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CHAPTER 1

Python (1% il A2 4% 1 (APL) {5 C Al C++ F2)7 51 ] PATEZ SRS L1517 Python f#RERE. 1% APLAE
Ca+ HRIRBERT I, {1, i 2545 H0FR J Python/C APL, fi i Python/C APT 43 KAk fry 78 .
BB TRE HY TS & f At sk B2 9 & Python RS IIRERY C Bk, X fEI2 e
WEBE 5. 5 A E i 2 Ff Python MRS HURILY I B0 3K A5 X330 5 AR R AE— A L i
embedding Python.,

9 S AR S RN R UL 5 TRRAR, WIDAERE “3GE” MR RN R T A A —
SERERE B S X —d A . BN AR AT i A Python RUBIA R CA 2, {His A Python i F2%
ARG Y RAELGAFETT B E -

W2 APL AR R A BGZ Y Python X AR 5N EREE L HEAE HT5 BLAh, KAk A Python [N ]
FEFP AR EHR ML A YR, AR AR S B B H A Python Z BT SE RSN 5 IV 1% & 08 M 12

o

1.1 K4k

WRARAE 24 S ] 175 T CPython [y C {URS, R BAUEIATE PEP 7 HE U5 M AIARIE . X245 S
JEOUTE AR AT AR BT 24 Jig i) Python iRUAS . TEZ SR H B9 S =07 9 FEARLER N BT DA A0 BE 47 5k S8 LS
B ARIRIE A AE H 517 Python TikiX LEEER

1.2 B&XHF

{1 J1] Python/C API T 2L p) 4wl ek . AU SCATd 1 R T i AT o) 4 5 2 ) AR 2 v

#define PY_SSIZE_T_CLEAN
#include <Python.h>

XEWRE AL R FRESL S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERAH).

f(El: [T Python MBS & L—SEREAESELE RO BSERARE L SCHRI TR FRARE L, PRIMAE L & AR A
HESK U2, AR L Se 8 Python . h,
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W a2 7E Python.h §i%E L PY_SSIZE_T_CLEAN ., BB AH G HEAT ¥ K T ZHE
ZNEE.

Python.h s SCAY AT Fa] WA AR (oh 38 AR IE Sk SCPRRTE SURERAL ) BRI RIZR Py B0 _Py. DA
_Py IR AR Python SCBLNERGEMI Y, ARG A 55 MM - S5H L5 44 PR ICA PR B T2 -

fE: P AR AGE ALY %€ DA Py 8K _Py FFk IR, XA B WK, I S P AR R
ok Python JIRA K A BEABEME, IXLERAS ] BE S L DAIXLERIZR 2 —TT LAY HAL A4

K S 2 5 Python — g 42 %, fE Unix b, EAIALT PAT H : prefix/include/
pythonversion/ fll exec_prefix/include/pythonversion/, HH prefix il exec_prefix
<& Hi 1] Python f#) configure Ml 4<% A )X W JE 2 fr % X, 1 version W& '%d.%d' % sys.
version_info[:2]., I Windows I, 3 {43 F prefix/include, HW¥ prefix Zn L3 F
TR E R H 5%

BT SRS, RS H SR (USRRTR]) BRI giifdn i) S R B . 3 R2 R H SR
BRBIZRIEMMN #include <pythonX.Y/Python.h>; XRHERRGZ-F-E4IFEAT I, PN prefix
TFETRAK TR EMAE R A exec_prefix MREEFH L.

C++ AP WVZER, R APLZ%EAMAH C ke Xy, E3SCAREMHRF A DSl extern "C",
K 3t APIAE C++ Hfifi i b APT S BT (] iR AL B

1.3 FHME

Python SKSC{FHE LT —2854 IR R 2 RAESEIE E N 1808 M A5 5€ SCH) (BN Py_RETURN_NONE),
A TE 38 A A L. X BT BRI AN e — e RS R .

Py UNREACHABLE ()
XA DAEARAE — T EREERA RIS BSAAR . B, 24—A switch i&h) 9 Brg ol g
WEERC B case THBEET, MO HHBTE default: Y. Y4RIAEEAALERAN Eii—4
assert (0) 8{ abort () V&M BHH A PAHEAS.

T release # T, IR g iEas AL ACHD , IfEt G & AT BRI Ry 245 . BN, #E GCC 1Y
release 5N, %] _ builtin_unreachable () L.

Py_UNREACHABLE () fJ— A HEZ A —MASRE, (HAIEA A _Py_NO_RETURN H %L
ZEO

WR—MIDEEAR AN KT B2 IEH RS, (EAEERRIE LR AT ARIL , SEAREME %22, filan, 7E(%
WAFEET, 38— D RG AR R G R E, s, iR s E . g
TIERHR IR S SR AE, AR Py _FatalError() .

3.7 BUHTMA.

Py ABS (x)
R[] x A .

3.3 BCHTNA.
Py_MIN (Xx,y)

R[] = Flly 24 R/ ME.
3.3 OB

Py MAX (X,y)
R x Fy MR A .

3.3 HUGHTIA.

Py_STRINGIFY (x)
¥ x B C 455, AN Py_STRINGIFY (123) iR\ "123",

4 Chapter 1. &4}y
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3.4 JUBTMA.

Py_MEMBER_SIZE (type, member)
R Z5H) (type) member R/, PAFATERIR.
3.6 ORI

Py_CHARMASK (c)
SRR [-128, 127] 5% [0, 2551 Ju NI A7 8RR AL . XA 228 ¢ il #544 unsigned
char &1,

Py_GETENV (s)
5 getenv(s) ), HE2WMEMASIT LELET -E , WRMFE NI (B0 & & T

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)

AT R BOE R R BB S B, AT B 4 32 4% % . B0 int func(int a, int
Py_UNUSED (b)) { return a; }.

3.4 BUHTMA.

Py_DEPRECATED (version)
FHEW . R LICEAER 5 4 FRH o

vl

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

3.8 R AE: NI T MSVC S #f.
PyDoc_STRVAR (name, str)

BB — AT ATE SCRY AR FR 0, 44550 name FOAS B . Q1SR AN FISCRY 545 H3 — 2 A4 72 Python,
IR N

W PEP 7 ik, (i PyDoc_ STRVAR VRS FATH: , PASCRIAHISCR 7 47— #4 2 Python ff)
T

NV

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

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

PyDoc_STR (str)
NG ER TR A QRSO P AT, B3 Y SO AT R I, Bl — =547

W PEP 7 ik, il PyDoc_STR 455 SURIFATHY, PASCRRAHISCR 75— 44 & Python [
B

NV

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

bi
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1.4 5. ERFSIATHE

ZH Python/C APTH — A ENSH, PAK—A Pyobject * RAIRuIH . X AR 46117 Python
RN BN BIE R R54T . Ay Python X G RAE KRG UL T #897 Python 155 fiAHIR 177 Ak
(BN, WA, RSN, MSEEE) . HIeeEqh B C RAMRR A Fid. JLFFTA Python
X RAFAESE: ARANREF I — AN pyobject Y HBNBTHSNA R, AREFRIRR N Pyobject *
ggi"é‘?ro type X IEME—HIBISh, N ENTKIEAGERIREL, Fre BTl 2 #SH Py Typeob ject Xt

Jiif5 Python %f% (E: % Python #%4) #AG —1 type Fl— reference count . %5 1A B B A 4258
PIXT S (GIANEEE ., HF0H P SR i 5 2%, 4 types HITIAR ) o XTSRRI AN 28, #5A—
TR REERT GG B T %A G, 24 (HAY) a Frgiix 52 Python 51) A} PyList_Check (a)
HEL

1.4.1 S|RHE

SUMHEARFEZ, POVBAOT RPN GER2) ARG EIEa 2RI 5 F— 4.
KRR AT DARFA X, SE AR (HS) CASR:, TRECRIA C M Rt . 24—
ARFGATI TR N 0, BEHGZXR . ARX A CREAIR G & BRI 5 TR, Wik pelix 28
XIGAF VIR AR LRI R A5 TR0 N E, WIRTPDMRIOR G S0 5, I, (IRHA—
MREHIRA FE—X R Z WAES I B, Rorse RS

BB EAES I H . BRI E R M ZZPy INCREF () R — X2 m5 it g, 8
FPy DECREF () Ky — X5 Hit4. %Py _DECREF () WAk HITE2ENE, RF
TRXT R B REER, ILE H incref 2874152 . FEilas 2 — DS EX LB i s Ede & an
RGN GA (FIang) %), WIZEEER (RIS T 5T 8 6 B 7E X 4 i) Ao 2 095 |
B, IPATIIRR AL, sIEHECR SR, 20 H 5 ERINAE TR E N E —FEZ2 B0 T RS
FHit% (B sizeof (Py_ssize_t) >= sizeof (void*) ). HI, 5IHTHGENE A0 HEAEAE.

B BN AN SR I ST B SR e B 5 TR BIE b, YR B mXTR Iy, X
ST RTTESE N 1, AR LR, RGN 1. (B, XWEAEAGE, PrAsdss]
VBT S o S5 TR e — BT P2 R BRI A R e, e mT DAR)S LR RGO, A
HAGE 5 A RS G AT | A7 I 8] 2D AEA T AR R, IS R 3 5 | T4
— BRI e, XERAE NS Python Fr AR B2 8 T G4 JRASLH g C ek St R I BIL ] 2 PRIk
TEVE AR B A 5005 1 -

HR2, A DE IS AR PR AXES, AR — B E], m A IS . BhLe
BAEATRES MNP RIS, A HS TR, A TR R LA R . HIERfEke, X
NFEAUTCH I RAE T BE 2 AE R Python AU —— WA A — MUK AR SLVFE R Py_DECREF () 1]
IR, A AN R _E RSV E AR TR B AU o

— AN R AH I BEE (K FRPL PyObject_ , PyNumber_ , PySequence_ B
PyMapping_ JF3LARR%L) o X BE PR M2 E TR B X R A5 8. X1k E ) #H ST A
RIGLE RIS Py DECREF () o )X Fhy 2UAR faj 8.

S AT

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_XDECREEF () 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.

FASHL, 2SR T BRI RIS URE, FAAEPIRRTRE: AL 510 T RIS, 8023
A F 8 ERE SR — DR B AN, RSB EAZS I, MR X E
AL

6 Chapter 1. &4}y
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RAE RS IEH; WANERNHISINEPyList_SetItem() flPyTuple_SetItem(), EAfI&E]
Bt HEIH (AR H e A 532! ) o X SR A5 S oy B | 1 2 PR e (0 3 ) 2t
FR %5 SR A 78 TC A B A R A — AN B s B, BUEICH (1, 2, "three™) HIMRALE K ATA
XN (ERPREAE AR NS BR BB mEE )

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 () iR T—ANHM5 i HELBIgiPyTuple SetItem () Frgiit. 24
PRAR RS il — X R B B 5 5 U, SRR S IS | R wi s Py INCREF ()
FRINHS—A51H -

i fF 2 — F, PyTuple Setitem() ;e B ILH K BN B — K X PySequence SetItem()
Mipyobject_SetItem() LR R oH @A AT A5 28 AR 24 IR B A2 1T
PG PyTuple _SetItem().,

EMTFIEHT I ENRE T A pyList_New () MlPyList_SetItem() K45,

R, FESLEh, RSl X L BME T T HB S R AR
Py _Buildvalue () W PAMRYE C EDRAIERZHW HXR, B—"4 % X544 8R40 B, £
T PSS BT DA R ISR A (B & STt oA ill)

PyObject *tuple, *list;

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

il pyobject_setItem () FEAALPIRLEARILZMEAGI I HREONE LAY, IS VR e S
R B SR FEXAEOLR , AT TS TR AT S OB, O ARAN R 2 5 | TR A
VRATPARES TR 2 (“SEEREi ). B, XAREeR—A51% (S0 ERATMAT 22 51) i
B s & — A 2 H

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

Py_ssize_t i, n;

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

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

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
t
Py_DECREF (index) ;
3
return 0;

}

Xt BRBGR [ MEL YT DU AN [l 5 SR 1) R 2 ROk B0 16— A5 A & SO ARXZ 5 | I A BT,
HVFZ R Il —5 | A R B 45 A5 | T I L. BRI AR B FEVF AR DU, 2R [T AR 2 I i G 8
(4, MARFFEI 5 R XHRRT G E—5 | ] o PR, AR IR 5| Rl e %, fnpyobject _GetItem()
MpySequence_GetItem(), FrEZRM—AFHTI GEMITFBONZT A E) .

— AN T R B A TR R A A B EGR [ 55 L BT AR TR AT Y R R - A (VRS

14. K. RBMS| At 7
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WAL LR EIXT R AR AY) R H R #oh L L, WRARME PyList_GetTtem () M—AFHHRIL
FH, WHASIAETIA — HRURIRHE ] PySequence_Get Item () (EMRHIZZEEMFANSED
A AP FERBURRER 25 H ARSI — 0 B [ 3 2951 -

O R VAR B S - A R BRI A BERO RP &H ROR Bl AR

HPyList_GetItem(), MA—EMHPySequence GetItem(),

long

sum_list (PyObject *list)

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

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

}

return total;

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

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

return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {

value = PyLong_AsLong (item);

Py_DECREF (item) ;

if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;

total += wvalue;

}
else {

Py_DECREF (item); /* Discard reference ownership */
}

}

return total;

8 Chapter 1. &4}y
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1.4.2 %5

1 Python/C AP H 73 jiff 0 %A (0 i) HAB K 28 BUAR b5 K2 R #1 € 288440 int, long, double I
char*, A —SEEHHSERG T RAM A T 51 AR G 1) R BOCE BB SR S 3%, b —4
SRR TP R IR R (. XL AR 5 T ENTR R B —iE 1.

Py_ssize_t
—AMHf5: sizeof (Py_ssize_t) == sizeof (size_t) WA ST, CO RAHIETE
SGXFE ARV (size_t @ — D TOAF58EKAL) o 5S4 PEP 353 Tf#ifMy. PY_SSIZE_T_MAX
Py _ssize_t KRB EHRKIESIE.

1.5 BE

Python )7 51 A B IR E R 2L B AR e RALBRRY o & B alfe i i &, RIGHE 54T
BRI, KIS, BRI IEIA TR R, TR R EN TR 4 1 7 A RS el )

IR, XT CREFP GORYL, SR ALTE 2 A THY . Python/C APT AR H BT AT bR 4T W] DAG | K 575
R AR R RO SO T S AN . —BORUE, PR BB R, ESRE R, EFEn
WAHREATSRGI, FFR Bl — DR R . AERBECA UGS SCR, X AR NULL 8 -1, B
PRHBORT R IR B 2K, A A R iR o] — AN R ARG AYE, P R R AR AT %L
B B DR 8O A AR IBHE, HHRE M pyErr_Occurred () RtATRaAmEN . X
LEBIAT o SR HIC A SR

SEIRSRER N LRGP AR (XY TN LB P EH2REE) o — 2%
A PAMMEPI RS Z — BWE& kA, SEEALELE ., BEPyErr_Occurred () R PAREH RAGA 1L
RS BRH KRR E—AME AR S E BB 5, AE A o0 R B NULL., A 24K
BT AR B ERS: PyErr_Setstring () i WE UNENEEE M) BEFHARSHREL,
MPyErr_Clear () R ATHRRFHARTS

SERE TR AN RN (B AR AT DA NULL): SR8, MR aE, PARFEE . XL
X4 X5 Python H sys.exc_info () BIZERME: R, EAIFAZ—FER): Python Xf R H
Python try ... except BTG — 7%, 1M C 2R FHEIRES RIEFH G AT C REE;
A Z (AL S A7 B 2 H 25K Python S5 I ARREER I R FA-EIF, ZF RS MTORHER R

sys.exc_info () &4k,

THTER A Python 1.5 JF4f, A Python AUR ] M) 5 FOR A ¥ 0k Ay . e 22 4z i 05 22 I 1 B AR sys
exc_info (), EXfik[u] Python fUR I /» AR HARLS . BUOL, X PRSI S HAR A 7 2CA i SRR A
AT AR PR TR R ) S 1) B BSCRE DR A 1 S LR ) S RS AR B R O 1 S IR S . 1R 1
S AT AR RAR JO S Y eR B e 1 IETE AL B S i B LA R B T AE R
WA b M5 | AR R AEAEA B EE R AR T

PR — MR IS, — N 55— R EIOR AT HE B8 AT 55 1) R R0, 224 A A ) B R KR R 5 1 T S
FEAET | RS WA S RS A A Ty . BN EFEIIIA BT ARG, IR Bl — A 5pR
™, HE RRRET RN - ISEENGI RN R, HERA KRR EZE L.

— AN I S AL B E AT ) BB 1A BT sum_sequence () R B EEST TR . XM TIE AR
G ) 55 RN AN T SR BT AR TS . R A S Bl R R T — SRR R A e, T
YR$E7R Python FIHLF, FATE/R 145401 Python fLHH:

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

XFRZE C AR AT -

int
incr_item (PyObject *dict, PyObject *key)

Q)
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(R L —5)

/* 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 */

}

XAG R ERT CIEF T goto A — F o B AR AR ! B UL T o ff
W PyErr_ExceptionMatches () MPyErr Clear() ¥ 4t F ¥ & W B %, VA K& 0 fo] fif
M Py_XDECREF () FALFEFIHEH NULL W H A5 H (HEEARHFM 'X'; Py _DECREF () F£if 5
NULL 5| FIBPRF2 Aalt ) o BEW— S TR AF B A 51 1A B ZeR G 6o NULL 4 B8 & FE1E ] ;
Ffelib, BSURER EME R ER I IR -1 (R B R RSP THVE T G A S s & s .

1.6 #& A X Python

U Python fRREGRHYIRA T (RIXN 9 R S H M 5 ) A H 2 0m— I H 2L 5 2 ERRIiate, mIRE
EHEMREA. ARASHIR Z B e LA TEMRRS R e 2 J5 A RER B

BEARNYIG RO Py_Tnitialize (). MeRBFHIIALE MBI, HOIEEARIR builtins,
__main__ Ml sys. ELFFHHIETIEREE (sys . path).

Py_Initialize() R&R&E” WASHINRE (sys.argv). WA FE 5 RFZEHATHY Python {475
T AR, WM APy Initialize () 2 )@ L ] PySys_SetArgvEx (argc, argv,
updatepath) REAMEE.

TEREHASE o (FE5152 Unix F1 Windows, ESRTEANY A A ), Py _Tnitialize () FARERAR
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1 Python fRERS WA T SO AL B I SR FEAS MR TR R 6 4%, IFI & Python JE W ZEAH YT Python
FRRERS T AT SOOI [ 7 8 B 3RE . e, B RHAHXTFHE shell iy 8 RS GREAS & pATH) b3
#1444 python MR HAT SR ITFEAC H SR &4 40 1ib/pythonX. ¥ i H %

26 K8, TIR Python ] $fT 30V T /usr/local/bin/python, B¥HREFENT /usr/local/
lib/pythonX.Y. (SEFs L, XAMFREBAEER N “BHR” 8, SFFEY4JCVETE PATH PHREI4 N
python W HAT OB B ) A P AT DAIE 0 1% B A5 AL | PYTHONHOME , Bl i i & PYTHONPATH
AEFRUE AR 2 T AN H SRl A 55 AT .

MABN HEF T AESE R APy _Initialize () Z Al W /il Py_SetProgramName (file) 3
AR R Y . 1 YE 7S PYTHONHOME 134K < 78 35 Jb i & Jf H PYTHONPATH 1358 2> W 46 A B A
MR Al T2 G N Ry LA S H WPy _GetPath (), Py_GetPrefix(),
Py_GetExecPrefix () flPy_GetProgramFullPath () SEPl (XL KEIYFE Modules /getpath.c

HiE L)

A, 8 FF X Python #E4T “KewItGAL” o BN, MO AR AT BE AR E A 8 B (R
MPy_Initialize ()) BUEE N R Python [ I T 4 58 T AHZLREAL Python T /3 BLI N AF. X[
PGB Py _FinalizeEx () FSEP. IR 24 H] Python 4T EWEIEMARS N Py _IsTnitialized ()
PRAICRR [P EE . A Ik L s B 25 B FEZ G B P 45l . WPy _FinalizeEx () RERE
A B Python fERERS I /0 FLH AR, B0 B 4 R BRI 43 B i) N AT B A& N 2R .

1.7 iEifa@

Python nJ DAPR# 3 26 72 54 4138 DA B RE S ALY BRI B ME L . X240 4 2> Sia A T IR IRt
ST R ENTBOAR S o

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-pydebugto the . /configure command.
It is also implied by the presence of the not-Python-specific _ DEBUG macro. When Py_DEBUG is enabled in the
Unix build, compiler optimization is disabled.

B T AT AT T ROR 2 A, eI T A T B M A -
o BUOMEALRFES NI X 57 BL s -
o BONARS ERF AN 2 R AT AR AN S iE 2 o
o FoAE N TSI [ 42 BB 1] SRR AR TR B
o FZWiEPIRMB FIAEG LI . Ji5h, RAEXNRHFE test_c_api () Tik.
o BWASE SRS ARSI B HEZL B R
o BN E MM TCRAARIIR AR TEGE , AR RAIR AR 5 ] -
o INIRIZIRERANVES ) S AL 2 R BLAs A TIN
o INIESMIKE A F) arena NAFSEHL .
o USRS S 2 AR
X LT BEBCA R B B M R A

Defining Py_ TRACE_REF'S 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, 5257 Python JF/LAL ¥ Misc/SpecialBuilds.txt .

1.7. AifaE 11
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CHAPTER 2

TRERI R AR FF O

f&4i ., Python (1) C APLRFREEEIMHCAIIAE L. K2 B UG SIS, @ RIR APL, jiifgg
BT APT BB APL (U SE28: 1 2 i S ARG TN ER ) o

ASER S, APLAREIERAY TR B| Bt RIARA 1 (ABL) . J PN 2R 455 SRS, (eI HLAS I
Bl 7 BB AT BEA 2 BIA APL, [HRIRES MR ABL. A, 43> Python JUASHN T BEE B i i
b (RIGEAEA (AL AT 32 M 4% RO OL T, Unix ERATRES M BLH ). JeAh, 75 Windows I, 4"
JRELER 555 1) pythonXY.dll 4%, 7 BEH B 4% 4 BE- 578 pythonXY.dIl 4% .

M Python3.2 2, ELZFEHI T4~ APTAG T4, DABHRELER) ABL MISLAEN S APT (H1pFih 2
API”) Flty YT 55k S Py LIMITED AP, VFZMRRERRAITAA Y TRBLH  Bhe: S o , e FEfi]
xR (x>=2) FHUH B R 7 B 4

TERLER T, FERMNEEECRY B E R ABL, 7 3 A A X 283 APL [ 9 J 45 e 55 226
Py_LIMITED_APT % & {148 3% % 35 i) % {ik Python A< HY) PY_VERSION_HEX {H (fi#0: Python
3.3 4 0x03030000) (B UWAPI 4= ABI i AE 72 ) o IWIASHUREE A g Jr 4k Python FRAR , {HIGYEYE
IHRCAS Fma (AR ) .

M Python 3.2 JF4f, 22K API A] I Y ek A4 10 S AE PEP 384 . 7£ C AP SR, AJET 32K API fi) API
TCEARICH “ANET 2R AP,

13
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CHAPTER 3

HEE% API

AFEATI) PR ECRE FC VAR THE SCE B o DX R ALY Python JEACHS , (BB TR ARIFRFE SE 4075 1Ly 7
A G RER T2 H..

KL pR F A LA AT A 2R T BOEEA S E N E S . T8 4F 5 Py_eval_input,
Py_file_input PAMK Py_single_input. XEEFFSSIEREZTNENESHIRBCCRYH M PABLRH .
RV X SR BT A LA A DARESZ FILEX JBZ, G — S50 IO A B 4 31 o) 2 5 WA [R) C FERY
FILE Z5HI K0T BB 2 M AR . (24 2) 7 Windows H', B4 RA v RE S A
[E:)E J@?W\Jﬂ%ﬂ:‘u%%ﬁ%ﬁﬂﬁmﬁ%ﬁ%@ﬁ% i Python sz 47 B8 I A0 A [ 4 2B A 00 T A%
FILE* JESELHTEA].

int Py_Madin (int arge, wchar_t **argv)
IR MERERES 0 AR o A T Python BURE R rT 8 BLAR P . B4R BERY arge Ml argy JTEZ: 124
Sl CRFPR main () BMERESAHIE CRAARTE T s = KR ) o — D EZAE RS
BB R LB (HSEI R P FAFR IR AR BB ) . WERERER R IR i
(RIRGI R ) LR EMECR S O, ASRARRESS IR 5 | A S TRt LR [A] 1, i WARE S5 RARE
FIRARLH) Python iy AT H] 2.

WEHEREARG| & T —MEHAIG G F R PEY) systemExit, BpRECR NS RE 1, 1028 H i
T, HEPy_InspectFlag il RHIKE .

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)
POREI X R PyRun_AnyFileExFlags () WITRIAEIGE D, K closeit %4 0O T4 flags %A 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)
XRER N PyRun_AnyFileExFlags () WIFLIEED, X flags B8N NULL,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
WA fp 50— A KRB F A B (5 G 802 a8 Unix B 2 m) 19 SO, R
[BlPyRun_InteractiveLoop () WIMEH, HWRM PyRun_SimpleFile () WIZEH . filename £:1f
e 25 Atk (sys . get filesystemencoding ()) Rf#ENS . UM filename S NULL, [t
RES 222" VR4 . TR closeit N EAH, X4 FE PyRun_SimpleFileExFlags ()
R[] 2 Fi# K A

15
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int PyRun_SimpleString (const char *command)
XX R PyRun_SimpleStringFlags () WIfRIALIRIED, ¥PyCompilerFlags* SE0E% N
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
Wt flags ZH0, £ __main__ Bt H4T Python YU, IR _ main_ MIRAFTE, ERH0]
. EIERE 0, ARG AFFENRE -1, GURAERR, W ITEREREFER. XT flags
S, ST .
HERENRG K T — MM & TR PR systemExit, BERECH AR -1, TR ik
f2, R#E Py _InspectFlag b RHIE.

int PyRun_SimpleFile (FILE *fp, const char *filename)
XX R PyRun_SimpleFileExFlags () WITRIALARIE I, ¥ closeit ¥k 0 1 RF flags &N
NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
KEEX T PyRun_SimpleFileExFlags () WIALRIED, X flags %A 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 re-
turns.

fiE): £ Windows I, fp W24 A —#EHIEN$TFF (R fopen (filename, "rb")). 750, Python
Al BETCYAIE AR AL BRAE ] LE 4745 A 10 B AR S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XRE N R PyRun_InteractiveOneFlags () WIfRALIZED , ¥ flags % A NULL.

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys .ps1and sys.ps2. filenameis decoded from the filesystem
encoding (sys.getfilesystemencoding ()).

L AR SAT R ] 0, 1SR S| & S R B] -1, B A0 SR AT AR AR AT A A5 D3R ] ok B E
A1 Python 42 B4 K A ) errcode.h WHE LA RIS, (EHE errcode.h A #
Python.h IFfudh, KICARFEENLAG L JHAHE. )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XRE N R PyRun_InteractiveLoopFlags () WIfRALIIZED , ¥ flags % A 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 O at EOF or a negative number upon failure.

int (*PyOS_InputHook) (void)
AR AR MR AR int func (void) MEREL. iZERECRLE Python 1 R REER RS AF HILRE
SRR Atk AR T o Gk RMEL 2 200 . BT AT R R RS O PR AT
SINE AL SRR, 88 Python f3 7 Modules/_tkinter.c B

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE *, const char *)
B AR AR A — R AN char *func (FILE *stdin, FILE *stdout, char *prompt)
IREL, HEEY R EPURBER PRI — AT AR BN RREL . SR B U R W R 45 5 prompt
Ak NULL g e, RE M Irie it r bR A SCHR e — TR A, IR I R R B,
readline BIHCREX AN T ICE AP AT tab SEARM R ZETIRE

LZER R —AH PyMem_RawMalloc () B{PyMem_RawRealloc () A ECHIFAFE, BEEWR %
A EE RIS NULL,

3.4 FRE & 4% BN iPyMem RawMalloc () B{PyMem RawRealloc () 4y B, T A &2
HPyMem Malloc () B{\PyMem_Realloc () % EC.
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struct _node* PyParser_SimpleParseString (const char *swr, int start)
This is a simplified interface to PyParser_SimpleParseStringFlagsFilename () below, leaving
filename set to NULL and flags set to 0.

Deprecated since version 3.9, will be removed in version 3.10.

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

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseStringFlagsFilename (const char *str, const char *file-
name, int start, int flags)
Parse Python source code from st using the start token start according to the flags argument. The re-
sult 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()).

Deprecated since version 3.9, will be removed in version 3.10.

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.

Deprecated since version 3.9, will be removed in version 3.10.

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

Deprecated since version 3.9, will be removed in version 3.10.

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 %} N PyRun_StringFlags () WfRiibiRIZE O, ¥ flags &K
NULL,

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
Return value: New reference. 15Nt 4 globals F1 locals 35 € W _FF SCHH AT B str 11 Python JEACHE
A DA flags 48 E WIS FRERIEAR . globals Whlilig—A~"FHL; locals W] DASRATAN SE T MRS Ay %
B T2 start $338 T W 2405 TR IEARD R IGTEAT -

1R PR A A Python XFRMATRISE R, B QAR5 & T 55 R Bl NULL.

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 % R PyRun_FileExFlags () WIfALIRIZED, B closeit $£5 0
JXF flags BEA NULL.

PyObject* PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
int closeit)
Return value: New reference. X241 NI PyRun_FileExFlags () WITALIREED, ¥ flags %K
NULL,

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, PyCompilerFlags *flags)
Return value: New reference. %24t X N PyRun_FileExFlags () WIfafbIIED, ¥ closeit %8
0,

PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyOb-
Ject *locals, 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.

17
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PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. 3% 251 NPy _CompileStringFlags () MITRIALIRIE D, ¥ flags 1%
N NULL,

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

Return value: New reference. X241 %} NPy _CompileStringExFlags () WITRIALREE O, ¥
optimize R -1,

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

Flags *flags, int optimize)

Return value: New reference. f##fr I %ii% str H Y Python JRACH, &[0 &5 RACH I R TFIHEAT
Hi start %5 15 33X AT R R A AT W g e ) ARG IF HLW O Py_eval input, Py _file input H{
Py_single_input. Hi filename 457 i) S 44 2 05 R A3 AR X R - WT AE H BLAE ] 93 45 S
SyntaxError SR . WERAURD JC I a AT B4 13 U L R HCRF ik 9] NULL.
BERL optimize $57E Fii w0 ACDON]: (H -1 RRkPe S -0 UM [F M R REas e g0 . X9 )
H 0 (flifl; __debug_ SHFUH). 1 (BHE#REER, __debug_ SAR{E) B 2 CORFATH LR
B3

3.4 BUBTIA.

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 BT

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. ik 241X PyEval_ EvalCodeEx () PRIALIRIED, HEHA LIS, DA
R4 R R B, HAt S 805 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. Xt—APga i) AR LKA, JHRAELT IHRFE R PREE .  BUERIR R 42
SRR T, RSB G, S8 RETFMBOAMERMEE, R LT SEENAER)
TR BT P T A A
PyFrameObject
FTHRERWON R CRER MR . AL T BT BEAEAT AT I g i 2
PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. 3f— A HATWERIE . X @M PyEval EvalFrameEx () WIfRALIRIZED,
INRCSEIEN Fa3cc

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. X2 Python fFREZAT AN HHAB IR KA. SHATI £ AH SR A ALRS X4
FEREAAT, R R H AR R S PA TR o BN throwflag T2 FEAS ] DAR 2 —— WSRO
fE, MeFPECLAHLH—5RE XSPONT ARG LE throw () Tk,
3.4 MU A e BOIAE A & — RS, AR R S £ 7 s 2h i e

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)

BEERE B SO BRI AR, HAE IR M AR, S i [ml
int Py_eval_input
Python ik TR RIXAMR BT WGPy _Compilestring () i,
intPy_file_input
Python 732 I T M SCPF sl AR PR L UE /) PP S B R 4TS LA Py_CompileString () fi}.
X SEAE AT 7K 1% Python J5A 5 I S48 H 19495
int Py_single_input

Python 134 I T HIE AR IR TT5 5 BEAPy_CompileString () (] i T2 HA MR
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HEARTTS .

struct PyCompilerFlags
X2 I RAF T PR AR TERR I S5 M I o 5 T RS gm i I &0, BRFER int flags & A, T
XFF A ER AT O, EXFEN PyCompilerFlags *flags ffA. FEXFMEILT, from
__ future_  import W] PAMBEK flags.

Y pyCompilerFlags *flags A NULL B, cf_flags B M4/EZET 0 kA, TR from
__future__ import FrFEM BRI AR

intcf_flags
Gt IR o
int cf_feature_version
of _feature_version 52 Python /NS . BN 48 #1441k 8 PY_MINOR_VERSION,

WFBERIA S 20, 24 HAUYTE of_flags Hi'E T PyCF_ONLY_AST JEFRE A X4
3.8 W B S T of _feature_version FEk .

int CO_FUTURE_DIVISION
ARG LRLATTE flags PR EVAERHRIAIZRAT / BUEEN PEP 238 FrilEn) “HERK”.
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cHAPTER 4

AT 5 T4 2 Python XF4L 15 AL
void Py_ INCREF (PyObject *0)
S5 0BG TTEL. X GU BN NULL; AIRARANH & B AN NULL, "I Py_XINCREEF () .
void Py_XINCREF (PyObject *0)
HEMAR o 51 TR XFZAT AN NULL, R OL N IR AT ROR .
void Py_DECREF (PyObject *0)
XS o 5] TR XTRUBUR R NULL; QAR BN A NULL, A Py_XDECREF ()
MRS TR R, 5 AT X G T @ B REOR 4L (B AAS A NULL).

Bl R R BT S EUL R Python (UM AGEIAN (HIANIY— DA __del () JiARIZEsE
BIRTRERUN F 2 ML) o AR MRAURD H ) S WA AR, BT RIS RERS B iy i Tl
Python 4= JRyA8 o X T BRFE AT AT Al o 4 Jmy 28 S AR B X RAE P y_DECREE () AR ) 2 il
BN AT SR RIS o BIAN, AN —AF) 3 o I 0k SR ) AR 7 24 6 U oo R B9 5 9 L 31—
A AR R, B RBARETH, AR RN AL SRR Py_DECREF () .

void Py_XDECREF (PyObject *o)
WP o BTG XFTRATPAH NULL, FERCREOL & E AP AT RO FE AR ol Hsk
WRY5py DECREF () M, oW A RFEES.

void Py_ CLEAR (PyObject *0)
WD XTSE o BB TS X AT DA NULL, ZESUTE O N EAT AT RO AE M ol =l
REPy DECREF () #[F], RHFETHSEW YN NULL, £XPy_DECREF () (&N
T HHEBRRIRT S, A7 S oM — NI B AR S AR D He g | R BRFS40% A NULL,
o 214 el DA E AR [ 3Y 6] BT g 2> i D R e g g, %S RN R,

PAF B $0E T Python 19247t 81 &8k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject

*0) o BN HIRIEPy XINCREF () MPy_XDECREF () Wfaj 8-S H pR B AN .

PA R bR BB AN v] 7E R RE g% 0 W AR F: _Py_Dealloc(), _Py ForgetReference(),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER B

Bl5h e 3R

AREE IR I R B AR AL BEANfil & Python F# . T fi#—4¢ Python 3 A BRI AN 2R ELEM . B
) AR A fifg POSIX ) errno A8k (BBANEAE) A RiEnt Rl &R, K&
5 C APL (REUR 2AE BTN E, (HATE R IR B TR e R R R R . 24 C APT s 4tk 1]
—AHERIERER . WERTAINVAZR B840, @R R NULL, 05 R ANEE, R [E] -1 (4
PyArg_* () HREU IR IR AN 1 1 2 IR [E] 0).,

HARHUL, SRS REs B AR 86 2R, SEWIE, AR . G s A iR i
B, IXEEIREMAR AT DA NULL (RS AR Y, Bltn, Wi RALE NULL, IRANEER —ANE
NULL f4 [l ) .

DR B T E R B R BRI AL R W, Tl A SR EA R A BT RIS e
ZWETE. MERITAIE R, SR R A SRR B (X 58 s A7)
Be) o MUERAHERAL TG H, W R IZIEFHAREE . AR W TN RIR ], TR — i B ) 1 5 3%
MEZ0E T AR, WREEIRBCA TS S A B/ V024, X Python/C APT [ e ¥ I AT REAN & HI 1
F18, FF BT RE S AR A ) 75 R I

ffilE): 5PN E AL sys.exc_info () BIPITA R HIFR R M ARSI 78 (R ibqefedk),
JEEAEPR R G REEAFE (R ORIk %) .

5.1 ITEFO;HIE

void PyErr_Clear ()
TR A . WA R E R IRE Ry, WARSHIER.

void PyErr_ PrintEx (int set_sys_last_vars)
FHARAERIPAT IS sys . stderr HIERET R RAr. BRIEETIRE SystemExit, XMIFHN TAS
FTENEI AR, H 2B Python 7%, /R SystemExit SLHIFE & AR .
HETEARIR A B A T B X R, A% 25 S8 iR !
m B set_sys_last_ vars AE FE, M| AF B sys.last_type, sys.last_value I sys.
last_traceback $4 Bl ENFTEI R HERIEAY, (ER0E1H .

void PyErr_ Print ()
PyErr_PrintEx (1) M54
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void PyErr WriteUnraisable (PyObject *obj)
15 1 24 B S50 obj 2808 sys.unraisablehook () .

MIE T E, BB RESC PRl A S, XS ) sys . stderr FTEI—MEE
FEe B, M __del () JIAH AL E I TIE A BRAL

R A A ZH ol BATIA RS EARIR R AEA Rl A i TR S0 WPRATRE, obj HARA
FETETEE SRR

A JH L PR O L TR B S

5.2 it H=

XL R HOT R DR RCE S R R AR R B R AR Ry . A T R I, — LS R B IR 2R A NULL $8EE, DAE
T return ifm].

void PyErr_ SetString (PyObject *type, const char *message)
R EHRAICRTE NN BN SHREERERI BAlFENEMRERE, Sl
PyExc_RuntimeError. IRAFERMERNT NI £ AL HREE; E2M 'utf-8"
FRA Y o

void PyErr_SetObject (PyObject *type, PyObject *value)
WM T PyErr_SetsString (), HRAFHRNFHEN (A" H5EEE—1 Python X4,

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X PR B0 E T — 4 R 8 /R 28 9 H iR [A] T NULL, exception [V
52—~ Python W) 4 K. formar FIFE G W8 Z 35 Ik AL X A5 R B B
Y5pyUnicode_FromFormat () B EMEIN S XFME. format Z—4> ASCII 4 bl (R 745455 .

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. f1PyErr Format () f#H[E], (BE#EZ—4 va_list BEWSET A
AR S .

3.5 BUBTINA.

void PyErr_SetNone (PyObject *type)
X PyErr_SetObject (type, Py_None) HfHE.,

int PyErr_ BadArgument ()
X4E PyErr_SetString (PyExc_TypeError, message) HIfRiE, HH message 15 H & T3k
ESEORH N EBAE. BEEH TN .

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X2 PyErr_SetNone (PyExc_MemoryError) [fij5; TiR[F NULL
, PATEY INFFRERES, XTROBLKEPAS return PyErr_NoMemory () ;

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. X 2 EHEK AL, 24 C F R EUR 45 iR HF X E errno I, XKL
SR T . BHE- AT dXg, HE -T2 HE errno, 5 UMM AAIREE (A
strerror () $KEL), X5 PyErr_SetObject (type, object). £ Unix |, X4 errnoff
se EINTR , HIFFIR) RGER A I, ARSI PyEre CheckSignals () , WRBCE T HER
fendn, MR E NIZE . ZRBOUKIEIR E] NULL , RIS REUH R IR, B2 R 500
MR IR LS % return PyErr_SetFromErrno (type) ;.

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-
Jject)
Return value: Always NULL. Z5{0, T'PyErr_SetFromErrno () , FIMIFT N2 UE filenameObject
AR NULL , BERAE R =D SEUE 4 npe (NI K. 224611, 7E OSError R,
filenameObject ¥ 3 & X 74 5L BIH) £1lename JE .
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

Ject, PyObject *filenameObject2)
Return value: Always NULL. 25Dl T PyErr_SetFromErrnoWithFilenameObject () , {HEZH
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A filename X5, 24— A2 filename f4 bR BRI S & £
3.4 BUHTIA.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Z5{))F-PyErr_SetFromErrnoWithFilenameObject () , {HX{4%4

PACFRFIBR G o filename 72 NI R GE4ED (os. £sdecode () RS HIARMT.

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX 2 fill )% WindowsError [ 18 & K%, R lerr S 0, WP H
P H GetLastError () &[5 %M. B H Win32 K% FormatMessage () R &R
ierr B GetLastError () % W& RIS A Windows i ik, KRG E —mdxrg, H
T2 derr {H, % WM MW IRME S (M FormatMessage () 3KH) , ARFWH
PyErr_SetObject (PyExc_WindowsError, object) . ZHREUIKILIRFA] NULL ,

B] F 4 Windows.,
PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr_SetFromWindowsErr () , FAMNIS S & B fih k& 1 7
2 i
RAL,
B] H 4 Windows.,
PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. 22{))F PyErr_SetFromWindowsErrWithFilenameObject () , {H

72 filename J2PA C FAFERIE LA NHY . filename J2 ST R GiST (os. £sdecode ()) MRS K
.

B] H 4 Windows.,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-
Object *filename)
Return value: Always NULL. Z3{lJF PyErr_SetFromWindowsErrWithFilenameObject () , 4
SNSRI B A ) i R A
B] H M Windows,
PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr,
PyObject *filename, PyOb-
Ject *filename2)
Return value: Always NULL. Z2{)J FPyErr SetExcFromWindowsErrWithFilenameObject () ,
H2HZ 55 A filename Xf 4 .

u] H M Windows,
3.4 BUHTIA.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const
char *filename)
Return value: Always NULL. 25{)) T'PyErr_SetFromWindowsErrWithFilename () , HiIrEE35

SE B A B S R
B] F 4 Windows.,
PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)

Return value: Always NULL. X Z2fit )& ImportError HIEHERE. msg KW N REE BT
name Fl path | (FFATPASH NULL ), ¥ R4 E ImportError XN )& name Fl path.

3.3 BUHTIMA.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. MPyErr_SetImportError () R, EHXADHRE ALIFIEE—
ImportError B FZERKMEA .

3.6 BUHTA.

52. hHB&E 25
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void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BCE RIS, FTA R EE . IR S A R A2 syntaxError , MERERIMYELE,
ERFATE 7 RGN RH 2 SyntaxError,

3.4 BB

void PyErr_ SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpyErr SyntaxLocationObiject () ), H2 filename & M AT R 5 % (os . £sdecode ()

) SRR B — AT A
3.2 BUHTIA.

void PyErr_ SyntaxLocation (const char *filename, int lineno)
BT PyErr_SyntaxLocationEx (), {HEME T col_offset parameter F& %,

void PyErr_ BadInternalCall ()
XS PyErr_SetString (PyExc_SystemError, message) W4EE, H message FRHEH T
RS RO R AT (FI0, Python/C APT B%) . B 2T INEBHEA .

5.3 AHHES

XLERR T AN C A % %2 . EA105 B T i Python 13t warnings Sl iIREE R 4. B AT A
] sys.stderr T Hl— 37 5E B 408, AP WA REC S48 @ RS 4L o iR, EXMIEOLT, B
Pk i . WA R REH TS ILH L I8, (O R gl & R . AR R e, R IBIMECH O
WER A& e, RIEE -1, (oM E @G ST TESER, WiEe mimAmER. X2
ﬁi%ZﬂﬁZ%)ﬂﬂ%ﬁiﬁT%ﬁ, WA N R TIEEW REAE (Flan, Py_DECREF () A5 FFfR M
— PR °

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
K —NEEE R S8 category & —AEER] (MR 8 NULL 5 message j&—> UTF-8 45f
HIFAFER o stack_level J&— 25 AR WIECE IR0 BSR4/ EAE R TR T &
stack_level Jj 1 W@V PyErr WarnEx () WIRREL, 2 el FRgeREL, PARLZEHE.

ALK B PyExc_Warning 172, PyExc_Warning f& PyExc_Exception fi12%; B
NI PyExc_RuntimeWarning . ArifE Python BERGIER A RASRTH, Frf HAFR
AT EEE XS

A REEERNEE, SISO warnings May173CR P —w 00, #0f T 55
C API,

int PyErr_ WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename,
int lineno, PyObject *module, PyObject *registry)
K — AR A R AT B B S B X 2 fiL T Python B %[ warnings.
warn_explicit () AMZHYEEMR: HAEFH O TN . module T registry 2 %] B
N NULL PARSEI A 5 SOR ik i BRIA R, «

3.4 BUBTIA.

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, ...)
RN TFPyErr_warnEx () WERE, (Bl PyUnicode FromFormat () R Ab24574 5. . format
el 1) ASCIT 2 T 1) 49 £

3.2 UHTIMA.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
B FPyErr _WarnFormat () IR, 1H category /& ResourceWarning 3 H'B£&¥ source 1%
#4 warnings.WarningMessage () .

3.6 BUHTIA.
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5.4 EiHiRIERER

PyObject* PyErr_Occurred ()

Return value: Borrowed reference. {2 G E T iiRfinae. NEKE, WLk ELEE Hpe (B4 T
— WM HEA PyErr_Set* () MEE PyErr_Restore () MIAME 1S40, WARBE, Wik
Bl NULL, ARFFAHAERHREER G, HIARRTEZX EHRATPy_DECREF () .

A s 2851 GIL,

WHE): ANBLEIR [ 55 E W S BT B Wi PyErr_ExceptionMatches (), WF
. (FCBRARE S KM AT FREE R, SERER — LAl A2, s B 62w
K S — T 2E.)

int PyErr_ExceptionMatches (PyObject *exc)

ZEMF PyErr_GivenExceptionMatches (PyErr_Occurred(), exc). BCEREMN 24 HAFsL
PR B T S B AR A s SRS AT S 05 | A R K AR SRR N )

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

s given 5 exe ) R B VR GR Bl A . AN2R exe 22— A4, W24 given j&—A>
TR SBR[ B . R exe 2—AN e, WHZIcdl (PARGEIAR Tocdl) Hprg s
BRI B R A TUCHL

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

PR R R AP IR =2 b I s bk . SRR R B A RIS R AR, PR = AR R N
NULL. QRERE, WK HERRI BARASE e BB A S5 i . (BRI 42 mT DAK
NULL HIfESEANFGARN R 7S

;ﬁ: I PR HIGHE H H S BEAR AR S i A B RS B B R AE AR B B R AR R A RS B A,
f:

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

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

PyErr_Restore (type, value, traceback);

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

ETEANR R ERIRERAT. W RIE RO RE, EREEIER. R =152
NULL, FHRIERERERR . A ZAE A NULL RBUHIHE NULL (s 1 . S 28B4 22—
AT AT R R (35 SOX SRR S B R JE 2R 08T, ) BEiR FH 2t X%
S5 AR HE 2 J A X RSS2 05 | BAET I 2 G AR R AN P A X 285 . (i
PRANPRARIX — 5, WA EE RS . S 2 AT )

fE: It o B 5 B N I BRAF IR S S SR B R AT B AR BT G o i PyErr_Fetch ()
AR A IRIERAT -

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

TERFENOLY, FHiPyErr Fetch () FrRIEIME R AR “IEIEMALHY”, Bl xexc g— X5
M *val Aug ] —2RASEBl. FEXFEOLT MR AT AR ISR SE B i3 . RMEE &2 1IE AL
(1, WIAMAT AT . SCBLXAPAE R IE AL e T3 THAERE -

Wil B R A SRR EIRE _ traceback_ JEME. WIRAHEE LB E EW, £
s L DA T I AR A B

5.4.
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if (tb != NULL) {
PyException_SetTraceback (val, tb);
}

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

RPGFHAER, MM sys.exc_info () Frigali. Eiedi—1> CHIRMFER ., MAZNIE %
W o AR WL B I =X RHG I, HAEA— YR PN NULL. A B U E B RPIR

K
BN o

E): B RRBGE N 2T AL I S AR B B o BB 3 2 AR AU R G I (R
WE S HRSHIE. WM PyErr_SetExcInfo () KRR SIHHRF RS,

3.3 BUBTIMA.

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

WHEAHEER, BIM sys.exc_info () S8, X2 A~ SR BREE, MAZHEE A
H 58 SRS MBS SE5I H . BE S REIRE, WA A 8% A NULL, XFH X
“ASHE BN, ESHPyErr_Restore ().

)RR EGE A SRR S PR I BT . B 1Y 39 A R A A T I R A
WE SEFRSHR O .. W PyErr GetExcInfo () RiZEPSFHIRS.

3.3 BUBTINA.

5.5 554bE

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.

A Python & HF AL signal . SIGINT CRFEiX N signal.SIG_DFL B signal.SIG_IGN), it
BRI ORI A 5

int PySignal_SetWakeupFd (int fd)

XA T H R E 17— LR (E S R A ARSI E U A 5205 19 H AR I S
TIRAT o fd WAURARFHIER o EARFIR T HT— X S FEIRAT -

BCEE -1 KA ATRARE SRR . X AF T Python 1) signal.set_wakeup_fd(), {H
WAL R . fd 22— A RSO RIATT o RO 24 A R AR -

3.5 iR 5#: £ Windows I, BERREOAE SRR B AL B

28
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5.6 Exception 3¢

PyObject* PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. %4~ T EL.pREN SO I 1R Bl — N8 ) 54528 . name 50 R 3 S 10
ZHR, B module.classname FER A C FREE . base Fl dict ZHGEE N NULL, XE6) 28— IR
4 H Exception ZEXT2 (7 C ] PAiEd PyExc_Exception {5]).
BIRM __module  JEMERFHIR N name ZEWHIEE S (RJa— A5 ZH0), MR N
JEAoYy (Fea— A RTZ)5) o base ZHTHHRITE RIS BETLAZ e — ik
HLHITCH . dict ZHAT KA E — > th 2878 AN R AL e

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

Ject *dict)

Return value: New reference. MIPyErr NewException () —FE, [T v DARFARMES T R 2 —4
SCRYAFER MR doc JEVEAESS, R AE S R SR AT ER
3.2 OB

5.7 FEMR

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. 55 55 A IR [Tl A — 4S8 5 R [A], rT VAL traceback
7E Python HriJjIF]. HURBEATC XBRAY I, MR (A NULL,
int PyException_SetTraceback (PyObject *ex, PyObject *tb)
H T IR [ S BN b o ] Py_None iEHBE .
PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. -5 53 RN 1R 3 (FEALBE ex 1yt R b g | K10 53— > S 5491 )

YER—Ag I R B, ATPAEL _ context_ 7E Python Hrijj[al. ANARMEA KRB LTR3¢, W
1% [7] NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
5 A IR R SCREN eove fl) NULL RIEEE . A TRIDR coc B— i S22k
BEG A XRFET IR — AR e 19511 .

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Y5 55 M X BER R (— N sLp], B2 None, ] raise
from ... &H) fERH—AHGI RN, WHE Python i@t _ cause  Rijjil,

void PyException_SetCause (PyObject *ex, PyObject *cause)
455 SR SLIBE00 B DHEEH cause. 1] NULT, 258 . A AR cause J— A5 35501
B None WZEAUAGA . BORHTI— 815 cause Y5 .

__suppress_context__ &#IRE R ML N True.

5.8 Unicode =&k

AR TR AEBOk B C 1Y) Unicode 5% .

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 X I i encoding, object, length,

start, end Fl| reason Z£J@ V. encoding 1 reason ) UTF-8 4mtd ¥ F4F 0 .
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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]f#—-]> UnicodeEncodeError X IH i encoding, object, length,

start, end Fl reason. encoding F reason H 2 VA UTF-8 Jg i F4F R .
3.3 iz L E A 3.11

Py_UNICODE H Python3.3 &E#FH .11 T H E 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 *rea-

son)
Return value: New reference. fJ7—-~ UnicodeTranslateError X RIFHT object, length, start, end

F reason. reason J&—~VA UTF-8 4itid i) F4re: .
3.3 e E: 3.11

Py_UNICODE H Python3.3 f2E# 5 . i51E B E PyObject_CallFunction (PyExc_UnicodeTranslateErrc
"Onns", ...).

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 12 [0 45 7€ 5 N4 encoding JE M

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError GetObject (PyObject *exc)
Return value: New reference. 12 [0 45 7€ R # N1 object J@ P

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

PRI 2 SRR start JRFEIHE IO *start. start 75R g NULL. WEEDRHER 0, MR
-1,

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize tstart)

R E SR start JREBCN start. BIIIRE] 0, JIM IR

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)

RIS E S G end JRYEFF ARG HIA *end. end WA R NULL. BEHINRA O, 2 Mt iz
-1,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)

R E STHATGNY) end [N end . EEIEFIRI] O, RIGHHR

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. iR 0] 45 %€ 55 X 519 reason Jg M

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

B E SEHE R reason JEYEIR A reason. WIHHHRE] 0, JRIBHT IR
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5.9 T

AR T — P C 2 Bt A n b IR 7 30, FERC O RBIER 597 R IE . ik
SIS Wi Python fUTY (J5#4 & H hi BB INREE) WM EENT. ENIXT p_call 5
PUAARARL T EER Ay i) ] 33 2 T ST I AL B

int Py_EnterRecursiveCall (const char *where)

FRic— AR C =R BRI T AL

W E LT USE_STACKCHECK, MRS PyOS_CheckStack () KA EIERGHEME Z R
Hi o TEXAMEN T, BRHEE ) MemoryError iR [HHEE(H.

Bifl 5 L PR BCRFR A2 TR BB I BR . a2 A3, $F B — 1 RecursionError Jik [Hl—A-E
T FEHMBERT, WEREZE,

where [ jj—A~ UTE-8 i) 4R N " in instance check", ‘EX55 H IR 6l TS 2L
i) RecursionError JH E .

3.9 HUHEAE: B eRECIAEBAEZ IR AP F]

void Py_LeaveRecursiveCall (void)
iR —ANPy_EnterRecursiveCall (). Whi§t¥lPy_EnterRecursiveCall () B by

WAL 43 A E AT — U
3.9 HUEEAE: IR ECAEBAEZ IR AP F] i

BRI X RS R B Bl cp_repr TR ERRARIBIHALHE . EPRYP R Z A8, tp_repr TR BB ERXT S A
B IEHIPERR . DA PSR B RS B 2 I Eh BE o MSEBRRR st XA REE C TXf R reprlib.
recursive_repr () WM.

int Py_ReprEnter (PyObject *object)
1Etp_repr SEIAITT KA DA I A A .

WEARN GO EPAE R, BRRECR IR A — A TR A TR IR to_repr SEHLM 24k [l — S5 &
AR AT R . BN, dict XPRKFRME] (...} 1 1ist XFGERFRE ... T,

A0SR LA ) 336 U PR A D0 1 R S AR [l — S IR AEBEAR LT £ repr SEBLE # MY 43 [7] NULL.
TEHATFOLT , MR ECRRR [ 200 £ p_repr SCBLRS ] IEF 4L

void Py_ReprLeave (PyObject *object)
R —/ Py _ReprEnter (). WA RIEIRM Py ReprEnter () MMeEEAVEIH A —IK.

510 IrERE

it £ 1) Python Hn ifE S 7P nl I AE 4 Ry A &, H A4 FRoh PyExc_ iR _E Python S 44 Fr. X 2847 &
JePyObject * M, HZIIG . THHIH T 4wk L AR R H AL &

C &R Python Z#R [EIfE

PyExc_BaseException BaseException !

PyExc_Exception Exception !

PyExc_ArithmeticError ArithmeticError !

PyExc_AssertionError AssertionError

PyExc_AttributeError AttributeError

PyExc_BlockingIOError BlockingIOError

PyExc_BrokenPipeError BrokenPipeError

PyExc_BufferError BufferError

PyExc_ChildProcessError | ChildProcessError

PyExc_ConnectionAbortedErfonnectionAbortedError

PyExc_ConnectionError ConnectionError

BET—H
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R1-#Er—8

C &R

Python Z%R

[EI#

PyExc_ConnectionRefusedE

rfonnectionRefusedError

PyExc_ConnectionResetErr

pfonnectionResetError

PyExc_EOFError

EOFError

PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError | FileNotFoundError
PyExc_FloatingPointError| FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError

PyExc_InterruptedError

InterruptedError

PyExc_IsADirectoryError

IsADirectoryError

PyExc_KeyError

KeyError

PyExc_KeyboardInterrupt | KeyboardInterrupt
PyExc_LookupError LookupError !
PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundErro

rModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedErro

rNotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError| ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration| StopAsynclIteration
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_UnicodeTranslateEr

r&dnicodeTranslateError

PyExc_ValueError

ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

33 R m 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 MZHUI N PEP 3151.

35 fRFT A PyExc_StopAsyncIteration fil PyExc_RecursionError.
3.6 G PyExc_ModuleNotFoundError
XL IR MER 4 PyExc_OSError:

iR HA bR SR I AL
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C &R
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

[Elf#

3.3 JRH A I LA P LR B S A
(EIfig -

5.11 FREEHZRS

JI A AR IE Python e R HIAT AT AR R4 Ry ik, A PO “PyExc_* #it | Python S 4 F. X SeAs
sePyObject * A HIEIRG. PATIIM T ISR A &

C &R Python Z#R LI
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning

PyExc_DeprecationWarning

DeprecationWarning

PyExc_FutureWarning

FutureWarning

PyExc_ImportWarning

ImportWarning

PyExc_PendingDeprecationWarning

PendingDeprecationWarning

PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

32 fRFT A PyExc_ResourceWarning

fift:

=

2 {4 Windows i S5 Ml 2 754 T BUALFIARF 2 MS_WINDOWS , DAFESRYH B BhIRED.
3 R AR I B
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CHAPTER O

AE R TA S ] TRAT S5, B3R C AU TS -F- & nI RS A, #E C HfiiiJi] Python ALk,
PABSET R B BT IR C 9 H 8 Python HHA(HAE4E .

6.1 fERAMIH

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. 12 8] path 18 XA RGP IFERTER. WRIZ LR —/ str 5{ bytes
X5, WemsI g, ﬂH%WXT%%fJLT os.PathLike £ [1, MHZEE R/ str
8¢ bytes XERRFRE _ fspath_ () . FEHMIEN FR5] % TypeError }i&[H] NULL,

3.6 BUBTINA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
W2k & FR N filename ) bR HE VO SCAF fp B A6 A A AT A2 B W GR Wl E - (JE ) {H.
isatty (fileno (fp)) AEAHM XM E T XFMEN . WRERERPy_Tnteractiverlag
jﬂgg BEPR AL filename #5510 NULL BUH HAFRSE T 74T ' <stdin>' o ' 222" B
EN=E(ER

void PyOS_BeforeFork ()
TESERE S X2 HE £ L L8 YRR AS W BR AL LR, S FE W fork () U AEMTZERUR) 7E b 24 B
PR R E Z B . FGEH T X T fork () WAL

e M. C fork () W H N 24 A ¥ main” % 42 (NL T main” B #FF 22) v it F7. X F
PyOS_BeforeFork () it 2.

3.7 HUCHTIA.

void PyOS_AfterFork_Parent ()
TEFRRE 3 25 SR FE 2 Y ERARAS 1 R L. BERR A MAE T fork () BURA AL e b 24 1 ik
PR JE e , Toie R e R A s . RGN T X T fork () RS

Al C fork () ¥ M N %4 H ¥ main” % 32 (ff T main” i # %) $ #Ff7. X+
PyOS_AfterFork_Parent () SEiith2untt.

35
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3.7 BUHTMA.

void PyOS_AfterFork_Child ()
TEPERE S L2 JE BB N R AR RS 1 B A SRR ATE T fork () BUEMIZALIRY Tk 24 7l
PERER R S TR TP, SRR A AL [ 2 Python filktds il HUad Al T X
T fork () MRS

f R C fork () P M M %4 H A main” 2% 32 (L T main” % # %) H # 17, X F
PyOS_AfterFork_Child () JRULtH 2NN,

3.7 JGH A
h=%:

os.register_at_fork () 11, 7 Van biis T WiPyOS_BeforeFork (),
PyOS_AfterFork_ Parent () MlPyOS_AfterFork_Child () JHAH H E X Python pREY.

void PyOS_AfterFork ()
FEFERE > L2 S B S 2 PR AS I pR A AN 4R SE {7 ] Python fFRERS I 1 bR KU 24 78 5 i
R . AR O — TR AT AT SO A B R, A TR 8 R £k
3.7 WAACEIH: KRB B Wi Pyos _AfterFork_Child () BUft,

int PyOS_CheckStack ()
YRR AR A AR R B IR M B . X2 — TSR RL AR, (HAUAEE LT USE_STACKCHECK M} 1]
H (H i Windows _F{#i F§ Microsoft Visual C++ #1%#%) ., USE_STACKCHECK J-#% HEhE X5 R
LR AZAEVR B O AR s e s

PyOS_sighandler_t PyOS_getsig (int i)
R EHTAES  E SRR . X&) sigaction () B signal () fAjsRfudids . A%
BHIEEAIH R PyoS_sighandler_t EXWT void (*) (int) HY typedef 4% .

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
FHTES | GRS BCN b R HAE S B . X2 — 4 sigaction () B signal ()
ey e ds . A REEE IR Pyos_sighandler_t XM F void (*) (int)
) typedef 51144 .

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:
¢ UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
o UTF-38 if the Python UTF-8 mode is enabled;

e ASCIT if the LC_CTYPE locale is "C", nl_langinfo (CODESET) returns the ASCII encoding
(or an alias), and mbstowcs () and westombs () functions uses the TSO-8859-1 encoding.

« the current locale encoding.

AR [ — A5 [ 2 BC Y 58 7 AR AU FAFE B4, T PyiMem RawFree () KRN, N
R size A4 NULL, JURRFHERR T null A5 ST AR B AR *size

TE A A R B A2 e A 1R IR ] NULL . W12R size N4 NULL, W *size REEEPAFES RN
(size_t) -1 ai{EfRRSES RIS N (size_t) -2,

RIS R IRARTAR N 2 At AR C EA TP A -
i Py _EncodeLocale () BREUCRIG AT g [ 375 .
W%
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PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () BREL.

3.5 HUHTIA.
3.7 iR 48 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 i A PIAEUNSEAE Windows F Py LegacyWindowsFSEncodingFlag 2SN R ECE (4
UTF-8 Zi g

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 char-
acters in the range U+DC80..U+DCFF are converted to bytes 0x80..0xFF.

Encoding, highest priority to lowest priority:
¢ UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
o UTF-38 if the Python UTF-8 mode is enabled;

e ASCIT if the LC_CTYPE locale is "C", nl1_langinfo (CODESET) returns the ASCIT encoding
(or an alias), and mbstowcs () and westombs () functions uses the TSO-8859-1 encoding.

« the current locale encoding.

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

R [ —ANHG B FC R T R AR Er, i PyMem _Free () SRBERUNATE. 24K E Gt B 1R 81 AT
B R [A] NULL,

4Nk error_pos ANA NULL, W} 23KF *error_pos 4 (size_t) -1, BU@TEAE MDA R
B A TR AT R S 5

Wi Py_DecodeLocale () MRORIFF 7 H A 8]l S8 F AR LR 45 3
hz%:

PyUnicode_EncodeFSDefault () MlPyUnicode_ EncodeLocale () K%K,

3.5 BUBT A
3.7 Ji ¥ %8 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 MREE &5 BIAEUNSRAE Windows Py LegacyWindowsFSEncodingFlag S22 NI R ECE
UTF-8 4 hdts .

6.2 ZMEAX

XERMR H sys BEHRAYIIRER LALE C ARSI 00 TH & ENT#0A] T U A R AR 1 sy s A
iﬂ%EI’J%,\, T I SN I ARG A R

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. 12 [k H sys BTG name 553 W EARAFAENLR B NULL, Ff:
HASBE RN .

int PySys_SetObject (const char *name, PyObject *v)
K sys B name By v RAE v Ry NULL, FEBUIEEL T name BRI sys B bbb . it iz
[l 0, KAEFEIRI R[] -

void PySys_ResetWarnOptions ()
¥ sys.warnoptions EE NS, WHRIHAIIEPY Initialize () ZHIHEH .

void PySys_AddWarnOption (const wchar_t *s)
K s IRINF| sys.warnoptions. WEREUAINTEPY Tnitialize () Z HiHEE FH DAE 5 s
IR
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void PySys_AddWarnOptionUnicode (PyObject *unicode)
¥ unicode Y5 JN%) sys.warnoptions,

WEE: H Al R B FTAE CPython S L 2 AMEEH, B A B M MAEPy_Tnitialize () YY)
warnings 2P AZHBITH, (B2 &7 P45 3] 2 DA 1618 Unicode %42 B 4
REREE I

void PySys_ SetPath (const wchar_t *path)
FF sys.path & HHTE path HREIWBEARH RPN FRXTGE, ZSEN M R e 16 B REERE
rBEAF (FE Unix 24 @, 7E Windows 2% ;) 4-BREIIBEIE D51 2%

void PySys_WriteStdout (const char *format, ...)
4%’“57\f0rmat HEIRR S FAF RS A S sys.stdout. ANEHIRAAMRH, BIMEAA T#E (WWF
)
format [ 2445 2 AL $i th FAFER 098 K/ IFE 1000 25 PAE - 8t 1000 “F5 5, ik
TP PERWT . FRH, XA A A Z BRI %os” 4820 BT 24 F "% .<N>s” SRR,
Hor <N> 2 — PN RES <N> 5 HALE A U iR RS Z AR &84t 1000 245 1 -+
Hiley . BEER %, BN ER RECH T BB A T E
WA KA THIR, sys.stdout &#ESS, CAESILITHERE ABIEIER (CJZR) stdout

void PySys_WriteStderr (const char *format, ...)
Elpysys_WriteStdout (), {HHCHBAF| sys.stderr 8 stderr,

void PySys_FormatStdout (const char *format, ...)
Z&1pl PySys_WriteStdout() [ B ECRF & i PyUnicode FromFormatV () FAEZALTE B H HA SR
HEBE R EEKAE.

3.2 BTN

void PySys_FormatStderr (const char *format, ...)
KpPySys_FormatStdout (), {BMCNBE AF| sys.stderr 8 stderr,

3.2 BCHTINA.

void PySys_AddXOption (const wchar_t *s)
B s AT N —AH X EIH B E G I RFENTIRINE|PySys_GetxOptions () Frik[al i) 24 Fijik
TGt WA AFEPY _Tnitialize () ZRIBAA .

3.2 HEHTIA.
PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. 32 |8 24 Hi —X I FI, 2T sys._xoptions. KAEFRE},
R[] NULL H 88— R .
3.2 HEHTIMA.
int PySys_Audit (const char *event, const char *format, ...)
G A — A VE G AT AT s W 48 o LR [ 284 B8 A G WG AR [ HE BB e — A 5
o
WRC I TAEAT R, WREEH formar T AN S EOR 1 — D H AL AR TTH. B N LS,
fEPy_Buildvalue () WA QR ENERNE—DId, eRFgsms
—NHITEICA . (BRI N e — 51, (B BT A SNIE R B0 S 5502 A 1k
THFE, UL AT R T80 . )
TR # MR Y BB Py _ssize t RALBE, TLiBRTEE LT PY_SSIZE_T_CLEAN.
sys.audit () 2IFT5H H Python AU & ZUMH R 1 #4F «
3.8 BUBT A
3.82 JiUHESE: BiokPy_ssize t AT # AN FERF. IR, 51— DA 7 55 .
int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
PRIV XS hook T MBS B8 THE F9 36 o AE RN B IR 0] SR AE MO iR el Rl . fnskiz
T E IR, STERIMEF I E — MR, @I APLIR B8 726 X EE T 2
JT A e A A .
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userData $§5T 2916 N oRE T8 eR BT Re th R R s AT iR A, A8 AS B B2 48 1)
Python JRZ%.

VR BT AEPY_Initialize () ZHIBCEAEIPRM . WRAEIBTRAIIRZ SRR M, BUA R H
TR BB A AT REE 5| & — M Exception FAALAAE IREH M T H0E (LA AR
ALY -

WO B O%ow 2% A o int (%) (const char *event, PyObject *args, void
*userData) , it args fRIER —PyTupleobject. # b ¥ i B AL FS A7 5] e 1%
4:1¥) Python f 2% Urke A 1) GIL.,

2 PEP 578 T A X H T TRARRIA . FEISATIS AR rp 5 A T R i ek B B L
IR AN DL R A SR

WER RS T gowI i, BURRECR 5| K H TS F sys . addaudithook HARNMIFEM AL, MR
HAEMIAE I F5 K T—MIRE A Exception MSHE, HiHF RSN HIZ T 5 S 0E
B TG, SR ] BCE AT 100 441 E RS B AE b T e 42 Brfy B RO 8 1

3.8 UBTINA.

6.3 7% (Process) =il

void Py_FatalError (const char *message)
FTEI— D Ear iR ST AR . A PATEMIE R, 0 ok B0 24 SUZEAG: I 1) AT BB - Ak 2k (1
Python G LS G A AF I BRI B0, XA B BEBIR R . £ Unix I, 5
i C PERREL abort () 2B IR i B R 4 —A> core S0

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

3.9 iR H BTSRRI AR

void Py_Exit (int status)
BHYE . XEREAPy FinalizeEx () RIG T AARME C FEEE exit (status).
Wpy FinalizeEx () $neEix, RHRSRBEN 120,

3.6 IS SR H R ZAH R 2 20 .

int Py_AtExit (void (*func)())
HM—A WPy _FinalizeEx () WHREREREC. T8 HL R O A MBS 5 HA B R [E AT
il BRZATLATENE 32 AMEBRER AL MW, Py AcExic () FfaR[E] 05 I, BRFR 0
1. fJa M iE R S e . BB RECR 2 2 M — K. BT Python 1) N
AT PERR B B 5E /8, AUt Python APL R R4 func W H o

6.4 EANRH

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. X & N Py Import_ImportModuleEx () BITaALIRIE D, ¥ globals 1l
locals Z4 % K NULL H-XF level 14 00 24 name ZH00&—Api's (BMEE 7M7) B,
fromlist ZHEPEWAHIFR [+ " ] DXFER MERE A BT 48 2 BRI NG A FLA R 0 R B A0 Bt
2R . (OREMZ, XFE name SEFs F2 38 e — AT JE ARG — AN &l
ER: R __all_ AR EMNFBIR S E . ) &R S AR HT A, 82
TEF AR R E] NULL HRE— D7 BHRS ARIGRBRA S B sys .modules Hi,

AR B X AR T

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. iR EE Py Import_ImportModule () W—HHRFEN A4

3.3 MU A% AEF AP — ARSI BB S BRI, [EUZ M Python 3.3 2, Bi5 S8AE K2 4L
UL TR UM XIS, BT PASL R BRI T 0 B TC AL

6.3. 1T7#¢ (Process) izl 39
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PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. ‘5 \— AL, 2[5 N E Python pR%{ __ import__ () JKRHUSEERIAH
KA -
AR [ — R T S AR R 2 AR HTT I B AR S AR MO U NULL I 38— S
Ho 5 __import_ () ML, iKMW FEERELR FEEE R 2R, BRARGE T
— RS WY fromlist

FARMAFE BN A SERAIBIXT G, WB Py Import_ImportModule () HikE.

PyObject* PyImport_ImportModulelLevelObject (PyObject *name, PyObject *globals, PyOb-
Ject *locals, PyObject *fromlist, int level)
Return value: New reference. ‘F: N\ — i, 5T I ok 800 i A UL W1 2 2% 4 L Python pR %K
__import__ (), PAARME __import_ () eRELS VI BLEREL.

IR M & — A% P AR s R R AR S, BURTE S AR I A NULL IR — A
o 5 __import_ () ML, HiFRK RN FEEELR EMEEE Dz 0w Z5E, BRIESHE T
—MNEZSH) fromlist,

3.3 BUBTINA.

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

Return value: New reference. 25{l) T-Py Import_ImportModuleLevelObject (), {HH M A UTF-
8 S FFFHR T AN /2 Unicode 4.
3.3 AR ANTHIEZ level FyTUEH .

PyObject* PyImport_Import (PyObject *name)
Return value: New reference. 3% 2— MM T 48 “SAHTRE WEESERED (BRXIEE level
O, FORMEXFA) . ERFHGE A H 4R HET __builtins_ WY __import_ () %L
X ARG R M HIAEE 2 AT A TR BT A
ZRRBUR R X R A

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. B#k—ANEHL, 3R [l —ANF8 A g B AR EAGHTS | A, w8 7E 2 TR [0]
NULL B AR (FEREI P RR S AETE) .

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. 112 [0 % W T FEANBLE 2 PR NT R . name S5 FE 0] PAK

package.module. WIRFF(E modules UL E SR AIZ T UL, WIRARAT], WEIE— PRI
FFHARAZE] modules Pk, YRR IR IR [B] NULL H i B — 5

s SRR ORI AR ERG AR RPN, VR3] — NSRBI 5, 56l
MPyImport_ImportModule () BEMIENZMELARFALIL. name {7 552 FRIEES
PSR A AENA SR

3.3 HUHTIA.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. Z2{,F Py Import_AddModuleObject (), {HH 4k UTF-8 44
TR 4R T AN 42 Unicode X142, object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. 45 5& —AMERAFR (W BEH package.module JE) #1—4>A Pyhon
TSSO N LR AL compile () FREUAAUASRT R, IEGZEIH . IR [ X% B 5
ARSI, B0 R K A A R R 0] NULL B — i TE A EFRITE DL T name 2 M\
sys.modules g, BIME name fEPE APy Import_ExecCodeModule () WEAELET sys.
modules H, 7E sys.modules HREARFEEMIGAHIBIZGRA, PO ARXFERIBREA
INEFERHRA R EAL T —FARAR O TRAEL R B DR BT RE R EHUIRR) R
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BRI __spec_ Ml loader  RMABCEMG, R E NG LHE. MY spec 1 NEAS
(ARTBE) RSO __loader  MTEHAMREIL N SourceFileLoader LM,

By _ file MR X RE co_filename. QRGN , __cached_ ik
H,

R B P AN KB B E . WS HPyImport_ReloadModule () | fif B EAR ) T
EH

4R name F51m—MEA N package .module WYY S S HIAFR, WIAEA] v A Q& QA5 TIR A
SO,

Hig &Py Import_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. 23T PyImport_ExecCodeModule (), {HANE pathname 75>}y NULL
MBS G file  JRIERYE.
é%ﬂPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
Return value: New reference. 25V T PyImport_ExecCodeModuleEx (), {BANE cpathname Ay
NULL M PBOBRX R __cached  {H. TE=ARECH, X2 MR/ A—1.

3.3 BUHTMA.

PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const
char *pathname, const char *cpathname)
Return value: New reference. Z5{l) TPy Import_ExecCodeModuleObject (), {H name, pathname F

cpathname “A UTF-8 i F4F R . WISR pathname W51 K NULL WA S22 AR cpathname HEWT
HETEE.

3.2 BB
3.3 MU A AR FRAL T TR AR M S imp . source_from_cache () KITHIRERAE.

long PyImport_GetMagicNumber ()
& 5] Python “FH5 i SCf (B .pye SCMF) BYBEEL. WOBEEN M AFAE T 0 i SO Sk PO A4
H, FE IR N . AR ] -1,

3.3 MBS MG mI -1,

const char * PyImport_GetMagicTag ()
Bt %) PEP 3147 #% X (1Y) Python =7 5 A 3C 4 44 1% 6] i R AR 25 5 4F . 5 1L £ 1E sys.
implementation.cache_tag [AJ{EE N 2485 08 it ok 250 B AR (E -

3.2 OB

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. iR 8] |l TS IR FZ I (B sys.modules), TR IX &4 %4
R AL &

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. &[0 25 5 SRR E S AR . Q1FAH 4 & S AR 9] NULL HOR 5%
B WEREIRIIG R [E] NULL H B AR

3.7 HCHTIA.

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. 1R [0] 4} %} — 14~ sys.path/pkg.__path__ H 4 H path #2348
X4, e sys.path_importer_cache MR WIRE M RWEA, W
Ji sys.path_hooks H ZHF| —REAL L path J5 H W8 1. WER A 7 Y 4 00 2% ]
None; IXKf45 M 1 Jypath based finder ToH % path 45 H # B & df. 4P RPEA7EF] sys.
path_importer_cache. JR[l—EHIEHLAFSRAHTIH .

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. TN# % K name ) B FR S5REE . IR [B] 1, 4025 oK 3k 216 e )
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R IE 0, GUSRATIRAL A MOR ] -1 N TR . B MBI ST R R AR,
HpyImport ImportModule (). (iR IAMRA RS - WEAHE 85 A MR BCR B 2k
E.)

E.
3.3 BB
3ANRESE: _ file  JRVERFAFAERH EIE.

int PyImport_ImportFrozenModule (const char *name)
Rl FPyImport_ImportFrozenModuleObiject (), {HE A FA UTF-8 4t i) 45 B A 2
Unicode %%,

struct _frozen
KR C RS A SR 2R E L, 51 freeze T HFTA MM —3 (7§57 Python it
M EIATIRPE) Tools/freeze/), HE X HFE Include/import . h P F):

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

bi

const struct _frozen* PyImport_FrozenModules
AREHRIIR L AR 1] struct _frozen 41, DA NULL B O fEONSEHARIC. 24— UREGHR
BEFA, EREAEEARTER =T 0] ALABOR RS S R - A R 25 B A5

int PyImport_AppendInittab (const char *name, PyObject* (*initfunc)(void))
1) A B BRI I — LB, XX Py Import_ExtendInittab () RITEFEAE, WRTC
Y REMLRI - 10 Frr Bl 6 ] 44 FR name Hep A, H-5 1] BREL initfunc VEATES— RS
AR R AR A R ERR AN 24 HEPy Tnitialize () Z RV .

struct _inittab
TR BRI R P B — NS5 H S . B DG ARRR A T N EAEMRRERS T AR 1 44
FRABI UG A B . 2 PR 2 —> ASCI 4t () F4F 5. iR A T Python FYRFE /T A DA 2 4544 14 1Y
AR S5 PyImport_ExtendInittab () MHEEARMEAIMO N BB . ZEEMATE Include/
import .h FgiE LA

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

bi

int PyImport_ExtendInittab (struct _iniftab *newtab)
PN E BRI I —HBIH . newtab B W75 PA— L5 DA NULL AEH name “FECI i< I 4% H 45
W RBEIRAL KA RN R IR 0 B0 QAR TR A Bl R 08 AR 3 R U
MR -1 MARAERIN, FEASUS IR B AR . MR A ErPy Initialize () ZHITHH.

o R Pyton #E # £ K ¥ M Ak, MpyTmport AppendInittab()
B{PyImport_ExtendInittab () WWAERIK Python ] iatb. 2 miE A .

6.5 #iE marshal R{EX

XLEIRE ALV C AU AL RS marshal BT A R BEME R FE IR G o HoH A L8 ek B50nT R4
WG ARSI, 55— LEpR BN T RO IR Kt . 147 % marshal %8s i) SCPF T RA —
PERIBAITIF

BOPHEAEAF AN SR AR OL T AT 3% -

SEBEH SRR B RE SRA : 55 O BOWPT SIS, 555 1 MR S SCPE AN marshal 279 i3t 22 kg
?%$0%2W$%Nﬁﬁﬁﬁm:#ﬂ%ﬁoWJ%%Mwﬂﬂme%%T%mi#%%ﬁ(%m
HftiF 2).
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void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F— Long BE value A marshal ¥R E A file. X6 HE A value FAKH) 32 i; T ANL long
B JE QAT o version $8 BSOS A IRAS o

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 %% value D\ marshal #8 X 5 A file. version 358 SCAAR IR A .

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. iR [n|—/~8 value (¥ marshal ZERIERFETTEERE . version $5H] 3044
Fa& X IRA o
PAF BRSO A A7t marshal A% (E .
long PyMarshal_ReadLongFromFile (FILE *file)
MITH T 00 FILE [t b B ik [l —A4~ C long., A HBREUH RBIEE 32 (IME, Toit
AHL Long BRI E Rl
KAGEIRIS, FFRCE Y 1) 59 (EOFError) Fik[] -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MFTFE R T R ILE> XS YRR Ml —A C short . (R EUH REEEHR 16 fifE, Joit
AHL short R EE A,
KAGEIRI, FFRCEE Y 1) 59 (EOFError) Fik[Al -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. \FTFFF T BEHUY FILE* A R £ H iR 8] —> Python %42 .
KA R, IR EE 4R (EOFError, ValueError B TypeError) iR 4] NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. \FT I T 52BUK FILE* BT $038 i 1% [8] — > Python X4, AN[A
TPyMarshal ReadObjectFromFile (), MWHRHURERFAFHMZSCAFREE 205, nirH
FESCA BRI ZRA NAE, PATE SO 21 At B 0T DATE P AT A 0 5000 b 45 10 AN 2 B R M S5
BN A AR S 2 B SO SR U AT P 28 B T B
KGR, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M ALE 4510 data 1¥) len A5 7 1527 G5 1 X6 Y 1) B0 3 3% o] — 4>
Python Xf4,

KAFERET, R EE S R (EOFError, ValueError B TypeError) iR [F] NULL,

6.6 TS HHMBELE

TEBIHAR A TP R BRI IR, XL BORA M. HERY(E SR extending-index .

X B8 pR B AR 0 BT = 4, PyArg ParseTuple (), PyArg ParseTupleAndKeywords (), VA
FpyArg Parse (), ‘BEATHEPEN 44 XALF A5 R0 ok BUN R 0 S 8505 M ek % 33X 28 ok B0H 5 1 A
[l A% A E A R
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6.6.1 BEIT S

—ER TR T 0 EE LI, —MREICHIRNA —A Python X5 EillH 2 —1
FAFECE MR RSB ITE . BT ABBISN, — NS 91 B R X ST BN Y X L8 R
WEA B —HhEI SR FERE FORAIA T, NG5 N RBFRRAIG; BES O MRt X 4>
RUEITHY Python XFG2RA; J5fh5 [1 WAYZ LY C 28 (R RS KA

FHBENEEEX

X LA 3 TR S e B 2R 1 N A7 BB AT 1) o AR BE b B AR [B] ) unicode F A7 B E F 1T XY
SRR B o

— R, YN FRIEBE R A b X, XA K] PAREAH Y (1) Python X545 B, FF:
XA KA ZE XA R AT . AT BRI 725 ). T iXEE es, es#, et and
et#.

SR, 24— Py_buffer Z5MIWRIE, HA S Zrh K80, BT LAVE N AERE S XA 2ah X, B
ffifEPy BEGIN _ALLOW_THREADS Her, W DAiEG v] AR B R A HE /N el 4 1 5 it R 1) XSS
W, BAAVMPyBurfer Release () TEIRGE RBHE AL BRES (S TE 2 FiiAL ] b Wr =44 )

BRARS A U], G RO A2 AE A IR

B 20 % T B H B2 Wbytes-like object, I B¢ E 15 B A A2 28 vb X G5 A4, A AT 8 A AN 4
WPyBufferProcs.bf_releasebuffer FE 2% A NULL R AVEIEN , ZFERAARIF N bytearray
ALY AT AT SR

Wil Frf # FhNngAs ik (s, v# %), KRESHRYRE R Hry_ssize t) A Python.h
S Z B PY_SSIZE_T_CLEAN Y& XMl WX EWE X, KERL APy _ssize t A
A~ int. FEARRH Python A ff &k ds, HSikpy ssize ¢ MFHSCFF int. flfF—HE X

PY_SSIZE_T_CLEAN X%,

s (str) [const char *] }f—4> Unicode X} G4 il — A8 M FAF R C 384T — A EEHEH— M E LT
TE PR, IR R A M PR R A . C PR EES45R 1. Python PR
R S I AR TCR AR AL S Wk, —A4> valueError B & #(5] % . Unicode XF 44 551k i
"ut £-8" JASHY C FAFER . WIRELE RN, —> UnicodeError FH#5| % .

iE): X AFR XA REZbytes-like objects. WNRARFEIEZ M RFE AT EAIFEAL L C F45H:,
B o8 FiIFABL G PyUnicode _FsConverter () BN #1LR4 .

3.5 i s A#: DARY, 4 Python FFH3 ARl E] T ik ARY null A% 525K TypeError .

s* (str or bytes-like object) [Py_buffer] XAz HEH25% Unicode SR 2R FIRBN L . Bk
WHE S Py _buffer Z5MIRIE. XHERM C FERFR R & A NUL =75, Unicode Xif
S "ut£-8" iEELILAL C AT HR

s# (str, Hifbytes-like object) [const char *, int or Py_ssize t] 1 s*, BT ENEZLTHINEL., 45
REMTEMA C s/, B— 2R m C FEAFRINTEE, SR EMKE. PRt &
A null 275, Unicode X EHEE T 'ut £-8" aibFE bl C FAFHE .

z (str or None) [const char *] 5 s 25{tl, {H Python %4t 0] 84 None, ZEXFMEML T, CI84HEE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* 25{], {H Python X7 fEA None, FEIX A
N, Py_buffer 25 buf R E N NULL,

z# (str, Hiftbytes-like object 8%, None) [const char *, int B{ Py _ssize t] 5 s# 2%{t), {H Python X}t
A[fEN None, FEXFMENLT, C 454t E N NULL,
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y (read-only bytes-like object) [const char *] X ik s — AN HFEAT LA LA R — D8 17 FAFHR 1
C #6841 ‘B AR5 Unicode ¥4, FATZAF R LA S AR null F457; ARAE T null 77,
£8|k—4 ValueError 4,

3.5 fiRCEESE: DART, U7 gop K] TR AR null 525K TypeError .

y* (bytes-like object) [Py_buffer] s* (45, AN$:3Z Unicode X5, Wi Rp b mar &, X%
Ve B Hi#A T ik

yv# (M ifibytes-like object) [const char *, int 8Py ssize t] s# PR, FE5% Unicode X4, Higszk
FATRAAR R,

S (bytes) [PyBytesObject *] ZI3K Python X%k bytes X%, NS TR . WIERZXIZ AN
bytes X} 55| & TypeError, CASRM AP Pyobject * FH,

Y (bytearray) [PyByteArrayObject *] i3k Python %4t bytearray %%, A2 dbiTiE 4. 1
HAZN %A H bytearray 4 NSE| % TypeError, CABW AR Pyobject * 281,

u (str) [const Py_UNICODE *] }f—~ Python Unicode X} % %51k i 45 /] — 1~ PAZS & 11 1) Unicode 47 2%
X PR . VRZIE A—> Py UNTCODE $gHA8 sl f76# 77— 48 m & £ 477ERY Unicode
P IR o VR — Py _UNICODE FEBYM AT 95 B IO T gmitde 3 (16 {37553 32 {i7) . Python
FAFERAIAREAL S AR null fRAS 55 @R, 51k —14 ValueError F#.

3.5 i B A#: DART, 4 Python 473 B E] Tk ARY null fURS xi25| K TypeError .

Deprecated since version 3.3, will be removed in version 3.12: X2 IHMFEF Py_UNICODE APL; &%
FPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int B;Py ssize t] u I, 7FEW C 2R, H— Mg —
A~ Unicode FHEZAFIX, B NREMKE. B null 5.

Deprecated since version 3.3, will be removed in version 3.12: X2 IHMFEF Py_UNICODE APL; & 114
FPyUnicode_AsWideCharString().

Z (str 8 None) [const Py_UNICODE #] 5 u Z5{[, {H Python X} 4 8 W] fig & None, ¥EiX F i L
NPy_UNICODE 3841i& & H NULL,

Deprecated since version 3.3, will be removed in version 3.12: X J2 [H ik Py_UNICODE AP, #iF %
ZPyUnicode_AsWideCharString().

Z# (str 3¢ None) [const Py_UNICODE #, int 8Py ssize t] 5 u# 25{ll, {H Python X4 th 0] fE
None, FEXFMEIL NPy _UNICODE $841% B 5 NULL,

Deprecated since version 3.3, will be removed in version 3.12: X J& [H ik Py_UNTCODE AP, i iF %
FPyUnicode AsWideCharString ().

U (str) [PyObject *] 3K Python Xf4 4 Unicode X5, ANl HEATE R . ARIZXZ AN Unicode
XM &51% TypeError. CASRWAIHFEII hpyobject *,

w* (W[5 bytes-like object) [Py_buffer] XA~k A Z AT SL B S5 A7 KB XS 4. B MRS
PEHL Py burffer Z5MIRME . ZEoP X0 REAEAEIR A null SE37 . 24 28 v XA 58 i o FH 3 75 22
HPyBuffer Release().

es (str) [const char *encoding, char **buffer] s 2, ¥ %% J5 1 Unicode EFEATFRZIX.
B HACH A i NUL S35 1Y 2 g il B .

HAEXTERNNSH E—MUAERA, HHUWN const char*, EfgH—4PA NUL 24
H AT R R RIS N4 PR, B b NULL, iXFERMH 'ut£-8" 4figig. A Python Jo
RS g A TR 5 & 555 . B ASEWATUN charr*; BTSN FEEHMER gk
HSECANENZ WX . SCARF LR — DS E TR 2 i X T 4miid o
PyArg_ParseTuple () &4 BE— R/ GER X, K59 i J5 10 B0 75 DI gExX A g2 vh X H.
BEE *buffer 5| X H - BLNAEZES ] . AEA SHUEEMS G PyMen_Free () ZBERE 4
A W2 e

et (str,bytes or bytearray) [const char *encoding, char **buffer] F1 es fH[6], & T AHERBEA
ARG . M, ERIEE ARSECE g G I AF R 28,
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es# (str) [const char *encoding, char **buffer, int 8{Py ssize_ t *buffer_length] s# ({25, BE¥
i1 Unicode “FAFHEANTAFZMIX . MG es Tk, BATFELAMBIEAE NUL 4%,

EREABH S MUNMERA, I HAMN const char*, BEAfH—MREHALK, £
N PA NUL S5 7R ol NULL, FEJ5— R OL FRFEE Tut£-8" ihdikal. MR A4
PRICIERE Python I &5 K57 55 “ASBLIUN char**; BTG EHER R0
AZHOCARNER G X SCARFF VAR — D SR E A g ks XA T4 b5 . 28 =S R A h 1
] — M REROR RS BT BB s ki Hh e X i 1 4

A PR

WIS *buffer 1716 NULL $551, DR BCRF 20 FE el K/ NI G BX, 54 B (0 e S il 21 ik Zenh X, 5
BCE *buffer AT M FCHIAFt o FEINE ASTIR N PyMem_Free () ATERE ISR RIS X

WIR “buffer $173E NULL $841 (EAFHIZMIX), WpyArg ParseTuple () X5l LA EAEN
ZPIX, IR *buffer_length IR (EMRE NG X I BR)G, BRFFRADII ST 2 2 X
HLIEE. RERXAE R, FFikE—1 ValueError,

TEXPINBITH, *buffer_length B Rl f5 45 R NUL BRI .

et# (str,bytes 1§ bytearray) [const char *encoding, char **buffer, int 5Py _ssize_t *buffer_length]
Ml es# M, BT AHERSEAMFEFEXNSR. MR, BREEANSER MGG TR
A,

e
b (int) [unsigned char] K—A~E 111 Python BERIFLAL I — A TEAF 5 R AL, F76f#F— 4 Cunsigned
char ZE#,

B (int) [unsigned char] f — > Python & R4 &% fi i — > 08 B R G 45 i o )@, fA e — 1 C
unsigned char ZHids,

h (int) [short int] }—~> Python #&AI%EAY jfi—~ C short int JHI&7H,

H (int) [unsigned short int] *ff—-> Python # 444 ) —> C unsigned short int Joff5REEAL,
HAK AL i ) )
i (int) [int] *Rf—> Python #AUEL L i —A~ C int #&HL,

I (int) [unsigned int] f—> Python B RUAL AL j§—> C unsigned int JofF5 AL, FH AR Al 7]
Hp
s o

1 (int) [long int] — Python 7L —4 C long int KM,

k (int) [unsigned long] ¥~ Python 874 (L i/~ Cunsigned long int FAFEKMM, H Ak
B

L (int) [long long] Kf—> Python BAUEAL i{—4> C long long KRB,

K (int) [unsigned long long] §—> Python B {Lj{—> Cunsigned long long fFo KA,
HAR A I A

n (int) [Py_ssize_ t] f—> Python BHEIFEA I —A> C Py_ssize t Python JLR/NIEHL,

c (bytes B # bytearray KJ§h 1) [char] Kf—> Python FH47RKAL, W— N KK 1 1) bytes B
bytearray ¥4, #{b—" C char FfFRLL,

3.3 MR E s i bytearray BRI 4.
C (str K4 1) [int] B4 Python F4F, W—ANKBEEH 1Y str FAFE4, #4014 C int &7
et
£ (£1oat) [float] > Python ¥ SUMCH L4~ C £loat IF 55K,
d (£1loat) [double] #f—> Python % fi#ff# b il—A> C double WU R AAL-
D (complex) [Py_complex] #—~ Python & ¥RA L LB —/ C Py_complex Python & ¥R %,
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HipxtR

O (object) [PyObject *] f Python X5 (RBEFTAEMIFeAR) frffife C X4+ . ik, CRFRKRCHE
BB SEFRXTA XERT TR 230, AR EH A2 NULL.

0! (object) [typeobject, PyObject *] Ff—> Python ¥R A7 A —A~ C X 4485, XRMUTF o, {HEEZHA
C ¥ %A~/ Python ZEBUXT R gHbE, B8 — AR AFMERT R85 C AB 5 GBI PyOobject )
Fthl . 4nSRE Python XN HAT Fr Bk 2B, W&5| % TypeError,

O& (object) [converter, anything] i#it— converter FRELE— Python % G454 h—A~ C & . HWEREHE
ZWNSEC BRI, AR CAR CRBUER) MHbhL, 4k void * KA. converter
RRECRE AR T 2k -

status = converter (object, address);

Horr object 21555451 Python XF 4 1M address W& 4iPyArg Parse* () B void* 4L, ikl
() status [ 240A 1 AFEES DI OA O TGRSR, converter BN 245 | k75
H H.&1k address 1 N BARFF ARG HUIRES

IR converter R[5 Py_CLEANUP_SUPPORTED , NN SEMRENTH LRI, & rRES PRI %
PREL, MR A VLR E A B AT A7 ZESR AW, object Z80R A NULL ; I,
WSRO NULL ; HIL, %S508 NULL , L, %S508 NULL  (W1R(4) A NULL address
(B BRI iy g (A T o

3.1 Ji ¥ %: Py_CLEANUP_SUPPORTED ¥ ¥/ .
p (bool) [int] K& AMERTE HE (— AR HIED I HRFEE R8540 AR C true/false 3 RIAE

WARFAACHEE 1, BNE 0. B2 AETALR Python {H. S truth JHHE L T Python 4]
T E I ERE R .

3.3 OB

(items) (tuple) [matching-items] X5 07052 Python [741, ‘BRI items A% TR %R . C %
BB 1Y, items HHRE—ASL ARSI, JEA TS UROT ] BE AT IR E

i long” FEAY CREBYEEE L T 19 LONG_MAX R 2 W BN, SRIMIEA HATE 4 B ——

DT BN BB, A E B R AL R AT (S5Pr b, C 1B & e ih AR B 5 i

R —— B R W] BB K A28 1E)

KA FARFER PR — S A AT R FRIR G S X BRI REH M EAE R 5. BiTE:

| FREHAE Python 45| R NS EE S FTHERY . C A8 BB I W] e S TR BRI 4G 10 BRI (E
—MAESHEA TR ER, PyArg ParseTuple () ANREVIFIFHINAY C A8 (R BN .

$ PyArg ParseTupleAndKeywords () only: FEHHFE Python Z:4%1 35 Fh N 19 S BER 2 0 i o8 4

ZH AT, T R ] G SRR AR R SR, DM AT R | AR S R
T -

3.3 OB

o A BICHIREE AR B i P AR BRI BRI B P I B8 (PyArg_ParseTuple ()
PREG A ORI 578

i REUEITHIPRETAARE . S R PR BT R e R IBOA R B I« A0 AHEHE
JFe

FERATAT R 2 B2 0310 Python X552 5 ka9 515 AZLEBIENTHE TR

i 25 T8 R B B I S0 AU e A AL A 3 E (2 BRIk s XU R AT il A T 4L
A—LEFOL, BT AAR SCEICH R AR, XS AR XL, BN
DR S A I A% 3BT

N T AR, arg X G RCAE 2t BAR O AR . NG, PyArg Parse* () BBURIA true,
[z EATR ] false I H5| K—AEHEM T . HPyArg Parse* () BEIRARE— MR ITHAL R K
TR ISR, Xk BZ PR A B S S A s 2 B btk P 9 28 BN X ]

&
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API F#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
fEMT— R BN 28, RikPSBAES B E AR AE & . R [E] true; KR [E]
false Ff H.5 [ A AR ) 55 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () AlH], SR EHZ—A va_list BRI SHOMAZ BRI SHUE .

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
IR B S ON K SRR I A0 JRy AL B BRI B L. keywords S8 KB S 404 B
B NULL 2 B840 . 25 4 FRFenpositional-only parameters, JINW R B true; &AW, ¥ [E
false F-5 | AAH ) 545 o

3.6 WU 5 VN T positional-only parameters #3233 .

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

char *keywords/ ], va_list vargs)
MpyArg ParseTupleAndKeywords () MR, SRTMIERZ—A> va_list RAU SELIMT A 2 7T 284K
BB,

int PyArg_ValidateKeywordArguments (PyObject *)

T S L S VIS B G P =SS S S = S G -
FPyArg ParseTupleAndKeywords () AN H MW BN T, HEHE LA FM X AN B
.

3.2 UHTIMA.

int PyArg_Parse (PyObject *args, const char *format, ...)
BRECH TR “IHZREL” B S HI R X SR U I Y METH_OLDARGS ST C
M Python 3 SR . XA TR USRI S 80T, IF HAERERRE S i RZHR S Ewie
%, CATRITZEN. BT T AT, SR AT RE R ik A~ H s g1 .«

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

— NI SEERIO X, BT R R R E SR . (XA 5 TR RIS S bR
B e R B I E PR I g METH_ VARARGS . A& LR SRR AL 41N args A B
WA S — I . TCAHRR BT E Al min Hf HAEIE max; min F1 max PJRERASE . WM
SR ABREL, BN SEATR— N80 Pyobject * A ERYSREN: ENRFLARA args I1E
W e EERNT N MY T RS AR A args 45 MIWEIE TS AR i
KA. MCRRBIAT IR B FE,  W5R args A2 TUZH i 0 & A DR AR Y DT SR MR [0 A 5
TR PAT RO B E— D

e SR BRG], R _weakre £ i BIBLH R IILE A TRAAD :

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;

}

EMI TP PyArg UnpackTuple () BN TR PyArg ParseTuple():

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

PyObject* Py_BuildValue (const char *format, ...)
Return value: New reference. 5T I3 T PyArg Parse* () BENERD)F— R FH W5 428 01 2
e A BT DR IR M B NULL; fIARIR W] NULL, KGR R .

Py_BuildValue () FA—HAE—NICH, HALEMFESETFHFBHAENASE D iR
A S AE I MR F AR RS, BIR R None; WIREME—ME#IL, Bkl
A B TCHA Y A —XE SR . B3-S E A% s A 47 H T DASER i Bk [ — KN 0 B 1Y
JCH.

NI RAT I BB PAS BOE A% 8 B SR A X G is, s F s# #EaR8TT, &9 DR E R 4L
2. VI E L RN ORI A S Py _Buildvalue () BIERNTE KB H. WAEED, W
BRI A malloc () I HIF R WAL 8B4 Py _Buildvalue (), YREGASEEA 5T
{EAEPy_Buildvalue () IREIFFE free () .

TE N RPHA T, WG S rFB AR T JHES O WER A EICRF 2R Ml Python X4
KA Jifhs [ MR C 28 & (R RS 1R

FAFOIZES, B0, B AT e SUL AR e 220 (R RIS MIT, 1 ). 3%
AT DAREAR K R A e LA S0 T

s (str B¢ None) [const char *] {#i[f] 'utf-8"' FiLEaS &K I C FAFER ik Python str X4,
WA C FArs 45 NULL, U None.

s# (str 5§ None) [const char *, int B{Py_ssize t] ffiff] 'utf-8"' il C F4&Fa L H K FE:
64 Python str Xf5:. W C FERFEREIeE R NULL, WK X8 Z0% , IR None,

y (bytes) [const char *] IXFf C FAFH 4410 Python bytes Xf 4. 1H C FAFERFRE A NULL,
3R [8] None.,

y# (bytes) [const char *, int B{Py_ssize t] iX&Kf C FAFEE MK JF - —1> Python %4 .
W% C P84 NULL, W3R [\ None,

z (str or None) [const char *] il s —Ff,
z# (str B None) [const char *, int B{Py ssize t] fl s# —Ff.

u (str) [const wchar_t *] #4232 [Ff%) wehar_t [ Unicode (UTF-16 5§ UCS-4) %28 nh X %46
>4 Python Unicode %4 . 15 Unicode Z&1 X 45414 NULL, iR [H] None.

u# (str) [const wehar _t *, int 3Py ssize t] ¥ Unicode (UTF-16 5§ UCS-4) 48X M H K
FEFE45: >4 Python Unicode X§ 4. 415 Unicode ZZii X541 NULL, WK BEXRF#E 208, I3 1]

None,
U (str 3% None) [const char *] Fl s —FFf.
U# (str 3 None) [const char *, int 8{Py ssize t] Fll s# —Ff,
i (int) [int] Ff—4> C int KEAUELAL Y Python FEAIXTR
b (int) [char] §—~ C char "FAFAUFE AL Python FEAUXT R .
h (int) [short int] ¥—/> C short int 4HEEAIFE(L AL Python B AN 4 .
1 (int) [long int] $—/> C long int KEEAELL Y Python BEAUXIR
B (int) [unsigned char] ¥—/{> Cunsigned char L5 FFAHAL I Python B AIX 42 .
H (int) [unsigned short int] ff—1{> C unsigned long JEf&FS4G3 Ak i Python 3 A% 4
I (int) [unsigned int] ¥— C unsigned long JEfF53&AI4L4Y i Python B A% 42
k (int) [unsigned long] *ff—> Cunsigned long JEfF5KBEALAL N Python BEAURIA
L (int) [long long] f—4> C long long K KIEEEEAL L Python BIEXT 4.

K (int) [unsigned long long] ¥ —> C unsigned long long FLfF5 K K& AL Y, Python %
EEPOE 8
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n (int) [Py_ssize_ t] }f— C Py_ssize_ t ZH4E{k >} Python &7,
c (bytes KA 1) [char] Ff—4> C int BEAULRIFAFEAL A Python bytes KN 1 [HF4%}
%,

C(str KD 1) [int] Kf—4> C int AL FIFEN Python str KN 1 IFRFHRXT4 .
d (float) [double] ff—/~ C double BUEEEITF 14 h Python 7 SR AL

£ (£loat) [float] Ff—/> C float HUKGJEVE MU AL A Python 37 i8R BUEF .

D (complex) [Py_complex *] Xf—4> C Py_complex KA LERAL K Python S 50 AL,

O (object) [PyObject *] i Python Xf G (&1 A4S (H5| HIHE RSN, it Eh 1 #3%) o ik
ARG 2 NULL 3840, MR @ X 2 T4 2 50 8 & S R B i 51 E 1 .
R, Py _Buildvalue () ¥i& [ NULL, (HARE&G5|AREH. RN KT EZRE, WKE
SystemError,

S (object) [PyObject *] F1 0 #H[7] .
N (object) [PyObject *] I 0 #H[F], SRIMIEIHARINXS RG] T 248 7] 1 25050 % i xt
AR T SRR SE

0& (object) [converter, anything] i@ id converter FRETEF anything 46>}y Python X452 . 1Z PRV FH Bif £
& anything (.5 void* #Z5) 1E NS HOF HIV 243& [m]—4~ Ry~ Python X4, B Y4k
A AR EHR [A] NULL,

(items) (tuple) [matching-items] ¥f—A~ C A58 /75|54 % Python JTCAH R R T E S E .

[items] (1ist) [HIDRIICHE] KF—A C A5 7514l Python F1ZRIFORFAAR R B TCRER

{items} (dict) [HIRMICE] K— C AR T I 56 K Python S, f—XiELEN) C AR EXFE
A TCEIEA T, o BIVE R A

A AR P B R, Wi E SystemError S I NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. f1Py_BuildvValue () fH[6], SR BEZ— va_list BRI SEM A
AR KR SR .

6.7 FREFEENL

e T o O B AR T o

int PyOS_snprint£ (char *str, size_t size, const char *format, ...)
WRAEA% X7 R R formar MFHNSH, b A size A5 35 2] sore 2 0L Unix F 0 50 1
snprintf(3),

int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
RS X FAF R format T2 B S BN H va, i AT size NS5 E] sore 2 W, Unix Tt 5018
vsnprintf (3),

PyOS_snprintf () MPyOS_vsnprintf () W% C HRUEERE snprint £ () Ml vsnprintf () . B
I B B2 PRUEEAR S 5 DL S I —8U TR, MidsiE C R EUIARSK .

BERRAHR str [size-1] FEREIRHAZN '\ . ENINAE AL size NFA7 (BIERER '\0")
| FIFER . Wi REERTR str '= NULL, size > O fil format != NULL,

WERF G vsnprint £ () 17 H 28 ol X /NG 23k G d BT R ) size 512 5745 PA |, Python £x PA—
/]\Py_FatalError() EEEF‘JJ:O

B (rv) 4515 L8 bR BORERZ A A G

« M0 <= rv < sizelf, FHFARIINIERE v NFRFE AR stir ONUTERRE str[rv] (B
"\NO' FY).
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o« Y rv >= size I}, BB SPEBIFAFTE—NEE rv + 1 FFWEN XA GBI AT
TEMRF LS strisize-1]1 S '\0 ',

. ,H:Z] rv < 0 HTj‘, ? %ﬁixﬁ%ﬂg%‘]\%ﬁo ? Eﬁt‘l\jﬁzﬁﬁl: str [SiZefl] ‘mﬂy I\Oy ’ ,fa str E‘J/ﬁ\:{%‘%ﬁﬁj\
G T LIl ey 22
O\ B SFHEE S0 R BT B

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAFER s Feffeoly double 2RMY, RIMINT| % Python 54 . HAZHYFATERAYHE AR T4 Python
) float () MIERBHEZ I TAFRIIES, IRT s UACA A SEU BRI . BAfulb U T4
IS
W endptr & NULL , ¥ F45H . 51k ValueError If Hig M -1.0 QIRFIFEHAZIF
b GRSV R STy v
Wk endptr A NULL , RO REZ AR TATER TR *endpt r BB )5 — AR E B T4 .

ﬂﬂ%?ﬁ“%ﬂﬁ?‘ﬂﬁ“&fﬁﬁ‘ RBRARFRE A, K *endptr E AR HTFARRIL, 51k
ValueError 545, FHigM -1.0.,

W s %%/%*’I‘ﬁﬁﬁ'ﬁﬁﬁ%ﬁﬁ%‘ﬁ*’l‘??ﬁﬁ*E‘Jﬁ (Kb hi, "1e500" EHFZ - L2 —1F
FFER) SRS TN overflow_exception &2 NULL & [A] Py HUGE_VAL (Hﬂiﬁ% WA ) I HAR
WEARM R fEHMI T, overflow_exception M5 —4> Python RIS 5K FH
IR 1.0 . FEXFAEL T, #E *endptr IKAFEHMEZ JEHIE — T4

USRAER o) S A AR AT A A e (HAn— A AN TR ), BEELE 2419 Python S I HLIR 1]
-1.0,

3.1 GHTMA.

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val N—AMEH format_code, precision Fl flags [ F45Ef

7}%5\5{5,[4\5)?7 U\—F;H\:qug‘ 'e','E', 'f", lFl’lg|’lGlgz%Alrlo Xj—ﬂ:vrl’%,ﬁj{‘lﬂg%%};{iz\
"ot AR THRHEREL repr () #%3.
flags ™ Tu\jgijzz.‘,ﬁ\ﬁﬁ{*a‘ Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 B{ Py_DTSF_ALT B4 E&:
 Py_DTSF_STGN F/R B TER I AR I I —MNME 554, RIME val HIEGEL.
+ Py_DTSF_ADD_DOT_0 F/Rififfik Ml FAF B B R A G 2 — 4L
o Py_DTSF_ALT F/RM ™ BRI # AN, MM E S M PyoS_snprintf () "#' &
PO CED
WM ptype A K NULL, B F5 [5) {E B 9% %~ Py_DTST_FINITE, Py DTST_INFINITE Bf
Py_DTST_NAN H1fj—A>, 53R val 22— N RRECT . ToBRECE s d-50r

R EME R — R I S G AT ER Y buffer (FRER, AN R IGOU S NULL . ] JH B 5 51
HpyMem Free () RREHGR B F4FE o

3.1 BUHTMA.

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

TAPRARS KNG . ZRBULTS stremp () TR AME, AREZAR TN,

int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize t size)

TREAR D KNG . ZERBILFS strnemp O BT/ ME, R ER T RN,

6.7. FREMAEEXL 51



The Python/C API, &[F) 3.9.23

6.8 5

PyObject* PyEval_GetBuiltins (void)
Return value: Borrowed reference. 3% [8] 4 Hi 4TI PN R AR L, R S i A Wi EAE AT, )
IR [ IR A R

PyObject* PyEval_GetLocals (void)

Return value: Borrowed reference. 32 [8] 24 5047t Ry As S pF i, SRV 24w $E T A o D a4z [m]
NULL,

PyObject* PyEval_GetGlobals (void)

Return value: Borrowed reference. 32 7] 24 HiTh AT 4 B A8 it SR VA 24w BAUE T %0 ot 0 3% [
NULL,

PyFrameObject* PyEval_GetFrame (void)
Return value: Borrowed reference. 2 [A] 24 {1 ZARRASHIMT, AR EA L HI T RIMIONGR (5] NULL,

iy S PyThreadState _GetFrame (),

PyFrameObject* PyFrame_GetBack (PyFrameObject *frame)

AREL frame T — A~ FNHL
R —ARE I, AR frame YAT SMEBITNIE [H] NULL,
Sframe WaJNi A K NULL,
3.9 BUHTMA.
PyCodeObject* PyFrame_GetCode (PyFrameObject *frame)

FREL frame HACRD

R A5G|

frame LA R NULL. 554 (Wi RES) REEHN NULL.
3.9 BT

int PyFrame_GetLineNumber (PyFrameObject *frame)
R[] frame 24 B IEAEATHIATS

Sframe Wi A NULL,

const char* PyEval_GetFuncName (PyObject *func)

UN2R fune JE %0, REQEBIXT G, WIREIEMAFR, BER 0] func FZRBLN 25K

const char* PyEval_GetFuncDesc (PyObject *func)
HRAE func F 2R BLIR PR AT ER o 3 A AL HE R A /3519707, 7 constructor”, ” instance” F1” object”.
SpyEval GetFuncName () WIZ5RERE, S5RKE func BTHEIE.

6.9 4RSI MSZFFThEE

int PyCodec_Register (PyObject *search_function)

TEMF— B ) G R T 2 1R 2R eR 2
TEAEIER, HaZilng encodings 0, WRMARZER, W PREIRZ AL THRREBOIRN S —

7o
int PyCodec_KnownEncoding (const char *encoding)

WRIGAEWH LA E encoding W2 i 425 CAFAEM R ] 1 50 0. MR LR BEE -

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

Return value: New reference. 17 T n RIS #S B AR IS APIL,

object [l errors T & XS IRAL B V545 125 € encoding BB #s RN . errors B PAH NULL 3
TN R GRS I SR BRI T . R AN B i B W 255 | & LookupError.
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PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 T n RS #S EL A f#AY APL,

object 1§ [ A1 errors Fir & LW ERAC IR )T VAL 145 58 encoding WIfRIBESEREL. errors W] LK NULL 3
TN R SR ARG RS I E SR ERIA T ¥ . SR BN R 28 M 25| & LookupError,

6.9.1 Codec &1k API

FERIIRRECT, encoding "y AT SAE LI FAN /NG FRHE, X 13 IO 2 4 g 0 s X5 s
R RNEAGUR. MR EUTAT ARG AS , WKFE KeyError HiR[H] NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. “H25 E W encoding IREL— 9B 3% B A

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "N 45 E W encoding AREL— RS #5 R EL

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. “K 25 E W) encoding 3REl— IncrementalEncoder X4,

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “j25 i) encoding 38—~ IncrementalDecoder X4,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “H#5 E W) encoding SREL— StreamReader T.J %L

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “25 B W) encoding 3EL—A~ StreamWriter T.J PR,

6.9.2 FF Unicode RiZ$EiRMIBIEEFY MR API

int PyCodec_RegisterError (const char *name, PyObject *error)
TELE EW) name 2 Ny G5 R AL PR 18 R AT error. 1% 101H BRBCREE — A 20 fR i 218 2 TC 5w i 1)
FF TR ) FA 8 H. name P45 72 A encode/decode PR I 1 error &2 i} HiZ 4w il 5 2% ok
WA
Z M O R L& ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError HS:Hff A B4, 300 b3 36 T b MU 1 o 545 5 9
HAE UGPSR M RS B (S0 Unicode J+ 3 1 5 T fRFE UL AE B9 BB ) o 1 [0 e 2
WG| R TER S, SR R A S A T 51 SO R P A el AR Ao i
PR BREL, BRI AT ANLE R St/ g A
BB E] <0% | 2R Il [a] -1«

PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. xR 1E name 2 NS AL R B R R 2. VB MAFRFIIA ] A& A NULL,
TELCAE O T RfaR [l X6 strict” [R5 A0 P B ] % bR 4K

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

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. W% unicode 4517, Bhid4SiRmmI4 A .

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. {§iJf] 2 B U+FFFD 34 unicode JmfdstiR .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. {#iJf] XML F455 | J1 & unicode Jmfiditi% .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. {fi J] JOFWTEE AF (\x, \u il \U) & unicode JrfidétiR.
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PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. ffifJ \N{ . ..} & L fFEHk unicode g4t iR .

3.5 BUHTIMA.
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MR E

AFH KBS Python X AFH., TEiEHZEA, AT 22BN (Flan, FrasEssd, s
HIFHIEA) . 24 RS BRI AE I, Ab14577 42— Python 54,

XL PR FCRE A AT BE TR IERI AL T 52 1, — Nkt St pyList_New () B, (HHEARTH
BB B — 2k “NULL({A .

7.1 HRMY

PyObject* Py_NotImplemented
Not Implemented B, M TARCHAEAEEA 0 45@ RAH G T L.

Py RETURN_NOTIMPLEMENTED
C BB RN IE#L TPy Not Tmplemented (iR AIERE (RBP4 NotImplemented (15| 1 1403+
RIEZ),

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FEXTG 0 B AR fp. HASHRRE] -1 o FEFRSECO R T8 AR i k. H RiME— SO
eI Py _PRINT_RAW; HIRZTHIIZZE, MKFEAXZR str () AR repr () .

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
ME o WhH BN atr_name, WR[E 1, FWRME 0. XA 24T Python F L hasattr (o,
attr_name). BEREEZMIN.

HE, 7ERH _getattr_ () Al __getattribute_ () H¥ER KA FHEREHANG . 52K
R, W Pyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
ME o WhHEM atr_name, WRME 1, FWRME 0. XAH24F Python F L hasattr (o,
attr_name). MEEEEEMII.

HE, fEHH __getattr_ () fil __getattribute_ () HFEHAIE— NIRRT R,
SRS . PR RR, W PyObject_GetAttrString() .

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. MXT% o WEEEL4, N attr_name W) JETE. BB BEMHAE, 5 0] 3 ]
NULL, XAH24TF Python %Az o.attr_name.
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PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. X% o WEERL—"1N24 K attr_name [P J@1VE. IR R B, 2 M)
JR[E] NULL. 3%#H4F Python #£iAx o.attr_name.

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. 8 f{l 00 J@ SR BUREL, FTFIAEBIN 2 tp_getattro flig, B
EERFIp (LT X2 MRO H1) ARIEAHIRRF, HAAENREY _ dict hERENE
PE. IEQN descriptors fTid, BUERIATFILICT SLBE M, TARBIRRAFFNIAILE. KMk
AttributeError,

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXR 0 442K atr_name WJEIEEBA v o RMONT R HE R R -1; SENRHRE 0 o X4 T

Python %] o.attr_name = v,

s v o NULL, B ER. s hE s s MmNy e pyobject_pelAter (), {HHTHE
WA E TR .

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

FERR o HHH attr_name BRI v o RIBONT KR HHFRE -15 MIIHRE 0 o AT

Python i&4] o.attr_name = v,
W v 4 NULL, %@ R, (R s Be g 1 m N PyOb ject_DelAttrString ().
int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

R BCE AR R, T IMAREN R tp_setattro i, BIERMFMA (T4
(1) MRO 1) Fe QB iR gs, WURERH], WRE HEAE S0 7 e o i e i 3 S ek O Se tuA 7. A
RN R dict  thEBUMNE. WRBIRRIE 0, BRG] % AttributeError
%ﬁ@ -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WIEESt 5 0 4K attr_name @M. RICHHRR] -1, XAH24TF Python {£4] del o.attr_name,

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

WG4 0 W44 M attr_name W)@ . FRGEHRE -1, XAH24TF Python 154] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ HAFFRIZRIER S — FOE M 500, 6B & 0 EZ T

3.3 BUHTIA.

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

_dict_ fHiAFTUICE KB MBS X BN SRV BRI T
3.3 OB

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. 1 opid 18 E I BAEHE ol %H o2 f[A{H, WilZ Py_LT . Py_LE ., Py_EQ
. Py_NE. Py GT B{ Py _GE Z—, JMjlXJ T “<, <=, ==, =, > 5 >=, X4 T Python
Fiki ol op o2, HH op @I opid HIHRIEFT ﬁJZIjJHT Wl FCBEAEL, SR IBCE R Ml NULL.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
I opid I BAF LLRE of F1 02 9{H, /2 Py_LT . Py_LE . Py_EQ . Py_NE . Py _GT
Py_GE Z—, AT <. <=, ==, !=. >8l(>=. FHREERM -1, #4 %jjfalseu [ o,
IR E 1. XA 24T Python ik ol op o2, HH op @XfWT 0pld I ERAEAT

HE): 5 ol Fl 02 B[m]—AN4, Pyobject RichCompareBool () Py_EQ WIR[E] 1, 4 Py_NE
VBN EIe

PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. fr XG0 WFAFERIES . RN IR WP AF e IR ] NULL. XA
*4°F Python %%ﬂiiﬁ repr (o) . HPNEEE repr () THH

3.4 MU A R R */\ﬂﬁt%ﬁ;, JH PAORAS 2 TR 25 3 35 Bl )
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PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. 5 PyObject_Repr () —#f, i1TE X% o WE/FFEX, H
fEPyObject_Repr () 1R I F4F B EPH? \x. \u B \U 5% L HE ASCIL “E4F . 3XCRFAE B — 2K
21T Python 2 HifipyObject Repr () IRIEIFAFH . HNEEE ascii O .

PyObject* PyObject_Str (PyObject *o)
Return value: New reference. TV X5 o W FAFHRIEA . BB IR BIFAFER , RIMETR A NULL . XA
24 Python %éﬁj;’cﬁ str(o)., HNERE str () HH, FtH print ( ?%ﬂ[i}%ﬁﬁo

3.4 JUOESE: ZRBORTEE S — IS, H AR Bk 2 5535 sh g 5=
PyObject* PyObject_Bytes (PyObject *0)
Return value: New reference. 11334 o I FTTTER. %}JZE]LJ‘\_IE] NULL, IR B —AF4 %

Fo MY T o ANRBEELITT Python A bytes (o) « 5 bytes (o) ANFEIMZE, 24 o @AM
AU O (FATER XIS, 2 filik TypeError,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
MR derived 2515 cls ZAMRIBCH HIRAZE, WHRIE 1, WA 0o AR H4E MR R -1,

W2 cls @, MR cls PEATBIAGI . AR 2 —JA IR I 1, S55808 1, RIUREE 0.

IE4N PEP 3119 ik, Hnif cls 74 __subclasscheck__ () ik, Rr8H H ARG E 2000k
e TN, W derived A E LS AT, BMESTE cls.__mro_ 1, IPAEHLE os B—4
?5@

HAEXMNGA 2PN, Bl type B j‘zﬂﬁ%;’éﬂ@i%o SR, WA IA _bases_
)%fé (AR R TEH) R X —

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
AR inst 32 cls FEBHIRM LB, WHRE 1, QUERAZ WA 0o A0SR AR MR ] -1 HEE—4
jE—IiP'%A’O
W cls /2Ted, W% cls HEATEWRGI . AR 2 — AR 1, 25508050 1, BHIPRHE 0.

1E4n PEP 3119 Jirik, fif cls #745 __subclasscheck__ () ik, Rr8)H H ARG € 200K
o B, R derived J2& cls T35, IAEHE cls —A5EH1 .

LB inst AfVA L class_ J@PEAREHILITES.

W5 cls BEBONES, A4, Wil _ bases_ JgME (WA Anyocdl) b7
EER

Py_hash_t PyObject_Hash (PyObject *0)
THEI IR BIXT R WG AAE 00 RIMEHRE] 1. 3XAH24T Python ik hash (

3.2 R A BRAE MR [0 A2 Py _hash_to X2 K/INGPy_ssize ¢ *HIEIE’J%N%?%%IO

Py_hash_t PyObject_HashNot Implemented (PyObject *0)
BUE A TypeError N type (o) RANIRFN), JHRE -1 . HREPRIFLE tp_hash ff T}
2B RIRRE, FOVF A AL R I U I B AR W

int PyObject_IsTrue (PyObject *o)
MRS 0 BEA A2 true, MR 1, FHIGRE] 0, XA T Python FIARK not not o. RIEM
iBIE] -1 o

int PyObject_Not (PyObject *0)
WIS o oA K2 true, WARE] 1, FHWGERIE 00 3XAH4T Python KA not not o. KRIKN
ifg.lil -1 o

PyObject* PyObject_Type (PyObject *o)
Return value: New reference. *4 o Ak NULL I}, i&[E—45%F4% o E’J%@EA?}‘EX]LfE’J%EAXT% EAEN
Wiy, K551 % SystemError Jfi&[H] NULL, jX#[q]F Python ik it type (o) . AR

FES 8. SEbs FEeA P ARl ) #akpy TvPE () @Iﬁ'ﬁ@ﬂ% PREL, BRI
—APyTypeObject * RAEWFEEN, BRIERTT TGRS | F VT AAY Bt

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
WIERRASR 0 2y type KBUE type B FRAUNLR M EAE . PIASHEALAEE NULL,
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Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *0)
BREIXR o B EE . QRIS o SR SIAMBES T, MR FA L. IR E] -1, X2
F Python 353 1len (o)

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
R EIX SR o AN . EoES R M LR K, REM __length hint () #EATALIT,
B AR AR RS IR ] -1, X 4% [H] T Python 323k 3 operator.length_hint (o,

defaultvalue),

3.4 BB

PyObject* PyObject_GetItem (P)Object *0, PyObject *key)
Return value: New reference. 12 [BIX} 52 key XtV o TG, B BT[] NULL, X% 6T Python 32
ik o[key].
int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
FEXFR key WL EIME vo RIS A& S H R ) -1; MEIIHRIE 0. X AH24 T Python 154 o [key]
= v. R R v BT
int PyObject_DelItem (PyObject *o, PyObject *key)
MXFG 0 HAEERXS G key FUMLF . RIGINHR[A] -1, JXAH24 T Python 1541 del olkey].
PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. 24T Python iA=, dir (o), &[E[—4 (A]fE ﬁ—f) WEEXGE S
FAFERII, IR EIILR M NULL, MRS ECH NULL, J¢fbl Python () dir (), JUIR [ 47 locals
W25 XIAREA TS PATHESE, Wk E NULL, HPyErr Occurred () FFizm] false,
PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. %% [f] T Python 3153 iter (o) » HXRSEOR Bl —NF BN, W
REXME L NERE, WREXRA L. ﬁH%XT?ﬁTﬁEﬁ‘i #EMR, 251K TypeError , ik

[H] NULL,
7.2 E RN
CPython SCRFPIFIAN RIS FH VML - 1p_call TR SEJEH -

7.21 tp_call tii¥

W tp_call WRISCHIEZ TR NE . REOIHESH N

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

—NHHRH AT HERNE S, A dict LR KEFSE, LT Python 15 H1 1Y)
callable (*args, **kwargs). args* LMAETa (LREAHLK, 2EA—AZTA), 124
FIRH AT AL, *hwargs® 7T vA A *NULL,

EALJEAHE *tp_call* ffiff]: tp_new fltp_init HWiXFALIHESEL.
B 5, Wi Pyobject_call () sigHABAYE A APL,
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7.2.2 Vectorcall {#pi¥

3.9 HUHT A

vectorcall YHiETE PEP 590 75| A, B FH sR 25 i 2L ph i il .

YER A0, an 5w o 2 7 3 FF vectorcall, CPython £ B [a] TN ECIE . 2810, XIHFEA2—1
TEVERLE . BUAh, 2088 =5 ¥R E I tp_call (MARMEHPyobject_call (). HIL, —A3FF

vectorcall [EWMNA LI tp_call, MAL, TLIRERMERIL, TR S T A AU R .
W R R tp_call B NPyVectorcall Call (). {HfS—EHE2:

e —N3CFF Vectorcall 128 0SB A M R E LW tp_call,

WIR-—AJEH vectorcall bt *tp_call* 18, FASMIZICEL vectorcall, B, A1SEBH H #7521 S0
args JLAFN kwargs dict, HFASZPY vectorcall HE¥H = L.

K[ P Rl Py TPFLAGS HAVE VECTORCALL A d¥ftp vectorcall offset & Jyitgst
¥ H1 14 vectorcallfunc 11 offset 5L FY vectorcall il . X 22— 3810 EA DA N4 1 BREL 354t

PyObject * (*wvectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)

o callable jZF5H R I XT 42

o args A CIEHEEAL, MABESERIGIR K@ TZSHE. WREASH, XMETLAR
NULL .

o nargsf JEQLESE BN L8 PY_VECTORCALL_ARGUMENTS_OFFSET Frii. %M nargsf
PAFTLIRANLE S B, WA Pyvectorcall_NARGS ().

o kwnames }E—WF A SRR ARNOCEL.  WATEDL, SR kwargs FHLAYEE . X EEZ PR T
FreR (str s HFIMER)), HHENTLIEME—F) . WREH TS, 4 kwnames W]
PAJH NULL %5,

PY VECTORCALL ARGUMENTS_OFFSET
HIARAE vectorcall [ nargsf ZEUHE T bR, W AR08 2 I st EEAI args| E’Jﬁ /)
UL, args FEMAE MR FHSE 1 CRR20). g S 0IER B 2 Biif i args [-1]1 HIfH.

X PyObject_VectorcallMethod () , EXPIRERIASZEINRE args [0] AJRERAS T,

298 7wl PARA L A i s (BB AN NTE B E) T8 4 U v i A S
PY_VECTORCALL_ARGUMENTS_OFFSET. iXFEMRF fo i3 W48 & ik 2 2 vl 8 F e 2k
ﬁéﬁzﬂﬁi&ﬁrﬂﬁﬁﬂ%)ﬂ (H AW RIS self Z50) .

ERH-ANEHRT Vectorcall B X5, GE 6 S Acall APLORR B, k45 AT U X 4 — A

PyObject_ Vectorcall () JEHE SRR .

f#i [El: £ CPython 3.8 1, vectorcall API FI A % () bR K08 52 DA JF 3k F Rl 46 /9 4% F 42 it
_PyObject_Vectorcall, Py TPFLAGS_HAVE_VECTORCALL, PyObject_VectorcallMethod,
_PyVectorcall_ Function, _PyObject_CallOneArq, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg, i1 4p, PyObject_VectorcallDict PA

_PyObject_FastCallDict WJZHFEMHE. HAFRIIIRPE SCHAMN T RILRIHF 44 PRI 514 -
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I
1 B8 tp_call W, BV A 3 A 0 H 0% Ja: CPython X T 6 M tp_call #E 17 #Y 96 ] & i

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

SHAFRIERE R, XANTE A T3 vectorcall 14V FH : #1852 S B mst W 241 | Py_EnterRecursiveCall Fll

Py_LeaveRecursiveCall ,

Vectorcall 3735 API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
255 — vectorcall nargsf 552, RIS L REE. HEI%ER T

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, WA Pyvectorcall NARGS pREXDATERERY FE.
XA PR EAS 2 limited API B—3R53
3.8 HUHT A

vectorcallfunc PyVectorcall_Function (PyObject *op)
W2k *op* RIZH vectorcall Wil (BEA 2 R AN RE, Haq0e A BARLHIASHE) , &IE
*NULL*, 0, R [fEAETE *op* HifY vectorcall BREHRE! . XA ERE A A 575

XTERGEE op J2 15 31 vectorcall A FAL, W PAE T PyVectorcall_Function (op) !=
NULL 3E32H .

XA ERBAS B limited API f—3B45
3.8 FCHTINA.

PyObject* PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
P XS * vectorcall func, HALESECH TS 405 I LATTAURI dict 45 1

XMLl TwE, HHMRWR At call 2N T tp_call (L. EAXK
Py TPFLAGS_HAVE_VECTORCALL kR HEASHEE tp_call,

AR B limited API f—3B4)
3.8 UM

7.2.3 jAMAM L API

A Z AR BTN KR Python X 52, 454 bR K2 5 L WU RS G B SRR A 519010 A2
tp_call B vectorcall, Jy \ /R AT BEAHBHEA TR, R — B SR R RS X R 2

TRBL T AIIRINEE: WS RSSO A TR R
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REL callable -- _hF] BAxtg | args kwargs
PyObject_Call () PyObject Jed dict/NULL
PyObject_CallNoArgs () PyObject * - ---
PyObject_CallOneArqg () PyObject * P SE -
PyObject_CallObject () PyObject * JGZH/NULL | ---
PyObject_CallFunction () PyObject * format —
PyObject_CallMethod () X% + char* format -
PyObject_CallFunctionObjArgs () | PyObject * N AR SR -
PyObject_CallMethodObjArgs () X%+ 4R A AR SR -—
PyObject_CallMethodNoArgs () N + &4 - -
PyObject_CallMethodOneArg () X5+ A4 H5 [IEPIER -
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () ZH+ B vectorcall vectorcall

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Wi J{l— W] 7H 1 #Y Python X4 callable, 7102 args BT IS,
PASC -8 kwargs FIT45 ) KBS 40

args WK NULL; QIERAEESHOAEHEH-— =
4 NULL.

IR B G55 ARG — A S5 Ik 8] NULL.
XZEMT Python A, callable (*args, **kwargs).

ST . WA T SH, W) kwargs 1] DA

PyObject* PyObject_CallNoArgs (PyObject *callable)
Pl J— DT I 8 Python X4 callable F+ AHPHATATSE. XAl
RS ZSE v

B IR R 25 R AR SR MO — A S8 IR 8] NULL.
3.9 HUCHTIA.

PyObject* PyObject_CallOneArg (PyObject *callable, PyObject *arg)
i Hl—A>nl i J Y Python X¥ 4 callable F i1 4 1 ML ESEL arg MBAT KETFSH.

BB IR I, A8 R WOl — 8 I 7] NULL.
XA BRI B limited API f—3B4)
3.9 BUBT A

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. I8 Jj—1"W] & Ff] i) Python X4 callable,
WERAHZANE ASEL, W args FTPASK NULL.

BRI G55 7 e IOl — A 558 9% [8] NULL,
XEEMT Python ik callable (*args) .

PyObject* PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. V& Jl—1 0] & %) Python X% callable, Fff#i v] 2508 C 8. XL
C Bl py_Buildvalue () KAEHIMAFAFHRAIA. format W LAYy NULL, FoRiAfeftfe
fIZ4.

IR IR B G55 AR Rl — A S5 Ik 8] NULL.
XM T Python F3Ax callable (*args) .

S A Python R X5

Bt i oe4l args Brés IS 4L.

EEEMNMRIREEAPyObject *ZBE, WPyobject_CallFunctionObjArgs () &R
BUEEN
3.4 WU S XA format RBIEL M char * B,
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PyObject* PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. i obj %15 H144 K name 1/ )5 EFH-MiH A A B 1) C 5. X C
K py_Buildvalue () MFAFE AR I 244 — A0

¥ AT A NULL |, TR REEBUTATSEL.
BN R [R5 A 2 IOl — > 7 3% 8] NULL .
XA Python k5 obj.name (argl, arg2, ...) &—HFEH.

EEEIEAR HAEAPyobject * BE, WPyobject_CallMethodObjArgs () & Tk il ik
.

3.4 I ¥ 5#: The types of name and format were changed from char *.
yp

PyObject* PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. Wi Fl—>1] 8 i 1Y) Python X} 4 callable, BfiH5n] B PyObject *
S SUE%"&MT SR TE S E TR DA NULL 2512 .

IR 2R AR WOl — A 8 ik [n] NULL,
XA Python%é A3 callable (argl, arg2, ...) &—FH.

PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. 1 Jfl Python ¥4 obj HH)—A~ vk, H ':Pji{igﬁi iy name 1Y) Python
FRERXT R . BRI AR SR I Pyobject * ZEEMA . XBESHOAEEEIESH
TEAFRMLH DA NULL %5

TR R 455 ARSI —A 58 R 8] NULL.

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
A Python XH5 obj ity —AJr B RIHFERTSAL, Horh I 4Bk name 1) Python 4 e it
R,

BB IR RIS, AR 2R WOl — > 8 I 7] NULL.
XA RS & limited API T —3B43 o
3.9 BUBT A

PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
i ) Python XI5 obj " — NI EEFFIT A B S8 arg, Hh 7 A PRI name i) Python “F
FRERXT R A .

BCINHR A1 Z5 5 A e ORIl — A~ 57 I &[] NULL.
XA BRECAS & limited API §—354%
3.9 BCHTINA.

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
VA — 0] 8 B9 Python X% callable, iS85 vectorcall func fl[E]. WIHE callable 37
¥vectorcall, W'E < BV FAAEIAE callable F11¥) vectorcall FREY .

BRI S5 A e Ol 4 — A S5 IR [8] NULL .
XA PR EAS 2 limited API B—3R53
3.9 BGHTMA.

PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwdict)
P callable 3 ¥y ts S e vectorcall Yl il AR 58 @ AHIRI AL ESHL, (Hmn b A kwdict TE 3
A RE TSI args AL RACUE R ESIL

TCVRAE N EREE AR, AR EAE A TSR . TR, Ry 4 e TR 7 B 2R 1 %
BF SR T, (HECA N E SR T A i -

AR B limited API f—3B45
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3.9 BUHTMA.

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

i ] vectorcall I G B R i — AT o Jrik iy FRPA Python “FAFH3 name HTE 45 H o 6 5 ¥
XSG N args[0], TiT args BN args[ 1] FFURITR WA S8 Baie A= D—MiES
. nargsf A0HE args[0] TENHI AL B SBNECE, MR args [0 WMEAT BERRI el 2 I 2 Fm L
PY_VECTORCALL_ARGUMENTS_OFFSET. XEFSE M NELEPyObject_Vectorcall () Hi—
FERLAE A
WRRXRAA Py TPFLAGS METHOD_DESCRTPTOR Y, 1M R BCRF ] U I R 98 & i T i 4
FE I 2 L1 args vector VEHZEL.
SIS IR A5 AR Il — A~ S Ik [|] NULL .
KA BRBUA e limited API B )—357 o

3.9 BUHTMA.

7.2.4 FHH API

int PyCallable_Check (PyObject *0)
BERT SR o R ATTARTR . ARG AR R MR E] 1, HARE LR 0 o XA~ BN 2/ T 2%
i

7.3 #Fhil

int PyNumber_Check (PyObject *0)
WERXF R o FRAECTF R, JRIFE 1, BRI 28 R

3.8 MU AE: MR 02— G BRI 1.

PyObject* PyNumber_ Add (PyObject *ol, PyObject *02)
Return value: New reference. 121 ol . 02 FHHIAILE T, TR FNL, 1R[] NULL. 84T Python k=
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. IR 9] ol J§ 7% 02 BIZ5H, WM, 1&[H NULL., Z84T Python FEiA=
ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[1] ol . 02 FHFEMILETR, TR RN, 1R[] NULL, 84T Python Fik=

ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 121 ol . o2 A [FRIERILE R, AL, &M NULL, 24T Python
FiER 0l @ o2,

3.5 BT

PyObject* PyNumber_ FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. IR ] ol [§DA 02 [a] FBUEHI(E, ZIAHR A NULL, X484+ Python &
kol // o2,

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12| ol [&VA 02 BIBCFE A FRITME, B R M NULL. & [HH
27 ATME” BRh — 3 SR B R A UM s AN AT RE DA I RRE B20R I S8k IR T bA
TEAE AP BERO R[] —ANF S RS T Python ik o1 / o2,

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)

Return value: New reference. 1&[0] ol [§DA 02 5 2|R 4%, WREM, &[] NULL, 4T Python &
B+ ol % 02,
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PyObject* PyNumber_ Divmod (PyObject *ol, PyObject *02)
Return value: New reference. 2% N B A divmod () . IR, 1R[E] NULL. 24T Python ik
K divmod (ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1§ Z: [ N ELER 4L pow () « WK, 1R[] NULL. 4T Python Hii)
KK pow (01, 02, 03), Hri o3 @alHkMy. WIRZZM o3, WFHHLAry None fERHRE (W0
RN NULL S RECRE NI o

PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. IR [0 o FITE, THRFIE, RF] NULL . 254/t T Python A=, —o.

PyObject* PyNumber_ Positive (PyObject *0)
Return value: New reference. 120 o, YRR, #R[F] NULL . 24T Python A= +o.

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. 12 0] o B4 XHE, AN, 1R[] NULL, 84T Python 33k abs (o) .

PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. R [0] o FH N U G RIZER, R, 3R] NULL. %84T Python 3%
B ~o.

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. iR 0] ol 1:8% 02 A~ HAF GO SE S, g, 1R[] NULL. 84T Python
FAHK 01 << 02,

PyObject* PyNumber_Rshift (PyObject *o0l, PyObject *02)
Return value: New reference. i3] ol 15%% 02 ARG IIEER, WK, #& [0 NULL . S54/T Python
FiERX o1 >> o2,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. iR [H] ol Fl 02 “Fifii 57 LS, WK, JR[F] NULL . ST Python
FiER 0l & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. iR [H| ol Fll 02 “¥{vy 8" W25, RN, &E NULL » 0T
Python A o1 ~ 02,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. IR 7] ol Fll 02 “$AFEY” PULESR, W M, 12[H NULL . 4T Python
FikX ol | o2,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. 3R [H] ol . o2 FMIMILESE, N2, R [E] NULL. Y4 of SZHEH, X/4NE
AEARMNEMAFL R ST Python i) o1 += o2,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[0| ol . 02 FHIBAYLER , InHAMg, 1R\l NULL . 24 of FfFEF, XA
R EEWH EWESER . S0 T Python ifi4] o1 —= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. iR 8] ol . 02* }AFfa42E R, R KM, AW “NULL, % *ol fHt, X
S I E R4 S0 F Python 4] 01 *= o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 1R[] ol . o2 fUEMETE IGHILE SR, TR KM, &[] NULL . 4 ol ¥
B, X EEM SR . ST Python i5h] ol @= o2,

3.5 OB
PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)

Return value: New reference. 12 [9] ol DA 02 J51a] FEUERRI4E R, L0, 1RM] NULL. 24 ol ¥
BF, XAMEEEEREHEMESR. SMT Python iEA] ol //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 9] ol [&VA 02 BIBCFE N S FRITME, B R M NULL. & [H1
ST A RUA” PR R S EAS S 2 OME s AT BE A HE RS R 2R T S DL R BT A
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TEAG AP BRI IR ] — NP7 5B B TAE of SCRpBHE Sy Rxe AT, MEREEE T Python iy
ol /= 02,

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol [§:DA 02 15BNA 4%, WA LM, 1R\ NULL, 4 ol L0}, X
MR HBEM N EMFELR . 50T Python iBH] o1 %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 527 N B AL pow () » TR, 3&[F] NULL, “:ﬁ ol N, X4z
HHBA MR Y 03 &Py None I}, {7 Python if4i] ol **= 02; HMAFMTHER
RALEMAFLIRI pow (01, 02, 03) o WEIREZNE 03, NIF %‘/\Py_None (f£ A NULL £ 53
FEENAEVT) .

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol 7284 02 PHEFIGHIZE R, WS, 1R[] NULL. 24 ol ¥R},
EAEEEEEN AR . ST Python i541] o1 <<= o2,

PyObject* PyNumber_ InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol F5%% 02 PHAERGHIZEE, S, 1R[] NULL. 24 ol ¥R},
EMEHE BB AWML ST Python i54] ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. I iR E] ol Fl 02 ” $¢/i 57 BIZEH:, MR [E] NULL, £E ol Z35HY)
HIEE FZBAER JRoeiAT. S35 Python i54] o1 &= o2.

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. JW{IHHRE] ol F1 02 7 ¥ R el 45 F, KRIFHR[E] NULL. 7E ol XHF
IR NIRRT RaedT. S5 Python ih) o1 "= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. J{INIIFIRE] o Fl 02 7 4787 IEEH, JIBHR [ NULL. fF ol 319
HIPE FIZBAERF B3 AT, 80T Python i54] ol |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IR [B] o B4 MEEEON R G 4S5, RIMWET R B NULL, ST
Python A=, int (o) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. IR ] o #Hi4l NiE SR G EE R, KRIBEHR ] NULL, 4T
Python F3Ax float (o) .

PyObject* PyNumber_Index (PyObject *o)
Return value: New reference B R ] o #5345k Python int 258U JG A Z5 5, IR ] NULL H5| &

TypeError #,% o

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 12 [R|3&50 n %5 3e il UA base R BB FAFER )G M2 . iX > base S5
A2, 8, 1083 16 . X &2, 8, B 16, REIFAFHRE> BN EEEFR R 1 0b', 00,
or '0x', G n A2 Python HJRERS int 252, whJCHH PyNumber Tndex () FFE AR MUREEIE
A,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
ﬂﬂ%;FTU\%ﬁ%E&jﬂ—/l\*%é‘UU R[] o Fe N Py_ssize t {H. WERFMRM, WE51E—4

IR[m] -1

AR o HTVAREH $5 Python 1] int {2 Py_ssize t fHN&F| % OverflowError, N
exc ZHC- NS KB 28 B # N IndexError 8 OverflowError), AN exc A NULL,
W%%éw@%%HﬁAEﬁAEﬁﬁﬁﬁﬂﬁPYswmﬂfWNﬁTﬁEﬁﬂﬁﬁﬁﬁﬁ

PY_ SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
R LR o R — ARG AL (FF nb_index MAIHFER] tp_as_number Z5MK), BFTEHA
TEOL R IR 0, BRI R 2 BT .
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4 FE5IiY

int PySequence_Check (PyObject *0)
Ao e kTR AU IUNR I 4, B WGRN 0. GIEREH ARG __getitem () JrikiY
Python%i_lill FRAEEATZ dict E’J?% PRl A e T 0 T JC VA E X %ﬂl‘%ii‘#ﬂﬂw’%ﬁ%%’éﬁ
BRI T .

Py_ssize_t PySequence_Size (PyObject *o)
Py_ssize_t PySequence_Length (PyObject *0)
P LB TR [0 5 o S RAGECR, JRIMIRHR ] -1, XA 24T Python 221k 1en (o)

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. J{INFIR [B] ol F1 02 fPFEE, JSIUAFIR Bl NULL, X244 T Python ik
H ol + 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. 1R [0 X152 0 852 count YRAEEH: , JII IR [H] NULL . X%+ Python
ik o * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference IR ol K1 02 BBEEE, RIGETIR ] NULL, £F of SZEFHE LT #
VER: R SE . X T Python FEikz o1 += 02,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1 [ JFF %42 0 & count 1K
MIZESR, RIGEFIRIA] NULL. 7 o IR L FiZEES B3 e, X% T Python £ikx o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. 3R] o WSS i S I0%, FKMBRFA] NULL, X% 4rF Python FEik=

o[i].

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. 1R[] )%t 5 o 19 il B i2 (Y], SRR [F] NULL, X% Python
Tk o[i1:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXG v RS o Y5 i SICER . R &5 A R EFFiR A -1; R E 0, XAH4T Python i
fjolil = v. MRREL REEUEXT v 5] H .

W2k v NULL, JTEKHMER, ERMRHEC S MmN Py Sequence Delltem ().
int PySequence_DelItem (PyObject *o, Py_ssize t1i)

RIS 0 95 i S ICHR . RIGERE] -1, JXAH24T Python i541) del of[i].
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)

FEFIIN G v AL FFIR G o AN il B 2 P) . JXAH4 T Python ififj o [11:i2] = v,
int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)

BB FEFAT 5 0 WM i1 3] i2 BYT R . RIGHR ] -1, XA 24F Python 1541 del o[il:i2],
Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

R 8] value 75 o W I BRIV, BRI o [key] == value [FEEMEE. RMEFRE -1, X
FH24F Python F3E3 0. count (value),

int PySequence_Contains (PyObject *o, PyObject *value)
ﬁﬁm 0 RHALE value, TN o HHE—IFET value, WHRE 1, BWERE 0, HASES, &E -1,
X AH 4T Python A, value in o,

Py_ssize_t PySequence_ Index (PyObject *o, PyObject *value)
RG] *i*, H o[i] == value. H4EHT, &M “-17 . 4424 F Python f¥J “o.index(value)“&
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PyObject* PySequence_List (PyObject *o)
Return value: New reference. J& [0l —/NG X5, H N 5T 8T ERXTS o MF], RG]
NULL. &[RRI R — DS . XS T Python Kk 1ist (o).

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. & [W]—/NJCZHX 5%, HNAESFH ST ERILR o MHF, KR
NULL. W o 7o, WPRRR E—NHra5 R, A 50T 5 F 3 24 1) NS — e . X
ZE4-T Python A5 tuple (0) »

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y74 88 v X FF 4 o VERHHA PySequence_Fast* FREZR] 1%}
SRl AR RAS B S ] A S, W5 % TypeError IR m AE R B SCA . SR MHT

&[] NULL,

PySequence_Fast* R Z A X%, 2R M ElISEBE —ANPyTupleObject
B PyListObject FFHIEVN o MEHETFE .

YE24 CPython [ SEHLANTT, WK o D4R MFAIEHIR, BERFP A HRH

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *o)
1E o HPySequence_Fast () i&[a H o Ak NULL BYIE O FIR Il o K BE. AT DAE L FE o LR
HPySequence_Size () KB K/, (BEPySequence_Fast_GET_SIZE () BT PLHE A
B LMEGE o 3 FRETCA .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_ ri)

Return value: Borrowed reference. 1t o fiPySequence_Fast () 12[A|H o A NULL, H id fFR5|{E
Bl IS L AR [E] 0 1956 i 5 I0E

PyObject** PySequence_Fast_ITEMS (PyObject *o)
i [u] PyObject $55H W IJZEA . iK% o HiPySequence Fast () #&[A] H o A2H NULL,

B WA I, T4 B AT BE 2 BT E AL items FEH. R, (HE 780 o3 BE O R S
HH o SRR P
PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. & Ml o W) 58 i 4> JC 2 5 7E 4 W W 3% Ml NULL, Jf JE =
tbPysequence _GetTtem() PR, BASKTE o FPySequence_Check () &K NE(H, th
AR5 AT IR

7.5 BREHRY

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

int PyMapping_Check (PyObject *0)
TSRS G T WL SR SRR R R[] 1, AR W] 0. R E R A HA __getitem ()
J5 ¥ Python 283k ] 1, PR R 7E 18 5 ﬁT?ﬁ%ﬁﬁEﬁ%Eﬁ’i%E’J%*ﬁ BRI S 2 IR
17

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
IR IR o FrERARCE: , RIFR] —1, 3XAH24 T Python $21A5K 1en (

PyObject* PyMapping_GetItemString (PyObject *o, const char *key)

Return value: New reference. iR [F] o XN TE4FER key TCE, B0E RIMATIR Al NULL, iXFH2Y4 T
Python F3Kx o [key]. HiFS I also PyObject_GetItem ().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXR o R A7 HR key WU EIME ve MU IR -1, JXAH24 T Python ifif] o [key] = v. 7if
ZWpyObject_SetItem (). MCEEL RAIGMR v 15 1.

int PyMapping_DelItem (PyObject *o, PyObject *key)
MIFGE 0 HRGBR IR key HYWRIS. R R [a] 1. X A1 24 F Python ifi4] del olkey]. iX

EPyobject_DelItem() HI— 5%
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int PyMapping_DelItemString (PyObject *o, const char *key)
MAZR o HREERTFFFH key BRI . RIGINRIA] -1, 3XAH24T Python #54] del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
WERWGIS G BA B key WAR[E] 1, FRUGER[E] 0. XA T Python ik key in o. MRRELEZ
SIS

WEBETN _getitem () J7 ¥k WA % A2 B9 52 0 RF 2 00 M. AR IBURE R 4 45 9 K

FHPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TR B G key MR 1, FRNaR[E] 0. JXAH2 T Python Fikik key in o. JLREELEE
SIS

WEBETN _getitem () J5 kWA A AR B9 52 0 RF 2 000 M. AR IBURE R 4 59

FHPyMapping GetItemString().

PyObject* PyMapping_Keys (PyObject *o)
Return value: New reference. I, 1R [EIXTE o AP FE . RET, &[E NULL,

3.7 WA AEZ WA, R EGR [ml— 21 ke

PyObject* PyMapping_Values (PyObject *0)
Return value: New reference. JNINI}, IR o PIMEAIPFE . RGBT, %[ NULL,

3.7 MRS A AEZ WA, R EGR [l — 21 kT

PyObject* PyMapping_Items (PyObject *0)
Return value: New reference. J{INI}, RN o 4 H A FE, HpdA%H 22— 0S8 E 1
JCH . M, &[] NULL,

3.7 MRS FEZ HICA Y, R BGRB8 BT

ER R

A A R AL
int PyIter_Check (PyObject *0)
WERRX LR o SCFRREAAF BRI B . SRR EUR 2 ST .

PyObject* PyIter Next (PyObject *0)

Return value: New reference. IR [A|3EA4% 0 B F—"MH . XTRAFE—DERET (XM H 8 & W) .
WAREA R TRME, WRE NULL H AR E R GRAER E\léﬁ%ﬁ A A T AR, IR ] NULL
I HAZ RS

BONEREGERE A DEER, C AU NAI%E ARG,

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

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

}

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

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

Py_DECREF (iterator);

(R gkzk)
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(R L —5)

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

}

7.7 il

7t Python HHR] {f Ji] — S5 52 R AL R IR 2 AP BT bR 22 o 95 1o BUSRUF RAHE A B bytes Fl
bytearray PAN—2Ul array. array XAFAYY R, 55 =J7 R AT RE SN TRARIY H B E L E
ITECHRAL, B T B BAE BRI 2 45 -

ARSI B — B H CRYTE S, (BB NTRA t ] RERCR A A G IX SRR L FRHIE . 7S
BEREOLT, A B AR M G X T o RG H RIS ) o

Python PAZZ / #ri3 IEATE C )2 AR LXAER AL . BL MB35 T

o TEAFEEX T, ZRBEMP T AT H A ‘G K107, RFATFERIRZEZ R XER.
2B O RIARE BAE 7 Ioxt 228 ik —T5

o TEBRE M, A JURN VAT T 3R AHE X R A UG 2 B a ettt (BIan—AImsmig2) .

— LR RBIAN bytes Hl bytearray KUAH PR ATTENMIRZEZ N IX . Ml fES i
s Bl array.array JrAIFCE I AR Z T {H.

SR rh X3 DT B 1 — B T2 SO 40 write () 7 ARARTRT DA H A — R0 A R R 4 Al
PABEE AL SR write () JPIR R TE ARG HBEAUR, HAR 7%, W readinto () i
RSHNENETARR . G X H DR R 0] ARERE M A vF sl 2 55 ol B8 K A e 1

MG KA B TS, A PR 2R IR~ B iR 22
o WHIEFMSECRIMH Pyobject_GetBuffer () ML
« WIlPyArg ParseTuple () (SHFIFXGZ—) HEA y*, wr or s* #4 XK il —4,

TEXPAMER T, UAFEEG WX B ME PyBuffer Release () » WIRILEAERN, AR
BB, FAn R -

7.71 ZhRX L

Rih X S (Sl TR A “buffers” ) X4 — bR A3 —A-H 5 A TR 45 Python A2 RUARHAT
EALEA CARAVESREE D) L. SR EAT5 I NAEEARE T, T AR ZS 2 MR AT 454 22 45 Python
BT . WHEVE CY RPN —AKME R, WU LIS R HE RS E 2 B T HAEM R G
PIAEER, BCE AT AR SR AR S AL P AEAE = 2510 A B

5 Python R AT R ZEBEHRRBIAN , GZop RN @EPyobject F8EFTE R A C 4514 X5 E
ATAT AR T BR b B @A A2 . M TRZE A Genh DM _E iz B Begs iy, AR AL W4,
ARMAMBEH FIHXNZWEEU, HS W% R 2480, ERREPRINER, ES
RlPyObject_GetBuffer ().

Py_buffer

void *buf
Fe 1) H 28 v X F BRI 45 A IR 38 4. X 0T DA SRR 7 IS 2 9 B 9 A7 e A ) AT 4]
i, BN, MM st rides (AP REFR W AR R

XtF-contiguous , &PEE’ B, (HIR W MAFHAT K
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void *obj
XX EFGI . ZGIHAEHE TG, HHPyBurfer Release () BT IRE
A NULL. %5 B TARTARIE C-APT pR LR [M1{H
VER—FR RIS, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
SEW temporary GEPIX, BB NULL, i@, SR AEE I £,

Py_ssize_t 1len
product (shape) * itemsize. X}TIELEENA, XERMNTFHRKE. TAEESEL
H, WMRZEENE HBEEFRRE, WZKEFEGZKE.
024 2% o [X 02 i PR OIE 2 25 PR Y SR SR U, A U5 ((char *)buf) [0] up to

((char *)buf) [len-1] B AH K. FERZEEH T, WK KG hpyBUF_sTMPLE
B PyBUF_WRITABLE,

int readonly

G KRN R e nds . Bt PyBUF_WRITABLE bra&idaiil .
Py _ssize_t itemsize
EASTERI TN (PAETTRHAL) . 5 struct.calesize () WHFENULL format (R{EA
Ei
EEGIA: AR E W R G b XA PyBUF_FORMAT ¥k, format Y51 4 NULL,
{Hitemsize ARG MIME.
MR shape FALE, WFHZN) product (shape) * itemsize == len {JR{EALE, HE T
PAE i temsize Sk FHEMHIX

WM shape /& NULL, FH45H N PyBUF_SIMPLE B PyBUF_WRITABLE &K , g 3 DA%
ZWgitemsize, HIRK itemsize == 1.

const char *format
£ st ruct BHUERTEA T NUL PR, iR AT N Z . A2 NULL, WIfEE "B
(L5717 -
B PyBUF_FORMAT FRabdaiil .

int ndim
IR R n BB B 450 WSR2 0, buf FEIMFRFR AT H  FEXFMEN T, shape.
strides fllsuboffsets Wilise NULL ,
%% PyBUF_MAX_NDIM R KYEEHIR G N 64, SHBRTF LI XABRE], Z4EZnh XK
i E NV Z A A it £ PyBUF_MAX_NDIM 4,

Py_ssize_t *shape

— M RKEERPy_ssize_t WEEHndim FIRIER n JEEAHMNFETEAR . WETERE, shape[0] *
. * shape[ndim-1] * itemsize W% T len,

Shape FEARELZ H I(E PR £ 7 shape [n] >= 0 . shapel[n] == 0 X —{HEFHERHE
. BL(E B Ecomplex arrays .

shape ZZH X100 ) 5 e ihi 2 iy

Py_ssize_t *strides

—MRE NPy _ssize_t BB ndim 45 I E B I T BOARBUE S RS AR -

Stride 5 R H AOMEL AT DUOMARAT RS XTI, IR R, (H2 0 # UJi fg
AL strides[n] <= 0 WL BEE(ELESHcomplex arrays .
strides ZZH X H PR 102 H I .

Py_ssize_t *suboffsets
— AN RJFE A ndim BRI Py ssize t . WIS suboffsets[n] >= 0, M n 4if7fif
H 2 F5Er, suboffset {EHkE T MREFRT | BT BLATRET SN Z DA B WFS . suboffset Syt fE, W
FORANRRERTIH (FEES N #2a))

WERFA TRt (RIZEHHGHTIH ), M5 Bub iy NULL - (BROAME)

70
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Python Imaging Library (PIL) H i ff| T iX Fi 2R B8 338 5. 1S [ complex arrays K T fil
AT X AE— DB P TR TR

suboffsets £ ZH X1 F >k i e H e .
void *internal

Mg X T . el BE gk R AR AL — AN, TR — R, AR SR
W KBRS B 75 WA AU shape . strides Fll suboffsets (20 . % H LT TAHEIOZ(E .

7.7.2 ZHPRXiFREIFEE

W, WidPyobject GetBuffer () [T RAEZMIXIK, HIMIHRGZPIX. hT NIFRZHE
LERSR, WRESARAKEES:, Zrh XM T ] flags SRR e RS AL B Zenh X LRSS L.

B py_buffer “FEIGMRATIIE Lo

SERTEROFE

DA R FBR Y flags S0, 3 ELUAUS R IEMIGRIATS: obd, buf, len, itemsize, ndim,

Riz, #X

PyBUF_WRITABLE
il readonly FE . WREE T, MHART LR BHZERIX, BNHRE R
W ARBEE, bRy TOARME RS T SR b X, (A TE TSRS AT 54 AR
—3.
PyBUF_FORMAT
el format TR WRKE, WASIEMREE LT B, HMHELT, HFBR9%mh
NULL,
PyBUF_WRITABLE W] PA Ml N — 35 ) fr A b5 25 3¢ M. B TryBUur_sivpLe & X K 0, JfF
PAPyBUF_WRITABLE R DMER—ABSLIARE , T ER—AE Al 5% nh X .
PyBUF_FORMAT I DA B IR T PyBUF_SIMPLE Z AMAAEAIIRGE .. JE& AR T B (fF 551
) kg

K, HiE FRBE
P AT R SRR AL IR R s BT 51 . YR, RS S B T I A R .

LES BR |5k | TheE
PyBUF_INDIRECT = e WA TR E i
PyBUF_STRIDES e v NULL
PyBUF_ND = NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL
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ELEERYIEK

AT AR SCHB R C o Fortran 3£ 2% | REATIAT SRR . #RAT BRI E., WA C-IESE .

LES IR | BB | TRBE | BE

= = LL
PyBUF_C_CONTIGUOUS = = NU C

= = LL F
PyBUF_F_CONTIGUOUS = = NU

=) = D
PyBUF_ANY_CONTIGUOUS = = NULL Cu F
PyBUF_ND = | NULL | NULL C

FiA ] RERYTE SRAR B — 1 AR R A B s 4 o N TR, Senh XSGR IR 4L & 1R
AR .

TN, U NGRS E L. M ERF U PyBuffer IsContiguous () PARAE L.

15K Sk | PR | FiRBE &3#% | readonly | format
PyBUF_FULL | e WRFERWE [ U [0 i=}
PyBUF_FULL_RO = | = IR EA W | U 150 |2
PyBUF_RECORDS = | = NULL U 0 2
PyBUF_RECORDS_RO = NULL U 150 |2
PyBUF_STRIDED = | NULL U 0 NULL
PyBUF_STRIDED_RO |2 NULL U 15 0 NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 [ NULL

7.7.3 SZ84A
NumPy-Riig: FoikAnsIE

NumPy XSS ZEE5H i temsize . ndim . shape fllstrides 5E X,

W ndim == 0, buf KWW NI BEBIEREAK/IN R i cemsize Rk, XK, shape filstrides
#(A NULL.

Mot rides J NULL, WRCALEBERRRER BRI n 4 CE L. T, R LA R
VESIITY Ot
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ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

W EFRE, buf A PARE I SEFR AR T AL ROL B B R AT DA T 3% o SRS A R i 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
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-R#E: K, LIERFFRBE

B T HEMIZ 4h, PIL KA IR IR P AL & dR 5L, WA R Bl X Sedg 41 A e B iR 4E L B —A~oe & . i
wn, W =4k CIESH4] char v([2] (2] [3] AIPABMER M8 2 A~ 45 2 4484 char
(*v[2])[2][3]. fTEFmMEERARY, XPDIEE W AR ATEDUL FFL, 8PS ] DAL T N AFAE AR
¥ RY char x[21 (3] (4.

2R, 0 ERGI TR N-D A NULL SRR WA Ry, Bk e EE

void *get_item_pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

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

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

}

return (void*)pointer;
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7.7.4 ZHAXHEXER

int PyObject_CheckBuffer (PyObject *obj)
WA obj SAFZEMPIXIE D, WERME 1, AHWRE 0. &[E] 1 BEARIUEPyObject_GetBuffer () —
SET o AR R T A

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] 43k BAL T ARG K, TR flags TRE R N AIETE view. A4 28  AS REde B 26 3L ) 2
WX, sbifihi)k PyExc_BufferError, WH view—>o0bj A NULL Ffik[E -1,
S, HATE view, K view—>ob3 WX exporter WIHTT I, FFiRIal 0. MGk KR AERR P
R SR EE [ B —DRRE, view—>0bj AIAG|IZX LM AE exporter (S 02 i AT %25 44).
PyObject_GetBuffer () Wi 5PyBuffer Release () [T, T malloc () Fl
free (). W, HWEBRTHIEEZWXIG, PyBuffer Release () WAGIEREIHA—IK.

void PyBuffer Release (Py_buffer *view)
PR R X view F 3B view—>o0b] M5 T, %R ATE Z vh KON P I B A RETR T, 5
IR BB A AR5 M o

PR B X i XA @ ifid Pyobject _GetBuffer () 3RIGH), s,

Py_ssize_t PyBuffer SizeFromFormat (const char *format)

Bl itemsize R format o WIRMH, SMAFHIHRER -1,
3.9 BUHTMA.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
R view 5 XBINTEE C K& (order 2l *C') B Fortran X% (order 3k 'F') contiguous 8y Hitf 2
— (order 72 "A"), WRME] 1, AHNRME 0, ZEELEL LI

void* PyBuffer_ GetPointer (Py_buffer *view, Py_ssize_t *indices)

IREUES 7€ view I indices BT T8 ] B WNAE XIS, indices WhZIF8 ]—A> view—>ndim RG] 5.

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf BZHESE len F35F) view o fort (JPAR 'C 5 'F' (XN T C XK B Fortran XU HIT ) o
BEHIEFR A 0, FEIEREHRE] -1 .

int PyBuffer_ ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre B2 len “EATE] buf |, SOMIESEFATERINIER. order WA TC B 'E B A (KT C
AUt . Fortran XU )7 sl AT —F0) o BEEIRSRIE O, SR -1 .

QISR len = src->len W M pRBCRF 45 -

void PyBuffer FillContiguousStrides (intndims, Py_ssize_t *shape, Py_ssize_t *strides, int item-
size, char order)

45 58 AR contiguous F TR B4 (ANSE: order F ' C ' WISk C XA, U order >/ 'F' |-k Fortran
JRAE) HIFLFE strides $UH, HATCEBA L E I FAEL

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

AEPRF I FR P B B b KoK, R P IAR T AT RN len (1 buf , FH AR readonly & 7] 5 k.
bug WfEREN— AT 551
4 flags Fon i KGR ZeR B2 1% IR flag F8E YN view, BrIE buf BN HBE, IFH.
flag i T PyBUF_WRITABLE Ffi&.
LI, K view—>0bi N exporter W51, FHi&E 0. HN, 5| % PyExc_BufferError ,
¥ view—>o0bj KN NULL, FfiR[H -1,
TSR MR E M gerbufferproc B —FB4y, W exporter WP E N X4, HAAJHEARE B Ol
%k flags. TR, exporter wWiJij& NULL,
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7.8 |BZE il

3.0 JR#& EE.

XL HE Python 2 “IHZEr MY APT HYZHAGHRS; . 7E Python 3 i, PSS AFEAE, (HIX 4L
BAIRG AT AERAE 2.x (RIS . BT AR 22 o7 Pl AR MRS, HENMHFARTEZ
H PR ) AR B SX T S 8 ) 2 i e S
K, #HEEFERFEfPyobject_GetBuffer () (B EBAPyArg ParseTuple () BREUEM T y* B w*
1% X)) KRR — X R K, FFAEZ M YO A PyBuf fer Release ().
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
IR [l —AFg ) A AR T AR 0 AR B2 AR 48 5 o obf SRR LBE AT o #2101
IR O, K buffer BN NAFHIIETF RS buffer_len B IXICHE . IR ] -1 FFECE—4
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A [ —ANF5 )4 A B AR 1) LS N AR i H8 5. ol SR SR B AT BE G i 1 o U
IR ] 0, XF buffer B WA M FFKF buffer_len ¥ G2 o KK . AR IR ] -1 FF 08—
TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
TR o SCRPERBCR] PR LR M) 10 AR ME 0. BERRELE R S AT .
T VE R PR A 2RO R — 2o X, F ELAETR R Y R 800 1) % A 1) S35 S i i . B3R
U RS W S PyObject_GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
IR | — AP 1] W] B N AF I FE 5o obj bR BB AT e 11 o SRS IR ] O, F buffer ¥
WNAFHIAE - buffer_len B Gerh KACSE . AR IFIR ] -1 H- 48 —4> TypeError.
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BEFRRE

AT ) PR U E T 52 Python XA, RS IREBII M AL B8 B B — N R R EMN
Python &/ UK B — A RE4, EAHE 2 BA EFEEL, WM e PUTRE6 4 Blhn, 246
BXNGRE T M, HHHPyDict _Check (). ARFERLEAIZAT Python X R “ Fih” .

i RARTP AR RS AR AR RAOEA, (B T2 A S A ARXT 52
34 NULL, FRiffE A NULL A B8 SN AT ) S RIS A S B 28 1

8.1 BEAMR

Atk Python 2R A FA-—SLBIR4t 5 None.

8.1.1 AEIWKR

PyTypeObject
I C G544 1434 built-in J87,

PyTypeObject PyType_Type
ST type AT type object, ‘E7E Python XAl tvpe MR

int PyType_Check (PyObject *0)
MRS 0 R—DERADNG, WIEIRAE HAMERBDS G0 RSB W [ HEAE . 7R A HE N O
TR 0. I RBCRE B2 T

int PyType_CheckExact (PyObject *o0)
WERXSR 0 @— DA G, (EARZIRMELRN 1) 7 RAMR I IERAE. R HER L TR
[ 0. ICRRECR S AT .

unsigned int PyType_ClearCache ()
A NTARGAE . 1RSI RARS .

unsigned long PyType_GetFlags (PyTypeObject* type)
R[] type i tp_flags UG . WHREEERNLf Py_LIMITED_API (] B RERR O S PRAE AT
/> Python EATHUZ AJERFFRAGE , (HXFcp_flags ARYRITIFFFARZIR APL—&R7

3.2 BB

77



The Python/C API, &[F) 3.9.23

3.4 i AR R EIEFRIPIAE R unsigned long MARE long,

void PyType_Modified (PyTypeObject *type)
T A I A TR B TR A AR R AF R I R L T E R % R 2 ) e P B S A T AR o) T
gz 5 .

int PyType_HasFeature (PyTypeObject *o, int feature)
WERIEAUNS G 0 BEE T RN feature WHR PR . EAURFER B HUARRALIER R RN Y -
int PyType_IS_GC (PyTypeObject *o)
TSR IS G ALFE R EAS: D25 ) S5 IR [ LA 5 X AR AT Py TPFLAGS_HAVE_GC.,

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
WA a 72 b 175 ZERR [ B

WHRB R AE LR R, XFEIWRE __subclasscheck_ () AXTE b LW H. 15
HPyobject_IsSubclass () FMATH issubclass () M FERE .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. XTI 5t p_alloc FENIHYE A ALHES . 518 Python BYERIA NS
BEAIL A 43 BE— A8 A S 90 -5 FL T AW 1R 468 NULL,

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Z5RIST Rt o_new FE{ R0 AALPEES . i HRA tp_alloc FE
el —AH S

int PyType_Ready (PyTypeObject *type)
A —DRAN G . X BT A RBRR T AT EAIaaE . RS i A—13
USRS I AR ARG O . IR ] 0, SR TEH B R W] -1 FF R E— A7 .

M) QNSRS ROR ST T GC WM FT R AL R B s v R A6 Py TPFLAGS_HAVE_GC,
WRE B 30 A H AR S B GC P . AH o, SR e A0 A 2R AW AR ok
¥EPy_ TPFLAGS_HAVE_GC W'E &4 H CEid S cp traverse AR SZH GC i,

void* PyType_GetSlot (PyTypeObject *type, int slot)
AR (AT REAE 2 A A T Y R AR A . SREER O NULL, WSR3 %M (2 NULL, B i e AL
PR T IBTES: . 7 8 5 2R R A B8 24 i s R 2

2 PyType_Slot.slot #F 0] I slot ZHUH.
An exception is raised if type is not a heap type.
3.4 BUHTMA.

PyObject* PyType_GetModule (PyTypeObject *type)
RIE S Py Type_FromModuleAndSpec () BIEIEHIR SR 45 H R AN 52 o
WAREAT RIRE 25 2 KRB, W E TypeError H4R M NULL.
MR B E MR TR o O OB i TR X RO %,
PyType_GetModule (Py_TYPE (self)) A] e A & 1 0] #i ] i) 45 . Py_TYPE (self) W]
i BHRERN A TX MTITEHFA-ELESH EREMEMBI P E LW, S
i PyCMethod T AR SR 5 XFTTERI S

3.9 BUBTINMA.

void* PyType_GetModuleState (PyTypeObject *type)
i ] 5 B B 45 5 R AR X R AR X R — A HEPyType_GetModule () W &5R 1A
M PyModule GetState () B,

TR B BB 4 R M E TypeError IR M NULL,
AN rype A5 KERFAEHUE DR NULL, NER ] NULL HASGE 795
3.9 HUCHT A
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BIEH S EC R

T R BN SR AT R B E L

PyObject* PyType_FromModuleAndSpec (PyObject *module, 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.

module Z: B 1 F Kl S 38 8 HFE B . "B b2 — MR BR XF 42 1l o NULL. SRR H
NULL, NZAE 2 B B 2R A e Jailiid Py Type GetModule () K3RHL. XA~ Bk
BRI TR BN MIEE.

MRS TEF R W Py Type_Ready (),

3.9 JGH A

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return value: New reference. 4y PyType_FromModuleAndSpec (NULL, spec, bases).

3.3 BUHTMA.

PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. %ﬁﬂ: PyType_FromSpecWithBases (spec, NULL),

PyType_Spec
T L— A RBAT HR S .
const char* PyType_Spec .name
KAWL FR, FRIREPyTypeObject . tp_name,
int PyType_Spec.basicsize

int PyType_Spec.itemsize
PAF TR NS B RN, HSkiE Py TypeObject . tp_basicsize fIPyTypeObject.
tp_itemsize,

int PyType_Spec. flags
RBEAR, MR EPyTypeObject. tp_flags.,
MR KRE Py_TPFLAGS_HEAPTYPE Jiiff, WPy Type FromSpecWithBases () 2 H3h%
Ez—‘—r
PyType_Slot *PyType_Spec.slots
PyType_Slot MR . PARRIRREOL(E {0, NULL} REH.

PyType_Slot
R A T RE MO AEHIEE L — ML 1D M4

int PyType_Slot.slot
flifiz ID,

iy ID 1 K K% B B 4 W KPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods HMPyAsyncMethods W F B 44

Ffin—A> Py_ HiZR. ZEBISRUL, fA:

e Py_tp_dealloc KB PyTypeObject.tp _dealloc

e Py_nb_add X & PyNumberMethods.nb_add

e Py_sq _length X B PySequenceMethods.sq _length
TANFESGEETEM Py Type_Spec FlPyType_Slot FigH:

e tp_dict
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e tp_mro
e tp_cache
e tp_subclasses
o tp weaklist
e tp_vectorcall
e tp_weaklistoffset (L PyMemberDef)
e tp_dictoffset (&L PyMemberDef)
e tp_vectorcall_offset (&, PyMemberDef)
THNFBAEZIR APL N A Py Type_spec MPyType_Slot RBLHE:
e bf getbuffer

e bf releasebuffer

W Py_tp_bases B Py_tp_base FEHLEV-5 FA[RESAG M@, R T k5 b &,
M PyType_FromSpecWithBases () [ bases B4,

3.9 Wi 5E: pyBufferprocs WIIEAI M RESTEAZ R APT i E .

void *PyType_Slot .pfunc
AL TUIE . TERZEEI T, 52— m m B a4

May not be NULL.

8.1.2 None Y&

LR, None [Py TypeObject A& HAEAE Python/ C APL 30T, I None Jgfafil, X RARHE
(fE C i == ) MEB 7. mTREMER, 3F PyNone_Check () H%L.
PyObject* Py_None

Python None X%, FnikZ(H. X MXRBAT L. EFZHRT T HAEEUEAT AL R .

Py_RETURN_NONE

IEHRALBER F C BB Py_None iR i) (ALY, Wi None 15| HITTHOFRIHIE.)

8.2 F{EMR

8.2.1 BRI

BrA BRI S B K AT R R BRI 42

T EERT, KL% PyLong_As* API #{4 ik B (return type)-1, X S5HFERLXEXSIF. HFX
M PyErr Occurred () FHPAX .

PyLongObject
7R Python BERXI R PyOb ject FRA,
PyTypeObject PyLong_Type
XANPyTypeObject HSLHIFIR Python FHEEZEAL, 5 Python 15 Y int HH.
int PyLong_Check (PyObject *p)
WS HZPyLongObject HPyLongObject WFJAL, IR [H] True. % pREL— & REAEINAT K
.
int PyLong_CheckExact (PyObject *p)

ﬁﬂ%,\/ﬁETPyLongObject HARREPyLongObject WFZRAINIR M B, HEREUEZ S
YT o
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PyObject* PyLong_FromLong (long v)
Return value: New reference. | v iR [8l— i PyLongObject X4, KIKATIRE] NULL .

YHI SCEGEPrE — MBS A, B8 -5 256 Z A BET S . Al ATz
[B] 7 int B, SERRASEIRRF X A X215 H .

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. /] C unsigned long ZRELRE|—NHiHIPyLongObject X4, KIK
AR [ NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. 1] C Py_ssize_ t iR[E|— AW PyLongObject X4, JMIiR
NULL ,

PyObject* PyLong_FromSize_t (size_tv)
Return value: New reference. ] C size_t iR[E— i PyLongObject X4, MMz [H] NULL .

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. )\ C long long iR E|—HFiHPyLongObject X4, Kt [ NULL

o

PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)
Return value: New reference. )\ C unsigned long long ik[E—/ i PyLongObject X%, 2k
IR 9] NULL

PyObject* PyLong_FromDouble (double v)
Return value: New reference. H1 v BB 1R Bl— AN Py LongOb ject X4, N [F] NULL .

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. 1345 str F4F B HIR Bl — i PyLongObject , base 1§58 T 35 £ .
IR pend "k NULL , W /#pend Rf-4§ 1) str HHFRmECF505 SR RIS —ANF4F . WA base Ky 0, sir
K5 R integers (Y E CHATIRRE: XIFIER T EH BN R ST LMk valueError o MR base N
RO, WIZRGIT 2 36 208 (F 2 F136) . ELZ )5 RECTFZ MR R0 BT R oo 20
WRAFAEET, ik ValueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. 5 Unicode 75446/ Python 356 {H .

Deprecated since version 3.3, will be removed in version 3.10: |HJPy_UNICODE API ffj—B4r; T
2{fiflPyLong_FromUnicodeObject () o

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 7455 u "] Unicode 7745545 Python BE%{H .

3.3 BUHTMA.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M54t p Bl —> Python #2%. WAl PyLong AsVoidpPtr () iRH]
8 EHE

long PyLong_AsLong (PyObject *obj)
i [5] obj ¥ C Long ik . WIR obj AgPyLongobject WSEH, JeHER __index__ ()
B __int_ () JE UERA) R HEHR Py LongObject .

W2 obj WA T Long RFEHI, £5]% overflowError,
HARNIRE] -1 o R PyErr_Occurred () % BARMIE,
3.8 iR AE: AR AT R __index_ ().

38 MARCEM: __int_ O EWHFM.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
A& [H] obj i) C Long ZikT7. WK obj AjgPyLongObject WSEHI, JeHER __index_ ()
B __int_ () VA (R FFHEAR N PyLongOb ject

W obj {E AT LONG_MAX 5{/NF LONG_MIN, N&HE *overflow 43 BB N “1“ 8 -1, Fir[E 1;
B, X5 Foverflow EH 0. WA A A HAL R )”UA#E%WE *overflow HH 0, IR IEI -1,
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HEENRE] -1 . W PyErr _Occurred () ¥H BRI,
3.8 iR A AR AT R __index ().
38 MEEEM: __int_ () EWF.

long long PyLong_AsLongLong (PyObject *obj)

Return a C 1long long representation of obj. If obj is not an instance of PyLongObject, first call its

__index__ () or __int__ () method (if present) to convert it to a PyLongObject.
W obj (H#H long long, fili/k OverflowError

HAEEGRE -1 o M PyErr Occurred () & HEA N,

3.8 iR S A: AIRAT PR __index ().

38 MECEM: __int__ () EWFHFM.

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

Return a C 1ong long representation of obj. If obj is not an instance of PyLongObject, first call its

__index__ () or __int__ () method (if present) to convertittoa PyLongObject.

AR obj AR T LLONG_MAX B/ LLONG_MIN, NWHZHHLRE *overflow 43 HIEH 1 8 -1, Fikk
[m] -1, B *overflow Bk 0, AN K HADSEH W “overflow & H 0 H-&[H] -1

WAENBR ] -1 . M PyErr_Occurred () #H B AR HIE,
3.2 HUHTIA.

3.8 i HE A QAR AT ARSI __index ().

38 B EM: __int_ () ERFM.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
1R[] pylong ) C G 5F Py_ssize_t 3. pylong W& PyLongObject HISEH.,

W pylong BB TPy _ssize t WEYHTEEN|&5| % OverflowError.,
WA E -1 o W PyErr_Occurred () & HHAKREL,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
iR 9] pylong i) C unsigned long JEZ. pylong Wiiiij&PyLongObject HISEH.

W pylong HI{EABH T unsigned long WEMETEE N 45|k OverflowError,
HEERFRE] (unsigned long) -1, A PyErr Occurred () PER|E AR,

size_t PyLong_AsSize_t (PyObject *pylong)
1R\ pylong ) C 155 size_t JER. pylong WHZPyLongObject SEH.

sk pylong BIEMIE T size_t BUBUETEREIN 5] % OverflowError,
HEERHRE] (size_t)-1, M PyErr_Occurred () FER| B AR b8,

unsigned long long PyLong_AsUnsignedLonglLong (PyObject *pylong)
12\ pylong /) C 155 unsigned long long JEx. pylong Wl ZPyLongObject HSEH.

MW pylong EAAH T unsigned long long WEBUEILHEINA&E| % OverflowError,
HEEmRHRE] (unsigned long long) -1, M PyErr_Occurred () R E AR b H,
3.1 s 5 BAE pylong NIN{ESMM A OverflowError, M TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
iR 5] obj ) C unsigned long FonlE. R obJ TzsPyLongObJect B SEB,  ) 4 S
__dindex_ () B, _int__ () ¥ (WRAWIE) KFHE NPyLongobject,

W2 obj E’JﬁfﬁﬁﬂjTunSlgned long HFEHE, W EZEXT ULONG_MAX + 1 SRAEEHYZE(H.
HERTIR A (unsigned long) -1, ua?'F'JFHPyErr,Occurred() FE) LA i A

3.8 R QARG __index_ ().

38 MECEIM: _int_ () E#FH.
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unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
iR [H] obj ) Cunsigned long long FRIEI . WIR obj NidPyLongObject WSEHI, ML
AF__index_ () B{__int__ () Ji& (WERAMIE) KHEAPyLongObject.,

R obj W{EHEH T unsigned long long [UYER, MR [EHZ{EXT ULLONG_MAX + 1 SRABE[K)2E
.

HEERHR ] (unsigned long long) -1, HAHPyErr Occurred () FERER I,
3.8 M A WA T AR __index_ ().
38 MRBEEM: __int__ () BHEFA.

double PyLong_AsDouble (PyObject *pylong)
1R8] pylong i) C 155 double JER,. pylong W2 PyLongObject SEMH.
2k pylong BIEAEH T double FEUEEEIM 5] % OverflowError,
AR IR -1, 0, ERHPyErr_Occurred () HERIHEAR W) E .
void* PyLong_AsVoidPtr (PyObject *pylong)
H5 — A~ Python ¥4 pylong ¥ 46 Jy C 1B F 1Y void $54F. QIR pylong Joyk e, W2 il &

OverflowError, iX HB2{#IENPyLong FromVoidPtr () AIEMME A —NE R void 35
s

AR ] NULL, R PyErr_Occurred () B A4 8.

8.2.2 Tk iF

Python H i1 /R(E R VR BB 7L . HA Py_False Ml Py_True W/R(E. L, 1IEHH
UM R REAE N T /R ME. H2, THIEATH.
int PyBool_Check (PyObject *0)

MR o ALK PyBool Type MERIAIE(E . HEREUE L BT
PyObject* Py_False

Python [] False X5 . X RIEAET I E. BN ZEHEMEH G T EE R £ —HEH.
PyObject* Py_True

Python [ True X4, ZXRIA AT . ENIZGHEH AT TG R—HH
Py_RETURN_FALSE

MEREGRIE Py_False I, FF2IEMERTIHTTAL
Py_RETURN_TRUE

MEEEGRIE] Py_True Wf, #HESEMERTIHITTAL

PyObject* PyBool_FromLong (long v)
Return value: New reference. T34% v HSEPRME, REl— Py_True Bi# Py_False WG| .

8.2.3 ZE:& (Floating Point) ¥

PyFloatObject
XA~ CRAMpyobject W FIAM L Python iF FERR .

PyTypeObject PyFloat_Type
RXRANET CHRAMpyTypeobject U3 Python ¥ mi AU LB . & Python JZTHIFKZEM float
e[ — A5,

int PyFloat_Check (PyObject *p)
IR ERHSHE—PyFloatObject BiFPyFloatobject I TRBMNR M B, AR 2
ST -
=~
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int PyFloat_CheckExact (PyObject *p)
WREMSHR— N PyFloatObject (HARPyFloatobject B TIRBUMR Bl EfH. boRELE
R WIHAT.
PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. TRIEF 5 str EAE—PyFloatObject, KINIHIRFE] NULL,
PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1jY% v Gl|l@t—/~PyFloatObject X4, KINHTIR ] NULL,
double PyFloat_AsDouble (PyObject *pyfloat)
iR 1] —4~ C double fUFK pyfloat [N %, W pyfloat A j& —-> Python ¥ fi Ji R HE BA
__float__ () J5ik, BLITRIFESCWIAN, #F pyfloar Bt l— MR HL. AR __float_ ()
RE XN ELR 2 index (). MR, M ERRE -1.0, KU KH V245
M PyErr _Occurred () RMerikiR.

3.8 MU AE: WERA AR __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Bl —A~ pyfloat W) C double Fox, (HEA H AR .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. & [1]—-> structseq SZ i, 3545 3¢ float NS . fe/IME A KAERY
FE. ERLIMF float . h By — R

double PyFloat_GetMax ()
1R [l i KT R A BRIF s %k DBL_MAX 4y C double .

double PyFloat_GetMin ()
1R 5] 5/ VAT R IH— AR IE V% S8 DBL_MIN “fj C double ,

8.2.4 BHMR

M CAPLE, Python [{5 HO 4 ol IS A [l (9 7R 70 SE B : —>J& i Python R/ 1) Python X4, 53 4)
o — MR E IR B C 250k . APTHOL T s BCL FRIER# .

RREHW C &k

TR R X S S R AV E A SO U R g e 5, #e e “E A 25 HisE. 1t
FILNIE T2 APL

Py_complex
X2 —RF Y. Python 2 MO RINAETR M1 C S5H A 4R34k PRAT RN SR 1) bR B5CAT T X 224 )
SR A SR A, BRI E SR -

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£ (Py_complex left, Py_complex right)
R E AR 22, ) C2RAPy complex IR,

Py_complex _Py_c_neg (Py_complex num)
RS2 HL num W 5E, H] C Py_complex K.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REIPAEZE R, B C KR pPy complex F£n.
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Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R E AN BN TRT, H C2RAPy complex IR,
W divisor Rz, I EIREIZEHKE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
IR B num ) exp K&, i C2EHBpy complex TR
A0SR num SR 75 H exp R IESERL, XA ¥EIR 5 errno iy EDOM,

FREHE Python 35

PyComplexObject
XA C A pyobject (5 AM L —4 Python FHXIA .

PyTypeObject PyComplex_Type
XEMNET CEAlpyTypeobject KHIRFE Python ZEZEAIF)SLHI . il Python JZH )2 complex
S [d—PRR .

int PyComplex_Check (PyObject *p)
MR ERSBIR— N PyComplexObject B PyComplexObject FRANIR M EAE. HRKEL
o2 INIAT .

int PyComplex_CheckExact (PyObject *p)
IR EMSER—PyComplexObject ARZEPyComplexObject BT RANLR M FE. B
B 2 T

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 13 C 228Uy complex HEA B— 1) Python & H01 4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 134% real F1 imag 12 [Bl—ANHi) C KAl pycomplexObject X4,

double PyComplex_RealAsDouble (PyObject *op)
PA C 2% double iR 0] op [ISEHER.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 257 double i&[Hl op M EF.

Py_complex PyComplex_AsCComplex (PyObject *op)
R E op W) C 2B Py complex {H.

W op Aig—A> Python ZHN 5, HE2HA __complex_ () ik, WHERELHMAM, *F
op F ok —~ Python BEO S, W _ complex_ () K& XJKFFEHRE _ float_ (), WIHE
__float__ () REXNPEELEEZE _ index_ (). WM, M ERRHRE] —1.0 VERe(E.

3.8 iR A AR AT IR __index_ ().

8.3 IR

FPAR G — B EAE T — T e 445741 Python i 5 B IORFE R PSR A
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8.3.1 FHMR

XL R B B P — AT RS E A T — MR RS WA 251 % TypeError,

PyBytesObject
Xfryobject HT-IAKR—> Python FATXIR
PyTypeObject PyBytes_Type
PyTypeObject HSEHIIZE—1 Python FH72A, 7 Python EHIE 5 bytes @M FEIRINR .
int PyBytes_Check (PyObject *0)
WXL 0 ;2 —> bytes MR E bytes JEAURY FRAURY SLHINR M B . IR B 2 2 BT .
int PyBytes_CheckExact (PyObject *0)
RIS 02— bytes X R (A2 bytes AU TRAUAY SLHINLR M EAE . IR B 2 2 IR
7.
PyObject* PyBytes_FromString (const char *v)

Return value: New reference. J{ I} iR 8] —ASPAFERFER v B RIA AR BT F T R X5, MR 1]
NULL. JEZ v AW NULL; EASHRA.

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. F{YJWR [Bl—PAFAFER v B EIAE HAS BN len FIHTFATEEXTSR, R
kR[] NULL. 405 v 2 NULL, WARIER A7 AT HR X G A

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 52—~ C print £ () XA&H format FRFEEFI ] 2S5BS E, 1B %
St Python S5 3G B R/INH IR Ml S EUE A AL S5 I F AT R 5. TR B i S8 i ok C
R HAUE IS formar FAFER RS NF AR B . SRV AT R oA X 45

%% Ti& i % TR

$c int —AFAT, WERN A C il E R

sd int MY T printf ("sd") .t

su unsigned int MM T printf ("su").!

$1d KRy MY T printf ("$1d").!

$1lu unsigned long | A4 printf ("$1u").!

$zd Py ssize t | #H¥MT printf ("%zd").!

$zu size_t MM T printf ("szu").!

%1 int MY T printf ("sim).t

$x int MM T printf ("sx").!

$s const char* PA null 52 1F5F0 C FAF 54 .

$p const void* —A~ CHE I T AR RN e . HASN T print £ ("sp") (H
EMARAFEEE 0x 73k, RMERET-E L print £ B 211
Ao

%ﬁg‘( AT & FECRAR S UFATH HR T WR IR R BB S5 R R, I BFA 24
24

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5PyBytes_FromFormat () Se4ME, & T EEEWINSH

PyObject* PyBytes_FromObject (PyObject *0)

Return value: New reference. 12 [0 73R SE I G R KR4 *o*
Py_ssize_t PyBytes_Size (PyObject *o)

R ARG *o* AT
Py_ssize_t PyBytes_GET_SIZE (PyObject *o)

AR PyBytes_Size () {H@ AN AR o

PRTRBEAE (d, u, 1d, Lo, zd, zu, 0, x): SEYHDREEERE, O BEARERA RN .
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char* PyBytes_AsString (PyObject *0)
RIS o YNZS I FaE . ZF8EHE M o MINERZPIX, HP & len (o) + 1MF4. X
WG N F RN, PEREAAEHAS TN . REIEA I EATE AR Bk, BRIEZH)
ffi[f] PyBytes_FromStringAndSize (NULL, size) B)EHZX%E. EANATHHEESE. WHE o
RARNR—ADFATRERXR, MryBytes AsString () ¥k NULL J5| % TypeError.,

char* PyBytes_AS_STRING (PyObject *string)
AR PyBytes_AsString () (HEANHHE K

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
it i A B Duffer A1 length 3R 8] DA null 28 IEAFRIRTSR obj TN %S -

U2 length 2 NULL, FHi X QA& AR 2775 AR, WZRECRR ] -1 51 %

ValueError,

R DXARI) obj TSR M, BRREMES —MEIMIE T ORBEAE length 24 ) o 2B AT
IR RSB, BRIFRWI# ] PyBytes_FromStringAndSize (NULL, size) BJBHZXT
o BEANHHEHC. QIR obj AN R —DFATEREXNG, MPyBytes AsStringAndSize ()
Frig Ml -1 H5| % TypeError,

3.5 WU AE: DART, 50 EpX AR BUR AR 2 F A5 & TypeError.,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes RGBT FATERRS, HAWEEIE] bytes 1) newpart WINZS; (R4 5105 |
o X bytes AR5 | HRFREU ] . WERTCEQIEEHIXN G, X bytes HIHS A5G4 E 52 H. *bytes 1)
ERFE N NULL; R I 4 50

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
g *Ibywﬁr ;l;@']i%?ﬁﬁﬂ‘] FATERGE, HA WS ININE] bytes (1) newpart WNEE . BLIRAS 2280 newpart
A5 TR

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
BUBFATER /N — O, R ORAIASX " oy AU TR By g
SR ERAE AR Y AR R 2 C AU AT 75 5 AR A SRR R A5 R T RO S — A
M MRECR A . 2 A—DIEFAT R R E N value (EFBESH S A), HAEAGEMNH
KA BRI, *bytes FEAFTSUE R/ NG FATER XS RIFIRIA 05 *bytes g ik ] BE-5 Hodg A M
Ao QERFEHIECRM, W *bytes 735 ER X RAFHAMBS AL, *bytes 2N NULL, [}

XHE MemoryError kA -1,

8.3.2 FHHAEMR
PyByteArrayObject
XA Pyobject WTHAIZRIR—> Python “FATEZHNT 4 .

PyTypeObject PyByteArray Type
Python bytearray 287K /R NPy TypeObject WSEH]; X5 Python JZE ) bytearray E4H [ X
%o

RERE

M

int PyByteArray_Check (PyObject *o)
WARXFR o0 /22— bytearray X542l bytearray JEZM Y1 IR 5L MK [0l ELE . PR AR 2
T

int PyByteArray_ CheckExact (PyObject *0)
WA G 0 52— bytearray XFG{H A2 bytearray S 412 g S0 Wk [ EL{E . U BRI S
ST -

oy
=

#m
Dl
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E# API R%

PyObject* PyByteArray_FromObject (PyObject *o0)
Return value: New reference. FRYFATANSLIL T 45 7 K3 IXTE 0, IR Bl— AN T8N 4 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. 1R string S F K len 61—/~ A7 bytearray X} 52, 24 2% iR [A]
NULL,

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. TEREF-TTEU4 a F1 b R [Bl—AH A S5 R0 H 7804 .

Py_ssize_t PyByteArray Size (PyObject *bytearray)
TEAR A NULL 5341 )ik [] bytearray BR /)N,

char* PyByteArray_AsString (PyObject *bytearray)
TERLA NULL $541 53R 14F bytearray 3R [ g — A7 A7 R o R 0l RO SR S I — B ==
T

int PyByteArray_ Resize (PyObject *bytearray, Py_ssize_t len)
K bytearray B NFRZ M X R/ NHEE A len.

Mt

XL VA IBUERE , BN AR
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ PyByteArray AsString () WIZEMAS.

Py _ssize_t PyByteArray GET_SIZE (PyObject *bytearray)
C ¥ (PyByteArray Size () WA .

8.3.3 Unicode ¥4 Ed {5 15
Unicode 3{&

M python3.3 H15251 7 PEP 393 DA3K, Unicode %[ 4AE Nl 1l & Mg IER, PAEAERI NIRRT
[F] IS} AL P 52 B4 5 T ) Unicode F4F . X1 A AR SARE T 128, 256 BF 65536 [ F4FH:, A Ludhikls
By L ARAD ST 1114112 (X252 %17 Unicode 5 )

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

T 10 APLFI# APL 2 [l %540, Unicode XF42 INFS AT DAL T AR A, XBUATEATM A2
o “HI7E” Unicode X4 & i 3 H %) Unicode API B & ) G %42 . B AT A 52 0T Foi4r 4 B A 2%
Fik .

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 APL

#i(E): 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.
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Unicode #Y

PAF 52 3T Python ' Unicode SZFL 1 A Unicode X4 237 :

Py_UCS4

Py_UCS2

Py _UCS1
IR LEE AR TS BB A R A X, K e A B 5 32 fin. 16 il 8 i FfF. MFRZAL
HEAAS Unicode FAFIN, il Py_UCs4,
3.3 OB

Py_UNICODE
X wehar_t PYRAUE S, RAE-TFERAFETEEN 16 (7380 32 7287,
3.3 MU AE: FEPARTIIUA Y, X2 16 (i 2RAGAE 32 268, XHU TIETEM SRR 2 %
B “%i” Unicode fRASHY Python,

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
XK TFPyobject W TFREIFE/R T Python Unicode X152, FEJLT-FrEHBIE T, ENIANIZHE
HAREM, PN ALRE Unicode XF 421 APL B AR ZH IR Bl Pyob ject KRIHHEET .

3.3 HUHTIA.

PyTypeObject PyUnicode_Type
XA~PyTypeObject LB FE Python Unicode 258, BAEN str ATF4; Python LAY,

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)
TRXF4 *o* /2 Unicode X§45k Unicode F-IEBIAYSLHF], NERE] “E”, MeRBIRZ NI

int PyUnicode_CheckExact (PyObject *o)
WX *o* 2 Unicode X148, (HAR TRASLH, MakE “EH”. HEREBIGE R,

int PyUnicode_READY (PyObject *0)
IR TFAFER XS o AT “BERY” RikJral. TEMM FER Ui 22, X2 u%m&mm.

Returns 0 on success and -1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 JUHTA.

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)
i [7] Unicode “FAFA I IE (AR AN BAGL) *o* ibZiie “BiiE” #kJr sUH Y Unicode ¥4 (R
).

3.3 BUBTINA.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *o)

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 be-
fore accessing this.

3.3 BT

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
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PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
iR [B|PyUnicode KIND () ZHI{H.

3.3 OB A
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND B34 .

unsigned int PyUnicode_KIND (PyObject *0)
iR [1]—A4~ PyUnicode J4% 5 (WL_1-30) , 575 It Unicode X 4 F 170 B0 0B 4F 10 737 5L
*o* Wi “HINE” FikJrsUHEY Unicode X4 (RikH ).
3.3 BUHTIA.

void* PyUnicode_DATA (PyObject *0)
iR 145 1] J5 4 Unicode ZEi X 25474 *o* A2 “HIYE” FRikJr=\rh i) Unicode X4 (Rik).

3.3 BT

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 BUHTA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
MFRIEF IR data (AR PyUnicode DATA () FREO) W EEH—AMAS00. /N & PUATH6 25 B st 44
Ho

3.3 BUHTINA.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
M Unicode X§4¢ o BB —ANF4F, DR “HE” IR, WERARPATIT 2R E LB I R
BRI T PyUnicode READ ().
3.3 BUGHTIA.

PyUnicode_ MAX_CHAR_VALUE (0)
RMLE AT ET fo* QIE Y — NP R A, RO e Rl X6
Zog—Fil, HEHAEFAR FEATEARL.

3.3 BUBTIA.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE representation, in code units (this includes surrogate pairs as
2 units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: |Hz\; Unicode API [j—&4, 22 (H
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: Az Unicode API {{)—3&R4), &5 A2 5|
M PyUnicode_GET_LENGTH(),

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *0)

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).
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3.3 K 5% 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 {j—&4, &2 2 {H
] PyUnicode_nBYTE_DATA () %%,

int PyUnicode_IsIdentifier (PyObject *0)
R FAFER R B 5 SO AVARARIRAT IR ] 1, 2211 identifiers /ViY . 75 R[] O,

3.9 JUEE S MR FAFER M AR WL BB S BRI Py_FatalError (),

Unicode =214

e

Unicode $2 4t T 1A Z AR FAFRE. S T 2 2]
) C R
int Py_ UNICODE_ISSPACE (Py_UCS4 ch)
R ch J2 5 H s HEAFR L 18K 0,
int Py UNICODE_ISLOWER (Py UCS4 ch)
A ch 25 R/ NEF4FRE 15 0.
int Py_UNICODE_ISUPPER (Py UCS4 ch)
T4 ch B ARG FAFRM 15 0
int Py _UNICODE_ISTITLE (Py UCS4 ch)
HRAE ch 245 ARk KNSR ] 1 8K 0,
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
A ch @ AHATIEFAFIR A 1 5 0.
int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)
HRAE ch J& 45 R T e AR R ] 1 5K 0,
int Py_UNICODE_ISDIGIT (Py UCS4 ch)
HRAE ch @A AESFRF AR E 15 0.
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
R ch 2 REESRFAF R 1 5 0.
int Py_UNICODE_ISALPHA (Py UCS4 ch)
R ch @A TR FAFR M 1 5 0.
int Py_UNICODE_ISALNUM (Py UCS4 ch)
A ch 2B TR F 2R F AR 1 8 0,
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)
TR ch 275 A AT E)EAF R [ 1 8 0% ANATHT Bl 4AF 2 $5 7 Unicode 7455 £l 4 b 4 o
“Ay”Other” By "Separator” 174§, HlAME L2 ASCIL Z54% (0x20) B A FIHT BN F4F. GEVERALEL
T T AR 248 Y77 AT B repr () BERN S LT ENTFRFHREEA sys.
stdout B{ sys.stderr IrFEMAIETL ).
X8 APT ] F T Ml E 8 0 P A A
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
R 4R NG IE X FAF cho
3.3 it e E - s eR A0 1 3 B KNS L
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
S B K ST ch.
3.3 MR EL I : I ok 5 15 B R/ NS L

X B ARAT, X LR Python iC BRI
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Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
AR A AR NG TE R I FAF ch

3.3 JUR L EI: el ol 15 %E‘Jﬁ(d\%ﬂﬂ%ﬁt

int Py_UNICODE_TODECIMAL (Py_UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py _UNICODE_TODIGIT (Py_UCS4 ch)
Return the character ch converted to a single digit integer. Return —1 if this is not possible. This macro does
not raise exceptions.

double Py_ UNICODE_TONUMERIC (Py_UCS4 ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.

X8 APT AT TR A A A B -
Py UNICODE_IS_SURROGATE (ch)
K ch 3245 IR (0xD800 <= ch <= OxDFFF).,

Py_UNICODE_IS_HIGH_SURROGATE (ch)
Kl ch 275 i FEBRIf (0xD800 <= ch <= OxDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
K ch 275 A ARAC IR (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.

BlEF0i5i8 Unicode 7 &

Fif)| 7 Unicode %17 0 HEL A FEH @ e, 50 T X 2 API:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. Bl #—1~# ) Unicode XT% . maxchar N W] N T4 EB 1 SE B i KA
o AER—AERUE, Evgm b ARTFH 127, 255, 65535, 1114111 PR HE .

X2 AT EEHT) Unicode XA AHERE =X o (o I pR AR 01 2 A 6 R AN AT 08 K/
3.3 HUHTIA.

PyObject* PyUnicode_FromKind.AndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. VA %45 & W kind A1) # — 4~ # 19 Unicode XF % (7] f8 19 {H
*NPyUnicode_1BYTE_KIND %, EI]PyUnlcode_KIND () Fﬁ R B HI(E) o buffer WhZ0 45 1) H I
IR IY, PAETAT 1, 2 B4 T ALY size RN .

3.3 HUHTIA.

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.

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. 133 UTF-8 41 DAZS{HSS R I FERF S oh X u 47— Unicode %142 .

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.

92 Chapter 8. BE{&xMIMRE



The Python/C API, £[F) 3.9.23

The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:

%% iE CFE % FAF

$c int BT, Fmh C i%%lﬂ‘]%%ﬂo

%d int YT printf ("sd").t

Su unsigned int MY T printf ("su") .t

$1d KRl FISF printf ("$1d").!

$11 KA HM4F printf("slim).]

$1lu unsigned long MY T printf ("$1u").!

$11d long long MHET printf ("s11d4").T

$11i long long MY T printf ("$111i").!

$11lu unsigned long long MYST printf ("s11u").!

$zd Py _ssize_t MY T printf ("$zd") .l

$zi Py _ssize_t MYST printf ("szi").!

Szu size_t MY T printf ("szu") .l

$i int 4T printf('%l ).I

%% int MG F printf ("sx").t

$s const char* PA null A2 [R5 C TR

$p const void* —4C ?‘E’T!EJF EI’H“/\L‘FEJ%%F B HALEMNT
printf( ) (HEXHRATFIHE 0x I3k, NIRRS
F&5 E prlntf w24

SA PyObject* ascii () LR,

U PyObject* —A Umcode e

SV PyObject*, const char* | —~~ Unicode X}% (7] PASN NULL) Fl—APAZSHSE R ) C 57
EAERNE IS (WRE SR NULL, A
SR )

%3 PyObject* P Pyobject_Str () BIEER.

SR PyObject* JHPyObject_Repr () HIGEH,

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.

#i[E):  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 "sA", "sU", "%S", "$R" and "$V" (if the PyObject * argument is not NULL).

3.2 B AR B TR "s11d" Al vs1lu" SRR
33}%&% % iﬁﬁuTx—J- no ll" ne114qim %n no,qm E/Ji?_ro

3.4 JUHSE: BN TXE "5 s, "RAY, "SUN, MV, "RSY, VaRY [ GEREANEEERS AT SR

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

Return value: New reference. 2:[] T PyUnicode_FromFormat () {H'E GBS

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

Return value: New reference. F— "B 4SBT 4 obj ik Unicode %42,

bytes, bytearray FHAMF 7 &3t % $F4 IR 25 € W) encoding %ﬁ@ﬂ%ﬁﬂ% i errors 5 L HE 1R
ARER AR, WYY R A NULL Bk O BOAE GES AN 3 % 88 5 T REER)

Jr A HAX S, 245 Unicode X154, #BF-SE0XE TypeError,
WA B 1% APLKEIR [B] NULL. 3 ) 5 B2 52 528 0aidis 1) BT alk R 5 1

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 11i, 1lu, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
iR 8] Unicode i 4 i g+ .

3.3 HUHTIA.

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 BT

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
i — T AR . B fill_char B A unicode [start:start+length].,

W fill_char (R TPRFERRNTFAHA, S WERTAFHA 1 A BRI R AT R IK.
BRI E AR PR, SRR ] -1 5] R R
3.3 JRHTIA.
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
P FREG AR TR . FRFRAGEIL Py Un i code_New () 0. T Unicode F4FH % &
AAAER), PR AL =, B R A
LB R AT unicode 52754 Unicode X4, RE|REARBI, HHXFREW LG ()
HEI I —).
3.3 BT

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 BUHTA.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. & [0] str ()—/>TE, MFERFERTG]| start (015) B FHERT] end (AIFH).
AR ARG

3.3 BUHTMA.

Py_UCS4* pyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
BT u 35 DL F|—A> UCS4 G X, AdF— D70, WEPRECE T copy_null 3% . IRy 0]
NULL HBCE— 58 (Rrile buflen /NT u B EEIY, SystemError FFRGE ). MM
buffer

3.3 BUHTA.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
PP u P VB Pyem_Malloc () S3BEHIHET UCS4 G, MIRIATRIG, Hfik M NULL
HIE MemoryError. &[S RS LA — MM 25 AL

3.3 BUHTA.
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22 Hiy Py_UNICODE API

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 UNICODE 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 mi-
grate 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 UNICODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 BUHTMA.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate 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 UNICODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 RGBT
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).
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Deprecated since version 3.3, will be removed in version 3.12: [HZ{; Unicode API f—3B%, i3I {#
HPyUnicode_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 HFZAIH T 54553 TypeError,

EE REEDEN

e E KA i s =T B R RS B A E RS SUA

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py _ssize_t len, const char *errors)
Return value: New reference. fRISF4FE34E Android #1 VxWorks _Ff#i il UTF-8, F£HAh & F i
MEHE S I EAs =, TR IR PESSA "strict™ fll "surrogateescape" (PEP 383), 1
B errors Sy NULL WRRSEFRHEH] "strict™ FHRAEIRAR . sor MPA— D FRFEERAE R AT A5
AR FAT
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.

hz=%:

The Py_DecodeLocale () K%K,
3.3 BCHTINA.

3.7 MREEEE: R BONAE RS surrogateescape &5RACFREHH 4 HE S Kiggmidts =X, (BXE
Android 4. FEZ HilANH, Py _DecodelLocale () ¥#i T surrogateescape, Mi4HiiE
F IR AP T strict.

PyObject* PyUnicode_DecodeLocale (const char *st, const char *errors)
Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 OB

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Return value: New reference. ¥t Unicode %f 47 Android Fll VxWorks F{# ] UTF-8, ¥ HAb & FAf
A4 EE S R Eas. MR IRISA "strict" fl "surrogateescape" (PEP 383).
s errors Sy NULL WIZiAg R "strict " 8R4 RS . R[4 bytes X% . unicode NA]
HE AN FLF
Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
hs%:

Py_EncodeLocale () H¥{.

3.3 BUBTIA.

3.7 WU MR BEIAE L surrogateescape FIRAL BRI 4 Rl & IR ig s, (HIE
Android FfB4b. FTEZ HIRAH, Py_EncodeLocale () ¥#i I T surrogateescape, IM4HI1E
T XK X T strict.
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X Z G gminiEs

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 "0O&" converter should be
used, passing PyUnicode_FSConverter () as the 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 EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 BUBTIA.
3.6 JiREE &k F257— A path-like object .
TAES BRI R S RS R str, B4EH] "o B64idy, 4 APyUnicode _FsDecoder () i
PSLEIRE
int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.
PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeObject * which must be released when it is no longer used.

3.2 BUBTIA.
3.6 MR E S BEF—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 ().

W%
The Py_DecodeLocale () R,
3.6 iRE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated stringusing 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 Jilt i #k: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode objectto 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 _FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

ws%:

Py_EncodeLocale () FR%L.
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3.2 BUHTMA.

3.6 it #%#: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t 7§F

TEZ X F -5 L3 wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py _ssize t size)
Return value: New reference. TRB457E size 1) wchar_t G X w 67— Unicode % 4. £ A -1 {E
K size R % PAEAL A weslen HATIHHREZ M IXKFE . RIGIPRFR [F] 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 BTN

3.7 R 5 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

=)

Pﬁ?/thon Pt T —4PA C 455 APRIEIZATH BE R N B A . BTk S g AL 232 m] T 471 e 400 3%
P

51 API K#B#z3Z encoding Fl errors IS4, EMTHA STENE str () FAFEEXT A2 [H 424 S5
A o

Setting encoding to NULL causes the default encoding to be used which is UTF-8.  The file sys-
tem 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).

FERALEE F 3 errors % B HABW DA A NULL R D dR D 4% E SRR . Frfg e
Y RN A% B BRI BT IR AR PR 202 Mstriet” (25| & ValueError),

G AR AR B A 1. O T R B U 5 TR 2 UG AR R A ) 22 5 A A SRAE SR
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2 B AR B RS

PATR 292 B G AR A s 1 AP

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. 101 RS O 9 F A7 E s 1 size 70 63— Unicode %4 . encoding
H errors A5 str () WE KT FAESHEN S L. BP9 EE4R F Python 4 fiEhid
MR AR . RIS AR T & T R ] NULL.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-
rors)

Return value: New reference. Jgi%— Unicode X4 545 R 1E K Python 478 % 1% [\ . encoding
il errors B4 5 Unicode encode () JEH RIS TESAHFEIR & . B0 2 A% 2R F] Python
YRR A PR A . IR AR S | & T S AR ] NULL.

PyObject* PyUnicode_Encode (const Py _UNICODE *s, Py ssize_t size, const char *encoding, const

char *errors)
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 4mfiZt02%

PAF 42 UTF-8 4gfifthd#s APL:
PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)

Return value: New reference. #8175 ity UTF-8 gt 23588 s 1Y size NF T8 #— Unicode X4, Il
R ER5 & T FH WER A NULL,

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py ssize t size, const char *errors,
Py_ssize_t *consumed)

Return value: New reference. Q15 consumed "k NULL, W47 2T PyUnicode_DecodeUTFS8 ().
R consumed A NULL, WK R TEHRE UTE-8 FA5 JE SRR B iR . 3X 28 A 28
RS I H ORS00 5 B A AR consumed

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. {§Jf] UTF-8 4fih Unicode %f 42 3545 AF ) Python =52 X R [\, 4
BRACHE AN strict”. WIRGRMRIDAS 51 & T 55 WPRFR Bl NULL.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
i [H]—~ 45 ] Unicode Xf 42 i) UTF-8 Fufitb g XA i fa 5t , 02 gl K/ (LT 5
) FERETE size W o size ZHT DAH NULL; FERGIEOL T BRI IR SAFAE . 3R I g2 X
BEWIM— BN FY (NFETE size 1), TR HABAY 2SR o

TERERR BRI OUT , FfaR 8] NULL PSR — DR W HAASAF 6 size (H-

X FFZAT Unicode MG 473 1) UTE-8 R B3, I LIS 2R IRk [l i 17 [R] — A7 IX Y
i zﬁd‘é‘ﬁijﬁ:ﬁ%ﬁﬁ%%# X ZenIX 21 Unicode X GRABAE Ry R (8] N REREHCH- (435 1) B 1 9
BHRRL

3.3 HUHTIA.
3.7 iR R BBIAE S const char * A& char *,

const char* PyUnicode_AsUTF8 (PyObject *unicode)
K TF-PyUnicode AsUTF8AndSize (), {HASIEMK/IME.

3.3 HUHTIA.
3.7 AR R AIZEBIIAE R const char * A4 char *,
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PyObject* PyUnicode_EncodeUTF8 (const Py _UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE 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 4RfETD2S

PAUF /& UTF-32 4ifigides APL

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-32 %t i) 25 i X B S0 size A~ 77 FF 3R [0 45 MY B Unicode %if
%o errors (QIARAH NULL) 5@ LT8R EE T . BRIA A strict”,

Un2R byteorder A~y NULL, a6 6 465 7 9 5719 P A 7 A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

S “byteorder W%, FHIAMCRIYHISTA RFHFHFE (BOM), MIMREA I N % T
I FL BOM J57 2 Bk U FI S5 Unicode SEAFER 1. WL *oyteorder Jy -1 8¢ 1, M7
FRiC AR DB

LESERUR , *byreorder YEAER NHHRIIA FE B 24 BI 45«
HSE byteorder g NULL, SARFSHHE T AN
ISRARRIASS | & T R NULL,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py ssize t size, const char *errors,
int *byteorder, Py_ssize_t *consumed)
Return value: New reference. {15 consumed “}j NULL, W4T 2T PyUnicode_DecodeUTF32 ().
W consumed A}y NULL, W|PyUnicode DecodeUTF32Staterful () ¥AFKR BHIA5EEL UTF-
32 FHTFH (AT PR R ) PUOMAS R . X B RN S RS I HLE S Y 35 4L
YEAEEAE consumed H

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. & |n| i Fl UTF-32 4 ig#g UM 7 704 Python #3588 . b B &
PA BOM FricdT k. SERALIR T =0 strict”. AR AmARID S5 A& T 59 WK 8] NULL,

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
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.
USRS AR AR5 5T S AR 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_AsUTEF32String () or PyUnicode_AsEncodedString ().

100 Chapter 8. E#HIMRE



The Python/C API, £[F) 3.9.23

UTF-16 4RfETD2E

PATR 2 UTF-16 Zefifft 4t APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-16 #iht 1) % it X K fB AL size A~57715 3R [B1AH S/ ¥ Unicode %
Zo errors (WIRAA NULL) 5@ LT IR I 520, BRIAH strict”.

IR byteorder A~y NULL, f#AS 28R F 45 52 00735 e 204 T A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WA *byteorder N2, HAALHEHIP 7170 T PR (BOM), WIS xR A 1%
77 H BOM AR % DI S52R Unicode FAFH . HIR *byteorder 2 -1 80 1, W57
PRC s VLS P (B2 4 \ufeff B \ufffe ¥,

ESEMG, *byteorder FFAEH ARIENI A B L HIFT
s byteorder iy NULL, #ifiS a4k FHASHLF A5 )7 -
WR R RIS 5 | % 1 S5 MR 9] NULL,

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. {15 consumed k) NULL, WFT NI T PyUnicode_DecodeUTF16 (),
W consumed A~ >A) NULL, W|PyUnicode_DecodeUTF16Staterul () AR REHIATEE UTF-
16 FA5JP5) (WA A BT SO R AT ORISR X SE 5 R R s o H.C g
T AT BCRAFETE consumed T

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. 3R 0| i UTF-16 gmtthg=CAAL 47 7 H) Python 455t . 37 R fF a2
PA BOM #RicHT 3k o B iRAL Ty oA strict”. MRS #8 5| & T 525 Wk [A] NULL.

PyObject* PyUnicode_EncodeUTF16 (const Py _UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
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 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 defined, a single Py_ UNICODE value may get represented as a surrogate pair. If
it is not defined, each Py_ UNICODE values is interpreted as a UCS-2 character.

RIS AR5 % 1 5% MR [5] NULL.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().
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UTF-7 4Gfigt02S

PATR & UTF-7 Zif#i ¢t APL

PyObject* PyUnicode_DecodeUTF 7 (const char *s, Py _ssize_t size, const char *errors)
Return value: New reference. i@ 33 ffh UTF-7 G i) =7 e s 1 size P77 A2 —4 Unicode %4 . 0
RIS 51 K T 55 W B NULL.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py ssize t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Q15 consumed "k NULL, W47 K2 T PyUnicode_DecodeUTF7 ()
A4 consumed A~k NULL, NIKJBAIASEEE UTF-7 basc-64 TR R AN AR XA A
B H O RS i 5 BORF TR 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 4gfiZiD2s

PA R 42" Unicode Escape” #ifigig i APL

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 18 12 fiftht Unicode-Escape Zh% it 27 e s 11 size T~FT5 81 22— Unicode
MR AR AR 5| & T 5 Wk 1] NULL.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {§iJf] Unicode-Escape #gfi Unicode ¥if 4 H- ¥ 45 A N F T B XF R iR 6] .
BEERAL BTy SO strict” . UR AR SR 51 5 1 57 UKRFR [A] NULL.

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 43##t22%

PAF /2 "Raw Unicode Escape” i fift 5 #5 (1) APL

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. i+ fifii% Raw-Unicode-Escape % i5 i =7 i s 11 size A7 A1) g — 4
Unicode Xf4¢. WIRGMRIDART] %K T F-45 W& [ NULL.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {fi Jf] Raw-Unicode-Escape Zfiy Unicode X} 52 7485 S AE 75 B X 52 1k
M. AT O strict”. AR AS T A T R H MR 0] NULL.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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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 45428538

PAF /& Latin-1 g fifi#5 1) APL Latin-1 X -1 256 > Unicode 5 H. g A5 75 2 5 11 [] H 38237 3% 2615
s
PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i3 fifthd Latin-1 ZiiS 0788 s 1Y size D702 —4> Unicode X4 .
MRS ERD AR5 & T 5 R [|] NULL,

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. ffi i Latin-1 #f% Unicode %} 542 H-$+25 -AF 4 Python F 5 e X 4k 1] . 45
BRALTR T N strict” . QRIS AR | K T S WRF & 18] NUL L,

PyObject* PyUnicode_EncodeLatinl (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 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().

ASCII 4zfRt028

PAR 2 ASCIL 4 fi# ity APL, W32 7 {37 ASCIL $itdi o AT AT HAth 4 B A AUl 3 Bdt i

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. il 35 ffthd ASCII 5 iR 78R s ) size ST A @ —> Unicode %4 . 10
RIS AR 5| & T 55 W ] NULL,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. i [fl ASCII Zifih Unicode %f G2 H- K45 S AE A Python FFHTEE R &k 0], 4
BRAL BT F N striet”. QRIS ERT | & 1 S H WAFaR W] NUL L.

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().

FITRR S g AR GO 2%

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode
and decode characters. The mapping objects provided must support the _ _getitem__ () mapping interface;
dictionaries and sequences work well.

PATR 2 WIS 2 A 4% 1Y) AP

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. @13 {8 45 € 1) mapping Xt 42 S5 O g 15 37 5 s 1Y size 76 3
Unicode %4 . WIRAmAENSERT] 4 T 5% WK [H] NULL.

W mapping 4y NULL, WK A Latin-1 4Bk, 750 mapping W50 R F ARG AE (0 % 25578
FBl PR32 %) %) Unicode P47 ER FOMLET . #E40 (FF@f# 24 Unicode %) =X None., ARBLHTHIEL
AT - XA EIRF 3L LookupError, DAKBIMLF] None (%, OxFFFE B '\ufffe',
BB R A 5 SR S S B A
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PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. {§iJ{] 45 7€ ) mapping %} % 955 Unicode Sf 4 -5 45 BAE N TR N 21k
], AL BT SN strict” s USRS ARIS AR5 K 1 5 URFR [] NULL,

mapping Xt GLLIFRFEERL Unicode A AU 2 AT ERXTSR 0 5 255 Ju il W AYHEEEL None . RIS
W PR AL (7580 LookupError HIBHE) PARMLGTE] None HIBIRRFBI AR e SCHIBLST”
A

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().

DL IR G RS 28 APL 20 Unicode B4} % Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. i3k I i 5 FFWU F A S A H A 454 Unicode W42, W4T
s A 7 SR Wik [A] NUL L,

FREMIFATRFREK Unicode T8 ) 8641 Unicode T35k None GRAHMIRHINZA /).

Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors BAT T 4G as O 735 3o BRI PAN NULL R 68 BRI B Ak By 5.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-
ping, 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 bl MBCS 4gfigi3ze

PATF /& MBCS #ifffib#5 APL. H Fi B A 1{XAE Windows H1 R H1 - 1 Win32 MBCS #4638 4 5 Bl % 46k .
W MBCS (2 DBCS) J&—Egmfts=l, maEHAa—"1. Hirgmiis=Ue iz T amidmsas e -
[ P S
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i3 ffih MBCS 4 B0 58 s By size 7181 8—4> Unicode X4, Ul
RIS AR T | T S Wik [A] NULL.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. {15 consumed “kj NULL, W47 2 F PyUnicode_DecodeMBCS ().
W consumed /~K) NULL, W|PyUnicode DecodeMBCSStateful () ARG K B FHK
FATH B E RS 1 AT R AR TR consumed 17

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. i [l MBCS ##t5 Unicode X% 34545 A4 Python =35 B4k A . 45
GRALBTy SO strict” . UR MRS AR5 % 1 58 WIFFk [o] 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 UM
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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 ().

AT
HESELERY

PATR APL 0] DLAR B A ) Unicode X RANFAFH (FEfifiid P FATFRHFAFH) HFi& 18136 24 ) Unicode
X AR A

WA %A R H T A TERRFR [F] NULL 8¢ -1,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. PHZP T4 B33 —/~ 1) Unicode 4T ER o

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. 55— NF /153 —4> Unicode FF R FE . W sep S NULL, N
FRE AR T T4 . B0, RAARME TS E M Rk R 4. 2 IR0k maxsplit. 10
R, WA RRS . R IEFESs R =

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. TRIEA745 K54 Unicode F4F5, 1% [H]— Unicode ZF4FHR 51 35 .
CRLF P — N A4 . Q2R keepend 1y O, WIAT /3 FEAF A CLIETES R AN F b

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. {§i 1 45 B W separator 7t — > F R 51259 1% [7] 25 5 Unicode 478 .

Py _ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py ssize_t start, Py_ssize_t end,

int direction)
I substr FE 48 € W) 6 5 (direction == -1 F /N HT R ICED, direction == 1 TR G4 ILHE) 5
strstart:end] FHPEECNERIE] 1, HWERE] 0, A5 A A FERNLR E] -1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
IR [ {8 45 52 ) direction (direction == 1 FEREi R &, direction == -1 TR G M R) Bt substr
stristart:end] FERBIMAE. RIEENESITERARTS: EHY -1 FoRRLE LR,
-2 MFRE AR R RE T 75 .
Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
iR B 45 2 WY direction (direction == 1 FE/RB[MIE 2, direction == -1 Fin 5B R) BHFE ch 1F
strstart:end] FERHBMOIE . REME N ENERRT S HR -1 FRREE DT,
-2 WFoR BRI RE T 7.
3.3 IR A
3.7 [ AR IAE start F1 end 5V~ strstart:end] B UUWFTH

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
iR [A] substr F str[start:end] HAESHIARE R EERERNERF -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. ¥ str W1 substr XEZ K replstr 222 maxcount YK I 1% [0 455 Unicode X}

%, maxcount == —1 FRETREH .,

int PyUnicode_Compare (PyObject *left, PyObject *right)
HRPAS AR IFIR ] -1, 0, 1 735/ SFTHIRT .

BERR BRI T R MR ] -1, PRBEN M4 F PyErr Occurred () KA HT IR,
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int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
# Unicode Xf 4 uni 55 string BEAT R IR ] -1, 0, 1 43 HIFRA/NT L ST HRT . b e A
ASCII 4t i) 7 A5, (BRI R AT A A0 5 Al ASCIL 45 DU L bR 4 2 o Ho 4 1SO-8859-1 i ok
il
MR BN 25 | K

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. X1 Unicode PR $UATE HLR & B A MEZ —:

o NULL JI T 51K T R ry o
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Wit format 1 args iR [0l — NP FEFF RN 4 X FT format $
args.

int PyUnicode_Contains (PyObject *container, PyObject *element)

K Er element Z50L5TE container A 1 [B] BE BUR{E
element WZ505 5% i — A~ B0 E Unicode FAFHR o QIR A AR ER R ] — 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
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode_FromString () MPyUnicode_InternInPlace () [J
HEEME, BB NFALRHET Unicode FAFERRTS, BC— A 4 ) B A M FE I A L4
EXTRIE (CHIAR”) 5.

8.3.4 st (Tuple) ¥k

PyTupleObject

XAPyobject LB KA Python [FICHRXL .
PyTypeObject PyTuple_Type

PyTypeObject HISLBIfLF—4> Python JLAKAY, X5 Python 2 tuple AR HIXTE .
int PyTuple_Check (PyObject *p)

W p J2—A> tuple XF 5 Ek# tuple 28T A SBR[ A . ek BIOE & 2 P T
int PyTuple_CheckExact (PyObject *p)

W p J2—A> tuple X ZAHAE tuple ZEALR IR AU SEHI R MU EAE . R iR 2 2 BT .
PyObject* PyTuple_New (Py_ssize_t len)

Return value: New reference. J{FNI R B —ASF BTN %, KR len, JMEHR ] “NULLC,
PyObject* PyTuple_Pack (Py_ssize_tn, ...)

Return value: New reference. [ TJ W} iz [l — AN Fr W Je X 42, KR/N K no, 2 W HS 3% o]

NULL. JCH{E 4616 M F§ 17 Python Xf 411 J5%% n 4~ C 4. PyTuple_Pack(2, a, b) fl
Py_BuildValue (" (00)", a, b) H%,

Py_ssize_t PyTuple_Size (PyObject *p)
PRIR TR GRS, IR IHZITHRI R,
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Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RETTH p RN, AU EE NULL 3 g — o4l A ETHHRR A
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 32 p A8 TG H, 0T pos ALBIXT S . NS pos HEH AR, &
[ NULL, H#iH— IndexError JF¥H.

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 25} T PyTuple GetItem(), {HAKGEESEL.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. j&10] p Fr4g B TTHIY) -, T8 low I high 2 [8], B35 MURF & [1]
NULL, iX%[]F Python #iks{ p[low:high] . AZFMIIEKEBRS].
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
TE p F810 I TCLIY pos S EIRAXI XS o 51 . BIIEHRE] 05 415 pos B, WIHRIE -1, Ff4il

H—~ IndexError BH& .

filE): pesmie “HTHC X o T, HEFXICA h CAEZ I AIE 14 H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
FTFryTuple_setItem (), {HAMATHGE, HHNMIZ R g RETEEHTCd.

il XAEL “fiE” — DX o g, HEpyTuple_SetItem() R, B R&EFAMEM
BEFIIS I JCH LT pos AL EAALATS | FHHRRF Bt -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
ATPAM TR ST RN newsize X5 2 TCAHRIFK L. BIRICH #OAARARTASR), A AR
KA —AFI B, ANIZEHE. WRICHE R H A s A, A Z A s,
JCAE R G MR SR E AN . S B R SRIH el a3 — S cdl, Rema. IR
Bl 0o & FumfCH AR AR E o MES ARS8 F R BCz B EAH A . Qe T o 51 HXT
2, WS *p REREE. RGNy, a&[E] “-1%, $f *p RE KN NULL, H5]% MemoryError o

SystemError,

8.3.5 SHIFFFIXR

G PN RN T namedtuple () B CXFR, Hl—AFa), Haiyz A BT @ EE i . %
BIREEHIF A, AR Se B E 45 A4 PP 21 6 8L

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. 14 desc W54 G B — NG5 K P 51 28 8L, 40 rik. ] DAfiE
M PystructSequence_New () Bl 45 T IST 1) SL 4 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc ABAIIRAL LS H 7 51 2R 2 type .

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 PyStructSequence_InitType FE, (HEIIEHRE] 0, ZRIGFHRE -1

3.4 UHTIA.

PyStructSequence_Desc
(e il IR Bl I IR RS
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1, C Type BEX

name const char * LER BB 24 B

doc const char * Fi ) B W R B[P SORY A AP R Bl NULL (3R %)

fields PyStructSequence_Field J5[n] P NULL 45 R IEAIN 85, HFEAWK
* A

n_in_sequenceint Python fIll w] Ui B B (AnsR HVEc)

PyStructSequence_Field
RGP I — A7 B WP SR By oAy, BT v BLRY AL R PyObject <.
fEPyStructSequence_Desc [ fields A RTIHE T 4P S IHIA I M7 B

i | CType BX

name const FBOW A PR EL NULL , A EAS W a4 F B AR, R E
char * “HPyStructSequence_UnnamedField DIMEEE R4 7B

doc | const LRI 7 BOUR 77 B NULL

char *

const char * const PyStruct Sequence_UnnamedField

F B A R R A PR R R a2 RS
3.9 JRH RS XNRBIE M char * B,

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. |7 type W) ZER, ZSEHFi I PySt ruct Sequence_NewType ()
A,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 1R |n] p T MM ZEHIFF S, (0T pos AbHIRS G AT AT
Kt

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence_GetItem () MM .

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
FEESH P p HIFT| pos A i FBOLENMH 00 GPyTuple SET_ITEM() —F, BEMiZAMTH
FEAFIY LB

fE): XA EE “HTIR TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

s XA eRE B THRI 0 B—ANE I

8.3.6 List (%) ¥k

PyListObject
XA~ CE M ryobject BTIAMAFK—> Python F XA
PyTypeObject PyList_Type
X2 NET Py Typeobject HYF Python 5| 3RAA K SLH . & Python EHIFILA 1ist Z[f]—4
xR
int PyList_Check (PyObject *p)
MR p @A list WP GRElE list EAUF2RA SEPI R B . SR e 2 2 T«
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int PyList_CheckExact (PyObject *p)
R p s —A> list XRAEAZ list AU 7AW LI NLR B B . B R BRI T

PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. IR [0 —AMKE A len BWIFF 3%, TR [B] NULL,

il Y4 len KT ZEF, #aR W5 F X L0 H w3 K NULL. B RS fE A 25 L C B
ﬁPySequence SetItem() W% AP 8{E [ C I PyList_SetItem() fHF)fﬁIﬁEWE
BLELSEXT G Hi R Python A% A FF X 42 .

Py_ssize_t PyList_Size (PyObject *list)
R[] list PHNFX RIS XETAEFRIZR A Len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)
WA C kB pyList_Size () , LA
PyObject* PyList_GetItem (PyObject *list, Py ssize_t index)
Return value: Borrowed reference. iR 0] list Fi 5 [0 5 32 B index B LN . i BELH R IER
8 TBE%NJJ%EEKE HEATR G WA index 1 11 FL (<O or >=len(list)), Wi [8] NULL Ff % &

IndexError JH,

PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. JERAK) C I PyList_GetItem() , ARG,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
FHIR PRGN index WU item. IR 0 QISR index 8 HE FI R ] -1 I 500E

IndexError JH,

flE: phekgisy “fikE” — AN iem WEIHH-EFE—ADXFIR P Z P A E EEAAH L.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *o)
AR ER A Py List_SetTtem (). XiEH JPH TH51 R D2 BA WA AL E T
3.

i Z7%Ee Mk — A% item 5], H5PyList_SetItem() NEMIFZEE REEFEAMTAM]
%ﬁﬁ??ﬁé/« E E’J%‘lﬂ% s FE list W i B AT AT S | AR i 25

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K45 H item $HAFNHN K list R51'5 index Z HIHYALE . QAERIPRFRE] 05 ARSI NR A -1 FF
wWE—INRY. Y4 T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)

PEXSG item TS IMENH) 3 list AR . AN MIRFRE] 05 G0SRAS ST WER [B] -1 HiE— .
T list.append(item).,

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Llﬁlg/l\m'%ﬁ 122, B list X0 T low Fl high Z A X4 WA
SN IR [E] NULL H% B S 4. H4TF list [low:high]. REFHEMIIEKREIITET],

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
- list 249 low 5 high 2 [R)HY] iR itemlist I NZY . FH24T list [low:high] = itemlisto
itemlist P PAH NULL, FRMERH—25F% (MBRYIA) . sihirE o, JIMnHR o IXHL
TB‘Z%M@J%@X%&F TR,

int PyList_Sort (PyObject *list)

X list "% H AT IEHIHER . IR M 0, SRIK R o XM T list.sort ().
int PyList_Reverse (PyObject *list)
X list HPAY A H BT ISR o IR ] 0, SR IK R o XEFENT list.reverse ().
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PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. R [0l — /B TCH M5, HAPAE list FINE; ST tuple (list) .

8.4 FAMR
8.4.1 M

PyDictObject
pyObject TAAE K —fi Python Ly {4,
PyTypeObject PyDict_Type
PyTypeObject BHILFE—{H Python “FHLAIRE . }HEL Python J& H11) dict [Elfa—HM4:.
int PyDict_Check (PyObject *p)
1ip %*@?ﬁﬂ%#@i% L f) 7 2R AR B S ol true o 0 pR SRR T BT LA T M0
int PyDict_CheckExact (PyObject *p)
#rp MY AR S — i PR R R OB, ) R true. 0 pR SURF AR G LT L
PyObject* PyDict_New ()
Return value: New reference. 12 [0]l—/ M) 2S5 Z ML, etk [B] NULL.
PyObject* PyDictProxy_New (PyObject *mapping)
Return value New reference. 28] types.MappingProxyType XI5, T 5% AT HiedT A i e
e SXIE TR L E AR - B AR sh AR S
void PyDict_Clear (PyObject *p)
25 A SR T B
int PyDict_Contains (PyObject *p, PyObject *key)
T E key XEE’F]Q%EH’— p e AR key DL b p WRE—T0, WaR[E] 1, AGRIE 0 o & -1 3%
AN . XEE[F T Python FiAH key in p.
PyObject* PyDict_Copy (PyObjec[ *n)
Return value: New reference. 1205 p 0187 FH [R] S8 X ) 35 2 4L
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
B key fERBERE val TEANFHL po key WA Rhashable; QIERANZE, WG| K TypeError. K}
I O, SRR ~1. JLEREL R A AT val (5] .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
) key fF hy 8 A5 val 48 A B F M po key 244 const char*. B Xl 4 2 il A
PyUnicode_FromString (key) 'J@E’J JCHIEF IR A O, RMETIR E] -1, UMLK BT R A I
Xt val (51 H

int PyDict_DelItem (PyObject *p, PyObject *key)

Rl i p i key FIZCH o key AAZ52 AT G A 1Y 5 ﬂﬂ%?m, ﬂ"JAé'Iii TypeError, IR il
EP&ﬁkey, W 5| % KeyError. MIIHFRE 0, KR

int PyDict_DelItemString (PyObject *p, const char *key)
BT p R F AT key SREMERI A H o WERTFIAEA key, WETIK KeyError. MIH
B0, SRR m] -

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. M F M p Wik [ DA key NEERIRT % . WIS key NIFAE(H A X
B R W E NULL,

FEFEMWNLE, WA _hash () Ml _eq () HF¥ETFEWMEEASHMWE. X
HPyDict_GetItemWithError () i miRiE .,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () AR, BALHMEE. M RE KA
iR [8] NULL Jf HeE— i . REEAFAENR [B] NULL JF HA X E— .
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PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. iX-5PyDict_GetItem () —Ff, (B2 key ${35E N const char*,
MARZPyObject *,

TETENE, WH _hash__ () . __eq__ () FERGIE— AR FAF 5 RTG 7E A i
ARewihd . wHPyDict_GetItemWithError () IRFBEHRIRL,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX i Python JZTH[f) dict .setdefault () —FkE. WIS key 17275,
BIRMIAEFM p XY E . WEREAEAE, BEFE defaultob] —jiEid AF & 10] defaultobj X
A BRECR IR key WIS Ay BRAL—IK, TN R AE A FRFIHE A3 35

3.4 BUHTMA.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. 3 [v]— & ML ip iR SE(E ¥ Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 1 [n]— /&ML rp AT (keys) Py ListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1% [0 — /&7 b B {H (values) [Py ListObject,

Py_ssize_t PyDict_Size (PyObject *p)
REFHAP I H AL, ST X p T 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p AP BN . AR SR — VU ) R BT BRIXACZ BT, Hh ppos BT Py _ssize t
WARARIIRAE A O 2R ALK 7 i A AN S (E R [P B, — BB BBEDA A A 52 SR IR 1]
fEfEL. &2 pkey Fil pvalue [ 244816 PyOb ject * Atk AR B A BEEAMEDR I, BiE W
A PA NULL. G BAT TR B AR5 | I E 2 RS  . ppos TER AR W E . B ERR N
R IEE R R A &, T ol T a5 R BT, I s TR

Fn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

}

U p N AZAES Dy B A AR O o A D, OB R A, EAUR TR E AR
KA. BIn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (1 == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PylLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (0) ;
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int PyDict_Merge (PyObject *a, PyObject *b, int override)
XF WS RT G b #EAT 2K AR, RE SR E N S B F R a0 b W RA R — A T, SR ] SE
HiPyMapping Keys () MPyObject_GetItem() WIXIS%., WE override B AE, WKL b
HARBAH R B @ b CAFTER A I B AEDO R e, 5 WNSRAE a rPrscAR [ 1 g ) 2 s
{EX o 2R IE] O B 25| A S ik ] -1

int PyDict_Update (PyObject *a, PyObject *b)
%5 C thf) pyDict_Merge (a, b, —FE, WZELTF Python H11) a.update (b), Z R
TPycht Update () f%g/\%ﬁl&ﬁ”kew’ JE P AN 22 1] 1R 2 XA QSR 1Y 72 81 J:‘IEJCIJJH]‘

R[] O BRG] A S I IR

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 "R SEMEDN BORTE G HF BT a. seq2 WA AE AR JBEA 2 1 AR BR(EDAS Y T 3R 1 AT kA0
Ko BIAEREERGE, Q2R override EAENE /5 IR BEE o 2R M) 0 B 451 K
WRRIE] -1, Z540EY Python AU (R [IEERAN)

def PyDict_MergeFromSeqg?2 (a, seqg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value

842 £85I

XN T X set fl frozenset XRIYAIL APL, AR KRAE T 5 H 1D g fe d-2 i FH Hh e
SR (BFEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue(), PyObject_Print () DA KPyObject_GetIter())
B FE W2 B FE I (8 FPyNumber And(), PyNumber Subtract (), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber__InPlaceSubtract (),
PyNumber_InPlaceOr () [/‘]\&PyNumberiInPlaceXor ())o

PySetObject
X A~Pyobject B T I B K R AP set M frozenset X G i Wi Fodi. & XA
T ryDictobject WIHLTTAET /N R 46 65 5 Ut B i 5 K /INY (fET%fDéEEI@i’?’?ﬁ%‘ﬁiﬁ) i
X A IR RO B A T B R4 ) BB ] A8 KNI A7 B (RGN Rk 20 o EES Ik
() BN A F BT RE R A o TR D7 MR 24 38 5 & B A SRS APT EEfF_F ﬁ'ﬁTT
T BRI G R (.
PyTypeObject PySet_Type
X PyTypeObject 5, IR Python set KA,
PyTypeObject PyFrozenSet_Type
X— A PyTypeObject 52|, /N Python frozenset 257,
AN BUAG A 5T TR AR & Python X RIHEET. FELIM, X L i ok Kt 1 T B AT A AU
Python X4,
int PySet_Check (PyObject *p)
MR pR—A set WREHRZH T RARYLFINRFE M. MR EIHIAT
int PyFrozenSet_Check (PyObject *p)
WMAE p f2—1 frozenset XT%&%X%&?%EE’J;&W I3 o] LA R AR R 2 AT

int PyAnySet_Check (PyObject *p)
W p 2> set XML, frozenset WEuF @ H KRB SLHINLR P EH, HREUR &2 T
AT

int PyAnySet CheckExact (PyObject *p)

W p B— set o frozenset X R{EAZH T ARG SLFI N B EAH. RS2 2 I
7o

int PyFrozenSet_CheckExact (PyObject *p)
R p Z—4> frozenset MR{ERE E?*EAE’J*WJD’U MIEAE. HRELE RS I IT.
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PyObject* PySet_New (PyObject *iterable)
Return value: New reference. R 8| — 1) set , FLA A4 iterable fiT iR B XIS . iterable ] PAA NULL
Fortl@E— NS ES . IR RES, KIGEHRE] NULL, 412 iterable 52 F5_F AN 2 W] %
RXFZ MG % TypeError, ZM G H T NLER (c=set (s)),

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. 12 [l — AN frozenset, A iterable TR B R4 . iterable W]
PAH NULL R — i S g5 6. IR O R a5 4, R R ] NULL, iR
iterable S5 P AR ERXF L NG| & TypeError,

AN R ECN 2238 T set B frozenset BYSEHIEGE LR A LG .

Py_ssize_t PySet_Size (PyObject *anyset)
iR set B frozenset MR KE . LM T len (anyset) . WIS anyset N2 set, frozenset
ﬁﬁ%é@ﬂﬂ@iﬁﬂﬂﬂ%é‘lk PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
TR Pyset_Size (), RNfiHEzaN .

int PySet_Contains (PyObject *anyset, PyObject *key)
WERARFRIE] 1, AARARIRFRE 0, ARIERFESNRIE -1, A[FET Python __contains_ ()
Tk, BCRREOR & B 3RS T A i 2R A R A S T I R R S AR . AR key iR AT IS Ay
X E N 25| K& TypeError, U anyset [Nig set, frozenset By 7 RAWSLHI M 5] &
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
NI key B —A~ set SLH], AT frozenset 3L (5PyTuple _SetItem() MIZRMIZALZEE
W RT B RN R R S5 46 e AT A HADARHS 2 B SE AT 0ME ) « iR [m] 0 i 2% Wi a2 [
—1o R key NIRRT RN ET K TypeError. WERBA KRN L5]% MemoryError.
MR set A2 set BHFRAPEFIN 25| % systemError,

TFHREGE T set BOLFRBPLG], (HARFTHT frozenset BUH-FARARSLHA.

int PySet_Discard (PyObject *set, PyObject *key)
WEARAR BN BBRIR A 1, ARARE] (ToHfE) &I o, QREBIETRMGRE] -1, X AR
A5k KeyError, IR key ARG X5 M 25| % TypeError, AT Python discard ()
Tk, WEREOA S A E AR TG A AR G NI VR G R . IR ser A2 set B T2RA4M
SN &E| % PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 3R [0] set FAT B XTRIGHE I, HM ser PREFRIZNT S . J MR [0] NULL,
WREE AN BN 5| K KeyError, MR set AN set BiHFRAMLHIN 25| K SystemError,

int PySet_Clear (PyObject *set)

T 25 B 7 UL B A BT

8.5 EINMIfF

8.5.1 X (Function) ¥

JE A — L5/ Python b B i HASEIR .

PyFunctionObject

JIT R C S5k 1A

PyTypeObject PyFunction_Type
XE— A PyTypeObject SLBFH:F/~ Python AT, 'BEAE N types.FunctionType [a] Python
FEJF VAT

int PyFunction_Check (PyObject *0)
R 0 R—PEREN G CREC N PyFunction Type) WHIRIAEAE. TESUWAMIA N NULL. BB EE
e MIINAT .
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PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. R[] 5D X 5 code KERMFT RN S . globals W — 8, 1%
R AT ) 4 ey e

ST A B SRR B modide__ £ globals 43R 58 defauls, -
tations FI1 closure %A NULL. __ qualname__ 1% k5 BB FRAH R AR .

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 23{l)PyFunction_New (), {Hif IR BEREFTLRE __qualname_
J@ Y. qualname [ 24 & unicode %f 4 B NULL; #ij2 NULL U __ EBHEaEH
__name__ JEMEHFMIME.

3.3 BUHTMA.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. [b{2EELFE A {1 4H B8 ) ol 850014 op .

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. [b]{21 B4 1o} pR 807 HLAH BE 19 2R B4 op.

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. 1% [ BREIXTSE op B __module__ JEVE, BH A— & THHA FR
FAFER, AT DA Python AURG A IR 8] HABAT RN 4R .

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 3 Bl FRECTS: op IS ERINE. XA PAE— PS04 sk NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
HEREOS R op WESHINE. defaults W75 Py_None m—4~JC4l.

RIMEE| & SystemError B IFRME] -1

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 112 [7] JeBEF BRECN 42 op AL . IX W] DASE NULL 8% cell 3T Ic4 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B B BRECT S op BIFAEL. closure W45 Py_None 8§ cell X4 RG24 .

RIS 5] % systemError /iR E -

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 12 [B BB S op HIFRE: . XA AR — AR MiLEY NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BCEPREON G op WIARHE . annotations W75 —A4~FJE{ Py_None,

LKIWG] % systemError S HIRM -1 o

8.5.2 BREH XM
BT pyCrunct ion MRy, WRFPyCrunction SERI R RE—FH . e TH

SR PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
APy Typeobject SLHIIF Python SLBITTIAIEM . "EFFAXF Python RefF AT
int PyInstanceMethod_Check (PyObject *0)

ME o B— NI FYEXE B fpyInstanceMethod_Type) MR [ BEAE., S LT AN
NULL. BCRRECE ST,

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. & [Bl— - I SEBI 7 ¥E0 5, fune WAL E VTN S . func FHAESLH)
T3 VA Y I Ay e e D

PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 32 0] 3¢ 553 5L 51 im () ERECT £ .
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PyObject* PyInstanceMethod_ GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. JERASH ] PyInstanceMethod Function (), W& TEERAGI .

8.5.3 FHEMR

TR ERREOS R . RS RSWIER — DN A 8 RSB . RIEIE (FE2—Km
i) CANEA .
PyTypeObject PyMethod_Type

XA PyTypeobject SLHIALEE Python J7ikRA., ‘EAEN types.MethodType [i] Python F& /724

int PyMethod_Check (PyObject *0)
MR 0 B—MIENS CRBC PyMet hod_Type) MR F(E. TESAHAH NULL. IR E
2 IIAT

PyObject* PyMethod_New (PyObject *func, PyObject *self')
Return value: New reference. 1R [B|—ANH I TIEXT S, func NoRAEBE R AXTER, self HiZ 51N 45
SERSEBI . FEITIEBE I fune FAE R B o« self 46254 H NULL.

PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. 12 [B] 2B B )7V meth (W BB .

PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. JERRAN I PyMet hod_Function (), W& T4E1RAEM .,

PyObject* PyMethod_Self£ (PyObject *meth)
Return value: Borrowed reference. 12 [B] 2B F) )5 V% meth (L7

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. JER AW PyMet hod_Self (), W& T451R-EM .

8.5.4 Cell #ht¥

“Cell” XN T LB ZAE G YA . X TR DX As R, —A “Cell” XG0 TAFfAAE I
PEBIHE; 51 AR A REE D M HE L Y SRR AR E’@’“W‘%@{?ﬁﬂﬂﬁﬂ* E‘E’JX]‘&FM’FH%&E’J “Cell” 5. Vil
AEIY, KREEH] “Cell” WAl EAYE I A & BT R ALy . XA “Cell” PR AR KIBALHY T I 75 2
SCRPAE S s DI AR 2 H S AE RIRIX EENET . “Cell” R QAL HABILTT W] REAR KA H -

PyCellObject

C ZEHEH cell Yy
PyTypeObject PyCell_Type

S cell W1 1FBIE],
int PyCell_Check (ob)

WA ob J&—A cell XfLMERFIEAE; ob WA N NULL. IeREUEE 2 AT
PyObject* PyCell_New (PyObject *ob)

Return value: New reference. G172 H:1% Bl — AN E7{H ob 13T cell X145, FEZW]PAH NULL,
PyObject* PyCell_Get (PyObject *cell)

Return value: New reference. [a|{2L cell [E1Z5H 1 cell

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. & [9] cell X4 cell (INZ, [HERKEM cell 24 dE NULL I H - h—A>
cell XJ4.

int PyCell_Set (PyObject *cell, PyObject *value)

B cell X5 cell FINZEWN value, XFERERATATX] cell X752 2417 A5 H - value TU\% NULL,
cell W RAE NULL; IR B AZE—A cell XFZNPRRR ] -1, S35 B s )%
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void PyCell_SET (PyObject *cell, PyObject *value)

Bt cell X4 cell FIME N value, AN2VHEES TR, I HASIATKEM PASRIE L 425 cell WA70MAE
NULL 3 H A~ cell 3§42,

8.5.5 MR

RAG*5 )2 CPython SLELHRZANT . A AR — B RS0 2 s B I T AT U
PyCodeObject

ATHBCTER RIR R C 4514 . 7 Bl B

PyTypeObject PyCode_Type

Xsg—PyTypeObject 5L, HFEIR Python ) code JEHY,

int PyCode_Check (PyObject *co)

W co Jg—A code XIGNR T FEAE . HREUE 22 MIhAT

int PyCode_GetNumFree (PyCodeObject *co)

&1\ co W) B A AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-

Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, Py-

Object *freevars, PyObject *cellvars, PyObject *filename, PyObject *name,

int firstlineno, PyObject *Inotab)
Return value: New reference. 3R [Bl—/NH I ARBSXT 4 . AIRARTE 2 —A RIS X GOk A1) 8 — D
Wi, MM PyCode_NewEmpty (). WPyCode_New () E# A VASRE £ HER Y Python fit4s,
NI E LA A

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,

int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *var-
names, PyObject *freevars, PyObject *cellvars, PyOb-
Ject *filename, PyObject *name, int firstlineno, PyOb-
Jject *lnotab)
Return value: New reference. Z5{lJF PyCode_New (), {HiFH —/ 44N posonlyargcount” T [
(VAT =8

3.8 WUHTIMA.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. iR [W| LA 8 %E SCIF4 - BB R —1T 5 W S X4 . X T exec ()
8 eval () AEAISXT S IEER

8.6 HAbXtx

8.6.1 #E=x (File) ¥t¥

XL APT 20 A B SCPF R4 Python 2 C APL s/ M L, "Eid RGBT C iR Zenf /O (FILE*)
SCFf. 7 Python 3+, SCPFFIA MBI 1o Bk, ZABHIERAERGERIRER LGt VO 2 L LT IL
ANZE . PR R ECR XX LR AP RERE C WAeds, RN TR BT DR s I
=I5 RS ECAT 1o APL

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. TRYECFT IS0 fd W) SCEREIR T B — Python UM AR . B4 name,
encoding, errors F newline W] DA°A NULL Fn{8 I BRIME ;s buffering W] AR -1 FEn{F T BRIAE . name
égmﬁxﬁ%’ﬁﬁ?ﬁﬁﬁﬁo IR [F] NULL, A XSEWE LTI, 20 io.open ()
BRI Y

116

Chapter 8. BE{&xMIMRE



The Python/C API, £[F) 3.9.23

i T Python it EA HEWZM)Z, HILHENTS OS GO HIAFHE & &7 LA Bl
(BB AT ) -

3.2 WS ZWE name JB1E .

int PyObject_AsFileDescriptor (PyObject *p)
F5 p RERH SCAHA SRR B, int o WUERXSGO28EEL, MR HAR . WEREA, WA SRR
fileno () ¥k (WRAFAE) IR Ml —ANEE, B EVE SO A SRR ml . 7
WHAER R -1,

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. 22y T p.readline ([n]) , XPEREMAE p PEEE—FT. p AJARE
A REAA readline () FERAEMXS . QR nE 0, MITCIEIZATIR BT, #H L
—ATo W 2 KT 0, WM RN n AT W DAREATH— 5. FEXPIFEOLT,
WRSTRP B SCER R, MR 2SR (B, AR n /T 0, NIJGIBK EE Q&R B2 —77
B AR AIEA SRR, W5k EOFError.

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
#HE io.open_code () WIEHATH, FFHIES i i fhn a3y ok iz i .
AEPRRR T 2 — N2 PyObject * (*) (PyObject *path, void *userData) HJEEZEL, H
W path {5k PyUnicodeObject.,
userData $§5T W1 N oA T4 TR BT Rt R RS AT A A8 A B H 8248 1)
Python JR7.

BTN TR IHE S ARG, 3SR e AT B 26 T 3 ABE, BRIEE BT A
ZERSELE - BFE sys .modules HH[ .

— BB E, EMARHERRNE, ZEXPyFile SetOpenCodeHook () [IHFHREER
W, AR ARk, RECRR R E -1 R E— R

VR BT A APy _Tnitialize () ZHITAH.

Sl K— AW SEN #H1TFF setopencodehook,

3.8 OB

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXTR obj AN G p o flags ME—ZFAYPREZ Py_PRINT_RAW; WEREGE, WHAXRE
str () MAR repr () o IR 0, RIGHHERIE] -1 KFCEE A BI5

int PyFile_WriteString (const char *s, PyObject *p)

HATH s FIREYIE po FRTNEFIE O, T SR I -1, [Elerae A Bl SMRE .

8.6.2 il

PyTypeObject PyModule_Type
XAPyTypeObject [ S HIAL3K Python Bk KA, E DL types.ModuleType [JE X 555 45
Python 2% .
int PyModule_Check (PyObject *p)
2 p RS, SO R R R [E EL . R BRI R [
int PyModule_CheckExact (PyObject *p)
2 p WP G HAR PyModule Type BT 2RAIRYRT G IR B B . %R UKL A 2 [F A .
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. 2 Ml H Xt &, HJEMH _ name_ N name . FEH )X L8 )E 1k

__name_ , __doc_ ,_ package_ ,and _ loader__ (FrABEMHET __name_ HSWHIX N
“None), AR M3RME  file @M.

3.3 OB
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3.4 SR JB@E _ package_ Ml __loader_  #fi% H “None,
PyObject* PyModule_New (const char *name)

Return value: New reference. IXZ3{ T PyModule NewObject (), {HIHZ PR N UTF-8 4ahd i) =48
A4 Unicode %42,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. 2 [A] SE P module 17 fiy 44 25 [6] () F L XT %5 %4 SR 4
1 __dict__ JEMEAMN. W1HR module A Jg— MRS G (BB R FHRE) |, W5k

SystemError iR [E] NULL,
B HAh PyModule_* () and PyObject_* () PREXIMA & HEARHBIRY) _ dict

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. 1 [B] module %) __name__ {H. {EBHREZE, siFWRERAE—
NFERFER, W25k SystemError iR [A] NULL.,

3.3 BUBTIMA.

const char* PyModule_GetName (PyObject *module)
KT PryModule _GetNameObject () {HiR[E] "ut £-8" FitG K4 FK .

void* PyModule_GetState (PyObject *module)
IR PRI ORES”, Wi, IR R RSB N A B N AR B R T, B0E NULL. 2
WLPyModuleDef.m size,

PyModuleDef* PyModule_GetDef (PyObject *module)
I [E] g A B B ] 1 Py Modul eDe £ S5 IARFRE, BOE MR 2 i 4540 148 LA
3R ] NULL,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. iR A8 [fl module (Y] __file_  J@MERTINZRM B 0% . WREE:
ARE S, BEEURE AR Unicode FAFH:, M5k systemError HiR [ NULL; FEH A
BN R [\ —>Fg 1] Unicode X405 FH .
3.2 BUBT A

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule_GetFilenameObject () but return the filename encoded to ’utf-8’.

32 AT EH: PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_ GetFilenameObject () instead.

Mgt C 1R

Modules objects are usually created from extension modules (shared libraries which export an initialization function),
or compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

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

PR A 44 PR o

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.
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Py _ssize_t m_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in
multiple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the addi-
tional amount of memory it requires for its state. Non-negative m_size is required for multi-phase
initialization.

WS PEP 3121 T £ .

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDe £ values. Can be NULL if
no functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When
using single-phase initialization, m_slots must be NULL.

3.5 {4 Prior to version 3.5, this member was always set to NULL, and was defined as:
inquiry m_reload

fraverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

3.9 i H4#: No longer called before the module state is allocated.

inquiry m_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

Like PyTypeObject. tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used, the cyclic
garbage collector is not involved and m_ free is called directly.

3.9 i 558 No longer called before the module state is allocated.

freefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

3.9 R H4#: No longer called before the module state is allocated.
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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_CreateZ () 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
RuntimeWarning is emitted.

#[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 func-
tions like PyModule_ AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this
way behave more like Python modules: the initialization is split between the creation phase, when the module ob-
ject is created, and the execution phase, when it is populated. The distinction is similar to the __new__ () and
__init__ () methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()), orits contents (such as the module’s ___dict__ orindividual
classes created with Py Type_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
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 BUHTIA.
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 BUHTMA.
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The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynam-
ically adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_ Type. Any type can be
used, as long as it supports setting and getting import-related attributes. However, only PyModule_Type
instances may be returned if the PyModuleDef has non-NULL m_traverse,m_clear,m_free;non-
zero m__size; or slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in module and the Mod-
uleSpec spec. This behaves like PyModule_ FromDefAndSpecZ () with module_api_version set to
PYTHON_API_VERSION.

3.5 HUCHT A

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef — *def,  PyObject  *spec, int mod-
ule_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 Runt imeWarning is emitted.

H#5(EF]: Most uses of this function should be using PyModule_FromDefAndSpec () instead; only use this
if you are sure you need it.

3.5 JUHTA.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Process any execution slots (Py_mod_exec) given in def.
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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 PyMethodDef doc-
umentation for details on individual entries (due to the lack of a shared module namespace, module level
“functions” implemented in C typically receive the module as their first parameter, making them similar to
instance methods on Python classes). This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 HUCHTIA.

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, 0 on success.

#iE): Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on
error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObiject (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 initial-
ization function. Return —1 on error, 0 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.

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Add a type object to module. The type object is finalized by calling internally Py Type_Ready (). The name
of the type object is taken from the last component of tp_name after dot. Return —1 on error, O on success.

3.9 BUBTINA.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can
be created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not
been attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def’)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls PyState_FindModule. The function is mainly intended for implementing alternative
import mechanisms (either by calling it directly, or by referring to its implementation for details of the required
state updates).

WY 2R GIL.
Return 0 on success or -1 on failure.

3.3 BUBTINA.

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return 0 on success or -1 on failure.

WP AT AT GIL.
3.3 I A

8.6.3 %{X2& (lterator) ¥4

Python $2{E TP A ARG SB—NR2PFENAS, B __getitem () FERUERT
Fo G A AT AR A —A sentinel 5L, A0 ARSI AT SR, FFAEIR A sentinel {H
AR IR
PyTypeObject PySeqIter_ Type

pySeqglter_New () IRINGEACERA GBI AN E PP RN E R AL iter O BIERSHILI.

int PySeqIter_Check (op)
W op BN PySeqiter Type WEREIE. LRELE &2 MIIAT .

PyObject* PySeqIter_New (PyObject *seq)
Return value: New reference. 3R [o]—> 55 HUT HIA 52— 6 F 5 ACHR seq. 2475017 F#AES | &
IndexError B, #ELEEH,
PyTypeObject PyCallIter_ Type
Hi % pycalliter New () fll iter () WERERINSEOY AR ML A REAXT LR .
int PyCallIter_ Check (op)
Wk op WA pyCallTter Type WEREIE(E . HEREUE RS MINHAT.

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. 32 [Bl— AN B RS SB— S8 callable V] DA-Z AR W] DAXE B 254
PO T I A Y Python WH XIS s BRI Z R FLEA I N —ANH o 24 callable 32 7] 55
T sentinel WER}, ECHAKILE.
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8.6.4 {zEnzsMit

‘L}—H‘

ARF” SEIAR GBI R . ENAAE TR R 7l

PyTypeObject PyProperty_Type

B IAFT IR 42

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)

Return value: New reference.

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)

TR R R descr FiiAE R EIE, WHRE true; WAL, WER [ false. descr WA EAHIA
FFRt 4 &ﬁ%ﬁlﬁhﬁ

PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 YK ¥

PyTypeObject PySlice_Type

VIR RIZERXF R . B 5 Python 2T s1ice AHRMIXTE.

int PySlice_Check (PyObject *ob)

1SR ob 52—~ slice X G MR [BI EAH; ob WA N NULL, BRREUE @2 AT .

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. iR [nl—/~ B AG 4 EHA VI N5 . start, stop 1 step F5: 29 I AE slice
T GAH Y. PR SRR o X BB AR — AT RAH NULL, ZEX A O K5 None 0
XF I BB . QR BTRT R IG5 B3R [B] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)
MITR XS slice HEHL start, stop Fl step 5|5, FFFHN AN length. KT length ()75 5 K585 24
VERE IR
W RN 0, i AEEF R ] -1 H BHNERCE R (BRAEREAT IS A None HICHEAR R REEL
TEXMIE LN 2R A -1 I HiE— 55 ) .
PRATREA AT R ek B
3.2 iR SR 2 i slice BB SR AIE 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 () WA B . MBI XIS slice $EHL start, stop il step &5 |5, ¥FHK
T;)d] length, K9] R IR BEARAEAE slicelength T, 8B FI RS [ 52 L 58T —20n =k
HATE Y]

SRR O, IR ] -1 I HAN BB R

fEE): LR B0 T T A8 KNP KL R AN A . KB T R R A Py S1ice_Unpack ()
MpPyslice AdjustIndices () G, Hp
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if (PySlice_GetIndicesEx(slice, length, é&start, &stop, &step, &slicelength) <o
—0) A
// return error

}

KPR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

3.2 RS ZHi slice XS MBS A& PySliceObject *,
3.6.1 iR &% N5 Py _LIMITED_API RIXE I IXE H 0x03050400 5 0x03060000 2 [A]H
i (RFEBA) 5% 0x03060100 BB AN PySlice_GetIndicesEx () &x¥sZIlk—AN i

PySlice_Unpack () #l PySlice_AdjustIndices () W% . S5 start, stop K step 24 PR
1H.

3.6.1 WA EA: WS Py _LIMITED_API % B N /M 0x03050400 B 003060000 5
0x03060100 Z[A)MME (ANEIEBFA) W PySlice_GetIndicesEx () NEF KL,

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MA % G 8 start, stop 1 step ZHE i B B2 K C BE8, SR ERMIRF KT PY_SSIZE_T_MAX
BE 8 /N PY_SSIZE_T_MAX, #HER#h¥$/NT PY_SSIZE_T_MIN [ start F stop B3 KK
PY_SSIZE_T_MIN, FHEERMIEE/NT -PY_SSIZE_T_MAX ff step {HIM K H -PY_SSIZE_T_MAX,

AR -1, AR [E] 0
3.6.1 JUET A

Py _ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py _ssize t *stop,
Py_ssize_t step

)
¥ start/end Y )5 K5 'SR E K P I AT . B HTTE R RG] 5 S AS ST — 20y

XHEATH Y]
R . IR R 2. A& Python LAY,
3.6.1 UET A

8.6.6 Ellipsis X5

PyObject *Py_Ellipsis
Python ] E11ipsis X 5. BAREAEM . EMMPAS AT G —FERY 7 BG5S 1
. E5Py_None —HET HBIN 4

8.6.7 MemoryView 3%

—/>memoryview X5 CHHIMLE A R4 7 Fegh N — 0] PABATATHAd X 52— 21 i) Python X4 .

PyObject *PyMemoryView_ FromObject (PyObject *obj)
Return value: New reference. MHEHEZE i X H2 L HX G A H# memoryview X5 . AR obj SZHF] 5 Sl
X, W memoryview Xf ORI DARE B/ S, W B AT BB KR, AT DR Sl 4 BATHUE R
B,

PyObject *PyMemoryView FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. i Jfl mem £ H )i )2 2% v X B 7 — > memoryview % 5. flags 7] DA
PyBUF_READ B{3# PyBUF_WRITE & —.

3.3 HUHTIA.
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PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. G| t— N0 5745 8 G X 2544 view 1) memoryview X742, Ko T-fj B &
WHEMIX, PyMemoryView FromMemory () &M PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M i€ S Z% W X 42 1 B 3T 2 G & —~ memoryview Xt Fcontiguous P AF-H
(#£°C’ 5 ’Fortran order H1) . WIHNAFZIELEN), W memoryview X4 I8 IR LA NAE. HW, & HilH
H memoryview $g[i1] 7 1) bytes %f 4 .

int PyMemoryV:Lew Check (PyObject *obj)
W obj J&—> memoryview X4 MR [E EAE . H BIA ARIFEHE memoryview 2. BARELE
ST

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R [l 45 5] memoryview [1)-5: th G ih KL B A BIFR £ . mview #4%52&—A> memoryview SZf 53X 4~
A ERRA, RDAE CAE, A AR T 7 T5t KUK -

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
2 [l memoryview P J F #) 5 X 289 5 £, 5 #& W R memoryview B OB OB
if(PyMemoryViewﬁFromMemory () ﬁPyMemoryViewﬁFromBuffer () ﬁIJ e l)_llj ¥ 8] NULL.,
mview # I SE—4~ memoryview S .

8.6.8 FH&EBYIG

Python 3ZH5 “555| 117 MM —JR . BMARUL, AWM EZLBTHRXTSR. H—Mpt2 i e s
FXEGE, H MU AT REAE A R R AU

int PyWeakref_Check (ob)
MR ob 2 — A5 H B CEA SR M A . ek s 2 2 BT

int PyWeakref_ CheckRef (ob)
W ob 22— A5 XTSRRI B . EeREE 2 2 AT .

int PyWeakref_CheckProxy (ob)
W2 ob Je— B RMGR I FH . BB R 2 AT

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject callback)
Return value: New reference. JR[EIX1 5 ob [)—N555 1 FIXTS % pRELE R 2R Bl —AN85 1, (EAGR
WEANE—ASHIX S A W RERE— N5 4. "k*/l\iff/ callback Jy—A~ 7] JH X4,
BRTE ob YA Bk PG EHERSGE R ;. BNV — N RMIES, S5 HXNEAY . callback 1,
A PAA None B NULL. 3R ob N2 — 5551 X4, ﬁ%ﬁﬂ% callback N2 v X4, None
B NULL, ZHEECERE] NULL 7 HE| & TypeError,

PyObject* PyWeakref NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIXF52 ob f— 555 FIACEEXT S . % RBCRE SR Bl — N85 A,
(EALHIERE— N FXT S BERRER B — A RS . 5= TES callback k—A~7] i
XIS, B oHE ob Bi/E B M B2 GE R BN IREZ — DN EMES, RIS HNS A,
callback 0] ALK None 8{ NULL., 1R ob NE—N555 X4, B35 R Callback BT
4 None BY, NULL, ZKRECEER[E NULL 3 HE5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. iR 8] 555 | X4 ref (M5 X4 . W3R0S X 2 A FAELE, W

iR [A] Py_None,

W) Z R BOR MRS X R —A = R AGF] ] . XS G AR 1 R Rl 9 )5 A
KAV RERAS S, 5 WARD A IR AT ZR T R Py INCREF (),

PyObject* PyWeakref GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 25{MlPyWeakref_GetObject (), {HSEI H— ARG L1

Ve =d

/)

126 Chapter 8. E#HIMRE



The Python/C API, £[F) 3.9.23

8.6.9 Capsule X%k

A KA X XIS B2 {5 B 72 Y using-capsules.,

3.1 BB

PyCapsule
XAPyobject B FRBMNER A RIRIIE, &M THZRFRIRIE (124 voidr $8%t) @id Python
RS EEE HAL C AT C PREER . ERHE PRI — M S C s BUE T AR
Bl i, AR AT AGE LS AL eSS B p e b i L C APL,

PyCapsule_Destructor

Capsule fMTFIER RITHAO AL, & SCANF

typedef void (*PyCapsule_Destructor) (PyObject *);

Z W PyCapsule New () ¥3RHL PyCapsule_Destructor 32 [RI1{H )15

int PyCapsule_CheckExact (PyObject *p)
WARSHUR—APyCapsule WHREIEAE . MRS 2 BT

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. G| — 11351 pointer [{)PyCapsule., pointer 2% 0] DA A NULL,

TE R WO B — A S5 3R M) NULL,

FAFER name W] PAJE NULL 8@ — M8 A 300 C FAFER RS . WRA S NULL, 247 5 b
ML capsule K (B AR ARAVFLE destructor HRETE . )

AN destructor ZHR ) NULL, 24 &9 60 SIS RE B Y capsule /RS HORTE
AR Bt capsule 9 AR AE N — AL H A JE ME, W name | 24 B 45 % O~ modulename.
attributename. X¥F AVFHAMMBIYF T PyCcapsule Import () 5 AN capsule.

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAAAE capsule W) pointer . AEJIGIN 5 B — A~ 78 4R [M] NULL,

name JEZ Wb/ SR AFAE capsule A FRIFATAEIA LR . WISRPRFFAE capsule H1 ¥4 F5 4 NULL, W
15 AHY name W75 NULL., Python 2{fi[f] C (%X stremp () 3K H4 capsule 4% F5 .

PyCapsule Destructor PyCapsule_GetDestructor (PyObject *capsule)

IR MIERAFAE capsule H 4 FIBTAS AR . AR IR B — A5 R [B] NULL.

capsule H 5 NULL H#r 4 2% 2 & ¥% . X & i 15 NULL R [\ 5 28 B G 3 il
HﬂPyCapsule_IsValld () ijErr_Occurred () KGR L,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFAE capsule HHRY 41T SCo RSN B E—A 57 I 3% 1] NULL,

capsule H 7 NULL bFF & A&k WM. X 2 S NULL ok E A 2 G il
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule H A4 BT FR . 75 R MBS E — 3 4R [F] NULL,

capsule H H NULL % % 2 & ¥ M. X & 15 NULL ok [B 8 F 28 5 G 5 il
HPyCapsule Isvalid() 8{PyErr_Occurred () JEJHEE L.

void* PyCapsule_Import (const char *name, int no_block)
M— LAY capsule J& 4 S A$E 1) C X R F5 4. name TSV 245 @ BHN BB AR, 5
module.attribute HI—F., {FIELE capsule H111) name Wo/W 554 VCEC B FRFEE o AR no_block
SHEAE, WIPATCPHZER K ALY (i Py Import_ImportModuleNoBlock ()). U no_block
MR, WIPAMEGR S AR ([ Py Import_ImportModule ().

IR [F] capsule [P 46 4+, TE R W B — 595 IR [F] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
78 capsule 752 — G R - R capsule AR H NULL, f£# PyCapsule CheckExact (),
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P — A Ay NULL s, HFHH N A RS name JE S M ITE. (W&
FPyCapsule_GetPointer () T fRUNAINT capsule 44 AT A 215 H..)

PemiEL, MR PyCapsule Isvalid() iREIEME, WAETXTiH#E (DA PyCapsule_Get () JF
SRR EL) VR FHERARIE 25 1)

RN QARG TR AR FRGR [ AR, BIaRE 0. BLeRE—E A2 K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

K capsule WHRH) LR SCHRETHCH context .
JETI IR ] 00 SRS i [l E A I BB —
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Y- capsule WERIIBTAIZEE A destructor
IR IE] 0 S Mt i [m] HE AR T B E— A
int PyCapsule_SetName (PyObject *capsule, const char *name)

Ff capsule WHSHIZAFRBEHR name, WA NULL, WA FRAGFAE AL capsule T . A4 2 B
PRAFAE capsule Hf¥) name A NULL, WIS E .

IR 0 SRIGIGR [ IEFBAETF BB — > R .

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Ff capsule NFFH) 23 H55HCH pointer . $5%5TANW]2H NULL,
IR 00 SRIKIG R A IR BAE T BB — > .

8.6.10 [Fl&2EM4
A et 4 2 Python FH S SEELAE LASEE AR BRI . EATTE AR T AR I R ECR AR, TR R

LR PyGen_New () B{PyGen_NewWithQualName (),

PyGenObject

T HE AR AT S C S5t 1A
PyTypeObject PyGen_Type
SRS R o UE SUIATIE RO
int PyGen_Check (PyObject *ob)
MR ob ;2 —> generator X GNRFEAE; ob WK NULL. BLEELE 22 MENIIT.

int PyGen_CheckExact (PyObject *ob)
WA ob R EZE PyGen_ Type WIRBIE(E; ob MAUARN NULL. BLRREUEE 22 EIHAT .
PyObject* PyGen_New (PyFrameObject *frame)

Return value: New reference. T frame Xt % A1 g 1% Bl —ANH 00 4 i ae Xt % . GRS B —
frame 15| ZHCLUR N NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 3T frame St 4G EH R M — A s 4%, HP _ name_
__qualname__ ¥4 name Fl qualname. MHRELLHGE—RE frame 5| . frame ZELTRH
NULL,
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8.6.11 {hiZ¥sR

3.5 OB
X GR E] async JEHES P Y pREIGR 811 .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
MR ob (WAL PyCoro_Type MIRIAIEE; ob MU NULL. MEREUZ 2 AT .

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 5:¥ frame X G A IR Bl — D H XSS, Hd _ name_ Fl
__qualname__ ¥K name Fl qualname, I pRELS IS X frame (51 H . frame ZHHIAN R
NULL,

8.6.12 F T TEMR

ffiE): 3.7.1 fiSES#: e Python 3.7.1 vy, Jirfy 1R S C APL I $ B Pyobject fEHI

ANREPyContext, PyContextVar WA\ PyContextToken, fillN:

// in 3.7.0:
PyContext *PyContext_ New (wvoid);

// in 3.7.1+:
PyObject *PyContext_New (wvoid);

T2 bpo-34762 T RN .

3.7 HEHTIA.
FTRANG T contextvars fHLH A H C AP,

PyContext
F T3/~ contextvars.Context X4 C Z5HA,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C GEME,

PyContextToken
TR contextvars. Token XJRH) C Z5HK,

PyTypeObject PyContext_Type
PR context AN G

PyTypeObject PyContextVar_Type
27N context variable JERI AN 42

PyTypeObject PyContextToken_Type
RN context variable token ZETI TR R .

FRG AT -
int PyContext_CheckExact (PyObject *o)
W o WA R pyContext_Type WEREIEAH . o AR A NULL, BLRREUE &SR AT.

int PyContextVar_CheckExact (PyObject *o)
W 0 KA PyContext Var_ Type MR E(H. o IIAN NULL. HHELE R 2 MEHAAT.

8.6. Hithtzk 129



https://bugs.python.org/issue?@action=redirect&bpo=34762

The Python/C API, &[F) 3.9.23

int PyContextToken_CheckExact (PyObject *0)
R o WREL N PyContext Token Type MR E(H. o WAURA NULL. HREUR 2 BMIIPAT

RSO R R A

PyObject *PyContext_New (void)
Return value: New reference. B —NHTH025 1 SO0 5. QR % AR S5 R [M] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BI|ZERTE AR cox IR SCW B RERSE DL Q0R & A 455 M3 7] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. B4 ATLEAE N SCHI L DL . Ui & AR 45 1R 3R M) NULL,

int PyContext_Enter (PyObject *ctx)
B eox PR BIRARR) S 1] RS R E 0, iR IR [E] -1,

int PyContext_Exit (PyObject *ctx)
WO e E7F SOFRFZ BIRY_EF ST 0 M BT AR R 2410 R 3Ce iR [e] o, R R [l
-1,

o &S

PyObject *PyContextVar_New (const char *name, PyObject *def )
Return value: New reference. 83— ContextVar 4. JES name T A E IR 1.
&% def y bF R R EBINME, Bh NULL FORTEOME. QPR A SR, XA EE LR

NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
XftHXLTjC”’rEE’J{E AURAE AR P AR, IR -1, WERECH KRR, Tite Rk
B, #aRE0

ﬁﬂ%iﬁi@]i?iﬁ%, value FH2 M EIHEEE . Q2R ER SCB & A HKE, value iR :
o default_value, YNHEfE “NULL*;
o var BFIERIME, WERAZ NULL;
e NULL

B 7k [E] NULL, XA~ eR el ml— A 51 A -

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 152411 N SCHUR: var 158 value. 32 & XTSI a2, 5803
AR K A A5 R N3R [A] NUL L

int PyContextVar_Reset (PyObject *var, PyObject *token)
f{TJ:_FjCﬁr B var RS EE N EAEIR A token [ PyContextVar Set () HRAZ BIPIRE .
BRI IR [E] O, A I R [E] -1

8.6.13 DateTime 1%

datetime FEHFRML T4 Fh H AR5 . FE 0 FAEAT X SR 52 1, W A AR IR PR A v 4455 3k 3¢
14 datetlme h (EHEEN XA REETE python.h H1), 3 H % PyDateTime_IMPORT WhZH A&
I, R BRI R B — 5 . XD R R E MRS C a5 A — S AL &
PyDateTlmeAPI H, Bl N .

i UTC
PyObject* PyDateTime_TimeZone_UTC

R FR UTC B IX B, 5 datetime.timezone.utc HE—X4% .
3.7 UGBTI
RARG AT
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int PyDate_Check (PyObject *ob)
5 ob K PyDateTime_DateType Alnl PyDateTime_DateType MFEAT2AN)IR [ BH.
ob NREN NULL. ILeRECE 22 AT

int PyDate_CheckExact (PyObject *ob)
WA ob 2y PyDateTime_DateType KRNI Ef. ob ANEEHN NULL. BLpRECE &2 BT

int PyDateTime_Check (PyObject *ob)
W5 ob k) PyDateTime_DateTimeType KA al PyDateTime_DateTimeType M4 T-2 A
NR BB . ob ANl NULL. MpREUEE S AT .

int PyDateTime_CheckExact (PyObject *ob)
AR ob y PyDateTime_DateTimeType KRAINLRFIEAH. ob ANfEN NULL. BLpRELE &2 )
AT

int PyTime_Check (PyObject *ob)
R ob B2 AIE PyDateTime_TimeType B & PyDateTime_TimeType BTSN B HAH.
ob WA A NULL. MR ELE 2 25 AT

int PyTime_CheckExact (PyObject *ob)
IR ob A PyDateTime_TimeType KAEINRE|BE(H. ob ANEEN NULL, HEREES RS MIIHAT.

int PyDelta_Check (PyObject *ob)
IR ob ) PyDateTime_DeltaType K af PyDateTime_DeltaType HYFATZEI MR ] E
. ob NHEHN NULL. MERECERESBINIAT.

int PyDelta_CheckExact (PyObject *ob)
W ob ky PyDateTime_DeltaType AR [EIEAH. ob NAE M NULL. bR &S BIIHAT

int PyTZInfo_Check (PyObject *ob)
MR ob KA R PyDateTime_TZInfoType B2 PyDateTime_TZInfoType M FZEH N [H]
BE{H. ob WK NULL. MEREEES BT .

int PyTZInfo_CheckExact (PyObject *ob)
IR ob k) PyDateTime_TZInfoType KM NR [ EH. ob ANEEN NULL. HEREE 2 S T
.

T RNEXS R %

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. i12[M¥58E4H. H. HIY datetime.date X}%.

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. 120 B A 15§ %€ year, month, day, hour, minute, second £ microsecond J&{4: 1)

datetime.datetime X4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 13 |8] LA 5 5E year, month, day, hour, minute, second, microsecond £l fold J&
Py datetime.datetime %4,

3.6 BUFTIA.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. 1% 0] H. 45 35 %€ hour, minute, second and microsecond J& £/ datetime.

time X4,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. i& 0] B4 ¥5 %€ hour, minute, second, microsecond £l fold J&4HY) datetime.

time XH.
3.6 UHTIA.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. 12 [WACFREER . TPFIFIE) datetime.timedelta YR .. KT
IEAAARAE AR SR A AP AL TE datet ime . timedelta XFRIYSCRIFEHIIY X RIZ 4 .
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PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. 12[i]—/> datetime.timezone X4, ZW S EG VA offset ZFERIN
A A 24 [ 7 I 22

3.7 BB

PyObject* PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. J&[n]—~ datetime.timezone X%, ZXI%H HA VA offset ZHFERH)
[E] 78 B 22 FN N X4 B name.,

3.7 BB

— 4B J] Ok M date XF g PR HUFE B %, S E U /& PyDateTime_Date {0 f H 728 (ff] 41
PyDateTime_DateTime) F5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

ARGy, IR

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
Ay, [EIERS, 781 %12,

int PyDateTime_GET_DAY (PyDateTime_Date *0)
Il H ), [EIEss, /13 31,

—LBE R datetime Xt 4 PHERUF B % . SEUATE PyDateTime_DateTime GWFEHFRM LM, =

BONZIA A NULL, I HAEBIUA Sy A

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o)
/Ny, [EIERE S, ¢ 0 3 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
o, [EIFERH, 0% 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
mlEE, [EER, 1E0 3 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *o0)
[l Rs, [EEREEL, £ 0 2] 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o)
Return the fold, as an int from 0 through 1.

3.6 GHTIA.

— LU time X R PRI BN 2 . SEATE PyDateTime _Time fFHFAGLH . SE M0
ARJgNuLL, I HEBURSPE L
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
[l /Ny, [EIERE S, ¢ 0 3 23,
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
[l o4, [EERES, 780 % 59,
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
mlEE, [EFERE, 17E0 3 59,
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
FMERR, EERHE, 1 0 5] 999999,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.

3.6 UM

— LR timedelta X4 HEREUF B 22 . S50 JiJE PyDateTime_Delta W H FIRMSEHI. S5
WA A NULL, I HIEBUR S92

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *o)
IR A REL, M-999999999 | 999999999 [HEL %k
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3.3 JUB A
int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o)
R FDEL, MO F] 86399 AYFEEL.
3.3 BB A
intPyDateTime_DELTA_GET_MICROSECONDS(PyDamThnefDeha*0)
R AL, A O F] 999999 (1%L
3.3 UHTIA.
— B FAR LS DB AP ()%

PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. 87212 Bl — & EITCHSEN T datetime.datetime X4,
{45 datetime.datetime. fromtimestamp () .

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. B33 1R Bl — 45 B TCHSENH datetime.date X4, WEHIEL
datetime.date.fromtimestamp (),

8.6.14 FKELFMIR

Python $2{1t " ZHRh N BRI TRIUEAME, (HHA GenericAlias 25547 1 C.

PyObject* Py_GenericAlias (PyObject *origin, PyObject *args)
B 7 —> GenericAlias X4, #H24F 1 i} Python 2§ types.GenericAlias . &4 origin Fl args
SRR E GenericAlias’s_ _origin_ JEMEA __args_ J@VE. origin %@ PyTypeObject *
KA, args WA PyTupleObject * RAUMFH LR PyObject * *ﬁi WARAZ BB args Nag—1
Jedl, WEBMME—A 1 oo, ¥ __args_ WEHA (args,) « XSEIAT TF/J\FEVEG$¢
2, B origin ANE2EH, RS KT, GenericAlias [ _parameters_ JE
__args__ WUMERY . WOERKM, Wk R IR ] NULL .

TR AN R B T

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"_ class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS,
—"See PEP 585"}

}

L4
BARBAI ¥ _ class_getitem () .
3.9 OB IMA.

PyTypeObject Py_GenericAliasType
Py _GenericAlias () FriRMIAgXTERA) C 258, Z544T Python 1) types.GenericAlias .

3.9 BUBTIMA.
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CHAPTER 9

Mg, =Lz

152 R Python W45 1LELE

9.1 7 Python #i&{t 2 Hi

TE—AHEA T Python N HIARRJ T, Py _Tnitialize () BRECUBTEATATHAD Python/C APT 42 Hi
R BlAMY HAA A BIR B & 5 £ T 2.

TERIUGAL Python Z i, R PAZZ AT I AR eR &5
o FLE KL
- PyImport_AppendInittab ()
- PyImport_ExtendInittab ()
- PyInitFrozenExtensions ()
- PyMem_SetAllocator ()
- PyMem SetupDebugHooks ()
- PyObject_SetArenaAllocator ()
- Py_SetPath()
- Py_SetProgramName ()
- Py_SetPythonHome ()
- Py _SetStandardStreamEncoding ()
- PySys_AddWarnOption ()
- PySys_AddXOption ()
- PySys_ResetWarnOptions ()
o [FE AL
- Py _IsInitialized()
- PyMem_ GetAllocator ()

- PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()
- Py _GetCompiler/()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()

« TH
- Py_DecodeLocale ()

o AT Bl
- PyMem_RawMalloc ()

- PyMem_RawRealloc ()

PyMem RawCalloc ()

- PyMem_RawFree ()

% ([ AR BB B A M % fEPy _Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),

Py_GetPythonHome (), Py_GetProgramName () MlPyEval_InitThreads () HJHH-

9.2 2REETE

Python A f 5 ¥4 il 42 SR e B H A R PRI I A AL o X LERRAEBOIA I iy AT

BRI BRI, AR R R B BRI IR B, —b &FPy_BytesWarningFlag

WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag

% %5 bytes i bytearray 5 str WK F K bytes § int WK A HEL . WRKTET 2

JIUET
H b PELEE .

int Py_DebugFlag
FrEfgtra i (LR, MO T i) .

i —d L3 1 PYTHONDEBUG MBS ERE .

int Py_DontWriteBytecodeFlag

WRBLE N AES, Python ALTEF AR ZIXE A . pyc X
i1 -B YEJi A1 PYTHONDONTWRITEBY TECODE ¥fJ5AF S5 B o

int Py_FrozenFlag

MAEPy GetPath () "PUTERBIHIE R AR RHE .
i _freeze_importlib fll frozenmain F& 78 AL A TERR .

int Py HashRandomizationFlag
WA PYTHONHASHSEED MSAR B B A AE S AR RN 1.

AR ZIEAR A AEZ(E, WEEEL PYTHONHASHSEED IREEAS BRI AL =2 # Fp o

int Py_IgnoreEnvironmentFlag
ZIWEFTA PYTHON* PRIEAR G, B4, B 'E A PYTHONPATH A PYTHONHOME,

t -E Fll - T ST E .
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int Py_InspectFlag
AF AN R BN S AT AR T —c TRy, MSTEPITZMA 8y 25 #EA ST HAL,
BIEALE sys . stdin FFdE—DARumftL2 ik

i —1 YW FI PYTHONINSPECT FfBEAS BE 3 .
int Py_InteractiveFlag

B -1 PETRE .
int Py_ IsolatedFlag

PARR B8 G2 1T Python. FERR EHBLX N sys . path R & AR H SR H F1 Y site-packages H
SIS

HE] -I ﬁIﬁ&Eo
3.4 FCHTINA.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

N5 PYTHONLEGACYWINDOWSFSENCODING i As Byl s AR AR NN 1,
WEZHENE S PEP 529,
B] F 4 Windows.,

int Py_LegacyWindowsStdioFlag
W R AETME, MM i0.FileT0 MiAJE WindowsConsoleTO fEN sys MIARIENL .

42k PYTHONLEGACYWINDOWSSTDIO BEAE B i AR FAFER A 1,
HXREZHAEE, WEH PEP 528,
] F1E: Windows.,

int Py_NoSiteFlag
) site M A BT IR T 0 S sys . path I3, IR site RAEM)G PR AT
AL EE X SO (QERARA B 2 EA TSR site.main ().

EE =S ﬁIﬁﬁﬁo

int Py_NoUserSiteDirectory
AR H P site-packages HZEMF sys.path,

B —s #l -I Wi PA S PYTHONNOUSERSITE B4 ik B o

int Py_OptimizeFlag
H —O I Al PYTHONOPTIMIZE FfHEAF Bk .

int Py_QuietFlag

RIETE 22 HAR R AN s UBCRIIRCAAE .
EE -d ﬁIﬁﬁﬁo
3.2 RGBT

int Py_UnbufferedStdioFlag
o 7| stdout F1 stderr AT M,

i —u LI PYTHONUNBUFFERED b4 i B .

int Py_VerboseFlag
BRI IR PRI T Bl — 25 8L Efﬂnﬁﬁﬁ%ﬂ@ﬁ% (LB B ERE) . WERKRTEHET 2,
WA AR R BRI A A P BRSSO AT Bl 25T R . BEANA SAEIR H IR AR BAE B

i —v #EIF A PYTHONVERBOSE HIEAN X B .
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9.3 MIGILFIRLSILIRIERS

void Py_Initialize ()

WIiH1E Python fi#RESS . TEHRA Python [N R H, B W 2475 [ AT HiAth Python/C API p&%i 2
BIGE s S B AE Python #14E 102 8T T HR/DE B AME L .

KR 0] IE L B AR K (sys.modules), I 4] E EABIH builtins, _ main__ Al
sys. EXRSWIHRABIIE REKRE (sys.path), EASKE sys.argv; WA % 2 G
MPySys_SetArgvEx (). 4B _WIHMHE FERFEFH Py _Finalizebx () MIFRT) A
SPATIEMEAE . EEARENE: AR 05 W0 2 A B .

f#El: 7£ Windows |, 42l G O_TEXT H0y O_BINARY, SXIRIFRNAMH C B TH 1R
Python (43 & B 1] «

void Py_InitializeEx (int initsigs)

s initsigs M 1 WZREE TAE N SPy_Initialize () Ffll. QN3 initsigs Jy O, B RFBkAE
SALHLER A RIR LN, SXAE A Python B AT RE SR FHAL .

intPy_IsInitialized()

AR Python fERELR BRI LA, WER BT E(E (FE2): HNLREHRIE (). ZERHPy_FinalizeEx ()
25, BRBUG R B E EE| Py _Tnitialize () FRBHM .

int Py _FinalizeEx ()

WPy _1nicialize () FEHW) BT A 90 UG 1k 4 4E Al 5 22 X% Python/C APT pg £0 i f F, IF
%A LW Py _Initialize() U\EMIUJEI ﬁﬁal%%é BTE TR (BT
Py _NewInterpreter () —77), TEIAIFI T, X Rk Python RS 4 Bl i BT A N A7
28 WA AR (FERFRBEAPy_Initialize () E@rﬁ/ﬁﬂT), A PATAEATEAE . IEFEH
FIREMER 0. WERAERZAL (R ZehEdE) AR B BaT R, Whagm -1,

PO R B I NG R 2 o A AR P RT RE Ay 82 5087 /5 3 Python, T AN a0 58T JE 2l B A
AL MEhZSHm#k % (5 DLL) fi#k Python AR Y B 1A mT e Ay S 7 1 8k DLL 2 HiRF i
Python 7} L I A INAF. TERRR Y AT WA AR, JF AN SURT REA SR th Y IR 2
HiFEHL Python Jr BLHY B A 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 mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Tnitialize () and Py_FinalizeEx () more than once.

gl A —MAWSE) FHitF ) cpython. _PySys_ClearAuditHooks.
3.6 HUBTINA.

void Py Finalize ()

T MNAZRIREEN Py _FinalizeEx () FlA] FAREIAS o
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9.4 HBERSH

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WARERZREL, W4T EPy Tnitialize () ZHAH. BHEE THrME 10 680 dn s A
AP, HAS S str.encode () HIRHIE .

B 7 PYTHONIOENCODING ffH, I fif i AAUHE PAEAE SRS AR A AR H i ] 10 grfdasg
iV

encoding F/5% errors W] Ak NULL PAf# il PYTHONIOENCODING Fl/ak BRINE (BT HAthisrE) .

HHERELEREA A (SUEMHMEE), sys. stderr &l /il "backslashreplace” # iz AL B
Ao

WRBMH TPy _FinalizeEx (), WFEBEHRFEMZEEPAERL X Py _Tnitialize () W)E5E
W .

SRR O, HERIR AR (Bl AnTE RS C oI AG (L S R ) o
3.4 HUHNA.

void Py_ SetProgramName (const wchar_t *name)
IR A ek B, WM E R py_Tnitialize () ZHIAME. RS IMRSGRERF B
main () EE argv (0] SR (FHONSETAT) . Py_GetpPath () FIFTHIIRELEH A R B 2
B E AR T ARSI AL b A R AT PAT SCARRY Python G247 R . ERIMER 'python'. Z%{
I 2435 [ S A P ) — D ABEGTR S 775, RN AR AT A 2 &M% . Python
SRS R AT AR AR 2 USRI N 2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
REIHPy_setProgramName () WEFETFAFR, BUBRIARIZFR. & B0 FAF 5248 B S A6
W EA NS A

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 Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python', the prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the prefix variable in
the top-level Makefile and the ——prefix argument to the configure script at build time. The value
is available to Python code as sys.prefix. It is only useful on Unix. See also the next function.

wchar_t* Py GetExecPrefix ()
IR [FEF X 265 1 AR T - 6 SRV exec-prefix. X il H T il py_setProgramName () i
BRI 24 PR B SE PRI AR 5 IR AR 10— R AN B A FUNRAG 1 2GR UL, WERFE T2 '/
usr/local/bin/python', M| exec-prefix & ' /usr/local’'. & [\| W FEAFE 518 1 B S A1
I ARSI, oM B TR0 Make £11e Y exec,_prefix A5 DA JL7Ef PEIT 2
configure HANH] ——exec-prefix ZH. Z{HFFLA sys.exec_prefix H%Frit Python 1CHY
i . BAEHT Unix.

TR MH T E G0 S (Wa] BT SCFFISL 2 ) 2228 T ANIR] 14 H St o 4B exec-prefix
FFARFT prefix. FESLAYRLERed, AR T 5 1 SCHE AT BB $ T the /usr/local/plat fH
ST TP S ST RE L4 T /usr/local,

MMEZ, Fa& 4R IR AL A, FIunFTA 21T Solaris 2.x #:4E RS Sparc Hlas 2

ARG, (HizqT Solaris 2.x [¥) Intel HLag2 5 —Fi-F-&, 1MizfT Linux [¥) Intel HLE 25—

FioT-& o AHFEERAE RGN F) 3232 4 A GBS BRI T-4 - dF Unix BER GRG0 A

JIANTA] s X FRGE b 225 SR 22 il EL IR I prefix F1 exec-prefix J2 %A 8 X, HRH =

?HE;T; . )%E%?E‘éﬁi%% Python “FA5 i 2 ML T A K (EIHASMS7 T B 14013 i A %) Python
|

ARG EH GUALE 0 L & mount 5{ automount ¥ PAYE S A/HLEE /usr/local il /usr/
local/plat BCHEXIAE-EMAE SRS
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wchar_t* Py_GetProgramFullPath ()
i ] Python ] AT SCIRI 58 BRI T 24 75 X @ AEAARIERR P 24 7 (i _Bid Py SetProgramname ()
BB IRARIAEEHAE R AR M St BAS 0 o 3R Bl A5 SR R s S A RN,
BUCHAE. ZERFLA sys . executable (£ Ffit Python fCRS (] .

wchar_t* Py_GetPath ()
R P ERIAE I R A XRIRIERFZFK (H_Likpy_setpProgramiame () #E ) I LEIFEE
TR R FER R B — RS AT 6 2 B AR H SR B PR . o B fFE
Unix Fl macOS £ ' : ' TAE Windows b4 '; ' o IR [BIFAAFER K48 10 8 S48 V8 7 A R AE
MHAH . 53 sys.path FLEMRERR B SHE PG B DAIFERE G #is e (OF HiEw
ARPAB L) DAZE SN AR ) 3 2R B A

void Py_ SetPath (const wchar_t *)
WEBABSIE R . WRNREAEPy_Tnitialize () ZHIBIM, WPy _cetrath () ¥
Ao AN R R Ol SRR 42 . X3S T H—AN 58 A FIR T A AL i 7
[ AR T Hedir A Python (RO BEARALIER 24 11 F- & L B/ BEAFR 2B, 7E Unix Fl macOS |-
& v TAE Windows ENIE ',
XM RFFEL sys.executable iR HRRIFHISEE IR (B WPy _GetProgramFullPath ()) 1
sys.prefix fll sys.exec_prefix N2, WRAEEMA Py _Initialize () Z JGA FZEN]Y
I R B EA],
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
BEARSEAE N W, AR A 5 T A A 45 R S R E
3.8 S AE sys.executable Rl HERF I EEEAS, A SRET A4 -

const char* Py_GetVersion ()

i 1] Python MRS AS . 330RF S AN T 20 4 e

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

A (BISE— AT IER) & 24 AT Python MUAS s HITTHI I 74 42 LA S0 ) 2 2RI
BAST o SR FAF AR [ ESAT i AT ANABSCHAE . X (ERFLA sys . version BYZAFK
it Python XA {1 .

const char* Py_GetPlatform ()
RPPYHESRE SR EAF. 78 Unix b, ORFDARIERGN B AFRHEM, HHh/N5TE
2, BN EERAS s Fan, % Solaris 2.x, B{FE SunOS 5.x, iZ{H¥ A 'sunos5', FE macOS |-,
BRH "darwin'. fF Windows F'EXFH "win' . IR FAFER IS MEASIERE VTRV 1B L
HAH. Python RS A[# T sys.plat form FHEUZ(E .

const char* Py_GetCopyright ()
1R 1] 24 7] Python SRAS (1 7 AL 4FER, 14N
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

AR [ A FAFE AR A ST R A RAESCHAE . Python U Wilid sys . copyright FR%
{H.

const char* Py_GetCompiler ()

AR [0 2 5 24 BT Python IRARI S iE AR <, Ml r i S rEa, Bl

"[GCC 2.7.2.2]"

IR 5] B EAF R AR S A AR B . Python ARSI PAMAE & sys . version H13k
BOZfE.
const char* Py_GetBuildInfo ()

iR [ 9 24 i Python ARSI B4 41 S ML HARIH RN A5 6L, it :

"#67, Aug 1 1997, 22:34:28"

IR [l (R A5 B A 1) B S AR s T RN B - . Python RS 1] DA AE & sys.version Higk
HBUZA.

140 Chapter 9. #Jia{t, RLZ{tLF%RE



The Python/C API, £[F) 3.9.23

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)
HHE arge Tl argy & sys . argv. XEES H5EHFTFH main () KAWL, KAITETH T
2 1) ZERATHY A SCIE T AN J2 Python ARRERRAS I 1 AT PRAT SO o QPR BLBATI AR, ] argy
YR — IR A 2SR ER . AR R TEIA MR AL sys . argv, WM Py _FatalError ()
K E TGS S .
W2 updatepath %, CERECR 58 UARAE . AR updatepath JyAFBAE, WL BREGEKFHRBE LA T 3RA
B sys .path:

o WERAE argv (0] A —ABUA A, WA BE H SRE 40 AR BRI #] sys . path
Tk o

o AEHAFFILT (WALZUL, R arge 0 8 argv [0 RIGWIA L), WAKFE sys . path
AT SRR — A2 P AR, XM TN IS BT TAEHE % ()

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

HEE]: R T AT A AR DAAME B B A Python fERESS N AR T 15 A 0 14 updatepath.,
HAFEEREH sys.path &K F, S0 CVE-2008-5983,

TE3.1.3 ZHip A, AR LB PySys_SetArgv () ZIGTFEH % —1 sys.path Jo
=, Flnfif:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 HCHTA.

void PySys_ SetArgv (int argc, wchar_t **argv)
BB Y TPy Sys_SetArgvEx () WHE'T updatepath 2y 1 [ python R4S 5 3l i PR T

— I o
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 RS 5 updatepath (EHT -1,
void Py_ SetPythonHome (const wchar_t *home)
WEBIAY home” H 5%, Wil brifE Python FEFTERIL# . 724 PYTHONHOME | % SHCFAT
R
WS HY 45 [ ERS A T — D ASEG R F A, HNBTERR AT A REA2E . Python
fERERS I RS 2 R A A I N 2
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()
iR 1] BRI i home”, i j& B Z B X Py_SetPythonHome () WIHH BT B, SLEERET
PYTHONHOME FAH5AR B I N % A48 B i

9.5 ZENATHLEFRE2IM

Python fRERE 54 ARG AnM. Oy T 30K AFRA Python RFF, X T — AR B, Fibglobal
interprete lock SGIL, il A AL AT 2 JF A IEC A Python XH42, WAEATIE 8L, BDAE
AT B A SRR Lo BT LA, 02 B AR 493 T+
1T AR PR T A

AL, FUEESK U IRTHGIL 92 2 Python X5 1-BUFRMESN Python/C APL BAL. b T KL
FRIAT, MRS E S UHRARRE (B, sys . setswitchinterval (). BIEATERES X4
il FUPELZER VO BAEIPREL, DAEFCHL Python 87T LA HHEAT

Python R £ {6 ey Threadst ate (UGB SAR IR, BH 1
4 RS R 24 H ) Py ThreadState: ‘B PAMHi Py ThreadState Get () HIRHL.
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9.5.1 \¥ B RAEPER GIL
REBARVEGIL B9 AU BAT AT fa] BG4 -

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 PR3 I — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS 7% ¥f 4T F — A B B I B W — A B W & W & &
Py_END_ALLOW_THREADS 7% 3 XM,

AR R R S A

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

XKLL pR B ARSI 4R AR B R R i 1) 24 AT ARSI 5 5o R BI PR AT AR
S, IAAHE BB BRIBCY BT SHRET (R 55— AT AL BIPRIRBOT F O AR
SAEER AR AL T ) o AR, MR IR SRR, A AR R £ 2 T SE AR -

fE): ARG VO BRI GIL 55 WA B, (B EAETE AN TR Z7 1 Python X i K HiE 71t
S0, HCAnEr X A G h XA TR AR Y e 40 O R A AT AR o 28BSk, X B AT i s
A BEAEIRHE z11ib Al hashlib BHGRSREIL GIL.

9.5.2 JE Python Gl 12

1L 1T/ Python API (#ll threading Bibk) GIEARERS, & A3 REK—DLRAREH M L 2w
MR RIER. E2, MRLRZN C A (Flinh A B CMAREBISE =7 REIE), e
AFFA GIL BB R WA KRR L 1

ARARTE B IX LE LA A ] Python AURD  (IX3E# 2 Fak S8 =5 FEPr e it [l 8 APY i —i7) ), fikah
A Yol i QSRR S ER A (R m R I s 2, ARSI GIL, et eI &RBIRE
FEF, XEEARA RETF ARG Python/C APL. SEINPA B BRIG, ARV Y EARDIREHEE, B GIL, #
JE R AR LIRS A

PyGILState_Ensure () MIPyGILState_Release () B¥I& ABISEM LRI A #AE. M C &AL
JIE| Python Ay ST AT

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);
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Note that the PyGILState_* () functions assume there is only one global interpreter (created au-
tomatically by Py TInitialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter ()), but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 Hx fork() By FEEIN

A RLRER) 7 — DT R U EATERX C fork O TAM M. FERZ B fork (
ARG, 24— AR T fork 2 J5F A A fork HYZAETF T R EAN R AL PR LA B2 CPython EI’J
BT A IR BRI ESER  SE TR S

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.

ﬁﬁﬁf’@éﬁﬁ%ﬁﬁ X — S S B IR 35 CPython iz 4T BIR S T Z 38 15 ML, os. fork () #i
XM, XMW E RAWHE T Y al R 1 BT A HAhpyThreadstate X4 A K i A H
fiPyInterpreterState Xj”ﬁi BT 3X — S DA main” E4F 52 BERIRE R, fork () WX H Ti?ﬁg
e "main” ZERE P A, T CPython 42 JRjizdT B e Wl 7R % LR Wl i ki /\ﬁ% exec () Ff
Wi J S BB FH P 1 200 2 ME— R B Ak

9.5.4 B API

XEERAER S C 9 AU S EfR A Python AL e AR 2L s K0

PyInterpreterState
AR RS A GRS RS . R T i) — AR A LR R 2 S R A 1 DA B At
—HNERRE . AT A E AH

AR T AR ARRE AR 1 AR A z:/w—r—Eﬁl'Fﬁ (HREREPRES ] AT TIPSR AT 4545
ERob. RS Bt 2 A eIt s, TORENTAE TR -

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 ()

APATAEAT BN E 5 eR AR

A& Python 3.6 S HEHIIRA T, BUpRAUATE GIL ANFAERMEEE

3.9 JHE S R BRI AT AT B 1

3.7 RCE S ZREBPHE Py_Tnitialize () WM, HILRTHFHAGTHE.
3.2 RS R CAF S LFEPy_Tnitialize () ZHJHM.

Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
W pPyEval_InitThreads () BB NEREIIESE. SLRETEAN R GIL 4 B0 T B
H, PR AT R S AE PR AR RS A T APT 9 o

3.7 e S BIXEGIL ¥ Py _Initialize () I,
Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState* PyEval_SaveThread ()
RECAE R RERR T (R B R A FDIRASE ) NULL, R 2 & FDIRE O NULL).
WERPEWOIE:, AR E SRR E .
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void PyEval_RestoreThread (PyThreadState *tstate)
BRI SR RS Bl (2R C B TR AR BN tstate, BN NULL. ASREIC B,
I RARDAH AIRIE , & WP A AR TR

HE]: 2438 F T IEAE S A AL A LR AR T L R BCRF A 2 i 262, BIFZR A2 A2 i Python €17
o ARATATE UL R B M) _Py_IsFinalizing () B sys.is_finalizing() RAi#
FRRERR & IR AL T IR AL R v DA S N L B 22445

PyThreadState* PyThreadState_Get ()
R Y H AR . 2R AR S AR . TR AR NULL I, 30RF &  — D i i iR
GXFEYR 5k JC ARG 2 152 NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
U B AIR S S S8 1state (R BE NULL) 45 A RADIRES . &R flRE B 200 AT HoR
BERETL -

ORI AR A A, I ENRESRA TR

PyGILState_STATE PyGILState_Ensure ()
il PR 24 T 26 A2 O E #5471/ ] Python C API 1) AN 4 Python B 4% J&) fi Be s 9 09 24wtk S ). A
BRI HA S5PyGILState _Release () YR AH VT BC 5L AT DA i Ze A2 8 F B R B R 2
Wo —ekih, HELBREWE 2| Release() Z R RSB W ATEPYGILState_Ensure ()
MpyGILState Release () W z Al i i JoAth 5 L A2 A 56 /9 APL, fil 4, WJ DA IE %
M Py_BEGIN_ALLOW_THREADS flPy_END_ALLOW_THREADS %%,

REMER— Y PyCILState Ensure () WA RFRRESHINGER] ", IF b i fL s
Y5pyGILState_Release () AR Python Zb THHRPIRAS . B AR ARVFIBIHTA A , (ELX SEA04R R Ak
g IR PyGILState_Ensure () WM HES M TURIFHI PyGILState_Release ()
AR FH R4

YZRRBOR A, TR GIL HRERS TR LTS Python fUR . AT RICR- S B an L 5% -

] 4B T IEFE B ZAL B R AR UL R B A 25 % 6 R, RIEZRFEA /2 Hy Python 6]
o ARATAFEW I IL R B i) _Py_IsFinalizing() B sys.is_finalizing () Rk#
AR R T IBA T R AT R P DB G AN B Y 24848

void PyGILState_Release (PyGILState_STATE)
Rz FIRI A ARATT 55 . ZESLTA 2 )5, Python [PPIRARE 5 HAEXAM . PyGILState_Ensure ()
W Z B —#E ((F 230 5 RS KT 5 R iR 2 AR E) , X GILState API (1) f o 2 ) .

XPyGILstate Ensure () BRERIEFHARLA N S HE R — & L X PyGILState_Release () ]
VA AH PR

PyThreadState* PyGILState_GetThisThreadState ()
IRBU AR Y AT AR . IR Y BT ZeAe BV (i GILState APT U] AR Ml NULL. 57
FLARLRA X DRBRE, IESAE ELRE LT B ARSI .. XEEE—1
HEBAZ W R AL

int PyGILState_Check ()
WY LA A GIL Wz [A] 1 05RO, ek E AT ARG MATATZ AR AT . A 24 B 1Y Python
LRSS C AR B4 FIRA GIL B EA 2Rk W 1. X EZZ— AN BiAZ Wk k. HlanteH
VB TR SCE N LR A R SR AL, 4058 GIL #8 E i AT DA SRV O SR TR Y R B
S AEHARIE B B A R AT o

3.4 BUFTIA.
PATR A 2R Il AN AR R 355 5 TE Python YT A & FH 7w B I IE
Py_BEGIN_ALLOW_THREADS
WE4Y K { PyThreadState *_save; _save = PyEval SaveThread();. HHFETE
WA —NIFLAESES BN SR Py _END_ALLOW THREADS %:JUMt. A4 %R HHE—E1f
WiFZH 3.
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Py END_ALLOW_THREADS
LY A PyEval_RestoreThread(_save); }. WRBEEEGE MLAHEES: BOH52ZH
{)Py_BEGIN_ALLOW_THREADS VLR, §Z [ b CPA#E—Eiib ez .

Py_BLOCK_THREADS

X A Y & A PyEval RestoreThread(_save);: E % i T & A X MW & HF 5
WPy END_ALLOW_THREADS,

Py_UNBLOCK_THREADS

XNEY EK _save = PyEval SaveThread();: BEEM THA BT ST E R
WPy _BEGIN_ALLOW_THREADS,

9.5.5 KB4 API

FHIE RS AEPy _ITnitialize () 2580
3.7 WS Py _Tnitialize () BAFSAIIEILGIL,

PyInterpreterState* PyInterpreterState_New ()
el @~/\f§ IIRRERIRS X G . ATRESFA SRR B, (BN L0 BE7 91 AT 1 o iy i 1 )
Al ey

B k— RS E HiT 2 cpython.PyInterpreterState_New,

void PyInterpreterState_Clear (PylnlerpreterState *interp)

HERRERRSN R T IrEER .. WA 4R iR 8.
Bl R — MDA S H i3 cpython.PyInterpreterState_Clear,

void PyInterpreterState_Delete (Pylnterpi eterState *interp)

HEMBERRSN . AFEFAERMBESY. BEHZRESL MM Z
XtPyInterpreterState Clear () I EEE.

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
QIR T 45 € R A R A REIRE N R . RJRRAS B TR, EARHEEP X R
By, T AP .

void PyThreadState_Clear (PyThreadState *tstate)

HEAFDRSHZ P ITEEE . DA R

3.9 fCHE S IR EIIAES T PyThreadState.on_delete [, FEZRIMRAS, HHEAER K
HFEPyThreadState_Delete () HH,

void PyThreadState Delete (PyThreadState *tstate)
HEALAERESENEZ AFERALR MBS ABERSL I MHEHZH
Xﬂ‘PyThreadState_Clear () B’Jﬂ)ﬂﬂéiﬁ

void PyThreadState_DeleteCurrent (void)

U AT ARSI R & R R 9. SPyThreadState Delete () KM, NEERFAELERF
e . KRS UIEMH Z X Py ThreadState_Clear () WHREE.

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
FRHL Python ZRFLAIRZS tstate 124 Fif i

Return a strong reference. Return NULL if no frame is currently executing.
HiEZHPyEval GetFrame ().

tstate WhHIANA NULL.,

3.9 HUHTIMA.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
FHL Python R FRARZS tstate HYME— R AR SRR

tstate WS NULL,
3.9 BUCHTIA.
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PylInterpreterState* PyThreadState_GetInterpreter (PyThreadState *tstate)

FREL Python ZEFRIRZ tstate i 7 R REAR o
tstate WIS A NULL,
3.9 BUHTIA.
PylInterpreterState* PyInterpreterState_Get (void)

BRI T AR -

UNSRANATAE 24 B Python L REAR AN BN A7 AE 24 B AR REAR WU 5 th Blan A 1R (5 5. B IoikaR [l
NULL,

TH F iy GIL.
3.9 BUHTIMA.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

R 0] RS O ME— ID . WA TR o 2 AR AT AR AR MR 0] -1 B iR .
T FH iy GIL.
3.7 WUGHTIA.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
IR — RS & R AR 0 . R R B0 (0] NULL WA A S e | & B O 1
A RRERS L B I AT

XAJePyModule GetState () B, I MU BRI EMRES CIRAPIRELE B
3.8 HUHIA.
PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)
WHTPTA R R 6 2
throwflag T2 th A2 i) throw () ARG - WOAARZAE, JUALRE Y Fy 574 o
3.9 RE A IR BIAE A 52—A> tstate T2 5
_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
BRIl R %8
1525 PEP 523 “Adding a frame evaluation API to CPython”,
3.9 BTN

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunc-

tion eval_frame)
BCEMIPTPAL R AL
125 PEP 523 “Adding a frame evaluation API to CPython”.

3.9 BUHTMA.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. 120 —A~9" 0] AFE P IF AR L BIRSHEENTH, BB
FRR 4 — kA ) B R AE 1% T SO AR DR S o TR P 1 24 1 e R R A Bt W] AT )
Eﬁg AR PR GR W] NULL, Ui {Qﬁﬁﬁ A | A ELIA 75 124 s T T T i) 224 i 2

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 Ji HE 4% The type of the id parameter changed from long to unsigned long.
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void PyEval_AcquireThread (PyThreadState *tstate)
BRIP4 Jry AR BT 24 BT ARSIV N 1state, AL NULL. BMTEZ HICHEEIE. W
RGLAET I, W2 R AT

HiE): 427 T E PR 20T AR R R SO A 1% e, B ZFE R /2 B Python B33
Mo YRA]AFETH R Bl _Py_IsFinalizing() BY sys.is_finalizing() KHE#E
FRRERS TR IRA T i Al R v DARE G AN WD LR 22 2

38 iR & B #f W 3 N 5PyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpyGILState_Ensure () fREF—3, WIRTEMPRERS IEAE S A AL BTG ) > 445 4 B Zefe .
PyEval_RestoreThread () j&—NMGRZAI K (BRI M KVIIHRL) T EZo k.

void PyEval_ReleaseThread (PyThreadState *tstate)
524 BILARRES B NULL F R R R 8. 7E L2 A B AN E gl B HALZ 24 i A 26
PR FA o tstate ZHLLHA Y NULL, ZSHUBUN TRAEE RGN Y I RADIRE — WA,
W A — A g B R
PyEval_SaveThread () J&—MAAT K (EIMELEEMANIAL) Eim)Z2H k%

void PyEval_Acquirelock ()

R SRR B DULATELZ A g d . AURZEREC LA, W2 Bt .

32 JRAACEA: BEREAEH YA LBRSE. W& MpyEval RestoreThread()
B{PyEval_AcquireThread().

HE]: 2432 T IEAE A 2 AR A LA B pR SR A 2 i 2, RI(EZR A2 R Python 617
e ARATATE MR E 2 B/ _Py_TIsFinalizing () B sys.is_finalizing () Ri#
FRRESEAE BAL T It ZAL AT RE H DABE G AN DA B A 45

3.8 M W #: B gt W N HPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MPyGILState Ensure () fREF—3, WIRFEMERERS IEXE S 2 AV I > A 454 i R

void PyEval_ReleaseLock ()
RE A R fl R . BB b2 BT E A 28

32 MAEACE H: KA TR YA LERS F % MPyEval_saveThread ()
B{PyEval_ReleaseThread().

9.6 FREREIRZF

BIERZHABIT, VAR SR AUl Python filfeas , (HAL L) LG BLRAE Rl — b RE L 2 )
— LR RIEZ AR RS . TR BRI R — K.

CET R TIIR A B S — RS . B e — D HER T ME— 1Y Python fiERESR. 5
TR A, EAPREA HATME— 1 AR 2 R oe A L AE S AL PSR . BB A STAEIZ AT IN I A6 AL 0 Ta) (1 T
171 R s T i AU R G h i REds . Pyinterpreterstate Main () PRECIFIR [ —4
o) HORAS i85t

ﬁﬂ%\ﬁﬂ? PyThreadState_Swap () BREHET MRS Z BT . VR AT DA T 20 eR B0OK A 78 A

IXI_E: |] :

PyThreadState* Py_NewInterpreter ()
Frd— TRy . X ULF) 584k ey Python RS HATIREE . F¢ TR SR, Wy T/
PR A ST S ABB R E 0 . M iA, AR ABI builtins, _main__ fll sys .
CMEERFE (sys .modules) AR R (sys . path) R EM. FIMREA sys.argy
At BHAHIFRE VO Ji X% sys.stdin, sys.stdout fll sys.stderr (AiliX X4
FRFE 11 AH ] RS2 SO AR AT o
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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.)

PIRBHCR AU e (1) iRk k=

o WU Z B B R LR, Bl pyModule FromDefAndSpec (), F§NERMERERR QY
IR BB S . FAT C RIS I 4 R B AR AE X SR . 2 [T 3t 2.

o MR BB B IR, BllPyModule_Create (), MFFEY EIEH K ZAR, €
FEROEFRIIAML, F S ORAF B LR —A> (B0 0L Y [H—9 BB —1> (1) kT
A, R SO B E %S DU N R init BRECAN SR . B F
PRI R A SR (7) RS ITIL, XRTBE S B Z SMNAAT N (2 0L F S Bugs and

caveats).,

EREXAFTHERMMAPYy _FinalizeEx () flPy_Initialize () SEAEHVIEILIER I
I:TE'F/\T}L%HTE?Z‘KEE’J 0L XPTARFE L, §RE initmodule pREL 2 FRRIAH. 52
Bl fe—FE, XEWE A C 2SI 45728 8 Rk Lt 7 ) L=,

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 FHRFIEE

T T AR (DA AR B2 ) — bR Y ?Eﬁij[%‘ EANZ A B RS FFARSE 5L - 2R,
B2 FA SCPF AR os . close ( ET iIAraE oS eCE ) R EN14s BFTITR . BT (7)
fREaR < ALy Ry ok, ey ﬁﬁf ETCYEIE® LA e B p By i e sl () 42Jm)2E Bt
ji_?j{ﬁuﬁt mﬁg"?ﬁ#ﬁ%&*ﬁﬂ@%ﬁ G REREBAEN 7 A () MERERR a2 25 B s XA 0 B
4 T AR

8 224 45 3 T e E AR R Z A P B R . SEBIEE, RN X SR R AT
;T%VE;JI?E?g%ﬂﬁ%ﬁmE’JEbﬂ%ﬂai‘%ﬁ%ﬂﬁ (F) R L, AR T B — 5 \%TL P B Al e Gy
T ] X

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState_ Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

9.7 L&A

Sefit 7 — b i) AR AR LR AR S P RO AILAR] o X ZEE MR R eR R A 2 R SR E

int Py_ AddPendingCall (int (*func)(void *), void *arg)
FE— DB A LR RART N AT RIE S . B, RRIRIE] O FFKF fune INAEERL 32 221
MSEREAS o RN, Rkl -1 (EAR S EAL 5

HIEIIMA BRI, fune X 4P SHL arg YT MRREARARER A . XT IR % 12471) Python {U#Y
KULERF PR, (BRI 2 AT P 25

o fiiTbytecode IR T
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o FERFRFFA global interpreter lock (R func B] DA A 58814 C API),

func WLIFAEIRINISIR ] 0, SRR R ] -1 HBE N RHEES . func AP ITAREIH LA
i — A, (HAR A R R s R U & 5 il g T AT e 2R -

BB T AR 2 AT RRIRA, AT S R REas 9l

FIAEF AR R R A, VR AR GIL. A0, eREL func W] BB S LHEA BRI R RE#R R
P

B X MUZZRE, RIEARERRME LA H . RREORIE func 2R . i
FEBCTPATIHEAN RSV, func FASTERG VR Z Bigf A . R ECEE Aba M
fE& C LAEE M Python {UHS . VEREAC, &M H PyGILStateAPI,

3.9 A QISR RRBFE T ARRE AR PR T, R func RRRCEHRE TIEREGS R, AN RATE
LRI . BUERED TRERERREA H ST RIS

3.1 BUHTIMA.

9.8 SrHTFOERER

Python fi#RE &z A MNP RE 7 AT AIAA TR B T HAR AL 17— SRR G SCRF . NI BN TR, i
MEE T TH.

XA C 3% 1 RV RE 2P iR 5 A Aok % 1 | Python JZ2 0l I X G R IT 6, ERE LT C
BRI . TR EA RS AL XA O R VPRI R N R LA R R AR, L o R o AT
A ST 5 Z HI AR ) Python JZ 2% B bR K0 A5 1 FHAFAT TR o

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace ().
The first parameter is the object passed to the registration function as obyj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what B{E arg g X

PyTrace_CALL mEPy None.

PyTrace_EXCEPTION sys.exc_info () IR REER.

PyTrace_LINE BEPy None.

PyTrace_RETURN RGP IE, BCE AR i 5 S 30 R 7] NULL,
PyTrace_C_CALL TEAEYE FH RO 42

PyTrace C_EXCEPTION | iF7EViH BREOTE.

PyTrace_C_RETURN EAE R RO 4 .

PyTrace_OPCODE M E Py None.

int PyTrace_CALL
20— R EE R R AR, B0 AR A B Ak B IE 4 Pyt race func L
() what TEZHME. 5 LR AT A 0 RE B0 25 A AR Y B 8T DU Sty B TE A B b 57
] Python 15 AL F4 HIAL .

int PyTrace_EXCEPTION
B REG| KIN L4 Pyt race func BN what TEZHMH .. TEALPRSEARAT AR Z SR
what WETE T IFR R AL, TR S 1% 55 H 2P0 EAE LTI . IXAEBUN AR 2 24
47 2L Python FEJEITIN , i T B4 [ R K0S Bl S 3 A4 [l 2 it U BR R R A 2 4
Wik s it PERE T e F A RR B EAT

int PyTrace_LINE
The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
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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

BRI R 2 45 Py_t racefunc AL what FEZHI{E.

int PyTrace_C_CALL
A C BRI L 45 Pyt race func B what TESHI{H.

int PyTrace_C_EXCEPTION
YA C B KRR L4 py_trace func N what XS 1H.

int PyTrace_C_RETURN
W—As C BBUR RGPyt racefunc BRELH) what TEZ1ME.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_ LINE PyTrace_OPCODE and PyTrace_ EXCEPTION.

JA O AR GIL o

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_ SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

PR T B4 GIL

9.9 ERIAIA 2R 3THF

X2 R H Bt v P TR
PylnterpreterState* PyInterpreterState_Head ()

AR X SR [0 3 BTy e R AL 1R ATk

PylnterpreteiSrate* PyInterpreterState_Main ()

AR [ ERRREARIR S R

PyInterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M AR RS X R AL 91 R rhalk 8] interp 22 J5 TR — T
PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)
AEH S APRERS interp A1 KRIRHY ZARE SR PR A [0 55— > Py Threadstate MR HHRE .

PyThreadState* PyThreadState_Next (PyThreadState *tstate)

MHRT APy Tnterpreterstate MG SABRAS TG ALK KIFI 2 TR tstate 2 G F—
.
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9.10 HEFMFHZH

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.

R X R R AR GIL; BATSARMEH TR BIHLH .
THYERE Python . h HAELHE TLS APL I, RFE2ALHE pythread. h Ml LRFEAHA i -

#iF): None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do
refcount operations on them either.

9.10.1 & ZEEE(i% (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 BB

W%
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py_tss_t
AR R LRI, o CATREMCHI T T 219 TLS 23, I HEA — R uihie
PSRN T Bt AR AFAE A I -

Mg X Py_LIMITED_API B, foFfPy tss NEEDS_ INTT HUATH KB GHS L.

Py tss_NEEDS_INIT
EANEHY APy _tss_t ARV . THHEBEXNEANS Py _LIMITED_API 3E5E XL,

B

Py_tss_t HEIEHTE, T@Fﬁfﬁ UMITED APL S 3 AR B Fp g ARG, AR Ik SEAE R - I R 2
(189 S BAE 128 I AN 325 I 1 PR G A ] BTS20 T

Py_tss_t* PyThread_tss_alloc ()
B —A5 Py _tss NEEDS_ INIT WAL RRSH RIMIE, 505 2480 2570 B 28 O )R

[f] 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.

#i(El: A freed key becomes a dangling pointer. You should reset the key to NULL.
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Bk

XL B LS key AR NULL. IFH., WRBER Py _tss_t ibRK¥iPyThread tss_create () ¥]
IafklPy Thread tss_set () MlPyThread tss_get () AT EARE LI,

int PyThread_tss_is_created (Py_fss_t *key)
TR E WPy tss_t il has been initialized by PyThread tss_create () $E¥I G40 I5R 1]
_ANEEE
MERE.

int PyThread_tss_create (Py_tss_t *key)
2 BRI AR A —A~ TSS BERFRF R B ZBAH . WIER key ZETHE MBI AYEPy_tss_NEEDS _INIT 4]
URA N AT AR R . BEeR BT e A R Y e B R - FEE WALy B U e AN T
AEATT A EH 7 B 23R ]

void PyThread_tss_delete (Py_tss_t *key)
BB TSS S DAEAE T A R hist s S IR AR IR, T RHZ B R I RS B AT 1R 1k
). CEHSREE T Al Py Thread tss_create () FRRBERIMG . SR DAZE R —Mi - HE
S - BAE—AN O e S BB R o

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 & EAH7EfE (TLS) API

3.7 AR CE: M APT 92542 % 5 744 (1SS) APL TR .

ffiE): XA~ APTHUAS AN SCHR R TLS BRI JCE 2 4o int B E SO 3N 6 o TEIXFERY T
b, PyThread create_key () FFrRIREI—RMCRES, I HHAL TLS sAHEXFER)F- & L AR
JeRL

i BRSBTS AR A 6 A Y APT
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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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()
PyStatus_IsExit ()

PyStatus_NoMemory ()
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PyStatus_Ok ()
PyWideStringList_Append ()
PywideStringList_Insert ()
Py_ExitStatusException ()
Py_InitializeFromConfig/()

Py PrelInitialize()
Py_PrelnitializeFromArgs ()
Py_PrelInitializeFromBytesArgs ()
Py _RunMain ()

Py_GetArgcArgv ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

Z: W Initialization, Finalization, and Threads.
W%
PEP 587 "Python ] 4G4kl &

10.1 PyWideStringList

PyWideStringList

1 wehar_t* AP,
U2 length JAEZAE, W items WAZHAN N NULL Jf HLBTA A ER 3502504 NULL,
Tk
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
W item FRINE list
Python WhZ5 5 A1 4 A LASSE 8] FHT L PR

PyStatus PyWideStringList_Insert (PyWideStringlist  *list, Py _ssize_t index,
wchar_t *item)

Rf item 18 A\ B list 1] index (i & .
NS index KTE6T list WK JE, WIKF item USINE list o
index must be greater than or equal to 0.
Python W T 46 A AT T I BR K
SR B
Py_ssize_t length
List KB,

wchar_t** items

PIEIH .

const
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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, B4 exit () BIBE.

const char *err_msg
=g
HiRER
const char *func

1 B IR R B 44K, FTRASH 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 ASIR Y Python,
AEFRLAR S R AL

int PyStatus_Exception (PyStatus status)
WA A BB R GR T 0 h ECME, W SR A6 AT W4 B 61 fn E i e

H Py ExitStatusException ().

N

int PyStatus_IsError (PyStatus status)
SRR IRNG?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)
WA status &1 H A5 ) JE exit (exitcode) o NG status j2— A RRS FT B A R TH
HIFRE— N IEZR MRS . B PyStatus Exception (status) NIAEF(HM A
REBLTR I o

ftiE): ZEHS, Python YAl E PyStatus. func %, MAIELRASHI BN func 4 NULL.

Il

PyStatus alloc (void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}
return PyStatus_O0Ok () ;

}

int main(int argc, char **argv)

{
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(R L —5)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

}

PyMem_Free (ptr);

return 0;

10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
« Set the Python memory allocator
o Configure the LC_CTYPE locale
« By UTF-8 £

TG A B ST e B R A

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
WL Python Bt % RMI IR SERLE -

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
WL R & i A AR T E R

LR AT B

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 sup-
ported if Python is configured using ——without-pymalloc

Z: L, 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.

int coerce_c_locale_warn
WERAEZRAE, WRTE Cif s KA plm hl A 1 &

int dev_mode
ZW,PyConfig.dev_mode.
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int isolated
%N PyConfig.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.

{V7E Windows ["TJfl. #ifdef MS_WINDOWS ZZW[#% T Windows % &K 1tHL .

int parse_argv
W HEZE(E, Py_PrelnitializeFromArgs () fllPy_PrelInitializeFromBytesArgs ()
P A5 H A Python AT AT S BN AHIE 7 U H argv 240 20, 17540

int use_environment
%N PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

TR 4G 4k, Python 1 R %K :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Tk preconfig HC &K I 46 4L Python.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, 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).

T EARMHPyStatus_Exception () flPy_ExitStatusException () AR H (FERa
B

For Python Configuration (PyPreConfig_InitPythonConfig ()),if Pythonis initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () W] Py _PrelInitialize() Z J§. Py_InitializeFromConfig/()
Z HI BN AR A E LW FF Ay B A N RPyPreConfig.allocator # K A
PYMEM_ALLOCATOR_NOT_SET W A[¥EPy Prelnitialize () Z HitiHH .

Python memory allocation functions like PyMem RawMalloc () mustnot be used before Python preinitialization,
whereas calling directlymalloc () and free () isalwayssafe. Py_DecodeLocale () mustnot be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfig);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

/* at this point, Python will speak UTF-8 */

(N gkzs)
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(R L —5)

Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
& T RER Y T HCE Python HFESHIZEMIIA
SR TT ik

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)
R P st 5 D1 & *config str.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const

char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t * const *argv)
Set command line arguments 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)
PEOETFAFER D3 list BN length ] items

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
BEUITA Python il .

EEIH R T BRI
Preinitialize Python if needed.

void PyConfig_ Clear (PyConfig *config)
TRTICC & P

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configu-
ration in based on the PyConfig. If configuration fields which are in common with PyPreConfig are
tuned, they must be set before calling a PyConfig method:

e dev_mode
e isolated
e parse_argv

e uUse_environment
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Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called first, before other methods, since the preinitialization configuration depends on command line arguments
(if parse_argv is non-zero).

X TR IR PyStatus_Exception () il Py_ExitStatusException ()
ARPRSE (FHREGRH) .

git A B

PyWideStringList axrgv
Command line arguments, sys.argv. See parse_argv to parse argv 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._base_executable: _ PYVENV_LAUNCHER__ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

wchar_t* platlibdir

sys.platlibdir: platform library directory name, set at configure time by
--with-platlibdir, overrideable by the PYTHONPLATLIBDIR environment variable.
3.9 UM

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin S 2& AZERITIT

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

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.
BRIAE N 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

WRNARZEAE, WJFH Python T A,

int dump_refs

WA AETAE, W A 7R S X4
Py_TRACE_REFS macro must be defined in build.

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
R -NAEEE, WHERESIFHEA faulthandler.enable (),
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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

BEAILAL G A PR AR £
If use_hash_seedis 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

WHAEZAA, WX AR A THERE 2T -
int inspect

TEPAT A B Ay & 2 S R AL B
int install_signal_handlers

Install signal handlers?

int interactive
T HE
int isolated

If greater than 0, enable isolated mode:

e sys.path contains neither the script’s directory (computed from argv [0] or the current direc-
tory) nor the user’s site-packages directory.

» Python REPL $/RF: A readline WATER BHE/RAFH e HBRIARY readline L ¥ .
e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout
and sys.stderr.

{#E Windows T[], #ifdef MS_WINDOWS ZZW[#%HlF Windows % @ 1thd .,

intmalloc_stats

WoNAEEAE, IR H B Python pymalloc 1 %582 2% G TTEHE .
The option is ignored if Python is built using ——without-pymalloc.

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

int module_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module_search_paths is
overridden by the function calculating the Path Configuration.

int optimization_level
AT -
« 0: Peephole optimizer (and ___debug___is set to True)

¢ 1: Remove assertions, set ___debug___ toFalse

 2: Strip docstrings
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int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python
arguments 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 O, 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.

R} NULL, W] sys.pycache_prefix ¥4{i% H 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_ref_count

TEIR i R | ALY
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJEBI 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, WHEBEsIET 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.
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warnings A& 3 DA A S B A F US I sys.warnoptions: #x J§ — NPyConfig.
warnoptions 2k H¥§ A warnings.filters [ — 4 HIF R REHAE (Rm L
).

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItaib Hwrite bytecode BUGHIHE.

PyWideStringList xoptions
sys._xoptions.

int _use_peg_parser
Enable PEG parser? Default: 1.

Setto 0 by -X oldparser and PYTHONOLDPARSER.
21l PEP 617,
Deprecated since version 3.9, will be removed in version 3.10.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

3.9 R %% show_alloc_count FEEOHEE.

10.6 f£Fd PyConfig #4541t

FF#1164E Python (1) R Y :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
MR config Wl B AR WG4 Python.

A BT PyStatus_Exception () flPy_ExitStatusException () RALFEEH (FERE)
B,

(1] R {ii H T PyImport_FrozenModules (), PyImport_AppendInittab ()
B(PyImport_ExtendInittab (), WAL Python FiI I Z J5 . Python A b2 i 5 & 8L A &
filo Ung Python e kHIIAAL, WL AAERE RFI 4L Python Z Fiif ] Py Import_AppendInittab ()
B{PyImport_ExtendInittab ().

BCEAR AR 7R Bil:

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);

(F D)
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(R L —5)

return;

fail:

PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-

eters:

PySt
{

done

atus 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;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);
return status;

10.6.
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10.7 fREECE

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig () HREESA|E—
Jic E R AT Python 5 R GEFG 25 >€ . 140, K Python i A B HAN R HFEFT .

RBC R 20 A R E AT PSSR ar A TE R (PyConfig. argv FEANSWRYT) Aok m H SR
C AR (BN stdout) 1 LC_CTYPE M5 F IKECRFRFFAAL . (5 S AL PRES A SHCL%E

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 fif &

PyPreConfig InitPythonConfig () MlPyConfig InitPythonConfig() B SA|E—EE
ety i@— 7R 55 H Python AH[H ) H & X Python,

IS B A TS ECR WU THCE Python, T4 Jay JE 748 B 5 45 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.

SE il 4 Python 7R 502 & AR B izt T

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) A

goto fail;
}
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException(status);
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10.9 BBZEE

pyConfig % ZA M T IR NL B 7B
o BRAZBCE R
- PyConfig.home
- PyConfig.platlibdir
- PyConfig.pathconfig _warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- UETTAEA S TR R AR
- PATH MREEA8 B TR P Y 52 B4 OR A PyConfig. program_name)
__PYVENV_LAUNCHER___ IfIEAS&

(/X PR Windows only) I % HKEY_CURRENT_USER #1 HKEY_LOCAL_MACHINE
i4)”SoftwarePythonPythonCoreX. YPythonPath” I N 4 i A7 H 3% (E o X.Y 25 Python i 4~ ).

o BRI E S B

- PyConfig.base_exec_prefix

- PyConfig.base_executable

- PyConfig.base_prefix

- PyConfig.exec_prefix

- PyConfig.executable

- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set 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, Win-
dows does not log any warning).

M base_prefix Bbase_exec_prefix FEEREE, BT HMprefix fllexec_prefix #kiK

ﬁﬁc
Py_RunMain () MlPy_Main () ¥EH sys.path:

e MHrun_filename BB HE—ME __main_ .py HAKHS, WES¥run filename
WnE sys.path Fk.

o YN isolated N2

- WERE T run_module, WIXFYHTHRIFME] sys.path BIF k. WRICTABEBCY T H 5%
WAL A

- WPREE T run_filename, WIFFSCHEZARYHSRESINE] sys . path FFk.
- FEHASEOLS, WA PRI INE] sys . path 71k,
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M site_import NIEE(E, W sys.path Al site B EM. B user_site_directory i
JEZH H H 1 site-package HSRAFEAE, W site BiHoeRkfH P site-package HSEIINE] sys.path.

PFEARIC B2 B DA S S
e pyvenv.cfg
e python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER_ &5 Bk Tk EPyConfig.base_executable

10.10 Py_RunMain()

int Py_RunMain (void)
AT TE oy AT B B b 4 & 1Y iy & (PyConfig. run_command). Ml A (PyConfig.
run_filename) i (PyConfig. run_module),

BTG O T ARG 1 -1 2657, Wis4T REPL.
e, 454k Python H Rk [u]— ALk 4 exit () BREUNIE HPRAS,
W Python e 5 BH—MEM Py_RunMain () 1ER BT 245217 B E X Python BRI .

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
1t Python B IR i LA TS AL 1T, ARBGXLESAL

1012 SHERMIBLTAFEE API

RN R E APLGIA T Z 0 Briltatl, ©ig PEP 432 LR :
o BB FERiEBTBL, “E/IMERIEEA Python”:
- PERAL
- WER;
- WERC RGBS
- sys BERAGHRAHILAL (B0 sys.path MATETE)
o« 7 B YRkl Be, Python #iSE & HIdntL:
- ZHIFIE inport1ib;
- Mg RELE
- LRAE TIPS
- S sys BIRWIIRAL (Bl : Bl sys.stdout fil sys.path);
- J8f faulthandler fll tracemalloc & A[EDIHE;

- FA site fEH
- G54
AL I APT:
e PyConfig._init_main:ifsetto0, Py _TnitializeFromConfig () stops atthe "Core” initializa-
tion phase.
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e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
HEA “FE WAk BL, 5¢)K Python HI#R1L .

TE AL FrEA X AR, ASECE inport Lib Ml yii2m & HaAe “ 8 BrEdWa .
X A] HE SRVEAE Python 715 il Python DAZE T6 ol sk 280 5, WAJHES L% HE W) sys.meta_path
FARE R 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.

Rl B BB e B E L TEIX— W Bt 2 A% T A A A% T VRS R AR . % APL #idnic
NAAFIRER: eyt APL ] DAREI S8 Mo 2 98 I B B0 & A 2 3% APL,

TE Rl M FE YIsielr Bz [a)iz 4T Python fURS Y 7- 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);

}

/* 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

111 @28

1r Python H, WIEEFEH K —A 8 B Python T2 FIBHRE T FLA HE (heap) . 1% NFLA HER R
T RS Python M %% 72 %% (Python memory manager) 1#iE. Python PNTEAFHES A A [] 1 ZH 4 e b 2
AN ERAE IR A, b=, L B E AT .

TERRIR , — AR TEA LRSI i 5 AR R GEHG I A R T, WSRO0 2 )R A7 A
FiA7 5 Python HIXAOHCHE. 7ERUAIAEA BRI RERI L, JUAGHQ R 004 BB I — e 1357, IR
U Pl 2 2R O S BRI PO A B . D1, RO QA M4 B2 R ) 248 . T
SBR[ R B [ F it ok AU 5525 1 MO RUA. [, Python P74 BRARKE— L6 T 4
RELAAT QA SRS . (LRI 1R AT He O SEA T«

Python Hfi: A7 B2 th ARRER R AT, TP OW BB HE iR, BIVOE A 283 B A1 48 o) i A N A7 By
Gt PR — T 2. Python MR ANHA A S o IX AYHEZS (8] 73 o i i Python PNAFA AR
ARS8 i) Python/C APT s EIEATIH -

J T B NAERER BRI G W AZ R ) C R S Y BR SR KT Python Sf 42 HEAT A, ix s
PRECfIFE: malloc (), calloc(), realloc () fil free (). XFFFE C HHEiEsAI Python INTEASHLER
ERE, BIAMEGR, XRHT eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

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 Gap IKENAFT K2l C RIS AL PR . Python WAFE B A R 215 T /M FCAE A 45
HIR I FATR G

SR, AERZHNGOLY, L TN Python e ML ANAY, P A i Python A BG4I . i,
LR R TN C HERHN RIS, AKX R, (1] Python HEr) 55— R J& 7 B * i *
Python PN {745 IS 56 T ACHA A 7oK o BV PIrif SR i) N A7 23S L IR oo BEREE 19 F Y
FEFTA I INAFE K A2 45 Python NA7AS IR RELEARRE G0 L A7 o5 ) B A1 DA S HE A 1) T f . TN,
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TEFLEROLT, Python NS PR &R AT AE il A sl AE 24 AR AF, AN Ic, A7 T 4 s A 5 75
PEBRAE . IETERL, S AT GTRR S C PEAMECER, O VO Gt XM A AF 584 A% Python
NS HA B

%
FAI5AF B PYTHONMALLOC W] 4% FH SR Bt & Python I8 I i) INAF43 L

5 Bt PYTHONMALT.OCSTATS ] DA i JE 45 Y B il 36 B 2 pymalloc St 42 KIE4T Bl pymalloc 11
Ao 2 G A .

11.2 RIgAEED

PANBRESE S T ARG lilds . X ERBUR AL LN, NFRERA & B idFs 2240,

default raw memory allocator {§i X 254K : malloc (). calloc (). realloc () fil free(); HHEEFE
TP malloc (1) (8% calloc (1, 1))

3.4 BUHTIA.

void* PyMem_RawMalloc (size_t n)

SMHC n AT R N R ECR N AR voidx RS, ARER AR E] NULL,

TR T T AEIR (] — A MAFAY IE NULD 455, SUBRIEN T PyMem _RawMalloc (1) —#f, {HR
WA 2 DMEAT T X sa AL -

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SYBE nelem DI0%, FATCEIIKING elsize 747, FRFIFR A ECH NAFERT void> RKABFRE, W
WK R [B] NULL. AR B0 ia ik 2 .

TR F AT RER [ — ARG A NULL $84F, w7 PyMem_RawCalloc (1, 1) —F.
3.5 HUHTIA.

void* PyMem_RawRealloc (void *p, size_t n)

B p A5 TH NAFBINRFEE n 735 DURTIHINAFBR N R i/ IMECRTE , R AR FFAAE

WA p 2 NULL , WY T H PyMem_RawMalloc (n) 5 {15 n 2T 0, WRAFHRINEHIHE,
HR 29 RE, 1R IHE NULL 541 .

MdE p & NULL , BB M2 2 al# HpyMem_RawMalloc () . PyMem_RawRealloc ()
B{PyMem RawCalloc () iR

WK KM, PyMem_RawRealloc () iR[E| NULL , p {/58R2F8 A1 JE i A7 XIS A 2064l -

void PyMem_RawFree (void *p)
B p 18I N AFE IR p W22 2 B Hl PyMem_RawMalloc () . PyMem_RawRealloc ()
B,PyMem_RawCalloc () FTiR[MTREF. BN, BifE PyMem_RawFree (p) Z HIE £ H o1
BT, REXIT e KA.
2R p 2 NULL, IR At 2 8 E A 2 AT

11.3 JEED

PAUTFRREEE, 158 ANSIC AnifE, F48E TIREFRE1T 8, 7] T M Python HE4> BRI N1
BRINN G5B s il T pymalloc W 5 5B .

B R EO, WA 2 B A S 40 (GIL)

3.6 JiE s PIAEBRIARY L2 pymalloc T AER G malloc () .
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void* PyMem_Malloc (size_t n)

SrBC n AT R N R BN voidr RARE, ARIER AR [E] NULL,

K 2507 BEIR Bl — M RRY IR NULL 484, BN T PyMem Malloc (1) —H#E. {HRENFFE
AN DMEAT 7 AR 1Rk

void* PyMem_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, B NICRIKNA elsize 77, IR MG 3 FLH AR void* RAUFRER, W
WK MR [B] NULL, AR BE0I a2 .

TWREFAT A RRR [P — Mg HE NULL 484, #BEA T PyMem_Calloc (1, 1) —#F.
3.5 JUB A

void* PyMem_Realloc (void *p, size_t n)

B p A7 E NAFHRINFEEA n 735 DURTIHAAFER N R i/ IMECR TE, o A RFFANAE

WM p & NULL , WA T PyMem_Malloc (n) 5 I n %51 0, NWNFESA/NEHERE, H
ALY, RI0HE NULL 54t

% p R NULL | W B @6 AR 2 I Mpyiem Malloc() . PyMem Realloc ()
B PyMem_Calloc () BTik[EIH).

W R KW, PyMem Realloc () JR[H] NULL , p /58RI +8 ) SCHil AT IRV A 506 5] «

void PyMem_Free (void *p)
B p H6 1B N fE . p 412 Z B A HPyMem Malloc() . PyMem Realloc ()
B pyMem_Calloc () FriRE$a4t. HM, AL PyMem Free (p) ZHICAWH SR T,
KE XTI RKE .
W p & NULL, ABAfH A E AR 23T

PAR T ) 28R 22 R A . Y33 TYPE W] DAFEATAR C 28741,

TYPE* PyMem_New (TYPE, size_t n)
EpyMem Malloc () [, AL4rHL (n * sizeof (TYPE)) FATMIWNAF. Rl — kN
TYPE* BF8%F. WAERA S MERT X9 ih k.

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
SpyMem Realloc () FE, BNESPI/NEEEN (n * sizeof (TYPE)) Fi. R[E—4
il TYPE* KAUMIHRES . IRWIET, p R A48 muH AR R84, AR G 0)5% Ml NULL .

g4 C A, p MR BRI H0RAT p BRIA(E, PABEGRAE AR RN R NAT.

void PyMem_Del (void *p)
YpyMem_Free () ]

BEAL, FATAARME T LA 25 M T E R Python IWAF A lideds, mIA & LIS C APT i%l. H2
R, B ENIARELRILR Python MUAH) —dE A, T ILAEY BT -

e PyMem MALLOC (size)

e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)
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1.4 HRIECE

PATeREREE, 78 ANSIC ARifE, FH48E T RZBFIIAIAT R, TR T M Python 343 FL ARSI 77«
RN ZoBe 2% i pymalloc N 55 25

Bl TEREX R BNy, AAURAT 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_t n)
AL n AR Bl AN FE 1R BL I A void> ZEBIFRER, WA R NR [F] NULL.,

TR AT AR R Bl — AN 9 NULL 354, BB T PyObject_Malloc (1) —Ff. {HiE
WAFA S DMEAT 5 w1 R Ak -

void* PyObject_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, BWNICRIKNA elsize 77, IR MG R FLH AR void> RBUFEr,
LSRR [B] NULL. ARSI b,

TR A AR o] — N AFR AR NULL $58E, sURIAM T PyObject_calloc(l, 1) —#
3.5 JRHTIA.
void* PyObject_Realloc (void *p, size_t n)

B p A7 WE NAFBRANFEE n 735 DURTIH AR N R i/ IMECR T, o AR FFANAE

IR *p* 2 “NULL*, NAHY4FFH pyObject_Malloc (n) ; W n&T 0, MANFHRI/ NS
VAR, (HANSBOREN, ARIFI9E NULL $i54

MedE p & NULL , FNBELNEZ i HPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () AR

WRIER KW, PyObject_Realloc () iR NULL , p {3%K 248 ] e ml WA I A0 A R 1.

void PyObject_Free (void *p)
B p 18 M B N AR 3R, p D22 Z B flPyObject_Malloc() . PyObject_Realloc ()
#pyObject_Calloc() ik Bl 4a%t. BN, BFE PyObject Free(p) ZHiC &M L
TR, REATHR R

W p J& NULL, IR A A E A 28T .

11.5 BN FESBEC2E

NNA e

& B PyMem_RawMallgcPyMem_Malloc | PyOb-
ject_Malloc

KA A "pymalloc" malloc pymalloc pymalloc

e "pymalloc_debug"malloc +debug | pymalloc+de- | pymalloc +de-

bug bug

%A pymalloc f) &7 | "malloc" malloc malloc malloc

Ji A

%A pymalloc FJ7Hix | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug

i

A -
o MR MIEAS B PYTHONMALLOC FH.

e malloc: ¥ H CFEERN RS /AL, C KEimalloc (), calloc (), realloc () and free ()
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e pymalloc: pymalloc N 7% e %%
o "+ debug”: #HfH PyMem_SetupDebugHooks () 3R T

11.6 BHEMNESBECES

3.4 WU

PyMemAllocatorEx
TR WA BCER R Z5 M A . S5 R T8 7 B

i3 aX

void *ctx YENE NS AP L
T

void* malloc (void *ctx, size_t size) rEi— AN A

void* calloc(void *ctx, size_t nelem, size_t SEE— A TEEA R O B AR

elsize)

void* realloc(void *ctx, void *ptr, size_t A EE— S AR BR Bl R R RN

new_size)

void free(void *ctx, void *ptr) R N A7

3.5 Jit i 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
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()

PYMEM_DOMAIN_MEM
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free()
PYMEM_ DOMAIN_OBJ
e PyObject_Malloc()
e PyObject_Realloc ()
e PyObject_Calloc ()
e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARIBURS AE 1 A7 B 2 LA o

11.6. BEXAHFSE RS 173



The Python/C API, &[F) 3.9.23

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEE TS E I NAFH LA -
MR EBFATHE, HR e gs R Bl — ANl 9E NULL $8 4t

XFPYMEM DOMATN RAW I, Z3Fles bW e AR 24 YO BCaSiR R, ANE 45 i %
4 o

WA LA A2 T ORI Z W iids ) . ARl PyMem_SetupDebugHooks () PR
AEHT 7 e e b R 2 I 1

void PyMem_ SetupDebugHooks (void)

BCEAG I Python PAE7) FCas bR AL H S DAY A 1

By BCRY NAFE R E7 0xCD (CLEANBYTE ) HFE, BE Ay 0xDD ( DEADBYTE ) JHFT. W
FEHup 2 115235 {0 (FORBIDDENBYTE : 277 OxED ).,

BT A -
o Kl APT Ryt Sz, Bltn: X PyMem Malloc () ARG IXIHH PyOobject _Free() o
o RS KRB ACERINE A (G X T i) .
o BMZrp XL EIENEA (K ).

o K248 ffl PYMEM _DOMAIN_OBJ (4ll: PyObject_Malloc ()) MPYMEM_DOMAIN_MEM (4
PyMem_Malloc ()) 5 FLas R A GIL AR ET .

TEHEE, I tracemalloc ORI A AFHB A ECAHI (I E . HAA Y4 tracemalloc
IEFEIBER Python PNAFAMAL, I HINAFHRBHEERN, A4 SRk .
A Python B 7E AR N9, X4y 1-J2installed by default . 1575 & PYTHONMALLOC W]
PAHIRAE R AT 131 Python b 2286144 7~
3.6 AR A XA R AL ILAE A T DA R B 4 i 1Y Python. 7R A, IR L4 T BRAE
Al tracemalloc X [a] 3 77 B 40 B i 07 & . IR 1 A A A 24 PyMEM DOMATN_OBJ
M PyMEM_DOMATN_MEM TR B T, & R R B m A

3.8 R4 FirF 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fl OxFB (FORBIDDENBYTE) B4
0xCD , 0xDD Hl1 0xFD AL A ] 5 Windows CRT {#if malloc () fl free () FAFEAME.

11.7 pymalloc 43ECzE

Python A N B A% A BRI/ IS ONTEEET 512 7)) 4kl pymalloc 4y Fids . &8 B & K/
A1 256 KiB K Ay arenas” [ AFBLST . XTT KT 512 AR e, BRI H PyMem RawMalloc ()
M PyMem RawRealloc () .

pymalloc J&PYMEM DOMAIN_MEM (f @ll:  PyMem_Malloc()) AFPYMEM DOMAIN_OBJ (il un:
PyObject_Malloc ()) I ZKIASEZE .

arena 7 fit g (4 1T LA BR AR :

e Windows 1) VirtualAlloc () fll VirtualFree () ,

» mmap () Fl munmap () , GERAH,
o BN, malloc () #l free() .
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11.7.1 H%E X pymalloc Arena 43 it 2§
3.4 BT

PyObjectArenaAllocator

JAAt iR —~ arena 7P BCAR G FI IR . XSS IRAE = AP BE:

=] aXx

void *ctx YERE NS AMH P BT
B

void* alloc (void *ctx, size_t size) ABe—H size F ) DX I

void free(void *ctx, void *ptr, size_t RER— B Xk

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRHL arena 73l #R

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
XE arena 7> filgs

11.8 tracemalloc C API

3.7 BT

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

f£ tracemalloc A IR EE— AT A BCH N AFER
BR[O, HAEEEF IR ] -1 (TE¥E A FE AR ORI AR 2D o WREEH T tracemalloc MR ] -2,
AR NAERE R R, WS A IR ERE

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

75 tracemalloc BUHUPIUEIE: N C AR AESE, A ATEHR BRI BT (TR
135 tracemalloc 4 & —2, 7 &N 0.

11.9 R4l

PATR 2R 8 48 58 /NI Bl Gl H5 DA /O G DO B 25— R & A Python 3t 73 ic i

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) SRS 28 o R 4 A 7] 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... */

Q3
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(R L —5)

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THTERAEA BRI R BT, P X ELLJHE?PFH IS R BOCR BN . Sk, W RERIN
FEHL B A R B N AF AP, DATEGEAHE &5 A [ Jr o el 1) KU = A A1 DA AU 9 A0 & AL 4
e, HA—DPARCH fatal R EIRA T TRLEA [ e L3R VER A 2 e -

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3) ; /* Wrong —- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

B T R TEAL PR H Python Hi i J5UAR A7 B B2 4, Python Hr XS 2 il it pyobject _New (),
PyObject_NewVar () fMlPyObject_Del () Fe4rBEABERH -

X EERFAEAT KANAIAE C i SCRISE BB R AU R —F h kg
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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. i 7} LIRS op WU ERYZRBUANG] o 3R 1] AR L S A X R o
MR type FEUIX X RS G IEASIRAGIN , B 23X DRI M AERIAG M A G b o X A%f
R HARTFBA LY .

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'EHEEMIPyObject_Init () —FE, FH HRIGEALAS &K /INIRT SR
R EE

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. i Jf] C 45#J25%. TYPE 1 Python Z5HUST 4 type 43 Tt —4~ 8711 Python X}
%o ARTEZ Python Xf 53k g LI F BRI IR SRM5 1 TR A —. AR BE R/
type XM tp_basicsize FEERME o

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. §iJf] C fBIELE 255 TYPE 1 Python [ZEEINT 4 type 73 Be— N1
Python Xf4¢. Python Xf 43k U A € X F BN SR IRIL . $OrBCH NAF 2SRl T | TYPE
SERIN type WG tp_itemsize FEARILN) size FEIE. XX T LR TCH X P ERASAE 14 1
WYeE B ORI SRR S o R B B A i A B R 3 A7 23 B mT DAY N A7 43 B 1Y
UB, XHER T WA BCIIRCE.

void PyObject_Del (void *op)
R pyobject_New () 8{# PyObject_NewVar () PBCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - T8 IEXAEEAG op X5 iy 7 BEAR AN T AR T 1)
MR B N AF 25 ] E R e — A 2401 Python X4 .
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PyObject _Py_NoneStruct
4 None —F£RY Python XF 5. XX GALF A Py_None L5, XA BUSHR X AN R
a5t

W%
PyModule Create () /3B NAFAGI @Y B,

12.2 @AMHEE

KL A FH T2 X Python %5255 . 53X — 154k 17 13 B8 ) S5 Ha (AR B2 A TR A ) 32

12.2.1 BEFRMHMREBFOE

it 45 1 Python Xif 2 #BAE X G WA T m T MR St =/ b B F B, X7 B fpyobject
i Pyvarobject FERFIR, XEERA Nl —20 5258 S, X S0 g%t 2l Ja] B T A HoAth Python
G E Lo

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 PyOb ject *. Access to the members must be done by using the macros
Py _REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyOb ject that adds the ob_size field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done
by using the macros Py REFCNT, Py_TYPE,and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_ HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

Z W L Pyvarobject 3CFY.

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)

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.
3.9 BUBTINMA.

void Py_ SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.

3.9 BUHTMA.
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Py REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

(((PyObject*) (o)) ->ob_refcnt)

void Py_ SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 BUHTMA.

Py SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

(((PyVarObject™) (o)) -—>ob_size)

void Py_ SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.

3.9 BUHTMA.

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/ typel

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 Implementing functions and methods

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two
PyObject * parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python.
The function must return a new reference.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);
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_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 BUHTMA.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

5 C Type BX

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

Theml_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though
PyCFunct ion defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct i on. The function expects
two PyObject * values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg ParseTuple () or PyArg_UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject *
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.

3.7 BB

METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALL supporting also keyword arguments, with methods of type
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_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyObject * parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.

3.7 BUHTMA.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS
with defining_class argument added after self.

3.9 BGHTMA.

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 PyCFunct ion, with the self pa-
rameter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is
used to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to
create static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

12.2.3 Accessing attributes of extension types

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

15 C Type BX

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
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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 #iEsR
T_SHORT short

T_INT int

T_LONG KA
T_FLOAT float
T_DOUBLE double

T _STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR T
T_BYTE FIF
T_UBYTE unsigned char
T _UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL P
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 de1 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 mem-
bers can be deleted. (They are set to NULL).

Heap allocated types (created using PyType FromSpec () or similar), PyMemberDef may
contain definitions for the special members __ _dictoffset_ , _ weaklistoffset__ and
_ _vectorcalloffset_ , corresponding to tp _dictoffset, tp_weaklistoffset and
tp_vectorcall_offset in type objects. These must be defined with T_PYSSIZET and READONLY,
for example:

static PyMemberDef spam_type_members[] = {
{" dictoffset_ ", T_PYSSIZET, offsetof(Spam_object, dict), READONLY},
{NULL} /* Sentinel */

i

PyObject* PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *o)

Set an attribute belonging to the object at address obj_addr to object o. The attribute to set is described by
PyMemberDef m. Returns 0O if successful and a negative value on failure.

PyGetSetDef

Structure to define property-like access for a type. See also description of the Py TypeObject.tp _getset
slot.
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1 C Type BX

name constchar * | 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

clo- void * optional function pointer, providing additional data for getter and setter

sure

The get function takes one PyOb ject * parameter (the instance) and a function pointer (the associated

closure):

typedef PyObject * (*getter) (PyObject *, wvoid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer
(the associated closure):

typedef int (*setter) (PyObject *,

PyObject *, void *);

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with

a set exception on failure.

12.3 FBIR

HiF Python X5 R 40 i A5 M 2 — il & i TR TR LEN: Py TypeObject 45, ARG n] DA
AT PyObject_* () o PyType_* () BRECKALHEL, (HRREFRAL K ZH Python [ HIFE 7 PTG BRI
2. XU R TR AT R AR, FrPA BT AR AR B BT AT SE BB 2R AR B AR o F B

GRZBARERTALL, KRG K X AR EPFR AR R T RERE, Ke C
PREGRET, ARSI T RBUINRERY —/ NI . AR R IR R BN R T B, X T BRI E
IAESSEH P BRI BEA Tl -

BT REARES S, )T N TG TPy Typeobject B SCRUARIBIT.

12.3.1 BRESEE

"tp HiE”
PyTypeObject #& i’ KR AR R =
=S
QT DI
<R> tp_name const char * __name___ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_ t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ €
(tp_setattr) setattrfunc __setattr__, __ delattr (€
tp_as_async PyAsyncMethods * TAB1L %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * Figis %
tp_as_sequence PySequenceMethods * F gl %
tp_as_mapping PyMappingMethods * Fig s %
BET—H
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R1-#ErH—8
PyTypeObject f& i B3] R B =
2

OT I
tp_hash hashfunc __hash___ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _str X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X €
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le , _eq _,_ne_,| X (€

_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__
tp_dict PyObject * _dict__
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set ., delete_ X
tp_dictoffset Py _ssize t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__
<tp_mro> PyObject * __mro__
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

VMES RIS FORTE (P ) CFE M. RIES P FRRIZSUN IR . TR S AR AR . <R (T
iéﬁ‘z)z%%mi%?é’i%u‘é%?ﬁﬁ (W2 A null).
-
»()”’: PyBaseObject_Type WX E
T PyType_ Type Wk

"DP: Bk (7RI y NULL)

X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? - PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
i g é[*];{
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FHEGL
i ES] FHR T
am_await unaryfunc __await__
am_aiter unaryfunc __ aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc _jadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc __mod__ __rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__

_ rdivmod___
nb_power ternaryfunc __pOW__ _ Ipow__
nb_inplace_power ternaryfunc __mow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift___ rlshift__
nb_inplace_1lshift binaryfunc __ilshift__
nb_rshift binaryfunc __rshift__

__rrshift_
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc _jand__
nb_xor binaryfunc __XOr__ _ TrXor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc __jor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index__

BET—H

>

oe

oo

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots;
- it's complicated; see the slot's description

R, A TR R R A R A AR I -

see the slot's description

12.3. HER
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x2-#Er—8

R 3] A E
nb_matrix_multiply binaryfunc __matmul__

_ rmatmul__
nb_inplace_matrix _multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem___
mp_ass_subscript objobjargproc __setitem__,

_delitem___
sq_length lenfunc _len_
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _mul__
sg_item ssizeargfunc __getitem___
sg_ass_item ssizeobjargproc __setitem___

__delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc _dadd__
sqg_inplace_repeat ssizeargfunc __imul__
bf _getbuffer getbufferproc ()
bf_releasebuffer releasebufferproc/()
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FE{L typedef
typedef SHER IR [EFEEY
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
Dz + 3k
12.3. &% PyObject *
hashfunc PyObject * Py_hash_t

richcmpfunc

PyObiect *
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WESREEZ KR typedef BHHEZTEAFELE .

12.3.2 PyTypeObiject

X

PyTypeObject MZEHIE X ATVATE Include/object .h HEkE|., N T HES%E, WEERTHPME

typedef struct _typeobject {

PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* 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;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

F

7t

~

IRZE)
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(R L —5)

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 #& i

*ﬁiiﬂ‘% EHY R T Pyvarobject 450, ob_size %&Hﬂ?bﬂu%ﬂ(dﬂ type_new ) B,
BRIV . HRPyType Type GuRR) 20ttt itemsize, XEWEHEE EI’J;’:T?J (GIE Yo}

%) ')Aﬁiﬂﬁ ob_size FEt,

PyObject* PyObject . _ob_next
PyObject* PyObject ._ob_prev

These fields are only present when the macro Py_TRACE_REFS 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.

Aok :
P BA ST RBIR.

Py _ssize_t PyObject .ob_refcnt

KRR E 5 HIT4, H PyObject _HEAD_INIT ZZHIUR4L N 1. THEERBITESO AT
Llpop] g“%ﬁ ob_type F§IIZEA) RABIMAZIHTTE. EXTFIISSERIBINT G, L) #
FEWEAES | .

ok :
TREURGRR I T B -

PyTypeObject* PyObject . ob_type

DOBRR AR, ) ih it 2 ok A, Bl % PyObject _HEAD_INIT MSHCKMWIG, &

B’Jfﬁﬂ‘ﬁi LT 2 «PyType_Type o AlJ& N TSNS AY B £ /07E Windows R, %
PEER SRS X 2 AN IR A . PR DL BRI 54% 338 NULL 43 %% PyObject_HEAD_INIT Jf

ﬂﬁﬁﬁ%é@%ﬂﬁé%@&ﬂﬁaﬂﬁ CADAT AT E 2 BRI AR A A B . LB S A 1) -
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Foo_Type.ob_type = &PyType_Type;

R MAZAE BN H I AT LB Z HISE M. Py Type_Ready () #i# ob_type 273 NULL, I
e, WAHEIE ob_type FERAIIGHE . WRETBARE, WryType Ready () ARHEME.

MoK :
BT Bl R AAK

12.3.4 PyVarObject #&{iz

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.

Aok :
TREAGIR I T B -

12.3.5 PyTypeObject &

B MECIHA — DI R R R X R . WPy Type _Ready () SFE%TBOA NULL B EERIHE, 8
2WH A “BRN #84r. (FER, 7E PyBaseObject_Type fllPyType Type W BIVFZFE L
b b3t BRIAE. )

const char* PyTypeObject . tp_name

F5%F, FRPA NULL 45 R 3R BB A PRI FEAFER o X 0] DME ISR 42 A s A 28y, =7
FRER Y e SE RIS, G5, FREIREAAL . TN E R, PR R R4 .
W AR, WSE B4 2 se B A i —3 2. BN, & p 7 Q AYEH: M
HE ZRBL T i tp_name WiZMIIRIE N "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.

WERAFAERS, WA tp_name FBAFEN __name_ JEMEVIIN, 1l __module_ J&MENIF
e A E Y (BRARTE b BaCHb i i, I B SCPnid) o IXERAE VR SR ALRE T VAT pickle. 11
b, H pydoc BRI SCR A 2971 HE 2R 2.

ETBORT[ O NULL, BE/PyTypeObject () HME—HLIHFE (B THENtp_itemsize DA
Hh) .

Aok :
TRBAGIR I T B

Py_ssize_t PyTypeObject .tp_basicsize
Py _ssize_t PyTypeObject .tp_itemsize

A X 28 BT DAV SR A S DA D AL RN
TAAEPIAN A B [ KRB R Htp_itemsize FBONE: A WA K EZ LIRS

Htp_itemsize FEANET. T HARERKELGIMER, FraLolmg/NEHR, BERN
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the "length” of the object. The value of
N is typically stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative
ob_size toindicate a negative number, and N is abs (ob_size) there. Also, the presence of anob_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).
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The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

KX FERI UL - QRAR R A% B TR ERE IR 5F, WINGEE tp_basicsize WEREH. Billn: 41

PEHA LKA T —4 double 4. tp_itemsize & sizeof (double) . FLFFE A HATH

fRtp_basicsize J& sizeof (double) HIfFEr (fR¥EX 2 double BN FFEK).

M TFAAT RA AR S BIR ZEAL, % F Bl NULL,

Yok :

IXBEE BORE i T Ak K . MR EEAR KA — N ERWtp itemsize, MBATETRA P

fitp_itemsize WEAAFMWAEBEET RALEN (X TR AR AR .
destructor PyTypeObject .tp_dealloc

5 1) SR R RO i 6T B AR PRUESR LAY S BIGEA BRI IR R BINTR None Ml ELLipsis
HREE) A WALZFE SGX AR BB AT -

’void tp_dealloc (PyObject *self);

LEIHECh 08}, Py _DECREF () flPy_XDECREF () ZZVR FNTHIBREL. DLAT, SEBIARGAE, H
CAA TXEMTIH . Hrid kB aZ R0z LA T A5 I, BERO% S HIA 1T NAF%
X (I 23 HE AT S KRR TR B0 ), VR % B t p_ £ ree PR ISR AUR T 1284k (3%
B EPy TPFLAGS BASETYPE AREAL), WAV BBV 0RE L, N tp_free.
X5 WIRE I RN 1% 5 A B eR O 1. - MR PyObject_New () B PyObject_vVarNew () 4
fii, W NPyObject_Del (); WM Pyobject_GC _New () B PyObject_GC_NewVar () 4y
ft, ¥ NPyObject_GC_Del ().

WARAZ B S R B i (BEE T Py _TPFLAGS_HAVE_GC FRfr) , MrAass M iz e i BRATAn) % 51
FERZHEHPyObject_GC_UnTrack ().

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR(self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

}

e, WAHSZKBEAENE EATRRY (Py_TPFLAGS_HEAPTYPE), REMaR N RAE 2SRRI )G
=V PO Vi RaE S R i S S a aUES Rk

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 RBAK .
Py_ssize_t PyTypeObject .tp_vectorcall_offset

— AR RS H vectorcall w33 52 B X G 19 552 1) 2% R K00 T 38 1) i 7% B, X — b LU ] B2
Mtp_call HARMEAESE.

This field is only used if the flag Py TPFLAGS_ HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcallfunc pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.
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{EAiXE T Py_TPFLAGS_HAVE_VECTORCALL MRtk E tp_call HH{EHATNY vector-
callfunc FRB—F. XA PAR LR tp_call X Pyvectorcall call () L.

g e Tt is not recommended for heap rypes to implement the vectorcall protocol. When a user sets
__call__ inPython code, only #p_call is updated, likely making it inconsistent with the vectorcall func-
tion.

HE): 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 BUHESE: 76 3.8 U2 1, KA A 4 b tp_print. 7€ Python 2. 1, B THT EIE] Lk,
7E Python 3.0 % 3.7 1, ‘BR AWM

Aok :

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflagis not always inherited.
If it’s not, then the subclass won't use vectorcall, except when PyVectorcall Call () is explicitly called.
This is in particular the case for heap types (including subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr
—/IN 5 1) SRIBU R R A Ef R R W] R R

RTBEF M. MERGE SN, MiZfltp_getattro fiI[E— %L, HEZ 4 CFRHSI
FOREMES, TAZ Python FAFHRXTSE

ok :
A8 tp_getattr, tp_getattro

ETBEWTEMep_getattro figkik: M TFRAM p getattr fitp_getattro Y NULL
IHZ T MR R BEBIE N K tp_getattr Mltp_getattro,

setattrfunc PyTypeObject .tp_setattr
— NG 1] BR R AT AN B3 S R T AR T

ZTBEF M. MERGE N, MiZfltp_setattro fg[H— %L, HEZ—4 CFRHSI
FOREMES , A2 Python “FAFHRXTSE

Mok :
S tp_setattr, tp_setattro

REBESP T LB Mtp_setattro kR : YT RABI W tp setattr fltp_setattro ¥H
NULL FHZ FRALE R BRI K cp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
B —MIENSTE C )2 XM awaitable Flasynchronous iterator HpS )Xt G2 AH 5556 it 7 B 0t B
ZERR . TSP xR aE ik T IRVE .

3.5 BT FEZ HIRE RN tp_compare fil tp_reserved,
Mok :
tp_as_async FERASHAK, (B ST B MR K.

reprfunc PyTypeObject . tp_repr
— BT NEREL repr () MIRRBHY AT EEET

%% 4 HPyObject_Repr () EI"J*HIEJ:

PyObject *tp_repr (PyObject *self);

ZPREL AR ] — P £F il Unicode 352 TtiEEMP*/J%T7 BRI 2R n] — AN PAFH R
e eval O I, HECHG@ERINEL, iR bl —NEAHRERTR . WRXARAT, Mg
i&ﬁl~4%'< TERFRA > %%E’JT@&’J%%Tﬁ%ﬁ&ﬂ%lﬂ’]%ﬁ%ﬂﬁﬂ’]“”%%
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ok :
BT Bt R BAK
BN

WK BLEZ T B, WRE] <3s object at %p> W TR, Ho s M H N EBLTE,
Sp RPN G ) A HLE o

PyNumberMethods* PyTypeObject .tp_as number
R — A A AR AR, o A S AT R PR S i B TR S
WA 2 B AR

Aok :
tp_as_number FERAXYWMWR, HITLEHTBEBRMAPTK .
PySequenceMethods* PyTypeObject .tp_as_sequence

e — A mES AR FaEr, Hrh & RS AT P ISR G A 7B . X85 By SCR L 7
33} R s Mtk
Aok :

tp_as_sequence FEIRSHIAA, (HIML & T B9 AghK .

PyMappingMethods* PyTypeObject .tp_as mapplng
R — MM EE R RFEET, o A E KA PTG S 7 B o X 87 BOrl) SRS ke
ST RgE Mk

oK :
tp_as_mapping FRARUEK, (AP0 7BRSPHMAR.

hashfunc PyTypeObject .tp_hash
—NEISCIL T A E PR hash () B RRE AT kSR AL

HEX 5pyobject_Hash () [HH[HE:

Py_hash_t tp_hash (PyObject *);

—L AR IEH IR EERGR 0] TSRS A (B R v AR AR RIS, sRBOV IR — S IR

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNot Implemented ().

HF B g B hPyobject_HashNot Implemented () PAFH I MAC R BI GRS 7 5 5. AF
Python EH X ¥ AR N __hash__ = None WY, {#45 isinstance (o, collections.
Hashable) IEffiR[A] False.. R RMZ A : 7E Python ZTH & E— KM __hash__
= None &f{§if8 tp_hash f{\ g% B NPyObject_HashNot Implemented ().

Yok :
AY#: tp_hash, tp_richcompare

ZFES TR RE tp_richcompare —{EgkHK: MR tp _richcompare fltp_hash 1y
N NULL B F2RAL RN 4k & t p_richcompare fMltp_hash.

ternaryfunc PyTypeObject .tp_call

— AN A SE P SR B HE ] BRI R AR . QSR XTSRS B TR X S W NULL, HA 4
Hpyobject_call () [AHEIHE:

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

Aok :
BT Be e TR AAK

reprfunc PyTypeObject .tp_str
— AR SEINE str () BAERREIOIRE . (IR str BIER— DA, str (O 2%
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BRI RS . Z GRS RFR Pyobject_str () PATERREEIE, MPyobject_str () ¥ H
AL TS )

HEM Spyobject_str () WHIFE:

’PyObject *tp_str (PyObject *self);

R B IIR [0 — A F AP B Unicode X4t . B 22— “AH" FIXRTFAERRNER, BA
LR EAE print () BRECP S5 HABNE—EME R ERER.

Bk :

BBt TR IAK

BN

YRBCE LT B, R Pyobject _Repr () KRBl —FAFERFIRIE,

getattrofunc PyTypeObject . tp_getattro
— R RIBUR M AT R R R TR

H& 4 5pyobject_GetAttr () HFHE):

PyObject *tp_getattro(PyObject *self, PyObject *attr);

DA IR IZ F BN PyObject_GenericGetAttr (), BT AHX G @R I =
4ok :
A3eH: tp_getattr, tp_getattro

ZFBESW T RFtp_getattr —B4hK: U1K cp_getattr fltp_getattro Ay NULL
B FRBDE R gk K cp_getattr flltp_getattro,

BRik:
PyBaseObject_Type [fifflPyObject_GenericGetAttr ().,

setattrofunc PyTypeObject . tp_setattro
/I [ R KA U R e S Pk A P EHE £

HA & Epyobject_SetAttr () HHFE:

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

B A, 3 Ab S HE R value ¥ K NULL O M R JE Ve @ R AT DA Oy (8 MR % o Bk
“hHPyObject_GenericSetAttr (), BEEM TGN ZEEREE .

Mok :
S tp_setattr, tp_setattro

ZFERESW TEBE cp _setattr —EYEEK: B TREBMWtp setattr fMtp_setattro ¥ H
NULL I T2RADE RN 4K tp_setattr fltp_setattro,

BRik:
PyBaseObject_Type @)ﬂ PyObject_GenericSetAttr ().
PyBufferProcs* PyTypeObject .tp_as_buffer
i 1 — A S S G X 11 RN GAH O 1) 2 B IR G5 A AR R HR B o IX B8 B SO 2 I 2%
NAESS R 2 AL NN
ok :
tp_as_buffer FERASHMRK, HITLEWTERBEAMMEK.
unsigned long PyTypeObject .tp_flags
BRI Z A AR RS . FELEARFE W ) TR E S ST 35 95— SUHETAR U T 45
HKAINT S (Wit tp_as_number, tp_as_sequence, tp_as_mapping fltp_as_buffer 5|
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WL ) TR E TR, EAHEDT R PR BRARG MR AR AL G I, e Y
PREPE L7 B AN AT 07 ) HLb AR BAT 58 NULL i

ok :

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.

2Rik:
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
frfERS:

HwiE SCT AN AR WA | sS4 E AT 24T OR I AE Mitp_flags %&E’Jﬁa
FPyType_HasFeature () ¥5—NEBA—ANHAME p M f, HA#E tp—>tp_flags & f&
A AREAE
Py TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_t ype field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREFed).

ok :
277
Py TPFLAGS_BASETYPE
2 PR A A A S — A SR R R A I LR O B WSRAZ HURR g I, ks
RURFTCYERE P28 (LT Java Hff) final” 2%).,
K :
277
Py_TPFLAGS READY
MW G E L Py Type Ready () {564 S BIAETZ HU AR 7 R0
kR :
277
Py TPFLAGS_READYING
MpyType Ready () ATERIIEAL LIS TUNT G i A b P2 U A 6 R
kR :
277
Py_TPFLAGS_HAVE_GC
24 6 G2 57 By B (0] S0 B 2 B AR R R R R, ISR REE TR B R L, ) S 0 2
H%PyObJect GC_New () EE@JL%{%H%IPyObJect GC_Del () FKtHE. L5 B WL %

A I GF PRI DI — o % R IR R 5 R R P A GC M X B tp_traverse
%I] tp_clear,

Pk :
ﬁéﬂ: Py TPFLAGS_HAVE_ GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverseand tp_clear
fields, i.e. if the Py_ TPFLAGS_HAVE_GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.
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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.
Aok :

777

Py TPFLAGS_METHOD_DESCRIPTOR
AR AR G AT AT R G8 8 v
WHE N type (meth) BHE TZiEbR, HRA:

e meth._ get_ (obj, cls) (*args, **kwds) (H 9 obj AN None) 7 £ 4 T

meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) & 2 % #ff T meth(*args,

**kwds) .

Bt obj .meth () XARAILET AT B AL EXRFEEGN ob] . meth A I

“HETTET MR
3.8 OB
Mok :

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get

is inherited.
Py_TPFLAGS_LONG_SUBCLASS
Py TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

XA Py Long_Check () % BB R PGHEM E — AU NN E BB 1285 XFER
LK iz A AN PyOb ject _IsInstance () BHEPLGHE, MR H N ERBK H E LK
R U IER B tp flags, 75 05X REAY AL IEFT A2 B A AR DR R (5 P ) G ) Ao 24

1M B IS R BT
Py TPFLAGS_HAVE_FINALIZE
YRBEEMR A E tp_finalize RECI BB XA R

3.4 BT

3.8 Mt C[EH: BLAR O A FE 2 b 0, R R 4% & B e S AL M 1 op R AT

fEtp_finalize fl{v.
Py TPFLAGS_HAVE_VECTORCALL

WSS T vectorcall Vil ISR BEIXAN AR . S ltp_vectorcall_offset |G

Aok :

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit

Py TPFLAGS_HAVE_VECTORCALL.
3.9 BUBTIA.

const char* PyTypeObject .tp_doc

—NATRERR 4 ) 4 SR IR G SR P AT R I LA NUL S55R C AT IR . IR ER

RSP B _doc_ Jath.
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ok :
EATFE AR RAGK.
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 5 Python B3R ATy S8 B S ZAR EATHE A 5 8 T S F AR el — i h &

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_traverse function simply calls Py. VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:

static int
local_traverse(localobject *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->args);

Py _VISIT (self->kw);

Py_VISIT (self->dict);

return 0;

}

R Py VISTT () (UABAERT ASINORERS | IO A EROR . BORIEAE A self->key M
B, (BB HAEN NULL B Python “F4F 3 [H I AN BE A 315 | IR —AB7>

e —J7 Eﬂ@M\%ﬂiﬁ%ﬁ‘ﬁiﬁﬁﬁﬁ‘*)ﬁ?ﬂﬁﬂ%IﬁﬂEI’J g, AR A B VR 7598 W] AR
B E R g A get_referents () HRECHSOIEE.

% 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 via the
tp_weaklist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

1%& Py_VISIT() BisRAEY local_traverse () [ visit il arg B S EH G EWATR, AE|E

Heap-allocated types (Py_TPFLAGS_HEAPTYPE, such as those created with PyType FromSpec ()
and similar APIs) hold a reference to their type. Their traversal function must therefore either visit
Py TYPE (self), or delegate this responsibility by calling tp_t raverse of another heap-allocated type
(such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

3.9 HUEEAE: HEAMILRALNY 1) tp_traverse HI) Py TYPE (self) . TEE LY Python fiiA
HI T bug 40217, SXFEMUA] 82 T BRI b 2R it .

ok :
Ay8H: 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
flaghbit, tp_traverse,and tp_clear areall 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 *);
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tp_clear ﬁfu\@%ﬁ%ﬂiﬂ%%TTEﬁiﬂiEW%%Tﬁﬂﬁﬂ*&?ﬂ'J§IJE’J?IﬁfﬁlH%o Bk, &% H
T to_clear BB E]—HE AFTRE TG 51 FAEER. XA R a8, I Hn {54 5¢
MR ER M tp_clear HEL. %w,mﬁ*ﬁf%%ﬂquﬂ%r@ﬁ,lﬁﬁT BIEHH 58 42 H
TCHRA SRS T . B HAMET Y to_clear pRETDAA L PAFTREAT ] 62 5 T AL I TR ER .
AR B RERIAY, I HAR DS ARG tp_clear BG4 .

tp_clear WSEBLRY 24 25 7 SC i ) H B AT RE Python XFRAYTI, FHRFHE 1) X L2 57 1 1
B NULL, 0N BB

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return 0;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be decremented until after the pointer to the contained object is set to NULL. This
is because decrementing the reference count may cause the contained object to become trash, triggering a
chain of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref
callbacks, associated with the contained object). If it’s possible for such code to reference self again, it’s im-
portant that the pointer to the contained object be NULL at that time, so that self knows the contained object
can no longer be used. The Py CLEAR () macro performs the operations in a safe order.

R tp_clear IR & RAESLBIGIRGH 7 BeZ BIBOR . BIAN, 2451 BUL AR E X A
BRI, WA Sy RARPR LI UGS e B tp_dealloc,

W Rt _clear MEW B WSFTHAGERTI A, BroAAR TS 25 R Ir 6 & X5 40 Python =49 B 5§
Python ¥4k, BEAMILES SWERAGI M. H—TrH, i I}?Fﬁ@/\lﬁﬁéjﬁ Python X4, 4520
WMtp_dealloc FRECKEMIE tp clear AR IE,

H 7 Python B3R MWy S0 B 245 BOATHE A AT 5 5 A S AT s I el — T A
MoK :
Are: Py _TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject . tp_richcompare

— AR 1 B R R B R R, R AR A

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

F—MESRLRIE NPy Typeobject g IR SLH] .

Z% PR, 2411 0] LU 25 5 GE#F Py_True 3{ Py_False). WIHRAE LHEZHE, BUHER
Py NotImplemented, HIM &4 T HAWEE RN & AAGR ] NULL H& &4~ 781 &0

A H B E L HVEtp_richcompare fllPyObject_RichCompare () [E =145

BE TR
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=
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FE LA T 2N T b gn S 3 & B EL R R AL

Py_RETURN_RICHCOMPARE (VAL A, VAL_B, op)
MZ R ECRE] Py_True B Py_False, XHURT RIS . VAL_A #l VAL_B W75 ] il
i C Wi BHAFHATHET R (B0, BT Ak C BB a7 550 « 58 =S8R I ki
B8, 5pPyobject_RichCompare () HZE—FE.

The return value’s reference count is properly incremented.
KA, FBEE R %R EOR 8] NULL.
3.7 EHTIA.

Aok :

/Y4 tp_hash, tp_richcompare

ZFE S TR tp_hash —H 4K : K TRAWtp_richcompare fMltp_hash ¥J5 NULL
IRV R gk K c p_richcompare Mltp_hash,

BRiM:
PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-

ever, if only tp_hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py _ssize_t PyTypeObject .tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_ * () functions. The instance structure needs
to include a field of type PyOb ject * which is initialized to NULL.

ANERZTB S tp_weaklist {Bif; & 2R LA GRS 5 sk .
Aok :
BTBRWTRBER, BEESFT SN . TR AE R W R XEWRE TR

R TR ST 51K mTHIFSkBREEd tp_weaklistof fset fRFIM, FrlAX
I AZAN I ) i
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 thatslot’s offset.

When a type’s ___slots__ declaration contains a slot named __weakref__, that slot becomes the weak
reference list head for instances of the type, and the slot’s offset is stored in the type’s t p_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).

WIS 5Pyobject_GetIter () BIFIE:

PyObject *tp_iter (PyObject *self);

oK :
BT B T 2RRAK

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);
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YZIE PG, BRI NULL; StopIteration R nREXIEWATREARE. Mk
AT — AR DRI, BRI NULL. BRI R S bR @ ik U -

%?;c;;%z@ﬁﬂzr”é‘uEti_lter PREL, I HAZPREUY 23R Bl B R AR LB A S (A H LR
S

WS SPyTter Next () W .
ok
WTFB S W FRAIK .

struct PyMethodDef* PyTypeObject . tp_methods

— ARG PyMet hodDe £ Z5HRYVA NULL G5 pIHSEAL RS, BT BRI
Jiike

XA I, A 2RI (BRI o dict) BNI— LS I ik AR 1 A%
H.

ok :
GFBASHTRAgoR (5 2l AN F R LH R4 ) .

struct PyMemberDef* PyTypeObject . tp_members

—ANATEEA 5 ] Py Membe rDe £ F5HIRII VA NULL S50 IS B AL 4845T, B T R M
Wbl ot (7Bl fn) .

XA I, AR BRI SR to_dict) II— DS IR A SR A
H.

Aok :
BTBOR BB AR (il 1A [ OB R AR Y ) o

struct PyGetSetDef* PyTypeObject .tp_getset

— ARG R Py Get Set De £ 5HIRADA NULL 45 iR 4 S, BRI T R SL 0
RO -

TR T I, MR T ST to_dict) S— ML G i 4%
H.

Aok :
FEFBARYT R (RO RR Ml A R LR R 4R ) -

PyTypeObject* PyTypeObject .tp_base

— AT 1) SR AE SR R B R B 2R A AR 6. FERXDNRH L, HECRp R, ZEPKT
pSibon bl siden o el e e SLiEhU e

fE): AR TR E R AR IG e 4 R B . €99 %Y%ﬂﬁ‘%%&jﬂ “HunbERT . AR
IR B BE /R 8 Py Type_GenericNew () HRI2ARLH C99 HuhkHE

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type () is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers
are strictly standard conforming in this particular behavior.

WL, WS AEY R I LR A P St B e p_base,

Aok :
BTBASH T RABK (BR).
LN

ZFEBRIN N ePyBaseObject_Type (Xf Python #2)7 R ULE] object 2A),

PyObject* PyTypeObject .tp_dict

RPN Py Type_Ready () fAEEIX B
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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 :

T BASH TR MR ((HAEX B S @ M E A [R] AL R 4k K ) .
2Rik:

W% FBON NULL, PyType Ready () R ERE— 7 H

wer SE M C-APL il PyDict_SetItem () B tp dict BARNZ4ANW,

descrgetfunc PyTypeObject .tp_descr_get
— AR TR CHRSRI KB

PRENAY R4 0

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

ok :
B TR K .
descrsetfunc PyTypeObject . tp_descr_set

— R 1 TS E AN R RS E R s R I £
PRAAYZE 4 0

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

¥ value ZH% A NULL DASHERZAE
gk :
WP B Ao TR

Py_ssize_t PyTypeObject .tp_dictoffset
WNSRAZ IR B S B HAT — AL & S B A B i i, e BeRs S AR B 2% S 01 A B
KRGS %W PyObject _GenericGetAttr () ffif.

ANERFZ T B tp_dict {RiF; & 2B A B i TR PR B 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 str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary 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_itemsize and 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().)

B
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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.

When a type defined by a class statement has no __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 a slot named __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.)

BRIA:

This slot has no default. For static types, if the field is NULL thenno __dict__ gets created for instances.

initproc PyTypeObject .tp_init

— AT 1) 52 B U6 AR R R 5T

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

PR 244

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and key-
word arguments of the callto __init__ ().

tp_init RECINSRA A NULL, 7 8 A 2280w A e i mtgii i, BIERBA tp_new
PRAIGR [ —MZ R LB . SR co_new PREGR ] T —ANAN 2 R G S ) 1230 1 HA 2 AL 1y
S, Wep init RS o _new BB T —AN GBI R BH) L6, W1
KW tp_init KA.

WINHHRE 0, &AEREERNR ] -1 FAERS % ik B — 54 . and sets an exception on error.
ok :
WF B TR AAK

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

5 1) — S 73 B R RO T e
PRENAY 540

PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

Bk :

BT BRAPHS TRBGR, EARWEE TR Gl class iIFAQIHER TRA) 40K,
MTFHE TR, RFBERRYR APy Type_GenericAlloc (), VAR NLHFRIER e BUsE
[

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

—/IN AT A i 1) S5 B PR A FR T
B GORSZ R
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PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype ZHGERANRIIXTRINRAL: args M kwds ZELFRN B AL A (7 BN CHE 7 240
LR subtype A g b SHA ) t p_new R BB BT LR ZAR) 7R (H
AREE e R TR LA).

tp_new BB 4] subtype—>tp_alloc (subtype, nitems) JNXTGRMEAN, KFH
PATYE AT B BE— LW AN . T DAL S b 200 B8 T 5 R W B AR A B Y 2 i e e p_ini e Ak
AR . — AR T A AR, FrA M R R M 7E to_new &4, Xt
TR, KR ARV ER R A R B tp_init FHHAT.

Mok :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

Rl

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 8

void tp_free(void *self);

—RERELIRIRLAR R PyObject_Free (),

Bk :

BRFB2PHS TERREK, HAXPEETRA (i class iAQIETN THRE) 405K

BRik:

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

STFESTZA, pyBaseObject_Type fi /il 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 tp_ f1ags field, and check the Py TPFLAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to
distinguish between statically and dynamically allocated types.)

ok :

BT RBAK .

Rk

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject* PyTypeObject .tp_bases

R T .

This is set for types created by a class statement. It should be NULL for statically defined types.

Aok :

EAFBA SRR .
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PyObject* PyTypeObject .tp_mro
BRI AR T, DARBUA B I IRTF A object Mg, A1 5 MM T «

Aok :
RAFEASPIR; Rl Py Type _Ready () IHHRHIHY.

PyObject* PyTypeObject .tp_cache
AR o ACHE TR EE ] o

Aok :
R FBASPIR.

PyObject* PyTypeObject .tp_subclasses
H6 280 555 | AL g% . AL FREE A .«

Aok :
X FBASPIK.

PyObject* PyTypeObject .tp_weaklist
5, AT HRIMIZEAN LM 5I . Aawdik. [URNFREH .

Aok :
R FBASPIK.

destructor PyTypeObject .tp_del
WFBRCHF . Wl tp_finalize,

unsigned int PyTypeObject .tp_version_tag

TR BIEGA RN .
Mok :
R TFEA SR .

destructor PyTypeObject .tp_finalize
—AN AT A ) S B S 2R R B 4T . BRI A4

’void tp_finalize (PyObject *self);

WARRE T tp_finalize, fRREARRITE S 2SR E SE BN E— . &R i Bk g
(RSO B ERG | ) —FB0 ) BORTEXT SR migi . AR, ey E
SAEZI ARG | Z B, AR PR E BB A T IEFRAS

tp_finalize RV HBUVEYHIRERS: W, WREIEREAGRNIEEEEEIT:
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

VA 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.

FIHNATFELRE,, AL SR EHL ) Python 1, £p_dealloc I PAMAT L Python ZEREGIR
AR BIEZ X R IR (AR RIS | TR —5), WHZAEER r] BE AT ZefE b
A3 TSR AR BT R ) X4 Python APT A ISR UL ZFIAE, P tp_dealloc i I Fr 7 LR AEAF
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FrA 2Rl (GIL). H2, AR SRR G SRS T ok B HA C 50 C++ FRIIXSS, Y.
/N RAETA ] tp_dealloc (I ZRAR A SR IX LU0 R 2 BRI 28 AL AT BT R

ok :

T Bl TR AR K

3.4 JUHTIMA.

W%

T ZEWN G AL (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call__. If tp_vectorcall is NULL, the default call implementation using __new___ and
_init_ isused.

MoK -
X FBASIK.
39 BOHTMA: GEATFEB 3.8 BEIAAAE, {2 3.9 THIRBLAR)

12.3.6 HEHE
TE%S b, 1E C RIS E XHRRER R A0y, WatiRit, PyTypeobject EMALEACHS B E X
H APy Type_Ready () KHIH1L
Xt FECT 57E Python H g S ZRIRAH SE R (1 70 FR i -
o HSRAHBEINA A WAEYL, MR RERE 2 EYRK .

o FESAIS (FIFARENTRYSEH]) AN R . A RRETE Python RN s &tk BN R 1) &
P

o HSRADGRIEES TS LT, HILEATA Y AR TR L BaRES.

Also, since Py TypeOb ject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

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 HFMREHaF

PyNumberMethods
REE R PR AT H 14500 5 T o S BB SO R B T . B> BRI 5 P sl — T g s
Xof I 44 PRI B BT

SERA A E AT

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;

(N 4kER)
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(R L —5)

inquiry nb_

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_1lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;

nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc

binaryfunc nb_inplace_matrix _multiply;
} PyNumberMethods;

nb_matrix _multiply;

fE: BUE = H R B R A AT B E R 2R B, IS B R (B0 AR AE
BOZ P E XRARSLF)) o R EAA RS B BAERCE EAE, WDNLE 1= B & E0 R o]
Py_NotImplemented, IR %AE T HAMAE R EATLAGR M NULL H3EE A FH .

The nb_reserved field should always be NULL. It was previously called nb_long, 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
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binaryfunc PyNumberMethods

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .

.nb_1lshift

nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods .
ternaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods

unaryfunc PyNumberMethods

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

12.5 BN REHIF

PyMappingMethods

nb_inplace_add

nb_inplace_subtract

.nb_inplace_multiply

nb_inplace_remainder
nb_inplace_power
nb_inplace_lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide

nb_inplace_floor_divide

.nb_inplace_true_divide

.nb_index

nb_matrix_multiply

nb_inplace_matrix_multiply

R AR 8 150 G T S UG S B AR R 5. B =Dl
lenfunc PyMappingMethods.mp_length

BB PyMapping Size () MlPyObject Size () flif), HAGMEINZES . WRNLREH
S8 S B2 DU H A (2 T 95 NULL.

binaryfunc PyMappingMethods .mp_subscript
Z R B ¥ gipyobject_GetItem() HMPySequence GetSlice() i Hl, #H# H F 5
PyObject_GetItem () A [ HY % 4. MM 7 00 20 9 3 58 DA i PyMapping Check () B4
R 1, FHIMERPACH 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(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.
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12.6 FFIIXREHIF

PySequenceMethods

SERIURFRAT HE 0 R T SE BT S MUY R B H 5L

lenfunc PySequenceMethods.sq length
ﬁt@%&%ﬁpySequence Size () Mpyobject_size () Frilif], HRAHENMANES. Eik
BT sq itemMsq_ass_item ARG ERT] .

binaryfunc PySequenceMethods.sq concat

PPy Sequence_Concat () B AAMIFEMES . TSR nb_add fEAIATEUHE
MMZ G ERSWMT + 5585457

ssizeargfunc PySequenceMethods.sq repeat
R Py Sequence_Repeat () Bl lIFF RA ML . el nb_multiply MR
TR G ERLXPN T ~ BT

ssizeargfunc PySequenceMethods.sq item
It o B Py Sequence_Get Ttem () B IF HAMFIH 25 4. 4255l idmp_subscript
AL IAT T AR B AR Z )5 B i 2 WM TPyobject_GetItem(). %M {7 &b 75 8 5 5 DA
TﬁPySequence Check () FREGRIE 1, BB RPASH NULL,

Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sg_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq _ass_item

I R B WipySequence setitem() Fr ff A I B A M H M &K A, £ = K@
fmp_ass_subscript FEALHATE B IRERMEREAEZ 5 bﬁ%»‘ﬁ}zﬂﬁpy%]ect SetItem()
MPyObject_DelItem (). WIHXFGASLEFEH AR MIZAE L n] DVRFF A NULL,

objobjproc PySequenceMethods.sq _contains
ZHRE TPy Sequence_Contains () EHIFHAMFERZ4 . WAEALAT AGREE A NULL, TEIL
IHOL T PySequence_Contains () HF5l %7 B 2R — S VLid.

binaryfunc PySequenceMethods.sq inplace_concat
BB Py Sequence_InPlaceConcat () B HAMFEKZES . BN YBERERH
PER, IR HGR A i%%&ﬂ%%hﬁ NULL, fEMEH§UE | PySequence_InPlaceConcat H
ERF|PySequence Concat (). TEZ2RE I nb_inplace_add R IATEF EHAR N Z )5
BTSRRI AT +=.

ssizeargfunc PySequenceMethods.sq inplace_repeat
BB Py Sequence_InPlaceRepeat () FrEMFFAAMEKES . BN UBRERNHE
VB, FE15HAR B %A AT AR R NULL, TEMIE O N PySequence_InPlaceRepeat () Hf
BB #|PySequence_Repeat ()., FEZ2iRiEdnb_inplace multiply FE{ih4 ﬁ[%ﬁi’dﬂ‘ﬁi
ZJE B M T R EZ AT *=.

12.7 EpRX VR E

PyBufferProcs
SERPRASRA TR 22 0 D0 BT S BB TR BT AR M BUE SCT S 1 D7 R G AT 1] 3% 5 %
%ﬂ%%ﬁﬂﬂiﬁﬁﬁ

getbufferproc PyBuf ferProcs .bf_getbuffer

JLATSE I GRS A

int (PyObject *exporter, Py _buffer *view, int flags);

QPR A2 exporter W SRARIETE flags BTG ER) view. [R5 (3) Ah, BLRREH) SEBLLATHAT LA T 22
B
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(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0obj to NULL and
return —1.

(2) IR T B
(3) JEIG T ORA-T OB N BT s
(4) Set view->obj to exporter and increment view—>obJj.
(5) i&lAl 0.
MR exporter J2 G b AR HE Ty 1) FE 2SN BLEE A —F8 53, AT DAGE FH PP £ 2207 48 -

o Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

o Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

view AN BHHIIA S LA ¥ 45 40 1 — 15, SR T AR R 24 AT SR 2 WA o
KA 7,

P AEPy_buf fer FEMA BT H) AAFARE T-5 007 H AR A RO B A A AT 9807

format, shape, strides, suboffsets flinternal 3T 14372 HEEH .

PyBuffer FillInfo () AT P2k fR 6 a7 S o X ] IR IE A A B BT A 1 oK 28 B4 1) f 15 0y
K

PyObject_GetBuffer () yf X3 kg 9% 8 1 .

releasebufferproc PyBufferProcs .bf_releasebuffer

VLR B A5 4 A

void (PyObject *exporter, Py_buffer *view);

Ab BB R ob XKW VR W TE R 0 R OR R OB B AT T W W, WlpyBufferprocs.
bf_releasebuffer W] DA NULL, FEHAME LT, 1ok £ A0 bR o 58 308 AT AT B ml 3 45
IR

(1) 38 T PRAF- HR BB RS e -
(2) RN 0, WIREHHTA KERE] view B NTF

ST internal FEAIUREMN X CIRIISTE . R T BRI ORERE , T0H 907 Wl Gers
JR R AN view ZHULN

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release () yEfTXIMd%e MR BRIHE 2 e 1.

12.8 FEMREHHF

3.5 BUFTIA.

PyAsyncMethods
B EE R R 35 38 ) 552 Sk s Blawaitable Flasynchronous iterator 3521 BREI TS84T .

ZER IR E SR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;
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unaryfunc PyAsyncMethods.am_await

LATSE I GO

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
WER— X RAZ awaitable W B P #1524 NULL,

unaryfunc PyAsyncMethods.am_aiter

LR B 254 A

PyObject *am_aiter (PyObject *self);

MR Bl —A~asynchronous iterator X%, S __anext__ () TN
USRNG5 B 28 1A PN A (57 ] 5k NULL

unaryfunc PyAsyncMethods . am_anext

LR EUN 25400

’PyObject *am_anext (PyObject *self);

Must return an awaitable object. See ___anext__ () for details. This slot may be set to NULL.

12.9 FEAISEEY 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 setto 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
shouldbe tp_basicsize + nitems*tp_itemsize,rounded uptoamultiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

BERR BN Y AT AT A SE Bl an fe i, B 2 BB NAF AN BT s IR i ep_new 3k
e

void (*destructor) (PyObject *)

void (*£reefunc) (void *)
Z N tp_free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Zltp _new,

int (*initproc) (PyObject *, PyObject *, PyObject *)
ZNtp_init,

PyObject * (*reprfunc) (PyObject *)
Zltp_repr,

PyObject * (*getattrfunc) (PyObject *self, char *attr)

IR L R F R TR
int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)

X GBCE A RYERIEL. F value S0 NULL R R Zm 1k -
PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)

IR L R F G TR

Z W tp_getattro,
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int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)

NGB EAGERIEAE . FF value 280 NULL R ERi%JE M

Z N tp_setattro,

PyObject * (*descrgetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrget.

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
2l tp_hash,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
Z W tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
Zltp_iter,

PyObject * (*iternextfunc) (PyObject *)
ZWtp_iternext,

Py _ssize_t (*1enfunc) (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 5|+

N 228 Python JEAUE LRI ER /RG] H AP OFR IR AT RES BRI R VL. AR T AR L
Pt ZORHUEZRBI. SSBAE S LAKERE, 762 defining-new-types 7/l new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

VRATREIE B B A SE BRI A (Eas BT (3512 7E CPython AR JAEH )

12.10. #¥F
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static PyTypeObject MyObject_Type
PyVarObject_ HEAD_INIT (NULL, O)
"mymod.MyObject",
sizeof (MyObject),

{

/*
J*
Vad
/*
J*
J*
/*
J*
Vad
/x—
J*
J*
/x—
J*
J*
/x—
J*
J*
/*
Vad
J*
/*
J*
/*
/*
J*
/*
/*
J*
/*
/*
Vad
/*
/*
J*
/*
/*

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall offset
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */
tp_richcompare */
tp_weaklistoffset
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */
tp_dict */
tp_descr_get
tp_descr_set
tp_dictoffset
tp_init */
tp_alloc */
tp_new */

~

destructor)myobj_dealloc,

~ 0~

~

Ko~

eprfunc)myobj_repr,

N S SN S S S~ S~ 0~

~

O O O O OO OO0 O ~0O OO O  ~O0O

4

PyDoc_STR("My objects"),

~

~

~

*/

~

~

~

~

~

~

~

~

*/
*/
*/

~ 0~ 0~ N

O O O O O O OO OO oo oo oo

~

myobj_new,
bi

*/

—ANSCFRETIH . S TIRIG AE R R AL

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 = PyDoc_STR("My objects"),

.tp_weaklistoffset offsetof (MyObject, weakreflist),
.tp_dictoffset offsetof (MyObject, inst_dict),

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE |
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,

.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

Py_TPFLAGS_HAVE_GC,

(FOAkED)
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LR
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT,
.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 *datalll];
} 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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1211 EXMREBZFHEIANIIR B

Python X EFAG | HIRELIRASIN 5 I RREE “2eds” WRFAM SRy, HRBWASR MR D RS HE
ARG ARAF R GG RRE, s RO 268 (7 s F /e ) IS ITRREL, A
it 2 A AR I B S HF o

HEAUE-DHERE, BN R Wtp_flags FE MM FPy_TPFLAGS_HAVE_GC I $Efit —
M tp_traverse ACHSEEL . NSRRI BIR LB 2 0T AR ), BFREL M tp_clear o

Py_TPFLAGS_HAVE_GC
WE T ARG AL R BN QAT A AL IC S AL« SRy R L, T SO I BE R R R 2 it
%

P SR B F 3 BR R AT A I ) -

L. Wi PyObject _GC_New () B{PyObject_GC_NewVar () XXt R AH AT

2. WAL T A T RE AL S HA AR S I FBUE , BRI PyObject GC_Track () .
[FIRERY, X RARERGE DL AAF A A A R -

L AE5 | I E AN FBR SN, WA PyObject _GC_UnTrack () .

2. WAMd I Pyobject _GC_Del () FEBOMNZINAF

aeas AR T Py_TPFLAGS_HAVE_GC, W|'E 22 /AsLM %/ b—4tp_traverse
AR E R AR ok B H— AN s AN 2 AR .

Y W HMPyType_Ready() 8 # APL i K 28 o % ¥ A © EI’J A (T
MPyType_FromSpecWithBases () B{PyType_FromSpec () Hj‘ BB A 3hHE
Fitp_flags, tp_traverse fltp_clear FB, MR ZKEZ 4K B 58 T 37 3% 0] Uk
At HiZ 128 IR A 4E Py TPFLAGS HAVE_GC JEFRITE .

TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
K FPyobject_New() , W TWE T Py_TPFLAGS_HAVE_GC WS ARIT L

TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
R TF-Pyobject_NewVar () , WG TIRE T Py_TPFLAGS_HAVE_GC FREMIZIENTE .

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
NPyObject_NewVar () J 7Pk G B R BE R/ 3 [0l 8] 2 /N i 4 %0 G A 2% I 3k
NULL. op b7 i ARSI g B B o

void PyObject_GC_Track (PyObject *op)
HEXIZ op MBI BLIL AR ER BRI A5 A8 X e b o X RAER MISGEHER BRI A AR R0, R Ay [
W AT BEAEAE AT M T 412 4T . fEtp traverse AEFREIH B A 5B ARG, AR L&
£, il n%?’fansﬁ*’]l_zﬁ*%mﬂ%

int PyObject_IS_GC (PyObject *obyj)
PUESOE Sy g Ee 137 S QIR IEIE| === Wy 1 R4 VS

AR B RREGR 8] O MRS R ICTEA IR Bl 3B 25 -

int PyObject_GC_IsTracked (PyObject *op)
MR op RGBS T GC YRS H. op H BIIEGSIR AR B ER MR ] 1, 503z (5 0.,

XZEPIT Python pR%( gc.is_tracked (),
3.9 BCHTINA.

int PyObject_GC_IsFinalized (PyObject *op)
AR op RZINEBLSLIL T GC ¥ H. op C AR i 245 Mz (1] 1, 2503z [a] 0,

XZEPIT Python (K% gc.is_finalized ().
3.9 BCHTINA.
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void PyObject_GC_Del (void *op)
FEBOS R NAE, ZX R ERT PyObject _GC_New () B{PyObject_GC_NewVar () 43HECH
1Fo

void PyObject_GC_UnTrack (void *op)
ME B ER AR ZEGT BB op XL, W= DAE X% & FH R
Hpyobject GC_Track () PARFHINIE] 2 BEER Bx 0 R A A BEAS (cp_dealloc AJiH) 24
TEtp_ traverse T I AEAT 7 BOR R Hil ot G T ek £

3.8 iR ##: _PyObject_GC_TRACK () Ml _PyObject_GC_UNTRACK () ZEMANH C API 1554,

tp_traverse AR PLF R EEIES .

int (*visitproc) (PyObject *object, void *arg)
fGthtp_traverse KbPRETE R BRENZEBY . object 22545 75 BRI — X%, =TS
XN Ftp_traverse ALBRRY arg . Python 20 H 24177 1035 BRBCSE BUAAERS | I B3/, R
T P AT A R

tp_traverse AR DA 2

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T AR BT GIOTT . CH SIS self B B0 Sty AR e P visie ORC, visic T2
RIS X GG 25 A IRAR Y arg {EL. visit BRECA AN AT B NULL XM S50 A2 visit 1R
MIAEZRAE, ZEY 2497 Rk ]

N T fiiftp_traverse ALPEAYSLBL, Python $E it T —Avpy VISIT() . HEMMXAZE, WM

Wep traverse IZEA4 N visit Fl arg .

void Py_VISIT (PyObject *o)
WK o A NULL, W visit [0 e 8, M S8 o T arge Q2R visit 3z o] —ANEZR{E, R[]
WAH. MR Z)G, tp_traverse AEFAEFRYIZAT:

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AbPRRRF AN inquiry FE8L, WISRXI G R A AE N)2A NULL,

int (*inquiry) (PyObject *self)
ZIENERGIHRT I . ARSI RATEAEYIOITL, POV AT REE " A5 I . &
PHEERZ, WRAEW TR G A e A0 CRBEX S AWM py_DECREF () J7ik) . 4
B IG5 RAEERA G I, IR SR A .
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API #0 ABI hR AR & 18

PY_VERSION_HEX J& Python [HiiAS B EE K

BN, i pY_VERSION_HEX #§'H & 0x030401a2, HALS W HAE B v AE T PAR 7 2R HAE A —
A 32 B RAL PR :

F o uH (k| BEX

T | WmFETD
F)

1 1-8 PY_MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY MINOR_VERSION (3.4.1a2 H1[f)4)

3 17-24 PY_MICRO_VERSION (3.4.1a2 Hiffj1)

4 25-28 PY_RELEASE_LEVEL (0xA 2 alpha it 4%, 0xB 42 beta i 4%, 0xC KA

A H. OxF /2 i & MAS) , FEX B+ HixX N iR A2 alpha JlUAR

29-32 PY_RELEASE_SERIAL (3.4.1a2 F[f 2, mA&MRAM 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
FrA $2 2 A0 2280 & SCFE Include/patchlevel.h,
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APPENDIX A

>>> HH)3 shell FYTHE Python $&/RFoC. 5 I BEAE B s o AL B 07 sUes AT i AR A 191
o ATDARIR:

o e AR RIS IR . B ICRCR ZeA g A (delimiter, BIANSESR. J5fE9%. E45
SRk =515%) [EIR, sURTERRE —(R$HMids (decorator) 2 4%, Zi AREsUAGIE, H.B)5K shell
HURIYTHREL Python 42/RFJC.

o FZFE# Ellipsis,

2to3 —{H# 34 Python 2.x s TEHEIE) Python 3.x B MGAY THL, & 3 BB KA1 AL ZEHE A
BB 10, T 32 L R AT DS T S 3 T BT B )t

2t03 7E A MEHER X FE DA Lib2to3 Bl A s B3t 7B 1 i A8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (%K) g EEE (XEE ABC) #4t T —MER N ITE, 1F
Elduck-typing (WFRIE]) MG7E. HABSERI AN, B2 hasattr (), HIBEAER A A5
(PR (151N s i 8 A7 5 ¥ (magic method)) . ABC [EJHI[EWEEfY subclass (FHAE)) , B MEIR4K
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python A5 ¥ 2 [EIE ) ABC, HNERIEEM (F£ collections.abe i) . #F (£
numbers ) . H (FF io B4L) K import FAFZR AL (7F importlib.abe ). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJFE) —HEZSA8L. class BME. pRCAY 2k ml EEOEAH BB O EEE) . FRAELG, &0 FARAE
[Eltype hint (BIERER) .

FEIEA IR (runtime), (S S8 BO EVRE VA BEAF I, (RIS . class JBMEAN R U0 DR, 0%k
FEAETERRA . class FIEKZCAY __annotations_ SF5RE T,

#52(Flvariable annotation., function annotation, PEP 484 F1 PEP 526, izt g theh e (EI .
argument (518() PP R IR ELR SR funcrion (Bimethod) (B, 5 9CH FWifE :

o B4 7| B (keyword argument): FERFANEIY F1 ) DLEKEIT (identifier, 14 name=) BISEIS 3L,
o2 PA ** K dictionary (L) [EIR{EW RS ¥, Billn, 3 Al 5 #J2PAR complex ()
WY H ) ) g o [

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): NJe BT 5T B L8 T | BOTHE— {5 B LA E IR
B, A () fEE) * 2 & iierable (PEWCHIFE) PTHOTCHEPER. G0, 3 F S HRLAT
R NCIVATCIE &

complex (3, 5)
complex (* (3, 5))

5| BB s A0 e R B PR [ oS B, B SCILIE R i i AR A R, 5 () calls Bifi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

Sy 2 ORI parameer (Z80) WH . % LHEET 58282 B 2EE, YAk PEP 362,

asynchronous context manager (JEFRIZBRSBIEBIR) —H T PAEH asyne with Bzl d ir REEEEK)
Yk, e EERES _ aenter () fl_aexit__ () method (F¥:) A%k, i PEP 492
FIA.

asynchronous generator (JEFIZBEI:ZS)  — W & [\ {Easynchronous generator iterator (3E[R] 2 E1AE $EEM
) R, BEREREKRG ML asyne def ERMIHFEMR (coroutine function), {HA 124
HT yield #ERX, fEEM RS HL asyne for [FIREMH.

B R ATHEE 3 AR F s — AR R EA g ek 2, (B, AR FRER FEA BERX
% (asynchronous generator iterator), #— ¥ FKJEN HEAREERE, I 2 MHTHE, PAREGEL
.

— M AE[E S EAE 2 R R AT fE 4 await B, DL asynce for fl async with k=,

asynchronous generator iterator (JE[FRIZBE:ZREURCES)  — W Hasynchronous generator (E 7] 25 F 4 #8)
PRI N R

& & —Masynchronous iterator (FEFIEENLEE), BB LA __anext_ () method gIFNY K, &[] {H—
E W% R 14 (awaitable object), %) TAER S E A2 R 88, HEBE N yield
i yield ErEg (R mife )y, Rt BHATRE (O s 8O M E 1Y ry PR . BaE
R FEA BERE LS P __anext_ () EMHF ] EFY A RO IR, & e 5 ki
FREAT. 52 (E PEP 492 1 PEP 525,

asynchronous iterable (ENIZn[[EMCHPE) —HP1:, ERILATE async for PR PRl . 2ZEE
B __aiter_ () method [B|fH—{E asynchronous iterator (FE[EIZENLEE). B PEP 492 5] A,

asynchronous iterator (JEFIZBEMRES) — M E/E __aiter_ () H __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % f5 ¥ F) . async for & AT Ik [ A B £ 1Y
__anext__ () method FrE[H ] SR, EHEITE 5% stopAsyncIteration fiil4h, Hi PEP
492 5| A

attribute (J§M:) —(HSLIEY PR BB (B, 5% (0 AE 58 (8T 70 W JE 375X (dotted expression) (1444 Fi 94
ZH. B, WRYICE o H—HEE o, MIRZEERENL 0.0 2 1.

awaitable (WZ5FFPIME)  — (T DAKE await SEE PR 4. ©r A2 —Wcoroutine (H#R) |
e A __await__ () method F¥1E. ¥ 5% PEP 492,

BDFL Benevolent Dictator For Life (#%E{"25M %), X 4% Guido van Rossum, Python #J8II3& % .

binary file (_iEHIRER) — M BEESFEURIE A byres-like objects RO TCALE YIEF ) 1) file object (K& ZE W)
THERIAE R T A HERIEER ("rb ., "wb ' 5 'rb+ ') BIEAE S, sys.stdin.buffer,
sys.stdout .buffer, PAM io0.BytesIO fl gzip.GzipFile .

Syt Eext file (CFAHR), ER—MEREZEARA st WIRRERY .

bytes-like object (JANLCELER ML) — M0 S48 % o i HLAEEIME ) C-contiguous S I I . EHIE
A bytes, bytearray fll array.array ¥4, PANFHZHE R memoryview ¥, FHA7I0
?ﬁ%‘f?ﬁﬁﬁfﬂﬂ 7 I P R ) A R AR R SRR R . A T R SRR socket

AUGER TR R R T . B SCURE e E e R TR B AT R .
]S AR P 3% bytearray, VAR bytearray ) memoryview. HAK)#A 20 i
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HEORE R AAAE A T S (TMERE AT R D) s e 0dE bytes, PAK bytes
YA memoryview,

bytecode (fiyC#Hi) Python {15 AR T € P4 AL TCAHNS, © 2 Python #2:U7E CPython B i)
MR AT IS E P AAAE oy BT, PAESE T BT R — A R R R k. ()
PAAS A 5 A5 3 A s (L C AL ) o Sl [P A (intermediate language) | R [E)@ 584 74E —
ffvirmal machine ([EWEERERS) b, SZEVEEME S G puA T HL45 10 (L CALAG E IE R IERS A5 (machine code).
TR, NOTHESIL LR METE R Python [EEME 2 MIHEAEN, WA REFEANIF LA (1)
Python 2 M fRHFHEE -

(L TCAL S 212 F] DATE dis BEAHAY R SCAF 43 o
callback ([IWF:)  E[E) | St R A — R IR (subroutine) BRI, e A A S AR RS A B HEHUAT -

cass (BiE]) — 8 a7 & E RYFH. Class () 5 3818 % & {2 & method 1Y &3, =L
method FJ PATE class [ BB LA 7445

class variable (Ei[E888) —{H7E class PEsR, HERZ HGETE class IR (B RIRNZFE class B ECBIH)
BB RIS B

coercion ([ENRIHIZY)  7E¥5 K Wi A [ ZU[E]S | i BV E AR o, A —FR U [E) B ) [EIE) ) — TR 24 (T
b&=X##(E) (implicit conversion) A2, B, int (3.15) G5B P 3, (HAE 3+4.5 1,
RS | O AR R BIE] (—f# int, —f float) , 15 Wi 5 | B ZE e EIER R ) BUE 2 1% 4 8
I, HRIEEES 4 TypeError. WIREIGEIRER, BTG 5 #HEER L, BIMEWH
S AR R IE Bi4L (normalize) [EIM[RIA(E, BI4N, ZLA £loat (3)+4.5 MiAfEHE 3+4.5,

complex number ([E#() —EFMPABME BRGNS, 1EHTA BTG o2 [E— 0 5
EER A, [EgogeEEEEA (-1 B P i) ey, BB ERRPEE 1, T
FREipas (L 5. Python [FVE 1 HEIMAY IR, ERNRE MR AGIRES: [ERE g —iz
B 3 WEES, BN 3+17. A math BUATRIR THASEO0 M RER, #FMEM cnath 4.
ia{g{;ﬂ%{@m%ﬁ@%m%@ma WARAREA G E S e MR, ARERCT- REREE IR T DA%

A e,

context manager ({§BI¥ARAY) M T DAl with BRIA S b ir RERSE M P 1, 6 2 35 38
__enter_ () fil _exit__ () method ZR¥HIM . #E2[E PEP 343,

context variable (%§5i88%) sl HALT DAREE BN SCAOESE A BRI . 8 SIS A T 44 [ 3,
fi# 17 @ (Thread-Local Storage), £ A1, —{f 8 #AEGHMBMATH T RE LA A ME. A, R
sy, £ TR TRE G A S M Ee, Mg EEM g, REETWIERSAES
(concurrent asynchronous task) i1, ¥As##URAEIBE]. 52 contextvars.,

contiguous (HEZMY) R —HEEEE C-contiguous B Fortran contiguous, HI|'t €] Hig iR [E) 258
HEH) . 4 (zero-dimensional) ) %18 [ & /& C J Fortran contiguous., 7£—#E (one-dimensional) [Hi%1] 77,
2 TH H WA RCR B A AR RS, TR S I EF A T B LA RN « 752 #E1Y (multidimensional)
C-contiguous [HiF Hr,  F e (R HE A2 0k (4 NE 37 ) 4% T H Iy, e —H RS I Sl . JRTT, 78
Fortran contiguous [#51]rfr, 55 —{fl 25 | )52 e e -

coroutine (Fjfe) AR EIFE (subroutine) ) —Ff B [EEE A BIRE RIS AE 5 el i 26k i ALE)
TE 5 — R R . AR T DATE SR 2 A e i e i B ekt AL B A EIE . B AEEIDA async
def BARWEME. Hi52[F PEP 492,

coroutine function (FERAR) — M=l Hcoroutine (1HFR) PFRIE. —MiHERXFE asyne def
AR Ess, Enfeefl2 await, async for fl async with B8, S5 H PEP
492 5| A

CPython Python F£53E 5 I B /F (canonical implementation), #{%$fi{E python.org -, [CPython]| 18
I AARAELS BENFRE ST, DABAMBEECESUILE: # R 20/, 140 Jython 5 IronPython.

decorator (H:ffigy) M=, TERES MK, WHE G ewrapper 55, BiEHE-—FEH
F [ 52[F] (function transformation), ffigs ) M2 classmethod () fl staticmethod ().

Fetfian ik LU RRRRE . DA W ek o SRR 3R R SRR

def f (arqg):

(N 4kZE)
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(R L —5)

f = staticmethod (f)

@staticmethod
def f (arqg):

Class tLAFAEFARI M &, (HAERREI LA H . B R s fiins i o 2%, w52 Em R EFA class
FEFEIEIE S

descriptor (FiA%y) (FIEFET _get_ (). __set_ () B{ __delete__ () method HJ¥{4:.
18 class J& 12— IR ZRIE , MR 451 T (E) € e 8 1 A Pk R Bl Al L% i/ ab KEN
e B EISR B B RS, & 7E a (1) class FILR AR A RRE) b (9415, (HANE b 22— iR,
HHEE HER A 2% method €y . ARSI BLARE A HLAE Python fYBASE, HWEIEMEH£LT)
BEmy T, SHThAE IR E= . method. J&VE (property). class method. [EJfE method, DA 3% super
class (SCHIE]) Wz,

B A A 2 method B2 451, 752 (E descriptors o iR 2 15 -

dictionary (‘y2Mlt) — [ B W [H%51) (associative array), JH: oo {T 200 88 G g i 2 (H. G v DAL
__hash__ () Al _eq__ () method fy#¥{4. #& Perl B EIHEE] (hash).

dictionary comprehension (‘pUL&iARERY) - REBEN) YA, FIAQEEE-— (@ AT [EUCH 2 1) AR e R 4
T, FH A RA—MFHEE, results = {n: n ** 2 for n in range (10)} &
EA:— i, EaE TH# n BEE n »* 2. 5 2[E comprehensions.

dictionary view (FZMLEE#) 7 dict.keys (). dict.values () M dict.items () [E{EHY1 0T
E sl . ML T b I H B e AR ﬁ?@%ﬁ?ﬁﬁ@@ﬂﬂ%, w2 A e I e Ll s
). 2 BEIH I A El e 8 List (FB%1)), ZHMEA list (dictview) . #H2[E dict-views,

docstring ([EIW*yH)  —{H¥E class. R ERAL b, VRIS — S A B 7B SR . R EEEN
WATHE G 2, (e avignEasial, EWOA TS class. pRaCEEALNY _ doc_ EIEH.
JAEIRA -5 ] DI (E)4 (introspection) ZE[FIEE ,  [R It & J W4 A ETRH SCHAA7 BT HE L B .

duck-typing (W5FMI[E]) —MEREGEENERS, ©ARHERGE Y BUE R 2 © e w2 IE
(AT B AR Z (42, method Bk J& 4 € B A b gl p U sl 4 . (TR e Bl Ak g — I 1 if
Ak —EET, BEE—E2—EE1. ) HEEFNENIESEEME, KR
A5 RE £ L (polymorphic substitution) S & (K 88 G M. 16T ZUEI R type () BF
isinstance () EETHIE. ((BREHEE, WFREIT DAHIS 2 A & 28(E (abstract base class) HEAl
7o) SR, EEEEGEM hasattr () PEt, SUREAFP BEAGERTEWE .

EAFP Easier to ask for forgiveness than permission. (55K A LFE KA AL ) B LAY Python 4§
AR G e AR A R S S R A TE (BT % (R o s A1 T e TR B 91 b o 3 el () LR 1 A
HAFF O RIFETT 2 try fl except BRI, SR ATEEF 2 HABSES (Flan C) # WIMLBYL J&A%
TERLT ¥

expression (FEFIX) B DAREREAGER(ERFEE . EA)EEE, —MER Gt . 48, BT
B, Aol R R S5 O B R, TTE LT AR BE [ fE — R . ﬁi#%ﬁﬁﬂmmTHB’J
52, [EHEFTA Y Python 555 M #l S A . 7 AN —Bsiatement (BAZR) RAEP A VEER S,
BN while. BR{E (assignment) #0 2 BA, WA EE .

extension module (#%FEki4l) —fH DA C 5 C++ S B (WAL, B[ Python 1) C API ACEEAZ. 0 K (i H &
eSS T B .

fstring (F5788) DL £' ok 'F EVRIARIO TR SORBHMBORRE [f 6B ], BRI T HR SOAR K4
. A2 L PEP 498,

file object (REWik) — 0 58 i ] 3% 3% B #% 22 & i) (file-oriented) API (1l read () B{ write () %
method) MRIEVEICE EIRA P15 AR Z W ApE i =X, eE 7 3 B R R 2 ok
R HAER W e ool RS B (BIanEDES A / . SOl R4 . socket (JFiJEE) . E(E)
(pipe) %) HYTEHL. HEBWBWREEI 348 Z 0t (file-like object) B % 7. (stream).,

TEE, A =RERWIE: JFARE =& R4 5 SRR =& Sl RIS A . BEMRTIRAE Lo
BAL P BE SR @jﬁiﬁé%#lﬁ@%?ﬁﬁﬁmﬁﬂﬂ open () Mz,
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file-like object (KH§RMIME) file object (REREYIMF) HIFIFET .

finder (=hBBay) —MWF, ©&EREELED import B‘J*ﬁzﬁﬁ?ﬁlﬂadﬂ VN IR
¢ Python 3.3 F';:ﬁﬁ ARSI Y SRAR RS TUIAAE F 4 B (meta path finder) € {#i ] sys.meta_path,
Mi¥44& 78 B F 4 22 (path entry finder) €ffiff sys. path hooks.,
#2[F) PEP 302, PEP 420 1 PEP 451 DL TR Z A0 .

floor division ([a] FHUIERRE:) 18] N SEARF 4 25 B dne e U S M B B2 [ vk o i) S BBORE R Y 1 B T 2
//o n, A 1L /7 4 WEHEESRE 2, 8 float (FRENED) ERIEFIRIMER 2,75 RE. &
HE, (-11) // 4WgERERE -3, HER -2.75 #ié T e L. #2[E PEP 238,

function (PAsR) —ARWHOAN, EREEIIFI L, THABERB ML M7 &, &
ka%l%t"f%ﬁﬁﬂ%ﬁ"@ﬂ-‘ MHAAT . ShiE 2 Eparameter (280 . method (J7i%), PAJ function
i o

function annotation (pf=X[EIRE ) PR —E?Q%[% [EMEAG () — B annotation ([EIFE) .

Fg;ﬁclﬁl_.%%ﬁﬁ)ﬂ RREGR T g, EEEEY a2 WA int 518, Elgf M int [

def sum_two_numbers(a: int, b: int) -> int:
return a + b

bR 2 E R REVATE function T2 i REANARRE .
st [Flvariable annotation 1 PEP 484, Y45 W IhRE iR .

_ future__ future [fiiA=: from __future__ import <feature>, €5/ & iEasd FHTLEAE Python
*Klﬁ’ﬁﬁ?ﬁﬂﬁﬁ-‘*ﬂ%ﬁi.ﬁ{ﬁﬂﬁ EYREEEER, ROEERIREAL. 1 __future_ MRALAIGEE T
feature (Fh#%) TTRERIMA. it import PUATAH FIS A BORAE, IRV DAE BT B T e /2 (TR 1
W\W%ﬁiJ?[JEE%%% . PAEEMR e (e ss) mlETEZrIhhE:

>>> import _ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (bLi¥ellly) HErCIEBE AP AR, M HBA AR . Python $UATHIIR Rk, 2&
it 22 B8 514 (reference counting), DA K — 1 AE [E g I A1 Hh 7 22 BE A 3R (reference cycle) [ 76 B 57 3% 1]
Wi #% (cyclic garbage collector) AC5E . B [nl s o] DA gc #R4H S Ha T8

generator ([E1/:%%) — (A& nl{Hgenerator iterator ([EVERFEMCES) MR . EHEEFRGE —HIEFHHRR,
EARFRKZEEET vield #EAN, fEAE—RFGME, S2E R for [EE, /2P next ()
R, BRI — R

B ARTRE T AR R —EEE SRR, (AR, TR RnE e SERE. B—H%
FEMREAERE R, R e e iras, DA 36
generator iterator ([FJZEZSENCES) —(fthigeneratror (E1AERS) pRAFTESLYIE.

W yield GEERMAR)Y, EIRCEMEIITRE (8 BB M E A uy BAsC) . (D
)lﬁ IEH’EH% G L A AR AT (BRI VA I IR B T B A 14 R 5 P
Ifl) .

generator expression ([EVEZHERR) — e nEERRERN. EEERG —MEFERTRX, %
T for 1A, % iese TERs . #ilE DA — (st 11 7. Al aER g
(150 e i E A 22 {4

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (JZRIPAX) Al LA R, 5% 820G BN R ZUEVECAEAE ] S I
L3012 e PR OR R B4, 2 e A BE US54 (dlispateh algorithm) ZE(EE

W52 [Elsingle dispatch (B—3F ) #isE5R{%&H . functools.singledispatch () Hffizefl PEP
443,
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generic type (JZZIMIE]) W BHALIpe; WH AN List B dict AR 24828 IR 2= ALz,
LTS Z B4 258, PEP 483, PEP 484, PEP 585 fl typing b,
GIL #2[Flglobal interpreter lock (438222 81) .

global interpreter lock (ZIPLFFaTS) CPython BLaan Ui MM S|, JH DAREPRERER UG — (B T 45
RELTT Python [)byrecode ({iICHLAS). FEMMEYLBA (RIEMEMERAE, Wdict) HEH
G [EIf A7 (concurrent access) /&Ry, A% AT PAfE {k CPython W EF{F . SH B ELa%as, rfi
B AL NEIZ 744 (multi-threaded) , {HACE & G4 b £ JE PR AR A0S REEIRR ALY — G
447 (parallelism)

SR, A Lo AL, a2 EEM SRS = n, B st e AT R Ay ol e (B 25 51 A 4
(computationally-intensive) [AfE#E, 7] DAMER: GIL. %4k, fEAT VO W, GIL 482 erokfiis .

WFER A [ AT 4] ERRg (DAE R RS A BUE L2 R B ) 1055 I ER
Iy, PEE—fry i — BT T, BAREEra gk, R, FEoTE e, &6
TR EIMRTZ , AT S S A A

hash-based pyc (HHEZURE) pye) — A TCALAG (bytecode) BIFHE, T AREMEIN A2 B EEUATH
(iR B ORI, e HoAT Rk 552 [E] pyc-invalidation..

hashable (n[ZE[EINg) WR— YA — W EEE, ZEELEGE PR wE (BFE M
__hash__ () method) , HA[ELHABY M HEA LK (BEFEZE M __eq () method) , HREE
e — =T EE. i I 20 T3 E 1, e ZE A A I i e M

AL HEEINE (hashability) i —{fP{F Al HIAF: dictionary (F°3) B8Rl set (S£6) HE, HEELE
R BT T A ENE.

KZ ¥ Python An]s(E ) (H#E v MBI Wag e (B4 list 5F dictionary) [EIAE; A
AR AR (540 tuple (JC4H) F frozenset) , HAEEMM TR MER, M4 S A4 20 5
By, AR HE AE class FEB, HlE Sy e piEL B ER . ©M7E A g R
AR (BRAFEME A O ), e M EE R AE BB M id ) .

IDLE Python f¥] Integrated Development Environment (% & 5088815 ) . IDLE 2 —1{f A1) 4 i 28 1 2L 2
ARIREE, BEA Python RYEEHEEAT IR OA — PP it

immutable (An[8EW0E) — WA B EEAIDE. S Y T . Al wple (Jo4l). SHEY
PHRARER R o QR —E A [ (B A R AT, R ST —RBr A P o B e TR B e
EMER R, I EER MG, FI0 dictionary (i) HHfg—fH.

import path (FEAWKFE) —E6E (54228 B ) pF)2, MARLL S 27 import FLAHNE , & #liparh
based finder (EEABACHITAGAY) BSBAAOE . 7F import [, MALESEEH EHKH sys.
path, {H¥AFE{f (subpackage) M5, BEWWREEKELEMMN __path_ B

importing (FEA) —ffiffE. —EBALH ) Python RexURE AT DAZE B M AR, W5 —MBALF 1) Python

FEAHE A -
importer (FEAZY) —MREESH LBMABMNIE; B2 finder (Fhgds) Widloader (BALR) P
.

interactive (ZLEhI¥)) Python A7 B E i as, & Fm AT DATE B i B 7 0l A BR R sORE
H, SCHATEMEHERI MR . REES) python, RTEALMEIH (ATHERE b 7R IRIY
RN s R ) . B R MIRUHTANE SR ERIR A G ERE TR % (GERUE help(x)) o

interpreted (Vii#ff)) Python @—FEERERE T, M AR S, ANBiEME D 1 REA LoRil], WEA
(EICALM (bytecode) Mk HIAFAE . TG F/ AR S W] DAL REEAT, AN WI Rt 57 ) — il
AR, SRRTIEIATE . LWRh T M LA SRR A AR R/ BRI, R e MR
TG . A2 Eineracive (HEIHY).

interpreter shutdown (Fii¥ZBPH) 3 Python EFRLfgi SR IAPHIRE, B & i A —HFIRFEEL, fEHE
TR T AT WG B R, O A AL AN 4% T B R (R A M . BB 2R IFE Y 32 S Dl 2 (garbage
collector), & REFEIMBEEME % A @R X (destructor) 38552 A 1) [ 1 (weakref callback), [
P RS . e B P Bopcl A7 i R XS il B 5 AR 41, PR E)E BT AR i V5 v] RE AN A AR
T O B2 bR 2 AR B 2 5 1 )

HEG R F2AR, 2 __main B BEPOEFTHEIA O AHATIE
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iterable (WECHIME) R REE— R (ol (8 H b sl B8 . nTEMCY {0 345 e 1 3 51 24 [E)
(%2 1list. strfll tuple) FIFLLLIEFEH A, B2 dict. #EM 4, UJU T SE FEAUATA class
Y, HERE class 5 __iter_ () method BY 2 B {ESequence (J¥4) 3B _ _getitem__ ()
method, %14 AT EUCH

AIE ] iR for BRI Z HA TR 2 — M5 (zip O « map () ..). &M ATERY
AR [ R AT K iter O B, BEEZY AR E—FERL. ﬁt.ﬁ%ﬁ@ﬂ?ﬁ"ﬁlﬁ
—AAfE ATk (one pass) SR . HTAEMRERE, WHEA—CEIFNY iter () SHTEMERIEY
. for BdEr B EHEWREBLE LR, B erdy YRR Ay 4% 2, A EE R 0 R A
HaEEIR . Higzliterator (EULES). sequence (JFH) Fgenerator ([EVESE).

iterator ([EMCZY) —MWFERERRNYE. EEHPEEREN __next_ () method (B2 T EIE
KR next () ) ERFREERNR P AISIEE & AT ERFE, 1§54 stopIteration
Bilah. BEiE, ZEMCZIVECHH T, MET3HE _ next_ () method [ifE—2 N, #F €
PR % StopIteration, [EURERNZEA M __iter_ () method, ¥ & [mHEMCEYIIFA L,
Fr PARE M E R 2 B 2 v [EM HTMH%ﬁAkﬁﬁLﬁﬁ,ﬁJ{ﬁTlﬁ%#B’ﬂ%/ﬁ‘o — 1t BF S 151
Gb, 2B ZmEM (multiple iteration passes) (IR . —HARSPF (B2 List) FERFRIRIE
BEIEL iter ( Lfﬂzf for [EE A ER, #WEE4: —MEmrEReE. FHERZSER
il (%J&lﬁ) e, gl A — B EC e . e SR ER sk, A
ARG — 0 S 27 -

£ typeiter SCH R DAFRE B 2 .

key function (Zex) S BT KR (collation function) & — 1 A FENY (callable) pE =, ‘& & [a]{E—
T8 A HEF (sorting) 5K & ¥ (ordering) f{E . B, locale.strxfrm () P AREIE — {0 T ff [k
R HE AR B 0 HE o

Python W12 T A, {32 DAGE s LRI H e R e 7 sl 8 =0 BMAFE nin () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () .

&R DA, — B Rt BIltN, str.lower () method A DAVEEIA 43 K/ INEE HE T 1) o R
o B, — g RKW AT AR 1ambda @SR AP, Bl lanbda r: (r[0], r[2]). 74k,
operator BAHFEAL T = (8 pR 2 BERE R 2 (constructor): attrgetter (). itemgetter ()
methodcaller (). BFAUIMATE A R0 H, w2 EmmHET .

keyword argument (B3 518) #H2Eargument (3]30).

lambda 8 —expression (GEE ) B —H B4 TEIE = (inline function), 5% ok =X 9T MY I SRAH
## 57 lambda pRICHYEEVE R lambda [parameters]: expression,

LBYL Look before you leap. (=R {=47.) J& M4 /% G 7EEA TP sl te 4k 2 /i, W eI ek
. EHEEWEEAFP 0L, HERNROREARTL 1 £ A,

fE— L3 TaE S P, LBYL A 7E [ =8 f1 [E47] Z M5 AT BENEF (race condition) 1
JEBg . BIAIPA FAEHS 1f key in mapping: return mappinglkeyl, @R —(HBITHTE
W Z B BAEE R, 1€ mapping WRERR T key, RIFZAE=CHGHE & 4K JJEI [ R ] DA 8 (lock)
s fifi il EAFP 455 sC AR ARIE] .

list (351) i Python [l fsequence (J751). [EREERIA T2 list, B HECERUDLHAMNRE = P —1
(51 (array) MG —A5E45H3 5 (linked list), R EFIBOTER IR HEVE 2 O(1).

list comprehension (HBFI&FAIETY) M H AR P75 h A &8 e R, B En A, SR A — 1
list A 27 ¥k, result = ['{:#04x}'.format (x) for x in range (256) if x %

2 == 0] FEHE—MFH list, Heo@d 03 255 @EE, Fra e/ e 0x.). 1f 74
AEREIRIENY . WPRAEMEE, I range (256) HRYITAICERER G HER .

loader (H{AZY) —MAEERABANYIM. BUHEEFR MAE Load_module () [¥) method (%),
AW B finder (FAHES) ., W2 M2 PEP 302, Eﬁﬁ/\abstmct base class (fh%H
Fﬁﬁ), %%% importlib.abc.Loader,

magic method (BEWTJ71:)  special method (BFEHT¥E) mI—MMIEIE X F 355 .

mapping ($H) — {781, Eﬁi%{fﬁﬁ%ﬂﬁéﬁ H.BE L 1F abstract base classes (#ifi 5 £ IE 81
[F]) #, Mapping 8{ MutableMapping Jif #§ & 1) method. #if{fJ$E dict. collections.
defaultdict. collections.OrderedDict il collections.Counter,
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meta path finder (Eﬁﬁﬁﬁfﬁf ) —FELKHEE sys.meta_path [Mj[B{EP finder (F458%). TLERKE S
M pesigk 4258 B F4 %2 (path entry finder) FE{HZEARE .

B A TCER R A P BAE N method, F52([F] importlib.abc.MetaPathFinder.,

metaclass (JCRE]) —7f class [ class, Class E 2B FE & 7 —1{f class 4%, —1f class dictionary (¢
), PAK—1H baseclaSS(ﬁf” HAE) 19913 . Metaclass 135123208 =05 85, [EI#57 3% class. K8
E’J%#@ﬁ?ﬁx E T SR TER B ME. Python AYARE e AT REEIE ST H 7T metaclass.
KB B R TFEIL T H, (28 TEERE, metaclass 7] DARALEIR AEMEMMRE 2. &M
%Tﬁ@?&;ﬂ;l% PEREEL. s iTas et BEY L R AR (singleton), DA K #FZ
HABFIAERS .

T £ AT DAYE metaclasses Z i F1 R F) .

method (J53:) —fHIE class ABEEWE E 60 K. 105 method YEEIH: class B 51— &8 iy, |l
EH e SRR BT E e 1S — W argument (5]3%) (65| UGB EWREE self). 52 [Efunciion
(eR) Flnested scope (FARNEFHIER) o

method resolution order (jj“}é}ﬁ@*}ﬂl[ﬁif‘ ) RN AR SR S B AR, base class (FLRAH
E]) $HEFRNET. BRE 2.3 lLES, Python H R A B YA, #52([E Python 2.3 fif
Ty YEFRATIE Y o

module (Bi%l) —fE#E(E: Python F2 A5 4H 4% BA7 (organizational unit) () (4. HLgHA —MH a4 25 [,
B AR Python ¥y{f. BIHZFE fimporting 8 FE, PHAZE Python,
Sit%(Elpackage (£44F).

module spec (BS&BIRG) — a2 H, EEEHREAMALR import A B & # 5 importlib.
machinery.ModuleSpec —1{HE M.

MRO #2:[Elmethod resolution order (J7¥EfRATIET) -

mutable)(m%%ﬁﬁ) AR DA EMIOE, EARFEMN id O o BFESEimmuable (T84
).

named tuple (Fff#7C4H) 755 [named tuple (P44 7C41) ] 24514¢ tuple R AT FUEIEY class, HEHY
A[25| (indexable) JCZE AT DAFI P 44 8 P AR A7 HL . 35 2L AU[FISK class 1] DALA HABRERE

5 87 AI[F /2 named tuple, fU35H time.localtime () fil os.stat () [FENMAE. H—MHFT

B sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

£ %% named tuple JZ[FIZEA(E (1 E6). 503, —1# named tuple 45, 7] DA —fi IE XL class & 362K
A, HELGE class @2#K H tuple, HEFR TIHAMHAL (named field) BIRT . 5Z%H1Y class i AT T
e AT PAE H TR =X (factory function) collections .namedtuple () AL, BFH it
T —LE%ESME) method, 15 4% method W] B2 E T ol [EJ2 1) named tuple H1, JEEFRE

namespace (¥ fA%3M]) SBEPHEAFIHTT . G4 2 HE DA dictionary (ML) BEEVE. AR, A
E’J&.@E’Jﬂﬂ% S, mEYT (FF method 1) ﬁﬁ%ﬂkﬁ@%@ FEJ /“B@ S [ #E fh Bi7 1k 44
g, B . B, K3l builtins.open fll os.open() & BAM I A 24 23 R AR [
AR, A4 AS S e IH AR 1 40 2 MR R AR A A BV E— (R ek X ﬂ{i‘@—ﬁ%@&—ﬁ'ﬁ . B
4, B4 random.seed () B{ itertools.islice () BREHIE R, 824 ENEH random
Fl itertools FIAHIEEAE.

namespace package (fiy ﬁ??ﬁ%ﬁﬁ) —{f PEP 420 package (E{F), B HAEVEETE: (subpackage) f
— . s MEA T REEE B F R TE, M R R(E e M AMG S — W regular package (IE
MEM), NEeMEIES __init_ .py SMHEZE.

Rk Flmodule (F54H) .
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nested scope (HUIRTEII) REEIZ: B AN 5% (enclosing definition) A S BT RE Ty . S0I2RIE], —1i e
K MAREAE S — MR e s, WEERE2 Mg mhmas. @i, EHREET, &
RATE PRI PP 2 T S P TP o [t S A B A (R A Pl U R A TRV, 4
IR U TR A 4 25 W U BT A . nonlocal AFFESNEMEMIEHETEA .

new-style class (HiAKIE) — M4, ©RIGHAEIA K class Y04 FT 6 Y class 1. 78531
Python fitAxrfr, WA class 74 GEff ] Python BGHTIY) . ZHkIIEE, B2 _ slots__ . fiikdy
(descriptor). J& ' (property). __getattribute_ (). class method (¥H[EI}53%) Fil static method ([E]

ReIII5) -

object (¥ufk) FAMRAE (EEs(E) MpiERMATE (method) BEMERL. EWRAEInew-style class
(B AE)) A5 base class. (FEIRAHED) .

package (£5fF) —1# Python fjmodule (BE41) , ‘BRI PAGLE T4 (submodule) B /2 i FIf) 14 4
(subpackage). #7 LM E, EMste Al __path_ MR —{H Python £4H .

Wk Flregular package (IEFIEAE) Hinamespace package (4423 BB .

parameter (Z¥) 7t funcrion (P3X) = method 7= ) —{H v 44 T (named entity), "B $5W]5% ek
[El 2 —Wargument (5190), BAEFLLFE TR 20518 A TR 12 MR -

« positional-or-keyword ({7 BEa{ BT ) FEIH—( Al A4 e 4 B sl 2 AVEEIR 42 7 5| S g
518, BT BEE, BlPl R foo Al bar:

’def func (foo, bar=None): ... ‘

« positional-only ({EFROZE) : $&H]—MH A BEHL I OL BAHR BT | B, 7E ek S8 2 80 R
W/ FI0, W DATERE P OCHT I E SRR 28, BIUNLAR Y posonlyl FI posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

« keyword-only (fEFSBHEES:): $501— [ FAE DA B SRR Bt 7 [ B TER St e 2R 2051 2,
o 47— FE 25 0B 2 8 (var-positional parameter) 52 SLAGNG * 770, #hAT DATE HL 2 7 i
SOEIRBA T 20, HIIILL R kw_onlyl il kw_onh2:

def func(arg, *, kw_onlyl, kw_only2): ...

« var-positional ({EREHEAIE) : JEU]—HRELMER IR Bt i 5 | 3 (TEC B2 2
LT | M2 AN . B2 ERERE 2 MM E L~ AGEFRR, Bl

args:

def func(*args, **kwargs): ...

o var-keyword ({EEBCRBGET ) FEA P RHRHL LS BRI S [ (FEC Lt 2 HiE2
HATA B 5 | 32 4h) . BB E M LS MAT T E i b > AEsR0y, Bl L
By kwargs .

SYAT DS | Mo S R B TR A, R] DAE—SE RSP ) 5 | R S TR

75 75 S BV 55 £ Wargument (51 #%) W H . & WEE 5] #8002 82 M) 2:[F, inspect.
Parameter class, function Z i, PAK PEP 362,

path entry (fSHH) FEimport path (BEAREER) HH—ENE, Wipath based finder (L AR A5
) TS H AL E RS import (WAL .

path entry finder (P&7EIHH =-5i%%) #f sys.path_hooks H1 g — 1 0] BF Y 4 {4 (callable) (7 B —
\Epath entry hook) J Wl {HLf—F& finder , "BHNIE A DA—Wpath entryiE (VH54H .

BT IR AR TE H SRS EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (PRRIHHE]) F£ sys.path_hook #I| A f— BT FERY Y4 (callable), #8158 4 a]
TE—BEFE Bpath entry " BIAEA, HI € Bl E-— @ parh entry finder (FEASIEH TR o

path based finder (JLIRPKIRIISMERS)  THIRIN TILIE F 48 22 (meta path finder) 7 —, & FE—{fimport
path 1A
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path-like object (FBfEWtE) —HFRREREARFBEEHYT. BEEDEITDUR W FE R SRR st
5 bytes P, B —MEAE os.PathLike W EMPWHF. EEIFIY os. fspath () R, —ff
718 os.PathLike WM LETT DAk iEEIE] str 8% bytes R RSIELE; 1M os. fsdecode ()
I os.fsencode () HI4HER] A str & bytes %S . B PEP 519 3] A

PEP Python Enhancement Proposal (Python }4([El#24¢). PEP J2— skt s, ‘& fiEll) Python #H R
LB, BUEHEIA Python () —HF U GRS 3% DI e M AR 7 FIREE . PEP M % BLEL L R i B¢ 7 R i
PASAE R ST R A S P

PEP (WAFAEH Y, @B E R AR o R HR 58 . At ahe o BH P S B R0 B4R, PARE A
Python (R FHEISRIMFCE], 35 2Ll AR i =2kl . PEP MO 2 & i et it B i B Re ) 3
.

#=2([E PEP 1,

portion (¥#B4y) FEH —-HEFM—AESR (WABERIEAE—M zip B ), ELEREYE —FHH4
£A{f (namespace package) 7 FrE Bk, ul[E PEP 420 ) EFR.

positional argument (L ¥ 515 2 Eargument (5]#%).,

provisional API (‘47 API) 47 API 238, FEAEE k=B M A A M (backwards compatibility) {73
R REHERR K APL, BESR LAV E, R B e MR REE T, B EEREE ERRE T,
B Z O AN BRRER LT, e g BB &g A AR EE (B2 aHERs m). SE
sEEEIR e g EI A — G APLAE A L B 258 10 i AR B G B aR R, A &84 .

ISR AT APL, T A2 58 S8 Gl ) [ R MRy %2 ) — S TRl B
ATB9R € 2 ] REH 1 — 1 1) AT AR A AR E )y 52

e IR A8 A (S A A 4 B X B RE B IR PN BT, T B SR AR B R 1 Ry ] 25 B A I REL Y et Bt
2L PEP 411 T Z A1 .

provisional package (¥[{7E11) #E&Eprovisional API (4T API).

Python 3000 Python 3.x R ¥ A ERE (R ACARTRITER), B 3 A m 2 e B AR, ) tnl
PA%EESE) [Py3k].

Pythonic (Python Jald%rf)) —(EAEAD—BARAM, MM T Python 55 et ST ARG, A28
JHHCAbE 5 A S A ERE A . BN, Python R WAy REE WA, 2 for B
B, HEAERY T TR TEE . 32 HAsh S DEH SRR A, T AR AT
Python ) AAT IRy (8 11— (0 B e et A AU -

¥

fi]

for i in range(len(food)):
print (food[i])

M2, DA AR R . 5AA Python Jalks :

for piece in food:
print (piece)

qualified name (MU #A%) —M [B50FA RG], & BURE— 08B AY St A T8 R AR b o 5810
class. PR3\E method ff) [B#1E], 41 PEP 3155 @S, B TEE 1Y R UA class T 5, FRIE 44 7
SLHA 2 R A [ -

>>> class C:
class D:
def meth (self):
pass

>>> C._ qgualname_

YC’

>>> C.D.__ _gualname_
'C.D'

>>> C.D.meth. gualname
'C.D.meth'
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G RSN, ©ATRE & & (fully qualified name) j2 RNz H E BB 73 PR BR AR, ALFEATA]
MAZEM, Bl email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (SWiEHe) ¥R —EY RS UL W — WY 2 BEHECT BRI ZRE, © e
PRECHE (deallocated). 2 JHFHHUE # 1E Python FEsUaGh A R E|, (HE[ENCPython BN — 18 B #
JER. sys BALEFR T —Mf getrefcount () BN, /7 ialHlAT DAY % R A ] o — {6 K i
I 2 IR

regular package (\EBUEME) —MEE &M package (B1F), Hla—M@EE __init_ .py HEEMWHIE.
ek s Elnamespace package (423 L) .

__slots__ 7E class [FRHrg— (& 45, B T E S H OB 2, AIE IR EH] dictionary (FHL)
A TR R . BEARRE BRI , (e B LAEFEM A, o0 O P A IR — {0 i e B
(memory-critical) 1) i F R =X i fEAE A RE B 1 2 A ).

sequence (J3:41) —ffiterable (R[[EMCH{:), BB __getitem__ () special method (45K 7¥:), i
BRG | HCS R R AR TR, EEFR T M __len_ () method ZR[0I 3% FHI L. —L&
Flry B EfFE 1ist. str, tuple flbytes, TR, MR dict WFE _ getitem ()
Ml __len_ (), {HEWAHEIE M (mapping) A7, FIEHA R X026 AT & B immutable
g, AR

4 2 CHA(E] (abstract base class) collections.abe. Sequence EF% T — 3 hn & i/ 18 ,
AEIEF _ getitem () FI__len_ (), MM T count (). index (). _ _contains__ ()
Ml __reversed_ (). EfEMIEFRMERYEE], WA register () ML,

set comprehension (SEALAIER) —FEZH N, I ACE B8 wT EC ) 14 Hh i) 42 3 5 4 o
Z, FYEr4E L A—1 set A, results = {c for c in 'abracadabra' if c not
in 'abc'} GEAE—MFEH set: {'r', 'd'}. #52[F) comprehensions.

single dispatch (¥L—J))  generic function (ZZLRX) PRI, TR, FAEM SRS ER
— | 2 (E].

slice (VJ)) — MWW, B#E QS — Bsequence (JF5)) WH—ER5y. B —BY R 072 8
F R BE4F 9% (subscript notation) “[1“, #5445 Z M #w, MIFE#F 2 MM E 9%, Bl in
variable_name[1:3:5]. fE¥E9E (M) £F5EMENR, & slice Yit.

special method (¥§5kJjik) —FEE W Python HEJIFIY[Y method, FIFA SR Y (FI 47 B RE T, filan
Ty . 87 method 444 B8 & 7E B UEAN 45 )2 45 Wi FIR[E). Special method 7E specialnames H145 4
[ElmH.

statement (PiAR) BAXZ —HEMH (suite, —FEFEXAE TEIE]) Pr—8B50. BB PLE—
fllexpression (FEFEZ), SUESH BT (FlUNif, while o§ for) WEMELML —.

text encoding (SC#if%) A Python w1, — PNF£Fd 2 —H Unicode L% 5 (8 B 2 U+0000--
U+10FFFF). N TAEEUEE — DT, EREGIT I —B .

P FRR IR — DR “Gaid”, AN 75 SR Q@ A A R e <
6%770
HEMARFERSCARIT I Hlidds, EAEENA” XA GRS,

text file (SCRER) —MHREEFBNE A st WA file object (FEEWIM) . W, LFHEE
BE b R AR EUA A E [ 1 & R (byte-oriented datastream) [F)€r [ & i Flirext encoding (SCF 4fl) .
CFBRMETA: ACFRR ('r 2k 'w') BAEMREE. sys.stdin, sys.stdout PAK
io.StringIO IEH.

w2 Elbinary file (—IEHIRES), TR —WEEERBUN R A1 T4 & 4 1 (bytes-like object) IS

Y.

triple-quoted string (= 519§[EI5=) i =558 ( ©) sCHE]5E O MIEERER I —MEFR. BEREr
BEH R HEER G5 B gsshae, ERERFZEE, e s . eMsee
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PATE 75 A8 R BEE (unescaped) Ay B BEAI&E 5] 58, i H & MK 754 J# 447 JC (continuation
character) J ] DABSERZ2 4T, 35 645 & 194 4 55 [EIH 2 R e AR E A T

type (¥[E]) —1# Python Yy EE e T &2 EREE Y B s — R, — @Yk
FIZETT DA ERY __class__ BHARAFEL, #iPA type (obj) HAGR.

type alias (BEE4) —ERENFEZER, FiEs2E 4 — M (EFF (dentifier) ACH ..
HFE % # a2 [E3E = (type hint) 1R W . Bil4n:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

ALARTRGERK, SR T

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

#H2[0 typing fl PEP 484, 4 I HERHIIA .

type hint (BIEWR) —Fannowasion (ERE), EHeE A, —1 class J& s —H K= 2 Bk o]
AR I ALE.

R 2SRRI, A28 Python [EHIAY, (HEMB(EREAE S THMRA M, [EfER D) IDE
S AR A4 (completion) A EE## (refactoring).

4 3 5 L. class JB MR ORI R X O & I s ) B EHR R, A8 W A typing.
get_type_hints () RIEHL.

#2([F typing Al PEP 484, 4 ILTHREMHEA

universal newlines (GEJHEf7'7I0) — MM SCF T (text stream) 952, &% DA Brf 5945 [E 5L EE)
—ATHIEE R Unix 72 H ' \n'. Windows 1] '\r\n"' FI##) Macintosh 1% '\r'. #H2([E
PEP 278 il PEP 3116, DA /A bytes.splitlines () WP

variable annotation (S28{(EIF%) —{E8EL class JB i annotation ([F1F2).
(EVRE 5 k. class JB PRI, BRIEEIEMEN:

class C:
field: 'annotation'

SYEREE R AR L ERRT (ype hin): B0, EWSEEY GG int CBE) H:

count: int = 0

S EIRE YR AAE annassign B A F A 1 AR RE .
%%@ﬁmcti(m annotation (IZIEE;I%) . PEP 484 1 PEP 526, &4 WYIREMHEA .

virtual environment ([EERES) —[ % /EEE (cooperatively isolated) [ f7BREE, fiEi# Python [¥){Hi /]
HAE RIS DAL S RN TH4) Python BE[EIE M, 1HIAS € 38 ] —fH 2 45 _L AT A9 HoAth Python JfE I 72
KT EEATE.

HEa(F venv,

virtual machine ([E15EBEET) — 8 5¢ 4 BOBS BT 2 S84 B I (computer). Python ) [EJ 358 1% 25 €7 0 17
Hibytecode (LTCHLAG) Hias B % Hh B RLCALAS

Zen of Python (Python Z[F]) Python St /si I ST EL R 51 3, HIEIA AT B i BRI G0 ILRE= . La)
FA AR AT IORMA [import this| AHRIE,
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
« A3 reStructuredText 1 Docutils T E.4H Y Docutils BL2% ;
o Fredrik Lundh f] Alternative Python Reference 3l [ , >}y Sphinx 244 L M) 5T

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
AT ERRE W, §5 R Misc/ACKS

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeENDIX G

i E IR

C.1 &icio

Python 2 1 7 B S22 A0 51 AR RL 2T 9T By (CWI, R, https://www.cwinl/) [ Guido van Rossum Jji# 1990
EREBFEALE, i fEE—FRE ABC 3% 4% . (D Python (0 TR ACH HiAb M ETRL,
Guido /52 HFZMEH .

1995 4E, Guido {54 JE 5i N 55 i i B F A9 A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
e Python [ TAE, [EEARETEEE] T340l i 22l AR 4% o

2000 4£ . H , Guido Al Python A%.0» B % H B i 51| BeOpen.com [EJj{57. T BeOpen PythonLabs . [f]
4+ H , PythonLabs [# X% % Digital Creations (FBi[E] Zope Corporation; 5, https://www.zope.org/), 2001
4E, Python BBl 4 6r (PSF, H https://www.python.org/psf/) 37, g —{HEEHEA Python FH 2
EEIRE A7 69 A48 R AL4% . Zope Corporation J2& PSF iy—1fi & B & & .

Jir A7 1 Python AR ZBHIRAY (A BHIBRURAIEFE, (0 hups//opensource.org/) . FEM b, KEH{HAE4
By Python JiAS, o2 GPLAHZHY; DATR A4 G 25 M A 1 22 [E.

FERA | BB FHh HBEE GPL &%
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI =
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =S
2.1.1 2.142.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 PAE 2.1.1 2001 4 | PSF 7

fiiE): GPL MIAREIAZ RN 21E GPL RN #[E Python, A4 GPL, 1) Python FZAEHS AT DA 55 (1)
BRI, (AR B 5 o IR . GPL AHZR 1) $2 HE( 15 Python W] PA%S & A/ GPL R
SE R HH B ERRERIARTT.
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IR Z I AMEE T, A£E Guido 8 NIUATH, fifHE Le A iy B [ER(E AT fig.

C.2 FANREMHLEMFGXER Python SR

Python KBS E SOOI B HE R FL R PSF 224 6 4.

¢ Python 3.8.6 Bith, [ERASCOFR RG], FEaC A AR S, 29 B 524E (dual licensed) i PSF 4%
REA #1VA K Zero-Clause BSD 1% 4% ,

A LERANA Python SRR BLAR R 2R S5 SEAZRER @ BB RE 2 XA — s . B E 2
FHERI A SERET L, 2 EOK T 3R 09 34 SR ECGH

C.2.1 ¥ PYTHON 3.9.23 #y PSF 1% &%

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.23 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 3.9.23 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 3.9.23 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 3.9.23 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
3.9.23.

4. PSF is making Python 3.9.23 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.9.23 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.23
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, 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 3.9.23, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 A1 PYTHON 2.0 Y BEOPEN.COM #Z## &%)

BEOPEN PYTHON BB FZHES 455 1 I

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(R
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(R L —5)

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 Hj® PYTHON 1.6.1 B4 CNRI 1R &

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
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
[QiE3)
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sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI RS

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 F}* PYTHON 3.9.23 [FEA3 P2 #E#Y ZERO-CLAUSE BSD %%

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 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

_random BAH S T LA hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html ] N
EZFIRE RS . AT 2R AR U Y 52 8 i -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 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 Sockets

socket A ] getaddrinfo () fll getnameinfo () R, B7E WIDE EHZ (http:/www.wide.ad.
ip/) [El, AT R A 28 rh i Al -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FERF#¥ socket fRFE

asynchat fll asyncore fAL A& DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 #{TIEN

trace B W& PAT I
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode F=,

uu AL DA :

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 ZEimf2 ey

xmlrpc.client PEAHALE DA R B :

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test_epoll HIgL{1 A FH2H:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select B kqueue il & LA HEHH -

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash. c f§Z 6% Marek Majkowski’ %5 j* Dan Bernstein ] SipHash24 B VERIEE. B0
Nk

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy

of
in
to

this software and associated documentation files (the "Software"), to deal
the Software without restriction, including without limitation the rights
use, copy, modify, merge, publish, distribute, sublicense, and/or sell

copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:

https://github.com/majek/csiphash/

Solution inspired by code from:

Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c BEHML T C Y dtoa Al strtod s, MK C A BERS i B BOR 7 Hf TLAHIEE. %A%
FefTA4E H David M. Gay @S2I RI B SE, 125 BIAE AT AGE http://www .netlib.org/fp/ "N#. /A 2009 4F 3
H 16 H s R0 Ui 22 65 DA HURE B 2 e v -

/****************************************************************

* % ok X

*

*

*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/
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C.3.12 OpenSSL

A2 OpenSSL pRsU R YEAE3E R AL, Ml hashlib, posix. ssl. crypt BLALE M EAIETIL
fiE. BLAP, Windows il macOS [ Python 224 F2 ] fE 4L OpenSSL eI RIIAS, B AR M HAE
IHEHK(E] OpenSSL HZHEM Rl A -

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

L S S I S ST N S N S N S N S T N S N S e S N S N IS S N T N S
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% ok X ok X % ok X

ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

Lo R S A S N S N S N S S SIS S S S S S N S S T T I S S N S T S . N S S

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@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.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

Q)
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* QUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
* SUCH DAMAGE.
*
* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. 1i.e. this code cannot simply be
* copied and put under another distribution licence
* [including the GNU Public Licence.]
*/

C.3.13 expat

KrdEfE# B pyexpat IR ER] ——with-system-expat, %R & H—MES expat JFAATE
B B AR AR

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

WRAEfE#E _ctypes fE M REE ——with-system-1ibffi, HHIRZE G H —MES libf A6
B ) A A 7

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

(N gkse)
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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

UPRAE R S EAR BN 2lib BUA KB ABOR Sk R 2110 BE5E, RlRzdse g M — M EE 2ib JFIGHS
(R R A P

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {#H¥4E[EIZE (hash table) E/E, DA cfuhash BLZE (IR

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

(F D
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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

MAETEEE _decimal B4 EE) ——with-system-1libmpdec, 7 Il #% R 41 € H —1F(E & libmpdec
PR X JBE A ) A A

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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 H|:XEH

test XA CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #gu} https:
/lwww.w3.org/TR/xml-c14n2-testcases/ #ehgEL, H A2 ER 3-clause BSD ZRER; #5(E:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
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(R L —5)

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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JEFH
..., 219

2to3, 219
>>> 219

__all__ (package variable), 39
__dict__ (module attribute), 118
__doc__ (module attribute), 117

_ file_  (module attribute), 117, 118

_ future_ ,223
__import_

__ loader__ (module attribute), 117

[Elz & =, 40

main

__name___ (module attribute), 117, 118
__package___ (module attribute), 117

M4, 10, 138, 147

_ slots_ ,229
_frozen (C R #), 42

_inittab (C & #), 42

_Py_c_diff (C &), 84
_Py_c_neg (C #X), 84

_Py_c_pow (C & X), 85
_Py_c_prod (C &R), 84
_Py_c_quot (C &% R), 84
_Py_c_sum(C #X), 84
_Py_InitializeMain (C %H3R), 167
_Py_NoneStruct (C &%), 177
_PyBytes_Resize (C % X)), 87
_PyCFunctionFast (C A &), 179
_PyCFunctionFastWithKeywords (C # #%),

_PyFrameEvalFunction (C & #), 146
_PyInterpreterState_GetEvalFrameFunc

_PyInterpreterState_SetEvalFrameFunc
_PyObject_New (C $HR), 177

_PyObject_NewVar (C % R), 177
_PyTuple_Resize (C %K), 107

179

(C HX), 146

(C #X), 146

_thread

ot

AL 143

bytearray, 87

bytes, 86

Capsule, 127
complex number, 84
dictionary, 110
file, 116

floating point, 83
frozenset, 112
function, 113
instancemethod, 114
integer, 80

list, 108

long integer, 80
mapping, 110
memoryview, 125
method, 115

module, 117

None, 80

numeric, 80
sequence, 85

set, 112

tuple, 106

type, 6,77

BHEN

exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 136
PYTHONCOERCECLOCALE, 164
PYTHONDEBUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 189
PYTHONHASHSEED, 136
PYTHONHOME, 11, 136, 141, 160
PYTHONINSPECT, 137
PYTHONIOENCODING, 139
PYTHONLEGACYWINDOWSFSENCODING, 137
PYTHONLEGACYWINDOWSSTDIO, 137
PYTHONMALLOC, 170, 172, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137
PYTHONOLDPARSER, 162
PYTHONOPTIMIZE, 137
PYTHONPATH, 11, 136, 160
PYTHONUNBUFFERED, 137
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PYTHONUTFS, 164
PYTHONVERBOSE, 137

A

abort (), 39
abs
[z & =X, 64
abstract base class (#HZFEEHE) , 219
allocfunc (CA #), 210
annotation ([Ef&) ,219
argument (5|#) ,219
argv (in module sys), 141
ascii
[Ez ® =X, 57
asynchronous context manager (J[F F ¥
FEERE) 220
asynchronous generator iterator(JEf[E#F
El4 #EIRE) 220
asynchronous generator (3| FEIA %), 220
asynchronous iterable (Ei}i[_ﬁ]*fﬂﬁ%ﬁ)
, 220
asynchronous iterator (R FERE), 220
attribute (JBM#) , 220
awaitable (T &#&H4H) 220

B

BDFL, 220
binary file (ZiEH|#EE) ,220
binaryfunc (C A ), 211
buffer interface

(see buffer protocol), 69
buffer object

(see buffer protocol), 69
buffer protocol, 69
builtins

K4, 10, 138, 147
bytearray

1, 87
bytecode (frTL4LFE) ,221
bytes

Bz & =X, 57

HtF, 86
bytes-like object (Mfrm#lEtE) ,220

C

callback (E®F) ,221
calloc (), 169
Capsule

ik, 127
C-contiguous, 71, 221
class variable (¥E[[EI# %) ,221
classmethod

[z & =, 181
class (%kﬁ) , 221
cleanup functions, 39
close () (in module os), 148
CO_FUTURE_DIVISION (C % %), 19
code object, 116

coercion (%ﬂ%ﬂ) , 221
compile

B & =, 40
complex number

i, 84
complex number ([El#) ,221
context manager (FEHEGHEAE) ,221
context variable (F#E#3) ,221
contiguous, 71
contiguous (EAH) , 221
copyright (in module sys), 140
coroutine function (ﬁ}ﬁl‘%l—ﬁiﬁ) ,221
coroutine (#H#E) ,221
CPython, 221
create_module (C H ), 121

D

decorator (%{ﬁfﬁ%ﬁ) , 221
descrgetfunc (CH ), 211
descriptor (#H®#) ,222
descrsetfunc (C# ), 211
destructor (CH #), 210

dictionary
i, 110
dictionary comprehension (FHAELEL),
222
dictionary view (FHAgiH) , 222
dictionary (F4#t) ,222
divmod
Bz & K, 64

docstring ([EHF &) ,222
duck-typing (%FA[[E) ,222

E

EAFP, 222

EOFError (built-in exception), 117
exc_info () (in module sys), 9
exec_module (C #R), 121
exec_prefix, 4

executable (in module sys), 140

exit (), 39

expression (E&R) ,222
extension module (¥EFALAL) , 222

F

f-string (f F&) ,222
file

i, 116
file object (HZEWH) ,222
file-like object (¥fEZEWH) ,223
finder (F4 ) ,223
float

[El# & K, 65
floating point

# . 83
floor division ([ FTBUERE) ,223
Fortran contiguous, 71,221
free (), 169
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freefunc (C A ), 210
freeze utility,42
frozenset

i, 112

function

o, 113
function annotation (& R[EE) ,223
function (®=R) ,223

G

garbage collection (IFEUK) ,223

generator, 223

generator expression, 223

generator expression ([EJE#EHR) ,223

generator iterator ([El4 Z[[EIfk%E) ,223

generator (’i%&) ,223

generic function (ZAER) ,223

generic type (RAMFE]) ,224

getattrfunc (C# #8), 210

getattrofunc (C A #), 210

getbufferproc (C & ), 211

getiterfunc (C# #),211

GIL, 224

global interpreter lock, 141

global interpreter lock (&3 H = &4) ,
224

Fl

hash
Bz &=, 57, 193
hash-based pyc (?&é’ﬁ%fﬁ PYC) ,224
hashable (T#[Efy) ,224
hashfunc (C# #), 211

IDLE, 224

immutable (R &4H) ,224
import path (EANKA) ,224
importer (EA#H) ,224
importing (FEN) ,224
incr_item(),9, 10

initproc (C A #), 210
inquiry (C A #8), 215
instancemethod

W, 114
[z & R, 65

integer
W, 80
interactive (E#H) ,224
interpreted (H3EH) ,224
interpreter lock, 141
interpreter shutdown (HEZEHHMHE) ,224
iterable (WE®RHH) ,225
iterator (TJ(]%?F) , 225
iternextfunc (C A #), 211

int

K

key function (#&E=) ,225
KeyboardInterrupt (built-in exception), 28
keyword argument (H4EF5|%) ,225

L

lambda, 225
LBYL, 225
len
[z % R, 58, 66, 67, 109, 111, 113
lenfunc (C & #), 211
list
Hr1, 108
list comprehension (BF|4FAEE) 225
list (&7]) ,225
loader (FAH) ,225
lock, interpreter, 141
long integer
1 #F, 80

LONG_MAX, 81

M
magic

method, 225
magic method (EHTF ) ,225
main (), 139, 141
malloc (), 169
mapping

M, 110
mapping (#wk) ,225
memoryview

W, 125
meta path finder (7/1]%@?%%@%5) , 226
metaclass (TLHEE) ,226
METH_CLASS ([Fz % #0), 181
METH_COEXIST ([Fla % %), 181
METH_FASTCALL ([Flz % %), 180
METH_NOARGS ([Flz % %), 181
METH_O ([Fl# % #0), 181
METH_STATIC ([Flz % #0), 181
METH_VARARGS ([Flz % #0), 180
method

magic, 225

special, 229

Yk, 115
method resolution order (FEMHEF) ,

226

MethodType (in module types), 113, 115
method (F ) , 226
module

search path, 10, 138, 140

i, 117
module spec (HAHHME) ,226
modules (in module sys), 39, 138
ModuleType (in module types), 117
module (##4L) , 226
MRO, 226
mutable (F&4#) , 226
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N

named tuple (Mf4&JGAL) ,226
namespace package (& ZXMEH) ,226
namespace (fﬁfé?ifﬂﬁ) , 226

nested scope (;‘ﬁﬁkﬁ?}ﬂﬁﬁ) ,227
new-style class (F#[F) ,227
newfunc (C & #), 210

None

11, 80

numeric

41t 80
O

object

code, 116
object (##) ,227
objobjargproc (C & #), 211
objobjproc (C A #), 211
OverflowError (built-in exception), 81, 82

P

package variable

_all .39
package (&) ,227
parameter (%#() ,227
PATH, 11
path

module search, 10, 138, 140
path (in module sys), 10, 138, 140

path based finder (ERAEKEHFHE) 227
path entry finder (BEIEEH Fig#k) ,227

path entry hook (BEHEEF) ,227
path entry (%ﬁélﬁﬁ) ,227
path-like object (MBE4#) , 228
PEP, 228
platform (in module sys), 140
portion (#4) ,228
positional argument (ﬁﬁgl E)/() ,228
pow

Bz & =, 64, 65
prefix, 4
provisional API (¥4T API) ,228
provisional package (¥ATEH) , 228
Py _ABS (C E£),4
Py_AddPendingCall (C &#X), 148
Py_AddPendingCall (), 148
Py_AtExit (C &X), 39
Py_BEGIN_ALLOW_THREADS, 142
Py_BEGIN_ALLOW_THREADS (C E ££), 144
Py_BLOCK_THREADS (C E £), 145
Py_buffer (C# ), 69
Py_buffer.buf (C i B &), 69
Py_buffer.format (C & 8 H¥), 70
Py_buffer.internal (C & 8 H %), 71
Py_buffer.itemsize (C & B FH %), 70
Py_buffer.len (C & B S %), 70
Py_buffer.ndim (C % B & #), 70
Py_buffer.obj (C & B ##), 69

Py_buffer.readonly (C & B FH %), 70
Py_buffer.shape (C 5 B H ), 70
Py_buffer.strides (C s & &%), 70
Py_buffer.suboffsets (C & B H %), 70
Py_Buildvalue (C #X), 49
Py_BytesMain (C H#X), 15
Py_BytesWarningFlag (C & %), 136
Py_CHARMASK (C E ), 5

Py_CLEAR (C % X)), 21
Py_CompileString (C &#X), 17
Py_CompileString(), 18
Py_CompileStringExFlags (C &=R), 18
Py_CompileStringFlags (C #=R), 18
Py_CompileStringObject (C &), 18
Py_complex (C# #), 84
Py_DebugFlag (C ¥ %), 136
Py_DecodeLocale (C % 1), 36
Py_DECREF (C & RX), 21

Py _DECREF (), 6

Py_DEPRECATED (C E £), 5
Py_DontWriteBytecodeFlag (C ¥ %), 136
Py_Ellipsis (C ¥ %), 125
Py_EncodeLocale (C #X), 37
Py_END_ALLOW_THREADS,142

Py END_ALLOW_THREADS (C E %), 145
Py_EndInterpreter (C &), 148
Py_EnterRecursiveCall (C % R), 31
Py_eval_input (C &%), 18

Py_Exit (C HR), 39
Py_ExitStatusException (C &HX), 155
Py_False (C 4 %), 83

Py_FatalError (C $#X), 39
Py_FatalError (), 141
Py_FdIsInteractive (C &%), 35
Py_file_input (C # %), 18
Py_Finalize (C &X), 138
Py_FinalizeEx (C &), 138
Py_FinalizeEx (), 39, 138, 148
Py_FrozenFlag (C %), 136
Py_GenericAlias (C &HR), 133
Py_GenericAliasType (C % ), 133
Py_GetArgcArgv (C & X)), 166
Py_GetBuildInfo (C &HX), 140
Py_GetCompiler (C &), 140
Py_GetCopyright (C &#X), 140
Py_GETENV (C E4£), 5
Py_GetExecPrefix (C X)), 139
Py_GetExecPrefix (), 11
Py_GetPath (C HR), 140
Py_GetPath (), 11, 139, 140
Py_GetPlatform (C HR), 140
Py_GetPrefix (C % X)), 139
Py_GetPrefix (), 11
Py_GetProgramFullPath (C =), 139
Py_GetProgramFullPath (), 11
Py_GetProgramName (C % X)), 139
Py_GetPythonHome (C FH=R), 141
Py_GetVersion (C &X), 140
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Py_HashRandomizationFlag (C & %), 136

Py_IgnoreEnvironmentFlag (C 4 %), 136

Py_INCREF (C &%), 21

Py_INCREF (), 6

Py_Initialize (C HX), 138

Py_Initialize (), 10,139, 148

Py _InitializeEx (C #X), 138

Py_InitializeFromConfig (C &#R), 162

Py_InspectFlag (C &%), 136

Py_InteractiveFlag (C &%), 137

Py_IS_TYPE (C #X), 178

Py_IsInitialized(C %=X), 138

Py_IsInitialized(), Il

Py_IsolatedFlag (C % %), 137

Py_LeaveRecursiveCall (C %X), 31

Py_LegacyWindowsFSEncodingFlag (C ¥ #),
137

Py_LegacyWindowsStdioFlag (C ¥ %), 137

Py_Main (C $HR), 15

Py_MAX (C E£), 4

Py_MEMBER_SIZE (C E#),5

Py MIN(CE%#),4

Py_mod_create (C E %), 121

Py_mod_exec (C E£), 121

Py_NewInterpreter (C H#X), 147

Py_None (C ¥ %), 80

Py_NoSiteFlag (C % #), 137

Py_NotImplemented (C & %), 55

Py_NoUserSiteDirectory (C & &), 137

Py_OptimizeFlag (C & #), 137

Py_Prelnitialize (C $#X), 157

Py_PrelnitializeFromArgs (C HX), 157

Py_PreInitializeFromBytesArgs (C & X)),
157

Py_PRINT_RAW, 117

Py_QuietFlag (C % #), 137

Py_REFCNT (C E %), 178

Py_ReprEnter (C HR), 31

Py_ReprLeave (C & RX), 31

Py_RETURN_FALSE (C E £), 83

Py_RETURN_NONE (C E £), 80

Py_RETURN_NOTIMPLEMENTED (C B %), 55

Py_RETURN_RICHCOMPARE (C E %), 199

Py_RETURN_TRUE (C E #£), 83

Py_RunMain (C # X)), 166

Py_SET_REFCNT (C & X)), 179

Py_SET_STIZE (C &=X), 179

Py_SET_TYPE (C &), 178

Py_SetPath (C FHX), 140

Py_SetPath (), 140

Py_SetProgramName (C % =), 139

Py_SetProgramName (), 11, 138140

Py_SetPythonHome (C H# X)), 141

Py_SetStandardStreamEncoding (C & X)),
139

Py_single_input (C % %), 18

Py_SIZE (C E%), 179

Py_ssize_t (CH#),9

PY_SSIZE_T_MAX, 82
Py_STRINGIFY (C E£),4
Py_TPFLAGS_BASE_EXC_SUBCLASS ([F# % ),
196
Py_TPFLAGS_BASETYPE ([FliZ % %), 195
Py_TPFLAGS_BYTES_SUBCLASS ([Ei % %), 196
Py_TPFLAGS_DEFAULT ([F& % %), 195
Py_TPFLAGS_DICT_SUBCLASS ([Flz % %), 196
Py_TPFLAGS_HAVE_FINALIZE (&% %), 196
Py_TPFLAGS_HAVE_GC ([F& % ), 195
Py_TPFLAGS_HAVE_VECTORCALL ([ 3 % %),
196
Py_TPFLAGS_HEAPTYPE ([FlzZ % #), 195
Py_TPFLAGS_LIST_SUBCLASS (&% #), 196
Py_TPFLAGS_LONG_SUBCLASS ([Flzk % #0), 196
Py_TPFLAGS_METHOD_DESCRIPTOR ([Fli& % #),
196
Py_TPFLAGS_READY ([Fli % ), 195
Py_TPFLAGS_READYING ([Flz % #), 195
Py_TPFLAGS_TUPLE_SUBCLASS ([Fla % %), 196
Py_TPFLAGS_TYPE_SUBCLASS ([Flz % ), 196
Py_TPFLAGS_UNICODE_SUBCLASS ([Fl# 4 #),
196
Py_tracefunc (C# ), 149
Py_True (C ¥ #), 83
Py_tss_NEEDS_INIT (C E%), 151
Py_tss_t (CA#), 151
Py_TYPE (C E %), 178
Py_UCS1 (C & #&), 89
Py_UCS2 (C # #&), 89
Py_UCS4 (C # #&), 89
Py_UNBLOCK_THREADS (C E %), 145
Py_UnbufferedStdioFlag (C % %), 137
Py_UNICODE (C #! #), 89
Py_UNICODE_IS_HIGH_SURROGATE (C E %), 92
Py_UNICODE_IS_LOW_SURROGATE (C E %), 92
Py _UNICODE_IS_SURROGATE (C E %), 92
Py_UNICODE_ISALNUM (C &%), 91
Py_UNICODE_TISALPHA (C &%X), 91
Py_UNICODE_ISDECIMAL (C & X)), 91
Py_UNICODE_ISDIGIT (C =), 91
Py_UNICODE_ISLINEBREAK (C #X), 91
Py_UNICODE_ISLOWER (C &%), 91
Py_UNICODE_ISNUMERIC (C & X)), 91
Py_UNICODE_ISPRINTABLE (C &% X)), 91
Py_UNICODE_TISSPACE (C &), 91
Py_UNICODE_ISTITLE (C &%X), 91
Py_UNICODE_ISUPPER (C & X)), 91
Py_UNICODE_JOIN_SURROGATES (C E %), 92
Py_UNICODE_TODECIMAL (C & X)), 92
Py_UNICODE_TODIGIT (C &% X)), 92
Py_UNICODE_TOLOWER (C $%=,), 91
Py_UNICODE_TONUMERIC (C & X)), 92
Py_UNICODE_TOTITLE (C &%), 91
Py_UNICODE_TOUPPER (C &% X), 91
Py_UNREACHABLE (C E%), 4
Py_UNUSED (C E ), 5
Py_VaBuildvValue (C H#<), 50
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PY_VECTORCALL_ARGUMENTS_OFFSET (C E %),
59

Py_VerboseFlag (C % %), 137

Py_VISIT (C %#X), 215

Py_XDECREF (C % X)), 21

Py_XDECREF (), 10

Py_XINCREF (C & X)), 21

PyAnySet_Check (C HR), 112

PyAnySet_CheckExact (C FHX), 112

PyArg_Parse (C &#X), 48

PyArg_ParseTuple (C % X)), 48

PyArg_ParseTupleAndKeywords (C &), 48

PyArg_UnpackTuple (C & X)), 48

PyArg_ValidateKeywordArguments (C & R),
48

PyArg_VaParse (C $#:), 48

PyArg_VaParseTupleAndKeywords (C & X)),
48

PyASCIIObject (C & #%), 89

PyAsyncMethods (C & #£), 209

PyAsyncMethods.am_aiter (C s B FH %), 210

PyAsyncMethods.am_anext (C m B &%), 210

PyAsyncMethods.am_await (C & B %), 209

PyBool_Check (C & X)), 83

PyBool_FromLong (C #=X,), 83

PyBUF_ANY_CONTIGUOUS (C E £), 72

PyBUF_C_CONTIGUOUS (C E ), 72

PyBUF_CONTIG (C E %), 72

PyBUF_CONTIG_RO (C E£), 72

PyBUF_F_CONTIGUOUS (C E £), 72

PyBUF_FORMAT (C E £), 71

PyBUF_FULL (C E %), 72

PyBUF_FULL_RO (C E %), 72

PyBUF_INDIRECT (C E %), 71

PyBUF_ND (C E ), 71

PyBUF_RECORDS (C E £), 72

PyBUF_RECORDS_RO (C E %), 72

PyBUF_SIMPLE (C E £), 71

PyBUF_STRIDED (C E %), 72

PyBUF_STRIDED_RO (C E ), 72

PyBUF_STRIDES (C E %), 71

PyBUF_WRITABLE (C E £), 71

PyBuffer_ FillContiguousStrides (C & X)),
74

PyBuffer_FillInfo (C &), 74

PyBuffer_FromContiguous (C %HR), 74

PyBuffer_GetPointer (C HX), 74

PyBuffer_IsContiguous (C HR), 74

PyBuffer_ Release (C HX), 74

PyBuffer_ SizeFromFormat (C % R), 74

PyBuffer_ToContiguous (C &#X), 74

PyBufferProcs, 69

PyBufferProcs (C & #), 208

PyBufferProcs.bf_getbuffer (C m B & &),
208

PyBufferProcs.bf_releasebuffer (C m& B
F #), 209

PyByteArray_AS_STRING (C & X)), 88

PyByteArray_AsString (C &), 88
PyByteArray_Check (C &#3), 87
PyByteArray_CheckExact (C % R), 87
PyByteArray_Concat (C H=R), 88
PyByteArray_FromObject (C &#R), 88
PyByteArray_FromStringAndSize (C & X)),
38
PyByteArray_ GET_SIZE (C %HR), 88
PyByteArray_Resize (C HZR), 88
PyByteArray_Size (C H#X), 88
PyByteArray_Type (C 4 %), 87
PyByteArrayObject (C A &), 87
PyBytes_AS_STRING (C % X)), 87
PyBytes_AsString (C FHX), 86
PyBytes_AsStringAndSize (C &#R), 87
PyBytes_Check (C % R), 86
PyBytes_CheckExact (C HX), 86
PyBytes_Concat (C HX), 87
PyBytes_ConcatAndDel (C % R), 87
PyBytes_FromFormat (C #=X,), 86
PyBytes_FromFormatV (C &X,), 86
PyBytes_FromObject (C HX), 86
PyBytes_FromString (C HX), 86
PyBytes_FromStringAndSize (C & R), 86
PyBytes_GET_SIZE (C HZR), 86
PyBytes_Size (C #X), 86
PyBytes_Type (C & £), 86
PyBytesObject (CH #), 86
PyCallable_Check (C & X), 63
PyCallIter_Check (C HZX), 123
PyCallIter_New (C #ZX), 123
PyCallIter_Type (C &%), 123
PyCapsule (C % #), 127
PyCapsule_CheckExact (C & R), 127
PyCapsule_Destructor (C# ), 127
PyCapsule_GetContext (C %HR), 127
PyCapsule_GetDestructor (C HR), 127
PyCapsule_GetName (C %), 127
PyCapsule_GetPointer (C HX), 127
PyCapsule_Import (C #X), 127
PyCapsule_IsValid (C &#R), 127
PyCapsule_New (C HX), 127
PyCapsule_SetContext (C HX), 128
PyCapsule_SetDestructor (C %2R, 128
PyCapsule_SetName (C % R), 128
PyCapsule_SetPointer (C %#R), 128
PyCell_Check (C &X), 115
PyCell_GET (C %X), 115
PyCell_Get (C #X), 115
PyCell_New (C HX), 115
PyCell_ SET (C &=, 115
PyCell_Set (C &#X), 115
PyCell_Type (C ¥ %), 115
PyCellObject (C 7 #&), 115
PyCFunction (C A #8), 179
PyCFunctionWithKeywords (C % #&), 179
PyCMethod (C & #£), 180
PyCode_Check (C % X)), 116
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PyCode_GetNumFree (C % R), 116
PyCode_New (C #X), 116
PyCode_NewEmpty (C #R), 116
PyCode_NewWithPosOnlyArgs (C %), 116
PyCode_Type (C ¥ %), 116
PyCodec_BackslashReplaceErrors (C & X)),
53
PyCodec_Decode (C % R), 52
PyCodec_Decoder (C #X), 53
PyCodec_Encode (C &%), 52
PyCodec_Encoder (C % 1), 53
PyCodec_IgnoreErrors (C %R), 53
PyCodec_IncrementalDecoder (C % R), 53
PyCodec_IncrementalEncoder (C %#R), 53
PyCodec_KnownEncoding (C &#=R), 52
PyCodec_LookupError (C % 3R), 53
PyCodec_NameReplaceErrors (C HR), 53
PyCodec_Register (C HX), 52
PyCodec_RegisterError (C HX), 53
PyCodec_ReplaceErrors (C HX), 53
PyCodec_StreamReader (C &% R), 53
PyCodec_StreamWriter (C %X), 53
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PyDict_SetItem (C HX), 110
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PyEval_ReleaseThread (), 143
PyEval_RestoreThread (C $%R), 144
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PyInterpreterState_Next (C &HR), 150
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PyList_GET_SIZE (C &), 109
PyList_GetItem(C %X), 109

4 X)), 39

262

#5l



The Python/C API, £[F) 3.9.23

PyList_GetItem(), 8
PyList_GetSlice (C &), 109
PyList_Insert (C H#X), 109
PyList_New (C &=, 109
PyList_Reverse (C &%), 109
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PyNumberMethods
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w8 B #), 207
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PyNumberMethods
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PyNumberMethods
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(C m B &), 207

PyNumberMethods
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B ), 207

PyNumberMethods
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206
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206
PyNumberMethods
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.nb_invert (C m B & ¥),
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206
PyNumberMethods
206
PyNumberMethods
PyNumberMethods
206
PyNumberMethods
PyNumberMethods
#), 206
PyNumberMethods
207
PyNumberMethods
207
PyNumberMethods
206
PyNumberMethods
5 %), 207
PyNumberMethods.nb_xor (C s 8
PyObject (CA #), 178
PyObject_AsCharBuffer (C &
PyObject_ASCII (C &), 56
PyObject_AsFileDescriptor (C % R), 117
PyObject_AsReadBuffer (C H#X), 75
PyObject_AsWriteBuffer (C &HR), 75
PyObject_Bytes (C & RX), 57
PyObject_Call (C #X), 61
PyObject_CallFunction (C 1), 61
PyObject_CallFunctionObjArgs (C &
PyObject_CallMethod (C &#X), 61
PyObject_CallMethodNoArgs (C &HR), 62
PyObject_CallMethodObjArgs (C &HR), 62
PyObject_CallMethodOneArg (C #R), 62
PyObject_CallNoArgs (C % R), 61
PyObject_CallObject (C &HX), 61
PyObject_Calloc (C &), 172
PyObject_CallOneArg (C & X)), 61
PyObject_CheckBuffer (C %R), 74
PyObject_CheckReadBuffer (C HX), 75
PyObject_Del (C & =R), 177
PyObject_DelAttr (C HX), 56
PyObject_DelAttrString (C &
PyObject_DelItem (C F=X), 58
PyObject_Dir (C FHX), 58
PyObject_Free (C%HR), 172
PyObject_GC_Del (C %R, 214
PyObject_GC_IsFinalized (C %X),214
PyObject_GC_IsTracked (C HX), 214
PyObject_GC_New (C F#RX), 214
PyObject_GC_NewVar (C % X)), 214
PyObject_GC_Resize (C %X), 214
PyObject_GC_Track (C % X), 214
PyObject_GC_UnTrack (C & X)), 215
PyObject_GenericGetAttr (C HR), 56
PyObject_GenericGetDict (C HR), 56
PyObject_GenericSetAttr (C HR), 56
PyObject_GenericSetDict (C &HR), 56
PyObject_GetArenaAllocator (C HR), 175
PyObject_GetAttr (C HX), 55

.nb_negative (C rx 8 #%),
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.nb_positive (C s 8B FHE),
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.nb_remainder (C & B &
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.nb_rshift (C m B & %),
.nb_subtract (C & 8 &),
.nb_true_divide (C s B
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H X)), 75

4 X)), 62

4 X)), 56

PyObject_GetAttrString (C H#X), 55
PyObject_GetBuffer (C HX), 74
PyObject_GetItem (C HR), 58
PyObject_GetIter (C HRX), 58
PyObject_HasAttr (C HX), 55
PyObject_HasAttrString (C H#X), 55
PyObject_Hash (C ), 57
PyObject_HashNotImplemented (C &
PyObject_HEAD (C E %), 178
PyObject_HEAD_INIT (C E %), 179
PyObject_Init (C %#=RX), 177
PyObject_InitVvar (C %R), 177
PyObject_IS_GC (C HR),214
PyObject_IsInstance (C #X), 57
PyObject_IsSubclass (C #X), 57
PyObject_IsTrue (C HX), 57
PyObject_Length (C H#R), 57
PyObject_LengthHint (C &#X), 58
PyObject_Malloc (C FHR), 172
PyObject_New (C & X)), 177
PyObject_NewVar (C &X), 177
PyObject_Not (C &), 57
PyObject._ob_next (C . B
PyObject._ob_prev (C . B
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 HX), 56
PyObject_SetAttrString (C &
PyObject_SetItem (C HX), 58
PyObject_Size (C HR), 57
PyObject_Str (C &), 57
PyObject_Type (C & X)), 57
PyObject_TypeCheck (C #HZR), 57
PyObject_VAR_HEAD (C E %), 178
PyObject_Vectorcall (C H:), 62
PyObject_VectorcallDict (C &HR), 62
PyObject_VectorcallMethod (C &X), 63
PyObjectArenaAllocator (CH ), 175
PyObject .ob_refcnt (C & 8 %), 189
PyObject .ob_type (C & 8 &%), 189
PyOS_AfterFork (C %R), 36
PyOS_AfterFork_Child (C #X), 36
PyOS_AfterFork_Parent (C H#X), 35
Py0OS_BeforeFork (C #HR), 35
PyOS_CheckStack (C & X)), 36
PyOS_double_to_string (C &
PyOS_FSPath (C & X)), 35
PyOS_getsig (C &#X), 36
PyOS_InputHook (C % #), 16
PyOS_ReadlineFunctionPointer (C & ), 16
PyOS_setsig (C HR), 36
PyOS_snprintf (C H#X), 50
PyOS_stricmp (C HR), 51
PyOS_string to_double (C &
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PyOS_strnicmp (C HR), 51
PyOS_vsnprintf (C % X)), 50

PySequence_DelSlice (C HR), 66
PySequence_Fast (C H#X), 67
PyParser_SimpleParseFile (C H#X), 17 PySequence_Fast_GET_ITEM (C FHX), 67
PyParser_SimpleParseFileFlags (C & X)), PySequence_Fast_GET_SIZE (C HRX), 67

17 PySequence_Fast_ITEMS (C &#R), 67
PyParser_SimpleParseString (C HX), 17 PySequence_GetItem (C HX), 66
PyParser_SimpleParseStringFlags (C % PySequence_GetItem(),8

X)), 17 PySequence_GetSlice (C #X), 66
PyParser_SimpleParseStringFlagsFilenamePySequence_Index (C %HR), 66

(C HRX), 17 PySequence_InPlaceConcat (C HX), 66
PyPreConfig (C A #8), 156 PySequence_InPlaceRepeat (C FHX), 66
PyPreConfig_InitIsolatedConfig (C # X)), PySequence_ITEM(C H#R), 67

156 PySequence_Length (C & R), 66
PyPreConfig_InitPythonConfig (C &% RX), PySequence_List (C FHX), 66

156 PySequence_Repeat (C %HR), 66
PyPreConfig.allocator (C & B &), 156 PySequence_SetItem (C HX), 66
PyPreConfig.coerce_c_locale (Crx B #), PySequence_SetSlice (C &HR), 66

156 PySequence_Size (C H 1), 66
PyPreConfig.coerce_c_locale_warn (C s PySequence_Tuple (C %HR), 67

B /%), 156 PySequenceMethods (C % &), 208
PyPreConfig.configure_locale (C m B & PySequenceMethods.sq_ass_item (C i B &

#), 156 #0), 208
PyPreConfig.dev_mode (C m B F# %), 156 PySequenceMethods.sq _concat (C s 8 ),
PyPreConfig.isolated (C m B FHE), 156 208

PyPreConfig.legacy_windows_fs_encoding PySequenceMethods.sq_contains (C & B &
(C m B & %0), 157 #), 208
PyPreConfig.parse_argv (C s B &), 157 PySequenceMethods.sq inplace_concat (C
PyPreConfig.use_environment (C s B %), B E), 208
157 PySequenceMethods.sq_inplace_repeat (C
PyPreConfig.utf8_mode (C & 8 %), 157 B g, 208
PyProperty_Type (C &%), 124 PySequenceMethods.sq item (C % 8 & #),

PyRun_AnyFile (C H#X), 15 208
PyRun_AnyFileEx (C HX), 15 PySequenceMethods.sq _length (C sk B ),
PyRun_AnyFileExFlags (C %X), 15 208
PyRun_AnyFileFlags (C $#=R), 15 PySequenceMethods.sq _repeat (C s B FH ),

PyRun_File (C &), 17 208

PyRun_FileEx (C %X), 17 PySet_Add (C HRX), 113
PyRun_FileExFlags (C &% =R), 17 PySet_Check (C &% R), 112
PyRun_FileFlags (C 1), 17 PySet_Clear (C % R), 113
PyRun_InteractiveLoop (C FHR), 16 PySet_Contains (C % R), 113
PyRun_InteractiveLoopFlags (C &#R), 16 PySet_Discard (C $#X), 113
PyRun_InteractiveOne (C % R), 16 PySet_GET_SIZE (C %HR), 113
PyRun_InteractiveOneFlags (C $#:), 16 PySet_New (C H#R), 112

PyRun_SimpleFile (C HX), 16
PyRun_SimpleFileEx (C FHX), 16
PyRun_SimpleFileExFlags (C &), 16
PyRun_SimpleString (C HR), 15
PyRun_SimpleStringFlags (C &X), 16
PyRun_String (C & R), 17
PyRun_StringFlags (C &% R), 17
PySeqIter_Check (C &), 123
PySeqlter_New (C FH=X), 123
PySeqlter_Type (C % %), 123
PySequence_Check (C H#X), 66
PySequence_Concat (C H3), 66
PySequence_Contains (C % X)), 66
PySequence_Count (C HX), 66
PySequence_DelItem (C HZR), 66

PySet_Pop (C HR), 113

PySet_Size (C HX), 113
PySet_Type (C ¥ %), 112
PySetObject (C A &), 112
PySignal_SetWakeupFd (C % X)), 28
PySlice_AdjustIndices (C HR), 125
PySlice_Check (C & X)), 124
PySlice_GetIndices (C %#X), 124
PySlice_GetIndicesEx (C %HX), 124
PySlice_New (C % X)), 124
PySlice_Type (C ¥ %), 124
PySlice_Unpack (C &#ZX), 125
PyState_AddModule (C &), 123
PyState_FindModule (C #ZX), 123
PyState_RemoveModule (C % X)), 123
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PyStatus (C# #&), 155 PEP 443,223
PyStatus_Error (C HRX), 155 PEP 451, 121,223
PyStatus_Exception (C HR), 155 PEP 483,224
PyStatus_Exit (C &HR), 155 PEP 484,219, 223,224,230
PyStatus_IsError (C H#X), 155 PEP 489,121
PyStatus_IsExit (C &X), 155 PEP 492,220,221
PyStatus_NoMemory (C HR), 155 PEP 498,222
PyStatus_Ok (C &% X)), 155 PEP 519,228
PyStatus.err_msg (C sx B & #), 155 PEP 523,146
PyStatus.exitcode (C & B &%), 155 PEP 525,220
PyStatus. func (C 5 8 &), 155 PEP 526,219, 230
PyStructSequence_Desc (C# #), 107 PEP 528,137
PyStructSequence_Field (C % ), 108 PEP 529,97, 137
PyStructSequence_GET_ITEM (C &), 108 PEP 538, 164
PyStructSequence_GetItem (C FHX), 108 PEP 539, 151
PyStructSequence_InitType (C HX), 107 PEP 540, 164
PyStructSequence_InitType2 (C &HX), 107 PEP 552,159
PyStructSequence_New (C % R), 108 PEP 578,39
PyStructSequence_NewType (C FHX,), 107 PEP 585,224
PyStructSequence_SET_ITEM (C &), 108 PEP 587,154
PyStructSequence_SetItem (C HX), 108 PEP 590, 59
PyStructSequence_UnnamedField (C 4 %), PEP 617,162
108 PEP 623,88

PySys_AddAuditHook (C #X), 38 PEP 3116,230
PySys_AddWarnOption (C &), 37 PEP 3119,57
PySys_AddWarnOptionUnicode (C H#R), 37 PEP 3121,119
PySys_AddxOption (C &), 38 PEP 3147,41
PySys_Audit (C ¥ R), 38 PEP 3151,32
PySys_FormatStderr (C #X), 38 PEP 3155, 228
PySys_FormatStdout (C H#R), 38 PYTHON*, 136
PySys_GetObject (C H#X,), 37 PYTHONCOERCECLOCALE, 164
PySys_GetXOptions (C $HR), 38 PYTHONDERUG, 136
PySys_ResetWarnOptions (C %), 37 PYTHONDONTWRITEBYTECODE, 136
PySys_SetArgv (C & X)), 141 PYTHONDUMPREFS, 189
PySys_SetArgv (), 138 PYTHONHASHSEED, 136
PySys_SetArgvEx (C & X)), 141 PYTHONHOME, 11, 136, 141, 160
PySys_SetArgvEx (), 10, 138 Pythonic (Python JEA#4#) ,228
PySys_SetObject (C %), 37 PYTHONINSPECT, 137
PySys_SetPath (C H#X), 38 PYTHONIOENCODING, 139
PySys_WriteStderr (C &HR), 38 PYTHONLEGACYWINDOWSFSENCODING, 137
PySys_WriteStdout (C &HR), 38 PYTHONLEGACYWINDOWSSTDIO, 137
Python 3000, 228 PYTHONMALLOC, 170, 172, 174
Python Enhancement Proposals PYTHONMALLOCSTATS, 170

PEP 1,228 PYTHONNOUSERSITE, 137

PEP 7,3,5 PYTHONOLDPARSER, 162

PEP 238,19, 223 PYTHONOPTIMIZE, 137

PEP 278, 230 PYTHONPATH, 11, 136, 160

PEP 302,223,225 PYTHONUNBUFFERED, 137

PEP 343,221 PYTHONUTFS, 164

PEP 353,9 PYTHONVERBOSE, 137

PEP 362,220,227 PyThread_create_key (C #X), 152

PEP 383,96, 97 PyThread_delete_key (C X)), 152

PEP 384,13 PyThread_delete_key_value (C %X), 152

PEP 393,88,95 PyThread_get_key_value (C &% R), 152

PEP 411,228 PyThread_ReInitTLS (C H X)), 152

PEP 420,223, 226,228 PyThread_set_key_value (C H#ZX), 152

PEP 432,166, 167 PyThread_tss_alloc (C HX), 151

PEP 442,205 PyThread_tss_create (C %K), 152
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PyThread_tss_delete (C HAR), 152
PyThread_tss_free (C %H3), 151
PyThread_tss_get (C %#X), 152
PyThread_tss_is_created (C &#R), 152
PyThread_tss_set (C % X)), 152
PyThreadState, 141

PyThreadState (C# %), 143
PyThreadState_Clear (C #X), 145
PyThreadState_Delete (C %HR), 145

PyThreadState_ DeleteCurrent (C #X), 145

PyThreadState_Get (C % R), 144
PyThreadState_GetDict (C HR), 146
PyThreadState_GetFrame (C % X)), 145
PyThreadState_GetID (C #X), 145

PyThreadState_GetInterpreter (C & R),

146
PyThreadState_New (C H:), 145
PyThreadState_Next (C FHX), 150

PyThreadState_SetAsyncExc (C %K), 146

PyThreadState_Swap (C FHX), 144
PyTime_Check (C &), 131
PyTime_CheckExact (C % 3R), 131
PyTime_FromTime (C &), 131
PyTime_FromTimeAndFold (C &X), 131
PyTimeZone_FromOffset (C FHX), 131

PyTimeZone_FromOffsetAndName (C & R),

132
PyTrace_C_CALL (C % #), 150
PyTrace_C_EXCEPTION (C % #), 150
PyTrace_C_RETURN (C & #), 150
PyTrace_CALL (C # ), 149
PyTrace_EXCEPTION (C % #), 149
PyTrace_LINE (C % ), 149
PyTrace_OPCODE (C # %), 150
PyTrace_RETURN (C & %), 150
PyTraceMalloc_Track (C #X), 175
PyTraceMalloc_Untrack (C H#X), 175
PyTuple_Check (C #3R), 106
PyTuple_CheckExact (C X)), 106
PyTuple_GET_ITEM (C &), 107
PyTuple_GET_SIZE (C &%), 106
PyTuple_GetItem (C &HX), 107
PyTuple_GetSlice (C %), 107
PyTuple_New (C H#:), 106
PyTuple_Pack (C & X)), 106
PyTuple SET_ITEM(C &%X), 107
PyTuple_SetTItem (C #X), 107
PyTuple_SetItem(),6
PyTuple_Size (C HX), 106
PyTuple_Type (C %), 106
PyTupleObject (C A #&), 106
PyType_Check (C &X), 77
PyType_CheckExact (C % R), 77
PyType_ClearCache (C HR), 77
PyType_FromModuleAndSpec (C # X)), 79
PyType_FromSpec (C HX), 79
PyType_FromSpecWithBases (C &%X), 79
PyType_GenericAlloc (C %#X), 78

PyType_GenericNew (C % R), 78
PyType_GetFlags (C HR), 77
PyType_GetModule (C HR), 78
PyType_GetModuleState (C HR), 78
PyType_GetSlot (C % X)), 78
PyType_HasFeature (C % R), 78
PyType_IS_GC (C &), 78
PyType_IsSubtype (C HR), 78
PyType_Modified (C H=X), 78
PyType_Ready (C H# X)), 78
PyType_Slot (C A %), 79
PyType_Slot.PyType_Slot.pfunc (C m B &

#), 80

PyType_Slot.PyType_Slot.slot (C & B &

#), 79

PyType_Spec (C A #8), 79

PyType_Spec.PyType_Spec.basicsize (C rx
B &%), 79

PyType_Spec.PyType_Spec.flags (C m B &

#), 79

PyType_Spec.PyType_Spec.itemsize (C &
B &%), 79

PyType_Spec.PyType_Spec.name (C & B

#), 79

PyType_Spec.PyType_Spec.slots (C m B

#), 79

EN
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PyType_Type (C &%), 77
PyTypeObiject (C & #&), 77

PyTypeObject
PyTypeObject

PyTypeObject.

194

PyTypeObject.

193
PyTypeObject
193

PyTypeObject.

193

PyTypeObject.
.tp_bases (C & &%), 203
.tp_basicsize (C » B & #),

PyTypeObject
PyTypeObject
190

PyTypeObject.
PyTypeObject.
.tp_clear (C & B #%), 197

.tp_dealloc (C m B H ), 191

PyTypeObject
PyTypeObject

PyTypeObject.
PyTypeObject.

201

PyTypeObject.

201
PyTypeObject

PyTypeObject.

201

PyTypeObject.
.tp_finalize (C m B H ), 204
.tp_flags (C s B &#), 194

PyTypeObject.

PyTypeObject
PyTypeObject

.tp_alloc (C m B & k), 202
.tp_as_async (C & B &), 192

tp_as_buffer (C m B & #),

tp_as_mapping (C & & & &),

.tp_as_number (C rx B & %),

tp_as_sequence (C % B #H ),

tp_base (C & 8 &%), 200

tp_cache (C rx B & #), 204
tp_call (C M& B F# %), 193

tp_del (C & A &), 204
tp_descr_get (C m B & %),

tp_descr_set (C & B & %),

.tp_dict (C m B &%), 200

tp_dictoffset (C & B & ¥K),

tp_doc (C & A &%), 196

tp_free (C A& B H#), 203

268

#5l



The Python/C API, £[F) 3.9.23

PyTypeObject.tp_getattr (C m B FH %), 192
PyTypeObject.tp_getattro (C & B FH %), 194
PyTypeObject.tp_getset (C sk B FH#), 200
PyTypeObject.tp_hash (C m B &), 193
PyTypeObiject.tp_init (C m B H ), 202
PyTypeObiject.tp_is_gc (C & B %), 203
PyTypeObject.tp_itemsize (C & B F %), 190
PyTypeObject.tp_iter (C m B FHE), 199
PyTypeObject.tp_iternext (C & 8 H %), 199
PyTypeObiject.tp_members (C sk B FHE), 200
PyTypeObiject.tp_methods (C m B &%), 200
PyTypeObiject.tp_mro (C s B H#), 204
PyTypeObiject.tp_name (C & B FHE), 190
PyTypeObiject.tp_new (C s B FH#), 202
PyTypeObiject.tp_repr (C m B H¥K), 192
PyTypeObiject.tp_richcompare (C s B FHE),
198
PyTypeObject.tp_setattr (C m B H %), 192
PyTypeObject.tp_setattro (C & 8 H %), 194
PyTypeObiject.tp_str (Crx B &), 193
PyTypeObiject.tp_subclasses (C & B & ),
204
PyTypeObject.tp_traverse (C & B FH %), 197
PyTypeObject.tp_vectorcall (C sk B & %),
205
PyTypeObject.tp_vectorcall offset (C A
B % E0), 191
PyTypeObiject.tp_version_tag (C s B H ),
204
PyTypeObiject.tp_weaklist (C & 8 F %), 204
PyTypeObject.tp_weaklistoffset (C & B
5 %), 199
PyTZInfo_Check (C &=X), 131
PyTZInfo_CheckExact (C &#X), 131
PyUnicode_1BYTE_DATA (C #X)), 89
PyUnicode_1BYTE_KIND (C E ), 89
PyUnicode_2BYTE_DATA (C % X)), 89
PyUnicode_2BYTE_KIND (C E £), 89
PyUnicode_4BYTE_DATA (C s R), 89
PyUnicode_4BYTE_KIND (C E £), 89
PyUnicode_AS_DATA (C H#ZR), 90
PyUnicode_AS_UNICODE (C &X,), 90
PyUnicode_AsASCIIString (C &), 103
PyUnicode_AsCharmapString (C &%), 104
PyUnicode_AsEncodedString (C & X)), 99
PyUnicode_AsLatinlString (C $#X), 103
PyUnicode_AsMBCSString (C & R), 104
PyUnicode_AsRawUnicodeEscapeString (C
HR), 102
PyUnicode_AsUCS4 (C H#X), 94
PyUnicode_AsUCS4Copy (C A R), 94
PyUnicode_AsUnicode (C #X), 95
PyUnicode_AsUnicodeAndSize (C H#R), 95
PyUnicode_AsUnicodeCopy (C HR), 95
PyUnicode_AsUnicodeEscapeString (C &
X)), 102
PyUnicode_AsUTF8 (C HX), 99
PyUnicode_AsUTF8AndSize (C &), 99

PyUnicode_AsUTF8String (C % =,), 99
PyUnicode_AsUTF16String (C & R), 101
PyUnicode_AsUTF32String (C &#R), 100
PyUnicode_AsWideChar (C &% =), 98
PyUnicode_AsWideCharString (C #ZR), 98
PyUnicode_Check (C % 1), 89
PyUnicode_CheckExact (C %), 89
PyUnicode_Compare (C &% =), 105
PyUnicode_CompareWithASCIIString (C &
%), 105
PyUnicode_Concat (C HX), 105
PyUnicode_Contains (C %X), 106
PyUnicode_CopyCharacters (C $#X), 94
PyUnicode_Count (C &#R), 105
PyUnicode_DATA (C &% ), 90
PyUnicode_Decode (C #X), 99
PyUnicode_DecodeASCII (C H#R), 103
PyUnicode_DecodeCharmap (C %H=), 103
PyUnicode_DecodeFSDefault (C &% X)), 97
PyUnicode_DecodeFSDefaultAndSize (C &
), 97
PyUnicode_DecodeLatinl (C #=X), 103
PyUnicode_DecodeLocale (C %)), 96
PyUnicode_DecodeLocaleAndSize (C & R),
96
PyUnicode_DecodeMBCS (C &% R), 104
PyUnicode_DecodeMBCSStateful (C & X),
104
PyUnicode_DecodeRawUnicodeEscape (C &
X)), 102
PyUnicode_DecodeUnicodeEscape (C & R),
102
PyUnicode_DecodeUTF7 (C #X,), 102
PyUnicode_DecodeUTF7Stateful (C & R),
102
PyUnicode_DecodeUTF8 (C &%), 99
PyUnicode_DecodeUTF8Stateful (C %K), 99
PyUnicode_DecodeUTF16 (C & 1), 101
PyUnicode_DecodeUTF16Stateful (C & R),
101
PyUnicode_DecodeUTF32 (C &), 100
PyUnicode_DecodeUTF32Stateful (C & R),
100
PyUnicode_Encode (C #=X,), 99
PyUnicode_EncodeASCII (C F#X), 103
PyUnicode_EncodeCharmap (C #R), 104
PyUnicode_EncodeCodePage (C H X)), 104
PyUnicode_EncodeFSDefault (C &% X)), 97
PyUnicode_EncodeLatinl (C %=X), 103
PyUnicode_EncodeLocale (C %R,), 96
PyUnicode_EncodeMBCS (C &%), 104
PyUnicode_FEncodeRawUnicodeEscape (C %
X), 102
PyUnicode_EncodeUnicodeEscape (C & X)),
102
PyUnicode_EncodeUTF7 (C &% R), 102
PyUnicode_EncodeUTF8 (C %), 99
PyUnicode_EncodeUTF16 (C &), 101
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PyUnicode_EncodeUTF32 (C &
PyUnicode_Fill (C &% R), 94
PyUnicode_Find (C & X)), 105
PyUnicode_FindChar (C &#R), 105
PyUnicode_Format (C % X)), 106
PyUnicode_FromEncodedObject (C &
PyUnicode_FromFormat (C #=X,), 92
PyUnicode_FromFormatV (C #X,), 93
PyUnicode_FromKindAndData (C &% =), 92
PyUnicode_FromObject (C &% R), 96
PyUnicode_FromString (C &), 92
PyUnicode_FromString(), 110
PyUnicode_FromStringAndSize (C &
PyUnicode_FromUnicode (C &#X), 95
PyUnicode_FromWideChar (C &% =), 98
PyUnicode_FSConverter (C &HR), 97
PyUnicode_FSDecoder (C % R), 97
PyUnicode_GET_DATA_SIZE (C %#X), 90
PyUnicode_GET_LENGTH (C #X,), 89
PyUnicode_GET_SIZE (C HX), 90
PyUnicode_GetLength (C #X), 93
PyUnicode_GetSize (C % R), 95
PyUnicode_InternFromString (C %=X), 106
PyUnicode_InternInPlace (C &#R), 106
PyUnicode_IsIdentifier (C #X),91
PyUnicode_Join (C &% R), 105
PyUnicode_KIND (C & X,), 90
PyUnicode_MAX_CHAR_VALUE (C E %), 90
PyUnicode_New (C $#X), 92
PyUnicode_READ (C &% ), 90
PyUnicode_ READ_CHAR (C &X,), 90
PyUnicode_ReadChar (C HX), 94
PyUnicode_READY (C & X)), 89
PyUnicode_Replace (C H 1), 105
PyUnicode_RichCompare (C H#R), 106
PyUnicode_Split (C &), 105
PyUnicode_Splitlines (C &%3), 105
PyUnicode_Substring (C $# 1), 94
PyUnicode_Tailmatch (C H:), 105
PyUnicode_TransformDecimalToASCII (C &
K), 95
PyUnicode_Translate (C %#X), 104
PyUnicode_TranslateCharmap (C &
PyUnicode_Type (C & %), 89
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