: NULL,

int show_ref_count

Show total reference count at exit (excluding immortal objects)?
Set to 1 by -x showrefcount command line option.
Needs a debug build of Python (the Py_REF_DEBUG macro must be defined).
i 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.
THRAE: 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 0o
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr al-
ways uses "backslashreplace" error handler).

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.ut f8_ mode is non-zero.

10.6. PyConfig 241



The Python/C API, [T 3.13.2

o Otherwise, use the locale encoding.
Default error handler:
¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8 mode is non-zero, or if the LC_CTYPE locale is
”C” or "POSIX”.

e "strict" otherwise.
{E%%’:EPyConfig. legacy_windows_stdio,

int tracemalloc

Enable tracemalloc?
If non-zero, call tracemalloc.start () atstartup.

Set by -X tracemalloc=Ncommand line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

int perf_profiling
Enable compatibility mode with the perf profiler?

If non-zero, initialize the perf trampoline. See perf_profiling for more information.

Set by -x perf command-line option and by the PYTHON_PERF_JIT_SUPPORT environment vari-
able for perf support with stack pointers and -X perf_ jit command-line option and by the
PYTHON_PERF_JIT_SUPPORT environment variable for perf support with DWARF JIT information.

TRE: 1.
1E 3.12 B A.

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.

int use_system_logger

If non-zero, stdout and stderr will be redirected to the system log.
Only available on macOS 10.12 and later, and on iOS.
Default: 0 (don’t use system log).

1E 3.13.2 JRPIMA.

int user_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the -s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than 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.
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Set by the PYTHONVERBOSE environment variable value.
TEF: 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
THRAE: 1.
PyWideStringList xoptions
Values of the -x command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xoptions options are parsed to set other options: see the —x command line option.

¥E 3.9 Ji1)55 ¥ The show_alloc_count field has been removed.

10.7 Initialization with PyConfig

Initializing the interpreter from a populated configuration struct is handled by calling
Py InitializeFromConfig().

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 initial-
ized multiple times, Py Import_AppendInittab () or PyImport_ ExtendInittab () mustbe 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,

(HEBT—TD
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(B —1)
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig Clear (&config);
return;

exception:
PyConfig_Clear (&config);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from
the configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig InitPythonConfig(&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 donej;

/* Read all configuration at once */

status = PyConfig_Read(&configqg);

if (PyStatus_Exception(status)) {
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception (status)) {
goto done;
}
status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto donej;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,

(HEBT—TD
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(B E—H)
L"/path/to/my_executable");
if (PyStatus_Exception(status)) {
goto done;

}
status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&config);
return status;

10.8 Isolated Configuration
PyPreConfigﬁInitIsolatedConfig()andPyConfigfInitIsolatedConfig()ﬂnwﬁonscrmneaconﬁgu—
ration 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 isnot 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 TInitPythonConfig () functions create a configuration
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, PYTHONUTF8 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___ BdiEf#y

- (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
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— PyConfig.base_executable

— PyConfig.base_prefix

— PyConfig.exec_prefix

- PyConfig.executable

— PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset
fields. If modul e_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case,
module_search_paths will be used without modification.

Set pathconfig _warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

If base prefixorbase exec_prefixfields are not set, they inherit their value from prefixand exec_prefix
respectively.

Py_RunMain () and Py_Main () modify sys.path:

o If run_filename is set and is a directory which contains a __main__.py script, prepend run_filename
to sys.path.

. ﬂlﬁ[%isolated %:

- If run_moduleis set, prepend the current directory to sys.path. Do nothing if the current directory
cannot be read.

- If run_rilename 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:
e pyvenv.cfg
e ._pthfile (ex: python._pth)
e pybuilddir.txt (1%5& UniX)
If a ._pth file is present:
o Wisolated #EF 1,
. ﬂ%—usefenvironment %’{fﬁ 0,
. ﬂ%siteﬁimport E&KHE 0,
. ﬂ%’-safe_path ﬁfvi% 1,

The _ PYVENV_LAUNCHER_ _ environment variable is used to set PyConfig.base_executable.

10.11 Py_GetArgcArgv()
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void Py_GetArgcArgv (int *argc, wchar_t ***argv)

Get the original command line arguments, before Python modified them.

tE%%Z?E@PyConfig.origﬁargvﬁiﬁ%o

10.12 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”:
- HaAlE;
- Eafsh;

Builtin and frozen modules;

- The sys module is only partially initialized (ex: sys.path doesn’t exist yet).

» ”"Main” initialization phase, Python is fully initialized:

Install and configure importlib;

Apply the Path Configuration;

Install signal handlers;

Finish sys module initialization (ex: create sys.stdout and sys.path);
- Enable optional features like faulthandler and tracemalloc;
- %[/\ site *ﬁ% 5
- etc.

Private provisional API:

e PyConfig._ init_main: if setto 0, Py_InitializeFromConfig () stops at the "Core” initialization
phase.
PyStatus _Py_InitializeMain (void)
Move to the "Main” initialization phase, finish the Python initialization.
No module is imported during the “Core” phase and the import1ib module is not configured: the Path 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 Parh Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase is not
specified yet. The API is marked as private and provisional: the API can be modified or even be removed anytime
until a proper public API is designed.

Example running Python code between ”Core” and "Main” initialization phases:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig Clear (&config);
(M T—F)
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if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_ InitializeMain',
"file=sys.stderr)");
if (res < 0) {

exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException(status);

(R L —5)
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Memory management in Python involves a private heap containing all Python objects and data structures. The
management of this private heap is ensured internally by the Python memory manager. The Python memory manager
has different components which deal with various dynamic storage management aspects, like sharing, segmentation,
preallocation or caching.

At the lowest level, a raw memory allocator ensures that there is enough room in the private heap for storing all
Python-related data by interacting with the memory manager of the operating system. On top of the raw memory
allocator, several object-specific allocators operate on the same heap and implement distinct memory management
policies adapted to the peculiarities of every object type. For example, integer objects are managed differently within
the heap than strings, tuples or dictionaries because integers imply different storage requirements and speed/space
tradeoffs. The Python memory manager thus delegates some of the work to the object-specific allocators, but ensures
that the latter operate within the bounds of the private heap.

It is important to understand that the management of the Python heap is performed by the interpreter itself and that
the user has no control over it, even if they regularly manipulate object pointers to memory blocks inside that heap.
The allocation of heap space for Python objects and other internal buffers is performed on demand by the Python
memory manager through the Python/C API functions listed in this document.

To avoid memory corruption, extension writers should never try to operate on Python objects with the functions
exported by the C library: malloc (), calloc(), realloc() and free (). This will result in mixed calls be-
tween the C allocator and the Python memory manager with fatal consequences, because they implement different
algorithms and operate on different heaps. However, one may safely allocate and release memory blocks with the C
library allocator for individual purposes, as shown in the following example:

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); * for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString (buf);
free (buf); /* malloc'ed */
return res;

J

In this example, the memory request for the I/O buffer is handled by the C library allocator. The Python memory
manager is involved only in the allocation of the bytes object returned as a result.
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
exclusively for internal, highly specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.

& wsE

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
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail,
but for debugging purposes a simplified table can be found at /ere. The APIs used to allocate and free a block of
memory must be from the same domain. For example, PyMem_Free () must be used to free memory allocated using
PyMem Malloc().

The three allocation domains are:

o Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must
go to the system allocator or where the allocator can operate without the G/L. The memory is requested directly
from the system. See Raw Memory Interface.

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers where
the allocation must be performed with the G/L held. The memory is taken from the Python private heap. See
Memory Interface.

» Object domain: intended for allocating memory for Python objects. The memory is taken from the Python
private heap. See Object allocators.

O #E

The free-threaded build requires that only Python objects are allocated using the “object” domain and that all
Python objects are allocated using that domain. This differs from the prior Python versions, where this was only
a best practice and not a hard requirement.

For example, buffers (non-Python objects) should be allocated using PyMem Malloc (), PyMem RawMalloc (),
ormalloc (), butnot PyObject_Malloc ().

See Memory Allocation APIs.

11.3 Raw Memory Interface

The following function sets are wrappers to the system allocator. These functions are thread-safe, the GIL does not
need to be held.

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc() and free();
callmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

e 3.4 RBMA.

250 Chapter 11. EiEREE



The Python/C API, %(E) 3.13.2

void *PyMem_RawMalloc (size_t n)

[Ef5 5 ABI #3104 & 3.13 #a A B44. 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)

ZE ABLI—5r & 3.13 #e A Bl44. 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 ABIA.

void *PyMem_RawRealloc (void *p, size_t n)

i35 2 ABI )33 B 3.13 ik 44, 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)

[EfZ 2 ABI [—#04r A 3.13 #e A B44. Frees the memory block pointed to by p, which must have been
returned by a previous call to PyMem RawMalloc (), PyMem RawRealloc () Of PyMem RawCalloc ().
Otherwise, or if PyMem_RawFree (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.

114 RRENE

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.

A

The GIL must be held when using these functions.

s

TE 3.6 MU AY% 55 : The default allocator is now pymalloc instead of system malloc ().

void *PyMem_Malloc (size_t n)

[EZ 5 ABI [#—%F45. 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)

[FE & ABL 1—%%r & 3.7 B & Bl44. 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.

11.4.
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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.

TE 3.5 [
void *PyMem_Realloc (void *p, size_t n)

()35 2 ABI )54} Resizes the memory block pointed to by p to n bytes. The contents will be unchanged
to the minimum of the old and the new sizes.

If pis 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)

[FJf5 & ABI [1)—7/}. Frees the memory block pointed to by p, which must have been returned by a previous
callto 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 (), but allocates (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)
%ﬂPyMemﬁFree()*Hﬁﬂo

In addition, the following macro sets are provided for calling the Python memory allocator directly, without involving
the C API functions listed above. However, note that their use does not preserve binary compatibility across Python
versions and is therefore deprecated in extension modules.

e PyMem MALLOC (size)

e PyMem NEW (type, size)

e PyMem_ REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
e PyMem_ FREE (ptr)

e PyMem_DEL (ptr)

11.5 Object allocators

The following function sets, modeled after the ANSI C standard, but specifying behavior when requesting zero bytes,
are available for allocating and releasing memory from the Python heap.
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O #E

There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory
Allocators section.

The default object allocator uses the pymalloc memory allocator.

A B

The GIL must be held when using these functions.

void *PyObject_Malloc (Size_t n)
)35 72 ABI 7/, Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

Requesting zero bytes returns a distinct non-NULL pointer if possible, as if PyObject_Malloc (1) had been
called instead. The memory will not have been initialized in any way.
void *PyObject_Calloc (size_t nelem, size_t elsize)

[EfZ 2 ABL %4 & 3.7 B A B4%. 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.

1E 3.5 B

void *PyObject_Realloc (void *p, size_t n)

[EJZ 5 ABI ()B4 Resizes the memory block pointed to by p to n bytes. The contents will be unchanged
to the minimum of the old and the new sizes.

If p is NULL, the call is equivalent to PyObject_Malloc (n); else if n is equal to zero, the memory block is
resized but is not freed, and the returned pointer is non-NULL.

Unless p is NULL, it must have been returned by a previous call to Pyobject_Malloc(),
PyObject_Realloc () Or PyObject_Calloc().

If the request fails, PyObject_Realloc () returns NULL and p remains a valid pointer to the previous memory
area.

void PyObject_Free (void *p)

[F)f% 52 ABI ) — (/. Frees the memory block pointed to by p, which must have been returned by a
previous call to PyObject_Malloc (), PyObject_Realloc () or PyObject_Calloc (). Otherwise, or if
PyObject_Free (p) has been called before, undefined behavior occurs.

If p is NULL, no operation is performed.

11.6 Default Memory Allocators

Default memory allocators:
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= LA 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_debug" malloc + debug malloc +debug malloc + debug
malloc

Legend:
« Name: value for PYTHONMALLOC environment variable.

e malloc: system allocators from the standard C library, C functions: malloc (), calloc (), realloc () and

free ().
e pymalloc: pymalloc memory allocator.

e mimalloc: mimalloc memory allocator. The pymalloc allocator will be used if mimalloc support isn’t avail-
able.

o "+ debug’: with debug hooks on the Python memory allocators.

« ”"Debug build”: Python build in debug mode.

11.7 Customize Memory Allocators
e 3.4 IRBMA.

type PyMemAllocatorEx
Structure used to describe a memory block allocator. The structure has the following fields:

WL BR

void *ctx user context passed as first argument
void* malloc (void *ctx, size_t size) allocate a memory block

void* calloc (void *ctx, size_t nelem, size_t allocate a memory block initialized with
elsize) Zeros

void* realloc(void *ctx, void *ptr, size_t allocate or resize a memory block
new_size)

void free(void *ctx, void *ptr) free a memory block

¥E 3.5 U558 The PyMemAllocator structure was renamed to PyMemAllocatorEx and anew calloc
field was added.

type PyMemAllocatorDomain

Enum used to identify an allocator domain. Domains:
PYMEM_DOMAIN_RAW

e PyMem RawMalloc ()

e PyMem RawRealloc ()

e PyMem RawCalloc ()

e PyMem RawFree ()

i}
]
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PYMEM DOMAIN_MEM
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc ()
e PyMem Free()
PYMEM_DOMAIN_OBJ
e PyObject_Malloc ()
e PyObject_Realloc ()
e PyObject_Calloc ()
e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
Get the memory block allocator of the specified domain.

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

Set the memory block allocator of the specified domain.
The new allocator must return a distinct non-NULL pointer when requesting zero bytes.

For the pyMEM _DOMATN _RAW domain, the allocator must be thread-safe: the GIL is not held when the allocator
is called.

For the remaining domains, the allocator must also be thread-safe: the allocator may be called in different
interpreters that do not share a GIL.

If the new allocator is not a hook (does not call the previous allocator), the PyMem_ SetupDebugHooks ()
function must be called to reinstall the debug hooks on top on the new allocator.

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A BE
PyMem_SetAllocator () does have the following contract:

« [t can be called after Py PreInitialize() and before Py _InitializeFromConfig/() to in-
stall 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 () hasbeen called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other
arbitrary one is not supported.

FE 3.12 iR %8 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.
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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
allocated memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte 0xFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

Runtime # % :

« Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem Malloc().

o Detect write before the start of the buffer (buffer underflow).
o Detect write after the end of the buffer (buffer overflow).

o Check that the GIL is held when allocator functions of PYMEM_DOMATN_OBJ (eX: PyObject_Malloc ())and
PYMEM_DOMATN_MEM (eX: PyMem_Malloc ()) domains are called.

On error, the debug hooks use the t racemalloc module to get the traceback where a memory block was allocated.
The traceback is only displayed if t racemalloc is tracing Python memory allocations and the memory block was
traced.

LetS=sizeof (size_t). 2*s bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1 : j1 means the slice
of bytes from * (p+1i) inclusive up to * (p+3j) 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.
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.

pl0:N]
The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting
a smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

PIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

PI[N+S:N+2*S]
Only used if the PYMEM_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
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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).

TE 3.6 U525 : The PyMem _SetupDebugHooks () function now also works on Python compiled in release mode.
On error, the debug hooks now use t racemalloc 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.

TF 3.8 Jix WY % T: 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 debug malloc () 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 _DOMAIN_OBJ
(ex: PyObject_Malloc ()) domains.

The arena allocator uses the following functions:
e VirtualAlloc() and VirtualFree () on Windows,
e mmap () and munmap () if available,
e malloc () and free () otherwise.

This allocator is disabled if Python is configured with the —-without-pymalloc option. It can also be disabled at
runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 Customize pymalloc Arena Allocator
1E 3.4 JRBMA.

type PyObjectArenaAllocator

Structure used to describe an arena allocator. The structure has three fields:

6L BE
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 The mimalloc allocator
1E 3.13 A

Python supports the mimalloc allocator when the underlying platform support is available. mimalloc ”is a general
purpose allocator with excellent performance characteristics. Initially developed by Daan Leijen for the runtime
systems of the Koka and Lean languages.”
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11.11 tracemalloc C API
TE 3.7 BRI A

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

Track an allocated memory block in the t racemalloc module.

Return 0 on success, return -1 on error (failed to allocate memory to store the trace). Return -2 if tracemalloc
is disabled.

If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

Untrack an allocated memory block in the t racemalloc module. Do nothing if the block was not tracked.

Return -2 if tracemalloc is disabled, otherwise return 0.

11.12 G 6l

Here is the example from section #% %7, rewritten so that the I/O buffer is allocated from the Python heap by using
the first function set:

PyObject *res;
char *pbuf = (char *) PyMem_Malloc (BUFSIZ); /* for I1/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */
res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */

return res;

The same code using the type-oriented function set:

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/O */

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 (buf?); /* Right -- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem Del () */

J

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are
allocated and released with PyObject_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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Object Implementation Support

This chapter describes the functions, types, and macros used when defining new object types.

12.1 £ heap k5 ECHhfF

PyObject *_PyObject_New (PyTypeObject *type)
ERAE . By 4RE,

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
EARAE FTeg4RE,

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)

AR A S 0g BRI ABLIY— 0. I ENRERYIGS BARIR L B op. IR
PRI Gl PpPER AR LA 2 2

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)

AR AR 408, [DFTE ABLI -5 B GME pyobject_tnic () METETIRE, EHGWIMHL
— R NI AR B R

PyObject_New (TYPE, typeobj)

ffi ] C & ZUE) TYPE F] Python ZUEW){}: typeobj (PyTypeobiect *) SHL—{H Y Python #)F, &
1E7% Python Y F455H (header) H5E SR LA G BRI IRIL WP IU 35 6 BEA AR 38 i (g ME— 2
(P2 REHEE ) . TR type Y to_basicsize BINAAEE -

PyObject_NewVar (TYPE, typeobyj, size)

1 C &5 2L E] TYPE F1 Python f) 2 [E1Y) {4 typeobj (pyTypeobiect*) S FiL— 1§ Python 4
o RAERZ Python WJPHEEEET E SRIMALA @RI IG L. ROIEHE =S MITHEE T TYPE S5/ _E
typeobj Wi to_itemsize AIFENILNY size (Py_ssize_t) WIALAY(E. 18 ¥ EBLUN wple j& A fEE
FEEST IR EE B O/ EE 0o AR A2 B8 i A ZAR R B e R R 43 1E T PAE)
FUIEHE LA, B R TR B RCR

void PyObject_Del (void *op)

B H pyobject_New B Pyobject_Newvar SFRLATYIMFROFCIERE . BN 2AEW AT FrE €
f¥)tp_dealloc handler HIFRY . WEIEME KA DAL, WIPFEIE RO T ARAAI, AT A i
ARCIE S C A T2 — R4 %y Python #{,
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PyObject _Py_NoneStruct

%g#@@@% Python H1f) None. B RIE#ZE#Py_None BAEAAFI, &% BN E R0
HlAs o

& wsE

PyModule_Create()

Jr BC R PR R S A

12.2 @RMHRE

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
[E5ZFR APT j—B4r. (RA R4 B 45 € ABI #9—3R%-.) 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 PyObject, but every pointer to a Python object can be cast to a
PyObject*. Access to the members must be done by using the macros py_REFCNT and Py_ TYPE.

type PyVarObject
[EI3Z L APT [f)—354y. (RAF R4 B £ 4& % ABI #9—3f4-. ) This is an extension of Pyobject
that adds the ob_si ze field. This is only used for objects that have some notion of length. This type does not
often appear in the Python/C API. Access to the members must be done by using the macros Py_REFCNT,
Py_TYPE,and Py_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 PyoObject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_ VAR_HEAD macro expands to:

[PyVarObject ob_base;

R F pyvarobject WSO,

int Py_Is (PyObject *x, PyObject *y)
550 ABI [—34R4> B 3.10 #e A B4&. Test if the x object is the y object, the same as x is y in Python.
1E 3.10 i

int Py_IsNone (PyObject *X)

[FfE & ABI [1)—3%r & 3.10 ¥ A Bl44. Test if an object is the None singleton, the same as x is None
in Python.

e 3.10 HRFIA.
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int Py_IsTrue (PyObject *X)
[Ff5 7 ABI [1)—33%r B 3.10 ¥ A Bl44. 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)

[F)fE & ABI [#)—#5%> B 3.10 #5 A B 44. Test if an object is the False singleton, the same as x is False
in Python.

1E 3.10 JRFMA.
PyTypeObject ¥*Py_TYPE (PyObject *0)
EIR1E: 15 A %M. Get the type of the Python object o.

Return a borrowed reference.
Use the Py_SET_TvPE () function to set an object type.

FE 311 U5 5E: Py TYPE () is changed to an inline static function. The parameter type is no longer const
PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.
e 3.9 RBTA.
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
HEIE o I BLEIRLE type.
TE 3.9 B A.
Py_ssize_t Py_SIZE (PyVarObject *0)
Bt Python #)1F o I R/IN
Use the py_sSeET s1zEe () function to set an object size.

TE3.11 J)5# 5 Py _STZE () 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)
HEPIA: 0 K/ INGREIE] size
TE 3.9 R A.

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new Pyobject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new Pyvarobject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 EERHARFGE

type PyCFunction
[FJf5 & ABI [f)—7/%>. 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.
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The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

[[)F2 5 ABI [ —%E 4. Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type PyCFunctionFast

[EVfZ & ABI f—3> & 3.13 #r A M 45. Type of the functions used to implement Python callables in C
with signature METH _FASTCALL. The function signature is:

PyObject *PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type PyCFunctionFastWithKeywords

[EZ 5 ABI 1314 A 3.13 B A B 44. Type of the functions used to implement Python callables in C
with signature METH _FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH _FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

1E 3.9 FRBMA.

type PyMethodDef
[EfZ 5 ABI [H—3B4 (L4 R A & ) . 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 PyoObject*, it is common that the method implementation uses the
specific C type of the self object.
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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 PyCFunction. The function expects
two PyObject* values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg ParseTuple () Of PyArg UnpackTuple ().

METH_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 PyCFunctioniwithKeywords. 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 PyObject* values indicating the arguments
and the third parameter is the number of arguments (the length of the array).

e 3.7 BB A
TE 3.10 fR Y% B : METH_FASTCALL is now part of the siable ABI.

METH FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vectorcall
protocol: there is an additional fourth PyObject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The
values of the keyword arguments are stored in the args array, after the positional arguments.

1E 3.7 RATIA.

METH_METHOD

Can only be used in the combination with other flags: METH_METHOD | METH_FASTCALL |
METH _KEYWORDS.

METH_METHOD | METH _FASTCALL | METH KEYWORDS
Extension of METH _FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS with
defining_class argument added after self.

£ 3.9 HGA.

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 mMrETH O flag, instead of invoking
PyArg_ParseTuple () with a "o" argument. They have the type PyCFunction, with the self parameter,
and a PyObject* parameter representing the single argument.
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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
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)
EMRE: ey 4md, [EFEE ABL[-354> & 3.9 B A Bi45. Turn ml into a Python callable object. The
caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->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.

& sl

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.

1E 3.9 FRBNA.
PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

EMRE: #FHey e, EEE ABI [H—H4. ZE» PyCMethod_New (ml, self, module, NULL),
PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

EARAE: #Fey 4, [EEE ABL-—EB4 B 3.4 ik B 44, Z4E A PyCMethod_New (ml, self,
NULL, NULL),

12.2.3 Accessing attributes of extension types

type PyMemberDef

[EFE5E ABL 5% (&4 Fr A M B) . Structure which describes an attribute of a type which corre-
sponds to a C struct member. When defining a class, put a NULL-terminated array of these structures in the
tp_members slot.

Its fields are, in order:

const char *name

Name of the member. A NULL value marks the end of a PyMemberDef [] array.

The string should be static, no copy is made of it.
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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 r1ags is 0), members allow both read and write access. Use the pPy_READONLY flag for
read-only access. Certain types, like Py T STRING, imply Py_READONLY. Only Py T OBJECT EX (and
legacy 7_0BJECT) 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 offsetin
type objects. These must be defined with Py_T_PYSSIZET and Py_READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset ", Py_T_PYSSIZET,
offsetof (Spam_object, vectorcall), Py READONLY},
{NULL} /* Sentinel */

bi

(You may need to #include <stddef.h> for offsetof ().)

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.

TE 3.12 fRAY5E T : PyMemberDef is always available. Previously, it required including "st ructmember . h".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

= ABI [1)—1/7>. Getan attribute belonging to the object at address obj_addr. The attribute is described
by PyMemberDef m. Returns NULL on error.

JE 3.2 WU By % ¥H: PyMember_GetOne is always available.  Previously, it required including
"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

25 ABI [)—34). Set an attribute belonging to the object at address obj_addr to object o. The attribute
to set is described by PyMemberDef m. Returns 0 if successful and a negative value on failure.

T 3.12 A By %% ®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

AAEA.

Py AUDIT_ READ
Emit an object._ getattr__ audit event before reading.

Py_RELATIVE_OFFSET
Indicates that the o F Fset of this PyMemberDef entry indicates an offset from the subclass-specific data, rather
than from PyObject.

Can only be used as part of Py_tp members slot when creating a class using negative basicsize. It is
mandatory in that case.
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This flag is only used in PyType Siot. When setting tp_members during class creation, Python clears it
and sets PyMemberDef.of fset to the offset from the PyObject struct.

FE 3.10 iR # %% ¥: 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.

TE 3.12 MR %% 8. The READONLY macro was renamed to Py READONLY. The PY_AUDIT_READ macro was
renamed with the py_ prefix. The new names are now always available. Previously, these required #include
"structmember.h". The header is still available and it provides the old names.

Member types

PyMemberDef . type can be one of the following macros corresponding to various C types. When the member is
accessed in Python, it will be converted to the equivalent Python type. When it is set from Python, it will be converted
back to the C type. If that is not possible, an exception such as TypeError or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr ().
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E&£A% C type Python type

char int
Py T BYTE

short int
Py T_SHORT

int int
Py T INT

long int
Py _T_LONG

long long int
Py T_LONGLONG

unsigned char int
Py T_UBYTE

unsigned int int
Py _T_UINT

unsigned short int
Py_T_USHORT

unsigned long int
Py _T_ULONG

unsigned long long int
Py_T_ULONGLONG

Py _ssize_ t int
Py T _PYSSIZET

float float
Py T_FLOAT

double float
Py T DOUBLE

char (B 0B 1) bool
Py _T_BOOL

const char* (*) str (RO)
Py T_STRING

const char[] (*) str (RO)
Py T STRING_INPLACE

char (0-127) str (*%)
Py T CHAR

PyObject* object (D)

Py T_OBJECT_EX

(*): Zero-terminated, UTF8-encoded C string. With py_T STRING the C representation is a pointer;
with Py_T_STRING_INPLACE the string is stored directly in the structure.

12.2. BAMHER
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(**): String of length 1. Only ASCII is accepted.
(RO): Implies Py_READONLY.

(D): Can be deleted, in which case the pointer is set to NULL. Reading a NULL pointer raises
AttributeError.

TE 3.12 Hgh i A: In previous versions, the macros were only available with #include "structmember.h" and
were named without the Py_ prefix (e.g. as T_1INT). 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
[EfZ 2 ABL -4 (&4 F7H s B ) . Structure to define property-like access for a type. See also
description of the Py TypeObject.tp_getset slot.

const char *name

& 144
gelter get

C function to get the attribute.
selter set

Optional C function to set or delete the attribute. If NULL, the attribute is read-only.

const char *doc
AR SR R
void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*getter)(PyObject*, void*)
[FJfZ 5 ABI [)—3/r. The get function takes one PyObject* 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*)
[EZ 5 ABI [1—3f4). 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.

12.3 BEHH

Perhaps one of the most important structures of the Python object system is the structure that defines a new type:
the Py TypeObject 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.
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In addition to the following quick reference, the #&17] section provides at-a-glance insight into the meaning and use

of PyTypeObject.

12.3.1 Quick Reference

“tp slots”
PyTypeObject Slot"e 270 1 Type special methods/attrs InfoPaee 270.2
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 %
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 I, le _€q_,_ne , X G
g, _ge
(tp_weaklistoffset) Py_ssize_t X ?
tp_iter getiterfunc _iter__ X
tp_iternext iternextfunc _ next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ _base__ X
tp_dict PyObject * _dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_ ,_delete_ X
(tp_dictoffset) Py _ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ? 7
tp_new newfunc __new___ X X 7?7 ?
tp_free freefunc X X?7?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ bases_ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] void * __subclasses_
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
BET—&2
12.3. B 269



The Python/C API, [T 3.13.2

Rg1-EEF—8

PyTypeObiject Slot! Type special methods/attrs Info?
CTDI

tp_finalize destructor _del__

tp_vectorcall vectorcallfunc

[tp_watched]

unsigned char

sub-slots
Slot Type special methods
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add__ radd
nb_inplace_add binaryfunc _iadd_
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_lshift binaryfunc _Ishift rlshift
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift__

_rrshift__

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:

”(”: set on PyBaseObject_Type

»T”: seton PyType_Type

”D”: default (if slot is set to NULL)

X - PyType_Ready sets this value if it is NULL

~ — PyType_Ready always sets this value

(it should be NULL)

? - PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").

”I”: inheritance

b

o°

]

— inherited, but only in combination with other slots;
- it's complicated; see the slot's description

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually

BET—H

see the slot's description

Note that some slots are effectively inherited through the normal attribute lookup chain.
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Fig2- Ml
Slot Type special methods
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and___ rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ rxor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc __ﬂOOHﬁV__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index
nb_matrix_multiply binaryfunc __matmul__

__rmatmul__
nb_inplace_matrix _multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

__delitem___
sq_length lenfunc _len_
sq_concat binaryfunc _add__
sqg_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __gﬁHeHL_
sqg_ass_item ssizeobjargproc __setitem___

_ delitem___
sg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf_releasebuffer

getbufferproc()

releasebufferproc ()

12.3. BEMH4
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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 *
PyTypeObject *
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 *
descrget func PyObject *
PyObject *
PyObject *
PyObject *
descrset func int
PyObject *
PyOhject *
272 PyObject * Chapter 12. Object Implementation Support
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The Python/C API, £[F] 3.13.2

W2 AN 7T ITHSlot Type typedefs.

12.3.2 PyTypeObiject Definition

The structure definition for Py TypeObject 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;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

EET—3
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(B —1)
/* 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_itemsize, which means that its instances (i.e. type objects) must have the ob_si ze field.

Py_ssize_t PyObject .ob_refecnt

Eig € ABI 19 — #f 4 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_type points back to the type) do not count as references. But for dynamically allocated type ob-
Jects, the instances do count as references.

Inheritance:

This field is not inherited by subtypes.

PyTypeObject *PyObject .ob_type

Z 7E ABI [1)—1>. 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 sPyType_ Type. However, for dynam-
ically loadable extension modules that must be usable on Windows (at least), the compiler complains that this

is not a valid initializer. Therefore, the convention is to pass NULL to the PyObject HEAD_INIT macro and

to initialize this field explicitly at the start of the module’s initialization function, before doing anything else.
This is typically done like this:

[Foo_Type.ob_type = &PyType_Type;

1

This should be done before any instances of the type are created. PyType_Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_type field of the base class. PyType_Ready () will not change this
field if it is non-zero.
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Inheritance:

This field is inherited by subtypes.

12.3.4 PyVarObject Slots

Py _ssize_t PyVarObject .ob_size

[BJfS 2 ABI [—3%%. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

Inheritance:

This field is not inherited by subtypes.

12.3.5 PyTypeObiject Slots

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to NULL
then there will also be a "Default” section. (Note that many fields set on PyBaseObject_Type and PyType_Type
effectively act as defaults.)

const char *PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage © in package
P should have the tp_name initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module__ attribute, and everything after the last dot is made accessible as the
__name___ attribute.

If no dot is present, the entire tp_name field is made accessible as the _ name__ attribute, and the
__module__ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

Inheritance:
This field is not inherited by subtypes.

Py _ssize_t PyTypeObject .tp_basicsize
Py _ssize_t PyTypeObject.tp_itemsize

These fields allow calculating the size in bytes of instances of the type.

There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types with
variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances, all
instances have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplus Ntimes 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_si ze field).

The basic size includes the fields in the instance declared by the macro PyObject HEAD or
PyObject_ VAR _HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
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for the tp_basicsizeis 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 mul-
tiple of sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Inheritance:

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, it is gen-
erally not safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the
implementation of the base type).

destructor PyTypeObject .tp_dealloc

A pointer to the instance destructor function. This function must be defined unless the type guarantees that
its instances will never be deallocated (as is the case for the singletons None and E11ipsis). The function
signature is:

[void tp_dealloc (PyObject *self);

The destructor function is called by the py_DECREF () and Py_XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance
(using the freeing function corresponding to the allocation function used to allocate the buffer), and call the
type’s 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 PyObject_New Or PyObject_NewVar, or PyObject_GC_Del () if the instance was allocated using
PyObject_GC_New Or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc(foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self) >tp_free ((PyObject *)self);

Finally, if the type is heap allocated (py_TrPFrAGS HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

A w

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.

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 vectorcallfunc pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its behaviour is
consistent with the vectorcallfunc function. This can be done by setting #p_call to PyVectorcall Call ().

Tr 3.8 M AY %5 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 WY 5% 55 Before version 3.12, it was not recommended for mutable heap types to implement the
vectorcall protocol. When a user sets __call  in Python code, only #p_call is updated, likely making it
inconsistent with the vectorcall function. Since 3.12, setting __call__ will disable vectorcall optimization by
clearing the Py TPFLAGS HAVE_VECTORCALL flag.

Inheritance:

This field is always inherited. However, the Py TPFLAGS HAVE 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.

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:
Efﬁ,%ﬁ 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:
E¥§H 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
asynchronous iterator protocols at the C-level. See Async Object Structures for details.

TE 3.5 RPN 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.
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reprfunc PyTypeObject .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 *PyTypeObject .tp_as_number

Pointer to an additional structure that contains fields relevant only to objects which implement the number
protocol. These fields are documented in Number Object Structures.

Inheritance:

The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods *PyTypeObject .tp_as_sequence

Pointer to an additional structure that contains fields relevant only to objects which implement the sequence
protocol. These fields are documented in Sequence Object Structures.

Inheritance:

The tp_as_seguence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods *PyTypeObject .tp_as_mapping

Pointer to an additional structure that contains fields relevant only to objects which implement the mapping
protocol. These fields are documented in Mapping Object Structures.

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 ():

[Pyihashit tp_hash (PyObject *); ]

The value -1 should not be returned as a normal return value; when an error occurs during the computation
of the hash value, the function should set an exception and return —1.

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNot Implemented ().

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 tp_hash slot being set

to PyObject_HashNotImplemented ().
Inheritance:

%‘#ﬂ tp_hash, tp_richcompare
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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.

Hi:
PyBaseObject_Type uses PyObject_GenericHash ().

ternaryfunc PyTypeObject .tp_call

An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call():

[Pyobject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); }

Inheritance:
This field is inherited by subtypes.

reprfunc PyTypeObject .tp_str

An optional pointer to a function that implements the built-in operation str (). (Note that st r is a type now,
and str () calls the constructor for that type. This constructor calls Pyobject_Str () to do the actual work,
and Pyobject_Str () will call this handler.)

The signature is the same as for PyObject_Str():

[Pyobject *tp_str (PyObject *self); }

The function must return a string or a Unicode object. It should be a "friendly” string representation of the
object, as this is the representation that will be used, among other things, by the print () function.

Inheritance:

This field is inherited by subtypes.

Fik:

When this field is not set, PyObject_Repr () is called to return a string representation.

getattrofunc PyTypeObject .tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr():

[Pyobject *tp_getattro (PyObject *self, PyObject *attr); }

It is usually convenient to set this field to PyObject_GenericGetAttr (), which implements the normal
way of looking for object attributes.

Inheritance:
E??Sﬂ 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.

B
PyBaseObject_Type USeS PyObject_GenericGetAttr ().

setattrofunc PyTypeObject .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.
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Inheritance:
E??éﬂ 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.

i

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 in-
terface. These fields are documented in Buffer Object Structures.

Inheritance:

The tp_as_burrer field is not inherited, but the contained fields are inherited individually.

unsigned long Py TypeObject.tp_£flags

This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; oth-
ers are used to indicate that certain fields in the type object (or in the extension structures referenced via
tp_as_number, tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically not al-
ways 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?

B
PyBaseObject_Type {#if] Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the
value of the tp_flags field. The macro PyType HasFeature () takes a type and a flags value, #p and f,
and checks whether tp->tp_flags & f iS non-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_type field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREFed). Heap types should also support garbage collection
as they can form a reference cycle with their own module object.

Inheritance:

m

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
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Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type Ready ().
Inheritance:
777

Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.
Inheritance:
777

Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created
using Pyobject_GC_New and destroyed using PyObject_GC_Del (). More information in section /4
3 35 3R =) )4 by % 3%, This bit also implies that the GC-related fields tp_traverse and tp_clear are
present in the type object.

Inheritance:
Group: Py _TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_t raverseand 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.

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 type (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 obj .meth () : it avoids creating a tempo-
rary "bound method” object for obj .meth.

1E 3.8 HRA A
Inheritance:

This flag is never inherited by types without the Py TPFrAGS 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 ~object.__dict__ attribute, and that the space for the
dictionary is managed by the VM.

If this flag is set, Py TPFLAGS_HAVE_GC should also be set.

The type traverse function must call PyObject_VisitManagedDict () and its clear function must call
PyObject_ClearManagedDict ().

e 3.12 iRBTIA.
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Inheritance:

This flag is inherited unless the tp_dictofrset 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 iUy A
Inheritance:

This flag is inherited unless the tp_weaklistofrset field is set in a superclass.

Py_TPFLAGS_ITEMS_AT END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the instance’s memory
area, at an offset of Py_TYPE (obj) ->tp_basicsize (which may be different in each subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not variable-
sized. Python does not check this.

TE 312 JRBMA.
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_fr1ags set appropriately, or the code that
interacts with such types will behave differently depending on what kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE

This bit is set when the tp_finalize slotis present in the type structure.

1E 3.4 A

Tr 3.8 iRz £ #%[F)H : This flag isn’t necessary anymore, as the interpreter assumes the tp_finalize
slot is always present in the type structure.

Py TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall offset for
details.

Inheritance:
This bit is inherited if tp_call is also inherited.

1E 3.9 RBIMA.

7E 3.12 fjAY % §E: This flag is now removed from a class when the class’s __call__ () method is
reassigned.

This flag can now be inherited by mutable classes.
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Py_TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

Inheritance:

This flag is not inherited.

1E 3.10 FGIA.

Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set 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 types if tp_baseis NULL 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).

O il

To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make tp_new only succeed for subclasses.

£ 3.10 IRBIMA.

Py TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of
a match block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

O fHiE

Py TPFLAGS_MAPPING and 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.

& wsE
PEP 634 -- Structural Pattern Matching: Specification

1 3.10 IRBMA.

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of
amatch block. It is automatically set when registering or subclassing collections.abc.Sequence,
and unset when registering collections.abc.Mapping.
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O e

Py TPFLAGS_MAPPING and 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.

& sk
PEP 634 -- Structural Pattern Matching: Specification

1 3.10 FRBMA.

Py_TPFLAGS_VALID_VERSION_TAG
Internal. Do not set or unset this flag. To indicate that a class has changed call Py Type_Modified ()

A B

This flag is present in header files, but is not be used. It will be removed in a future version of CPython

const char *PyTypeObject.tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as
the _ doc__ attribute on the type and instances of the type.

Inheritance:

This field is not inherited by subtypes.

traverseproc 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, wvoid *arg);

More information about Python’s garbage collection scheme can be found in section /3 32 ¥ =Dl 49 ¥ 4%

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implemen-
tation of a tp_traverse function simply calls Py _vIs17T() on each of the instance’s members that are
Python objects that the instance owns. For example, this is function local_traverse () from the _thread
extension module:

-
static int

local_ traverse (localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py _VISIT (self->kw);

Py_VISIT (self->dict);

return 0;

J

Note that py_vIsIT() is called only on those members that can participate in reference cycles. Although
there is also a self->key member, it can only be NULL or a Python string and therefore cannot be part of a
reference cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want
to visit it anyway just so the gc module’s get_referents () function will include it.

Heap types (Py_TPFLAGS HEAPTYPE) must visit their type with:
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[Py_VISIT(Py_TYPE(self) ) ; }

It is only needed since Python 3.9. To support Python 3.8 and older, this line must be conditional:

#if PY VERSION_HEX >= 0x03090000
Py _VISIT (Py_TYPE (self));
#endif

If the Py TPFLAGS MANAGED_DICT bit is set in the tp_rflags field, the traverse function must call
PyObject_VisitManagedDict () like this:

[Pyobject_VisitManagedDict((PyObject*)self, visit, arg); ]

A L

When implementing tp_traverse, only the members that the instance owns (by having strong references
to them) must be visited. For instance, if an object supports weak references via the tp_weaklist slot,
the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be
removed even if the instance is still alive).

Note that Py_V1SIT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py_TYPE (self), or delegate this responsibility by calling tp_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.

TE 3.9 Ji Y4 55 Heap-allocated types are expected to visit Py_TYPE (self) in tp_traverse. In earlier
versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.

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 t p_c1ear 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_c1ear functions of other types must be sufficient to break any cycle containing a tuple. This
ism’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_clear should drop the instance’s references to those of its members that may be
Python objects, and set its pointers to those members to NULL, as in the following example:

static int
local_clear (localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR (self->args);

EET—3
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(B E—H)
Py_CLEAR (self->kw) ;
Py_CLEAR(self->dict);
return 0;

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 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.

If the Py TPFLAGS MANAGED_DICT bit is set in the tp_rlags field, the traverse function must call
PyObject_ClearManagedDict () like this:

[Pyobject_ClearManagedDict((PyObject*)self);

1

Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved
and tp_dealloc is called directly.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained
objects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s tp_deal1oc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section /3% 3z 3R =4 v ¥ 4%
Inheritance:
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc PyTypeObject .tp_richcompare

An optional pointer to the rich comparison function, whose signature is:

[Pyobject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py 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():
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B Comparison

<
Py LT

Py_LE

Py_EQ

Py_NE

Py_GT

Py_GE

The following macro is defined to ease writing rich comparison functions:

Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)

Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A
and VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats).
The third argument specifies the requested operation, as for PyObject_RichCompare ().

The returned value is a new strong reference.
On error, sets an exception and returns NULL from the function.
1 3.7 A A

Inheritance:

E‘fﬁ(ﬂ . 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 tp_richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_t PyTypeObject .tp_weaklistoffset
While this field is still supported, Py TPFLAGS_MANAGED_WEAKREF should be used instead, if at all possible.
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by

PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include a
field of type PyObject* which is initialized to NULL.

Do not confuse this field with tp_weak11ist; that is the list head for weak references to the type object itself.
It is an error to set both the Py TPFLAGS MANAGED WEAKREF bitand tp_weaklistoffset.
Inheritance:

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype uses a different weak reference list head than the base type. Since the list head is always found
via tp_weaklistoffset, this should not be a problem.
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i

If the Py_TPFLAGS_MANAGED_WEAKREF bit is set in the tp_flags 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 iterator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

This function has the same signature as PyObject_GetIter():

[Pyobject *tp_iter (PyObject *self);

Inheritance:

This field is inherited by subtypes.

iternextfunc PyTypeObject .tp_iternext

An optional pointer to a function that returns the next item in an iterator. The signature is:

[Pyobject *tp_iternext (PyObject *self);

)

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set.
When another error occurs, it must return NULL too. Its presence signals that the instances of this type are
iterators.

Iterator types should also define the tp_iter function, and that function should return the iterator instance
itself (not a new iterator instance).

This function has the same signature as PyIter Next ().
Inheritance:

This field is inherited by subtypes.

struct PyMethodDef *PyTypeObject .tp_methods

An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular 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 PyMemberDef structures, declaring regular data
members (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a member
descriptor.

Inheritance:

This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef *PyTypeObject .tp_getset

An optional pointer to a static NULL-terminated array of PyGet SetDef structures, declaring computed at-
tributes 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).
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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.

O i

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.

Consequently, tp_base should be set in the extension module’s init function.

Inheritance:

This field is not inherited by subtypes (obviously).

Fige:

This field defaults to sPyBaseObject_Type (Which to Python programmers is known as the type object).
PyObject *pyTypeObject .tp_dict

The type’s dictionary is stored here by Py Type Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once 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 PyType GetDict () to retrieve the dictionary for
an arbitrary type.

TE 3.12 {55 58 Internals detail: For static builtin types, this is always NULL. Instead, the dict for such types
is stored on PyInterpreterState. Use PyType_GetDict () to get the dict for an arbitrary type.

Inheritance:

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

i

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

A B

It is not safe to use PyDict_SetItem() on or otherwise modify tp_dict with the dictionary C-APIL.

descrgetfunc PyTypeObject .tp_descr_get
An optional pointer to a “descriptor get” function.

The function signature is:

[Pyobject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Inheritance:

This field is inherited by subtypes.
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descrsetfunc PyTypeObject .tp_descr_set

An optional pointer to a function for setting and deleting a descriptor’s value.

The function signature is:

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.
Inheritance:

This field is inherited by subtypes.

Py _ssize_t PyTypeObject.tp_dictoffset

While this field is still supported, Py TPFLAGS MANAGED_DICT should be used instead, if at all possible.

If the instances of this type have a dictionary containing instance variables, this field is non-zero and
contains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr ().

Do not confuse this field with tp_dict; that is the dictionary for attributes of the type object itself.
The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate memory
for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing an attribute
on the object.

It is an error to set both the Py TPFLAGS MANAGED_DICT bitand tp_dictoffset.
Inheritance:

This field is inherited by subtypes. A subtype should not override this offset; doing so could be un-
safe, if C code tries to access the dictionary at the previous offset. To properly support inheritance, use
Py_TPFLAGS_MANAGED_DICT.

Hig:
This slot has no default. For static types, if the field is NULL then no __dict__ gets created for instances.

If the Py TPFLAGS MANAGED_DICT bitis set in the tp_flags field, then tp dictoffset will be set to
-1, to indicate that it is unsafe to use this field.

initproc PyTypeObject .tp_init

An optional pointer to an instance initialization function.

This function corresponds 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 callingits __init__ ()
method again.

The function signature is:

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and key-
word arguments of the callto __init_ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after
the type’s tp_new function has returned an instance of the type. If the tp_new function returns an instance
of some other type that is not a subtype of the original type, no tp_init function is called; if tp_new returns
an instance of a subtype of the original type, the subtype’s tp_init is called.

Returns 0 on success, —1 and sets an exception on error.
Inheritance:

This field is inherited by subtypes.
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gt
For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloe

An optional pointer to an instance allocation function.

The function signature is:

[Pyobject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }

Inheritance:
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
Hi:

For dynamic subtypes, this field is always set to Py Type GenericAlloc (), to force a standard heap alloca-
tion strategy.

For static subtypes, PyBaseObject_Type uses PyType GenericAlloc (). Thatisthe recommended value
for all statically defined types.

newfunc PyTypeObject .tp_new

An optional pointer to an instance creation function.

The function signature is:

[Pyobject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); J

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype->tp_alloc (subtype, nitems) to allocate space for the ob-
ject, 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 stafic types whose tp_base is NULL or
&PyBaseObject_Type.

i

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)
B

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type GenericAlloc () and the
value of the Py TPFLAGS HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().
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inquiry PyTypeObject .tp_is_ge

An optional pointer to a function called by the garbage collector.

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s tp_ f1ags field, and check the Py TPrrAGS 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 distin-
guish between statically and dynamically allocated types.)

Inheritance:
This field is inherited by subtypes.
Bk

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.

A B

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 *pyTypeObject .tp_cache

Unused. Internal use only.
Inheritance:

This field is not inherited.

void ¥*PyTypeObject.tp_subclasses

A collection of subclasses. Internal use only. May be an invalid pointer.
To get a list of subclasses, call the Python method __subclasses__ ().

JE 3.12 iR %# T8 For some types, this field does not hold a valid Pyobject*. The type was changed to
void* to indicate this.

Inheritance:

This field is not inherited.
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PyObject *PyTypeObject .tp_weaklist

Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

TE 3.12 %) 5% 58 : Internals detail: For the static builtin types this is always NULL, even if weakrefs are added.
Instead, the weakrefs for each are stored on PyInterpretersState. Use the public C-API or the internal

_PyObject_GET_WEAKREFS_LISTPTR () macro to avoid the distinction.
Inheritance:
This field is not inherited.

destructor PyTypeObject .tp_del
This field is deprecated. Use tp_finalize instead.

unsigned int Py TypeObject .tp_version_tag
Used to index into the method cache. Internal use only.

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_rfinalize is set, the interpreter calls it once when finalizing an instance. It is called either from the
garbage collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated.
Either way, it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the

object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a non-

trivial finalizer is:

static void
local_finalize (PyObject *self)
{

PyObject *error_ type, *error_value, *error_traceback;

/* Save the current exception, if any. */

PyErr_Fetch (&¢error_type, &error_value, &error_traceback);

7% ooo %Y

/* Restore the saved exception. */

PyErr_ Restore (error_type, error_value, error_traceback);

Inheritance:
This field is inherited by subtypes.
1 3.4 A

TE 3.8 W54 55 Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags bit in

order for this field to be used. This is no longer required.

& wsE
”Safe object finalization” (PEP 442)
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vectorcallfunc PyTypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall

for type.__call . If tp_vectorcall is NULL, the default call implementation using __new__ () and
__init__ () is used.
Inheritance:

This field is never inherited.
TE 3.9 BN (the field exists since 3.8 but it’s only used since 3.9)

unsigned char Py TypeObject.tp_watched
Internal. Do not use.

TE 312 JRAMA.

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static Py TypeObject structure is defined directly in code
and initialized using Py Type Ready ().

This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

« Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the
type object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific
state.

Also, since Py TypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

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 c1ass statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec(),
PyType_FromSpecWithBases (), PyType_FromModuleAndSpec (), Or PyType_FromMetaclass ().

12.3.8 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:

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;

binaryfunc nb_rshift;

(HERET—TD

294 Chapter 12. Object Implementation Support




The Python/C API, %(E) 3.13.2

binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;

binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix multiply;

binaryfunc nb_inplace_matrix multiply;
} PyNumberMethods;

(R L —5)

O e

Binary and ternary functions must check the type of all their operands, and implement the necessary con-
versions (at least one of the operands is an instance of the defined type). If the operation is not defined
for the given operands, binary and ternary functions must return Py_Not Implemented, if another error
occurred they must return NULL and set an exception.

O fiiE

The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed in

Python 3.0.1.

binaryfunc PyNumberMethods.nb_add
binaryfunc PyNumberMethods.nb_subtract
binaryfunc PyNumberMethods.nb_multiply
binaryfunc PyNumberMethods.nb_remainder
binaryfunc PyNumberMet hods .nb_divmod
ternaryfunc PyNumberMethods .nb_power
unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

12.3. BEMH4
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unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.nb_lshift

binaryfunc PyNumberMethods.nb_rshift

binaryfunc PyNumberMethods.nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods.nb_ox

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 PyNumberMet hods .nb_inplace_lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMet hods.nb_inplace_and
binaryfunc PyNumberMet hods .nb_inplace_xor
binaryfunc PyNumberMet hods .nb_inplace_or
binaryfunc PyNumberMet hods .nb_£floor_divide
binaryfunc PyNumberMet hods .nb_true_divide
binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods .nb_inplace_true_divide
unaryfunc PyNumberMet hods.nb_index

binaryfunc PyNumberMet hods .nb_matrix_multiply

binaryfunc PyNumberMet hods .nb_inplace_matrix multiply

12.3.9 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.
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binaryfunc PyMappingMethods .mp_subscript
This function is used by Pyobject_GetItem() and PySequence_GetSlice (),and has the same signature
as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to return 1, it can
be NULL otherwise.

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_Delltem(), 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.

12.3.10 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 sq_ass_itemslots.

binaryfunc PySequenceMethods.sq_concat

This function is used by PySequence_Concat () and has the same signature. It is also used by the + operator,
after trying the numeric addition via the nb_add slot.

SSizeargfLmC PySequenceMethods.sq repeat

This function is used by PySequence_Repeat () and has the same signature. It is also used by the * operator,
after trying numeric multiplication via the nb_multiply slot.

ssizeargfunc PySequenceMethods.sq item
This function is used by PySequence_GetItem() and has the same signature. It is also used by

PyObject_GetItem (), after trying the subscription via the mp_subscript slot. This slot must be filled for
the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_Ilength slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sq_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq _ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem(), after trying the item assignment and deletion via the
mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment and
deletion.

objobjproc PySequenceMethods.sq _contains

This function may be used by PySequence_Contains () and has the same signature. This slot may be left
to NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceConcat () will
fall back to PySequence_Concat (). It is also used by the augmented assignment +=, after trying numeric
in-place addition via the nb_inplace add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceRepeat () will
fall back to PySequence_Repeat (). It is also used by the augmented assignment *=, after trying numeric
in-place multiplication via the nb_inplace multiply slot.
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12.3.11 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 BufferError, set view—>obj to NULL and return 1.
(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->ob7 to exporter and increment view—->obj.
(S [ o,
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

o Re-export: Each member of the tree acts as the exporting object and sets view—>ob7j to a new reference
to itself.

o 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 fe r 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—>ob7, 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.
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12.3.12 Async Object Structures
1E 3.5 IRBMA.

type PyAsyncMethods

This structure holds pointers to the functions required to implement awaitable and asynchronous iterator ob-
jects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

The signature of this function is:

[Pyobject *am_await (PyObject *self);

The returned object must be an iferator, 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 Pyrter_Send () for details. This slot may be set to NULL.

e 3.10 RBTIA.

12.3.13 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)
Z E ABI [1)—i1%>. The purpose of this function is to separate memory allocation from memory initial-
ization. It should return a pointer to a block of memory of adequate length for the instance, suitably aligned,
and initialized to zeros, but with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s
tp_itemsize is non-zero, the object’s ob_size 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.

12.3. B[ 299



The Python/C API, [T 3.13.2

typedef void (¥*destructor)(PyObject*)
e ABI H)—757.
typedef void (*freefunc)(void*)
T Htp_rfree,
typedef PyObject *(*newfunc)(PyTypeObject*, PyObject*, PyObject™*)
[EVE e ABI [1)—#B4>. i Rtp_new.
typedef int (*initproc)(PyObject*, PyObject*, PyObject™*)
[ElfE 5 ABL BY—h4r. 35 Rtp_init,
typedef PyObject *(*reprfunc)(PyObject*)
[Ef%5E ABL Y5> # R ep_repr.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
[FJfZ 1 ABI [1— %5/} Return the value of the named attribute for the object.
typedef int (¥*setattrfunc)(PyObject *self, char *attr, PyObject *value)

[F)fZ 12 ABI [#)—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)fZ 1 ABI [1)—%%>. Return the value of the named attribute for the object.
s Htp_getattro,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

[EJZ 5 ABI ()74 Set the value of the named attribute for the object. The value argument is set to NULL
to delete the attribute.

7 Rtp_setattro.

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
[EfE 2 ABI —%y. 55 Rtp_descr_get,

typedef int (¥*descrset func)(PyObject*, PyObject*, PyObject*)
[EVfg& ABL—H#4r. R tp_descr_set,

typedef Py_hash_t (*hashfunc)(PyObject*)
[Ef&5E ABI(¥—#4). # e hash.

typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
[E)fE & ABI [—5B%>. 3 R.tp_richcompare,

typedef PyObject *(*getiterfunc)(PyObject*)
[EfgE ABL—#4r. #ERtp_iter.

typedef PyObject *(*iternext func)(PyObject*)
[EiE & ABI [W—3ER4). 38 Rtp_iternext,

typedef Py_ssize_t (*1lenfunc)(PyObject™*)
[E5% ¢ ABI fl—45

typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
[EfE ABLAY—304> B 3.12 BB 45

typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
[EfE ABLE—H5r & 3.2 AR 4.

typedef PyObject *(*unary£func)(PyObject*)
[E5% & ABI fl—4
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typedef PyObject *(*binaryfunc)(PyObject*, PyObject™*)
e ABI H)—757.

typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
%%;%aanendo

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
B ABI 1—ER43

typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
B & ABI [1—&843

typedef int (¥*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject™*)
[E#% 5 ABI fH—4

typedef int (¥*objobjproc)(PyObject*, PyObject™*)
[E#& 5 ABI fl—4

typedef int (¥*objobjargproc)(PyObject*, PyObject*, PyObject™*)
B & ABI 1—ER43

12.3.14 354

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)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

(BT —5)
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~

~

’

’

o O O O O

’

PyDoc_STR("My objects"),

~

~

~

~

~

/*
J*
J*
/*
Vs
J*
J*
Vs
J*
/*
J*

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
*/
tp_traverse
*/

tp_richcompare

tp_doc
7
tp_clear
*/
tp_weaklistoffset

tp_iter */

*/

(R L —5)

J*
/%
J*
Ve
J*
J*
Vi
J*
J*
J*
J*
/%

*/
*/
*/
*/

tp_iternext

~

tp_methods

~

tp_members

~

tp_getset

*/
7
tp_descr_get

~

tp_base

~

tp_dict

~

*/
*/
*/

~

tp_descr_set
tp_dictoffset
tp_init */
tp_alloc */
tp_new */

~ N~ 0~

O O O O O O O O O O O O o o o o

~

myobJj_new,

bi

A type that supports weakrefs, instance dicts, and hashing:

typedef struct ({
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_ INIT (NULL, O)
.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObject),

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 =

.tp_doc =

myobJj_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,

ti

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_INSTANTTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_ Type = {
PyVarObject_ HEAD_ INIT (NULL, O)

.tp_name = "mymod.MyStr",

(HERET—TD
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(B E—H)
.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,

}i

The simplest static type with fixed-length instances:

typedef struct ({
PyObject_HEAD
} MyObiject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datal[l];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_ INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

12.4 {EER 4K ORI 3238

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_rlags 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:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2. Once all the fields which may contain references to other containers are initialized, it must call
PyObject_GC_Track ().

Similarly, the deallocator for the object must conform to a similar pair of rules:
1. Before fields which refer to other containers are invalidated, PyObject_GC_UnTrack () must be called.

2. The object’s memory must be deallocated using PyObject_GC _Del ().
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O B

If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at leasta 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 () of 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 7PFLAGS HAVE GC flag.

PyObject_GC_New (TYPE, typeobj)
Analogous to PyOb ject_New but for container objects with the Py TPFrAGS 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)

e
TE A ST APL, BT RETE/INRAEE A [V A i g 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.

A B

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 PyvVarobject and tp_itemsize
instead.

1E 3.12 g A.

PyObject_GC_Resize (TYPE, op, newsize)
Resize an object allocated by Pyobject NewVar. Returns the resized object of type TYPE* (refers to any C
type) or NULL on failure.

op must be of type PyvVarobject* and must not be tracked by the collector yet. newsize must be of type
Py ssize_t.
void PyObject_GC_Track (PyObject *op)
[F)Z 72 ABI [J—#4)>. 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_traverse 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)

ZE ABIL[—37 & 3.9 A Bl44. Returns 1 if the object type of op implements the GC protocol and
op is being currently tracked by the garbage collector and 0 otherwise.

This is analogous to the Python function gc.is_tracked().

1E 3.9 FABINA.
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int PyObject_GC_IsFinalized (PyObject *op)
[EfE & ABL Y% B 3.9 i A Hl+44. Returns 1 if the object type of op implements the GC protocol and
op has been already finalized by the garbage collector and O otherwise.

This is analogous to the Python function gc.is_finalized().

TE 3.9 B A.

void PyObject_GC_Del (void *op)
[BfZ% & ABI [ — # 4>. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

[F)2 5 ABI [J—3/4>. Remove the object op from the set of container objects tracked by the collector. Note
that PyObject_GC_Track () can be called again on this object to add it back to the set of tracked objects.
The deallocator (tp_dealloc handler) should call this for the object before any of the fields used by the
tp_traverse handler become invalid.

¥E 3.8 iR . The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been removed
from the public C API.

The tp_traverse handler accepts a function parameter of this type:

typedef int (*visitproc)(PyObject *object, void *arg)
[F)f5 5 ABI [#)—74). Type of the visitor function passed to the tp_traverse handler. The function
should be called with an object to traverse as object and the third parameter to the tp_t raverse handler as
arg. The Python core uses several visitor functions to implement cyclic garbage detection; it’s not expected
that users will need to write their own visitor functions.

The tp_traverse handler must have the following type:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
= ABI [1)—#1/). 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_vIs17() macro is provided. In order to use this macro, the
tp_traverse implementation must name its arguments exactly visit and arg:
void Py_VISIT (PyObject *0)

If o 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_traverse handlers look like:

s 7
static int

my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py _VISIT (self->bar);

return 0;

}

L J

The tp_clear handler must be of the i nguiry type, or NULL if the object is immutable.

typedef int (*inquiry)(PyObject *self)
[EJZ 72 ABI )43, 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.
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12.4.1 Controlling the Garbage Collector State
The C-API provides the following functions for controlling garbage collection runs.

Py_ssize_t PyGC_Collect (void)

[EJ#Z 2 ABI [#)—743. Perform a full garbage collection, if the garbage collector is enabled. (Note that
gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector
is disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

[EVfZ 5 ABI fl)—%> B 3.10 B A& F44. Enable the garbage collector: similar to gc.enable (). Returns
the previous state, O for disabled and 1 for enabled.

TE 3.10 Higl A
int PyGC_Disable (void)

[EfE 5 ABL -4 & 3.10 #r A B44. Disable the garbage collector: similar to gc . disable (). Returns
the previous state, O for disabled and 1 for enabled.

1 3.10 A

int PyGC_IsEnabled (void)

[EVfS & ABI ) —38%> & 3.10 #& & B 44. 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 RBTIA.

12.4.2 Querying Garbage Collector State
The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gevisitobjects_t callback, void *arg)

®
RUR AL AP, R AEAE/ MRS A (E T 5 A

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of callback.

A B
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.

e 3.12 JRPMA.
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 0 to continue iteration, return 1 to stop iteration. Other
return values are reserved for now so behavior on returning anything else is undefined.

£ 3.12 FGmA.
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cHAPTER 13

API #0 ABI hR AR & 18

CPython i DA N E 4E (macro) A BHHIRASE . #dE, BERAZEE (built) FrH B, FIA—2
SEPATEEE (run time) FIF i RO IUAS

BN RRUAS APT T ABL RS E VR Sl , i 5C APIAS 2 1k
PY_MAJOR_VERSION
1E 3.4.1a2 HH] 3,
PY_MINOR_VERSION
1E 3.4.1a2 HH] 4,
PY_MICRO_VERSION
1E3.4.1a2 HHJ 1,

PY RELEASE_LEVEL

TE3.4.1a2 B a. 0xa f£3 alpha iiA. 0xB {3 beta it . oxc [EIEAfEE KA. oxr AIj[EH %
Ji o

PY_RELEASE_SERIAL
1E 3.4.1a2 Wil 2. FREHRKEARA .
PY_VERSION_HEX
4 A [E) B — L 1) Python AR5
AR A R AT DA DA BRI A O — 18 32 (7 Jo e AR5 -

fLmiE I (KImALTARF (big endian order)) &3 3.4.1a2 YA
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

KBt 3.4.1a2 83 hexversion 0x030401a2. 3.10.0 {t3 hexversion 0x030a00£0,
W BT LR, FIiN #if PY_VERSION_HEX >= ....
AT E BT IE Py version H#f.
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const unsigned long Py_Version

[EIf5 52 ABL 5B B 311 pro B 46, 4 il (F) B0 & S8 8 Python AT ERBE IR AR SE, 4% X
Hilpy verston_HEx EAEMIN . BESTEHATERELM A Python A,

1E 3.11 iUgomA.
Fir A 23] 1 B S48 & F84E Include/patchlevel.h,
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cHAPTER 14

B4 C AP

J& 3.13 JiAS B

An extension may need to interact with the event monitoring system. Subscribing to events and registering callbacks
can be done via the Python API exposed in sys.monitoring.
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Generating Execution Events

The functions below make it possible for an extension to fire monitoring events as it emulates the execution of Python
code. Each of these functions accepts a PyMonitoringState struct which contains concise information about the
activation state of events, as well as the event arguments, which include a PyObject * representing the code object,
the instruction offset and sometimes additional, event-specific arguments (see sys.monitoring for details about
the signatures of the different event callbacks). The codelike argument should be an instance of t ypes.CodeType
or of a type that emulates it.

The VM disables tracing when firing an event, so there is no need for user code to do that.

Monitoring functions should not be called with an exception set, except those listed below as working with the current
exception.

type PyMonitoringState

Representation of the state of an event type. It is allocated by the user while its contents are maintained by the
monitoring API functions described below.

All of the functions below return 0 on success and -1 (with an exception set) on error.

Eﬁﬁ&%ﬁiﬂ’ﬂfﬁ% sys.monitoring,

int PyMonitoring_FirePyStartEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
B —{f pyY_START FH{4,

int PyMonitoring_FirePyResumeEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

EH—1{# pY_RESUME {4,

int PyMonitoring_FirePyReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *retval)

P — i PY_RETURN Z{4,

int PyMonitoring_FirePyYieldEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*retval)

B —f# pY_YIELD ),

int PyMonitoring_FireCallEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*callable, PyObject *arg0)

B —H carn FH{.

int PyMonitoring_FireLineEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, int lineno)

P Ml LINE
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int PyMonitoring_FireJumpEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*target_offset)

M gume FE4.

int PyMonitoring_FireBranchEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*target_offset)

% —1i BrANCH FFAE,

int PyMonitoring_FireCReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, PyObject
*retval)

e —{# c_RETURN {4,

int PyMonitoring_FirePyThrowEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a PY_THROW event with the current exception (as returned by PyErr GetRaisedException()).

int PyMonitoring_FireRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a RAISE event with the current exception (as returned by PyErr GetRaisedException()).

int PyMonitoring_FireCRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a c_RAISE event with the current exception (as returned by PyErr GetRaisedException ()).

int PyMonitoring_FireReraiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a RERAISE event with the current exception (as returned by PyErr GetRaisedException ()).

int PyMonitoring_FireExceptionHandledEvent (PyMonitoringState *state, PyObject *codelike, int32_t
offset)

Fire an EXCEPTION_HANDLED event with the current exception (as returned by
PyErr_GetRaisedException()).

int PyMonitoring_FirePyUnwindEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a pY_UNWIND event with the current exception (as returned by PyErr GetRaisedException ()).

int PyMonitoring_FireStopIterationEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *value)

Fire a STOP_ITERATION event. If value is an instance of StopIteration, it is used. Otherwise, a new
StopIteration instance is created with value as its argument.

15.1 Managing the Monitoring State

Monitoring states can be managed with the help of monitoring scopes. A scope would typically correspond to a
python function.

int PyMonitoring_EnterScope (PyMonitoringState *state_array, uint64_t *version, const uint8_t *event_types,
Py_ssize_t length)

Enter a monitored scope. event_types is an array of the event IDs for events that may be fired from the
scope. For example, the ID of a PY_START event is the value PY_MONITORING_EVENT_ PY_ START, which is
numerically equal to the base-2 logarithm of sys.monitoring.events.PY_START. state_array is an
array with a monitoring state entry for each event in event_types, it is allocated by the user but populated
by PyMonitoring_ EnterScope () with information about the activation state of the event. The size of
event_types (and hence also of state_array)is given in length.

The version argument is a pointer to a value which should be allocated by the user together with
state_array and initialized to 0, and then set only by PyMonitoring_EnterScope () itself. It allows
this function to determine whether event states have changed since the previous call, and to return quickly if
they have not.

The scopes referred to here are lexical scopes: a function, class or method. PyMonitoring EnterScope ()
should be called whenever the lexical scope is entered. Scopes can be reentered, reusing the same state_array
and version, in situations like when emulating a recursive Python function. When a code-like’s execution is
paused, such as when emulating a generator, the scope needs to be exited and re-entered.
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event_types W E A

E& =4

BRANCH
PY MONITORING_EVENT_ BRANCH

CALL
PY_MONITORING_EVENT_CALL

C_RAISE
PY_MONITORING_EVENT C_RAISE

C_RETURN

PY_MONITORING_EVENT C_RETURN

EXCEPTION_HANDLED
PY_ MONITORING_EVENT_EXCEPTION_HANDLED

INSTRUCTION
PY_MONITORING_EVENT INSTRUCTION

JUMP
PY_MONITORING_EVENT JUMP

LINE
PY_MONITORING_EVENT LINE

PY_RESUME
PY_MONITORING_EVENT PY RESUME

PY_RETURN
PY_MONITORING_EVENT PY_ RETURN

PY_ START
PY_MONITORING_EVENT PY_ START

PY_THROW
PY_MONITORING_EVENT PY_THROW

PY_UNWIND
PY_MONITORING_EVENT PY UNWIND

PY_YIELD
PY_MONITORING_EVENT PY_ YIELD

RAISE
PY_MONITORING_EVENT RAISE

RERAISE

PY MONITORING_EVENT_ RERAISE

STOP_ITERATION
PY MONITORING_EVENT STOP_ITERATION

int PyMonitoring_ExitScope (void)

Exit the last scope that was entered with PyMonitoring EnterScope ().

15.1. Managing the Monitoring State
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asynchronous iterable (] nf[F{CH1:)
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B asynchronous iterator (FE[FAHENLES). H PEP 492 5] A,

asynchronous iterator (JE[RI2BERES)
—HEVE __aiter_ () 1 __anext__ () method 4. _ anext_ () WhZE M —{Hawaitable (W]
GRRIME) o asyne for GFNTIEFR A EURERNY __anext__ () method fif [ A S RF 14, HEI
‘B5| % stopAsyncIteration fil4h. H PEP 492 5| A

attribute ()&M)
— {1 B A B W (B, %R 22 Rz 2t £ P 40 B i3 5 (dotted expression) Y44 Fl g2 HE . 3l
an, WY o A& a, HIFZETEREDA 0.0 #EZ3 K.

WR—AYE T, ST — 4 A2 identifiers fif & 382 #h[E)FF (identifier) (1))@ M2 A
ATRERY, BN setattr (). 1505 bR A0 & T 1 406 32 5 P 285 20 B e B XA B, T i 7 i
getattr () KEEE .

awaitable (WZ54591t:)
—fE T DATE await 352 Aol il i 2 . & 0] AR — Ml coroutine (15 #2), B2 — (A _await__ ()
method ¥4, 5552 [E PEP 492,

BDFL
Benevolent Dictator For Life (45 {-28M##% ), X 4% Guido van Rossum, Python f{#I3E# .

binary file (__#Ef7f§ZR)
— B BEERE IR 55 A bytes-like objects (JENLTCAER ) W file object (REZRIPF) . —IENIREZRIIHI T
;ﬁt I)j:@{ﬁﬂﬁiﬁ ( 'rb', 'wb' ﬂ 'rb+! ) %E@T’é% sys.stdin.buffer, sys.stdout.buffer,
PAJ io.BytesIO fll gzip.GzipFile EHi.
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w2 Eex file (CFRE), ER—MARRERIREA str WIHRRHEDITE.

borrowed reference (ff)J1]%18)
1& Python ) C APL 1, f§ 12BN 28, Lz RS EA g S M2
M. ARz R E), B BE) A KR FEAF (dangling pointer), 4N, — K3 [A]IK (garbage
collection) W] ARG MW (11 et — Bl strong reference (12 1&), i sz {-85(E,

Hborrowed reference WEN Py INCREF () PAYGE IR Hb (in-place) ¥ [E)[Elstrong reference &% 72 3
W, BAEE Y A REE R AR — KA 2 B2 Bt EEEl. Py _Newrer () pRZX W] R ST — 1 BT

Hstrong reference.

bytes-like object (ifSiycalH¥1t:)
— #3738 42 &7 1% € (Buffer Protocol) BLREEIRE 1Y C-contiguous &1 W MW 4. B35 A I bytes.
bytearray fil array.array ¥, PARFFLH R nemoryview Y1, KR TCALE W1 AT A B
PR SRR A TR SR R . AR AR R AE M socket (JEME) Bk,

e TR A R T . [ SCE g R E S R E) [ R BT R e
Eqﬁﬁ%%ﬁﬁﬁﬁﬂ@%@?#f@ﬁﬁbytearray, I/:/\lkbytearrayE’g]memoryviewD }iﬁﬁﬁ@ﬁg%@%ﬁ%ﬁ%@::ﬁiﬁiﬁi
PR REAEA T (TSRO TR ]) s B 2e (46 bytes, PAK bytes I

memoryview,

bytecode (fyiJCA1RS)
Python [ J5% 45 8% & 9% sk U AL TC AT, B2 Python £2:U7E CPython Bkt W FIRT#R k. %L
TCAIE L WO AR coye BT, DA RATRH — A R REETE Pt (v DR AR S5 AA 1
R E N CALE) . SR [ EE S (intermediate language) | 48 [F) 2 47 4F — 1l virtual machine
(Elerges) b, s EIeies G fT B (17 CAHLAS S E A A28 6 (machine code). BEYEEMIE, 7
JCALAS sy _b S A R F] ) Python [EfEMR  BHEMER), BASREXEA IR AR Python 2 B 45

(LTCALAGAY 451 T ATE dis AR EIRT SO )

callable (n]WF-nl$y1}:)
— 1 callable ;2 F] DARLIF I 404, WU IRF AT REDA R ST A — A5 9 (i Rargument) -

[callable(argumentl, argument2, argumentN)

— ([l function BAEFE A ¥method F 2 callable, —fH7G EHAE __call__ () JEM class 22 B il 21
callable,

callback ([A[I:)
VEESS | 35 (3 08 A — 1 Bl A2 X (subroutine) pRX, e A AR A S e ] S M LA T
class (Hi([E])
— {1 H A S 3 W A B . Class 19 3838 % & 9 & method Y EFE, 8 £E method 1] DA
TE class [ EBI_EIET 4R
class variable (K([E/5%4%)
—fRIA7E class R EFE, HERZ HAETE class JEIK (GBI ZAE class [EEF ) BB 588
closure variable (PH{e%4%})
HEANHBAE 4 b 3 HAE S Ak 1F R R B RN A by % 3, AJE R runtime 7 4xef mk (F)78 iy 4 25 T AT
Al PAE ] nonlocal BSETAHEE AT R ALLE, B35 QSR 185 s oss S b X e B vT .

FlantE P AR A inner BREUH, x Ml print HR2 A B S &, HEH x e % &

def outer () :
x =0
def inner():
nonlocal x
x += 1

print (x)

return inner
.

H# codeobject.co_freevars J@ME (EVEFAMANML, (HEEWQEPHUSBIARE, WA RS T
A2 B b)), WS IR AR, AR = WM @AY A & & S
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complex number (([EJ%)
— (AR AR E AR FIET, 76 S el 3R [E— R 2R ERS 2 . [Eldot 2
AT (-1 AP AR ) RO EEGS, SLEEO M s A h g B E] 1, 76 TREER i 5[] 5. Python
BTHER SR, CRABRENTERERER; FRIeHE REN 5 g, Hluns+15.
FrEHE math B E)Y) T HARR00 AN EI, 550 cmatn A, (IS B A A2 — IR 3 o Fp ) 3
IR . WRAREAZE RS E MR, AR GERE & /R T A2 b 20 B M

context ({#%5%)
This term has different meanings depending on where and how it is used. Some common meanings:

o The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

o —ff contextvars.Context Y. B [Flcurrent context,

context management protocol (5B ALE)

i with BORSPTIEIEY __enter_ () Ml _exit__ () Jrik. #a52[E PEP 343,
context manager ({555 H1%S)

An object which implements the context management protocol and controls the environment seen in a with
statement. See PEP 343.

context variable (fi5iE559))
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concur-
rent asynchronous tasks.

contiguous (&%)
15— 4518 [ C-contiguous B & Fortran contiguous, BB @it ti[F 2B agin . E4E (zero-
dimensional) f{] 41 [ #R /2 C M Fortran contiguous , 7 —#ft (one-dimensional) [#%1| /b, 4% T8 H W /ELERD
TR PR AR AR HES ], TR S 72 1 2 BRI Y « #E 2 419 (multidimensional) C-contiguous [
Frh, Heat LR NE TR [ A TE E RE, e — RS 8 kiRt ST, 7E Fortran contiguous
Wigrh, 55— R GEEE .

coroutine (i)
P IR (subroutine) 19— HIEMEHEAG LA . FIFRLS 2 5 (A I e A 5 — e
BERGR A, B DIE RS R R B A B AR 6. LI asyne def Bk
FIE. HaE2(E PEP 492,

coroutine function (FErAR)
—{E [l coroutine () PR, —ERHFERINEELL asyne def PR WES, EREEt
4 await. async for fll async with BT . SLEBHEF R PEP 492 5| A,

CPython

Python FE R 555 FUAZE B /E (canonical implementation), #%#E7i7E python.org I, [CPython | &1 #7
PR A, DA M B R B RE F R EAE, 40 Jython 5§ IronPython,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing
asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.

decorator (Z:fiiz%)
— R, I R, S G ewrapper §EYE, # M )7 R =X 1) 8 () (function
transformation), ZEf#FIHE &L classmethod () Hl staticmethod () »

Hetian ik HUE R . DA e o FRAE R 3R R AR -

def f (arg):

f = staticmethod (f)

€ & A}
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(B E—H)
@staticmethod
def f (arg):

Class WAFAEF A AR S, (EXEIRE LA H . B ffigs i ZE%, @2 EmAEFM class
FEFEIEIRH S

descriptor (}iiR7%)
EEFRT __get__ (). __set_ () B __delete_ () method 4. &—1H class J& 2 — i
WERIE, ERRRR A TE G e B v IR . R, (A ab SREUS . s ok EIRR R
¢, Gr7E a i) class T3P R A REE b i9W¢F, (HANSE b 2 — A, E'J*H%J‘E%E‘Jﬁi@%ﬁ method
ErpieEn SRS A AR R A LR Python (URHEE, WEIEMEFrZIhiem s, SLhst
g, . method. J&E (property). class method. [FJfE method, DA% super class (A23H([E]) B2,

B A 2% method B 2 51, w52 (E] descriptors B A S I 51

dictionary (5zilL)
—{| B i [#41 (associative array), H TR A8 G g BB . ST DURAEATHF A __hash_ () Fl
__eq__ () method f¥I{4F. #E Perl Hili FEEIHEE] (hash).

dictionary comprehension (ilLés & H5)
—REBE Y, AR T EMR A i AR e 2R, (B R SR DA — i 2 L ]
results = {n: n ** 2 for n in range(10)} FAE—HFH, B TH o HIFE n

2, #52I[E] comprehensions

dictionary view (“HLEE#L)
% dict. keys (). dict.values() M dict.items ( E%E’]#@{ﬁl:%ﬁ*ﬁ.%iﬁi*@’ﬁ bﬁ%ﬂz{ﬂ:?%
HPIHH B R, SRR B Eﬁfffﬁﬁ@fi@h}w@ﬂ i BEE 7 S A i ()
SRR list (E2%1)), ZEfH list (dictview) . FHZ[F] dict-views,

docstring ([EIW]2it)
—fR7E class, pRAHAA A, EES—MEE LB TR SO . MR EAEE AT IR 2
AT A R AR I, [T class, BRsUSURLALE) _doc__ k. D] s il DA%
#[F14 (introspection) AK[EVEE, PG e @4 R0 ) RH SR AR A HE AL

duck-typing (5§ %[F])
— TR R ER , BN RE AR Y BB E B R S B IE R s BUmT 2 12
method 5§ Pk 6 B AT BB . (TSR EHEARB [E—7- 1 ELny i e 1% —EG -, AR[E
E—ER BT ) FEIER IR ZE, kO aE 2 LB (polymorphic
substitution) HCHE T A BTG . 16 THUEI R A type () BF isinstance () EATHIEL. (HEFE
VR, TETRIEIRT AR 46 2 58 & 28 [E] (abstract base class) ﬂ{ﬁ?ﬁo) SR, BiEHE EEA hasattr ()
WL, B EAFP B RTEAS -

EAFP
Easier to ask for forgiveness than permission. (FEREM W RAELES ) B R Python 4
JEHS G e A R S B AT, B % RS %ﬁ?ﬁﬁﬂﬂfﬁﬁ%ﬁ% 128 7o 7 () LRt g JEL S
HAF O RIFETT 20 try Fl except BRI, EMHFFZHMFES (K140 C) % RIWLBYL JaA%TE
BT ¥

expression (R
— B AR EDR (AR . EAREE], —MEA e oy, SR, BEFE. EE TR
W S R AT PR SRR, T 2L O PR RE 1] i Eﬁi#z;ﬁé{ﬂinn HAFEE, FHERER
Python 35 5 WA HE R . S AN —statement (BGAT) AREHEER S, B0 while, BX
{H (assignment) 0 & BAZ, MiA A .

extension module (¥ 7 4l )
—fE DA C 8 C++ S B HA4L, B0 Python [¥) C APT SRERAZ.Cx S At Fl ARS8 T E)
f-string (f GzH8)

PA e r [EESE M TR SO EEBREE [f 78], BRI SOR AR . 2[F
PEP 498,
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file object (KxKWik)
— S ) A 222 ) (file-oriented) APL (Ul read () B{ write () % method) HHAEIT)E & IH
MR ARSERE E Rl 2, B RRIE ) o 2 R ARG 52 ol L R B %) ol A7 i g
B (A /. SR sESRE R . socket (3R ). 44 (pipe) 45) MIFEEL. A EY
WeARE 28 4% R M1 (file-like object) B % A (stream).

HEEE, A=TERYE: IR A 5 . RATRY =B A8 AT A R . BEMBINATELE Lo
A BOE SR BRI 2 open (0 B

file-like object (A RW:)
file object (REZMIFE) HIFIZFETF

filesystem encoding and error handler (K2R MmUEHEL RS F)
Python fr{s F i) — Rl A A RN SR BE PR 20, I AMRAS K HVEZE R S, ALK Unicode %ifif§
FIEERSL.

R 56 2 B S AR L ZEL DR B R BT RIS T /NI 128 I TG . WNSRAE R R S s S e g it b A, HIJ
API {0 & 5% UnicodeError,

sys.getfilesystemencoding () ﬂ] sys.getfilesystemencodeerrors () @ﬁﬂ}ﬂﬁﬁ@f?ﬁ’fﬁ%
B 5500 S A R 2 o B L PR X

filesystem encoding and error handler (R %8 & %t & A5 1 8% 5% 2 ¥ o8 X)) & {£ Python il
H% EEPyConfigﬁRead() PRI J—it: 5{5 ﬁﬂ B %% % filesystemﬁencoding, PA &PyConfig E’\] ﬁi

B filesystem_errors.
Hai2[Fllocale encoding ([FI4WAE) »

finder (=HbgdY)
—fEPIE, EaEREIETEY import PBAL R loader (FARR) -

AR AGEE . TUIAIE F R B (meta path finder) ST ] sys.meta_path, MiyA4€78 B F# %
(path entry finder) € ffi[f] sys.path_hooks.

752 [E) finders-and-loaders I importlib DA T M Z AN .

floor division (] FIUEEERL:)
i) T ARy 2 B B T B B B R . ) N U BRERE R T2 /. B, EE 11 /7 4
R 4RE] 2, B float (R BIH) ERRIEFT ALY 2.75 Al RER, (11 // 4 &SRR
-3, WIEHE -2.75 #é F ML . 2 [F PEP 238,

free threading ( [ iT4%)
[T TAER T, 2 M7 4% 0] DATER]— B s h Rl REE AT Python (VCAHA . iEHL A 4 3% &
SIE R L, B R R AR AT 45847 Python (oAl . 752 ([E PEP 703,

free variable (1 Hi5%)
Formally, as defined in the language execution model, a free variable is any variable used in a namespace
which is not a local variable in that namespace. See closure variable for an example. Pragmatically, due to the
name of the codeobject.co_freevars attribute, the term is also sometimes used as a synonym for closure
variable.

function (pf2X)
— R B, B REE A Y [l PR AR R R B 2 7| S, 1 2 [ i
AR AT, i 2 Elparameter (281). method (J5%:), PAK function FEHi

function annotation (F&X[EIRE)
PR 22 gk BELE I — (M annotation ([E1FE).
o 2 VR o il A 2 (3 0 i, S ek ST I E S 2 W int 5180, EEAE M int 1]
oA -

def sum_two_numbers(a: int, b: int) -> int:
return a + b

e s EVRE A VA TE function HE (G REAT R R
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it 2[Elvariable annotation F1 PEP 484, Y45 WINGERIHEAR . WA EBYRIEEE T, Bazl

annotations-howto,

future
future PRI : from __ future__ import <feature>, @f5/R 4 el JIAFLEAE Python oR 3R 5%
A ot UE R HE A REE SRS, RS E Al . T future BHHRAET feamre (%
fie) PTRENI(E. #i import AR FB AR MOR(E, IRPT DA S — (T DI RE 2 (A I 1 R T 1 2
FEE T, PAREMFS e (SO A) mIEERH6eE:

>>> import _ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (3 [mlik)
R IR T B, A ILRERLA L. Python BUFFRLULITI, 2%l % B H 8 (reference
counting), DA M — 1 & [E) 4% ] 0 B 22 IBAGEEE (reference cycle) [ F¥8 b7 3% BIUL#% (cyclic garbage
collector) A&5¢ fi . B3 ISR ] PAEF g AEAH 3 Haf g T4 i o

generator ([FJH:%%)
— (il Er |8l generator iterator ([EA:#REMCER) M. BHEERG MERNER, HARKZEE
W& vield BRI, fEEE RS ME, L] R for [FRE, miJ2PA next () B, MR
RHA—HAE
B ATHEE AR E s —HE A g b, (AR, e R FonEl A BERE., &%
TEM R EREREEE, A0k 522 nisg, DAl 3.
generator iterator ([F2:%$FICES)
— il thgenerator ([EJA:8%) BRCRTEAL P
B yield GE R, [ERCERfrRE (GG s s S b ) oy Bk . wEA S
ER 2 RS, & E b pgt oy B aEwfT (BER AR VR T R E 5 B As 0 eR U BT[] ) o
generator expression ([ElZ}:#$i#%X)
— g B EIR S 0E X BERERSEIEFEERN, B M for T4, % FAER
TEE s, SR DA KRR i A AL A E e pR A 2 (A -

>>> sum(i*i for i in range (10)) # Fhzfn 0, 1, 4, ... 81
285

generic function (7Z%IpX)
1 £ 2 M R AR B BRI X, % o X A [ 1) (BB VF R [ (1 SR . P o] 3 (0 O A
1, 2R EEE A (dispatch algorithm) SE)E o

552 Flsingle dispatch (B—3HE) #sEEMH. functools.singledispatch () #Effi#sfl PEP
443,

generic type (JZ7UI(E))
— i B4 2 84k (parameterized) [Hjrype (BUE)); H 2 A, %2 1ist Ml dict. BH
FHA A B2 = FilE) 2

g2 BE 4 %E. PEP 483, PEP 484, PEP 585 fll typing Fi4.

GIL
#52(Elglobal interpreter lock (430 B 2E8548H) .

global interpreter lock (42h{ AR H)
CPython B T ROMER], T DARE DR B3 H8 U — I8BT4 BESLAT Python [byrecode ({2 7C#
5) . FHAEY AR (EHERENERIE, @ aict) HBEyHLEGRESTFH (concurrent access)
&R, A% T DAfE ft CPython F)BE4E. 8w B (M LA, @M B a8 A L) KB 2 AT 4%
(multi-threaded), {HAR(E /2 S Edni 2 JE BEAS AR 28 RE[EHR (LA — KB P47 (parallelism).,

SR, A5 Le M4, M A a2 58 =y, Bk s e AT R A ol A (B S 45 g
(computationally intensive) AL REF, W DA GIL. H4h, FE#AT /O B, GIL 442 ey fifig .

321


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0443/
https://peps.python.org/pep-0443/
https://peps.python.org/pep-0483/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0585/

The Python/C API, [T 3.13.2

¢ Python 3.13 BHAATT DAMFEH —-disable-gil ZE R ENRIEM GIL. ff I S.IEE ST Python %, &)
A -x gil=0 KFATREXMS, BUEHE PYTHON_GIL= Ofgfﬁiii«éﬁﬁmﬁzitﬁ% HIIRETT A
B ENERXNEE, B0 CPU st B E A Y. B L HEn,
##2[F PEP 703,

hash-based pyc (ZfEZEHEN pyc)
— {7 TCALHG (bytecode) BT 77As , & (o A AR (EME AN J2 S HE DR U AR R M Be R IS Bl Re P, it e oAy
Wbk, #52(E pyc-invalidation.

hashable (] 3[EI))
WA — (N, s (A A aEH kR M8 (B 7F%— _hash__ () method), H.
] B HAR Y BEA R (B __eq__ () method), HREIE LT 4B, Hiss
(EFA A5 2 ] e E 2, e M 28 A A 7] A A (M

AT 3E[EI: (hashability) {—{H 44 1] F{E dictionary (i) AYSEEA set (FE4) KA, HEELE
4 REERAE L ERA A T 3B

K2 Wik Python A HT S EIRYY P1AG 2 nTAREIY s TARAGACH: (BN list 5K dictionary) [EJAVKE: WA
A S (B0 ple (JCAL) Al frozenset) , HUAHE MR ZAMER, EMAS A 205k
By PR A€ class EEH], HI5E L6 (4 Gl Bk (T A Y bTFﬁTE?FHtE%?HT%‘K
RSN (RAFEMEACIE), mEMREEERZA4E B EM 1d(

IDLE
Python f{] Integrated Development and Learning Environment (%% &5 B2 B EL S ) . idle B —fH AR
) S A AR AR TR S . B Python PR HEES AT IUAS— el d it .

immortal ()%)
AR (Immortal objects) & PEP 683 5| A CPython B VEANH] .

QR — AP R, B4 s HORGEAN B e, R IR B R TR B GRS SRR k.
41, True il None ¥£ CPython A2 A .

immutable (An]%H1k)
— B EEE . AP AR FEER wple (JCAL) o B RABEBOEE
SR B [ P (b ZER (o A, UM ZECEE ST — B A . B ZEE e S EME A by, P
BLFA (S, B4 dictionary (i) At —1E 5

import path (5] A¥K1%)
—EOE (4 ea B ) WFE, ARLEN Bl AE import ALAHINE, Er@iparh based finder (E:jiH
eIt ey ) MEBANAE . fE import P, ML ES)FEE KA sys.path, (HERFEM
(subpackage) 1M &, EMWAIREERKH LEMR _path__ B,

importing (5IA)
— AR . —ERALH Y Python RsUHE AT A B ILIEA , #0) — B4 H i) Python REsXAS{H ] -

importer (5IA%})
—f REE 4k AR EWbR finder (SF4gis) tidloader (FALR) Y-

interactive (7. TiY)
Python A — i H.B)=C B %4, E%‘?iﬂhﬁf%Eﬁﬁﬁéﬁﬁﬁ?ﬁﬁ/\ﬁﬁﬁﬁhﬁ—t SERIRATE
MEHERCMEEHRE. REEH) oython, ANFEATLME 8 (W] HEHE i 7E VRSB Y 1538 B sk
B). malli s ds pug e n dEE ER M O (R help(X)) W 2 7B B AH B &

#HE5 FL tut-interac

interpreted (PLi21)
Python J—Fl (1SR S, TSRS 2 . il 40 T AT S, PRIV i TEA4LAS (bytecode)
SR I AFAE o Li‘%ﬂ“ﬁﬁnTﬁquU\E%WLﬁ, 1T AN 75 BB ST ) — A TR, SRR BT
;.ﬁ‘%nn ml_(.r%tlﬁ%ﬁ:)%nn HAEERN B/ BRESEIN, R e R A TR .
[Elinteractive (TH. B

interpreter shutdown (P 2SEH)
‘H Python F{p#Rdi ZURBIPANE, B & A— R B, 5T BT A gl & g, ol
UITRE AR N 4% TR B SR EI R A5 1 . Bt 22 YRV 35 3 =) )i 52 (garbage collecior). & REEIEBE (i Fl % A
E WG PR (destructor) 50555 | A [EIIF (weakref callback), [FJ A7 R0 . 76 BH PA R Br bk
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AT IR GBS A REHIS, FIEVE FF AR R T R R AP T (% RO TR ok L
o ).

BB EERE, & main_ A SEME T EIAS 2 A TE
iterable (W[[EMCHIf:)

An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any
classes you define withan __iter_ () method or witha __getitem__ () method that implements sequence
semantics.

AIESC AT R for [FIREIFIFT 2 HAL TR 2P S H (zip O« map () ..). & —{EAERY)
HEES | S R AE R iter O B, EGERYARE—EERE. ﬁl:lf:%%x.ﬂ%ﬁ%f%#
AEIEST— (one pass) FEE . M FAEMCERE, MWHA—EETIFN icer () S AFTEIEIE.
for MR & A BEMR RIS, e — R R a4 5 %I FRATEEIRE 0 A 3%
EWtEs. FiszFliterator (EUREY). sequence (JFH)) Flgenerator ([EVE#E),

iterator ([E}{2%)

— R ER R . EEHIEYEREEAY _ next_ () method (B2 1 T 1208 45 [ 78 o 24
next ()) GKFEIEERNEHATEH. SEAHA ERE, HI@5]% stopIteration B4k, Bt
Wi, ZEMCEYAE S, MBS HE _ next_ () method [iE—IENY, #5 X & ke 5
StopIteration, [EMUHHIAEA M __iter_ () method, B €rEEHEUCEMIEAS, A AREHEE]
RESEAE T E 1, BT RAA K 2 o F H A T [E 035 6. —MIRE B 4h, 2E
2 [EMC (multiple iteration passes) [IFER M. — Y (812 1ist) ERFRMK E EEL
iter () ERETE for [P ER, #EEA—MemENRes. EHERSERLE (ZH
ﬁ%ﬁﬁj“%%/\@[ﬁlfiﬁrﬁﬁuéaﬁ.ﬁ*%ﬁﬂﬁ W AW W ER S, AR AE —
[EREGRE

TE typeiter 3R] AFR 2 B £ E L.

CPython [EJ R @ i 4t — i @i [ERAFAESR _icer_ O ) BMEBE. AL, free-
threading ([ th¥1#74%) CPython K%%ﬁﬁ%ﬁﬁ%’ﬁﬂ@%ﬁ%ﬁ%

key function (=)
i R 7 R 2 (collation function) J&—{R W] FFHY (callable) pRxC, & & [mlf#—{F FI A HESF (sorting)
By % JF (ordering) H{H. B, locale.strxfrm() 15 FH ARE A — {7 it I A o HE A 3 ) HE
i

Python i #F 2 T H., #R4E 32 DAGHE oR X A4 il oo = e 17 sy ALy oy KXo B A6 min 0
max () . sorted(). list.sort (). heapg.merge (). heapg.nsmallest ()., heapg.nlargest ()
Hl itertools.groupby () »

 #TE R A, — SR . BIAN, str.lower () method RJAYEEIAS 4 AC/INES HE T 1) G bR
Ao B, MR WA DA 1ambda R A, B0 1ambda r: (r[01, r(2]). F34b,
operator.attrgetter (). operator.itemgetter () ﬂ] operator.methodcaller () Eﬁlﬁ;@@

BRI 3C (constructor) . BRI AR 2 A S ek X 461, S5 S EAnfTHER -

keyword argument (B85 19)
#t2(Flargument (5]3).

lambda
i B —expression (GEE L) R4 — M E 4 47[EFI = (inline function), A 3% pg =0 4% P 1Y sk (A

#37 lambda R FEEVE 2 lambda [parameters]: expression

LBYL
Look before you leap. (= B ME4T. ) o fE 4% EAE e AT s A $e 2 B, FH e i 3t se Eg
. BEEFEEAFP FIE A, HEWBGREE L if BIAXIHELE.

TS, LBYL a7 [ M [#&17] Z M5 A T 8EE/F (race condition)
EI/]}—LF?,R TﬁJﬂHU\—Fﬁf—tﬁ% if key in mapping: return mappinglkey] ﬂlﬁ]%% ’fﬁlﬁf/ﬁ‘zﬁf(ﬁlj
AR EAEER AT, 1€ mapping FREERT key, Wiz CH € K% 55 L DA (lock) =%
i F EAFP %35 7 s AARE] o

list (Hi%1)
— il Python [El# fjsequence  (F31) . [EERA T2 list, & HEC RS 5 by — @ 5]
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(array) TG — G455 51 (linked list), FHIEFFHOTER A FEFHEREEZ O,

list comprehension (£ 4|45 &5
— R T AR B B (87 5 T A TRy TR, (I BRI G R LA List [ LAY 2 )7 4. resule =
["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0] @$~@$$ list, /E\ZEP@,
0% 255 M E), FrA e /SO O0x.). 1 THZBEMR . WREREE , Al range (256)
BT TCR A GO B

loader (EAZS)
#ﬁlﬁﬁﬁ)\ﬂﬁgﬂlﬂ%@ﬁ:o 'E'UZ‘ZE%% exec_module () fll create_module () ﬁ&[ﬂ\gﬂf Loader
M. WALHEE R finder (FAgds) M. HEZHMHH2E:

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

locale encoding ([ Ji 2515 )
7£ Unix |, B2 LC_CTYPE [ElkZ EM 4. B PAH locale.setlocale (locale.LC_CTYPE,
new_locale) H{?y}io

7£ Windows [, ‘&2 ANSI Ui E (code page, fAlfll "cp1252").
Fr Android 1 VxWorks |, Python {ifi ] "ut £-8" {EF @145 .
locale.getencoding () AJ DA ARERAS: (B 305 4 A .

.55 2% filesystem encoding and error handler

magic method (BEHT)77:)
special method ($¥kI5H) WI—83E1E R i .

mapping ()
— A, BB EE A, H A8 E abstract base classes (i 4 5K H(E])
collections.abc.Mapping B collections.abc.MutableMapping Fﬁ‘il’E‘ﬁiE’\J method, %’Eﬁﬂ@ffﬁ
dict., collections.defaultdict., collections.OrderedDict %[l collections.Counter,

meta path finder (JCI4{ETHRY)
—FEAE ¥ & sys.meta_path [ BE [ finder (FAGeE) o TCHIE TR L€ 8 B F 4 % (path
entry finder) FBH{HZAA]

B A TCEE R A P B AENY method, F52([F] importlib.abc.MetaPathFinder,

metaclass (JCHAE])
— 7 class [ class. Class & &AL @ 37— class 2 Ff. —1f class dictionary (FH#), DAK—1H
base class (J:IKHAE]) 19513, Metaclass B 518 =058, [EH % class, K8
FEAEE T G ARt AR EAE . Python (RRE) JEAE A & BEEIE Y. H %11 metaclass. o1 il
FHERAFEN TR, HREFFERE, metaclass N DARALEIR BEHERME T Z. EMEHRT
EEVEAFE. BmaATaE k. BEY R ARG (singleton), DA 2 HABAYITH

T £ %3 AT DAYE metaclasses Z i 1R F) .

method (J57%)
—f7E class A #EEE AR . 14 method MV class FE31AG— (BB PERIEIY , HIE 0% 615
S O EEVE 5 Bargument (3190) (W5 WG B se1). 2 (Efunciion ($isX)
Flnested scope (EIRAE ) .

method resolution order (Jji:fEbrIE)T)
D7 IR B SR e A R R B AR T, base class (BRI W@ AT . B Python H
2.3 WU E AR T AR AN, s python_2.3_mro,

module (EizH)
— £ Python A2 U1iY 44K BLAL (organizational unit) 1. BERHA —M a4 =W, B EER
¥y Python Hj{f. AAHLIE#E thimporting AR, A 2 Python,

it Epackage (B1F).
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module spec (BigHBI#%)
— A4 A [, B AR BB import A B & . ‘B2 importlib.machinery.ModuleSpec
H—fE B

G module-specs .

MRO
it 22 [Elmethod resolution order (JF7fEMTIET) -

mutable (n[5£4){}:)
RIS T DA A, (AR MR 1a 0 AEE2Eimmuiable (RT3 .

named tuple (Fif%c4)
7% [named tuple (Pff457041) | J2F51E tuple 4R AYTATHIEIDK class, HEAYA4R5] (indexable) JC
F ] DA P4 A, 15 SR (E)B class 0 R] PAELA HA R 4

A L[F) 2 [F) 2 named tuple, FFEH time.localtime () fll os.stat () EMEME. H—HEF T2

sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

£746 named tuple 2 [EIEAIE] (40 FB)). =2, —1F named tuple ta] PAGE—8 IE R class & 8
dar, K25 class @# K H tuple, HEFR TSN (named field) BIA] . 5@ %1 class 7] PAT T4
B, DMK H typing.NamedTuple RS , 0] A ] kR =X (factory function) collections.
namedtuple () AEEN.. BE AN T —LLEESMY method, 154 method 7] 7EF 5y ok [Fl 8
i) named tuple H, HEVEFRFIAY .

namespace (#yZ4sil)
BRI o 2% 252 A dictionary (< HL) BEECVE. A I . Aty R EE i fr 24 25
MAEYI 1 (7E method Hr) oA SLIR A A 2% 25 . i 25 TS B By Lk A 4a o, RSO IBEAH AL
Bi4n, PR3 builtins.open Fl os.open () J&FiH B M A2 25 AR A% M . v 44 2 [T R B
Tl b I o 2 WA A A B — W R X, ARMG v I S ] A bE . B0, & random.seed () 1§
itertools.islice () BRERFEN, B R A EREH random fl itertools BIAYEEE.

namespace package (i #2sMIEM)
A package which serves only as a container for subpackages. Namespace packages may have no physical
representation, and specifically are not like a regular package because they have no __init__ .py file.

Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

For more information, see PEP 420 and reference-namespace-package.
AatizEmodule (F4H) .

nested scope ( HUR{EMIK)
fE(E)22 16 4ME E 3% (enclosing definition) H BB RE 11 BRBIPRIE], —(H QUSRS 7 7 — M pR X
hiEse, MEMREES RN E P, s, EREEEET, SRE B k2
TR IR . s SR e A VR VR R R U A . R, Al R A I 4
2 UL E A . nonlocal ZAFFEANEAEHHMEI TR A .

new-style class (#%i[E))
—(HE 4, ERIEBIENTA N class P4 Bl FH 1 class EAS . 755 B30 Python R4, HA #i=0
class A feffi fl Python OB . ZHMIIGE, %@ __slots__. f§iR#} (descriptor), JE % (property).
__getattribute_ (). class method (HHEI¥:) Fil static method ([EJEE ).

object (¥1})
HAREE (BrEoif) Mgz mfTEl (method) RYEMIERL. BT new-style class (HzNHH
[F]) iz base class (LFEHEE]) .
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optimized scope (I {EALfE)IIR)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£if})
—fi#l Python [{jmodule (Fi4H), BRI LA FHi4L (submodule) 3k 2 IEEI) 7 £ {4 (subpackage). F7
s, R RA __patn_ EYER 1 Python 554

ek s Elregular package (TEFIELE) Fnamespace package (£ 23BEM:).

parameter (Z8)
Ae funcion (PRX) X method 5 3§ i) —{H Ay 2 B #E (named entity), ‘B2 H5 A 3% ok 20 REEI 5211 —
Margument (5180), SAERLEEEFRR 205 19, 676 TR R 1) 2 805

o positional-or-keyword (I BB ST ) I AT DAd 0845 3 o R AR R 48 5 5| Spl g
518, EESWWTHEZER, BlIPL TR foo Fl bar:

[def func (foo, bar=None): ... }

o positional-only (EFRALE ) : FEIH—8 HAEH IO B WER AL 5 | 3. RN E RN B HE|FEH
& / FIe, BT PAYERZ T ICH T E FEERRA B2 8, BIanPA Y posonlyl F1 posonly?2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o keyword-only ({ERREET ) © FEHH—MH LB DABHSE 042 tnd 5 3. Em X E RN 2%
W, AL AT R 3 B B 80 (var-positional parameter) B2 AL + FIT, S0 DAEEAR T
EFNEIRBHE 728, FIANLA R kw_onlyl Fl kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... }

« var-positional (fERZBRAIE) : W] —HBEUMER I RER B A E T [ B (TEC P2
HEZMEMAIES [ . EHSBREREHSHAT L ~ AGERK, BIInA T

args:

[def func (*args, **kwargs): ... }

o var-keyword (ALFEWCERBIHT ) eI AT o i iE Bce B 5 | 3 (TEC P2 WoE 2
%Eg%ﬁ%?%l%&Z%) o BB YR BB NS AR E N L~ HOEFRY, Bl _E T
| H [y kwargs.

ST AR5 | SO I M B R 1, nT DAL SR RE 1) 5 | B o TR
1 it 2 BV 38 e Wargument (5190 B H . 5 BB 51 8O 2 82 ) 25[F). inspect.
Parameter class, function # i, AN PEP 362,

path entry (¥&#8H)
Feimport path (5| ABERR) H—AALE, WMipath based finder (E:ABEFRIAIFAGES) G2 EZHNE
AL import R

path entry finder (J%£%3H H a-45723)
# sys.path_nooks HIfJ—{Hl ATIFN {2 (callable) (LRI parh entry hook) it [a{# ) — e finder,
BB A — il path entryiE (A4,

B A B AR TE H A4 B /ERY method, nﬁé—&. importlib.abc.PathEntryFinder,

path entry hook (p&£%3H H(E))
1E sys.path_hooks FI|Z&H i — R 0] FEnY 44 (callable), #5& FIiE AN FE — R4 & Bpath entry H
FHAA, A gl {Eparh entry finder (FEASIHH FAGHS) o

path based finder (FLRPRIRIIFHEES)
THFH) US4 A8 48 85 (meta path finder) Z—, B @{E—@limport path F 1823454 .
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path-like object (JHPRTEH1E)
— (AR E RS SRS AT DA — (B R R BE AR str B bytes Y, B2 —1H
BHAVE os.PathLike W EWW M. BIBPENY os. fspath () BRI, —{f L% os.PathLike FEHIY
{@ﬂ%%ﬂiﬁ?} str E‘Z bytes Tﬁ%%‘:ﬁﬁ%ﬁ§7 M os.fsdecode () M os.fsencode () ,ﬁljﬁ:}'ﬂfﬁ
JATEAR str Jk bytes IG5 SH., B PEP 519 5] A,

PEP
Python Enhancement Proposal (Python 3¥4[E4222), PEP 2—{#ksHEIM Scf4F, & REE] Python #1832
HEEEER, U2 IR Python () — M BT BB 3% T B FE P RIBRSE . PEP JE % B AL A R 1 B A7 L
PAB R ST R VR S5 B

PEP WfEtE HIY, 22 E R B P AP 28 AT v B S A1 10 R 1) 8 e 8, AR I
Python ()i sHEIRIYFEE], 35 2e e 32 . PEP ¥/ 2L &t fep L [ ey L sk () Re B i 3
.

##H2([F PEP 1,

portion ({5))
e B — H EP i) —ARE S (T BB 77— zip B ), 18 LUAE SR AE 38— i 4% 23 ) 5 £ (namespace
package) AT EEK, U[A] PEP 420 Hff5E K.

positional argument ({3 5 [45)
s Flargument (3]8).

provisional API (%47 API)
WAt APL 245, TR R =i [ AR AHZS % (backwards compatibility) R HY, S #HER T APL.
BESR LN, REe Mg B, M DER A ERWE T, %03 A SR
EELE, Mnsed BB mEAHANE T (LR AREERENAT) . &% EEA G b E L
—HA APT YA Z AR SR I e B EE A BRI e H 5 IRy, B MA etk

RSN 4T APL, [ 48 A2 0058 Bt Gt ) [ AR E 6 ) — M AT pl B B g R R,
R Er vl gk B — (0 A AR AR E T %

T {1 o A A o i X R W T S TR AL, T e R 3 R P TR P 25 B A R N R R T B R .
2 (F PEP 411 T 2 4015 .

provisional package ("17%1})
z52(FElprovisional API (%47 API),

Python 3000
Pythor]&x RIAMERE (RAVARTRIER, FEEEE 3 i a 2AEEE A AR . ) ol AR5 ()
[Py3k].

Pythonic (Python &K ))
— (AR E e — B AR, EEM T Python 55 5 i RAUME HRE, MM H HALRE 5% A&
REAVEREAMS. Fl4n, Python i RLAY—REEEHYE, 2MH M for PR, #—MrrESCY ¢
AT eI TEIRE . 2 HARE S EEG SEEA A2, BrAR R Python i A\ AR5 € fiff
— R B R AR AR -

for i in range(len(food)):
print (food[i])

2T, AR IIAERE . SAA7 Python Jalks :

for piece in food:
print (piece)

qualified name (e #45%)
—fE [ERRARE], EHURRE B Y A A T 2 A P e F61 class. M EUE method [
[BRAE], 40 PEP 3155 dhiy s, SR TR R =URI class 05, BRAE 24 il BE A (444 FiAH ) -

class D:

>>> class C:
def meth (self):

(BT —H)
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(R L —5)

>>> C. qualname

Ycl

>>> C.D.__qualname_
'C.D'

>>> C.D.meth._qualname_
'C.D.meth'’

ORISR, %4 TR T & % (fully qualified name) 23R AL 52 B B/ PR AR, A3FATLA
HIACEM:, BN email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_

'email.mime.text'

reference count (2 W51)
R — WY 2 R E— A S IEET TR R R, B g R L E (deallocated). A
e [ ks (lmmortal)J [EEA A Eeiics 2 Beti, R ioE N epifiigiE. 28
FIGE H7E Python FExUHE P B AR F|, (HEEZCPython BAEN) — M BSICER . FExUREEHAT AT DARERY
getrefcount () PR [EIE—{J 47 1 14 0 2 BB

regular package (1EBIEA)
—fEE K package (B4F), HIA—MEA __init_ .py BEEMHE.

Wiz Elnamespace package (fiy4 a3 £ .

REPL
[ read-eval-print (read—eval-print loop) | MAHES, &2 9 X HiZas shell 15 —1f4 1.
__slots__

e class [ERRH)—HE 4y, ERFMFERCESEOBENZSH, PALIEBE G dictionary (FHL) , 7K
WA, MR RN AR, bﬁ%%%ﬁﬁﬁﬂﬁ@ﬂ% B U PR A5 IR AR A T T T ) o
(memory-critical) /) i F R =X i fEAE A BB 2 A ).

sequence (J3:41])
—A@literable (W), B getitem () special method (FFFkH¥E), M FIEEHRE (A
YRR ORI, FlE T _len method RIPMEZ T RS . *JH’*.@‘TM@JE
[FMu4% 1ist, str. tuple fll bytes. FHIEE, ﬁﬁﬁk dict X $F _ getitem () fl __len_ (),
B HIEIEBL (mapping) TN 2751, I./ﬁ\ﬁﬁaﬁ_tm@ﬂ%EiB’Jhas/wble’f’i% A2 B

% 2 RSB (abstract base class) collections.abce. Sequence E 3 T — 0 8 i & 19/ H
AR __getitem () Ml __len_ (), EII T count (). index (). _ contains__ () Hl
__reversed__ (). EEIIEFRNTEHERE], ATPAMH register O PARMHIEIE. 2R T
NI ERI SO, i R P81 A

set comprehension (44540
— B E, AR 8 T B P ) R e, [E R AS SR A set [¢]
T;ﬁro results = {c for c in 'abracadabra' if c not in 'abc'}@’ﬁi#ﬁ]?% set: {'r"',
'd'}. F52(E] comprehensions.

single dispatch (¥.—3)¥)
generic funciion (ZHEN) FHEH—EEX, 7RI, EVERSER AR5 #nBE.

slice (VIJ})
—{EP 1, B S Brsequence (JFA) BRI — B R B R R M R AT R
(subscript notation) [1, #7244 H 2T, AIFEST 2 M 'E 9%, FIUl variable_name[1:3:5],
TEFESE (M) FF9EmERS, e slice Y94

soft deprecated (KPEEIH)
P EEI G APTRFEREFLH SRS b, (R B RS h B A e G2 e 42 . APL
P ASCHAREEE el (RN G A At
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BUEHER AR, #HEEREGER APT RGBS, dA i .
s%2[F) PEP 387: #CEE A

special method (5% 15 1:)
i 7} Python F{BIFIN) method, il B R ARTENTRARASE, BIAINIE: . 2% method 94
THEr7r B EE A 45 B2 Wil T IE(E]. Special method 7 specialnames 145 ZE4H(EIHA .

statement ([5iiAX)
PR —MEMH (suite, —EFEXAE [ —FB. BAR 0T LUE—{flexpression (FEH
X)), WESHHET (FIQif, while 5 for) WEBEHZ—.

static type checker ([FIREXIE/RAE%)
I Python B :ASEV TSN TR, BREHR LSRR, BEMH TALERWEE. HEsED
[El32F (type hints) PAJ% typing FEAHL.

strong reference ([F1ZM)
£ Python [¥] C APL 1, [FIZFUEHYHENS K, W ERA %2 M EEa . B s
Wi dIrEn py tverer () FOEEE2 K. Bg2BRE#Py pecrer () BIIE2 K,

py_Newref () PRZCA] F B, —H B FHEI 2 IR . @ w, 76 B EI2 M1E Rz b, WEEZ
[EI2 M8 FIEn ey pEcrer () BRI, DAREGER—H 20 .

Wk Flborrowed reference (fEHZ2 ).

text encoding (3L 4%)
Python H1[1%) 5758 J2—1# Unicode fE%; (code point) 174 (FEEFE U+0000 -- U+L0FFFF Z i), #%E
TEAFE S R, B R 5L E— M L e 4L 51

ﬂ%-ﬂﬂ????ﬂﬂcﬁﬁ%ﬂ?ﬁm FRE) [HwAs ), 1480 TC A7 51 850 By sz - e R AR E) [ AR5
(decoding) |,

A ZTEA R W ST I i AGE (codecs), BEAMBATRE [ 307 il .

text file (SCTRER)
—HREEEHIA B A st YR —1f file object (BEZRWIMF) . WHE, SCPARRER &Rt
E ] ) & RHA (byte-oriented datastream) (Bl [ B jEFlrext encoding (SCFHAG) . SCFAERIMH T4
PASCFEREL (e B 'w) BEYHEZE. sys.stdin. sys.stdout VAN io.StringIo HEH.,

s Ebinary file (ZJERAHSR), B REERBANE A1z 4t (bytes-like object) HIA
ES 7L

triple-quoted string (= 5| 9EEIH)
H = B 598 () SE S5 O MFEFE AR — @7 . R e MEEA S ALET R B E | 555 i A AR
oM AR, HERFFZEHE, B RRAE K. SRR AT B AR B E) (unescaped)
(LG SRS 5%, T e A TR H#E45IT (continuation character) S PAMS AT, & i E
2 4 55 (EVHA 7 H R (A

type (Z4[E])
—{fl Python ¥ {4 ZUEIE]E T & RAFERIE Y SEmeas —mEE. —mEpeFr3EnT
PAHEM __class_ JBMAAFH, BLA type (obj) HAER.

type alias (ZU[EIEI%)
—ABE FFEH, BEAGBES 24— sk E4T (dentifier) HCET

REFES SR 2 ER = (ype hint) R . B4

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

PARTMGERE, SR T

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

329


https://peps.python.org/pep-0387/#soft-deprecation

The Python/C API, [T 3.13.2

#H2[E typing F1 PEP 484, 7 W IhAERITHIA .

type hint (ZI[ElE3)
—Fannotation ([FI#8), BI8E—ME28. —M class &1 —H & =17 22 #ek v EE i FE B E.,

RAEHE R MR, A28 Python [EIfilfY, (HEM3HEIRE 2 [Flix & % (static type checkers){RAT
i, [EJfel# ) IDE 58 iR RS % 45 (completion) F1 4 (refactoring).

A, class BYEFI R R, ORS Wdsis i) pAUERE R, AT A typing. get_type hints ()
RAFHL

#2(F typing fl PEP 484, 4 M INRERHEA .

universal newlines (i JJIE4A75270)
— T R % SCFE L (text stream) {95, Gt DA Brg A1 [E) SR B E)-—F7 A &5 8 0 Unix 17 18 6
"\n'. Windows % '\r\n' FI1# ) Macintosh {4 '\r'. #52[E PEP 278 fil PEP 3116, DAK
J* bytes.splitlines () [HFfHI0HIE.

variable annotation (%% J}[FF%)
—{H 55 Eg, class 8 1k fannotation ([EJRE) .

(R 8 ek, class JE Py, BRI EIEIER :

class C:
field: 'annotation'

SEEVR R R 2 AR (ype hin): G40, SEHSECTUN @S e (M) fH:

[count: int = 0

S5 FV R 1 annassign 25877 FEATAOARAE.

#52(El function annotation (FFFEFE). PEP 484 1 PEP 526, 4 HWINREMHE. BN EREM HE
BV, 75 2[F annotations-howto,

virtual environment ([FJ3EFRES)
— i 13 VE IR B (cooperatively isolated) F#11TH45, B Python [ FiT 2 1M F AR 205 DAL SR T
Python #$[EVEF:, A3 [E-—( R %0 F#EA TR HAD Python JiE I FE X A BBV E T8

W2 venv,

virtual machine ([EJEEHE23)
— 5T 4 PR T E 2R FE A (computer) . Python [ [ESEMRS G117 Fi byrecode (7 TCHLMG) Hiadas
g A oA

Zen of Python (Python Z[F])
Python 515 HI| BT B0 512, FLE)ZeAT Bh A BEARANGE F ULAE = o AR T DA 7E B 8 X 0
JCEHIA [import this| HHREIE.
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APPENDIX B

BRAYIE 7 R 34

Python [FJRF] 3442 1% 38 {fi Ji] Sphinx  (— 1 J5.[E] Python 1ij A4 i SCEEEV R 28 . H B2 DA 37 B R 20 s 4
) HH F reStructured Text 5853 /4 JF Lf i s (B 11 A

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs FUIAT, [EV&AHBA R . FAMMiE BOaH ) 5 B A

B
« Fred L. Drake, Jr., J5tfi Python SC{ T HARMAIEH DA K — KIBHEZA M IER ;
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh 4G4, Sphinx { ) Alternative Python Reference -3 S 2 & .

B.1 Python X8y & Ei&E M

¥4 A8 () Python & M35 . Python 5l 2 HEAN Python (EJ] SCPEETRUE . Python B gs[Ey 1A HE
AN ERE IO, 35 Misc/ACKS

TEFAE] Python A7 14458 g B Bk A 3 7 1 (R (A (BT SO - TRl BT B IR A g AL AP !
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appeENDIX G

i E IR

C.1 &iCin

Python J2 H oy i B2 A 51 A AR R B 5T 26 (CWI, I https://www.cwi.nl) #J Guido van Rossum jA 1990
SERIBIIFEAIRE, H iR EE—FREE ABC 351 % 4% . [ Python 135 T # 2 8¢ H ALK EDR,
Guido {7313 %%

1995 4F, Guido FE#ET JE 5N 25 riHE A B Z AH 9T A 5] (CNRI, 1, https://www.cnri.reston.va.us) 454
fib ¥ Python i) TAFE, [EHEAREEEE) T 5%k il i) 22 {8 i AR

2000 4E 7. H , Guido il Python %[> B8 %% [ [ 1245 51| BeOpen.com [EJj#,57. T BeOpen PythonLabs [#[% . [F]4E
+ H , PythonLabs [# X ### %] Digital Creations, 1% i%[E] Zope Corporation, 2001 4F, Python 8% k4> €r
(PSF, . https://www.python.org/psf/) J&A7., 82— M SEEHEA Python A B 2 2 A B HE I A S A
F4H %%k . Zope Corporation <42 PSF [ —{f& i€ 8.

Jir A # Python HUAHR & BRUEHY (G BHBRYEAY & F, 2 hitps:/opensource.org) o M b, KZHIHAEA
By Python JiAS, o2 GPLAHZHY; LAR A4 G 25 A 1 22 .

BEREA BB i waE GPL #2857 (1)

09.0F 1.2 AHEMH 1991-1995 CWI s
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI = (2)
2.1 2.0+1.6.1 2001 PSF =
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.142.0.1 2001 PSF 2
2.12 2.1.1 2002 PSF s
2.1.3 2.1.2 2002 PSF 2
22 PAE 2.1.1 2001 £4- PSF 2

O #HE

(1) GPL M EIAF£RFKM2AE GPL T #[E] Python, A8 GPL, F i) Python SZHEH! 1] DAGE/R
[EME AR A RAS, (B — e ZA R 8 SR(EIBA IR . GPL A B2 REREAS Python W LASS £ HoAh
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1 GPL T [Eiicl =6 M HHERBEIRTT.

(2) H# Richard Stallman ([El%, 1.6.1 Rj GPL AR, HEHAHES —EARIRMR. A
HfE CNRI [N, Stallman f)fAiE F CNRI AT, 1.6.1 B GPL [ RAHZ L.

I RFZ HAMRE T, 7E Guido FEEFRAT Y, (EATIE LERUAS A B E B vl RE

C.2 FRFRHLHMFGXER Python BIEHIERK

Python 8% 1) BH SC {4 i 352 42 BL it Python 888 3 4 €r % #2545 — Jit (Python Software Foundation License
Version 2),

¢ Python 3.8.6 BH%f, [EAASCAF A Eaml . Ao A AR A, & A7 (dual licensed) jit PSF %
FESE — MR VA ft Zero-Clause BSD %4 o

7 Ee9E 40 Python H b i LA RS R RO FEHE . 13 SR E NS & B R Y RN — B . B S st
PRE AN e s B, s 2 B0 P98 a9 3% 4 S 5030,

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
third party.

8. By copying, installing or otherwise using Python, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
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 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

€ & A}
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internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
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.

(R L —5)

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

R T—TD
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(R L —5)
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTA-
TION

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 #Uk(CIsR RS R 1218 B Bt
A (AR SR AL RO A BEHE ST, $H4UZAE Python SEENTA b HTlEV 45 =)y W

C.3.1 Mersenne Twister

random 4 JIE T #Y _random C # 7 & 2 & T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html §) F R EIZR LR DAT B ARG se s g i -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF

€ & A}
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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)

(R L —5)

C.3.2 Sockets

socket BLAH{# ] getaddrinfo () Fil getnameinfo () PR, BAHFE WIDE EZ (https://www.wide.ad.jp/)

(E1, AT B JE AR 58 v B A 15 -

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 fRFE

test.support.asynchatiﬂ]test.support.asyncoreiﬁ%ﬂfﬂf?ﬁk1:§§ﬁﬁi

Copyright 1996 by Sam Rushing

All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN

€ & A}
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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.

(R L —5)

C.3.4 Cookie &
http.cookies FAHAL S DA NN

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 #AfTiEL
tracei%%ﬁéﬂﬁ?@kj:égaﬁ:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...

err... reserved and offered to the public under the terms of the
Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and

its associated documentation for any purpose without fee is hereby

granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in

supporting documentation, and that the name of neither Automatrix,

€ & A}
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(B —1)
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 Bl UUdecode &F=z
u ARG A DA AR -

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML EixmfE Ry
xmlrpc.clientiﬁ%ﬂf@é?@&j:é%aﬁ:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(HEET—T
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(R L —5)
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll
test.test_epolliﬁ%ﬂf@f?@kjiégﬂﬁl

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue
select MK kqueue /MR AT ] :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c 5§27 Marek Majkowski’ 3£ i* Dan Bernstein [ SipHash24 jH B VERIEE. B PA
TR -

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c FEEHRME T C 1Y dtoa Fl strtod R, FIRAKE C 8N 17 B SO 58 HAHBEE) . %R 4%
B4 8 David M. Gay 2257 )[R A%, 153 BAE R AR hitps://web.archive.org/web/20220517033456/http:
/lwww.netlib.org/fp/dtoa.c T, #2009 4E 3 H 16 H FFH22 00 GRS 240 & DL MBI sy -

/****************************************************************
*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

4n4 OpenSSL pR = HE I VESE RS, HIl hashlib, posix, ss1 Wig & (i & REETRLEE . BLAF,
Windows I macOS fj Python 224 #5250 ] 847 OpenSSL p& =AY EIAS, A AFRA t7E Y% [F] OpenSSL
FEREMIEIAS . 352 OpenSSL 3.0 Fi AR DA Kz py I A7 4= 1) B8 3 i A= HIJ 32 - Apache #1035 v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

€ & A}
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(R L —5)

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

i,

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"”
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
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.

(BT —H)
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2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
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

(BT —H)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

(R L —5)

C.3.13 expat

MR IR pyexpat I TR EE] -—with-system—expat, 5HIZIEFEE H—MES expat FAAHEH I

AR

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper
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C.3. #ugFIakienyIR{E BB

345




The Python/C API, [T 3.13.2

(B E—H)
Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

GAEAEEE  ctypes BIAHJE T _ctypes PE MR EL) ——with-system-1ibffi, 75HI3%3% 756
—{HE)Er Libffi J7 4G 5 A A s g

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

URAE R e LR EN Y 2lib A KRS PAZIOR S R 2140 058, RURZIEST & — S 2lib J5G A5
A Rl AR A

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

(HERET—TD
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freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc i [ #EE)Z (hash table) E{E, 2 PA cfuhash BLRE[FIELRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

I},%iﬂfﬁﬁﬁ decimal *E?H}EEF _decimal C }E?ﬁfﬁﬁﬁ#?ﬁfﬁ --with-system-libmpdec, %:Eﬁ%*ﬁ%ﬂ
G H—(EEE libmpdec b2 o 1) Rl A< A< -

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

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.

(R L —5)

C.3.18 W3C C14N B|FRE#

test FER ALY C14N 2.0 HIFLEH (Lib/test/xmltestdata/c14n-20/) 2 W3C 48u} https://www.

w3.org/TR/xml-c14n2-testcases/ #iAgE, H 2R R 3-clause BSD % #E #5(E):

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 mimalloc
MIT #ZHE:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE .

C.3.20 asyncio
asyncio BRI EZ AL uvioop 0.16 HgE A, HAELH MIT SZHEACHE:

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.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following

(BT —TD
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disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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..., 315
>>>, 315
_all_ (B##%) .70
_dict__ (H#EM) ,176
_doc__ (H##EM) ,175
_file (HABIK) , 175,176
_ future_ , 321
__import_

built-in function ([EZEZER) ,70
__loader__ (H#BM) ,175
__main__

module (#4&H) , 11

H 46, 203,217, 218
_name__ (HABEM) ,175 176
__package__ (BABEMK) ,175
___PYVENV_LAUNCHER_ , 234, 240
_ slots_ ,328
_frozen (Cstruct), 73
_inittab (C struct), 73
_inittab.initfunc (C member), 73
_inittab.name (C member), 73
_Py_c_diff (C function), 134
_Py_c_neg (C function), 134
_Py_c_pow (C function), 134
_Py_c_prod (C function), 134
_Py_c_quot (C function), 134
_Py_c_sum (C function), 134
_Py_InitializeMain (C function), 247
_Py_NoneStruct (C var), 259
_PyBytes_Resize (C function), 137
_PyCode_GetExtra (c ®R) ,174
_PyCode_SetExtra (¢ ®=R) ,174

_PyTuple_Resize (C function), 157
_thread

A, 211

BREN

_PyEval_RequestCodeExtraIndex (C B ), 174

_PyFrameEvalFunction (C type), 215
_PyInterpreterFrame (C struct), 192
_PyInterpreterState_GetEvalFrameFunc
function), 215
_PyInterpreterState_SetEvalFrameFunc
function), 215
_PyObject_GetDictPtr (C function), 97
_PyObject_New (C function), 259
_PyObject_NewVar (C function), 259

(«©

(
A

__ _PYVENV_LAUNCHER__, 234, 240
PATH, 11
PYTHON_CPU_COUNT, 238
PYTHON_GIL, 322
PYTHON_PERF_JIT_SUPPORT, 242
PYTHON_PRESITE, 241
PYTHONCOERCECLOCALE, 245
PYTHONDEBUG, 201, 240
PYTHONDEVMODE, 236
PYTHONDONTWRITEBYTECODE, 201, 243
PYTHONDUMPREF'S, 236
PYTHONEXECUTABLE, 240
PYTHONFAULTHANDLER, 236
PYTHONHASHSEED, 201, 237
PYTHONHOME, 11, 201, 209, 237
PYTHONINSPECT, 201, 237
PYTHONINTMAXSTRDIGITS, 238
PYTHONIOENCODING, 241
PYTHONLEGACYWINDOWSFSENCODING, 202, 231
PYTHONLEGACYWINDOWSSTDIO, 202, 238
PYTHONMALLOC, 250, 254, 256, 257
PYTHONMALLOCSTATS, 238, 250
PYTHONNODEBUGRANGES, 235
PYTHONNOUSERSITE, 202, 242
PYTHONOPTIMIZE, 202, 239
PYTHONPATH, 11, 201, 239
PYTHONPLATLIBDIR, 238
PYTHONPROFILEIMPORTTIME, 237
PYTHONPYCACHEPREFIX, 240
PYTHONSAFEPATH, 234
PYTHONTRACEMALLOC, 242
PYTHONUNBUFFERED, 203, 235
PYTHONUTFS, 231, 245
PYTHONVERBOSE, 203, 243
PYTHONWARNINGS, 243

abort (c ®=) ,70

abs

built-in function ([FJZ &) , 105
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abstract base class (fé]%{%ﬁﬁ%k}i) , 315 bytecode (frG#l#) ,317
allocfunc (Ctype), 299 bytes—like object (MEfLLAL&MH) ,317
annotation ([EJE) ,315 bytes (fLG#l)
argument (3| %) , 315 bulit—-in function (%@ﬂ) , 98
argv (in module sys), 234 object (1) , 135
argv (sys HA#) ,208
ascii C
bulit-in function (E@Eﬁ) ,97 callable (F 4 ¢) , 317
asynchronous context manager (EFEFHEEE callback (EI™) , 317
}E%%) , 316 calloc (C @ﬁ) , 249
asynchronous generator iterator (3 [F % [E Capsule
é‘%&?ﬁ‘%&) , 316 object (%ﬁ:) , 188

asynchronous generator (4?@%&%&) , 316 C-contiguous (C & H) , 115,318
asynchronous iterable (Eﬂirﬂﬁ_ﬁfﬁ%f#) , class variable (;E/E\%%() , 317

316 classmethod
asynchronous iterator (Eﬂi[ﬁ]*)‘f‘h%%) , 316 built-in function (3%@;‘) , 264
attribute (BH#) , 316 class (HE) ,317
awaitable (qgﬁf%ﬂﬁk) , 316 cleanup functions (FEER) ,70
close (os #H#HHF) ,218
B closure variable (HA@# %) ,317
BDFL, 316 CO_FUTURE_DIVISION (C var), 45
binary file (Z#fif¢ %) , 316 code object (FERBEHH) , 170
binaryfunc (C type), 300 Common Vulnerabilities and Exposures
borrowed reference (fEH %K) ,317 CVE 2008-5983, 208
buffer interface (/W) compile (43%)
GEREMmmE), 112 built-in function ([EIEER) , 71
buffer object (AFEWH) complex number ([E#) ,318
(FF R W), 112 object (#11F) , 134
buffer protocol (%fﬁﬁﬁz}f) , 112 context management protocol (’f’ﬁ’:{%%ﬂé_%ﬁ)
built-in function (%@ﬁ) ,318
__import__,70 context manager (’%ﬁ%fﬁ%&) ,318
abs, 105 context variable (|§¥E# %) ,318
classmethod, 264 context (§3&) ,318
compile (43#) ,71 contiguous (EAHy) , 115,318
divmod, 105 copyright (sys ##4) ,208
float, 107 coroutine function (ﬁ};ﬁi@ﬁ) , 318
hash ([E]) ,278 coroutine (%) , 318
int, 107 CPython, 318
len, 109, 159, 163, 166 current context, 318
pow, 105, 106
repr, 278 D
staticmethod, 264 decorator (Z%%@'Fﬁ%%) , 318
tuple (JG#L) , 161 descrgetfunc (C type), 300
built-in function (Vﬂ}%@iﬁ) descriptor (#ﬁ:{i%&) , 319
len, 107 descrset func (C type), 300
tuple (J04) , 109 destructor (C type), 299
builtins (5%) dictionary comprehension(?}ﬁ—%ﬁ'/ﬁ\iﬁﬁ),319
module (T%%ﬂ) , 11 dictionary view (?}ﬁ\ifﬁﬁi) , 319
B4, 203,217, 218 dictionary (F#) ,319
bulit-in function ([EJZ&ER) object (##) , 161
ascii, 97 divmod
bytes ([ZTL4L) , 98 built-in function ([FJZ®E ) , 105
nash (3¢[E) ,98 docstring (B F &) ,319
len, 99 duck-typing (®FAF) , 319
repr, 97
type (R[E) ,98 E
bytearray (i TCAL[E7]) EAFP, 319
object (##) , 137 EorFError ([FJZEFI4) , 175
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exc_info (sys #&F) , 10 I

executable (sys fﬁ?ﬂ‘#’) , 207 IDLE, 322
exit (C @ft) , 70 immortal (;T://ﬁég) , 322
expression (EHR) ,319 immutable (ARF&44) , 322
extension module (EFAAL) ,319 import path (G| ABAE) , 322
importer (B ANH) ,322
F importing (Bl A\) , 322
f-string (f &) ,319 incr_item(), 10, 11
file object (fZEH#H) , 320 initproc (C type), 300
file-like object (MM EHH) , 320 inquiry (C type), 305
filesystem encoding and error handler (7]’,%’ instancemethod
ZRGHEBHEFERERR) 320 object (#fF) , 169
file (B %) int
object (H) , 174 built-in function ([FIZZ ) , 107
finder (?fj’—#ﬁ%%) , 320 integer (%‘%ﬁ()
float object (1) , 125
built-in function (}%@Eﬁ) , 107 interactive (L #H) ,322
floating-point (J?;’:’) interpreted (E‘ﬁ%ﬁl]) , 322
object () , 132 interpreter lock (E3EH4) ,209
floor division (@TEX%E%/%) , 320 interpreter shutdown (E%%%%%ﬁl%ﬁ) , 322
Fortran contiguous(Fortran #E## ), 115,318 iterable (TTERAH) 323
free threading (H B #AT#) , 320 iterator (T{%ﬁ) , 323
free variable (H H#3) ,320 iternext func (C type), 300
freefunc (C type), 300
free (c ®R) ,249 K
freeze utility (/ﬁﬁ,ﬁélﬁé) ,73 key function (#®=) ,323
frozenset (RAE&EE) KeyboardInterrupt ([EJZH4) , 59
object (%Tﬁ}") , 165 keyword argument (Eﬁ%??]%{) , 323
function annotation (& & [EFF) , 320
function (ER) , 320 L
object (#1ft) , 167 lambda, 323
G IlJ]ZEL, 323
garbage collection (B EYr) ,321 built—-in function ([HZ & &) , 109, 159,
gcvisitobjects_t (Ctype), 306 163, 166
generator expression ([Fl4 BEHRX) ,321 built-in function (HEE ) , 107
generator iterator ([HA#EX#) 321 bulit-in function ([EJZE&ER) ,99
generator ([E44#) ,321 Lenfunc (C type), 300
generic function (REER) ,321 list comprehension (EF|#&EH) ,324
generic type (& AF]) ,321 1ist (#7]) ,323
getattrfunc (Ctype), 300 object (#4F) , 159
getattrofunc (C type), 300 loader (#FAZE) 324
getbufferproc (C type), 300 locale encoding (EH4E) , 324
getiterfunc (Cnype), 300 lock, interpreter (féi‘ EE%%&) , 209
getter (Ctype), 268 long integer (f&%#)
GIL, 321 object (#1#F) , 125
global interpreter lock (&3 HEHH) 209, LonG_Max (c E#) ,127
321
H M
hash-based pyc (3EIZE#EY pyc) , 322 maglnfethod (F3) 324
hashable (FT#EEHY) ,322 magic method (@ﬁ‘f’ﬁﬂﬁ) , 324
hashfunc (Cfype), 300 main (), 206, 208, 234
hash (#[E) ‘ malloc (C H) ,249
built-in function (?%Eﬁiﬁ) , 278 ) (%) 324
mapping ,
bulit-in function ([FIZZE =) ,98 object (M) , 161

memoryview ( B ’]‘%%Tﬁ )

%35l 355



The Python/C API, [T 3.13.2

object (#1) , 186
meta path finder (TLHEEZHAE) ,324
metaclass (TLHEE) , 324
METH_CLASS (C macro), 264
METH_COEXIST (C macro), 264
METH_FASTCALL (C macro), 263
METH_KEYWORDS (C macro), 263
METH_METHOD (C macro), 263
METH_NOARGS (C macro), 263
METH_O (C macro), 263
METH_STATIC (C macro), 264
METH_VARARGS (C macro), 263
method resolution order (FEMATIE)F) ,324
MethodType (types ##HH) , 167,170,175
method (F &) , 324
magic, 324
object (##) , 169
special, 329
module spec (HALA) ,325
modules (sys ##H#) , 70,203
module (*ﬁ?ﬂ) ,324
__main_ , 11
builtins ([F#&) , 11
object (H&H) ,175
search (##) path (Bf) ,11
signal (#\%E) , 59

sys, 11
MRO, 325
mutable (T &9H) , 325

N

named tuple (F’ﬁ%fl}?ﬂ) , 325
namespace package (@%gﬁﬂéf#) , 325
namespace (H& =) ,325
nested scope (HEARTEAH) ,325
new-style class (%ﬁ';’cﬁ?@ﬁ) ,325
newfunc (C type), 300
None

object (M) ,125
numeric (%{{ﬁ)

object (##) , 125

O

object (HEAL)
module (*i#:/ﬂﬂ) , 175

object (#1#) ,325
bytearray (ﬁfc%ﬂ@ﬁ]) , 137
bytes (TA”LJT]?E) , 135
Capsule, 188
code (;fifﬁﬁ%) , 170
complex number (%{) , 134
dictionary (Ej’:—/ﬁﬁ-) , 161
file (%) , 174
floating-point (/?5) , 132
frozenset (7%,24’%{5\) , 165
function (B R) , 167
instancemethod, 169

integer (X #%) ,125

list (&73]) , 159

long integer (&% %) ,125

mapping (¥B) , 161

memoryview (FLIEEEARE) ., 186

method (F &) , 169

None, 125

numeric ($fH) , 125

sequence (JF%|) , 135

set (£4) ,165

tuple (jﬁ?ﬂ) , 156

type (R[F) ,6,119
objobjargproc (C type), 301
objobjproc (C type), 301
optimized scope (EMEFH) , 326
overflowError (WZEMFI4N) , 127,128

P
package variable (%T’—‘F%%{)

_all_,70

package (£fF) , 326
parameter (%) ,326

PATH, 11

path based finder (ERNBLEWHZHAE) ,326
path entry finder (BfRIEH ZHE) , 326
path entry hook (BRI HIF]) , 326

path entry (BAEIEEH) , 326

path-like object (MBEEHH) ,327
path (sys &) , 11,203,207
path (#1%)
module (##l) search (#F) ,11
B4 search (#F) , 203,207
PEP, 327
platform (sys ###) ,207
portion (#4-) ,327
positional argument ({L & 7|#%) ,327
pow
built-in function ([ElZE=) , 105,106
provisional API (¥ 4T ap1) , 327
provisional package (HATEH) ,327
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 219
Py_ALWAYS_INLINE (C macro), 4
Py_ASNATIVEBYTES_ALLOW_INDEX (C macro), 130
Py_ASNATIVEBYTES_BIG_ENDIAN (C macro), 130
Py_ASNATIVEBYTES_DEFAULTS (C macro), 130
Py_ASNATIVEBYTES_LITTLE_ENDIAN (C macro),
130
Py_ASNATIVEBYTES_NATIVE_ENDIAN (C macro),
130
Py_ASNATIVEBYTES_REJECT_NEGATIVE (C macro),
130
Py_ASNATIVEBYTES_UNSIGNED_BUFFER (C macro),
130
Py_AtExit (C function), 70
Py_AUDIT_READ (C macro), 265
Py AuditHookFunction (C type), 69
Py_BEGIN_ALLOW_THREADS (C macro), 213
Py_BEGIN_ALLOW_THREADS (c E#£) ,210
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Py_BEGIN_CRITICAL_SECTION (C macro), 226
Py_BEGIN_CRITICAL_SECTION2 (C macro), 226
Py_BLOCK_THREADS (C macro), 213
pPy_buffer (Ctype), 112

Py_buffer.buf (C member), 112
Py_buffer.format (C member), 113
Py_buffer.internal (C member), 114
Py_buffer.itemsize (C member), 113
Py_buffer.len (C member), 113
Py_buffer.ndim (C member), 113
Py_buffer.obj (C member), 112
Py_buffer.readonly (C member), 113
Py_buffer.shape (C member), 113
Py_buffer.strides (C member), 113
Py_buffer.suboffsets (C member), 113
Py_Buildvalue (C function), 81
Py_BytesMain (C function), 204
Py_BytesWarningFlag (C var), 200
Py_CHARMASK (C macro), 5
Py_CLEANUP_SUPPORTED (C macro), 78
Py_CLEAR (C function), 48
Py_CompileString (C function), 43
Py_CompileStringExFlags (C function), 43
Py _CompileStringFlags (C function), 43
Py CompileStringObject (C function), 43
Py_CompileString (c ® =) ,44
Py_complex (C type), 134
Py_complex.imag (C member), 134
Py_complex.real (C member), 134
Py_CONSTANT_ELLIPSIS (C macro), 94
Py_CONSTANT_EMPTY_BYTES (C macro), 94
Py_CONSTANT_EMPTY_STR (C macro), 94
Py_CONSTANT_EMPTY_TUPLE (C macro), 94
Py_CONSTANT_FALSE (C macro), 94
Py_CONSTANT_NONE (C macro), 94
Py_CONSTANT_NOT_IMPLEMENTED (C macro), 94
Py_CONSTANT_ONE (C macro), 94
Py_CONSTANT_TRUE (C macro), 94
Py_CONSTANT_ZERO (C macro), 94
PY_CXX_CONST (C macro), 81

Py_DEBUG (C macro), 11

Py_DebugFlag (C var), 200
Py_DecodeLocale (C function), 66
Py_DECREF (C function), 48

Py_DecRef (C function), 49

Py_DECREF (Cc ®BR) ,7

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C var), 201
Py_Ellipsis (Cvar), 186
Py_EncodeLocale (C function), 67
Py_END_ALLOW_THREADS (C macro), 213
Py_END_ALLOW_THREADS (c E#) ,210
Py_END_CRITICAL_SECTION (C macro), 226
Py_END_CRITICAL_SECTION2 (C macro), 226
Py_EndInterpreter (C function), 218
Py_EnterRecursiveCall (C function), 62
Py_EQ (C macro), 287

Py_eval_input (Cvar), 44

py_Ekxit (C function), 70
Py_ExitStatusException (C function), 229
Py_False (Cvar), 132

Py FatalError (C function), 70
Py_FatalError (), 208
Py_FdIsInteractive (C function), 65
Py_file_input (Cvar), 44

Py_Finalize (C function), 204

Py FinalizeEx (C function), 204

Py _FinalizeEx (Cc ®HR) , 70,203,218
Py_FrozenFlag (Cvar), 201

pPy_GE (C macro), 287

Py_GenericAlias (C function), 198
Py_GenericAliasType (C var), 198
Py_GetArgcArgv (C function), 246
Py_GetBuildInfo (C function), 208
Py_GetCompiler (C function), 208
Py_GetConstant (C function), 93
Py_GetConstantBorrowed (C function), 94
Py_GetCopyright (C function), 207
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 206
Py_GetExecPrefix (C ®=Z,) , 11
Py_GetPath (C function), 207
Py_GetPath (), 206

Py_GetPath (Cc ®R) , 11
Py_GetPlatform (C function), 207
Py_GetPrefix (C function), 206
Py_GetPrefix (C ®Z) , 1l

Py _GetProgramFullPath (C function), 207
Py_GetProgramFullPath (Cc =) , 11
Py_GetProgramName (C function), 206
Py_GetPythonHome (C function), 209
Py_GetVersion (C function), 207

py_GT (C macro), 287

Py_hash_t (C type), 85

Py_HashPointer (C function), 86
Py_HashRandomizationFlag (C var), 201
Py_IgnoreEnvironmentFlag (C var), 201
Py_INCREF (C function), 47

Py_IncRef (C function), 49

Py_INCREF (Cc ®R) ,7
Py_Initialize (C function), 203
Py_Initialize(), 206
Py_InitializeEx (C function), 203

Py InitializeFromConfig (C function), 203
Py_Initialize (C @ﬁ) , 11,218
Py_InspectFlag (Cvar), 201
Py_InteractiveFlag (Cvar), 201

Py_1s (C function), 260

Py_1IS_TYPE (C function), 261

Py_IsFalse (C function), 261
Py_IsFinalizing (C function), 204
Py_IsInitialized (C function), 204
Py_IsInitialized (c ®=,) , 11
Py_IsNone (C function), 260
Py_IsolatedFlag (Cvar), 201
Py_IsTrue (C function), 261
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pPy_LE (C macro), 287

Py_LeaveRecursiveCall (C function), 62

Py_LegacyWindowsFSEncodingFlag (C var), 202

Py_LegacyWindowsStdioFlag (C var), 202

Py_LIMITED_API (C macro), 14

pPy_LT (C macro), 287

Py_Main (C function), 204

PY_MAJOR_VERSION (C macro), 307

py_MaX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 307

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 307

Py_mod_create (C macro), 179

Py_mod_exec (C macro), 179

Py_mod_gil (C macro), 180

Py_MOD_GIL_NOT_USED (C macro), 180

Py_MOD_GIL_USED (C macro), 180

Py_mod_multiple_interpreters (C macro), 179

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED
(C macro), 179

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED (C
macro), 179

Py_MOD_PER_INTERPRETER_GIL_SUPPORTED
macro), 179

PY_MONITORING_EVENT_BRANCH (C macro), 313

PY_MONITORING_EVENT_C_RAISE (C macro), 313

PY_MONITORING_EVENT_C_RETURN (C macro), 313

PY_MONITORING_EVENT_CALL (C macro), 313

PY_MONITORING_EVENT_EXCEPTION_HANDLED
macro), 313

PY_MONITORING_EVENT_INSTRUCTION (C macro),
313

PY_MONITORING_EVENT_JuMP (C macro), 313

PY_MONITORING_EVENT_LINE (C macro), 313

PY_MONITORING_EVENT_PY_RESUME (C macro), 313

PY_MONITORING_EVENT_PY_RETURN (C macro), 313

PY_MONITORING_EVENT_PY_START (C macro), 313

PY_MONITORING_EVENT_PY_THROW (C macro), 313

PY_MONITORING_EVENT_PY_UNWIND (C macro), 313

PY_MONITORING_EVENT_PY_ YIELD (C macro), 313

PY_MONITORING_EVENT_RAISE (C macro), 313

PY_MONITORING_EVENT_RERAISE (C macro), 313

PY_MONITORING_EVENT_STOP_ITERATION
macro), 313

Py_NE (C macro), 287

Py NewInterpreter (C function), 218

Py_NewlInterpreterFromConfig (C function), 217

Py_NewRef (C function), 48

Py_NO_INLINE (C macro), 5

Py_None (Cvar), 125

Py_NoSiteFlag (C var), 202

Py_NotImplemented (C var), 94

Py_NoUserSiteDirectory (Cvar), 202

Py_OpenCodeHookFunction (C type), 175

Py_OptimizeFlag (C var), 202

Py PrelInitialize (C function), 232

Py_PrelnitializeFromArgs (C function), 232

(e

(c

(«

Py_PrelnitializeFromBytesArgs (C function),
232

Py_PRINT_RAW (C macro), 94

Py_PRINT_RAW (c E&) ,175

Py_QuietFlag (C var), 203

Py_READONLY (C macro), 265

Py_REFCNT (C function), 47

Py_RELATIVE_OFFSET (C macro), 265

PY_RELEASE_LEVEL (C macro), 307

PY_RELEASE_SERIAL (C macro), 307

Py_ReprEnter (C function), 62

Py_ReprLeave (C function), 62

Py_RETURN_FALSE (C macro), 132

Py_RETURN_NONE (C macro), 125

Py_RETURN_NOTIMPLEMENTED (C macro), 94

Py_RETURN_RICHCOMPARE (C macro), 287

Py_RETURN_TRUE (C macro), 132

Py_RunMain (C function), 205

Py _SET_REFCNT (C function), 47

Py SET_SIZE (C function), 261

Py_SET_TYPE (C function), 261

Py_SetProgramName (C function), 206

Py_SetPythonHome (C function), 209

Py_SETREF (C macro), 49

Py_single_input (C var), 44

Py_S1ZE (C function), 261

Py_ssize_t (Ctype), 9

py_ssizE_T_Max (c E4£) , 128

Py_STRINGIFY (C macro), 5

Py_T_BOOL (C macro), 267

Py_T_BYTE (C macro), 267

Py_T_CHAR (C macro), 267

Py_T_DOUBLE (C macro), 267

Py_T_FLOAT (C macro), 267

Py_T_INT (C macro), 267

Py_T_LONG (C macro), 267

Py_T_LONGLONG (C macro), 267

Py_T_OBJECT_EX (C macro), 267

Py_T_PYSSIZET (C macro), 267

Py_T_SHORT (C macro), 267

Py_T_STRING (C macro), 267

Py_T_STRING_INPLACE (C macro), 267

Py_T_UBYTE (C macro), 267

Py_T_UINT (C macro), 267

Py_T_ULONG (C macro), 267

Py_T_ULONGLONG (C macro), 267

Py_T_USHORT (C macro), 267

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro), 282

Py_TPFLAGS_BASETYPE (C macro), 280

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 282

Py_TPFLAGS_DEFAULT (C macro), 281

Py_TPFLAGS_DICT_SUBCLASS (C macro), 282

Py_TPFLAGS_DISALLOW_INSTANTIATION (Cmacro),
283

Py_TPFLAGS_HAVE_FINALIZE (C macro), 282

Py_TPFLAGS_HAVE_GC (C macro), 281

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 282

Py_TPFLAGS_HEAPTYPE (C macro), 280
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Py_TPFLAGS_IMMUTABLETYPE (C macro), 283

Py_TPFLAGS_ITEMS_AT_END (C macro), 282

Py_TPFLAGS_LIST_SUBCLASS (C macro), 282

Py_TPFLAGS_LONG_SUBCLASS (C macro), 282

Py_TPFLAGS_MANAGED_DICT (C macro), 281

Py_TPFLAGS_MANAGED_WEAKREF (C macro), 282

Py_TPFLAGS_MAPPING (C macro), 283

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro), 281

Py_TPFLAGS_READY (C macro), 280

Py_TPFLAGS_READYING (C macro), 281

Py_TPFLAGS_SEQUENCE (C macro), 283

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 282

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 282

Py_TPFLAGS_UNICODE_SUBCLASS (C macro), 282

Py_TPFLAGS_VALID_VERSION_TAG (C macro), 284

Py_tracefunc (C type), 220

Py_True (Cvar), 132

Py_tss_NEEDS_INIT (C macro), 223

pPy_tss_t (Ctype), 223

py_TYPE (C function), 261

pPy_ucs1 (C type), 139

Py_ucs2 (C type), 139

pPy_ucs4 (C type), 139

Py_uhash_t (C type), 85

Py_UNBLOCK_THREADS (C macro), 213

Py_UnbufferedStdioFlag (C var), 203

Py_UNICODE (C type), 139

Py_UNICODE_IS_HIGH_SURROGATE (C function), 141

Py_UNICODE_IS_LOW_SURROGATE (C function), 142

Py UNICODE_IS_SURROGATE (C function), 141

Py UNICODE_ISALNUM (C function), 141

Py_UNICODE_ISALPHA (C function), 141

Py_UNICODE_ISDECIMAL (C function), 141

Py_UNICODE_ISDIGIT (C function), 141

Py _UNICODE_ISLINEBREAK (C function), 141

Py UNICODE_ISLOWER (C function), 141

Py_UNICODE_ISNUMERIC (C function), 141

Py_UNICODE_ISPRINTABLE (C function), 141

Py_UNICODE_ISSPACE (C function), 141

Py _UNICODE_ISTITLE (C function), 141

Py UNICODE_ISUPPER (C function), 141

Py_UNICODE_JOIN_SURROGATES (C function), 142

Py_UNICODE_TODECIMAL (C function), 141

Py_UNICODE_TODIGIT (C function), 141

Py_UNICODE_TOLOWER (C function), 141

Py_UNICODE_TONUMERIC (C function), 141

Py UNICODE_TOTITLE (C function), 141

Py_UNICODE_TOUPPER (C function), 141

Py_UNREACHABLE (C macro), 5

Py_UNUSED (C macro), 6

Py_VaBuildvalue (C function), 83

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
101

Py_VerboseFlag (Cvar), 203

Py_Version (C var), 307

PY_VERSION_HEX (C macro), 307

Py VISIT (C function), 305

Py_XDECREF (C function), 48

Py_XDECREF (C ®=R,) , 11
Py_XINCREF (C function), 47
pPy_xNewRef (C function), 48
Py_XSETREF (C macro), 49
PyAlter_Check (C function), 111
PyAnySet_Check (C function), 166
PyAnySet_CheckExact (C function), 166
PyArg_Parse (C function), 80
PyArg_ParseTuple (C function), 79
PyArg_ParseTupleAndKeywords (C function), 79
PyArg_UnpackTuple (C function), 80
PyArg_ValidateKeywordArguments (C function),
80
PyArg_VaParse (C function), 79
PyArg_VaParseTupleAndKeywords (C function), 80
PyASCIIObject (C type), 139
PyAsyncMethods (C type), 299
PyAsyncMethods.am_aiter (C member), 299
PyAsyncMethods.am_anext (C member), 299
PyAsyncMethods.am_await (C member), 299
PyAsyncMethods.am_send (C member), 299
PyBool_Check (C function), 132
PyBool_FromLong (C function), 132
PyBool_Type (Cvar), 132
PyBUF_ANY_CONTIGUOUS (C macro), 115
PyBUF_C_CONTIGUOUS (C macro), 115
PyBUF_CONTIG (C macro), 116
PyBUF_CONTIG_RO (C macro), 116
PyBUF_F_CONTIGUOUS (C macro), 115
PyBUF_FORMAT (C macro), 114
PyBUF_FULL (C macro), 116
PyBUF_FULL_RO (C macro), 116
PyBUF_INDIRECT (C macro), 115
PyBUF_MAX_NDIM (C macro), 114
PyBUF_ND (C macro), 115
PyBUF_READ (C macro), 186
PyBUF_RECORDS (C macro), 116
PyBUF_RECORDS_RO (C macro), 116
PyBUF_SIMPLE (C macro), 115
PyBUF_STRIDED (C macro), 116
PyBUF_STRIDED_RO (C macro), 116
PyBUF_STRIDES (C macro), 115
PyBUF_WRITABLE (C macro), 114
PyBUF_WRITE (C macro), 186
PyBuffer_ FillContiguousStrides (C function),
118
PyBuffer FilllInfo (C function), 118
PyBuffer_FromContiguous (C function), 118
PyBuffer_GetPointer (C function), 118
PyBuffer_IsContiguous (C function), 118
PyBuffer_ Release (C function), 117
PyBuffer_SizeFromFormat (C function), 117
PyBuffer_ToContiguous (C function), 118
PyBufferProcs (C type), 298
PyBufferProcs.bf_getbuffer (C member), 298
PyBufferProcs.bf_releasebuffer (C member),
298
PyBufferProcs (¢ A[F) , 112
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PyByteArray_AS_STRING (C function), 138
PyByteArray_ AsString (C function), 138
PyByteArray_Check (C function), 138
PyByteArray CheckExact (C function), 138
PyByteArray_Concat (C function), 138
PyByteArray_FromObject (C function), 138
PyByteArray_FromStringAndSize (C function),
138
PyByteArray GET_SIZE (C function), 138
PyByteArray_Resize (C function), 138
PyByteArray_Size (C function), 138
PyByteArray_Type (Cvar), 137
PyByteArrayObject (Ctype), 137
PyBytes_AS_STRING (C function), 137
PyBytes_AsString (C function), 137
PyBytes_AsStringAndSize (C function), 137
PyBytes_Check (C function), 136
PyBytes_CheckExact (C function), 136
PyBytes_Concat (C function), 137
PyBytes_ConcatAndDel (C function), 137
PyBytes_FromFormat (C function), 136
PyBytes_FromFormatV (C function), 136
PyBytes_FromObject (C function), 136
PyBytes_FromString (C function), 136
PyBytes_ FromStringAndSize (C function), 136
PyBytes_GET_SIZE (C function), 137
PyBytes_Size (C function), 136
PyBytes_Type (C var), 136
PyBytesObject (C type), 135
PyCallable_Check (C function), 104
PyCalllIter_ Check (C function), 184
PyCallIter_New (C function), 184
PyCalllter_Type (Cvar), 184
pPyCapsule (C type), 188
PyCapsule_CheckExact (C function), 188
PyCapsule_Destructor (C type), 188
PyCapsule_GetContext (C function), 189
PyCapsule_GetDestructor (C function), 189
PyCapsule_GetName (C function), 189
PyCapsule_GetPointer (C function), 189
PyCapsule_Import (C function), 189
PyCapsule_IsValid (C function), 189
PyCapsule_New (C function), 188
PyCapsule_SetContext (C function), 189
PyCapsule_SetDestructor (C function), 190
PyCapsule_SetName (C function), 190
PyCapsule_SetPointer (C function), 190
PyCell_cCheck (C function), 170
PyCell_GET (C function), 170
PyCell_Get (C function), 170
PyCell New (C function), 170
PyCell SET (C function), 170
PyCell_set (C function), 170
PyCell_Type (Cvar), 170
PyCellObject (Ctype), 170
PyCF_ALLOW_TOP_LEVEL_AWAIT (C macro), 44
PyCF_ONLY_AST (C macro), 44
PyCF_OPTIMIZED_AST (C macro), 44

PyCF_TYPE_COMMENTS (C macro), 44
PyCFunction (C type), 261
PyCFunction_New (C function), 264
PyCFunction_NewEx (C function), 264
PyCFunctionFast (C type), 262
PyCFunctionFastWithKeywords (C type), 262
PyCFunctionWithKeywords (C type), 262
PyCMethod (C type), 262
PyCMethod_New (C function), 264
PyCode_Addr2Line (C function), 172
PyCode_Addr2Location (C function), 172
PyCode_AddWatcher (C function), 173
PyCode_Check (C function), 171
PyCode_ClearWatcher (C function), 173
PyCode_GetCellvars (C function), 172
PyCode_GetCode (C function), 172
PyCode_GetFreevars (C function), 172
PyCode_GetNumFree (C function), 171
PyCode_GetVarnames (C function), 172
PyCode_NewEmpty (C function), 172
PyCode_NewWithPosOnlyArgs (Cc &) , 172
PyCode_New (Cc ®=#®) ,171
PyCode_Type (Cvar), 171
PyCode_WatchCallback (C type), 173
PyCodec_BackslashReplaceErrors (C function),
88
PyCodec_Decode (C function), 87
PyCodec_Decoder (C function), 88
PyCodec_Encode (C function), 87
PyCodec_Encoder (C function), 88
PyCodec_IgnoreErrors (C function), 88
PyCodec_IncrementalDecoder (C function), 88
PyCodec_IncrementalEncoder (C function), 88
PyCodec_KnownEncoding (C function), 87
PyCodec_LookupError (C function), 88
PyCodec_NameReplaceErrors (C function), 88
PyCodec_Register (C function), 87
PyCodec_RegisterError (C function), 88
PyCodec_ReplaceErrors (C function), 88
PyCodec_StreamReader (C function), 88
PyCodec_StreamWriter (C function), 88
PyCodec_StrictErrors (C function), 88
PyCodec_Unregister (C function), 87
PyCodec_XMLCharRefReplaceErrors (C function),
88
PyCodeEvent (C type), 173
PyCodeObject (Ctype), 171
PyCompactUnicodeObject (C type), 139
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C mem-
ber), 44
PyCompilerFlags.cf_flags (C member), 44
PyComplex_AsCComplex (C function), 135
PyComplex_Check (C function), 135
PyComplex_CheckExact (C function), 135
PyComplex_FromCComplex (C function), 135
PyComplex_FromDoubles (C function), 135
PyComplex_ImagAsDouble (C function), 135
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PyComplex_RealAsDouble (C function), 135
PyComplex_Type (Cvar), 134
PyComplexObject (C type), 134

PyConfig (C type), 232
PyConfig_Clear (C function), 233
PyConfig_InitIsolatedConfig (C function), 233
PyConfig_InitPythonConfig (C function), 232
PyConfig_Read (C function), 233
PyConfig_SetArgv (C function), 233
PyConfig_SetBytesArgv (C function), 233
PyConfig_SetBytesString (C function), 233
PyConfig_SetString (C function), 233
PyConfig_SetWideStringList (C function), 233
PyConfig.argv (C member), 234
.base_exec_prefix (C member), 234
base_executable (C member), 234
base_prefix (C member), 234
buffered_stdio (C member), 234
bytes_warning (C member), 235

(C member),

PyConfig
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.check_hash_pycs_mode
235
code_debug_ranges (C member), 235
configure_c_stdio (C member), 235
cpu_count (C member), 238
dev_mode (C member), 235
dump_refs (C member), 236
exec_prefix (C member), 236
executable (C member), 236
faulthandler (C member), 236
filesystem_encoding (C member), 236
filesystem_errors (C member), 236
hash_seed (C member), 237
home (C member), 237
import_time (C member), 237
inspect (C member), 237
PyConfig.install_signal_handlers
ber), 237
PyConfig.int_max_str_digits (C member), 237
PyConfig.interactive (C member), 237
PyConfig.isolated (C member), 238
PyConfig.legacy_windows_stdio
238
PyConfig.malloc_stats (C member), 238
PyConfig.module_search_paths (C member), 239
PyConfig.module_search_paths_set «? mem-
ber), 239
PyConfig.optimization_level (C member), 239
orig_argv (C member), 239
parse_argv (C member), 239
parser_debug (C member), 240
pathconfig_warnings (C member), 240
perf_profiling (C member), 242
PyConfig.platlibdir (C member), 238
.prefix (C member), 240
program_name (C member), 240
pycache_prefix (C member), 240
pythonpath_env (C member), 239
quiet (C member), 240

PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
(C mem-

(C member),

PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

PyConfig
PyConfig.
PyConfig.
PyConfig.
PyConfig.

PyConfig.run_command (C member), 240
PyConfig.run_filename (C member), 240
PyConfig.run_module (C member), 241
PyConfig.run_presite (C member), 241
PyConfig.safe_path (C member), 234
PyConfig.show_ref_count (C member), 241
PyConfig.site_import (C member), 241
PyConfig.skip_source_first_line (C member),
241
PyConfig.stdio_encoding (C member), 241
PyConfig.stdio_errors (C member), 241
PyConfig.tracemalloc (C member), 242
PyConfig.use_environment (C member), 242
PyConfig.use_hash_seed (C member), 237
PyConfig.use_system_logger (C member), 242
PyConfig.user_site_directory (C member), 242
PyConfig.verbose (C member), 242
PyConfig.warn_default_encoding (C member),
235
PyConfig.warnoptions (C member), 243
PyConfig.write_bytecode (C member), 243
PyConfig.xoptions (C member), 243
pPyContext (C type), 193
PyContext_CheckExact (C function), 194
PyContext_Copy (C function), 194
PyContext_CopyCurrent (C function), 194
PyContext_Enter (C function), 194
PyContext_Exit (C function), 194
PyContext_New (C function), 194
PyContext_Type (Cvar), 193
PyContextToken (C type), 193
PyContextToken_CheckExact (C function), 194
PyContextToken_Type (C var), 193
PyContextVar (C type), 193
PyContextVar_CheckExact (C function), 194
PyContextVar_Get (C function), 194
PyContextVar_New (C function), 194
PyContextVar_Reset (C function), 194
PyContextVar_Set (C function), 194
PyContextVar_Type (Cvar), 193
PyCoro_CheckExact (C function), 193
PyCoro_New (C function), 193
PyCoro_Type (C var), 193
PyCoroObject (Ctype), 193
PyDate_Check (C function), 195
PyDate_CheckExact (C function), 195
PyDate_ FromDate (C function), 196
PyDate_FromTimestamp (C function), 198
PyDateTime_Check (C function), 195
PyDateTime_CheckExact (C function), 195
PyDateTime_Date (C type), 195
PyDateTime DATE_GET_FOLD (C function), 197
PyDateTime_DATE_GET_HOUR (C function), 197
PyDateTime_DATE_GET_MICROSECOND (C function),
197
PyDateTime_DATE_GET_MINUTE (C function), 197
PyDateTime DATE_GET_SECOND (C function), 197
PyDateTime_DATE_GET_TZINFO (C function), 197
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PyDateTime_DateTime (C type), 195
PyDateTime_DateTimeType (C var), 195
PyDateTime_DateType (C var), 195
PyDateTime_Delta (Ctype), 195
PyDateTime_DELTA_GET_DAYS (C function), 197
PyDateTime_DELTA_GET_MICROSECONDS (C func-
tion), 198
PyDateTime DELTA_GET_SECONDS (C function), 198
PyDateTime_DeltaType (C var), 195
PyDateTime_FromDateAndTime (C function), 196
PyDateTime_FromDateAndTimeAndFold (C func-
tion), 196
PyDateTime_FromTimestamp (C function), 198
PyDateTime_ GET_DAY (C function), 197
PyDateTime GET_MONTH (C function), 197
PyDateTime_GET_YEAR (C function), 197
PyDateTime_Time (C type), 195
PyDateTime_TIME_GET_FOLD (C function), 197
PyDateTime_ TIME_GET_HOUR (C function), 197
PyDateTime TIME_GET_MICROSECOND (C function),
197
PyDateTime_TIME_GET_MINUTE (C function), 197
PyDateTime_TIME_GET_SECOND (C function), 197
PyDateTime_ TIME_GET_TZINFO (C function), 197
PyDateTime_TimeType (C var), 195
PyDateTime_TimeZone_UTC (C var), 195
PyDateTime_TZInfoType (C var), 195
PyDelta_Check (C function), 196
PyDelta_CheckExact (C function), 196
PyDelta FromDSU (C function), 196
PyDescr_IsData (C function), 184
PyDescr_NewClassMethod (C function), 184
PyDescr_NewGetSet (C function), 184
PyDescr_NewMember (C function), 184
PyDescr_NewMethod (C function), 184
PyDescr_NewWrapper (C function), 184
PyDict_AddWatcher (C function), 164
PyDict_Check (C function), 161
PyDict_CheckExact (C function), 161
PyDict_Clear (C function), 161
PyDict_ClearWatcher (C function), 165
PyDict_Contains (C function), 161
PyDict_ContainsString (C function), 161
PyDict_Copy (C function), 161
PyDict_DellItem (C function), 161
PyDict_DelItemString (C function), 161
PyDict_GetItem (C function), 162
PyDict_GetItemRef (C function), 162
PyDict_GetItemString (C function), 162
PyDict_GetItemStringRef (C function), 162
PyDict_GetItemWithError (C function), 162
PyDict_Items (C function), 163
PyDict_Keys (C function), 163
PyDict_Merge (C function), 164
PyDict_MergeFromSeqg2 (C function), 164
PyDict_New (C function), 161
PyDict_Next (C function), 163
PyDict_Pop (C function), 163

PyDict_PopString (C function), 163
PyDict_SetDefault (C function), 162
PyDict_SetDefaultRef (C function), 162
PyDict_SetItem (C function), 161
PyDict_SetItemString (C function), 161
PyDict_Size (C function), 163

PyDict_Type (Cvar), 161

PyDict_Unwatch (C function), 165
PyDict_Update (C function), 164
PyDict_vValues (C function), 163
PyDict_Watch (C function), 165
PyDict_WatchCallback (C type), 165
PyDict_WatchEvent (C type), 165
PyDictObject (Ctype), 161
PyDictProxy_ New (C function), 161
PyDoc_STR (C macro), 6

PyDoc_STRVAR (C macro), 6
PyEllipsis_Type (C var), 186
PyErr_BadArgument (C function), 53
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 59
PyErr_Clear (C function), 51

PyErr_Clear (c ®R) ,9, 11
PyErr_DisplayException (C function), 52
PyErr_ExceptionMatches (C function), 56
PyErr_ExceptionMatches (C E =) , 11
PyErr_Fetch (C function), 56

PyErr_Format (C function), 52
PyErr_FormatUnraisable (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 58
PyErr_GetHandledException (C function), 57
PyErr_GetRaisedException (C function), 56
PyErr_GivenExceptionMatches (C function), 56
PyErr_NewException (C function), 60
PyErr_NewExceptionWithDoc (C function), 60
PyErr_NoMemory (C function), 53
PyErr_NormalizeException (C function), 57
PyErr_Occurred (C function), 55
PyErr_Occurred (C 7 EE) ,9
pyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 57
PyErr_SetExcFromWindowsErr (C function), 53

PyErr_SetExcFromWindowsErrWithFilename (C
function), 54

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 54

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 54
PyErr_SetExcInfo (C function), 58
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename (C function),
53
PyErr_SetFromErrnoWithFilenameObject (o
function), 53
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PyErr_SetFromErrnoWithFilenameObjects (C
function), 53

PyErr_SetFromWindowsErr (C function), 53

PyErr_SetFromWindowsErrWithFilename (o

function), 53
PyErr_SetHandledException (C function), 58
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function), 54
PyErr_SetInterrupt (C function), 59
PyErr_SetInterruptEx (C function), 59
PyErr_SetNone (C function), 53
PyErr_SetObject (C function), 52
PyErr_SetRaisedException (C function), 56
PyErr_SetString (C function), 52
PyErr_SetString (c &) ,9
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_ AcquireThread (C function), 216
PyEval_AcquireThread(), 211
PyEval_EvalCode (C function), 43
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval GetBuiltins (C function), 86
PyEval GetFrame (C function), 86
PyEval_GetFrameBuiltins (C function), 87
PyEval_GetFrameGlobals (C function), 87
PyEval_GetFrameLocals (C function), 87
PyEval_GetFuncDesc (C function), 87
PyEval_ GetFuncName (C function), 87
PyEval_GetGlobals (C function), 86
PyEval_GetLocals (C function), 86
PyEval_InitThreads (C function), 211
PyEval_InitThreads (), 203
PyEval_MergeCompilerFlags (Cfunction), 44
PyEval_ReleaseThread (C function), 216
PyEval_ReleaseThread(), 211
PyEval_RestoreThread (C function), 212
PyEval_RestoreThread (), 211
PyEval_RestoreThread (C P& it) ,210
PyEval_ SaveThread (C function), 211
PyEval_SaveThread(), 211
PyEval_SaveThread (Cc ® =) ,210
PyEval_SetProfile (C function), 221
PyEval_ SetProfileAllThreads (C function), 221
PyEval_SetTrace (C function), 221
PyEval_SetTraceAllThreads (C function), 221
PyExc_ArithmeticError (Cc ##) ,63
PyExc_AssertionError (c ##) ,63
PyExc_AttributeError (c ##) , 63
PyExc_BaseException (C # %) ,63
PyExc_BlockingIOError (C ##) ,63

PyExc_BrokenPipeError (Cc ##) ,63
PyExc_BufferError (C %%{) ,63
PyExc_BytesWarning (C ﬁé%{) , 64
PyExc_ChildProcessError (C ﬁﬁk) ,63
PyExc_ConnectionAbortedError (C ﬁ%{) , 63
PyExc_ConnectionError (Cc ##) ,63
PyExc_ConnectionRefusedError (C %E}() ,63
PyExc_ConnectionResetError (C %%ﬁ() ,63
PyExc_DeprecationWarning (C ?ﬁ%{) ,64
PyExc_EnvironmentError (C %ﬁf{) ,64
PyExc_EOFError (C ##) ,63
PyExc_Exception (C ##) ,63
PyExc_FileExistsError (C ##() ,63
PyExc_FileNotFoundError (c ##) ,63
PyExc_FloatingPointError (C ?é%{) , 63
PyExc_FutureWarning (C kﬁ%{) , 64
PyExc_GeneratorExit (C ##) ,63
PyExc_ImportError (C %%{) ,63
PyExc_ImportWarning (C %%{) , 64
PyExc_IndentationError (C ﬁéﬁ) , 63
PyExc_IndexError (C ﬁﬁf{) ,63
PyExc_InterruptedError (C ##) ,63
PyExc_IOError (C ##) ,64
PyExc_IsADirectoryError (C kﬁ%{) ,63
PyExc_KeyboardInterrupt (C ﬁ%{) , 03
PyExc_KeyError (C ﬁ%{) , 63
PyExc_LookupError (C %%{) , 63
PyExc_MemoryError (C ##) ,63
PyExc_ModuleNotFoundError (C ﬁé%‘k) ,63
PyExc_NameError (C % ) ,63
PyExc_NotADirectoryError (C ?é%{) , 63
PyExc_NotImplementedError (C %%{) , 63
PyExc_OSError (C #%) ,63
PyExc_OverflowError (C %%‘k) , 63
PyExc_PendingDeprecationWarning (C 4}%{) s
64
PyExc_PermissionError (C %ﬁf{) , 03
PyExc_ProcessLookupError (C ##) ,63
PyExc_PythonFinalizationError (C ##) ,63
PyExc_RecursionError (C #%) ,63
PyExc_ReferenceError (C ## ) ,63
PyExc_ResourceWarning (C ﬁ%{) ,64
PyExc_RuntimeError (C ﬁﬁf() , 03
PyExc_RuntimeWarning (C ##) , 64
PyExc_StopAsyncIteration (C ##) ,63
PyExc_StopIteration (C %%{) , 63
PyExc_SyntaxError (C ifé%{) , 63
PyExc_SyntaxWarning (C kﬁ%{) , 64
PyExc_SystemError (C ##) ,63
PyExc_SystemExit (C ##) ,63
PyExc_TabError (C #3%) ,63
PyExc_TimeoutError (C ﬁ%{) ,03
PyExc_TypeError (C %%{) ,63
PyExc_UnboundLocalError (C %ﬁk) , 63
PyExc_UnicodeDecodeError (C # %) , 63
PyExc_UnicodeEncodeError (C #%) , 63
PyExc_UnicodeError (C ﬁé%{) ,63

PyExc_UnicodeTranslateError (C ##() , 63
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PyExc_UnicodeWarning (C ##) , 64
PyExc_UserWarning (C ##) , 64
PyExc_ValueError (C ##) ,63
PyExc_Warning (c #%#) , 064
PyExc_WindowsError (C ##) , 64
PyExc_ZeroDivisionError (Cc ##) ,63
PyException_GetArgs (C function), 60
PyException_GetCause (C function), 60
PyException_GetContext (C function), 60
PyException_GetTraceback (C function), 60
PyException_SetArgs (C function), 60
PyException_SetCause (C function), 60
PyException_SetContext (C function), 60
PyException_SetTraceback (C function), 60
PyFile FromfFd (C function), 174
PyFile_GetLine (C function), 175
PyFile_SetOpenCodeHook (C function), 175
PyFile WriteObject (C function), 175
PyFile WriteString (C function), 175
PyFloat_AS_DOUBLE (C function), 132
PyFloat_AsDouble (C function), 132
PyFloat_Check (C function), 132
PyFloat_CheckExact (C function), 132
PyFloat_FromDouble (C function), 132
PyFloat_FromString (C function), 132
PyFloat_GetInfo (C function), 133
PyFloat_GetMax (C function), 133
PyFloat_GetMin (C function), 133
PyFloat_Pack2 (C function), 133
PyFloat_Pack4 (C function), 133
PyFloat_Pack8 (C function), 133
PyFloat_Type (Cvar), 132
PyFloat_Unpack2 (C function), 134
PyFloat_Unpack4 (C function), 134
PyFloat_Unpack8 (C function), 134
PyFloatObject (Ctype), 132
PyFrame_Check (C function), 190
PyFrame_GetBack (C function), 190
PyFrame_GetBuiltins (C function), 190
PyFrame_GetCode (C function), 190
PyFrame_GetGenerator (C function), 190
PyFrame_GetGlobals (C function), 191
PyFrame_GetLasti (C function), 191
PyFrame_GetLineNumber (C function), 191
PyFrame_GetLocals (C function), 191
PyFrame_GetVar (C function), 191
PyFrame_GetVarString (C function), 191
PyFrame_Type (C var), 190
PyFrameLocalsProxy_Check (C function), 191
PyFrameLocalsProxy_Type (Cvar), 191
PyFrameObject (C type), 190
PyFrozenSet_Check (C function), 166
PyFrozenSet_CheckExact (C function), 166
PyFrozenSet_New (C function), 166
PyFrozenSet_Type (C var), 166
PyFunction_AddWatcher (C function), 168
PyFunction_Check (C function), 167
PyFunction_ClearWatcher (C function), 168

PyFunction_GetAnnotations (C function), 168
PyFunction_GetClosure (C function), 168
PyFunction_GetCode (C function), 168
PyFunction_GetDefaults (C function), 168
PyFunction_GetGlobals (C function), 168
PyFunction_GetModule (C function), 168
PyFunction_New (C function), 167
PyFunction_NewWithQualName (C function), 167
PyFunction_SetAnnotations (C function), 168
PyFunction_SetClosure (C function), 168
PyFunction_SetDefaults (C function), 168
PyFunction_SetVectorcall (C function), 168
PyFunction_Type (C var), 167
PyFunction_WatchCallback (C type), 169
PyFunction_WatchEvent (C type), 168
PyFunctionObject (C type), 167
PyGC_Collect (C function), 306
PyGC_Disable (C function), 306
PyGC_Enable (C function), 306
PyGC_IsEnabled (C function), 306
PyGen_Check (C function), 192
PyGen_CheckExact (C function), 192
pPyGen_New (C function), 192
PyGen_NewWithQualName (C function), 192
PyGen_Type (C var), 192
PyGenObject (C type), 192
PyGetSetDef (C type), 268
PyGetSetDef.closure (C member), 268
PyGetSetDef .doc (C member), 268
PyGetSetDef.get (C member), 268
PyGetSetDef.name (C member), 268
PyGetSetDef.set (C member), 268
PyGILState_Check (C function), 213
PyGILState_Ensure (C function), 212
PyGILState_GetThisThreadState (C function),
213
PyGILState_Release (C function), 212
PyHASH_BITS (C macro), 85
PyHash_FuncDef (C type), 85
PyHash_FuncDef.hash_bits (C member), 85
PyHash_FuncDef.name (C member), 85
PyHash_FuncDef.seed_bits (C member), 85
PyHash_GetFuncDef (C function), 85
PyHASH_IMAG (C macro), 85
PyHASH_INF (C macro), 85
PyHASH_MODULUS (C macro), 85
PyHASH_MULTIPLIER (C macro), 85
PyImport_AddModule (C function), 71
PyImport_AddModuleObject (C function), 71
PyImport_AddModuleRef (C function), 71
PyImport_AppendInittab (C function), 73
PyImport_ExecCodeModule (C function), 71
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObiject (C function), 72
PyImport_ExecCodeModuleWithPathnames c
function), 72
PyImport_ ExtendInittab (C function), 74
PyImport_FrozenModules (C var), 73
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PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 72
PyImport_GetMagicTag (C function), 72
PyImport_GetModule (C function), 72
PyImport_GetModuleDict (C function), 72
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73
PyImport_ImportFrozenModuleObject (C func-
tion), 73
PyImport_ImportModule (C function), 70
PyImport_ImportModuleEx (C function), 70
PyImport_ImportModuleLevel (C function), 71
PyImport_ImportModuleLevelObject (C func-
tion), 70
PyImport_ImportModuleNoBlock (C function), 70
PyImport_ReloadModule (C function), 71
PyIndex_Check (C function), 107
PyInstanceMethod_Check (C function), 169
PyInstanceMethod_Function (C function), 169
PyInstanceMethod GET_FUNCTION (C function),
169
PyInstanceMethod_New (C function), 169
PyInstanceMethod_Type (C var), 169
PyInterpreterConfig (Ctype), 216
PyInterpreterConfig DEFAULT_GIL (C macro),
217
PyInterpreterConfig OWN_GIL (C macro), 217
PyInterpreterConfig_SHARED_GIL (C macro),
217
PyInterpreterConfig.allow_daemon_threads
(C member), 217
PyInterpreterConfig.allow_exec (C member),
217
PyInterpreterConfig.allow_fork (C member),
217
PyInterpreterConfig.allow_threads (C mem-
ber), 217

PyList_AsTuple (C function), 160
PyList_Check (C function), 159
PyList_CheckExact (C function), 159
PyList_Clear (C function), 160
PyList_Extend (C function), 160
PyList_GET_ITEM (C function), 159
PyList_GET_SIZE (C function), 159
PyList_GetItem (C function), 159
PyList_GetItemRef (C function), 159
PyList_GetItem (C ®R) ,8
PyList_GetSlice (C function), 160
PyList_Insert (C function), 160
PyList_New (C function), 159
PyList_Reverse (C function), 160
PyList_SET_ITEM (C function), 160
PyList_SetItem (C function), 159
PyList_SetItem (C ®R) ,7
PyList_Setslice (C function), 160
PyList_Size (C function), 159
PyList_Sort (C function), 160
PyList_Type (C var), 159
PyListObject (Ctype), 159
PyLong_AS_LONG (C function), 127
PyLong_AsDouble (C function), 128
PyLong_AsInt (C function), 127
PyLong_AsLong (C function), 127
PyLong_AsLongAndOverflow (C function), 127
PyLong_AsLongLong (C function), 127
PyLong_AsLongLongAndOverflow (C function), 127
PyLong_AsNativeBytes (C function), 129
PyLong_AsSize_t (C function), 128
PyLong_AsSsize_t (C function), 127
PyLong_AsUnsignedLong (C function), 128
PyLong_AsUnsignedLongLong (C function), 128
PyLong_AsUnsignedLongLongMask (C function),
128
PyLong_AsUnsignedLongMask (C function), 128

PyInterpreterConfig.check_multi_interp_exteRghong AsVoidpPtr (C function), 128

(C member), 217
PyInterpreterConfig.gil (C member), 217
PyInterpreterConfig.use_main_obmalloc

member), 217
PyInterpreterState (Ctype), 211
PyInterpreterState_Clear (C function), 213
PyInterpreterState_Delete (C function), 213
PyInterpreterState_Get (C function), 214
PyInterpreterState_GetDict (C function), 215
PyInterpreterState_GetID (C function), 215
PyInterpreterState_Head (C function), 222
PyInterpreterState_Main (C function), 222
PyInterpreterState_New (C function), 213
PyInterpreterState_Next (C function), 222
PyInterpreterState_ThreadHead (C function),

222
PyIter_Check (C function), 111
pPyIter_Next (C function), 111
PyIter_Send (C function), 111
PyList_Append (C function), 160

(c

PyLong_Check (C function), 125
PyLong_CheckExact (C function), 125
PyLong_FromDouble (C function), 126
PyLong_FromLong (C function), 125
PyLong_FromLongLong (C function), 126
PyLong_FromNativeBytes (C function), 126
PyLong_FromSize_t (C function), 126
PyLong_FromSsize_t (C function), 125
PyLong_FromString (C function), 126
PyLong_FromUnicodeObject (C function), 126
PyLong_FromUnsignedLong (C function), 125
PyLong_FromUnsignedLongLong (C function), 126
PyLong_FromUnsignedNativeBytes (C function),
126
PyLong_FromVoidPtr (C function), 126
PyLong_GetInfo (C function), 131
PyLong_Type (C var), 125
PyLongObject (C type), 125
PyMapping_Check (C function), 109
PyMapping_DelItem (C function), 110
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PyMapping_DelltemString (C function), 110
PyMapping_GetItemString (C function), 109
PyMapping_GetOptionalItem (C function), 109
PyMapping_ GetOptionalItemString (C function),
109
PyMapping_HasKey (C function), 110
PyMapping_HasKeyString (C function), 110
PyMapping_ HasKeyStringWithError (C function),
110
PyMapping_HasKeyWithError (C function), 110
PyMapping_Items (C function), 110
PyMapping_Keys (C function), 110
PyMapping_Length (C function), 109
PyMapping_SetItemString (C function), 110
PyMapping_Size (C function), 109
PyMapping_Values (C function), 110
PyMappingMethods (C type), 296
PyMappingMethods.mp_ass_subscript (C mem-
ber), 297
PyMappingMethods.mp_length (C member), 296
PyMappingMethods.mp_subscript (C member),
296
PyMarshal_ ReadLastObjectFromFile
tion), 74
PyMarshal ReadLongFromFile (C function), 74
PyMarshal_ReadObjectFromFile (C function), 74
PyMarshal_ReadObjectFromString (C function),
75
PyMarshal_ReadShortFromFile (C function), 74
PyMarshal WriteLongToFile (C function), 74
PyMarshal WriteObjectToFile (C function), 74
PyMarshal_WriteObjectToString (C function), 74
PyMem_Calloc (C function), 251
pyMem_Del (C function), 252
PYMEM_DOMAIN_MEM (C macro), 254
PYMEM_DOMAIN_OBJ (C macro), 255
PYMEM_DOMAIN_RAW (C macro), 254
pPyMem_Free (C function), 252
PyMem_GetAllocator (C function), 255
PyMem_Malloc (C function), 251
PyMem_New (C macro), 252
PyMem_RawCalloc (C function), 251
PyMem_RawFree (C function), 251
PyMem_RawMalloc (C function), 250
PyMem_RawRealloc (C function), 251
PyMem_Realloc (C function), 252
PyMem_Resize (C macro), 252
PyMem_SetAllocator (C function), 255
PyMem_SetupDebugHooks (C function), 255
PyMemAllocatorDomain (C type), 254
PyMemAllocatorEx (C type), 254
PyMember_GetOne (C function), 265
PyMember_SetOne (C function), 265
PyMemberDef (C type), 264
PyMemberDef .doc (C member), 265
PyMemberDef . flags (C member), 265
PyMemberDef .name (C member), 264
PyMemberDef.offset (C member), 265

(C  func-

PyMemberDef . type (C member), 264
PyMemoryView_Check (C function), 186
PyMemoryView_FromBuffer (C function), 186
PyMemoryView_FromMemory (C function), 186
PyMemoryView_FromObject (C function), 186
PyMemoryView_GET_BASE (C function), 187
PyMemoryView_GET_BUFFER (C function), 187
PyMemoryView_GetContiguous (C function), 186
PyMethod_Check (C function), 170
PyMethod_Function (C function), 170
PyMethod_GET_FUNCTION (C function), 170
PyMethod_GET_SELF (C function), 170
PyMethod_New (C function), 170
PyMethod_Self (C function), 170
PyMethod_Type (C var), 169

PyMethodDef (C type), 262

PyMethodDef .ml_doc (C member), 262
PyMethodDef.ml_flags (C member), 262
PyMethodDef .ml_meth (C member), 262
PyMethodDef .ml_name (C member), 262
PyMODINIT_FUNC (C macro), 4
PyModule_Add (C function), 181
PyModule_AddFunctions (C function), 180
PyModule_AddIntConstant (C function), 182
PyModule_AddIntMacro (C macro), 182
PyModule_Addobject (C function), 182
PyModule_AddObjectRef (C function), 181
PyModule_AddStringConstant (C function), 182
PyModule_AddStringMacro (C macro), 182
PyModule_ AddType (C function), 182
PyModule_Check (C function), 175
PyModule_CheckExact (C function), 175
PyModule_Create (C function), 178
PyModule_Create2 (C function), 178
PyModule_ExecDef (C function), 180
PyModule_ FromDefAndSpec (C function), 180
PyModule_FromDefAndSpec? (C function), 180
PyModule_GetDef (C function), 176
PyModule_GetDict (C function), 176
PyModule_GetFilename (C function), 176
PyModule_ GetFilenameObject (C function), 176
PyModule_GetName (C function), 176
PyModule_GetNameObject (C function), 176
PyModule_GetState (C function), 176
PyModule_New (C function), 176
PyModule_NewObject (C function), 175
PyModule_SetDocString (C function), 180
PyModule_Type (C var), 175

PyModuleDef (Ctype), 176
PyModuleDef_Init (C function), 178
PyModuleDef_Slot (Ctype), 179
PyModuleDef_Slot.slot (C member), 179
PyModuleDef_Slot.value (C member), 179
PyModuleDef .m_base (C member), 176
PyModuleDef.m_clear (C member), 177
PyModuleDef .m_doc (C member), 177
PyModuleDef .m_free (C member), 177
PyModuleDef .m_methods (C member), 177
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PyModuleDef .m_name (C member), 177
PyModuleDef.m_size (C member), 177
PyModuleDef.m_slots (C member), 177
PyModuleDef.m_slots.m_reload (C member), 177
PyModuleDef.m_traverse (C member), 177
PyMonitoring_EnterScope (C function), 312
PyMonitoring_ExitScope (C function), 313
PyMonitoring FireBranchEvent (C function), 312
PyMonitoring FireCallEvent (C function), 311
PyMonitoring_FireCRaiseEvent (C function), 312
PyMonitoring_FireCReturnEvent (C function),
312
PyMonitoring_FireExceptionHandledEvent (C
function), 312
PyMonitoring FireJumpEvent (C function), 311
PyMonitoring_FireLineEvent (C function), 311
PyMonitoring_FirePyResumeEvent (C function),

311

PyMonitoring FirePyReturnEvent (C function),
311

PyMonitoring_FirePyStartEvent (C function),
311

PyMonitoring_FirePyThrowEvent (C function),
312

PyMonitoring FirePyUnwindEvent (C function),
312

PyMonitoring_FirePyYieldEvent (C function),
311

PyMonitoring_FireRaiseEvent (C function), 312
PyMonitoring FireReraiseEvent (C function),
312
PyMonitoring FireStoplterationEvent
function), 312
PyMonitoringState (C type), 311
pyMutex (C type), 225
pPyMutex_Lock (C function), 225
PyMutex_Unlock (C function), 225
PyNumber_Absolute (C function), 105
PyNumber_Add (C function), 104
pPyNumber_And (C function), 105
PyNumber_ AsSsize_t (C function), 107
PyNumber_Check (C function), 104
PyNumber_Divmod (C function), 105
PyNumber_Float (C function), 107
PyNumber_FloorDivide (C function), 105
PyNumber_Index (C function), 107
PyNumber_ InPlaceAdd (C function), 106
PyNumber_InPlaceAnd (C function), 106
PyNumber_InPlaceFloorDivide (C function), 106
PyNumber_InPlaceLshift (C function), 106
PyNumber_InPlaceMatrixMultiply (C function),
106
PyNumber_InPlaceMultiply (C function), 106
PyNumber_InPlaceOr (C function), 107
PyNumber_InPlacePower (C function), 106
PyNumber_InPlaceRemainder (C function), 106
PyNumber_ InPlaceRshift (C function), 106
PyNumber_InPlaceSubtract (C function), 106

(c

PyNumber_InPlaceTrueDivide (C function), 106
PyNumber_InPlaceXor (C function), 107
PyNumber_Invert (C function), 105
PyNumber_Long (C function), 107
PyNumber_Lshift (C function), 105
PyNumber_MatrixMultiply (C function), 105
PyNumber_Multiply (C function), 105
PyNumber_Negative (C function), 105
pPyNumber_Or (C function), 106
PyNumber_Positive (C function), 105
PyNumber_Power (C function), 105
PyNumber_Remainder (C function), 105
PyNumber_Rshift (C function), 105
PyNumber_Subtract (C function), 104
PyNumber_ ToBase (C function), 107
PyNumber_TrueDivide (C function), 105
PyNumber_Xor (C function), 106
PyNumberMethods (C type), 294

PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
296
PyNumberMethods.
PyNumberMethods.
296
PyNumberMethods.
296
PyNumberMethods.

nb_absolute (C member), 295
nb_add (C member), 295
nb_and (C member), 296

.nb_bool (C member), 296

nb_divmod (C member), 295
nb_float (C member), 296
nb_floor_divide (C member),

nb_index (C member), 296
nb_inplace_add (C member),

nb_inplace_and (C member),

nb_inplace_floor_divide

(C member), 296

PyNumberMethods.
ber), 296
PyNumberMethods.

nb_inplace_lshift (C mem-

nb_inplace_matrix_multiply

(C member), 296

PyNumberMethods.

nb_inplace_multiply c

member), 296

PyNumberMethods.
296

PyNumberMethods.
ber), 296

PyNumberMethods.

nb_inplace_or (C member),
nb_inplace_power (C mem-

(«©

nb_inplace_remainder

member), 296

PyNumberMethods.
ber), 296
PyNumberMethods.

nb_inplace_rshift (C mem-
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nb_inplace_subtract

member), 296

PyNumberMethods.

nb_inplace_true_divide (C

member), 296

PyNumberMethods.
296
PyNumberMethods
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
ber), 296

nb_inplace_xor (C member),

.nb_int (C member), 296

nb_invert (C member), 296
nb_1lshift (C member), 296
nb_matrix_multiply (C mem-
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PyNumberMethods.nb_multiply (C member), 295
PyNumberMethods.nb_negative (C member), 295
PyNumberMethods.nb_or (C member), 296
PyNumberMethods.nb_positive (C member), 295
PyNumberMethods.nb_power (C member), 295
PyNumberMethods.nb_remainder (C member), 295
PyNumberMethods.nb_reserved (C member), 296
PyNumberMethods.nb_rshift (C member), 296
PyNumberMethods.nb_subtract (C member), 295
PyNumberMethods.nb_true_divide (C member),
296
PyNumberMethods.nb_xor (C member), 296
pPyObject (C type), 260
PyObject_ASCII (C function), 97
PyObject_AsFileDescriptor (C function), 175
PyObject_Bytes (C function), 97
PyObject_cCall (C function), 102
PyObject_CallFunction (C function), 103
PyObject_CallFunctionObjargs (C function), 103
PyObject_CallMethod (C function), 103
PyObject_CallMethodNoArgs (C function), 103
PyObject_CallMethodObjargs (C function), 103
PyObject_CallMethodOneArg (C function), 103
PyObject_CallNoArgs (C function), 102
PyObject_CallObject (C function), 103
PyObject_Calloc (C function), 253
PyObject_CallOneArg (C function), 103
PyObject_CheckBuffer (C function), 117
PyObject_ClearManagedDict (C function), 100
PyObject_ClearWeakRefs (C function), 188
PyObject_CopyData (C function), 118
PyObject_Del (C function), 259
PyObject_DelAttr (C function), 96
PyObject_DelAttrString (C function), 96
PyObject_DelItem (C function), 99
PyObject_DelItemString (C function), 99
PyObject_Dir (C function), 99
PyObject_Format (C function), 97
PyObject_Free (C function), 253
PyObject_GC_Del (C function), 305
PyObject_GC_IsFinalized (C function), 304
PyObject_GC_IsTracked (C function), 304
PyObject_GC_New (C macro), 304
PyObiject_GC_NewVar (C macro), 304
PyObject_GC_Resize (C macro), 304
PyObject_GC_Track (C function), 304
PyObject_GC_UnTrack (C function), 305
PyObject_GenericGetAttr (C function), 96
PyObject_GenericGetDict (C function), 96
PyObject_GenericHash (C function), 86
PyObject_GenericSetAttr (C function), 96
PyObject_GenericSetDict (C function), 97
PyObject_GetAlter (C function), 99
PyObject_GetArenaAllocator (C function), 257
PyObject_GetAttr (C function), 95
PyObject_GetAttrString (C function), 95
PyObject_GetBuffer (C function), 117
PyObject_GetItem (C function), 99

PyObject_GetItemData (C function), 100
PyObject_GetIter (C function), 99
PyObject_GetOptionalattr (C function), 95
PyObject_GetOptionalAttrString (C function),
96
PyObject_GetTypeData (C function), 99
PyObject_HasAttr (C function), 95
PyObject_HasAttrString (C function), 95
PyObject_HasAttrStringWithError (C function),
95
PyObject_HasAttrWithError (C function), 95
PyObject_Hash (C function), 98
PyObject_HashNotImplemented (C function), 98
PyObject_HEAD (C macro), 260
PyObject_HEAD_INIT (C macro), 261
PyObject_Init (C function), 259
PyObject_InitVar (C function), 259
PyObject_IS_GC (C function), 304
PyObject_IsInstance (C function), 98
PyObject_IsSubclass (C function), 98
PyObject_IsTrue (C function), 98
PyObject_Length (C function), 98
PyObject_LengthHint (C function), 99
PyObject_Malloc (C function), 253
PyObiject_New (C macro), 259
PyObject_NewVar (C macro), 259
PyObject_Not (C function), 98
PyObject_Print (C function), 94
PyObject_Realloc (C function), 253
PyObject_Repr (C function), 97
PyObject_RichCompare (C function), 97
PyObject_RichCompareBool (C function), 97
PyObiject_SelfIter (C function), 99
PyObject_SetArenaAllocator (C function), 257
PyObject_SetAttr (C function), 96
PyObject_SetAttrString (C function), 96
PyObject_SetItem (C function), 99
PyObiject_Size (C function), 98
PyObject_sStr (C function), 97
PyObject_Type (C function), 98
PyObject_TypeCheck (C function), 98
PyObject_VAR_HEAD (C macro), 260
PyObject_Vectorcall (C function), 104
PyObject_VectorcallDict (C function), 104
PyObject_VectorcallMethod (C function), 104
PyObject_VisitManagedDict (C function), 100
PyObjectArenaAllocator (C type), 257
PyObject.ob_refcnt (C member), 274
PyObject .ob_type (C member), 274
PyOS_AfterFork (C function), 66
PyOS_AfterFork_Child (C function), 66
PyOS_AfterFork_Parent (C function), 65
PyOS_BeforeFork (C function), 65
PyOS_CheckStack (C function), 66
PyOS_double_to_string (C function), 84
PyOS_FsPath (C function), 65
PyOS_getsig (C function), 66
PyOS_TInputHook (C var), 42
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PyOS_ReadlineFunctionPointer (C var), 42
PyOS_setsig (C function), 66
PyOS_sighandler_t (C type), 66
PyOS_snprintf (C function), 83
PyOS_stricmp (C function), 85
PyOS_string_to_double (C function), 84
PyOS_strnicmp (C function), 85
pPyOS_strtol (C function), 84
PyOS_strtoul (C function), 84
PyOS_vsnprintf (C function), 83
PyPreConfig (Ctype), 230
PyPreConfig_InitIsolatedConfig (C function),
230
PyPreConfig_InitPythonConfig (C function), 230
PyPreConfig.allocator (C member), 230
PyPreConfig.coerce_c_locale (C member), 230
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 231
PyPreConfig.configure_locale (C member), 230
PyPreConfig.dev_mode (C member), 231
PyPreConfig.isolated (C member), 231
PyPreConfig.legacy_windows_fs_encoding (C
member), 231
PyPreConfig.parse_argv (C member), 231
PyPreConfig.use_environment (C member), 231
PyPreConfig.utf8_mode (C member), 231
PyProperty_Type (Cvar), 184
PyRefTracer (Ctype), 222
PyRefTracer_CREATE (C var), 222
PyRefTracer_DESTROY (C var), 222
PyRefTracer_GetTracer (C function), 222
PyRefTracer_SetTracer (C function), 222
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 41
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 41
PyRun_SimpleStringFlags (C function), 41
PyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (C type), 111
PySeqlter_Check (C function), 184
PySeqlter_New (C function), 184
PySeqlter_Type (Cvar), 184
PySequence_Check (C function), 107
PySequence_Concat (C function), 107
PySequence_Contains (C function), 108

PySequence_Count (C function), 108
PySequence_DelItem (C function), 108
PySequence_DelSlice (C function), 108
PySequence_Fast (C function), 109
PySequence_Fast_GET_ITEM (C function), 109
PySequence_Fast_GET_SIZE (C function), 109
PySequence_Fast_ITEMS (C function), 109
PySequence_GetItem (C function), 108
PySequence_GetItem (C EZ) ,8
PySequence_GetSlice (C function), 108
PySequence_Index (C function), 108
PySequence_InPlaceConcat (C function), 108
PySequence_InPlaceRepeat (C function), 108
PySequence_ITEM (C function), 109
PySequence_Length (C function), 107
PySequence_List (C function), 108
PySequence_Repeat (C function), 108
PySequence_SetItem (C function), 108
PySequence_SetSlice (C function), 108
PySequence_Size (C function), 107
PySequence_Tuple (C function), 108
PySequenceMethods (C type), 297
PySequenceMethods.sq_ass_item (C member),
297
PySequenceMethods.sq_concat (C member), 297
PySequenceMethods.sqg_contains (C member),

297

PySequenceMethods.sq_inplace_concat C
member), 297
PySequenceMethods.sq_inplace_repeat (o

member), 297
PySequenceMethods.sq_item (C member), 297
PySequenceMethods.sq_length (C member), 297
PySequenceMethods.sq_repeat (C member), 297
pySet_add (C function), 167
PySet_Check (C function), 166
PySet_CheckExact (C function), 166
PySet_Clear (C function), 167
PySet_Contains (C function), 166
PySet_Discard (C function), 167
PySet_GET_SIZE (C function), 166
pPySet_New (C function), 166
pPySet_Pop (C function), 167
pPySet_Size (C function), 166
PySet_Type (C var), 166
PySetObject (Ctype), 166
PySignal_ SetWakeupFd (C function), 59
PySlice_AdjustIndices (C function), 186
PySlice_Check (C function), 185
PySlice_GetIndices (C function), 185
PySlice_GetIndicesEx (C function), 185
PySlice_New (C function), 185
PySlice_Type (C var), 185
PySlice_Unpack (C function), 185
PyState_AddModule (C function), 183
PyState_FindModule (C function), 183
PyState_ RemoveModule (C function), 183
pyStatus (C type), 228

gL ]

369



The Python/C API, [T 3.13.2

PyStatus_Error (C function), 229
PyStatus_Exception (C function), 229
PyStatus_Exit (C function), 229
PyStatus_IsError (C function), 229
PyStatus_IsExit (C function), 229
PyStatus_NoMemory (C function), 229
PyStatus_0k (C function), 229
PyStatus.err_msqg (C member), 229
PyStatus.exitcode (C member), 228
PyStatus. func (C member), 229
PyStructSequence_Desc (Ctype), 158
PyStructSequence_Desc.doc (C member), 158
PyStructSequence_Desc.fields (C member), 158
PyStructSequence_Desc.n_in_sequence (o
member), 158

PyStructSequence_Desc.name (C member), 158
PyStructSequence_Field (Ctype), 158
PyStructSequence_Field.doc (C member), 158
PyStructSequence_Field.name (C member), 158
PyStructSequence_ GET_ITEM (C function), 158
PyStructSequence_GetItem (C function), 158
PyStructSequence_InitType (C function), 158
PyStructSequence_InitType2 (C function), 158
PyStructSequence_New (C function), 158
PyStructSequence_NewType (C function), 157
PyStructSequence_SET_ITEM (C function), 159
PyStructSequence_SetItem (C function), 158
PyStructSequence_UnnamedField (C var), 158
PySys_AddAuditHook (C function), 69
PySys_Audit (C function), 68
PySys_AuditTuple (C function), 69
PySys_FormatStderr (C function), 68
PySys_FormatStdout (C function), 68
PySys_GetObject (C function), 68
PySys_GetXOptions (C function), 68
PySys_ResetWarnOptions (C function), 68
PySys_SetArgv (C function), 208
PySys_SetArgvEx (C function), 208
PySys_SetObject (C function), 68
PySys_WriteStderr (C function), 68
PySys_WriteStdout (C function), 68
Python 3000, 327
Python Enhancement Proposals

PEP 1,327

PEP 7,3,6

PEP 238,45, 320

PEP 278, 330

PEP 302, 324

PEP 343,318

PEP 353,9

PEP 362, 316, 326

PEP 383, 146, 147

PEP 387,13, 14

PEP 443,321

PEP 451,179
PEP 456, 86

PEP 483, 321

PEP 484,315,321, 330
PEP 489, 180, 217
PEP 492,316,318
PEP 498, 319
PEP 519,327
PEP 523,192,215
PEP 525, 316
PEP 526, 315, 330
PEP 528,202, 238
PEP 5209, 147,202
PEP 538,245
PEP 539,223

PEP 540, 245
PEP 552,235

PEP 554,219
PEP 578, 69

PEP 585, 321

PEP 587,227
PEP 590, 100
PEP 623, 139

PEP 0626#out-of-process—-debuggers—-and-profilers,

172

PEP 634, 283, 284

PEP 667, 86, 191

PEP 0683,47,48, 322

PEP 703, 320, 322

PEP 3116, 330

PEP 3119, 98

PEP 3121, 177

PEP 3147,72

PEP 3151, 64

PEP 3155, 327
PYTHON_CPU_COUNT, 238
PYTHON_GIL, 322
PYTHON_PERF_JIT_SUPPORT, 242
PYTHON_PRESITE, 241
PYTHONCOERCECLOCALE, 245
PYTHONDERUG, 201, 240
PYTHONDEVMODE, 236

PYTHONDONTWRITEBYTECODE, 201, 243

PYTHONDUMPREFS, 236
PYTHONEXECUTABLE, 240
PYTHONFAULTHANDLER, 236
PYTHONHASHSEED, 201, 237
PYTHONHOME, 11, 201, 209, 237

Pythonic (Python JEA&H) , 327

PYTHONINSPECT, 201, 237
PYTHONINTMAXSTRDIGITS, 238
PYTHONIOENCODING, 241

PEP 393, 138 PYTHONLEGACYWINDOWSFSENCODING, 202, 231
PEP 411,327 PYTHONLEGACYWINDOWSSTDIO, 202, 238
PEP 420, 325,327 PYTHONMALLOC, 250, 254, 256, 257
PEP 432,247 PYTHONMALLOCSTATS, 238, 250
PEP 442,293 PYTHONNODEBUGRANGES, 235
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PYTHONNOUSERSITE, 202, 242 PyTimeZone_FromOffsetAndName (C function), 196
PYTHONOPTIMIZE, 202, 239 PyTrace_C_CALL (C var), 221
PYTHONPATH, 11, 201, 239 PyTrace_C_EXCEPTION (C var), 221
PYTHONPLATLIBDIR, 238 PyTrace_C_RETURN (C var), 221
PYTHONPROFILEIMPORTTIME, 237 PyTrace_CALL (C var), 220
PYTHONPYCACHEPREFIX, 240 PyTrace_EXCEPTION (C var), 220
PYTHONSAFEPATH, 234 PyTrace_LINE (C var), 221
PYTHONTRACEMALLOC, 242 PyTrace_OPCODE (C var), 221
PYTHONUNBUFFERED, 203, 235 PyTrace_RETURN (C var), 221
PYTHONUTFS, 231, 245 PyTraceMalloc_Track (C function), 258
PYTHONVERBOSE, 203, 243 PyTraceMalloc_Untrack (C function), 258
PYTHONWARNINGS, 243 PyTuple_Check (C function), 156
PyThread_create_key (C function), 224 PyTuple_CheckExact (C function), 156
PyThread _delete_key (C function), 224 PyTuple GET_ITEM (C function), 157
PyThread_delete_key_value (C function), 224 PyTuple GET_SIZE (C function), 157
PyThread_get_key_value (C function), 224 PyTuple_GetItem (C function), 157
PyThread_ReInitTLS (C function), 224 PyTuple_GetSlice (C function), 157
PyThread_set_key_value (C function), 224 PyTuple_New (C function), 156
PyThread_tss_alloc (C function), 223 PyTuple_Pack (C function), 156
PyThread_tss_create (C function), 224 PyTuple SET_ITEM (C function), 157
PyThread_tss_delete (C function), 224 PyTuple_SetItem (C function), 157
PyThread_tss_free (C function), 223 PyTuple_SetItem (C ®R) ,7
PyThread_tss_get (C function), 224 PyTuple_Size (C function), 157
PyThread_tss_is_created (C function), 224 PyTuple_Type (Cvar), 156
PyThread_tss_set (C function), 224 PyTupleObject (Ctype), 156
PyThreadState (Ctype), 211 PyType_AddWatcher (C function), 120
PyThreadState_Clear (C function), 214 PyType_Check (C function), 119
PyThreadState_Delete (C function), 214 PyType_CheckExact (C function), 119
PyThreadState_DeleteCurrent (C function),214  PyType_ClearCache (C function), 119
PyThreadState_EnterTracing (C function), 214 PyType_ClearWatcher (C function), 120
PyThreadState_Get (C function), 212 PyType FromMetaclass (C function), 122
PyThreadState_GetDict (C function), 215 PyType_FromModuleAndSpec (C function), 123
PyThreadState_GetFrame (C function), 214 PyType_FromSpec (C function), 123
PyThreadState_GetID (C function), 214 PyType_FromSpecWithBases (C function), 123

PyThreadState_GetInterpreter (C function),214 PyType_GenericAlloc (C function), 121
PyThreadState_GetUnchecked (C function), 212 PyType_GenericNew (C function), 121

PyThreadState_LeaveTracing (C function), 214 PyType_GetDict (C function), 120
PyThreadState_New (C function), 214 PyType_GetFlags (C function), 119
PyThreadState_Next (C function), 222 PyType_GetFullyQualifiedName (C function), 121
PyThreadState_SetAsyncExc (C function), 216 PyType_GetModule (C function), 121
PyThreadState_Swap (C function), 212 PyType_GetModuleByDef (C function), 122
PyThreadState.interp (C member), 211 PyType_GetModuleName (C function), 121
PyThreadstate (c A[F]) , 209 PyType_GetModuleState (C function), 122
PyTime_AsSecondsDouble (C function), 90 PyType_GetName (C function), 121
PyTime_Check (C function), 195 PyType_GetQualName (C function), 121
PyTime_CheckExact (C function), 196 PyType_GetSlot (C function), 121

PyTime FromTime (C function), 196 PyType_GetTypeDataSize (C function), 99
PyTime_FromTimeAndFold (C function), 196 PyType_HasFeature (C function), 120
PyTime_MAX (C var), 89 PyType_IS_GC (C function), 120
PyTime_MIN (C var), 89 PyType_IsSubtype (C function), 120
PyTime_Monotonic (C function), 89 PyType_Modified (C function), 120
PyTime_MonotonicRaw (C function), 89 PyType_Ready (C function), 121
PyTime_PerfCounter (C function), 89 PyType_Slot (C type), 124
PyTime_PerfCounterRaw (C function), 90 PyType_Slot.pfunc (C member), 125
PyTime_t (C type), 89 PyType_Slot.slot (C member), 124
PyTime_Time (C function), 89 PyType_Spec (C type), 123
PyTime_TimeRaw (C function), 90 PyType_Spec.basicsize (C member), 123
PyTimeZone_FromOffset (C function), 196 PyType_Spec.flags (C member), 124
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PyType_Spec.itemsize (C member), 124
PyType_Spec.name (C member), 123
PyType_Spec.slots (C member), 124
PyType_Type (Cvar), 119
PyType_Watch (C function), 120
PyType_WatchCallback (C type), 120
PyTypeObiject (C type), 119

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
.tp_bases (C member), 292

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
.tp_descr_get (C member), 289

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
.tp_free (C member), 291

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
.tp_itemsize (C member), 275

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
.tp_methods (C member), 288

PyTypeObject

PyTypeObject.
PyTypeObject.
.tp_new (C member), 291

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.

.tp_alloc (C member), 291

tp_as_async (C member), 277
tp_as_buffer (C member), 280
tp_as_mapping (C member), 278
tp_as_number (C member), 278
tp_as_sequence (C member), 278
tp_base (C member), 288

tp_basicsize (C member), 275
tp_cache (C member), 292
tp_call (C member), 279
tp_clear (C member), 285
tp_dealloc (C member), 276
tp_del (C member), 293

tp_descr_set (C member), 289
tp_dict (C member), 289
tp_dictoffset (C member), 290
tp_doc (C member), 284
tp_finalize (C member), 293
tp_flags (C member), 280

tp_getattr (C member), 277
tp_getattro (C member), 279
tp_getset (C member), 288
tp_hash (C member), 278
tp_init (C member), 290
tp_is_gc (C member), 292

tp_iter (C member), 288
tp_iternext (C member), 288
tp_members (C member), 288

tp_mro (C member), 292
tp_name (C member), 275

tp_repr (C member), 277
tp_richcompare (C member), 286
tp_setattr (C member), 277
tp_setattro (C member), 279
tp_str (C member), 279
tp_subclasses (C member), 292
tp_traverse (C member), 284
tp_vectorcall (C member), 293
tp_vectorcall_offset (C mem-

ber), 277

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.

287

.tp_version_tag (C member), 293

tp_watched (C member), 294
tp_weaklist (C member), 292
tp_weaklistoffset (C member),

PyTZInfo_Check (C function), 196
PyTZInfo_CheckExact (C function), 196
PyUnicode_1BYTE_DATA (C function), 139
PyUnicode_1BYTE_KIND (C macro), 140
PyUnicode_2BYTE_DATA (C function), 139
PyUnicode_2BYTE_KIND (C macro), 140
PyUnicode_4BYTE_DATA (C function), 139
PyUnicode_4BYTE_KIND (C macro), 140
PyUnicode_ AsASCIIString (C function), 152
PyUnicode_AsCharmapString (C function), 153
PyUnicode_AsEncodedString (C function), 149
PyUnicode_AsLatinl1String (C function), 152
PyUnicode_AsMBCSString (C function), 153
PyUnicode_AsRawUnicodeEscapeString (C func-
tion), 152
PyUnicode_AsUCS4 (C function), 146
PyUnicode_AsUCS4Copy (C function), 146
PyUnicode_AsUnicodeEscapeString (C function),
152
PyUnicode_AsUTF8 (C function), 150
PyUnicode_AsUTF8AndSize (C function), 149
PyUnicode_AsUTF8String (C function), 149
PyUnicode_AsUTF16String (C function), 151
PyUnicode_ AsUTF32String (C function), 151
PyUnicode_AsWideChar (C function), 148
PyUnicode_AsWideCharString (C function), 148
PyUnicode_Check (C function), 139
PyUnicode_CheckExact (C function), 139
PyUnicode_Compare (C function), 155
PyUnicode_CompareWithASCIIString (C func-
tion), 155
PyUnicode_Concat (C function), 154
PyUnicode_Contains (C function), 156
PyUnicode_CopyCharacters (C function), 145
PyUnicode_Count (C function), 155
PyUnicode_DATA (C function), 140
PyUnicode_Decode (C function), 149
PyUnicode_DecodeASCIT (C function), 152
PyUnicode_DecodeCharmap (C function), 152
PyUnicode_DecodeCodePageStateful (C func-
tion), 153
PyUnicode_DecodeFSDefault (C function), 148
PyUnicode_DecodeFSDefaultaAndSize (C func-
tion), 147
PyUnicode_DecodeLatinl (C function), 152
PyUnicode_DecodeLocale (C function), 146
PyUnicode_DecodeLocaleAndSize (C function),
146
PyUnicode_DecodeMBCS (C function), 153
PyUnicode_DecodeMBCSStateful (C function), 153

PyUnicode_DecodeRawUnicodeEscape (C func-
tion), 152

PyUnicode_DecodeUnicodeEscape (C function),
152

PyUnicode_DecodeUTF7 (C function), 151
PyUnicode_DecodeUTF7Stateful (C function), 151
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