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CHAPTER 1

fEg A

Python [ i e 11 (APL) fiif5 C Al C++ F2fy R AT ATEZ A2 L F 151 Python f# s . % APLTE C++
HEFERT AL, RN TR LA, B HRFHAR Python/C APL. i ] Python/C APL A7 PN EEARHY PR o 58—~
HURN THEE IS &7 Rk BN B Python MEREARDIAEN C L. X n] B fiei W BT 37 5
55 " ANPRER JERF Python MRS CHBER HI Y15 XA 9 38 5 AR AE— 1B ) Y embedding Python..

GG RIS AR R UL ) T HYE, ATl Sl BB IR G. E TR A — A
JEE AR R B AT A T i A Python A R EA 2, {Hitk A Python [ FE A 44 5
PRI R T B -

VFZ APT BUEAR IR A B & Python sX PR NARREAEIE . BN, KR A Python [ 1Y HIFE 7
WHRERALEE YR, A 2R S BRI H i A Python 2 B e B S TRV X &2 5

1.1 U e

WARARAR B4 5 ] 45 T CPython ) C UMY, 1R BAUEHRTE PEP 7 HE U H5 2 W AR, XL 45T
W3 ) AT AT R By 254 11 Python A4S . FEAM 5 4R H C ISR =07 I AN, al DU AR X LU AT, Rl
VRUESEAE H 5 1) Python TTRkIX LU .

1.2 W&k

{1 J1} Python/C API Fr e SR A PReR . IR E SCRT TN AT TR B & B R AU 2 v -

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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HGIT: 1T Python T g £/ X — S e HE58 U0 F PR FRIE Sk SCHF IO AL BER 50, DA MO 0
SSCPEZ A, 1 %A% Python .

HEFE L J2FE Python. h FiE X PY_SSIZE_T_CLEAN . #FHMT A4 AR & R TN ENEZ N
Z%.

Python.h 5 SCARYAHB M P m] WA AR (b B & bRk SCURBInE LFRAT) #RAT AT Py 50 _Py. DA _Py
TR A AR Python SCBLN ARG HIFY , AR TRA S E M o S5 24 PRI PR B R

fE): P AR ACGE A L% E LA Py 3 _Py FFKIIMFR. X s BB MR, H & S AR X A ok
Python IRA I RI LA, X LEIRA AT BE S 2 LA BE R 28 2 — TSk i HAh 44 B

L &5 Python —E43: . FF Unix I, B/ TFPATH®R: prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H W prefix fll exec_prefix J& i1 [n] Python [
configure HIARME AW XN TE S & L, T version Wk '$d.%d' % sys.version_info[:2]. fE
Windows |-, k%% T prefix/include, HH prefix i@ 2hefiy e s Hok.

TALE RSO, R E S (WERRRE) FRECENR T T it e SRR . 15 R2RCH KA
RIRARIRGH ] #include <pythonX.Y/Python.h>; X¥HHEZFERFATT, FN prefix FF
BRI IR EAEAKE exec_prefix FRFEF G-

C+ PWARIERL, R APL 2S5l C R Y, (EL SO IERHLF A S A extern "C,
It APTAE C++ (i it APT S abh PSR AT R SR AL 3L

1.3 A%

Python 3k S0/ E LT —SF R %2 . VFL RAESET A0 A by & LA (Blinpy _RETURN_NONE) .

HAth B Ry 38 9 U AR B, X BT B B I AN 2 — A s B 51 36

Py UNREACHABLE ()
XA DAFEARA — AT BBl S (R A RS B AR o i, 24— switch i) T o] BRI (EHED
O case FRJETE T, SAPRHHTE default: P BARIEFE AN E L — assert (0)
8¢ abort () JH LA DA XA .

3.7 BUHTMA.

Py_ABS (X)
R[] x A .

3.3 BUBTINA.

Py_MIN(X,y)
RIE % Fy MR IMAE .

3.3 HUHTIA.

Py_MAX (X,y)

R[] Flly 2 RO
3.3 OB

Py_STRINGIFY (x)
¥ x o C 455, B0 Py_STRINGIFY (123) iR\ "123",

3.4 BUHTMA.

4 Chapter 1. {4y
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Py_MEMBER_SIZE (type, member)
R E5H#) (type) member A/, PAFATER.

3.6 UHTINA.

Py_CHARMASK (c)
SR [-128, 127] 8 [0, 2551 {ERHI NI FAF IR . SXANEHE ¢ SR #%4HCA unsigned char
R

Py_GETENV (s)
5 getenvi(s) Kl HEWM R4S EHET -E, Wak@E vorn (BIWRBEET
Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
TR B R R R 2 B, AT I BR g R AR B . Bl A int func(int a, int

Py_UNUSED (b)) { return a; }.

3.4 BUBTIA.

Py_DEPRECATED (version)
FEAEW . REUA BT T Z PR -

vl

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

3.8 R SE: SN T MSVC 3.

PyDoc_STRVAR (name, Str)
%@~4‘ﬂ%ﬁiﬁ?ﬁ$ R, 25N name W78 & . QIEERASFISCRY P47 B — 2 f9 @ Python, 1%
RFhas.

WPEP 7 ik, fiflpyDoc_ STRVARAEASFATH , PASCRIAERA SCR 77 Y15 U0 T A4 Python.

ANGE
PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");
static PyMethodDef deque_methods[] = {

/).

{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},

V2R

PyDoc_STR (str)
R E W EAFER AR SO AP, B Y SO EAT RS B, A — DA
W PEP 7 firik, fiflpyDoc STR§E Y FAFHR, PASCREANFISCRY A7 HR— i A 2 Python 5L .
Pl

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

bi

1.3. % 5
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1.4 X% . s I 8

ZH Python/C APLAT — A B NS, AR —APyobject * RAFRIE . X FPSEALZ 4R LI Python Xf
ZAEIEIR RIS . A Python XFRKIAERLHCF I AR #E Python 155 diAHIFE Y 7 sUALHE (A
an, MR, ARSI, FMSEeid), PRI ENhBA C RBMFZIRA Gil. JLFFHA Python X RAFHUE
Herbr: ARARER A REU N Pyobject MY H BB R, HAEFRMEA N pyobject * 9454 type
XGREME—BISN, M ENTKIEAREROREI, FTAENTER @S Py Typeobject MR,

firf5 Python %% (E % Python ¥%) #3H —A> type Fl—> reference count. St5 2RI E B B4R HH
X4 (BIANEE. ) FRsH g XREG A EZL, A types TR ) o XFFREAS AR AR, #H —A%
RAGEX R ETETIZEE: i, 24 (HALY) a FFiERXT4 2 Python 51 %} PyList_Check (a) NH.

1.4.1 SIHIVHE

SURTTEAERESZ, WABAOTENGE GER2) AR EFTRAZOREBHT5 I R—PXR. X
PR AT AR B R, B RAEAN2R (HS) CALR, MRS C MBI /iR 24—
A5 TR 0, BECZN S . QRS TR AR AL & B G5 T8, s sk 26 x4 5 |1
T WERIX LRI RS TR N %, WA ARUCRE G 2% 4, Kb E. (XA —MRITZAY
MR ZIEMESI HA, BRITRR ANZRRAR.)

BB ES TG B W E MM ZEPy INCREF () KM — X205 18,
FPy_DECREF () Ry — X R W5 Hit4k. Zpy _DECREF () Wk &s| HitEeE A%, RIEH
XGRS A, BIE W incref R 4452 . BEiAS & — DS TEX R BUE P iy sk FdG 4. A 2Rx)
SREGRRIA (Hng)R), MIZEBEEE BRI 01 5T B S AR G2 i g AT S 5 T8, FFk
TITRMAL. SIS, 2005 BENAF AN N E— B2 00 TS T8 (Bp
sizeof (Py_ssize_t) >= sizeof (void*) )o HIt, 51HTTEaEE R — N B EAE.

WA BRI TR XTSRS 4T 0 R R A Bt R 05 | L. #e b, AR BRI RIE, SR
SIS 1, Y@ E ey, SRmgI TR 1. B2, XWEMHEINE, rAsdE5 it
WA . [R5 ME—EIE RS R EIRATW AR S35 e, S0l ARG IEXS R oRi . ansianE = /0
H—XZRT G A H A5 | G IR 2 DA AT AR A, A ZEIG g | k. — LB
ﬂ%‘ﬁ%?’i iﬁg’gﬁﬁﬁ/\k Python "% 259 HI A 9™ A e i i C e iRy, IR BIL A & BRUEAE W F B A R
X ZH5I .

B2, B LRGP E NSRRI A%, IR —Bota), RS | 4. S
nlRES ML PR AT S WD HS R, A TREE S ELX NS . HIEMEK R, XA
EREAERT RE W AL R Python AR —— WA — MBS R A fI M Py_DECREF () [MIEIH . HI
TEE A G B R AR AL R RS

— G A R IR Az B 4E (HFRPA PyObject_ , PyNumber_ , PySequence_ B PyMapping_
TR R EL) o DXEEERAE R R E AR B AT a5 R X iETE A ST RS 4 R S
Py _DECREF () o Ik =UAR fAj B

5V gean i

The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). “Owning a reference”
means being responsible for calling Py_ DECREF on it when the reference is no longer needed. Ownership can also
be transferred, meaning that the code that receives ownership of the reference then becomes responsible for eventually
decref’ing it by calling Py DECREF () or Py_XDECREF () when it’s no longer needed---or passing on this responsibility
(usually to its caller). When a function passes ownership of a reference on to its caller, the caller is said to receive a new
reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing needs to be done for a
borrowed reference.

6 Chapter 1. {4y
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FRSCH, 248 07 R A— DRI RAYT I, FEEPIRPTaE: R I T — DU RIIGIH, S0 A5
Bo 27 B3| R R SR — R B AS IR, RS BUE EIA G, AR E 7 5HE.

WG R 2GTIG I WAEEMGISNEPyList_SetItem() MPyTuple_SetItem(), BEI&GIHX}
ZHWFIH (EAREHIERCAHE ! ) o X R BT 2 55 85 | 2 PR P 3 ) 2 A o 4
AR FETCH B AN H A — AR Bltn, BIZIC4 (1, 2, "three") AYIUHLE R K AT DAEIXFERY
(CETIPAREAE AL B Nl & Bn B a5 k) -

PyObject *t;

3);

t, 0, PyLong_FromLong (lL));

t, 1, PyLong_FromLong(2L));

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

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem

(
(
(
PyTuple_SetItem(

TEXH, PyLong_ FromLong () R T —ASHHI5| I BB Py Tuple_SetItem () FrHiit. 4R
FLRSEAH B — X R T E 5 | e B, SRR A B B | R wil i Py INCREF () SRAREL
— A5 H

i ff $2 — &, PyTuple_SetItem() & W B LH K H MW B — F X PySequence_SetItem()
Mpyobject_SetTtem () LxFHALX AR A Jy Ol 2 A Al A2 B 2 A8, RV 24 KR B 8 2 i Jo 2 4l
HPyTuple_SetItem(),

EMTHA MR AL PyList_New () flPyList_SetItem() K5 .

SR, FESEER, AR 6 X e @ A e el s R Iy sl A — DR EPy_Builavalue ()
LA C EDRBIERZEHE AXR , di— > A X4 R0 B, B m- > AR Henr DA 1 #Y
R GeLnFtamsian)

PyObject *tuple, *list;

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

flifilpyobject_setItem () SFARALBIFLEARILZMEATI RS HIZ A WK, BIUNE 5 VRIEAES 51 R
BOSH AEXMOLE, XTSRRI T A S OV BER, UMARANTR BB 5 | T RCA R AT LAKS
%Uﬂﬁ%ﬁi’%&;& (“UEERETHC) . B, EXARECR IR (LB R AT AR RS ) i B A T
N EEERZA:

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

Py_ssize_t i, n;

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

for (i = 0; 1 < n; i++) |
PyObject *index = PyLong_FromSsize_t (i);
if (!index)

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

return 0O;

14, 3%, KB 7
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X B RGR ME R TS DU A AN ) SRR 1) R 2 BOR B i3 — A5 A S B ARXZ5 | BT A BGH4E, H
W2 IR — A5 A RS B ARSI B T A B AR B AR AR OLR, R 8] (0 Gt i i 6
Y, MARFSEIAY S RN R ME—5 | . R, SRR S5 @ e, pyobject _GetItem()
MpySequence_GetItem(), FEZRBI—AFETI R BCHZT A %) .

— AN BT AR B A TR R I — Aty R EOR [9]69 5 T BT AR B R - A4 (TR S8
LT RE N RN R T2 Rash@on! Bk, MRIREHPyList _GetTtem () N—AFEHBUIRH ,
PRHA LI HFI - HRURARME ] PySequence_Get Item () (EMHFHEZEEMIFMNSED ME—14
SIZARBUARER 25 H ARSI — 0 BT [ R R 951 -

N UL AR B AT G — A R BCE T R — B B R H RS — AR PyList_GetItem(),
B — R HPysequence_GetItem(),

long

sum_list (PyObject *1list)

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

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

}

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */

for (i = 0; 1 < n; 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 */

(Rt

8 Chapter 1. {4y
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(R —H)

}
}

return total;

1.4.2 Jo

7 Python/C APT H 5y B % g (8 i) HA B K BUAR D5 RZ 82 C B840 int, long, double #ll char*,
A LSRR KAl T 90 AT ) R RO S QB SR, i — A RO
KA R LI XL IR S e R BT .

1.5 i

Python F& - 1 AT BEAL B & T ZAL BER B DR e RACPRR S & G R 1, SRS i 2l &
MR, AKOEEHE, BRI NIRRT MRERS , AR R E N 45 P I RS [l )

SR, XT CREFP BORYE, S RIALE 2 BTy . Python/C APL FREBIn A s AR AT DAS [ 5, ik
TEAE R B SO P A AN R —BORUE, U R BuBFI R, ESRE-IRE, ZFETIAN
FEAXEEIA, TR — R . WERBCA B IAMY SRS, 53X Mp 58 NULL 5 -1, BRI T8
Bk [l A, AR R R R ERERE, Hh BAERORE 5. A sk BBh o a i
PR A AR HE, HHGEM PyErr_Occurred () RIHATRAAIEI . XLE5H7H E2 2P
HAC AR

SEARSIRAES N RRER A P L) GRS TAE— D ICAR N P & Ja et ) . — A EfEnTAAb
EPFRSZ — FEEAEKRE, SEEA LY. EEPyErr_occurred () AILAREFSRAEA JUIRAS : 2457
R AR E R AR S R BG5S SR R 8] NULL. 5 2 AR 0T DA
WRZ: PyErr_SetString () el WK RENEEGERM) BEFHFIRSWEE, MPyErr Clear ()
AIATE B R IR S

SERI RS I = AR R AR (BRI PA NULL): SR8, IR SRR (E, PAR IR R . X Lexf
Z0E L5 Python H' sys .exc_info () WIFRMIE; K1, ENFFAZ—HER): Python XI5 {3 Python
try.. except IFH LB RG— 575, 1l C 2P FFIRERAER T A AR C mAETEENZ %
BB AR H 2 HF 38 Python PR ARREGR 0 L HHIERR , IZFHHIIF 2 IR HEEE £ sys . exc_info ()
SEhb.

W ¥E R A Python 1.5 JF4R, A Python fUHS 15 I 5 FOR S B9 Bk iy AR 22 4 i 07 2 I B %L sys
exc_info (), ‘E¥fik [ Python fURHY 7 AR HORAS . EAL, SXPIAMT A S i RS0 T i i SCRR &2k T
AR PRI AR 3 7 8 14 R RS DR AT S LSRRI S RS DA DR B HCR 5 B0 S R A o Ry 1 o Ak
Al — A EEARMRIC M R o 1 IEAEAL PR S P i 8 DL %5 il s/ 1 7 (1398 iy A ot e 5 |
FIRIX SRR 2 Ay HAE R

YER— Mg B, — N 55— BRBOR PR T3 28T 45 1 R BN 4 A A i F ) IR BCR R 5 | & T /e, IHHE
51k FENE R ERSEIBA L . BN AEFEIHA TS5 H, HRE— M Rer, (B
REEE R - IS EBNE RS, HHERE R EZE

— AN S B AL 1 T AT B A B FHE I Y sum_sequence () B FFEEAT TR XA TAE EAEAS T
AR AT B P A AR5 . R R B R EE R TSRS PR . e, O T AR R
Python FfEF, FRATER T 5530 Python HY:

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

(QNE9)
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#EHE—1)
except KeyError:
item = O
dict[key] = item + 1

I R I N BRSO C AR :

int

incr_item(PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

XA FAET C EFH goto WA — b BN A M OH B OB U T W fiE
M PyErr ExceptionMatches () flPyErr_Clear () AP ER RE, PARU APy _XDECREF ()
FALFRR AN NULL I E AT (HEEAFR "X Py DECREF () ¥EiBF| NULL 5| NG it ) . BE
() — p e T FORGAFE B A5 DRI A B EAI IR0 NULL A BERIEIE M Jelih, Uik et B9 v i
ek -1 (R I H IR LS A AT AR S 5 A S i R s

10 Chapter 1. {4y
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1.6 itk A\ Python

FA Python EREGHIURA TS (R T M T H M ) AT 2RO — IR R EMinit, WS A
ERRAA. BRSHRZHN e A TE RS IR e 2 5 A RER O -

HEA IR R EZ Py _Tnitialize (). WERECHOIGRILE BB, I/ AR builtins,
__main__ Ml sys. BRI RS (sys.path).

Py_Initialize() ARXWHE" Elﬂzli%éﬁlﬂ%” (sys.argv). WIRFEERZMITE Python (M FE B &,
N EE I Py_Initialize () Z )5 ] PySys_SetArgvEx (argc, argv, updatepath) ¥
BAHIEE .

HERZHRS E (F351/2 Unix fil Windows, BESRLEAT FAH AR, Py_Initialize () ¥HHEXARiE
Python fR RS AT 44 j(#FEI’JﬂﬁE’J?%?HU“ KT ERHUR R AR, IFOE Python FERTYEAIR] T Python fiffE
AEATHAT SO B AL EER B R, BCRPADSTHE shell Ay R A GRS R PATH) BB 4N
python WA HAT S FRTEAC H s h &40 1ib/pythonX. ¥ B H K.

28K 15, WIS Python A 447 S04 T /usr/local /bin/python, B¥HREHFENT /usr/local/lib/
pythonX.Y. (SEPs b, XMEREMBEREECA “BLRY (8, S7EX4ICHESE PATH H4£ 5|40 python [
AT SCOERT R R o) PRl DA A 3% PR A8 it PYTHONHOME , B % PYTHONPATH FEARERK R
B ABIMNG H SR B S I TR

AN AR LB ST APy _Initialize () Z 8V Py_SetProgramName (file) 3Epk7AF4E
FIR)TP. 1L PYTHONHOME 159K 25 78 55 I % & )f H. PYTHONPATH 38R ¥l A B R iERE R 2 Bl 75
%%%?Eﬁ%mé@ﬁiﬁﬁﬁﬁ?umﬁﬁ%&ﬁ HCWPy_GetPath (), Py_GetPrefix (), Py_GetExecPrefix()
fry GetProgramFullPath () SEPl (GXELEETIIFAE Modules/getpath.c H1E ).

FH}, BT Python HE4T “ AT UAAL” . FI40, I FFE R ol REAR B S8 5 2 (R Py_Initialize () 5§
F N AR X Python (i Fi £ 2 58 W A BRI Python Jir 23 BL ) I AF - X T DA Py_FinalizeEx ()
L. A4 HT Python 4T E W IGAIRAE N Py TsTnitialized () MRECRHR I E . A KX L5
WG BEZ R E RA . EEEPy FinalizeEx () RNAREUNA th Python fERERE FIF /L 1Y) NAE
Wﬂﬂnda%}”%ﬁﬂ%@%@ﬂmmﬁﬁﬁﬁ%ﬁ%m&ﬁﬁzﬁm

1.7 Pl

Python R PARfFHy H 28 720 2513 LA GHBRE SR ALY TR I BUOME £ . X LR R4 ia T IR BT
FP I EATERARBIE -

A full list of the various types of debugging builds is in the file Misc/SpecialBuilds.txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-level
profiling of the main interpreter loop. Only the most frequently-used builds will be described in the remainder of this
section.

Compiling the interpreter with the Py_DEBUG macro defined produces what is generally meant by “a debug build” of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugtothe . /configure command. Itis
also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBRUG is enabled in the Unix build,
compiler optimization is disabled.

B 7R AR ST RORZ A, eI T A T B MG A -
o WM ARSI R G2 e -
o BN ERF AN 2 AT AR T iR 25 o
o AE N TSI [ 4= AU 1] R SRR R TR B
s VFZIBTE PR MEBIFMANEG LI . T35, RENREE test_c_api () Tk,

1.6. itx A3\ Python 11
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o BN A SR se B MR A B HE LA
o A E MM TCRAARIIR AR AE , DA RAIR AR 5 ] -
o INIREIRESANVES N S HAL A 2 R PSS
oINS A F) arena NAFSEEL .
o USRS 2 AR

X HL AT BEBCA R 2 B MR

Defining Py_ TRACE_REFS enables reference tracing. When defined, a circular doubly linked list of active objects
is maintained by adding two extra fields to every PyObject. Total allocations are tracked as well. Upon exit, all
existing references are printed. (In interactive mode this happens after every statement run by the interpreter.) Implied
by Py_DEBUG.

HRELZFMEE, 1557 Python JF LS Misc/SpecialBuilds.txt
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CHAPTER 2

FeuE W B AR e — it il 12 1

&4 I, Python ) C APLIFRfiRENUAN I ZE (b . KRB HCA S IR Az, % HAs i APL, I A2 B
BA APTEUMER AP (A28 5 0 2| Je i AR IR ) .

RNEME, APTIREERA Y R i HIas I (ABL). JR R 32 2@ 8540 @ EAE , 78k BB Ing 7 Brak
W FBERTAT e SR APL, {HATRESHEER ABL. R, 45 Python MUAFR TR T & B4 @it (Bp
FAEAAE AT 32 2 32 AR 00 R, Unix BT RESHBLRY ) . LA, 7€ Windows |, $" @it S
FEI) pythonXY.dll #4% , 5 ZEEH N 41FA HESHHY pythonXY.dll 454 .

M Python3.2 if2, CLAFEH]T— APL T4, DABORERERT ABL. WIREH it APT (HgEFRA “5ZFR APT”)
9 AR BTG 2L X “Py_LIMITED_API*, -2 MR REAR 411 R M3 AR P IGRG: PR, AEARAT 3.x A
(x>=2) _F A ARSI AN TG 2 B 1

ERLEERT, FEARMIT R Y B E R ABL. 7 2 H] X 25 APL /Y 9 @ 11 B 95 228
Py_LIMITED_APT ik B A {148 35 & %5 1Y &% ik Python iR A< PY_VERSION_HEX {H (fi: Python 3.3
4 0x03030000) (SWAPI o ABI jp A 32 ) o WRBIHCREE T BT J5 ¢ Python HiUAS , (HIGYEFEIH MRS
m#E (F R 0555 ) .

M Python 3.2 JF 41, 52 APL W] B HLAEICTAE PEP 384 . 5 C APLSCHYh, R T32 APL {1y APTIEH
FRiZh “RETZH AP,

13
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CHAPTER 3

W= AP

AR 1 R BCRS ALV AR A TAE SR el o X 2 L) Python JACH, (HE TR A SLVRURTE S 415 AL i) 775X
SRR I T
XL R B A LR E R RIEIEA S NES. WA # AT 5 H Py_eval_input,
Py_file_input PAK Py_single_input. XS LAEEZENNENIES MR BRI ABEHT .
BRI LR A A LA DA R FILE* 185 . AR Z/NVD AL BRI HE 5 U 0 A A C R FILE
iR AR e AN A T AR . (2402) A& Windows 1, ShSHERIY A T RES (AR, B
DALY 2445 I 7 A TR 2 X LE R 0t Python sz AT I 1 M Il ) PE R B R G D0 T 4 FILE* JTES:A%
HEN.
int Py_Main (int argc, wchar_t **argy)
BRI EMER Y AR . A T Python RURE /75 n] i I AR Y« IR BERY arge Ml argy IEZ 1 24 515
4 CREFPM main () REWIESHIE CRARSE N s S KEE6R ) . — P ERERSRIE S
FIRWRELBEN (HSHFR TP TR AEAXPIEN) . AR ER IR (BIRT1 &
) WRBEMEREA O, WSRARRERR A5 A S R R[] 1, SEE R IE S R RE R R A 30T
Python fiy 47 MR 1] 2.

WHEBENART R T — M EHM & N ARAHE systemExit, MERHRFASRME 1, 2R HH#RE,
H3E py_InspectFlag A ARMTIKE .

int Py_BytesMain (int argc, char **argv)
FAUT Py _Main () {H argy 2 — ML EFITH IR

3.8 UHTIMA.

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

KRER N PyRun_AnyFileExFlags () WFIGEED, K closeir & 0 T flags 1%k NULL.
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

DAREI R R PyRun_AnyFileExFlags () WL, K closeit Z4(5H 0.,
int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)

XREX R PyRun_AnyFileExFlags () MEMBEED, #f flags ZHA 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),

15
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return the value of PyRun_TnteractiveLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys .getfilesystemencoding () ). If filenameis NULL,
this function uses "???" as the filename.

int PyRun_SimpleString (const char *command)
gt X R PyRun_SimpleStringFlags () WIRALIREE D, RfPyCompilerFlags* SN
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
W flags ZH0, A __main__ BT Python YT . WIR __main_ MATFEAE, BAFPLEIHE. AL
Dfa el o, RS A WA R -1, WERAERR R, WA REE R T flags B& 3L,
S

WHERARG KT AN EHAMG & TR systemExit, HERHCRFASRE -1, iR H R,
HIL py_InspectFlag A ARPIKE .

int PyRun_SimpleFile (FILE *fp, const char *filename)
XA i PyRun_SimpleFileExFlags () WITRIMALIGZED, 5 closeit %5 O T4 flags %5 NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XX R PyRun_SimpleFileExFlags () MR D, +F flags XN 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 the filesystem encoding (sys.
getfilesystemencoding () ). If closeit is true, the file is closed before PyRun_SimpleFileExFlags returns.

#iE):  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)
XX Nl PyRun_InteractiveOneFlags () WIfAALIRIE T, ¥ flags %A 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
(sys.getfilesystemencoding()).

M AR I PATIR ] O, WIEERG | A SFE R M -1, S WERAAE AT 5 AR 0]k H 4E 4 Python
(A 2H B A3 A A ) errcode.h AFE AR RS . (R errcode.h KM Python.h Fifg
F5, R T A0 T . )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XX Pl PyRun_InteractiveLoopFlags () WIfRALIRIE D, ¥ flags %~ NULL,

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

int (*PyOS_InputHook) (void)
A AR A FE ﬁ**)ﬁ?ﬂjﬂ int func(void) WKL, ZPRECRIFE Python HfERERR S/ AT R 25 1R
HAE R P Lo AR A . R M 2wk 20 . & ’?LX’I‘%’J?T%&HEJ%ﬁﬁ@?%%ﬂ’]&e/?ﬁ%ﬁiﬁ
ﬁﬂﬁ%ﬁﬁﬁﬁﬂ*, W15 Python fhH Modules/_tkinter.c FrfiIHRRE.

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE * const char *)
B PAREIR TS M — AR BN char *func (FILE *stdin, FILE *stdout, char *prompt) W)
PREL, FEE R IR R AT — T AR BRI PR S 1% BB T R AR E AR ER prompt ANhy
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NULL i th e, SR TR BLAARER A SR ATR A, FRRBIZER T . B, readline
BEHLRFIX A T BCE NP AT 4 4R tab BEANESF I RE

R R — W PyMem_RawMalloc () B(PyMem RawRealloc () AFECHIFERFEH, BUE AR L A4
BRI NULL,

3.4 f W s 45 B 0 HPyMem _RawMalloc () B{PyMem RawRealloc () 43 Et, T A~ &
HPyMem_Malloc () B{PyMem_Realloc () 4 HEC.

struct _node* PyParser_SimpleParseString (const char *str, int start)
This is a simplified interface to PyParser SimpleParseStringFlagsFilename () below, leaving file-
name set to NULL and flags set to O.

struct _node* PyParser_SimpleParseStringFlags (const char *swr, int start, int flags)
This is a simplified interface to PyParser_SimpleParseStringFlagsFilename () below, leaving file-
name set to NULL.

struct _node* PyParser_SimpleParseStringFlagsFilename (const char *str, const char *filename,
int start, int flags)
Parse Python source code from str using the start token start according to the flags argument. The result can be
used to create a code object which can be evaluated efficiently. This is useful if a code fragment must be evaluated
many times. filename is decoded from the filesystem encoding (sys.getfilesystemencoding () ).

struct _node* PyParser_SimpleParseFile (FILE *fp, const char *filename, int start)
This is a simplified interface to PyParser_SimpleParseFileFlags () below, leaving flags set to 0.

struct _node* PyParser_SimpleParseFileFlags (FILE *fp, const char *filename, int start, int flags)
Similar to PyParser_SimpleParseStringFlagsFilename (),butthe Python source code is read from
Jp instead of an in-memory string.

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 N PyRun_StringFlags () HIfRIALIRIEE D, ¥ flags i% A NULL,

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompiler-
Flags *flags)
Return value: New reference. £ H1 %4 globals A1 locals 3§ _FF SCHH AT B str 11 Python JEACAS, IF
T LA flags 15 € B Fi iR iAo globals WhJg—A7 L5 locals W] DAJRALASEEL T WU MR 52 1B
Z: start 485 T N 249 HR AT IR AU RO 1A «

AR [ELREACHSAE Python XFGIATIYEE R, sl AR5 & T 5% Wik [9] NULL.

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. %251 % N fiPyRun_FileExFlags () FfRIALIRIZEL, ¥ closeit %5 0 Ff
¥ flags 1K NULLS,

PyObject* PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
int closeit)
Return value: New reference. 3% +241 %} FiPyRun_FileExFlags () WRIALIRIED, ¥ flags %5 NULL.,

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. X241 % N PyRun_FileExFlags () WIRIALHRIED, ¥ closeit %5 0.

PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, int closeit, PyCompilerFlags *flags)
Return value: New reference. 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
(sys.getfilesystemencoding () ). If closeit is true, the file is closed before PyRun_FileExFlags ()
returns.

PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. X 251 % NPy _CompileStringFlags () WITALIRE D, ¥ flags %K

17
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NULL,

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

Return value: New reference. X241 % FEPy_CompileStringExFlags () WIfEILIRIE D, ¥ optimize
WH -1,

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

Flags *flags, int optimize)

Return value: New reference. ffAIT I 4% str ¥ ) Python JEAUAY, R Ml gE RACH X} %, IR AT
i start 25 553X AT g A ok R AT B 4 i 0 AU 9 Bl Py_eval_input, Py_file_input B
Py_single_input. M filename ¥g & W SCI 44 2 4 FH R A 38 AR5 % 52 9F 1T RE ) B0 0] 99145 2. B
SyntaxError S {HEH . WA TCVA B MR gm0 1 pR E5CRF R 9] NULL

HERY optimize 5 5E M ¥R H -1 PRk —o PRI M YRR L L2 . 2518 0
(Eflife; __debug_ ME{H). 1 BrE @R, __debug_ SARME) 2 2 GO FATH AL IR) .

3.4 HUHTIA.

PyObject* Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded from
the filesystem encoding (os . fsdecode ()).

3.2 BUHTMA.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. X &4 % PyEval_EvalCodeEx () WIfaifbiE D, RMAFCEtE, PAK
SRR . AL SHIY BN NULL,
PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args,
int argcount, PyObject *const *kws, int kwcount, PyObject *const *defs,
int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. %f—T& ik AT GORMA, A HORES R ERIAEE . ST 2 RAe
BT, R RGNS, S8 KRBT HECGAERRE, R KT SERIEIAER TR
TCE T AL .

PyFrameObject
FITHERWORT S C X REH AR . T B RETEATATT Il 5%
PyObject* PyEval_EvalFrame (PyFrameObject *f)

Return value: New reference. Xt— P HATWIRIE . X 24X PyEval EvalFrameEx () WfaifbiZzED, M
TORFRI N A

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. iX g Python fEREZAT AN B MIH R %L SHATIT f AH SCIRAT RS X S
WPAT, MR TR AR R ZENA T . BN throwflag T2 HAT] AR 20— QR EAE, W
SRECLAM S — A XA T ARG R throw () Fik.
3.4 B R EOIAE & — WS, AR X8 R 2 525 3 =

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
BERR BB SO BRI AR, FFAE IR 0 FE, SR I [m A

int Py_eval_input
Python if75 T FA RIS BlfPy_CompileString () (M.

int Py_file_input
Python 1y T A SCHF SRt IR B IBGR A P S R In 755 Bl APy _CompileString () . X
JEAEARIRAT KA Python YRS 5208 F U455
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int Py_single_input
Python iH3%H ] T BB LG FT 55 BLG Py _Compilestring () flif]. X T HA MR
2N RS

struct PyCompilerFlags
KT IR OB R RO . KT (R (UBRIONL , BN int flags A, TOHTR
MR PATRINE DL, EXHE N PyCompilerFlags *flags & A ERXFMEIL T, from _ future
import AJPMEX flags.
Y PyCompilerFlags *flags A NULL B, cf_flags JF#i24/E4T 0 SEALFR, MfF{] from
__future_ import rRERYBHEISHETE.

int cf_flags
G i AR
int cf_feature_version
of _feature_version 52 Python [{)/PRARS . BN 48541454k 8 PY_MINOR_VERSION,

WF BN 20, 24 BAUYTE of_flags 1 T PyCF_ONLY_AST AR E A B
3.8 TS NI T of _feature_version FE% .

int CO_FUTURE_DIVISION
XABRAENLATE flags s B MG BREBTAT / Wil PEP 238 FrRLER) “EIRE".
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cHAPTER 4

AT ZAR RN T HE Python R YT AL
void Py_ INCREF (PyObject *0)

BTG 0 BT, G N NULL; WSRARAHE B AN NULL, R[] Py _XINCREF ().
void Py_XINCREF (PyObject *0)

HEIR G 0 WIS, XPRATPASY NULL, FERUHEOL MR B A AT R -

void Py_DECREF (PyObject *0)
WK o WIS TR R UAUR A NULL; QURARAH € B AN NULL, WPy XDECREF (),
WIRE TR NE, B AR TR X5 8 2R B A R R £ (B L ZA A NULL),

Bl BOCR BT S EUE R Python (U AGEIAN (HIHANY— DA __del () kR RILHIHE
RO L2 ) o BIRIEIACRD H i S R e, (ARITI IS RERS B 7R A Python
GrJR AR, XA ]l 4 R A B AR W RAEPy_DECREF () WAGETA N Z HI#PN. 24 AT
SERFARAS o BT, 50 r I I 6 G 14 AR 7 24 R 3o SR 1 5 1 P48 DL 38— ANl 22 2 e
SRR, SRS AR A R ] Py _DECREF ()

void Py_XDECREF (PyObject *o)
WIS o 5 HTHE. XTI PACH NULL, ZESLIE L R A= EAR MR AR A 0 HAUR
5Py DECREF () #H[F], Fox M [RIBEME L

void Py_ CLEAR (PyObject *0)
DTSR o BFI AL, XA AIPAH NULL, FEBLIE O MR BT AEATAIROR . 7R A O~ HAUR
5py DECREF () #[F], RAFEFHSEW G A NULL, £MX Py _DECREF () BYEEAE HT %
IR, R R S 4Ol — AN AR AR D e | T 2 B S50k NULL,

i 24 B DA S TR ) AT RE S0 I 0 G i 5 DR RO, % R — M 325

PATF B %0E BT Python HiafTH 8158k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject *o).
BB R Jg Py _XINCREF () MlPy_XDECREF () HTa] B-5 i BR B o

PA T BROBC B AL T FE R ORE AR % 0 W B 68 _Py_Dealloc(), _Py_ForgetReference (),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER D

15 e B

AFERGIR ) R ECRHE AR AL BRANfil & Python 4. T fiff—4¢ Python S35 A EE AR R R EHM . BT
YEIRPEA % POSIX [f) errno Af it (N EAR) A —NEmfdnaiemiol KA R K28 CAPLEK
BARSTERINN A S, HSTER I BB E ORI R ERI IR . 2450 C APL AR [ — N IR RS
MR EAIN %R E—A4 455, WERE NULL, IR B, WERE -1 (F4h: PyArg_* () BREUEI
R[] 1 2 sk E] 0).

AR, FIRIE RS ARG A TR RE, B E, RIS R IR E,
XEEFEEFER ] DAE NULL (RS0 A2 R, Fln, s 28808 NULL, RANEEE — 1 E NULL 1)
[l o

—A R R T E YA B BB MM A TR WO, Gl A S BCEAE DR RS BRI R 2 48k
BT MERTTA PR GORIE L, s B A BB A ISR ] (A R s N A2 ie) - 4
RAMERG AL, ) * A * Wz IE R akss . W TR m, IR B R e 2
B TR, AR GBSO, X Python/C APT B A nTBEA A BUAIAT R, I HLn]
AE 2 ASE R AR ) 7 R I

il $EIRIRES A sys.exc_info () WHATHIR . RIEX M AR R CrEILERRE), M5
FAERPR R GRS H (R C2E Ik e ) .

5.1 FTHEIRIGTRE

void PyErr_Clear ()
TH AR A . WA W E R IRE Ry, WARSHIER.

void PyErr_PrintEx (int set_sys_last_vars)
FIARMERIPIATENE] sys . stderr HiEMRARIERNAS . BRIEFIRE SystemExit, XFMEIL N AXITH
FAERE, HZBH Python ##E, /R SystemExit SEHBIH5E HIAS RS,

FUEAER DRIE /N5 DO I A7 SR X e, 15 05X 2 e B3R!
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W5 ser_sys_last_vars JEZE, N|AFH sys.last_type, sys.last_value fll sys.last_traceback
Ko s BT B S I 2R3, (R el

void PyErr_Print ()
PyErr_PrintEx (1) HH|4.

void PyErr_WriteUnraisable (PyObject *obyj)
15 FH 24 B S50 obj 22808 sys.unraisablehook () .
ME TR, BRI RESE PR A S B, XSS BB sys . stderr FTEI—MEE(E
B Bltn, 24 del () A A S E I XA R AL
SRR EUE ] B SH oby AT, IS BRI AT RE R ER S0 WEARTTEE, oby HYREHF
FTETEE S B

A JH L PR O L TR B — S S

5.2 Phili S

XL PR AT B AR B AT AR B D s e O TR, — e B IR AR u] NULL 5%, DAEIT

return 1A,

void PyErr_SetString (PyObject *type, const char *message)
R EERERSREAN TR B SHEERFRY, ElFERTRERT L —, eg
PyExc_RuntimeError. RAFEMMERNTINIE. HoNMSHREREL, EM5HE 'utf-8".
void PyErr_SetObject (PyObject *type, PyObject *value)
BRI T PyErr_SetString (), HRAVIRNAHE “E” $HEMLE > Python Xf42.

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. 33X A~ pF 8035 B T — ™ 85 1% 10 48 £1 9 HL3& [1] T"NULL”. “exception” Y.
202 — > python 1 ) 5 & 2. The “format” F1 fii 5 19 Z £ B 4% =X A0 X A S % 19 15 5 A7)
YPyUnicode_FromFormat () 5 &M RIE)S XAME. “format” J2—A4~ ASCII 4ih5 1) 74455

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. flPyErr Format () #[E, (BEEZ—14 va_list REWSEMAER]
AR SR

3.5 HUCHTIA.

void PyErr_SetNone (PyObject *type)
X4 PyErr_SetObject (type, Py_None) W5,

int PyErr_BadArgument ()
X4 PyErr_SetString (PyExc_TypeError, message) WG, HH message 8 T IEES
BN ERE. R TN EA.

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X & PyErr_SetNone (PyExc_MemoryError) W5 ; BikE NULL , PA
{24 NAFFERE, SR ADECRE PAE return PyErr_NoMemory () ; .

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. X277 R AL, 24 C FERREOR 45 DT ICE errno I, XAl
S EME—ATOHEXR, KRR errno, B _IUZMHVEHRIEE (M strerror ()
HEL) , S5 PyErr_SetObject (type, object). ¥E Unix I, 4 errno {HiZ EINTR , HJI
W RS, XKV PyEre CheckSignals (), WIRBCE THRIE S, WPRFHE
BN ZEREUKILIR A NULL R R G R (RS R, PR 58 2R G0 1) 68 ok 80T DA A

return PyErr_SetFromErrno (type);.
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PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. 28{\ T'PyErr SetFromErrno () , MEMEFTRE R filenameObject 1K
NULL , ERVENSHE = SEUELEL type I KA. 255, 1E OSError W, filenameObject
R e i SE I £1lename @M.
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return value: Always NULL. 25| T PyErr SetFromErrnoWithFilenameObject () , {HIEZEHE A

SRS, T 24— A2 SO 4 1 R B i o 12
3.4 UGBTI

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. 25{0) FPyErr_SetFromErrnoWithFilenameObject () , {H filename DA

CHREg . filename je NIUIF RG4S (os . £sdecode () ) IS HIRAY

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX 52 fill & WindowsError M J5 {8 i) & E. W 2R lerr iy 0, N EY
8 | GetLastError() iR BB i1, & f Win32 K% FormatMessage () B &
ierr B GetLastError () %4 & By 5 ¢ A 1Y 1) Windows ffiid, AR5 & —HmAAx &, H
85— T2 derr fH, 8 R AMMN M IREE (M FormatMessage () 3KH) , A5 IH A
PyErr_SetObject (PyExc_WindowsError, object) . ZREUKILIRE] NULL .
B] F 4 Windows,

PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr_SetFromWindowsErr () , BiAMAISETE & fih k1) Ra& 2
A,
Bl 4 Windows,

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. 250/ T PyErr_SetFromWindowsErrWithFilenameObject () , {HiZ

filename J2DA C FRFEREERGA Y. filename 2N RG0S (os. £sdecode () ) fRIGH R N
B] F M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyOb-
Ject *filename)
Return value: Always NULL. Z2{))F PyErr_SetFromWindowsErrWithFilenameObject () , &i4hZ
Bt e B R ) R A
u] M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyOb-
Ject *filename, PyObject *file-
name2)

Return value: Always NULL. Z8{) T PyErr SetExcFromWindowsErrWithFilenameObject () , {H

ERis2 5 ) filename X4, B
] M Windows.,
3.4 BCHTINA.

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

name)
Return value: Always NULL. 25{0) FPyErr_SetFromWindowsErrWithFilename () , #iINSEIGE

U R ) SRR R
w] H M Windows,
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PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. 3% 2fh /% ImportError [{EHERE . msg FFoi N F w1 TE S5 . name
M path , (FFA[PAKH NULL ), ¥ RWRE ImportError %W JEM: name il path,

3.3 BUBTINA.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BCEYHI R SCE, ATFIRFS S . WER MR F A E syntaxError , WEBREBIMIEN,
E%TTEH%%%IAﬁﬁﬁ% SyntaxError,

3.4 BUBTIA.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpPyErr SyntaxLocationObject () 22, H2 filename BN /RG9S (os.fsdecode () )
RIS ) — AR

3.2 BB

void PyErr_SyntaxLocation (const char *filename, int lineno)
5PyErr SyntaxLocationEx () 28, {HEWE T S%L col_offset,

void PyErr_BadInternalCall ()
X2 PyErr_SetString (PyExc_SystemError, message) W4E5E, H W message Fn i Tk
ESEH R NFERAE (B, Python/C APT pR%k) . B BT WA

5.3 it

XL R DA C AR A B o B AT B8 T Python B8kt warnings KBRS, ENTE H [1] sys.siderr
ITE—FEEEE A8, P OA LA B S HION fR, FEXMEILT, BN . B
AR T AL B, R U A S . WEPRBA A i, aR[EIEN O 5 WSRALA R, R[]
60 -1 (oYM E R SRt T Bl T 5 B, ICTARE il MR N . RSO 2 ) o IRl T
S, HE AT IE S R B (BN, Py _DECREF () FrA 51 HIFFR I —MERAE) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Kt — M EEE R S5 category J2— M50 (W) B NULL 5 message ;& —> UTF-8 %fith
M) FAFH o stack_level J2—A25 AR WIEC R IR0 55 Mz w4 5l EAE AT RS T & .
stack_level 3 1 /2 PyErr_warnix () WL, 2 R7EMZ Bk, DA,

AL R PyExce_Warning 1328, PyExc_Warning &£ PyExc_Exception HJ135; BRIAZE
HAH)& PyExc_RuntimeWarning . FRiff Python 525/ & a8 & nl i, Fra HAFRILAR/E L

EEA
A RESERNFELE, SUBHI warnings Far-SF7 30 PR -w I, B0A &S EHI C
API,

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. fPyErr_SetImportError () R, HX PN EE L4 E—41
ImportError T2kl % .

3.6 UHTIIA.

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.

3.4 BCHTIA.
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int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const
char *module, PyObject *registry)
Similarto PyErr_WarnExplicitObject () exceptthat message and module are UTF-8 encoded strings, and
filename is decoded from the filesystem encoding (os . fsdecode ()).

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
KM TPyErr_warnEx () WREL, B HPyUnicode_FromFormat () FigRALES Y E.. format
sefdi il ASCII 4w i) 745 50

3.2 BUHTIMA.

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

R FPyErr_wWarnFormat () HIBREL, 1H category /& ResourceWarning I H'BE ¥ source 1545
warnings.WarningMessage () .

3.6 BUHTIA.

5.4 HE B

PyObject* PyErr_Occurred ()
Return value: Borrowed reference. #5251 E T HiRTE/nas . WTCIRE, MRS58 type (G245 50E—IK
X HA PyErr_Set* () lMfiEPyErr_Restore () WRMAMIZE— TS50, WARBE, WikFE NULL,
RIEAFAXHREMERW S, BARAR TR ZX I TPy _DECREF () .

i AR EME S8 E N SR I TR SO PyErr ExceptionMatches (), fIFRF
iﬂ(%%ﬁ?%%wﬁ%ﬁ?%ﬁﬁ%ﬁ,ﬁﬁﬂ%%—fi%ﬁﬁ%%,ﬁ%ﬁﬂ%%ﬁ%%ﬁﬁ
) — T,

int PyErr_ExceptionMatches (PyObject *exc)
ZMT PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). WEREY Y4 HAELFRIX
BTSRRI AGIRA R B AT w5 | AR K AR ARE N AT ) .

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
W2 given S5 exe WIS H R B PCECNGR M FUH . W2R exc R—PAXIR, WY given E—4>1
(S Bt [ LA . An2R exe @—ANTedl, WIZICdl (PARGEBIAR TIedl) T i 2 2ars
WAL R AT .

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
RPN AP PRI =AY R AL e . AR AR R BRI R AT, PR = AN AR NULL,
WERCBE, MR HAR BRI BARRF 210 B2 B a S R 5 U0 (AR5 mT A UL B8
KA RA N

() ahb R S i R A e o A AR BT I I PR RIS B DR AR R A O AR BT B 51

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

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

PyErr_Restore (type, value, traceback);
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void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
BT EARRRER RIS MR RO RE, ERFE A5k, MR=XRE N NuLL,
R ARG FR . 3 AN EAE A NULL EBUHIE NULL {EE[n] ] . S R 22— 2. A%
AT et R . (7B ROX SENR- BU Y IS 22 R0 ) T T 2 B XA X 5 1 -
PRDHEYE ) 2 BT R A G0 5 1 BLAE T Z S5 VR A B A X 265 . (AR B X —
M RANER R I E ZATL)

T I e R0 B R I I R A AR S S R R AT I A T . W S PyEre Fetch () RfR
724 I B R AR R AT o

void PyErr_NormalizeException (PyObject**exc, PyObject**val, PyObject**tb)
RPEN LY, NHPyErr Fetch () FrgBIAER AR “EIEAMER)”, B *exc R—DIXFR M
*val Al — AR SEH] . X RO T R O] AR R SE B S WREE 22 IEMALRY, A
WUTA A . SR LR IE AL T4 THERE .

HE: B R BN HIESEE FIRE _ traceback_ J@ME. NSRARTLE LR B WP, B
PATF B IIACHD 1 B

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

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
REFHEEE, BN sys.exc_info () FiREIN. XR2HE—A SMERNTE, AN LK
S IR BRI =AM REEG I, HHE— YR Y NULL. AL BUCREE RRIRE.

E): R BOE A ST AT R AR R A . B 35 A B A AR AR S R AR A
SRS I, B PyvErr SetExcInfo () RWKE B ERREIRE.

3.3 BUBTINA.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
WERHEEL, M sys.exc_info () FifgEIM. X2iF—1 U RITHE, MARNESG K1
. WRESMBI SN G N . EHERERE, WA =SS A NULL, T XEAS
B — BN, B PyErr_Restore (),

il MR BGE A S TE S AP R A BT A . BB R A3 A A A T S B R AT R R
SRS . W PyErr_GetExcInfo () FiBUREARS.

3.3 BB
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5.5 o'z ibht

int PyErr_CheckSignals ()
This function interacts with Python’s signal handling. 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. In all cases, the default effect for STGINT is to raise the KeyboardInterrupt
exception. If an exception is raised the error indicator is set and the function returns —1; otherwise the function
returns 0. The error indicator may or may not be cleared if it was previously set.

void PyErr_ SetInterrupt ()
Simulate the effect of a STGINT signal arriving. The next time PyErr_CheckSignals () is called, the Python
signal handler for SIGINT will be called.

5 Python Y% AL signal. SIGINT CREi& A signal.SIG_DFL B signal.SIG_IGN), IHE%EL
FEAATAT =R

int PySignal_SetWakeupFd (int fd)

AT H IR E T — N4 UG S B N AR AT TE X B A MG 590510 H bR SCekfliik
o fd DR ARPHZER) . B R 1] BT — AN XA A SO AT -

BCEAE -1 PR XRAIRIRAES . XS4 T Python H111) signal.set_wakeup_fd (), {H
BEAALMIAE DA A o fd B2 — RN S HRTT o BERRRY 24 R E LA AR -

3.5 i A#: E Windows b, IR BOIAE SO R R AL B

SR

PyObject* PyErr_NewException (const char *name, PyObject *base, Py Objecr *dict)
Return value: New reference. iX4~ 1T H pRE & AR B — 0 F 2. name 2 7“%;‘5[ IR B R4
PR, /& module.classname FER ) C F5E . base H dict 7‘5;&1_.%}] NULL, X¥0E—MRAE
Exception BZENt4 (FF C Fa[ AT PyExc_Exception Jj]).
BN __module_ JEMERHEB N name ZE IRy (Ba— 52 8l), M2 Rph 52k
o (RJE—N RS 2ZI5). base ZHTHRIGEB RIS Bl — R0 — At 4R o
H. dict ZHOTHH S E — A BRI U L

PyObject* PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
Return value: New reference. FIPyErr NewException () —#f, & T o] DARRMAHA T SHER— 30
REFAFE s AR doc JEPEAESS, B ES 5 B SO A5 R

3.2 BUHTMA.

5.7 S %

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. Y5 T35 #H R BR i RIWAAE M — 5] Ik [Bl, W PAES _ traceback_
T Python Hiijji. AR O RIEAYEH, U3 M| NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
REFEH KRIRAY PR EA th o (] “Py_None“W5IRE .

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. -5 55 M RN _ER3C (FEALIE ex it FE 5] i 5 — A RESEH) AE
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H—AEGUHIRE, W@ context_ fE Python FR{JI, UIREA C REKH LRI, R [m
NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
K5 S AH IR TR SCRCEN eove ) NULL RUE2E o 1A TRBOR cov g — > i S Bl 2R 30
Ao XRFET AR e 151

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Y5 3B R#E IR (—NRELH, 572 None, [ raise ... from
o W) YER—NEEHIRE], ATAE Python HiE ) _ cause_ Hifii.

void PyException_SetCause (PyObject *ex, PyObject *cause)
K5 5 A IR SR R BB cause. (1] NULL RIEEE. BEAMRELR cause 22—~ 574 L) 5
None HJRAUG A . ERHATIR— 481 cause )T HI .

_ suppress_context__ 2R E ek N True,

5.8 Unicode %4

TR TR AB Ok B C Y Unicode 74 .

PyObject* PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. f))f#—-)> UnicodeDecodeError XfR I encoding, object, length, start,

end 1 reason Z£J@1: . encoding F reason >}y UTF-8 45 i) F4F R -

PyObject* PyUnicodeEncodeError_Create (const char *encoding, const Py UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end, const
char *reason)
Return value: New reference. f)7—-~ UnicodeEncodeError X R I encoding, object, length, start,

end il reason. encoding F reason Fp 2 VA UTF-8 bl [l 4 e .
3.3 e EH: 3.11

Py_UNICODE H Python3.3 2 #% 5 .15 1T £ PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)o,

PyObject* PyUnicodeTranslateError_Create (const Py UNICODE *object, Py_ssize_t length,

Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. f]7—-~ UnicodeTranslateError X RIFH object, length, start, end Fl
reason, reason &—~PA UTF-8 4 t5 I E44 5 .

3.3 RBEEH: 3.11

Py_UNICODE H Python3.3 2E#FH . 151 E PyObject_CallFunction (PyExc_UnicodeTranslateError,
"Onns", ...)o

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 12 [R| 45 € 55 XM R 1) encoding J& 1

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 12 [R| 45 € 5 X A1) object J& 1k

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

30 Chapter 5. filyhjgag



The Python/C API, %[F] 3.8.19

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)

BRI 8 SRS GR start JRIEFFRFHION *start o start IR NULL. BIIIRE] 0, KRIEHR

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 tstart)

WELR 2 SRR G start JRIEBEN start, JEINIFRIE] 0, SRR

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)

ARURZETE RGN end JRIEIFFF LA *end. end WoJUR NULL. JEZNFIRM] O, RN

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_ tend )

R E SRR end JRVEBEA end . IR O, R IR

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. 1% [A| 45 € 5 X R 1) reason JE 1

int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeTranslateError SetReason (PyObject *exc, const char >"reason)

FH E RGN reason JEVERH reason. WIIHRE] 0, JMHFR

5.9 Il

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in extension mod-
ules. They are needed if the recursive code does not necessarily invoke Python code (which tracks its recursion depth
automatically).

int Py_EnterRecursiveCall (const char *where)

PRt — AN C JZ R BIR AT AL

W E LT USE_STACKCHECK, IWHEISMif PyOS_CheckStack () SRAEHAE R G IR T .
FEXMER T, BREE 4 MemoryError JiR[HIEZAE.

ﬁfﬁﬁlﬁu%ﬁthﬁﬁx&%i_ﬂi_ﬂﬁﬁfﬁﬂo R 2R, R E 1 RecursionError Hik[E[—A9ESE
. FEHEMBERT, WREZE

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

void Py_LeaveRecursiveCall ()
4R —/~Py_EnterRecursiveCall (). Wit XtPy _EnterRecursivecall () WA by Kk

AR A AT — IR -

TEHf AT X A e R SE M £ p_repr F5 B4R A 3 9 AL 2 T%TF&‘Z&]\ tp_repr i FE BB ER AT S DA
Bij 1 M EIEER . DU S BRBCREAS B2 b D . ANSEBRBCR R UL, XA R %2 C XY reprlib.
recursive_repr () MM

int Py_ReprEnter (PyObject *object)
fEtp_repr SEIATT KA DA A o

WRXI R B Z b Jﬂﬁu@lﬁl_lﬁlﬂ/\ﬁﬁkﬁl TEI fﬁfﬁﬂ:tp_fepr %EJLF_J:‘I ] e B R A 16
ARG, B, dict XFGRHR L. P list MEFR o]
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void Py_ReprLeave (PyObject *object)

5.10 brifk5H

JrA ¥ Python B S i nl A 42 Ry s ik, HA4 Bl PyExc_ R E Python 573 4 75«

KA AIRIERG, TS T AL AR R R A

SR B E 28 U R DU b e R A [l — S RS FEMSOL T t o repr SCHLEH Y 2432 ] NULL.
AHABKE LT, MRRBCRFIR B M t p_ repr SEBURF AT IEHTARSE

GER—A~Py_ReprEnter (). WWERENREIZER Py _ReprEnter () WA AEIERH K.

XUEAS IR PyObject *

C #Fx Python £ % [Efig
PyExc_BaseException BaseException (D
PyExc_Exception Exception (1)
PyExc_ArithmeticError ArithmeticError (1)
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedError | ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedError | ConnectionRefusedError
PyExc_ConnectionResetError ConnectionResetError
PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError (D
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError
PyExc_OSError OSError (D)
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError 2)
BT —H
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F1-EHLE—H

C #47% Python 47 [EVfi
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError

UnboundLocalError

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

33 i pan Jili| A PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError and
PyExc_TimeoutError fZEHN N PEP 3151.

3.5 GHT A PyExc_StopAsynclteration fil PyExc_RecursionError.
3.6 fRFT A PyExc_ModuleNotFoundError

e EL3 R4 PyExc_OSError:

C #Fx [ETfi#

PyExc_EnvironmentError

PyExc_IOError
PyExc_WindowsError 3)

3.3 RS XS | B AR BB R R AL
[Ef# -
(1) X HAbbRE ST H A HIE
(2) {UAE Windows 17 X5 M2 75 T WAL FIRLF 22 MS_WINDOWS , DA )& AR

5.11 brUEE5 30

JI A A5 Python %45 38 SIHL T DA AR 42 JRp AL B, LA B0 “PyExc_* B{_E Python 50 4 K. X 2e4y &
sePyObject * FHM; HRZAXIG . VATFIH T A AARE SRR

5.1, brifEE A 33


https://www.python.org/dev/peps/pep-3151

The Python/C API, %:[F] 3.8.19

C ##k Python 47 [ETfigt
PyExc_Warning Warning Q)
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

3.2 GHTINA: PyExc_ResourceWarning
(EIfig -
(1) X2 HA bR I R
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ARFE PRI T S S ] T RAR S, wdRAT ) C AU SETHES -Gl B AR, 7E C P A Python A58, DA
L @R R B S HOT AR C (B4 7 Python HH (B AF4E

6.1 1 &R%E 1L

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. R 8] path 7£ A% R G FIIFERTE . WRAZ SR R— str B bytes X4,
ME Ry B2 ARIZN R T os . PathLike #11, MHZEZ—4> str 8 bytes X}
SRl __fspath__ () o FEHAMEN FRE|K TypeError ik [0 NULL,

3.6 BUBTINA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
WIRAFRA filename HIFRIUE 1O SCIE fp BrfIA v A B WGR [ B (4:% ) 6. isatty (fileno (fp))
RHEAER SR TR . MRS RERPy_Interactiverlag HEAA, MERETE filename T
B8 NULL B0 HA TG T 47 " <stdin>' B 222" BHRHR N E(E.

void PyOS_BeforeFork ()

TEHERE 73 X2 BHE L RS I R . BRI 247 E TR ) £ork () B AR S {BhAY Ve I 24 miT e
MRz B . HaE T2 T fork () HIRSE.

ey Cfork () PN Y BAE main” 4242 (NET main” 545 22) hik4T 65T PyOS_BeforeFork ()
SRR 1]l

3.7 BB

void PyOS_AfterFork_Parent ()
AR > 2 S R N RS R . IR BN M 7EJR ] fork () BUAEATBIAY Sl 24 pi HERE )
B R, Toie IR e R . HIEM T X T fork () MRS
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R C fork () H M W 24 H " main” % 42 (i T'main” £ 2) o #47. X T
PyOS_AfterFork_Parent () EUit 2.

3.7 BB

void PyOS_AfterFork_Child ()
TERERR 73 U2 5 SR N PR R IR S R B . BRI EC TR T fork () BUARA ALY ve b 24 i #EAR
(R R JEAE TR TR T, ARz AR A P2 (819 2 Python ERERR Y . JUE M TE LT fork ()
OES

B C fork () W M W X4 K A main” % 32 (6L T'main” ## 4% %) ot f7. X T
PyOS_AfterFork_Child () SRULHLEN.

3.7 OB A

hz%:

os.register_at_fork () RFIEMN ] #iPy0Ss _BeforeFork (), PyOS_AfterFork_Parent ()
FPyos_AfterFork_Child () VA H % X Python K%K,

void PyOS_AfterFork ()
TEREFE A3 27 J5 TR 2 R A pR A AN SR B4R S ] Python fERERS I 1 bR BN 4 76 T RE Hh gt
PWH o AR R BT T SO R A B B iR, MARTE ZE08 F HpR 2
3.7 WA EER: IEEEgipyvos AfterFork Child () BUt.

int PyOS_CheckStack ()
LR AR I AR S (AR R IR M BAE . X2 — AT FERYAG AL, [EXHEE L T USE_STACKCHECK I 1] J{]
( H @i#E Windows _F{ii ] Microsoft Visual C++ 41588 ) . USE_STACKCHECK F-4f H 3 E X5 R4 AR 1%
TEAR H O AR v el 28 I S
PyOS_sighandler_t PyOS_getsig (int i)
R HHTAES § PE SN, X @A sigaction() B signal () AL, HAZE
AP KL Pyos_sighandler t @R T void (*) (int) MY typedef ji|44.
PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
P TGS i W E S AR AIR R b 3R BHHPE S AR . iX & — % sigaction () B signal ()
E@%ﬁ@”ﬁ%ﬁo THAEE AP I E! Pyos_sighandler_t @XIW T void (*) (int) [
typedef H44 .

wchar_t* Py _DecodeLocale (const char* arg, size_t *size)
Decode a byte string from the locale encoding with the surrogateescape error handler: undecodable bytes are
decoded as characters in range U+DC80..U+DCFF. If a byte sequence can be decoded as a surrogate character,
escape the bytes using the surrogateescape error handler instead of decoding them.

Encoding, highest priority to lowest priority:
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
e UTF-8 if the Python UTF-8 mode is enabled;

* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCIT encoding (or an
alias), and mbstowcs () and westombs () functions uses the TSO-8859-1 encoding.

* the current locale encoding.
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AR [ — AN 1) B 2 BE A o B8P AF AL P AT B i fa i, B PyMem_RawFree () SRR MNAT. AR
size A9 NULL, WIRFHERR T null FAFTEFATEER S A S *size

T fRA B8 R B N 740 i A5 1R I IR 8] NULL. SR size A NULL, W) *size W7 NFFEES RN XA
(size_t) -1 SIEMRISEIRISIE N (size_t) -2,

R ERRAE NS A M K2, BRAR C A REFF B

WHIE I Py_Encoderocale () BHORAS AR AN 778

hs%:

PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () %K.
3.5 BUHTMA.

3.7 R S48 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 J BT S PLAE WS AE Windows [Py LegacyWindowsFSEncodingFlag k25 W I o& 06 FH
UTF-8 #rfidig=l;

char* Py_EncodeLocale (const wchar_t *fext, size_t *error_pos)
Encode a wide character string to the locale encoding with the surrogateescape error handler: surrogate characters
in the range U+DC80..U+DCEFF are converted to bytes 0x80..0xFF.

Encoding, highest priority to lowest priority:
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
* UTF-8 if the Python UTF-8 mode is enabled;

* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCITI encoding (or an
alias), and mbstowcs () and wecstombs () functions uses the ISO-8859-1 encoding.

* the current locale encoding.
The function uses the UTF-8 encoding in the Python UTF-8 mode.

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

N4 error_pos K NULL, NINHIE6F *error_pos ¥4 (size_t) -1, BUEMEKEHASESRHE
AT RG]

I Py_DecodeLocale () BEGRAT T MRILIA i T FFALII A
hz%:

PyUnicode_EncodeFSDefault () MlPyUnicode_EncodeLocale () HR%.
3.5 JHTIA.

3.7 it H 5 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 MR & PLAE U R AE Windows Py LegacyWindowsFSEncodingFlag k22 W I 5K 20CH {8
UTF-8 4=
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6.2 ZR&irkX

XA sys BETEETT PALE C AR M TR, EATE AT T4 Bl iR R AL sy s Bk
FM, RIS N TR S R
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. IR |8]3% B sys FHIXTE name 8(F UNHE B AFEFENR [F] NULL, FfH
A ERE .
int PySys_SetObject (const char *name, PyObject *v)
$F sys B name By v BRIAE v iy NULL, FEUCHELL T name A sys B PR . igZhifak[E] o,
KA RIHR ] -1
void PySys_ResetWarnOptions ()
¥ sys.warnoptions EE NFTYFE. WEREAIEPy_Tnitialize () ZHIHEM.

void PySys_AddWarnOption (const wchar_t *s)
Ff s INE| sys.warnoptions. MEREUMIIIEPy Tnitialize () Z BigEIH H DATE S 4ok k45
LB

void PySys_AddWarnOptionUnicode (PyObject *unicode)
¥t unicode YsJN%) sys.warnoptions,
HE: HETRECATHE CPython SLBLZ AMITH , A BEMMAEPy_Initialize () W) warnings
BAFAZHGIIH], (HREFEIT WL E] L AR/ Unicode X4 ) A RERIR ] -

void PySys_SetPath (const wchar_t *path)
K sys.path WHMAE path HRB W ERARLRI RIS, S EV AR E -G I R AR5
fF (fE Unix [ =, 78 Windows [2h ;) 73 BRIYEEARI S

void PySys_WriteStdout (const char *format, ...)
FePA formar $ER 4 B FAFBR S AR sys . stdout . AR, BIEELE THEE (WF30).
format 15724 BRSSP 0 5K NRURIE 1000 950U - i 1000 59505, Mt 44
SPEWT. FRAIHL, XA AR BN 32 BRI %s” A% BT S 7% <N>s” BRI, Hih
<N> B — PR MG <N> 5 HAD AR AL SCAR R I R RO Z FIAR 2l 1 1000 72745 1+ 2R 4
EERE %, BT REN AR R BT B A BT AR -
MR KA THER, sys.stdout 2H0ES, CHALIITHEREE AR EIER (CEH) stdout .

void PySys_WriteStderr (const char *format, ...)
Kpysys_writestdout (), HBENBAF| sys.stderr 8 stderr,

void PySys_FormatStdout (const char *format, ...)
Z{pl PySys_WriteStdout() [ pR ¥R 2 fl PyUnicode_FromFormatVv () FeAg A0 B I HA 2 K/FH
BB EERKE.

3.2 UHTIMA.

void PySys_FormatStderr (const char *format, ...)
EPySys_FormatStdout (), {HBCHE AF| sys.stderr 5 stderr,

3.2 BUHTMA.

void PySys_AddXOption (const wchar_t *s)
K s fEHT N — A - X IR G IR ENTIRINE Py Sys_GetXOptions () JIrak [l i 24 Hi eIk
Ste BLeREATDAMEPY_Tnitialize () ZHIHIAM .

3.2 OB
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PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. 32 [F]24 1] —X W FI, 2T sys._xoptions. KAGERRE, ¥
A NULL FF R E— AR
3.2 UGBTI

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

FUE—AF VSIS B 1o B Ik 0] B B 2R U 3 [ B T S — D e

WERE AN TAL 8 1, WRE ) format FIH A Z MR 1 — S A B AR T4, B N DA,
fEpy_Buildvalue () R PRI WERAMEBEA R —ICA, BRI
—MERICEICA T (I N Sl FE— 51, (E i T80 IMR I e ek B S 808 TR0
¥, HILEEE RS EG T tE.)

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

sys.audit () &A753k B Python 15 A% B H0HH [F] A BEAE
3.8 OB A

3.8.2 It HE 4%: Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation warning
was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
Append the callable hook to the list of active auditing hooks. Return zero for 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.

userData $55F 2 PUEN T RE T T RECTREM ARSI TR, %485 AN Y B 45 17 Python
RE.

WRE R FEPy _Tnitialize () ZHIMLEEIIN WIRAEEITHAIIRIL G0, BE R T4
?4%§%§Jiﬁi%ﬂ%ﬂﬁﬁiﬁ!ﬂﬁgl7i*/l\/‘}\ Exception TZALAAE IRFFER I FE 8/ (LA ES IR S0k
) .

BT ERERIZEAS int (%) (const char *event, PyObject *args, void *userData),X:

H args fRAUESE— Py TupleObject . B1 bR IS B2 B S | A% FHFH) Python fEREAS B A 1Y
GIL,

THZ 5 PEP 578 1A W VT RAINA . AR A TI FIARIE e v &5 2 BT R0 e R B AL H T
PE. AN AR R AR SOR

WAR BRI IR L, RECKH 5 K H T FF sys . addaudithook HAHIHFAEMSE. A
MBAFRY 8 151 % T — A IRAE F Exception WIRE, B9 T-RA BN HiZ 75 2005
BE, VRN EE AT 84T S IR EAAT e A DA 1

3.8 HUHTIIA.

6.3 11 (Process) #ilil

void Py_FatalError (const char *message)
FTEI— S R BRI . NSPATEFNTERL. SRR HOY 24 (A N B 7T AE 44k 2% i ] Python
RSB R S PR BRI BN, X RAE P RBIR R 78 Unix b, #rifE C 2L
abort () 2R IRt E R4 —4> core .

void Py_Exit (int status)

B YFi R, XK HPy _FinalizeEx () SR )G H AR E C F BB 4L exit (status). Wl
Mpy FinalizeEx () ¥R, IBHEAIRSEHN 120,

6.3. 478 (Process) il 39
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3.6 R A Ok H i AL IR 2 TR 205

int Py_AtExit (void (*func)())
WAt Py_Finalizebsx () WRIERLEREL. A G BERBCR AN Z AATATS B HA B R [BATAT(E .
2 AT DAYENE 32 ANTEBReR AL My ENHSEIEE, Py _AtExit () FfRE 05 RIEHS, BEXfRE -1, &5
S T FIL R S 2 S SR P . A BB B 55 B — k. T Python F A RS AL e 5
BRELZ HI5E R, A Python APTRN A func i o

6.4 A B

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. X2 N PyImport_ImportModuleEx () Wfi{LIREE T, ¥ globals A
locals Z4{ V% NULL H-X§ level ¥4 0. 24 name ZHLWS—A %% (BIE&E T—MamFELE) B,
fromlist ZHLPERAFNRE [+ ] XFEIR ERE A T4 5 AR T AN e DA B0 T AR A At
W ZH 8. (RERZE, XTE name SE5 238 E — AT 3E T HH A — A8/ EIE H -
AN __all AR ) TR SR ) R —NX I ARSI, SR AR
Bf& [ NULL H3E — AR . B AR FEBR A S BAE sys .modules Hi,

ZEREUR R I R AR A

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. %R B 2Py Import_ImportModule () H— MR FMI B4 .

3.3 A AE AR — LA E LN R B 7 BRI {H2 M Python 3.3 52, 807 RAER Z BN
DU NS EL IO B BRI, BT DA sR AR IRA T o B Toh 2L

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

Ject *fromlist)
Return value: New reference. S A\—/M&H., 5257 PN & Python pREY _ import_ () FREUSEIEAIFE 24
iR,

1R R — X I AR = RS, BURTE S AR M A NULL 38— 58
5 __import__ () ML, HiFK RN TR FHEEE RS ERA, BRIEAE T RS
W] fromlist,

FARNMAAE A ERAIBIXT G, WPy Import_ImportModule () ik,

PyObject* PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *lo-
cals, PyObject *fromlist, int level)
Return value: New reference. F A — AL H, X T I K B0 fx 4 V6 W % 2 % N & Python K 4§
__import__ (), P AARME __import__ () eRELSE A BLEREL.

IR A2 —A X B S AR B B JE RS LT, BURTE S AR IS U Ry NULL H 3 B — A
5 __dmport_ () KL, MR TR EHEE T N Z B R R A, BRAES S TN ES
) fromlist.

3.3 OB

PyObject* PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist, int level)
Return value: New reference. 25{\ TPy Import_ImportModuleLevelObject (), {HH 4 PR A UTF-8
A FAFER A 2 Unicode X4 .
3.3 5 AT level g TIHIH .
PyObject* PyImport_Import (PyObject *name)
Return value: New reference. X 2— MM T M1 “FAH TR WERZRED (BXHEE level

0, FRGRFA). ERFAGEWMN LAERIEMET _builtins_ K __import_ () % X
RG] 24 BRI A TR TE A
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R B X BR A A
PyObject* PyImport_ReloadModule (PyObject *m)

Return value: New reference. T#k— b, 3R B —ANFE 1MW B A BB B2, 502 7E 22 IO 3 [1]
NULL R AR (IR B 215

PyObject* PyImport_AddModuleObiject (PyObject *name)
Return value: Borrowed reference. & [8] %f IV T JE AN B 4 BRI BN 0 name 5000 TE 7] AR
package.module. HIHRFEAE modules 5 ML W By o4 A iz 7 e, WURFRAF], B2 — A BB gk
IR HAT A F] modules 8. FER IR [B] NULL H 3 E— 5 .

i MR BAR SN AT S R RN, AR R AN S AR SR, il
M PyImport_ImportModule () B EMFANABARIEL KT AL, name 5 F747 5552 FRA ALE5H AN
M ATAE N A S0 B) 2.

3.3 BUBTINA.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. 23{M T Py Import_AddModuleObject (), {BH 4K UTF-8 4mi5i)
FAFER T A 22 Unicode X144 . object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. 45 5E—MEHAFR (Al package .module JER,) Fl—4~M Pyhon F5HY
SCAEEHE BRI compile () FREUACREXT G, INEZA . 1R MIHZAEHAT R 085 | H, 83
AR A A B RN (8] NULL H 3R —AN 55 o FE AR BRI DL R name 23 M\ sys .modules THFEIER,
BI# name AE3E APy Import_ExecCodeModule () W EIEFET sys.modules H1, fF sys.modules
R R ST WG B R R, A AR A IMEHTA B SR AL T —Fh AR
1 TR EL R E R BT RE 2 E R ) IRES.

i) spec_ Ml loader_ WNMRMARE IS, W0 E NG MFME . MR spec Fim#Ees (40
RERE) BB _loader_ MEHAE N NiX A SourceFileLoader [3Lf.

By _ file_ JEMERHCNAUIEXTSRM co_filename, WIRIEHN], __cached_ HURFHFIEE

GIRE A T AN BRECRF E3CE . WS Py Import_ReloadModule () | fif B BUBIHL il & 77
K

U2 name $i 10— MEAN package .module WY RUSHIZAR, WIAEAT i AR AUEA LA TIAAN S8
.

jc:'ri%?%l‘ﬁ]PyImport_ExecCodeModuleEX () %HPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. 23D T Py Import_ExecCodeModule (), {BUNR: pathname /~>f NULL £

BB ) file_ JEVERIME.
%ﬂPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Return value: New reference. Z2{l) TPy Import_ExecCodeModuleEx (), {HANER cpathname Ak NULL
M BB IS G __cached_ fH. E=ANEE, MG HB—.

3.3 BB

PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const
char *pathname, const char *cpathname)
Return value: New reference. 2:{L) T PyImport_ExecCodeModuleObject (), {H name, pathname #il
cpathname ) UTF-8 SitE I FZ4FE . QR pathname %1% 8 NULL NIA & 228898 cpathname HEWT H i
HHIA.
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3.2 JUB A
3.3 WA i PR T AT IR SR N & ] imp . source_from_cache () RITEEHKE.

long PyImport_GetMagicNumber ()
& [H] Python FATRESCF (RP .pye SCMF) AYBERL. BEEON 4778 T 40 A5 SO g Sk i A5 v,
BN AT IR ]

3.3 MU A IR [l -1

const char * PyImport_GetMagicTag ()
FEX PEP 3147 #5314 Python 45 i) SC{F 4% 3% [l BEARSRZE 747 HE o THICHEAE sys . implementation.
cache_tag AR I 249 ok AU e ok U0 SE AR (L«

3.2 UHTMA.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. 10| Fl THLH ARG F 4 (B sys.modules). HHRIXBH X4
BRI AR B

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. 1R[] 25 € A FREI P AR . Q1A v R 5 AR [B] NULL (HOR 23 B4
Do WAL RNOUIR [F] NULL H3 B AR

3.7 BB

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. 12 [Bl4FXF—A~ sys .path/pkg.__path__ WZH path ERIEFTL, "HE
Z5iiid sys.path_importer_cache FHEIREL, WR T M AW ELE, WESHF sys.path_hooks
HAEHLE— e PEZ path 25 H B8+ AR AW H A7 R 8] None s SXXCRR5 18 Iy path based
finder Joi R path 5 HER B A AF. iR ZA7H] sys.path_importer_cache, i&[]—A-f5[n]
EHRARIHTT I

void _PyImport_Init ()
Initialize the import mechanism. For internal use only.

void PyImport_Cleanup ()
Empty the module table. For internal use only.

void _PyImport_Fini ()
Finalize the import mechanism. For internal use only.

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. | #5%4 Fr-N name 1 R G5 FCHe . T Bk | 1, 20 5 2R 36 2 45 B )
B0, WERAAE AR MOUGR ] -1 IR E — R B M) S U R A R, T i
MPyImport_ImportModule (). (HHRILAIAE RTME - RO Y S AMBREHERE.)

3.3 HUHTIA.
34 S _ file JEMASAFAERIE L BEE .

int PyImport_ImportFrozenModule (const char *name)
KM TF-PyImport_ImportFrozenModuleObject (), {BEAZFR N UTF-8 4t 4458 A2 Uni-
code Xf4,

struct _frozen
LR LR HMR SIS A0 X, 51l £reeze T RPN (557 Python JifLH
RATHUH Tools/freeze/). HiE L A[{F Include/import . h H1#KH:

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

(N IUakRED)
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(R —H)

int size;

bi

const struct _frozen* PyImport_FrozenModules
IR WAL TR struct _frozen B4, PANULL 83 O AL HARIC . 2H— RGPS
Ay EEEAERARPER . =T E W] DALAHOR IR B S B @ ) R GRS £

int PyImport_AppendInittab (const char *name, PyObject* (¥initfunc)(void))
I BUA 1 N BRI — ML @R Py Import_ExtendInittab () WEFEGSE, WIRICIEY
JERNER T 1o R AT ] 24 5K name KA, FF ] BREL initfunc £ HAES— ST A1 1
WRIIRE R E. BRI MHE Py Tnitialize () Z AT

struct _inittab
ik BB R P ) A B RS IR . BN EERER S T N BT R B S 44 FR
AR R B A4 PR @ — 1> ASCH il i) 745 £f o ik A T Python [FEFr AT DAGE T 1245 14 7K i) B2 R
YpyImport_ExtendInittab () M&5E PATRILER MY PN B, ZZ5HATE Include/import . h
e R

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

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
Add a collection of modules to the table of built-in modules. The newtab array must end with a sentinel entry which
contains NULL for the name field; failure to provide the sentinel value can result in a memory fault. Returns 0
on success or —1 if insufficient memory could be allocated to extend the internal table. In the event of failure, no
modules are added to the internal table. This should be called before Py Tnitialize ().

6.5 %¥it marshal ¥:1:7 £f

XLGIRE AL C AUBAEEE S marshal BORIT AR Bt Ui e o1 Axd 52 . oA 22 ek 50n] AR RF A 5
ANEMFPSIERE, 55— Lo O] A O Kl . 770 marshal B i) SCPF 2 DA~ 0E il A
1%

BOAHEAEAF I SR B ARG RT3k o

BUARH S R R B AS S AR 55 0 HROAM BT S iAS, 56 1 AR 278 SO marshal 25514k H L 22 [ ALY 7
ﬁ%o 55 2 AR ST S A kiR, Py_MARSHAL_VERSION 5 T 241 U A%t (U RTHUE RN
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F—A~ Long BEHY value PA marshal 5B A file. %K HE A value T A% 32 £ TLiRAHL Long FH
HO AN o version $8BH SCEERS R AR

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)
$—A Python X% value ), marshal ¥ X5 A file. version $$H3C{RS 2 1 BUAS .

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)
Return value: New reference. i 1] —/ N, 27 value 1/ marshal F/RTE I FETTEEXT S . version 5B SC{4-4&
A o

6.5. Z¥it marshal $ff 30 43
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PAT R B ALV OT IR S A7 it marshal 4% H){HE .
long PyMarshal_ReadLongFromFile (FILE *file)
MATFF AT FTLE* B0 R A ik [l —4> C Long. (] H R BESEIR 32 FiRYME, ToieAHl
long RAPK M.
KRR, RFRCEIE YK (EOFError) Hakml 1.
int PyMarshal_ReadShortFromFile (FILE *file)
MATHH TR FILE* X0 BBk [al—A> C short . i R E L BEBEE 16 (i A{E, Toib4s
Bl short FEHRIAYK M AT
KRR, RFRCEIE YK (EOFError) Hakml 1.
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. N\FT I TI32BUHY) FILE* 1%} N 2R 7 1R [F]—> Python X742,
KAFARE), IR EESH R (EOFError, ValueError B TypeError) iR [H NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. M FT I T2 HLAY FILE* B9 X B $0HE 7 1% 1] — 4> Python X} %, AN [F]
TPyMarshal ReadObjectFromFile (), MBREURERFAFHMIZ A EREZ X4, RvrHR
SRR AR BB A AT, DATE S 9 A AR T DATE N AT P A Bt 40 T AN )& B M SR I — A
FA o HA MR E A 2 TSI BEBUTAR] Y 25 5 P F e B X

KAFARE, R EE LA R (EOFError, ValueError B TypeError) Hik[H NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M AL 5 11] data 1) len A~ W) 5275 G5 v X 3 . 19 250808 3 2% [B]— 7> Python
PO 38

KAFEARE), R EE LA R (EOFError, ValueError B TypeError) Hik[H NULL,

6.6 fitbr S B i 5

TERIERE Y R BRI AR, X EemEUR A . HERNEEAFD] I extending-index .
XL pR B A W Bl = A, PyvArg ParseTuple (), PyArqg _ParseTupleAndKeywords (), DA

JepyArg_parse (), EATEREH 16 XACF A B R b8 RO 15 1) 2 8005 068 20 3028 o J0H 66 1 A
(Rl TE AL A% AL T4 5

6.6.1 fitbr%

— AR PR 0 B E X AR IT. — MRS T R IA —4 Python X5 Bl H &— 17
P RAE SRR R ITS . B T ARBISN, — RS 5 S 2 B Gl 0 X 28 e B Ay
FL M SR AR ORIA T, WG SR FEARAE I BES O WATEXT X% TR
Python X RHKM; Jrfts [1 Wity C A8 h (de) Je2.
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PR R RIZARIX

Tk A X SRV R G 3 BT SR ) N AFHTE A T 1] o AR TS A B IER 7] Y unicode P47 B0 E 775 X 1Y IR R
BlE A7 -

— R, MR B E N REE R X, XA R X AT AR B Y Python X445 8], I HaxX A~
SR X IS S AR . R TT BB RE T NAEZS 0] . [ TiX4E es, es#, et and et #.
SR, Y{—Py_buffer GEMRIRIEL, HALSHZ 0 KGEEE, T DAV B EM S 6 X~ Zeh X, B
{EPy BEGIN_ALLOW_THREADS ¥eHr, AJ DA SR ] AR B R A PR A/ INEl B s B oy R i KUBS: o TR,
AR PyBurfer Release () FEYREEREIHII A HERT (B AE 2 FAT A TR o)

AR AU, B X EARSPASS AR .

kg X TR 2 IS bytes-like object , FFREFGEN AN R Z 0 XG50 . AT B ARG pyBufferProcs.
bf_releasebuffer FR 2 A NULL RKIEEH, MFEA RN bytearray XA AT AEXT4E .

fE: i + LXK (s#, v %), KESHWEA @R E py_ssize_t) fELF Python.h
2 HiH PY_SSIZE_T_CLEAN R L5, MR AN ZEwiE L, KER 4 Py_ssize_t MiA
& int. FERKW) Python A HORF &0 AE, N HF Py_ssize_t MiFH 2HF int. HF—HE X
PY_SSIZE_T_CLEAN X477,

s (str) [const char *] }f—> Unicode X 45 ii— Mg m #4781 C f85t. — MR — P CEfEEm
FRE, BINFHREER R AN FAHE AR, C PR RE S5, Python FF R AREM &
AR TCRURARRG S R e, — ValueError &5 & . Unicode X R, 'ut £-8" 4
1) C FAfe . RFEHR R, —4> UnicodeError PG K.

HE): XAFE AR Z bytes-like objects, WNRARIEIEZ M RGE AT EN AL C 7475, #il
ffif] os Tk A PyUnicode FSConverter () {EN $10F3,

3.5 WS DARG, 24 Python “F4FER R 3| Tk ARY null A5 S £x5| % TypeError .

s* (str or byfes-like object) [Py_buffer] iX AU H:5Z Unicode X R M2 JF A R A4 . & A HIEH
FiMER Py _buffer Z5HMRIE . X HEERA C FEAF T REM S i A NUL 775 . Unicode X423 it
"ut £-8" GBI C FAFHR

s# (stx, Hifkbytes-like object) [const char *, int or Py_ssize_t] 1 s*, BT ENEZHBMNS ., GfGE
ETEPIAS C A2 g, B—AS2F81 C FRFRMIEE, B MEEMKE. FAF TR S AR null
FH7. Unicode X LR E LT 'ut £-8" JhsE Ll C FAFH .

z (str or None) [const char *] 5 s 2&{l, {H Python X} LM Al fEN None, TEXFMFIL T, C faHixE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* J5{), {H Python X} Rt ] §E°H None, FEXFFEMILT,
Py_buffer $5¥JH) buf il G E A NULL,

z# (stx, Hifbytes-like object B None) [const char *, int 0§ Py_ssize_t] 5 s# 240/, {H Python %5t ] fig
A None, FERXFMENL T, CH5%EHE A NULL,

y (read-only bytes-like object) [const char *] X FkRF— D RFATREDS LEAL I — M8 1 P4 1Y C $5
Bt BEAEERZ Unicode X5, P A7 KAMIUAEL S A null 7475 QAR T null 5245, 5] %—
A~ ValueError B,

3.5 A DART, 47T G KA B3] T H AR null #5725 % TypeError .

y* (bytes-like object) [Py_buffer] s* [{JAE5X;, AN#z3Z Unicode X5, HEsz2 v B 5. X Rk 4552 kil
B rtodetr ik -
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v# (R ifbytes-like object) [const char *, int 8§ Py_ssize_t] s# A5, 357 Unicode X152, HiEZ 74T
KR R

S (bytes) [PyBytesObject *] Zizk Python %[5 bytes %4, A2k iFF LM, 1R IZRTZ AN bytes
XN 25| % TypeError. CAFRWM AR HPyobject * A1,

Y (bytearray) [PyByteArrayObject *] Zizf Python Xf4 4 bytearray %%, Al f TR 5EH . W
PR N bytearray WRME5| Kk TypeError. CAERWM A Pyobject * KA,

u (str) [const Py_UNICODE *] 34— Python Unicode X} 44k i #5 [i]— > PAZS & 1114 Unicode P44 2% X
WIFEEr . ARG N—A~Py_UNICODE FgEI7E S ihl, 176 17— A48 & & A7A4E /) Unicode ZZ1 X
FIFEEr. WETER—ANPy_UNICODE FEBYWFAF 58 BE I T4 i3 Wi (16 (7834 32 i), Python "4 Hp
DAASBEAL B i AR null ARG 5 WRA, 51%—4> ValueError 2,

3.5 RS AE: DART, 4 Python FRFH3 B E] T # ARY null A% &5] % TypeError .

Deprecated since version 3.3, will be removed in version 3.12: X /& IH K x\Py_UNICODE API; i i #%
$PyUnicode AsWideCharString().

u# (str) [const Py_UNICODE *, int o Py_ssize_t] u (W4, MM C A&, 55— MREE—1
Unicode FHZ A7 X, 5 A2 EMKE. Bl null AR5,
Deprecated since version 3.3, will be removed in version 3.12: X /& IH ¥ x\Py_UNICODE API; i i #%
ZEPyUnicode AsWideCharString().

Z (str B3 None) [const Py_UNICODE *] 5 u Z51{), {H Python %I 4 i 7] € & None, ¥E£ X Fi 1 L
FPy_UNICODE $8%ti% 8 & NULL,

Deprecated since version 3.3, will be removed in version 3.12: X & IH iR Kt x\Py_UNICODE API; i i #%
ZPyUnicode_AsWideCharString().

Z# (str 3 None) [const Py_UNICODE *, int 8, Py_ssize_t] 5 u# 35|, {H Python X} 4t 1] §E K None,
TEX PO Py UNTCODE #8511 # ) NULL,

Deprecated since version 3.3, will be removed in version 3.12: X /& IH iRkt z\Py_UNICODE API; i i #%
FPyUnicode_AsWideCharString().

U (str) [PyObject *] %izK Python X524 Unicode X5, NI TAE( e . NS ZXT AN Unicode X452
Mj2x5| % TypeError., CASRMW PR NPyObject .

w* (n[ ;G bytes-like object) [Py_buffer] X >3k X ZALM LI T B2 5 ZAF K RN . BN
et Py _buffer G5MIMRME. Zemh X AT BEAFAEfRARY null 52750 24 e DX 56 )5 U 2 =5 20
HPyBuffer Release ().

es (str) [const char *encoding, char **buffer] s {7255, B B985 Unicode FRIEAF/FEZMIX ., BH
AR PRV A ik NUL =275 1 E gm s £ «

WA AT EWNSE. B MUHERA, I HabHh const char*, ‘BEg—~PA NUL 451
TFERFRR I IR N B, B8 N NULL, XFRMI "'ut£-8" 4afidtg. W15~ Python JoykiH B
YA M FR LB R T . B ASEIR char**; RTS8 EHER 0515 A S 8O
WA . SCAKF LSS — S H00r 8 2 (R G 8 Xt A T4 0
PyArg_ParseTuple () &0 HE—" RN, K5daid 5 W55 DEX > g ap X Bk E
“buffer 5| HXAH A BCHI WA R . WHE A TUEEM H G PyMen _Free () KREC &0 BN S
X,

et (str,bytes or bytearray) [const char *encoding, char **buffer] il es F[&], & T A EHRLE AN
FRAERNG . MR, EEREEARNSECE RIS G AR,

es# (str) [const char *encoding, char **buffer, int 5} Py_ssize_t *buffer_length] s# {25z, B KE HIG
[ Unicode “FAFEATAFEZ MK . MG es RiFA, BEARVHEAREHEE S NUL 45,
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ERE=ABEC HMUIERA, FFHRAUN const char, B PREHEAATR, BN
PANUL 45 FAFHR B NULL, FEJ5— Mg ol TRAEN rut -8 gifdisa. anRampdisaXa ok
B Python IHHIN 5] K5 5 —ASEMCN char**; BIFG|HHREHER PO TA SRR
WA X o SCARKFLASE — SR 12 W 9 P AR I T i o 26 =SSR AU s il — A0
Tt 90 | AR RCR s oA it Znh X T B AR

AP

U2 *buffer 1717 NULL $55F, W eRECREMBC el R/NRZEni X, R g 0 Rcdle i i 2 st Zenb X, It
B *buffer VAG | IB 2 BLAA7 ik R ST PyMem_Free () VAEREH R RERL T BL Sk IX .

ISR *buffer F109E NULL #5841 (0 BCHIZMIX), WPyArg ParseTuple () ¥ AL EAE Ry G
X, K *buffer_length FIFIIGIEMERE N ZMIX KN, SRG, BRHGmSREBIEE H B Z X, H&Ik
B WREHFXAELR, RFEE 4 ValueError,

XA BI T, *buffer_length RS B4 5 45 AN NUL i 8a i) K JEE

et# (str,bytes i bytearray) [const char *encoding, char **buffer, int f Py_ssize_t *buffer_length]
Mlest M, BTAMERDEANTHENE. MK, BEREEARNSECE 55 72,

By
b (int) [unsigned char] f—A~JE 1) Python B AEAY 1N — D TofF 5 B OB AL, fAETE—> C unsigned
char 258,

B (int) [unsigned char] §—~ Python #& B340 Bl — M B ARG A i 8T, (FfE#E—1 C unsigned
char A,

h (int) [short int] §—> Python B AL —4> C short int 437,

H (int) [unsigned short int] }—~ Python & AU%£4k ii—4> C unsigned short int TLAFSEEAL, HA
A ) A

i (int) [int] $f—> Python FERIFLAL A —~ C int FEHL,
I (int) [unsigned int] *Rf—~ Python #H%:AL ii—/~ C unsigned int TEfFSEA | HAKER H )R,
1 (int) [long int] }§—> Python & #U# 4k jfi— 4 C long int KEEHI,

k (int) [unsigned long] f—> Python AL i{—> C unsigned long int JEfFSRKEEM, FFAkE
it AR

L (int) [long long] Kf—> Python BAULAY I—4> C long long KRB,

K (int) [unsigned long long] ¥—> Python #&%#£4k ili—4~> Cunsigned long long LS KIEEAL,
KA Y ) I

n (int) [Py_ssize_t] —> Python 3&FI%E4k il —/~ C Py_ssize_t Python JGRK/NJEHL,

c (bytes s i bytearray KJ¥h 1) [char] X — > Python F{7 KM, f— K EH 1 1) bytes B #H
bytearray X%, FH—" Cchar FRFEAL.

3.3 JiUE4E: fuif bytearray KAIIR.

C(str KIEA D) [int] £F—4> Python F4F, W—"PKEN LAY str FRFHXTR, A4 C int FAK
A,

£ (float) [float] $F—> Python 7 S BHE L —4~ C £loat F A 5.
d (float) [double] ¥/~ Python 7% S 86640 i—4 C double AU TR SEL.
D (complex) [Py_complex] — Python iZ 2B Il,— 1 C Py_complex Python &g 425,
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At} 52

O (object) [PyObject *] f Python Xf 5 (RNIEATAEMIHER) Frfifife C XIgasst . Mk, CRFRICiZiE
MSEBRXT g RTINS 8. fA# 5 A& NULL,

0! (object) [typeobject, PyObject *] Kf—~> Python Xf 47 A—4~ C W5 45%r. XRMT o, HEEZM C
SR B2 Python BB RV hl, 85 AR AP R I5EM C A8 R GRAUNPyObject *) L
hk. WA Python X4 A H A r 2K M2 AL, W&5]% TypeError.

O& (object) [converter, anything] #it—> converter FREUEE—> Python % 4564k — 4 C A5 &, IR EEZ
WS B, R CANE GRABUER) Hbhl, #53h void * KA. converter PR%
PRI T ek -

status = converter (object, address);

Herr object 2111 Python X} 42 address G 45 PyArg _Parse* () MEHY void* S5k, & [H1Y
status 2404 1 ARFEE I PA 0 AFEI RN . SRR, converter WA 245 Kk 7# I Hes
ik address 1) N ZARFFARAE UCIRES

4R converter 3 [A] Py_CLEANUP_SUPPORTED , WIUIRSHUHNT i A R, BT RS TR HIZ R %L,
Mg A LSRR E A B RAT T AT AEE NI, object Z80# 0 NULL ; I, %S5
Foh NULL ; Ut S5O NULL , L, %S ECRN NULL  (W5RME) A NULL address (E 5 7
BRI R R AR ]

3.1 Ji ¥ %: Py_CLEANUP_SUPPORTED ¥ ¥/

p (bool) [int] & APMERTE NE (— DR /REIN I HAFGE R AT R C true/false #EAU(E ., 4R
FKikANEE 1, BE 0. BEZTMETEN Python {. 2 truth ZREH £ 5&F Python 40{a] il i {E
HERIEE

3.3 OB

(items) (tuple) [matching-items] 15502 Python [75], BRI E R items PR ICHBE. C 24
DAART N items HAE— NS RS BTT. P8 P Ag R OT T B R E

&1 long” A CREBUR (BB 15 Y TONG_MAX PR @I REAY, SR AT HEATIE 24 A FE AR ——2Y %
W7 BOR/IN I BSOS, R B2 A BT (6B b, C Il SAETE AR I BR Al _E 3 ) K 2 4%
Ho— WM ATRE S KAL) -

A AT R b A — LA ) AT B RFIR IR L . XN B AR EAERE 5. BT

| SRHITE Python S84 K bR N i S HHR 2 ATk . C 28 50 I 1 W] 1 SRR S I A A BAA 24—
MAESHOATIRERS, PyArg ParseTuple () AREVFRIFIRI C A E (L EAE) HINZ .

$ PyArg ParseTupleAndKeywords () only: FEBAYE Python Z:404 3% th | R S BN m  C EF S50
T, ARG TSR E RS, ST AR | U —EAE S B .

3.3 BUHTIA.
o AR BICHIPIRE ARG B R TR T R A N R R P I BB (PyArg_ParseTuple () B
BEIRR) CREE” 5.
i AEERICHSIREAT AR 705 J5 I P AR BT N AR R I R BURERA R A R-IE . = A MIEHE .
TERALAT ] 2 B2 3t Python XRG4 ka9 5115 AZLEBENHI5 HTHE

2 K L8 pR B RIS b AU A AL A H il ) A R R bk s X e R A il A G, A
—LlEiL, BRSO T TR, XS AE ] AR, BTN ARIERE
IO iAo

N TN, arg MG VRS 2O HAS AR . Wi, PyArg parse* () s¥LRIA true, X

ZENTRN false F HE| K— A E@i) R . YPyArg_Parse* () BB AR X BTCHE (L 2R M 25 K
I, RS R A DA K 5 S A% s B el A ) AE SRR A g B
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API %%

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
AT — DR B S8, RRP SRR S B E NP R TS S b . iR [A] true; R (4] false
I HLBI A W 8

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () ], SR EHEZ > va_list BRI SELMA 2 AT B H R SHUE

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
I3 BRSO 5 B 7 S AR I e 4ok R e B R S 8. keywords 402 REF SHA R
NULL & F8EH . S8 FRFenpositional-only parameters, JIIR ] true; %A TR, B4k [0 false F
SR S

3.6 T4 YR T positional-only parameters W) 2 15 .

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

words( ], va_list vargs)
MpyArg_parseTupleAndKeywords () MR, SR EHZ—A va_list R SHOM A vl 25w
SRS .

int PyArg_ValidateKeywordArguments (PyObject *)
BT S BT SRR SRR . AR T Pyarg ParseTupleandkeywords () R
PAEHREOLT, JEE SN FHEOXHE R .

3.2 UBTINA.

int PyArg_Parse (PyObject *args, const char *format, ...)
BT RATHY “IHZEAY B S R X LR Y METH_OLDARGS ZHUBHT I AT M
Python 3 "RES IR . XA HI TR AUE RIS B, T BAErs RS P R 2B E iz, B2
ANEHATZEW . BRI T, SRR REE XA~ H g4k s i A

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
— R SEARBOr X, AR R E SRR X R RIS H U R AL
I AR R VAR R ME TH_VARARGS . A5 SEBR SR TN U1 E N args 5 B AL
S —AIet . JTTHR K ER 2 /DR min F AN max; min Fl max W] REAISE . BAMNASEOL B
BN, THSEIE—A T8I0 Pyobject * A RIFEE BATRFLOR A args IR BAGR
TEEGIH . XN TSRS B AN args 4 HRPEIE TS BRI A RWIR. BheR%k
PAT IR P EUE, A02R args A2 oo HBH A0 S A IR B R e 3 AR MMIRAEL s T 2R P0A T 2 O 15

B

KRR B R B, BUA _weakref i BIBRHUTI R 5565 | A I CHS

static PyObject *
weakref_ ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

EM TP PyArg UnpackTuple () e T PyArg ParseTuple():
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’PyArg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 Gl 4

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

Return value: New reference. 3T AT PyArg Parse* () BREERIFI—RIMERIAE . F 45500 25 {E
TE AL 1R R M L NULL; QR E] NULL, 355 k5w .

Py_BuildValue () #A—HAE I, HALERKAMMTRSHAEHAEBEZ RIS
Sl TeH . R TR RS, TR None; MR BAG M HIT, BikIA fgA R
TCR R AE—XE 5. I BHES t BE s A P4 A T DAS ) 3R o] —A~ K NR 0 2 1 el

214 AT G AT DX B DA S 808 A% 356 DR A @ X 2 ik, 0 s Al s# kS BAIT, &8 I FHFEA KL
W, EAHEZRMAENEH XM EEARA S HPy _Buildvalue () BIEX SRS H., A, W
RARMATE I malloc () 3 BB NAE S RGPy _Buildvalue (), {RAARSEEA TL4F
JEPy _BuildvValue () IREIEEM free () .

TE R, 05 5 i RIEAMEAER I, B35S O WA RA% U ICRF 25K [ Python X 467 ;
TS [ N RAL B C AL R (R BYAL,

TAEBIANZAS, HIRAF, BSHE SRR T S22 m (B2 A NHo, W sh). &Xn]
PABEAR A (A% A A A LA S Py AT

s (str B None) [const char *] {§iff] 'utf-8"' i & LR C FAF RN Python str X4, 1N
R CFAFHRIEE N NULL, W] None.

s# (str B None) [const char *, int B} Py_ssize_t] ff/f] 'ut£-8" 4l C P47 RH K N
Python str XfR. IR CFAFHHEEN NULL, WK EERF 20, FFiR[0] None,

y (bytes) [const char *] iXff C FAFF S A Python bytes X4, QIR CFAF45E A NULL, DR
[f] None,

y# (bytes) [const char *, int 8% Py_ssize_t] iX&¥f C R M H K %N —4> Python X§4:. I
RiZ C 459 45% A NULL, W& None,

z (str or None) [const char *] I s —F£,
z# (str B None) [const char *, int Bf Py_ssize_t] fll s# —FF.

u (str) [const wehar_t *] ¥ 252 [F 1) wchar_t [/ Unicode (UTF-16 8% UCS-4) #iE5vh X &k
Python Unicode %% . #15f Unicode ZZnf X $54F 4 NULL, W3R || None.,

u# (str) [const wehar_t *, int 3} Py_ssize_t] ¥ Unicode (UTF-16 5 UCS-4) ##e2E X % H K fF
%394 Python Unicode X§4¢, I Unicode L2 X484 A NULL, WK XSG 20, IR [0] None,

U (str 3§ None) [const char *] I s —F£,

U# (str 5 None) [const char *, int 8} Py_ssize_t] il s# —#f.

i (int) [int] Ff—4> C int BEAELAY F{ Python BRI 5L,

b (int) [char] §—4> C char FAFAREL{L AL Python FEAIXF R

h (int) [short int] ¥ —4> C short int 4FEFIEEAk A Python BAINT4 .

1 (int) [long int] Kf—4> C long int KEEARUELIL)Y Python FEAIXIA .

B (int) [unsigned char] ¥ —/> C unsigned char TS F4 M4k i Python B AN 4

H (int) [unsigned short int] ¥—{> C unsigned long JLAFS 4R AL A Python #E N 4 ,
I (int) [unsigned int] J§— C unsigned long JCfF5 3 A4L4k i, Python B A% 42

50

Chapter 6. T_H



The Python/C API, %[F] 3.8.19

k (int) [unsigned long] ¥ —/> C unsigned long JLfF5 KB RIFE (Y R Python AN 42
L (int) [long long] f—4~ C long long KKHEEHALNK Python FETEXT 4

K (int) [unsigned long long] ¥ —> C unsigned long long FLAF5 K KR EEAY Y Python & 7 5}
%

n (int) [Py_ssize_t] ¥—4> C Py_ssize_t JEHIHEAL ) Python B& 5,

c (bytes KJEh 1) [char] $f—4> C int BEAUCRIFAFHE1L A Python bytes KR 1 IFATX 4
C(str KR 1) [int] HF—4 C int BRRIFAHEI N Python str KB 1 IFAFHRXTE

d (float) [double] #—/~ C double MUK s 4k Ky Python 7 s B UK

£ (£loat) [float] Kf—1> C float HUEEEE MU 1L Python i SECERIEFE

D (complex) [Py_complex *] Kf—~ C py_complex RBPEHHFAL ) Python ZERAL,

O (object) [PyObject *] ff Python Xf (& i AAF (H 5[ HTHEER AN, %t 1 33) o RE A
BXF 402 NULL #5848, WMRGEX & B TA RS ER T & A R E S me . Hit,
Py_BuildValue () ¥R NULL, (HASSK5HE . WRM KRG K72, WiE SystemError,

S (object) [PyObject *] Fil 0 #H[F .
N (object) [PyObject *] F1 0 #H[F], SR EHABMXTZATI AT M@ H S0 R H 50
TG AN X RS

0& (object) [converter, anything] iF 1t converter PRECE anything #4545 Python %142 . %R EE I 2 1%
A anything (/5 void* FZ5) VENSEOF H W 2R [m]—A~ )" Python Xf4, i 24 KA HiR
B[] NULL,

(items) (tuple) [matching-items] Ff—A~ C AL 5 5755540l Python JoAL I PRF5AH Rl T R B

[items] (1ist) [HRMICE] KF—A> C A H)TH 545 Python 513 CREFFA R 1) 70 KR

{items} (dict) [HIRMICHE] KA CAER)THHEA L Python T8, RF—XTIELEN) C 4B EXVEN—
ANTCEBATIA, S BIER KT RIE.

WA A AR T A 52, WIKE SystemError iR NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. flPy _Buildvalue () Fi[a], SR EREZ—A va_list BRI SEOM A Z 0]
R SEE.

6.7 “yrrhI(EIBLR XAk

e ET e ORI B AL T A i

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
R FLTE formar MEINSEL, iy BB size AFATE] stro 20 Unix T TUE snprintf(3).

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
RS F AT formar M7 SN R va, i th AL size 78] stre 2 0L Unix -} 52 T8
vsnprintf(3).,
PyOS_snprintf () MIPyOS_vsnprintf () 133 C}pEREREL snprint £ () Ml vsnprintf () « Bi1H
H 12 RUEEAR S O N 0 —Bd T8, TARE C IR EIAR S .
AR IR str(size-1] FEIRBIBHGEA R "\« BENINAT AR size MF47 (HFERER "'\0") 3]
TR . WA ERBENESR str = NULL, size > 0 fil format != NULL.
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WK GIAH vsnprint £ () M0 H 2 v X R /N T 2830k 0 4 87 4 S size 512 F45 PA |, Python £ PA—
/]\nyFatalError() 5{%'1:‘_[]:0

W EEAE (rv) 478 SR R A s R
* M0 <= rv < size B}, HjlFEH RIS IR rv DFRFEGAE] st R FER R strlvv] ALE T
"\NO' FTT),
* Hrv >= size lf, fiHiFMASPEMIITFHFEDAA rv + 1 FEMN KA RESEIIT. TR
TEM R strisize-1] 2 "\0',
s Yrv < O, " REERNGFHFE. " EIHIELT strisize-11 4 "\0", {Hsor (HRT 2R
S . R )R R B TR R 6
PAT R AR 5515 5 PREE 0 R A4 8 BB e 4t
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEPAPER s #e0oy double RA, RINING| % Python S . Hes2 i 5 4F 3 1 45 5 W -9k Python 1Y
float () MIEREILZFIFRIES, BT s WA R FERRE M . HAl AU T 24w X
1.
MR endptr @ NULL , FHBEAFR . 5%k valueError JFHIRM -1. 0 WERFFFHA ST mEL
RV IR SUY E: W

WK endptr AN NULL , RAEL WA AT IR *endptr BB NG 155 — D R F1F .
MRS R R 46 BOAS 2 S B A S Rk X, *endptr WE R M FAFRIIL, 51K
ValueError %%, FFHikFH -1.0 .

WAR s FRm— D RKMABAFME—MF BT E (Wrst, "1e500" fEFZ & FR—NF4F
) SRIGUNER overflow_exception j& NULL iR[H Py_HUGE_VAL (fiEM4M445) 3 H AR BT
M ws . FEHAL T, overflow_exception WhJiFg[H— Python B XT4; 5| XS FHE&M -1.0
o TERXMFMEI T, &E *endptr FRINFREL FNH—DF4F.

URRAE SR ) S AR AR A FEAl R % (HAn— D AR RS R) |, BG4 /Y Python S IF HLik ]
-1.0,

3.1 BUETINA.

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val —AME T format_code, precision Fl flags [ F4FER

XA EA TR Z —, e, "EY, VEY, TFY, Tgt, TG B Tt X et SR AR LR
0, 'r' MAHEE TARMEREL repr () #2K.

flags R] DA Nl HA{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT By H 4 A&
* Py_DTSF_SIGN FI/R SR TER B W FAFR R — 5547, B val SHaETEL.
* Py_DTSF_ADD_DOT_0 F/nififrik Bl FAF R AR KA G — 1%L

e Py_DTSF_ALT FE/RMN " BRAY” ¥R . A 24055 S M PyoS_snprint £ () "#' E XL
4.

i ptype A h NULL, W B2 8 16 09 {86 9% i% 2N Py_DTST_FINITE, Py_DTST_INFINITE H{
Py_DTST_NAN Hj—A>, 731K val @ — DA RECT . ToRET 8RR

R [ E S — R S 5 FAT R Y buffer FIFR4ER, QNSRS WU A NULL. U 7 B T
M PyMem_Free () FREHOR I FERFE

3.1 BGHTA.

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

TR KNG . ZRBILFS stremp O LA AME, 2B TR,
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int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)

FARAR KNG . ZREJLTS strnemp () TR RHE, H2E2iT RN,

6.8 [ 4

PyObject* PyEval_GetBuiltins ()
Return value: Borrowed reference. 3191 4 Hi$hATITHb P4 B BB 7L, QY BB WOIEAEAT, WAk [m]
ARSI RS -

PyObject* PyEval_GetLocals ()

Return value: Borrowed reference. 3 7] 4 Hi $AFT I H Jiy A48 5t () - L, Q00 SR 350 24 i R4 T 7 it DU 5z
NULL.

PyObject* PyEval_GetGlobals ()

Return value: Borrowed reference. 1% W] 24 5 T 47 i P 4 /728 S 0O 2 i) 0 SR8 24 B AT 79 o D0 2
NULL,

PyFrameObject* PyEval_GetFrame ( )
Return value: Borrowed reference. & 8] 24 B ZEFARTS M, W01ER BEA 24 B P4 T RO TR [8] NULL,

int PyFrame_GetLineNumber (PyFrameObject *frame)
R[] frame 4 H IEAEIATHIATS o
const char* PyEval_GetFuncName (PyObject *func)

U2 fune JE A%, REQIEBIR G, MR EIEMAFR, BERE] func BRI 2K .

const char* PyEval_GetFuncDesc (PyObject *func)
MR func FIZERLR B IA AT R . 3R [BIE A 45 B BRI 7 YA 1197()”, 7 constructor”, ” instance” F1” object”.
YpyEval_GetFuncName () WIZ5RIER:, 45R¥=2 func BIHEIE.

6.9 Gifrhd 2 TENHY R iE

int PyCodec_Register (PyObject *search_function)

TSR AR A 4 2R R K
TERRIEN, He2ilik encodings &, WURMASEM, HHRERA LT RR KBS RNE L

int PyCodec_KnownEncoding (const char *encoding)

MRIGEN 45 5E encoding (4 RIS AR 215 CAFENTR ] 1 2 0. BURR B BER .

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

Return value: New reference. 17 B nfii i #s E A9 fih APIL,

object {5l 1 errors FT & XA AR AL T YAL 45 18 encoding WSS RS RSN . errors A PAN NULL 2R 1H
Rt ae i SR BRIN . IR B gt 28 | 25| & LookupError.

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

Return value: New reference. 17 Bl fii it #5 B AN RIS APIL,

object [ 1 errors FIT & SUHIAE RALHE T EAL 1B 25 7€ encoding WfEID R REL. errors ] DK NULL RRfilf
F N as i e LR ERIA T ¥ . QAR B SRS #4825 & LookupError,
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6.9.1 Codec 7k API

TE ROV, encoding 5 53 XA AR HEAI N /NG PRI, 33X SR 1 EATL ) 25 He A b A 55 sk
RANGAEUR. WERARENET gD S, WKFE KeyError Hi& [0 NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. " 45 € ) encoding FREL—~ 4wt e %K .

PyObject* PyCodec_Decoder (const char *encoding)

Return value: New reference. "% € 1) encoding $REL— > fRAL 28 BREL .

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. "}y %5 €] encoding 3El—14~ IncrementalEncoder X4 .

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “Fj%5 € W encoding 3Hl—~ IncrementalDecoder %4,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E W) encoding $EL—4~ St reamReader L) %L,

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “Fj %5 € W encoding 3RHl—~ St reamWriter T.J pR%K.

6.9.2 Jil J- Unicode Zftyuiit LB FIITENE API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEZ5 E W) name 2 YEMHEE iR AL PR 0] pR £ error. 2 9] U8 bR BCRFAE — A J fR 05 #4518 2] JCYE S 15 1)
FETCIE S 71 85 I H. name 14 7 A encode/decode b H I i) error fE2 I H 2% g i it s > ]
e

Z | O KR K & ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError &}
UnicodeTranslateError K5t fiff )y Bl 24, /\¢@A3€T7ﬁliﬂ@???ji?*ﬁfhﬂﬁ
TEFRIEF AR BB (S5 Unicode 575 3% % 1 RIS B A R BCENS ) o 12 51 V8 R Bl ﬁ%’l
REGERRE, BUEE R B S T8 KA N B 75 B —ocd, DA —Ron Imfs R 4L,
R EYE%Z&EJ:‘VR’E%@/%%T%VF .
B AR[E] <O, eI )z ] “-1<

PyObject* PyCodec_LookupError (const char *name)

Return value: New reference. T 48AF name 2 N M AE IRAC PR VH R . VE 45138 7] DA A NULL, FE
PR LT 38 [l X strict”™ B8 A 2 ] ] R £

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc £ R R4 .

PyObject* PyCodec_IgnoreErrors (PyOb/'ect *exc)
Return value: New reference. 21 unicode £51%, BkidsE 1= A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. {§iJf] 2 8% U+FFFD % unicode 454t i% .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. {§i |l XML F455 | Fi72 4 unicode g fd 4% .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. {fi J]] SURHTHE LAF (\x, \u Fl \U) E#t unicode iR,

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. ffiff] \N{ . ..} & X £7## unicode Zifidskiz .

3.5 BUBTIMA.
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MRV

AF PRI Python XIRACH,, Fib HRM, LA Z RIS R (Flan, Prafuadesy, Sy
FIRR) . MR GRBIEATE I, 1474 —4 Python 54 .

XL R R AN AT B TR IE WAL AT B 0, In— B Ry List_New () A, (HH ARG H 3%
BREBEE L E “NULL“fHI{E

7.1 X4 PR

PyObject* Py_NotImplemented
Not Implemented BB, M THRICHANEAERA X4 e SR H G958
Py_RETURN_NOTIMPLEMENTED

C ATV IERAL B Py Not Tmplemented (R [AEFRE (RIS Notimplemented 5] i 1401 1]
Z)e

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FixT5 0 BB fpo HASHHRIE 1 o HEFRSEOT T8 AR e i e 5. B HiE— SCRFA1E 5
J& Py_PRINT_RAW; HWURZGH %L, WHREARZN str () MAZ repr (),

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
WMH o WG J@1E atr_name, WIR ] 1, W3R [E] 0, 3XAH 24T Python #3531 hasattr (o, attr_name).
RS L)
WE, WM _getattr__ () Fl _getattribute__ () FIERTAEMREGPAMG . A 2RIG4
iy, WM PyObject GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
WMH o WG JE1E atr_name, WIR ] 1, 3R [H] 0, 3XAH24F Python 35 hasattr (o, attr_name).
IR U SE )
WE, TEWA __getattr_ () Ml _getattribute_ () FEHBIE MG FERFRXIRE, FH
Rl . A EPASHHRING, WM Pyobject _CetAttrstring () .
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PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. \X15%: o FiEHL4 N attr_name @ 1E . R B @EMAE, <03 [B] NULL,
X AH 4T Python 323K 0. attr_name,

PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. XI5 o FEER—A~4 K attrr_name W JEM: . BN R [F JEHE, 200 R
Bl NULL. X#H24F Python ik o.attr_name,

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. i@ ) JEPEDRERREL, H T RAA RTINS R ) tp_getattro i . BEFERIF
sorp (GL 0 %‘EB’J MRO 1) FREENFASF, HAEXRE) __dict  HAREA @M. 4 descriptors
Frid, BARRAAFIC e TR BlEME, MAREERRIAFF WA ESE. Rk AttributeError .
int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXTR 0 A4 H attr_name WJFIEMEBCN v o RMON G KSR IFRIE -15 IR [E <0 o XA 4T

Python {£4] o.attr_name = v,

WK v NULL, JER g, ERIIRECHFM, MUl PySequence_Delltem() o
int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)

XSG 0 &N attr_name (JETEEBN v o RIBING] R REFHRE] -1; MR R “0* o XHH4T

Python {f4] o.attr_name = v,

WK v NULL, ZEIERRNER, (BRI hBEC WM, B PySequence_Delltem() .

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Y JE P BB e, TR B R tp_setattro i, BIERMF A (ML TXRM
MRO ) EHEGRAS, WREE], WP eSO 7 s h S S SO R B e AT . I, s
FHEXTRE __dict_ PiEu(ER. WRSEFFRE 0, fHUHFF]% AttributeError Hika -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WG Rt 5 0 4K attr_name W)@ . FRIEHHRI] -1, XAH2T Python 4] del o.attr_name.

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

WEEXT % 0 W44 M atr_name W)@ M. RGBT -1, XAH24TF Python i&/4] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ AR HISREGR B — RS2 Pl . DBERf S 7 il

3.3 OB

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

_dict_ flidATICE KB — M SR X BN SRV R A
3.3 OB

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. [l opid 35 E W EVEHLE ol F1 02 W{H, WIi/& Py_LT . Py_LE . Py_EQ .
Py_NE ., Py_GT 8 Py_GE Z—, ZFRINN T “<=*. ==, =, > 8 >=, XH 4T Python Fik= o1
op 02, Hift op XTI opid MARMERT. MIMGER AL, K IBHHER NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
I opid $R7E K BAF LLIE of Al 02 fi9{H, /32 Py_LT . Py_LE . Py_EQ . Py NE . Py GT (Py_GE
Z— AT <L <=, == 1= >Eli>=. FRRINIRIE -1, LR false MR E] 0, FHWRME 1.
XA T Python £k 01 op o2, Hrft op @XFMT opid HIBRAEAE

HE): 8 ol Fl 02 B[d—NI%, Pyobject RichCompareBool () 3§ Py_EQ MIR[E 1 , 4 Py_NE N
&m0,
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PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. TWX4 o WFAFHRIEA . NI IR I FAFH, SRIGIS IR [E] NULL. X AHY
F Python 353, repr (o) . BN E KL repr O JHH.
3.4 WA R EOTE L S — IR S, T AR A S 2 50 sl e
PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. 5 PyObject_Repr() —#E, iTE X 2 o WEHFE R, H
¥EPyObject_Repr () 3R FAFHR A M \x. \u 3k \U 5% S ASCIL E4F. 304 il — A2l F
Python 2 Wi PyObject_Repr () REIFFAE. HNERE ascii () .
PyObject* PyObject_Str (PyObject *0)
Return value: New reference. TT5EXS o WFAFHRIEA . NI R 4G SRIKIN IR ] NULL. % AH 2
T Python ik str (o) . HNEKE str () A, Hth print (O RECOAH .
3.4 RCE S ZREOHE S — WS, AR R 8 2 55 s
PyObject* PyObject_Bytes (PyObject *o)
Return value: New reference. 1138315 o F T . KMERE] NULL, IR E—DNFETT RS .
AT o AR BEELT ) Python KA bytes (o) . 5 bytes (o) RFIMZE, 4 o 2BEMA RV
N0 Y FATERRI RN, 2tk TypeError.
int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
MR derived 265 cls ZEARRBOHHIRAZE, MRME] 1, HUERE 00 QI H AR [E -1,
WA cls JZICH, MR cls FEATEWRGI . QR 2= — AR 1, 55858 1, HFE o,
IE4N PEP 3119 Jirid, W12R cls WA __subclasscheck () I, Rrwli A ARG E T2RRE. &
W, R derived EANE SR T, HAUSTE cls. __mro__ 1, IPAEHE cs B— DTk,
EHHAIGA P NA, U type SURAIHTHI. i, MRATPUELIA __bases__ J&M:
(IR ICA ) R I — .
int PyObject_IsInstance (PyObject *inst, PyObject *cls)
AR inst 2 cls KRBT SEB], WERE 1, WERAZNERE] “0. AR AENLRE] -1 i E— 5
R
o
W cls ZIodl, WX cls FEATZEIRN . QAR = DF —AG R E 1, 55550 1, HKRE 0.
IE4N PEP 3119 ik, 404 cls 77 __subclasscheck__ () H¥&, RFEBHH A& T2RIRE. &
W, IR derived 72 cls )53, IAEHZ cls BI—A LB
SA9) inst W PAELE _ class_ @Mk S HATEI.
X% cls DAL _ bases_ @M (WAURIEENITH) KRB EERGIIAMERIIRE, RILHEE.
int PyCallable_Check (PyObject *0)
TEXTR o ZATTXTG . WERATGZ AT XSGR E] 1, HAWELLRE 0 o XA BRECR 21 2RI
PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. V| J—~ 1]V 1) Python X4 callable, By HICLH args T4 IS5, DA
Kb -8 kwargs BT 45 i P S50
args must not be NULL, use an empty tuple if no arguments are needed. If no named arguments are needed, kwargs
can be NULL.

Return the result of the call on success, or raise an exception and return NULL on failure.
XEET Python F£iAH callable (*args, **kwargs).

PyObject* PyObject_CallObiject (PyObject *callable, PyObject *args)
Return value: New reference. Call a callable Python object callable, with arguments given by the tuple args. If no
arguments are needed, then args can be NULL.
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Return the result of the call on success, or raise an exception and return NULL on failure.

XEEMT Python A callable (*args) .

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

Return value: New reference. Call a callable Python object callable, with a variable number of C arguments. The C
arguments are described using a Py BuildValue () style format string. The format can be NULL, indicating
that no arguments are provided.

Return the result of the call on success, or raise an exception and return NULL on failure.

XA T Python A callable (*args) .

HHERMRIR AL A Pyobject * 28, WPyobject_CallFunctionObjArgs () B PRI TR
3.4 TSR XA format ZEEIEM char * .

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

Return value: New reference. Call the method named name of object obj with a variable number of C arguments.
The C arguments are described by a Py BuildValue () format string that should produce a tuple.

The format can be NULL, indicating that no arguments are provided.

Return the result of the call on success, or raise an exception and return NULL on failure.

XAl Python Z5iA=; “obj.name(argl, arg2, ...)“E—FEf.

WHERNRIR A APyobject « 28, WpyObject _CallMethodObjArgs () EH PR MILESE.

3.4 R T4 The types of name and format were changed from char *.

PyObject* PyObject_CallFunctionObjArgs (PyObject *callable, ...)

Return value: New reference. Call a callable Python object callable, with a variable number of PyObject *
arguments. The arguments are provided as a variable number of parameters followed by NULL.

Return the result of the call on success, or raise an exception and return NULL on failure.

X F Python i3, “callable(argl, arg2, ...)“2—FEH

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

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

Return the result of the call on success, or raise an exception and return NULL on failure.

PyObject* _PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-

names)
Call a callable Python object callable, using vectorcall if possible.

args is a C array with the positional arguments.

nargsf is the number of positional arguments plus optionally the flag PY_VECTORCALL_ARGUMENTS_OFFSET
(see below). To get actual number of arguments, use PyVectorcall NARGS (nargsf).

kwnames can be either NULL (no keyword arguments) or a tuple of keyword names. In the latter case, the values
of the keyword arguments are stored in args after the positional arguments. The number of keyword arguments
does not influence nargsf.

kwnames must contain only objects of type st r (not a subclass), and all keys must be unique.
Return the result of the call on success, or raise an exception and return NULL on failure.

This uses the vectorcall protocol if the callable supports it; otherwise, the arguments are converted touse tp_call.
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#i[E): This function is provisional and expected to become public in Python 3.9, with a different name and,
possibly, changed semantics. If you use the function, plan for updating your code for Python 3.9.

3.8 BUBTINA.

PY _VECTORCALL_ARGUMENTS_OFFSET
If set in a vectorcall nargsf argument, the callee is allowed to temporarily change args [-1]. In other words,
args points to argument 1 (not 0) in the allocated vector. The callee must restore the value of args [-1] before
returning.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make their
onward calls (which include a prepended self argument) cheaply.

3.8 UHTMA.

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Given a vectorcall nargsf argument, return the actual number of arguments. Currently equivalent to nargsf &
~PY_VECTORCALL_ARGUMENTS_OFFSET.

3.8 BUBTIA.

PyObject* _PyObject_FastCallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
Same as_PyObject_Vectorcall () except that the keyword arguments are passed as a dictionary in kwdict.
This may be NULL if there are no keyword arguments.

For callables supporting vectorcall, the arguments are internally converted to the vectorcall convention.
Therefore, this function adds some overhead compared to _PyObject_Vectorcall (). It should only be
used if the caller already has a dictionary ready to use.

#i[E):  This function is provisional and expected to become public in Python 3.9, with a different name and,
possibly, changed semantics. If you use the function, plan for updating your code for Python 3.9.

3.8 UBTINA.

Py_hash_t PyObject_Hash (PyObject *0)
HHEIFR B RAGAE 0o RIS IRE] -1, XA 24T Python %3A3( hash (o)

3.2 iR B BIAERIR M SEAYJE Py _hash_to iXjg—MilFfF S84, 5 Py_ssize_t K/MH[A

Py_hash_t PyObject_. HashNotImplemented(P\Objept *0)
uﬁ*" TypeError #/n type (o) @ARMAFA ), JiRE -1 . ZeRERAFAE tp_hash fHf £
SRR fﬁﬁ%"%ﬁﬁ%*ﬂ%ﬁﬁiﬁ%% EATHG.

int PyObject_IsTrue (PyObject *o)
WERIR o Wik Jyig true, WERMW] 1, FHWIR[E 0. XAHY4T Python Kiki{ not not o. KIMIR[H|
-1,

int PyObject_Not (PyObject *o)
MRS o Bk N2 true, WERME] 1, 73R IXAH 2T Python A3 not not o. RIMIER
_l o

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. 4 o JF NULL i, R[H—45%4 o E’]*ﬁﬂ‘HXTTLE/J%ﬁiXT% R st
5|k systemError &[] NULL, X% [H] T Python %%ﬂsit type (o) . XA MR EMER G H
THE. SEbr B A B A £ Sl i #2355 o—>ob_type Wﬁ@)ﬂﬁiﬁt Tk ok o] —N R AR
ftpyTypeObject* , BRIEFFEIGINGI HVHEL
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int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
TR KI5 Return true if the object o *h type ZERU 8 type W FZEBUNR M B H . WS FE NULL,

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *o)
RIS 0 BYRPE . WIERXR o SCRPFHIAMLES L, MR PR AR ml -1, X 4% [T
Python #3iA3 1en (o)

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t default)
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, default).
3.4 JUBTIMA.

PyObject* PyObject_GetItem (P\Ob/'ect *o, PyObject *key)
Return value: New reference. 12X key SN 0 TGE, BIFEIRIMI IR Bl NULL, iX%E[EF Python ik
F olkey],

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
FEXTS key WU EIME ve RIGINEI & FEIFRE] -1 BPIHFRE 0. iXAH24 T Python 547 o [key] =

ZEREL A v 151 .

int PyObject_DelItem (PyObject *o, PyObject *key)
MXFGE 0 HREIRXTGE key HIWST. RIGHTIRIE] 1. 3XAH2Y4 T Python ififi] del olkey].

PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. #>47T Python #3iA= dir (o), i&[E]—1 (—I HES) EEN ST
%ﬁﬂ% AR A 3R [l NULL WRZSHCH NULL, 2Bl Python [y dir (), DUIIR[E] 4] locals 445

X AR TSR HATHESRE, Wik E] NULL, {HPyErr Occurred() 4% [n] false.

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. 25 [R] T Python AR, iter (o) o NXRBEUR Bl — IS RE, WHRiZ
MECEE BN, WIRFIXRAS . RGN %ﬁ EN, £51% TypeError , iR [a NULL.

7.2 37X

int PyNumber_Check (PyObject *o)
BSRA G o PEBEF RPN, IR 1, R MM . XA e O I R

3.8 MUHEAE: AR 02— AFT B IR 1]

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 12[1] ol . 02 FHNIGEER, KM, &M NULL . 24T Python W3k
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[F] ol Jii7= 02 W45 5, WR KM, 1R[F] NULL . 25T Python HFEih=
ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. IR [7] ol . 02 FATRMILER, TR, 1R[] NULL. 2541 Python Ay FEIA
ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[5] ol . 02 FEMEVERILER, WSS, &M NULL, 54T Python
FER ol @ o2,

3.5 BUHTMA.
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PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [B] ol DA 02 110 FEUEE G IISEHR, W2, 1&E] NULL., 4T “%
G BRI

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 1] ol VA 02 H— G BRI RME, WR KM, &[] NULL, XAMEET
AR, ﬂﬂ:#fﬁﬂﬁ)ﬁﬁ%ﬁ/ﬁﬁﬁﬁ, TARTREZRIN DA 2 BB Ir A S8, XA pREGR [
BRI P)77  E

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 1R [7] ol [RVA 02 15BN M48, TR, 1&W NULL, 54T Python 13
HR ol % 02,

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)
Return value: New reference. 7% N B KAl divmod () . TR KM, %[\ NULL, 24T Python ik
divmod(ol, 02),

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. i %73 N B BRE pow () o WK, R NULL. 24+ Python FFHyFEiA
A pow (o1, 02, 03), HH o3 ZAIEM. WIREZRE 03, MFEAPy _None fERAE (ARMEA
NULL 2 3BCERENAET) .

PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. 1&[7] o BIT{E, WKL, iR[F] NULL . 4+ Python Fikx -o.

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 12[A] o, {NHJN, 1R[] NULL . 4T Python 3£ik= +o.

PyObject* PyNumber_Absolute (PyObject *o)
Return value: New reference. 1&[7] o BY4EXHE, MMM, 1&[H NULL. 25T Python Fik= abs (o) .

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1R [H] o BIHA B G IIEE AL, W2 KM, &M NULL. 4T Python ik

~Oo,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. R [0] ol /:%% 02 ISR IGRISE R, WL, &[] NULL, 24T Python &
A3 ol << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol %% 02 NHEFIGIIZESR:, WM, R F] NULL . Z4)F Python 3
#EH ol >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 3&10] ol Fll 02 “¥fi5” BIZER, WIS, &M NULL . Z)T Python 3£
*H ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 1&[0] ol Fll 02 “¥ALSFEL” HIZER, TR FIK, &M NULL . 254+ T Python
FIRBRK o1 o2,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol Fll 02 “¥{vEl” BIGERE, WHRLM, 1R\ NULL . 4T Python 3
B+ ol | o2,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. 1&[0] ol . o2 FIIMAYLER, WIHRIM, &8l NULL . 24 ol SZFpHY, XANEAE
HIERHEMRS ol o S5 T Python 154] o1 + 02,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 12 8] ol . 02 FHIRILEH, WIS ELM, IRE] NULL . 24 ol IR, X4MaE
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FEMUFFHEIRS of « ZHrT Python 4] o1 —= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. JR[8] ol . o2* fAfeay2E R, 4R KM, #&w ‘NULL“., % *ol ZHfH}, XA
BRSEG RS ol . ST Python i547) o1 += o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . o2 fUUEMF VLG HILEF, WRFM, R NULL o 24 ol iR},
XAEHSE UG RHERS o . 54T Python i) o1 @= o2,

3.5 BT

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol [&VA 02 J5 1A FEUEE LS H, a2y, 1R E] NULL., 24 ol 3R},
XA S BURFHERS o . 41T Python 154 o1 //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1210 ol [P 02 W)—NEGFRAGITMUIE, WAL, &F] NULL., XAMEZIT
LY, PR A RO — NI, AN RTREDA 2 BRI B S8 XA BRI il 4~ 4
BB EIR B R 2 of SCRRRS, XAMB RS UERHEIRSS ol .

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. IR 0] ol [§PA 02 15 EIRIAEL, AR, R[] NULL. 4 of ZH5H, Xz
HHEEM A EMAER . ST Python i) ol %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1552 5] N B KA pow () o WIREN, 1R[F] NULL. 24 ol i, XMzE
HAEM A BTSSR 2 03 &Py _None I, T Python ififi] ol **= o2; FHMEMTHEFRALE
fEAFLERIY pow (01, 02, 03) . WIREZM 03, WHHEAry_None (f£A NULL & SEEARENTF
Vi)

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 1&0] ol 7&%% 02 A~ ARG ROAEF, RS, R0 NULL, 24 of SZH¢i, X
MEREEIEM N EMHFLIR . SFMT Python ififi] o1 <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. iR |1] ol 5% 02 NHCERG ISR, WIR LN, R[] NULL, 24 of 7, =%
MEEEEWN MR SMT Python i54] o1 >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. IR ol Fl 02 ” #6757 45, JRIEEFIR Bl NULL, 1F ol ZH:00H]
PETZBAERE B3k AT. M5 Python iH] ol &= o2,

PyObject* PyNumber_ _InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. S{ENI IR [A] ol 1 02 ” ¥ Fal L5 H, RIMBHR A NULL, 7E ol X FrA0H]
PR IZAERAERE R MIT. S Python i4) o1 "= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. [T IR ol Fl 02 ” 18 HIE5EHE, RGN Al NULL, fF ol SZH:H0HE]
PENZBRAERE RAEPAT. FHT Python i5H] o1 |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IR 0] o W BB S 8458, Je IR [B] NULL. 24T Python 3
B2 int (o) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. JIIIR A o e RiF Xt R G455, KRIGHHRE] NULL. S84 Python
FikA float (o).

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. I 1% [B] o ¥4k Python int A 545 ) JRIGETIR ] NULL 35| &
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TypeError 5% .

PyObject* PyNumber_ToBase (PyObject *n, int base)
Relurn value: New reference. 32 [0 385 n FE4L i DA base “h RV FAFER )G HIGE R . XA base i
10 8% 16 » X402, 8, =16, R [EIFFAFHAF 5 EEEARE ' 0b', " 00, or ! 0x .
ﬁﬂ% n Mg Python H1 ) RESL int %ﬂ, IcH PyNumber_Tndex () PR EEAH BUEECRAY .,
Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
MR o B — MBI MRRERY, IR IA] o BBd il— A Py_ssize_t (HIUS 4R . WA R, & [H]
-1 H5IRRHE
TR o W] PARE 4Ll Python int 28 {H 2238544 h Py_ssize_t {H 45| & OverflowError, X} exc

SZHCNERE | KRR B2 IndexError B OverflowError), 5 exc S5 NULL, NFH<S
VR B ue b B ¥ PY_SSIZE_T_MIN S{IE¥% PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
N 0 B—NEG|BE (784 nb_index (&I tp_as_number JHA ) WRE 1, FHWERE 0 . X
A BRECA 2 AR

A B

int PySequence_Check (PyObject *0)
MR GARBEF I, RBCRIE 1, FHWRE 0. HEEERNAA __getitem () J¥LH Python
FiRI 1, BRAFENTR dict BT, PUME— ML T ToiAm € B R sC R e AL JﬂjZfﬂZm e )
A7,

Py_ssize_t PySequence_Size (PyObject *o)

Py_ssize_t PySequence_Length (PyObject *o)
SR S *o* B G, RGN R [A] “~1%. 4124 Python [ “len(0)“ k3.

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. JNIIF IR [A] ol F 02 WPEEE, FRGETIR A NULL, iX%E4T Python ik o1

+ 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. 12 [B|JFH X4 0 & count IRINEEHR, JMHFR Al NULL, XZ4T Python
FihxK o * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. J{EINIRIA] ol Fl 02 WIPFE, KIS ] NULL. T£ of SCRFHYTEOL T #RAEHRF
JE I TE . IXEHT Python FFikz o1 += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1% [B]JEFXT % 0 T count IR 45
B, RIGIHR ] NULL. 7 o LFEFIEOL PR ES RIESE . XM T Python ik o *= count,

PyObject* PySequence_GetItem(P\Obj@ct *0, Py_ssize_t i)
Return value: New reference. 1R8] o FEE i S0, RIMHHRE NULL, X244 Python ik o[
PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. I [B|JFHXI4 o #y il B i2 WY F, JRIGIIR Ml NULL. X% 4+T Python 3
B o[il:12],
int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXG v AL o 956 i SoUR . RN S5 FHEIFRIE -1; sIhRHRE] 0. XA 24T Python 1541
o[1] = v. BEREL RA et v 511 .

WA v A NULL, JTERRMER, (R MEEe s, M4 PySequence Delltem (),
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int PySequence_DelItem (PyObject *o, Py_ssize_ti)

MERAT S 0 S i So08R . RIGIHRE] -1, 3XAH4TF Python i) del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
FEF IS v AL IS 0 B il B i2 Y]y o 3XAHY T Python i541) o [11:12] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
IR AIR G 0 B i1 B i2 BT e RIGINFIR W] -1, 3XAH 4T Python i) del o[il:i2].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

1R [5] value £ o FHHIRIGREL, BB [EIH15 o [key] == value BYHEMIECE. KMANRE -1, XAHYH
F Python 35 0. count (value) .

int PySequence_Contains (PyObject *o, PyObject *value)
W€ o AL E value, W o FIYHE—INET value, WRME] 1, HWERE 0, HAESES, &E -1, X
4T Python A, value in o.

Py_ssize_t PySequence_Index (P\ Objecl *o0, PyObject *value)
IR eE—ANZ& G| *i*, Hdt o == value. B4, &M —1. #1224 F Python {9 “o.index(value)“Fik .
PyObject* PySequence_List (PyObject *o0)
Return value: New reference. iR [n]l—A5Fx 5, HNE 'ﬂ?ﬁﬂj—f EACXTS o MHIE], SRMEIT IR 9] NULL,
IR B S FRAARUE 2 — TR S . X ST Python k30 1ist (

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. i3 [l —ANTe2HXT%:, HNEE S P s AL S o MIF], JRIHF IR IEI NULL,
W o e, WRRFRE—AH5TH, e MG TR S S A — A e, X EMT
Python F3A= tuple (o) .

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y7 585 0] 250X 4 o VE- N HiAth PySequence_Fast* pREUS —IFHE]’JXT%‘{
R MR G FHN S ERRXT S, WREIK TypeError 45 m VERIHESCA . KR

NULL,

PySequence_Fast* MEZ I PAXFH a4, 2R AMEMNSBKRE — A~PyTupleObject
W PyListobject HHEEVIN o MEIETEL.
YE>k CPython S ERANAT, W o B2 —ANFHNSFNER, TR E R

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
TE o HPySequence_Fast () #R[A| H o R~ NULL 5 FaR A o (K . Wa] Al 7E o 1A
HPySequence_Size () IKEHK/N, [HREPySequence _Fast_GET _SIZE () WETM, HAEH
PAMBGE 0 R5)FRETCA

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_ ti)
Return value: Borrowed reference. 1f. o Py Sequence_Fast () iR[8 H o AN NULL, H id #ER5|7EHE
WG L TR o Y56 i 5 o0E .

PyObject** PySequence_Fast__ITEMS (PyObject *0)
& [H] PyObject f54H )= . (RiX o thPySequence Fast () & H o AN NULL,

THTERE, RS HE N, FEHT 3 il v A 2 HOH E (7 items KA. [, (7R 81 o3k BB bR S0
o B A R AL R

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value:  New reference. B oo B i It = B R W B IR M NULL. Bt B =K
lpySequence_GetTtem() FiEE, HASKT o FHJPySequence_Check () = NEAH, A
S S TR
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7.4 WL B

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

int PyMapping_Check (PyObject *0)
TARRT SR PEW S PSRRI R E] 1, BWERE 0. WHERERENAAR __getitem () K&
1) Python 2Rk [l 1, PAATE—MBCRE O T Tovkmfi € € B SCRp SR AL . R BRI 2 A T -
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
ISR AR R o AP RYEICE:, RN IR [T -1, XA 24T Python K343 1en (o) .
PyObject* PyMapping_GetItemString (PyObject *o, const char *key)
Return value: New reference. IR 8] o XTI TEKFER key T02, B IAHR [ NULL, 3X#H4F Python
FikRK olkeyl. HIFEHM also Pyobject_GetItem().,

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXS R o PR AT key BRITEIME vo RIGIRHRE] -1, XA T Python if4] o [key] = v. HiES
WPyObject _SetTtem(). MERE RABEMXT v 5 H .

int PyMapping_DelItem (PyObject *o, PyObject *key)
MXF G o FRE BRI R key BYMESS. K MI R B -1, X AH 24T Python i 4] del olkey]. iX

HPyobject_DelItem() BJ—H4% .

int PyMapping_DelItemString (PyObject *o, const char *key)
MRG0 HMREIRTFAFH key I, SRIGHFRIE] —1. 3X4H24 T Python i541) del olkeyl.

int PyMapping_HasKey (PyObject *o, PyObject *key)
TR R BA G key MR M) 1, FNR[E 0. XAH4 T Python ik key in o. MERELEZ S
AT
HEREAE WA __getitem () VAW E) KA S R & BB . R IBORT R R 4 E L
FPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TR R BA G key MR W] 1, MR [E 0. XA T Python £k key in o. MERELEZ S
hAT

WM _getitem_ () T ¥R K AR B 5 R ORE & 0GR M. AR IBCRE % A 5 U

HPyMapping_GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. {3}, 1R[FXFER o FRIEEMIFIFE. JIEEH, 1R\ NULL,

3.7 WA AEZ WA, PR EGR [ml— 21 el ed

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. 3B}, 1R[FXF% o FHMEIIFFE. I, IR\ NULL,

3.7 WA FEZ WA, R EGR [l — 21 K eloTd

PyObject* PyMapping_Items (PyObject *0)
Return value: New reference. ENRT, JEFIN % o i H A, HoigA4& H A& BT
o KW, &[0 NULL,

3.7 MRS A AEZ WA, R EGR [l — 21 koo
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7.5 HACET MY

AR R

int PyIter_ Check (PyObject *0)
R[] true , RIS o SCRRAAAFILATIE

PyObject* PyIter_Next (PyObject *0)
Return value: New reference. IR [EI3548 o (N —AMME . KGR EARR (X H #3840
REARTHYE, WERE NULL H HABRE RS . WEPRAERICGR B A T 8%, R NULL I HAZ

B

TRERBERMEG —A—DEER, C A NAZEEARGX

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

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

}

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

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

Py_DECREF (iterator);

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

}

7.6 ZZopEhiX

TE Python H m[ {ff I — 28X G R A 26 XIS 2 WA B AL s AR & o i ). DL S 46 N B 1) bytes
bytearray PAM—2E{l array.array XFERP R, 5= W HES A THERRY H B9ME LEATH
CUZRAY, T R FEAE B BT 5

BRARXBRA e (B — PR H S X, (BB TR AT R K A G 0vh K S HR A S [RI4AE A R L
DR, R E A ANZ S vh X Jo T v a2

Python DA% #ri3L IEAE C JZ 4 ERR X FERY DI RE . BB PANT7 I :

o AEEFEEXTTH, RIEBR PP PA A G X7, R ATTERIRIRZMIXER. %%
R A SR 2R o AT Sk A ik — s

o TEISRE M, A IURN T IE AT T PRI i R = A i e g (Blan—AIrikmigs) .«
fiE

— SRR BN bytes Fl bytearray & VA T HIE AT ENTHRIZ Zop X, WAl gEs ] HiAh
s BN array.array FraJFoTR W AR L2 7 T{H.
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S KB O TR E W — T S0 2 0 write () s ARATA] DAY H S — B FE R %2 0] DAk
BASA. BRI write () {ERTFEXTAAAX R D EARR, HALR /7, 41 readinto () F{FESEN
BB AR . GErh X DA G v DAt e ir sl dE 4 30 5 sl g vh (X S .
XTI RE S, AP R B RS0 -

o i IEHAMSEORIE Pyobject_GetBuffer () B

s Wl PyArg ParseTuple () (SHEFIFXHZ—) HAEA y*, wr or s* 44X KA H—,

TEXPAMEI T, YAFFEZMX A pyBurfer_Release () . WIRMEAERK, WHeS SELES
AR, 31 a0 g YR R

7.6.1 ZZohIX &5

GEop XG5 (B TR HAR R “buffers” ) X TR HERIEE A I3 — D RTR A T4 Python BIF RAEFE A M. ©
AT ARPESHE DY) R PLsl . SR EN15 A NAAREIEE T, 7T AR 2 Z) iR o) 2 2 1 45 Python 27
B WAFARAE C PR — R EEH, W URTEE BB E R G0 2wl T A E R R 16 Ak,
B AT DAH RAZ 1B AN N A% N S5 AL £l

£ Python fEREAS AT R ZHEAREHAN, Firh XA ZPyobject FREFTI &R AT C 451 XA EA]
A PAFEH AT B b @A . 4 TR EN e DO Bz BUAARER ), W AR — AN AL X .

AXWAM B FHNRWHFEEU, S0 F R 2448, BRREPRYNER, S
RPyObject_GetBuffer (),

Py_buffer

void *buf
T 1 i o X Bl ) B g5 M T AR I 18 5. X ] AR S AR R E Y BN A o ATl B
Filan, AR st rides {HA] BEFS A NAFRBI A 2 o
Xt Fcontiguous , ‘SP3E" BrH, {HIE M NIFRAIITL.

void *obj
XS X RIS . RSB ENA, HhPyBurfer Release () HIBBITRE N
NULL. & FBSE AL bRIME C-APT s [nl{H .
VE R —FaRE L, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi3
[) temporary EmfiIX, BFEESK NULL. %, SHXSEAEMH L TE.

Py_ssize_t 1en
product (shape) * itemsize, X FHELEEA, X 2RMNAFHAKE . XFTIRESEA, 0
RBEEEME R B ELFREX, WZKERFEAZKE.
24 2% b IX 2 il o fR IR % 2E PR A 3 SR R BURE, A D5 [ ((char *)buf) [0] up to

((char *)buf) [len-1] B A H . K ZEHEH T, MW KK HPyBUF_SIMPLE
B PyBUF_WRITABLE.,

int readonly
Zh X A R e e . W FBL PyBUF_WRITABLE FrEdatl

Py_ssize_t itemsize
BAITCEMT /N (DAFTTNBAL). 5 struct.calesize () JEMIE NULL format W{EAEE .
LGS R B G K B % o X G PyBUF_FORMAT bRk, format $fi% ¥4 NULL,
{Hitemsize J5HA FIEHAIE.

W shape f77E, MIAHSEH) product (shape) * itemsize == len {3R7FFE, MAEWLA
fiflitemsize S EMIX.
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MH shape & NULL, K- N4Ei¥-NPyBUF _SIMPLE B PyBUF_WRITABLE 3K, WI{H & W2,
M&itemsize, HRiX itemsize ==

const char *format
f£ struct FUHFEEVA T NUL F455, fR AT N Z . R & NULL, WifRE N “B™

[ PR TSN

(TEAFZ ) -
W FEBH PyBUF_FORMAT FraGatil .
int ndim

WAEZR A n EBH B AEEL . QA2 “0%, buf FRMFRRREEANTE . FEXFMEI T, shape.
strides Mlsuboffsets Whiizg “NULL® ,

% PyBUF_MAX_NDIM Rffig R4ERERIR TN 64, SRR AUEF X BRG], 2 4EGemh Ky i1
F VAL REE AR £ PyBUF_MAX_NDIM 4EfF,

Py_ssize_t *shape
— MR Py_ssize_t W ndim FRIEN n B NFFIRIR. WIEE, shape[0] *
. * shape[ndim-1] * itemsize Wi%T len,

Shape {H#fRETE shape [n] >= 0. shape[n] == 0 X—§BHTHEFFHIEE. EHcomplex
arrays RARFFEZHFEE .
shape B 2H X T I 3 R it e Kk o

Py_ssize_t *strides
— KR Py_ssize_t M ndim 45 BT T BATREEEA RS e &K
Stride A MRECH T FE T LOCAAEA RS . X AR, AR IEAL, (E2 0 H 3 U Reas Ak
M strides[n] <= 0 MWIFH. BEE2ELEHESFcomplex arrays .
strides AL H PR idi & B .
Py_ssize_t *suboffsets
— MR JE Nndim BEK Py_ssize_t WA, W suboffsets[n] >= 0, NIZE n 4E176EN

sed4T, suboffset (HHLTE T MEERG| IS4G SR AN Z DI (A% - suboffset (e, WIZFIRA
PEARERRG N (TEEESE NP RS 3 ) .

WERFTA Fms i (RIGFEGHEG A, Wik FBonAth nunn (BRHAE) .
Python Imaging Library (PIL) H{ii ] T X FhA i F2ab 2. S Rlcomplex arrays & T fRUI T MIX
FE— A ITER .
suboffsets Z A T 1l 2 R L2 H B
void *internal

P X R NIRRT . FEIT] RER e AR A — R, TR MRRE, ARG XORE
T2 75 WA TR shape . strides i1 suboffsets {20 . ZEah X J7 RAFEBOZE .

7.6.2 ZobIX RGP A

A
R

, it Pyobject GetBuffer () [yl Rg &k KGR, B[ HRGZrIX . BT NIER 2 E5H
. MRS AMRARESR, Zoh XM T flags 535 2 Haeg A PRI G2 op X BL{RZEHY

i Py_buf fer “FEIY i RISEIAH & o
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LR ICE B
PN FBOR St flags s, F HOM B 2 IEMREIEST: obj, buf, len, itemsize, ndim,

His

L EN

SF

PyBUF_WRITABLE
il readonly FB. QREET , LT LR NI ERZM X, HIHRE KR
LORBCE, R TR ST H I G X, (X A T S AR oL R — B

PyBUF_FORMAT
il format FBr. AURBCE, WLSIERIE 7B HAREOLT , 7Bl “NULL®,

PyBUF_WRITABLE A]PARI N —3 0 A #rEB . T PyBUF_SIMPLE g XK 0, FfPAPyBUF_WRITABLE
I DAME A bR, TR R T S Z X

PyBUF_FORMAT W AWK NG T PyBUF_SIMPLE Z NPT AR & . 5 E AR T “BOEMA 57
s

AR, L, 1hks
P NAFZ AR R bR 3 BRA R BT 51 . R, B S EEE R RS

TR R
B E | IR R

PyBUF_INDIRECT

H H NULL
PyBUF_STRIDES e = u

NULL | NULL

P

PyBUF_ND

PyBUF_SIMPLE NULL | NULL | NULL

UESSURIPIEEN
A PASE AR C B Fortran i 2%, ANEAEAPIEGE . HEALIEER, WS XuaitE C-HEEH) .

ILES Bk | BR | T | S8
PyBUF_C_CONTIGUOUS = | NULL C
PyBUF_F_CONTIGUOUS z | e NULL | F
PyBUF_ANY CONTIGUOUS = e NULL Cu F
PyBUF_ND =) NULL | NOLL c

7.6. ZZnibiX 69



The Python/C API, %:[F] 3.8.19

SR
A AT BRI SRAR ) _E— 1 SR G A A g 4 o RO EER I, Gt ISR AL H A A A1 B

PR

FETFRP, URFKESHERENL. HEEBRFUIEPyBurfer_IsContiguous () VABAEELLVE.

13 | format

ILES NIRRT A | 1
PyBUF_FULL = e WEARFERE | U 0 B
PyBUF_FULL_RO = | R WRFERIG | U 150 [ 2
PyBUF_RECORDS = NULL U |0 H
PyBUF_RECORDS_RO 2z |2 NULL U [ 1%0 B
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO = | = NULL U 1'5{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.6.3 34l
NumPy-§U& = TEARFI2E e

NumPy XU&EeH B84 i temsize . ndim . shape flstrides X,

QR ndim == 0, buf FFMMNALERBEREN KN R itensize Wlrk. XK}, shape filstrides %
A NULL,

Wk strides iy NULL, NIECZRFBEREN —FRER) n 4E CIEF A . B0, JHSE R LA T X
i) n 4E5 -

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

W BRIk, buf W PASR A SRR AR AL RUOL . i R T DA 2 R SR A G o DX A R

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

men

if offset % itemsize:

(Rt
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(R —H)

return False

if offset < 0 or offset+itemsize > memlen:
return False

if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-JURS s AR, BRI T8 4

B 7RI Ah, PIL R A0 o] DAL FREF, U ATIR Bl X LEF8 5T A BE B IR HE R — e . fi
wm, WA =48 CIEF MU char v(2][2] [3] AIPABEAER —H81 2 > EBAHK 2 24840 char
(*v[2]) [2][3]. FEFIWBEFRRT, XDIEE T AR ATEDbuL T3k, FRIATPAS TT AGE T AR (] o B
M char x[2] [3] %4,

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; i < ndim; 1i++) |

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

return (void*)pointer;

7.6.4 ZENLAIE KL

int PyObject_CheckBuffer (PyObject *obyj)
WA obj SCFFZENp IXE I, WRIE] 1, AHNGRIE 0. a0 1 BEARIEPyObject _GetBuffer () —EK
o AR VA B -

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] #7427 ACIRTE R, R flags 1578 N AIE ST view. QIR 1 25 R8N BESR (LR 2R 2 1y 22 o
X, 4k PyExc_BufferError, ¥E view—>obj SN NULL FHik[H -1,

WIS, YT view, ¥ view—>o0bj BERKT exporter IFEI A, IR E 0. 2458 L% np X PALRE ¥
SKEE MR — RGNS, view—>obj HIPAG|HZXT R AE exporter (B WL iF X af %45 4).,

7.6. ZZnibiX 71




The Python/C API, %:[F] 3.8.19

PyObject_GetBuffer () Wil 5PyBuffer Release () [al W8 A 3, 2T malloc () I
free (), WM, HHEBRTHTEMIXIG, PyBuffer Release () hWARUEHEAH—IK.

void PyBuffer_ Release (Py_buffer *view)
PG X view FFi8 % view—>obd B5 | FITHEL. KRB AAESE o AT B A RV, A5 ]
RE2 R ARG i .
HIREE R I Z it XA @il PyObject_GetBuffer () AFH, Fra b,

Py_ssize_t PyBuffer_SizeFromFormat (const char *)
Return the implied i temsize from format. This function is not yet implemented.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
AR view E X NTER C X#% (order 5 ' ') B Fortran 4% (order 3k 'F') contiguous 8{ Hf 22 —
(order j& 'n"), WERM 1. FHWERE 0. ZRECE 2.

void* PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
PREUE E view WHY indices FT¥EMIINAFEX I indices WhiiiFE n]—4> view—>ndim 5| BIEA .

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf SHNESEN len FA55] view o fort ATPAZ 'C Bk 'F Y (N ¢ KWK Fortran KSR
Jiiy ). MEEFRE 0, FRERERRIE -1,

int PyBuffer ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre S len FATE| buf |, WONELEFATERREN. order \TPAE ' B 'FT E A (T ¢ K
¥, Fortran WAEIWIFSHERZ—F) . BImhRE o0, HEHRE -1,

NS len = src->len W) I R HCRF R 48 -

void PyBuffer FillContiguousStrides (intndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)

45 B TEARI contiguous T EREN. (AN order 2k ' C ' W2k C XA, WS order Ay 'F' NI°A Fortran X
¥ SRIHFE strides B, A ITCRHA L E T

int PyBuffer_ FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly,

int flags)
AEPRF MR PR ol AR, R IR P R EER/INR len 1) buf | FEARYE readonly WE AT 5. bug
PSRN — DT 75
S flags FoRURKINZEAL. ZRELE R % IR flag 35 E W NAIEA view, BRIE buf B H 3, FF H. flag
Hi ® T PyBUF_WRITABLE bRt
INEE, B view—>o0b] &N exporter W5, FfiRE 0. &HW), 5| & PyExc_BufferError , ¥
view—>0bj ¥ N NULL, Ffik[E -1,
R IR B A gerbufferproc W —FR53, W exporter WA E R F RS, I HATHERBEHRIWIHFL T
1518 flags. TN, exporter W/l & NULL,

7.7 [HZ B

3.0 fR#B EEH.

IXLEpF e Python 2 W “IHZE b APL fALAHR 4> 7E Python 3 Wi, IV PHIMYEARRAFLE, (HiX 2Lk &1
SR AT DAEASAE 2.x B9ACHS . BB VRS 22 o vl SR T 2E R, (B BT AN S Z il 5 i AR
PR BT SRS UR A A i JR 39

HI, AR Pyobject_GetBuffer () (BEBAPyArg ParseTuple () BRBUEMH v* B w* 44X,
) SRIRB— X BB B vh B, IR - R PyBuffer Release ().
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int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
1R[] A5 ) 0] AR R A5 W 5 A B LS A BE R $8 5T . obj SEUNI LR B BLF AT R op g 1.
B IR ] 0, A buffer R W AFHUIEIE K buffer_len PR g2 vh KA FE. A ISR W] -1 I 08—
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A A AN AL S AT R B R BE N AL a4 o obj SR SR BT R G R 1 o IIER ]
0, ¥f buffer BAWAFHNETEHF buffer_len B Zerh XK. HARIHR ] -1 JF &> TypeError.
int PyObject_CheckReadBuffer (PyObject *0)
MR o SCRFERECT g LI AR [A] 10 ARNGRIE 0. BpR B e 2 AT -
THE R B B RO R — G h X, I ELAE TR TN 17 o 8001 ) 2 A 1) S i i . 3R
SRR AN I PyObject _GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR ] —AS g 0] W] 5 NAFHIIE R R 5T obj WA RF R B P AT et 45 11 . IR ] 0, KF buffer BN
FFHINEFFF buffer_len NG XA . AR [E] -1 H-5tE—4> TypeError,
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HARHIR R 2

A I BRI BURR 2 TR 28 Python X 4 388, IR BB SAL A EADEAR B — N s R EM
Python & FH2IE]— X%, (HAHE T B4 BA IEMAERL, WM e a8 88 B, Baxt
SRAERNTH, EHHPyDict_Check (), ARIEAYLEMIZET Python X5 IERIM) “ Kt

e BORARTE TR Y BB S AT AR A AL AR G288, (HRH P42 MR SR E L AN R 2R
A NULL, Feiff& A NULL 0] G858 N 477 ) S8 MR 2R 1) 37 BN 24 1 o

8.1 JEAXI S

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 JHIx 4

PyTypeObject
WG C 4544 H T4A built-in 2854,
PyObject* PyType_Type
ST type X419 type object, ‘E7E Python JEA Al type AHIFIIHE.,
int PyType_Check (PyObject *0)
WRXS 0 R—DHRBIN G, WFRPR TIRMERBI RGBS, R0 E. EHLEIra RN TR
.
int PyType_CheckExact (PyObject *o)
WERXS R 0 R — LA, ([EAZIRMELRRN R TRAN, REE. FEHERAREIL N REER.
unsigned int PyType_ClearCache ()
HENIREREAE . IRIEYHIRARS .
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unsigned long PyType_GetFlags (PyTypeObject* type)
R type tp_flags MG, MR T RR G Py_LIMITED_APL (i R]; b i AR 2 B PRAE A
Python AT Z FIRIFAEE . EXftp_flags ARGHITTHHAJEZ R APLI—i5).

3.2 UHTIA.
3.4 SR R EIEFIPIAE R unsigned long MARE long,

void PyType_Modified (PyTypeObject *type)
FEZ A LT FRB N AR MR B AR THZ 2R L A i e B A AT o] 3018
B IE T

int PyType_HasFeature (PyTypeObject *o, int feature)
Return true if the type object o sets the feature feature. Type features are denoted by single bit flags.

int PyType_IS_GC (PyTypeObject *0)
LUE SO SOEARE RN allE B &S U FEYGINSR WA Py TPFLAGS_HAVE_GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
WA a 72 b 15 ZERR [ EAH

W Rk AL n 728, XEWH __subclasscheck__ () AXTE b LT H. 3
HPyobject_IsSubclass () EEEHHT'? issubclass () FFHIAHFIIE .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Z5BIXI 5 it p_alloc FEAAYE AL MG . 58 1 Python fERIA NAES
PCAIL A A 23T — S B 52 B R LA N A RD B A NULL.

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. 25BN 51 t p_new A8 AL . B HEEA cp_alloc fEf 3k
B SLB

int PyType_Ready (PyTypeObject *type)
AL — RN R . X ST A AN G EI I PASE RCE TR BT a1 . LR K 55T I —A 22
ARSI AR RS . IR IE] O, e e H A IR ] -1 FF R — 5 .

void* PyType_GetSlot (PyTypeObject *type, int slot)
IR I FERETE 25 5 RO T B R B BT . PREERSH NULL, MR il A NULL, B0 2% R 40R
ENT LRI S . P8 D5 i SR 4 R AR B 03 ﬁé‘uﬂﬁ@éﬁl*i

52 PyType_Slot.slot &F 0] I slot ZHUH.
An exception is raised if fype is not a heap type.

3.4 HTMA.

(EUFER TV

R BRSSP AT P R B A

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return value: New reference. Creates and returns a heap type object from the spec (Py_TPFLAGS_HEAPTYPE).

If bases is a tuple, the created heap type contains all types contained in it as base types.

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.

WA R FVH Py Type_Ready () o
3.3 HUHTIA.
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PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. %ﬁfﬂ: PyType_FromSpecWithBases (spec, NULL),

PyType_Spec
TE XD RBPAT R S5 A
const char* PyType_Spec .name
KA LFR, FKIRE Py TypeObject . tp_name,

int PyType_Spec.basicsize

int PyType_Spec.itemsize
PN ERP LG KA, ARiEEPyTypeObject.tp_basicsize FIPyTypeObject.
tp_itemsize,

int PyType_Spec. flags
RAEAR, MKBEPyTypeObject. tp_flags,

MR K& E Py_TPFLAGS_HEAPTYPE jiihs, NIPyType FromSpecWithBases () & HIhiXE
Fod
=

PyType_Slot *PyType_Spec.slots
PyType_Slot ZEMIMRMEAL. VARFARMERIMEL {0, NULL} REH

PyType_Slot
AT TR RE RO SERIOE L — IR 1D A

int PyType_Slot.slot
{3 1D,
AL ID 2R Z 1B 24 (kPyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods MlPyAsyncMethods W) T B MIN—A~ Py_ BIZ. ZGIRUE, fH:
e Py_tp_dealloc B PyTypeObject.tp _dealloc
* Py_nb_add & PyNumberMethods.nb_add
* Py_sq_length ik EPySequenceMethods.sq_length
The following fields cannot be set using Py Type_Spec and PyType_Slot:
e tp_dict
* tp_mro
* tp_cache
* tp_subclasses
* tp_weaklist
* tp_print
* tp _weaklistoffset
e tp_dictoffset
e bf _getbuffer

s bf releasebuffer

WH Py_tp_bases B{ Py_tp_base TEHL-G RGBS W 8. T A, HsH
PyType_FromSpecWithBases () [ bases Z%§.

void *PyType_Slot .pfunc
SIEAL T . TERZBIFI T, X2 — 51 R e .
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May not be NULL.

8.1.2 None %%

LR, None [Py Typeobject A EHAE Python/ C APL AT, T None )M, iAXIgARiH (1E
CHIEM ==) MERT. mTRFERERH, A PyNone_Check () Hi4l.

PyObject* Py_None
Python None Xf%, FIRGRZ(H. XMW REA T L. EREERT N IEE AT AR .

Py_RETURN_NONE
IERALFER E C BN Py _None J&E] (WHLRZYL, BN None 15| ORI E )

8.2 BfiX%

8.2.1 Ul

Jiv A B CER  DAMETER/NY K?&iﬂwﬁ%&%ﬁ .

TE 45 i), KZ 4 PyLong_As* API ik BREMERA) -1, BES B FER S Ik, EH
HPyErr Occurred() X4

PyLongObject

7R Python BRI Pyobject THRA,
PyTypeObject PyLong_Type

APy TypeObject BISLHIFIN Python F#EAEAL. 5 Python JZ2 Y int AH[H.
int PyLong_Check (PyObject *p)

MR SEZ PyLongObject B{PyLongObject [ T2KAL, kA true ,

int PyLong_CheckExact (PyObject *p)
RS HIET PyLongobject, 1EIT NI PyLongObject BF-IEBUNIIR v FL{H.

PyObject* PyLong_FromLong (long v)
Return value: New reference. /] v IR [Bl—/ N PyLongObject X4, KRINFR ] NULL .

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. So it should be possible to change
the value of 1. I suspect the behaviour of Python in this case is undefined. :-)

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Hj C unsigned long Z8HLR [ —AHifIPyLongObject X4, KRIKI IR
[f] NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. M C Py_ssize_t ERR ] —/ N PyLongObject N4, QSRS N&

[f] “NULL*,
PyObject* PyLong_FromSize_t (size_t v)

Return value: New reference. M C size_t iR[—"HHPyLongObject X4, AN F M [a] “NULL*,
PyObject* PyLong_FromLongLong (long long v)

Return value: New reference. ) C long long ik[E—/NHiJPyLongObject Xf4, SR A “NULL,
PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)

Return value: New reference. M\ C unsigned long long iR[a|—/ i PyLongObject %14, JRIKH}

iR 1] “NULL*,
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PyObject* PyLong_FromDouble (double v)

Return value: New reference. M v F)EEEER 2y 12 Bl — AN PyLongObject XF4, 5 2 I ) 1% [A]
44NULL“ o

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. }R1E str FAF R EHIR M — N PyLongObject , base $8ERE . WIE pend
A& NULL |, /pend Fi4g1) str HFIRIXAECFEB /WSS —DF4F . AR base 52 0, str KF(8 ]
integers & XORMFRE; FEXFMEN T, — N EEZHHHHET RIS E S5 K —4> ValueError . I
base AJ& 0, ‘BALIHE 2 Fl 36 Z1A], AU4E 2 I 36, FEBORIART G A BT Z M EI 25k . R R
LN . WRBA T, K91k ValueError.,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. ¥ Unicode {7 7515545 Python 3% (H .

Deprecated since version 3.3, will be removed in version 3.10: |Hf{JPy_UNICODE API f—iB4y; i 1E A2 B
M PyLong_FromUnicodeObject ()

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. Y7 4755 u A Unicode $ 7545534 Python BE%{H .

3.3 HUHTIA.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M55t p Al#3—4> Python %%, R VAffi/flPyLong _AsVoidPtr () iRIAIH)
FREMHE

long PyLong_AsLong (PyObject *obj)
i1 obj ¥ C Long FiKT7 o WK obj A@dPyLongObject BSEHBI, Sl ER _index__ ()
—int__ () J5ik AR HHEEHSN Py LongObject .

TR obj PR H T long BITERE, & OverflowError,
RAERRRRE] -1 . i PyErr_Occurred () RIEE X,
3.8 SRS QIR A R __index_ ().

38 MRBEEM: __int__ () EHFH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
R[] obj i) C long F£ikTF . WIR obj N@pyLongObject WSLHI, M ER __index_ () B
__int__ O Jr¥k (RA) KHEEAR Py LongOb ject .

WA obj WUME KT LONG_MAX Bi/NT LONG_MIN, W *overflow 43 HE N “1¢ 8¢ -1, &M 15 &/
W, K overflow B hy 0, WKL AEHA ST, WSHHE I “overflow B4 0, HiRH -1,

RAERRRE] -1 . i PyErr_Occurred () SRIEE X,
3.8 Ji s A WIER W AR __index_ ().
38 MECEM: __int_ () CHFA.

long long PyLong_AsLongLong (PyObject *obj)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertitto a PyLongObject.

E obj (HH long long, fiik OverflowError
AR RRRE] -1 . M PyErr_Occurred () SRIHE X,
3.8 AR AR A RHE ] __index_ ().

38 BEEM: __int__ () BREFA.
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long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertitto a PyLongObject.

If the value of obj is greater than PY_LLONG_MAX or less than PY_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 O and
return —1 as usual.

RAEARIHRI] -1 o i PyErs Occurred () E L.
3.2 JHTNA.

3.8 M AE: QUERFIHRFEA __index_ ().

38 MRBEEM: __int_ () EHERA.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
&[] pylong i) C &5 Py_ssize_t B pylong WiiJ&PyLongObject HSEH.,

g pylong FIEHE T Py_ssize_t BIBUEIEREIN 5] % OverflowError,
RAFRENRI] -1 o i PyErr_Occurred () FiHbi L.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
1’ 8] pylong if) C unsigned long JER. pylong W& PyLongObject 5L,

W pylong W{EAB L T unsigned long WEUETEE N <]k OverflowError,
HEERTIR[E] (unsigned long) -1, HHAHPyErr_Occurred () HEGEAIER .

size_t PyLong_AsSize_t (PyObject *pylong)
IR In] pylong 1) C 15 size_t B3, pylong i@ PyLongObject HSLH,

W pylong WEHMH T size_t MPUETEREINZ5] % OverflowError,
HEERTIR[E (size_t) -1, #EFHPyErr_oOccurred () REUFEHE B .

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
iR 8] pylong i C 1&F unsigned long long R, pylong Wil i&PyLongObject HISLH,

W pylong {EAR L T unsigned long long WHUEILEINAE| % OverflowError,
H4ERHRE (unsigned long long) -1, i PyErr Occurred () FREEHMIE L.,
3.1 R4 BIXE pylong NIN{EE&M A OverflowError, MAJE TypeError.

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
&[] obj ) C unsigned long FRIENX. UIHR obj ANigPyLongObject WSLHI, W2 Joiff A
_index__ () B __int__ () ¥k (WRAWIE) $HFE N pyLongobject.

WS obj WY{EEEH T unsigned long MYYEE, WR[ENZ(EX] ULONG_MAX + 1 SRAELHZAA.
AR (unsigned long) -1, WRIHPyErr_Occurred () PEH|HAK R,

3.8 JRCEE AR QIR AT R __index_ ().

38 RACEM: __int__ () EBFA-

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
&[] obj #) C unsigned long long FRIER. IR obj NigPyLongObject WISEBI, WS
H__index__ () B _int__ () Ik (WHRAIIE) KHEENPyLongobject.

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

HEEmRHRE] (unsigned long long) -1, {HEAHPyErr_Occurred () R E AR b H,
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3.8 R A MR AR __index_ ().
38 MEACEM: __int_ () WA .

double PyLong_AsDouble (PyObject *pylong)
R[] pylong 1] C 15 F double B3, pylong Wbl PyLongObject HISLH.

W pylong H{EABH T double WYBUETLE N&5| % OverflowError,
WAERHRIE] 1.0 , WEAHPyErs Occurred () PEul A4 ),

void* PyLong_AsVoidPtr (PyObject *pylong)
Ff — A~ Python ¥ %Y pylong % 45 C i F W) void f§%F. QR pylong Jo ik ¥ 45, W & fill &
OverflowError, ik HE{RIUFNPyLong FromVoidPtr () Bl ME 4 — &N void #5845t

HEERTR[E] NULL, 5 PyErr_Occurred () HEHI AR,

8.2.2 bkt

Python HH /RIEE A AL TR . A Py_False Hl Py_True WMi/R{H. KL, IEHAYEIE
AR T REAE HI 1 )M (H2, TFHERTH
int PyBool_Check (PyObject *0)

W o J& PyBool_Type KA, MR true.
PyObject* Py_False

Python ] “False“%f 5 . A REAIEM . BNVZEIL WG TR .
PyObject* Py_True

Python [ “True“Xf 4. ZXMREA AT k. EMIZGH BT GBS —
Py_RETURN_FALSE

MEEEGRIE Py_False W, FGE88MERTIHTTAL
Py_RETURN_TRUE

MEREGR T Py_True W, FREHIMERIGIHHEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. F34% v 1 5EPRE, R[E—4 Py_True B{3 Py_False HH5IH.

8.2.3 172i¥ (Floating Point) #{}:

PyFloatObject
XA C LA Pryobject HTHAMAFK—" Python ¥ il 4.
PyTypeObject PyFloat_Type
X ET CRMpyTypeobject KIFK Python 7 fiZRAUAYSLHI . 7E Python ZTH YA float 2]
— R
int PyFloat_Check (PyObject *p)
Y ZHoe A C KM pyFloatobject B2 CEMpyFloatobject K TRANF, RI[PIH.

int PyFloat_CheckExact (PyObject *p)

L) SHE—A C KB pyFrloatobject (HAR CHRMpyFrloatobject WFARBET, RIEH.
PyObject* PyFloat_FromString (PyObject *str)

Return value: New reference. #RYET747 str (EAHE— 1 PyFloatobject, RIEHTRF NULL,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1i4fi v 8|7 —{~PyFloatObject X4, IR [E] NULL,
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double PyFloat_AsDouble (PyObject *pyfloat)
i 1] — A4~ C double fU3 pyfloar 19N %8, IR pyfloat A J& — > Python ¥ i B g (H 2 B4
__float_ () J7ik, IR S0, 1 pyfloat el li— N BURE IR __float () A X
FPELBE _ index (). WRKM, HI7IEFFRE -1.0, WIITZE N Y pyErr_Occurred ()
KA IR
3.8 A QERFIRFEA] __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
&[] —A> pyfloat NZ5H) C double o, EEARTDAL A

PyObject* PyFloat_GetInfo (void)
Return value: New reference. & [7]—~ structseq 520, Hrp 40 2747 3¢ float [RRS . B/ IMEFI S R(E 115
B BRI float . h — MR A%

double PyFloat_GetMax ()
A ] e KRR AT [ S DBL_MAX j C double .

double PyFloat_GetMin ()
i Al fge /N RN IH— AL IE 7 58 DBL_MIN “}y C double .

int PyFloat_ClearFreeList ()

ERCREIR i€ 9/ I B AT PN s GBI ER V@
8.2.4 LB S
M CAPLE, Python [ XA G P ARG » SC B . —~/27E Python F2)7 i I Python X4, 734K
MR EIEESEY) C Z5H1k . APTHRAE T s B M AR # .
RSB C gkt

it ST R R IR X LR A S RO U R IR I R A, #R AL “E” A5 ReET. el
i AN APL

Py_complex
R — X Python RO ST /Y C SR . 4 K734k BRAZ HEO0T 52 1) R B5GHT X 28 B A 2544
WA A SCE A, el S8 -

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

REIPHAZ LA, ] CRBPy complex IR,

Py_complex _Py_c_dif£f (Py_complex left, Py_complex right)
REIPAE RN 2, ] CRABPy complex RN,

Py_complex _Py_c_neg (Py_complex complex)
R ISZHL complex FITE, ] CRAEPy complex FIR.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REPAEZH R, B CERPy complex FiR.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R AT, H C KAPy_complex FiR.

W divisor 2S5, EANITEIREBIZEHRE errno S5 EDOM,
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Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R [B] num ) exp K&, ] C2EABpy complex TN,

U2 num s B exp AGRIESERL, XA iR A FHBLE errno 24 EDOM.

5L Python X145

PyComplexObject
XA C R Pyob ject B TIBUALFE—A Python R4

PyTypeObject PyComplex_Type
XA E T Py Typeobject B Python &AL . 7 Python JZHIYZEAY complex J2[m]—4>
POE

int PyComplex_Check (PyObject *p)
MREMERRE—A CRKMpyComplexObject i # & C KMpyComplexObject WFIM, &1l
H.

==

int PyComplex_CheckExact (PyObject *p)
WREM S CEMPyComplexObject HAR C RAMPpyComplexObject W TR, &l
H.

==

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 131 C 258 py_ complex MM{EA — 1Y Python & 5i%t4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. ¥Rl real 1 imag 12 [8]—/ N8 C 22 pyComplexObject R4 .

double PyComplex_RealAsDouble (PyObject *op)
PA C 287 double iR Al op SEH.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2k# double iR[8] op FAIREES.

Py_complex PyComplex_AsCComplex (PyObject *op)
RAEE op 1) C 2K Py _complex {H,

W op R2—A> Python 5%t %, (HRHEA __complex_ () ik, WHERFHEILWRM, ¥
op ok —> Python ZE %, WA __complex_ () K& XMKFEIERE _ float_ (), UIE
__float__ () REXNPEELEEZE __index__ (). WM, W ERRRE] -1.0 fER5e%kE.

3.8 JiCEE A MR T AR __index_ ()

8.3 JFAIM R

PRSI A AR T — B e s A9 704 Python 155 [ IR 2R B P FI A 4R
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8.3.1 bytes %%

M —ADTFIHIES A — B RIE SRR, X ERART K TypeError,

PyBytesObject
Xfpyobject HTIAKR—> Python FATXIR
PyTypeObject PyBytes_Type
pyTypeObject KB R —1 Python F2EA, 7& Python EH'EYH bytes @HFXIR.
int PyBytes_Check (PyObject *o)
MR LR 0 @ F IR RECF RN T IA A SLHBI, WK true.
int PyBytes_CheckExact (PyObject *0)
WERRAG 0 BT NR, (AT RETIRARSLH], IR M true,
PyObject* PyBytes_FromString (const char *v)
Return value: New reference. IR Bl — P PAFEAFEE v B4 N ER B Z T B x4, JRIGEHR [ NULL,
% v AU H NULL; BRI,
PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. I} iR Al —APAFAFE v B RIAHE HACEE R len W FAT XS, RIK
iR [A] NULL. H02R v 2 NULL, DUORHIGR AL 5 B0 R N 2

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 35—/~ C printf () XA&H format FAFE IS HR S5, TE SR
Python 7 B X4 (KN IR I S EEEAS AL E I FE TR S . nTAR SR M S Euh ik C 280
HW AT format FAFER A Rg N FAFR Y. . ARV R 2SN A R

FFAT | A TERE

%% i ) LF% FAF o

5C int — T, %ﬁ%@ﬂ?jﬂ_‘/[\ C iy

%d int YT printf ( "°d")

Su unsigned int MY T printf ("su").!

$1d KAl MHET printf (" /ld"> :

$1u unsigned long | f124T printf ("$1u").!

$zd Py_ssize_t MY T printf ("szd") .t

Szu size_t YT printf ("$zu").!

%1 int MY T printf ("sin). T

$x int MYST printf ("sx").T

$s const char* PA null 252 1 F4FH) C ?fﬁiﬁéﬂ

$p const void* —A> C I T AR R e . HASN T print £ ("sp") (HES
5@%%?@@ 0x JF3k, RMERG TG I printf W24

;E&i FUN BRSSP AT & FEFAS P AT R AR BT WA IR B RIS &, EFFra 2 RS

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () 5e4fHE], BT EFEZHISE.

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 3 [B] 7 Fe /R SE IR XML EI R & *0*,
Py_ssize_t PyBytes_Size (PyObject *0)
R E ARG o AR
USSP (d, u, Id, lu, zd, zu, i, x): MSAHEER, 0 RS RARN.
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Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
TAN PyBytes Size () (H@ AR IRA o

char* PyBytes_AsString (PyObject *0)
REIXTR. o BN HRET . ZAREHE N o BINTRZEMIX, HPE len (o) + 15T, XK
BE— MNP RRNE, MEREAEHAMS TN RERA T ES AR e AR, BRAEZ R
PyBytes_FromStringAndSize (NULL, size) BIEHZXS. B ARG SHE. W5 o AN
—ANFEHEWE, WPyBytes AsString () ¥ik[E] NULL #5| % TypeError,

char* PyBytes_AS_STRING (PyObject *string)
FIAM PyBytes_AsString () RN HE AL .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
T AL H A8 5 buffer 7l length 1R8] DA null Sy 28 [EAFHIRT S obj HINZS o

UN2R length 2y NULL, “FH7HR X QA ST iR A B 25905 AR, MR BCR R e -1 951 &

ValueError,

R IX TG ] obj FINEBZEN, ERRRBESG —DEOMIEFEN ORBAE length 24 ) o 2R AT #
ROk, BRIEENIfEH PyBytes_FromStringAndSize (NULL, size) BIEHZNS. ©
AT /L. W2R obj IRARN @ — DS, WryBytes AsStringAndSize () ¥fiR[E -1
HE| % TypeError,

3.5 HOESE: DART, 47T HMR A B S F AR5 K TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes PAVHGHT I TP ERXSR , HAp SIS bytes 1) newpart FINZS ;s T HIEREARAS RIS T o X
bytes JSAE G FIRFC AT . QR TCIEBIBIRI SR, X bytes (IHTG | SRR 55 H. *bytes WIMECRF#E N
NULL; FHRF EOE 24 ) 55

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
15 *bytes "PRIHGEH AT RS, Hh &3S E] bytes 1) newpart )NZS . BRAS 2820 newpart 15|
L

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
B AT RN — R 730, RIS ORTIAERFG” . 7 SN TR R I AR 4 R
TR Y HAB TR 2 R T 5 50 A 2R A1 ER XA 5 1RO S — DUl I Ot e 4
PRAE . B A— B AR XTSI/ Ivalue (BETTRESWB A ), HAEAR LRI/, 48
IF, *bytes FEAFHTSUALE R/ NG I 1 ER AT IR IE] 05 *bytes ) HIHETT BB H A AMEA 7] R E BT
SR, W *bytes b RYIETATER XS GORF BRI T, *bytes S4(CH NULL, [H]I#E MemoryError
Fra ] -1,

8.3.2 ‘FIBAIMR

PyByteArrayObject
XAPyobject W FRMER—4> Python FHr 4R 5.

PyTypeObject PyByteArray_Type
Python bytearray 28R Py TypeObject HISEHI; X5 Python 2 bytearray EAHEHINE .
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PAIRG A R
int PyByteArray_Check (PyObject *o)
BXFR 02— DT RGN Hg— A A AR TR S B, R

int PyByteArray_CheckExact (PyObject *0)
BXFR 0 B DFIHANMNER, EARZ—DF IR RN T EALGIN, R,

Hit% APl R
PyObject* PyByteArray_FromObject (PyObject *0)
Return value: New reference. FRYBARATSEIN T 22 /7 R0 BINTE o, R W — P 5T 42 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. ¥34l string I A JE len B FE— 18110 bytearray S5 . 240 R [B] NULL.

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. {344 a Fl b F 3R Bl — A 45 R W HT F 0 504 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
{EA A NULL 841 51R 18] bytearray (K /).

char* PyByteArray_AsString (PyObject *bytearray)
TEAG A NULL $841 J51R 1R bytearray 1R [ — 45402 o IR 0] A E0ZEL G B — DM 257735

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Bt bytearray 1) NFBZE DX K/ INJEHE N len,

05‘»

XA AV A IBUERE , BN AR
char* PyByteArray_AS_STRING (PyObject *bytearray)
C pK4ipyByteArray AsString () WERZA,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C MifpyByteArray_size () WREMA.

8.3.3 Unicode {5 s
Unicode %%

F M python3.3 FRSCBL T PEP 393 DA, Unicode X RAEN IS FF R IE, PABAECRFR NATRCR 1 [F]
AL PRSEHREFEIF ) Unicode “F4F. Xt BrA U R AR T 128, 256 5 65536 I F4FH:, A —LLAFIRIGIL; &
W, AT LAV T 1114112 (X 252809 Unicode JiH ) -

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

HiIF1H APL Mg APL Z [AJf{)%e 4, Unicode X4 AFAT AR T IIMOIRES, X B T E AT A7 2
* “HLHE” Unicode X4t HAEF ) Unicode APT QIR FTA XS4, EATIBEH 5L BB Fo VA S5 A1 200
7o
e "legacy” Unicode objects have been created through one of the deprecated APIs (typically

PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to call
PyUnicode READY () on them before calling any other APIL.
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#iE): The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will be
”canonical” since then. See PEP 623 for more information.

Unicode 37!

PAF 2 1 F Python H Unicode SEFA LA Unicode X 4257 -

Py_UCs4

Py_UCS2

Py_UCS1
IXLORAZIOAT S BEGCR A R EA E , HBE R DA B 32 2. 16 AN 8 FLfF. MR et
A~ Unicode P4, M Py _UCS4,
3.3 fCHTINA.

Py UNICODE
g wehar_t BIRAUE X, RIE-FERIARFEEREEH 16 (722 ul 32 {7264,
3.3 WHUAE: FEDARTEONA I 16 (KA 32 (26, I T GrEMA BRI <587 36
& “T&” Unicode it 4~f#] Python,

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
Bk Pyobject [ FHMFIR 1A Python Unicode tf%. fEJLTFIAEIET, BATRRZHE
HAH, BT AL Unicode X4 1) AP pR AR 32 iR 0] PyOb ject JERUMTEET

3.3 HUHTIA.

PyTypeObject PyUnicode_Type
XA4PyTypeObject SEfIALF Python Unicode 257, ‘EAEHN str AFF4 Python LS.

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of Unicode
objects:

int PyUnicode_Check (PyObject *o)
Return true if the object o is a Unicode object or an instance of a Unicode subtype.

int PyUnicode_CheckExact (PyObject *o)
Return true if the object o is a Unicode object, but not an instance of a subtype.

int PyUnicode_READY (PyObject *o)
PR TFAFER AR *o* AT “HVE” FoniBale TEMM TR AR F A2 0, X200 .

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 BUBTIA.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
12 1] Unicode “FAFERAYICIE (PAMUIS RN AL) oAbzl “PIE” #KikJy U #Y Unicode X4 (Rik
H)

3.3 OB
Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)
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Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *o)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called before
accessing this.

3.3 BUHTIA.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

R [E PyUnicode KIND () Z1{E..

3.3 BCHTNA.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND L g .
int PyUnicode_KIND (PyObject *0)
IR [A]—4> PyUnicode 26 (I F30), #87m1H Unicode %4 H1 T M8 H AR 1 B D 4R 245 %k *o*
WhAE “HE” Rk =Y Unicode X145 (SRikH).
3.3 OB A
void* PyUnicode_DATA (PyObject *o)
iR B F6 1) J7 4 Unicode G5 IX I 25 F4T *o* whdiig My ik )y Uiy Unicode X145 (K)o
3.3 BCHTINA.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not do
any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer as
obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point value
which should be written to that location.

3.3 BUBTINA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
ML FR R data (IR PyUnicode DATA () ZRED) FEEH— S . A PATHR A SRZE T -

3.3 OB A
Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
M Unicode 145 o BB 45, AR “FLAE™ 2RIk, WS S B BN SRR A
WAL T PyUnicode_READ (),
3.3 OB

PyUnicode_MAX_CHAR_VALUE (0)
R IE AT T o* QA — N EA RIS, R UIE “HE” Fib . X IR
P b 1 (W (55 {2 ¥ = T B v AV A S O
3.3 JHTA.

int PyUnicode_ClearFreeList ()
HEREI K. IR ErRE 2% H 4L

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as 2
units). o has to be a Unicode object (not checked).
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Deprecated since version 3.3, will be removed in version 3.12: [H =X, Unicode API ftj—#R4, i 5% 5| i
HPyUnicode_GET_LENGTH(),

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *o)
Return the size of the deprecated Py_ UNICODE representation in bytes. o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: [H=, Unicode API ftj—#R4>, i 5% i
M PyUnicode_GET_LENGTH(),

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)
const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated with an
extra null code point. It may also contain embedded null code points, which would cause the string to be truncated
when used in most C functions. The AS_DATA form casts the pointer to const char *. The o argument has
to be a Unicode object (not checked).

3.3 Ji B 4% This macro is now inefficient -- because in many cases the Py UNTCODE representation does not
exist and needs to be created -- and can fail (return NULL with an exception set). Try to port the code to use the
new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or PyUnicode_ READ ().

Deprecated since version 3.3, will be removed in version 3.12: [HZ, Unicode API f—#B4y, 57 34 1
PyUnicode_nBYTE_DATA () %k,

Unicode 5§ ) 1%

Unicode oy L = A N (]

PREL

o

2 oA

TR

IRt S ]

=

int Py_UNICODE_ISSPACE (Py_UNICODE ch)

e ch @& has

H

P foAe Y

TR

Al 1 8% 0,

int Py_UNICODE_ISLOWER (Py UNICODE ch)

R ch 25 /N

2o SR

FAFIR

[A] 1 8% 0,

int Py_UNICODE_ISUPPER (Py_UNICODE ch)

R ch 215K

Tz 2 AN

EYAFIR

] 1 8% 0

int Py_UNICODE_ISTITLE (Py UNICODE ch)
HdiE ch B AR EULI KNSR [E] 1 5 0.
int Py_UNICODE_ISLINEBREAK (Py_ UNICODE ch)
TR ch 215 A T2
int Py_UNICODE_ISDECIMAL (Py_UNICODE ch)

Wl ch 275+ IR B AT IR

2o S

TR

[ 1850,

[\ 1 8% 0,

int Py_UNICODE_ISDIGIT (Py_UNICODE ch)

W ch 275 Rk

22 A

TAFIR

M 1850,

int Py_UNICODE_ISNUMERIC (Py_UNICODE ch)

Wl ch 27 R R EE

2

TR

| 1 8% 0,

int Py_UNICODE_ISALPHA (Py_UNICODE ch)

MG ch J2 15 R 7R

P A

FAFIR

[ 1850,

int Py_UNICODE_ISALNUM (Py_UNICODE ch)

WA ch 245 N P RECFIETATIR

Al 1 8% 0,

int Py_UNICODE_ISPRINTABLE (Py_ UNICODE ch)
FARRME 1B 0. AT AR F87E Unicode “FAF 4 Hh i E A Other”

A ch @5 AT T B

B”Separator” ¥

2 Sk

T,

BISME B2 ASCIL ZE 4% (0x20) LA AT 3T E

X ELZARE Python PLEHUK £ C

= S

TAFo G AR L TESE T Al 4T E
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TR RIEMTE PR LRI repr O BN XFRF. BENFAHREA sys.stdout 5§
sys.stderr B FFRMALETETE ),
X L8 APT ] H TPl B i A 4
Py_UNICODE Py_UNICODE_TOLOWER (Py UNICODE ch)
R AR NG I FEAT che
3.3 itz L EV A : s R ARl 3 B ) /NS L
Py_UNICODE Py_UNICODE_TOUPPER (Py_UNICODE ch)
R AR R G FAF che
3.3 MU ELEI . I el 5t 7 B K/ NS L
Py_UNICODE Py_UNICODE_TOTITLE (Py UNICODE ch)
IR A AR SR NG T AT ch.
3.3 Ji s LB : 1 R0 1 B RN L

int Py_UNICODE_TODECIMAL (Py UNICODE ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro does
not raise exceptions.

int Py_UNICODE_TODIGIT (Py_UNICODE ch)
Return the character ch converted to a single digit integer. Return —1 if this is not possible. This macro does not
raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UNICODE ch)
Return the character ch converted to a double. Return -1 .0 if this is not possible. This macro does not raise
exceptions.

X4 APT 7] % i ok SRR AC PRI -

Py_UNICODE_IS_SURROGATE (ch)
Kl ch 25 0L (0xD800 <= ch <= 0xDFFF),

Py _UNICODE_IS_HIGH_SURROGATE (ch)
K ch 235 NE AP (0xD800 <= ch <= 0xDBFF),

Py UNICODE_IS_LOW_SURROGATE (ch)
K ch 3275 KA PRI (0xDCO0 <= ch <= 0xDFFF),

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair.

GBI Unicode 2473

Bz Unicode XA A HELA 751 J@ 1%, 175 H1iX 28 API:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. fl|7—~#i %) Unicode X% . maxchar [ K] A F 4555 10 55 B e K AS A7
YER—ANEME, BT gm by AR F 127, 255, 65535, 1114111 Ao fE.

X2 4 BEHTY Unicode X G775k o 0 st R A5 B B X R AR T AR RN
3.3 BB

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. DA% Y kind ) 2 — 4 #H 1Y Unicode X} 2 (7] 68 ) {H
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*NPyUnicode_1BYTE_KIND %%, HPyUnicode KIND () FfiR[BIfAME) o buffer W7 45 11 B 4526
PABETAT 1, 2 B 4 FAT ALY size K/NAGELAL .

3.3 BUHTIMA.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as being
UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value might be a
shared object, i.e. modification of the data is not allowed.

4ty

If u is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL. This usage
is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *u)

Return value: New reference. Hi3f# UTF-8 Jtd i) DA S (B 45 R I FAF 201 X u Al @ — Unicode %4 .

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it. The
variable arguments must be C types and must correspond exactly to the format characters in the format ASCII-
encoded string. The following format characters are allowed:

kAT | R ERE

59 RiE A LF% FHFo

%c int BAFERE, RN Ci%%é@%ﬂo

sd int YT printf ("Qd")

su unsigned int YT printf ("su").!

$1d KA AT printf ("% 1d"> !

$1i KRy MX4T printf("s1im).!

$1lu unsigned long MY T printf ("s1u").!

$11d long long M4 T printf("s11d").]

$111i long long MY T printf ("s11i") .t

$1lu unsigned long long MX4T printf ("s1lu").!

$zd Py_ssize_t MY T printf ("$zd").!

DY Py_ssize_t MM T printf ("szi").!

$zu size_t M4 T printf ("Szu ).1

%1 int M4 T printf ("si"

$x int FHYSTF print £ ("sx ).1

3s const char* PA null 2% 1551 C %ﬁ“iﬁ(éﬂo

5p const void* —A~ C FgEMRY TS dEh s B L. %Zl-‘éffﬁ\ﬂ: printf ("%p")
HESHAAFEE 0x 73k, AMERG 6 L print £ 194
4.

SA PyObject* ascii () FEHMER.

U PyObject* —~ Unicode X4 ,

SV PyObject*, const char* | —~~ Unicode ¥f4 (7] PA°H NULL) F1— P PASS{HEE R 1Y C 47
BAENE NS (WRE NS H NULL, FANESH
) -

%S PyObject* W PyoObject_Str() HZEE.

SR PyObject* T HPyObject_Repr () HgEHL,

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string, and
any extra arguments discarded.

! For integer specifiers (d, u, 1d, i, Iu, 11d, 11i, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.

3. JFINS
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#iE): The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

3.2 fRCESE: T X "s11d" Al "s1lu" BSCHRE.
3.3 HUSESE: AN TR "s1im, "w11iv Fl vzl [
3.4 BUESE: TR "5, "SAT, "SUT, "BV, "S5 ", "SR" WL RN A

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. [T PyUnicode_FromFormat () {HE¥EZE TR NS

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

Return value: New reference. ’—A~ELdg L1 XT 4 obj iS4 Unicode X4 .
bytes, bytearray FHMT 7 57 & Kt LG E 1) encoding S fERGFH T 0 errors & LR A RAL B
Fe WEYW S NULL RIEE: O HBGAE (GBS A %85 % TS .
JiT A HAl X4, A1$E Unicode X5, #RFF-FELE TypeError.
W F5 1% APLRHR B NULL . 8 I 5 B 60 B I 4R ) iR [ X 145 |
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
3% [1] Unicode X4 53 i 1 B .
3.3 BT

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start,  PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when necessary
and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

3.3 BUBTIA.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
{# FH— N EFTTFGER - B fill_char G\ unicode[start:start+length].,

W2 fill_char (ERTF A7 HBFAHE, SCEIRTAFHRA 1 AL R ET R M.
R H AR TR, BEEE AR -1 5 KR
3.3 OB

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
TR AT TR B Py Un { code New () @, T Unicode S R4 AR
AR, PIGZFATER AL, SO A
SRR A unicode J2 754 Unicode %52, R5[EGARMSA, H HAGRE IgZag i (HH5]
HHECH—) .
3.3 BUBT A

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out of
bounds, in contrast to the macro version PyUnicode_READ_CHAR ().

3.3 OB

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. 1&[0] str fll— T8, MFEHFERY| start (BFE) B FHART| end (FEFE). AL
FrfazRsg5.
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3.3 BUHTMA.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
FEFAFER u 5 D3| —4> UCS4 Zih X, Afh— A2 745, WERBCE T copy_null {35 . HAEINIR[A] NULL
HBCE— N (FREY buflen /NT u HKRERS, SystemError FFHIcE ). MR N buffer.

3.3 BUHTA.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
REFRTER u B VB ] PyMem_Malloc () 43PCH)E UCS4 ZaptlX . QRIATRIG, FfiR Al NULL Fi%
# MemoryError. R[N KA SR LA — DRI 2L

3.3 BUBTINA.

Deprecated Py_UNICODE APlIs

Deprecated since version 3.3, will be removed in version 3.12.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using them,
as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and memory
hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u may
be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data. The
buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before using
any of the access macros such as PyUnicode_KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate to
using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (),or PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py_ UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNTCODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py UNICODE buffer of
the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py_ UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 HUHTIA.
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Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem Free () to free the
buffer). Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which would cause
the string to be truncated when used in most C functions.

3.2 BB A
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as 2
units).

Deprecated since version 3.3, will be removed in version 3.12: [H =X, Unicode API fj—#R4>, 5 i 5% i
M PyUnicode_GET_LENGTH(),

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary. If
obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

3t Unicode s H:FZRAI X 545 55 TypeError.

i 5 DR RS X

T DA AR T BT R R H R E R A

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)
Return value: New reference. fRSFAFHAE Android Fil VxWorks i f§ UTF-8, #EH At & B NAH 24
HE S KR SR AR AR "strict" #ll "surrogateescape" (PEP 383), I
errors ) NULL MRS "strict ™ S5RAIAINE . sor Wb A— 2 FAFEE AR W A S A

2T

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
Wk

The Py_DecodeLocale () K%K,

3.3 OB

37 WS BEEOIAE L & surrogatecscape HRAT I 24 fiF = ICHATIA, 17E
Android Ffi4. FEZ HiA Y, Py _DecodeLocale () ¥#ilF surrogateescape, MY4HIIET
DI AR T strict,

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)
Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the string
length using strlen ().

3.3 BB

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Return value: New reference. #it5 Unicode X% %% Android A1 VxWorks F{#i ] UTF-8, fFHAt & FF
MEHE S IR . IR TN "strict” fl "surrogateescape" (PEP 383), 1l
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B errors A NULL MRS #8 - "strict" $HRAFANN . RE—14 bytes X4 . unicode N6 55
AR 2 F4F

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.

W%

Py_EncodeLocale () .

3.3 JRHTIA.

3.7 s WRBOITE RS surrogateescape S RAL BRI 24 i 5 & K s =0, (HAE
Android B4, FEZHIMAY, Py_EncodeLocale () K@l T surrogateescape, MYHIEF
I g A RN T strict.

SO F G R X

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should be
used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler (PEP
383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be used,
passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)
ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_FEncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 OB
3.6 R HT B 57— A path-like object .,

%Eiﬁ%ﬁ,ﬁﬂrﬂ%i@zﬁmﬁ str, W4 "os" #¥dy, £ APyUnicode FSDecoder () VEN¥
ek 5

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os .PathLike
interface -- to st r using PyUnicode_DecodeFSDefaultAndSize (); str objects are output as-is. result
must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 BT
3.6 R HT B $E5Z— A path-like object .,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. ~Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
hz%:

The Py_DecodeLocale () K.

3.6 iRE%%: Use Py_FileSystemDefaultEncodeErrors error handler.
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PyObject* PyUnicode_DecodeFSDefault (const char *s)

Return value: New reference. Decode a null-terminated string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.

3.6 iR %% Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting bytes
object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncodingisinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().

JUE-= &
Py_EncodeLocale () H%L.
3.2 BUBT A

3.6 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t L #§

R 6 L3 wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)

Return value: New reference. ¥RIE4iE size ) wchar_t ZmhIX w 62— Unicode % 4. £ A -1 {EH
size FTR LR B AI ] weslen BATH e XA . JRIMUINRFIR [A] NULL,

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)

Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied or
-1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is the
responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required by the
application. Also, note that the wchar_t * string might contain null characters, which would cause the string to
be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

Convert the Unicode object to a wide character string. The output string always ends with a null character. If size is
not NULL, write the number of wide characters (excluding the trailing null termination character) into *size. Note
that the resulting wchar_ t string might contain null characters, which would cause the string to be truncated when
used with most C functions. If size is NULL and the wchar_t* string contains null characters a ValueError
is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem_Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 BUHTA.

3.7 R FE 48 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
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PN L AR 2

Python §2{It 17— 41VA C 45 PABRILIZA T JEE Y A B8 AR A e o T 3K L6 i AR D e 29 ] el ™ 91 R S B 32 6
o

151 APL KAR$E5Z encoding Fl errors TiNS4L, ENTRA SENE str () FAHXTRMEA T 174 S8
[l A 3o

Setting encoding to NULL causes the default encoding to be used which is ASCII. The file system
calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

EERACEE T errors W HAR W PARECA NULL Fon i b4 fiid e 2 LR BN =X . rf 9 B 4 il
A BRI SE R AL Ty 30 strict” (&5 | & ValueError),

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.

{Z M 2t it 2

PATR R 2 B G A 4 ) APT:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. 18 it B IR S8 s 1 size N7 0] 2 —4> Unicode ¥4 . encoding 1
errors HA 5 str () WEREUPRIZATESMHEIR S L. 26T 9 IS4 6T Python Ja flAD 25110
FORER . ARG G K T 574 W3R 2] NULL.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. #f%—1 Unicode X 4 3645 FAE K Python S35 EEXT 43R 0] . encoding A1
errors F.A 5 Unicode encode () HEMFEATESHAFN & Lo B 100 4R 454 ) Python i fifthd
OB AR AR RS K T 5w AR [H] NUL L,

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const char *er-

rors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsEncodedString().

UTF-8 4ufi#idas

PATF 42 UTF-8 Zfifit#s APL

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i3 it UTF-8 4t F 7 ER s 1) size NF A H—4 Unicode %f%. N4
GRS K T R R [E] NULL,

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Y3 consumed “}y NULL, W4T AT PyUnicode_DecodeUTFS (). UIR
consumed ANF NULL, WK EEMATERE UTF-8 FH45 P F KA HT R X LT A 2 giid it B
LA 1) F T ECRF AR TE consumed T
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PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. fifi [l UTF-8 #g#5% Unicode %f 42 3445 B AE K/ Python I EE XI5k ], 4%
AR A strict”. AR fRIDAR 51 & T 59 WPRFR [B] NUL L,

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
iR [H]—~4g 1] Unicode XF 411 UTF-8 g XA a5t HA5CaRmaEdRm N (PAFA R BAL) £
EHE size 1o size ZELATPASH NULL; FE RSO0 N E R/ NRER S92 . 3R B2 o X R 2 25 i
— AN FAT (ONIFETE size 1), ToIR A AFLEAEAT A 255567 .

EREFERTEOLR, FFR B NULL P38 — A5 A A7 size fH.

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.

3.3 BUHTIMA.
3.7 i AR REIZRBIIAE R const char * A4 char *,

const char* PyUnicode_AsUTF8 (PyObject *unicode)
KT PyUnicode AsUTF8AndSize (), {BARSTEAER/IME.

3.3 OB A
3.7 AR REIZEBIIAE R const char * A& char *,

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer s of the given size using UTF-8 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode_ AsUTF8String (), PyUnicode AsUTEF8AndSize () or
PyUnicode_AsEncodedString().

UTF-32 4ifitth 3%

PR &2 UTF-32 4ifiides APL

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-32 4 td 14 55 wp X B4 SR 1Y size 1~ 75 H 2% [8] A5 B #¥) Unicode X 42 .
errors (QIARA N NULL) & LT BRI o BRI strict”.

Un2R byteorder A~y NULL, a4 B 465 7 A 519 P A7 A -

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WA *oyteorder %, FLIABCRIIN IS5 W AR (BOM), MRS BRI 15
3 H BOM 5829l U1 5] 45 58 Unicode 445 1. 4 *byteorder % -1 8% 1, M FEFR0LM
5 LBt

AESEIUR, *byteorder F5TEH AKAIHA FERER N 241 5455

U1 byteorder Jy NULL, SR EAF 4T AL AT

USRI AR % T SR G ] NULL,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-
teorder, Py_ssize_t *consumed)
Return value: New reference. Y5 consumed >f) NULL, NWf7 2T PyUnicode_DecodeUTF32 (). Ml
B consumed <Ay NULL, W|PyUnicode DecodeUTF32Stateful () ¥AERRBHIAEEE UTF-32 &
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TS (AF AT BOR AT B R ) AR . X TR A SIS I HL WS ) 51 BCRs A7 A

consumed T,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. 3% [0l{#i ffl UTF-32 4% ML FT5 3¢ 19 Python 2378 . 95 HR R a2 DA
BOM FRicdT k. &Iy = A strict” MR nfISER 51 & T 54 Wk 5] NULL,

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
MR Gm S5 A T 8 Wik Ml NULL,

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsUTEF32String () or PyUnicode_AsEncodedString ().

UTF-16 Zifif iy ds

PATR 2 UTF-16 Zifffth 4t 1) APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M\ UTF-16 4 t5 1) 2% v X B8 {0 size 7 H 2% [A1AH K7 19 Unicode X4 .
errors (AR NULL) j& LT SRALBE T . BRIA K strict”,

U4 byteorder AN>h) NULL, fBRG#REO FH 25 1 1) 52735 e A T g did:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

W1 *byteorder HE, FLIABHBRIRIFI 515 5 bR I, (BOM), IURRRSASRE 1SN e 7
It H. BOM F A #45 D1 2 455 Unicode FAFEREH1, Q1SR *byteorder iy -1 8% 1, WA FIRicS#E
P ULE H o (B A \ufeff B \ufffe F4f).

TESEING ,  *byteorder FEAERT AR A RN 1 T 197 -
U2 byteorder }j NULL,  Z i IEaS1F (A HL 5451 -
USRI AR AR5 2 T 57 AR [B] NULL,

PyObject* PyUnicode_DecodeUTF1l6Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-
teorder, Py_ssize_t *consumed )
Return value: New reference. Y15 consumed >f) NULL, NWf7 2T PyUnicode_DecodeUTF16 (), Hl
B consumed A~k NULL, W|PyUnicode DecodeUTFl6Stateful () ¥AERBHIATEEE UTF-16 F
WIEH (A A F B R ART) PR R XA PR I HE Ry
BOBIEREAE consumed H
PyObject* PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. 12 [n|{#i il UTF-16 4 f54& 2 AL 7Y Python 45 ER . Ty g B 2 DA
BOM Frict 4T3k . £EHRANEE X Ky strict”, QISR GRARALASE | & T S5 3R [7] NULL,
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PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is O, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is defined, a single Py_ UNICODE value may get represented as a surrogate pair. If it is
not defined, each Py_ UNTCODE values is interpreted as a UCS-2 character.

RS AR 5] % T R MR 8] NULL.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString ().

UTF-7 Gafifhd s

PATR 2 UTF-7 %if# 4% APL:

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 13 it UTE-7 Sitg 74788 s 1Y size P70 — Unicode X4, 1R
IR | K T R R ] NULL,

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. {15 consumed “}j NULL, W57 HZRUTF PyUnicode_DecodeUTF7 (). UNH

consumed ~h) NULL, WK BRI SEEE UTF-7 base-64 #7- R AN iR o X B0/ S H
HE RS EATHCRFETE consumed H

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,

int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a Python

bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, ”Set O” (punctuation that has no otherwise special meaning) will be encoded in base-64.
If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the Python “utf-7”
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsEncodedString ().

Unicode-Escape #ifitid %

PAF 42 Unicode Escape” 4 fiti5#5 ) APL

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. &1 fifth% Unicode-Escape 2 f5 i 75 58 s 11 size 78— Unicode X}
o WERGRAFD AT | A T R[] NULL,

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {§i i} Unicode-Escape 4 fi5 Unicode % 345 A i vtk [n] . 4%
AR A strict” . AR GRS AR T A T 58 WAFIR M) NULL.
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PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and return
a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsUnicodeEscapeString ().

Raw-Unicode-Escape %ifitith 3

PAF 52 "Raw Unicode Escape” # RIS #5 1% APL:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 1@ i fifthd Raw-Unicode-Escape #5783 s 1Y size 7701 #—> Unicode
X5 WERGRISER 51 A T 58 WAk W] NULL,

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {i i} Raw-Unicode-Escape #if% Unicode %4 74545 A =17 HE %423 [1] .
BERAL BTy A strict” s USRS A AR5 % 1 S B WAFR [0 NULL,

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style
Py _UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 2/ 2y

PATR 2 Latin-1 4 fif# it 2 APL Latin-1 %F BT 17 256 4 Unicode %07 H. 4 A5 15 Z it 391 7] )3 323X SR iz

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i@ i) fifthd Latin-1 g5 () 73788 s 19 size TF T8 — Unicode ¥4 . 1R
S AR 51 % 1 3 H MR ] NULL,

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. fifi Jf] Latin-1 %545 Unicode %} 42 445 FAE 4 Python FEFTEE X iR ], 4R
AL BT A strict” . AR MRS AR T A T 58 AR M) NULL.

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using Latin-1 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode_ AsEncodedString().
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ASCII gifgih &%

PAR 2 ASCII 4 fiR iy APL, 352 7 {07 ASCI $idfsi o AT AR H: b 2 B A RUCHR A1 3 B4 158

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 813 fi#% ASCII 4 i =5 88 s 1Y size PF A — Unicode %4 . 5%
RIS ER S| & T S5 AR [B] NULL,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. {#Jfl ASCII 47 Unicode X} 52 H-¥45 FAF >k Python 8B X 4R 0] . 4514
P ARy strict”, WERIRARRG SRS A& T 54 WIRFR [B] NULL,

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode AsASCIIString () or PyUnicode_AsEncodedString().

TREWC S i i 35

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 mapping to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

PATR 2 WIS 25 R 45 1) APT:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. 131§ i 45 %€ i) mapping 34 SRS C IS ER s 19 size P76 Unicode

XFR o QRIS 5| & T 5 Wk 1] NULL.

WN2R mapping  NULL, WIRER A Latin-1 ZafiA% X 50 mapping WAURFATSAME (0 2 255 JEHEH
(%) # Unicode TFAFHRIMLST . #4L (RFpfi#iszly Unicode i57) Bk None., FRBUFEME T -
R B R F:E LookupError, PAKKIRGTE] None B9, OxFFFE B '\ufffe', PR
JE SCHIRIpEFH S 2R 5

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. {8 [} 45 7€ ) mapping %4 9 f5 Unicode %if 4 -5 45 BAE N T X 4k 6] .
BERAE IR T H N striet” s QRS ARDAR T | T 5 PR 9] NULL.

mapping X G N RERL Unicode AT S A HRXT R . 0 2 255 JEIH AR FERE None . ARIBUF )T
PRGN (RF3:8L LookupError HYKHE) PAKBUGTE] None MBI “AR5E LRSI
ekt -

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_AsEncodedString().

PA N EFIA R Jafiit i APL 2% Unicode Wi} % Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. 37 17 (UM A 5557 (FER ISR Unicode X%, WLRAHRILH
5% T S MR ] NULL,
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TG F D URE AL Unicode (IR 1| B4 %Y Unicode #5375 None GXRHIMIERAH B F4F) -

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 FAT T4 s A 5535 Lo BT PAY NULL 7 6 BRIA R 5 R AR BT 50

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Translate a Py UNICODE buffer of the given size by applying a character mapping

table to it and return the resulting Unicode object. Return NULL when an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API

Windows [ MBCS 4ifiths 52

PAF 72 MBCS #ififetth i) APL. H ElET{XAE Windows Ha] I FF i ] Win32 MBCS #% 4 g ok SL L4 . 1%
13 MBCS (E({ DBCS) 2&—4ufidtg, MaEREG 1. Birdguidtsg it riLes L m P
W E LY
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. il iz fifthih MBCS 4l (2155 s 1) size D450 4> Unicode X4, A
GRS AR5 & T SR IR [ NULL,

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed )
Return value: New reference. Y3 consumed “}y NULL, W4T KT PyUnicode_DecodeMBCS () . UIR
consumed /5K NULL, W|PyUnicode_DecodeMBCSStateful () YA KREBIATZEFIH H
CLHE RS ) T B A RETE consumed T

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. fifi [l MBCS ###5 Unicode %if 4 H- 45 R AE 4 Python FEHTEEXT 4R 0], 4%
AL BT A strict” . AR MAEID AT A T 58 WAFIR M) NULL.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python bytes
object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

3.3 HUHTIA.

PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using MBCS and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

8.3. JFHIXTR 103



The Python/C API, %:[F] 3.8.19

i R
05 155 R A i B

PA'R API mJ RAALFRA A B Unicode X FNIFAFH: (FERGIA P AT A AT ) R 10138 24 /9 Unicode X4
BUHEEE

R kA R EATTERRR ] NULL 8 -1,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. BHZEW N F/F 153 —A 8111 Unicode F4FER .

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. ¢4y A~5FF#fiH8]—~ Unicode “FHFER S %, ML sep g NULL, MR
P SAg R A 707 e . W0, KRR E W AR IR 0. AR BN maxsplit. 4024 H1H,
WA R B AR TE LS R AR .

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF is
considered to be one line break. If keepend is 0, the Line break characters are not included in the resulting strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. {#i 145 €1 separator & FH—PFAFE 5 FH IR B 25 R Unicode FFH

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
W substr FE 45 5E W 5 B (direction == -1 F 78 Hi 2 VS B, direction == 1 R JFHILE) 5
strstart:end] FHPEECINRIE] 1, FHWERE] 0, SR A A EE IR NR ] -1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
IR ] i F] 45 52 1Y direction (direction == 1 F/8Hi M &, direction == -1 Fn )5 108 R) I substr 1E
str[start:end] PEH MWL E . REERNENICEET S [Eh -1 FORARELINVLE, -2 0
FORR BRI RE T 75

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
IR [0] {6 B 25 7€ 1) direction (direction == 1 FERH[ A8 &, direction == -1 FRFIER) B F5 ch {F
str[start:end] PEHRHIWAE . REMERENICEWERET S R -1 FoRAELBNVLE, -2 0
FORR AR RE T 75
3.3 BUBTMA.
3.7 MRS 5 TIAE start F end BiVETE NS str(start:end] BT H.

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
iR 8] substr 7 str [start:end] PAESHIHRE. R KA IRNRE -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. i str W substr £l replstr &% maxcount IR F1 1% [8] 45 5 Unicode X} 42 .
maxcount == —1 FEREEH

int PyUnicode_Compare (PyObject *left, PyObject *right)
HRPAS AR IR ] -1, 0, 1 735/ ST HIRT .

BERR B AT IR ] -1, PR 4]l PvErr Occurred () Kk itiz.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
# Unicode X5 uni 55 string JEAT AR -1, 0, 1 43 IR/ SFTRIRT . d5cl A% A ASCI
ISR, (EARE A AT A5 3 ASCIL "4 I Y PR £ 2 6 Ho A% ISO-8859-1 Zhi it R At 3%

BERRECR &5 57
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PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. % Wj-{~ Unicode FAFE AT HLA FIR [0 DA R EZ —:

* NULL 51 % 17 SRR oL
e Py_True or Py_False for successful comparisons
* Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. 1_35 format 1 args iR [l — /S FAF X4 X% FT format % args,

int PyUnicode_Contains (PyObject *container, PyObject *element)

K AT element JE 45415 7E container H I AH AR 0] EL{E B B (H
element W58 %% i— 1~ HL02K Unicode “AAFER o QISR A A IRIR H] -1

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a Python
Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it (decre-
menting the reference count of the old string object and incrementing the reference count of the interned string
object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification: even
though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you own the
object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode FromString () MlPyUnicode InternInPlace () W&

A, ARl —AE BT Unicode FAFH X4, B— M4 1) BA M RMERY JEOA AL A5 H 0 42
RBE (“OER”) 518

8.3.4 szl (Tuple)

PyTupleObject
XA~Pyobject HFRIFE—> Python HICHI 4 .
PyTypeObject PyTuple_Type
pyTypeObject KB L —1 Python JLHER, X Python ZH) tuple ZHFMXIER.
int PyTuple_Check (PyObject *p)
R p Je— DTN R B TOH IR TIRAU L], I3 [m] LA
int PyTuple_CheckExact (PyObject *p)
R p R2—DICHN G, MAR—DICH TRARY LB, kR b E A

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. I BHR [H— N ICARM LR, KJE N len, JMEHHRE] “NULL”,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. JEHIH} iR Bl —HT I TCHX S, KN R n, RIGHNR ] NULL. JSTHERILG
1k k35 7] Python X} % ) J54k n C £23{. PyTuple_Pack (2, a, b) 1l Py_Buildvalue (" (00)",
a, b) H%.

Py_ssize_t PyTuple_Size (PyObject *p)
RHIR T4 G5, IR IEHZICA IR .

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RMETT *p* RN, B AR “NULLIF Hegm— oo AHRATHIRK A
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PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 3R [8] p i8] 7C2lH, (T pos AbBXRTSE . AR pos EH AR, & [H]
NULL , FH#h—4 IndexError .

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 2J3M T-PyTuple_GetItem (), HAKGEHESE.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. 12 [B] *p* Fr38 0] (I JCL M), 75 *low* A1 *high* 7 [a], B 7E S M 1R [A]
“NULL*, X4%[FF Python %A pllow:high] . ALFRMIIEARERTI.
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *o)
T p 8 TCL Y pos MLEARANXIR o 51T IR M 05 AR pos B, MLRE -1, FFHlH—

4~ IndexError 3.

M pefiss “giIC Xt ro* MBI, HF BIENICA T AR AL B A BT

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *o)
K FryTuple setItem(), (HAMFTHRIGE, FFHVIZ R =g REGTEHHTd.

#iE: XA%Ee “fiE” —AF o WEIH, H5PyTuple Setitem() RlHl, B ~E&EFFATMBE
BTGB s JCULR AT pos I B HIAEAATE | FHEREE TR -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A DA T REEITCH IR . newsize R iR SLAHC S . PIRICd Sk A @ AT AR, FrbA HATEXT S
A5, AWZERE. WRTCHC EP R HAER s Brs | 1, WA . Joiire
G ERSMKE g N, WEEFELHERIATAIeIE—MFcdl, RLuaa. Mk E 0 . %
P A A WARGE *p WSS RECRF- S e s B BTR(EAR ] SRR T o SUHRIR S, MR AR
*p FRECEHE. RIS, R[] “-1%, ff *p WECH NULL, H5]K MemoryError B(# SystemError.,

int PyTuple_ClearFreeList ()

HERR . IR [ PR 2% H 2

8.3.5 HilIFHIX R

ZHIF IR RIE M T namedtuple () 19 CXIR, BI—As, by H W AES D . 2@
LSRN, AR E b B E Y S5 P 81 6 AL

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. R desc )4 B 2 — 4SBT 1 S5 M 77 9 28 8L, R Frik. W] PAE
HPystructSequence_New () Bl 45 ST 1) SE4 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M *desc* HBATI IR AL EEHE 75122 *type* .

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
4j PyStructSequence_InitType Mfil, HAZIRRIE 0, KILHFRIE -1 .

3.4 BUHTMA.

PyStructSequence_Desc

5 BRI Sy 51 R AR
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I C Type EBd

name const char * é**@ﬁ?ﬁﬂ%éﬂﬂ@@%

doc const char * 8 ) B2 W B ) SCRY E AR FR B NULL R T

fields PyStructSequence_Field| [ PA NULL &5 B ECAH 384T, HFEELM N
* i

n_in_sequence int Python flll o] WA F B AL (ans H/E )

PyStructSequence_Field
iR 5 M PR B — A5 B 2 M PR SRR Mk SE AL, A S B K R pyobject +.
fEPyStructSequence Desc [ fields ¥R T [WE T 454475 A 2 W5 B .

Iy | CType B
name const FB M4 FREk “NULL® | # Ba iy 4 F B o) &, & M

char * PyStructSequence_UnnamedField VMR-EE Rt 7B
doc | const T2 B docstring B, “NULL®
char *

char* PyStructSequence_UnnamedField

E AR PRI R 4IRS

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. )|$# type [ L0, Z LBl PySt ruct Sequence NewType () Bl7E.
PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. &[] *p* Frfg[a] Y &5H P 5, (LT *pos* AEHIRI G . AFHFEMATIHF
KA

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WA,

void PyStruct Sequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
AT p 3R] pos I FBLR B RE 0. HPyTuple sET_1TEM() —FE, BERIZHHTHES
Sl

il XA ERE BT THRR *o* f—GI .

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() HIZERA,

flE): XASEREC “HTHC TR *o* A5 .

8.3.6 List (#341) W1k

PyListObject
XA CEAPyobject HTHEAMAK—1 Python FJHXF R .
PyTypeObject PyList_Type
X @ T Py Typeobject KR Python 51| KA LB . 7E Python JRHIAIZEAL 1ist & [F—/Xf
R
int PyList_Check (PyObject *p)
WER p 2 —DINRR R 2P RERN) T RB L, REE.
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int PyList_CheckExact (PyObject *p)
b p R —MIIRNG, ER ARy KL 7RG, RIE

PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. J§EBR Bl — KR len B35, SRR [E] NULL,

fiE: Y len KT ZFWE, R B E 5 F X R0 H g% R NULL. B AR K BB {
B Pysequence_SetItem() W% API 8{E ] C lREiryList_SetItem() ¥ E I H
SEXFGE N Python AR A FFiX X4

Q_O
\ME‘Q

Py_ssize_t PyList_Size (PyObject *list)
R[] list PHNFX R SE . XETAETFRIZR A Len (1ist)

Py_ssize_t PyList_GET_SIZE (PyObject *list)
TN C mgkpyList_Size () , AR,

PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 12 [0] list T35 M5 R W index i B _FIXTE . CBEEWICHIENEG A
Eih/%ﬂ%%ﬂi%ﬁ TZB]. WS index #HF (<0 or >=len(list)), N3&[6] NULL Jfi% 8 IndexError
.

PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. T2 C BREPyList_GetItem() , ARG,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

HﬁJ%*%%IjﬂmdexE’JIﬁujﬂﬁem R E] 0 o ANA index &8 H {5 FEI AR [H] -1 H35E IndexError
FE .

flE: phekgisy “fikE” — AN iem MBI EFE—ADXFIR PP A E EHEAKHE.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR ) B PyList_SetTtem (). RlH RPN T AR Z 0l B WA R AL B TR
Feo

#iE: RS “fiE” — X item 51 H, (H5PyList_SetItem() NIRRT T& EFFAHEM B
B HE I AE list 1) i A2E LT A5 | FERRAR i % o

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K4 H item $H AT list BG5S index ZHIMALE . ARBERFRE] 05 AR SEH MR F] -1 94

BH—NRE. 4T list.insert (index, item).,

int PyList_Append (PyObject *list, PyObject *item)
FEXFR item FMBND) R list WA . WERMIRRE] 05 WA IR ] -1 HF B DR Y
F list.append(item).

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. iR [B]—/NWFR5FE, G5 list 240 A0T low Fl high Z B XIS . WA )
MR ] NULL H 855 . M4 T list [low:highl. AZFRMFIFKEBIHITES.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
¥ list 240 low 5 high 22 18] Y] H i K itemlist (N« FH24 T 1ist [low:high] = itemlist.itemlist
AR NULL, FRIREN—D250% (WERYIA) . BEhERE 0, JRMHHRE -1, X BEA RS
TARREHITRY].
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int PyList_Sort (P} Objecl *[ist)

X list ) 4% H 30T )R LR . IR ] 0, 2R IR o XM T list.sort ().
int PyList_Reverse (PyObject *list)
X list ) 2% H AT RO R L . IR ] 0, RIS IR o XEEMT list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 12 [l — AN e X %, HAPES list NE: T tuple (1ist) .

int PyList_ClearFreelist ()

TSR . R I TR 2% H AL
3.3 BUHTIA.

4 E G

8.4.1 it

PyDictObject
PyObject ARG F—1{f Python F M7,
PyTypeObject PyDict_Type
PyTypeObject EHIfZE—1H Python “FHAIRE . IHEEL Python Jg 1) dict [El[a]—{E¥{F.
int PyDict_Check (PyObject *p)
Hr p o M B B 5 2R A 5 ) 2 B true.
int PyDict_CheckExact (PyObject *p)
% p T I HEEAR R — M F I R B, IR true.
PyObject* PyDict_New ()
Return value: New reference. 1 [l — AN 2 0, 2R IR [B] NULL.
PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. R |7] types .MappingProxyType X4, Tl 4T B840 mme st .
TR EA E AR IE B 2 AR Sh &SR AU e
void PyDict_Clear (PyObject *p)
T2 A I T B
int PyDict_Contains (PyObject *p, PyObject *key)
WiE key @M AL EAET M p o AR key VEEC | p WR—I00, kMW 1, ABWERIE 0 o3RI -1 FoR i
4k, XZE[ET Python 38 ﬁT key in p.
PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. 3205 p A0 AH ]S85 A4 357 741
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
B key VERBERE val AT M po key WbZihashable; WRAZ, WHFGIK TypeError. I 1|
0, JWRGENR ~1. BLEREC T AW val #9511

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
it 1 key 1F K 8K val 4 A B F M p. key V24 k) const char*. X% 2
PyUnicode_FromString (key) BIZH]. ﬁEIjJE]]L B 0, KMBHRE -1, MR REMHTAT val B
510

int PyDict_DelItem (PyObject *p, PyObject *key)
Bl it p i key 925 H o key AR WA 15 ﬁD%TzE, W 5| % TypeError, UIAF i
B key, M5|% KeyError. WHIMIRE 0, KM R
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int PyDict_DelItemString (PyObject *p, const char *key)
BRI p h A key FE B H o WERFILHIA key, WR5]% KeyError. HLIIHTRH
0, KMEhRE -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. M FH p WpiR [B] DA key “ERIINTE . TR EES key NFEAEH XA K E—
A R [B] NULL.

FEEEMRE, M _hash. () M _eq (O FETFEMEEASHM B, &

HPyDict_GetItemWithError () g iniis .,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () WZASFN, BASFMGEE . Y55 &4 IR ]
NULL Jf HiBE— 5w . AR AR LR NULL JF HA SR E DR

PyObject* PyDict_GetItemString (PyObject *p, const char *key)

Return value: Borrowed reference. X5 PyDict_GetItem () —Ff, B2 key $§18E N const char*, i
NEPyObject *,

WEWEEMNZ, WM _hash__ () . _eq__ () FEMEIE DA R R S H A2
Wit . S PyDict_GetItemWithError () PBEHERE .

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. X i Python 2 dict .setdefault () —Ff. AR key 771E, B
RETEF I p BRI WRBEAAEAE, B2 defaultobj —iE1H A 1R[] defaultobj . XA~ pR%K
HIHE key WA REL—IK, A @TEERANE AR 301 HE .
3.4 BT

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. 12 0] — AN & frg S {H I Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 12 [B|— A& 1 g 58 (keys) i PyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 12 [A]— AN 2 F i G {H (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R I H AL, ST p S 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p PRYFTA BN . TESE — U T MR BT IRk 21T, th ppos FIGI I Py_ssize_t b
PAIIEAL N 05 R ECRE A 7 M P AR B EA IR I (R, — ELBTA SEEDR AT AL 5 S ik e (L. TE
Z: pkey Ml pvalue | 243516 PyOb ject * A&, BRI I A EERMER I, Bl AT PAy NULL,
AR BTG | A BRI . ppos TEIE AP A BPCHE . B RERR N B85 T i) i
Bk, I Hl T4t @ Msing, D ubimes &It A isEs:.

g

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

A p AN 1) A AR . AR T, SR (R A, (BAURTRIEA A K
A . Bl
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PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (0) ;
;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
YRR SR b HATIEA, FFE BB F i a. b ATAR— DM, BUEMT S FfpyMapping Keys ()
MPyObject_GetItem() HIXIER. AR override JJEAL, WHIRAE b 4L FIMH RGN a HEAFAER
FHI SRR Bl 4, A DIANSRAE @ vh A ) R D D2 S I SRR o 4 B IRp iR ] 0 Bl 245 ] &
SRR ] -1,

int PyDict_Update (PyObject *a, PyObject *b)
X5 C Wy pyDict_Merge(a, b, 1) —#f¢, #F{LIT Python HH) a.update (b), ZHITE
TryDict_Update () TE5E _ASHA "keys” JRVERA 2 AR E B ACEAEX AP 24 TR
[ 0 i 45| K s E ik m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 AN ERBAH BN F M a. seq2 WA 2 1) FIVEBEDR R TR A TR AR
MAFAEEI ISR, QIR override BRI 55 1 R R SERE o M BN IHR E] O B 5| & i ik el
—1. ZMiY Python fURD (GRIEEERSM)

def PyDict_MergeFromSeqg?2 (a, seqg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value

int PyDict_ClearFreelist ()
R . R m BRI 2 H £
3.3 BB

8.4.2 NS

=B TEM NG T set fl frozenset X RN I APL AEAR[ AR TE R 1 41 1) T BE fic B 2 66 ) i 42
St & i (F FEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash(),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAMNPyObject_GetIter()) B:&Hh
2B F I (B FEPyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () PA
K PyNumber_InPlaceXor ()) FiJjl.

PySetObject
XAPyObject [T A KARAF set Ml frozenset XFEIHNIEIE. TR T-PyDictobiect,
AT/ NRSHE S SR B = B E RN (R ICHtEGE ), 3 XTSRS EA R E
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REHE 1] B Pk Y AT AR KN AR (IRG SRR 20) o SR IR ) S B BRIl A LT &
AR BT DRI 20 it O 5 A SO AP R AT, ﬁ'ﬁTTl_ ARG A P (E .
PyTypeObject PySet_Type
XE—APyTypeobject 52, 3%/R% Python set 257,
PyTypeObject PyFrozenSet_Type
XE— A PyTypeObject 5|, /N Python frozenset 257,

N ANRBUAG A 8 T 6 AT Python XFG RN, JEBIHh, X LAY ek B thE ] 4L W] X Python
PIE

int PySet_Check (PyObject *p)
MR p @—1 set XREFH R H TR LB R [0 EAE .

int PyFrozenSet_Check (PyObject *p)
R p &1 frozenset X]L%jﬁﬁ%ﬁ%%iﬂm%ﬁ [VUPEYME=K(=®

int PyAnySet_Check (PyObject *p)
W p J2—A> set X4, frozenset XJGREE ZH 2T H S0 & 0] EAH

int PyAnySet_CheckExact (PyObject *p)

WME p B—4 set MR EL frozenset XTREAEH TR S6) )3 v BAH .

int PyFrozenSet_CheckExact (PyObject *p)

W p B4 frozenset XTEAHAEH TR A S )3 0] ELAH .

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. iR ] —A~#1) set, FH A HLEr iterable TR BN . iterable T PAK NULL
FIORBIE— NS S G IR AR, KRR NULL, 415 iterable 52 Fr_EANE AT R
XENE| K% TypeError. i%@iﬁ%%&iﬁﬂ%ﬁ%m%/ﬁ (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. 12 [Bl—/ N3] frozenset, H W E; iterable TR RIS . iterable W] DAK
NULL Fn i #— i R R A . IR R a8, RGN [B] NULL ., 402 iterable 5By
EARRWERXTLNG] & TypeError,

FHIREANZZE R T set B frozenset AYSLHI R H F2RAAG LA .

Py_ssize_t PySet_Size (PyObject *anyset)
R\ set B{ frozenset XWRIWKJE. ZMT len (anyset) . {HF anyset NiE set, frozenset
E?%@ﬂﬂ’ﬂi%}ﬂﬂ%é’lﬂi PyExc_SystemError,
Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
TR PySet_Size (), NN,
int PySet_Contains (PyObject *anyset, PyObject *key)
R ER ] 1, ARARAENR ] 0, WALE R R -1, A[FT Python __contains__ () J5

%, EK@?&TAEZﬂJﬁTT“AﬁB/J%A%ﬁj\J” IR GESE Ao Q2R key AR ATIG A R  225] K&
TypeError, I anyset ~NJ& set, frozenset BiH T-ZAIM LN ST % PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
W0 key B]—A~ set 3. WATHHF frozenset LB (K FryTuple SetItem(), ERIHHHER
HAFRE T A AR 2 B ) . iRm0, RIGHHRIE -1, s key AN
AIEAXRM G % TypeError, WEREAMKERM 5% MemoryError MR set Anig set mf
HRBEBIN 25| K systemError,

THIRECE 1 T set S TRAMLH], (AARHT frozenset M TRAAILH.

int PySet_Discard (PyObject *set, PyObject *key)
WAL A RRR R 1, WERAIRE] (To#AE) &I o, REBRERNGERE] -1, XFARFAER A
&5 % KeyError, WIH key HAT]MEFXTRN L5 & TypeError. A[ET Python discard () ¥,
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BRI BN 2 H RN TG A B R T A NI R S5 R A . 2R set g set BUHT-2RAUAY LA 2
5| % PyExc_SystemError,
PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 1&10] set HALTEXITZWHEIH, I set HREFRZATS . MR ] NULL,
WREANZENLG| K KeyError. QIR set g set BUH 7AW LHIN X5 % SystenError,
int PySet_Clear (PyObject *set)
25 A JW BT B
int PySet_ClearFreelist ()
THZRE R IR PR 2% H 2K
3.3 HUHTIMA.

8.5 MMt

8.5.1 g:X (Function) ¥f}:

T 28/ 8 Python bR 307 i B [ETH]
PyFunctionObject

T %) C g5tk .

PyTypeObject PyFunction_Type
X E—APyTypeObject SLAIH 3R Python pREZEAL, BAEHN types.FunctionType [a] Python
JF AT

int PyFunction_Check (PyObject *0)
WK o SR B R CRA N PyFunction_Type) WEREIE(H. BZULIA N NULL,

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. 32 [0 S5CAEXT 4 code FFRIVIH BRENT % . globals Wil /&—A ML, ZRER]
AT IF) 4 Ry it
MACHG St G2 Fr L BRSO AT ER FIZ FR . __module_ 43 M\ globals FA3EEL ., 24 defaults, annotations
F1 closure ¢4 NULL. __ qualname__ &5 pR %04 FRAH R E

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. J3{l)PyFunction_New (), B RVFIEERENTEN _ _qualname_ J§
V. qualname V2452 unicode ¥R 8{ NULL; {382 NULL ] _ qualname_ J@E NS5 _ name
JEPEAH R
3.3 BCHTINA.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. |n| {88852 2CHEY) (4-AH B 1 e 314 opo
PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. |n] {8 84> 3u o S diUAH BE 19 BR B0 14 op.
PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. iR W] RIS op W) __module__ Jg1%:, B EH H—" M0 THERAFRIV) S
freER, (HRT DA Python ARSI Ak [m] HAMAT REXT 4L
PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 32 5] B4 op WIS EERAME . X AT AR — S H0c4 B NULL,
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int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
HEREON G op BCEBHEIME. defaults 7578 Py_None s—~Jc4l,
RG] % systemError S Fik[H|

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 32 [0 XHRE e& B0 52 op BHIPAL . 3K AT PAJE NULL B cell XFRHTCHA

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
WE KR KBTS op B AL, closure Whili k) Py_None 8§ cell X4 TG4 .
RIS % SystemError B IR M -1 .
PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 32 |8 BT op WIARTE . X A] AR —A] 2 sl NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
WEREON S op IIFRYE . annotations WA R — > HEL Py_None,

RIS & SystemError SR M -1 .

8.5.2 Etis ikt
B RPyCRunct ion AR, WERFPyCFunction $5E BIRMZR P —FF . BT IHEMN

P8 PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
XAPyTypeobject SLBIHF Python SLHIJAIAL., EIFAXS Python F2/F AT
int PyInstanceMethod_Check (PyObject *0)
W2k o REBIITIEX G BN PyInstanceMethod _Type) WiR[EIEAH. KW AN NULL.

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. iR [1|—/NFi I SEGI T yE 5, fune NAATTE TR XT S, func REAESE 7
PR ARy SRR T
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 32 |7] Je BRI SEB )7 ¥E im I BRET 4
PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 72 Py InstanceMethod_Function (), B&Z T EERMEM .

8.5.3 Jjiki4

DTS E BRI G TR R SR E R — N P A SRS RIPE TR (BER]— 1 EHTr
k) B

PyTypeObject PyMethod_Type
XA PyTypeObject SLfHIHF Python 288, E1fEN types.MethodType [i] Python #/7 A TF.
int PyMethod_Check (PyObject *o)
WK 0 BTN R RECAPyMethod_Type) WER I EAH . JEZLWIAN NULL,
PyObject* PyMethod_New (PyObject *func, PyObject *self)
Retum value: New reference. & [Bl— AT AR, fune BOMAERE AT IRIGE, self %5 iR S8 E )
o TEH VBN func XA REBE I self W7 NULL.

PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. &[0 =52 J5¥E meth HIBREU 4 .
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PyObject* PyMethod_GET_FUNCTION (PyObject *meth)

Return value: Borrowed reference. 72 PyMet hod _Function (), B&ETEERKG.
PyObject* PyMethod_Sel€£ (PyObject *meth)

Return value: Borrowed reference. 32 [0 5B 2| J7¥E meth HISEH o

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Self (), W& T 4SRN .

int PyMethod_ClearFreelist ()

TSR . R I TR 2% H AL

8.5.4 Cell Y11

“Cell” XFGUT LB ZAE G A S TR AR R, —A> “Cell” MR T A% ETH
QU 51 AL/ e R A0 5 7 R o ) B GE FH 5 KL R SR LSRG “Cell” 31 . V7l
I, RFEE “Cell” S BEIT A & BT RA L o XA “Cell” X QAR RIRAL 5 | 7R 2SR L
WP DI S A AR RBALIXLENZE . “Cell” JFGAEHAM T W] REA KA I -

PyCellObject
C 451 cell Y1
PyTypeObject PyCell_Type
S cell Py FALE)
int PyCell_Check (0b)
WA ob jZ—> cell XFGNR [T FAH; ob IAA N NULL,
PyObject* PyCell_New (PyObject *ob)
Return value: New reference. B35 1% 8]l — 3 S {H ob 135 cell X4, SR PAAH NULL,

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. [n|{8 cell [E1ZH1 1) cell.,

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 18] cell 3F4 cell IINZS, (HREAKM cell Z754F NULL 1 H-A— cell
PO

int PyCell_Set (PyObject *cell, PyObject *value)
K cell X452 cell HINZRN value, XFFREATATRT cell X4 U HTNZAIGI . value W PAA NULL. cell
WAFRAE NULL; AR E AR —A cell RERMEKFR M) -1, QRECE SRR ] 0,

void PyCell_SET (PyObject *cell, PyObject *value)
B cell X}52 cell BIEBEH value, REVREES AL, I HASBEA 7RG DMRIE 224 5 cell 78R HE NULL
I HA—A cell %42

8.5.5 1Rnx}4

A XF4 /2 CPython SLHIARZHANTT . A MR — Tt R G0 2 s B0 1 aT A TS
PyCodeObject

TGRSR R AT S0 C G50 . T 7 BT i 5 0
PyTypeObject PyCode_Type

XE— N PyTypeobject 52|, FLFEIR Python 11 code 2%,

int PyCode_Check (PyObject *co)
MR co B— code XN [A] true.
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int PyCode_GetNumFree (PyCodeObject *co)
W&JE] co TPy A AR EEL.

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyOb-
Ject *freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. &[] — A ARSI RT G o QIRARTE 2 — i OACAG X Gk B — LRGN,
W PyCode_NewEmpty (). W PyCode New () B4R VASEE FIMER Y Python BUA, [R5y
T E LA HFEAA.

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code, PyOb-
Ject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. 23l T-PyCode New (), {BHH— N85 posonlyargcount” U FR{v &

3.8 OB INA.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. 12 [B| BTG E 4 . BB ME—FT 51 SR 2. ST exec () B8
eval () AN RIER g2 ARER

8.6 Iixf %

8.6.1 k& (File) ik

X APT @5 A B SCHEXTR Y Python 2 C APT s/ IMIT L, B RMOBIT C ARIEFE S VO (FILE*) S2Hf.
& Python 3 w1, SCPFMIRAE AT 1o Bk, AL RGN IRZ R L% VO 2 EE XL TILNZ. T
T P i 1 ) B RSO BT XTI L APT RUMESE C (e, T2 TAPREAS IO AR AT DAl o5 e =7 U ek
“HijiiA io AP,
PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. fR¥E T FTIF S0 fd i) U4 IR S5 6 @t — > Python U4 . S50 name,
encoding, errors 1 newline W] DK NULL FEn i FBRANE; buffering W] LK -1 FEREHERINE . name &
B WSO B T I PR . RIMEHR ] NULL, 5 XS E 2R, 1§25 1o0.open () REN
PR

e 11T Python WLELA HCLHULENIR, PUKFE NS O YUOCHHIAFRI fra™ A R (4
SR 2SN -

3.2 iR S WK name JB M.
int PyObject_AsFileDescriptor (PyObject *p)

S5 p SRERSCP A R B Y int . AVRXFGUREON, WRRIILE. WURNA, AR
Fileno () ik (HRAFFE) 5 WOrBAUENl — 408, Vsl CPHIA R LR 8 S AT
TER W R A -1

PyObject* PyFile_GetLine (PyObject *p, int n)

Return value: New reference. 5y p.readline ([n]) , XPEREMNE p PEEE—4T. p WA S0
X LA readline ) FHEMMEMME. MEn 0 . MIEIHATH KA, Mg 17, i
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Hn KT 0, WM EERORNEL n AF s ATRGR BT —HR 5 FEX IR OL T, ansfsr B )ik
SRR, WREIS A HZ, QR /N 0, MITCI KA E 1T, (H2 R 7 RIE|
1535{415'{%, }”\]J%IZV: EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
#H io.open_code () WIEHEAT R, FFHIESE L Irigfihrg ety kb,
R 2 — 1258k pyObject * (*) (PyObject *path, void *userData) %L, H
path Hi{# N PyUnicodeObject.,
userData $§5T 29 N T R4 T4 eRBOTRE AN W BUE THR A, 2388 . L #2458 1] Python
RIS
BTN LI ESABRESERE, e a1 S ARE, RIECREIT RS
RS BAE sys.modules FA[ .
— HEFRRE, BB RRER R, ZJaXtPpyFrile SetOpenCodeHook () M MR R,
R RERR C 2R, RECRR A -1 HRE— 75 .
WEREL AT DA APy Tnitialize () ZHIT .
1% #Hit | setopencodehook, AHIHHALMIZ%L.
3.8 BRI

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEMR obj GASNERX G p o flags ME—SZRpRIARE /& Py_PRINT_RAW; QIRAE, WEHAXGH str ()
AR repr () o MENHFRE] 0, RGHHRE] -1, FFEREE 41 F150.

int PyFile_WriteString (const char *s, PyObject *p)

HATH s BIEEYIE po FRIIEF I EL O, T SR I -1, [Elerise Grid ) B SMIRIE .

8.6.2 BAIMIIELAI

PyTypeObject PyModule_Type
XANPyTypeObject MBI Python Bt A . B PA types.ModuleType HE R4 Python
T o

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule Type.

PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. R [Pl IR HLT S, HoOE: _ name_ A name . R HIX B JEPE _ name_
__doc__,_ package_ ,and__loader__ (FEJEMET __name_ ##i% R “None“). V& H B
LfEft _ file  JEIE.
3.3 JHTIA.
34 fREEsk: @M _ package_ Ml _ loader_  #fi% K “None“,

PyObject* PyModule_New (const char *name)
Return value: New reference. IXZ{M T PyModule NewObject (), {BIHZHK UTF-8 45 i) 245 5 1M
A Unicode %4,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. R 0] SZ P module B iy 74 23 [8] B9 7 BLXT 425 X 42 5 A X 52 Y

__dict__ JEMEAMIR . QIR module AN j&—MEHRXT G (SUBHO I T3, W2x5| % SystemError
FH4% 1] NULL,

8.6. LAt % 117



The Python/C API, %:[F] 3.8.19

YAl HA PyModule_* () and PyObject_* () pREUM A& B _ dict_ .

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. 12 8] module ¥) __name__ {H. WRAEHCRIEMZAE, SiFWRBEARAE—
FAFER, W&5]% systemError k[0 NULL,

3.3 BUHTMA.

const char* PyModule_GetName (PyObject *module)
R FPryModule_GetNameObject () {Hik[E] "ut £-8" K4 FK.

void* PyModule_GetState (PyObject *module)
R PR RS, WRUR UL, R R ARG o B N AR B FE £, BH NULL. &

WPyModuleDef.m_size,

PyModuleDef* PyModule_GetDef (PyObject *module)
I ] [ T B i 4 B PyModuleDe £ S5 AR HEET, B0 QRSN J2 A 4540 1 o SRy
D3 1] NULL,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. 1R [BI{fi [fl module ¥) __file_  JBYEATINERN 423 30{F 4 . IR BIERE
X, HEWREAZ A Unicode “F4F5:, M51% SystemError JiR W NULL; FEHAWE L N RFR
8] —~F1A] Unicode %4951 1 .

3.2 OB

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule GetFilenameObject () butreturn the filename encoded to "utf-8’.

32 AT PyModule GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.

i1t C Bl

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually only
one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name

B 24 PR o

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.
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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_s1ize is required for multi-phase initialization.

W% PEP 3121 Tl .

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMet hodDe  values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

3.5 Jfix B8 Prior to version 3.5, this member was always set to NULL, and was defined as:
inquirym_reload

fraverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed. This function
may be called before module state is allocated (PyModule_GetState () may return NULL), and before
the Py_mod_exec function is executed.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule GetState () may return NULL), and before the
Py_mod_exec function is executed.

Jreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule_ GetState () may return NULL), and before the
Py_mod_exec function is executed.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-phase
initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the API version
module_api_version. If that version does not match the version of the running interpreter, a Runt imeWarning
is emitted.

H#(E]: Most uses of this function should be using PyModule_Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_ AddObject ().
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Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way behave
more like Python modules: the initialization is split between the creation phase, when the module object is created, and
the execution phase, when it is populated. The distinction is similar to the __new__ () and __init__ () methods of
classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict___ or individual classes created
with PyType_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDe f instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. 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 JHTIA.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 JHTIA.
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-
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cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python module:
typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

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)
Return value: New reference.  Create a new module object, given the definition in module and the
ModuleSpec spec. This behaves like PyModule FromDefAndSpec?2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 HUHTIA.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec spec,
assuming the API version module_api_version. If that version does not match the version of the running interpreter,
a RuntimeWarning is emitted.

H(E): Most uses of this function should be using PyModule_FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 HUCHTIA.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Process any execution slots (Py_mod_exec) given in def.

3.5 BUHTMA.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BUHTMA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMet hodDe £ documen-
tation for details on individual entries (due to the lack of a shared module namespace, module level “functions”
implemented in C typically receive the module as their first parameter, making them similar to instance methods
on Python classes). This function is called automatically when creating a module from PyModuleDef, using
either PyModule_Create or PyModule_FromDefAndSpec.
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3.5 BUHTMA.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initialization
function. This steals a reference to value on success. Return —1 on error, O on success.

#5[E):  Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on error.
Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initialization
function. Return —1 on error, O on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be
created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. 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.

122 Chapter 8. H{&rif 4 )2



The Python/C API, %[F] 3.8.19

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
calls PyState_FindModule. The function is mainly intended for implementing alternative import mechanisms
(either by calling it directly, or by referring to its implementation for details of the required state updates).

Return 0 on success or -1 on failure.

3.3 BUHTMA.

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return 0 on success or -1 on failure.

3.3 BUBTINA.

8.6.3 %ftEs (lterator) Wyftk

Python 42 {it 7 W~ A Uge Xt . S— e P ok AU ﬁ}%ﬂ’]{fﬁﬁ‘ﬁu
55 AN AT UE B RS AT —A sentinel {H, A F 51 H E’jg/\lﬁﬁ)ﬂ Al ﬂq 4, HAER IEI sentmel (45
ﬁ

PyTypeObject PySeqIter Type
pyseqIter_New () RBIEREXI R LM N EF IR AN ERE iter () BRSEIEA.

int PySeqIter_Check (op)
W op RFLHPySeqIiter Type Mk [H true.

PyObject* PySeqIter_New (PyObject *seq)

Return value: New reference. R [n]—A~ 5 & FLF 51 % G2 — 2 i F (25 A8 seq. 247 5107 F4AE TS| A&
IndexError B, EMRLEH,

PyTypeObject PyCallIter_Type

Hig$Pycalliter New () fll iter () WEREMSEOL R B LR IR RERN L
int PyCallIter_ Check (0p)

W5 op WA hpycalllter Type MR (A true,

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. iR |8|—A~ i B ES ﬁé/\f’%@[ callable 7] DL EATAR W] DAYE A S04 TS
BN UE ) Python W] FHXT S 5 SRR IR FHAS I %R FLEAR R — DI H o 24 callable 127156 sentinel
FIERT, BRI

8.6.4 &l

SRR AR RIS S AT AT R I
PyTypeObject PyProperty_Type
B IR TF R B RN 4

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference.
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PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference.

int PyDescr_IsData (PyObject *descr)
QR IRFTRT G descr HABAREME, WHRE] true; QRAGAR ¥, WA false, descr WS REIRFFXT
R BHERKA .

PyObject* PyWrapper_New (PyObject *, PyObject *)
Return value: New reference.

8.6.5 Y )i ¥tk

PyTypeObject PySlice_Type
PR AERIAA S . &4 Python JETIHY s1ice AL,

int PySlice_Check (PyObject *ob)
U2 ob 2~ slice X GNR [ EUH ; ob AR K NULL,

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. &[] —/>H A %45 E{HIIF slice XS4 . start, stop Fl step &2 29 FAAE slice X}
GAHN AR R IERIE . X2 A —ANER AT ASH NULL, FERXF 00 TR None fE R &
PERIE . ANSRHTA G TC R 4 T Ui [1] NUTL.

int PySlice_GetIndices (PyObject *slice, Py_ssize t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step)

M slice X} 52 slice HEHY start, stop Fll step 715, KFFFNK N length. KT length 11755 K4 24 1F
EER.

B RE 0, HAEERE] -1 I BN E RS (BRIEREAD TSRk None HIGIAB LN BEEL, 7
KRGO 2R ] -1 3 HBEE— 5 ) .

RATBEAN 2 FT 00 e R 4

3.2 i SR 2 i slice TE S HE S KA PySliceObject *,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice GetIndices () By FHEAL. M slice XF5 slice $2HU start, stop Al step K515, KFFHKE
A length, IR I FELRAFAE slicelength W, B 18I E G |52 A 5@ Y] v —80 oy L7
LR

SR 0, AR RE -1 I DA RE S

fE): b bR B AT AR KN B R R R e A . KB B R N B APy S1ice_Unpack ()
MpPyslice AdjustIndices () MG, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SR
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if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

32 S 2 slice B SR AR PySliceObject*,

3.6.1 fiREE 4. N Py_LIMITED_API K ik B 5{ ¥ B & 0x03050400 5 0x03060000 2 HiHY
i (R4 ) B 0x03060100 B # K] PySlice_GetIndicesEx () 2&uisZBl —{fi Al
PySlice_Unpack () fl PySlice_AdjustIndices () W% . S5 start, stop Fl step W ZHRIE.

3.6.1 AT EIH: i Py _LIMITED_API #&8E A/NT 0x03050400 B 003060000 5 003060100
ZIEME ONEFEHA) W PySlice_GetIndicesEx () NE I HM KL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MAT R X5 Rt start, stop Al step Zdi i R R ECK C 350 S FBRHREK T PY_SSTZE_T_MAX [W{EIE/
>N PY_SSIZE_T_MAX, BFEAHING/NT PY_SSIZE_T_MIN [ start F stop {HI¥ K PY_SSIZE_T_MIN,
HEBRH/NT -PY_SSIZE_T_MAX ¥ step {HI¥ KN -PY_SSIZE_T_MAX,

AR -1, BRI 0,
3.6.1 HUHT A

Py_ssize_tPySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
y_ssize_t step

P )
¥ start/end PI R RG S HRIEHE € B FIK EHATIHE . BHEERNRTS 255U 7 —Bi 7

EATH -
BB . HEREE RS M. A2 A Python fUi5.
3.6.1 OB A

8.6.6 Ellipsis X%

PyObject *Py_Ellipsis
Python 1) E111psis A14 . VAGIEAH Mk TUmbA S AT A G— By sG5| T AR
‘EHPy_None —Hg BAHIRI 4.

8.6.7 MemoryView X} %

— A memoryview MR CHRIAL A K450 B — A A ABAT A HALXT R — 1L 3 Python X4¢.
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MHEEZE P X 32 1119 %} 5 41 22 memoryview %42 . WI5H obj 370 5 &2 X
i, W memoryview XFGURF AT AR B/ S, I E AT AE2 H R, WATDAR T & BATHE N B 5 .
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. 1§ il mem 1F i )2 2% op X )] 7 — 1 memoryview % 4. flags ] DA &
PyBUF_READ B{# PyBUF_WRITE 2. —.

3.3 UGBTI

PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. Bl|iE— 05 25 5 2P IX 45H4) view 1 memoryview %52, /] BAA) =10 2%
WX, PyMemoryView FromMemory () s& K%L,
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PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M X 25 X3z 11 (1 % Z2 A1) & — memoryview X4 contiguous WAES: ({£°C
B’Fortran order 1), {15 NTERZIESEY), W) memoryview X 42 35 6] 546 N TE . ), 5 7 H. memoryview
FR A1 bytes XF 4.

int PyMemoryView_Check (PyObject *obj)
WRXTS: obj J& memoryview X§52, MR true . H A RFEIE memoryview 17K,

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& [0l 5] memoryview Y-St Gt IXFAAT BIAS 46 5. mview @502 —4> memoryview SEH; X ASZA
AERYRAL, VROATE CRA, 7 Rl ATt KU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
& [ memoryview FF H T Ay 5 ol W R B 4 4, B F W R memoryview i K
¥ pyMemoryView FromMemory () BiPyMemoryView FromBuffer () 7 N iR [A] NULL., mview
MAE—A~ memoryview S

8.6.8 =t

Python SfF “S551 " fEN—FR. HOORYL, AP BRSBTS . St i s s |
G, SRR REHAR O — N IR R AU

int PyWeakref_Check (ob)
R “ob” Jg—AHI HEE—MUBE S, MR true.

int PyWeakref_CheckRef (ob)
AR “ob” Z—AGIH, WE true.

int PyWeakref_CheckProxy (ob)
W “ob” Jg—AMUBEXTR, WR M true.

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. 1R [FIXf 52 ob [{]—/555| XIS ZBREUEZ SR B —NH5 1 A, (EAER
WEANE—ASHRIX S EA A RER B — DA 5 XS . 58 ATES: callback — VNS, B
2TE ob HAE AR PN AT ERGE A BN R A RMIES, W55 XS A L. callback 11,7 DA
A None B{ NULL. HI3R ob N@— 555 HIXTS, B AR callback A2 T X4, None 8 NULL,
ZERECRHR ] NULL Jf H5| % TypeError,

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. 12 [FIX} 52 ob [{]— 555 FACEEXT S . % RECR SR B — N F5 1, M=
AMRUERE— D FXTS S EA N RER B — DI AR S . 5 AIES callback “h—A> T HIX)
%, EXTE ob YAF B R BT EEGE RN BN N MBS, WSS XN R AR . callback
W PAA None B{ NULL, IR ob RNig2— 55 XS, & WE callback A JH X4, None 1§
NULL, ZERECH& B NULL 3 H5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 12 [B]555 | X4 ref #E5 | IR . WR4E 5| XS ATAEAE, Wz E

Py_None,

fE): %R BGR M5 XS —A o AR o X R W AR ARAR YV A A VR Bl 300 K xe
RATTREM S, A WARR IR 2 HZ X R Py INCREF () .

PyObject* PyWeakref_ GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. J5{MlPyWeakref_GetObject (), {HIEM H—PABEEREEIR T .
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8.6.9 JKi#

A RAR FX BERT R 5 2215 75 S ) using-capsules..

3.1 HGHTA.

PyCapsule
XAPyobject T RAMAEDIBIE, &N THEREBIE (FFh void* §55) jlid Python f{
T3 HoAth C RS C ¥R, B %)j‘ZH% Efémtf — M E Y C BRI ER Hpra]
HY S SERERUAT AR R AL R D7 e Sh A i vh e U C APLL

PyCapsule_Destructor

ARSI — T gk o] — e s, s LA

typedef void (*PyCapsule_Destructor) (PyObject *);

Z W PyCapsule _New () FFHL PyCapsule_Destructor 32 [RI1{E )15 X o

int PyCapsule_CheckExact (PyObject *p)
MR SR —APyCapsule Nk [A True

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. f)|— A 5% T pointer [{jPyCapsule. pointer 27 0] DA K NULL.

TE R WA — > S8 3R [|] NULL,

FAFE name W PAJE NULL 8@ — M RIA N C FAFERITREr . WERAN NULL, T BLS2 43 ER 020 LL
capsule K (B AR ARVFLE destructor TRENE )

IR destructor ZHUA ) NULL, D242 9l 5 B RRE BT capsule VE IS HCRTHH -

AR capsule KEWEARTE A — MRS B, W name 244548 F N modulename.attributename.,
AR ARV HABIRAT F Py Capsule Import () AN capsule,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAEAE capsule W) pointer, HER W5 & A5 1% 7] NULL,

name J&Z: W5 RAFAE capsule H A FREA TRG I LUEL o WIEERERAFAE capsule 4 F5h NULL, JIfE A
) name 0644 NULL, Python (i ] C i6%k st remp () & H capsule 24 5.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

AR [B fRAF N capsule F Y BIAT A & o 7R IRINS 3 E— > H iR o] NULL,

HA NULL thifgs 2 5. X215 NULL & [MEA LI 3 W Pycapsule_Isvalid()
B{PyErr Occurred () FeiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFALE capsule HHRY 4T SCo TR IBUR BB —> 57 I & 0] NULL,

capsule B NULL N CEEVER .. X5 NULL iR [MfS A el s i PyCapsule Isvalid()
B PyErr Occurred () FiHEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule HH 4 BT FR . 7E I M BB — AR 8 H4& [F] NULL,

capsule B NULL ZFR2A1ER .. X&fif5 NULL R FIRSA 2y X W #iH PyCcapsule Isvalid()
B{PyErr_Occurred () FiHEE L.

void* PyCapsule_Import (const char *name, int no_block)
MR capsule J& 1T AR 1] C XTRINHEET . name TS 2448 @ J@ M E A FR, 5 module.
attribute HFII—F. {RAFAE capsule 1) name W/ 58 4 VEER AP . AR no_block N EAE, MIPA
ToMH FERL ALY (i [l Py Import_ImportModuleNoBlock ()). N no_block “MAR(E, WIPAE
G AR (il Py Import_ImportModule ()).
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JEENIR IR ] capsule (9 NER 364+, LERWN BCE — A 574 & 0] NULL,

int PyCapsule_IsValJ.d (PyObject *capsule, const char *name)
458 capsule 2T 2— AR . BEUY capsule o7 A K NULL, {&i#iPyCapsule_CheckExact (),
e H A i — AR NULL 1 45 # #H,ﬁ\ﬁ\]iﬁgﬂ 5 name % S M L. (iF S
lilpyCapsule_GetPointer () | fRANA[%T capsule ZFRIEAT LA A KAEE )

Pem)iGie, WiRPyCapsule Isvalid() RFIEAE, WAEfTXT5R#E (PA PyCapsule_Get () 3k
FAEATT R ) U8 AR ARAIE 25 B2

WX GA RO HILELAE AR FRNR B AR A . BRI 0. BEpRE—E AR

int PyCapsule_SetContext (PyObject *capsule, void *context)

Y- capsule WERIF_E N L3855 A context .
BRI 0 MR BRI BB —A 75

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

¥t capsule WHPBINTHI %S R destructor ,
BRI 00 MR BIEHEBE I BB — A0 .

int PyCapsule_SetName (PyObject *capsule, const char *name)
Bt capsule PNFREIAFRBEN name., WK NULL, WA FRAGAFFE L0 L capsule B4 . 1A 2 i PRAT
Tr capsule H1f) name Ak NULL, WIARSZRBEE.

JREIIR ] 00 SRR [l R A I BB — A

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

K capsule WIFH) ZSF85HCA pointer . F85T AR A NULL,
SRR 0 S e hsf il [m] R ZAR B A R

8.6.10 [EA: 23tk
A gk 5202 Python ISR SEBUAL s A (AR ORI R . BT TE A AR B EOR A, A2 X

iﬁl}ﬁPyGeniNew () E?(PyGeniNewWi thQualName () .

PyGenObject
T HE ARG C S5t A
PyTypeObject PyGen_Type
SN R e U E SUINATIE SO
int PyGen_Check (PyObject *ob)
R ob J2— AR RN B EAE s ob UK NULL.

int PyGen_CheckExact (PyObject *ob)
WK ob KB Py Gen_Type WA FE; ob AR N NULL,
PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. 57T frame %} 5B HH I [l — N H B A2 BEAR X4 o ML RRER X BUE—ANX) frame
W51 . SR A A NULL,
PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 1T frame X} % ) Iz Ml — AR g %4, H A _ name_ Al

__qualname__ N name 1 qualname. IR EBGE — DX frame (5| 1. frame ZELLTA Ry
NULL,
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8.6.11 [hrext4

3.5 OB
IR RIZ I async SBE P B R £l a1 Y .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
W ob WAL ZPyCoro_Type NEREIE{H; ob WA NULL.

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. ¥:T frame Xf % Q) @ I 1% Bl — A F g P FEXT 4, HAf __name_ Al

__qualname__ &K name Fl qualname. It pR 5023 WA — X frame W51 H o frame ZEL0 RN
NULL,

8.6.12 L FICBHEMNR

filE): 3.7.1 HUES#: AE Python 3.7.1 . Fif B R 3C& C APL A4 # WA Pyob ject $REFTITIA

B PyContext, PyContextVar PA K PyContextToken, fiHl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

NS £ 7 issue: * 34762,

3.7 HEHTIA.
FTRANG T contextvars fE R H C AP,

PyContext
JIT /R contextvars.Context XM C Z5H{4k,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C MK,

PyContextToken
TR contextvars. Token XJRA) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G

PyTypeObject PyContextVar_Type
247K context variable 28R )ZEAINT 4 .

PyTypeObject PyContextToken_Type
278 context variable token JST ISR 42

KA 2

int PyContext_CheckExact (PyObject *o)
MR o AR PyContext  Type MIRMIE(H. o WAURA NULL. HEREUEE 2 BIIIT .
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int PyContextVar_CheckExact (PyObject *0)
R o BN PyContextVar_ Type NERE BEH., o WA A NULL, BEREUE B4 IhieT

int PyContextToken_CheckExact (PyObject *o)
W o WZEA Py Context Token_Type MR EAH. o A NULL. MeRELEZ 2 AT

RSO SAE B R R

PyObject *PyContext_New (void)
Return value: New reference. B @ — 25 R OSSR A B R (7] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. B)FERTE AR cox R SO RIHEE UL, TR & AR SR ) [B] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. B4 HILAE BN SCHIEFE DL, an s AR B R 9] NULL.

int PyContext_Enter (PyObject *ctx)
K o BN RIS /T B R 3C. SRR 0, SR [ -
int PyContext_Exit (PyObject *ctx)
HOHSHE coe T SO BIH_E R SO S BT AR M F L F 30, ORI 0, iR -
int PyContext_ClearFreeLlist ()
T2 B SRR . R B ORI 2% H B R B S T
BRSO R A

PyObject *PyContextVar_New (const char *name, PyObject *def )
Return value: New reference. Bl|7—/~#lf) ContextVar X%& . EZ name FT ARG EMFXE K. B
% def N IR AR RIS EBAME, 508 NULL FRTCERIME . WER A AR, X2 R ] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
RIBCE T SR EE. R AR P R AR R, R -1, WRR AR, TR R HREIE,
HRIR B0,
WERIRH] BN, value FE2 38 B RIHEE . QAR BN SUE S RA KB, value FHEI :
e default_value, YNHIE “NULL*,
o var FERAE, WRORZ NULL;

e NULL

B TR F] NULL, XANeRELSS IR B —AN 805 H .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 1£ 2481 _F R 3XH ¥ var %4 value. 1R A1 5EF5F A M8 S 4, s ang
KA RIR [A] NULL,

int PyContextVar_Reset (PyObject *var, PyObject *token)
B RSC E var E’J%ﬁiﬁﬁ ‘BFEIR [ token [fjPyContextVar sSet () PMMZHIFPIRA. ML
IR IE] O, A i
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8.6.13 DateTime ¥yf}:

datetime BIHLPRML T4 Fh H WIFN B X5 A6 AT A3 22 pR B2 1T, W ZATHE AR I VA rp 4 B 3k SO
datetime.h (3 MRS TE Python. h /1), 3 H%2 PyDateTime_IMPORT D4 ¥k &ALl , il
A B I RE — 5 . XD E SRR E C S5 A — P E A8 i PyDateTimeAPT
Bl FHEPZERMH .

ZZ1Ji1A UTC Hf):

PyObject* PyDateTime_TimeZone_UTC
Rl FEoR UTC PR IX B, 5 datetime.timezone.utc NFE—XT4£.,
3.7 BT
FKBRG AT
int PyDate_Check (PyObject *ob)
IR ob °K PyDateTime_DateType KAl PyDateTime_DateType [ T28 N1k [ BAH.
ANEEN NULL,

int PyDate_CheckExact (PyObject *ob)
S ob i PyDateTime_DateType ZEHIMIR [ B{H. ob AFEN NULL,

int PyDateTime_Check (PyObject *ob)
IR ob A PyDateTime_DateTimeType Hlnf PyDateTime_DateTimeType [1HAT-2 AN &

M EfH. ob ANEEN NULL,

int PyDateTime_CheckExact (PyObject *ob)
IR ob 2}y PyDateTime_DateTimeType ZKHNIRAIEH. ob ANFEN NULL,

int PyTime_Check (PyObject *ob)
IR ob P)2KFL R PyDateTime_TimeType B{i& PyDateTime_TimeType 1728 N1k B HAH.
WK NULL,

int PyTime_CheckExact (PyObject *ob)
5 ob [ZEFL R PyDateTime_TimeType MR F B H. ob WA A NULL,

int PyDelta_Check (PyObject *ob)

W ob 5 PyDateTime_DeltaType FKAlnl PyDateTime_DeltaType HYIEAST-2E N1k [v] BAH .
ob INfE>H NULL,

int PyDelta_CheckExact (PyObject *ob)
ISR ob * PyDateTime_DeltaType KAEINR M EfH. ob ANFEN NULL,

int PyTZInfo_Check (PyObject *ob)
N ob °f PyDateTime_TZInfoType ZKAal PyDateTime_TZInfoType FYHA T2 AN & 7] B
{H. ob WA F NULL,

int PyTZInfo_CheckExact (PyObject *ob)
IR ob (T2 PyDateTime_TZInfoType MIR[EI B H. ob AHEA NULL,

i clfete Siba

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. 12 [R|35E4E. H. HHJ datetime.date N4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. &[] E.A5 45 % year, month, day, hour, minute, second 1 microsecond Jg& {4 [t})

datetime.datetime ¥4,
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PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 12 [B] .5 8 7€ year, month, day, hour, minute, second, microsecond #fI fold J&
] datetime.datetime X4,

3.6 BUBTINA.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond )
Return value: New reference. 12 [B] A7 $5 7£ hour, minute, second and microsecond J& L[] datetime.time

IS

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. % [ B4 45 %€ hour, minute, second, microsecond #fl fold J& 4 H] datetime.

time XH.
3.6 UHTIIA.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. iR WX F4E R, TFIMFI S datetime.timedelta ¥4 . FFPATIE
AL RAE A B A B A ARV EUETE datetime . timedelta RGMSCRITRIARI X Z A

PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. iR [\]—/~ datetime.timezone X4, ZX% EF VA offset ZEFERITA
A4 [ 7 B 25
3.7 WGHTINA.

PyObject* PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. 1&[1]—7~ datetime.timezone XJ%, ZX G EAF VA offset ZHFK R~
SERFERNB X % FR name.,

3.7 BB

— 26 ok M date X 5 PRI BE R . S B4 i )& PyDateTime_Date il #f H 7 28 (ffl 40
PyDateTime_DateTime) 5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

ARGy, [FIEREHL.
int PyDateTime_GET_ MONTH (PyDateTime_Date *0)
mIEH Gy, EIEREE, #1512,
int PyDateTime_GET_DAY (PyDateTime_Date *0)
Ml HY, [FEIERE, 4E 15 31,
— B R M datetime XPR PR BAR . SRU A PyDateTime_DateTime fiFH TRILH. S4L
WA K NULL, F HEFUR XA A
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o)
Il /N, [FIERE L, 4E 0 %) 23,
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
Mg, [FIEREEL, 4E 0 ) 59.
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
MRy, EEREH, 780 3] 59,
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
Wl E Ry, [EIERES, 7¢O ] 999999.

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o)
Return the fold, as an int from O through 1.

3.6 BUBTINA.
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—LEJR M time X R HIRIUT B . SHUL/UE PyDateTime_Time WFHT-IMSLHI . SHULHA N

NULL, # HZERURSHA A
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
Il /N, [EIIEHE %, 4 0 %) 23,
int PyDateTime_TIME_GET_ MINUTE (PyDateTime_Time *0)
Ml s, [FIEREEL, 4E 0 %) 59.
int PyDateTime_TIME GET SECOND (PyDateTime_Time *o)
] g, [EIIE#E%, 1€ 0 2 59,
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
[ Ry, [EVIEAEHE, 7 0 ] 999999,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.

3.6 BCHTANA.
— LB R timedelta X5 PHEEUF BN 7 . SEULHE PyDateTime_Delta WIEHFIEMSLH], SHLH
A NULL, FfHBRUR S
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *o)
MR FKE, M-999999999 F| 999999999 fi ke .
3.3 OB A
int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o)
R, A O 3] 86399 fryHE %K.
3.3 BCHTNA.
int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
R EIEEDEL, A O F] 999999 fyRE%S .
3.3 HEHTIA.
— ST RIS DB APT 7%
PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. Gl 1R [0 — /N5 EITCHSEIN P datetime.datetime X4, EHES
datetime.datetime.fromtimestamp (),
PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. Al 7 Ff iR Bl — N4 E TCHSE M H datetime.date X2, BEHESH
datetime.date.fromtimestamp (),
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CHAPTER 9

Witk ALt

152 R Python 45 LELE

9.1 1£ Python ¥4k Z Hii

FE—HA T Python W HFEFH, Py _Initialize () PREWAFHEATA HAth Python/C API % Bt
s BN RA AR EN & 5 i E %+,

TERIGAL Python Z i, R PAZ: A sy JH DA eR &K
o FLE L
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py_SetProgramName ()
— Py _SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()

* 5 EBREC
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— Py _IsInitialized()
— PyMem GetAllocator()
— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py GetPlatform()
— Py_GetVersion()
. I/\
— Py_DecodeLocale ()
o WAFM s :
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

# [E: PAF BB A W% fEPy_Initialize(): Py _EncodeLocale(), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 4rJmiic AL

Python A7 7 5445 ] 4 JRyC B PR P RPAE AT B I AL B o X BEARTE BRI fir 4T85

BRI E— R, RS R ER S B B R BN, —b 2Py _BytesWarningFlag ¥
Sh 1M -bb &Py BytesWarningFlag XK 2.

int Py_BytesWarningFlag
M4 bytes B bytearray 5 str KB Ff bytes 5 int WA M EL . ARKNTET 2 MR
e

Hi —o I .
int Py_DebugFlag

FriafEdras il (BREZMH, M T gmigem) .
i —d #¥EIF1 PYTHONDEBUG MIEAS % B .

int Py_DontWriteBytecodeFlag
MR E A AESS, Python ATES ARSI 2B A . pye U
i -B L3l PYTHONDONTWRITEBYTECODE I AF B B o

int Py_FrozenFlag

MAEPy GetPath () WM EBIHUR RERAZ I B R -
H _freeze_importlib il frozenmain F&F4 FH AL G TERR .
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int Py_HashRandomizationFlag
R PYTHONHASHSEED MGAS S B AR FAF R NI 1.

A ZIEAR A AEZ(E, WEEEY PYTHONHASHSEED REEAS BRI IR AL N2 A Fh o

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MdAr &, flin, © X ER) PYTHONPATH Al PYTHONHOME ,

Hi —E 1 -T JRIiE .
int Py_InspectFlag

J:‘iﬁﬁﬂzl-q/lfﬂﬂwﬁ/\%ﬁ%/\jimﬁﬁT —c IR, WSFEPITZMA S A& 53 A S BRI, RIS
JE sys.stdin HIE—ALimhHt k.

Hi -1 PEFI PYTHONINSPECT FRSSAS iR H .
int Py_InteractiveFlag
B -1 BRI
int Py_IsolatedFlag
DAR 2585250 4T Python. ZEWFBSBER R sys . path KA & BIARI H ST 119 site-packages H 5.
B -T i .
3.4 FCHTNA.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

R PYTHONLEGACYWINDOWSF SENCODING MIEAF B g ik AR S AT M 1.
HZ R IEZ Y PEP 529,
Al 7% Windows.

int Py_LegacyWindowsStdioFlag
MR ZEAAEZME, WA i0.FileI0 AR WindowsConsoleIO VEH sys BIFRER .

44t PYTHONLEGACYWINDOWSSTDIO MEEAS B i M ARAS FAFER RN 1.
AREZHAELE, WS PEP 528,
A FPE: Windows.

int Py_NoSiteFlag
I site WS ALHPMN R T U R sys.path B#AE, WIR site RTEMEHRAT AL
LB SRR AR S % AT S site.main ().

EE =S iﬁIﬁ&L%o

int Py_NoUserSiteDirectory

AEH P site-packages HEEME| sys.path,
i —s fil - &I PL f PYTHONNOUSERSITE FduAr ik B .

int Py_OptimizeFlag
H -0 YEIiF] PYTHONOPTIMIZE FRIEAS RH ik &,

int Py_QuietFlag
RPEEAE AL BAR T A s BRI AR .

M —g IR .
3.2 HUCHTIA.
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int Py_UnbufferedStdioFlag

5] stdout Al stderr Jii AT & .
Hy —u YETi A PYTHONUNBUFFERED MRS58 i B

int Py_VerboseFlag

FERAIIR AR ST I — 200 R, R BT 18 (SCPF4 BN B ) ﬁﬂ%ﬁ?ﬂi%? 2, W
SRR R PEAEA SCPET B AN A 7E T B B R

i —v A0 PYTHONVERBOSE FRIEAF i E- .

9.3 PG IL AR A ALIRRESS

void Py_Initialize ()

HIhE 4k Python fifRe#S . TEHRA Python FR FHFEF v, BN 4 7EE FAEATH Al Python/C APT iR Hi Bl
W WS P L Python w4510 8T T R/DEUABIAME B .

AR E B (sys . modules), JHAIEEAML builtins, __main_ fll sys., BEf%&
WA BHIE R KR (sys.path). EALXEE sys.argv; WA FREEMHPySys_SetArgvEx (),
W WIS (FERSFCI A Py_FinalizeEx () WITEOLR) ARSI HAE . B34 & A ;
HNFAT LA A 2 ) 25 2 A Bl i

#(E): A Windows |, F#EH &M O_TEXT M O_BINARY, XiA¥Zuflif] C Tk
Python [zl & 1

void Py_InitializeEx (int initsigs)

TSR initsigs 1 MAZRB TAE R 5Py _Initialize () 28k, AN initsigs H 0, ‘ERFHLEF S 4L
PRATARIAIRT AR, X FEHR A Python Hf ] BB R A AL .

int Py_IsInitialized()

Hn4 Python g C R tA L, NWEREIEM (EE); SMLREEE (). EHAry FinalizeEx ()
25, BRBUFRREEE Py _Tnitialize () FRRBHM

int Py_FinalizeEx ()

Wipy_Initialize () FHEI BT A IR L BEVER G £2%) Python/C APL BRI H , IF458H Bk
WHPy_Initialize() U&E@'Ji_ﬁﬁfliﬁ%ﬁ LT TR (B0 CPy_NewInterpreter()
—ID). EHAEIT, X R Python fRBEAS /- BL I FTE WAE. 245 B AR (5 R R
HPy_TInitialize() E’Jfﬁ{)i‘_l:) AR PATATATEAE . IEFREL T REMER 0. WRAERLL (R
B EE) R A R, R -1,

PEMERE R BN I AR Z o AN AR 7 1T RE Ay 22 H0B /5 3 Python, i AN Wb 8T 8 WY AR 4 B
MBS R (2 DLL) A2k Python f e ) BT R 7 1] BEAy B2 E H1 2¢ DLL 2 HiRéj Python /3L
io)ge] V\Jj’go }éga‘ﬁ%’?fﬁﬂﬁif? WAFI IR A AR R, JT RN BURT ey BAEIR Y AR Z HREJL Python
S BCHY BT AT

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize() and Py _FinalizeEx () more than once.

5l &— H 5 cpython._PySys_ClearAuditHooks, ANMPAFAEMIZS%L.
3.6 OB
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void Py_Finalize ()

K MAF R EEN Py_FinalizeEx () W] FIEEAS

9.4 UARLSE

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WER B T Z R AL, N4 Epy Tnitialize () ZHIAM . ERE T hriE 10 61 2 i i UF0 4 15
WA, HE X str.encode () HEYAHIA].

‘B T PYTHONIOENCODING (A, H AV ARS DAEAEFREEAS SN AE F B2 ) TO g =X
encoding F1/8Y, errors 5] PAK NULL PAf#i il PYTHONIOENCODING Fl/BiBAME (BT HARE).
HERTERAEAMNE (BUETHMBE), sys. stderr #LliJi]"backslashreplace” 45 AL FRATA .
WA TPy _FinalizeEx (), WFFEFRITHIZRBOAERL WX Py _Tnitialize () WG .
R R 0, AR AERAE (BIANTEfRESS Tl i b s TR ) o

3.4 OB A

void Py_SetProgramName (const wchar_t *name)
AR B FZ R, MR Py _Initialize () ZEIVHIAE . ER-EFEREFETH main ()
BRI argv (0] ZHINE (FEHCNTEFARF) . Py_Getpath () FIN I HELEH M o B 2> i EZERINS
TERERR I ALE EA AT AT SO Python iz 7S FE . BRIMESZ 'python'. SEUNV YH8 S AEAE
PR — D ABESTR I ST, HABSIERRF RAT IR 2 AL . Python f#REds Hh AL A AUHY
HRIA R A T N2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py _GetProgramName ()
Bl Py _setProgramName () WEMAFFAMR, SEGARIAIR. 1R B TR EE ST R/
FHANAEHAE .

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py SetProgramName () and some environment variables; for example, if the
program name is ' /usr/local/bin/python’, the prefix is ' /usr/local"'. The returned string points
into static storage; the caller should not modify its value. This corresponds to the prefix variable in the top-
level Makefile and the ——prefix argument to the configure script at build time. The value is available to
Python code as sys . prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()
IR [AEE R e ) AR # TP B S exec-prefix, i@l BT Py_setProgramiame () 5
PR 7 24 PR R SR BRI AR B i R AR 19— R VIR AR W SRS 1 2Bk, WARFRF 25N ' /usc/
local/bin/python', N exec-prefix & ' /usr/local'. REIMFRFERFIEMESEME: MATA
MWAEHAE . XN TS ER Makefile 1Y exec_prefix A5 DA M AE iR %4 configure
JHA) ——exec-prefix 4. ZERFPA sys.exec_prefix [ FRfL Python fURGHE ] . B i ]
F Unix,

Wi MU T TSP (ATATHT SRR S0 ) %% TR 7l 10 SR 05 exec-prefix 4543
AT prefix. FESRAIZE, R F-GHSCPFTAESEET the /usr/local /plat T H il
ST PG A% T /ust/Local.

BMEZ, PEe—diE MR IRl G, BTG afT Solaris 2.x #E RS Sparc HLEF 2B
FAHIE-5, {Hiz4T Solaris 2.x ) Intel #4582 71 —Fp-F-5& , 1Miz1T Linux 1 Intel Hl4§ 327 —fF-5&.
A R4V E R G R AN ) 35 2 R A GE W A& o JE Unix #4E RSB SCA AR X2k
R0 L)L R 22 BB K H L prefix Fl exec-prefix J2 AR XY, HPHHHCASFERA S . HTERECH
PR Python FEH5 @M TG 1) ((HIF AL T B 4a i 4 7 () Python 4! )
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RGP BV WA i B mount B automount FEJEDAYE-G AL /usr/local (il /usr/
local/plat BUNEIXIAIE-&RAE SRS .

wchar_t* Py_GetProgramFullPath ()
&[] Python WJ PAT SCIFRY SE AR P 2405 XA WRIEREF 208 (i Lidpy_setProgramiame ()
WE) IRABRIABIHIE R AR M e T A R 0 . 3R B EAF SR 58 S A W RN
WHAE . ZERPA sys.executable BYZFRAL Python fCALE .

wchar_t* Py_GetPath ()
Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a se-
ries of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller should not
modify its value. The list sy s .path is initialized with this value on interpreter startup; it can be (and usually is)
modified later to change the search path for loading modules.

void Py_SetPath (const wchar_t *)
Set the default module search path. If this function is called before Py_ Tnitialize (),then Py_GetPath ()
won’t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should be
separated by the platform dependent delimiter character, whichis ' : ' on Unix and Mac OS X, ' ; ' on Windows.

X FE sys.executable #ik NIETFHISERIZIE (B WPy _GetProgramFullPath ()) i sys.
prefix fil sys.exec_prefix AN MEH., WMRAETE APy _Initialize () Z)J5EEENN AN
FABHEAT

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
HARSBAAEN TS, D7 T DATE T 45 R SR E
3.8 S AL sys . executable R IREFHYERERAT, TAREET U4 .

const char* Py_GetVersion ()

i 1] Python fEREASFMAS . R F B 475

"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 three 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.

const char* Py_GetPlatform ()
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 Mac OS X, itis 'darwin'. On Windows, itis 'win"’.
The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.platform.

const char* Py_GetCopyright ()
1R 1] 24 7 Python SRAS B 7 AU 4FER 140

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
R PR R S AT il B A B ECH(E. Python fUfEIilid sys . copyright FRIZIH.
const char* Py_GetCompiler ()

AR [0 2 15 24 5T Python IRAI ik dedE <, i r i S mEs, Bl

"[GCC 2.7.2.2]1"
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IR A AT ER FE T B SAE A B AN AE A . Python fLAS AT PAM AR 5t sys . version H3RHEUZ
.

const char* Py_GetBuildInfo ()

iR Bl 9 24 i Python RS SEBIY 41 S ARl i A AISHRI A5 6L, piltn:

"#67, Aug 1 1997, 22:34:28"

EEB‘J??@%?EW%@?&@{%; T AR BN HAE. Python RIS AN AL B sys . version HFHRHUZL

void PySys_SetArgvEx (int argc, wchar_t **argvy, int updatepath)
R arge Fl argy WH sys.argv. FEESHEARFH main () RERIFML, KAHET TV 4
8 1) AT ) BIAR SCAF T AN 2 Python ARG R R T AAT SO MR B TRIEAS, W argy iy
ST A AR QPR MR B TE AR sys . argy, WIRHEN Py _FatalError () K™

HES.
W2 updatepath S92, HpR KR 58 UARAT . AR updatepath SAEZAR, IR BOA R AR P DA T Bk B 2k
sys.path:

o WERAE argv (0] HEA—DIA A, WA FrE H AR P INE] sys . path (FF

« AESLBAL T (WAL, W5 arge S 0 s axgv (0] ASHIEBA A4, WL sys . path
TERU M TR, ST IR A TAEE 5 ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

fE): HHE I T I BN AR PASMI H B A Python RS0 S AR (4 A O /ER updatepath, Ff:
TEETRER sys.path A5, & CVE-2008-5983,

16 3.1.3 ZHICA S, AL AE A PySys_setArgv () ZJGTahli 5% —14> sys.path JTEK,
Bt -

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 HUHTA.

void PySys_SetArgv (int argc, wchar_t **argv)
BB T PySys_SetArgvEsx () WA T updatepath 2y 1 [ python iR SN I 1 - 1.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 W5 updatepath {EHCHIT -1,

void Py_SetPythonHome (const wchar_t *home)
WEBIA home” Higk, WHLEPRHE Python FEFTAER (& . 75 S 4 PYTHONHOME | %S 87475
S
S HOY A 8 1 B S T — N ABEE R 7458, HNAETERRF I T R ORFAZE . Python fi#
B T IR LA 2B A TP 2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()
iR 1] BRA f"home”, 5t J2 B 2 B Xt Py_SetPythonHome () WIH A BT % B W(EH, SEERE T
PYTHONHOME P54 f (5 0 N i35 48 A (L
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9.5 IR A4 Ja) R 4% B

Python fi#REAS AR SE R LALLM . N T HFF L LARN) Python Ry, BB T — D& A, #xhglobal interpreter
lock MGIL, 2HERRNMIERA B2 54 HE L 41 M Python X4 . AISRBEA XA, Bl fay B A #5241
W] BEAE 2 AR AR P B R: Bin, 4L AR R I AR R R g 5 R, 51RO R R A
HHEIT — KA

P, MW SR A R GIL BYZAE A RETE Python X4 EATHRIE A ] Python/C APT B4, “hy TR A
W7, RS E W2 UIARE (B0 sys . setswitchinterval (). BUHBSAERE SCIF4SF T BEE A
FEM VO HRAEREL, PAE A Python ZEAE W] DA IZAT .

Python fEREgR S TE— 44 NPy ThreadState IR R TR AR LB ER. 6148
A YR A Y B Py ThreadState: BRPME Py ThreadState Get () FFHEL.

9.5.1 Wi e AL Rl GIL
REBABRNEGIL 1P AU BA LAT R 45 -

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.

O AN R g Iy — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS JZRHTFF— A Bt m B — AN R ) Je i AS & Py END_ALLOW_THREADS
T P A
b AR T B A T T A AR

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

UL R AR AN - 42 R R BT SR DR 116 ) 24 T ARSI B AR BIUT IR A RS
I, IAAHEBORE 2 BRI F RS ET (53— DA AT AN, RIAREUBF I ) AR A
Bl Jrre ) o IR, PRI LRSI, W ATEAF SRS R B i e i

#HE: T R% VO smEUEREL GIL i WA, (B EAE AT E4J517 Python Xf R\ KMZITIHE, b
QAR XT AR IR XEA TRV E Y 48 50 3 R B AT AR A o 280K, AE XTI TAE T T 4 Bl e A B VE I A
#E z1ib 1 hashlib Fihpt &Rk GIL,
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9.5.2 Jf Python @Itk i

1] &Y Python API (#ll threading fidR) QUELRRN, 2 H 3R — LA LT 2R A
MR IERRY. 2, WR&REREM C U (Blinh BA A SR = FEeld) , ENmARefa
GIL UL A7 A FAR S 5

ARART B IX L AR 1) Python fURY (R 22 LIRH =07 FEPTHRALAG I APTY—55y) , ARUATE
Jeill il BUE AR S EAR S (R R S8 AR, AR GIL, SR ENIMARRIRETRET, X
FEARA BEIT AR Bl Python/C APL. SERLA LA RIE, AREY T BN ESEE, PRI GIL, SR REIZ AR
SEARLE .

PyGILState Ensure () MlPyGILState Release () e Bl LRI G #EAE. M C L2 3]
Python [ #8175 =40 F:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py_Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 43 fork() i = dimi

A RERER T — A BE R E U ENTHERXT C fork () WHIMIIFT N TERZHOELR fork () BIFR
girfr, NIRRT fork 2 J5s A K fork YERARAFAE . 1_5(1 i ST AR BB A K CPython (118 ﬁHTVﬂ
BT A BRSBTS TR R s'éﬂl’]

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.

FTA HAD SRS G A — S B RRE CPython HUIBATIPRS LN ZIEIEI, os . fork () BLRXFHHAY.
XA e A 1&)3)%?%5%@%‘%%%@?7@ ﬂﬂPyThreadStateX]‘%M&Wﬁ/\ﬂﬂpﬂnterpreterState
W5 BT — AR main” 4% 25 BEFIRPERT, fork () M4 HIE L MERERR 1Y " main” 282 HPg il 1, 1
CPython 4 Japizf i F sk R AE L LR FWIIRIL I o A 24 exec () RERH G 7 BB R FH )17 0 2 ME— B 151 21
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9.5.4 il API

XLERRAE S C 4 AU R R A Python MRRERRI 55 3 Y2 R 44 -

PyInterpreterState
BRI INCER A G IEERIT MRS . 8T R R 1 LA S A B DA B LA — 2
WA H o RE R A S A
WV R T A R A B SRR AN z/\iﬁﬁéf@ EBERRARS AT NAE . FTIT RSO Rl AT 48 45 B
o RSBt 2T A SRR, TR EA TR TR RS -

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Initialize and acquire the global interpreter lock. It should be called in the main thread before creating a second
thread or engaging in any other thread operations such as PyEval_ReleaseThread (tstate). It is not
needed before calling PyEval SaveThread() or PyEval RestoreThread ().

This is a no-op when called for a second time.

3.7 WOE S SR BINEH Py_Tnitialize () A, HRERHBEITHEHE.
3.2 fisE s N uﬁaxﬁ%ﬁﬁﬁﬁpy_fni tialize () ZHiVHMA.

int PyEval_ThreadsInitialized()
WiRPyEval InitThreads () BEBIHMANLREAESZE. RETHEARA GIL BTG OLF# H ,
AL T P P f i A BRZRRRE A TS et APT [ ] .

3.7 WU SE: AEGIL ¥t Py _Tnitialize () KRR,
PyThreadState* PyEval_SaveThread ()

R A R B AR E 82 #H%’%fr{/{kuiﬁﬁ NULL, &[22 BIRYZAIRE O NULL). G2k
BICHRIEE, 4 pi 2R CL 3R &

void PyEval_RestoreThread (PyThreadState *tstate)
AR SR AR AR BT (SR E A8 R LA BON sstate, BN NULL, WISRBIE g, 2
BT ARIRIUE 5 MR A A SE 8

i) 2M3B AT TEAE S 2 AL A FEA LR F B R B A i 0 AR, B R FEAS 2 Hy Python G171 .
PRATALER ) R B BT {1 _Py_TIsFinalizing () B{sys.is_finalizing () RAAMBELE
TILAL T IR LA IR DA S A b B 284

PyThreadState* PyThreadState_Get ()

R HIRFRIRGS . 2RI AR A . 4 ERIRS N NULL B, 30R & — B iR GXAE
T 7B TR A 2454 NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
Y BT AR5 H S8 sstate (WTHESN NULL) 45 M RARIRES . R ARREAS B AR A HRWORE
e

Y R B AR A AT, I BN BB TR -

PyGILState_STATE PyGILState_Ensure ()
524 B 5 R Python C APY 7R 4 Python s 4 AR BLI 24 MPRAS AN FLE R
HREPyGILState _Release () VR FIAHVCECHE AT DAUE AT SRR R AT B 2K . — Ok UL, HZEL
FRARSIRE 2] Release() 2 GRS PATEPYGILState Ensure () HiPyGILState Release ()

Wz e R oA 5 2 AR AH X APL. I an, ml DA IE % HPy_BEGIN_ALLOW_THREADS
FPy_END_ALLOW_THREADS %,
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REHEE— A Y PyGILState_Ensure () W B LERIRS IR EH “AiR” , I B ahigh &
YiPyGILState_Release () PAfifR Python Zb FAHFEPIRAS . BAR AR IFBIHE ], (HAX SLAa)4R T Remidt
= RN PyGILState Ensure () W) ERIMVE HE U FRTEEN PyGILState _Release () W
FHE IR o

ZRBOR I, YT ARIF R GIL HAEUS TR LR Python fURS . SAATRICH T B8 J iz -

i) 3B AT TEAE fc 2 AL A SRR B R B A % AR, B2 AN 2 Hy Python G171 .
PRI CATEVA ] e B2 BB _Py_TIsFinalizing () B sys.is_finalizing () SRIGAMERAS 2
TILAL T I LA I AR DA S A b B 2846

void PyGILState_Release (PyGILState_STATE)
FE 2 AR AT ST . FEMR A 2 IS, Python MURZHKF S5 HAER MM PyGILState _Ensure () A
FZ A —FE (ELR ARSI 5 SR Uik 2 R MY, Xf GILState APT {2 i)

XtPyGILState Ensure () BIBRERIEHERDLIN STE R —&Fe I X PyGILState Release () WIRH
FHVERC

PyThreadState* PyGILState_GetThisThreadState ()
ARPUL AR Y BIARIRES . AR Y B2 EiscAy {13 GILState APT R PAIR W] NULL, H{ERE 14
Eﬂi’;/é\i%ﬁﬁﬁﬁﬁéﬁﬂﬁﬁ, RIS E AR LT A S ARSI . X 20— RS
int PyGILState_Check ()
TR AT LA A GIL Wk W] 1 7R W] 0. o ok AT PARBI AR AT AR AT . A7 24 E 1% Python £
FEIRSE LIt A RIFA GIL e A 2Rk E 1, 53X B 28— MBI AZ KR 8. BlandemliE BT
SCENAT O BCRR B AR AL, 24 010E GIL i il DASS YRR 07 AT U B B0 A A
DU AR BT o

3.4 OB
PAR 1) 2 A5 Y B 8 AN A R 4355 T 7E Python AR KAt b A B 7R i ¥
Py_BEGIN_ALLOW_THREADS

MWREY BN { PyThreadState *_save; _save = PyEval_SaveThread();. WHHEBEOE
—AIERAERE S5 B SRR Py_END_ALLOW_THREADS V. A RILZEHHE— L2

3

Py END_ALLOW_THREADS
WY N PyEval RestoreThread(_save); }. WEREMRE —MNHEHES: BOME5ZH
WPy BEGIN_ALLOW_THREADS 7ZPURL. 1% X PAE—2Hie b %

Py_BLOCK_THREADS

X A % ¥ B A PyEval_ RestoreThread(_save);: B % #ff T & H X M % ¥ =5
WPy _END_ALLOW_THREADS,

Py_UNBLOCK_THREADS
XAEY N _save = PyEval_SaveThread();: B %M T &AM A5 ML &5
WPy _BEGIN_ALLOW_THREADS,
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9.5.5 )iK)Z4, API

AN REERLAAEPy_Initialize () ZJGHAA
3.7 WS Py _Tnitialize () BAFSAIIEALGIL,

PyInterpreterState* PyInterpreterState_New ()
QIR RSN R . ATREFA 2RMRASL,  EERAT DB PP 1 AT I R 5 8] 11 000 T

REFFA .
5| k% —A~ #Hil1EE: cpython.PyInterpreterState_New, AP E{]S4L.

void PyInterpreterState_Clear (Px]nterpreterState *interp)

HE PRSP R IrEEE . DR 4 R 1
5| % —~ #HilZE: cpython.PyInterpreterState_Clear, AMiHAEMZ4.

void PyInterpreterState Delete (P\InterpieZerState *interp)

HEMBEHAREN . AFEFAEFLERBRESY. BRSO MEHZ A
XTPyInterpreterState_Clear () W HREE.

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)

DR E T4 E ERE AR G BT AR SR G &R REAR DU TR SR FF , (HAUNR TR 2P IR B R KL
AR, AT RARREF

void PyThreadState_Clear (PyThreadState *tstate)

HEAFDRSH G TEEE . DA SRR

void PyThreadState_Delete (PyThreadState *tstate)
BERAARIREXT G . AT EFFA ERMREARD. SRRV Z WXt Py Threadstate_Clear ()
R FH A EE

PY_INT64_T PyInterpreterState_GetID (PylnterpreterState *interp)
IR P RE AR O ME— 1D QR AA TR RE H R AR AR AT BRI RF AR ] — 1 5 B R

3.7 BUHTA.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
R[] — AP AR RS L TR AR . AR I R B0R 8] NULL WA AR S 5 | A ELVA T J7 1 24
PR € JR AL AT .

XAJePyModule GetState () B, I UM BRI EMRES CIRAPIRELE B
3.8 BT INA.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. iR [l — ™" & ] DAYEH HAF R 4 AR € SRR B - . BN Y.
24— AT Y SR RAE A - MO P AR o TEVCA AT A 24 i R AR S It AT AR e e . 4
SR BOR ] NULL, iR &ﬁﬁﬁ T A ELR O R 24 808 A T 24 AR .

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you must
write your own C extension to call this. Must be called with the GIL held. Returns the number of thread states
modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending exception
(if any) for the thread is cleared. This raises no exceptions.

3.7 iR H 4 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to tstate, which should not be NULL. The lock
must have been created earlier. If this thread already has the lock, deadlock ensues.
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M) 2M3B AT TEAE S 2 AL A EA SRR ] B R B A % AR, VSR FEAS 2 Hy Python G171 .
PRATALER ) SR B BT {1 _Py_TIsFinalizing () B{ sys.is_finalizing () RAZEMBELZ
TILAL T i LA I AR DA S A b B 2845

38 fiR W & O ¥ FH ¥ N H5pPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpyGILState Ensure () fRFF—F, W0 7E B R 2% 15 7E I 2 4k B 9k 0f ) D 25 2% 45 24 i 4k

o
PyEval RestoreThread () @RI (B MAVILGIL) B5RH %

void PyEval_ReleaseThread (PyThreadState *tstate)
R Y TR EE ) NULL I RS R MR 8. 7t BT s 5l g 6 i ELA 20T bk 24 1 R
FRif o tstate ZEOLITA A NULL, SHU TR A B2 SRR YT AFRRE - e, s
A — B AR
PyEval_SaveThread () jg—MAZW MK (RIMELAE M ARWIAI) i 2R %L

void PyEval_AcquireLock ()
e R A Bl BULAEZ ATE PE)E . RIZLRCEIAE, WS H e,

32 W& B H: WEHASEH Lo L ERS, X HPyvEval_RestoreThread ()
B{PyEval_AcquireThread().

i) MB AT TEAE fe 2 AL A EA SRR ] B R B A % AR, B R 2 AN 2 Hy Python G111 .
PRATALESR I SR B BT fi ] _Py_TIsFinalizing () B{sys.is_finalizing () RAEMBELZ
TILAL T IR LA I AR H DA S A b B 2846

38 fiw W & O #¢ FH ¥ N H5pPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpPyGILState Ensure () PR¥FF—BL, W0 FE MR 4% 1E 7F e 4 A0 B B 8 ) ) & 2 25 24 i 2k
o

void PyEval_ReleaseLock ()
Bl mfReas ol . PLU eI Z I T B .

32 iR B E H: BB & Y oA & R OR S W i HPyEval_SaveThread ()
BiPyEval_ReleaseThread().

9.6 T-ifFEaN HF

BIRERZHABIT, VRE A St A — A~ B Python fRREAR, (HALLEYA Sak BURAE R — N Ub R L 2 A —
AR R Z ISR RS . TR IR BERSMEX — .

T R RIS AT IR AL B S — RS . Bl e — DR TP ME—RY Python PR . 5T
BEANIE], R B ME— ) AR 2 R T L ANE S B AE . BB A STEISA TN ) A A 30T T i) $hA 79 ELd
L RIBAT I IR ZALM ARG SRR . PyInterpreterState Main () BRECKFIRIE—A4 ) HORESHY
HET
YRATPAME Py Threadstate_Swap () BRECTE ¥ flREds Z W BEAT YIS . AT DAGE T 41 B R0k 61 S B 55
Ef:
PyThreadState* Py_NewInterpreter ()
BE— TR . X — ULP) 58 &M B Python fURBHAATING . FRMITEEIER, By Tirtas
AR FABRME SR LA, AiEEAR I builtins, __main_ Ml sys . 2N
Bk (sys.modules) AR RIKR (sys.path) LRI EM . HABEA sys.argy BR. ¥
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HABRIE VO JiSCHARTSE sys . stdin, sys.stdout fil sys.stderr (it ik £Ex] G 45 m A A
G2 U AT o

The return value points to the first thread state created in the new sub-interpreter. This thread state is made in the
current thread state. Note that no actual thread is created; see the discussion of thread states below. If creation
of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state is stored in
the current thread state and there may not be a current thread state. (Like all other Python/C API functions, the
global interpreter lock must be held before calling this function and is still held when it returns; however, unlike
most other Python/C API functions, there needn’t be a current thread state on entry.)

PIRBHR AT 73 (1) MRt k=

o ST Z BBk, fillnpyModule FrombefAndspec (), Ff R R EIHH
VIR — D BRI BLR A R . A C 2RI 4228 B RELEX LRI G 2 A 3L 5

o X A BRI L IR, BlUNPyModule Create (), 4EFEY RBYE I FAR, ER B
IEEWIARAE, H A HAB B —A (50 $5 0L, M F—3 Jlon —4 (1) ks AR, FF
PR — BB TS % 75 VIR NZS . §7 Y init BRBCR WA . DA S B R
AW (T) PRSI, T RE S BB Z ST R (B 0T X Bugs and caveats).

WHEXARTERMM Py _FinalizeEx () MlPy_Initialize () SEREPWIHICBRERZ G
SAY R R AR RO X TFIRAE DL, PR initmodule B A FRRIFH . SZHTE
W —FE, XEWERA C EHAESM 2R BB e Sepkith > [a) 3L 5,

void Py_EndInterpreter (PyThreadState *tstate)
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 must be held before calling
this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters that haven’t
been explicitly destroyed at that point.

9.6.1 HPLHIE T

HI T T AR (DA EARRESD) B2 (] — DR R AL 7y, BT A B BRI IS8 58 - 28 Bk UL,
FRZ A SN os . close () WPEATATAE LR EEEEH) L ENS BT, BT (1) iR
frZ Iy Ry 3, B ] BTG IR H AR RN B B in i sl () &R LA
Jﬁt%aﬁé/l\?ﬁ%ﬁ%%% BT RA ATREBHR AR 5 —A> () MREAR I a2 25 8] s R D . 242 nT gt

o 24 465 S5 R ST R 2 T R L SRR, TR SIS, TR X SR R I TR S A
PR RE S50 WA DR A0 B (1) MR A 7 o )R S 0 — i V724 B O I ST g s R 7 )
FRIXTER o

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs assume a
bijection between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters.
It is highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.
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9.7 Fb i

PRALT ] FARREAS AR R Ll F L o X LSRR R AR A S i S A E .
int Py_AddPendingCall (int (*func)(void *), void *arg)

Wt — /RO A RRREAR AR T PR S5 . WO, KFRIE O R4 fune A B P
SEFFIAT]. IR, FRRI] -1 ER SRR 5

BIRIMABING , func K¢ A SR arg W EMPREIR LA . 3T IEHIZATY Python (UKt
ERST AL, (B E R IR AR A A

o N Fbytecode W FL I;
o LR global interpreter lock (I func ] DA 58 %1% C APD).

func WZFHE IR ] 0, BAER IO R o] -1 BB REES . func A2PHRERIEIIHIT 7
SR, HANR A R R S BRI E 3 T T A D e AR

R BB AR E A AR, AT R AR

M XRMERZEHEE, RAEAEE RN A H . ANREARIE fune ZRBER A . AnR 3248
BT HATHEAN RG], func EAXTERGE MR Z gl H . R F0E T AERMEEC
AL Python RS . 1EREA, W56 M PYGILStateAPI .,

3.1 JBGETMA.

9.8 JrHrHIEtEs

Python ff R M BTN PERE 0 TR AA TR B8 T B4R T —LIRZZASHF . NN T EERE AT 10
ot TH.

XA C 45 1 SLVFPERE AT BB AR 8 ] Python J2 A AT G AP RITTEY, EREEEIT C ik
P o B THAEEATEMEBCA AL I D R VFR R AN AR L B R B, T L v R 2 B R A P AR
PS5 Z BRASH 1) Python JZ R 25 R B 5 1 S EAR )

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what [¥J{E arg 18 X

PyTrace_CALL Py None.

PyTrace_EXCEPTION sys.exc_info () R REE L.

PyTrace_LINE MR Py None.

PyTrace RETURN 3 O AR, B AR e S B0 IR 7] NULL
PyTrace_C_CALL TEAEE FH R B O 4 .

PyTrace C_EXCEPTION | 1EAE VA BABO 2.

PyTrace_C_RETURN TETEVE ] PREO 52

PyTrace_OPCODE B EPy None.
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int PyTrace_CALL
20— R BEOE R R, B0 AR AR IR Ak H L 45 Pyt race func BEUT)
what JE2 0{H. 8RR AL AR bR fﬂlEI’J IR ACAR A B 1 DU 2 WA A D A A AR B 8 T v 3507 1)
Python “F 5 il L R 45 il KL .

int PyTrace_EXCEPTION
YA FE G| KM Py_tracefunc WAL what TE S E. TEALISEAT AT 57 RS 2 Jig K B 7
what WIETE I FE L, RN G T E R B ETE BRI T . XA RO & 24 53 54
FE Python FRREFFI, A8 ) 1] ] R 5O I S A A [l B4 it A R R pR A4 > 3 2
s PERE TR AR EEAT

int PyTrace_LINE
The value passed as the what parameter to a Py_tracefunc 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

Y BIRRR B L 45 Pyt race func ALY what TEZHI{H.

int PyTrace_C_CALL

Y~ C R RIRF BRI 2 45 Pyt race func BELN what JEZHI{H.

int PyTrace_C_EXCEPTION
B—A C REG | K REMN A Py_t race func B what TEZHI1E.

int PyTrace_C_RETURN
W—AS C BBUREIRME S Pyt racefunc L) what TEZ1M(E

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

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.

9.9 iGN L HF

XL R B B R TR
PylnterpreterState* PyInterpreterState_Head ()

REAREAR IR SR Gk ] 1) thy By IR R AL SR ATk o

Py]nte; prererSZate* PyInterpreterState_Main ()

AR [ AR IR SRS 52 o

PylnterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M PR IR ST S R 21 e R 8] interp 2 S5 1A — i
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PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

e SRR interp MR ZRARL RIS R AR Bl 5 0] 5 — Py Threadstate MR IYHRE

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
M BT F—"PyInterpreterstate M RINLFRSX RAUBNF|FK iR a] tstate Z J5 1) T —Ii

9.10 ZeFAHBAT i ¢+

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.

LA X LR ) R GIL; B4R H S BibLaH .
THYERL Python. h A tUiE TLS APLIHRAH, R ZAHE pythread. h RO AEAHATAE -

#i[E]l: None of these API functions handle memory management on behalf of the void* values. You need to allo-
cate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do refcount
operations on them either.

9.10.1 ZkRi L JEAr-tik (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

3.7 BB
wE%:
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py tss_t
BRSSP RRE AR, o SOATREMKE T R 2/ TLS S8, I HEA — I RnBIn RS
MIATRTBL. AR PR A

WK E Py _LIMITED_API 5, Py _tss_NEEDS_INIT $ATIHZRAES/HED .

Py_tss_NEEDS_INIT
A RN Py_tss_t AERIEILES . WYEREXA 2R M Py_LIMITED_API %5 X o

Zhsr e

Py_tss_t WBIESHL, TEMIHPy_LIMITED_API 4 )4 FERH RN, AEIX LEAH T 1 I 2 ) 51
PAE AP 2 AN ZE I A TR B B AN W] BB 0 T o

Py_tss_t* PyThread_tss_alloc ()
Rl — NS py_tss NEEDS_ INIT HIUGAC B AR B0, B3 24 7570 T 2 IS D3R ]

NULL,

void PyThread_tss_free (Py_tss_t *key)
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.
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#iE): A freed key becomes a dangling pointer, you should reset the key to NULL.

Jiid;

XLERRELTE S key RNF]H NULL. - H., QERGER Py _tss_t R PyThread tss_create () Witk
WjPpyThread tss_set () fMlPyThread tss_get () BT R R E L.

int PyThread_tss_is_created (Py_iss_t *key)
MRLAEMPy_tss_t Bl has been initialized by PyThread_tss_create () #FIIHANIR Al —4~
=S

int PyThread_tss_create (Py_fss_t *key)
YIRS TSS GEIFRRR [0 BAE . AR key SHUTHRIAEAR Y Py_tss NEEDS_INIT Hlatk
AT AR A U o ek 5T e ) 17 L F A R - e TR A R S R AR AT 454
H AL B ] .

void PyThread_tss_delete (Py_tss_t *key)
HY—> TSS HEDAGEAE BT A 4o i B S B AN R IR, IR 2% B R A0 B A RS O R IR LY
CH R DAl Py Thread tss_create () PRI . R ERT AYE [R]— 48 =52 8 1)
- (BFE— AP S B R R TR

int PyThread_tss_set (Py_tss_t *key, void *value)
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)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is associated
with the key in the current thread.

9.10.2 AL HiAEfi% (TLS) API

3.7 AR CE: M APT 92542 % & 744 (TSS) APL TR

HHlF): 354~ APK AR S0 Ik TLS SR TR e A oh Sne 1 SUF kI 6. FERKBERO T4 L
PyThread_create_key () 4§37 HINEI—AKIOIRAS, IF HHAL TLS o BCLesRERT- A L AR FERL.

1T TR 2 B AA R, N BAE B AR 6 B RCAR 1Y) AP
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)

void* PyThread_get_key_value (int key)

void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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Python #J 4 AL i &

3.8 HUHTIIA.

&k

PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()

PyStatus_IsError()
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e PyStatus_IsExit ()

e PyStatus_NoMemory ()

e PyStatus_Ok ()

e PyWideStringList_Append()
e PyWideStringList_Insert ()
e Py _ExitStatusException()

e Py InitializeFromConfig/()
* Py PrelInitialize()

e Py PrelInitializeFromArgs ()
* Py PreInitializeFromBytesArgs ()
* Py RunMain /()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

2 W Initialization, Finalization, and Threads.
hz%:
PEP 587 "Python ] 4G4 &

10.1 PyWideStringList

PyWideStringList
H wchar_t* FRFE AWM 3.

AR length AEZAE, W items WA K NULL F H A FAFH LA H NULL.

Jiik

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item FRINE list

Python W2 T 3 A AT A J1T L R KL

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
K item $HAZ list (1) index {7 L.

NS index KTEET list WK JE, WIKF item BSIME listo
index must be greater than or equal to 0.
Python WA T 46 A DA T8 1 L BR 4K
Sty R B
Py_ssize_t length
List K JF .

wchar_t** items

FIETH -
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10.2 PyStatus

PyStatus
FAAERIIR R BCIRAS Bl B IR EGR IS5 A

XEFHER, B DA A IR C R A K
git AT B

int exitcode

B, L4 exit () IISEL
const char *err_msg
HiRER
const char *funec
T LRI BB A PR, FTRACH NULL,
BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

HHERIR LA IR .
PyStatus PyStatus_NoMemory (void)

WAFECRI (AR ) -

PyStatus PyStatus_Exit (int exitcode)

PAFE 2 BB A SIR Y Python,
AR PRSI R AL

int PyStatus_Exception (PyStatus status)
RE N R 2B WHY oy EAME W& LA g B F o E

H Py ExitStatusException ().

o

int PyStatus_IsError (PyStatus status)
GERAEIRG?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)

W status j&— AR HABNHH exit (exitcode) o QIR status 22— A H5 1A W] B R BT
WE - TEZEREFEEY . UILE PyStatus_Exceptlon (status) NIEEAEN A REWTEH .

lE): AENFB, Python Y5l I X B PyStatus. func (%, MAIELRSH RN SH func #4 NULL.

NVE

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}
return PyStatus_Ok();

(QA)
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(R —H)

int

{

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0;

10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
¢ Set the Python memory allocator
* Configure the LC_CTYPE locale
o PN UTF-8 ik,

TG AL B ST e B e

void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)

Wt Python e 5. SRHIARAL TS CHL . .

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)

BRGSO B 31} el A 1 L =
A UNS A

intallocator
Name of the memory allocator:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks

e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using ——without-pymalloc

Z: J,Memory Management.

int configure_locale

Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and

coerce_c_locale_warntoO.

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.
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int coerce_c_locale_warn

WERAEEAE, WIAE C 1 5 DI il e ey e e ff o
int dev_mode

ZW,PyConfig.dev_mode.

int isolated
ZlPyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error handler
to replace.

{YAE Windows A, #ifdef MS_WINDOWS ZZW[#% FT Windows & J@H1LH5 .

int parse_argv
kATl , Py_PrelInitializeFromArgs () MlPy_PrelInitializeFromBytesArgs () ¥
PASSH B Python fftfr i AT S B H R 7 sUT L argv 280 200 7540

int use_environment
% N.PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

FHT-FiwI ik 4k, Python [ pRK :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
4l preconfig T B AR WK 4G 16 Python.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char * const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

TR T EMN® M HPystatus_Exception () MPy_ExitStatusException () AP EHE (4HREHE
).

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 UTF-8 Mode.

PyMem_SetAllocator () A[{FPy_Prelnitialize() Z )G+ Py_InitializeFromConfig () Z Hi#k
& DAL | L NAES e e . S PyPreConfig. allocator #{i% % PYMEM_ALLOCATOR_NOT_SET
W fEPy_PreInitialize () Z HI#EIHH .

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

(R gksh)
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(R —H)

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

3

/* at this point, Python will speak UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
B TR T Python YTE S INEEHIIA
SRRTTIA:

void PyConfig_ InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)
PEFEFAFER sr ¥ DI E *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 *argy)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list,

Py_ssize_t length, wchar_t **items)
Y-S5 FRFER A 32 list X ER length F items

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
BT A Python Pl .

EEVIRH T BRI

Preinitialize Python if needed.
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void PyConfig_Clear (PyConfig *config)
PETIC B N AT

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
in based on the PyConfig. If configuration fields which are in common with PyPreConfig are tuned, they
must be set before calling a PyCon fig method:

* dev_mode
e isolated
e parse_argv
* use_environment
Moreover, if PyConfig _SetArgv () or PyConfig_SetBytesArgv () isused, this method must be called

first, before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

KB A F M PyStatus_Exception () fl Py_ExitStatusException () A
S (BEREGR ) .

git AT B

PyWideStringList axrgv
Command line arguments, sys . argv. See parse_argv to parse a rgv the same way the regular Python
parses Python command line arguments. If argv is empty, an empty string is added to ensure that sys.
argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._lbase_executable: __ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin 42 AZEFREAITIT

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.

wchar_t* check_hash_pycs_mode
Control the validation behavior of hash-based . pyc files (see PEP 552): ——check-hash-based-pycs
command line option value.

Valid values: always, never and default.

IR default.

int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode to
O_BINARY on Windows.

int dev_mode
Development mode: see -X dev.

10.5. PyConfig 159


https://www.python.org/dev/peps/pep-0552

The Python/C API, %:[F] 3.8.19

int dump_refs

R AETAE, AL i BT A 3R 75 X 52
Require a debug build of Python (Py_REF_DEBUG macro must be defined).

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
ME-HAEEE, WAEEshEA faulthandler.enable (),

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed

BEATLAG ) G A BR AR
If use_hash_seed is zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python F H%.

Initialized from PYTHONHOME environment variable value by default.

int import_time
A AESRAE, U AR THERE 20T -
int inspect
TEPAT A B Ay & 2 S R A B
int install_signal_handlers
Install signal handlers?
int interactive
S H AR
int isolated

If greater than 0, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
nor the user’s site-packages directory.

* Python REPL Rf AT A readline WWATEAZ HAL/RAFH S HEGARY readline Jit & .
e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero, use io.FileIOinsteadof io.WindowsConsoleIOforsys.stdin, sys.stdout and
sys.stderr.

XAFE Windows Fr] . #ifdef MS_WINDOWS ZXn]#% T Windows % & CHS .

intmalloc_stats

W AREAE, WHEIR B B4 Python pymalloc 1 %5t 2 WS TT80E
The option is ignored if Python is built using ~——without-pymalloc.

160

Chapter 10. Python #Ji&{bid &



The Python/C API, %[F] 3.8.19

wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os.path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

intmodule_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module search_paths is over-
ridden by the function calculating the Path Configuration.

int optimization_level
iAo :
¢ 0: Peephole optimizer (and __debug___is setto True)
¢ 1: Remove assertions, set ___debug__ to False
 2: Strip docstrings

int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python argu-
ments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to 0, suppress warnings when calculating the Path Configuration (Unix only, Windows does not log
any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

RK NULL, N sys.pycache_prefix ¥4k -5 None.

int quiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_ RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py RunMain ().

int show_alloc_count
Show allocation counts at exit?

Setto 1 by -X showalloccount command line option.
Need a special Python build with COUNT_ALLOCS macro defined.

int show_ref_ count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.

10.5. PyConfig 161



The Python/C API, %:[F] 3.8.19

Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJFBI A site BibR?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

RN IEEE, NHEBEsIEH tracemalloc. start () »

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys .path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest priority.

warnings BEHPAAH R BIF NN sys . warnoptions: g )5—~PyConfig.warnoptions 4%
HR il warnings . filters WS— N HIPRRCHRE (R fhed) .

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItGib Hwrite bytecode BUGEHIHE.

PyWideStringList xoptions
sys._xoptions.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

10.6 fi)i] PyConfig w4ift

HTH461E Python R %L :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
R config BL B AH) 41k Python.

TR T EMRM HPyStatus_Exception () MPy_ExitStatusException () AP FEHE (FHREHE
H).

If PyImport_FrozenModules, PyImport_AppendInittab () or PyImport_ExtendInittab () are
used, they must be set or called after Python preinitialization and before the Python initialization.

VAR A AR R Bil:
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) A

goto fail;
}
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

PyStatus init_python (const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig (&config);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;
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(R —H)

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) {
goto done;

}
status = Py_InitializeFromConfig(&config);
done:

PyConfig_Clear (&configqg);
return status;

10.7 FRmdic

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig () BRI EBE—NEE
et Python 5 RSB HIAN, 4 Python fff AFIFA R AL .

This configuration ignores global configuration variables, environments variables, command line arguments (PyConfig.
argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration ("output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.8 Python it

PyPreConfig _InitPythonConfig () fllPyConfig InitPythonConfiqg () BREISEIE—ECE KM
fd—MT7H 5 H#L Python AH[AJRY H & X Python.

IS RN AT SECRT T HCE Python, T4 Ry i B HF5 R 20

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE locale,
PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

5 il 1) Python [ 7R 1 52 2 AR s 1T

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {

goto fail;

(Rt
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(R —H)

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A
goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.9 BRAEACH

PyConfig &2 T AR E W FE:
o BAZBCE R
PyConfig.home

— PyConfig.pathconfig _warnings

- PyConfig.program_name

— PyConfig.pythonpath_env

- MEITAEH SR TR AR

- PATH BB B TR P 0 58 A2 CR A PyConfig. program_name)
__PYVENV_LAUNCHER___ FfIEAs&

({¢ PR Windows only) ¥ fff ¥ HKEY_CURRENT_USER #iI HKEY_LOCAL_MACHINE

I%)”SoftwarePythonPythonCoreX.YPythonPath™ i | %) i 1 72 /¥ H 5 (HE & X.Y 5 Python /it

).
o PRARHCE A TR
— PyConfig.base_exec_prefix
— PyConfig.base_executable
— PyConfig.base_prefix
— PyConfig.exec_prefix
— PyConfig.executable
— PyConfig.module_search_paths_set, PyConfig.module_search_paths

— PyConfig.prefix

10.9. BEFEACE
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If at least one ~output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search _paths_set is equal to 0, module_search_paths 1is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as setif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

MM base prefix B{base_exec_prefix FERIKE, ENIHDMMprefix fllexec_prefix Bk H
{8,

Py_RunMain () MlPy_Main () ¥BH sys.path:

e MR run_filename LB HE—NMIE __main_ .py WAKHS, WE¥run filename ¥
gl sys.path ik

e MM isolated HE:

- WRKE T run_module, MPKYFIHFKEME] sys.path BFFk. AERITCEBEBCY HTH MR
PATAL A A o

- WERE T run_filename, WIXESCPEARYH RS sys . path Bk
- FEHARKFOLS, R — DS FAFERIINE] sys . path BTk,

MEsite_import HIEF(H, MW sys.path W[ifid site BB, W user _site directory FiE
ZE(H HJT ' site-package HSEEAE, N site M4 [ 1Y site-package H RPiHI%E] sys.path,

BEARIC 2 T DA C B S
* pyvenv.cfg
e python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER___ fIEZAS el TR EPyConfig. base_executable

10.10 Py_RunMain()

int Py_RunMain (void)
AT AT B E DI ERard (PyConfig. run_command), M4 (PyConfig. run_filename)
B (PyConfig. run_module),

TEFCATOU T MR T -1 %691, Wiz4T REPL.
HRJE, A454E Python JFiRk [l — AR L4y exit () BRAUIR HPRES
WS Python B 5 A FH— MM Py_RunMain () {ERE BT A6 24521T B E X Python HI7RH
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10.11 ZErBEwlia bR 2 API

This section is a private provisional API introducing multi-phase initialization, the core feature of the PEP 432:
o Bl WItRiEBTE:, “HMERYEEA Python”:
- WERR;
- WERH
- BRI RS
- sys BUR{ER S HIMGRA (Bl sys.path MAFTE).
o 7 BET WIRLBT B, Python Wi5E &I MA{L :
- ZRIFRLE importlib;
- N A E ;
- A AP
- SE sys BRI (BIAN: BIE sys. stdout Ml sys.path);
- JAM faulthandler fl tracemalloc Zn[EINEE;

- FA site i
- %4
ALAT iR API:
e PyConfig._init_main:ifsetto0, Py _InitializeFromConfig () stops at the ”Core” initialization
phase.

PyStatus _Py_InitializeMain (void)

PEA CEE WIEBTEL, 52K Python HIHR1L
T “Bl” rBIA R FAMEMEER, ASIE inport 1ib Bl g2 20 F Hade “F 2" HrBOiRIy .
X ] HE AL AE Python Hi il Python DATE 36 sl s (28 &, ] fE&x e B W sys .meta_path G A
IR AR T
It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

R BrBOFBCA SRR E X FEIX B BU AR ] A2 RO T AR R BRI . 1% APT HbRic
FAAAIE R WAt Ui APL Al ARG G2 08t S R B8 BT thiad Y 236 APL

FE Rl M2 giin ikl BrZ [a)iz 4T Python fURS 7R f1:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

(Rt
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(R —H)

/* 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);

"
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cHAPTER 11

RO PR A

11.1 2458

{F Python /1, PNAFEHIBE K5 — N0 & Fr Python ST ARSI OFLA HE (heap) . IX/ANFAA HERE BT
NFBIR Python M %% 32 %% (Python memory manager) 13iF. Python NIEEPRESE AR AR A& Fhh &S
TAEE P A R, b=, E). Tl el A7 .

TERNRIZ, — IR WA e as i 5 5 RGN TFAS B2, B ORALAT Sk Py SR G 0 25 () R ATl T A
5 Python HH K M8 . TR NAF I FC AR BEAS b, JLARISURE B 20 B e Al — M oz dT, FF AR fioty
SRR R LB R B N B . BN, BRSO A A By SOR R 7 4 H . ool a,
h BB B [ A i SR 2 5 25 TR AT . TR IG, Python PYAEE FRERHRF— 28 AR L4 0 AR 8 20T
. (HE RS FAERAA HERTE R Nz AT .

Python Hfi: N AFAYAETBIRE ARG R AT, PO BB PRI, RIVGEARATT 20 B A 1 i ) A7 R 0 54
BE, PRBIX— i+ %, Python X G HAt A G2 o X Y i 23 8] 73 BiC 2t Python P78 BRAS # 5 il 1 AR
SCR§HRS Y Python/C APT eR A THY -

BT R NAERR , BR AR K A Y % E ] C E?ufﬁlE’FtHE’J BORXT Python X4 HEFTHEME, X 4L
BAlFE: malloc (), calloc (), realloc () fl free (). XEF-SEL C 4MHl#EHI Python P75 HEIH > [B] (1)
BH, 5IR™HEER, ﬁ%ﬁ??fflif%TNﬁJ%%?ﬁ, %Eﬁlﬁﬂﬁﬁ&tﬁaf’ﬁo HA2, FRATT DAL 4 H )
C JEArBiLas >k B ) B i B AR N A7, A R BT

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;

XA, VO G XN R th C ML Ab B . Python IWAFAS Bl {2 5 T /M IAE W45 HHR
GV RIE 8
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RN, AERZHCNGOLT, LTI Python HEFF ML ALY, PROA A4 T Python 7FAS BLERZ . B, 4
FERERR Y T C HRHTA G, AL AR, fH 1] Python HER) S —ANJs R2 A 82 * 3@ M1 * Python
WA B KT LR AP oK . BRI SR A7 A U T . miERsE H i, HEra A
17 2R 224 Python 774 B RELLARRES X A7 5 IR RE IR I DUA SEHERA Y 1. DAL, FERLBROLT,
Python PN {745 Pilas ] fE S il 2 s A& R #AE , ANBEIR DI, AR AR SO TR PR . iR, @
R S T R C FEMECAS . S /O G XA BLi INAT & 56 45 3% Python 74T BREHA BEL.

2%
PRI AR B PYTHONMALLOC W] 4§ FH oKL & Python JUr i HI i IN A7 4 FiCES o

FREEAS 5 PYTHONMALLOCSTATS R DA K AE AR A 2 F 5 F 8 ) pymalloc Xif 52 DI EFFT Bl pymalloc 19 7%
e % WG .

11.2 JE N Ariz N

PURERBUERE TR liigy. XEREEARLEN, NEEFHGIL,

default raw memory allocator {§i fliX 2658 %7: malloc (). calloc (). realloc() Ml free(); HEZEFT
BUE ] malloc (1) °° (8 °calloc(l, 1))

3.4 BCHTIA.

void* PyMem_RawMalloc (size_t n)

SrBC n AT R BN R BC A voidr RAURER, ARIER AR ] NULL,

TR T AEIR [ pRR AR NULL 558, R T “PyMem_RawMalloc(1)* —#. 2 ATEA
2 PMEAT IR AL -

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
4L nelem A% , RATERII/NA elsize T4, TSR PIAEN voidr FIUHEH, W
SRR NULL. AL A S,
TR BFAT A BEIR [ AR R NULL 485, SIS IR T “PyMem_RawCalloc(1, 1)“ —#.
3.5 BUBTA.

void* PyMem_RawRealloc (void *p, size_t n)
B p A5 NAFHRINEEEA n 735 DURTIHAAFER N R s/ IMECR HE, o AR FFANAE
WA #p* & “NULL®, JAH2Y T8 PyMem_RawMalloc (n) ; QIS n Z5T 0, W PFEHA/ N gR%E
HAZPORENL, AR [EIE NULL 454

M dE p & NULL , & W © W2 2 |l HpyMem_RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () iR,

WK R, PyMem_RawRealloc () iRIE NULL , p A38R &8 M e Hl AT KIS A S35 5

void PyMem_RawFree (void *p)
B p FRI W A AE Bk R AE p 2 NULL , 5 W B & A2 Z B H PyMem _RawMalloc ()
PyMem_RawRealloc () B{PyMem RawCalloc () FriR[EEF8EF. &N, si{F PyMem_RawFree (p)
ZHICZHHEER T, KE XTI k.

s p J& NULL, BP A A B E A 23817 .
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11.3 JffEEn

PAUTFRRELEE, 158 ANSIC AnifE, H48E TIEREFIRE1T 8, v T M Python HE43 BRI N -
INN BB i T pymalloc M 55t 2.

B MR B, WA 2 B A S 4 (GIL)

3.6 JiE s IAEBRIARY A EL A2 pymalloc 1T E R 4K malloc () .

void* PyMem_Malloc (size_t n)
AL n AR Bl AR 1A BL R NAER) voidx ZEAUFRES, ARG R G N)R [B] NULL.,
TR AT BER [ — MR AE NULL $84F, w8 T “PyMem_Malloc(1)* —#f. {HJ& HAFALLA
AT X ik

void* PyMem_Calloc (size_t nelem, size_t elsize)
SHC nelem ATCE, TATERMIINN elsize 45, RGO NAE void* KAHGEE, i
SRR NULL. 7SR .
iR 545 0 AR I RO NULL B, BEI T “PyMem_Calloc(1, 1) —FE.
3.5 BUHTMA.

void* PyMem_Realloc (void *p, size_t n)
K p SR NAFHRIINEEE ]y n 75 ABTIH AR N i e/ IMEDR . P WA R AAE
JA2R *p* & “NULL®, WIAHY TR PyMem_Malloc (n) ; WIR n 55T 0, WNFFHRIA/NHHEE, H
2POREC, R MR NULL 55,

B A p 2 wurn , & W B o AR Z AT HPyMem Malloc () . PyMem Realloc ()
W PyMem Calloc () FriRIElfY .

W R KW, PyMem Realloc () #R[H] NULL , p /58RI 48 ] G HT AT IR A 506 5T

void PyMem_Free (void *p)
FERL p 38 M I N AFEHL R E p /& NULL ,7ENUEM~@ﬁ%ZﬁHiJ§JH§PyMem Malloc () PyMem_Realloc ()
W PyMem_Calloc () FriREIFHEE:. B0, SAE PyMem_Free (p) ZHICAWHAHIHRL T, KE
ST KA
st p & NULL, B At A E oA 38T .

PAR T [ 2R T A 72 (R ik . % TYPE RIDAFRAT AT C 231,

TYPE* PyMem_New (TYPE, size_t n)

pryMem Malloc () MlF], (H&4H (n * sizeof (TYPE)) FH N, RE—AF5Hk TYPE*
HIFRET . A 2 DMEMT Xl ia Ak .

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
HpyMem_Realloc () #H, HPFHREI/NEIHFEES (n * sizeof (TYPE)) Fii. REl—PF
A TYPE* RAURYHREr . RN, p K5 R FE E AR DI a4, AR R INR 9] NULL,

g4 C BB, p SRR WA p IRIA{E, PABEGRAE AL BT BRI 2R AT

void PyMem_Del (void *p)
YpyMem_Free () ]

B, FATIEERME T LA E A T EHF A Python WNAFGMLAs, A L izt C APT ek (Hig i
HEE, MHENFFARERIEES Python HUAR B —BERIFEZIE, PITEY R .

e PyMem_MALLOC (size)
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e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
¢ PyMem_FREE (ptr)

* PyMem_DEL (ptr)

11.4 4oy ficds

PATBRELEE, I8 ANSIC #nifl, F485E T REFFZHIAT R, WA Python 35y B AR AT
RN Zo B 2% i pymalloc N 5Bt 2%

Bl TEMEX BNy, AR 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_tn)
AL n AR Bl A FE R BL A void> ZEBIFRER, WA R NR ] NULL,

TR ABIR Ml — D RF Y AR NULL 54T, BRI T “PyObject_Malloc(1)* —Ff. [Hi2 WFFAL
PAMEAR 7 R 1R ik
void* PyObject_Calloc (size_t nelem, size_t elsize)

SHIE nelem ATCE , BATEEIKINN elsize T4, HEAR IR AR voids KTfE, MR
SRAMNAR A NULL. R B b

KRB AT RRIR [ — AR AE NULL 5850, sEB IR T “PyObject_Calloc(1, 1) —#¥,
3.5 BUBT A
void* PyObject_Realloc (void *p, size_t n)
5 p FRII AP NS R n . ABTIHAESOO N i i IME R IE, A AR AR
TR #p* Jg “NULL®, WA4 T pyObject_Malloc (n) 5 Q3R n 85T 0, WA/ NP,
ERSwoRe, &R NULL 454t
M dE p 2 NULL , & 0B A2 2 |l fPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () ffriREH .
WK KM, Pyobject Realloc () MR NULL , p A/38R2$8 A 5E il AR A $d84T .

void PyObject_Free (void *p)
B p f8 A N AF . Br AR p & NULL , 5 0B 6 402 2 /i i flPyobject_Malloc() .
PyObject_Realloc () B{PyObject_Calloc () FriRIMIAIFE%. SN, BYE PyObject_Free (p)
ZHICEWAEMEIL T, RE XA e k.

W p J& NULL, IR A A E A S8 T .
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11.5 BRINNAE LS

BROANAEA TS
[N LR PyMem_RawMallog PyMem_Malloc PyOb-
ject_Malloc
AT A "pymalloc" malloc pymalloc pymalloc
WA "pymalloc_debug!' malloc + debug pymalloc + de- | pymalloc + de-
bug bug
% pymalloc 1 %7 | "malloc" malloc malloc malloc
A
%7 pymalloc [ 1Hi | "malloc_debug" | malloc + debug malloc +debug | malloc + debug
i
LR

o ZFK: R4S B PYTHONMALLOC F{H
e malloc: 3k H CHfEEII RS HE, C K i malloc (), callo
e pymalloc: pymalloc 1 55 %

c(), realloc() and free ()

* "+ debug”: HAH PyMem_SetupDebugHooks () 3R T

116 13 LA ALES

3.4 BT

PyMemAllocatorEx
MTFHE NI LA ai k. w7 E:

I, X
void *ctx 4’57%/’5’%~’P§§W§AE@H§FL
T3

void* malloc (void *ctx, size_t size)

SrBL— AR

new_size)

void* calloc (void *ctx, size_t nelem, size_t AEE— AR O B PN SR
elsize)
void* realloc (void *ctx, void *ptr, size_t AEE—AS NS B R RN

void free(void *ctx, void *ptr)

RN AR

3.5 iR B 4#: The PyMemAllocator structure was renamed to PyMemAllocatorExand anew calloc field

was added.

PyMemAllocatorDomain
FAR S BEa A A28 2. A
PYMEM DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()

* PyMem RawCalloc ()

11.5. BRIANAF oML
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* PyMem RawFree ()

PYMEM DOMAIN_MEM
PRAL

* PyMem Malloc(),

* PyMem Realloc()

* PyMem Calloc ()

* PyMem Free()
PYMEM_DOMAIN_OBJ

* PyObject_Malloc ()

* PyObject_Realloc ()

e PyObject_Calloc()

* PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AREUH S Sk A7 R I3 P -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB W N AR BCRS -
M RBEATHS, B FLA U A0R [l — R IE NULL $54t
XF T PYMEM_DOMATN_RAW I, s}ElERUAURLKRE LN M Bl gV AT, AREA 2 5 A8 541 .

WARHH S ECER A R T (N Z BRI ICE: ) , AT  PyMem_SetupDebugHooks () BRETEH
Jrleas B R T

void PyMem_SetupDebugHooks (void)

BEEAG I Python P77y BLads bR AL HER DRI T

Bror BRI N AF R 575 0xCD (CLEANBYTE ) SE 78, B NAFHIF 1y 0xDD (DEADBYTE ) 7t . NAFHR
W 2% EFY” A (FORBIDDENBYTE : 7 OxFD ).

IEATIN A A
o RrxE APL i, Biltn: X pyMem Malloc () SIS XA Pyobject Free() .
o R KRB ACERINE A (S X T ) .
o R XZ IR EFEME A (G X ) .

o K& 24 H PYMEM_DOMAIN_OBJ (fll: PyObject_Malloc ()) MIPYMEM_DOMAIN_MEM (4:
PyMem_Malloc ()) i) Fids e BN GIL e .

FE SR, PR T tracemalloc B E M NEREBECHIV E . HA2Y tracemalloc IF
TEIBER Python IWAFAMEE, I HINAIRBHBERRS, A 2Bkl .

T2 Python @RI T 4iseny , X L84y 1iinstalled by default . FI57% 5 PYTHONMALLOC A] DA
AR KA G118 Python b 2281k 1.

3.6 U S X S bR BCERAE 0l A T DA & A K g 2R 19 Python.  fE RS IRE, R R 4 BEAE il
il tracemalloc ¥ [0l #f] P 77 e 4 4 Bc 08 L B 4 4 7 B AE W AG 7% 24 PYMEM DOMATIN _OBJ
A pyYMEM_DOMAIN_MEM S REHER I, 2 RBREs e SRR g .

3.8 i A F i 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fil 0xFB (FORBIDDENBYTE) L #f 0xCD
. 0xDD H1 0xFD AL A | 5 Windows CRT ¥#if malloc () F1 free () FHEIHIHE.
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11.7 pymalloc 4fic%s

Python £ 2k B A % 2B fr W RY /b 42 (N T 4T 512 2745) Ak B9 pymalloc 43 Bt 2% . & 1 [ & K
/IR 256 KiB [ FR A arenas” [ N AFBLST . X5 TR T 512 #5040 L, B B 2 PyMem RawMalloc ()

MPyMem_RawRealloc () .

pymalloc  ;EPYMEM_DOMAIN_MEM _(fl 41 PyMem_Malloc()) MPYMEM_DOMAIN_OBJ (fil 1m:
PyObject_Malloc ()) BB INSELE o

arena 43 FL 8 F AR pR 2K
e Windows [ VirtualAlloc () and VirtualFree () ,

e mmap () fl munmap () , WHEATH,
o BN, malloc () Hl free() .

11.7.1 g X pymalloc Arena 43filgs

3.4 BT

PyObjectArenaAllocator
FAeAA A arena 7} FEEFAYGEAIAR . X ANEIRH =7 B

void *ctx YENSE— SRR B3
void* alloc(void *ctx, size_t size) Ay Be—3k size T Y XL
void free(void *ctx, void *ptr, size_t size) | BE—eXik

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
FRHR arena 73 icds

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
U H arena 7y HCdy

11.8 tracemalloc C API

3.7 BT

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TE tracemalloc B iR ER—ANE B IAFER
BRI 0, HASEHR ] -1 OCES BN RAFIR S E) . WA T tracemalloc MR (A -2
WAL N O R B, W A BRI S

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

T£ tracemalloc R FFEIHIRES— AN A BCH NAFEE . QSR N AFE R B IR MR A AT A A
N4 tracemalloc HEAE AR [E] -2, 75 0ER[E] O,

11.7. pymalloc 43t %s 175



The Python/C API, %[F] 3.8.19

11.9 ¥

PATR IR H 48 52 /NG, 2 E 5 PAGE VO G X ad 1l i 55— e AR M Python b 7L fY:

PyObject *res;

char *pbuf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) 28 o AR 4 A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THEEAE LA LA R G, Geoh X Bl I s TAH SR A e ORI . L b, X e i N7
WA ARV A APLIR , DATE BERHE & AN TR 2 B (4 AU 0ol 22 foefik . DA S AU P s e S pii Ak e,

— AR fatal IO EIRE T PIRITEAR [ e EBAEROA R 7l 4s o

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal -- should be PyMem_Del () */

BT B AEAL B R H Python Mk 5L 4R 4 A7 B 1) &6 $ 2 5, Python i i) X 52 2 Jd
PyObject_NewVar () fMlPyObject_Del () F4 B ARERH -

X EERFAEAT KANAAE C v SCRISE BB R AR —F h b

PyObject New (),
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XGRS SR

AFAIR TR SPGB i i i . BRI

121 {eHE oy BC 5

PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. FI'C HIZEBRIMILG G| FARWI MG 2 BT S op. IR BIEWIIRALRT S . 40
R type TR S SIGIALIRATI LS, PRI IR I 28 A E N R LT . TR HALF BN 32

A

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'E W IHEEFIPyObject_Init () —FE, FHHELWIEAS B R/NITL M
KEFL.

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. i [l C 25442551 TYPE 1 Python 25X} % rype 43 Bi—1~31 11 Python X4 .
KA Python XF4ebrsk i I FBOR SRRt XI5 FHHECR —. WAEAELR/NE type Xt
Ltp _basicsize FEIEHIE.

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i J}] C RS54 25FL TYPE 11 Python 2B 42 type 4B —4~3F1 1) Python
X5 o Python X5 3 SC A & LI F BN BRI IR . B BLI ARSI T B T TYPE 54410 type
Mg tp_itemsize FEARLN size FEAME . XX T L AR AL PR FE S E B OOK
?E@Xﬁf‘?%%ﬁiﬂﬂ (o REF BB He A B AH R 04 A2 B b i] DA AR B 8, X8 T
T ECRIRCR

void PyObject_Del (void *op)
Rl Pyobject _New () B PyObject NewVar () SrBCNAFIIN G, X I H HIXT AR type FBUE
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iy tp_dealloc ALPRRRBORIEM o XA e ELLAS op XA 7 BERRAN T AR, PR 73
4 A7 25 8] AN o — A R Python X 42

PyObject _Py_NoneStruct
ARG 2R None —H£# Python X4t ERIPAE ] Py_None Z5H, R ERHRIIZXS R

B4
PyModule_Create () 4yt NAFFIQIEY R

12.2 @ Pk&h s

RERIEEA AR T 5E L Python BUXFRAI . X —Tr ik TiX LRy 45 (RRIE TR J5 5 -

Ji 4 1) Python X 52 HRAE X G2 1) N A7 % (9 JF 4 W0 20 JE 2 /b Rl 7 Bre X Bl pyobject
mipyVarobject ZEHMFIRN, XKLL Nl — L85 3, X 40 % 0 B R 4% 1] T B Ay oAb Python
KR E o

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyObject *. Access to the members must be done by using the macros
Py_REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyObject that adds the ob_size field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done by
using the macros Py_ REFCNT, Py_TYPE,and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance to
instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

S Py varobject WSCRY.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

’(((PyObject*)(o))—>ob_type)

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

’(((PyObject*)(o))7>ob_refcnt)

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:
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(((PyVarObject™*) (0))—->0ob_size)

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

PyCFunction
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.

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS.

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH FASTCALL.

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

I, C Type Pl

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyObject #, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are four basic calling conventions for positional arguments and two of them can be combined with
METH_KEYWORDS to support also keyword arguments. So there are a total of 6 calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type Py CFunct i on. The function expects two
PyObject * values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

12.2. Wl 179




The Python/C API, %:[F] 3.8.19

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects three parame-
ters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or possibly NULL if there are no
keyword arguments. The parameters are typically processed using PyArg ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject * values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.

3.7 BUHTMA.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the names of the
keyword arguments or possibly NULL if there are no keywords. The values of the keyword arguments are stored
in the args array, after the positional arguments.

This is not part of the limited API.

3.7 BB

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.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg _ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named __contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:
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ok C Type £

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t | the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in Python,
it will be converted to the equivalent Python type.

Macro name C %A

T _SHORT short

T_INT int

T_LONG R
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR =5
T_BYTE AT

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL e
T_LONGLONG long long
T_ULONGLONG | unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp_getset
slot.
I, C Type B
LR const char * | attribute name
get getter C Function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject * parameter (the instance) and a function pointer (the associated
closure):
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typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer (the

associated closure):

typedef int

(*setter) (PyObject *,

PyObject *, woid *);

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 JHIN G

14 Python X542 240 i i B B 4540 2 — it 2 8 SO R BRI 45HM): Py TypeObject £549, AUNF 4 nl A
FAEA PyObject_* () B{ PyType_* () PRECRALEE, {HORNREHRML K ZEL Python [ FH A2 ¥ B SR IY N 25

LRI GBI GAT AR EER, I DA AR S A B AT A S BUB R A 3 AR AR EE 2L

SRZEBMERTIMLL, A RA MK X2 KM 2B B R A TRERIE, K2 C %L
FET, BERESEEL IR/ NI . ARIFTRAIIA JERXT G B KL B B A RS

H BRI A T A

BT R RES S, )T NIRRT PG TPy Typeobject B SCRUTARIBIT .

12.3.1 s

"tp_ itk

PyTypeObject F& Type R R TE gz
QT DOl
<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 ?
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * FoiEtt (FiER) %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * F it (FiER) %
tp_as_sequence PySequenceMethods * FHiEtE (FiER) %
tp_as_mapping PyMappingMethods * Firtt (FiER) %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _Sstr_ 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 ?
BET—H
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F1-#HELE—H
PyTypeObject ' Type FesR Oy v R T fa
A%\z

QT DI
tp_doc const char * __doc__ X X
tp_traverse traverseproc X (€
tp_clear inquiry X G
tp_richcompare richcmpfunc e, _le ,_eq ,_ne ,|X G

_ gt ,_ ge

tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set__, _delete__ X
tp_dictoffset Py_ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ \ X

R E X T COUNT_ALLOCS , NMEATEFELAT (IXNFER) FEL:

e tp_allocs

VNSRS FORE (b D) T SRS DA BRSO H

INETFBOR TN (A2 IE null),
25
”(”: PyBaseObject_Type Wik E
YT PyType Type WM E

D7 BN BCE (AR AR S NULL)
X - PyType_Ready sets this wvalue if it is NULL

~ — PyType_Ready always sets this wvalue

o TSI AR PR -

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

"R (R %

Also see the inheritance column ("I").
”I”: %%
X - type slot is inherited via PyType_Ready if defined with a NULL value
% — the slots of the sub-struct are inherited individually
G - inherited, but only in combination with other slots; see the slot's description
?

- it's complicated; see the slot's description

R, A T R R A R A AR Y -
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* tp_frees
* tp_maxalloc
* tp_prev

* tp_next

TIiikRs (JiikiR)

TR Type FRROTIE
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext___
nb_add binaryfunc _add___ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub____ rsub__
nb_inplace_subtract binaryfunc _sub__
nb_multiply binaryfunc _ mul___ rmul__
nb_inplace_multiply binaryfunc _ mul__
nb_remainder binaryfunc _mod__ __rmod__
nb_inplace_remainder binaryfunc __mod__
nb_divmod binaryfunc __divmod__
__rdivmod__
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc __pow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_Ilshift binaryfunc __Ishift  _ rlshift_
nb_inplace_lshift binaryfunc __Ishift__
nb_rshift binaryfunc _ rshift_ _ rrshift_
nb_inplace_rshift binaryfunc __rshift_
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc _and__
nb_xor binaryfunc __XOr__ _ rxor__
nb_inplace_xor binaryfunc __XOr__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc _or__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc __floordiv__
nb_inplace_floor_divide binaryfunc __floordiv__
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __truediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__
__rmatmul__
BET—H
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FK2-gEE-H

JiERE Type FeoR I
nb_inplace_matrix_multiply binaryfunc __matmul__
mp_length lenfunc _len_
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

__delitem__
sq_length lenfunc _len__
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___

__delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc _ dadd__
sq_inplace_ repeat ssizeargfunc __imul__

bf_getbuffer

getbufferproc ()

bf_releasebuffer

releasebufferproc ()

12.3. BRI R
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R{ typedef
typedef SRR A EE S
allocfunc PyObject *
PyTypeObject *
Py_ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
. Ch 52
descrsetfunc nt
PyObject *

PyObject *
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WEREE K tpedef PHEZTEAFELE

12.3.2 PyTypeObject 5 X

PyTypeObject BZ5HE XA PATE Include/object .h iR E|. KT HHESH, AR THPRE X:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_lbasicsize, 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 */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

CFoiaks:)
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(R —H)

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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;

} PyTypeObject;

12.3.3 PyObject Hifi;

type RIGL5 13 & T Pyvarobject 4. ob_size FEU THIAAM ( type_new () O, JEMIEL
class iEF R ). HEEPyType_Type OLERM) Wbt _itemsize, XEWREE E’J;&Tf’ (Bl type XI%)
LI EA ob_size FE.

PyObject* PyObject . _ob_next

PyObject* PyObject . _ob_prev
These fields are only present when the macro Py_TRACE_REF'S is defined. Their initialization to NULL is taken
care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always remain NULL.
For dynamically allocated objects, these two fields are used to link the object into a doubly-linked list of all live
objects on the heap. This could be used for various debugging purposes; currently the only use is to print the objects
that are still alive at the end of a run when the environment variable PYTHONDUMPREF'S is set.

ok :
Leop BRI AURK
Py_ssize_t PyObject .ob_refcnt
e RENRT N IT4L, | PyObject HEAD_INIT ZHIHAMEN Lo 3R THEES T2 BN,

é‘é{?‘%é’] ob_type FRIMHZRA) R PMATI L. EXTIHEDRRIRBN G, LB 7K
g

MoK :
TRBUARIIR T BL o
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PyTypeObject* PyObject .ob_type
ORRTREAL, HATEUiE e A, Bl PyObject _HEAD_INIT WS EUCRMBHIMG, ERE
— IO & «PyType_Type o B2 R TZhASTT AP A 2 04 Windows o] ], 4iidaiss
A DA HERI IR tE . B S BB IS #4 33 NULL 43 % PyObject _HEAD_INIT Jf HAERIHL)
WIHE A RO 46 B s AT AR B4 2 BT iR X A B . LA R X R -

Foo_Type.ob_type = &PyType_Type;

X WY AZAE B % BB AT S 2 B SE R Py Type_Ready () ¥i#x ob_type @74 NULL, UWIHRE,
ML) ob_type FERUIGITE . MR ZFEIESE, WryType Ready () AEHERE.

ok :

T B AW FRAGK .

12.3.4 PyVarObject Kl

Py_ssize_t PyVarObject .ob_size
For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects, this
field has a special internal meaning.

MoK -
TRAURIR I T B

12.3.5 PyTypeObject Y4

BT AR — DB RAH IR RK K R . WPy Type Ready () RAEZFBCH NULL B ETEME, A
WEH A “BRIN” #B4r. (IR, £ PyBaseObject_Type flPyType Type Hi& B 4L F B br bk
EERINE.)
const char* PyTypeObject . tp_name
T8%F, $8MPA NULL 25 B3R BRA B A4 o X T 0] DAME B & /A8 B 23, 4%
BN TR Y, JFIR— A, FEREEA . T WERE, RN ERES .
YR T, N SE R 44 S8 SE R IR A4 1) 4y BN, A0 P 10 O B M HE LY
KT W tp_name NIZHIRILA "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.

WERAIAE RS, WEAtp_name FEAFEN __name_ JEMEVIIF, M __module  JEMENIRHZAR
&S (BRARfE Sl R s, a0 ESOIng) o X KRG RIS ALR TR AT pickle. L4k, A
pydoc AEARIER SO AN 251 %R

BTBURAIH NULL, ‘E@PyTypeObject () PME—MLMET B (B TI1ER tp_itemsize PASH).
MoK :
TRBURIIR I T BL

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject.tp_itemsize
T Tk B BT AT B B S DA T BRSO
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FETEW R AL HA R E REEBIWEB Hep itemsize FEOET; HA T AR LM A
Htp_itemsize FEARNE. W1 HAEERKELGIMIERL, A SO I/NEFHF, HA&K/D
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size 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
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

KT XTI WA A H R AR X5, WM cp_basicsize MERAERE. Bil4n: fi
WA KRS T — 4 double $(2H., tp_itemsize BLE sizeof (double)., FE&JF AA TALH
fRtp_basicsize J& sizeof (double) HIfEFEL (R¥%X 2 double BN FFEK).

XA A AR BESEBIRAL, % BA R NULL,
Mok :

X B R T 2R IR, IR EAR KRG — AN AEE Mo _itemsize, HALE T HRB P
Frep_itemsize WENAFIAFFEE R R A LN (R TZEEAR LRI K SBL) .

destructor PyTypeObject .tp_dealloc

TR SEBIAT R BB FE 5o BRARPRIEE LAY S BRI A 2R (LR B BT 4t None Fl ELlipsis
HREE) A WALZFE SGX AR BB -

’void tp_dealloc (PyObject *self);

ME| B 01}, HPy_DECREF () MPy_XDECREF () MM RS L, SeBlskiEfe, 2
CA¥A THEMTI . HTil R 2B BO% L OHA AT R, BHOZEOIHA BT E NAEZE
X Gl AT I R RE R 2R ), HE RSB co_ free BT, QAR IBIAT FREML (¥
HEPy TPFLAGS_BASETYPE Fi&ifir), WA EIAX LR R, AU tp_free. Xf
SRR EY %5 A B R B B . QR Pyobject_New () B PyObject_VarNew () 4-fit, i
Y NPyObject_Del (); WHEAEFPyObject_GC _New () BiPyObject_GC_NewVar () 4 BE, B
HPyObject_GC_Del ().

B, AR L) (Py_TPFLAGS_HEAPTYPE) , TR MARTEYH I ZE AR Ik
IR RIFI TR N Tl 8t B iIEN:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp) ;

}

Aok :
BT B T 2RRAK

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.
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This field is only used if the flag Py TPFLAGS _HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcallfunc pointer. The signature is the same as for
_PyObject_Vectorcall():

PyObject *vectorcallfunc(PyObject *callable, PyObject *const *args, size_t nargsft,
— PyObject *kwnames)

The vectorcallfunc pointer may be zero, in which case the instance behaves as if
_Py TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets _Py_TPFLAGS_HAVE_VECTORCALL must also set t p_cal 1 and make sure its behaviour
is consistent with the vectorcallfunc function. This can be done by setting p_call to PyVectorcall_Call:

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Call callable’s vectorcallfunc with positional and keyword arguments given in a tuple and dict, respectively.

This function is intended to be used in the tp_call slot. It does not fall back to tp_call and it cur-
rently does not check the _Py_TPFLAGS_HAVE_VECTORCALL flag. To call an object, use one of the
PyObject_Call functions instead.

H5[E): Tt is not recommended for heap types to implement the vectorcall protocol. When a user sets __call___
in Python code, only tp_call is updated, possibly making it inconsistent with the vectorcall function.

H#5[F): The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized in
Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

3.8 Jit B 4: This slot was used for print formatting in Python 2.x. In Python 3.0 to 3.7, it was reserved and named
tp_print.

Bk :

This field is inherited by subtypes together with t p_cal1: a subtype inherits tp_vectorcall_ offset from
its base type when the subtype’ s tp_call is NULL.

Note that heap types (including subclasses defined in Python) do not inherit the
_Py_TPFLAGS_HAVE_VECTORCALLﬂag

getattrfunc PyTypeObject . tp_getattr
— AR AR U M AT HR R R T

TTBCI M. HEPOE XN, NMiZMltp_getattro SR EEL, HEZ 4 CFFHRSHE
NS, A Python FAFHRRTA .

Mok :
A3H: tp_getattr, tp_getattro

TR TR Mtp_getattro kK : MR tp getattr Mtp_getattro #ky NULL B}
BT RGN ERB R cp_getattr fltp_getattro,

setattrfunc PyTypeObject .tp_setattr
— N4 1) BRI A SIS RN e e P ) P e g

TTBCIM . HEPE XN, NMiZMtp_setattro fRA R EEL, HEZ 4 CFFHRSHE
NS, A2 Python FAFHRRTA .

oK :

A tp_setattr, tp_setattro
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ZFESWTLE M _setattro kR M TRBMtp setattr fltp_setattro ¥k NULL
IHZ T RBEEG R M BRI BRI K tp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
i — & STE C )29 b5 Bawaitable Rlasynchronous iterator PRSI XEGAR SR 7 BLH FE &
Hfk . WSS 2R TR

3.5 BT ZEZ BIREFR N tp_compare il tp_reserved,
Mok :
tp_as_async FEARWAK, (BT S TFERASWERMARK.

reprfunc PyTypeObject . tp_repr
— AT NERE repr () BYRREIWFTERTREL

BB # S5Pyobject_Repr () WA

PyObject *tp_repr (PyObject *self);

RO AR 0] — AP A7 B Y Unicode %R . FERRAEREOLT , e 2M0R ] — AN FAFE, 2405 HAL
freval () W, AEHEENIREL, Piolbl—NEAMEEPR. RXAT, e 4R
—ANPA < TFRFFRA > S5 R AT R HERT A R A B AME R AT

Aok :
BT B TR BAK

WERARBLEIL T B, WIRM <$s object at $p> JBRWTFAFR, H s RRFHNRBATR, 2o KF
B R R N AL

PyNumberMethods* PyTypeObject .tp_as_number
fa ) — N Hma A AR FEEr, Hb a5 AT A R R A R 7 B X B SO S I A
F A R LEMIR

Aok :
tp_as_number FBINSYAMK, (HEF 5107 B PEHMAR .

PySequenceMethods* PyTypeObject .tp_as_sequence
St NIRRT, R A S B IR M 5 B B B SORY I 7
ot R v R

Aok :
tp_as_sequence FBIASYAIK, (HET &7 BRSSP MR,

PyMappingMethods* PyTypeObject . tp_as_mapping
Fe i — D mEs AR pHe s, el G AT AR R KA T B X T B SO e
i SR

Aok :
tp_as_mapping FERASYEK, (HEr M7 BRSPHMAR.

hashfunc PyTypeObject .tp_hash
—ANFRISEIL T N E RS hash () B RREHY TR 4

HE 4 S pyobject_Hash () BYAHE:

Py_hash_t tp_hash (PyObject *);
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1 AWAERIER RIEGERE] YRR EE AR P A AR R, ROV B — A i AR W -1,
When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyOb ject_HashNot Implemented ().

B g i X PyObject_HashNot Implemented () VAR IR AR BIRA M A 7 o FE Python
EX RN __hash_ = None MY, f#if8 isinstance (o, collections.Hashable)
IEffIR ] False.. RGO RZA: 7 Python JZHI B — 2K _hash__ = None &{fif§
tp_hash Fi{ g B NPyObject_HashNot Implemented (),

Pk :
Group: tp_hash, tp_richcompare

ZFERESW TR tp_richcompare —E4kHK: M TR tp _richcompare fltp_hash ¥JH
NULL B} 2B [ 4K t p_richcompare fltp_hash.

ternaryfunc PyTypeObject .tp_call
AT ) S BN S U 4 ] BRI R B RN SN2 TR A S LA R NULL. AR
Spyobject_call () BFHE:

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

ok :
Bt RN K .

reprfunc PyTypeObject .tp_str
— AR SEINE st () BAERREIREE . (R st ITER— DAL, str () I MIZEA
MRS . IR Pyobject _str () PATIEFRERIE, MPyobject_str () R AL H )
i)

HE 4 5pyobject_str() !

’PyObject *tp_str (PyObject *self);

PR AR 0] — A7 5 Unicode %58, B 2Y02—A> “IUF" IXTRPAFERIRER, R
FEEAE print () EECH S5 AE R R E

ok :

BT R AR

BRik:

MARBEZTFEN, KA Pyobject _Repr () FaRk— AR FRRER.

getattrofunc PyTypeObject .tp_getattro
— AR AR U M AT HR R R T

H& & 5pyobject_GetAttr () HIMHE:

PyObject *tp_getattro(PyObject *self, PyObject *attr);

AT A IR F B PyObject_GenericGetAttr (), B T EHXRIEMERE .
4ok :
A3eH: tp_getattr, tp_getattro

GTBEW TR tp_getattr —RYK: Y TR cp_getattr Mtp _getattro ¥y NULL B}
TRAE RN YR tp_getattr flltp_getattro,

LN
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PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc PyTypeObject . tp_setattro

— 38 1) R B DA IS BRI 2 e 1 T e AR A
HEZ 5Pyobject_sSetAttr () HIFHRE):

PyObject *tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

BEAh, b b A0 S K value mjﬂ NULL O Ml B J& . 8 % n] DA O i b F 3% o Bt i
ﬂ»ijObject_GenerlcSetAttr (), BRI EMEREE

Rk :
43reH: tp_setattr, tp_setattro

RFEES TR tp_setattr —@YERK: BB tp_setattr Mltp_setattro ¥k NULL
IR ADE RN YK cp_setattr Mltp_setattro,

BRIN:

PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer

Fa 1 — AL 5 SR i X2 11 (R G O B BT N5 A PR B F 5T o 3K S8 B SOk 2 2% o
E S 2 AR

Aok :
tp_as_buffer FERASWMEK, (HEM I T BRSPHMAR.

unsigned long PyTypeObject .tp_flags

BT BOE R A AR AR . SR TR BN TR E R AL TE S 55— SE TR U TR E 6
Mt (i@t tp_as_number, tp_as_sequence, tp_as mapping Mtp_as_buffer 5K
JREEFIIA) PRYRRE B, BAEN R LI BRA NG AR AR L2 I I, e BT R
R P BOlb U /I R0 ) HA R B 25 NULL {H.

B

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the

tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_ HAVE_GC flag bit is clear in the subtype and
the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

BRik:

PyBaseObject_Type uses Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.

fLHERS:

HORT2E T PAT LIRS "I RAGEA] | A Xt e A1iE4T OR iz UAIB Ilitp_flags %Exlﬂ’ﬂﬁo

FPyType_HasFeature () 5% —ANHKBM—ATEARME 0 1 f, HAE tp->tp_flags & f &

FEV RIS

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 INCREF’ed when a new instance is created, and DECREFed when an

instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREF’ed or DECREFed).

Aok :
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7?77
Py_TPFLAGS_BASETYPE
2 S BT AR 5 — S B B R B LR R . WRIZ HU R O s e, T 2R AR
TR 28k (LT Java Hrf final” 25).
ok :
777
Py_TPFLAGS_READY
MR RIN G Py Type Ready () #§5¢ 4 L HIMLETZ URR AR E -
ok :
777
Py_TPFLAGS_READYING
Y pyType_Ready () AFERIIRALILIEBIXT G R vp HZ LU AR O R B 50
ok :
777
Py_TPFLAGS_HAVE_GC
24 g G2 3K B % L0 % G RE LR B R . A R B T R B R, T S I i A
MPyObject_GC_New () FRBIEHEHPyobject _GC_Del () HKiHEk. BWEAEE WL £ £
B EF AR e — AT R LIA RIS R BXN R P FELE GC M X FBitp_traverse
Mtp_clear,
Pk :
ﬁéﬂ: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together with the t p_t raverse and tp_clear fields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION,
Py_TPFLAGS_HAVE_VERSION_TAG.

Ak :
777

Py_TPFLAGS_METHOD_DESCRIPTOR
XAFE AT G AT R T ARG 2
WA type (meth) B T %R, IBA:

e meth._ _get_ (obj, cls) (*args, **kwds) (H T obj A & None) W i £ iy T
meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) HZEHMT meth (*args, **kwds).

BEIEAR A obj.meth () XAFAYILALT AT M B AL : EXFEGY ob] .meth QURHIGIY “40
SETTIR” M5

3.8 BT
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get is
inherited.
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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

XL Py Long_Check () &5 RN R PR E — AR N BRI 128, AL
ARSI HEZ A I AN Py Ob ject _IsInstance () TP, QR H N BB E SRR Y
I B tp_flags, 5055 RE 0S8R EA T2 B 14 AR5 PTG T Ay 00 b 2 1t AN ]
TN -

Py_TPFLAGS_HAVE_FINALIZE

MR TFAE tp_finalize REAZIN & BCELX A HORRZ
3.4 WU
3.8 iR CEI: IR E AR 2, FUARES S BUE RS R b B2 fFfE tp_finalize

AL

_Py_ TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_ offset for
details.

Aok :

This bit is set on static subtypes if tp_flags is not overridden: a subtype inherits
_Py_TPFLAGS_HAVE_VECTORCALL from its base type when the subtype’ s tp_call is NULL
and the subtype’s Py_TPFLAGS_HEAPTYPE is not set.

Heap types do not inherit _Py_TPFLAGS_HAVE_VECTORCALL.

#i(E): This flag is provisional and expected to become public in Python 3.9, with a different name and,
possibly, changed semantics. If you use vectorcall, plan for updating your code for Python 3.9.

3.8 OB IMA.

const char* PyTypeObject . tp_doc

— AN ATEAY A ) 45 H %R BN R SCRY A7 R 1 LA NUL 25501 C FAFER ST . AR R R 26
BUMZEASLB] B __doc_ J@tHs

MoK :
X FB R TRBK

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);

A % Python B3R A I B 2 A5 B IR AT 2 K B S pAFR s A el — i Ar .

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py VISIT () on each of the instance’s members that are Python
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objects that the instance owns. For example, this is function local_traverse () fromthe _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 O;

}

THYERPy_VISIT () {XREFE R A INIGEER G| B R 02 BB . BARIEFAE—1 self—>key WA,
{HE H ek NULL 5 Python “A43FHf (R AN BE A IEIA G | H A9 —343

e — 7T, BREARAIE 5o B DO ZEAS 2 O RER G | I —8R 4, VE TR BIA/R U358 W] R A 22
P E R gc #ELH) get_referents () HMECKSHIEE .

% M. 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 viathe 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).

W R Py VISIT () BRIEY local_traverse () [ visit Fl arg BB HAFGEM AR AL 6y
HEAT.

Mok :

A3eH: 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 *);

tp_clear J§ 0 BRERE I RAT B I [ WS AE PR R B PR 0 S A 0 A5 | o R UE, RGE P I BT
Htp_clear RELME B —EUAITHA GRS . X2 MR R, 5 B AL 5E A 2
fefitep_clear BB, BN, JTLHARMALE I o clear AL, PNA W REIEM]SE AT RA S
PRGN . NI AR cp_clear pRBAIR VAFTBAT M6 & e R IRER . XA 257 BT fE
e, HFHRD AL cp_clear LSBT

tp_clear WISEPIN 24 EFESLE14E [ HW G AW BE A Python XF4 0951 T, FHKR-HE )X 2L 51 T8 41K
A NULL, IR A FITFis:

static int
local_clear(localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);

(Rt
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(R —H)

return 0;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be decremented until after the pointer to the contained object is set to NULL. This is because
decrementing the reference count may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with the
contained object). If it’s possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py_ CLEAR ()
macro performs the operations in a safe order.

WA tp_clear AL HAZITHARAG |, FroAATRELG BT A & AT 540 Python “F4F 5 Python
B ENVCRS S5IERT I . 75T, W5t & A4 iR Python XTR , H i EHRAM tp_dealloc
PRECR SR tpo_clear ARTT(E.

A % Python 335 [y R B A5 BATHE R AT 2 8 7 S A pAR s el — i h A
Aok :
Ay Py_TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py TPFLAGS_HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc PyTypeObject . tp_richcompare

—ANRIER ) E R R AR, BB 244 A

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

F— NSRRI APy Typeobiect FriE RBALHBI .

P RO 24 (0] FLBE 55 GE RO Py_True B Py_False). WIRAKELHEIZE, ELAIR[H
Py_NotImplemented, HISRAA T HABGE R EMARE] NULL H 3L E—A 55 5%

AR HE B E X AEtp_richcompare MlPyObject_RichCompare () W =S4

R Xif 1
Py LT | <
Py_LE | <=
Py EQ | ==
Py NE | !=
Py_GT | >
Py_GE | >=

TSN T i T A gn 5 4w 1 H R R A

Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
MI%BRER 9] Py_True B Py_False, XHGRT LML . VAL_A Fl VAL_B 207502 nl i i
C WRGBFHATIATHET R (BN, BT Al C A E0F f0) o 28 = A S BRI RINiE5HE,
YPyobject_RichCompare () IS —FE,

The return value’s reference count is properly incremented.
KA, BB R %R OR8] NULL.
3.7 BT
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Group: tp_hash, tp_richcompare

GTBEW TR cp_hash —E4K: LR tp richcompare fltp_hash ¥Jj NULL ¥
KAV R tp_richcompare fMltp_hash,

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
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 () andthe PyWeakref_* () functions. The instance structure needs to include
a field of type PyOb ject * which is initialized to NULL.

AERFR T B G tp_weaklist i JaH AR RA TS T HEk .
Bk :
ZTB AP TRMOR, EEES T A R . RAN DAE S RS R R TR

AT RERB A5 SR, TPkl tp_weaklistoffset FREIN, FrLAXMiZA
AR
When a type defined by a class statement has no __slots__ declaration, and none of its base types are weakly

referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the instance layout
and setting the tp_weaklistoffset of that slot’s offset.

When a type’s __slots__ declaration contains a slot named ___weakref__, that slot becomes the weak ref-
erence list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s ___slots__ declaration does not contain a slot named __weakref
tp_weaklistoffset from its base type.

, the type inherits its

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 iterable (although sequences may be iterable without this function).

W% 5Pyobject_GetIter () [IAHIHE:

PyObject *tp_iter (PyObject *self);

oK :
BT B TR BAK

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

HZIENATPFER, BRI NULL; StopIlteration i nlAERBIEMAREA B E . HKAS
—AEFRI, B AUR R NULL, ERFAERIIZR AR S PR A -

i%g‘t%%%’éﬂﬂz&“:‘u%ﬁétp_iter PR, HLiZ ok B0 214 30R (] 36 A S Bl A B (T A 2 3 1 25 At 5
Bl).

MWREHIE Py Tter Next () IR .
ok :
WS W FRAK .
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struct PyMethodDef* PyTypeObject . tp_methods

— AR 1 PyMet hodDe £ 25 AT VA NULL S5 sR A BSEAL Rt B0 1 SRR Hr
XFARBA AT, MR (S
Bk :

BTFBARY T RBTR (O @il AR HLHI R KR ) .

W tp_dict) Iin—Ma &I kb g i 4 H

o

struct PyMemberDef* PyTypeObject . tp_members

— ARG R Py Membe rDe £ ZEF A LA NULL S5 ESEALfREr, M 1 ISR R
Ry (B L) .

XA P a0, AR 1B Tl (BRI tp_dict) P— M S Ir kb a4 H .
Aok :

FTFBASYT R (@l A B R R ) -

struct PyGetSetDef* PyTypeObject .tp_getset

— AR IR PyGet SetDe £ ZEM AR LA NULL 45 SEALfaEr, B 1 ISR SL pil
gt A E

X TFAZBA P a0, #am AT (S
ok :
GFBASHTRBIr AR (BT8R A F LS R4k i ) o

WTRHR tp_dict) IN—MU &SR an & H .

W

PyTypeObject* PyTypeObject .tp_base

A ATRE 4 [ S BURAAE R P I AR I SRR SR T ARG L, HOCRRAR; 2 ADRT &
A T R B S A R A

E): A AR IR TR AR R A A 4 R AR B ) . C99 HsRAI A 4&%&7@ “Hitb# 7. B 5
R ER R AR NPy Type_GenericNew () #h@A 307 C99 Hutik &

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.

B, N STEY BRI LR B i B tp_base.

ok :
ETBASHTREME (BR).
2Rik:

ZFBBRIN N «PyBaseObject_Type (% Python F2)JF7 51 il object J5H),

PyObject* PyTypeObject .tp_dict

KA TRt Py Type_Ready () A7A#EIX L.

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
_add__ ().

oK :
BTFBARYT AP (B L E SO R M A [ A AL R AR Y ) o
BRIk
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WHRZFBCN NULL, PyType Ready () ¥ ESH— 1 H 7ML,

el WM C-APLfiPyDict_SetItem() BBl tp_dict BANLEW.

descrgetfunc PyTypeObject .tp_descr_get

— AT AR BB
B A 24

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

ok :
WP B AW TRAK

descrsetfunc PyTypeObject . tp_descr_set

A f T T R 2 B S P A
B A 5

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

K value ZHV N NULL DABMBRIZAE .
Aok -
LB TR BYRK

Py_ssize_t PyTypeObject.tp_dictoffset

=

WSRO A — A& LA R 7, W BeRe o JE B 60 1% SE 148 = L 2
MBI RS & IS ERF i PyOobject_GenericGetAttr () i,

AERFZTBS to_dict R a2 AN A B IR T 7 4t

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of st r or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset are taken from the type object, and ob_size
is taken from the instance. The absolute value is taken because ints use the sign of ob_size to store
the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

MoK :

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means that
the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is always
found via tp_dictoffset, this should not be a problem.
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When a type defined by a class statementhasno __slots___ declaration, and none of its base types has an instance
variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to that slot’s
offset.

When a type defined by a class statement has a ___slots___ declaration, the type inherits its tp_dictoffset
from its base type.

(Adding aslotnamed __dict___tothe __slots___ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like __weakref___ though.)

Rl

This slot has no default. For static types, if the field is NULL then no ___dict___ gets created for instances.

initproc PyTypeObject .tp_init

— AT ) L B AR L s B A

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

PRENAY R4

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

tp_init ERECAISEA N NULL, BEAEE i F 282 0 o G g e Bl i g, BIYER B cp_new bR
BOR Al —MZ BB L FI R . W cp_new BREGR I T — AR & IR 2B 12 84 1 HoAth 28 B4 1y 5K
B, Wep_ init BRI WMo new IR T —ANEIRRBAG T RBSLH], WHE T-2A
Mtp_init XegEHA .

WIEHRE 0, KAGSREIGERE -1 HAEEE R B E — "% . and sets an exception on error.
Hhok :
Bl 2R BUGRK .

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

(=1 I R N S 1A N USSR (ORI B v =2
PRELI 2544 H:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Aok :

BTFBRRWHE TRBEK, HAXYEETRA (i cass FAQ#K 7FRE) K.

BN

MTHEFRY, RTFBUERAWR NPy Type_GenericAlloc (), VAR RLHIARUER) eI} SN .

For static subtypes, PyBaseObject_Type uses PyType GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

— AR 5 ) G B B 1
BRI %4 -
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PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

tp_new BBV S THH subtype->tp_alloc (subtype, nitems) RXFRAFELLSE], KE Hil
FreaA BB BE— PG A . T DAZE A b 2 i s E R BB R AR VR B2 A E £ o i & AL PRATAR
Ho — A RBER NIRRT AR AT AE SRR YL, I I BT Y YA tp_new WAL, TN T AT 28
R, KA WA MR 2 e p_init FHIAT,

MoK :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

LN

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.

Jreefunc PyTypeObject .tp_free
— TR [ SE BRI R B F . BRI 2R A

void tp_free(void *self);

—RERELIRIRLAR R PyObject_Free (),

Bk :

BRFB2PEHS TERREIK, HAXPEE TR (W class iBAEIEN THRE) 405K

BRik:

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

STFESTZA, pyBaseObject_Type f# ] PyObject_Del.

inquiry PyTypeObject .tp_is_gc
] AR ) A2 3R [mS gks Fiv 1 R K 4T

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to
look at the object’s type’s t p_ f1ags field, and check the Py TPFLAGS HAVE_ GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and O for a non-collectible
instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

oK :
BT Bt TR IAK
LN

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.
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PyObject* PyTypeObject .tp_bases

BRI .

This is set for types created by a class statement. It should be NULL for statically defined types.
Aok :

EAFEASHIK,

PyObject* PyTypeObject . tp_mro

BT ERN Y LR T4, PASBARGITIRIF LA object MENETR, I i MEdT T .
MoK :
RAFEASPR: ERliPyType_Ready () IHREIN.

PyObject* PyTypeObject .tp_cache

HARGE o AL NERGE
Aok :
X FBASHIK.

PyObject* PyTypeObject .tp_subclasses

HIX 1280555 | AL . AXHE N RRAE T -
Mok :
A FEASHIK.

PyObject* PyTypeObject . tp_weaklist

BN, MR RISETI . AP, SERATEE
MoK :
XA FEASHIK,

destructor PyTypeObiject .tp_del

ZFEEHFH. Edftp_finalize,

unsigned int PyTypeObject .tp_version_tag

T RGN BITEGEA . DRATREE .
Aok :
P BRI

destructor PyTypeObject .tp_finalize

e NP OE IS 42 SAAPSE 4 GUE =23 WEER J G K2

void tp_finalize (PyObject *self);

WRBE T tp_finalize, MRRRRIFIERZALEE LRI E—U. R bR (R
SCBI 2 BPARERT | ) — AR ) SORTEXT BRI IR . AR RIS, B E Sl
FTREIRERS | Z BIRORT  CAB R E BT AR RAL T IEFARES

tp_finalize AN HASMEIRERDS; HIL, 95 3F AL SRAHETMEAIT:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, 1if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

(Rt
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(R —H)

VAT V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

For this field to be taken into account (even through inheritance), you must also set the
Py_TPFLAGS_HAVE_FINALIZE flags bit.

ok :

P B FR LK.

3.4 UGBTI

L%

TGN R B ZAL” (PEP 442)

The remaining fields are only defined if the feature test macro COUNT_ALLOCS is defined, and are for internal use only.
They are documented here for completeness. None of these fields are inherited by subtypes.

Py_ssize_t PyTypeObject.tp_allocs
Number of allocations.

Py_ssize_t PyTypeObject.tp_frees
Number of frees.

Py_ssize_t PyTypeObject .tp_maxalloc
Maximum simultaneously allocated objects.

PyTypeObject* PyTypeObject . tp_prev
Pointer to the previous type object with a non-zero tp_allocs field.

PyTypeObject* PyTypeObject .tp_next
Pointer to the next type object with a non-zero tp_allocs field.

FOMETFEER, AR BIR B SALHI Python w, tp_dealloc nfDAMATE Python ZARBEIH A, 1A
ROVRATRIOLA (RGN T A RURER0— 55, TR GFER DT A 2Bl T 2R LR
JIRIEIIC) « X4 Python APTIRI ISR ULAE AR, [HA tp_dealloc i Ji I /ERY AR A 42 R Réas il (GIL) .
{2, TR AN R SUHT S 7ok A C B Cr+ JERIXTSR, W24/ OB ERAETA T tp_dealloc f£kAE |
BB SRS SR 2 S BB (T T .

12.3.6 Hi:H
efege b, AE C e LR #40, W2, PyTypeobject GEHIIRTEARD i B 3 E SOl
M PyType Ready () RHIIHAL.
T2 T 5HE Python Hig U AU IR A LR 1 -
o WK HBIA DRSS aiEsL, ITARMEH 2 E4K.
o EASEAT S (EIFAREAIRSEH]) RATTAEN 4. R]FEFE Python FrRinsi& s B 41 @ 1
o ERASRAIN R RIS T A 2 LR, BB AR TR L R IR

Also, since Py TypeObject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.
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An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created

by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type_FromSpecWithBases ().

12.4 Heyxh g etk

PyNumberMethods

VR R A 4516 B 4 PR SEBUAF BN B . BRI B A s — e R R

AR R T -
GER A E AR

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;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc

inquiry nb_.
unaryfunc nb_invert;

bool;

nb_1lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

nb_matrix_multiply;
nb_inplace_matrix_multiply;

} PyNumberMethods;
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fiE):  BUH = H RS A A T BRI A, I B e (BE0H - AERE
B ir e B SE1) o QR I 4 I R R BOE SCERE, NDBUH RN = H eR £ R JE]
Py_NotImplemented, I &EA T HAMG R EATLAHRE NULL H i E— 7.

#iE): The nb_reserved field should always be NULL. It was previously called nlb_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 PyNumberMethods .nb_divmod

ternaryfunc PyNumberMethods . nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert

binaryfunc PyNumberMethods .nb_1lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMethods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods .nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods .nb_inplace_xor

binaryfunc PyNumberMethods .nb_inplace_or

12.4. Bryxt 4 ahitatk 207



The Python/C API, %:[F] 3.8.19

binaryfunc PyNumberMethods .nb_floor_divide

binaryfunc PyNumberMethods .nb_true_divide

binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods .nb_inplace_true_divide
unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods .nb_inplace_matrix_multiply

12.5 WG4k k A

PyMappingMethods
RGPS A T8 DR T S RS IS ) BB FR 5T . A =AU

lenfunc PyMappingMethods .mp_length
ZBRECR R Py Mapping Size () MPyObject_Size () i, HHAMREIRZES . MRMNREAE
SCARJRE D A 37 AT 4 A NULL

binaryfunc PyMappingMethods .mp_subscript
Z R BB #ipyobject_GetItem() HMPySequence GetSlice() i H, 3 H F 5
PyObject_GetItem () [ AY&E 4. UMY (000 A0 4 30 78 VA PyMapping Check () bR %R [n]
1, BMERPAN NULL.

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(), PyObject_SetSlice ()
and PyObject_DelSlice (). It has the same signature as PyObject_SetItem (), butvcan also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 JEFIXT R G

PySequenceMethods

AT RTA TR G TS DU S PSR e L 5

lenfunc PySequenceMethods.sq length
Wi Py Sequence_size () flpyobject_size () Frflifi], HEAHENMFEMNES . EibgiH
Tiliidsg itemMlsg ass_item HRRAEHART|S .

binaryfunc PySequenceMethods.sq_concat
B Py sSequence_Concat () FrEHH R AMEIRES . e8I nb_add MR HATEUEA N
ZIREBRXYT + 1BHA.

ssizeargfunc PySequenceMethods . sq_repeat
B pysequence _Repeat () P I RAMIFERLE4 . TESRilEE nb_multiply FEAIIETE
EMRZ FERXPINT * BHA.

ssizeargfunc PySequenceMethods.sq_item
IR gy sequence_GetTtem () I RAMERZESY . ezl mp_subscript HAAAT
IR EEZ R BB S Tryobject_GetItem (). NI MIEFLAFE Py Sequence_Check ()
BRAGR[E] 1, ANE R DAY NULL,
Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is

used to compute a positive index which is passed to sgq_item. If sq_length is NULL, the index is passed as
is to the function.
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ssizeobjargproc PySequenceMethods.sq_ass_item
WPy sequence_setTtem () Bl i BAREIMLES . TES@idmp_ass_subscript i
PLIAT A HIRIE AT PR AE L IR E R R T Pyobject_SetItem() MPyObject_Delltem (). YN
SRRSO SRR % H AN 3208 6 ] PALREE A NULL,

objobjproc PySequenceMethods .sq_contains
WHEB I BtPySequence _Contains () I BAMIFEINAES . AR DAGRES ) NULL, FERCREAL
N PySequence_Contains () R FZF5E 2 58— Vi .

binaryfunc PySequenceMethods.sq _inplace_concat
W E Py Sequence _InPlaceConcat () Bl FI3 BAMFEMAS . RSB HRE RS — D HRAE
B, R HGR . AZEE AL AT PAREE ) NULL, ZEBEHE LR PySequence_InPlaceConcat () iR
FlpySequence_Concat (). fEZilidnb_inplace_add ML HATECT I INZ 5 B iE & BT
TR EEEAT +=.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
W E i PySequence _InPlaceRepeat () Bl FIF AAMIFEMAS . RSB RE RS — D HRAE
B, R IGR I AZEE AL AT DAVRRE N NULL, ZEBERE LT PySequence_InPlaceRepeat () IR
F|PySequence_Repeat (). iR iBInb_inplace _multiply fE{ AT F IR T 5 BIL
S TR AT =

12.7 2o X S G5k A

PyBufferProcs
BEEEF RIS A 5 )22 o [ V30 Bt SR eR B R 5T o A PMSUE ST 5t 07 X G ] [ 31 % 75 % R 2%
2SN 6

getbufferproc PyBufferProcs .bf_getbuffer
AL GOESZ A R

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

QPR 2y exporter [RTESKAIHTE flags FRARE M) view. B (3) mifh, MCEREU LI AATT A S B4R

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—->0bj to NULL and
return —1.

(2) IR T B
(3) A3 ORAT- HH B T e
(4) Set view->o0b7j to exporter and increment view—>obJ.
(5) i&[H 0,
W2 exporter i X ATy 1 A SR B SR — 043, DU RT DAGE FH i i S 3 5 :

» Re-export: Each member of the tree acts as the exporting object and sets view—>ob7] to a new reference to
itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0bj will be a new
reference to the root object.

view AN B HIA S AL 24 4yt 41, ST TR SR I AR5 LA o s
B —,
B 2P y_bus fex SR UK G V92T H 7 F A0 A R4 RO SR FEAT 70 97

format, shape, strides, suboffsets fllinternal XTI K2 H N .
PyBuffer FillTnfo () ¥t — a5 fa o4y g2 o X [m] of TR A BRI T A 17 SR S AL 1 (58 7 =X
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PyObject_GetBuffer () yEf X% sk B 9% r 8z 1 .

releasebufferproc PyBuf ferProcs .bf_releasebuffer

ASER I G

void (PyObject *exporter, Py_buffer *view);

AL PR R o KGRI K . R AT BRI R YE, WPpyBufferProcs.bf _releasebuffer
AIPASH NULL, FEHAWEILR, HeRBARE SR AT A N By T 320 R -

(1) I TR T B T s
Q) WERTHEEE R 0, WIREHUITA FBCH] view 1) NAF

ST BE M internal FERAILREM X LRI, AT BOFHORER, 1MIH 2875 WAl GBI
RGP XA view ZHUEA

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release () sefI X L sR &N 2 5 rE 11 .

12.8 H2bX R 4tk

3.5 BB IA.

PyAsyncMethods
R F5 10 5528 ) S Se Blawaitable Flasynchronous iterator %742 10 BRERI TR 4T
ER R E AR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

UK B 25 4 A

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter Check () mustreturn 1 for it.
AR — X R R awaitable W] HAE 7 W] 915 h NULL,

unaryfunc PyAsyncMethods .am_aiter

ATE GRS AIR

PyObject *am_aiter (PyObject *self);

Must return an awaitable object. See __anext__ () for details.
IR — X G A S IS 25 A P ) A (57 W] 9% A NULL.

unaryfunc PyAsyncMethods .am_anext

LR B 2544

PyObject *am_anext (PyObject *self);
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Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

12.9 K27 typedef

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-zero,
the object’s ob_s1i ze field should be initialized to nitems and the length of the allocated memory block should
betp_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.

B RRBOR Y AT AT ] HoAth SE BRI AR AL A, RIS A LA A N AF A N IA T AR 24 tp_new K58
o
void (*destructor) (PyObject *)

PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-

names)
See tp_vectorcall_offset.

Arguments to vectorcallfunc are the same as for _PyObject_Vectorcall ().

3.8 UBTINA.

void (*£freefunc) (void *)
Z N tp_free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Zlltp_new,
int (*initproc) (PyObject *, PyObject *, PyObject *)
Zlltp init,
PyObject * (*reprfunc) (PyObject *)
Ztp_repr.
PyObject * (*getattrfunc) (PyObject *self, char *attr)
IR LR F R TR
int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
NMBBCESGE BRI K value ZEBON NULL R ER % 1 -
PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
A TIPOE LUK = el
Z: N tp_getattro,
int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
M RBCE A E RIERIE. FF value ZHBCH NULL R B Z R 1 -
Zltp_setattro,
PyObject * (*descrget func) (PyObject *, PyObject *, PyObject *)
See tp_descrget.
int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
%l tp_hash,
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PyObject * (*richempfunc) (PyObject *, PyObject *, int)

Z W tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
Zltp_iter,

PyObject * (*iternextfunc) (PyObject *)
Zltp_iternext,

Py_ssize_t (*1lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)

PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)

PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 fil+

N2 — 28 Python JEZ T U ] BN il . Ho AUIE AR AT RE B B Al A . A7 2R T N IR RS 1 B
0L BORBEZ RG], SLEfF R AL EAR, 7525 defining-new-types 71 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 = "My objects",

.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

VRATREIE B B A SE S BRI A (Lar i B IF ALY (3512 7E CPython AU FAEH )

static PyTypeObject MyObject_Type = {

PyVarObject_HEAD_INIT (NULL, O)

"mymod.MyObject", Vad
sizeof (MyObject), Vi
0, /*
(destructor)myobij_dealloc, /*
0, /*

tp_name */

tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset */

(Rt
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EHEE—5)
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
"My objects", /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */
0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */
bi
— ARSI SR BRG A s S 2R
typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;
static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,
.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,
.tp_alloc = PyType_GenericNew,
.tp_dealloc = (destructor)myobj_dealloc,
CFakE:)
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(R —H)

.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;
} MyStr;
static PyTypeObject MyStr_Type =
PyVarObject_HEAD_INIT (NULL, O

{
)

.tp_name = "mymod.MyStr",

.tp_basicsize = sizeof (MyStr),

.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = "my custom str",

.tp_flags = Py TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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12171 i I S R AL Y ik

Python X EFE | I HBIAG I -5 I TG 2“2 X RRBUF SRy, KRB RIS e & HE A
X5 RRAEREMRIEI AL, 808 HARER TR (s eR) WS AmEE, AFEERX
PRAERIIR DB SCHE -
HEAE DK, KRB RWep_flags F B W H AL Py _TPFLAGS _HAVE_GC I # fit —
Atp_traverse ARSI, WIRHKAW LR TN, BTRELI tp_clear .
Py_TPFLAGS_HAVE_GC

B T ARG AL B X R AT A B AR IC SR . o7 (R, T SOE XS R AR AT 4

A JE B AR 5 bR B A A S R -
1. WAl PyObject_GC_New () BPyObject GC_NewVar () FiXEeit 4 At AF .
2. WIEA T A AT RE A S A RSB | I F B S, BEXAIHH Pyobject _GC_Track () «
TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
KT Pyobject New() , EMTWE T Py_TPFLAGS_HAVE_GC RSt A 4
TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
FUT Pyobject_NewVar () , IEHTIWE T Py_TPFLAGS_HAVE_GC bR

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
NPyObject NewVar () FijrBiS G B R HE R /)N 3k [ BE R/ 5 1 of 4 87 2R I 3R ] NULL
op WhZFT i AR ITIR ISR B I
void PyObject_GC_Track (PyObject *op)
XS op IAFNBLIR IR BR BRI ZS AR AT R o PR A (IS AR PR BRI A R 5 - PR Ay el it
A RETEAEAT I T IR AT . fEtp_traverse AEIREIMIFIA T B ARG, AR T Mk £, HHTE
FENT A i R BOR R
[FIRERY, WG RERAURT A  ZA FE
L FESI B RS T BB, WA Pyobject_GC_UnTrack () .
2. WE i Pyobiect_GC_Del () BRI AT

void PyObject_GC_Del (void *op)
BEHCT S NTE, NSRG4 i Pyobject_GC New () B Pyobject_GC_NewVar () ZMEE AR
void PyObject_GC_UnTrack (void *op)
MBS REMAESNREAGT R op X R HE W AT IEX 2 EFKIH
M Pyobject_GC_Track () DAYE I ul 2] 9 8 B X S 4 . BELAR (tp_dealloc MJAH) [ 24
TEtp_traverse FARITEH AL BERRCZ WA S0 I R 4R
3.8 iR ##: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMNH C API 1554,
tp_traverse ALBIEI AN RAR REIES
int (*visitproc) (PyObject *object, void *arg)
etitp_traverse RLIRMTT M BRELIIZERL . object )RS PR EMEE T — X%, E=ATESX
T tp_traverse fLIRRY arg . Python #2021 10038 bR AL IG5 | B3R A, RN ZEH A
HATSE BT IR 3 PR AL
tp_traverse AP DA A

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T 2SR S I R B S B ZITRT self it LD S B S0 ) visie pREC, visit HITE S
P S X R AL G AL BRRE P Y arg {EL. visit BRI AT Bl NULL XA 0S80, IR visit ik il 4R
(B, DURZAREY. 24 g7 R o]
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N T fifetp_traverse AR PR SCHL, Python 42 ft T — APy vIsSIT() K. FHEMEH XA
Wep traverse IZEa4 K visit Fl arg .

void Py_VISIT (PyObject *0)

W o Ak NULL, WA visie [P1REEEL, M SE 0 Fll arg. MR visit 3R B ANHEZAE, WER [FHZE.
R ZEZ G, tp_traverse SbPRRFIIEAMT:

static int

M

my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear JEPRRFF A inquiry L, WIRXFGOAAIAZ N NULL.
int (*inquiry) (PyObject *self)
EFPHETRRG IR . AR RATRE R, BV TR TTREEE ™ AR5 . &

ERIR, XGAET TR G BA0RA R CRRENT I RN Py _DECREF () J5{k) . 2413kl
WA I 20 GAEEERT | ] Py, BTSRRI -
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API #1 ABI il A5 31

PY_VERSTON_HEX J& Python FURTA S0 HHOHR .

B4, fR"PY _ VERSION _ HEX” ¥ 2470x03040127, W] DAJE 1 4% PAN J5 2R HAR R 32 (37 By e A 4
IS EY SN

oM (K| A

| )

i

1 1-8 PY_MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 Hiffj4)

3 17-24 PY_MICRO_VERSION (3.4.1a2 Hffj1)

4 25-28 PY_RELEASE_LEVEL (0xA J2 alpha it 7R, 0xB J2& beta fiiA, 0xC &7 )i

VEMUAI H. OxF Z i ZMA), FEXMBIFHX A4 2 alpha Jii4s .

29-32 PY_RELEASE_SERIAL (3.4.1a2 12, AR AH 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
A 3207 2280 & XAE Include/patchlevel.h,
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ARTERT B

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
- AR A X
o ACH A A P AR RS TI ERIA ) Python SR 4T, (4% gidbny i, BB/ FfFZ
(B35 s, i =85%), e — &tz )E.
* Ellipsis NEHFE.
2to3 #t! Python 2.x fUA% 464 Python 3.x AAASAY T H. , WAL MRATIRAY , 3k D ARAFTA ,  AbIHZ6 I 40k i 2 1y
N e

2t03 A AEAREE Y, B4l 1ib2to3; $2HE T A0 & Tools/scripts/2to3. N 2to3-
reference ,

abstract base class -- 4 3ER G LB ABC, @Xfduck-typing [AFNTE, BEFEML T —Fp i SCHE: 0 0087
X, M2 FHAMS G E hasattr () BT AMEE MR (FlHantEH BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FRAR; #
UL abe fHSCRY . Python H 4% WE R ABC HTSLIEH454 (7F collections. abe #idkHr) |
BFE (FF numbers fEE ) L W (FF io Bitkh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

annotation -- biE KRR, KEIE. RBIESEORIMEMIRE, BEMR L2 =/ RO

SR AR R AR TIE AN U ), (HA AR SRIE MR BRI AR £ MO . RN R i
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 ] PEP 526, XJIHINEEHH NE .
argument -- S5 7RI oG 45 funciion (8imethod ) W{H. S50 RWikh:

o XA A TERBOR T PRI A FR AT (B0 name=) SUEAE N A STERTTAIA ** 17 S
ME A 2B, 3 A1 S FELATRXT complex () By M HIYJET Kt 24

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s EEAH ART RKBETFSHSEC MESHEI TSRO ERTT S AR/ S AR a4
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

complex (3, 5)
complex (* (3, 5))

S TRE LS R B o Y B R AS B . A RN 2 L, calls —5 . ARIEIEYE, ARARAER AT
FRFR—NSHG BB B E PR XTI 1 eyl A% o
F3Z Wparameter RIEFRFH , & WIAEH S 5ES X5 PEP 362,

asynchronous context manager -- 5325 |- F S PIEY AR E I E X _ aenter_ () Ml __aexit_ ()
JrERXT asyne with @A) P RFREEIATEE S, B PEP 492 5] A,

asynchronous generator -- 532522 K% 1% BB Masynchronous generator iterator IR, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 525 2 R85 5028 asynchronous generator FRELFT B EE IR 4 .
WIS & T asynchronous iterator, Y4 __anext__ () FEW B Bl — AR GOR AT 740
AR R AR BB R —A> yield Rkl
F/0 yield SR ARALIE, T (B IPARES R R ROATEE Y ry i), 4%
A R EERESHAM __anext_ () REIW TSR ZHERIKZNS, ESMNEHFOLESLEINTT. S0
PEP 492 Fi PEP 525,

asynchronous iterable -- 2B [ B 7] #£ async for i A) o g A A9 X 4. 6 J0E B W
__aiter_ () F¥ERE—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 525088 ST _ aiter_ () Ml __anext_ () HFYEMIXIE. _ _anext_ W)
R Bl —~awaitable ¥} 5. async for SACFEREIEMREIN __anext_ () LTI [a] o8 A ZE R4}
%, HINHF| K —1 StopAsyncIteration BH. H] PEP 492 5] A,

attribute -- J& M KB —AWRIME, ATRAG G5 2Rl HA TR B, WR— R o BA
— M@t a, WATLAR o.a KEIHE.

awaitable -- [ZEREN R BETE await Tl PRI S . v P coroutine B2 HA __await__ () JT¥EM
St% ., 2 PEP 492,

BDFL “Z& 5 zZE0#E” W45, B Guido van Rossum, Python )61 .

binary file -- JEHISCAE file object BENS IS F 7 2 xt %o ZdEHISCHI B FOFE A RIS (Trbt, Twb!
or 'rb+') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfl gzip.
GzipFile HJSLfH.
J1iES Wtext file TRRENEET str XL SCHXTS .

bytes-like object -- ‘i R SRz oF 140 FF Hiig 3t C-contiguous ZZpp Xt 4. XWFEFTA bytes,
bytearray fll array.array X%, PARFZ M memoryview X5, FA Gl 4E 2 fp 3k
BAREAEP R s X SRR AR . PR B SO DA Sl BB R R 5
HAC PR TR EAT AR ) A . XIS A SCR T E R AT E TN . ARG R R T
il f13E bytearray PAJ bytearray [ memoryview, HAWMEAEZR —#HIBEIRAFT A0 AE %)
% HERETENER"); XM RNE T4 bytes ALK bytes X4 memoryview.

bytecode -- ‘= {ifh Python JFAURS 2441 158%, R CPython fifREgs H1 3R Python /71 N ERALIS . 5
TR ZAFAE cpyc U, SXFESE ZRIAT[H] — SCHRT R B s e (0] DA 25 RE VRS BT 13k 77
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) o X PR S B ATEAE T R AT AL K virual machine 2t F5YEREA R Python
FEAWL ER T A —E @, A —ERELEA ] Python A 37 .

FATIGHE 24 R AT ATE dis BRI SR AR .
callback -- A1 —ANMERSHCRAE A DA DATE A S 1 54 20 e U FH 1 - iR o 4
class JHRANE P SO GBI 8 SGE L5 XA SE B TR e X
class variable -- Y& FE3EHE UWAZE R, I HAURTERMZ R FAB Y (AR TE R S8 B E0 .

coercion -- SR TE AL ST M R RS E R, — B S0 R b 4R o) — AP L. 91
W, int (3.15) ERFEVRSEGE NEEREL 3, (HAE 3+4.5 1, SEIEBA—3 (—/H2 int, —4>
J2 float) , WF A MR ZEBUA GEMTIN, TN % TypeError, UIREAT o Hil B LA S ,
7 BUL IR T ] e S 50— R ZEBY, BN S AL £1loat (3) +4.5 A2 3+4.5,

complex number -- 535 @ EHARGENY R, PR BUFEE R N — DS AR . R
e HERCEAOL (-1 PO AR) OSSR, ERAEREAT SN 1, TSN J. Python NI TR
By sofy, RN TREARC 20 g —A 5 52, Bl 3+15. WIPRTEE math BEH AT HX)
WARBURA, #HH cmath, RERMEARE — DB RAECARE. NRIREBOERA L, ZIEE
LT A AL

context manager -- |- F3CAHIAY & with AP, ldE L __enter () Fl_exit_ () FVRE
HIAFDRASIIA S . 20 PEP 343,

context variable -- |- F 30 & —FR$E B @AY BT SO ARA R R ER S & . X R TAEL AL R AR A
filf P AR NPT AR AT AR R R A Bl . A, X B R SUERSRUL, — M TER TR A £
A BT BT SO ER) FR AR RN KRS AR I TIBES. 2 contextvars,

contiguous -- JEZ; — GRS C & 825 Fortran & Sl X POA R ELERY . F4EZ rh 2 C Il Fortran %
i E—AEET, FrA A% B B AHE AR I SRS , SR B IR BN R G T . 752
% CHEZBA R, 4k NAFHIIEHES I f5e e — DR 5 U5 R0 4% H NP B fe b . {HJ2 A Fortran TS24
R ARG B R

coroutine -- P PifeE T HIRER)E BB, T IR AT DATERE — b AGFAE DS — RGB . PR AT DAEVF
ZARP R EVEA L BHAWKE . EfTEd asyne def iHHREH. 2L PEP 492,

coroutine function -- BpRLFREL IR [0l —Scoroutine ST R RE . THMEREEd asyne def iBASEE X, FF
A HEfL S await, async for fll async with e, X2 d PEP 492 5] A1

CPython Python ZifiFi 5 W MIESLEL, 7 python.org b A, "CPython” — il Jij T LA EEIRFHF ML L BL-5 HoAh
SEELGI AN Jython B IronPython A X 51

decorator -- 3N IR EME N 5 — D eRE R AL, HE T ewrapper EATEA ORI TRECE . SiligRn
LT AdE classmethod () Ml staticmethod ().

AR IR, DU AR B0 ST S R Se 55

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

FFEROAE S S 28, (HlER XM . A XIS TR TS 0L sREE SO 2858 SURYSCRY
descriptor -- §liik#s (TEX T _get_ (), _set_ () Bl __delete_ () H¥EMMNE. B—PLEMHE
HHERZRES, BRI T S B A R L . EEE T, a.b RARE. R E SR
— BT STE a R FHAERATN b BIXTE, BAR b — R, WS X R b 4%
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Tiike BEARA SSRGS 2 IR AR Python (1Y ¢ 68, XN 2 1 2 B BEARIE I BLA , (04 B2
Jriks JEtE. ROk BESOTIRLA BRI G AR

B KA ERIFEE 7T 2 descriptors.

dictionary -- “ylL — /N CHRE L, Ho AT S A AR L S 2 AH Y B (E . BRI DL AR HA __hash__ ()
__eq__ () HERINIS .. I Perl &5 RN hash,

dictionary comprehension -- “y il S 4B — D] A AN G P BT A B A JU R IR AR [ 45 R ML —
BEEY:, results = {n: n ** 2 for n in range(10) } AW — 1 HE n F{HEn ** 2 BYBL
B R 7 . 2 I, comprehensions

dictionary view -- ‘FHLELE M dict.keys (), dict.values () fil dict.items () IR [ ITERBEIR N F
HWAE . ENRETFHAHN—DISHE, XEWE Y PSSR, HEESHHN AR BT
SR SR o EUE RS, AT 1ist (dictview) . £ dict-views.

docstring -- SRS FRFH (N3 AR ISR — 2R B FAF s P . eI RITIN &
P, BRI R B TTEZE . sRAEHER __doc_ @M. T e HTIUENE,
PRI SR Xt SR A TR SRS A RO

duck-typing -- 1878 F5—FhgRfRE XA, EIFAKEE RIS RE R e 2w A EfmED, med
BRSO o EsUErE (CRERGN T, nEREGEN T, BatEmen T . ) hTimiEE
FHAER e 288, it RIS vl i e 2 SRR T R G ME . 19 T2 BLE G type () B
isinstance () Kpill. ((HZEEEN B0 DAMH 46 28 % fENRh e, ) AR R hasattr ()
K e 2 EAFP 4Rf

EAFP R HORVFIT A D) IS0 4i5 . X Python 5 J AU 2 5 RS 2 85 T 75 1) B sl S AP AE
HAEBE B BRI R A o XA it PO AR IR @ KiRIs ] try Al except T4, T HAIN Y
MR FTELBYL W%, #ILT C SRR HAhiE = .

expression -- Lk W DK FAMEMTEEFIC. Haihyl, — DRk FE RO, 45K,
JEPEDT I IEFATER BRI BIL A, ENHEEEH SR —ME. SUZHAMET AR, HIEAES
tPER R FIAA . IBAFAEA RO ERIB S W statement , Bl while. WA E T MM AEREA.

extension module -- §JE it DA C 5 C++ RE UL, (i Python [¥) C API R 515 F 1.0 DAL H P AU

N

T H.

f-string -- f-F 4P A £ 80 F ' BIARR TR P I EDE RPN AR B AR AT R I ERY
5. 2, PEP 498,

file object -- SCPFXTGR X AN AL [ S APT AR N E R IRAIXISR (A read () B write () JEFERYIS
R) o MUEHAIE T B R, SCPFRTR AT AL BN BLSCRER SO, XA AUEAE, BOR Xl IR
WU (BlanbRiEs A i . NAFZnh X, BRI ) . SUFR Gy ST &3 28R,

S AT =R SCIERT G Il =22t ] SURE, Geirh =206 ST DARZSUA ST . AT 101 58 L3
1E Lo Bk, QUESCIEXTRMIE T XM open () BR%L.

file-like object -- SCPEXIM 4 file object W [R] i,
finder -- 4Ry —Fh S22l A g S ARILH loader FIXTS

M Python 3.3 BRAFAE PR M R B E k4% Tk 12 £ 48 %5 By sys.meta_path i, PAKpath entry
finders fit £y sys .path_hooks ffiff].

L2 ] 2 0L PEP 302, PEP 420 £l PEP 451,

floor division -- [n] F VBRI 7] T 8 A B B BB B B . el T U R AR IB BT 2 // . BN,
FxX 11 /7 AWMTEGRE 2, MSZMERFEBELERERE 2.75 . #E (-11) //
4 R[] -3 PRk -2.75 @ T AGRIMEE S, Il PEP 238,

function -- B4 AT DA 20 [l B AME R —2HiEA) . 3R] DA HAZ A S ZAN S 3 HAE R BRI T
W . 55 Wparameter, method F function ZE4Y,
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function annotation -- FREChRTE EIEF 2R B 2 80 MIE ) annotation
PREVREEIE 7 TR 242+ BIanDA R BRI Z A int SEOF R E-—4 int {4:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

PRI HETEVA R PEAR I function —7
12 F variable annotation F1 PEP 484 X} I REFIHEIA .
_future__ —FhPhIEHe, IR 53 TR E 45 24 i AR RS N A2 BRI o e

i?.(iﬂ}er/\ _ future_ BIIFXTHE A EAR EORE, AR DA B AT i O AGE 7 PA ST BN
ZRIA:

>>> import __ future_
>>> _ future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- K YNl RO FEA A B 7725 BB Id A2 . Python S i ad 5 | VT AIOM— A~ BEAS A6
%D?T@‘Zﬂﬁﬂ‘%'lﬁ%E’Jﬁﬁﬂnﬂﬁlﬂﬁl%ﬁﬂéﬂhﬁiﬂ;&ﬁlqﬁlﬂﬁ AT DAE ] go AR R4 i 135 ] it -

generator -- 2L )& R[5 —generator iterator [ RREL. BB ARG R AL, Klﬂﬁﬁ?ﬁ@@ yield ¥
R PAE A — R YIE LS for-IEERI B next ( ?éﬂzéﬁ_ﬂ%

RTINS R, (BRSO T TR £ AR B ik ﬂu%ﬁﬁ%{ FEFGRELIART S,
I EFRVARE S S

generator iterator -- LR85 %ACES generator REUTTRIZRINT A .
l/l\ yield &IGAFEHEARE, CEL M EPITIRES (OFFREFA BN wy 54]) . 4% £ &
Bk REWER, EEMNBEIFOLEREEIAT (X5 FH A MBI U6 043558 R A2 AR K

generator expression -- 4 g5 LA Ik o] — PR A AR H)FRIL b%ﬁ.%@f?%xﬁ%ﬂjﬁf:ﬁﬂ?ﬁmXT
— AR JUEM for ), PAR—WER 1 A, AREGRBR S WINZREUE—
HE:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function -- jZ RIeR B A [ )2 280 S B ) S0 1) 224 e BSOS LAY R R 3R D I 2 Pl IR EE SRR
SR 5 %% o RS B

FiE S Wsingle dispatch RiEF4<H . functools.singledispatch () H/figs A K& PEP 443,
GIL Z: W global interpreter lock

global interpreter lock -- 2 Jsyff BEZT T CPython fEREAR PRI —FhBLE], B Rl DR ) — I 20 A — 2R
AT Python byrecode, WALHIE T BCEX G (f4F dict SFHENERM) I L5 FEA 2%
4=fijAk 7 CPython SCB. 43RS ARREAS I BI (15 AR Rl 2 A AT S (8, AR Rk T e 2 AL
s ERHATIE.
A, HELEARE B =07 R RS R T A SRAT T SR S AT 55 A s 45 s A IR GIL
BEAh, FEAT VO #AEHB 2 SR GIL.

A —A~ (U\Efkéﬂihfhﬂé%ﬁﬂi RN ) “QEH%*M TRREAR IS5 T AR IRAG TS, R A 2 4k
TEAH B AL PRAS I OL T P RE « PAE v R AP 8 a8 1 iR S B AR IS B A J% AT B X DAZE
P,

hash-based pyc -- 3§ T-Wy A58 pye 5 X R I8 SO A G (BT 3 B J5 48 50 st TR) DA ff 2 HoAg e 2 i 2 A
XA, 2, pyc-invalidation.
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hashable -- WUy — > %F 500 M 7 (8 Q0 SR AE LA ey LI N6 R e s, SRl Tob A (BEFREAEA
__hash__ () k), IAIPAR HAb X Rt AT e (BEFEEA _eq () FIE) . WBHEN G0
TEA MBI A E L &5 R A & A .

TG A PSR SRR P SR AR B A BT, PR DAk S B 8 A PR S8 s A fEL

KZ% Python HH R AT AE N EXT QA2 Al WA A i) WSS (Blang) Rel ) AT A; ARl
iy (BITCA frozenset) (M ENIRYTCR I RIS A A R AT A . )@ SRS B R 3
WA AT ENTERE R —2E A ME (B S B HE) . e LB T e
id ().

IDLE Pytlﬁn # IDE, “GEIF A S5 IEE” W CHEE . & Python FRifE A4 T FFHF ) S A S dE e A1 AR
R

immutable -- AR[AEXF G BAT FE RN G AR RUFEECT . FATHRAICAL KRR GBI
Ao QERIDIAFAE— DA RE, WA BIEEIRTR . EAERR S B A R R AR,
BN UL

import path -- A HEZAMMIE (Bk2450) A3, SPEEIpath based finder I KA FA
Hbr. fESAR, HAETFREFKE sys.path, HEIFRFA UGB ATRER H RN __path__
JEME.

importing -- $ A &ML 1) Python fRADRE A ) — MEER H ) Python 45 Bir{f F i 72 .
importer -- Ay BRI IEBIINTS; WAL BEE T finder XJg&T loader

interactive -- 28 . Python i 7 — X2 H A EREAS , BIMR AT DAEMERES s A7 et A TR A ALk s, 7 EITA
IR AR . AR AT SEMRS) python iy (HLAT ATEVRIVI ST ALIT 4635 B rpg R A 7 3 5
) o FERH AR SR I B HR AN A I X AR KSR (LR help (x) ).

interpreted -- fiFE%Y Python — @ MEREALUE T, SZAXH@amIFMIES, RAPIHAX ST 717 54
AR HIATE I AT IR o X R PR SO T DA L AT T AN A6 S X B T AT SO s AT R
RTE T R R H g R A AT KRR, R AR RIS TR R . & Winteractive,

interpreter shutdown -- fRFEZS JGPH A 2R Al Python MEREGHRFUEA —INMFIRIZ T BOT 22 BT
HEDECTE, FIABTEHRANS Fh N TS . BRI EDI & . Xl A e S
e B 55 5 | [l 8 R AR S0AT o FE R PR B AT (R AR W B B B A b iy, R L sy B UL
EAFARC (LB 0T R s L 45 ) -

FEREAS S 2R P R A __main_ AEHEITIE T IAS C 58 MR T -

iterable -- W[ RAURF R AEDS 72— 1% [n] FLA A T AY XS 5o RO SR B 104 e A e 21 26 2 (Bl 1ist,
str fil tuple) PAKFLLIEFHRAIGIN dict, T Z AKENLT __iter_ () FESUZELIM T 5
7 ) __getitem () JIRMIER A E LM G

AR LT T for TRIRRA R 2 HAWRR AP HNHTT (zip () map () ...)o J—PH[EAR
MGANERSEAEH N ERE iter () B, BE&RENZMEEEREE. XAEAIEH TEEEGH—
W o AR BT R, REFEAFER iter () B HOAHERET SR . for iIBMEN
A B AL AR SE A, B — IR A R iy 24 78 i R TEDR I () ORAFE R BS . S Witerator . sequence
PA S generator,

iterator - BARUZF JRFIR —EALIRRAIXI S . ERMMIBEAAH _next__ O ik (B HESNE
PBREL next ()) FFBAIREIRH I, 248 KT R A5 % stopIteration S, FIX Mk
REFZ BT RER, HEHHE __next_ () HEHSFHKEIK StopIteration F#. %
RALURA __iter () JIIEARREIZENAX G H &, NIHEA e @ n AR, g
AT HAREAR GOE KA. — N RFEWBIINEILE S R EL VT AR RS, A
X5 (B List) FEARBERINHAAA iter O BEEURTE for EFF T EERS A — ik
e WERAE BN DL F AR 10 2 AUAR I 2 2R 017 2 BiA AU AR e R ] — A U 4, (A
BRI R

W25 B £ typeiter,
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key function -- St pR% FH bR KO FRRE B RR 0, 2 REAS IR [l ] T HE P B HF LB E R AT X Bl Locale.
strxfrm () T4 AFEREE I HE T 29 %€ 1 HER 1 .

Python A7 ¥ 2 T A 7o VF Y B ek HIOR 5 il JC R 9 HEAL 820 4107 30 Hd 48 min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA KX
itertools.groupby ().

FO AR 2R . B, str.lower () HYET DARVEZM K/ INEHEFE B H 4N,
B lambda FIAAAIHE, B0 lambda r: (r[0], rl[2]). A operator il
BT AR AT Y . attrgetter (). itemgetter () flmethodcaller (). iHAF WMHEF
— T DASRIRR A 6 o K0 75 9

keyword argument -- o8t 8 £ Wargument,
lambda H—A> i lexpression 14 BUP) B2 IR R L, FRIBNSAET R BT BORIE. B4 lambda 5L H)VE N

lambda [parameters]: expression

LBYL “SE&FGHR" WX E .. XU g 5 KAS SAE TR ) slcAr 2 i e S A pi g 2 .
WA G EAFP 55 Ot e, HRp R R 4 £ 154)
L LAY, LBYL FRSSE “&F” Ml “BRIR” Z R R4 05ad A . filan, PARARS if
key in mapping: return mappinglkey] A REH TIEREEAEZ 5 HAMLREIN mapping FHF5FR
T key T Hi 55 o XA ) AT JE I N B s 6 ) EAFP 5 2R bk o

list Python & H)—Hsequence, BIRA NF)R, (HERLIT HAWE S P8 m A%, FATiHITR
I ]S A4 2 Ry O(1).

list comprehension -- 5| 4b H— 4> 7 51 v i e G 8RR 4 0 R Ik B 45 2R 5 R — PP R B A
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] BHEK—0
B 255 o A B oS FERREOS W AR (0x.) SR Hih if AR EER, Q2R A w
range (256) WA TCERA AT,

loader -- JIERZS (1 TTMEBIIR G . BAABUE L 4K 1load_module () Wik, INEEREE H—Afinder
RME . S0 PEP 302, X}Tabstract base class B2 I, importlib.abc.Loader,

magic method -- B Jjid: special method W)AEIE 2[R XA

mapping -- WS —FSCRHE R AR S T Mapping B MutableMapping flI5 B2 i Al e 7 A B 25
28015, W2 H T HE dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder -- JLPEFETEREY sys.meta_path W ZRITIR B finder, TCEEARE LS S path entry finders
AFAE F A A AH A

{E#H importlib.abc.MetaPathFinder [ fICIE IR AT sC LA Y.

metaclass -- JLJ& — M TRIERMAE. Fg LEERY . BPWMERYR, TTRATEZ LIR=A245
FRUEA RS . R DN R B e s 5 A AR N ERIASE I . Python B4R 52 ATE TR AR
BHEXITE. K FOKIEA TR EXA T A, B FRE B, Jee nl Rk sm A e e r ik 7y
Z. ENCHA TICREEDIN H & ARt IR a8 SCH g, AR 2415 .
L% 52 I metaclasses

method -- Jj ik TEFENTE CHYRRE. RV AIZ IR LR — BRI TR SR BCEE B SAE A
HEE—A~argument GRE 44 M self). 50 function fnested scope.

method resolution order -- Ji iR 32 AT I 2 0 A3k A D4 I8 2R TP FL 2 By I R S e I o 1
B Python 2.3 J5 ATy TR H 2.3 BGE Python TS AT FAH 2 BIEATTER -

module X452 Python U —FPHZUR . AL a4 25 18], P S{E 7K Python X4, ik
W] @ i importing BEAERE 7% 2] Python H .

5 Wpackage.
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module spec -- BiJ R — A~y 2 S ), Hd & H T s B g8 X 3 AF E. & importlib.
machinery.ModuleSpec [SZH.

MRO % lLmethod resolution order
mutable -- WEXF G FIAENRATDATERL id () PRFRREERTEL T BUEHBE. 535S Wimmutable

named tuple -- H#5c4l Rif “HAud” o] {HHAEM 4R 5o, BB RS | TER e 4R E
Pt R AR B s . AR AL sl A W] BB A LA
FHLepyE R )R T HACH, U4 time. localtime () fll os.stat () WREMH. 55— 0+

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

e FL A TR Y B (B B BIT ). At , B4 TR nl il R e U tuple QR I E L
PFRFEBR AR AR . XM AT LS, siE i L) %l collections . namedtuple ()
Bl Je—For IR S T4 5k B H 4 TCAL IR A

namespace -- iy 445 M) 44 25 B @ AF S S . s 250 Rk, ERMNER, a3 2P e
AN (FEHEZWN) . 2SR a4 vh 28k SCRpsiib . BN, %t builtins.open 5
os.open () @4 H 1 25 AR IK 4. fir 44 25 1) 0 38 1o HH i A B S BRIRAS R BEOR 35 Bl B
"R 4E . AN, random.seed () B{ itertools.islice () XFEEIAR T iX R EE
B random 5 itertools - HISEEL .

namespace package -- iy 42544 PEP 420 75| A—f 9k AE TR Mpackage, fin 24 25 [0 A0 DAY
AL FoRY), Had I Sregular package N[R), PEREANEA __init__.py X,

FHAIZ Wmodule ,

nested scope -- ik E IR 7E— D SGER NG HASEIRES . BN, TE75— A%z e L sRET PAG | H
HIE B . R E RO S5 AR X o . A B S R T N2 1E
M. R, &R ENESWERT2RMmA 250, @i nonlocal KEFN] T AINZEH
i

new-style class -- X X1 H 5i O8N T A X2 2B AR IHFRIE 785581 Python kitAs v, HG =X
JEREAL T Python By s RIFRFE, BN __slots_ | fliibfF. FHEJEME. __getattribute_ ().

object -- Xt R ALATHARES (BMSE) PAKTUE XATH () HEdE. object 2T new-style class [
RUZEHFESH .

PP AR s L & LY Python module, MFEAR L, W& __path_ JEI:AY Python
[iz85 8

Y5 % Wregular package Flnamespace package.
parameter — J§5 funciion (sKJ79%) 5 LA LK, B S BARAT DABE 10— arqument (A 500
WE, 2M%%). HFHAES:

* positional-or-keyword : (TE BT, HEE— W DAL H S A R AR DA 50 5T A2 %
AWES . FREOARES LR, BN foo HI bar:

def func(foo, bar=None): ...

* positional-only: {LFROIE, & —H BB EL ARWS . (WRAETE 2w i 7 R BUE X
WIESHNEFEMNZ G A / FRRE S, IR posonlyl I posonly2:
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def func(posonlyl, posonly2, /, positional_or_keyword): ...

o keyword-only: {{FRKHET:, F5&E A HABH LT KBEFAE A SE. AR 5 FIE S 0] 7 R
E LB S YR & BA AR B IS B ETE 2N AN S TS 2 ii— * ke X, By
TATHY kw_onlyl F1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: TZERIE, F5E P DASRBE R — MEBEEE I LB SEH R T (MOIE AR 2
CEZMMESHZIG) . EMESEETEES ARG « e 3, BT H args:

’def func (*args, **kwargs): ... ‘

* var-keyword: TIAESHET, A5 A DMRGUE AR R8T SA (FEIMTEHALE 2 0 2 i X i
TSHZIE). RMESAEETETESAPRETMEA ** e L, BIA LR kwargs.

FES I VAR 45 E AT it B4, B R] AS Ll e S A0 i BRI -

B2 Wargument RiGFELH .. ZEEESHX HFRYE ILAE, inspect .Parameter 35, function —
T PA S PEP 362,

path entry -- Y42 A 0 import path W — NN E, SWipath based finder B IHRTE S AR,

path entry finder -- J%12 A D2 (£ —R[R X %4 sys.path_hooks (Bipath entry hook) & [8] ) finder
ARG g iE i path entry S 78 (iR
55 H importlib.abc.PathEntryFinder DA TRESARA DA Has IrsC B &1 12

path entry hook -- B#EA HEg¥ —FPRf R FHXTSE, FEHTE WM & 4R KR 2 path entry BRI DL T Reds (8
H sys.path_hook 3Rk [El— path entry finder,

path based finder -- J& TP MR R ES ERAM—Fp Uik 12 &3R8 %, AIHE—"import path A FRAR S,

path-like object -- BRERRA R L E— DRGNS . BN Z T AR — DR IBRN str B
bytes X%, [ PA— LI T os.PathLike MM S . —A3ZHF os.PathLike MHUAIXI S
i@ A os. £spath () REFEH N str B bytes BRI RAEHIE; os.fsdecode () Fl
os.fsencode () WHHIHEIRRAS str 8 bytes KRAMLER . L5 2 H PEP 519 5| A9,

PEP “Python #5021 WIS . —A> PEP g3t 3RS, Fl ki) Python #1 XARAHE B, SifiiiA
—™ Python [ F78R: K HdE ol 3R5% . PEP I 244 RS 1 B2 AR BUAE AN T B SR 1 R HE D A
PEP [ 9 /E J 2 H B . AR A OGRS 5t DA S A 625N Python (13 110 R 90 5
SR E AL . PEP BMEE A TTAAEAL X NEBE S I, IR R 2 AIE A SO
%, PEP 1,

portion -- #85y AR — iy &4 SR A H SR A SRS (W RTREAFRCT —A> zip SCPFI) , FLpsE UL
PEP 420,

positional argument -- i & %5 2 Wargument.

provisional API -- ¥{5¢ APT ¥ 7E APL 2 4580A R HERRTE R E FE 1 i) J5 A NECRIEZ Sh I B e 1. &
RIEE B A S FAERUL, EREHGARMC N, wln] BETER DI A8 A D2 R oL
THAT RGN (HEUFEBRZED) . WA ESOE R BEIET - (UE APL#IAZ |
R TR B B IR R o 0 A B A ] RE X A
B2 A2 E APLRUL, [l 5 NARA Yt PN I G BRT Jy 587 —— AT 150 R A DA
SRS B —Fh ) S A R R T 5
X APAE B AR SR VR E PR RSN BT E , A 2 T MR KPR SRIE BT IN . 115 L PEP 411,

provisional package -- 8194 5 Wl provisional API ,

227


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0519
https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411

The Python/C API, %:[F] 3.8.19

Python 3000 Python 3.x %A Lk AUWERR (X144 FHERAS 3 i) KA b R TTIN A I B L T )« A
YN “Py3k”.
Pythonic $55—~ B al— B AU S %5806 T Python 15 5 i RO XS IR S, AN J& 68 ) At o 5 v i )

AR &R SCBUARS . Bildn, Python i I XUAR 2 (1] £or BRI BRI T — Al UM R H Y BT T
o W2 MG FBAXRREH, HIARZAZE Python A I SO ] — M T4

for i in range(len(food)):
print (food[i])

T FE Y B 157 5 B Pythonic (77 34 k& X FER:

for piece in food:
print (piece)

qualified name -- ROE#FR —DUARUS 2 EIIAFR, R BB 42 Rt A b SRS 2E L B
BEOTER) BT, MHRE I PEP 3155, X T is B RECRIE, REA RS R4 TR—E

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname___
o
>>> C.D._ _gualname_
'Cc.D'
>>> C.D.meth._ gualname_
'C.D.meth'

DT HIABSRES, T T & AR BRI DL S R A i A, S TR AL
A, il email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count -- 5[50 AP E X R H5 1 HRIBCE . 24— DX RE51 T BN, BB oort
e 51HTTHECHT Python AR U@ # 2 AT WA, (H'E R CPython LI — K HEICE . sys FRELUE X
T—A~ getrefcount () pREL, FEH G AT E R B4R EX L5 T4

regular package -- M LFH B package, B ER—A _init__ .py XMW H%.
%% Wnamespace package

_slots__ —FhEAER P ERAG AT, A T 0 7 I S M S S T RS B S ) P LR T N . BRI R
RFAT, EEEHITFEATEARY, i REEEDEEN TR, IR N Y, If
HH A A RS

sequence —Fhiterable, B FiET _ getitem () $RERF VARG BRI EMMICR VI, IFE
XT—AREFHKER _ len_ () k. WERTFHZEAAE 1ist, str. tuple fllbytes., HE
B dict ¥ F _ getitem () il _len_ (), HEHIANNETHSHARTES], FAEAERE
(i AT B i immutable S AEFEEL .

collections.abc.Sequence IR E X ENT - ITMEFXEFEWED, BIE __getitem_ () Fi
_len_ () ZANNIINT count (), index (), _ contains__ () fll __reversed_ (). SEH L
PR OB DA register () SRV

set comprehension - 5/l LA /T 2 A5 FP 1 FFAT 5 M43 TG 20945 1 5 A A1 — B B UK
results = {c for c in 'abracadabra' if c not in 'abc'} BAENFFEES (',
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'd'}. 20l comprehensions.
single dispatch -- Y53k —Ffigeneric function 53R, HELHZET A SEIIRBORIERN .

slice -- Y) )y W RS TR Esequence B—34 B 5. YR & @0 FARPRICREIE), 1E [1 H4AH
JINPAE ST, flil variable_name[1:3:5]. HHES (FFR) ARictENERMH slice X
%.

special method -- }§5% Jj ik —Fi Python [ ik, RIS FER A THE E BAE T IARINGF 45 . X
MR TR RRHBUT 2o FEIRTTIAR SCHZ: WL, specialnames .

statement -- {54y 150 R (— MRS CH) AL, — KB R PAUE —Dexpression SEANTA
FKHEFRILEM , B 1E, while B for.,

text encoding -- SCA GRS A T Unicode P47 P 25 i 737 HR A 2 35 -

text file -- UK U —MBERS TS str XR I file object . 38R — AN SCASCASE B2 15 7] — A T8I 1) 719 114 54
I H b iext encoding . SCARSAFRI B FALFEASCAK ("o 3w ) FTIFRISCHF. sys.stdin,

sys.stdout DA io.StringIO LM,
S Ebinary file T RREVS S F 7 23t 2 ST A

triple-quoted string -- 5 "5 4F il B REAW = MELSXG]S (V) MFHRGS (C) BWTEH. ENTEDRE
ESERSM A5 SRR TR A AR, B2 ZMAL. ENAVHRETATH NS AR
SR SRS SAING S, IF BT ARSI AT Jowh (] AT, TE S SORY 74 e IR I 4 1

type 57k iE— Python X148 TAH AR AFAKTREREA —FZEA, BANEXT R, AR E
M __class__ J@ltk, gidifisd type (obj) KIRHL.

type alias -- JRMUHH, — NI [E SR, B FURIEIRAURIE A5 E PR RAT
KRBV R i f 2 2002 Ao fon:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:

pass

AT AR i Al

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

Z I, typing Fl PEP 484, A Xf I BRI ELEHIA .

type hint -- RBEfR annotarion F78 5 ZEJEME. BRETE S B0R WA € B ZE AL,
FAUEfRJE TRl 3%E0i, Python ANERIRAL, (HIH AT XIERSIB A THEIER , Jf 0l ) IDE S
ke HE .
AR B R B KRB AT DA typing.get_type_hints () RN, (HRHASEMN
AH DA
Z: I, typing Fl PEP 484, gl tb T Re I EAIHEE o

universal newlines - AT — SR sk, DL AR B B FF45O R Unix 9775
WAE "\n', Windows [NZE "\r\n"' PAZIHAR Macintosh [JZ5E '"\r', Z 0, PEP 278 fil PEP 3116
Ml bytes.splitlines () TEEZ HEVL.
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variable annotation -- 28 5k XS BB 2SR M annotation.,

AERREAS RSB IR, n] et oy (A

class C:
field: 'annotation'

AR EAREE TN AE R 2 e 0 BINDA T AR B2 int RAUM(E:

count: int = 0

A RERETRYA I PEZE R I annassign —7 .
&% function annotation, PEP 484 F1 PEP 526, H.isf lbZh GG FE4NHHIAR .

virtual environment -- JEfIIAEE —FP R FH MEX R B 2 TH 3RS, FoiF Python FH PRI, FH R P A & 2E Fl
Ft4 Python 43 K ABI A ST E [ — R4 _izd i) HAh Python W HEEFAIFTH
W&, venv,

virtual machine -- Sl — & 56 438 2 B2 LR T B AL, Python FE UAL W] $0AT 52 17 L 4 35 4% T 2B K
i) bytecode.

Zen of Python - Python 2B 31t Python PSS9, A ) TS0 50 Rk iF 5. 46 SLEL Y
FER TR T A mport this”.
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APPENDIX B

772 3 LE(EIRH S

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

B
* Fred L. Drake, Jr., J5lf Python SC{ TR AR M RIEE DA R — K EIAHI1ER .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx 4¢f) Alternative Python Reference w1-#] H IS 2 00 5 .

B.1 Python {1 ok 411

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

JRE: S B4 A

C.1 ZEk IRy

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#]BA%% F| Digital Creations (¥} & Zope Corporation; [, https://www.zope.org/). 2001 4£, Python #x{4:
H 42y (PSF, I https://www.python.org/psf/) 57, X &A% A4 Python AH S AT AU A1 @ iy 75
221, Zope Corporation FI{E & PSF [ B i i1 .

JI A7 ) Python BAEZITRR) (A KIFURHYE L2 https://opensource.org/ ). P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

KARA | IEA Efy Nk GPL %
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF 7=
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %% | PSF =N

ffilE): GPL 345 H A ERF Python {£ GPL R k7. 5 GPL [, Jiif Python ¥ niEAR AL 43 B A UG

W
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

PR ZAE Guido $55 F TAERSMNTEIEE , MG LE 2 A8 vl fE .

C.2 RN LAILAl T ALEH Python )5k M1

Python H {1 SCRS B 7 P MR PSF 45T 32 7095

M Python 3.8.6 JF4f, SCRE A AYZASBI . AEHE- AU A TR R TR & PSF VR ] PRSURI SR 45 2 BSD +F T HXE
VAT

HLe 4057 Python WY EE T AR R PF AT o SX BEVFR] & SH1 1 AT 2 R ARG — [ i . A 565k ey
AR SE RS RAE S I Tk 0y 78T 55 3.

C.2.1 JiI T PYTHON 3.8.19 (tj PSF ¥ bipix

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.8.19 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.19 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.8.19 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.19 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.8.19.

4. PSF is making Python 3.8.19 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 3.8.19 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.19
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.19, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.8.19, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 JJ] F PYTHON 2.0 /¥ BEOPEN.COM -n] FlpiX

BEOPEN PYTHON FFE A M5 1R

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#EHE—1)
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 I PYTHON 1.6.1 1¥j CNRI ¥ n] {piX

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 J}] - PYTHON 0.9.0 £ 1.2 /j CWI ¥ n[ B

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.19 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 WeoRER TR VTl S50 i
At Python A THUIACAYH =y Bl VAT RIS L, i MR A S FLRIE A K Y

C.3.1 Mersenne Twister

_random A E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 £y

socket #HH ] getaddrinfo () Ml getnameinfo () REL, XLEpRELTFEIDAE WIDE i H (http:/www.
wide.ad.jp/) Y EAMIE SCHEH

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 & IS

asynchat fil asyncore BHALE DA R EEHA:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Piritads

trace HHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode % UUdecode k%

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML el F i

xmlrpc.client fEHVELEPARAR:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll fHELE DA EH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select T kqueue [FIHZ AL AR A= HH:

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

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 Marek Majkowski’ Xif Dan Bernstein f] SipHash24 BYERYSEIL . BALS DU RS HA:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #i1 dtoa

Python/dtoa.c CHRE T CiE =1 dtoa Hl strtod pEEL, FIT-¥F C B S A0S BB A 45 R EF 745,
David M. Gay FJ[6] 44 SCIHIRAE T 2, Z 3042451 ] M http://www.netlib.org/fp/ T2k . 2009 4F 3 H 16 HAE R F|
) S ST 15 AT BOBCRAAF 7T I

/****************************************************************

*

The author of this software is David M. Gay.

E I

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.

* % % ok %

*

*

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.

*

***************************************************************/
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C.3.12 OpenSSL

WERBAE RG], W hashlib, posix, ssl, crypt BLER{{Ji] OpenSSL e mithfi. Boh, @M T
Python [f] Windows Fl Mac OS X %32 /7 ] fiE t4f OpenSSL (%45 D, BT DAYE ILALBF1 i T OpenSSL #41]
R 5 DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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b R T S S N N

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

ERE I I S T S S S SN S N S N S e S N S N N S N S I R T S N N R .

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1.

Redistributions of source code must retain the copyright

notice, this list of conditions and the following disclaimer.
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.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

(Rt
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

L R I SR S I S N S N

/

C.3.13 expat

FRAEME ] ——with-system-expat BLE THIE, &N pyexpat §7 AR E HALF expat YR 1HE DI F 21

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

246 Appendix C. &y Bl fZHE



The Python/C API, %[F] 3.8.19

C.3.14 libffi

FRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DM E):

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

R ARG EAREIRY 21ib AR IHT ek A, W 55 2lib PG 8 DR 2 1ib 37 J%:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i M A M S IR AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

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

KedE#i ] ——with-system—libmpdec BRE T, G0N _decimal FiHERE 07 libmpdec JFE )% DI
.

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N MR £1t

test £ (lib/test/xmltestdata/c14n-20/) 1 f{) C14N2.0 iR 2= {4 2k P+ W3C W 3§ https://www.w3.org/TR/
xml-c14n2-testcases/ , FAR$E BSD ¥F0[IE (=432M) %K47:

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 fol-
lowing 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 PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) 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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JRREE

Python i 46 S/

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 55— HEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives {5 i —4JJ#EF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum 45 & —4J#EF)

SRR R A G 2 R At
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R Bk
..., 219
2to03,219
>>> 219
__all__ (package variable), 40
__dict__ (module attribute), 117
__doc__ (module attribute), 117
_ file_  (module attribute), 117, 118
_ future_ ,223
__import_

[z e, 40
_ loader__ (module attribute), 117
__main___

R4, 11, 138, 147
__name___ (module attribute), 117, 118
__package__ (module attribute), 117
_ slots_ ,228
_frozen (C R #), 42
_inittab (C & #), 43
_Py_c_diff (C &HX), 82
_Py_c_neg (C %#X), 82
_Py_c_pow (C X)), 83
_Py_c_prod (C &R), 82
_Py_c_quot (C & R), 82
_Py_c_sum(C #X), 82
_Py_InitializeMain (C %3R), 167
_Py_NoneStruct (C &%), 178

_Py_TPFLAGS_HAVE_VECTORCALL ([Eli % ), 196

_PyBytes_Resize (C HX), 85
_PyCFunctionFast (C# #), 179

_PyCFunctionFastWithKeywords (C & #), 179

_PyImport_Fini (C &A1), 42
_PyImport_Init (C%HX), 42

_PyObject_FastCallDict (C HR), 59

_PyObject_New (C X)), 177
_PyObject_NewVar (C & 3R), 177

_PyObject_Vectorcall (C #X), 58

_PyTuple_Resize (C &), 106
_thread

/NS

R

B, 144

bytearray, 85

bytes, 84

Capsule, 127

complex number, 82
dictionary, 109

file, 116

floating point, 81
frozenset, 111
function, 113
instancemethod, 114
integer, 78

list, 107

long integer, 78
mapping, 109
memoryview, 125
method, 114

module, 117

None, 78

numeric, 78

sequence, 83

set, 111

tuple, 105

type, 6,75

s

exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 137
PYTHONCOERCECLOCALE, 164
PYTHONDERUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 188
PYTHONHASHSEED, 137
PYTHONHOME, 11, 137, 141, 160
PYTHONINSPECT, 137
PYTHONIOENCODING, 139

PYTHONLEGACYWINDOWSFSENCODING, 137

PYTHONLEGACYWINDOWSSTDIO, 137
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PYTHONMALLOC, 170, 173, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137
PYTHONOPTIMIZE, 137
PYTHONPATH, 11, 137, 161
PYTHONUNBUFFERED, 138
PYTHONUTFS, 164
PYTHONVERBOSE, 138

A
abort (), 39
abs
Bz L, 61
abstract base class —- %, 219
allocfunc (C# #), 211
annotation -- #FR¥E, 219

argument -- Z%§, 219
argv (in module sys), 141
ascii
R, 57
asynchronous context manager -- & # LI
TOCE RS, 220
asynchronous generator —— R4 aiEs, 220

asynchronous generator iterator -- j'zq"-

A AR R AR, 220
asynchronous iterable -- J# A& XT £,
220
asynchronous iterator -- SEiEfC#F, 220
attribute —- J@¥%, 220
awaitable —-- HA[ZERFXTHA, 220

B

BDFL, 220
binary file —— 34, 220
binaryfunc (C R #), 212
buffer interface
(see buffer protocol), 66
buffer object
(see buffer protocol), 66
buffer protocol, 66
builtins
FE4H, 11, 138, 147
bytearray
Yot 85
bytecode -- Fi7fg, 220
bytes
[l R =, 57
Yk, 84
bytes—like object -— FIAINIS, 220

C

callback —- [A]{f, 221
calloc (), 169
Capsule

Wi, 127
C-contiguous, 69, 221
class, 221
class variable —- RAFE, 221
classmethod

[EJg R =X, 180
cleanup functions,40
close () (in module o0s), 148
CO_FUTURE_DIVISION (C 4 %), 19
code object, 115
coercion -- BRFIZEHEIFER, 221
compile

[ pa L, 41
complex number

Yk, 82
complex number --— KX, 221
context manager —-— J:_ch%?f_%%%, 221
context variable —-- | FAEE, 221
contiguous, 69
contiguous -- J#%E, 221
copyright (in module sys), 140
coroutine —- g, 221
coroutine function -- HFEER%L, 221
CPython, 221
create_module (C $#X), 120

D

decorator —-— XEifigy, 221
descrgetfunc (CH &), 211
descriptor —- Jfiihss, 221
descrsetfunc (CH #&), 211
destructor (C A #), 211

dictionary
Y, 109
dictionary —- S, 222
dictionary comprehension -- =% B #f & =,
222
dictionary view —- FHLIIE, 222
divmod

Bz R, 61
docstring —— SCRYFEAFER, 222
duck-typing —— H§-f-JAY 222

E

EAFP, 222

EOFError (built-in exception), 116
exc_info () (in module sys), 9
exec_module (C H ), 121
exec_prefix, 4

executable (in module sys), 140

exit (), 39

expression —- Fikz{, 222
extension module —— P EAELHL 222
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F
f-string —- f-F4FE, 222
file
ik, 116
file object -- CfFXTH, 222
file-like object -- CFAIXF4, 222
finder —— &S, 222
float
[z b, 62
floating point
Y, 81
floor division --— [\ FECEGE, 222
Fortran contiguous, 69,221
free (), 169
freefunc (C & #&), 211
freeze utility,42
frozenset

Y, 111

function
i, 113
function -- PR, 222
function annotation --— BEREFRYE, 223

G

garbage collection —--— ¥3[Hik, 223

generator, 223

generator —— ARi#E, 223

generator expression, 223

generator expression —-- A #sFEIA, 223

generator iterator -- gk tey, 223

generic function -- ZHIREL, 223

getattrfunc (CH &), 211

getattrofunc (CH #), 211

getbufferproc (CH &), 212

getiterfunc (C A %), 212

GIL, 223

global interpreter lock, 142

global interpreter lock —— & JmfEREZ 51,
223

F{

hash
EzE =, 59, 192
hash-based pyc -- %ﬂ:ﬂ/ﬁ\?ﬁﬂ/ﬂ pyc, 223
hashable -- BJMG7, 224
hashfunc (C# #), 211

IDLE, 224

immutable —- ARAJAEXN}S:, 224
import path —— SARKR, 224
importer —-- A%, 224
importing -- §A, 224

incr_item(), 10
initproc (C A #), 211
inquiry (C A #&), 216
instancemethod
Yt 114
int
[l R, 62
integer
Yt 78
interactive
interpreted
interpreter
interpreter

-— XH,224

-— RS, 224

lock, 142

shutdown —- fBREZE ], 224
iterable —-- H[EMXT4, 224

iterator —- #EUFE, 224

iternextfunc (CA #), 212

K

key function —-— K%L, 225
KeyboardInterrupt (built-in exception), 29

keyword argument —- REHFZHEL, 225

L

lambda, 225
LBYL, 225
len
Bz =, 60, 63, 65, 108, 110, 112
lenfunc (C A #8), 212
list, 225
Ptk 107
list comprehension —-— #|FEHEFK, 225
loader —-— MN##E, 225
lock, interpreter, 142
long integer
Y, 78

LONG_MAX, 79

M
magic

method, 225
magic method -- FEARFE, 225
main (), 139, 141
malloc (), 169
mapping

Yrft, 109
mapping —- W, 225
memoryview

Y, 125
meta path finder -- JUEIEEIE, 225
metaclass —— JGK, 225
METH_CLASS ([ 4 %), 180
METH_COEXIST ([Flz % %), 180
METH_FASTCALL ([Flzz % #), 180
METH_NOARGS ([Flz % #0), 180
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METH_O ([Fl# % #0), 180
METH_STATIC ([[z % #0), 180
METH_VARARGS ([Fla % #), 179
method

magic, 225

special, 229

Pk, 114
method —— J5yk, 225
method resolution order -— J5yEAREMTIINF,

225

MethodType (in module types), 113, 114
module, 225

search path, 11, 138, 140

Wik, 117
module spec —— BiHLIIME, 226
modules (in module sys), 40, 138
ModuleType (in module types), 117

MRO, 226

mutable —- RAJARNF4:, 226

N

named tuple -- H44J04, 226

namespace -- fii443[H], 226
namespace package -- fi%45s At 226
nested scope -- {RENEM, 226
new-style class —— s, 226
newfunc (C A ), 211

None

Y, 78

numeric

Yk, 78
O

object

code, 115
object —- X%, 226
objobjargproc (CH #4), 212
objobjproc (C A #), 212
OverflowError (built-in exception), 79, 80

P

package variable
_all_ .40

parameter —- FEZ, 226

PATH, 11

path

module search, 11, 138, 140
path (in module sys), 11, 138, 140
path based finder -- FEFREHEILER, 227
path entry -- FEAM, 227
path entry finder —-- A LDEFREY, 227
path entry hook —-- HEA LT, 227
path-like object —-— HAFZENIH, 227
PEP, 227

plat form (in module sys), 140

portion —-- 4y, 227
positional argument —- (&S}, 227
pow

[l 61, 62
prefix, 4
provisional API -- ¥ API, 227
provisional package —- #EH, 227

Py_ABS (C E %), 4

Py_AddPendingCall (C &X), 149
Py_AddPendingCall (), 149
Py_AtExit (C &X), 40
Py_BEGIN_ALLOW_THREADS, 142
Py_BEGIN_ALLOW_THREADS (C E %), 145
Py_BLOCK_THREADS (C E %), 145
Py_buffer (CH #£), 67

Py_buffer.buf (C 5 8 &%), 67
Py_buffer.format (C & 8 F %), 68
Py_buffer.internal (C & 8 &%), 68
Py_buffer.itemsize (C & B %), 67
Py_buffer.len (C & B %), 67
Py_buffer.ndim (C s B FH %), 68
Py_buffer.obj (C & B H#), 67
Py_buffer.readonly (C s B F# %), 67
Py_buffer.shape (C & 8 F ), 68
Py_buffer.strides (C & 8 &%), 68
Py_buffer.suboffsets (C & B &), 68
Py_Buildvalue (C #R), 50
Py_BytesMain (C &X), 15
Py_BytesWarningFlag (C ¥ %), 136
Py_CHARMASK (C E ), 5

Py_CLEAR (C % X), 21
Py_CompileString (C #X), 17
Py_CompileString(), 18,19
Py_CompileStringExFlags (C HR), 18
Py_CompileStringFlags (C $HX), 18
Py_CompileStringObject (C &HX), 18
Py_complex (C A #), 82

Py_DebugFlag (C % &), 136
Py_DecodeLocale (C %R, 36
Py_DECREF (C & X)), 21

Py_DECREF (), 6

Py_DEPRECATED (C E#),5
Py_DontWriteBytecodeFlag (C % $%), 136
Py_Ellipsis (C € %), 125
Py_EncodeLocale (C %), 37
Py_END_ALLOW_THREADS, 142
Py_END_ALLOW_THREADS (C E &), 145
Py_EndInterpreter (C H#:), 148
Py_EnterRecursiveCall (C %X), 31
Py_eval_input (C & &), 18

Py_Exit (C &#R), 39
Py_ExitStatusException (C H#ZR), 155
Py_False (C %), 81
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Py_FatalError (C % 3R), 39
Py_FatalError (), 141
Py_FdIsInteractive (C &%), 35
Py_file_input (C &%), 18
Py_Finalize (C &% R), 138
Py_FinalizeEx (C % R), 138
Py_FinalizeEx (), 39,40, 138, 148
Py_FrozenFlag (C %), 136
Py_GetBuildInfo (C %X), 141
Py_GetCompiler (C &X), 140
Py_GetCopyright (C % R), 140
Py_GETENV (C E %), 5
Py_GetExecPrefix (C H#3R), 139
Py_GetExecPrefix (), 11
Py_GetPath (C #X), 140
Py_GetPath (), 11, 139, 140
Py_GetPlatform (C HX), 140
Py_GetPrefix (C &), 139
Py_GetPrefix (), 11
Py_GetProgramFullPath (C #=), 140
Py_GetProgramFullPath (), 11
Py_GetProgramName (C %), 139
Py_GetPythonHome (C F# X)), 141
Py_GetVersion (C H#X), 140
Py_HashRandomizationFlag (C & #), 136
Py_IgnoreEnvironmentFlag (C & ¥), 137
Py_INCREF (C #X), 21
Py_INCREF (), 6
Py_Initialize (C &#X), 138
Py_Initialize (), 11,139,148
Py_InitializeEx (C HX), 138
Py_InitializeFromConfig (C &R), 162
Py_InspectFlag (C &%), 137
Py_InteractiveFlag (C % £, 137
Py_IsInitialized (C &=X), 138
Py_IsInitialized(), Il
Py_IsolatedFlag (C & %), 137
Py_LeaveRecursiveCall (C % R), 31
Py_LegacyWindowsFSEncodingFlag (C ¥ %),
137
Py_LegacyWindowsStdioFlag (C &%), 137
Py_Main (C HR), 15
Py_MAX (C E ), 4
Py_MEMBER_SIZE (C E #£), 4
Py_MIN(C E ), 4
Py_mod_create (C E£), 120
Py_mod_exec (C E£), 121
Py_NewInterpreter (C $HR), 147
Py_None (C % %), 78
Py_NoSiteFlag (C % ), 137
Py_NotImplemented (C & %), 55
Py_NoUserSiteDirectory (C % &), 137
Py_OptimizeFlag (C % %), 137
Py_PrelInitialize (C &%X), 157

Py_PreInitializeFromArgs (C %RX), 157

Py_PrelInitializeFromBytesArgs (C&HR), 157

Py_PRINT_RAW, 117

Py_QuietFlag (C & %), 137

Py_REFCNT (C E #£), 178

Py_ReprEnter (C %#X), 31

Py_ReprLeave (C HX), 32

Py_RETURN_FALSE (C E ), 81

Py_RETURN_NONE (C E %), 78

Py_RETURN_NOTIMPLEMENTED (C E %), 55

Py_RETURN_RICHCOMPARE (C E #£), 198

Py_RETURN_TRUE (C E %), 81

Py_RunMain (C $# X)), 166

Py_SetPath (C H#Z), 140

Py_SetPath (), 140

Py_SetProgramName (C H#:), 139

Py_SetProgramName (), 11, 138140

Py_SetPythonHome (C # X)), 141

Py_SetStandardStreamEncoding (C &%), 139

Py_single_input (C &£, 18

Py_SIZE (C E#), 178

PY_SSIZE_T_MAX, 80

Py_STRINGIFY (C E££),4

Py_TPFLAGS_BASE_EXC_SUBCLASS ([F] & % %),
196

Py_TPFLAGS_BASETYPE ([El# % %), 195

Py_TPFLAGS_BYTES_SUBCLASS (Elz % #), 196

Py_TPFLAGS_DEFAULT ([E)iZ % £, 195

Py_TPFLAGS_DICT_SUBCLASS ([Fla % #), 196

Py_TPFLAGS_HAVE_FINALIZE ([Fz % %), 196

Py_TPFLAGS_HAVE_GC ([Fi£ % #0), 195

Py_TPFLAGS_HEAPTYPE (Bl % %), 194

Py_TPFLAGS_LIST_SUBCLASS (Fl# % #), 196

Py_TPFLAGS_LONG_SUBCLASS ([Fl# % #0), 195

Py_TPFLAGS_METHOD_DESCRIPTOR ([F] & % %),
195

Py_TPFLAGS_READY ([Fla& % %), 195

Py_TPFLAGS_READYING ([EliZ % £), 195

Py_TPFLAGS_TUPLE_SUBCLASS (B % ), 196

Py_TPFLAGS_TYPE_SUBCLASS ([Flz % ), 196

Py_TPFLAGS_UNICODE_SUBCLASS ([Fla & #0), 196

Py_tracefunc (C# ), 149

Py_True (C % %), 81

Py_tss_NEEDS_INIT (C E %), 151

Py_tss_t (CE#), 151

Py_TYPE (C E#), 178

Py_UCS1 (C A #&), 87

Py_UCS2 (C A #&), 87

Py_UCS4 (C & #8), 87

Py_UNBLOCK_THREADS (C E %), 145

Py_UnbufferedStdioFlag (C & %), 137

Py_UNICODE (C # #), 87

Py_UNICODE_IS_HIGH_SURROGATE (C E ), 90

Py_UNICODE_IS_LOW_SURROGATE (C E ), 90
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Py_UNICODE_IS_SURROGATE (C E 4£), 90
Py_UNICODE_ISALNUM (C #=X,), 89
Py_UNICODE_ISALPHA (C %X, 89
Py_UNICODE_ISDECIMAL (C #X)), 89
Py_UNICODE_ISDIGIT (C &), 89
Py_UNICODE_ISLINEBREAK (C &#X), 89
Py_UNICODE_ISLOWER (C #=X), 89
Py_UNICODE_ISNUMERIC (C &% =), 89
Py_UNICODE_ISPRINTABLE (C &% =), 89
Py_UNICODE_ISSPACE (C % X)), 89
Py_UNICODE_ISTITLE (C &X,), 89
Py_UNICODE_ISUPPER (C # =), 89
Py_UNICODE_JOIN_SURROGATES (C E %), 90
Py_UNICODE_TODECIMAL (C &X,), 90
Py_UNICODE_TODIGIT (C &), 90
Py_UNICODE_TOLOWER (C & X,), 90
Py_UNICODE_TONUMERIC (C & X,), 90
Py_UNICODE_TOTITLE (C =), 90
Py_UNICODE_TOUPPER (C &), 90
Py_UNREACHABLE (C E %), 4
Py_UNUSED (C E £), 5
Py_VaBuildvalue (C % R), 51

PY_VECTORCALL_ARGUMENTS_OFFSET (C E #),

59
Py_VerboseFlag (C % $), 138
Py_VISIT (C HX), 216
Py_XDECREF (C &), 21
Py_XDECREF (), 10
Py_XINCREF (C &#X), 21
PyAnySet_Check (C #X), 112
PyAnySet_CheckExact (C &X), 112
PyArg_Parse (C ¥ R), 49
PyArg_ParseTuple (C H#X), 49
PyArg_ParseTupleAndKeywords (C & X)), 49
PyArg_UnpackTuple (C & X)), 49
PyArg_ValidateKeywordArguments (C & R),
49
PyArg_VaParse (C %), 49
PyArg_VaParseTupleAndKeywords (C &
PyASCIIObject (CH #), 87
PyAsyncMethods (C A #£), 210
PyAsyncMethods.am_aiter (C & B %), 210
PyAsyncMethods.am_anext (C 5 B FH %), 210
PyAsyncMethods.am_await (C s B FHE), 210
PyBool_Check (C # X)), 81
PyBool_FromLong (C &3), 81
PyBUF_ANY_CONTIGUOUS (C E £), 69
PyBUF_C_CONTIGUOUS (C E ££), 69
PyBUF_CONTIG (C E ), 70
PyBUF_CONTIG_RO (C E ), 70
PyBUF_F_CONTIGUOUS (C E £), 69
PyBUF_FORMAT (C E £), 69
PyBUF_FULL (C E %), 70
PyBUF_FULL_RO (C E %), 70

41 X), 49

PyBUF_INDIRECT (C E %), 69
PyBUF_ND (C E £), 69
PyBUF_RECORDS (C E £), 70
PyBUF_RECORDS_RO (C E %), 70
PyBUF_SIMPLE (C E £), 69
PyBUF_STRIDED (C E #£), 70
PyBUF_STRIDED_RO (C E %), 70
PyBUF_STRIDES (C E £), 69
PyBUF_WRITABLE (C E £), 69
PyBuffer_FillContiguousStrides (C & RX),
72
PyBuffer_FillInfo (C H3), 72
PyBuffer_FromContiguous (C &HR), 72
PyBuffer_GetPointer (C H#X), 72
PyBuffer_IsContiguous (C &#X), 72
PyBuffer_ Release (C HX), 72
PyBuffer_SizeFromFormat (C HR), 72
PyBuffer_ToContiguous (C #R), 72
PyBufferProcs, 66
PyBufferProcs (C & #), 209
PyBufferProcs.bf_getbuffer (C m B & £,
209
PyBufferProcs.bf_releasebuffer (C s B &
%0, 210
PyByteArray_AS_STRING (C &HR), 86
PyByteArray_AsString (C %HR), 86
PyByteArray_Check (C H# ), 86
PyByteArray_CheckExact (C &R,), 86
PyByteArray_Concat (C &%), 86
PyByteArray_FromObject (C &#X), 86
PyByteArray_FromStringAndSize (C &
PyByteArray_GET_SIZE (C %), 86
PyByteArray_Resize (C X)), 86
PyByteArray_Size (C JJ?Q) 86
PyByteArray_Type (C & %), 85
PyByteArrayObject (C A #8), 85
PyBytes_AS_STRING (C & X), 85
PyBytes_AsString (C %), 85
PyBytes_AsStringAndSize (C H#:), 85
PyBytes_Check (C HX), 84
PyBytes_CheckExact (C #X), 84
PyBytes_Concat (C H# =), 85
PyBytes_ConcatAndDel (C &% R), 85
PyBytes_FromFormat (C #X), 84
PyBytes_FromFormatV (C &#X,), 84
PyBytes_FromObject (C #X), 84
PyBytes_FromString (C #H3), 84
PyBytes_FromStringAndSize (C &
PyBytes_GET_SIZE (C =), 84
PyBytes_Size (C HX), 84
PyBytes_Type (C % #), 84
PyBytesObject (CH #), 84
PyCallable_Check (C %#X), 57
PyCallIter_Check (C H#X), 123

5 X)), 86

41 X)), 84
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PyCallIter_New (C %#X), 123
PyCallIter_Type (C % %), 123
PyCapsule (C & #&), 127
PyCapsule_CheckExact (C % R), 127
PyCapsule_Destructor (C & ), 127
PyCapsule_GetContext (C FHX), 127
PyCapsule_GetDestructor (C &R, 127
PyCapsule_GetName (C % R), 127
PyCapsule_GetPointer (C %HR), 127
PyCapsule_Import (C #X), 127
PyCapsule_IsValid (C &#R), 128
PyCapsule_New (C % R), 127
PyCapsule_SetContext (C HR), 128
PyCapsule_SetDestructor (C £HR), 128
PyCapsule_SetName (C % R), 128
PyCapsule_SetPointer (C HX), 128
PyCell_Check (C &R), 115
PyCell_GET (C % X), 115
PyCell_Get (C &#X), 115
PyCell_New (C H#X), 115
PyCell_SET (C %X), 115
PyCell_Set (C #X), 115
PyCell_Type (C ¥ &), 115
PyCellObject (C# ), 115
PyCFunction (C A #8), 179
PyCFunctionWithKeywords (C & #&), 179
PyCode_Check (C #X), 115
PyCode_GetNumFree (C H:R), 115
PyCode_New (C #X), 116
PyCode_NewEmpty (C &), 116
PyCode_NewWithPosOnlyArgs (C &% X), 116
PyCode_Type (C ¥ %), 115
PyCodec_BackslashReplaceErrors (C & R),
54
PyCodec_Decode (C HR), 53
PyCodec_Decoder (C & R), 54
PyCodec_Encode (C #1), 53
PyCodec_Encoder (C $# 1), 54
PyCodec_IgnoreErrors (C HX), 54
PyCodec_IncrementalDecoder (C &#R), 54
PyCodec_IncrementalEncoder (C &#R), 54
PyCodec_KnownEncoding (C #X), 53
PyCodec_LookupError (C H#3), 54
PyCodec_NameReplaceErrors (C HR), 54
PyCodec_Register (C &#X), 53
PyCodec_RegisterError (C FHR), 54
PyCodec_ReplaceErrors (C HR), 54
PyCodec_StreamReader (C % R), 54
PyCodec_StreamWriter (C HX), 54
PyCodec_StrictErrors (C HX), 54
PyCodec_XMLCharRefReplaceErrors (C & R),
54
PyCodeObject (C & &), 115
PyCompactUnicodeObject (C A #8), 87

PyCompilerFlags (C# %), 19
PyCompilerFlags.cf_feature_version (C s
B &%), 19
PyCompilerFlags.cf_flags (C & B &%), 19
PyComplex_AsCComplex (C % X)), 83
PyComplex_Check (C HR), 83
PyComplex_CheckExact (C &% X)), 83
PyComplex_FromCComplex (C X)), 83
PyComplex_FromDoubles (C & X), 83
PyComplex_ImagAsDouble (C #ZR), 83
PyComplex_RealAsDouble (C #X,), 83
PyComplex_Type (C 4 %), 83
PyComplexObject (C A #), 83
PyConfig (C & &), 158
PyConfig_Clear (C #X), 158
PyConfig InitIsolatedConfig (C H#X), 158
PyConfig_ InitPythonConfig (C HR), 158
PyConfig_Read (C #=RX), 158
PyConfig_SetArgv (C &HR), 158
PyConfig_SetBytesArgv (C #X), 158
PyConfig_SetBytesString (C &), 158
PyConfig_ SetString (C H#X), 158
PyConfig_SetWideStringList (C &), 158
PyConfig.argv (C /& B &%), 159
PyConfig.base_exec_prefix (C & B & #), 159
PyConfig.base_executable (C & B & #), 159
PyConfig.base_prefix (C m B H %), 159
PyConfig.buffered_stdio (C s 8 FH %), 159
PyConfig.bytes_warning (C sk B &), 159
PyConfig.check_hash_pycs_mode (C m B &H
#0), 159
PyConfig.configure_c_stdio (C m B & %),
159
PyConfig.dev_mode (C rx B &%), 159
PyConfig.dump_refs (C % B &%), 159
PyConfig.exec_prefix (Cm B FH#), 160
PyConfig.executable (C mx B FHE), 160
PyConfig.faulthandler (C & B &), 160
PyConfig.filesystem_encoding (C s B & £),
160
PyConfig.filesystem_errors (C & B & #),
160
PyConfig.hash_seed (C i B H#), 160
PyConfig.home (C & B &), 160
PyConfig.import_time (C m B H %), 160
PyConfig.inspect (C & B & ¥), 160
PyConfig.install_signal_handlers (C & B
% %), 160
PyConfig.interactive (C m B H ), 160
PyConfig.isolated (C 5% B FH ), 160
PyConfig.legacy_windows_stdio (C m B &
), 160
PyConfig.malloc_stats (C & B &), 160
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PyConfig.module_search_paths (C i B & &),

161
PyConfig.module_search_paths_set (C m B
5 %), 161
PyConfig.optimization_level (C &% B & $),
161

PyConfig.parse_argv (C i B F#), 161
PyConfig.parser_debug (C & B &), 161
PyConfig.pathconfig_warnings (C s B & #),
161
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

prefix (C & B H%¥), 161
program_name (C % B &%), 161
pycache_prefix (C & B %), 161
pythonpath_env (C m B &%), 160
quiet (C & B H %), 161
run_command (C & 8 &%), 161
run_filename (C % B ), 161
run_module (C % B H %), 161
show_alloc_count (C s B %), 161
show_ref_count (C & 8 H ), 161
PyConfig.site_import (C m B H¥K), 162
PyConfig.skip_source_first_line (C & B &
#), 162
PyConfig.stdio_encoding (C m B H£), 162
PyConfig.stdio_errors (C & 8 &%), 162
PyConfig.tracemalloc (C m B &), 162
PyConfig.use_environment (C s B ), 162
PyConfig.use_hash_seed (C rx B &), 160
PyConfig.user_site_directory (C s B &),
162
PyConfig.verbose (C &% B %), 162
PyConfig.warnoptions (C m B ), 162
PyConfig.write_bytecode (C m B H %), 162
PyConfig.xoptions (C mx B H#), 162
PyContext (CH #&), 129
PyContext_CheckExact (C %ZR), 129
PyContext_ClearFreeList (C &HR), 130
PyContext_Copy (C ¥ R), 130
PyContext_CopyCurrent (C HZR), 130
PyContext_Enter (C &), 130
PyContext_Exit (C %#X), 130
PyContext_New (C F#X,), 130
PyContext_Type (C & #), 129
PyContextToken (C A #8), 129
PyContextToken_CheckExact (C %K), 130
PyContextToken_Type (C & %), 129
PyContextVar (C# &), 129
PyContextVar_CheckExact (C &HR), 129
PyContextVar_Get (C &X), 130
PyContextVar_New (C %), 130
PyContextVar_Reset (C FHX,), 130
PyContextVar_Set (C %), 130
PyContextVar_Type (C % #), 129
PyCoro_CheckExact (C % 3R), 129

PyCoro_New (C #X), 129
PyCoro_Type (C & #), 129
PyCoroObject (C & ), 129
PyDate_Check (C & X)), 131
PyDate_CheckExact (C % R), 131
PyDate_FromDate (C % R), 131
PyDate_FromTimestamp (C % X), 133
PyDateTime_Check (C #X), 131
PyDateTime_CheckExact (C HR), 131
PyDateTime DATE_GET_FOLD (C & X)), 132
PyDateTime DATE_GET_HOUR (C &X), 132
PyDateTime DATE_GET_MICROSECOND (C & X)),
132
PyDateTime_DATE_GET_MINUTE (C %), 132
PyDateTime DATE_GET_SECOND (C &X,), 132
PyDateTime DELTA_GET_DAYS (C & X)), 133
PyDateTime_DELTA_GET_MICROSECONDS (C &
X)), 133
PyDateTime_ DELTA_GET_SECONDS (C #X), 133
PyDateTime_FromDateAndTime (C % R), 131
PyDateTime_FromDateAndTimeAndFold (C &
R, 131
PyDateTime_FromTimestamp (C &), 133
PyDateTime_GET_DAY (C &R, 132
PyDateTime_GET_MONTH (C #X), 132
PyDateTime_GET_YEAR (C #X), 132
PyDateTime TIME_GET_FOLD (C &X), 133
PyDateTime TIME_GET_ HOUR (C &X), 133
PyDateTime_TIME_GET_MICROSECOND (C & X)),
133
PyDateTime TIME_GET_MINUTE (C &X,), 133
PyDateTime TIME_GET_SECOND (C &X,), 133
PyDateTime_TimeZone_UTC (C ¥ %), 131
PyDelta_Check (C %#X,), 131
PyDelta_CheckExact (C &#R), 131
PyDelta_ FromDSU (C $#ZX), 132
PyDescr_IsData (C % R), 124
PyDescr_NewClassMethod (C &), 124
PyDescr_NewGetSet (C H ), 123
PyDescr_NewMember (C % R), 123
PyDescr_NewMethod (C &% R), 123
PyDescr_NewWrapper (C #R), 124
PyDict_Check (C &), 109
PyDict_CheckExact (C H#:), 109
PyDict_Clear (C &X), 109
PyDict_ClearFreeList (C % R), 111
PyDict_Contains (C &#=), 109
PyDict_Copy (C &HX), 109
PyDict_DelItem (C F#X), 109
PyDict_DelItemString (C &), 109
PyDict_GetItem (C %#X), 110
PyDict_GetItemString (C &%R), 110
PyDict_GetItemWithError (C H#X), 110
PyDict_TItems (C &), 110
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PyDict_Keys (C &% R), 110
PyDict_Merge (C &H X)), 111
PyDict_MergeFromSeqg2 (C &
PyDict_New (C HZ,), 109
PyDict_Next (C % R), 110
PyDict_SetDefault (C &), 110
PyDict_SetItem (C F#X,), 109
PyDict_SetItemString (C %K), 109
PyDict_Size (C H#X), 110
PyDict_Type (C & %), 109
PyDict_Update (C HR), 111
PyDict_Values (C % R), 110
PyDictObject (C# #&), 109
PyDictProxy_New (C &#R), 109
PyDoc_STR(C E#£), 5
PyDoc_STRVAR (C E#£),5
PyErr_BadArgument (C H:), 24
PyErr_BadInternalCall (C =), 26
PyErr_CheckSignals (C #R), 29
PyErr_Clear (C % R), 23
PyErr_Clear(),9,10
PyErr_ExceptionMatches (C &), 27
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C & R), 27
PyErr_Format (C HR), 24
PyErr_FormatV (C $X), 24
PyErr_GetExcInfo (C HX), 28
PyErr_GivenExceptionMatches (C &
PyErr_NewException (C FHX), 29
PyErr_NewExceptionWithDoc (C &
PyErr_NoMemory (C & X)), 24
PyErr_NormalizeException (C &
PyErr_Occurred (C HX), 27
PyErr_Occurred(), 9
PyErr_Print (C X)), 24
PyErr_PrintEx (C HX), 23
PyErr_ResourceWarning (C &
PyErr_Restore (C H3R), 27
PyErr_SetExcFromWindowsErr (C HX), 25
PyErr_SetExcFromWindowsErrWithFilename
(C &K, 25

5 X)), 111

4 X)), 27
4 X), 29
4 X)), 28

4 X), 27

PyErr_SetFromWindowsErrWithFilename (C
# X)), 25
PyErr_SetImportError (C &HX), 25
PyErr_SetImportErrorSubclass (C &
PyErr_SetInterrupt (C HR), 29
PyErr_SetNone (C H ), 24
PyErr_SetObject (C % R), 24
PyErr_SetString (C &HR), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C $%R), 26
PyErr_SyntaxLocationEx (C &HR,), 26
PyErr_SyntaxLocationObject (C HX), 26
PyErr_WarnEx (C &HR), 26
PyErr_WarnExplicit (C #HR), 26
PyErr_WarnExplicitObject (C &
PyErr_WarnFormat (C #=X), 27
PyErr_WriteUnraisable (C % R), 24
PyEval_AcquireLock (C #R), 147
PyEval_AcquireThread (C & R), 146
PyEval_AcquireThread(), 144
PyEval_EvalCode (C H#X), 18
PyEval_EvalCodeEx (C % R), 18
PyEval_EvalFrame (C %X), 18
PyEval_EvalFrameEx (C H#ZR), 18
PyEval_GetBuiltins (C &R), 53
PyEval_GetFrame (C &HR), 53
PyEval_GetFuncDesc (C % R), 53
PyEval_GetFuncName (C #X), 5
PyEval_GetGlobals (C &HR), 53
PyEval_GetLocals (C #X), 53
PyEval_InitThreads (C H#R), 144
PyEval_InitThreads (), 138
PyEval_MergeCompilerFlags (C %
PyEval_ReleaseLock (C #R), 147
PyEval_ReleaseThread (C %#R), 147
PyEval_ReleaseThread(), 144
PyEval_RestoreThread (C &% R), 144
PyEval_RestoreThread (), 142, 144
PyEval_SaveThread (C % =R), 144
PyEval_SaveThread (), 142, 144
PyEval_SetProfile (C %HR), 150

4 X)), 26

41X, 26

4 X)), 18

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetTrace (C &HX), 150

(C #HX), 25

PyEval_ThreadsInitialized (C % 3R), 144

PyErr_SetExcFromWindowsErrWithFilenameObBgEks_ArithmeticError, 32

(C & X),25
PyErr_SetExcInfo (C H#X), 28
PyErr_SetFromErrno (C FHX), 24
PyErr_SetFromErrnoWithFilename (C
25
PyErr_SetFromErrnoWithFilenameObject (C
HX), 24
PyErr_SetFromErrnoWithFilenameObjects
(C HX), 25
PyErr_SetFromWindowsErr (C HR), 25

% X),

PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
PyExc_BytesWarning, 33
PyExc_ChildProcessError, 32
PyExc_ConnectionAbortedError, 32
PyExc_ConnectionError, 32
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PyExc_ConnectionRefusedError, 32
PyExc_ConnectionResetError, 32
PyExc_DeprecationWarning, 33
PyExc_EnvironmentError, 33
PyExc_EOFError, 32
PyExc_Exception, 32
PyExc_FileExistsError, 32
PyExc_FileNotFoundError, 32
PyExc_FloatingPointError, 32
PyExc_FutureWarning, 33
PyExc_GeneratorExit, 32
PyExc_ImportError, 32
PyExc_ImportWarning, 33
PyExc_IndentationError, 32
PyExc_IndexError, 32
PyExc_InterruptedError, 32
PyExc_IOError, 33
PyExc_IsADirectoryError, 32
PyExc_KeyboardInterrupt, 32
PyExc_KeyError, 32
PyExc_LookupError, 32
PyExc_MemoryError, 32
PyExc_ModuleNotFoundError, 32
PyExc_NameError, 32
PyExc_NotADirectoryError, 32
PyExc_NotImplementedError, 32
PyExc_OSError, 32
PyExc_OverflowError, 32
PyExc_PendingDeprecationWarning, 33
PyExc_PermissionError, 32
PyExc_ProcessLookupError, 32
PyExc_RecursionError, 32
PyExc_ReferenceError, 32
PyExc_ResourceWarning, 33
PyExc_RuntimeError, 32
PyExc_RuntimeWarning, 33
PyExc_StopAsyncIteration, 32
PyExc_StopIteration, 32
PyExc_SyntaxError, 32
PyExc_SyntaxWarning, 33
PyExc_SystemError, 32
PyExc_SystemExit, 32
PyExc_TabError, 32
PyExc_TimeoutError, 32
PyExc_TypeError, 32
PyExc_UnboundLocalError, 32
PyExc_UnicodeDecodeError, 32
PyExc_UnicodeEncodeError, 32
PyExc_UnicodeError, 32
PyExc_UnicodeTranslateError, 32
PyExc_UnicodeWarning, 33
PyExc_UserWarning, 33
PyExc_ValueError, 32
PyExc_Warning, 33

PyExc_WindowsError, 33
PyExc_ZeroDivisionError, 32
PyException_GetCause (C % R), 30
PyException_GetContext (C &HR), 29
PyException_GetTraceback (C H#X), 29
PyException_SetCause (C #X), 30
PyException_SetContext (C H#X), 30
PyException_SetTraceback (C FHX), 29
PyFile_FromFd (C $#X), 116
PyFile_GetLine (C % X), 116
PyFile_SetOpenCodeHook (C #=X), 117
PyFile_WriteObject (C HX), 117
PyFile_WriteString (C &HR), 117
PyFloat_AS_DOUBLE (C &%), 82
PyFloat_AsDouble (C H#X), 81
PyFloat_Check (C % R), 81
PyFloat_CheckExact (C %), 81
PyFloat_ClearFreelList (C #R), 82
PyFloat_FromDouble (C H#R), 81
PyFloat_FromString (C #R), 81
PyFloat_GetInfo (C &HR), 82
PyFloat_GetMax (C H X)), 82
PyFloat_GetMin (C HX), 82
PyFloat_Type (C ¥ #), 81
PyFloatObject (C A #), 81
PyFrame_GetLineNumber (C #X), 53
PyFrameObject (C A %), 18
PyFrozenSet_Check (C HR), 112
PyFrozenSet_CheckExact (C %X), 112
PyFrozenSet_New (C FHRX), 112
PyFrozenSet_Type (C € %), 112
PyFunction_Check (C #X), 113
PyFunction_GetAnnotations (C % R), 114
PyFunction_GetClosure (C HRX), 114
PyFunction_GetCode (C % X)), 113
PyFunction_GetDefaults (C H#X), 113
PyFunction_GetGlobals (C #X), 113
PyFunction_GetModule (C #=X), 113
PyFunction_New (C &% R), 113
PyFunction_NewWithQualName (C &#R), 113
PyFunction_SetAnnotations (C #X), 114
PyFunction_SetClosure (C &), 114
PyFunction_SetDefaults (C &#X), 113
PyFunction_Type (C &%), 113
PyFunctionObject (C & &), 113
PyGen_Check (C & X)), 128
PyGen_CheckExact (C #X), 128
PyGen_New (C % R), 128
PyGen_NewWithQualName (C F =), 128
PyGen_Type (C % %), 128
PyGenObject(CﬁLu)128
PyGetSetDef (C R #), 181
PyGILState_Check(CiﬁﬁJ,145
PyGILState_Ensure (C H3R), 144
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PyGILState_GetThisThreadState (C &
PyGILState_Release (C HR), 145
PyImport_AddModule (C FHX), 41
PyImport_AddModuleObiject (C H#X), 41
PyImport_AppendInittab (C &), 43
PyImport_Cleanup (C FHX), 42
PyImport_ExecCodeModule (C HR), 41
PyImport_ExecCodeModuleEx (C &% X), 41
PyImport_ExecCodeModuleObject (C FHX), 41
PyImport_ExecCodeModuleWithPathnames (C
F X)), 41
PyImport_ExtendInittab (C FHX), 43
PyImport_FrozenModules (C & ), 43
PyImport_GetImporter (C %HR), 42
PyImport_GetMagicNumber (C &HR), 42
PyImport_GetMagicTag (C H#X), 42
PyImport_GetModule (C HX), 42
PyImport_GetModuleDict (C & R), 42
PyImport_Import (C HR), 40
PyImport_ImportFrozenModule (C #HR), 42
PyImport_ImportFrozenModuleObject (C &
X), 42
PyImport_ImportModule (C HR), 40
PyImport_ImportModuleEx (C & X)), 40
PyImport_ImportModuleLevel (C %#R), 40
PyImport_ImportModuleLevelObject (C &
K), 40
PyImport_ImportModuleNoBlock (C &
PyImport_ReloadModule (C H#<X), 41
PyIndex_Check (C HX), 63
PyInstanceMethod_Check (C % R), 114
PyInstanceMethod_Function (C &% R), 114
PyInstanceMethod_ GET_FUNCTION (C #X), 114
PyInstanceMethod_New (C ,fo) 114
PyInstanceMethod_Type (C £ 3, 114
PyInterpreterState (CH f), 144
PyInterpreterState_Clear (C %HR), 146
PyInterpreterState_Delete (C %HR), 146
PyInterpreterState_GetDict (C HX), 146
PyInterpreterState_GetID (C HX), 146
PyInterpreterState_Head (C &HR), 150
PyInterpreterState_Main (C &HR), 150
PyInterpreterState_New (C FHX), 146
PyInterpreterState_Next (C HR), 150
PyInterpreterState_ThreadHead (C &
PyIter_Check (C &#R), 66
PyIter_Next (C #X), 66
PyList_Append (C &HR), 108
PyList_AsTuple (C &), 109
PyList_Check (C %X), 107
PyList_CheckExact (C &%), 107
PyList_ClearFreeList (C %2), 109
PyList_GET_ITEM (C % X)), 108
PyList_GET_SIZE (C & X)), 108

4 X)), 145

4 X)), 40

5 K., 150

PyList_GetItem (C H#X), 108
PyList_GetItem(),8
PyList_GetSlice (C &H=X), 108
PyList_Insert (C &), 108
PyList_New (C HX), 108
PyList_Reverse (C %X), 109
PyList_SET_ITEM (C & 3), 108
PyList_SetItem (C H=X,), 108
PyList_SetItem(),7
PyList_SetSlice (C #X), 108
PyList_Size (C &% X)), 108
PyList_Sort (C &% X)), 108
PyList_Type (C % ), 107
PyListObject (C# &), 107
PyLong_AsDouble (C #HR), 81
PyLong_AsLong (C #X), 79
PyLong_AsLongAndOverflow (C &
PyLong_AsLongLong (C &% =), 79
PyLong_AsLongLongAndOverflow (C &
PyLong_AsSize_t (C &X), 80
PyLong_AsSsize_t (C HX), 80
PyLong_AsUnsignedLong (C &% 2), 80
PyLong_AsUnsignedLongLong (C &% X)), 80
PyLong_AsUnsignedLongLongMask (C & X)), 80
PyLong_AsUnsignedLongMask (C #2), 80
PyLong_AsVoidPtr (C #X), 81

PyLong_Check (C &), 78
PyLong_CheckExact (C % R), 78
PyLong_FromDouble (C %R), 78
PyLong_FromLong (C & X)), 78
PyLong_FromLongLong (C & X)), 78
PyLong_FromSize_t (C &HR), 78
PyLong_FromSsize_t (C %X), 78
PyLong_FromString (C &3), 79
PyLong_FromUnicode (C %X), 79
PyLong_FromUnicodeObject (C &% X)), 79
PyLong_FromUnsignedLong (C &#3), 78
PyLong_FromUnsignedLongLong (C =), 78
PyLong_FromVoidPtr (C HR), 79
PyLong_Type (C & %), 78

PyLongObJject (C ! #), 78

PyMapping_Check (C & X)), 65
PyMapping_DelItem (C &R, 65
PyMapping_DelItemString (C H#R), 65
PyMapping_GetItemString (C HR), 65
PyMapping_HasKey (C % X)), 65

4 X)), 79
4 X)), 79

PyMapping_HasKeyString (C #R), 65
PyMapping_Items (C & X)), 65
PyMapping_Keys (C &), 65
PyMapping_Length (C &#X), 65
PyMapping_SetItemString (C HR), 65

PyMapping_Size (C & X)), 65
PyMapping_Values (C % R), 65
PyMappingMethods (C 7 £), 208
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PyMappingMethods.mp_ass_subscript (C X
A & #), 208
PyMappingMethods.mp_length (C m B & #),

208
PyMappingMethods.mp_subscript (C & B &
$0), 208
PyMarshal_ReadLastObjectFromFile (C &
X). 44

PyMarshal_ReadLongFromFile (C %R), 44
PyMarshal_ReadObjectFromFile (C &% R), 44
PyMarshal_ReadObjectFromString (C & R),
44
PyMarshal_ ReadShortFromFile (C X)), 44
PyMarshal_WriteLongToFile (C #R), 43
PyMarshal_WriteObjectToFile (C #X), 43
PyMarshal_WriteObjectToString (C HR), 43
PyMem_Calloc (C &#=X), 171
PyMem_Del (C #HR), 171
PYMEM_DOMAIN_MEM (C E %), 174
PYMEM_DOMAIN_OBJ (C E %), 174
PYMEM_DOMAIN_RAW (C E ££), 173
PyMem_Free (C X)), 171
PyMem_GetAllocator (C %), 174
PyMem_Malloc (C &R), 171
PyMem_New (C % R), 171
PyMem_RawCalloc (C &R), 170
PyMem_RawFree (C % R), 170
PyMem_RawMalloc (C &% =), 170
PyMem_RawRealloc (C % X)), 170
PyMem_Realloc (C & X)), 171
PyMem_Resize (C X)), 171
PyMem_SetAllocator (C HX), 174
PyMem_SetupDebugHooks (C % 1), 174
PyMemAllocatorDomain (C % #&), 173
PyMemAllocatorEx (C A #), 173
PyMemberDef (C % &), 180
PyMemoryView_Check (C HX), 126
PyMemoryView_FromBuffer (C % R), 125
PyMemoryView_FromMemory (C & 3R), 125
PyMemoryView_FromObject (C &), 125
PyMemoryView_GET_BASE (C %#X), 126
PyMemoryView_GET_BUFFER (C &#X), 126
PyMemoryView_GetContiguous (C FHX), 125
PyMethod_Check (C &#X), 114
PyMethod_ClearFreelList (C &X), 115
PyMethod_Function (C %#R), 114
PyMethod_GET_FUNCTION (C %#X), 114
PyMethod_GET_SELF (C & X), 115
PyMethod_New (C &% R), 114
PyMethod_Self (C &#X), 115
PyMethod_Type (C &%), 114
PyMethodDef (C % #), 179
PyModule_AddFunctions (C #x), 121
PyModule_AddIntConstant (C H:), 122

PyModule_AddIntMacro (C &), 122
PyModule_AddObject (C HX), 122
PyModule_AddStringConstant (C %), 122
PyModule_AddStringMacro (C &), 122
PyModule_Check (C % X)), 117
PyModule_CheckExact (C HR), 117
PyModule_Create (C % 3R), 119
PyModule_Create2 (C #X), 119
PyModule_ExecDef (C #HX), 121
PyModule_FromDefAndSpec (C X)), 121
PyModule_FromDefAndSpec2 (C &), 121
PyModule_GetDef (C HR), 118
PyModule_GetDict (C HX), 117
PyModule_GetFilename (C $#R), 118
PyModule_GetFilenameObject (C &), 118
PyModule_GetName (C X)), 118
PyModule_GetNameObject (C HX), 118
PyModule_GetState (C #R), 118
PyModule_New (C % =R), 117
PyModule_NewObject (C HR), 117
PyModule_SetDocString (C &HR), 121
PyModule_Type (C % %), 117
PyModuleDef (C & ), 118
PyModuleDef_Init (C #X), 120
PyModuleDef_Slot (C# #), 120
PyModuleDef_Slot.slot (C & B &), 120
PyModuleDef_Slot.value (C s B &), 120
PyModuleDef.m_base (C & B FH %), 118
PyModuleDef.m_clear (C s B i #), 119
PyModuleDef.m_doc (C % B FH#), 118
PyModuleDef.m_free (C & B H#), 119
PyModuleDef .m_methods (C m& B FH#), 119
PyModuleDef .m_name (C & B F# %), 118
PyModuleDef.m_reload (C m B F# %), 119
PyModuleDef.m_size (C & B %), 118
PyModuleDef.m_slots (C sk B FH %), 119
PyModuleDef.m_traverse (C & B &%), 119
PyNumber_Absolute (C HR), 61
PyNumber_Add (C &), 60
PyNumber_And (C #R), 61
PyNumber_AsSsize_t (C &HR), 63
PyNumber_Check (C & X)), 60
PyNumber_Divmod (C & 1), 61
PyNumber_Float (C HX), 62
PyNumber_FloorDivide (C &% R), 60
PyNumber_Index (C &X), 62
PyNumber_InPlaceAdd (C #X), 61
PyNumber_InPlaceAnd (C &X), 62
PyNumber_InPlaceFloorDivide (C H#:), 62
PyNumber_InPlaceLshift (C &R), 62
PyNumber_InPlaceMatrixMultiply (C & RX),
62
PyNumber_InPlaceMultiply (C FHX), 62
PyNumber_InPlaceOr (C #X), 62
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PyNumber_InPlacePower (C % R), 62
PyNumber_InPlaceRemainder (C & R), 62
PyNumber_InPlaceRshift (C & R), 62
PyNumber_InPlaceSubtract (C #X), 61
PyNumber_InPlaceTrueDivide (C &%R), 62
PyNumber_InPlaceXor (C H3R), 62
PyNumber_Invert (C%HR), 61
PyNumber_Long (C $# X)), 62
PyNumber_Lshift (C &HR), 61
PyNumber_MatrixMultiply (C =), 60
PyNumber_Multiply (C H#:), 60
PyNumber_Negative (C % R), 61
PyNumber_Or (C % R), 61
PyNumber_Positive (C &HR), 61
PyNumber_Power (C % R), 61
PyNumber_Remainder (C &% 2R), 61
PyNumber_Rshift (C % R), 61
PyNumber_Subtract (C HX), 60
PyNumber_ToBase (C #X,), 63
PyNumber_TrueDivide (C &#X), 61
PyNumber_Xor (C &), 61
PyNumberMethods (C & &), 206
PyNumberMethods.nb_absolute (C & B & %),
207

PyNumberMethods .nb_add (C s 8 &), 207

PyNumberMethods.nb_inplace_true_divide
(C ¥ B #), 208
PyNumberMethods.nb_inplace_xor (C s B

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
#), 207
PyNumberMethods
PyNumberMethods
#0), 207
PyNumberMethods

.nb_and (C & 8 H ), 207
.nb_bool (C mx B H %), 207
.nb_divmod (C m, B & £), 207
.nb_float (C m& B &%), 207
.nb_floor_divide (C s B &

.nb_index (C & B # %), 208
.nb_inplace_add (C & & &

.nb_inplace_and (C & B &

#0), 207
PyNumberMethods.nb_inplace_floor_divide
(C BB F3), 208
PyNumberMethods.nb_inplace_lshift (C xX
B &%), 207

0, 207

PyNumberMethods.nb_int (C & B &%), 207

PyNumberMethods.nb_invert (C s B %), 207

PyNumberMethods.nb_1lshift (C s B &%), 207

PyNumberMethods.nb_matrix_multiply (C s
B % %), 208

PyNumberMethods.nb_multiply (C & B & %),
207

PyNumberMethods.nb_negative (C & 8 & %),
207

PyNumberMethods.nb_or (C &% 8 &), 207

PyNumberMethods.nb_positive (C & 8 & #),
207

PyNumberMethods .nb_power (C & 8 &%), 207

PyNumberMethods.nb_remainder (C & 8 & ),
207

PyNumberMethods.nb_reserved (C & 8 & %),
207

PyNumberMethods.nb_rshift (C s B &%), 207

PyNumberMethods.nb_subtract (C & 8 & %),
207

PyNumberMethods.nb_true_divide (C % B &
0, 208

PyNumberMethods .nb_xor (C m& B & #), 207
PyObject (C & ), 178
PyObject_AsCharBuffer (C &#X), 72
PyObject_ASCII (C &#X), 57
PyObject_AsFileDescriptor (C &X), 116
PyObject_AsReadBuffer (C %K), 73
PyObject_AsWriteBuffer (C HR), 73
PyObject_Bytes (C #X), 57
PyObject_Call (C #ZR), 57
PyObject_CallFunction (C &%ZR), 58
PyObject_CallFunctionObjArgs (C & R), 58
PyObject_CallMethod (C &), 58
PyObject_CallMethodObjArgs (C #H#X), 58
PyObject_CallObject (C &), 57

PyNumberMethods.nb_inplace_matrix_multipRyObject_Calloc (C FHX), 172

(C m B & %0), 208
PyNumberMethods.nb_inplace_multiply (C

% B S #), 207
PyNumberMethods.nb_inplace_or (C m B &

£0), 207
PyNumberMethods.nb_inplace_power (C & B
% ), 207

PyNumberMethods.nb_inplace_remainder (C
e B &), 207

PyNumberMethods.nb_inplace_rshift (C &
B & #), 207

PyNumberMethods.nb_inplace_subtract
A B #), 207

(C

PyObject_CheckBuffer (C %HR), 71
PyObject_CheckReadBuffer (C HX), 73
PyObject_Del (C &HR), 177
PyObject_DelAttr (C &), 56
PyObject_DelAttrString (C & R), 56
PyObject_DelItem (C FH=X), 60
PyObject_Dir (C & R), 60
PyObject_Free (C % R), 172
PyObject_GC_Del (C & X)), 215
PyObject_GC_New (C HRX), 215
PyObject_GC_NewVar (C &HR), 215
PyObject_GC_Resize (C &HR), 215
PyObject_GC_Track (C H#:), 215
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PyObject_GC_UnTrack (C H2R), 215
PyObject_GenericGetAttr (C HR), 56
PyObject_GenericGetDict (C &HR), 56
PyObject_GenericSetAttr (C HR), 56
PyObject_GenericSetDict (C &HR), 56
PyObject_GetArenaAllocator (C HX), 175
PyObject_GetAttr (C H#X), 55
PyObject_GetAttrString (C #X), 56
PyObject_GetBuffer (C H#R), 71
PyObject_GetItem (C HX), 60
PyObject_GetIter (C &), 60
PyObject_HasAttr (C X)), 55
PyObject_HasAttrString (C & R), 55
PyObject_Hash (C #X), 59
PyObject_HashNotImplemented (C &
PyObject_HEAD (C E %), 178
PyObject_HEAD_INIT (C E %), 179
PyObject_Init (C %X), 177
PyObject_InitVar (C X)), 177
PyObject_IsInstance (C #X), 57
PyObject_IsSubclass (C H#X), 57
PyObject_IsTrue (C HR), 59
PyObject_Length (C %K), 60
PyObject_LengthHint (C &X), 60
PyObject_Malloc (C HR), 172
PyObject_New (C FH X)), 177
PyObject_NewVar (C % R), 177
PyObject_Not (C & X)), 59
PyObject._ob_next (C mx B H#), 188
PyObject._ob_prev (C m B H#), 188
PyObject_Print (C H#RX), 55
PyObject_Realloc (C % X)), 172
PyObject_Repr (C HR), 56
PyObject_RichCompare (C &%), 56
PyObject_RichCompareBool (C H#X), 56
PyObject_SetArenaAllocator (C HR), 175
PyObject_SetAttr (C HR), 56
PyObject_SetAttrString (C H#X), 56
PyObject_SetItem (C &), 60
PyObject_Size (C H#X), 60

PyObject_Str (C & X)), 57

PyObject_Type (C & X)), 59
PyObject_TypeCheck (C HX), 59
PyObject_VAR_HEAD (C E %), 178
PyObjectArenaAllocator (CH #), 175
PyObject.ob_refcnt (C i 8 F %), 188
PyObject.ob_type (C m B ), 188
PyOS_AfterFork (C & =), 36
PyOS_AfterFork_Child (C &), 36
PyOS_AfterFork_Parent (C HR), 35
Py0OS_BeforeFork (C #=X), 35
PyOS_CheckStack (C HX), 36
Py0OS_double_to_string (C HX), 52
PyOS_FSPath (C % R), 35

4 X), 59

PyOS_getsig (C ¥ R), 36

PyOS_InputHook (C 4 ), 16

PyOS_ReadlineFunctionPointer (C & ), 16

Py0OS_setsig (C & RX), 36

PyOS_snprintf (C HX), 51

PyOS_stricmp (C & X)), 5

PyOS_string_to_ double (C HR), 52

PyOS_strnicmp (C FHX), 52

PyOS_vsnprintf (C HR), 51

PyParser_SimpleParseFile (C & X)), 17

PyParser_SimpleParseFileFlags (C % R), 17

PyParser_SimpleParseString (C &%), 17

PyParser_SimpleParseStringFlags (C & X)),
17

PyParser_SimpleParseStringFlagsFilename
(C &HX), 17

PyPreConfig (CA #), 156

PyPreConfig_InitIsolatedConfig (C & RX),
156

PyPreConfig_InitPythonConfig (C &X), 156

PyPreConfig.allocator (C m B H#), 156

PyPreConfig.coerce_c_locale (C & B & &),

156
PyPreConfig.coerce_c_locale_warn (C & B
H %), 156
PyPreConfig.configure_locale (C m& B & #),
156

PyPreConfig.dev_mode (C m B %), 157
PyPreConfig.isolated (C m B H#), 157
PyPreConfig.legacy_windows_fs_encoding
(C A B Ri%0), 157
PyPreConfig.parse_argv (C mi B H¥), 157
PyPreConfig.use_environment (C & B & &),
157
PyPreConfig.utf8_mode (C & B
PyProperty_Type (C & #), 123
PyRun_AnyFile (C HX), 15
PyRun_AnyFileEx (C % R), 15
PyRun_AnyFileExFlags (C &R), 15
PyRun_AnyFileFlags (C &R), 15
PyRun_File (C H#X), 17
PyRun_FileEx (C HR), 17
PyRun_FileExFlags (C %3R), 17
PyRun_FileFlags (C $#:), 17
PyRun_InteractiveLoop (C &), 16
PyRun_InteractiveLoopFlags (C %#R), 16
PyRun_InteractiveOne (C % R), 16
PyRun_InteractiveOneFlags (C % X)), 16
PyRun_SimpleFile (C &#X), 16
PyRun_SimpleFileEx (C %HX), 16
PyRun_SimpleFileExFlags (C &), 16
PyRun_SimpleString (C #R), 16
PyRun_SimpleStringFlags (C &
PyRun_String (C & X)), 17

F ), 157

4 X), 16
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PyRun_StringFlags (C % R), 17
PySeqIter_Check (C HX), 123
PySeqlter_New (C FHRX), 123
PySeqlter_Type (C % %), 123
PySequence_Check (C % X)), 63
PySequence_Concat (C &% R), 63
PySequence_Contains (C H 1), 64
PySequence_Count (C F#X), 64
PySequence_DellItem (C HR), 63
PySequence_DelSlice (C % X)), 64
PySequence_Fast (C H 1), 64
PySequence_Fast_GET_ITEM (C &#X), 64
PySequence_Fast_GET_SIZE (C H#X), 64
PySequence_Fast_ITEMS (C #X), 64
PySequence_GetItem (C HR), 63
PySequence_GetItem(), 8
PySequence_GetSlice (C % R), 63
PySequence_Index (C HX), 64
PySequence_InPlaceConcat (C FHX), 63
PySequence_InPlaceRepeat (C HX), 63
PySequence_ITEM (C & R), 64
PySequence_Length (C % R), 63
PySequence_List (C % 1), 64
PySequence_Repeat (C %HR), 63
PySequence_SetItem (C HR), 63
PySequence_SetSlice (C % X)), 64
PySequence_Size (C 1), 63
PySequence_Tuple (C HX), 64
PySequenceMethods (C & #), 208
PySequenceMethods.sq ass_item (C m B &

#), 208

PySequenceMethods.sq_concat (C & B & %),
208

PySequenceMethods.sq contains (C m B &
#0), 209

PySequenceMethods.sqg _inplace_concat (C
% B % #), 209

PySequenceMethods.sq inplace_repeat (C
R ), 209

PySequenceMethods.sq_item (C % B H#), 208

PySequenceMethods.sq_length (C & B & &),
208

PySequenceMethods.sq _repeat (C & B & %),
208

PySet_Add (C HX), 112
PySet_Check (C % X)), 112
PySet_Clear (C % X)), 113
PySet_ClearFreelList (C #X), 113
PySet_Contains (C &R), 112
PySet_Discard (C &X), 112
PySet_GET_SIZE (C & X)), 112
PySet_New (C HR), 112

PySet_Pop (C HR), 113
PySet_Size (C HX), 112

PySet_Type (C &%), 112

PySetObject (C & #&), 111
PySignal_SetWakeupFd (C &X), 29
PySlice_AdjustIndices (C HX), 125
PySlice_Check (C H#X), 124
PySlice_GetIndices (C %), 124
PySlice_GetIndicesEx (C HX), 124
PySlice_New (C & R), 124

PySlice_Type (C &), 124
PySlice_Unpack (C & X)), 125
PyState_AddModule (C % :R), 122
PyState_FindModule (C &), 122
PyState_RemoveModule (C %#R), 123
PyStatus (C & #), 155

PyStatus_Error (C %HR), 155
PyStatus_Exception (C &R), 155
PyStatus_Exit (C &#X), 155
PyStatus_IsError (C #X), 155
PyStatus_IsExit (C &#X), 155
PyStatus_NoMemory (C &), 155
PyStatus_0k (C % X)), 155
PyStatus.err_msqg (C s B &), 155
PyStatus.exitcode (C m B H %), 155
PyStatus. func (C & B F %), 155
PyStructSequence_Desc (CH &), 106
PyStructSequence_Field (CA #), 107
PyStructSequence_GET_ITEM (C % X)), 107
PyStructSequence_GetItem (C %HX), 107
PyStructSequence_InitType (C H#X), 106
PyStructSequence_InitType2 (C HR), 106
PyStructSequence_New (C $HR), 107
PyStructSequence_NewType (C &HX), 106
PyStructSequence_SET_ITEM (C % R), 107
PyStructSequence_SetItem (C %), 107
PyStructSequence_UnnamedField (C 4 %), 107
PySys_AddAuditHook (C &=,), 39
PySys_AddWarnOption (C & X)), 38
PySys_AddWarnOptionUnicode (C &), 38
PySys_AddXOption (C &), 38
PySys_Audit (C & RX), 39
PySys_FormatStderr (C HR), 38
PySys_FormatStdout (C & X), 38
PySys_GetObject (C H#R), 38
PySys_GetXOptions (C % R), 38
PySys_ResetWarnOptions (C &X), 38
PySys_SetArgv (C & X)), 141
PySys_SetArgv (), 138

PySys_SetArgvEx (C %HRX), 141
PySys_SetArgvEx (), 11, 138
PySys_SetObject (C &#X), 38
PySys_SetPath (C #X), 38
PySys_WriteStderr (C &HR), 38
PySys_WriteStdout (C &X), 38

Python 3000, 228
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Python Enhancement Proposals

PEP 1,227

PEP 7,3,5

PEP 238,119,222

PEP 278,229

PEP 302,222,225

PEP 343,221

PEP 362,220,227

PEP 383,94,95

PEP 384,13

PEP 393, 86,93

PEP 411,227

PEP 420, 222,226,227

PEP 432,167

PEP 442,205

PEP 443,223

PEP 451, 120, 222

PEP 484,219,223, 229, 230

PEP 489,121

PEP 492,220,221

PEP 498,222

PEP 519,227

PEP 525,220

PEP 526,219,230

PEP 528, 137

PEP 529,095,137

PEP 538, 164

PEP 539, 151

PEP 540, 164

PEP 552,159

PEP 578,39

PEP 587,154

PEP 623,87

PEP 3116,229

PEP 3119,57

PEP 3121,119

PEP 3147,42

PEP 3151, 33

PEP 3155,228
PYTHON*, 137
PYTHONCOERCECLOCALE, 164
PYTHONDEBUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 188
PYTHONHASHSEED, 137
PYTHONHOME, 11, 137, 141, 160
Pythonic, 228
PYTHONINSPECT, 137
PYTHONIOENCODING, 139
PYTHONLEGACYWINDOWSFSENCODING, 137
PYTHONLEGACYWINDOWSSTDIO, 137
PYTHONMALLOC, 170, 173, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137

PYTHONOPTIMIZE, 137

PYTHONPATH, 11, 137, 161
PYTHONUNBUFFERED, 138

PYTHONUTEFS8, 164

PYTHONVERBOSE, 138
PyThread_create_key (C H:), 152
PyThread_delete_key (C HR), 152
PyThread_delete_key_value (C %#X), 152
PyThread_get_key_value (C % R), 152
PyThread_ReInitTLS (C H#X), 152
PyThread_set_key_value (C X)), 152
PyThread_tss_alloc (C X)), 151
PyThread_tss_create (C #X), 152
PyThread_tss_delete (C %HR), 152
PyThread_tss_free (C % R), 151
PyThread_tss_get (C H#X), 152
PyThread_tss_is_created (C H#:), 152
PyThread_tss_set (C #X), 152
PyThreadState, 142
PyThreadState (C# ), 144
PyThreadState_Clear (C $# X)), 146
PyThreadState_Delete (C HX), 146
PyThreadState_Get (C A R), 144
PyThreadState_GetDict (C &HX), 146
PyThreadState_New (C %), 146
PyThreadState_Next (C HX), 151
PyThreadState_SetAsyncExc (C % R), 146
PyThreadState_Swap (C % R), 144
PyTime_Check (C # <), 131
PyTime_CheckExact (C HR), 131
PyTime_FromTime (C % R), 132
PyTime_FromTimeAndFold (C X)), 132
PyTimeZone_FromOffset (C HR), 132
PyTimeZone_FromOffsetAndName (C # ), 132
PyTrace_C_CALL (C € %), 150
PyTrace_C_EXCEPTION (C % %), 150
PyTrace_C_RETURN (C 4 #), 150
PyTrace_ CALL (C % ), 149
PyTrace_EXCEPTION (C 4 #), 150
PyTrace_LINE (C % #), 150
PyTrace_OPCODE (C ¥ %), 150
PyTrace_RETURN (C £ ${), 150
PyTraceMalloc_Track (C H#R), 175
PyTraceMalloc_Untrack (C H#RX), 175
PyTuple_Check (C HX), 105
PyTuple_CheckExact (C HX), 105
PyTuple_ClearFreeList (C &R), 106
PyTuple_GET_ITEM (C &%), 106
PyTuple_GET_SIZE (C &), 105
PyTuple_GetItem (C X)), 105
PyTuple_GetSlice (C #X), 106
PyTuple_New (C % R), 105
PyTuple_Pack (C &#3), 105
PyTuple_SET_ITEM (C & X)), 106
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PyTuple_SetItem (C &HR), 106 PyTypeObject.tp_descr_get (C rx B H#), 201
PyTuple_SetItem(),7 PyTypeObject.tp_descr_set (C sk B H#), 201
PyTuple_Size (C &#R), 105 PyTypeObiject.tp_dict (C m B FHE), 200
PyTuple_Type (C & %), 105 PyTypeObject.tp_dictoffset (C m B & %),
PyTupleObject (C A #), 105 201
PyType_Check (C &#R), 75 PyTypeObiject.tp_doc (C s B FHE), 196
PyType_CheckExact (C % R), 75 PyTypeObject.tp_finalize (C s B %), 204
PyType_ClearCache (C % 3), 75 PyTypeObiject.tp_flags (C & 8 &%), 194
PyType_FromSpec (C &), 76 PyTypeObiject.tp_free (C m B FHE), 203
PyType_FromSpecWithBases (C % X)), 76 PyTypeObiject.tp_frees (C & B H ), 205
PyType_GenericAlloc (C %X), 76 PyTypeObiject.tp_getattr (C s B FHE), 191
PyType_GenericNew (C % 3R), 76 PyTypeObject.tp_getattro (C & 8 %), 193
PyType_GetFlags (C HX), 75 PyTypeObject.tp_getset (C rx B ), 200
PyType_GetSlot (C #X), 76 PyTypeObiject .tp_hash (C m B &), 192
PyType_HasFeature (C %R), 76 PyTypeObject.tp_init (C m B &), 202
PyType_IS_GC (C FHX), 76 PyTypeObiject.tp_is_gc (C & B %), 203
PyType_IsSubtype (C HX), 76 PyTypeObject.tp_itemsize (C s B ), 189
PyType_Modified (C &), 76 PyTypeObiject.tp_iter (C m B H %), 199
PyType_Ready (C & R), 76 PyTypeObject.tp_iternext (C sk 8 FH¥), 199
PyType_Slot (CH #), 77 PyTypeObject.tp_maxalloc (C & B F %), 205
PyType_Slot.PyType_Slot.pfunc (C & B &% PyTypeObject.tp_members (C & B H¥), 200

), 77 PyTypeObiject.tp_methods (C s 8 &%), 199
PyType_Slot.PyType_Slot.slot (C s B H#), PyIypeObject.tp_mro (Crx 8 H#), 204

77 PyTypeObiject.tp_name (C m B FHE), 189
PyType_Spec (C# #), 77 PyTypeObject.tp_new (C m% & F#), 202
PyType_Spec.PyType_Spec.basicsize (C &, PyTypeObject.tp_next (Cm B &), 205

B ), 77 PyTypeObiject.tp_prev (C m B &), 205
PyType_Spec.PyType_Spec.flags (C & B &% PyTypeObject.tp_repr (C B H¥), 192

#®), 77 PyTypeObject.tp_richcompare (C & B i &),
PyType_Spec.PyType_Spec.itemsize (C m B 198

), 77 PyTypeObject .tp_setattr (C s B HE), 191
PyType_Spec.PyType_Spec.name (C X B #$), PyTypeObject.tp_setattro (C & B H¥), 194

77 PyTypeObiject.tp_str (C rx B H&), 193
PyType_Spec.PyType_Spec.slots (C m B & PyTypeObject.tp_subclasses (C & B & #),

#), 77 204
PyType_Type (C & #), 75 PyTypeObiject.tp_traverse (C mx B %), 196
PyTypeObject (C & ), 75 PyTypeObject.tp_vectorcall_offset (C
PyTypeObiject.tp_alloc (C & 8 %), 202 B % %), 190
PyTypeObiject.tp_allocs (C s 8B &%), 205 PyTypeObiject.tp_version_tag (C & & & %),
PyTypeObiject.tp_as_async (C s B FH ), 192 204
PyTypeObject.tp_as_buffer (C B H#), 194 PyTypeObject.tp_weaklist (C sk B FH ), 204
PyTypeObject.tp_as_mapping (C m B & #), PyTypeObject.tp_weaklistoffset (C & B &

192 #0), 199
PyTypeObiject.tp_as_number (C m B %), 192 PyTZInfo_Check (C HR), 131
PyTypeObject.tp_as_sequence (C & B FH &), PyTZInfo_CheckExact (C HR), 131

192 PyUnicode_1BYTE_DATA (C #X), 87
PyTypeObject.tp_base (C m B &), 200 PyUnicode_1BYTE_KIND (C E £), 88
PyTypeObject.tp_bases (C & B F#), 203 PyUnicode_2BYTE_DATA (C % X)), 87
PyTypeObiject.tp_basicsize (C . B % #), 189 PyUnicode_2BYTE_KIND (C E %), 88
PyTypeObject.tp_cache (C & B F ), 204 PyUnicode_4BYTE_DATA (C &#X), 87
PyTypeObject.tp_call (C m B H#), 193 PyUnicode_4BYTE_KIND (C E £), 88
PyTypeObject.tp_clear (C m& B &), 197 PyUnicode_AS_DATA (C &H3R), 89
PyTypeObiject.tp_dealloc (C s B FHE), 190 PyUnicode_AS_UNICODE (C &%), 89
PyTypeObiject.tp_del (C rx B ), 204 PyUnicode_AsASCIIString (C &R), 102
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PyUnicode_AsCharmapString (C &%), 102
PyUnicode_AsEncodedString (C &% X)), 97
PyUnicode_AsLatinlString (C &X), 101
PyUnicode_AsMBCSString (C &X), 103
PyUnicode_AsRawUnicodeEscapeString (C &
R, 101
PyUnicode_AsUCS4 (C %#X), 93
PyUnicode_AsUCS4Copy (C &%), 93
PyUnicode_AsUnicode (C #X), 93
PyUnicode_AsUnicodeAndSize (C % R), 93
PyUnicode_AsUnicodeCopy (C &%), 94
PyUnicode_AsUnicodeEscapeString (C &
100
PyUnicode_AsUTF8 (C H#Z,), 98
PyUnicode_AsUTF8AndSize (C &), 98
PyUnicode_AsUTF8String (C & R), 97
PyUnicode_AsUTF16String (C % 3), 99
PyUnicode_AsUTF32String (C &), 99
PyUnicode_AsWideChar (C &% R), 96
PyUnicode_AsWideCharString (C &
PyUnicode_Check (C X)), 87
PyUnicode_CheckExact (C #=X), 87
PyUnicode_ClearFreeList (C H#3), 88
PyUnicode_Compare (C & R), 104
PyUnicode_CompareWithASCIIString (C &
X)), 104
PyUnicode_Concat (C &), 104
PyUnicode_Contains (C #X), 105
PyUnicode_CopyCharacters (C &
PyUnicode_Count (C &#R), 104
PyUnicode_DATA (C &% X)), 88
PyUnicode_Decode (C %X, 97
PyUnicode_DecodeASCII (C HR), 102
PyUnicode_DecodeCharmap (C #=R), 102
PyUnicode_DecodeFSDhefault (C &% X)), 95
PyUnicode_DecodeFSDefaultAndSize (C &
K), 95
PyUnicode_DecodeLatinl (C &X), 101
PyUnicode_DecodeLocale (C #=X), 94
PyUnicode_DecodeLocaleAndSize (C &
PyUnicode_DecodeMBCS (C #R), 103
PyUnicode_DecodeMBCSStateful (C %H2R), 103
PyUnicode_DecodeRawUnicodeEscape (C &
X), 101

iy X),

4 X), 96

4 X)), 92

4 X)), 94

PyUnicode_DecodeUnicodeEscape (C %R, 100
PyUnicode_DecodeUTF7 (C &%), 100
PyUnicode_DecodeUTF7Stateful (C %), 100
PyUnicode_DecodeUTFS8 (C &% R), 97
PyUnicode_DecodeUTF8Stateful (C H#X), 97
PyUnicode_DecodeUTF16 (C & R), 99
PyUnicode_DecodeUTF16Stateful (C H=X,), 99
PyUnicode_DecodeUTF32 (C &), 98
PyUnicode_DecodeUTF32Stateful (C HX), 98

PyUnicode_Encode (C % X)), 97

PyUnicode_EncodeASCII (C H#:), 102
PyUnicode_EncodeCharmap (C &), 102
PyUnicode_EncodeCodePage (C H#=), 103
PyUnicode_EncodeFSDefault (C &% X)), 96
PyUnicode_EncodeLatinl (C %#X), 101
PyUnicode_EncodeLocale (C & R,), 94
PyUnicode_EncodeMBCS (C % X,), 103
PyUnicode_EncodeRawUnicodeEscape (C &
), 101
PyUnicode_EncodeUnicodeEscape (C &
PyUnicode_EncodeUTF7 (C & =,), 100
PyUnicode_EncodeUTF8 (C & R,), 98
PyUnicode_EncodeUTF16 (C &), 99
PyUnicode_EncodeUTF32 (C &#R), 99
PyUnicode_Fill (C &% X)), 92
PyUnicode_Find (C &), 104
PyUnicode_FindChar (C &), 104
PyUnicode_Format (C &HX), 105
PyUnicode_FromEncodedObject (C &
PyUnicode_FromFormat (C % =R), 91
PyUnicode_FromFormatV (C &R), 92
PyUnicode_FromKindAndData (C H#:), 90
PyUnicode_FromObject (C %K), 94
PyUnicode_FromString (C &% R), 91
PyUnicode_FromString (), 109
PyUnicode_FromStringAndSize (C &
PyUnicode_FromUnicode (C H#:), 93
PyUnicode_FromWideChar (C & R,), 96
PyUnicode_FSConverter (C $#<X), 95
PyUnicode_FSDecoder (C #X), 95
PyUnicode_GET_DATA_SIZE (C HZX), 89
PyUnicode_GET_LENGTH (C & X)), 87
PyUnicode_GET_SIZE (C #=X), 88
PyUnicode_GetLength (C #X), 92
PyUnicode_GetSize (C %4 R), 94
PyUnicode_InternFromString (C &#2), 105
PyUnicode_InternInPlace (C $%HZR), 105
PyUnicode_Join (C &), 104
PyUnicode_KIND (C &), 88
PyUnicode_MAX_CHAR_VALUE (C E ), 88
PyUnicode_New (C FHX), 90
PyUnicode_READ (C #X), 88
PyUnicode_READ_CHAR (C # X)), 88
PyUnicode_ReadChar (C % X)), 92
PyUnicode_READY (C %2,), 87
PyUnicode_Replace (C % R), 104
PyUnicode_RichCompare (C &#R), 104
PyUnicode_Split (C % R), 104
PyUnicode_Splitlines (C &#=X), 104
PyUnicode_Substring (C $:), 92
PyUnicode_Tailmatch (C #X), 104
PyUnicode_TransformDecimalToASCII (C &
X), 93
PyUnicode_Translate (C &

5 X)), 100

4 X)), 92

4 X)), 91

h ), 102
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PyUnlcode Translatecharmap (C HR), 103

PyUnlcode_WCHAR_KIND (C E #£), 88

PyUnicode_WRITE (C #X), 88

PyUnicode_WriteChar (C %X), 92

PyUnicodeDecodeError_Create (C H:), 30

PyUnicodeDecodeError_GetEncoding (C &
K), 30

PyUnicodeDecodeError_GetEnd (C &

4 X)), 31

PyUnicodeDecodeError_GetObject (C & R),

30
PyUnicodeDecodeError_GetReason (C

31
PyUnicodeDecodeError_GetStart (C FHX), 30
PyUnicodeDecodeError_SetEnd (C H#X), 31

& X)),

PyUnicodeDecodeError_SetReason (C & R),

31
PyUnicodeDecodeError_SetStart (C HR), 31
PyUnicodeEncodeError_Create (C FHX), 30
PyUnicodeEncodeError_GetEncoding (C &
X), 30
PyUnicodeEncodeError_GetEnd (C % R), 31
PyUnicodeEncodeError_GetObject (C & R),
30
PyUnicodeEncodeError_GetReason (C
31
PyUnicodeEncodeError_GetStart (C H:R), 30
PyUnicodeEncodeError_SetEnd (C % R), 31
PyUnicodeEncodeError_SetReason (C & R),
31
PyUnicodeEncodeError_SetStart (C HX), 31
PyUnicodeObject (C & #), 87

5 X)),

PyUnicodeTranslateError_Create (C & R),
30
PyUnicodeTranslateError_GetEnd (C & R),
31
PyUnicodeTranslateError_GetObject (C &
X), 30
PyUnicodeTranslateError_GetReason (C &
K), 31
PyUnicodeTranslateError_GetStart (C &
X), 30
PyUnicodeTranslateError_SetEnd (C & R),
31
PyUnicodeTranslateError_SetReason (C &
X), 31
PyUnicodeTranslateError_SetStart (C &
X), 31

PyVarObject (C A #), 178
PyVarObject_HEAD_INIT (C E%), 179
PyVarObject.ob_size (C rx B FH#), 189
PyVectorcall_Call (C &#R), 191
PyVectorcall_ NARGS (C &X), 59
PyWeakref_Check (C % R), 126

PyWeakref_CheckProxy (C H=X), 126
PyWeakref_CheckRef (C H#R), 126
PyWeakref_ GET_OBJECT (C &%), 126
PyWeakref_GetObject (C H#X), 126
PyWeakref_NewProxy (C H=R), 126
PyWeakref_NewRef (C &), 126
PyWideStringList (CA ), 154
PyWideStringList_Append (C & X), 154
PyWideStringList_Insert (C &X), 154
PyWideStringList.items (C & B &), 154
PyWideStringList.length (C m B &%), 154
PyWrapper_New (C % R), 124

Q

qualified name —- [REFK, 228

R

realloc (), 169
reference count —--— 3|14k, 228
regular package —— I, 228
releasebufferproc (CH #),212
repr

Bz, 57, 192
reprfunc (CH ), 211
richecmpfunc (C & #), 211

S

sdterr

stdin stdout, 139
search

path, module, 11, 138, 140
sequence, 228

P, 83

set

Y, 111
set comprehension -- HE&HES, 228
set_all(),8
setattrfunc (C# ), 211
setattrofunc (C A #), 211
setswitchinterval () (in module sys), 142
SIGINT, 29
signal

i4H, 29
single dispatch -- PSR, 229
SIZE_MAX, 80
slice -- Y, 229
special

method, 229
special method -- FFIET¥E, 229
ssizeargfunc (C A #), 212
ssizeobjargproc (C & #), 212
statement -- 1&A], 229
staticmethod

[Elit e, 180
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stderr (in module sys), 147 type, 59
stdin 1, 226
stdout sdterr, 139 vectorcallfunc (C# #), 211
stdin (in module sys), 147 version (in module sys), 140, 141
stdout virtual environment -- JE#IFEE, 230
sdterr, stdin, 139 virtual machine -— FEIML, 230
stdout (in module sys), 147 visitproc (CA #), 215
strerror (), 24
string W
PyObject_Str (C function), 57 g
sum_list (), 8 __main__, 11,138,147
sum_sequence (), 9 _thread, 144
Sys builtins, 11, 138, 147
BEAHL 11,138, 147 signal, 29
SystemError (built-in exception), 118 sys, 11, 138, 147
T Z
ternaryfunc (C & ), 212 Zen of Python -- Python Z#i#, 230

text encoding —— CANYRiEAEEL, 229
text file —— CATC{Y:, 229
traverseproc (C#H #), 215
triple—quoted string -- =F|5FL4E, 229
tuple

[Flz g =, 64, 109

M4, 105
type, 229

R =, 59

Y, 6,75
type alias —- Z&#IFI|4, 229
type hint —— ZEHEIHAE, 229

U

ULONG_MAX, 80
unaryfunc (C ! #&), 212
universal newlines -- i# FH¥#efT, 229

V
variable annotation —- ZFEFRIE, 230
(B pi =X
_ _import_ ,40
abs, 61
ascii, 57
bytes, 57
classmethod, 180
compile, 41
divmod, 61
float, 62
hash, 59, 192
int, 62
len, 60, 63, 65, 108, 110, 112
pow, 61, 62
repr, 57, 192
staticmethod, 180
tuple, 64, 109
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