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CHAPTER 1

Python [ i He 11 (APL) {5 C Al C++ F2J3 R AT ATEZ ANZ L F1J5 1 Python fi# s . % APLTE C++
HEFERT AL, RN TR LA, B HRFHAR Python/C APL. i /] Python/C APL A7 P/ EEARHY Bl o 58—~
HURN THEE IS &7 f ik BN B Python MEREARIIAEN) C B, X n] B e W B3 5t
55 " ANPIER 2 RF Python MRS CHBER. IR X AR B X538 AR A AE— L ' embedding Python.,

G 5 AT AR R UL S 5 T BEAR, wIDAESE 3R e B IR A R TR e AR
JE EABIX . B AMNTEHALRY ] HHiRA Python IUMGARCAZ, Hisk A Python i B3 A 95
PRI R B -

V2 APT BRI A B & Python sX PR NARREAHEIEIT; BN, K A Python [ 1Y I FE 7
WAFEARAL A E YR, AR S bR W A Python Z B e S 59 IV 1% & ke M 125

1.1 KibRE

WA B4 5 ] 45 T CPython Y C UMY, 1R BAUERTE PEP 7 g U5 EOWAIARE . X L4
WU3E FE - ATA] (R i 249 JEE Y Python JiUAS . FE4 5 1R H 2 B2 =07 3 BRI il U X S LT, B AR
VRUESEAE H 5 1) Python TRk LU .

1.2 8&XH

{1 J1} Python/C API Fr ez BEAY A PReR . AL SCRT T N AT TR B & BR A AU 2 v -

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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Eff: T Python W RESE S —LEREAEHE L R G LSS MAARE Sk SCIF R TIAL BRES 1E 3L, DR BEAE AL 35 AT AT i o
A2 HT, AR LIRS E Python . h,

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

Python.h i€ SCAYAAR M Pl WA AR (b B & bRk SCPRBInE LERAL) #RAT AT IS Py 50 _Py. DA _Py
TR 2 AR Python SCBL ARG IR, AR TeAm S E M o S5 2 PRI PR B R

TR P AERIE A A% E CPA Py B _Py JFRHIA AR, X s @B N R, I8 S AU ARk
Python JIRAR I RI LA, X LEIRA AT BE 2 i SCPAX BE R 28 2 — T Sk i HL A 44 R

L &5 Python —2 4% . FF Unix |, B TFPATH®R: prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H W prefix fll exec_prefix J& i1 [1] Python [
configure HIARME AW XN TE S & L, T version Wk '$d.%d' % sys.version_info[:2]. fE
Windows I, k44T prefix/include, HH prefix &My iy 4es Hx.
BRSO, RIS E S (ASRRTE) ARECE R AT gaidan i B R AT . 1 285 H A
RIRARIRGH ] #include <pythonX.Y/Python.h>; X¥FHEZFERFATT, FN prefix FF
BIRKIK TR EAL TR E exec_prefix NRpE -G HYK .

C++ H P AZTER, R4 APLE 52 C ke ), (H3L SCA IR A 1A FRHN extern "C",
I APTAE C++ Hrfifi F it APT R BT A 45 SR AL 2

1.3 HFHME

Python Sk SCHH & LT — S HR 2. 2 A SR B A9 A Ry 2 L (BlanPy_RETURN_NONE) o

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

Py UNREACHABLE ()
KT PAERA — A3t EICVE B A AR A o BN, 24— switch i) H T ] GE R {EER
O case FAJET T, SR HHTE default: Py, BARIEFE BTN EIL—1 assert (0)
8¢ abort () JH AL A] DA XA .

TE release BEUT , % 220 B it 2n AL AR, kb 0a & AR n] 2R AR 245 . 21, 7E GCC i release
FIF, 2 __builtin_unreachable () ZZH{,

Py_UNREACHABLE () [J—"MHEZ A — MR, HAIR A _Py_NO_RETURN fJHEZ 5.

WER— ARG AN KRB IEH RS, EERRE LT I PARE, SRR %%, Fl, 7EMRN
AT, 88— RV AR EE E BUIEEE, Ems, RS aRaE . Witk
PR AR, nPAMER Py_FatalError() .

3.7 B RE.

Py_ABS (x)
R[] x [ XHE .

3.3 BRI HE.

Py_MIN (X, y)
R = Fly M s ME

3.3 B .
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Py MAX(X,y)
RIE % Fy MR RAE .
3.3 Fri e

Py_STRINGIFY (x)
B x Feftoky C F45E . Bl Py_STRINGIFY (123) i&[H] "123",

3.4 FhRE.

Py_MEMBER_SIZE (type, member)
R [ £5H) (type) member HR/N, PAFITER,
3.6 HIIHE.

Py CHARMASK (c)

ZROAA [-128, 127] B [0, 2551 I WA FAF BRI . X ANEHF ¢ Sl ey unsigned char
R,

Py GETENV (s)
5 getenvi(s) XM, HEWRMAS 4T EE#B T -E , WRME ~vun (W RKET

Py_IgnoreEnvironmentFlag ).

Py UNUSED (arg)
AT RBCE X RS 8, MM B % FHREE. il int func(int a, int
Py_UNUSED (b)) { return a; } .

3.4 B RE.

Py DEPRECATED (version)
FEM A R CEAEAT S 2 FRHT -

(B

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

TE 3.8 U B3I T MSVC 0¥,

PyDoc_STRVAR (name, str)
BE— D] DATESCRY AT R Y, 2458 name S . QIERASFISCRY FAF R — 2 f4 2@ Python, 1%
(ERS IR

a1 PEP 7 firik, i pyDoc_ STRVAR VEN SCRYFAFH, PASCRRAFI SCRY 45 Hf — i 44 2 Python 1%
o

il

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

static PyMethodDef deque_methods[] = {
V2R
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VIR

}

PyDoc_STR (str)
NEE R TR AR — NSO A AT, B Y SO AT R R I, B AR
W PEP 7 frid, il PyDoc_ STR H8E SR FAFER , DASCRRAFISCRY 4 Ef—E2 A4 8 Python 5L
NCE

1.3. FHNE 5


https://www.python.org/dev/peps/pep-0007
https://www.python.org/dev/peps/pep-0007

The Python/C API, & 3.9.21

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

1.4 5. RIS ATHE

ZH Python/C APLAT — A E NS, AR Pyobject * RAFREIE . X PP IEALZ 4G AT FE Python Xf
FABIEIR RIS . P Python XFR AR LHCFIL AR #E Python 15 & di IR Y 7 sUALEE (A
an, MR, ARSI, MSEeid), PRICFEnmBA C RBMFIRAGFiE. JLFFIHA Python M RAFHUE
W ARARERS W] —AKA R pyobject 1A SSEHSMAL R, REERIIRA N Pyobject * HFEE. type
XGREME—BISh, RO ENTKIEAREROREI, A ENTER @S Py Typeobject MR,

Jirr Python ¥4 (% Python #&45) #A —A~ type Fll— reference count . ¥R IHUME €A 2FRAUM
X5 (BIAREE, H RN P E LR B2, A types WA ) o XTSRRI R AL, #A — K
KAARXGRERT LR i, 24 (HAY) a Prigfyxi e Python FJ3KIf PyList_Check (a) NE.,

1.4.1 S5|HVHE

SUMTHEARFER, POYBOTENLINAG Gl +2) AR eI 20 ARRH 5 — R X
PRI AT DU B R, B AR (iS) CAck:, IREUR A C Bl R . 24— PR
M5 IR 0, RO G . AR ERER IR G & e G5 | T8, s ok Lext 52 (195 | 1
TR NSRS R AT T RO %, W] DURUOREOX 2e X 52, Kb, (X B —MRILZ A
B MRZIEMESI HAT, BRI Z ANZORREAR )

HEEAERES AT, BRIk R M Ery INCREF () BN — X5 B, 6
JPy_DECREF () R /D — DX L5 8. %Py DECREF () AR ASI HiT ¥ d hE, KRG
XTSRS, L L incref 22 72152 . BERG & — M S FEXT G2 B i sR B FE L. 2R X
LREAEIEE (FINFNH), WA E RS T 3T s S e X G i e 42 i 5 1 T4, 3R
TITRMAL. SIS G, 205 ERNAFP A N E— B2 00 TS T8 (B
sizeof (Py_ssize_t) >= sizeof (void*) ). UL, FIHTEGEGE A BRI EIE.

B SR AEAEL SR I R B TR ST B0 R AL SO S5 T4 Be b, YA BRmIXT g, X5
SURTHECE M 1, A28 R R, SRETI TRk 1. B2, EPEHTEARN, ProAf)ms i
B S DRV E— R R LRI A SR 1 e, ST AR IR RO, an R 2 /0
A —RFZAS G HABT | A I 8] 2 DA TR A B — R, WP Bl S5 V. — DI
ﬂ?‘%ﬁg i‘g?ﬁﬂﬂ%iﬂk Python Fh &1 25 YR I RERLER Fh iy C eRARN, IR I BIL ] S PRALAE TR U] 3 AT
RPEEE 2 GUETVER

B2, A WLEPEE IR RIS, R HRE B a], MRS s | 8. Sheeifk
ATRES MBI RS54, A H G T, A TREEH A % . HIEMGEKZE, XEL
EEAETT e AR Python RS ——Wira — MU R RV Bl M Py_DECREF () BIZEIH T, Hit
TEE AN G LB ERRA AR AE A RS

— G R IR A FZ BIE (#FRPA PyObject _ , PyNumber_ , PySequence_ B PyMapping_
TR R EL) o XEEAER R ENR RS2 5] HE. XiETE & AR R SR
Py _DECREF () o WXy =UAR e

6 Chapter 1. #i#
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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_DECREEF 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’ingitby calling Py_ DECREF () or Py_XDECREF () when it’s no longer needed---or passing on this responsibility
(usually to its caller). When a function passes ownership of a reference on to its caller, the caller is said to receive a new
reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing needs to be done for a
borrowed reference.

FRRCHE, 2438 07 R A— DRI AGT IS, AEAEPIRPTAE: e 50 T — DU RIG I, S0 A5
Bo 273 R R AR — DR B AS IR, RS BUE EIA G, AR FEXTE 7 5T .

WG R GTIG I WANEEMNGISNEPyList_SetItem() MPyTuple_SetItem(), BI&EIHX}
ZHBFIH (EARRSHIER JCHB A ) o X B kB 5T R 2 55 BUS | A2 R R il FH 3 0 e A sk 42
KA FETCH B AN H A — ARG Blhn, Bl T4 (1, 2, "three") RYAUHLE R K AT DASEIXFERY
(RIS A H . N2 R Hr R S ) -

PyObject *t;

’

t = PyTuple_New (3)
, 0, PyLong_FromLong (1L));
4

PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

1, PyLong_FromLong (2L));

3
t
t
t, 2, PyUnicode_FromString("three"));

X B, PyLong FromLong () iR T — A5 I H e WPy Tuple SetTtem () Frgiil. S44RHE
%i%fiﬁﬂﬁ — XSGR E W5 | R B B, R 53 B0 | ) R B BT ] Py INCREF () SRINHLS
— 51 H.

i fF $E — F, PyTuple_SetItem() & % B L4 % H W " — 5y X PySequence_sSetItem()
MPpyobject_SetTtem () LxFELALXHARH Jy T2 A Al A2 HHRHK AL, JRV. 24 HXHR A C 82 i Jo 2 6l
HPyTuple_SetItem(),

G TRV RRBS A A PyList_New () MlPyList_SetItem() K5,

SR, FESEERH, ARR A& LA R e el s s R 07 (e A — B AR Py_Buildvalue ()
AT AR C RN RZEUE XIS, h—A> & X540 $ R4, Bt Empg P EaT AR R TR
RN GE2mTTHREN)

PyObject *tuple, *list;

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

flifilpyobject_setItem () FFARALBIFLEARILZMEATIHI A HIR AT WY, BI04 VR IEAE S 5 1Y bR
BOSHR AEXMOLE, MIIXET 5T A S O BER, PUMARANTR B35 | T RCA R AT LAKS
SURIHE 2 (AR eI ) o B, XA RBCE—A51% (LBl ERAT ML 41) s BirA T
N EEERZKA:

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

Py_ssize_t i, n;

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

(Rt

14. &, %EBF03| Bt 7
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(£ LT
for (i = 0; 1 < n; i++) |
PyObject *index = PyLong_ FromSsize_t (i);
if (!index)

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

}

Xt BR BRI ME T DU A A Al B SR 1 R 2 BOR B i — A5 | A S ESCEARRZ5 | A BGH4E, H
V2R Bl —A 5 10 s B 2 ARSI R T A B IR TR FEVF NG OL R, 3R [l G e i B 7
(0, MARFF RIS R A R ME—5 | . [RE, RIS S5 HAE %, Wpyobject_GetItem()
MpySequence_GetItem(), FrEEREI—AFHTI GRMITRFBCNZT ITE#) .

— T AR AR TR R A — A ek KR ] 5 1A IR T R I R B BRI - TR AR (SR
A RE R IN A T2 kst Pon! Wik, MRIRMEHPyList_GetTtem () M—AFEHRBUERH ,
RHA LI HEIH - HRURARME ] PySequence_Get Item () (EMUFHEZEEMFENSE) KFE—4
FVFARBARERI 2 H ARSI — X RS 595 1 o

R B B AT 55— SRR B — B2 IR0 — APy Lise Get Teem (),
A — Bl Pysequence_GetItem(),

long

sum_list (PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, nj;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)

(R Tgksn)

8 Chapter 1. #i#
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(£ LT
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 += value;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

1.4.2 %5

£ Python/C API Hp 7y % (o i HA B PR 8 IR /D KRZ M fRjBa C 282440 int, long, double Ml char*,
A — LU ZERE T SRR T T30 B S R ) BRI BN T R R RS SR, I — AR
RPN BE . X LEZEA B S BT R iTe .
Py ssize_t
—MififF sizeof (Py_ssize t) == sizeof (size_t) KNS REEAL. CO9 WA B E X
HIZR TG (size_t 2 TAF S5k, 155 % PEP 353 Tl . PY_SSIZE_T_MAX Py ssize t
KA B K IEBUE

1.5 &%

Python #& 7 b1 AT BB & T SAL BRR B IR e85 RALPRR e & BB 4 1, RIS AL 20 &
WA, MR, ERIMITRA TSR, R LR AT s 45 P Rl Rl A [ 991

SR, M C R BRI, SRR A 2 (b7 . Python/C APT Wi BIrA sRECER T VA | 5, Ik
FEAE R R SR P S A AR R . ok, YR BB R R, EaRE R, EFEIiAEr
ARG, TR E— AR . MR BB AMY SCRY , 33X AR50 NULL 5 -1, HARIRR T8
BRI 22, A D KR AR o] — R EARES R, Hrp RN AR AR B B aNR d i
ﬁﬁé’c%iﬁﬁfﬁﬁﬁﬂ’ﬂﬁﬁlﬁ, HHREMPyErr_Occurred () RiATRIMARI . X L7 L2 S P
HAEA SO

SRS BIESAN SRR AT GRS THE— A TR P 8 4 JRAE i) o — N ERRE T PAAL
EWMIRSZ — BEEEkE, SERAELE. BBPyErr Occurred () A PARE I RAGE BLIRES: 457
B R A BB R B —E AR S R R 05, FE AR B AR B NULL., 5 24 s 50T AR B S 3
WRZ: PyErr_SetString () Rl WA ERNREEHT) BEFHEIRSHEE, MryErr Clear ()
AT AVE B R EIRES

SERE) S ERS B AT R AN (B AT DAY NULL): S 88 M A S, DAl s B . X sexd
%194 X5 Python 1 sys.exc_info () BIGEHRAFE; 2R, BAI1HAZE—FERY: Python %44t i Python
try .. except BRI FTALFE G — A%, 1M C 2R T H RS RAER L AR C e ez AL

1.5. B& 9
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BN AFAE B 2 HF K Python “FHT R FREAS B HHFIBER, ZFFIEIAS TR HFEFE R sys . exc_info ()
Ak

WYL B Python 1.5 JF 47, A Python RS 5 I 5w ARSI B e iy . AR 22 4 i 07 SR W B &L sys .
exc_info (), ‘E¥fik [ Python U 73 LiAR S HOARAS . BEAL, SXIAMT ) S iR i T i SCRR & A 1
AR DR T ) 557 5 ) bR RSO DRATH IR A LR R S AR AS DA BR B AR 7 ) S AR A o XRe B Lk 5 Ak P
RGP i — AR RAR TC S0 R B o T IETEAL PR S0 T A 5 LA s il s 1 1 1l 3] phy A it 5 |
IR RO PR Z Ay K.

PE— B IS, — SR 25— BREOR A T HE AT 55 14 R RSO, 2 A A B R BOR 55 1 6 1T e, A
GRS R RSB A A 7 . BN Y EZFFE A ARG, R — MR, (HE
FRBLET — R - IS ERNG KRR, HRRA KRR N B B2 R

— AN B I AL B A TR R A B TAE_ BT sum_sequence () /RFIHHEFT TR AT 5EAEAS DI
BIBE DRI ZO BT BTG o TN TS B B RGEUR T— SeBE DRIE B . 5, O T I ARSER
Python YL, FATER 145441 Python {THH:

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

NIRRT A N RESOER) C AU

int

incr_item (PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

(Qi¥i#3)
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(£ 50

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

}

XA FRERT CEF R goto WA — B BN W M A R B UL BT fu fil
M PyErr ExceptionMatches () MPyErr Clear () AP ER SR, PALUME{# i Py_XDECREF ()
SKACFENTE R NULL WA G (HEBEAFRFA) X' Py _DECREF () 7EiB%] NULL 5] SR & 05 ) . B2
() — e T RO B A5 I H I AE B ERAI G0 NULL A BEAFEIEM s SS(Hh, SR B B2 i
f6h -1 (R I H AL BT H ) G A 28 R .

1.6 #& A Python

HA Python SEREGHIUIRATT (RN T RS H M &) A FEALOH IR 2 EMiniL, Wit A
ERRAAL. FREIRZ Bl e LA TE RS DI IR L 2 5 A B BE T -

HARWIRL R AR Py _Initialize (). WERECHOIGRILE BB, IO EARE builtins,
__main__ Ml sys. BEiLFVHAEIE RS (sys.path).

Py Initialize () AXWHE” MASHINER" (sys.argv). ARG RFEHATH) Python A% 75 2 A8
&, WPy _Initialize () Z )5 E ] PySys_SetArgvEx (argc, argv, updatepath)
FBAHIEE .

HERZHEG L (F751/& Unix Al Windows, BERFAEMT LA FTARR), Py_Initialize () REARHEXS AR E
Python fFRERS AT TRAT SCIF I A7 B 1 e A D SR SRR R 4%, I Python FERTFEAH T Python fifRE
i AT AT SO BT 6 B R R, BORFAHXS THE shell Ay S48 R (A2 GREEAE & PATH) FHREINHH
python W[ $AT S FRTEAC H Sk h &40 1ib/pythonX. v B H K.

26045, WAL Python AT TS0 T /usr/local/bin/python, T¥HREFE ST /usr/local/lib/
pythonX.v. (ks L, X MFERAERESA “PlER” (AE, S7EM4ICETE PATH 3R E|4 8 python [
AIPATSCOERS R R o) P mT DAIE A 34 PR 48 Bt PYTHONHOME , Bl % & PYTHONPATH FEARERK 2
HITEABSMG H SR B AT N

WA R ] DB S FE W Py_Initialize () ZATJHJH Py_SetProgramName (file) i7Ar
RIRF. 151 PYTHONHOME {58k 2 78 55 M 15 B I H PYTHONPATH 3SRk &9 il A BIARE AL 2 1l 75
BRI N H R AR B ¥ Py_GetPath (), Py_GetPrefix (), Py_GetExecPrefix()
M Py _GetProgramFullPath () SEHl (IXEERBIYIE Modules/getpath.c FEN).

I}, B FEET Python FE4T “ AT UAAL” . B AN, I FE R ol REAR L S0 s 8h (BRI Py_Initialize () 5§
F N AR X Python (5 £ 28 58 U R ZERETL Python T 23 FLI N AE X AT DAEE WA Py_FinalizeEx ()
KL, A4 HT Python 4T CWIIRALIRAE N Py _TsTnitialized () PRECRHR I E . A KX E
WG B2 R E A, WEHEEry FinalizeEx () R&REHUIA B Python flRERS T3 HL I N AT,
BN 5 AT BT 23 B ) A H B N 20BN -

1.6. #& A\ Python 11
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1.7 iEifa@

Python H] AR 28 22 2513 LA I UHIBRE SR ALY JRBCR I BUME & . XL A X4 s T KR BT
BB ENTEOARBUE -

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-pydebug to 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 RITE AT T RORIZ A, eI T A T B M A -
o BUOMEALRFES NI X S Bl -
o BUNKRAF IS I B AR AT A8 0 4 125 7
o FoAE A TSI [ 4 BB 1] SRR AR TR B
o FZWEPIRMB FIAEG LI . Ji5h, RAEMNRHFE test_c_api () ks
o BASESEREMAS ARSI B HEZL B R
o BN E M TCRAARI IR AR TEGE , AR RAIR AR 5 ]
o INIRZIRERANVES ) S A A 2 R BLAs A TI
o ININESMAG A S arena NAFSEHL .
o USRS A S 2R
AT REBCA PR BB A

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

HXWE L2415 S, SR Python YRS H¥) Misc/SpecialBuilds.txt .
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CHAPTER 2

TR EH R B2 Fr — i O

&4 I, Python ) C APLIFRfRRNUAN I ZE (b . KRR CA S AU Az, % KIS APL, I A2 B e
B APTEUMER AP (4285 0 2l Je i AR IR ) .

RNEME, APLIREERA Y R i HIas 1 (ABL). JRR F2 2@ 8540 @ uEAE , 78k BB Ins 7 Brak
WM F BRI BEAR SR APL, {HAJRESTER ABL. I, 44> Python MUASH 5 S B B4y it (B
e A AT A 32 3 W2 AR 0 R, Unix BB ATRESHBLRH) . BE4h, £ Windows I, ¥ EHL 5 HE
FE ) pythonXY.dll 47, T5 2 E B a1 A BE- 581 pythonXY.dll £$% .

M Python3.2 2, CL&RH T —4 AP Y174, PABIIRFEER ABL. s {d ik APL (BEFRN “3ZFR API”)
9 AR BTG 2L X “Py_LIMITED_API*, 2 MR REAR 411 R M3 AR P IGRG: B ke, AEARAT 3.x A
(x>=2) _F A ARSI AN TG 2 B 1

ERLEERT, FEARMIT R Y B E R ABL. 7 2 H] X 25 APL /Y 9 @ 11 B 95 228
Py_LIMITED_APT &% & A {148 35 & %5 1Y &% ik Python R A< PY_VERSION_HEX {H (fi4: Python 3.3
4 0x03030000) (ZWLAPI F= ABI jRAE 72 ). ILSAFHOREE T 7 J5 4% Python JiUA, (HIGYETEIHMRAS I
m#E (F R 0555 ) .

M Python 3.2 JF 41, S22 APL W[ I B HLAEICTAE PEP 384 . 5 C APL ORI, R T32 API {1y APTIER
FRiZh “RET 2 AP

13
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CHAPTER 3

HEE% API

ASTET I BR GRS FLVFUR DA TAE SCPF G2 o IX P I Python JEAURS, (HEATREA SRVFARTE S 4017 AL Y 7 =X
SR TR
X L8 B R A LA AT AR 2 R E I BT IR RA S AR A TE 2. T EI A5 A Py_eval input,
Py_file input DA Py_single_input. jXERFSRAEZEANWENTES BB BOCR AT .
X LR B P LA AT A2 FILE* JBS . T 2D AR PR 51 PR 41X AN F] C AR FILE
SER T BE AR EAHA. (2/402) 18 Windows 1, SiSHEREIY A W RES M AR, P
%&%#@%UE%’?R%E%%@%@%&% H1 Python iZ 47 B (s 1 B ARTE] 1 EQTE A TS 0L N A FILE* JES:4%
wefl.
int Py_Madin (int arge, wchar_t **argv)
FEXIAREARRERH Y FARF o iR T Python FRE R AT AR . AR A arge FT argy B2 24 4%
4 CRUPH main () RELHYTES AR CREARSEH FiE & K ) o — AN EENEEF RS
FI R RESWHEM (HSHGN R D FAFR IR N A BB . ERRESSIER IR (RIS %
S WEREMERN 0, A RMRER R G L SR MR LR 1, s AR B S5 RN BE RN AR
Python i 47 MR ] 2.

WHEBWART & T —MEHM & N ARLHE systemExit, MERHRFASRME 1, 2R HH#RE,
H3E py_InspectFlag A ARMTIKE .

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

3.8 i IIRE.
int PyRun_AnyFile (FILE *fp, const char *filename)

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

DAREI R R PyRun_AnyFileExFlags () WL, K closeit Z4(5H 0.,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
XRER N PyRun_AnyFileExFlags () WIFLIEED, X flags B8N NULL,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
WA fp 45— A KB R AL B R A (B H G B A B Unix O &) SR, R

15
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[BlPyRun_InteractiveLoop () W{HE, HMWIREIPyRun_SimpleFile () W455H ., filename 2 {8
RGNS A% (sys . get filesystemencoding () Kf#RD. QIR filename 3 NULL, MpREZ
iR "222" ERNES . W3R closeit NEAE, 44 HE PyRun_SimpleFileExFlags () iR [F] 2 #Hf
DENIP

int PyRun_SimpleString (const char *command)
XX R iPyRun_SimpleStringFlags () WRALHUE O, KfpyCompilerrlags* ¥ N
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
WRAE flags ZH, A€ __main_ FHHAT Python JEACHS . WIR _ main  MIAFELE, EFFRLEIE . M
DR 0, WERG LSRN —1. GUERAAERR, W TRERERHEER . YT fags & L,
ZH 3
THERARG R T — MEHAR & TR systemExit, MWEREHRFAZRE -1, BT IR,
HE Py_InspectFlag i RHIE.

int PyRun_SimpleFile (FILE *fp, const char *filename)
PAREI X R PyRun_SimpleFileExFlags () WITLIGIE D, FF closeit ¥ O Ti¥F flags %A NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XM N PyRun_SimpleFileExFlags () MfALRIE N, #f flags B4 NULL.,

int PyRun_SimpleFileExF1lags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
Similar to PyRun_SimpleStringFlags (), but the Python source code is read from fp instead of an in-
memory string. filename should be the name of the file, it is decoded from the filesystem encoding (sys.
getfilesystemencoding ()). If closeit is true, the file is closed before PyRun_SimpleFileExFlags returns.

HiR: 7 Windows [, fp W24 DAt #4537 I (Bl fopen (filename, "rb")). {50, Python mJ
RE TG AL PR LF £ 745 SRR A< S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XAEE N P PyRun_InteractiveOneFlags () WIfiifbidE D, ¥ flags %A NULL.

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

UE AU PATIR ] 0, ASREG| KR MR ] -1, B ASRATAEARAT 55 5 IR (9] 5 124 Python
LR O S HY) errcode . h ALE SO AR RS . (3§ R errcode . h IR Python.h il
i, B IR AR EEAA L I 4 . )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XA E N R PyRun_InteractiveLoopFlags () WIfiifbiizE D, ¥ flags ¥~ NULL.,

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

int (*PyOS_InputHook) (void)
A PAREBE TG 10— AR AN int func (void) MRS, % PRECRTE Python [FRERHE /AT RIRE 25 PR
IR Pt ABTROE A o R ME S0 20 . SN T T8 R RE A A SR n A 4R 3
HAbFEAIEER S, iR Python i Modules/_tkinter.c i AgHRFE.

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

A AR M TE R —AN R BN char *func (FILE *stdin, FILE *stdout, char *prompt) HJ
BRAL, SR R RSP R AT — TR AR IR RS % R EC U AR A HE prompt ANy
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NULL i e, SRS IR AL AR A SO el — AT A, RIS R . B, readline
REHCREX AN T3 B PR T 4n i A tab SEERM 2S5 T RE

ZER IR —AH PyMem _RawMalloc () B PyMem RawRealloc () /BECHIFAFER, BUE R A4
WM NULL.

IE 3.4 R e 45 B HPyMem RawMalloc () B{PyMem RawRealloc () 7 HEl, 1A =2
HPyMem_Malloc () B{PyMem_Realloc () 4 HEC.

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

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 file-
name set to NULL.

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

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

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)
Similarto PyParser_SimpleParseStringFlagsFilename (),butthe Python source code is read from
Jp 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. X524t % NI PyRun_StringFlags () WITRIALIREE D, % flags % A NULL.

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompiler-
Flags *flags)
Return value: New reference. 15 Xt4 globals F locals 18 € W) N XX AT B sor 1) Python JEACHY,
VA flags 16 1€ H) ¥ 4R IEEAT . globals WAAUR— N5 locals W AR AR SEBL T WML 5. TE
Z: start $83E T W24 RIS R IR TEAT -

AR [R5 AUAS 112 Python MR AATINLR , B ARG | A& 1 574 Wik 7] NULL,

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 FfiPyRun_FileExFlags () WfALIRIEED, ¥ closeit 155 0 FF
¥ flags 1K NULL,

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

int closeit)
Return value: New reference. X241 % FHIPyRun_FileExFlags () BIfafbiRIE D, ¥ flags 1%~ NULL,

PyObject* PyRun_FileF1lags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. X 24t %1 FEIPyRun_FileExFlags () MTRIALIRIE D, K closeit 1%k 0.

17
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PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, int closeit, PyCompilerFlags *flags)
Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read from fp
instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem encoding
(sys.getfilesystemencoding () ). If closeit is true, the file is closed before PyRun_FileExFlags ()
returns.

PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. X 241 FIHiPy_CompileStringFlags () TRALIRIE D, ¥ flags %R
NULL,

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

Return value: New reference. X 241Xt FiPy_CompileStringExFlags () WIfAALIIZE D, ¥ optimize
W -1,

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

Flags *flags, int optimize)

Return value: New reference. f#AT I %5 1% str Wi () Python JEAUR, iR [0 45 R AV XS L. TFIRIE AT
Hi start 25t 33X AT B O BR A AT 45 9 3 ) AU I HLW ol Py_eval input, Py _file input B
Py_single_input. Hi filename Hi7& B SCIF 44 2 45 A AL 3 QRS X R Al BE ) BEAE 1] 9] 15 5 o
SyntaxError SR . WRAURD JC I AT B4 136 U L R HCRF ik [9] NULL.

HERY optimize 43 5E A IF AL (H -1 Kt —o PEUIAN M A MEREAR LR 2. 25108 0
etlife; __debug_ MEAH). 1 BrE @R, __debug_ SHER(H) 2 2 GO FATH AL IR) .

3.4 B fE.

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 B fE.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. X 24t Xt PyEval EvalCodeEx () WIfaifbiE D, HHHACEXTS, PAK
&SRR . HASEI BN NULL,

PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args,
int argcount, PyObject *const *kws, int kwcount, PyObject *const *defs,
int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. 3f— il gid i) ARG RI GORME, S HOR(ES HAFE Y PAEE . EPAIE 4R Ae
HPTFH, RAERBS, S8 BT RERMER B, R AT SRR E R TSR R
JUHE P TC I A
PyFrameObject
TR G CREREEHIR . I SEAL0) 5 BT BEAEAT AT g i s
PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Jf—" TR . X424t PyEval_ EvalFrameEx () Bfaifbicdz o, M
TR A
PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. iX ;& Python fEREZ AT AN FREL. 5 HATI f A BRIV A RS X K7
YT, TR I AR R AT - BIOMY throwflag T8 2 HEA ] DARY 20— RN L AR, )
SSECLA I — R 2PN TAEMERRTR I throw (O T7iA.

TE 3.4 R R BB S — RIS, AR ORA SR 2 5 15 s i 5
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int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
PR B2 B Y BORE MRS, TR [ B, SRR A AR

int Py_eval_input
Python ifyA i TR B AR GA5: BLGPy_CompileString () .

int Py file_input
Python ¥4 i H T A S Bl At P e OB A P S AR 46455 Bl & Py_CompileString () M. X
AR AT K Python A 2L A7

int Py_single_input
Python 17 H T BB R 6455 BLGPy_CompileString () . X2 T B MRS
TERR TS -

struct PyCompilerFlags
KA R R PR AR I S AR o X T AR it G 0L, BRHMEN int flags /& A, TXTAR
MHEIATHITE O, EFF/E N PyCompilerFlags *flags A A AEXMEDL R, from _ future
import RJPMEK flags.
Y pyCompilerFlags *flags N NULL B, cf_flags FF#24/E4T 0 SEALFE, MifE{ from
__future__ import FrREM BRI LS.

intcf_flags
G 1 4 AR

int cf_feature_version
cf _feature_version 52 Python /NS . B 48 #1441k 8 PY_MINOR_VERSION,

M BOBIA S 20, 24 HAUYTE of _flags 1ikE | PyCF_ONLY_AST JEARE A E .
e 3.8 W BT of _feature_version FE% .

int CO_FUTURE_DIVISION
AR AIAE flags T B VAIAFIREB AT / YU PEP 238 FrLER) “HEFRIL"
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CHAPTER 4

51 AT

AT 2 N T4 BE Python X405 | HITHEL
void Py_ INCREF (PyObject *0)

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

HEIXTR o BIFI TR XA PASH NULL, FEMAE 0L N R EA AR .

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

Bl BOCR BT EUE R Python (U AGEIAN (BIHANY— DA __del () IikRyRILHIHE
RO 2 M) o BIRILIACRD H A W R e, (BRITI IS RERS B ti 17 B A Python
GrJR AR, XA ]l 4 R A B AR W RAEPy_DECREF () WAGETA N Z HI#PN. 24 AT
SERFARAS o BT, 50 r I I 6 G 14 AR 7 24 R 3o SR 1 5 1 P48 DL 38— ANl 22 2 e
SRR, SRS AR A R ] Py _DECREF ()

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

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

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

PATF B E0E BT Python iz fTH 8158k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject *o).
BB R Jg Py _XINCREF () MlPy_XDECREF () HTa] B-5 i BR B o

PA R BROBC B AL T FE R ORE AR % 0 W B 68 _Py Dealloc(), _Py ForgetReference (),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER B

FELE

AFEREIR ) R ECRHL AR AL BRANfil & Python 4. 1 fiff—4¢ Python 33 AR EEAVHIH R R E M. BT
YEIRPEA % POSIX [f) errno Af it (NEAR) A —Namfdnaiemial KA R K28 CAPLK
BARSTERINNA S, HETER I BB E ORISR . 250 C APL pREHLIR [ — MR R s
MR EAIN %R E—A4 55, WERE NULL, g0FR B, WERE -1 (F4h: PyArg_* () BREUEI
R[] 1 2 sk E] 0).

AR, FIRIE RS ARG A TR RE, B E, RIS R IR E,
ﬁ%é{&%ﬁﬁ%% NULL (RUE—Segl &8 Er, Bilan, Rl NuLL, JRAGER — 41~k NULL i
[l o

WA T BV B A BR B T 20 S I, AN SR B R gy B IR R E &%
BTE. MEATTAHEMERAESE, SEEREIAE A REERRE (A5 Bk NFame) .
RARMEL PR H, W RNAZIE RS . R T MR b, IRA—E B & RHELRE T
. WRETRBA S BB/ NOMERE, X Python/C APT B Al BB A HUHINA T, FH HATies
PASE R A A 5 2 2 I

MR FHRIERAS AL sys.exc_info () BIIITER. Bl M Y M AN 2 (CrEie eeil), mis
FAERPR R GRS H (R C2E Ik e ) .

5.1 ITEFO;HIE

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

void PyErr_ PrintEx (int set_sys_last_vars)
FIARUERIPATENE] sys . stderr HiEMRARIE AR . BRIEFIRE SystemExit, XFMEIL N AXITH
FiERE, HZBH Python 82, /R SystemExit SEHBIH5E HIAS RS

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

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

void PyErr_ WriteUnraisable (PyObject *obj)
15 FH 24 B S5 F0 obj 2808 sys.unraisablehook () .
ME TR, BRI RESE PR A S B, XA S BB sys . stderr FTEI—MEE(E
B BN, 24 del () AP A S I XA R AL

R EE T ERASEL obj BATTI, SRS ER R AR W i R B B TR S0, AIRTTRE, obj MARASHE
ITEEE S THE

A JH L PR O L TR B — S S

5.2 filth &%

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

return 1A,

void PyErr_ SetString (PyObject *type, const char *message)
R EHRRICRE NN T F-ISHEERHERL B@WE N ERE, flW
PyExc_RuntimeError. {RAFEIMEM TN, HASUEHREE: E&M 'utf-8" fi#
ETII

void PyErr_SetObject (PyObject *type, PyObject *value)
WERECERI T PyErr SetString (), HRAVIRNRER (" F8EERE—1 Python X4,

PyObject* PyExrr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X A~ bR 50 B T — D45 = 48 7~ 28 F HAR [l T NULL, exception |
252 — A Python W[ 7 & 2K, formar FMIFE G MK S S8 MM Kb X A5 R0 E B B 11
Y5pyUnicode_FromFormat () B EMEIN S XFME. format Z—4~ ASCII 4 hd (R 7455 .

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. flPyErr Format () f[E, BHEEZ—A va_list REWSHMAER]
BRER S

3.5 B fE.

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

int PyErr_ BadArgument ()
X2 PyErr_SetString (PyExc_TypeError, message) WG, HH message & B M TS
BRI N ERE. ERERAT N,

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X & PyErr_SetNone (PyExc_MemoryError) 5 ; ‘Bik[E NULL , PA
324 NAFRERI, X FL R BT PAS return PyErr_NoMemory () ; o

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. 33X 5@ MEHEREL, 24 C PERBGR IR E errno I, XAEES A
S, BWE— TS, K TR REUE errno, B WUEM M AETRIEE (M strerror ()
FE) , X5 H PyErr_SetObject (type, object)., #£ Unix I, 24 errno {2 EINTR , H|I
BT RGP, XABREBS M PyErr CheckSignals () , QRIE THRIERSE, MRFHE
EHONZE. ZRBUKIEIR P NULL , Y R G R S G, 58 ZR G0 FH 0 6025 e B800] DA A

return PyErr_SetFromErrno (type); .
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PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. 25{l) T-PyErr SetFromErrno () , MINMIFT NZIE filenameObject K
NULL , ERAVENHE=ADSEUEL L type I KA. 255, 1E OSError W, filenameObject
KR e i SE I £1lename @M.

PyObject* PyErr_ SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return value: Always NULL. 25{)) T'PyErr SetFromErrnoWithFilenameObject () , {HIEZEHE A

filename %58, HI T 24— 2P filename (14 R &SR IR figh 2 5% o
3.4 B RE.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. 22{))F PyErr _SetFromErrnoWithFilenameObject () , {H3 {44 PA C
FAHRIER G . filename jg2 N SUIF RGeS (os . fsdecode () ) MRS HI R

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. 3% J& fill k& WindowsError M) £ 0K £, WWHE lerr S 0, N H
P F GetLastError () iR [ W& iR M. & Win32 pH 4 FormatMessage () & &
ierr B{ GetLastError () 25 W& 2L % Windows i 1A, REME — PN dH N %, H
S — T2 derr fH, 5B TE MMM RGNS (M FormatMessage () K , A JF A
PyErr_SetObject (PyExc_WindowsError, object) . ZREUKILIRE] NULL .

u] F 4 Windows.,
PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)l T PyErr_SetFromWindowsErr () , BiAMASETE © 5 fih & 1) Ra 2
A,
u] H 4 Windows.,

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Z5{))F PyErr_SetFromWindowsErrWithFilenameObject () , {HiE

filename f2PA C FAFRTERG HI . filename 2N 1RG40 (os. £sdecode () ) ﬁ@ﬁ%tﬂﬂélﬁ’ﬁ:
u] F 4 Windows.,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyOb-
Ject *filename)
Return value: Always NULL. Z5{))F PyErr_SetFromWindowsErrWithFilenameObject () , &i4hZ
Bt e B R ) R A
\] F M Windows,

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

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

P25 ) filename X4,
] M Windows .,
3.4 FRe.

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

name)
Return value: Always NULL. Z8{D) FPyErr SetFromWindowsErrWithFilename () , NS IGE

U R ) SRR R
w] H M Windows,
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PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. X 2fih % ImportError [F{EHER S . msg FFoi N FE 1 TE B F45 R . name
M path , (FEFTPAH NULL ), R E ImportError Xf @M name Fl path.,

3.3 B fE.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. fPyErr SetImportError () B2, HXPMEE LT E—
ImportError T2k % .

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

WE T WSO, AT E B . QPRSI F A2 syntaxError , MEREMHIYEN, i
SEATHTFREINN R 2 SyntaxError.

3.4 BN fE.

void PyErr_ SyntaxLocationEx (const char *filename, int lineno, int col_offset)
S5PpyErr SyntaxLocationObject () ZBfl, HiE filename 2N X R %G9S (os.fsdecode () )
RS ) — AR

3.2 B fE.

void PyErr_ SyntaxLocation (const char *filename, int lineno)
EFPyErr_SyntaxLocationEx (), {BEME T col_offset parameter &%,

void PyErr BadInternalCall ()
X4 PyErr_SetString (PyExc_SystemError, message) W4E5E, H message FnfiH T3k
SR NIRERE (6140, Python/C APT iR%L) . B FZ T HFREE .

53 AHES

XL AT A CAUR A . BT B T i Python B3Rt warnings iR LR 4. A1 % i)
sys.stderr 3T HI— 2B 5 MR R 08, NP TREC EH @ R B S FON R, EXFIEOLT, BN
S WA TR T E SR B, AR B A . SRICA A R, R IHEN 0 5 SRl A
H L OREUEN -1, (JCVEME 2 SebrdT B T35 8, BICTERE i il A i A . SR o2 ).
filke 7w, PR E AT IE R BRI (BN, Py _DECREF () A5 FFR I —PHHR(E) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
K — A= R BE category F2—PEER Y] (WLRTA) B NULL 5 message 52—~ UTF-8 4gfig
W FAFER . stack_level j2— 45 AR WIECRE I IR 505 A% B U 24 i IEAE AT Y AR AT S i
stack_level 1 2R A PyErr_warnEx () WAL, 2 2HEttz B EL, DABLZEHE,

R R PyExce_Warning 128, PyExc_Warning &£ PyExc_Exception f125; BRAEE
%I PyExc_RuntimeWarning . FRifE Python 4538 BN &R e BT A, e HAFRILAF &2

EEA .
A REEEHNFER, SO warnings MarSFT 3O —w B30, A T SEH C
API,

int PyErr_ WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
Kt — A P A A JE e PR AT S B A B X 2 L T Python B %[ warnings.
warn_explicit () ANZWERME; WEEH IR THFEN . module Fl registry ZHU i NULL
PATFEIAH 5 SO BT il i B BRIARCR

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
R TPyErr_warnEx () WREL, B PyUnicode _FromFormat () FAgAALELY .. format
SE ] ASCII s (1) F A5 R

3.2 B fE.

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

R FPrPyErr_warnFormat () HIEREL, 1H category 7= ResourceWarning I H B ¥ source 1545
warnings.WarningMessage () .

3.6 BRI HE.

5.4 EiFEIRIEREE

PyObject* PyErr_Occurred ()
Return value: Borrowed reference. ¥l /@ M E T HiR G ndn. MEE, WEREFE type (G245 50E—IK
X HA PyErr_Set* () MfisiPyErr_Restore () MM —1S50. WARBE, WikE NULL,
RIEAFAXHREMERW S, BARAR TR ZX I TPy _DECREF () .

A IR A7 GIL.

R ANTRGR UE S5 E W S T WO PyErr ExceptionMatches (), WITNPF
TN o (tti%iﬁ;ﬁ%ﬁiﬁlﬁzﬁﬁ?%ﬁﬁﬂé% SHEATRE RN LB AR, BT R R A T
H—~F2K.

int PyErr_ExceptionMatches (PyObject *exc)
ZEMTF PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). HEREY Y4 BIESLFRIX
BT REN AR AR R T | AR A A ARE AT

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
W2t given 745 exe WY SRR B PCEENGR [0 FUH . W2R exc 2—2AXFR, MY given &2—4>TK
1 S LR A o] B . 2R exe @—ASoedl, Wizoedl (PAGRIAR1Iodl) i s AU
P R AATICHL .

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
R RPN AT PR IR = AR R AL L. WERR B RRE AT, PR =AM Bl NULL.
WARCBCE, WRFHFERIT BARRASED0 A2 R B R A5 I o (BT B AT A NULL RfdE
RAMRA R

AR O o SO % S A B S A 1 R G e N R AT AR S SR B R A AR B BT,

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

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

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

TEMR: ICRR HE R Z I SR RIS S DAt s AP R B il - i pyEre_Fetch () RfR
724 I B R AR R AT o

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

R R R B R B E _ traceback_  J@Mk. WHRAHTEE MK B W], BRFEE
PATF B IIACHD 1 B

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

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
REFHEEE, BN sys.exc_info () FiREIN. X2HE—A MR TE, MNP LK
S IR BRI =AM REEG I, HHE— YR Y NULL. AL BUCREE RRIRE.

iR MR BOE A ST E AT R B ARSI . B 3 A R AR AU TR I MR A R
SRS IHME. WA PyErr_setExcInfo () KWKE SiFER RS,

3.3 B fE.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
WERHEEL, M sys.exc_info () FifgEIM. X2iE—1 U RITE, MARNESG K1
. WRESMBI SN G N . EHERERE, WA =SS A NULL, T XEAS
B — BN, B PyErr_Restore (),

R WWEBGEE A ST SRR E RS .. ERE G2 E S F BRI E
SHERESHE . WHEHPyErr GetExcInfo () RiZHPFHIRS.

3.3 Fse.
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5.5 E54bE

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 nexttime PyErr_CheckSignals () is called, the Python
signal handler for SIGINT will be called.

5 Python Y AL signal . SIGINT CR-Ei& A signal.SIG_DFL B} signal.SIG_IGN), IHE%L
FEAATAT =R
int PySignal_SetWakeupFd (int fd)

XA TR E T — a4 E SRR M%A?%E’Jﬁ/ﬁ HME T 45 1) HARK SO A
Ffo fd BTRARPHIER . BRFIR I HT— AR SR T -

BCEAE -1 PR XRAIRIRAES . X5 T Python H11¥) signal.set_wakeup_fd (), {H
BRI AR . fd B2 R — AR SCPFHIARST o R 24 RN AR TIE -

1F 3.5 MU #F Windows I, I ERBUIIAE S RS e AL L.

5.6 Exception 3

PyObject* PyErr_ NewException (const char *name, PyObject *base, Py Object *dict)
Return value: New reference. 3%/ T H B2 IR [Bl—AH R I name ZELNIIN B 55 1) 4
R, /& module.classname JE ¥ C FAFE . base I dict 7’5;;5(1_%%3 NULL, X#0&—MNRAEH
Exception BJZENt4 (FF C Fa[ AT PyExc_Exception i),
BN __module_ JRMERFHBEN name SR HIER D (F)a— M RUF 200, MAEARPBIN )G
W (RJE—N RS 2ZI5). base ZHTHRIGEB RIS Bl — R0 — A4 Rin o
M. dict ZHOTH S E — A R R L

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

Ject *dict)

Return value: New reference. MPyErr NewException () —kf, [T o] AR i B 2— 30
PYFERFER . AR doc JEMEAESS, B AMERH RSO 747 .

3.2 %ﬁﬁﬁyil He

57 REMR

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. -5 785 A e R M WAVE — 85 FHa&Bl, WPAMES _ traceback_
T Python HiiJji], AARIEA O RIKAY [EH, DUl ] NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
K54 KRR 1l W B b o (] Py_None J§IRE .

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. 55 5 HAHRIRM F RS0 (TEALHE ex R 51 & 5 — A w SL i) AE

5.5. {5548 29
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H—AEGUHIRE, W@ context_ fE Python H{JI, UIREA T RECH) LRI, R [E
NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
$5 5 A I B SCRCESN cxe [ NULL SRIE 2B A FRIIR e 22— i L Bl 28 3L
R XK HC— MR e 1951 .

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. 55 -0 BRI R A (— N2, 82 None, Hf raise ... from
oo WED) AER—HIEIHARE], FIAE Python Hiliid _ cause_ SRijjil,

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

__suppress_context__ 2R E ek N True,

5.8 Unicode =&k

TR TR AB Ok B C 1Y Unicode % .

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. fi]7—> UnicodeDecodeError %4 H:-MtiF encoding, object, length, start,

end Fl reason Z&J@ 1. encoding Fl reason > UTF-8 45 i) F4res .

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. fl]7—> UnicodeEncodeError X4 H:-MtiF encoding, object, length, start,
end Fl reason. encoding F reason #E P UTE-8 45 i) 2455k .

33 WS ERBE: 3.11

Py_UNICODE H Python3.3 #E ¥ 5 [ .15 iF £ 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 *reason)
Return value: New reference. fl|f#—> UnicodeTranslateError XIZRIFMHT object, length, start, end Fl
reason. reason j&—~PA UTF-8 4t F 45 E

33 RECHE: 3.11

Py_UNICODE H Python3.3 2 #5151 £ PyObject_CallFunction (PyExc_UnicodeTranslateError,
"Onns", ...)o

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 12045 € 5 N 401 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@ M

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

BRI TE SR G start JRYEFFRFILRN *start o start WA NULL JRENIFIRE] O, MR

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 Zstart)

B E SRS start JEYEVH start. IR ] O, SN HHR

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

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

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError SetEnd (PyObject *exc, Py_ssize_t end )

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

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeTranslateError GetReason (PyObject *exc)
Return value: New reference. 12045 7€ T H#5 X511 reason Jg@ 1k

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

Y25 R ST S reason JEYEVCN reason. ENEHRE] 0, KRR

9 I

XA R R T M C )2 BT L e n s A r 752, FER DR 59 RBR i . 2438 )4C
AN — 7 2 KR T Pythonﬁﬁ%( F e H SR OB AR ) W ER B ENT. EATN T p_call 5231
B SN A S o R N R /R =i et = L S

int Py_EnterRecursiveCall (const char *where)

PRt — IR C J2 0 BRI T AL

W E LT USE_STACKCHECK, IWHEISMiH PyOS_CheckStack () SRAEHAE R G R T .
TEXFREOLR , BRI E 4> MemoryError iR [ AEZE(H,

B 5 I R ECRE A B A2 R A BB T BR . WSR2 1, ik E — RecursionError JfiR[E—ANEE
. FEHMELT, WEREZE,

where [ jj—A~ UTF-8 i) A7 41 " in instance check", ‘E¥F5 i H B RR 6l BT S 201
RecursionError B PHE.

TE 3.9 BUHE M BE R BOIAEAE 32 R APT Hn]

void Py_LeaveRecursiveCall (void)
L5 —APy_EnterRecursiveCall (). WA XfPy_EnterRecursiveCall () WA M a9k

AR A ERAT — U -
TE 3.9 MU MR BONAERAEZ R APT HH] .

IEfHLEI X B R M ep_repr 7 BAF AR EEIHA PR, FELRIHRZ 4N, to_repr iR T5 BB EEXT 4 DA
B 1 BAERR . DA PR AN oK B 55 B 52 i Bh B . MOSERRRER B UL, XA EE C XY reprlib.
recursive_repr () MY,

5.9. I 31
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int Py_ReprEnter (PyObject *object

)

e tp_repr SCIHYIT L BH I DA A 2R
WX R E LAY, e pR BCRF AR 8] — IR FEREIE DU T tp_repr SEBUN 23R ] — g A 2L 4

TR . B, dict MGRFRME {. ..

P list X5 N [

AR 0 81 358 U R ) DU skt b KSR AR il — N BROE B FEBLIE DL T tp_repr SEHLEH M 243 [7] NULL.

TFEHAMRE T, HRECRHR B tp_repr SCEKG A IEH 44SE

void Py_ReprLeave (PyObject *object)

INEF KRR B 2B Py_ReprEnter () W& EE FHEAVERH—K.

#ZE—A~Py_ReprEnter ().,

510 HFESE

P47 14 Python By ife S iR n] A4 R Ae i, HLA4FK) PyExc_ iR | Python 5

R FREXG . TS T A T b s

XA PyObject *

C Z#r Python Z%x
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_ConnectionAbortedEr

rEonnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedEr

rEonnectionRefusedError

PyExc_ConnectionResetErro

rConnectionResetError

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_ModuleNotFoundError]

ModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedError

NotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError

OverflowError

ToIdkE:
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R1-ZEW

C &A% Python Z#R &#iF
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError | ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration | StopAsyncIteration
PyExc_StoplIteration Stoplteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError

UnboundLocalError

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError

UnicodeError

PyExc_UnicodeTranslateErr]

obnicodeTranslateError

PyExc_ValueError

ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

3.3 E S B

PyExc_ChildProcessError,

PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_BlockingIOError,
PyExc_ConnectionError,

PyExc_BrokenPipeError,

PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PykExc_FileExistsError,
PyExc_IsADirectoryError,

PyExc_InterruptedError,

PyExc_PermissionError,

PyExc_TimeoutError MU~ PEP 3151.
3.5 FhRIEE: PyExc_StopAsynclteration fil PyExc_RecursionError.

3.6 FRINEE: PyExc_ModuleNotFoundError.

XL RS MER4 PyExc_OSError:

PyExc_ProcessLookupError

C &#R

=5

1

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

T 3.3 U R K48 5 4 B 2 BN S 2R 2

YR

U RCRH AR R R R

2 {XAE Windows 17 30 I 27552 X T FALFIAR ) 22 MS_WINDOWS , DAFARIA 2B R .

and

5.10. IRERE
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5.11 FREEE LS

JI A7 (A E Python %45 8 HiI#R 0] A4 JR s &
sePyObject * M, HZIRIG . DANFIH T A /RS p A &

HA&Froy “PyExc_* §R I+ Python 5 44 Fr. XA &

C & Python &R i
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

3.2 FiRIBE: PyExc_ResourceWarning

YRR

3 R AR 2 B
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CHAPTER O

AFEP R BT AN TRAESS, GERE) C RIS THES - & IR AE:, 7E C ()i} Python ik, DA
L @R BB S BT AR C B4 7 Python Hh{ELAF45

6.1 IRIERFZHIR

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. 12 5] path 16 X4 RGN FRTER . WRAZT R ZE— str B bytes X4,
MEREI I ECR 3. WRZX R LI T os . PathLike #21, MHZERE—A> str 8 bytes Xf
ZiRaR ] _ fspath_ () o FEHAWAEN RS54 TypeError Hi&[H] NULL.
3.6 B TIfE.

int Py_FdIsInteractive (FILE *fp, const char *filename)
WIRAFRA filename HIFRIUE 1/O SCHFE fp BerfiA vl 2 B WER [ B (4:% ) 6. isatty (fileno (fp))
RHEAER SR TR . MRS RERPy_Interactiverlag HEAA, MERETE filename T
B8 NULL B0 HA TG T 47 " <stdin>' B 222" BHRHR N E(E.

void PyOS_BeforeFork ()
TEFEFE > L2 Fi A S L YRR AS I R . IERREY M4 7E VR fork () B AR SERAT) To ke 24 i i A
FIRRE . B A . HEH T LT fork () MRS,

ey Cfork () WEHN Y BAE main” 242 (NET main” 345 22) vhik4T 05 F PyOS_BeforeFork ()
SRR 1]l

3.7 B e
void PyOS_AfterFork_Parent ()

AERERR I 2 5 B AL RS A R A SR Y AR fork O BUARATSALLAY w24 i AR A
PRECZ IERER I, Toie AR R . RIEM T2 X T fork () MRS,

35



The Python/C API, & 3.9.21

R C fork () H M M 24 H " main” % 42 (i T'main” £ 2) o # 47. X T
PyOS_AfterFork_Parent () EUit 2.

3.7 B Re
void PyOS_AfterFork_Child ()
TEFEFE I L2 S5 T AR RE ARSI s k. BUR B AT T £ork () BUARATSERAIT) T ke 24 i i A

4 R 2 JEAE T HERE PR T, AR A% AR AT L2 (913 2] Python ﬁ@ﬁ%ﬁﬂﬁiﬁo HIEMTEXT fork ()
E/JZ%/LO

B C fork () W M W X4 K A main” %% 32 (6L Tmain” ## 4% %) it f7. X F
PyOS_AfterFork_Child () SRULHLENN.

3.7 B aE
Z W
os.register_at_fork () RFIEMN ] #iPy0Ss BeforeFork (), PyOS_AfterFork_ Parent ()
FPyos_AfterFork_Child () Y HE % X Python K%L,
void PyOS_AfterFork ()

TEMERE > L2 G AL N ORGSR ST 1] Python e s DU IEL bR RS0 24 73 HERR H 9k
P e WRERF— A AT HATSCF A SRR, AT B R 2

3.7 WG E RS IEREEMiPyvos AfterFork Child () BUt.

int PyOS_CheckStack ()

YRR AR A R RE R R [ A 02— TEg R G, (HAUERE LT USE_STACKCHECK I A J
(H Hi7E Windows | fifi | Microsoft Visual C++ 4§ 1%%% ) . USE_STACKCHECK 4% H a3l & X5 R4 1%
TEAREH CRYAURS FP el 22 e

PyOS_sighandler_t PyOS_getsig (int i)
RPPYHTH TR | E S . X @ — X sigaction () B signal () MRS, HAEH
AL PyOoS_sighandler_t EXIWTF void (*) (int) HJ typedef B4 .
PyOS_sighandler_t PyOS__ setsig(int i, PyOS_sighandler_t /)
FRTAES  ES OB b REHPE S AR . X2 — DX sigaction () 8 signal ()
(T AL RERS . WA EEE T ARk 4L! PyOS_sighandler_t @XWT void (*) (int) My
typedef 5|4 .

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

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

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

« the current locale encoding.
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char*

AR JE] A48 )43 BC Y H S8R AR E AR R AR £, (B PyMem RawFree () KFEMNAF. QR
size N NULL, JUPRFHERR T null AP SEF AR G A *size

T fR A B R B N 740 T A8 1R I AR 8] NULL. SR size A NULL, W) *size W7 NFFEES RN KA
(size_t) -1 SIEMRASEIRINIE N (size_t) -2,

FRRD B RSN 2 R A, BRAE C AT B -

WA Py_EncodeLocale () MBI AT GRS 71 HR

%W

PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () %K.
3.5 B IhE.

T 3.7 IR 5 ¥R : The function now uses the UTF-8 encoding in the UTF-8 mode.

TE 3.8 IR U BAE AN RAE Windows [Py LegacylindowsFSEncodingFlag Sh2E N it o Bk
UTF-8 %=\

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

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

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

« the current locale encoding.

The function uses the UTF-8 encoding in the Python UTF-8 mode.
AR Al B A AT B3R EE, B PyMem_Free () RBEHLNAT. 24 %A gl 4ok N 775 it

FEIRAHR F] NULL,

HN4 error_pos K NULL, JSINHIE6; *error_pos ¥4 (size_t) -1, BUEMEKEHISE SR HHE
AT RG]

W Py_DecodeLocale () BEORAFFATH RIS E] i 58 FAF LS FAF R
B

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

TE 3.7 Fit 5 2 The function now uses the UTF-8 encoding in the UTF-8 mode.

TE 3.8 iR BAE U SRAE Windows | Py LegacyWindowsFSEncodingFlag “N2E M) i ik $0CE-5
UTF-8 4 fdts .
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6.2 RGiThAE

LR H sys BIRETIRERT LALE C AR DA TH R EATE AT H T 4 iR LR sy s B

FI, ZF AL NP LRSS

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. 1R [B| % H sys fEHEIRT S name 5{E WNHR ©AEFENR [F] NULL, 3 H
AR EFH.

int PySys_SetObject (const char *name, PyObject *v)
FF sys B name 134 v BRAE v 2 NULL, FERIEIL R name X5 sys B gl MR . St A o,
S A A RIR ] -1,

void PySys_ResetWarnOptions ()

¥ sys.warnoptions EE NFTYFE. WEREAIEPy_Tnitialize () ZHIHEM.

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

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

void PySys_ SetPath (const wchar_t *path)
K sys.path BN AL path tHR B W ERARLUR TN RIS, S EV AR E -G I R AR5
FF (7E Unix |24 =, 1£ Windows [2h ;) 7-FRERARAYS 35

void PySys_WriteStdout (const char *format, ...)
KA formar {ER I i H FAFRE S AS| sys . stdout. NEGIRAEMSH, AL THEE (WWF30).
format 7245 R AL H1FREER I BOC/NBRAIE 1000 540U — 38 1000 94505, ik 745
SO, I, SRR IR B B s A3 1924 % <N>s” KB, Lo
N> AR <N> 5L TR A ORI R 2 FUR 28 1000 574510 1 I
EFERE %, B REN AR KRR HT B BOA A TR
MR KA THER, sys.stdout 2HUES, CHALRITHER S AZIEIER (C E4) sdout .

void PySys_WriteStderr (const char *format, ...)
Kpysys_writestdout (), {HMCNE AR sys.stderr 5§ stderr.

void PySys_FormatStdout (const char *format, ...)
Z{pl PySys_WriteStdout() [ pR R 28 il PyUnicode_FromFormatVv () FeAg A0 B I HA 2 K/FH
BB EERKE.
3.2 FriR e

void PySys_FormatStderr (const char *format, ...)
RPySys_FormatStdout (), HBECNE AF| sys.stderr LY siderr,

3.2 B fE.
void PySys_AddXOption (const wchar_t *s)

B s fEMT R —ANH -X ISR E A IR BN INE| Py Sys_GetxOptions () Frik el )24 pif e 1 we
BFo BCRREXIDATEPyY _Initialize () ZHIREHE .

3.2 BRI HE.
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PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. JR A 24 Hi —X WM, 5T sys._xoptions. KAERRN, ¥
A NULL FF R E— AR
3.2 FrhR e

int PySys_Audit (const char *event, const char *format, ...)
Bl R — AR AT G 4 o BN IR ] 20 s A 2R W sz [ HEBAE I A 7 o
WR TR TR, WASE A formar F1H Al 2 50k 38E — A A G AR ITTH. B N PASH,
AEPy_Buildvalue () WG RS AP T AN . AR AR AHEA R —ATeAl, EA R IE)
— AR ITTAH T . (BT N STEFE T, (R TR IR AIE B R B S E O RS
¥, UL e RS EE | i)
LR # B PN Y R U EPy_ssize t R4, TR E X T PY_SSIZE_T_CLEAN,
sys.audit () 2xPfT5%k H Python FURS i ek ASAH R A o
3.8 B Tfie.
TE 382 UM BKkpy_ssize_t T # MRXFRF. FEMZHT, S50 — AR 7T HEE.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
AF TR S hook RIS 10 A1 FEMDIILIR I B 2SR B ALizf it
EaWIIat, ERAERMINBCE— MR, it APT IR T 2 RS T QU A Frfy ke
ARG o

userData $§5T 2N T BRE T8 T BRECTRE AR A A TR, % $8 5 ALY B4 1) Python

W FEPy Initialize () ZHIMHZSIIHT . WRAEBITIAIIGILZ JGoH i, AR H I8
TR B REE LS K — M Exception THRALA IR TRER ML FIRIE (HAh S A Sk
k) .

W REZEELA int (%) (const char *event, PyObject *args, void *userData) ,X:
W args Rk NPy TupleObject. B pRECH B2 51 % SF) Python iR TR A 1Y
GIL,

15257 PEP 578 T fifAg XX TT AU RGIGIA . e THRIbRAE e &5 | B iR a s 805 B0 TS
k. T2 A0 WA MR SR .

R AR ES ORI a1k, RS | & H T sys.addaudithook HARMIHARTSE. HRAE
fTIAFI 51 & T —/ R4 H Exception BSH, HHA RSN EZ 55 S5 R .
I, R AR E AT T B s R AE AT BE 2 1 r A AT 1

3.8 BRI HE.

6.3 TR

void Py_FatalError (const char *message)
FIE— SR B I AR . N SPATLTE R o YRR KON 24 (CFEAS: I 3] T AE -4k 2% i ] Python
PR AR B I R A A E AR T s BN, X R A B E SBIAR I . 76 Unix b, FrifE C K%L
abort () i HIFHFf ek E—4> core Xt

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

1E 3.9 BUEH: B LRk B4 5 -
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void Py_Exit (int status)
EBHYEi#E., X APy _FinalizeEx () R)IGHE AU C FE R AL exit (status) . U
WPy _FinalizeEx () PR, BRI N 120,
TE 3.6 U B ok B e AL A RN 2 P 20

int Py_AtExit (void (*func)())
HM—AMPy_FinalizeEx () VHRMIEELREL. WGBSR ECR A G AT SEEA N R MET{E .
2 AT DAYEME 32 ANTE R AL MM R EDES, Py_AtExit () FFRE] 05 RIEHS, EXFRE -1, &5
FEM I B R B S B R o IS BB 2 2 00H R BT Python [ N3 5 AL REFE 15 #E
MR HIsE L, I Python APLRAY func P o

6.4 SR

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. X4 NPy Import_ImportModuleEx () WTifLIiIE O, ¥ globals A1
locals Z8§1% ) NULL 45 level 15 0. 24 name SR & —Afi's (MR E T — MW TR 1,
fromlist ZELLWRCAHIZR [+ ] XAER MHERF A T 48 5 AR T N QAR AW B0 T AR R Sk
iR 2. (RN, XTE name SEF5 IR & — AT A0 BT B ERAT — BN REIE |
AR __all  ARPEEN ARSI, ) BE—AX AR HTI, S80S ARIK
iR [ NULL 8 — 555 B ARG REA X A sys .modules 1,

R X B AR T

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. % HREE Py Import_ImportModule () — 3 FH I G4

TE 3.3 B AR AR — ARSI MR B 2 L BRI, {HUZ A Python 3.3 52, 87 RAERZ KL
T UL AR U XML B, BT ASL R B R IR T 0 B TC AL B2

PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. S A\—"MEHL, 525 N & Python pR%Y _ import_ () FRHUSEFE WA FEH

IR A2 —A % B AR B = 2 AR S I, BURTE S AR IO Ul NULL 3 & — A5
5 __dmport_ () KL, MR TR R FHEE B S )RR, RAES S T ES
) fromlist

FARMKFRE A TERE BN S, Wi Py Import_ImportModule () ARk,

PyObject* PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *lo-
cals, PyObject *fromlist, int level)
Return value: New reference. 5 A\ — /AL, 3¢ T I ok B0 A3 156 1 15 2 % ) & Python B Y
_import__ (), PAbRHE __import__ () MRECSEHIMM LKL

1R B — X I AR R = R R BTG, BURTE S AR M A NULL 38— 58
5 __dmport__ () ML, KK R R FHEEE RS ER A, BRIEAEH T RS
) fromlist .

3.3 Bl Tge.

PyObject* PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist, int level)
Return value: New reference. Z3{l T PyImport_ImportModuleLevelObject (), {HIH 4R~ UTFE-8
i) FAFER AN /2 Unicode X4 .

15 3.3 BOE M ANFHER level Ny .-
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PyObject* PyImport_Import (PyObject *name)
Return value: New reference. 3 X-2— M T 48 “SAHTHRE WESEHZED (BRXI5E level K
0, FIRYXTFA) . B REA M2 REMET __builtins Wy dmport () HR%L. X
REERE T 24 BUPAEE T 2R AR A TR SE T A
ZEREE R O AT B AR A

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. B#k— L, & [B]—NF8 a1 g S TS |, OB TE R IR [B] NULL
HRE—AFH (TR AR SAEAE) .«

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. & [A] 5% | T 32 AN AR B 2 RGBT 52 name Z 5010 T2 X 0T PAH

package.module, IR FEFE modules S~ 8L ) Py JE 4G Ay % A L, AR IR ASE], WG] E— A B
FFRFHAE A S| modules . R MINHR [B] NULL & — 579

W WRECR SRS T A @ WA R, RS 3] — A S AR .
M PyImport ImportModule () B EWFANALEIEA KT AL, name {5 F747 5552 FR A AL &5 R 0
WM AFAEN A S 9B .

3.3 FrhR e

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. 23{l) TPy Import_AddModuleObject (), {BE AW N UTF-8 4Ri5 )
FRFERIM A2 Unicode X4 . object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. 45 & —MMEHRZFR (A §EN package .module FER,) Fl—~A Pyhon 451
SO M P LR compi L () B RTINS, A ZEEHe. I AR T3, ot
AR R A B R GR (0] NULL H 3R —AN 530 o AR BRI DL name 23 M\ sys .modules FFE1R,
B name ¥E3E A Py Import_ExecCodeModule () BWfEAFAET sys.modules ', fF sys.modules
R R SERWIG LB R R, A S AR A A IR HTA B G B AL T —Fh A A
) O AR 2 R UL T B2 R ) IRAS.
WL __spec_ fl__loader_ HURWMARBEMNIE, KA E b YmE. L spec Fm#Eas (4
ROWE) RSB __loader_ MifEHAMREHL Rk SourceFileLoader [H3:fi.,

B __file JEPERBEBENARISXT R co_filename, WHERIEM, __cached_ tHIFHEIE .

ASREER A T AR ECRF EEE . WS Py Import_ReloadModule () T B BIHL Il 7
K

U2 name $515—MEHN package .module HYHF RS, WIALAT i R QAN 2B
.

&R PyImport_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Z5{0) TPy Import_ExecCodeModule (), {HANE pathname A~} NULL £
PBCARRXT RN file  JETERIE.
%%ﬂPyImport_ExecCodeModuleWi thPathnames (),

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Return value: New reference. 25{l) TPy Import_ExecCodeModuleEx (), {HUNH cpathname Ak NULL

MBI RA) __cached  fH. fE=AEECH, XRHEFEHHK—1.
3.3 B fE.
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PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const

char *pathname, const char *cpathname)
Return value: New reference. 25T PyImport_ ExecCodeModuleObject (), {H name, pathname i

cpathname *}) UTF-8 Sif i) 7455 . AR pathname WA K NULL WA 22380145 cpathname HEWT H Hi
H A

3.2 Hi e,
TE 3.3 BOE R AR AR T 5 i AR & ] imp . source_from_cache () SRR PHEAE.

long PyImport_GetMagicNumber ()
& [H] Python SEATRG SCAF (B pye SCMF) BUBERL. ICBERCY M AFAE T 1 B ST Sk PO A4
MNP . AR R -1,

T 3.3 OEHC: RIMORhR EE -1,

const char * PyImport_GetMagicTag ()
B PEP 3147 #55X1Y Python 75 5 SO 4% 3R Il BEARFRZ: 7478 o THICHEAE sys . implementation.
cache_tag FRfEIE Y 2445 R AU I pR A0 SEAS B ) £«

3.2 B EIse.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. iR [0 [l TR IR 78 (B sys .modules), TR 4R
FEAs AL & .

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. iR [B] 25 € Z R E S AR . WA 1) R S5 AR [B] NULL (HOR 2% B 45
Peo IARA R R IMOUR M) NULL H3% B AT iR

3.7 B fE.

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. 12 [14t%f—4> sys.path/pkg._ _path__ W45 H path ERZEXTE, A fE
£5ilid sys.path_importer_cache FHEIKEL, WR T M AW, WESHF sys.path_hooks
HERE A REALIIZ path 25 HBYH 1. A0SREA AT A E 73R 8] None s 3RS 1 ] J5 path based
finder To¥E N path 45 H B & k. FiIRRZEAFH] sys.path_importer_cache, iR [E]—/ 4[]
ERATZIETTIH

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. 3% 44 FR N name [ EVEGEREHE, WBhB R A 1, 405 A 36 ) 45 B )
WA 0, QAR A MR [A] -1 R E A R BEAE IS ) G U5 B A R, Al
M PpyImport_TImportModule (). (WEEMATA R - WARBH O R AR EEHE.)
3.3 e,
TE34MEM: __file  JRMERATER BiRE.

int PyImport_ImportFrozenModule (const char *name)
EITFPyImport_ImportFrozenModuleObject (), {HE RN UTF-8 4td )45 &8 M AN 2 Uni-
code X4,

struct _frozen
DR TR G A AR G2 E L, S freeze TR EMAY—2L G52 F Python YRGS
RATHUHY Tools/ freeze/). HjE XAIHE Include/import .h 1K F:

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

bi
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const struct _frozen* PyImport_FrozenModules
AR AR FE 1T struct _frozen B4, PANULL 83 O /NS HRARIC. 24— NRETRIE T
A, EEEAEX AR R B =07 ] DALAOR AR LB &S B A RS A A

int PyImport_AppendInittab (const char *name, PyObject* (*initfunc)(void))
l) A Y A BASR R S I— M . XX Py Import _ExtendInittab () WIEREME, WIRICILY”
JERNERE] 10 B AT 24 5K name e, FH8 1) BREL initfunc A AR — ST A1 11
MR IGRR R MR BUY 2 EPy_Tnitialize () Z AT .

struct _inittab
ik BB R P ) H SR NS ARER LS T N BT AR T B B 4 B
ARG R R £ FR02—1> ASCIL 4l i) F4F R o AT Python 1A 7 AT DAGE F % 45 44 {4 1) B2 ok
HpyImport ExtendInittab () fHLEE PASRABLEIIME N B, ZE5ATE Include/import . h
Hl e SCH:

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

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
RN EBHRG I — B . newrab B ALMPA— M08 DA NULL Al name “F B K2 H 45 R
REFRHE RIHE 2 FEONAFEE R . BENIRE] O BEE WPR ToiE 7 M AL 0% AR T N FRR R 0] -1, 24
KR, FEARSEIERE| N ERE . IR B EPy Tnitialize () Z AT
A5 Python L Z K445k, WPy Import AppendInittab () B{PyImport_ExtendInittab ()
WAHERFIR Python WIGALZ T H -

6.5 #¥#E marshal #{ExZ

XLGIRE ALY C AUSAEEE S marshal BOBIT AR Bt s e o1 fxd 5. oA 22 ek 50n] I ARKF A 5
AP, 55— L s BN ] FREBOH RSBt - 1T 77 marshal £ i) SCHF a2 A — 3t il A
19t

BOAHEAEAF I SR B ARG 1 RT3k

DURH ST F R A AR - 5 O B P AR, 55 1 AR S SO AT marshal 2514k b LS E AL G
ﬁ$oﬁzw¢%ﬁﬁﬁﬁﬁm:#ﬁ%ﬁoWJmmmmNM6mN%%T%mi#%%ﬁ(%mmﬁ%
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Ff—~ Long #EY value DA marshal ¥ E A file. X HE A value i) 32 fi7; TLieAHL Long FHY
F BEUNAT o version $5IH SCHAAS B IRAR

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)
J—A~ Python X4 value DA marshal 485 A file, version $8RH A& R A o

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 |8|—A~3 8 value {7 marshal 5 R IE R FETEER S . version 388 SCHAE
HI A o

PATR BR AV O A7 4% 8 marshal #5X{E
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long PyMarshal_ReadLongFromFile (FILE *file)
MATHH TR FILE A0 R B M —~ C Long. M A H eRE REREE 32 AiiM(E, Toit4spl
long FEBIPKE AT,
KA, RFRCEIE Y 55 (EOFError) Fakk[A] -1,

int PyMarshal_ReadShortFromFile (FILE *file)
MATTE A TR FILE* XA R R Bl —> C short. I SLeR B REEEH 16 A2 9fH, ToibA
Ml short FEAIMKJE AT,
ARG, FFREE Y 5 (EOFError) Ffakk[A] -1,

PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. M\FTFFH T 2EH) FILE* FINT 7R 1] —> Python Xif 42,

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

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. M F] I T2 EA FILE* BN N Z0HE i iR [l — 4> Python %4, A [H
TPyMarshal ReadObjectFromFile (), WRREUBERFATFEMR SCHEICE Z %4, ARirHRG
SRR B A NAE, DA ST 91 A A5 T ATE A7 i s B B E T AS @ A A S B B — A~
FAT o HUA MR AN 2 B SCEFSEERAT AT PO 25 ) Tl

KAFARE, CHIREEYSH R (EOFError, ValueError B TypeError) ik [H NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. ML &35 0] data 1) len /S35 B8 G i IX ) I 1R 8038 i 2% [B]— > Python
PO

KAFEARE), IR EE S P R (EOFError, ValueError B TypeError) iR [F NULL,

6.6 METSHHMBRELE

TEREAR H C Y R BT IAN, XL Boe A Y. HERI(E SIS L extending-index .

X B B R 0 al = A, PvArg ParseTuple (), PyArg ParseTupleAndKeywords (), DA
KepyArg pParse (), BEATEREH #& X AL F 45 B K K o6 FOW A7 09 2 805 700K . 3% 28 ok B50AR 87 A1
[ BRI A% A A R

6.6.1 fEITS

— R FAF R A 0 B 2 MBIt — MR B IO R A — 4> Python XF 55 Bl H 2 17
P HAE SRR R ITES . B T ARBISL, — AR5 51 RS 2 BTGl 0 X 28 e S BAT
LR SR TR ORIRIA R, G 5N FEARAEBIC: BG5S O WATZXT X% TR
Python X RIKM; Trft's [ Mieteidny C 28k (eide) J.
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FHENEBER

ok A X ARV R G 3 B T SR ) N AFHE XA T 1) . RIS A BRI IR [F] Y unicode P4 B E 775 X B IR IR
BlE A7 -

— iy, Y FIR B E AR A X, XAk X AT AR Y Y Python X445 H, I FLxX A~
GErp X IS S AR T . R T B BIRE T NAEZS 0] [ TiX4E es, est#, et and et #.
SR, Y{—Py_buffer GEMRIRIEL, HALSHZ 0 KGEEE, T DAV B EM S 6 X~ Zeh X, B
{EPy BEGIN_ALLOW_THREADS ¥eHr, AJ DA SR ] AR B R A PR A/ INEl B s B oy R i KUBS: o TR,
AR PyBurfer Release () FEYREEREIHII A HERT (B AE 2 FAT A TR o)

AR AU, B X EARSPASS AR .

H ek T T 2 bytes-like object, JERELFRET T AR nh RE5H . Mifi i@ EX S pyBusrferProcs.
bf_releasebuffer PR 2 A NULL RKIEEH, MFEA RN bytearray XA AT AEXT4E .

Wi A # FBEXWBK (s#, v %), RESHWRR B EPry ssize t) 4 Python.h
L2 HiH PY_SSIZE_T_CLEAN W& X4 Hl. WX EHE L, KER— NPy _ssize t Mfif
A int. FEAKN Python JRAS H R & ek AF, HSZdFpy ssize t MFH X HF int. fiF—HE X
PY_SSIZE_T_CLEAN X477,

s (str) [const char *] $§—> Unicode XF G540 Jil— 8 M AP C $85t. —MBEHER— B EAA7ER
R XA FRFRAEE R AL I E e . C FF R RO 2545 Y. Python 45 RN AEAL &7
PARTCRURARAG S Wk e, —> ValueError &5 % . Unicode X R, 'ut £-8" 4
T C 455 . QR RIM, — UnicodeError FH#5I K.

TR XARIBANEEZ bytes-like objects . NFARERSZ ST RGAEFH R EA RN C FRrE, @il
ffif] os FixX A PyUnicode FSConverter () {EH $10F3%,

TE 3.5 MU R PATT, 24 Python “AAFER Hi# 2] T i AW null AR 5 255] & TypeError .

s* (str or bytes-like object) [Py_buffer] X~k M Unicode ¥R W2 FI AL .. B NHEH
FRAL Py _bufrfer SR, XHEEERM C FAFER B i A NUL 275 . Unicode X4 i
"ut £-8" AN C FAFER .

s# (str, Wifbytes-like object) [const char *, int or Py _ssize t] 1§ s*, R T EAEZGRINS, ERAT
EEMA C A g, B2 CEMFRRNIRE, ENRENKE. AR RS i AW null
7. Unicode Xf R #f#iil 'ut£-8" Zaidik b C FIFH.

z (str or None) [const char *] 5 s 25{pl, {H Python X} R A gy None, FEXFHI T, CIgEHKE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* J5{l, {H Python X} &1 §8°H None, FEXFFMIT,
Py_buffer $5¥JH) buf il G E A NULL,

z# (str, Higibytes-like object B None) [const char *, int B{Py ssize t] Y s# Z%{ll, {H Python %} 7] g
A None, TEXFMENL N, CHa5HE N NULL.

y (read-only bytes-like object) [const char *] X AFIAAFF— D RFATRAN G AN — MR T4 C 45

Bt BRI Unicode X4 F G AF KU BB null 27475 QE2RELET null 5745, 25| K —
A~ ValueError B,

15 3.5 MU HE PART, 245 W XAl E] T AR null 7525 % TypeError .

y* (bytes-like object) [Py_buffer] s* [JAFX, ANHz3Z Unicode X5, N2y R BA 5. X Rk 4552 kil
B rtodetr ik -
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v# (M ifbytes-like object) [const char *, int 8{Py ssize t] s# 255, AN§E5Z Unicode X152, HIEZIeF4T
KR R

S (bytes) [PyBytesObject *] Zizk Python %42k bytes %5, Aol @b B4, SI%%F 5 A K bytes
XN 25| % TypeError., CAFRWMATH R HPyobject * A1,

Y (bytearray) [PyByteArrayObject *] ZI3K Python X4 bytearray X5, ANEXHITIEM LR, Q1%
PR N bytearray WRME5| K TypeError. CAERWM A Pyobject * KA,

u (str) [const Py_UNICODE *] ¥§—> Python Unicode X} % %4k i 45 [i]— N PAZS & 114 Unicode P45 25 X
WIFEEr . ARG N—A~Py_UNICODE Fg4178 Bl , 176 17— A48 B & A74E 1 Unicode 221X
W% . TR —ANPy_UNICODE FEBIWFAF 58 BE I T4 i3 i (16 {7834 32 fi). Python "4 Hp
DU REAL B I ARG null fURS 55 43R4, 51%&—> valueError 4,

15 3.5 MU HC: VAR, 24 Python FAFH: sl E TR ARY null {5 &5 % TypeError .

Deprecated since version 3.3, will be removed in version 3.12: X 52 |H M kE 2 Py_UNICODE API; i i #%
$PyUnicode AsWideCharString().

u# (str) [const Py UNICODE *, int 8kPy_ssize_t] u X, FFMA C A H, H— M afam—~4
Unicode $#li A7 IX, 2 MRERKE. B null iG55,

Deprecated since version 3.3, will be removed in version 3.12: X 52 IH M kE =Py UNTCODE API; i i #%
ZEPyUnicode AsWideCharString().

Z (str 5 None) [const Py_UNICODE *] 5 u 2% {l, {H Python %I 4 4 7] & 2 None, £ X 1% i
FPy_UNICODE $8%ti% 8 & NULL,

Deprecated since version 3.3, will be removed in version 3.12: % 52 IH K\ Py_UNICODE API; i i #%
ZPyUnicode_AsWideCharString().

Z# (str o None) [const Py_UNICODE *, int 8Py ssize t] 45 u# Z%{l, {H Python X}£ 7] fEH None,
TEX PO Py UNTCODE #8511 # ) NULL,

Deprecated since version 3.3, will be removed in version 3.12: % &2 IH M KEE Py UNICODE API; i i #%
$PyUnicode_AsWideCharString().

U (str) [PyObject *] #i3K Python X§4 4 Unicode X5, ANEAXIA TR . Q1SRZXT A A Unicode X452
Mj2x5| % TypeError, CASRMW YRR NPyObject *,

w* ([ G bytes-like object) [Py_buffer] ixX ik X452 Z AL LI T B2 H B AF K LR . BN E
et Py _buffer G5MIMRME. Zemh X AT BEAFAERRARY null 5750 24 2o XA 56 )5 0 2 =5 20
HPyBuffer Release ().

es (str) [const char *encoding, char **buffer] s 125, B F4i% )51 Unicode FAIEAFHAEZMIX ., BH
AR PRV A ik NUL =275 1 E g £

AR AT LMD SE B MMUIER A, I HW 0k const char*, BE4gm-—PA NUL 4558 1)
PRI gRioAs A PR, BiE A NULL, XERMA] "ut £-8" Fufb#gl. 412R°A4 Python JovkiH HE)
IR LR ET| LR B ABEHN char**; B ATS | HFSAHEE B E S50
WA Geh X o SCARE A — DS BT Ta & W il kg U EEA T o .
PyArg_ParseTuple () L4 FL—RIEI/NKGEMIX, R 5 ) Bda s DX A~ Zoh K Hik'E
“buffer 5| HXH B NAEES . WHERTHEAEM G PyMem_Free () ZRERC A BN S
WX,

et (str,bytes or bytearray) [const char *encoding, char **buffer] F1 es 6], & 7T A EHLIE AN
FRRX S MR, BREEANSEZ G FAF R RTL.

es# (str) [const char *encoding, char **buffer, int 8{Py ssize_ t *buffer_length] s# A, O HmIG
) Unicode “FAFAFATARFEMX . MR es £k, BEARVMEAREIE S NUL 747,
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ERE=ABEC HMUIERA, FFHRAUN const char, B PREHEAATR, BN
PANUL 45 FAFHR B NULL, FEJ5—FPlig ol TRAEN rut -8 gifdisa ansRampbisaXa ok
B¢ Python RHIN 5] K575 . 5 " ANSEULHN char**; ERFGIHMIEEHER RO A S EOUR
WA X o SCARKFLASE — SR 12 W 9 P AR I T i o 26 =SSR AU s il — A0
Tt 90 | AR RCR s oA it Znh X T B AR

AP

U2 *buffer 517 NULL 455t U RRECIF 20 BE P 5 K/ Zenh X, Re g B O B0 A2 HI 2 s b X, It
B *buffer AT HUET /Y BCHIAFAR . WEIUEE ST PyiMem_Free () AFEREASRERCIHEH S X

TSR *buffer 51 dE NULL 484F (B ECAIZEMIX), WPyArg ParseTuple () ¥ AL EAE Ry G
X, IR *buffer_length BIRIIRTEMRRE MR vh KK/ SR)G, BRI s BdEE fl 2 Zah X, 2k
B WRENXAELR, REEE 1 ValueError,

X PIABITH, *buffer_length B it J54h A9 NUL BRI K .

et# (str,bytes i bytearray) [const char *encoding, char **buffer, int #;Py_ssize_t *buffer_length]
flest M, BT AMERDEANTENNE. MK, BIREEANSECE %GR 7,

e
b (int) [unsigned char] K —/Ef ) Python BEAUEL AL N — T AT S B, fEfEHE— 1 C unsigned
char 258,

B (int) [unsigned char] §—> Python #&BUHAY Bl — M RO AR AL i M8, fFAE#E—1 C unsigned
char AT,

h (int) [short int] f—> Python B AL i —4> C short int 4%,

H (int) [unsigned short int] ¥f—~ Python 3 AU%£4k ii—1> C unsigned short int TLAFSEEAL, HA
A A A

i (int) [int] $f—> Python FERFLAL Y —~ C int FEHL,
I (int) [unsigned int] Xf—> Python BRI i — > Cunsigned int JofFSHEAL, HORAG AU AR
1 (int) [long int] }§—> Python &A% 4k jli— C long int KEEHL,

k (int) [unsigned long] ff—> Python B AL i{—4> C unsigned long int JEfFSRKEEM, Ak
it AR

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

K (int) [unsigned long long] Y—~ Python B R4k ii—4> C unsigned long long LffFSK KA If
ANKSE A Ui I

n (int) [Py_ssize_t] ¥—> Python BFI%E4k i —/~ C Py_ssize_t Python JLRK/NJEHL,

c (bytes i bytearray KJ§£h 1) [char] $f—> Python FH57 K A, 41— K EEH 1 1) bytes B #H
bytearray M4, #{b—" C char FfFRAL,

1E 3.3 UM fuif bytearray REIXTS .

C(str KIEHA D) [int] £F—4> Python F4F, W—"PKEN LAY str FRFHXIR, FAM—4 C int FARE
A,

£ (float) [float] }§—~ Python 3% S AL —4> C float J# A%,
d (float) [double] H§—~ Python J# s 5 4L il —1~ C double XU LT K.
D (complex) [Py_complex] —~ Python &g 2Bk il— 1 C Py_complex Python 5 5255,
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HipxtR

O (object) [PyObject *] Xf Python X5 (RBEATALATHEAR) FAAETE C XIGREHH . Hilt, CRFRINC f£id
MSEERXT g XARIFIHTTECR 2. fA# 5 A ¢ NULL,

0! (object) [typeobject, PyObject *] Kf—~> Python Xt fF A —A~ C X4 484t . XRMT o, HEEZM C
SR B2 Python BB R bl , 85 AR PR R85 C A8 R GRAUNPyObject *) L
hk. WA Python XA H A r Bk 2R AL, W&5| % TypeError,

O& (object) [converter, anything] i#iT—1> converter (R —> Python % 4564k — 1 C A5 &, R EE%
WS B2 WREL, B CARE CREVER) Mk, 548k void * JEHY. converter PREL
PRI T Xk -

status = converter (object, address);

b object 25 HL1Y) Python XT 21 address 1G4 PyArg _Parse* () BN void* Z4. R
status |24 DA 1 ARFELBR I A 0 AFEEI RN, ARG, converter WAL 45| Kk F# I Hes
ik address ) N ARFEAR B HBCIRES

N4 converter iR [ Py_CLEANUP_SUPPORTED , WU SHUENT i 4 R, BT RES R HIZ R %L,
MR e g AT WL R E A AR N A FESE — AR, object ZH0RM NULL ; (R, %54
4 NULL ; H G, ZS806 8 NULL . L, &S50k NULL (WIRME) k) NULL address [{E 5 )5
BRI R R AR ]

1E 3.1 B #i: Py_CLEANUP_SUPPORTED #E ¥Rl o

p (bool) [int] e ARIERT N E (— /R FIN H HRFE R A RN Y C true/false AU, 4124
FRAONEE 1, BRIWE 0. BTG4 Python {H. 2L truth FRIUHE 2 5T Python WIATIi(H
NEMEE

3.3 B fE.

(items) (tuple) [matching-items] S|4 Vo752 Python J#41, BRI E R items FAG K BAITCHIEE . C S5
DAY items Wi — ST RSN C. R RS e AT BB i

&1 long” BE CREZU A (E . 11 19 LONG_MAX PRI J& nIRERY , SR AT HEA T8 24 A FE AR ——2Y %
W BOR/N I BN FIME I, S ) SR BB (Sebn b, C 5T et SCARR A BLR 150 i S 1 A
Ho— WM ATRE S KAL) -

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

| RHITE Python S84 KR N i S ECHR 2 ATk . C 28 5 0] I 1 W] 1 SRR S I A A BAA 24—
MAESHOATIRERS, PyArg ParseTuple () AREVFRIFIRIK C A E (L EAE) HINZ .

$ PyArg ParseTupleAndKeywords () only: FEBAYE Python Z:4i4 3% th | R SN2 00 ] S50
T, ARG TSR E RS, ST AR | U —EAE S B .

3.3 B .
o AR BICHIPIRE ARG B R TR T R A N R R P I BB (PyArg_ParseTuple () B
BEIRR) CREE” 5.
i AEERICHSIREAT AR 705 J5 I P AR BT N AR R I R BURERA R A R-IE . = A MIEHE .
TERALAT 6 2 B2 k) Python X252 #5 Rk a95 11 AEEBIENTHG V!

2 K L8 pR B RIS b AU A AL A H il ) A R R bk s X e e R A il A G, A
—LliEiL, BRSO T TR, XSO AEE ] AR, BTN ARIERE
E R A R

N TN, arg MG VEBCAE 2O HAS AR . Wi, PyArg parse* () p¥LRIA true, X
ZENTRN false F HE|K—AE@ R . YpyArg Parse* () BEIRAHE— A% 2 BT AL 2R i 25 K
I, RS R A DA K 5 S A% s B el A ) AE SRR A g B
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API F#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
it — DB 28, RRFP S ER S BB NP R TS S . iR [A] true; R IUGR 9] false
I HLBI A W 8

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[], ...)
IIMTREAL B S BN O R S AU I 5 40k Sl A2 B R B S50 keywords 228002 KPS B4 PRI
NULL & F8EH . 2S48 FRFenpositional-only parameters, JEIFIR B true; KA S n;, Bk 9] false Ff
5 R A R

TE 3.6 WU VSN T positional-only parameters ) 3735 .

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

words[ ], va_list vargs)
MpyArg ParseTupleAndKeywords () MR, SAMIEHZ 1 va_list LR SELMAS 2 0] AR HE 1)
SRS .

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

3.2 B .

int PyArg_Parse (PyObject *args, const char *format, ...)
BT RATIY “IHZEAY B S R X R Y METH_OLDARGS ZHUBHT I AT M
Python 3 RS [R . ORWEHERE I T RS ) S 8dT, I+ HAEPRERRES Th i RZ B e gk, 2
ANEHATZEW . BRI T, SRR REE XA~ H g4k s i A

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

B

KRR B R B, BUE _weakref i BIRRHUTI R 505 | I TR :

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

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

6.6.2 BIETE

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

Return value: New reference. ¥ T BT PyArg Parse* () R FI—RIMERIAE . F 45500 85 {E
TE PR DR AR A B NULL; QiR 0] NULL, $55] & 746 .

Py_BuildValue () #A—HAE I, HALERKAMMTRSHAEHAEBEZ RIS
Sl IeH . R TR RS, TR Nones MR BAG M HIT, BikIA g R
TCR R AE—XE 5. I BHES t BE s A P4 A T DAS ) 3R o] —A~ K NR 0 2 1 el

214 AT G AT DX B DA S 808 A% 356 DR A @ X 2 ik, 0 s Al s# kS BAIT, &8 I FHFEA KL
W, EAHEZRMAENEH XM EEARA S HPy _Buildvalue () BIEX SRS H., A, W
BRI malloc () I HAF R NAEZ L4 Py _Buildvalue (), RIS HA TTE
JEPy _BuildvValue () IREIEEM free ()

TE R T, 05 5 i RIE AT, B35S O WA ZA% U ICRF 25K A1 Python X467 ;
TS [ N RALEBRY C AL R (R IRAL,

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

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

s# (str B None) [const char *, int 8Py ssize t] {#i[f] 'utf-8" 4l C FRFEE MK 0N
Python str %4, W4 C FEAFERAEEN NULL, KRG 9E 20, Ff&2 Ml None,

y (bytes) [const char *] JXKf C FAFH il Python bytes X4 . QIR CFAFERIEE A NULL, iR
[f] None,

y# (bytes) [const char #, int B{Py ssize t] IX&¥F C FAFH K H K JEHAL H— Python %4, N
Rz C ERFHTREN NULL, W3R [E None,

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

u (str) [const wchar_t *] 232 |- wchar_t [¥ Unicode (UTF-16 5 UCS-4) %422 np X 5% 4Ky
Python Unicode {42, #IJf Unicode 2P X #5415 NULL, Ni&[4] None.

u# (str) [const wchar_t *, int 3, Py ssize t] ¥ Unicode (UTE-16 5§ UCS-4) $(3Eg8mh X K HK pF
#4614 Python Unicode %142, 114t Unicode 2 X #5415 NULL, UK BE4-0E Z 0%, 33% [H] None.

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

U# (str 3 None) [const char *, int 8{Py ssize t] Fll s# —Ff,

i (int) [int] Ff—4> C int BEAEAY { Python BRI 4L .

b (int) [char] f§—/~ C char FAFRUFE AL Python FEAUXF R .

h (int) [short int] ¥—/> C short int 4GEAIFE(L B Python B AN 4 .

1 (int) [long int] #—/> C long int KHEAELAL Y Python FEAIXIA

B (int) [unsigned char] ¥ —/> C unsigned char /574 M4k i Python B AN 4

H (int) [unsigned short int] ¥—> C unsigned long JLFFS4ERERIEE L ) Python BN 4 .
I (int) [unsigned int] —/> C unsigned long JoAFS 3 RIEL(L HY Python BERIN 4

50
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k (int) [unsigned long] #—1 C unsigned long JLAFSKIEETIEEAL B Python BRI N4
L (int) [long long] $f—4> C long long KKBEEHEAL M Python BIEXT 4

K (int) [unsigned long long] }—> C unsigned long long FLAF5 KIEEBIEEAY Y, Python & 7 5}
%

n (int) [Py_ssize_t] $f— C Py_ssize_ t ZHEE{l >} Python #&7,

c (bytes KJ¥4 1) [char] $—4> C int BARRIFLFH440 A Python bytes KN 1 FFNT4.
C(str KR 1) [int] HF—4 C int BRRIFAHEI N Python str K 1 IFAFHRXFE

d (float) [double] H§—4~ C double XUIHREETF s % bk Python V7 s HCR AR .

£ (£loat) [float] Kf—/> C float HURGREIF AL ALl Python 7 i AR B

D (complex) [Py_complex *] f—/> C Py_complex RKALHHAL ) Python A .

O (object) [PyObject *] Kf Python X} G (£ A4 (H 5| T ERAN, it 8 1 #3) o REA
BXF 402 NULL #5848, WMRGEX & B TA RS ER T & A R B S me . Hit,
Py_BuildValue () ¥R NULL, (HAS5 K 5HE . WRM KRG K72, WiEE SystemError,

S (object) [PyObject *] F1 0 fH[F] .
N (object) [PyObject *] I 0 #H[R], AT EH A MATRAT|HITEL S H SRR P o 2448
TG AN X RS

0& (object) [converter, anything] it converter PREUEF anything 454y Python %152 . %R EE I i 2 4%
A anything (% 5 void* FZ5) VENSEOF H W 2R [F]—A~ )" Python Xf4, i 24 KA MR
B[] NULL,

(items) (tuple) [matching-items] F§— C A5 Jp 645 il Python JGZH AR 35AH [ T K40

[items] (list) [HIRAYICE] Kf—> C AL R FHIFAR AL Python #1 RIFORIFH R TT R 4R

{items} (dict) [HIRIYICHE] Kf—> C AR FHIFEA AL Python “Fllt . f—XfHELERY C AL BRI —
ATCEIBAT A, B R KBTI

WARAR AR B R, WBE SystemError S iR [E] NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. #1Py_Buildvalue () #[FE], SR EEZ—A va_list BRI SEOM A Z 0]
R SHE

6.7 FHBREMSENt

T B AARS 2 A457 ER  H 1) pR AR
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

HRPEAS K FELFER formar MEINSEL, i h AL size N8 stro 2200 Unix FH I snprintf(3).
int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
A% X FAF R formar F178 5 S8 K va, Fhi AL size DSFF7F] soro 2 0L Unix F )} 50T
vsnprintf (3),
PyOS_snprintf () MIPyOs_vsnprintf () 133 C}pEFEREL snprintf () fl vsnprintf () . B
H B R s 5 00 TR —3U 7R, AR C RN .
AR strisize-1] TRREIILRZA "\O" . ENINAEG ML size NFA7 (HIFEARRZR " \0") F
TR . WA ERBEREEK str != NULL, size > 0 fil format != NULL.
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WARF G A vsnprint £ () M0 H 28 v X R /N T 283k 0 4 87 S size 512 545 DA |, Python £ PA—
/]\nyFatalError() 5{%'1:‘_[]:0

TXLERR AR I (rv ) N4 B DA 00 o e -
¢ 20 <= rv < size W), Ky BINIRE v DFEFHAR str CRUFERE strirv] (LEP
"\NO' FTT),
o Hrv >= size lf, fiiHiFMASPEMIIT HFEDAA rv + 1 FWEMN KA RESREI AT, TR
TEMF strisize-1] 2 "\0',
o Mrv < O, " REERNGFHFE. " TEHIELT strisize-11 4 "\0", {Hsor HRT 2R
S . BRI )R R B TR R 6
PAT R 5515 5 PREE 0 R A4 8 BB e 4t
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAPHR s Feioy double RM, RINING| % Python 5. Hes2 i 54 1 4 5 W -9 Python 1Y
float () MIEREILZHFIFRES, BT s WA R FERRE M . Sl AU T4 Fir X
1.
MR endptr @ NULL , HHBEAFRH. 5%k valueError JFHIRM -1. 0 WERTFFFHA ST m AL
RV IR SUY E: W

WA endptr ANE NULL , RAEJGEZ WHFIRFAF R/ *endptr WE N HE M 55— DR B F4F
AR EAF B WG BEAS 2 17 BB RN £ 7, K *endptr BB NG MFEMA RN L, 514k
ValueError 54, FFHIRME -1.0,

WA s Fom— D RKMABAFHE—MF BT E (Wrst, "1e500" fEFZ & FR—NF4F
) SRIGUNER overflow_exception j& NULL iR[H Py_HUGE_VAL (fiEM4M9445) 3 H AR BT
M H . FEHAL T, overflow_exception WhJiFg[H— Python B XT%; 5| kS FHERM -1.0
o TERXMFMEI T, &E *endptr FRINFREL FNH—DF4F.

URAE SR ) B AR AR A F Al % (Han— D AR RS IR) | ICEIE 29 Python S IF HLik ]
-1.0,

3.1 B .

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val N—AMEE format_code, precision F1 flags 1) 5455

XA EA TR Z —, "e', "EY, VEY, VFY, TG, TG B Tt X et SR AR LR
0, 'r' MAHEE TARMEREL repr () #52K.

flags R] DAl HA{E Py_DTSF_SIGN, Py DTSF_ADD_DOT_0 8{ Py _DTSF_ALT By H 4 A&
¢ Py_DTSF_SIGN FI/R SR TER B W FEAFR R — 5547, B val HAETEL.
+ Py_DTSF_ADD_DOT_0 F/nififRik Bl FAF R ARG S — AL

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

R ptype K NULL, W& 38 1 09 {E 5 #% % & Py_DIST_FINITE, Py _DTST_INFINITE Bf
Py_DTST_NAN HIF)—A>, 3R val @A RET . ToPR BT e db-Es .

1R B R — N8 T & 5 AT R Y buffer ROFEET, ANSREE AN S NULL, I8 7 BT
M PyMem_Free () FREHOR I FERFE

3.1 B RE.

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

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

FRFRRRS KNG o ZHRPULT 5 strnemp () TAESSME, R2E2KT RN,

6.8 5

PyObject* PyEval_GetBuiltins (void)
Return value: Borrowed reference. 3 ] 4 i Tl HY P B R A L, 2R A Ji A WOEAE AT, WAk [m]
LREIRTS I RRERS -

PyObject* PyEval_GetLocals (void)
Return value: Borrowed reference. 3R [F] X4 1] P AT Wi Jmy 30742 B 7 L, 00 2R 8 24 1 P47 7 i D 3k

NULL,

PyObject* PyEval_GetGlobals (void)

Return value: Borrowed reference. & 11| 4 Hi 47 W1 4 Jmy A8 i 52 i, AR BEAT 24 BT A AT Y MU 3%
NULL,

PyFrameObject* PyEval_GetFrame (void)
Return value: Borrowed reference. J2 [A] 4 HI ZARRSHIMT, AR EA L HI T HIMIONGR (5] NULL,

HigZ M PyThreadState _GetFrame (),

PyFrameObject* PyFrame_GetBack (PyFrameObject *frame)

AR frame Sy F—A MR

R [E ARG, R frame AT SMHUNR ] NULL.
Sframe Wi A K NULL,
3.9 FiHhe

PyCodeObject* PyFrame_GetCode (PyFrameObject *frame)

AR frame AR o
A ] —A5R 5 .
frame WAk NULL, 455 (Wi 085%) ANREA NULL.
3.9 FrhHhe
int PyFrame_GetLineNumber (PyFrameObject *frame)
W& [H] frame 24 B IEAEPATHIATS
Sframe Wi A NULL,
const char* PyEval_GetFuncName (PyObject *func)

R func 2 eR %0, FRECEGIN G, MEREIERZAFR, BRG] func FIZERLZFK .

const char* PyEval_GetFuncDesc (PyObject *func)

TR fune B2 BLR M A F4F S R [H] Tﬁﬁiﬁ BRI RN 7 ) ”()” ” constructor”, ” instance” F1” object”.,
YpryEval GetFuncName () WZEHRERE, 45852 func WA
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6.9 mAFEDREMSZIRThEE

int PyCodec_Register (PyObject *search_function)

A7 04 G AR A st 1 2% BRI

PEREMWER, HEma encodings f, ARMARTEM, WA ERAALTRRRKEGIRKE (L.
int PyCodec_KnownEncoding (const char *encoding)

HABENHY 25 7€ encoding W) Zw ffS 25 CAFTEMTR A 1 50 0. B RS REIZN -

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

Return value: New reference. 17 T 4 fito#s B AR it APIL,

object i [} th errors [T 7E SR HE RAL B 5 A% 18 45 7€ encoding IS AR %L, errors W] DA NULL KR fll
HI R Gt i i€ LR BRIA T ¥ . QPR BN 25 W 25| K LookupError.
PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 T 4 it #5 B AR RIS AP,

object [ [l 1 errors FIT & SUHIEE IRALH T VEAL 1B 25 7€ encoding W) fETD R BREL. errors ] DK NULL R7Rflf
FR GRS a8 i e BRI ¥ . QR ERAN B i S #5825 & LookupError,

6.9.1 Codec &3} API

TE T Y REH , encoding “FAFER A R 530 /NG FAEIE, X BEASE AT U AL ) 2 1k g A A 2 52 B %
K/NEAEIE. WKL BT H RS, WK% E KeyError iR\ NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. "N iE W encoding IREL— 9% BRI 4

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. “K 25 E W encoding IREL— RS %5 BRI A

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. “Jj25 5B encoding 38—~ IncrementalEncoder X4,

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “K 25 E W encoding 3REL— IncrementalDecoder X4,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “j%5 5B W) encoding 3Bl—1> StreamReader T.J pR%K.

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “H#5 E W) encoding SREL— Streamiiriter T.J AL

6.9.2 FF Unicode RiBsEiRAMBIEZFHYEMER API

int PyCodec_RegisterError (const char *name, PyObject *error)
TELE W) name 2 FEMHES A0 B 01 8 BREL error . 1% 101 bR B0REFE — A 4 R 5 245 188 3] oY 4 5 1 7
FEITCTE SRR 4 71 B I B name 345 € g encode/decode pfi i F 1) error JE 2 I i i 2 i i 25 o 1A
e

Z M O K & ¥ % — /> UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError M SE B fE S Bpk S 4, o & 56 T4 8 455 30 1 7 41 I 3
TERE IS A AL 5 B (W& 5 Unicode 573 3 % 1 R BUILAE B R BOETE ) « 1 FIH R Eb 25 |
R EWISRE, SR B AN 18083 51 A B R e A1 e, DA AR R A
EERFE A N AE AT AL BRI Jm s/ RS A
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B ] <0, eI ] “-1¢
PyObject* PyCodec_LookupError (const char *name)

Return value: New reference. BrIRAE name 2 N M SR AC IR R R . VERERFIIA T DAE A NULL, FE
BUIE OL T RFaR [ %) "strict” Fih) 4 1A 2L o] 8 bR K

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

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 1% unicode 4517, Bhid4SiRmm4 A .

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. ffiff] ? 8{ U+FFFD % unicode Jii4tiR%.

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. {#i [l XML F4F5 | &4 unicode Jmfidtti% .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. i Ji JUFWTEE A (\x, \u 1 \U) ¥t unicode JpfidétiR.

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. ffifj \N{ . ..} % L fFEHk unicode g4 iR .

3.5 B
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MERE

AF PRI Python XRACH,, FibHRM, LA Z RN R (G, Prafuadesl, Sy
FIRA) . M RRBIEATEN, f1&7E—1 Python 54 .

X LR MO A AT RE TR IER WAL AR R B, A— AR GeipyList_New () G, HIAPRIIHE %
ABCE N — 24 “NULL (.

7.1 HRMY

PyObject* Py_NotImplemented
Not Implemented BB, M THRICHEANEAERA X4 e R H G158 .
Py_RETURN_NOTIMPLEMENTED

C BNV IERALFE Py Not ITmplemented BRI A (RI44 )N Notlmplemented (5 | F 1140912 1]
Z).

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

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
WME o WG JE1E attr_name, MR A 1, 3R [E] 0, 3XAH 24T Python #3531 hasattr (o, attr_name).,
RS L)
WE, WM _getattr_ () Fl __getattribute_ () FIERIAEMRERGPAMG . A 2RG4
W, WA PyObject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
WMH o WG JE1E attr_name, W3R A 1, 3R [E] 0, 3XAH24F Python 351 hasattr (o, attr_name).
BRI
WE, 7EWA __getattr () Ml __getattribute () FEHBIE MG FERFRXIRE, FH
Frplml . AEPRAERIRY, W PyObject _GetAttrString() .
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PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. M\ X145 o WEE%4 K attr_name )@ VE. BIIR 0] @ HAE, S 3& /] NULL.
X AH 4T Python 323K 0. attr_name.,

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

Return value New reference. \3F%: o HEERL—44 K attr_name Wy JEYE. REDE R B, JMON5R
Bl NULL. X#H24F Python 1A o.attr_name,

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. 38 F (/) JEPEIRIUR L, H T AARBDN L) tp_getattro fliH . BFELRMF
grpr (A% %EI’J MRO 1) AHIENARF, HFTENRA) __dict  PARIEAEM: . £ descriptors
i, BARRAFFOE T BE M, ARSI IR AL e . R &% AttributeError .

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXTGE 0 W 44H attr_name (SRR v o KRBT A E IR -1; iR o XA T

Python {£4] o.attr_name = v,

W v o NULL, B ER . AT e MY I Pyobject_DelAttr (), (HHHIAKA
B e .

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

FEXTR o 445 attr_name W JEPEEBN v o RGN KRB -1 bR B 0 o XAHY T

Python {£4] o.attr_name = v,

AR v o NULL, B oiR, (R R MMMl Pyobject _DelAttrsString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
AR BCE AR R, T TIHARBN G tp_setattro . EIERFIP (ML TXRIY
MRO 1) FEHHCRiRas, MERE], W HLAE SO b i o R R ST . 0, i m b
FER R __dict_ PRCEBMER. WEREEIRHRRN 0, BFF5]% AttributeError ikl 1.

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WEEXT 5 0 W4 N attr_name W)@ . JRIGEHEE -1, XAH24T Python &%) del o.attr_name.

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

WIEEXT % 0 W44 N attr_name W)@ RMETRR -1, XAH24TF Python i5/4] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __ dict R FERIZRBUREN— B S8, WS 2 018 %5 L,

3.3 B g

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

_dict_ FHIAFFRCE R —FhE S X HUR SRV R T
3.3 B fE

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. [f| opid 1558 BITAF LK 01 o2 WE, Ui Py_LT . Py _LE, Py_EQ,
Py _NE ., Py_GT § Py_GE Z—, SRR “<. “ <=, ==, I=. > 5§ >=. XAH4F Python %k
K ol op o2, HH op EXINT opid HAERF . WENEHRFEHCESE, JKIGHT R[] NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
H opid $5E I EVE LI o F1 02 [fH, W& Py _LT . Py_LE . Py_EQ. Py _NE, Py _GT B Py_GE
Z— RN <L <=0 == 1= > E >=, FiREHRE] -1, g5y false MR A 0, AR [E] 1,
XA 24T Python ikl o1 op o2, HH op @EXFNT opid EI’J?%M’F{TQ

R WR ol F1 02 BF—AW4, PyObject_RichCompareBool () A Py_EQ MIRME 1, 5 Py_NE N
& [E 0.,
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PyObject* PyObject_Repr (PyObject *0)
Return value: New reference ﬁL AXR o FAFHRIEA . BIII IR AR, RN R[] NULL . XA
T Python ik repr (o) . HNEMEL repr () THH.

T 3.4 BUCH ek IZI%@ZME 5 — WS, AR BRI 2 353 2l ) S

PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. 5PyObject_Repr() — ¥, B XN % o WEHFE R, H
TEPyObject_Repr () ‘WEE’J???% A \x. \u B \U 5% LHE ASCIL F4F . X R4 i — KT
Python 2 i PyObject_Repr () RIS E . HNEKRE ascii () WHH.

PyObject* PyObject_Str (PyObject *0)
Return value: New reference. TFFXG: o WFAFHIEA . Bl ik o] 5 ?—?% RIGE IR [A] NULL . 33X 24
T Python ik str (o) . HHNEMRE str () WH, FILHEH print ( ﬁﬁﬂ%

e 3.4 BUE L R B — RIS, AR A A%ﬂ)ﬁﬂﬁ%#{ﬁxﬁm

PyObject* PyObject_Bytes (PyObject *o)
Return value: New reference. 1] B34 o B’J%‘Ijﬂ:/—t PSR ] NULL, )R [ — A5 R 42
AT o AR BRI Python KA bytes (o) . Hbytes (o Z:[EJE/JXE7 20 R EEMAZ W G
R0 WFATERRT G, 23k TypeError,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
WA derived 255 cls MR BN LIRSS, MERE 1, IR 0o QA H A R M -1,

WS cls J2Tcdl, WISKT cls PEATIERTURG I . Q0o 2 /D — AR ] 1, 250000 1, PR

1E4N PEP 3119 ik, 404 cls 47 __subclasscheck__ 7?{95 S5 U\ﬁﬁaﬂz?*ﬂ’}ﬂtu w5
N, i derived 2 EHIZERIHE T2, BMLSTE cls.__mro_ W, IBAEHLE cls —F3K.

W HARMRA SN, Bl type SIRAFRMEH]. R, WRALAELIA __bases_ @1k
(AR HIMITH ) KRBT — A

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
U2 inst J2 cls BT RALB], WHRME 1, RAE MR 0. QS HEE R ] -1 #uﬁ%\?‘rﬁ@

R cls 2 e, WX cls FATIETARGN . AR 2/ H —JAG IR M 1, Z52580080 1, &Nk

IEUN PEP 3119 firiAk, W s #74 _ subclasscheck_ () ¥, B [/]\EEI:E?*E’J/H(,U =
N}, R derived 2 cls B T2, IBA B cls E"J*’I‘i@

SEAG) inst W DAIEAT _ class_ JEMEREIZHITES.

X4 cls REPOAER, DAL RMA, Wil __bases_ J@M: (WATRELEMICH) HTER.
Py_hash_t PyObject_Hash (PyObject *o0)

WEIFIRER R A 0o KRIEIHR[E] -1, 3XHH 24T Python FiA= hash (

e 3.2 BCE S HAER)R A Py_hash_t. iXjg2— A R/NEPy_ssize t *Elﬁlﬂﬁﬁfv’f%%‘%ﬁo

Py_hash_t PyObject_HashNotImplemented (PyObject *o0)
BEE A~ TypeError UK type (o) AN, HR[E -1 . ZRHPATTE to_hash HTIf &
SRR, FRVFRAS R RS B AR E R AT )

int PyObject_IsTrue (PyObject *o)

TSRS o BN K2 true, WAR[E] 1, FHNERE 0, XAH24F Python ik not not o. RIENER
-1,

int PyObject_Not (PyObject *0)
MRS o BNy true, WIRME] 1, FHWAR[E 0. XAHY4T Python Kiks{ not not o, KIMIR
71 o

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. >4 o AN>fy NULL B}, RE—A5%F% o BBV 28T %, 245k
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W, 5] % systemError JfiR[H NULL, X 4% [H] T Python %Liﬁ type (0) . liuﬁ‘*i‘ﬂﬂl_lil
RS b B B A 2 M Rk py_1vPE () i&tﬂﬁﬁﬂ% R R E—
A PyTypeObject * RARYFEE:, FRARSTERT | HVH R m .

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
UERXISR 0 4 type FAUBK type H)FHBUMR T B . P SHCARALATE NULL

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *o)
RIS 0 B SE . QRIS R o SCRRFPF MBS, R PSR . A IR ] -1 X455 [F T
Python A= 1en (o)

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
RERGE o AT EE . BRI SR KE, REM __length hint_ () #A7H, &JiIRIE
BeME. SRR -1, X2 T Python 25353 operator.length_hint (o, defaultvalue).,
3.4 B g

PyObject* PyObject_GetItem (P) Object *o, PyObject *key)
Return value: New reference. iR 52 key XtV o JoE, EifESmHR ] NULL, X 5% [E T Python ik
L olkey].

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
FEXTR key BUFTENE ve RIS G K H R -1; B RE 0. XA 24T Python iF41) o [key] =
ve R R AMECy 15|

int PyObject_DelItem (PyObject *o, PyObject *key)
MRG0 MEERXTE key (IWLT. JRIGHFIR ] ~1, 3XAH24 T Python i547) del olkey].,

PyObject* PyObject_Dir (PyObject *o)
Return value: New reference. }124F Python A=, dir (o) , i&RMH—1> (Efﬁﬁﬂﬂ 25 EERRSEIN T
HISUSR, AR SR NULL, WRZECH NULL, {6l Python iy dir (), MIRIM 247 locals 147

IR AA TSR PHATHESE, Wk W] NULL, {HPyErr Occurred() 4% ] false.

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. Z¢[7F Python AR, iter (o) o NXRBEGR Bl — AT EARE, WHRZ
MROCZ PR, WIRBIXRAS . ARG %)j‘Z =N, £51% TypeError , #i&[ NULL.

7.2 JE Y
CPython S RHWIFRFIMTF b : p_call FiIS R

7.2.1 tp_call fipil

BEtp_call (RISEGIEZ TR E . FEOIYEH -

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

— MR NI HERLE S, H—A dict £/Rm REFSE, FK{LLT Python L1 (¥
callable (*args, **kwargs). args* LRAEE T (REF L, 2FEH—ATTM), 124X
EH KT AH, *hwargs® ST VA& *NULL,

XA E A *tp_call* ffi[H]: tp_new fltp_init WiXFEEHESEL.
B —IXS, W Pyobject_call () i3 HAmKE A API,
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7.2.2 Vectorcall {#pi¥

3.9 B EhEE

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

YRR N, Gn s nTi# F#2 5 SCRF vectorcall, CPython £ 5 fifi ] F PG T o K1, X A& — AR E -
AN, 2 =P R tp_call (A Eﬁﬂ% PyObject_Call()). I, —A3ZF vectorcall 2t

WS tp_call. WAL, Toie i VBRI, FIRRTRATT AE UM F . HEFE ek tp_call
KB NPyVectorcall_call (). {HA—IEHE:

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

MR —A~ZEH vectorcall [ *tp_call* 18, B %S E vectorcall, BN, B 2 55 2L/ S 400y args
JCAAN kwargs dict, HFA S vectorcall 5E¥AH & L.

KA A = Py TPFLAGS HAVE VECTORCALL ki H:¥tp vectorcall offset ¥EE FXFRLEH
11 vectorcallfunc 1) offset S HY vectorcall tpil . X E— N8 EA DA N4 M R B F54t

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

o callable jZF5H R I XT 42
o args A CiESHEAL, MIESBERGmE KBFSEE. REESE, XMETTAZ NULL

o nargsf N ESEN BN vl fENY) PY_VECTORCALL_ARGUMENTS_OFFSET FRiki. ZM nargsf 345
PRI B S B, B PyVectorcall NARGS ().

o kwnames JE—E A REE AR CAL.  HaE TG, e kwargs FHL . XL FOAIR T
B (str BHFZRAEG), HHEMUAEME—1. WREH XEFSE, IRA4 kwnames 7T DA
NULL %5,

PY VECTORCALL_ARGUMENTS_ OFFSET
UNARAE vectorcall fY) nargsf K0P IE T ARG, WALV F & I BT M args 1 B9ME. HA)iEiL,
args IRV EFHISE 1 (N2 0). B UHIER 2 Bl )5 args [ E’J{E

XFFPyObject_VectorcallMethod () , XM IRGHINAEZKE args[0] AIREAE T .

L A AAILFE SR M X (BB AN N i), I8 F e E R
PY_VECTORCALL_ARGUMENTS_OFFSET, XFEMCRF L1438 Q48 & vk 2 JE A0 nl i H R 4 Ak 7@&5(
M A (A —AN a2 self Z50)

LM -7 Vectorcall WXt &, 38 B K Avcall APL B8R, BEAR M W] R R 52— B
PyObject_Vectorcall () iBH iAW

1 fifg: 7£ CPython 3.8 Hr, vectorcall APL I AH 2 ) pR 50 B & DA JF 3k F &) & 19 45 R 32 it
_PyObject_Vectorcall, _Py TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod,
_PyVectorcall_ Function, _PyObject_CallOneArgq, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg, b4}, PyObject_VectorcallDict PA_PyObject_FastCallDict

WA FREEdt . IHAARUIIRGE SON AN RIS B 24 R 314
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BT
1 H tp_call B, #FH B & A 4 0% Ja: CPython X F ff H p_call # 47 89 ] H & ff

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

FARUERCR, X ORI T8 vectorcall (1) U8 F - # 8 F J AE 75 BB B 24 (i Py_EnterRecursiveCall Fl

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 BN & limited API B—3R53
3.8 B fE.

vectorcallfunc PyVectorcall_Function (PyObject *op)
U2 *op* AN SCHF vectorcall MY (202 BN AR SRy, B2 R BIATH), & *NULL*,
I, IR EIFHLE *op* HIY vectorcall BREHEEE. XA BREM A A 575

XTER L op 15 S FF vectorcall B} i A Fl AL, T PAE i # 2 PyVectorcall _Function (op) !=
NULL 332,

XA ERBAS B limited API f—3B4%
3.8 Fri e

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

XE—NLlITRE, HAMWEWIR Ao call #AEZM T tp_call MR, EASK
Py TPFLAGS_HAVE_VECTORCALL kR HEASHEE tp_call,

XA e limited AP [ —35845 -
3.8 B I6E.

7.2.3 jAMAM L API

A ZA KBTI KA Python X5, 44 b& B 2R H S B 30 6k 5 o SCRF BBl 7] LA p_call
ol vectorcall, iy 7R AT REDHIIEA TR, B REHE— & A R BT A Bt =Y e AR

TRBL T AIIRINEE: WS RSSO A TR R
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REL callable -- _]'1F] Hxi& | args kwargs
PyObject_Call () PyObject T dict/NULL
PyObject_CallNoArgs () PyObject * -—- -—-
PyObject_CallOneArg () PyObject * e ---
PyObject_CallObject () PyObject * JGZH/NULL | ---
PyObject_CallFunction () PyObject * format —
PyObject_CallMethod () X% + char* format
PyObject_CallFunctionObjArgs () | PyObject * QR T -
PyObject_CallMethodObjArgs () X + &) AR SR
PyObject_CallMethodNoArgs () X + &) — —
PyObject_CallMethodOneArg () % + ZFR 1 %5 -
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () S+ vectorcall vectorcall

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. i Jil—1~V] 1 Fi 1) Python Xt callable, By HIcH args Frég HiE%, PA
R kwargs Fir 4 1 1) KT SEL

args WA NULL; QISRAEE SO — D2 ocd. AR RETSH W kwargs ATPAN
NULL.

ST IR [ S5 5R AR SRR — A5 9T R [u] NULL.

XEET Python FiAH callable (*args,

PyObject* PyObject_CallNoArgs (PyObject *callable)
i H—A~ R I B Python X¥ 4 callable F- AL M S48, X2 A7l
AR

SR PS5, ARSI — A5 & [ NULL .
3.9 BRI fE

PyObject* PyObject_CallOneArg (PyObject *callable, PyObject *arg)
P —>alJE Y Python X4 callable FHFA LT 1 AMEESEL arg A KETZHL

BN R [RG5S FE 2 Ol — > 78 FF 3% 8] NULL .
XA BRBUAS = limited API B )—3B4) o
3.9 Frhin Y he

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. V& Jfi— W] 8 J1 1 Python X4 callable, M7t args Frgs IS E. W
RAHEANE ASHL, W args ATLASN NULL.

BB IR RIS AR SR WOl ) — > S8 - [8] NULL.
XEEMT Python 3K callable (*args) .

PyObject* PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. & ]—-1> 0] 11 Python %% callable, [finynlZ580&0 C 25, X C
Py _Buildvalue () NASHIMSFAFER RS A . format AT DA NULL, FoRiATREHMTERIZ4L.

SR R GER AR Rl — A Rk [a] NULL.
XEEMT Python FikH callable (*args) .

TR SRR %/\Pyobject * ¥ MPyOobject_CallFunctionObjArgs () seRPraEsE.
TE 3.4 UHE R XA format ERIC M char * HHEK.

**kwargs) .

Z R0 ] Python W] JE X4 00 i
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PyObject* PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Vi J1] obj Xt 4 W 42 k) name 1) 5 - MHF AT A8 5021 C S50, X C
HiPy_Buildvalue () MaUTAFER AT N 24 4 —ITd

W ATPASY NULL |, FR RERUL S5

SRR IS5 AR ROl — A~ iR [l NULL,

X F1 Python #3153 obj.name (argl, arg2, ...) &2—FEH.

WA AL APyobject « 24, Mpyobject CallMethodObjArgs () }EHHURATIER.
TE 3.4 FiUEE UL The types of name and format were changed from char *.

W

%

PyObject* PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. & Ji—1~ 0] i i) Python %{% callable, [fi745 0] 28t Ejpyobject * &4k,
IXEESHOE DA NULL 2 J5 v A2 50 e S 9 T Xk
BRI G55 7 2 IOl — A 58 3% [8] NULL.,
X Python iA3 callable (argl, arg2, ...) &—FEH.

PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. & /1] Python X34 obj H i) — A%, Hb i E4FRH name F11) Python FZ4F
FXIZG . BRI E Pyobject * ZHWHM . XSS HUE A NULL 2 J5 v 2840 1) B
ST ALY .
BB IR I, AR R WOl — > 8 IR 7] NULL.

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
T H] Python ¥4 obj WY — DI IEFF ML Z4, HhIrik 4kt name H1 1) Python “FAFH X4
s
SRR I EE 5, TR R MOl — A i & 8] NULL.
XA R BUAS = limited API {1 )—3B43 o
3.9 Hi e

PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
& 1 Python X5 obj W) — AT EEIE AR RN E S EL arg, A B name H1f) Python 45 H
M4

SR B AR FE R Wl — A R Ik [8] NULL,
XA R B 2 limited API T—3EB53 o
3.9 B I HE.

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

P — A0 B9 Python XF 4 callable, P51 S5 S vectorcall func fFl. WK callable 3¢
Frvectorcall, W'E < B3 T callable F11¥) vectorcall FREY .

BT IR Bl 255 AE SR ORIl — > 5% IR 8] NULL.
XA PR R limited API B—354)
3.9 Fri ke

PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
P H callable FFFffiy SHEvectorcall Yyt N 5E IR AL E SR, (Ha M ERAF i kwdict TEX % A
W RETFSE . args AL RS E S HL
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TEIRAE N TR L BRI, R E AT SR e . DL, IHCeREOR. 24 (IR 7 © 9 10 K 6
THR T, HEA R IR SR C 4 A B .

XA elimited AP [ —5R45 -
3.9 B HiE.

PyObject* PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
i1} vectorcall & JIJ LB A8 I — AT ¥k LRI £ FR LA Python 4G £ name HTEX 45t 0T 7k
WIS G2 args[0], T args BLALM args[1] TFAGHI TR WA R IS4 wAiE A ZD— MBS
B nargsf FELFE args[0] TENW AL ESEEE, W args (0] W T BERE I B 2042 )28 F-m 1
PY_VECTORCALL_ARGUMENTS_OFFSET., KT SE A ABRIEPyObject_Vectorcall () H—Ff
DTN

WRXRAA Py_TPFLAGS METHOD_DESCRIPTOR RV, 1M ok BCRFR R TR 98 52 1 07 YA X 5 [y
TS 8L 1) args vector /ENZ%K.

BB IR RIS, AR R WOl — > 58 I 7] NULL.
XA RS & limited API T —3B43 o
3.9 B fE.

7.2.4 @A%E API

int PyCallable_Check (PyObject *0)
BER SR o @ ATTHRR . MR G i RXF SR 1, HARKEBLRIE] 0 o XA e BN 20 I 2RI

7.3 il

int PyNumber_ Check (PyObject *0)
WX R o FEAEF R, JRIATE 1, BNWREER. XN 28 R

1 3.8 JOEE: AR 0 22— ARG HEEIR ] 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 329] ol . o2 FHIAYEER, IR LM, R NULL., 24T Python ik ol

+ 02,
PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12 [R] ol Ji{7= 02 ZEF, W05, 1R [F] NULL. Z4T Python F5iAx o1 -
02,
PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . 02 FHIRAILEF, AR LM, RF] NULL. 24T Python k= ol

* 02,
PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12 ol . o2 R Gy 4R, R LM, R FH NULL, ZE{T Python 3
#H ol @ o2,
3.5 Frihfe.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)

Return value: New reference. 12 0] ol [§PA 02 [0 FEUERI(E, RITIRF] NULL, X ZE44T Python k=
ol // o2,

7.3. ¥l 65



The Python/C API, & 3.9.21

PyObject* PyNumber_ TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1R8] ol [ DA 02 MIBCAENSFETOUE, s MBHRE NULL, R FEIH2” iT
UE” PR R — B S A Bl 2 i DU N AT BB A — BE ARG B 2R A S8 bR O] DATEAR AT AS
R ] —ANPE SUE . HREEE M T Python ik o1 / o2,

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 3R] ol [:DA 02 BE|HIAEC, WK, RF] NULL, Z4T Python Fikz

o

ol % 02,

PyObject* PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. 22 W B REL divmod () . WIHE KM, 1&[F] NULL., 54T Python Fikz

divmod(ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1527 N B K% pow () « WIHREM, iR[E] NULL. ZE{T Python Hf3ik
A pow (o1, 02, 03), H o3 BAIEM. WIRIEZNE o3, WFHEAry_None R (AR A
NULL S ARE NI ) o

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. 1&[0] o [ {E, WKW, &RFE] NULL . 24T Python A= —o.

PyObject* PyNumber_Positive (PyObject *o)
Return value: New reference. 121 o, U LM, &M NULL . 84T Python FiE= +o.

PyObject* PyNumber_ Absolute (PyObject *0)
Return value: New reference. IR 1 o FIZENHE, RN, R NULL, Z84rT Python Fikz abs (o) .

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 12 0] o WAV EUS GO SE S, TR RN, 1&[H NULL, 84T Python k=

~Oo,

PyObject* PyNumber_ Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol 7% 02 Ao G IS5, WRJei, 1R[F] NULL. 24T Python 3
*R o0l << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 120] ol F% 02 I~ HAFIGHIZER, AR, &R NULL . 44T Python 3£
A3 ol >> o2,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 32[9] ol 1 02 “##fi5” MLER, WM, 1R[F] NULL . 24T Python 3
#=H ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 3R] ol Fll 02 “F{i k" BIZEHR, WM, &RE NULL . 54T Python
#ikL ol ~ o2,

PyObject* PyNumber_Oxr (PyObject *ol, PyObject *02)
Return value: New reference. iR [0 ol 1 02 “FEAiEK” AOZEHR, WM, &[] NULL . Z84T Python %
B ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. iR[0] ol . o2 PSSR, WNARRIK, 1R[] NULL. %4 o SCHEHT, XAMEH
HHEAE B T Python i) 01 += 02.

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . o2 FHISMIZESE, WK, 1R[] NULL . Y4 ol M, XM@E
HEMHEMErEIR . 0T Python i54) o1 -= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol . 02* fAf a4yt %, o R AW, BW “NULL ., % *ol IHH;, X4~
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SER TN . S0 T Python i) o1 *= o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 1219] ol . o2 {4 [ IeyE G ILER, R, RM NULL . 24 ol L),
X EHERENEMELA . M T Python 4] o1 €= o2.

3.5 Bl IhE.
PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)

Return value: New reference. 12 19] ol [&:DA 02 5] FEUEM)ZEH, GBI, R F] NULL, 24 ol L},
XAEHE BN WS, %S0T Python if4] ol //= o2.

PyObject* PyNumber_ InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1R[] ol [§ DA 02 MIBCAEMSFEVTOUE, siEHR[E NULL, R B2 iT
A B R — 7 B B s A DU s AN AT RE A — R ORS i s T A S8 I pR ER0mT DATEAZ A
FEBHR [B]—APE S8 WGERAE of CHFMEMES Kb PdT. BLeREEFT Python i54] ol /= o2,

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol [§:DA 02 153|450, A2, &[] NULL, 24 ol Z#if, X4z
BHBEM N EMrEEi R . 40T Python iFH] ol %= o2.

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 52 [N ERE pow () » WIRK, 1R[] NULL. 24 ol L}, XAH2EH
AT BSR4 03 )2Py_None B}, 4T Python ifii] o1 **= o2; RSN THEIF KL E A
FEE5R pow (01, 02, 03) . WIREZNE 03, WFFE APy _None (f& A NULL & S8EREMNAFI
7).

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 329] ol 764 02 AR IGHIZE R, AR, 12H NULL, 4 ol S}, X
MNMEFHBEMH TSR . S0 T Python ifi4] ol <<= o2.

PyObject* PyNumber InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 32[0] ol #5%% 02 AR IGHIZE R, HRJ, 12[H NULL, 4 ol 3R}, X
MEEHEMEH AR . %0 T Python iH4] ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. JNEHIR ] ol F 02 ” ¥ 57 BIZE S, JIER ] NULL., fF ol ZFFHYHI
PETIZBAERE B3 dT. M5 Python iH] ol &= o2,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. J{IHHR[E] ol K1 02 ” IR MIEE R, JRIGEHR ] NULL. 7E ol L0 H]
PENZEAERE Rk AT, &5 Python i4] o1 = o2,

PyObject* PyNumber InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. JRINIFIR B ol Fl 02 ” FA7188” MIZER, KR [E] NULL. fF o 00 wET
PR IZAERAERE BT, T Python i4) o1 |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IR B o F# HREET RIS HIEEF, JRIEBHR Al NULL. ZE4F Python
#Fikzl int (o) .

PyObject* PyNumber_Float (PyObject *o)
Return value: New reference. IR [B] o $#4 F SR )IGHIZE R, Je R Bl NULL., 4T Python
ZFa= float (o).

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. JNIHHIR [H] o 4>k Python int 2578 J5 )45 5, IR 8] NULL 3f5] %
TypeError Eﬁo

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. iR |01 REH n #45 ILA base JyHE FAFHRIGIIEE R . XA base ZHUL AR
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2, 8, 1083 16 « XfFHEA2, 8, o 16 , R FAFHRAE 2 5N EELARH 100, T00", or "0x's
R n A2 Python HHHER int J38Y, WRSGIEIL PyNumber Index () RFEFEARBEEEIAL,

Py_ssize_t PyNumber_ AsSsize_t (PyObject *o, PyObject *exc)
MR o W ARTRR LN — A BEBOR [] o el li Py _ssize ¢ {H. WERPARM, WEFIK 57
Hagm -1,
AR o W AR SRR Python 1 int {H(H 22464 Py _ssize t fEN 25|k OverflowError, M
exc ZHCE NG AW F KA GAE N IndexError B OverflowError), Ul exc & NULL,
D) S5 2 B B 9T HAE S AE o OB RN BEE P O PY_SSTZE_T_MIN Ifif 7 J I HE K0 $# 50 hy
PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
R L AR 0 R — ARG IEE (Ff nb_index H(HFEH] tp_as_number Z5MIK), BEETEHARR I
TR 0. BLRRELE R SN IAT

7.4 R

int PySequence_Check (PyObject *0)
WX AL T P HI R ] 1, FIERIE 0. WYER TR NEA __getitem__ () JryAfH Python
iR 1, RAFENTR dict TR, PUNTEEMEIL T TOEM @ XA SRR A R EE 2
ST

Py_ssize_t PySequence_Size (PyObject *o)

Py_ssize_t PySequence_Length (PyObject *0)
B ERA R B P51 o HrO R IECE:, RIGINHRIE] -1, 3XAH 2T Python £k len (o) .

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. JW{IBHR[E ol 1 02 P, KRIMEHRE] NULL, X%4T Python FiA= ol

+ 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. & [R|FF A X5 o B count WHYAH, KM & [A] NULL. X454 Python
F#ikxL o * count,

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. J{INIFIR[E] ol F1 02 (HHE, JeIUHRE] NULL. £F o AL B/ERE:
R SER . IXEET Python FikH ol += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

Return value: New reference. Return the result of repeating sequence object 1% [B] 4%} 5% o T count IR 45
R, RIGEHRE] NULL. 7 o SCHRRGOL PR ES R el X% T Python ik o *= count.,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. iRIf] o W5 i SICR, RIMIIR A NULL, X% Python £ikX o[1].
PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. 12 B JFH XI5 o 14 il B i2 WY F, JeiR[E] NULL. X%4T Python 3
Holil:i2],
int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXSR v IR(EST 0 105 i SIO0R . RG] &S HHFRIA -1; MR R 0. XAH24T Python /]
oli] = v. MHERE REUUEX v 5.
W v o NULL, JUERRFOMER, B2 EgETMim Y s py Sequence_DelItem (),

int PySequence_DelItem (PyObject *o, Py_ssize_t i)

MMERXF SR 0 B55 i 50K . RINHR ] -1, XA 24T Python i541) del o[i].
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int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *p)
FEFHIRG v IREL T 9IRS o A i B 2 YJ o 3XAH2Y4 T Python ifA] o [11:12] = v.

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
MERFPEIRS G 0 BIM il B i2 B Y1 RO R W] -1, A4 T Python ifif] del o[il:i2].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
W& [E] value 75 o S BUIUCEL, BIRIEIETS o [key] == value WSEMYEE. RIGHFRE] -1, JXAHY
F Python F£iA3( 0. count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
i 0 BT value, QIR o FIGHE—T0%T value, WHRM] 1, FHIERIE 0. HEES, &M -1, XA
24T Python A value in o.

Py_ssize_t PySequence_Index (P) 017ject *0, PyObject *value)
R [EE—RT] 4, Hi o] == value. 45}, 3z [A] “-17 . FH24F Python 1} “o.index(value)“ZFEik
=

PyObject* PySequence_List (PyObject *o)
Return value: New reference. 1R [B|— 15 FX15%, HHNE lﬁrﬂji—f FACKT S o FHIF], ZRMERTIR [B] NULL,
IR B RERUE R — D F S XM T Python A= 1ist (

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. J& [l —ANJCLNT S, H NS TS ERXTS o MIE, MR IEI NULL,
WA o Ryoed, WPRHRE—AF R 51, FEHAE IR R A & S A — oo XENT
Python F3iAx tuple (o) .

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. 55\ 85 W] AT % o VE N HAML PySequence_Fast* pREUZER] B R4
R QSRR R AN S ERX S, W51k TypeError H4F m VERIHESCAR . KR 1]

NULL,

PySequence_Fast* B Z T AKX 4, B2H NEMXBRE o @ —APyTupledbject
s PyListOobject HEHBEVIM o IR .

2 CPython FYSEILANTY, W o &R —MFIESIR, ERHHEER

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *o)
1E o HPySequence_Fast () & H o Ak NULL (& &L Tk ] o KB, WA PAE S 7E o b1
HPySequence_Size () IR K/, {HREPySequence_Fast_GET_SIZE () WEEERE -NE
AT LAMESE o HFI R ITH

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. ¥ o fiPySequence_Fast () 1&[B] H. o AN NULL, #HH id FZ&5|75H
WIATEOL R IR E] o BI5S i 5 I0%K .

PyObject** PySequence_Fast_ITEMS (PyObject *0)
1% [7] PyObject f55HRESH . Rk o iPySequence_Fast () &[] H. o ANA NULLS,

THTERE, WERBI I EE IS, T3 e T AE 2 FRT E (7 items KA. PRI, (7R P81 ok By R S
(o R XA i

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1% M| o W 58 i > JC & 8¢ 78 & W B 38 Al NULL. It B =X
lPysequence _GetItem() P, HARSKE o LPySequence_Check () 21 NEH, A
2N TS TR
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7.5 BREHMIY

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

int PyMapping_Check (PyObject *0)
TR AR T WSt SR SR R R ] 1, IR W 0. ERE RN EA __getitem ()
J7iAK) Python J&R 0] 1, PUATERH G OL T Toikifi %I SO BRI . IR BRI S AT
Py_ssize_t PyMapping_Size (PyObject *o)
Py_ssize_t PyMapping_Length (PyObject *o)
IR IR o FREEAECE: , RG] -1, 3XAH24 T Python 343K 1en (o) .
PyObject* PyMapping_GetItemString (PyObject *o, const char *key)

Return value: New reference. 1&[0] o X} N F 7475 key TCE , 80& KRINHTR ] NULL, iX4H24F Python
FkRK olkeyl. HIFEHM also Pyobject_GetItem().,

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

int PyMapping_DelItem (PyObject *o, PyObject *key)
MXF G o FREERI R key BYBEGS. KM R B -1, X AH 2T Python i 4] del olkeyl. iX

HPyobject_DelItem() BJ—H4% .

int PyMapping_DelItemString (PyObject *o, const char *key)
MAFGE 0 HESERFELFER key BIBLST. RG] -1, iXAH24F Python i541] del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TR R BA G key R[] 1, HNR[E 0. XAHS T Python £k key in o. MERELEZ S
A7
HEREAE WA __getitem () VAW E) A& A SN R & BB . R IBORT R R 4 E L
FPyObject_GetItem().

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

WM _getitem () Ty ¥R K AR B 5 R ORE S 0GR M. AR IBCRE % A 5 U

HPyMapping_GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. [N, IREINTE o PIEERIP)FE . KIGKT, 1% NULL,

TE 3.7 BOEE: AEZ BIRAH, SRR R ] — 31 R socdl.

PyObject* PyMapping_Values (PyObject *0)
Return value: New reference. JNINI}, IREINT4 o PIMEAIPFE. KIGET, 1%[H] NULL,

TE 3.7 BOEE: FEZ BIRAH, SRR ok [ — a1 sl

PyObject* PyMapping_Items (PyObject *o)
Return value: New reference. I}, IRFINTE o H1 4 HHNF, HPENLEH BE— & 8EXT R ICd .
KNG, &[0 NULL,

TE 3.7 M FEZ HICA T, BERRHGR Bl — 421 e -
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6 X2

AR R

int PyIter_ Check (PyObject *0)
MRG0 SCFRFERAF BRI E . MR BRI AT .

PyObject* PyIter_ Next (PyObject *0)
Return value: New reference. iR [|35AC o ) F—/ME. XRME— B (X8 H T8 F AW . 4
REARTHYE, WERE NULL H HABRE RS . WEPRAERICGR B A T 8%, R NULL I HAZ

B

TRERBERMEG —A—DEER, C A NAZEEARGX

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

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

}

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

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

Py_DECREF (iterator);

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

}

7.7 il

TE Python Hn] fifi f — 285X 5 o 411 256 XK 2 W AF B SRR 28 0P iV ). BEZEXT R A6 N B 1) bytes Fl
bytearray PAM—2E{l array.array XFERP RIS, 5= WA HES A THEIRRY H B9 E LEATH
CUZRAY, T R FERE B BT 5

BRI BRA e (B — AR H S X, (HENTEA AT R K NAF G 0vh K S HR A S [RIARAE A R 2
DR, R E A ANZ S vh X Jo T v a2

Python DA% #ri3l IEAE C )24 ERRBEXFERI DI AE . B PB4 T I

o AELEFPEX T, RIEBR PP A A G X7, R ATTERMIRIEZMIXER. %%
R A SR 2R o AT Sk A ik — s

o TEIHSRE M, A IURNITIE AT T PRI 0 R = A i e g (Blan—AIrikigig2) .«
fiE

— U X R BN bytes Fl bytearray & VA T HIE AT ENTHRIZ Zob X, WAl sEs ] HiAh
s BN array.array FraJFoTR W AR L2 7 T{H.
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S KB O TR E W — T2 S0 20 write () s ARATA] DAY H S — B FE %2 0] DAk
BAI. SR write () {ERTFEXTAAASRP HEAR, HALR 7, 41 readinto () F{FESEN
BB AR . GErh X DA G v DAt e ir sl dE 4 30 5 sl g vh (X S .
XTI RE S, AP R B RS0 -

o i IEHIMSEORIEPyobject_GetBuffer () B

e Wl PyArg ParseTuple () (SEFFXSHZ —) HAEA y*, wr or s* #4 X KA H]—A>,

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

7.71 ZhRXEE

GEop XG5 (B TR HAR R “buffers” ) X TR EHIEE A 73— SRR A F1 4 Python BF AEE A H . ©
AT ARPESHE DY) R PLEl . SR EN15H NAASEIEE T, 7T AR Z Z) iR AF o) 2 22 145 Python 27
B WAFARAZ C PRI — R E EEH, W U TEE BB E R G0 Z wil T A E R 6 Ak,
B AT DAH RAZ IB AN N A% N S5 AL 2580

£ Python fEREAS AT R R ZHEAREAN, Fih XA ZPyobject FREFM &R HAT C 451 XA EA]
A PAFEH AT B A AT . 4 TR EN e DO Bz BUAL AR, W AR AN AL X .

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

Py_buffer

void *buf
T8 1) H v [X 7 BE AR ) 2 S 25 A TR RO F8 5 . X T DAJE S5 R IS 2 W PR A7 B AT A 0 B
Filan, AR st rides {HA] BEFS A NAFRBI A 2 o
X Fcontiguous , &REET B, (HFE 1R NAFHRIGTT K

void *obj
XS X RIS . RSB ENA, HhPyBurfer Release () HIBBITRE N
NULL. 5B TAEMIbRIE C-APL pR %R [I{E
VE R —FaRE L, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi3
I temporary E1iIX, IEEH NULL, lH, S5 ANE T £,

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

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

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

Py_ssize_t itemsize

BAITCEMT /N (DAFTTNBAL). 5 struct.calesize () EMIE NULL format W{EARE .

T R 0 R B G X A PyBUF_FORMAT KR, format $ ¢ E A NULL,
Hitemsize ARA IR IE.

W shape 7€, MIAHSH) product (shape) * itemsize == len {3R7FFE, MAEWLA
fiflitemsize S EMIX.
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MH shape & NULL, K- N4Ei¥-NPyBUF _SIMPLE B PyBUF_WRITABLE 3K, WI{H & W2,
M&itemsize, HRX itemsize ==

const char *format
TE struct BIRFETEVE T NUL FAFER, R NZE . WX 2 NULL, W@ R "B" (G

57T
W FEBH PyBUF_FORMAT FraGatil .
int ndim

WA n BRI AR R . WIPRGZ2 0, buf RIFFONAR R RANTIH  AEXFFOLN, shape.

strides fllsuboffsets Whilisg NULL ,
% PyBUF_MAX_NDIM R K 4EERRH N 64, SRR s X ANBR G, 22 485 b IX R 1
HWIZREG AP 2 PyBUF_MAX_NDIM 4EJ,

Py_ssize_t *shape
—MRENPy ssize t BB ndim FaRAER n 4B NFFIEAR. TR, shapel0] *
. * shape[ndim-1] * itemsize Wi%T len,

Shape JEARELA T I E R ETE shape [n] >= 0. shape[n] == 0 X—FEFHEERFHITEE.
WL A5 B Z Fcomplex arrays .

shape CZH X T (0 i 3 Sfe i i s

Py _ssize_t *strides

—MRKJERPy_ssize t W ndim g5 B  F B AR BCEEAS R B o &
Stride A MEEAL P A AT DAUAATARER . X R REA, IR NIRRT, (HR2 6 I WA RERS b
M strides[n] <= 0 MWIFH. BE2ELHESFcomplex arrays .
strides 20t H okl 2 e .

Py_ssize_t *suboffsets
— MR ERndim BER Py ssize t BB . WE suboffsets[n] >= 0, N n 4E{EEM
sefakt, suboffset (H ke T KRS | H B B4 fa4t e N 2 D57 # . suboffset A fifl, WIFRRA
N fgRERSIH (FEES N 3)) .

WERPA TFe )t (BIEFTHCHEE), W B4t NuLL  (BOAHE) -

Python Imaging Library (PIL) Fp{f f] T X fZR BB TR . S W complex arrays &1 finn]
MIXFE— B iR E R
suboffsets U ZH X T FH K i HsEm .

void *internal

P X R E O . e an e RE R A AR AU AN, AT MRS, FRIEZ X
FEE 5 L AUREI shape, strides £l suboffsets £(4H . V9% EH AT RAFEEOZIE.

7.7.2 ZHPXTFERBIZEER

WH, Widryobject _GetBuffer () [alfi iR KIEGM XK, BIMIRAGZM X . T AFFRZ2 i
SOk, MRESAMRAKES, Grh KM T flags ZH0E % HAEMS AL BERY enh IX B AR JEA.

i Py_buf fer “FEIY i RISEIAH & o
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S5FRTROFE

PR EEBASY flags s2m, I B0 B A IEFEIET: obj, buf, len, itemsize, ndim,

R, #X

PyBUF_WRITABLE
fitil readonly “FB WRET, WA LRI AT HRRMIX, IR R I
EARBCE, AT STASRMA BRI B G IX, HX T I SRR L R R 2

PyBUF_FORMAT
il format FB . WHRWE, MAANERES LFE. HMELT, HWFEBUMA NULL,

PyBUF_WRITABLE A]PARI N —3 0 A #rEB . T PyBUF_SIMPLE g XK 0, FfPAPyBUF_WRITABLE
AIDAMER—AMS bR, HTiER— R AT B % X

PyBUF_FORMAT W] AR AR T PyBUF_SIMPLE 2 AMATAT R . JEH ELHRE R T B (LG2F3H) #
Ko

R, SR FIRBE
P NAFZ R SRR S IR R s B 51 . R, B M S S E T A RS .

LES Bk | 58 | TRBE
PyBUF_INDIRECT = 2 SRR
PyBUF_STRIDES = 2 NULL
PyBUF_ND e NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

ELMERER

A PASE AR C B Fortran i 2%, NEAEAPIEGE . HEALRER, WXyt C-IE8H)

LR K [ 518 | TREE | BB
PyBUF_C_CONTIGUOUS Z | &2 NULL C
PyBUF_F_CONTIGUOUS z | e NULL | F
PyBUF_ANY CONTIGUOUS Z | &2 NULL C F
PyBUF_ND = NOLL | NULL =
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A AT BRI SRAR ) _E— 1 SR G A A g 4 o RO EER I, Gt ISR AL H A A A1 B

PR

FETFRP, URFKESHERENL. HEEBRFUIEPyBurfer_IsContiguous () VABAEELLVE.

HX K | PR | FlRBE &8#% | readonly | format
PyBUF_FULL = WRFERWE [ U [0 i=)
PyBUF_FULL_RO | e AR | U IET R
PyBUF_RECORDS | e NULL U 0 =)
PyBUF_RECORDS_RO = | NULL U 15§ 0 I
PyBUF_STRIDED = | NULL U 0 NULL
PyBUF_STRIDED_RO | e NULL U 150 NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 [ NULL

7.73 EZ%4A
NumPy-Jig: FRF0L0E

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

W ndim == 0, buf WAL EREREAK/IN A itemsize br. XK, shape filstrides #p
A NULL,

Wk strides iy NULL, NIECZRFBEREN —FRER) n 4E CIEF A . B0, JHSE R LA T X
iR n 4E5AH -

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

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

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

men

if offset % itemsize:

(Rt
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(£ 50

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#&: K, BENFREE

B TRz Ah, PIL RS R IR T AL FR 4, U AT IR Rl X LE 3R £ A BE B IR BE N — o EK. Bl
n, HHELR =4E CIEFEA char vi2] (2] (3] AIPABER —DH8m 2 D> 454 2 454 char
(*v[2]) [2] [3]. FEFIWBFRRT, XBDFEE T AR ATEbu s B9FFSk, 8PS W] AL T AEAR AT
M char x[2][3] $t4.

KR ARREL, 2 n 4RGSR A N-D B A NULL SRS R iy, Bk ol —M 5

void *get_item pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; 1i++) |

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

return (void*)pointer;

7.7.4 ZHXEXER

int PyObject_CheckBuffer (PyObject *obj)
MR obj SCHRFEMIXEE D, WERIE 1, FHWERE] 0, & [E 1 BEARLRIEPYObject GetBuffer () —E N
o A pRE— W .

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] 4 i A2 IR K, 1R flags T80 BN IS view. Q1R H 45 FE 7 AN REPE B HEAf 2R ALY ZZ o
X, sb4fiik PyExc_BufferError, WE view—>obj A NULL Jfik[H -1,

B, 3EFE view, Ff view—>obd BENXT exporter WHIEIH, IR 0. MEEGE o KERALRR 71537
SKEE MR DXEE, view—>o0b] HJAG|HIAX LM A2 exporter (5 W47 #f A3t %45 #).
PyObject_GetBuffer () Wi 5PyBuffer Release () [al B8 M M2, ZE{F malloc () I
free (). W, WHHEBRTFHEE WX )G, PyBuffer Release () WAUFIEMIEH—K.
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void PyBuffer Release (Py_buffer *view)
FEZvh X view H- 38K view->ob] M5 HITEL. ZRECUHHE S o KON FAE B A BRI A, A AT
RS A AT it -

HRREEI AT Gt XA Rl ik Pyobject_GetBuffer () 3R1GHY, R,

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)
R itemsize PRGN format o QUARMEHE, Sk FEIRR -1,
3.9 Bl Hie.
int PyBuffer_ IsContiguous (Py_buffer *view, char order)
W view E X NTE= C XAg (order Sk 'C') 8% Fortran XA& (order Shj 'F ') contiguous 8§ A1z —
(order j& 'A"), WM 1. HWERE 0. ZRECE 2T .
void* PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)

RPN 5E view I indices 4810 I NAEIXIK . indices Wh/ii4g1n]—A> view—>ndim 25|44 .

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf SN ELER) len 355 view o fort TJPAE "C Bk 'FY (XM C RS B Fortran KUK A LA ) o
BRI 0, A5 AfRE -1 .

int PyBuffer_ ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre il len “EATE] buf | NESFATRIER . order PIPAE *Cr B F B AT (KT C UK.
Fortran KU T B AR —Fh) o IR R 0, H4SEHRE -1 .

U2 len \= src->len W IR ECRF A4 o

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)
45 E TR contiguous FTEHR BT (NS order 2l *C ' W2k C WA, 15 order 3k 'F ' W4 Fortran JX{
) HIHFE strides 21, HHITRBALHENFIEL.
int PyBuffer_ FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py _ssize_t len, int readonly,
int flags)
PR AR PR P XK, RS AR B AT RN len 1) buf |, FFARYE readonly I E AT 5. bug
BfERER— DT F P
SR flags FonU KNSR, RS R % IR flag F8E NI view, BRAE buf B R, I H. flag
Hi® T PyBUF_WRITABLE bR
SIS, B view—>o0bi N exporter WS, FikE 0, BN, 5% PyExc_BufferError , Y
view->obj ¥ AN NULL, FiR[H -1,
QR bR E ] A gerbufferproc W—ER43, W exporter WV E R FHIX S, FH HAMHERBEBNE LT
1&358 flags. N, exporter WhiliJe NULL,

7.8 1B il

3.0 R E .

IXLEpg e Python 2 i “IHZE i pisL” APL fALAHR 5. 7E Python 3 W, IUPMYE AR AFHE, (HaX 2LpR &1
IR A TF DA 2.x B9ACHS . BB AR 22 o sl ISR TR RS (B BN ST o i 5 s AR
PR BT RS UR A A i R 3

HI, AR Pyobject_GetBuffer () (BEBAPyArg ParseTuple () BRBUEMH v* 8 w* 44X,
) SRIRB— X BB B rh R, IR R A PyBuffer Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
1R[] A8 ) 0] VR 3T 45 A B LS N AF L O F8 4T . obj SELII LR B BEF AT Goh 4 11 .
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RIS IR ] 0, o buffer Tk W AFHLIETFRE buffer_len S G2 ih XK. B IR 1] -1 FF i E—A
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A ] AN ) A AT A Y R BE AR 4T o obj S SR LB T R Ge v 1 o IR R ]
0, XF buffer B0 NAFHIAILHKF buffer_len BB IX K JE . AEETRE] -1 HRE—A> TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
W o TF B I UGR M 1, HNERE 0. MHEEUEZ S MIIIT.
TR R B S SR BT R — N Zenh X, I ELAEIR G 1 o8 B0 ) A A 1) S B . 2RI
BRI L PyObject_GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR 0] —AN95 6] T 5 N AAHBIE Y RS . obj WS BB AT G e 1 o IS ARIE] O, Ff buffer Bh A
TFHNETE AT buffer_len B R XK. HASHHR ] -1 % &4 TypeError,
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BEFRXRE

A I BRI BURR 2 TR 28 Python X4 388, BHEIR BB SAL A EAVEAR B — N s R EM
Python & /F42 I E]— %, (HAHE T B4 BA EMAERL, WM e a8 864 fian, Ba st
SEARNTH, EHHPyDict_Check (). ARIEAYLEMIZELLT Python XF5IEHUM) “ gt

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

8.1 BEAMR

Atk Python 2R A FA-—SLBIR4t 5 None.

8.1.1 AEIWKR

PyTypeObject
X1 C 5 JiFtiiA built-in 287,

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

int PyType_Check (PyObject *0)
WRRXG 0 R—DHRBX G, WHEIRA: A RHER BN R R B SLGINR AR R fEirf e T
HRIRE] 00 1 pR BCRE B2 AT -

int PyType_CheckExact (PyObject *o0)
WERM G 0 R—DRARXGR, (HARIRMERAN R T RANLR I HERE. EFrf HERFIL T#NR R
0. ICRRECR S AT .

unsigned int PyType_ClearCache ()

TN ARG . RIS H R ARRSE
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unsigned long PyType_GetFlags (PyTypeObject* type)
R[] type ) tp_flags Bbt. BUPRACESRRC A Py_LIMITED_APL (EH]; SR 0 IEAR (6 2 i PRAE 251
Python AT Z IPRISAEE . EXftp_flags ARGHITTHHF A e 2R APLA—7).

3.2 FrhR e
FE 3.4 BREUC R RAIAE R unsigned long A2 long.

void PyType_Modified (PyTypeObject *type)
R R I FTE T RN IR AR B AR R AL R B BT A 12 S B Jag B R 2R A T ] T3 2
B IE T

int PyType_HasFeature (PyTypeObject *o, int feature)
WRERINS G 0 BEE T HRRME feature WIR PR . EAURRER T B HURFRLBER R RN Y -

int PyType_IS_GC (PyTypeObject *0)
QNSRBI XT G A XA P T gt ) S MR [ B X SRR AL AR Py TPFLAGS_HAVE_GC.

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

W Rk AL n 728, XEWH __subclasscheck__ () AXFE b L. 1
HPyobject_IsSubclass () FHFTH issubclass () FHAFH RIS .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. 28BNt p_alloc AL HALPESES . 5 Python (¥ BRIA N 7740 L
B J3 B — AN i) SE B IR BT N B0 3R NULL.

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. ZXTXT R t p_new FENH)E AALHESS . BTN to_alloc ¥k
BT SE B

int PyType_Ready (PyTypeObject *type)
A DERAS G PSRBT R ER T ASE e TR iRtk R B L st h— 28
M ER IS IR PREAL . BB IRE] O, BORAE AR ] -1 HFRE R .

AR URFES RS T GC WO BT b R B AR ok gk Py TPFLAGS_HAVE_GC, W
B H M AR GC Ppisle AR, QiR st )@ ) B AR i R Py TPFLAGS_HAVE_GC
e BAH R SE cp_t raverse AR SEI GC MY,

void* PyType_GetSlot (PyTypeObject *type, int slot)
IR AR 25 5 R AL T B R B ST . PREERSH NULL, MR A A2 NULL, 50 % R 40 1
ENT TCRHITE S P )y G0 S B At R AR B e 0 313 24 ) R AR L

15 PyType_Slot.slot A& A HI) slot Z8{H.
An exception is raised if type is not a heap type.
3.4 B fE
PyObject* PyType_GetModule (PyTypeObject *type)
BRIEY ] Py Type_FromModuleAndSpec () BIEIBUN SEBRE 45 2 RBUIBIRRT R .
ﬂn%/’iﬁ RERB| e J R, WICE TypeError Hfi[H NULL,

BROEL G W MO TR R XEETEﬁﬁik W EEXEWN T E Y,
PyType GetModule(Py TYPE self' ) A]BE AN £ i [B] TR Y 45 R Py TYPE (self) B DA 2

))
HARRE—A F£, W FRIFA—EREGH ﬁ%ﬁﬂ%&ﬂ*mxm %@m@%deT%
USRI v SR %

3.9 ke
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void* PyType_GetModuleState (PyTypeObject *type)
) 5 B F 45 E KA BN R AR E. X e — D HEPyType _GetModule () B 455 b
HlPyModule_GetState () WIREET

QISR BN 4 R, M E TypeError iR [H] NULL,
AN rype 45 FKERHAEHUE DRSS NULL, R[] NULL BN B35
3.9 Fi e

BB S EC R

T R BN S R 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 KU W AL #2388 FITFE ISR, B i — MR 2 B NULL., AR NULL,
MNZASER 2 49 S 2 B R B H [ HE 2 JGll il Py Type_GetModule () FIRHL. XA FEHRABHA ] Bl
TRUGK; BN BN E .

R SR B FVH Py Type_Ready () o

3.9 B fE.

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return value: New reference. 24T PyType_FromModuleAndSpec (NULL, spec, bases).

3.3 B IE.
PyObject* PyType_FromSpec (PyType_Spec *spec)

Return value: New reference. %y F PyType_FromSpecWithBases (spec, NULL).
PyType_Spec

8 LA BT NI G

const char* PyType_Spec .name

R LAFR, FEIXE Py TypeObject . tp_name,
int PyType_Spec.basicsize
int PyType_Spec.itemsize

PR BRI ER KN, HkiE BEPyTypeObject.tp_basicsize FMPyTypeObject.
tp_itemsize,

int PyType_Spec. flags
RS, HREPyTypeObject.tp_flags.,
MR A H Py_TPFLAGS_HEAPTYPE fiifr, W PyType FromSpecWithBases () &xHINKEH
s

PyType_Slot *PyType_Spec.slots
PyType_Slot Z5HIARIEA . DARRIRREOI(E {0, NULL} REH.

PyType_Slot
E L — AR RERINRER S, D& — AL ID F—AMEFEE .

int PyType_Slot.slot
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(37 ID,

oy ID W % % B B 45 M KpPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods FlPyAsyncMethods W] F Bt 4 M i
—A>Py_HiZR. 2GR, B

e Py _tp_dealloc B PyTypeObject.tp dealloc

e Py_nb_add ixBEPyNumberMethods.nb_add

e Py_sq_length ik EPySequenceMethods.sq_length
TN FE S TSPy Type_Spec MIPyType Slot FiHE:

e tp_dict

e tp_mro

e tp_cache

e tp_subclasses

e tp_weaklist

e tp_vectorcall

e tp_weaklistoffset (£ .PyMemberDef)

e tp_dictoffset (&L, PyMemberDef)

e tp_vectorcall_offset (£ ,PyMemberDef)
TITFBAERZ IR APL R IIE MM Py Type_spec MPyType_slot K H:

e bf getbhuffer

e bf releasebuffer

I F Py_tp_bases B Py_tp_base JERMLT-H LUl fELA M. H TR, ik
] PyType_FromSpecWithBases () HJ bases Z%{.

16 3.9 EM: PyBufferprocs WHIREAI AT REQTEAZ IR APL FPise & .
void *PyType_Slot .pfunc

IR B . TERZAE LT, RFe— 8 1 BB 8

May not be NULL.

8.1.2 None Y&

YR, None [Py TypeObject N HETE Python / C APT 1A FF .l None ;2 Hfi, MAXTGAril (F
CHflifl ==) BEW T. MTRMNERE, #F PpyNone_Check () PR%L.

PyObject* Py_None
Python None ¥4, FIRGtZ(H. X MMREAINE. BFERT N HE— AL UL ATHABR 52 .

Py_RETURN_NONE
IEMb R B C REUNIN Py_None R[] (HELZUL, 30 None W5 | HTTHEOFREE . )
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8.2 FEMR

8.2.1 EHBIMR
P SR SN K AR R K BRI 4

TE 4 B, K240 pyLong_As* API #<x ik [1] (return type) X5 FIER DI FHR
HPyErr Occurred () FRHPARX A,
PyLongObject

1 Python BB R pyObject TR,

PyTypeObject PyLong_Type
XA~PyTypeObject BISLHIFR Python AL, 5 Python i F HH) int HH .

int PyLong_Check (PyObject *p)
ﬁﬂ%f’%@lmPyLongObject B PyLongObject WTHA, MR True. i%pK%—EREW AT

int PyLong_CheckExact (PyObject *p)

TR ?&E?PyLongObzect HARZEPyLongObject WFZANR M B H . R EUE 22 Ik
7o

PyObject* PyLong_FromLong (long v)
Return value: New reference. 1 v &[5l — i) PyLongObject X4, KIKATIRE] NULL .

WFTHSEBGE B — BT R AL, 05 -5 Al 256 ZAIMITEABECT & . el AT %K E
{1 int 15, LSRR EA X RIGH .

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. fj C unsigned long ZEHUR | —ANEifIPyLongObject X4, KRIKIHR
[f] NULL .

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. i C Py_ssize_t RE|l—HPyLongObject X4, KRMETRE] NULL .

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. | C size_t IR[E—ANHiPyLongObject N4, MM [H NULL .

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. )\ C long long iR[E—ANFHIPyLongObject X4, RMHTiR[E] NULL ,

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. ) C unsigned long long iR[E—ANFPyLongObject X4, SR}
iR [A] NULL ,

PyObject* PyLong_FromDouble (double v)
Return value: New reference. J v BEEEGH 1R [0 — AN B PyLongOb ject %4, SR [H] NULL ,

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. 1Y% str FAF R HIR Bl — AN PyLongObject , base 7€ T3 E . U
B pend Ay NULL , W Vpend X545 1) str *%‘%rﬁ%%“}‘ﬁm%ﬁ~/\$ﬁo W base Hy 0, str R
J] integers E’JEXﬂiF THARE X AR ERBIRI RE 2k valueError o QIR base Ak 0, N
WBLT 2 Fl 36 2] (5 2F136). FZJEREFZRIMEI S, BT RILR9 20 . R
=, i) valueError.

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. ¥ Unicode £ 35| #465 Python BE({H .

Deprecated since version 3.3, will be removed in version 3.10: |[Hf{jPy_UNTCODE API f—34; i A5 5 i
M PyLong_FromUnicodeObject ()
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PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. Y745 u F 1) Unicode {2 7415404 Python B E{{H .

3.3 B fE.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. 454t p 87—~ Python %%, W PAfliHlPyLong AsVoidPtr () ik [H[H
FREMHE.

long PyLong_AsLong (PyObject *obj)
1R8] obj 1 C long Fik . UK obj N@EPyLongObject WISEH], e ER __index_ () 5§
_int_ () K (UERA) FHE S PyLongObject .

WA obj B T Long M, 25|k OverflowError,
HBEENRE] -1 o A PyErr_Occurred () $H B4R,
TE 3.8 MU AR AT AR __index_ ()

38 URCBMR: _int__ () CHGHH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
i8] obj ) C long F£iKTF . W obj AN@pPyLongObject KISLHBI, SN ER __index_ () B
—int_ () Tk CUERA) RO PyLongObject «

W obj WIEK T LONG_MAX 5{/NT LONG_MIN, AT *overflow 43 E Hy “1¢ 8 -1, HaR&[E 15 #&
W, K *overflow ¥R 0. AR K AEHALSTE, WSHEEHIE *overflow B2 0, HagE -1,

HAAEWLRE] -1 o W PyErr_Occurred () R HHA R,
AE 3.8 R WA HRH# ] __index_ ().
38 MUGEEMMR: __int_ () B8,

long long PyLong_AsLongLong (PyObject *obj)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongObject.

W obj (HAHY, long long , fii%k OverflowError
HAENGRE] -1 . M PyErr _Occurred () $H B AR H)E,
1 3.8 BOE S AR ATAPRE] __index_ ().

38 MUEC R __int__ () CHFH.

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertittoa PyLongObject.

sk obj IA(EK T LLONG_MAX B{/NT LLONG_MIN, WHZHHR: *overflow 43 HIE R 1 8% -1, HikH]
-1, BIEE *overflow Tk 0o WS fl A& HAB SR 5 W *overflow A 0 I3z 10] -1,

WARNIRE] -1 o W H PyErr_Occurred () % BARMIE,
3.2 B fE.

e 3.8 BOE M AR AR __index_ ().

38 UREBMR: _int__ () CHGTH.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
1R8] pylong i) C 155 Py_ssize_t JER. pylong W2 PyLongObject L.

W pylong B TPy _ssize_t WHEETEE N £5]% OverflowError,
RASR M -1 . M PyErr_Occurred () i B4R,
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unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
1z 8] pylong ) C unsigned long JER. pylong W2 PyLongObject RSEH.

W pylong WI{EARH T unsigned long WEYETEE N 45|k OverflowError,
HEERTR ] (unsigned long) -1, HAMHPyErr Occurred () PEH|EAAK A&,

size_t PyLong_AsSize_t (PyObject *pylong)
1R [\ pylong ) C 155 size_t JER. pylong WHZPyLongObject LM,

sk pylong BIEME T size_t BIBUETERIN 5] % OverflowError,
HEERRE (size_t) -1, A PyErr_Occurred () HEH| A& ) i,

unsigned long long PyLong_AsUnsignedLonglLong (PyObject *pylong)
1z [\ pylong ) C 155 unsigned long long JEx. pylong W2 PyLongObject HSEH.

W pylong H{EAAH T unsigned long long WEUEILEIN&E| % OverflowError,
th4fEF R ] (unsigned long long) -1, A PyErr Occurred () PEHIEKE,
e 3.1 R BAE pylong N {HE L OverflowError, A TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
iR [H] obj ) C unsigned long FiRJEA. IR obj SN@EPyLongObject WSEH, W2 Je i H
__index__ () Bi__int__ () ik (WRAIIE) KHFAPyLongobject.,

R obj FEMEH T unsigned long RS, WERENZ(EXS ULONG_MAX + 1 RAEAYZE(H.
4SRRI (unsigned long) -1, MM PyErr_Occurred () HEHIEKMIE,

TE 3.8 U AR R __index__ ().

38 EE kR __int_ () B

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
iz [\] obj ) C unsigned long long F/RE . WHE obj Ai&PyLongObject WSEH], N<4ziE
H__index_ () B(__int__ () Jiik (WARAWIE) KHFNPyLongobject.

MR obj HIfEHEH T unsigned long long WG, NIRENZ{EXS ULLONG_MAX + 1 SRALHZE(HE.
th4&EmHR M) (unsigned long long) -1, WM PyErr_Occurred () HEplRAR M,

1E 3.8 B AR AT __index_ ().

38 MGEHK: __int_ () BRI,

double PyLong_AsDouble (PyObject *pylong)
1z 8] pylong ) C 155 double JER,. pylong W2 PyLongObject RSEH.

IR pylong BW{EARHE T double WEETEE N5 % OverflowError,
HAEEHRE] -1.0 , WRIHPyErr_Occurred () el R4 m]H,

void* PyLong_AsVoidPtr (PyObject *pylong)
$§ — > Python #& % pylong #4525 C 16 F 1 void a4t 1R pylong Jo vk % e, W & fil k&
OverflowError, X HE{HRIENPyLong FromvoidPtr () Al M{E T — G void $84 .

HESETR ] NULL, 5 R PyErr_Occurred () PHERIEARR S,
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8.2.2 RIMKR

Python " RIER A N BEY TR . A5 Py_False fll Py_True WNi/R{H. B, IEHAYE)E
ARSI REAE I TR fE. (22, FAERTH.
int PyBool_Check (PyObject *0)

AR o HZRA N PyBool _Type MERFMIEAE. MEKECE S BIIIAT.
PyObject* Py_False

Python [] False X5 . X RIEAEMITE. BN REHEMEHG T EGE R £ —HEH.
PyObject* Py_True

Python [1] True Xf4. ZNERAALM . ENZEH B MGG BR—F .
Py RETURN_FALSE

MEREGR I Py_False i, FFEHIMERIGIH L

Py_RETURN_TRUE
MEREGRE] Py_True W, FFESEIMERTIHITEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. T33E v HSEPRME, & — Py_True Bi# Py_False WHGI .

8.2.3 FR¥MMR

PyFloatObject
XA C A pyobject B FIAMFK A Python iF s 4.

PyTypeObject PyFloat_Type
XRMNET CFRMpyTypeobject KUK Python ¥ RSB, FE Python JZTHIFYZEAL float 2]
— 5.

int PyFloat_Check (PyObject *p)
WREMSER—~PyFloatObject B PyFloatobject W TIRMNR M EAE. HREERZ RN
A7

int PyFloat_CheckExact (PyObject *p)
WRENSBIR— A PyFloatObject (AARJgPyFloatObject BT RANLRIMEE. MR ZS
AT«

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. fREFFE: str WEANE—PyFloatObject, KRINAFIRF] NULL.,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1j4j5 v Gll@—/~PyFloatObject X4, KRIMIFIR ] NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
& [l — /> C double K pyfloar )%, WA pyfloar 7K J& — 4> Python ¥ X R HE A
__float__ () &, MOrERFE iR, K pyfloar et il— A EOSE AR float () RE X
FFELRRE R index_ () o WRKRIKL, HIERHRE] -1.0, BRI AE N YHHPyErr_Occurred ()
KK E R
TE 3.8 M Bl ansEnl R __index_ ()

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
IR [Al—A> pyfloat 1751 C double Fok, (HIRA G IRAGH .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. i& [A]—> structseq SEf], H A 54 5 float FFEE . f/MEM &R FAEME
Ho Bk float . h l—AREHAL%E .
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double PyFloat_GetMax ()
R[] 55 K AT SRR A FREF s 40 DBL_MAX *}j C double

double PyFloat_GetMin ()
1R 8] e/ VAT R IH— AR IE V% S8 DBL_MIN “fj C double .

8.2.4 BHMR

M CAPLF, Python SO G il ARG » SE B : — 2 FE Python A2 )3l il 1) Python X4, 55 4h#Y
e MR EIEESEY) C 45H1k . APTHRAE T s 5 M B

RREHW C &k

s BE R R 2 XS R REA SHOT YA R T R R B, #Refeid “(EH” TS5 ST, s
1T HEAS APL

Py_complex
X — A, Python 52 B0 R IERR 1 C G A . 28073 R AR 0N G 14 R K3CHTS i S AU 4544
WA A B R AE, e Tl S8 :

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

REIPHA LA, ] CRBPy complex iR,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
R EA SR 2E, ] CRAPy complex FIR,

Py_complex _Py_c_neg (Py_complex num)
R ZHL num BT, I C Py_complex FIR.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
R EPA SRR, B C KB Py complex F£iR.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

BB, M CEBpy _complex FoR.
W divisor 25, I TTEIREBIZEHE errno S5 EDOM,

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R8] num ) exp K&, i C2EBpy complex IR,

ISR num N7s Hoexp R IESLEL, XA R EIZE I errno S EDOM,
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RREHE Python H&R
PyComplexObject
XA C2Mpyobject 1 THRAALFE—> Python AR .

PyTypeObject PyComplex_Type
XEBMNET CHHpyTypeobject B3 Python B HZE ) SLEHKI . il Python EH)ZE complex &
[ — AR5 .

int PyComplex_Check (PyObject *p)
MR ERSHR— > PyComplexObject B# PyComplexObject T HRANLR B, HERHE 2
ST .

int PyComplex_CheckExact (PyObject *p)
WRERNSER— A PyComplexObject {HAJgPyComplexObject KT ANR M E(H . BLEREUE
e MIINAT .«

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. Fi4fg C 58Py complex MHA M—F7 ) Python 54 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 184% real F1 imag 12 [B]l—4~i ) C A pycomplexObject X4,

double PyComplex_RealAsDouble (PyObject *op)
PA C 255 double iR [H] op (5L

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2K# double iR [H] op FAIREES.

Py_complex PyComplex_AsCComplex (PyObject *op)
BRIEE op 1) C 2K pPy_complex {H,

W op RJ2—A> Python ZHxt %, (HRHA _ complex_ () ik, WHEHFHEILWMA, ¥
op ok —> Python E %, MR __complex_ () K& XMKFFLHRE _ float_ (), IR
__float__ () REXNPEEEEZE _ index__ (). WKW, 7RI -1.0 fER9e%k(H.

T 3.8 RS AR AT PR __index_ ().

8.3 FFIIMR

FFAURS R — A AR T — 2 e s A9 704 Python 155 [ IR E KB P A R

8.3.1 FHMR

XL R B B — AT RS E A T — DN R E S PR 251 % TypeError,

PyBytesObject
Xfryobject HTIAKR—> Python FATXIR

PyTypeObject PyBytes_Type
PyTypeObject ISLHIAF—A Python F{52RAL, 7 Python 2 E 5 bytes M FIXIE .

int PyBytes_Check (PyObject *o)
USRS 0 J&—> bytes XG4 bytes JAUF TR LMK W] B . MERRBLEZ 2 BT

int PyBytes_CheckExact (PyObject *0)
WA 0 22— bytes X ZE A2 bytes ZEAU 12 AU [y S W3R [0 ELAE . 1 R AR 2 23 AT
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PyObject* PyBytes_FromString (const char *v)
Return value: New reference. NI} IR Bl —ANPAFEAFER v I RIAS BB a5 8B %4, RIEHR[E NULL,
&2 v ANA[ R NULL; BEARPRA .

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. J{III IR Ml —APAFHFHR v BYRIA B EHACBER len BIFTFITERN S, R
R E] NULL. W05R v 24 NULL, WREIER LT B X RN N Z

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 52— Cprintf () XAEH format FRFEREFO 2B E S5, ITHE LR
Python “E5 B X R A K/ IR B SEME A AL G FAT X S . Al AEE N SE i C R819F
HW G5 formar “FAFER A& EAFAEXT Y. . APl R 2148 X A R

BAFRF | A E ]

%% i€ A LF% FAF o

e int —ANFT, ?ﬁ%@ﬂtjﬂ*/\ CiE 5 sl

sd int M4 T printf ("sd").!

$u TR HZT printf ("su") .

$1d KRy MYST printf ("s1d").!

$1u A5 KA | M4 F printf("s1u") .t

$zd Py _ssize_t | IS4 T printf ("%zd").!

$zu size_t FA2Y4T prlntf("%z ").1

$i int MM T printf ("%i") .t

$x int FHY4F print £ ( "/x")

$s const char* PA null A2 R0 C R84 .

%P const void* —A> C 155ty +/\1£Fﬁa‘J%:z/?ﬁ/iﬁ %ZIH%HD printf ("sp") HE
Aﬁﬁfz‘ﬂb}ﬁ'—ﬁﬁ 0x I3k, MERGT-H F printf B@%Jﬁmﬁ/

TEFONAE P & FECRAS A R Y R T A WA R T B4R/ R, IFEFIAZ RS
PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes FromFormat () 56, BT EFEH NS,

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 12 [0 773N SE I G i RIS RT R *o*,

Py_ssize_t PyBytes_Size (PyObject *0)
R E ARG o PR

Py_ssize_t PyBytes_GET_SIZE (PyObject *o)
FIAK) PyBytes_Size () {HRAMHHRAGI .

char* PyBytes_AsString (PyObject *0)
REIXSLY. 0 INA RS . ZARHHTR T o NERZ X, P4 len (o) + L AT, ZnIXK)
BE—NFEWRRNE, NMERBIAEHMA Y. ﬁ%&‘ﬁ(%ﬁTTLLEﬁﬁ/iﬁ%Wﬂi F‘%ﬂlimﬂ' A
PyBytes_ FromStrlngAnd81ze (NULL, size) GIEZN%. BATHEEESEL. TR o BARE
— AT S, WPyBytes_ AsString () ¥R [\ NULL #5| % TypeError,

char* PyBytes_AS_STRING (PyObject *string)
WA PyBytes_Asstring () (HEAHHE A .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
AL i AR B buffer 1 length 3R 17] PA null 928 IEFFRIXTR obj BINZE .

WN2R length 2y NULL, 3580 GO A& IRA R 2 F T AERE S, WMZREC R A -1 95 %

ValueError,

DRSTRBEIAE (d, u, 1d, Lo, ozd, zu, 0, x): SEYHOREEERE, O BEARERA RN .
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LR X TG0 obj BINERGE N, ERAKBEEG - MRHOMIEFEY ORBAE length 24+ ) o B @R A AT
AR R, BRIEENIE ] PyBytes_FromStringAndSize (NULL, size) A%, B
AATRHES D TC . AR obj AR Z— DTS, WPryBytes AsStringAndSize () FfikM] -1
HE| % TypeError,

15 3.5 BOEW: PART, 247735 R0t g ip i B AR 257 TR 5| & TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

TE *bytes AN B FT XS, HAP BRI bytes i) newpart (N ZE; W HE R IRSHH5] H . T
bytes JFAERY 5| gl . GnSR TEIE BRI 5, Xt bytes WUIHE | A E T H. *bytes IR A
NULL; FRFBSEE IS M4 75

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

1E *bytes FRIEEH T 805, HA & InE] bytes 1) newpart BNZS . WA 2820 newpart (151
iihaR @

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

AT N —FROr 3, RIS ORI iy U TR AR TR AR
TR TE AR 8 A 0 R IS T o i e SR A 1 R R R B 5 | T g — D] 1 bt e
FFRES . e A—NBUA FATHN R HIENE A value (EFTRESBEA), FHEARERIHR/AN. 258
W, *bytes R AR/ NG FATER IS RIFIR ] 05 *bytes ik i BE -5 H A AEA ] AR B
SPBCRIG, W *bytes LI TT ER X RAF PR UL, *bytes 2B NULL, [RIINf 3 E MemoryError
Fra ] -1,

8.3.2 FHMAMR

PyByteArrayObject

XANPyobject HFIHMFEIR—> Python “FHr 44 .

PyTypeObject PyByteArray_Type

Python bytearray 28 F IR K Py TypeObject HSER]; X5 Python EHHY) bytearray M FIRIR 4.

KBRER

int PyByteArray_ Check (PyObject *o0)

TR RTS 0 J&—> bytearray X} 425 bytearray 27 11270 i) SE 0 R o] BLAE . IEERBUE 2 2 i Th 4k
7o

int PyByteArray_CheckExact (PyObject *0)

URXFGE 0 J&—> bytearray X G {H AN bytearray ZEA (11 IEAY S B IR [w] FLAH . LR BLEZ 22 1)
W,

Ef# APl %

PyObject* PyByteArray_FromObject (PyObject *o)

Return value: New reference. FRIEAFASEIL T 42 07 X 3L BIXTEE 0, IR l—ANFHI F T84 T4 .

PyObject* PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. 134% string N FHAC & len 1] —A 11 bytearray X154, 242tz ] NULL,

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)

Return value: New reference. S48 a 1 b Ff1& [Bl— 174 45 R WU B O =T 404 .

Py_ssize_t PyByteArray Size (PyObject *bytearray)

TEREE NULL 84 J5& [H] bytearray K /)N.
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char* PyByteArray_ AsString (PyObject *bytearray)
TERS AL NULL $841 5 1R [ bytearray & B —FAFEEH . IR IO ECALE e & I I— AN BMY 25 517

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
K bytearray 11 N EBZ& M X B R/ INEE A len.o

M}

XEE AR ZE DA RE , AT A SRS .
char* PyByteArray_ AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () MRS,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C lfpyByteArray Size () WZERA.

8.3.3 Unicode & f14% iRt 2%
Unicode 315

FI A python3.3 HiSZBL " PEP 393 PASE, Unicode X RAENFERHE I & FhFnIEa, DASELEOR KR NAFRCR B[R]
AL PRSEEEYE ) Unicode “FAF. 0F T i AU SRR T 128 256 5 65536 B F47H:, A —LLARIkGEIL; &
Wy, AR LAV T 1114112 (X2 52 % H) 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.

H1F1H APLMUET APL Z [A)f{)%e4e, Unicode XF 42 A AT AL T PIARIRES, X BT BN a7 2
 “FIYE” Unicode %4 J2 th Ak ) Unicode APT QIEERY BN A X4 . BT I S B VR oy AL 2k
e
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

{1f#: The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will be
”canonical” since then. See PEP 623 for more information.

Unicode 3£#!

PAR 2 1 F Python H Unicode SEF ) 57 Unicode X5 257 :

Py_UCs4

Py _UCS2

Py _UCs1
TXSEAA R TOAF SR FCR AR A X, HvE R DA B 32 67, 16 Al 8 i qiF. MR Eiab i
> Unicode 450}, #fEf Py _vucs4.
3.3 FriR e

Py_UNICODE
i%& wehar_t BZEALE X, RIEFEAFE R RER 16 (724808, 32 {7 2844,
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T 3.3 WU B ZEPARTR A, 3% 16 (i 2RALA R 32 (i 2RAY, XM T ETE M ik 2“4
2 “%i” Unicode iR 4[] Python,

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
XL T ryobject T ER T —A Python Unicode ¥4 TEJLPFTARIET, BIIAN %I H
M, BT A3 Unicode X4 APL s ECHR 2 TR [l PyOb ject RABUAITEET .

3.3 FiihRE.
PyTypeObject PyUnicode_Type
XA4PyTypeObject SEfFIfLF Python Unicode 257!, "B AE N str AF 4 Python {15,

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 *0)
WERXFA *o* /2 Unicode X428 Unicode F2RAURYSLBI, NERM “EH”. IHEREUGL ).

int PyUnicode_CheckExact (PyObject *o)
WERXI *o* /2 Unicode X4, (HARTRARYSLH), WakEl “EH”. R BIRE 8.

int PyUnicode_READY (PyObject *o)
BPRTFAFER AR *o* AT “HVERY” Rkl RN FHRRAERTIREZ A, R TFHmY.
Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 Hrge.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
12 [1] Unicode FAFERIYICE (PAMUIS RN BAAL) *o* AbZiid “PLIE” ik JrsUH iy Unicode X4 (Rt
H)

3.3 BRI fE.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *o)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *o)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_ KIND () to select the right macro. Make sure PyUnicode READY () has been called before
accessing this.

3.3 B fE.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
RB|PyUnicode KIND () Z2HI{H.

3.3 Bl dife.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND EL# 7.

unsigned int PyUnicode_KIND (PyObject *0)
& u]—~ PyUnicode 2455 (UL 13C), 575 M Unicode Xof G JT T Ffit AR (1 41N F A I 747 8K *o
WA “HIE” Fik Iy P Unicode X542 (Rikr).
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3.3 Bl hE.
void* PyUnicode_DATA (PyObject *o)
iR 145 1] J5 46 Unicode ZEif X 25454 *o* A2 “HIYE” FKikJr=Urh i) Unicode X4 (RikH).

3.3 B .

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 BRI HE.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
MIRFEFRIRI) data (R PyUnicode DATA () FRE) FEH— S, A PATR A B R A -

3.3 B IE.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
M Unicode X% o B AFAF, AWM “HE” 2B WERARIE AT 2 UE S s O BE B £y
BRIHET PyUnicode_READ (),
3.3 B fE.

PyUnicode_MAX_CHAR_VALUE (0)
RAE G T 3T *o* QI — PR R RS, RFAFRLATE “HE” RE . X4
L, (BITEFRF R EaEAEA R
3.3 FrhR e

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTICODE 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 f¥)—3B4y, L 2
M PyUnicode_ GET_LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
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: |HZ{, Unicode API f{J—¥B4y, i iE# 2ff
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).

JE 3.3 iR T2 This macro is now inefficient -- because in many cases the Py UNICODE 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: |H=; Unicode API [{j—3#4y, i # 5{di 1]
PyUnicode_nBYTE_DATA () %k,

int PyUnicode_IsIdentifier (PyObject *0)
R A E 4 IR E SO AARIARRAT AR ] 1, 2 I identifiers /Ny, 7R O,
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AE 3.9 B AR AR E 1M R s W I BRSSPy _FatalError ().

Unicode Z=#FEH

Unicode J204 T VP2 R FAFEHE. JH B 27T

PREL.
int Py UNICODE_ISSPACE (P);UCS4 ch)
WY ch B 2 AFAFR I 18 0,
int Py_ UNICODE_ISLOWER (Py_UCS4 ch)
HHE ch 28 A/NEGFAFRE 1 87 0.
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
R ch R ARG F4FR M 1 5K 0
int Py_ UNICODE_ISTITLE (Py_UCS4 ch)
MR ch B AbsEb iy K/NE R[] 1 8 0.,
int Py UNICODE_ISLINEBREAK (nyUCS4 ch)
WA ch B85 HPATZF4FR M 1 8 0.
int Py_ UNICODE_ISDECIMAL (Py_UCS4 ch)
¥ ch 215 R+ ERIBCE R A 1 B 0.
int Py UNICODE_ISDIGIT (Py_UCS4 ch)
HRAE ch B4 B2 F 4R 1 87 0.
int Py_ UNICODE_ISNUMERIC (Py_UCS4 ch)
T ch 2 WEUERFAFR A 1 88 0.
int Py_ UNICODE_ISALPHA (Py UCS4 ch)
WA ch B85 TR 4R R I 1 8 0,
int Py UNICODE_ISALNUM (Py_UCS4 ch)
A ch B A FREFERFAFRIE 1 87 0.
int Py_ UNICODE_ISPRINTABLE (Py UCS4 ch)

e
&

7 Python BB BRI E] C

i ch S 74T B ARRI] 15 “0°. AR ATHT BV A AETE Unicode SAFHUIIE S i Sl Other”
" Separator” ()54, HIAMITULRE ASCI %2 f# (0x20) LN TT B4 . G REAE MG T 4T )
FRERAGUAETAFR LRI repr () BRI LT ENTFAFHEA sys. stdout o

sys.stderr BRI ).
X8 APT AJ H] TPt B R A A -

Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
R R NETE R FAF ch.

3.3 MUE EL RS ML eR R oy B KNS A

Py_UCS4 Py_UNICODE_TOUPPER (Py UCS4 ch)
R AR R G FAF che

3.3 WS EL RS I RR R fa] B R NS R

Py_UCS4 Py_UNICODE_TOTITLE (Py UCS{ ch)
AR [ R R NG TS AT che

3.3 B E AR H: I BR KB I TR7 R R/ N L
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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.

X 88 APT AT T R A A P -
Py UNICODE_IS_SURROGATE (ch)
Kl ch 275 A LTI (0xD800 <= ch <= OxDFFF).

Py_UNICODE_IS_HIGH_SURROGATE (ch)
K ch 235 NE AAHHI (0xD800 <= ch <= 0xDBFF),

Py UNICODE_IS_LOW_SURROGATE (ch)
K ch B35 RIS HI (0xDCO0 <= ch <= OxDFFF),

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.

fI@F0ifi8 Unicode 258

LRIE Unicode X AT HIELAFHI @M, 561X L APL:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. ) —A~# ) Unicode %5 . maxchar N k1] A4 5 1Y 55 bR B KA .
YR —ANEME, BT By ASIF1 127, 255, 65535, 1114111 sz .

XS24 EC ) Unicode X4 SR . (i A I R BRI 8 %6 G R AT B2 KN
3.3 Hrge.

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. DA% 1 kind B # — 4> 3 1) Unicode Xf £ (7] fE 19 &
*NPyUnicode_ 1BYTE_KIND %, HlPyUnicode KIND () FfiRIBIf{1E) o buffer W7 45 0] i b 432K
Freg iy, PAREFAT 1, 2 50 4 T FRALY size R/NPEA

3.3 B

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. Fi4fi UTF-8 4311 AZS(EZE R I FAF 1 X u A ##—4> Unicode X4 .

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf ()-style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it. The
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variable arguments must be C types and must correspond exactly to the format characters in the format ASCII-
encoded string. The following format characters are allowed:

e A F3:

%3 iE VF% FIF.

%c int BT, Fonh C %?EI‘J*%@D

%d int YT printf( "°d")

Su unsigned int MY T printf ("su") .t

$1d KRl M2 T printf ("3 1d">1

$11 KA HM4F printf("slim).]

$1lu unsigned long YT printf ("$1u").!

$11d long long MHST 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 $H”:‘|ﬁ:printf('%l )0

%x int MM T printf ("sx").T

$s const char* PA null A2 [R5 C TR

$p const void* —A~ C 485t EI’H“/\L‘FEJ%%F B HALEMNT
printf ("$p") HEXMHALAFIHE 0x 13k, NMBRSTH
b printf fkIHEAT A

SA PyObject* ascii () LR,

U PyObject* —A Umcode e

SV PyObject*, const char* | —~ Unicode X% (7] DA NULL) Fl—ANPAZSHSSE R ) C 245
BAENE DS (ARG —DESH NULL, E DS
)

%S PyObject* P PyObject_Str () BLEE.

SR PyObject* FHPyObject_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.

{Hf#: The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "%$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"y, "$s", "%R" and "$V" (if the PyObject* argument is not NULL).

£ 3.2 JOEEC: Hn T X "s11d" Al "s1lu” HYSHF.
/—[li 33 Hﬁ%a& ituTx—J- no ll" LSRR ﬂ] no L qn E’Ji?ﬂ‘o
/‘(:E 3.4 WEE& ij:”]TXd‘ "%S"’ n %A", n %U", " %V", "%S", noRm E@ﬁﬁ%ﬂ%ﬁ*ﬁﬁ?@i*ﬁ?c

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 FIHAMF 7 &3 2 K4 B L E W) encoding KefRISH- 6 H B errors 5 LAY E AL HE
Jrke WEY N NULL BRERE O EOAME (SN % 5 TR )

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 1i, 1u, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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B HAb S5, {0FE Unicode %1%, #¥-SEEXE TypeError,
WA 45142 APLRFR [B] NULL. ] F 7 B2 60 5B DA o) rak B 5 1

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
1% 8] Unicode X4 o
3.3 B HfE.
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 nec-

essary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the
number of copied characters.

3.3 BRI HE.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
{#H— NP FE TR . R’ fill_char G\ unicode[start:start+length].,

W fill_char (ERX T AR IR FERHME, S0 WRFARAE 1 A5 R TR M.
REIB AW, SEERARHERE -1 5 K— 5.
3.3 FriR e
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
BT RS A B TR . TR AR Py Uni code_New () RIZE. 11T Unicode "8 7 24 2 R
AR, HIGZEAF R R R =, BB
%R BCRHG AT unicode 2754 Unicode X154, R RERMBSA, I HXGRE g ie iz (BHS]
FPECE—)
3.3 Bl Tfe.
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 i IhE.
PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. 120 str B— T, \NTFRFRT| start (15 B FRET| end (AMIFE). A%
KRG 5.
3.3 Bl e

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
FFFELFER u 5 DLE|—A~ UCS4 Zpp X, AFE— A2 FAF, WRE T copy_null ()i . HAFHT IR R NULL
HERE—ANTE (CERE2Y buflen /NT u K ER, SystemError ¥F#ikE ). B IR A buffer.
3.3 FrhR e

Py _UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
FEFAFER u B VB PyMem_Malloc () 43TEHYH UCS4 ZenpX. QARIATRIK, Ffik[E] NULL Hi%
B MemoryError, iR[EIAZEM XG2S UIN— "M 2SS4

3.3 B fE.
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2% Fny 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_FromwWideChar (),or PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)

Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNTCODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py UNICODE *s, Py_ssize_t size)

Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNTCODE 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_ UNTCODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 B .

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)

Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem Free () to free the
buffer). Note that the resulting Py UNICODE * string may contain embedded null code points, which would cause
the string to be truncated when used in most C functions.

3.2 B .

Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.
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Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNTCODE representation, in code units (this includes surrogate pairs as 2
units).

Deprecated since version 3.3, will be removed in version 3.12: |Hz{, Unicode API f{)—3B4y, i i # 2
M PyUnicode_GET_LENGTH(),

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary. If
obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

3t Unicode s H: 7R X544 53 TypeError,

EE REmHEENX

R DA AR ST R A R AR RS SO

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)
Return value: New reference. {7 EBYE Android Fil VxWorks b i [f] UTF-8, £ H A& F I 24 w1
15 I as . XA ERAETRESE "strict" fil "surrogateescape" (PEP 383), iR errors
N NULL BRI "strict " #5RATRRS . str WA25 A— a8 FAFSEAHAR AT B i A 28 745

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.
S

The Py_DecodeLocale () FR%L.

3.3 B Hhe.

TE 3.7 UM LR BORAEL 2 ) surrogateescape HIRACIEAR T S 505 & K idig =, B4
Android _Efil4h. FEZBIAY, Py_DecodeLocale () ¥ T surrogateescape, M YHIES
I i X T strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)
Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the string
length using strlen ().

3.3 BRI HE.

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Return value: New reference. #it% Unicode X}4:¥F Android il VxWorks | fifi [fl UTF-8, FEHEAhF& 3T
METE S KIS ORI RIS "strict™ fll "surrogateescape" (PEP 383). #lI2f
errors 5 NULL N Zgfd#s i ] "strict " FRATESY . IR\ — bytes X2 . unicode NA[HEHRA
24T
Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).
This function ignores the Python UTF-8 mode.
B
Py_EncodeLocale () H%L.

3.3 B
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TE 3.7 BB MR BIAE Sl surrogateescape f AL TRAFE I M FiE & K ias=X, B1E
Android Ffl4h. FEZHIMAY, Py_EncodeLocale () R#{HT surrogateescape, MY4HIET
I A% R T strict,

X Z G gminiE

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should be
used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler (PEP 383
and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)
ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 FriR e
TE 3.6 fREE K 352 —A path-like object ,

%Ei%&ﬁﬁﬁ,ﬁﬂrﬂ%i@zﬁm% str, WY "os" #¥gy, £ APyUnicode FSDecoder () VE R
ek 5

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os .PathLike
interface -- to st r using PyUnicode_DecodeFSDefaultAndSize (); str objects are output as-is. result
must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 FriR e
JE 3.6 fREE e 3232 —A path-like object ,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
S

The Py_DecodeLocale () K.
TE 3.6 iR : Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 RPN Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resultingbytes
object may contain null bytes.
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If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncodingisinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().

S

Py_EncodeLocale () B4k

3.2 Bl e

JE 3.6 RN Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t }F

TER SCFFIF- 6 E 3R wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. TRY5455E size i) wechar_t G X w )] —> Unicode ¥ 4. £ A -1 fEH
size FTN LR ] weslen FATTTA G0 XK B . R IGHHF4R [7] 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 BRI HE.

TE 3.7 U PR : Raises a ValueError if size is NULL and the wchar__t * string contains null characters.

M EmAFID2S

Python & fit T —2H DA C %5 5 DAPRIULIZ AT RE ) A B G AR AL A5 o T A 3K 2 25 D 45 25 T e el 971 o 50 3
e

%1 APL K#AREESZ encoding Fil errors NS4, ENTRA SENE str () FAHXTR A T[R4 280
[ TE .

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 systems,
it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes setlocale).

AL PR 720 errors BEE T H AW DABEN NULL F7R i 4 fi i 4s & SR ERIAARCEE =X Td TN B 4 i
A BN SR AL Ty =0 strict” (&5 & ValueError).

G AR AL AR B A . O T R B U 5 TR 12 UG AR R A 1) 22 57 A AL SR AE 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. 1833 B T 9 F40 5 s 1Y size N F 18— Unicode %4 . encoding Fl
errors A5 str () WEKETFRAESHEN S . TR ARS8/ Python Jw g #5111}
kA MRS LT K T R WR ] NULL,

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. #if%—-~ Unicode Xif 42 345 45 A&y Python Y B XF 41k 1] . encoding Fl
errors HA5 55 Unicode encode () Jyi&H A4 T SAHIEI R & Lo B A S @i K568 ] Python Z fffL)
arEMFOR A . AR SRS K T S R Ml NULL,

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const char *er-

rors)
Return value: New reference. Encode the Py_ UNICODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode ()
method. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNTCODE API,; please
migrate to using PyUnicode_AsEncodedString/().

UTF-8 YmfRt02%

PATR 32 UTF-8 2t APIL:

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. il i it UTF-8 4t ()35 5 s 1Y size ~F 501 —> Unicode X5 . N
AR T K T 5 Wk A NULL.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return value: New reference. Y- consumed ;) NULL, WA A2 F PyUnicode_DecodeUTFS8 (). UNH
consumed A NULL, WK R SEHE UTF-8 A5 F SR A iR . X L850k A i B
CRR I ) T T ECR AR AE consumed 1.

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. fifi [ UTF-8 #if5 Unicode | 4 34545 SR AE A Python FF 5B N4k B . 4%
AL BETy H O strict” . AR ARG E: 51 & T 578 WKFIR [9] NULL.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
i Al —A~4 1] Unicode X4 1) UTF-8 gl i XA 41, H-10F S ampD B i I (A1 R HRA0L) £F
fETE size o size ZHAT DAY NULL; FERCHEOL R EAE A R/ NRE AR A o 3 ] e X S 238
— MM FAT (NEFETE size ), ToIR R A AFAEAL A 2107
TERASEREILT, KRB NULL B8 —A 5 H AR AP0 size {H.
BORHEF Unicode XESUH 5471 UTF-S FT6aX, IF LIS SR RHR I8 1 ) — 42 A6l . I
S NSRRI S0 Uniode X G 0 O RO DI S5
R o
33 W E.
TE 3.7 BRI IR PIZRAIIYE & const char * A& char *.

const char* PyUnicode_AsUTF8 (PyObject *unicode)
R FPryUnicode AsUTF8AndSize (), {BASTEfER/IME.
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3.3 Bl e
FE 3.7 E G R BIEAUIIAE 2 const char * [l ANME char *,

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 AsUTF8AndSize () or
PyUnicode_AsEncodedString().

UTF-32 4RfR1528

PAF & UTE-32 2 fiitidas APL

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-32 4518 1) 28 1 X B Hs RS size A~5~75 H: 1% [B1AH . %) Unicode X4 .
errors (WA NULL) j& LT 4 RAL I 50, BRIAH strict”,

N4 byteorder AN>h) NULL, fRSgRH8 FH 25 7 ) 72750 e b T g

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WSk *byteorder N, HAABIRAHIUAFA A F A Aic (BOM), TR N %717
I H. BOM F AR &% DL E 458 Unicode P45 . W *byteorder iy -1 B 1, WFFAric&p
PEULE

TESEG , *byteorder Y5HER ABHE IR BB B 4 HTF35)F
WS byteorder ;) NULL, ZRfirSas1- 68 AN .
AR GRS A8 5 | & T 75 Wk [B] NULL.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-
teorder, Py_ssize_t *consumed)
Return value: New reference. W5 consumed >}y NULL, W I T PyUnicode _DecodeUTF32 (). Ul
R consumed A~ NULL, W|PyUnicode DecodeUTF32Stateful () AR RBHIATEHE UTF-32 &
FFH) (BN VU EERR ) AR . X SE RS RS I HLC RS 1 2 BCRFAE A

consumed 1,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. i [u]{#i ] UTF-32 i Ag& R AP F 7571 Python 45 Ep . g 204
BOM #ricdT k. HE IR A strict” . QAR gL ARS | & T 58 Wik Ml NULL,

PyObject* PyUnicode_EncodeUTF32 (const Py _UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is O, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
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WR GRS AR5 % T A MR 9] 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 AsUTF32String () or PyUnicode_AsEncodedString().

UTF-16 4RfR152S

PATR /2 UTF-16 4rf i1 APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. M UTF-16 4575 1) 28 1 X B A8 RS size A~ 75 1% [B1AH W 1) Unicode X4 .
errors (FIARA NULL) & T 45Ty 0. BAA A strict”.

4R byteorder AN>h) NULL, fRGgRF8 FH 25 52 ) 7750 e atb A i

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WA *byteorder %, HA ABHRAHIFIAFI N F 45 FARiL (BOM), N ARR I8N %7157
J H. BOM A 25 ULE| 452 Unicode FAFH 1. WIS *byteorder iy -1 80 1, WFAFARicanl
U R (BB \ufeff o \ufffe F4f).

TESEIUR , *byteorder FFTEM AR A YN 21 B 517 -
U2 byteorder j NULL, Zf e (I AHL T 197
USRS AR AR5 2 1 57 AR [B] NULL,

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-

teorder, Py_ssize_t *consumed)
Return value: New reference. WS- consumed >}y NULL, W I T PyUnicode_DecodeUTF16 (). Wl
B consumed F~k) NULL, W|PyUnicode_DecodeUTFi6Stateful () ¥R BIIATEE UTF-16
WIEA) (A AT ECA R AT ) BN IR . XA A PRSI B O AS Fy
BORHAFETE consumed M7

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. IR [0 ] UTF-16 4 iSAg AL 745 FF ) Python =5 ER . Py B 2 PA
BOM FricdT k. 4EmALER )y oA strict”, QSRR #S5 | & T S MR [7] NULL,

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode data

in 5. 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.

USRS AR AR5 2 T 7 AR [B] NULL,

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode_AsUTF16String () or PyUnicode_AsEncodedString ().
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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. JHi3fi#hS UTE-7 4@l 775 s B size D717 8] —> Unicode X4, 5%
RIS ER S| & T S5 AR [B] NULL,

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Y15 consumed “Jj NULL, NFTHZ{F PyUnicode_DecodeUTF7 (). UIH
consumed A~>h NULL, WK BHIARSEEE UTF-7 base-64 #37-RE AN ER 12 . X Be2 3 /AN i I
HE WS E B4 TE consumed 1,

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. 1@ 1 fifth Unicode-Escape Zii% i) 7758 s W size 74— Unicode X
Fo WERGERD AR5 & T 57 H MR 9] NULL.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. i Jf] Unicode-Escape 4gf5 Unicode X% 3545 A R 7 i vt Sk 0] . 4l
APy A strict” . AR AT &5 1 K T S WPRFR [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 *errors)
Return value: New reference. 13 iy Raw-Unicode-Escape 45 i) 737 5 s 1 size 77818 —> Unicode
X MRS ART] % 1 5% R[] NULL,

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Return value: New reference. fii Jfl Raw-Unicode-Escape Zif% Unicode %if 42 -6 45 S AE N T EE Xt Sk [6] .
BRI A strict”. ARG RIS ER 51 & T 55 WARFIR [B] NULL,
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PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Raw-Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 45#28538

PAF 2 Latin-1 43R4 APL Latin-1 % T-5f 256 4~ Unicode 53 H 428 7E 4 i35 18) H B2 523 SR
PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)

Return value: New reference. i1 i Latin-1 Zgh% i) 257 e s 1Y size TF 56— Unicode ¥4 . R
G fRAD AR AT S H R ] NULL,

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. fifi il Latin-1 4515 Unicode %4 H-¥-45 FAE A Python 78X 4R o], 45i%
AT A striet”. AR RIS AR5 & T SR WRFIR [B] 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 453028

PAFF2& ASCII 4 fftho 251 APL, 45252 7 i ASCIL ¥l . ATAA] HoAth 4t B2 ) BT - S 50 i

PyObject* PyUnicode_DecodeASCII (const char *s, Py ssize_t size, const char *errors)
Return value: New reference. il it ASCIL i fi i) 78 s 1 size 7581 — Unicode X4, IR
GifERD AR K T S H R[] NULL,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. {§iJf] ASCII ##5 Unicode %42 - ¥-25 5 4E K Python T EE T 4k [0] . 44k
7N striet”. ARG IS AR 51 K T S H MR IR ] NULL,

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNICODE buffer of the given size using ASCII and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsASCIIString () or PyUnicode_AsEncodedString().
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FITER S g AR GO 2R

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 SR WS S A A Y AP

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. 3l 3-8 Tl 45 & 1 mapping 3 RIS C 9 088 s 11 size PF 7% Unicode
5. AR GRS ER T & T S WAk Al NULL,

UK mapping 23 NULL, WIRFRZ A Latin-1 2560, 730 mapping WA 7S AE (0 2 255 {EHIA
AEEEL) 3] Unicode “FAFERAYMLGT. B4 CREPURIEEY Unicode f4(7) B None. ARBAGTAYEE 7Y --
AR BT EL LookupError, PANYIMSE] None W%, OxFFFE B '\ufffe', FHHAA
SE SRS - B -

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. (i [Tl 45 & i) mapping X} % 975 Unicode %t 42 ¥4k SBAE R B X Sk 0] .
BERAEHE T AN strict” AR S AT AR5 | A 1 574 W2 [f] NULL

mapping XELATAFRERL Unicode TSI AR A4 . 0 2 255 G IHY SR None. KIFIY
ﬁ“gﬁﬁ (58 LookupError M) PAKMIE] None RGN “HR LB 53
f48

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_ AsEncodedString ().

PA R 4 i a4 APT 22 Unicode S % Unicode.
PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)

Return value: New reference. i1t W 1 A AP ML R FE B FAFER 1R [H] 45 58 Unicode XJ 4. UNSR 4L #%
51K T SR ) NULL,

WU AR Unicode MU £ Unicode (315K None GRAHMIHIRLAT15).

Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors FA T 4@ e A 155 Lo BRI PAY NULL SR 6 BOARY S R A BT 2K

PyObject* PyUnicode_TranslateCharmap (const Py _UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Translate a Py UNICODE buffer of the given size by applying a character mapping

table to it and return the resulting Unicode object. Return NULL when an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API
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Windows fhf§ MBCS %R0 28

PAF /& MBCS #ififefd#s i) APL, H i & A 1{XHE Windows H1R] I il Win32 MBCS %4 ke SE 4 . 775
& MBCS (5 DBCS) J2—J4mtg=, mIEHA—1. Hirgmidts=U2 s iplas B -
BCEE L
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i@ - fifhy MBCS i i) 275 s 1Y size 88— Unicode X5 . R
SRS % 1 3 H R [B] NULL,

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. 5 consumed ) NULL, W T KIS T PyUnicode_DecodeMBCS (), UIH
consumed 5K NULL, W|PyUnicode DecodeMBCSStateful () Y ASMEMEKRBIATZEFEIH H
EL RN 1 AT B A TE consumed H

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)

Return value: New reference. i [} MBCS %1% Unicode X 42 H-¥45 SR AF Ay Python =AY S N5k A 45 iR
AEFR Ty R strict” . QIR GRARIDER T | & T 58 WS IR ] 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 BRI HE.

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 ().

73 i F0RE{L
HESEMER

PA'R APL A AKEBHEG AR Unicode X QA FAFER  (TERNA HIATFRH N FAFER) I 1R MIE 24 Unicode X5
I
USRS A S AT AR IR 9] NULL 5 -1,
PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. P52 > F 418815 2| —/NF i) Unicode FE4FER o
PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. 45 FFe188]— 4 Unicode “FAFERIOF1 . ISR sep 4y NULL, MR
TSGR TR T iR B0, SRR 2 04 AT R AR 43 o 2RI B0h maxsplit. G2 54K,
WA R > B A AR TE LS R AR .
PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. 13483 FT/F 74 Unicode F4FE:, iR [B]l—4> Unicode FAFER %1 3. CRLF
RN — TR MR keepend 2y 0, WIAT M FRAF A WIEAEL REIFR P
PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. i JJ 45 7€ 1) separator 73— NFFFERH Fe IR B 455 Unicode F4FH .
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Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-
rection)

Q2R substr TE 25 %€ W S A (direction == -1 F 7N Hi % VC L, direction == 1 F I8 Jg & ILHED 5
str[start:end] MHVCECIGRE] 1, FBWERE] 00 A AR R NGR A ~1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
IR o] i 45 52 1Y direction (direction == 1 F/8H] MR, direction == -1 F R )5 1M K) I substr
str[start:end] TERHIMWAE . REMEAEDICEMRTS: HR -1 FoRARLBITE, -2 10
FRKERRIFRE T 75 .

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
3R [0] {6 ] 25 € ) direction (direction == 1 FRH[ I8 &, direction == -1 TR G R) B F5 ch 1F
stristart:end] PHRIMIMAIE . RN ENILRRRT S 60 -1 ZoRRKEILAL, -2 W)
FoR KRR RE T 55
3.3 Bl e
TE 3.7 MU M BUAE start A end g JH#E M5 str(start:end] BT H

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
R[] substr 7% str [start :end] HORNESHIITRE WER R RWRE -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. ¥ str W1 substr 127545 H replstr 222 maxcount Y31 [7] 45 5 Unicode X4 .
maxcount == —1 FRNEEHM ,

int PyUnicode_Compare (PyObject *left, PyObject *right)
WA P AFERIFIR ] -1, 0, 1 73313 /NVT . SF T IR T .
BERR BT R IR (] -1, (IR Y ] pyErr_Occurred () SRAGA ;.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
FF Unicode X} 52 uni 55 string #47 AT -1, 0, 1 43 FRR/NT . SFTHART . fbi H e A ASCIH
IS TATE, EASR A AT A ASCIL 40 U 1 R K2 6 Hite 1SO-8859-1 i A gt i3k o

PR TR
PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Xt Wi-1> Unicode F&F R $UATE HAR IR B A M EZ —:
« NULL JIF51% 1 e i
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. {345 format Fl args iR [Bl— B FAFE RS, X% AT format $ args.,

int PyUnicode_Contains (PyObject *container, PyObject *element)

K AT element JE 541 S AE container W AH R 1% 0] ELE B B AE
element W8 il %% i— 1~ HLJ0ZK Unicode “EAFE . WA A AR R H] -1,

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a Python
Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it (decre-
menting the reference count of the old string object and incrementing the reference count of the interned string
object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification: even
though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you own the
object after the call if and only if you owned it before the call.)
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PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode FromString () MPyUnicode InternInPlace () W&

#AE, aR[El A AL EHET Unicode “FAFRRXTGE, Bl— AN 1) EAT A IRMELAY J50A A RRAL 745 0 4
RBE (“OER”) 510 .

8.3.4 LMK

PyTupleObject
XAPyobject F-ZBA 4> Python LI R .

PyTypeObject PyTuple_Type
PyTypeObject HJSEHIFE—" Python JLA KM, X5 Python RTH Y tuple Je M FAYXTE .

int PyTuple_Check (PyObject *p)
WA p 22—~ tuple XFZ B # tuple AL FHRALW SLFINR I FAE . MR BUR R 2T .
int PyTuple_CheckExact (PyObject *p)
WER p J2—A> tuple X RAEARZ tuple ZEHU )12 AU A S B W3R [l FLfE . M pREREUZ 2 AT
PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. JNIIF IR Bl —AN TGN S, KN len, SRR [A] “NULLS,
PyObject* PyTuple_Pack (Py_ssize_t n, ...)
Return value: New reference. BLHIWI R [Hl—ASHATCXT 4L, K/ANK 0, RIGEHR ] NULL, JTCAHEPILATL
S5 1A] Python X} )54 n 4~ C 2%, PyTuple_Pack (2, a, b) fllPy_Buildvalue (" (00)",
a, b) *H% °
Py_ssize_t PyTuple_Size (PyObject *p)
AR TR R R HREE, IR BIZICA IR
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RETTH p WV, BT AE NULL I HAg [ — o A PETHRIG A
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 1[0 p Frigm W TCLF, LT pos ALBYRT S . WIS pos #BH FLIR, & [u]
NULL, H#H—4 IndexError F#.
PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 250\ T-PyTuple GetItem(), {BEARKEILSEL.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. J&18] p I8 IR TCL Y 1, 1 low Fl high 2 [8], BUFAER IR R 0] NULL.
X4 [A] T Python Kk p[low:high]. AZFRMIIRAKRERT.
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
e p 811 TCALI pos FLEIBBAX XIS o (51 o BLIIIFIRIE 05 2R pos BEFL, WIRE] -1, F4bH—

4~ IndexError JH .

TR MeRge G0 X o TN, IFERFRTA T CAEZ WA BRI A H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
R\ FryTuple_setItem (), (HAMATHRIGA, H HWVIZ R =g RIEGTEHTcd.

TR X NES k" — Xt o W5IH, H5PyTuple setitem() A, B F&EFRMLMHEE
BTG TCA T pos (B AT A5 | FHERRE B -
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int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
ATA T RRETTH R RN . newsize K@ TCAIHAC . PRATCE AN A RA TR, FrPA S UELEX 4
BE—DGI N, AW E. @R C @S ry AT Brg A, WA SR . odife
AR KN WEEELHRIATCAHIIE—Ftd, Reu AR MEHERE 0 . %
P AR WARGE *p A ARAECRE S 1 JH BB BT (EAR ) . SRR T *p SRR, NIRRT
*p RS RGN, aR[E] °-1%, X *p BLECN NULL, H5]K MemoryError B{# SystemError.

8.3.5 SHIFFFIXR

ZHFIIR R M T namedtuple () B CXFR, H—AF5, HapaH B hdd B . 2Zeld
4 805 2| RN PRl Fed et DAL AR S IE S U

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

Return value: New reference. R4 desc W 885 B H — B 4548 )7 51 26 8L, R prak. mf PAfE
M PystructSequence_New () Bl 45 TS T 1) SE 45 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SIHRIIRALETH P12 E type.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pyStructSequence_InitType FE, (HEIEHRE] 0 , IR E -1
3.4 FIRE.

PyStructSequence_Desc

LS ARSI T B LfE B

15 C 8l =X

name const char * ?ﬂ‘@f?ﬁ']%ﬂﬂ‘]@%

doc const char * 8 ) B2 W R ) SCRY EAF FR B NULL (9 FR T

fields PyStructSequence_Field| ¥ PA NULL 45 MECAH 384T, HFEBELM N
* st

n_in_sequence int Python flll o] WA F B R (ans I /E )

PyStructSequence_Field
A S5 P I — A7 Bre A5 P 0 g B Jn AL, BT o BER R R R pyobject <,
fEPyStructSequence_Desc [ fields A RTIHE T4 PSR I 247 B

i [ C xR BX
name const FOBOW 4 PR B NULL , A B R a4 F B R, Wk E

char * *NPyStructSequence_UnnamedField DIMEEE R a4 7B
doc | const LM BOUR P AT A B NULL
char *

const char * const PyStruct Sequence_UnnamedField

FEA R IR AR IR i 22 IR S

16 3.9 B ek: XANEAEM char * TR,
PyObject* PyStruct Sequence_New (PyTypeObject *type)

Return value: New reference. 8|7 type (526, ZSEFIAF Py St ruct Sequence_NewType () B,
PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 1210] p T 48 [ Z5# 73, LT pos BT R . ANFEEHATH ARG .
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PyObject* PyStruct Sequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence _GetItem () ZEMRA.

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *o)
ST p 0955 pos AMFEARE A 0. GPyTuple seT_rTEm() —HE, ENRIATHIA
YL B

TR XABRE e TR o — AT .

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

AR XAREC g TR o —A5 1.

8.3.6 XKW

PyListObject
XA C A pyobject (5 AM L4 Python JI|RXT 4.
PyTypeObject PyList_Type
XM ET PyTypeobject KA Python 51| REAH) 5B . 75 Python ZHIFIZEA 1ist J2[m]—Xf
%o
int PyList_Check (PyObject *p)
WA p @A list XFQRa T list BB TR RS2 R B AR . IR EUE 2 2 AT .«
int PyList_CheckExact (PyObject *p)
R p Jg—A> list XZAEAZ list AU 7S AUM SLO R B B . R AR 2 2 I T -
PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. JNINI} IR [Bl—ANME N len (3815032, RIITIR 9] NULL,

W 2 len KT FZHF, B 1895 26 200 H 9% 8 NULL. AR A G H 2L C ¥
B Pysequence_SetTtem() WIME APl 5iE H C lEkPyList_SetItem () AWM H & E N E
STAPLHIAT Python fURYAFF BG4

Py_ssize_t PyList_Size (PyObject *list)

AR list AN FRXGRIE; X ETAEIIRM RPN Len (1ist) o

Py_ssize_t PyList_GET_SIZE (PyObject *list)
THAK) C g PyList_Size (), BARBKN.

PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. & |7] list 48 15132 1 index (V8 X2 . (LBELHCNIEREG A
BB FRBIHITEE] . WE index FBH 1 H (<0 or >=len(list)), N3Z[[] NULL Hf#%'E IndexError &
o
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. A C Bl PyList_GetItem() , &AM,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
P51 Z G| index (IR item o SEIIATIRE] O o WA index 8 14 JEFEIUER ] -1 % IndexError

BEL Al
I o
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MR BB e — Xt item G BT WBIR 2P R ACE EMEAAHKG .

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, P}Object *0)
AN BRI B A PyList_SetTtem (). RXlH RPN THoNE A 2 widch WA A5 I TH
Pt

TEfiR: 2 “fik” — 4 item W51, (A5PyList_setTtem() AFEIZE T2 EFXHEMH
Bk EB’J%IH@ A list (1 1 L8 EAATATS AR gt eg -

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

R4k H item FHAF|FNE list R51°5 index Z HIAAIE . AR EIRFR AN 05 WA IR [H -1 I %
BH—NRE. 4T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
FEXFG item PSIMBIGIZR list FIARFE . QERMEIFFRIE 05 WA BEEN MR E] -1 H&E AR MY
F list.append(item).

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. 12 [B|—/ X253, B85 list 40T low Fl high Z ) HINT4 . WTRA 3)
iR ] NULL 3B RH . A4 T list [low:highl. ACFFMSIRAKRHITRT.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py _ssize_t high, PyObject *itemlist)
W list 2470 low 5 high 2 [8) Y] H iR itemlist (I INZY  FH24 T 1ist [low:high] = itemlist.itemlist
FPAH NULL, FORMEN—D2350% (MERDIR) . MR m o, RMIRRE -1, X BA S RMI
KAREHITRY].

int PyList_Sort (P\ Object *[ist)

XF list Wi % H e T IR AR o IR IE] O, SR ik o AT list.sort ().
int PyList_Reverse (PyObject *list)
X list Wt ok H AT IR R . P AR [E] O, SR R o XET list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. iR [Bl— /BTG 5, HAPE list FINE; ST tuple (list) .

8.4 FHMR

8.4.1 FHMITR

PyDictObject

XA pPyobject BT RAMAFE 4 Python FHXTA
PyTypeObject PyDict_Type

Python “FIMERIFIR K Py Typeobject WS, X5 Python 2K dict 2 RN
int PyDict_Check (PyObject *p)

MR p 22—~ dict XRECE dict AL 2RBY SRR F EAE . R AR AT
int PyDict_CheckExact (PyObject *p)

WL p J2—A> dict WGAHAZ dict 8RR SRR B B E . HEREUE & 2 S T
PyObject* PyDict_New ()

Return value: New reference. 12 [0l —/NEii)ZS F L, AR [B] NULL.
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PyObject* PyDictProxy_ New (PyObject *mapping)
Return value: New reference. 12 [A] types.MappingProxyType X4, TRk FlHAT HiSedT 0 e st .
T T OTEAL IR AR IEE S E sl A 2R 28 A 7 i

void PyDict_Clear (PyObject *p)
B2 B B BT A SN

int PyDict_Contains (PyObject *p, PyObject *key)
WE key ;e AL EAETFH p oo Q2R key PEFC |- p AOHE—TT, MM 1, ARWGRIE 0 o &[] -1 FoRih
B o XA[F]T Python £k key in p.

PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. 12|05 p 4, & AH [F] BEAE X ) 78

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
T key fEREEAG val TEAFI po key WA Rhashable; SIRAE, WXF5| % TypeError, I}k H|
0, KRG m -1, BeRE 2 FEEx; val 51 H .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
0 key 1F b HEKF val $E A B F M po key B4 SN const char*. B X R 2 A
PyUnicode_FromString (key) B, MR 0, JKIGHHRE] -1, BEEKEL & X val 1)
1.

int PyDict_DelItem (PyObject *p, PyObject *key)

FoWRT 3 p PN key BUZRH o key WAURFIEAIY: WERARE, MEGI%K TypeError, WIRTHLH
& key, W51k KeyError. MIIHHRM 0, REHHRM] 1.

int PyDict_DelItemString (PyObject *p, const char *key)
BER 70 p i AT ER key FEERVERI SR H o WERTFHARA key, WRT|K KeyError. IR MH
0, KMoFRME -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. 7ML p Wiz [B] DA key “HSERIRT 4 . WR S key NFAF(E XA K E—
A SEE R ] NULL,

FHEEEWRE, WH _hash_ ) M _eq () FRETAEMWBEERS WM H. &%
M PyDict_GetItemWithError () SRR .

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () IR, BASHRR T . Y555 L4 BHEIR b
NULL Jf Hi& 8 — i . WEREATAENR [ NULL JF HAZE— 70 .

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. ;X 5 PyDict_GetItem () —FE, {HRZ key #{F5E N const char*, i
ANEPyObject*,
TEVERERE, W _hash__ (O . __eq () JFEMAIE— NG FRFERX RN A H) A2
B H . W PyDict_GetItemWithError () Ffe4E Rt

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. X} Python 2] dict .setdefault () —FE. AR key 715, B
RPIFEFH p BUADO A E . WSRSBERAEAE , B STIE defaultobj — ikt AFF 1R 7] defaultoby o X~ PR%L
R key WIWG A BRA— IR, AN @ FE AR AE AR 43 BB .
3.4 HIE.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. 12 [0]— /& ML ip iR S (E ¥ Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 1 [n|l— /&7 Ml b BT 4 (keys) Py ListObject,
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PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1% [0l — /M8 FMLrp B {H (values) [Py ListObject,

Py_ssize_t PyDict_Size (PyObject *p)
] MR E A, SFO T p ] 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p PRI SEIEDN . AE2E— U R BT AR A2 1T, th ppos FRGI I Py _ssize t AW
PANIRIA 05 L BRECR: Jy =7 M A AN A R 0] B, — BT B(E A A e SR R [l (R fE . T
2 pkey Hl pvalue |3 244510 PyOb ject * ASRE, EANRF 2 A 45N A ERIECE , sl th T A NULL,
LB AR B AT A5 | AR R AR . ppos TELEACU A A 2. B BIAE 27 A BB S 45 44 v 1 i
o, HF Bl T4 @M, K mfs e R s,

B

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, s&pos, &key, &value)) {
/* do something interesting with the values... */

}

FUL p A RLAE PIWITE) R AR B . A Do e, R iR A, MAURTRIERGAK
AEE . Bl

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 = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (0) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
YRR b HATIEA, R BB F i a. b ATAR—AF M, BUEMT S FfpyMapping Keys ()
fPyobject_GetItem () HXIR. WA override JyFLME, WANRAE b pHEIMIE AN o HEFAER)
FHI SRR Bl 4, S DIANSRAE @ v s A () R D 22 S I SRR o 24 iRy iR ] O Bl 245 ] &
SR -1

int PyDict_Update (PyObject *a, PyObject *b)
X5 C W) pyDict_Merge(a, b, 1) —#, WHEKMLIT Python (¥ a.update (b), Z=HITE
TryDict_Update () TE5 _ASHBA keys” JE TR A 2 LR BE A BIEXT I FS . 24 MR
[ 0 =i 45| K e E ik m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 AN ERBAFH BN F M a. seq2 WA 2 1) VEBEDN R TR A PR AR
MAFAEEI SN, Q2R override AN B )5 1 AR SERE o 4 BN IR E] O B 45| K S i iR v
—1. ZiY Python fURD (IR EI{EERSN)
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def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value

8.4.2 REMR

XN T E A set Fl frozenset XFRMAIL APT. AL AR AE T 18 41 (4 B B B 4 & 6 FH il
2% 2 I (B 3EPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAMPyObject_GetIter()) Bi&Hh
L F I (B 5PyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () PA
KN PyNumber_InPlaceXor()).

PySetObject
XANPyobject T REMH RARATE set Ml frozenset XRMNTEIE. BT PyDictobject
L E T X /NS A R UL 2 [ KN (RAG ST A T30, ik T SRR R SHEE AR Uk
BRG] BRI T A KN AR (TRGFZRIFEAE T 0 o BRESF IR B N R A - Honl B
RS o T U TRV 2458 A L5 A SCRY Y APT SR T I N R G R R S A R A
PyTypeObject PySet_Type
XE—PyTypeObject Sfi|, %78 Python set 2571,

PyTypeObject PyFrozenSet_Type
XE—PyTypeObject S|, Fi/n Python frozenset 287,

TNHZEBUAS A T AR 1AL & Python X RAYFRET . DI, K LeH s ok il AL B AT R AR Python
POE
int PySet_Check (PyObject *p)

MR p R—A set MREFHRH TR LBINLR M EE. HEREE RS BIIT.

int PyFrozenSet_Check (PyObject *p)
W p R—A frozenset XMREFH 2 H THRAWLOINLR I EE. HREUR RS BEIIET.

int PyAnySet_Check (PyObject *p)

R pe—A> set X4, frozenset XMREFH ZH FRANYSLHINR F EE. WK RSB
7.

int PyAnySet_CheckExact (PyObject *p)
R p @—A set B frozenset XWRENZHT I LHINR M FAE . BLeREUE & 2 AT .

int PyFrozenSet_CheckExact (PyObject *p)
MR p R2—A frozenset XMREARH TRAMY LMK T E(E . HERE 22 BT

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. 1R [B|—/A~i 1) set, AL iterable IR BN 4 . iterable W] DAk NULL 32
INE— IS YIBREDHES, KMERE] NULL, Q15 iterable SEFx_FAS & w26 AT
ZN5| % TypeError. ZMMEAHIE AT H IES (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. I [\l — i) frozenset, HH AL iterable FITIR BN . iterable W] DAK
NULL FRBI#— N SR E S . YR ED RS ES, R R ] NULL. W02 iterable SZFx
EARRWERXTLNG] & TypeError,

FHIREANZZE T set B frozenset AYSEHI R H F2RAAY LA .

116 Chapter 8. RFHIMRE



The Python/C API, & 3.9.21

Py_ssize_t PySet_Size (PyObject *anyset)
iRH] set B{ frozenset M EMWKIEF. LM T len(anyset) . WIF anyset N4 set, frozenset B
HT LR BIN 5] & PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIRAM PySet_Size (), AN RRM

int PySet_Contains (PyObject *anyset, PyObject *key)
IR FR M) 1, AUERARIFRE] 0, WARIER]FRMRE -1, AK[FET Python __contains_ () Jf
ik, thlZlﬁTAﬁﬁJﬁTTﬂ"%ﬁE’J%A%Tﬁéﬁll I REE o MR key ARG A MR W 251 %
TypeError, UIHE anyset N2 set, frozenset B H TR SLHINL5] % PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
NI key Bl —4~ set 5L, WATHT frozenset L] (HPyTuple SetItem() WZRZ AR EW
A R R A R A5 S S E A R A A ACRS 2 BT FE AR ME) o BEEF R[] O T R MR e] -1
MR key AR MG A A G N£25] % TypeError. AAIEA KA EN L5 % MemoryError. W ser
A set BHEHFRAMLHFIN 5| % SystemError,

THIRBCE 1T set B FRAAEH], (AARHT frozenset BHTRAALH.

int PySet_Discard (PyObject *set, PyObject *key)
WERARBPFR BRI 1, WA (JofefE) 2B o, RS RNLRE -1, XFAFEEREARN
&5 % KeyError, WIH key WAT]MEFXTR N 45| & TypeError. A[ETF Python discard () 4%,
R 2 H 3R A TG A I B A ARG B R G S o AR ser NI set B TR SEB I 2
5% PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 1R [7] set WA Z X RWHG|H, FHM set FREBZAE . KMEHRF NULL,
WAL AN 5% KeyError, QIR ser A set BOHFIRBPSLHIN 5] % SystenError,

int PySet_Clear (PyObject *set)

T 25 B 7 UL B A BT

BES SRS
8.5.1 FHMR

H—SepE T Python BRI BRI

PyFunctionObject
T B C S5H 1A

PyTypeObject PyFunction_Type
XE—PyTypeObject SEHIHF/x Python BREZET ., "BEAFE N types.FunctionType [f] Python 2
JP AT

int PyFunction_Check (PyObject *0)

ﬁn%oﬂr/*@@m‘%(%EA;@PyFunctlon Type) MR BB . TESHA R NULL, R ES
AT

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. R S RAGNI G code FBRATHTRENN S o globals W/ jg— 78, ZpREHT
AT V)4 Jr 28

MARTE R G2 rp R R E ) SCRY AT R R A FR . __module__ 23 )\ globals L. %] defaults, annotations
F closure ¥4 NULL. _ qualname__ &0 5 BB FrAR R B1E -
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PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 25{MlPyFunction_New (), {Hif R RBEREIEM _ _qualname_ @
VE. qualname [V 2452 unicode ¥4 8{ NULL; {52 NULL ) _ qualname_ J@E NS5 _ name
JE VA R B4

3.3 B .

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 12 [8] 5 BB 4 op FREEIACIENTE .

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 1& 0] 5 BB *op* A I BRI 2/ 7L,

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. 12 8] RV & op 1Y __module_ J&VE, BH N— L8 TR RIS
FRER, {HAT DA Python AURS U A 3R B FLAMAR X 42

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. i 8] FRECTS: op IS ECRINE. XA PAE— PS04 sk NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
NEREIR G op BCESHENE. defaults 7504 Py_None s{—4~J04ls

RIGEFS | % SystemError S IfiRE ~1 o

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 12 0] = BEF BRI 5 op BIFAAL. X W] DAZE NULL B cell X2 AT .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
5 E B BT 4 op WS, closure W75}y Py_None B cell 3T 4164 .

KI5 % systemError RHHiRE -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 12 [B] BB S op WIFRYE: . X AT AR — A AR S MiLEl NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEE PRECT S op WIARHE . annotations WM —A~F 4D} Py_None,

KIGHIG % systemError FgifiRE] -1 .

8.5.2 ZEHIFHEIR

LB J5E R PyCrunct ion WA, WigkfryCrunction g RIFRIR—FFIr . BT HEn
P PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XANPy TypeObject SEBIfLFE Python SLBI /A, I AXS Python 27 AFF.
int PyInstanceMethod_Check (PyObject *0)
W2 o J2—ALPTTIEN G CRE Py InstanceMethod_Type) MR Bl FHAH. EZ WA N NULL,
IR R 2 2 AT .«
PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. JR [0l —A~HT B SEHI /X5, fune NRAERE TR RS . func RiAE S5 7 i
PR FH A BRSO R
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 32 0] 3¢ 55 3| 5L 51k im () ERECT 4 .
PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. AN PyInstanceMethod Function (), W& T 4RGN,
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8.5.3 HEMR

TR E M RECT S . TR RS E R — NP B SR SEG. RIS E T (B8] — Ty
%) EAHE.
PyTypeObject PyMethod_Type
XANPyTypeObject SLBIFH Python AL, BAEN types.MethodType [1] Python #2/7AJF.
int PyMethod_Check (PyObject *0)
W 0 BT EXG CRACH PyMet hod Type) MIREIE(H . JESWUAAK NULL. HERELE 22K
AT
PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. iR [0l —ASHTHI T EX S, fune AR AT IXIS, self iy k.45 & 1)
Sl HETTVERE I func X564 RBE A o self WoIAN A NULL,
PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. 1& || 3 BK3] J5VE meth W BRET 4
PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. AN PyMet hod Function (), B&ZETEHRG .
PyObject* PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. 12 ] 3 Bc3) J5 % meth W)L .
PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. JERASH ) PyMethod Self (), BEETEERKGI .

8.5.4 Cell X5

“Cell” XM T LB h Z MG AR . XTI R, —4 “Cell” MGy T AFH%E M
OIHE; 5B EE AR HE ZR A Joy B0 AL BB 35 [ R O 22 A8 B A SN IRy “Cell” 51 5% AE
W, R “Cell” Al S RYMET A 2 BT X RAN Y o SX AR “Cell” XA R T I 2S5 A2
AR DRI S B B ARRBRALX LA 7. “Cell” X RAEHAHTT AT HEA KA -
PyCellObject

T Cell X521 C 25 fA.

PyTypeObject PyCell_Type
5 Cell XSG ZRBIN] S
int PyCell_Check (ob)
R ob 2 —A cell Xf R MR B EAH; ob UIA A NULL. HREUS &2 I T .
PyObject* PyCell_New (PyObject *ob)
Return value: New reference. G172 H-1& Bl — AN EH ob T cell X145 . FEZ0] PAH NULL,
PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. 32 |9 cell %42 cell FINZ .
PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 321 cell X4 cell (WNZ, {BRAKM cell 754 NULL 3 HoH— cell
POE"38
int PyCell_Set (PyObject *cell, PyObject *value)
FF cell X452 cell )NEER A value, K FFREBATAXS cell X} 52241 NZMIGIH o value WA NULL. cell
WACAEE NULL; AR B —AS cell XFQRMAFIR Ml -1 AnR & i sk m] 0.
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void PyCell_SET (PyObject *cell, PyObject *value)
K cell XI5 cell (HBEN value. ANLVHEET I, I HA KBTI ARUEZ: 435 cell 162505 9F NULL
FHH A cell X142,

8.5.5 MR

RAG*5 )2 CPython SLELHRZANT . A AR — B RS0 2 s B I T AT U
PyCodeObject
TR AR R C 4544 I RA BT B B

PyTypeObject PyCode_Type
X E—~PyTypeobject M, HFIR Python [f) code AL,

int PyCode_Check (PyObject *co)
W2 co Z—A> code MRMRITEAE . BHREURE 2 MIIHAT

int PyCode_GetNumFree (PyCodeObject *co)
W&[E] co P A AR AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyOb-
Ject *freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. iR [Tl — AN G ARARTE Z— LD GOk A — U i,
W PyCode NewEmpty (). JHIPyCode New () H4 T LASRE B HER 1) Python A, PRS-
i LA .

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code, PyOb-
Ject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. 23{))T-PyCode_New (), {HHFH — 44 posonlyargcount” T fRAv &

3.8 B

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. R |0 HATH& @ L4 . A FSE — AT 5 W SRS . XT exec () B
eval () MR G2 ARER .

8.6 H{th¥tR
8.6.1 IR

XU APT X A BSR4 Python 2 C APT 5/ MFEL, B RAKT C ARifEERY ik VO (FILE*) SCHF.
£ Python 3 W, SCPERIALEEIFTNY 1o Bibk, SBIBAERAEREMRZH I Zh VO 2 B L TILAZE. T
TP i R ) e RSO BRI L APT R(ESE C (e, TR TAPREAS O AR AT DAl i B BUE =7 U ek
i) io API,
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. W45 FT I 04 fd 0 SCAHHEARFFAI 7 — Python SCHAXT4 . S50 name,
encoding, errors 1 newline W] DK NULL F/nf# I BRIAE; buffering W] VAN -1 Fon i A BRINE . name &
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W SR B T ) R AR . RIR ] NULL, A RSB 2L, #Z0 1o.open () B
PR

& b Python JiiHA H ORISR, HILRHENTS OS U HIRFHRE A&7 A4 ()
WEE R AN ) .

e 3.2 CE I 20 name J& 1.

int PyObject_AsFileDescriptor (PyObject *p)
F5 p RECW SRR SRR T int o WPRXF G2 B8, MR [l HAR . 2R EAT, TR 0 R 1
fileno () ¥k (WERAFAE) 3 %I ELAUR A — R, EEUERN SCHH IR SHEDR ] . B E 573
TR R [E] -1

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. %4y p.readline ([n]) , X PMREMITE p FiEE—FT. p A] AR 0
MR AA readline () AR SR, QR n 2 0, WIFCIRIZATHRK DT, #SEElR—17. W
Rn KT 0, WIS BOR I n A7 AT POREIATI—A85> . AEX PRI, QiR RIE) ik
SRR, WEREZEFAH . H2, R /N 0, WIS KRS 3R —1T, (H2 iR E %)
IBSCERRE, WI5|% EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
HE io.open_code () WIEHATH, FFHIE S i by A BEFE 7 RA2 15 .

MEPRAR P 2 — 28l PyObject * (*) (PyObject *path, void *userData) Mm%, Hr
path Wi N PyUnicodeObject,

userData $&5T 2R N T BRE T8 T BRECTRE AR A TR, % F8 5 ALY B4 1) Python

BFXNETEIIESABIEM N, 3§ AT R T S A, BRIECH el MRS,
RS FE BAE sys .modules FA[ .

—H e, B AR REUE L, ZaXPyFile SetOpenCodeHook () WIS RI,
WARERE SR C B iRt BRECRFIR ] -1 B — R

BRI DA AE Py _Tnitialize () ZHIYEM .
G E— A SR #iTHF setopencodehook,
3.8 B e
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXIGE obj AR R p o flags ME—ZHFIRE & Py_PRINT_RAW; HIRLGE, WEHAMRE str ()
MAE repr ()« BENIRERE] 0, KRGIRHR M) -1, FFECEE 241 B8
int PyFile_WriteString (const char *s, PyObject *p)
TR s 5 AR po WCINIEI 0 JRWGRIE] —1; S b 0 58
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8.6.2 HRITR

PyTypeObject PyModule_Type
X APy TypeObject LB Python BibkISA . B PA types.ModuleType [IE F %4 Python
T
int PyModule_Check (PyObject *p)
Y p ARG, SRR R BN R R B %R EOK A R ]
int PyModule_CheckExact (PyObject *p)
2 p WS HRN & PyModule Type BTN G I1R B EAE . %R EOKIEA R [BE .
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. 1 B2, HJ@ME _ name_ N name . R HIX L JEVE _ name_
_ doc__,_ package_ ,and__loader__ (FHEEMIET __name__ #H#EikH “None*). V& H B}
Rt file @M.
3.3 B IE.
TE 3.4 OEMC: J@1E _ package_ il loader_  #i% 4 “None“.

PyObject* PyModule_New (const char *name)
Return value: New reference. 3 XZ3{U T PyModule NewObject (), {BHE 4 Fr N UTF-8 4 tS i) Z 5 F 82 1A
42 Unicode %%,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. 1% [0 SE P module [ 45 25 [8) ) F HL ) %2 Xt % SR 50
__dict__ JEMAHR] . W module A2 —MEEHON G (SBHXT R F28Y), W51k systemError
Ha& [\ NULL,
WY Hofth PyModule_* () and PyObject_* () MM ELIERHBIRAY __dict .

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. 32 [0 module (] __name__ {H. WRFEHREMZE, siFWRERAE—T
TR, M5k systemError & [H] NULL,
3.3 B Tfe.

const char* PyModule_GetName (PyObject *module)
KT PyModule_GetNameObject () {HiR[E] "ut £-8" FifE K44 FK .

void* PyModule_GetState (PyObject *module)
BB RE” , WRUR UL, R 0] AR A I B N AR B 8 £, B NULL. &

WLPyModuleDef.m size,

PyModuleDef* PyModule_GetDef (PyObject *module)
A [ i ) A B BT G i PyModuleDe £ S5 IRRUFREE, B0 ARBIHRA R 08 Z5 1 7R LAY
D3R [F] NULL,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. 12 [B1{fi [fl module ) ___file_  J@MEATMZN B304 . R B R E
X, HEE MR EAZ— Unicode ‘455, M5k SystemError JiR W NULL; FEHABE L KFR
[6]—~4& [\ Unicode X412

3.2 B fE.

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule_GetFilenameObject () but return the filename encoded to ’utf-8’.

32 G E M PyModule_GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.
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gt 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 re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually only
one statically initialized variable of this type for each module.

PyModuleDef Base m_base
Always initialize this member to PyModuleDef_HEAD_INIT.

const char *m_name

HERAY 24 PR

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_s i ze is required for multi-phase initialization.
WY PEP 3121 T f#EH .

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMet hodDef values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

7 3.5 MUEE P Prior to version 3.5, this member was always set to NULL, and was defined as:
inquiry m_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than 0 and the module state (as returned by
PyModule_GetState ())is NULL.

TE 3.9 fH 2 No longer called before the module state is allocated.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.
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This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than 0 and the module state (as returned by
PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

TE 3.9 R FE P No longer called before the module state is allocated.

Jfreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than 0 and the module state (as returned by
PyModule_ GetState ())is NULL.

TE 3.9 fH 2 No longer called before the module state is allocated.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as "single-phase
initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def )
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the API version
module_api_version. If that version does not match the version of the running interpreter, a Runt imeWarning
is emitted.

{Ef#: Most uses of this function should be using PyModule_Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is created,
and the execution phase, when it is populated. The distinction is similartothe __new__ () and __init__ () methods
of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict__ or individual classes created
with PyType_ FromSpec ()).
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All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef instance
with non-empty m_sIots. 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 B IhE.
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 B RE.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point to a
function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-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.
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Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used di-
rectly, for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference.  Create a new module object, given the definition in module and the
ModuleSpec spec. This behaves like PyModule FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSTION.

3.5 B RE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

{Efiit:  Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 B RE.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def)

Process any execution slots (Py_mod_exec) given in def.

3.5 BRI HE.

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 BRI HE.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Add the functions from the NULL terminated functions array to module. Refer to the PyMethodDef documen-
tation for details on individual entries (due to the lack of a shared module namespace, module level "functions”
implemented in C typically receive the module as their first parameter, making them similar to instance methods
on Python classes). This function is called automatically when creating a module from PyModuleDef, using
either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B fE.

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.

{Ef#: Unlike other functions that steal references, PyModule_AddObJject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on error.
Example usage:
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Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initialization
function. Return —1 on error, 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, O 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, 0 on success.

3.9 B fE.

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 harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
callsPyState_FindModule. The function is mainly intended for implementing alternative import mechanisms
(either by calling it directly, or by referring to its implementation for details of the required state updates).

WY 7R GIL.
Return O on success or -1 on failure.

3.3 Hrge.

8.6. Hth¥tsx 127



The Python/C API, & 3.9.21

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return 0 on success or -1 on failure.

P A 255 A GIL.
3.3 FihHae

8.6.3 XM ZBIR

Python PRALT AR RIS B RFIEREY, B R ﬁ%?iE’JEﬁf?ﬁlJ .
AN AT XS A —A sentinel {5, SR8 RN AT A XS, HAER IEI sentmel EGOES
ﬁ

PyTypeObject PySeqIter ' Type
pySeqIter_New () JRIAEREXI RIS LN EF VIR NEREL iter O BRSHILN,

int PySeqIter_Check (op)
Wk op BN Py Seqiter Type WEREIE(E. HLRELE 22 MIIAT.

PyObject* PySeqIter_New (PyObject *seq)
Return value: New reference. 3% 5] — > 5 & L5 51 % 52— B2 6 F 1) 25 A8 seq. 4)F F13T F4AE S| A&
IndexError IFf, ﬁ{ﬁ%ﬁ

PyTypeObject PyCallIter_ Type
Hi%pycalliter New () fll iter () WEREINSEOY AR ML AT RERT LR .

int PyCallIter_ Check (op)
W op B hpycalliter Type WHERIBIEAE . MREUEE S EIAT .

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. iR [n|—/NHEES . ﬁﬂ/\f’%%{ callable 1] DA 2AEAm 0] U\T&ﬁf’%éﬁﬂﬁ i
BN UE ) Python w1 FHXS 4 5 BRRE FHAS I %R FLEAR IR — DI H o 24 callable 1R 7145 sentinel
AR, EARFLIE

8.6.4 HIRFFIR

“HEARRE” RIIAN R LR RIRT S . B TRBN R T

PyTypeObject PyProperty_Type
NIRRT R AN 4

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference.

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)
WIERFERFFA S descr {RBARENE, WHERE true; WIRHEAR T ¥, WERE false. descr WM& R AT
25 BRI
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PyObject* PyWrapper_New (PyObject *, PyObject *)
Return value: New reference.

8.6.5 YR XgR

PyTypeObject PySlice_Type
VIR RIZEAIF R . B Python JZTIH s1ice RAHRMIXTS .

int PySlice_Check (PyObject *ob)
W2 ob J&—> slice XfZRNBR A EAE; ob WAURA NULL. BERELEZ 2 AT .

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. iR |n|—A~E A 245 BB IF I T X4 . start, stop Fl step 5245 FAE slice X[ 4
FAI A4 BRI B PERE . X SE(E P A AEAT—NE AT DAY NULL, FEIXFPE AL K00 None fE A% i J&@ Pk
MR NSRBI R ICIE 7 BE R ] NULL.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step)

MY XS slice $EHL start, stop Fl step K515, REFINKEEI N length. FT length W75 5 R 24 1k
FER
BEHEHRE 0, HASHHRE -1 3 AR ERE (BRIEREATFHS A0 None HICHE I KL, 78
AP 2R 0 -1 9 HRE 25 )
PRATREAS AT HAE H R £
TE 3.2 MUHE M 2 Hif slice IEZHIE S0 )2 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 () [AR] FIEAC. MY X4 slice $EHU start, stop Fil step 5|5, K F5 KM
R length, X5 (K BEARAFAE slicelength H, 8 TSR T 52 A 5@ Y) 7 — 80 5 X 75
Yo

IR 0, HEEIRER I -1 I HABRCE R

WA MR EON T R A KONF AR BB R A 1. W E T N Py Slice Unpack ()
MpPyslice AdjustIndices () WG, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SR

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

TE 3.2 MUEH: 2 |5 slice TS S KFI R PySliceObject *,

JE 3.6.1 fRE M W15 py_LIMITED_API RiXE B E H 0x03050400 5 0x03060000 2 [&]
i (SEFEHAR) 5% 0x03060100 5% 8 K M| PySlice GetIndicesEx () &x#{sL Ik —A{F
PySlice_Unpack () fil PySlice_AdjustIndices () W% . S5 start, stop 1 step 4 2 WK AH .

3.6.1 UG EME: W Py_LIMITED_API W N/ 0x03050400 8 003060000 5 003060100
ZEE CRuEils) W eyslice GetIndicesEx () HTEFEHMIHREL.
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int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MY 52 o start, stop il step £t B R HRECH C B4 S ER RIS KT PY_SSIZE_T_MAX F{EIE/
" PY_SSIZE_T_MAX, ERERHLE/NT PY_SSIZE_T_MIN [ start £ stop {3 Rl PY_SSIZE_T_MIN,
HEERHR/NT -PY_SSIZE_T_MAX ¥ step I KH -PY_SSIZE_T_MAX,
AR R M -1, BRI 0,
3.6.1 FriR I EE.

Py _ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)

1 start/end P R 5 'S HRIHTE B PIK AT . BHERNRGS2US5E@E T 5 —8 )5 X

AT DI
REYIR B . RS R 2. A2 A Python fU5.
3.6.1 FriHIRE.

8.6.6 Ellipsis X5

PyObject *Py_Ellipsis
Python [1j E11ipsis X145 WOMGIUAT IR Ik, BuAipL 5T Hlh % — ey s | i A
‘B5Py_None —FEJE T HBIX4 .

8.6.7 MemoryView Jt5

— memoryview X4 C YR L T R AE T ZEAN— 0] ABAEATH AR —FEAZ 181 Python X4 .
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MBELZE v X 32 11X 2 4] 73 memoryview %52, IH: obj S H5 7] 5 25 v X
Ty, W memoryview X GORF AT AR B/, B AT RER i), WAl AR S A BT E B .
PyObject *PyMemoryView_ FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. {§i [Tl mem {E R JiE 2 2% v X A # — 4~ memoryview X} 4. flags 7] DA 2
PyBUF_READ (¥ PyBUF_WRITE Z —.

3.3 B fE.

PyObject *PyMemoryView FromBuffer (Py_buffer *view)
Return value: New reference. Bl|fd— A~ 5 45 7€ G ih X 4544 view B memoryview X4 T 1] B 517 5%
WX, PyMemoryView FromMemory () t& T 1EHKEL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M & S pP X322 1 541 72—~ memoryview %} 42 contiguous NTES: (XE°C
B’Fortran order 91 ), Y15 N TE2 S0, W) memoryview %] 4245 1] B 1A NTF . & W, & 171 H. memoryview
FE I FTY bytes X452,

int PyMemoryView_Check (PyObject *obj)
W2 obj ;2—> memoryview XfRNERFIE(E . HHIA SRVFAE memoryview T2, HEKEE RS M
AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R [0] 4 1] memoryview )5 22 o K AL B AR H5 45T . mview #6552 —1> memoryview 565 X ASEA
KA B RYZEAL, VRO O, 75 TR Tl A Tt KU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR 5] memoryview it F T B T o X % 0 48 £, 5 #F W1 2R memoryview T H M
¥ pyMemoryView FromMemory () B{PyMemoryView FromBuffer () B]7 N iR 7] NULL, mview
WO —A memoryview SE,
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8.6.8 855IAXMR

Python SZHF “§551 " fER—ISR . BRRYL, AP EEEBSHTI ISR 55—t i s |
g, S MR AT REHAE I D — N R R B ACRE

int PyWeakref_ Check (ob)
W ob 22— A5 SN R MR [ B . R BUE 2 2 AT .

int PyWeakref_CheckRef (0ob)
W ob 22— A5 FHXTZ R EAE . R A 2 2 AT

int PyWeakref_CheckProxy (ob)
W2 ob J2— RIS RINLR T BT . KA R 2 AT .

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIX} 5 ob f—A~5551 XIS . % BREUR 2 2R B85, (EAGRIE
B E—AHIX S EA ATRER B — AR5 A . 58 = AES callback — A BNS, B4
TE ob WAE AR M BT EEISGR R s BN R A RMIES, W55 AR AL . callback 7] PAK
None B{ NULL. 4 ob A@g— 5551 XS, s MR callback A~ Pl X4, None B NULL, i%
PRECRF R ] NULL 3 H5| % TypeError,

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. 3R [RIXF42 ob B—A~555 1 FARHEXT S . X pRECR B 2R Bl — N H5 H, =
ARUERE— D FXT S EA AR B — DI AR . 5 ANES callback h—A> R HIX)
%, BERTE ob HAE MBI L B EGE A BN R N RMIES, W55 AR Y. callback
AT PAK None 5 NULL. W ob Ni—A5551 XS, s callback & n] XI5, None 5
NULL, iZERECHIR ] NULL F H5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 327555 | Xt 4 ref WgE5 | X4 . A0SR8E5 | X2 ATAEAE, R F|

Py_None,

TEMR: R ECR IS X Z 00— = AR5 . XA BR AR VRAR 15 R AR AR (5 FH 3 )i A~ %)
SORNTTRERE AN S, B RIZ IR LRSSV Py_INCREF () .

PyObject* PyWeakref_GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 25{l)Pyeakref GetoObject (), {HSZIIRH— AR AIG 21 % .

8.6.9 Capsule X5

A R BEXT R0 5 2215 D5 2 ) using-capsules .
3.1 B EIRE.
PyCapsule
XApPyobject [ RBMRERDIRGEIE, &M THEGRBE (1N void* #8%) i Python {

A fe i B Hopth C AU R C P RBLE . B R BN R — MR E ) C s e HAA R Fpn]
H AERIE AT AGE LS AL A E S R sk b i L% C APL

PyCapsule_Destructor

Capsule [HTFI2R IRIJE ISR, & LATF -

typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule_New () F3KHL PyCapsule_Destructor i% [EI{EH A& X .
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int PyCapsule_CheckExact (PyObject *p)
WMRBHE—APyCapsule MR E(H. HREE RSB IT

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. f)|7E—/ %5 T pointer WjPyCapsule., pointer 272 0] PAAS A NULL,

TE R W B — > 55 IR [\ NULL,

AP name W] DA NULL B2 — M8 1A 30 C FAFRITEEr . WA A NULL, W24 88 0200 1
capsule K (B SR fi4E destructor FREE .)

WA destructor Z8(/NF) NULL, )24 25 61 B HSpRF B Y capsule /5 A S8R 1E

TR capsule KEARARIE N — MRS A B, W name 244545 F N modulename. attributename.,
G AV HABIRE ] Py Capsule Tmport () R AL capsule.

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEHURAFAE capsule W[ pointer. TEARGI R B — A58 3R [M] NULL,

name &% W5 5 - AFAE capsule H YA FRIEF PRS0 LB o Q1SR ERATAE capsule FH)4% FR A NULL, MfE A
B4 name WM NULL, Python £{# ] C BR%{ stremp () F K capsule 5.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

R P RAFTE capsule FPI Y HIHTA AR . FERIN B E— A4 IR ] NULL,

capsule EA NULL M2 B & m o X5 NULL 3R B 2l S i i PyCcapsule Isvalid()
B{PyErr Occurred () FiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
IR [ RAFAE capsule HHETA 1] BTN S0, FER N BB — > TR 0] NULL,

capsule HA7 NULL bR 3R &AM X 245 NULL & [l i A 2L 85 50 W] PyCapsule TsvValid ()
B{PyErr Occurred () FRHEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [PRAFAE capsule HF 4T HR . FE R MR E— >S4 IR [E] NULL,

capsule ELf7 NULL £ FREATEM . X5 NULL 3R B A ei X {6 PyCapsule Isvalid()
B{PyErr Occurred () FHEE X,

void* PyCapsule_Import (const char *name, int no_block)
M= capsule JEPETASR ] C W RIFEES . name LS 2445 € BYER) E B4R, 5 module.
attribute HH—E. [RFFTE capsule H1 i) name WS¢ VLRI FAFE . MR no_block Sy EAE, WIPA
TEPH ZERLA 3 ABLER (ff ] Py Import_ImportModuleNoBlock (). I no_block HfEAE, WILAE
St AR ([ Py Import_ImportModule ()).

IR IR [E] capsule [ NP 4841, 7R MBS BEE — A8 R [F] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
i capsule 2152 —NER . AR capsule WA H NULL, {£i#iPyCapsule_CheckExact (),
e H A7k — AR S NULL 1 45 4t %H,ﬂ\il’\]iﬁﬁ?ﬂ 5 name % Z M ILE. (S
HPyCapsule GetPointer () [ A%} capsule & FRIEATHLBEHIA K5 .. )

Pem)iGie, WiRPyCapsule Isvalid() iREIEAE, WAEfTXT5A#E (DA PyCapsule_Get () Ff3k
WAL BRI ) AR B AR AR IE 23 )

WA RAROT LR AR FRUGR AR, B E 0. tEeRE—EAR K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

Xf capsule NFBE_E R SCHEEHBEN context .
JREI AR ] 0o SRR [l R AR I BB NS
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int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

Y- capsule WERIITAIZEE A destructor
BRI 0 SRMES R BRI R —A 75

int PyCapsule_SetName (PyObject *capsule, const char *name)
K capsule WIRIN A FRIEA name. QIEA K NULL, WA FRAGAFAE B0 L capsule B4 . QAR 2 i PRAF
TE capsule 1) name A NULL, MIARSZRXF00E .

JREIF IR ] 00 SRR [l RIS B A5

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

Kf capsule RS H541 BN pointer . $g¥H AT NULL.
JEEIN IR ] 00 SRS iR [l S A I BB — N

8.6.10 A pizENts
A AR R 4202 Python HI SR SEBUAL s iR AUAR O XTSR . EAT Tl ik A R (R s AR B, A2 X

R PyGen_New () B{PyGen_NewWithQualName ().

PyGenObject

TR A C S5t
PyTypeObject PyGen_Type
ESEENL £ SOIAUESITHG i
int PyGen_Check (PyObject *ob)
WR ob j2—> generator XFZ MR [FIEAH ; ob AR NULL, KR RSB PAT

int PyGen_CheckExact (PyObject *ob)
MR ob AR PyGen_ Type WIRIMEAE; ob WAIA N NULL. IR LG E S BEATT .

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. 37T frame XT84 H-IR [0 — N0 A2 LA AT 42« LERES BUE —/N3 frame
5. SEAUR A NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 5:T frame 3T LA @ H R Ml — A F £ s w4, i _ name_ I
__qualname__ & N name F qualname. I KE S BGE— DX frame W5 . frame ZE0 AR
NULL,

8.6.11 hiZ¥ R

3.5 B fE
MR SR T async TR RY R AR Y .

PyCoroObject
AT RN G C S5t 1A
PyTypeObject PyCoro_Type
SRR SR 5.
int PyCoro_CheckExact (PyObject *ob)
W2 ob KRR PyCoro_Type WHRIBIEAE; ob /AN NULL. BLERELE & XM IAT

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. =T frame Xt RO FH 2B — P H WAL, Hf _ _name_
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__qualname__ ¥4 name F qualname. IR 2B — X frame W51 H . frame ZELbTA Ry
NULL,

8.6.12 F TFTNTEIHR

TEfR: 76 3.7.1 CE M 78 Python 3.7.1 W, Ay 1R 3 C AP Y440 WBCH I Pyobject FREFTIIA

B PyContext, PyContextVar PAMNPyContextToken, flHl:

// in 3.7.0:
PyContext *PyContext_ New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void) ;

T2 bpo-34762 T RN

3.7 i Yihg
BPHEANGE T contextvars FHH 2 C AP,

PyContext
JT 3R contextvars.Context XM C Z5Fk .

PyContextVar
TR contextvars.ContextVar 4K C g5H4K,

PyContextToken
AT 3R contextvars. Token XA C Zh5HA,

PyTypeObject PyContext_Type

FoR context BRI AAINIR
PyTypeObject PyContextVar_Type

Z%7R context variable ZETL TN 52

PyTypeObject PyContextToken_Type
FIR context variable token 25T AN 52

RERGA R
int PyContext_CheckExact (PyObject *o)
WK o FA APy Context_Type WEREIEE. o WA NULL. BUEREUE @ X MIIIAT

int PyContextVar_CheckExact (PyObject *o)
W o KB PyContextVar_Type MR EAH. o WA A NULL. BCRRELEE 2 AT

int PyContextToken_CheckExact (PyObject *0)
WA o EA R PyContext Token_Type MERFIEAE. o MAHIA K NULL. JHERELEJE 2 AT

I OOE g e

PyObject *PyContext_New (void)
Return value: New reference. Ql|fd—HH0 25 1R SO0 S R A& AR 45D GR [B] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BT {& AR ctx T ORI EEE DL, 2R & A 451 ) /] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. G724 FE F T SCHyHREE DL . A5 & A 48R W3R 9] NULL,
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int PyContext_Enter (PyObject *ctx)

K coe PO BIAARR S BT B R 3C. BB E 0, MR E -1,
int PyContext_Exit (PyObject *ctx)

BOHBGE coe B SCHGZ BI0_E R SO R S BT 24 BT R S, IR E 0, HASERRE -1,
ol &S 5L 8

PyObject *PyContextVar_New (const char *name, PyObject *def )
Return value: New reference. Bl|72— i) ContextVar X4, B2 name T HERSEREXHLT . £
% def h bR B RREBGAME, SCh NULL R TEEIAE . AR A 451, XAk ] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
RICE T SRR SRR AR P AR AR R, R -1, WA AR, TR R HREIE,
HRRE 0
ﬂﬂ%ﬁ@]i:?iﬁ%, value ¥ 2H8 B RIHRE . QR BN SUE R RA KB, value FHEI :
o default_value, YNHIE “NULL®;

o var [ERIME, WSR2 NULL;
e NULL
B TR NULL, XANREEL Sz 51 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 162411 N SCH N var %8 value, 32 914155 S PR 5T FEdE X 42, siE 0
KAAERWIR ] NULL.

int PyContextVar_Reset (PyObject *var, PyObject *token)
HiTjC”'rE' var E’thuiﬁﬁ ‘BFEIR ] token [fjPyContextVar Set () YMMAZHIRPIRA. HHREL
JEHIIRIE] O, H AR IR

8.6.13 DateTime &

datetime BEHLFRAL T 4 Fh H HAFI IS (B X5 . 6 (0 AT A ik L8 pR A0 2 1T, A ATHEAR P IR Hh A0 45 3k S
datetime.h (i &ilﬂgjc{ﬁr%ﬂ%@/‘ﬁpython h H), I A% PyDateTime_IMPORT W8 & i H | il

RN BT IR L PR B — 5B« XD R 2R 48 MR E C Z5MMFsE A — #8548 & PyDateTimeAPT
i, EaH NHERZERMEH .

i UTC B

PyObject* PyDateTime_TimeZone_UTC
R[] FE8 UTC g X B, 5 datetime.timezone.utc N[F—%14.,
3.7 Frihhe

FRG AT -

int PyDate_Check (PyObject *ob)

W3R ob °f PyDateTime_DateType 2 iﬂﬁ PyDateTime_DateType IATRAINR B BElH. ob
NEEH NULL. HEREUEE 2 AT

int PyDate_CheckExact (PyObject *ob)
W2 ob 2 PyDateTime DateType KBNLR[FE(E. ob AFEHN NULL. IeREUEZSBINIAT

int PyDateTime_Check (PyObject *ob)
IR ob A PyDateTime_DateTimeType ZFal PyDateTime_DateTimeType {3125 H MR
M EfH. ob AHEN NULL. JLeRELEESRThIAT.
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int PyDateTime_CheckExact (PyObject *ob)
HR ob *h PyDateTime DateTimeType JHINR[AIE(E . ob NEEN NULL. ILEREUE S MINHAT .

int PyTime_Check (PyObject *ob)
R ob B2 ALZ PyDateTime_TimeType B{JjZ PyDateTime_TimeType WY TRAINR[EIEIH. ob
MR NULL.  JURRBUE S22 T -

int PyTime_CheckExact (PyObject *ob)
5 ob 2y PyDateTime_TimeType LKA [ BEAH. ob ANBEN NULL, HEREE B4 mMIhgT.

int PyDelta_Check (PyObject *ob)
5 ob 2}y PyDateTime_DeltaType M uf PyDateTime_DeltaType HJIAST-ZE 7)1 [M] BAH.
ob ANHEN NULL. BLeREE 2 T igT .

int PyDelta_CheckExact (PyObject *ob)
G4 ob 2k PyDateTime_DeltaType KRAINRIE(H. ob ANBEN NULL. BURREUEZS AT .

int PyTZInfo_Check (PyObject *ob)
MR ob BT 2 PyDateTime_TZInfoType B & PyDateTime_TZInfoType MR NR [0 B
. ob WAl RN NULL, BCEREUE R SMIIIAT.

int PyTZInfo_CheckExact (PyObject *ob)
G ob 2k PyDateTime_TzInfoType KMNLREIE(E. ob ANEEN NULL. HREUE S MINIAT.

i Nclfepte Sivba

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. i12[M]¥58EH. 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. i [0] LA 5 7€ year, month, day, hour, minute, second F{I microsecond J& {4 [t})

datetime.datetime ¥4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,

int second, int usecond, int fold)
Return value: New reference. 1% 0] H. 45 $5 7€ year, month, day, hour, minute, second, microsecond #fl fold J&

i datetime.datetime ¥4,
3.6 FrhR e

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. iR 0] B/ 45 %€ hour, minute, second and microsecond &4/ datetime.time

X5

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. iR W] H. 75 35 £ hour, minute, second, microsecond # fold J&{4: ) datetime.

time X4,
3.6 Bl Die.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. IR [RI{CELHE R, PHEIEY datetime. . timedelta XP4 . ¥HATIEMN
AVHERAE DM B A T R I DAL FE datetime . timedelta W) SCRYFEBH A X [A] 2 4

PyObject* PyTimeZone_FromOffset (PyDateTime_ DeltaType* offset)
Return value: New reference. J2[B]—/~ datetime.timezone X4, ZX1% EHA DA offset ZHF R AN
2 [ 5 B 22

3.7 B fE.
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PyObject* PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. 12 [B]—/~ datetime.timezone X4, ZX% EA DA offset ZHF R FEE
HF 22 RN XA FR name.,
3.7 FriR e

— B ] ok M date XF iR HFE B %, S A2 PyDateTime_Date U #f H 1 2% (4l 4n
PyDateTime_DateTime) F5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PATEFEEA T 20k B A A E

int PyDateTime_GET_MONTH (PyDateTime_Date *o)
RMELH, A0 F] 12 (%L

int PyDateTime_GET_DAY (PyDateTime_Date *o)
AREH, A0 2] 31 R

—LEISR M datetime X5 PEEUFE B . SEUJIE PyDateTime_DateTime WHFIL-FRMLH]. Sk
DM H NULL, Jf HRBUR Pk
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o)
R EINEF, A0 B 23 [FEREEL
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)

REM, A0 F S HEEL

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *o)
AREED, A0 B 59 [ AL

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
R EIFRD, A O E 999999 fyHEE%K

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o)
Return the fold, as an int from O through 1.

3.6 HRIIgE.

— L HOR M time XS IREUTFBH 7 . SEULE PyDateTime_Time fWHEH TRAYELH] . SELTA R
NULL, I HZEFRARSYH6 7

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
IR[EVINEE, A0 B 23 ()RR

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
Rk, MO FI| 59 R,

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
WR[EED, A0 F 59 f AL

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
R [EFRD, A O E 999999 1y L%

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.

3.6 B

—LEJIR M timedelta X 4 PRI BR W % . 4L JE PyDateTime Delta fUiFH T-IEMSLHl. SHb
AHNULL, FHHEBALYH A

int PyDateTime DELTA_GET_DAYS (PyDateTime_Delta *0)
AR FKHL, -999999999 F] 999999999 fryH K,

3.3 B .

N
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intPyDateTime_DELTA_GET_SECONDS(PyDawThnefDeha*0)
REFPEL, A O 3] 86399 [rEL%K

3.3 B fE

int PyDateTime_DELTA_ GET_ MICROSECONDS (PyDateTime_Delta *o)
R, A O F] 999999 fHE%Y .

3.3 B ke
— LTRSS DB APT %5
PyObject* PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. B 1R [l — N4 EICHSENIH datetime.datetime X%, EEHES

datetime.datetime.fromtimestamp () .

PyObject* PyDate_FromTimestamp (PyObject *args)

Return value: New reference. B iR Bl — P4 B ICH S B B datetime.date XL, EHESH

datetime.date.fromtimestamp () .

8.6.14 AELFMNR

Python 241t T Z Flpy B 2R B T 2RAME, (17 GenericAlias 2545 T C.
PyObject* Py_GenericAlias (PyObject *origin, PyObject *args)

] ##—~ GenericAlias ¥4 . #H24TFJ# ] Python 3§ types.GenericAlias . Z4{ origin F args /73 X
‘B GenericAlias’s__origin_ J@MHMl __args_ J@1E. origin NiZEPyTypeObject * 228 args
AP Py TupleObject * RBBF L E PyOb] ect* KA, ARG args N2 —A~ToH, W H 3t
d—A 1o, R __args_ KEN (args,) . WSEIEAT TF/J\FET“ E’J*"ﬁ P B origin
AR KHPWE I, GenericAlias ) _parameters_ JEMEE _ args_ WNE.

QISR R, U fi A SR R [B] NULL
N A AT ] A RS R AL

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"_ class getitem_ ", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See.

_PEP 585"}
}

ZUL:

BRI 7R __class_getitem () .
3.9 B TIfg

PyTypeObject Py_GenericAliasType
Py GenericAlias () riR[EIRT4n) C 258, 24T Python 1) types.GenericAlias .

3.9 i Hhhe
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sl RELFNZIE

152 R Python W45 1LELE

9.1 7 Python #i&{t 2 Hi

FE—AHEA T Python [N HARFFH, Py _Initialize () PREWAHIHEATn] HiAth Python/C APT pREZ Hi# 17
s BIAMG HAE A BIRECN & B e 5 &+,

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
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- Py _IsInitialized()
- PyMem_GetAllocator ()
- PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()
- Py_GetCompiler()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()
« TH
- Py_DecodeLocale ()
o WAFMEESS :
- PyMem_RawMalloc ()
- PyMem_RawRealloc ()
- PyMem_RawCalloc ()

- PyMem RawFree ()

o it LR B8 A W % fFPy_Initialize(): Py _EncodeLocale(), Py_GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 £REETE

Python A3 57 4 il 42 SR L B H A | R PR A AL B o SXBEAREBRIARE v 4T

YA E AR, AR AR BB . B, b %%Py_BytesWarningFlag B’
Sh 1M -bb &Py BytesWarningFlag XK 2.

int Py_BytesWarningFlag
M4 bytes B bytearray 5 str WEKEEFf bytes 5 int WM A M EL . WRKNTET 2 MR
e

Hi —o I .
int Py_DebugFlag

FriafEdras il (BREZMH, M T gmigem) .
i —d #¥EIF1 PYTHONDEBUG MIEAS % B .

int Py_DontWriteBytecodeFlag
MR E NAEE, Python AAAEF ARG KT A . pye X

i -B &3 PYTHONDONTWRITEBYTECODE I AF Bk B o

int Py_FrozenFlag

MAEPy GetPath () WM EBIHUR RERAZ I B R -
H _freeze_importlib il frozenmain F& 54 FH AL G AR .
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int Py_ HashRandomizationFlag
4A2R PYTHONHASHSEED PSR BB AR FAFHR UIBEN 1.

A ZIEAR A AEZ(E, WEEEY PYTHONHASHSEED REEAS BRI IR AL N2 A Fh o

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MdAr &, flin, © X ER) PYTHONPATH Al PYTHONHOME ,

Hi —E 1 -T JRIiE .
int Py_InspectFlag

J:‘iﬁﬁﬂzl-q/lfﬂﬂwﬁ/\%ﬁ%/\jimﬁﬁT —c IR, WSFEPITZMA S A& 53 A S BRI, RIS
JE sys.stdin HIE—ALimhHt k.

B -1 YAl PYTHONINSPECT MBS wiX & .
int Py_InteractiveFlag
B -1 I .
int Py_IsolatedFlag
PARR B4 21T Python. 7ERR BT sys . path REAGLE B4 H sk sk H F1Y) site-packages H 5% .
EB -I i_Iﬁu%o
3.4 Frhiiae

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

IR PYTHONLEGACYWINDOWSF SENCODING MIHAF B9 i AR S AT M 1.
HZ RS PEP 529,
Al i Windows.

int Py_LegacyWindowsStdioFlag
MR ZERAAEZME, WA i0.FileI0 AR WindowsConsoleIO VEH sys BIFRER .

44t PYTHONLEGACYWINDOWSSTDIO MEEAS B i M ARAS FAFER N 1.
A REZIHAEEL., S5 PEP 528,
Al F P Windows.,

int Py_NoSiteFlag
I site WA LHPMN R T U RN sys.path B#AE. WIR site RTEMEHEAT AL
LB SRR AR S % AT site.main ().

EE =S iﬁIﬁ&L%o

int Py_NoUserSiteDirectory

AEH H P site-packages HEEMNE| sys.path,
i —s fil -I &I PL f PYTHONNOUSERSITE HdaAr ik B .

int Py_OptimizeFlag
H -0 YEIfiF] PYTHONOPTIMIZE FRIEAS RH ik &,

int Py _QuietFlag
R E 22 BT AN SR BRI B

HT —o B
3.2 B fE
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int Py_UnbufferedStdioFlag

s | stdout F1 stderr AT M,
i —u ¥EI A PYTHONUNBUFFERED B EikE .

int Py_VerboseFlag

FERAIIR AR ST I — 200 R, R BT 18 (SCPF4 BN B ) ﬁﬂ%ﬁ?ﬂi%? 2, W
SRR R PEAEA SCPET B AN A 7E T B B R

i —v A0 PYTHONVERBOSE FRIEAF i E- .

9.3 MIBILIIRLSILIRIERS

void Py_Initialize ()

WIhR4k Python i REgs . FEf A Python i FIFEFHY, BN M4 7E(H F LA HiAth Python/C APT b4 Hij 9
P TS Python #4512 8T T BB B AME I .

BRI IR E MR R (sys .modules), QA A builtins, _ main__ fil sys, Bl
WA BHIE R KR (sys.path). EALXEE sys.argv; WA FREEMHPySys_SetArgvEx (),
W WIS (FERSFCI A Py_FinalizeEx () WITEOLR) ARSI HAE . B34 & A ;
WG 52 WO £ % A B A iR

;A Windows I, Wl S M O_TEXT #h O_BINARY, XifFs5uifdi il C Z47m ik
Python [ il & H -

void Py_InitializeEx (int initsigs)

Un2R initsigs o9 1 W% R EN) TAE s\ G Py_Initialize () KMl WA initsigs 2y 0, EFRFBELFSAL
PRESHIWIIRAETENY, X AEHRA Python I I BEARAT HIAL .

int Py_IsInitialized()

AR Python fERELR IRt , NLREIEM (FEZ): BUREMERE (). EEMAPy_FinalizeEx ()
25, BRBUFRREEE Py _Tnitialize () FRRBHM

int Py_FinalizeEx ()

fspy_Initialize () WA BT ARG ALEEVER G 224) Python/C APL R T, IFE558H Bk
WPy _Initialize () PACEIEE(H M A5 Eﬁ@fﬁ?ﬁ@ﬁé%ﬁ (B0 F 3L Py_NewInterpreter ()
—A). FEHAUE BT, X B Python RS B AU T A N AF. 2458 RV A B (FE A TR R
Py Initialize () WWEHT), XHAPIFE(TEAE, EFHL N REMER 0. WHRERZL (F)
Brgep ) SRR B R, WERIE -1,

FEMEIE R BN I AR Z o i AN AR 7 1] RE Ay S H0B /5 ) Python, i A b 8T 8 WY AR A &
MBI R (8 DLL) A2k Python e ) BT R 7 7] BEAy B2 (6 H1 2¢ DLL 2 HiBéj Python /3L
B@E?ﬁﬁﬂjgro E%ﬁ%’?@)ﬂﬁf?‘ﬁﬂﬁ?ﬁ’ﬁ%ﬁﬁ*, IF A N AT REA BEAEIR I 5 PP 2 BIPRE L Python
S BCHY BT AT

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize() and Py _FinalizeEx () more than once.

Bl RE— AW S HiT5 cpython._PySys_ClearAuditHooks.,
3.6 Hril g
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void Py_Finalize ()

K MAF R EEN Py_FinalizeEx () W] FIEEAS

9.4 HBERSH

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WER B T Z R AL, N4 Epy Tnitialize () ZHIAM . ERE T hriE 10 61 2 i i UF0 4 15
WA, HE L str.encode () HEYAHIA.

‘B T PYTHONIOENCODING HYfH, F ARt A IS ASELEPREAL BEANE A I 42 10 2 A% 3.
encoding F1/5¥, errors B] DA% NULL PA{#i il PYTHONIOENCODING FlI/8iBAME (BT HARE).
HHEELICEGSE IS (BT MHAMEE), sys.stderr #i<ffi il "backslashreplace” 551 AL FHES .
WM 7 Py_FinalizeEx (), WFGEFRRIHZRBOAES X Py_Tnitialize () WRZHRA
R R 0, AR AERAE (BIANTEfRESS Tl i b s TR ) o

3.4 Fi I EE.

void Py_ SetProgramName (const wchar_t *name)
AR B FZ R, MR Py _Initialize () ZEIVHIAE . ER-EFEREFETH main ()
BRI argv (0] ZHIME (RN TEFAF) . Py_Getpath () FIN I HELE H M o B 2> i EZERINS
TERERR I ALE EA AT AT SO Python iz 7S FE . BRIMESZ 'python'. SEUNV YH8 S AEAE
PR — D PABESTR I ST, RSP RAT IR 2 K AR . Python f#REds Hh AL A AUHY
HRIA R A T N2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
Bl Py _setProgramName () WEMAFFAMR, SEGARIAIR. 1R B TR EE ST R/
FHANAEHAE .

wchar_t* Py _GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if the
program name is ' /usr/local/bin/python’, the prefix is ' /usr/local'. The returned string points
into static storage; the caller should not modify its value. This corresponds to the prefix variable in the top-level
Makefile and the ——prefix argument to the configure script at build time. The value is available to
Python code as sys .prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()
IR [AEE R 22 AR # TP B U exec-prefix. iX gl BT Py_SetProgramiame () B
PR 7 24 PR R SR BRI AR B i R AR 19— R VIR AR W SRS 1 2Bk, WARFRF 25N ' /usc/
local/bin/python', N exec-prefix J}y ' /usr/local'. iR[FIAIFRFERH-48 MESEME: MATA
MWAEHAE . XN TS ER Makefile 11 exec_prefix A5 DA M AE IR %4 configure
JHA) ——exec-prefix 4. ZERFPA sys.exec_prefix [ FRfL Python fCRSE ] . B ]
F Unix,

Ek: MABT AR SCPE (IR SCPERIBE S ) 525 TR0 H St )5 exec-prefix 442
AT prefix. fEAAGTRE T, T F-GHISCHFATRES T the /usr/Local/plat - H R
ST AR TR /ust/Local,

BMEZ, PEe i mgavIfmal e, Flanira a1 Solaris 2.x #/E RS Sparc HLEF 2B
FAHIEA-E, {Hiz4T Solaris 2.x ) Intel #4527 —Fp-F-5& , 1Miz1T Linux 1) Intel Hl#§ 327 —fF-5&.
AV E R G R A ) R A GBS R TG . B Unix $ERFEAGRE LA TR X2
RG5O 2 0 ELK Rt prefix I exec-prefix @A LK, IR N Z FAFS . TR C W
PR Python FEH5 S @M TG 19 (I AL T B A4 B (5 1) Python fiiA!)
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F 404 PG 08 A0 i B mount B automount FEJF PATEF-& A/ /usr/local ffjik /usr/
local/plat BUNENRIAIE-E AR SRS

wchar_t* Py_GetProgramFullPath ()
& [H] Python RJ AT SCIFIY e BEFR T 245 XA NIRRT 5% (B bikpy setProgramiame ()
BEE) URAEBRIABH R BE AR I ST A . 3R B AF R 48 m B SAEAE TRA N
MHAE. EFFPA sys . executable [ FRfL Python RS .

wchar_t* Py_GetPath ()
R EERIABR I R I8 XML F 2Pk (i bikPy SetProgramName () W) FIR-LLPFIRAL &
AR R B TR — FR 5 AT 1 & 2 B AT 0 T H S PRl 3 FRAFTE Unix il
macOS _F2 ' ' TiE Windows E2Ry ' ;' o SRITIRYFAFERRR IS A8 A AB SO . )38
sys . path FETEMRERR B S I AR R AL B DAER G E . OF WML piE %) LA
SRR R AT

void Py_SetPath (const wchar_t *)
WEBIANBHIE R AR . QERMRETEPy Tnitialize () ZHIHIMM, Mpy Getrath () FAsx
SRR R A1 RIS AR 2 O R AL B4R . 108 T AN 52 e T B i o7 B ) 1 FH R
JFARARA Python L. BEARZHIELY. 24 15 € @I A7 K 43 B, 7E Unix Fl macOS 2 ' : ' 1A
Windows NI "',
XA FE sys . executable P HFRF I TERE AR (B WPy _GetProgramFullPath ()) i sys.
prefix fll sys.exec_prefix A NaH. WHEAE APy _Initialize () Z JGHFZN N HVE AT
RAZMCEAT,
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
BRARSEAE N, AR 5 T AE T 45 S R e
1E 3.8 UEEL: BUFE sys . executable ¥ TR R, A RRET XH4 -

const char* Py_GetVersion ()

i 1] Python fERERR I IAS . JRF AN NI 20 4 AR

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

A F] (B AT L) 2 4T Python AR S HITTHI 745 Je DA RS20 B 19 S ZERICZERR
Ao SR FAFER AR R [ S A AT A B A . Z{EAFLA sys . version (Y4 Fifit Python
A .

const char* Py_GetPlatform ()
RS E R RAF. 7R Unix b, SCREDARIERGER “H 7" SAFRNER, i/ N5,
W EFEAS; Fan, %FF Solaris 2.x, B{FK SunOS 5.x, iZ{HW N 'sunos5', ¥E macOS |, B¥H
"darwin', 7E Windows F'ECRFA "win' . iR [EIRFAFERIR I ESAEAE s T A BAE AR . Python
RSPl sys . plat form FREULIH.

const char* Py_GetCopyright ()
A4 F Python AR H 7 BAELCFARHE, Bl40

'"Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
IR AT R S A T E R BB SCH{E. Python 4T sys . copyright RIZIH.
const char* Py_GetCompiler ()

AR [0 413 24 B Python IRANII S IE SRR S, i 5 mE, Bl

"[GCC 2.7.2.2]"

R [ (P AT ER R ST B A NAZSCHAE . Python UG AMAL & sys . version IR
{H.
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const char* Py_GetBuildInfo ()

AR [0 A7 524 Hi Python fR#REASSE B 1) 5 Ry HIAII R (5 5, Bl

"#67, Aug 1 1997, 22:34:28"

R [ P AT R R ST B A NAZSCHAE . Python UG AMAE & sys . version I3
{H.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)

Wt arge M argy WH. sys . argv. XHESHEHIETFH) main () BREHIFML, RKBIHET T2
6 1) BT R BIAS SCPFTIT AN J& Python fEREG X A AT AT S BRI BB TR AR, W argy iy
TR DA S TR . MR ICERBOTCIEWIIGRAE sys . argv, WIRHEM Py _FatalError () K™
OGS .
W2 updatepath 35, MR BRS¢ UARATE . IR updatepath AEZAE, IR BORFFARE AT S8 2
sys.path:

o WRAE argv [0] A A—DBUA A, WA B e B SRR BRI F R0 INE] sys . path (IF

o TEHABTEOL T (W2, WK arge 2 0 B argv [0] RAGIMIANF41), WHFHE sys.path Y
TR I— A FAFR, XM T IS E TAEE S (" "),

Use Py_DecodeLocale () to decode a bytes string to get a wchar__* string.

TR EUE T AT SRS LAY H R A Python fERERS I Y. I FE P A% A 0 1524 updatepath, 3
TEEFREH sys.path &5, % CVE-2008-5983,

1 3.1.3 ZRIMUAS, AR LGB PySys_setargv () Z T8l 8—4> sys.path JTE,
Bl anfsE A

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 F e

void PySys_ SetArgv (int argc, wchar_t **argv)

B M T PySys_SetArgvEx () WE T updatepath 4 1 [i-E python R H BN A T -1

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

TE 3.4 JRFE U updatepath {HAKIT -1,

void Py_ SetPythonHome (const wchar_t *home)

PWEERIAR home” H %, Ak EAR1E Python JFEFr7EA (L E . 1554 PYTHONHOME [ ffiZ S B4
7 s

BES RN A 15 [ ST P N ARAESE R I P AT, LN AR P AT I8R5 O R A A2 . Python fi#
Feas UL S B U H TN A

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()

3% 8] BRIA " home”, 5k & B 2 B %Py _SetPythonHome () WIVE TR B, KEERE T
PYTHONHOME #5748 f (A 5 I T i A8 = (L
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9.5 ZEATHLSHEREIM

Python fFREAS AR SE R LA L2/ . N T FF L LARN) Python Ry, WA T — D&)A, FxMglobal interpreter
lock MGIL, 2HIERRNMIERA B2 54 HE L 41D M Python X4 . AISRBCA XA, Bl fa] B A #5241
W] BEAE 2 AR AR P B R: Bin, 4L AR R I AR R R g 5 R, 51RO R R A
HHEIT — KA

P, MR A IR GIL BZAE A RETE Python X4 EATHRAESA ] Python/C APT %, “hy TR A
WY, RS E W2 UIARE (B0 sys . setswitchinterval (). BUHBSAERRE SCIF4SF T BEE A
FEM VO HRAEREL, PAGE A Python ZEAEn] DAz AT

Python fF R S FE— A WPy ThreadState MEIRE WA PR F LR L RBIICREE . 86 12k
A YR A Y B Py ThreadState: BRPME Py ThreadState Get () FFHEL.

9.5.1 \i R RAEPER GIL
REBARVECIL )9 AUE BAT AT fa] BA45H :

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

O AN R g Iy — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS JZRHTFF— A Bt m B — AN R ) Je i AS & Py END_ALLOW_THREADS
T P A
b AR T B A T T A AR

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

UL R AR AN - 42 R R BT SR DR 116 ) 24 T ARSI B AR BIUT IR A RS
I, IAAHEBORE 2 BRI F RS ET (53— DA AT AN, RIAREUBF I ) AR A
Bl Jrre ) o IR, PRI LRSI, W ATEAF SRS R B i e i

M RS VO sREBUE R GIL ffei WH B, (B EAETH AT E 51 Python Xf 4K i it58,
QAT N AF G IR XA TRV E G 48 50 % R B AT AR A o 280k, AE XTI TAE T 4 Bl e A B VE I A
#E z1ib 1 hashlib Fihpt &Rk GIL,
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9.5.2 3k Python G2 rIZ 2

1] & ] Python APL (#ll threading fidR) QUELRRN, 2 H 3R — LA HW LT 2R A
MR IERRY. 2, WR&REEM C U (Blinh BA A SR e = FEeld) , ENmARefa
GIL L3845 A A FAR S 5

ARART 2 IX L AR 1) Python fURY (R &2 LIRS =07 FEPTHRALAG I APTHY—55y) , ARUATE
Jeill il BUE AR S EAR S (R R S8R, AREHRI GIL, SR i ENIMARRIRETRET, X
FEARA BEIT 4Rl Python/C APL. SERLA LA BRIE, AREY B FURESEE, FEIGIL, SR RERZ AR
SHAEL .

PyGILState Ensure () MlPyGILState Release () e Bl LRI G #EAE. M C L2 3]
Python [ #7177 =40 F

PyGILState_ STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py_Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () APIis unsupported.

9.5.3 FHx fork() By FEEIN

A RERER) T — A BE R E U ENTHERXT C fork () WHIMIIIT N TERZEOELR fork () BIFR
girf, AT fork 2 )R A A il fork MYZRARAFAE . 1005 2T Ab BB PA & CPython (115 ﬁHTW
BT A B RIR SR AT S TR Y 5&“[’]

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.

PR JAD S RN G A X — S B RRE CPython HYIBATIPRS LN ZEIEI, os . fork () WLRXFHHAY.
XA e A& 1&)3)%?%5%@%‘%%%@?7@ ﬂﬂPyThreadStateX]‘%M&Wﬁ/\ﬂﬂpﬂnterpreterState
W5 BT AR main” 554F 35 BOERIRMERT, fork () W24 HAEZ MRS main” 282 HP g 1, 1
CPython 4 Jaiiaf T F Ak R AE A LR P AIIRIL I o A 24 exec () RERE G 7 BIBER FH )17 0 2 ME— B 151 21
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9.5.4 E API

RERAEGN T C 4 RACH BAE IR A Python fRRERR i e IR I RUAN R %L

PyInterpreterState
BRI INCER A G IEERIT MRS . 8T R R 1 LA S A B DA B LA — 2
WA H o RE R A S A

WV T AN A RS B AR L ARV, (H BRI n] I NAE . FT IR SO R T 45 25
o RSBt 2T A SRR, TR EA TR TR RS -

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
APAT M EAER T 57 pREL

1t Python 3.6 XEEZHIIRA T, BUeRAISTE GIL AFAEREEE

T 3.9 BOEHC: MR EORAEA PATIE R4

15 3.7 MG R BIAE N Py_Tnitialize () W, HWHARTHEREITHAE.
1E 3.2 R BRI C A EPy_Tnitialize () ZHITH.

Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
WikpPyEval InitThreads () CEBHANLREAERE. WREFTHEARA GIL WG 0L 8 A
PRI 17T ] P R e AE B 2R R IB A TP X8t APT ()i

JE 3.7 R BIIEGIL ¥ Py_Initialize () WAL,
Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState* PyEval_SaveThread ()
G SRR BT (PR C A8 HRF AR E BN NULL, kA2 R ZARRAS OF S nouLL). fndf
B, YRR AR & .

void PyEval_RestoreThread (PyThreadState *tstate)
FRIA R RS (UL ORI FER RIS B state, &R N NULL., WIESIC A, %
BRI ARIRIE , 5 R A A SE 8

WA MIBT T IETE B AT A REH R RO 2 4512 4, RIEZARAN /& By Python G122 .
PRl PALEJE RS i )T _Py_IsFinalizing() B sys.is_finalizing() RKEMHEIEE
AT A b DL R A B 5

PyThreadState* PyThreadState_Get ()
R ERYHTRADRES . e REREA LS A . A APIRE T NULL i), 3R &t — A B e GX ke
Pl 75 R Fo i A 2 45 4 NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
S BT AR S S8 sstate (ATRESN NULL) 45 P ARARIRES . 2 R AR B AR AT HORWORE
i

MO R T SRR A A, I EANRERA TR

PyGILState_STATE PyGILState_Ensure ()
W24 T 2 U #5478 Python C AP T A Python sk 4 ERERS B 24 WIPARAS 0] . ML S8 6 e
#EPyGILState_Release () WYVE FAHVCEL L AT DA 3 2 A28 H UL R A B 2 IR — Mok U, HEEL
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PRSI 5 Release() 2 Hi R ASHE T AYEPYGILState_Ensure () MlIPyGILState Release ()
VO 22 [ i A Hfib 5 2R A2 A0 & 9 APL. fi 4, W DA IE & ff fiPy BEGIN ALLOW_THREADS
M Py END_ALLOW_THREADS 3.

REME R — A Y PyGILState_Ensure () A B ILRRRSHINEH A", I B0 % 8
WpPyGILState Release () PAfi{R Python b TFAHEPIRAS . BRIV HEIHVE A, (HIX S0 mH T A gl L
= TR ¥ PyGILState_FEnsure () WEMVEAE D TAREELNIPyGILState _Release () I
FH A o

YR BCR I, BTERARRFA GIL H-RERZ T AL Python fURD . AT HRIWCR T 2 an i i -

TEfR: AT IEAE R Z AL M LR 1 M R HOR A G5 2, RIMEZAE A 2 i Python 1K)
PRATALER ) R B B f#H] _Py_TIsFinalizing () B{sys.is_finalizing () RIAMREAE
TILAL T B LA TR DA S A I B 2846

void PyGILState_Release (PyGILState_STATE)
e B AR IATAT 9508 . AE 2 5, Python LR 5 HAEXM Y PyGILState_Ensure () ¥
M2 B —FE (R385 SORASXHE 5 ki 2 R, X GILState API [ {5 2 k) «

XPyGILState_Ensure () WEIREREULT STER —LRE X PyGILState_Release () IV
AHVCHL o

PyThreadState* PyGILState_GetThisThreadState ()
IRPU R Y BT AR . Q2R 4 Hi 2 A% %A (1 A4t GILState APT AT PAIR[A] NULL. 7ERE 324k
REESHXHENRERS, BIERATEFRERE LT B EBRRSH A . XEEZ BN
W PR o

int PyGILState_Check ()
WY T ARREA GIL WM 1 B 0ERE] 0. R 0] DARER MR R . A 24 E 1 Python £¢
RS C BV B 4F1HFA GIL By EA 2R M 1. X FEEE—NHIBAZ Wk . Blande FHE T
SCEL AT LR A AR AL, 245058 GIL 9l e B T ASS R B 5 A T AU 4V E B e A
LB AN FAT A
3.4 FrhR I EE.

DATR ) 2205 5 P PS5 35 AN R B 4055 5 7E Python J5AAS & A f i s B /s 1 FH 2

Py_BEGIN_ALLOW_THREADS
MRS Y N { PyThreadState *_save; _save = PyEval_SaveThread();. HHEEOE

— IS S B SR Py_END_ALLOW_THREADS JVLRL. A KM IZEWFHE—E1HETE S
'S

Py_END_ALLOW_THREADS
WY &N PyEval_RestoreThread(_save); }. WEEHNE—MHERES: BLOMS5ZH
WPy BEGIN_ALLOW_THREADS VUM, &2 5 L SCAE—2HE 7

Py_BLOCK_THREADS
X A~ % ¥ B N PyEval RestoreThread(_save);: E % M T & H X W & i 5
WPy _END_ALLOW_THREADS,

Py_UNBLOCK_THREADS
XAV BN _save = PyEval_SaveThread();: B %M T %A JF Ih 1€ 35 5 M1 48 & & 0
M]Py_BEGIN_ALLOW_THREADS,
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9.5.5 KB4 API

TP R EPy_Initialize () Z R
TE 3.7 WHEM: Py _Initialize () BAESHIIRILGIL.,
PylInterpreterState* PyInterpreterState_New ()

QPR ERESPIREXT G AR B S RMREEL, (BU0RA L6 B 51 Al Xt e o K50 9 JH ) ]

RESHFA -
5| K— RS E HiTEEF cpython.PyInterpreterState_New,

void PyInterpreterState_Clear (PylnterpreterSrale *interp)

HERRERRS R T IrEER . WA &R .
B E—RNESEN FHiTE cpython.PyInterpreterState_Clear,

void PyInterpreterState Delete (Py]nterpi eterState *interp)

HEMBEHAREN . AFEFAEFLERBRESY. BRSO MEHZ A
XTPyInterpreterState_Clear () W HREE.

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
QIS T 40 IR A R AR X R . RJR R BN TR 20, (EANR T F AR e e 4
AT, AT AR .

void PyThreadState_Clear (PyThreadState *tstate)

HEAFDRSH G TEEE . DA SRR

AE 3.9 MUET: R PIAESTH ] PyThreadState.on_delete [ulif. YEZ HIMASH, HLEER &4
JEPyThreadState Delete () HH.

void PyThreadState_Delete (PyThreadState *tstate)
R RPRIRERT S . ATFERE &R . ABRRSUAER Z %Py ThreadState_Clear ()
AR FH ok B

void PyThreadState_DeleteCurrent (void)
B A SRS R & R8T, SPyThreadstate Delete () i, NHEFFAH &AM
wl. ARERRELMC M Z AN Py ThreadState_Clear () PHREE.

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
FREL Python £RFRIRTS rstare 1) 24 i ol o

Return a strong reference. Return NULL if no frame is currently executing.
HiESMPyEval_GetFrame ().

tstate WrHIANA NULL.,

3.9 Frihe

uint64_t PyThreadState_GetID (PyThreadState *tstate)
$HL Python ZRFRARZS tstate HYME— R ARSI IR

tstate WhHIANA NULL.,
3.9 Frhix Yihe

PyInterpreterState* PyThreadState_GetInterpreter (PyThreadState *tstate)

FREL Python LRFRARZS 1state i 15 1 RERS -

tstate WSS NULL,

3.9 B fE
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PylInterpreterState* PyInterpreterState_Get (void)

BRI T AR -

URANTFAE 24 1] Python SARAR BT TAE 24 H AR IR A th B A iR (5 . B Jokak [ NULL.,
A A1 GIL.

3.9 BRI fE

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

IR [ R AR B ME— 1D QPRAAA TR AR H e AEAT A B R DR AR 1] — 1 -5 A
A A F A2 #5717 GIL.
3.7 BRI fE

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)

iR B EAH AR L TR IR ) . QSR B pR RIGR [9] NULL WA AT Ar] S B 5 | o LR R B 24
PR €l A AT .

XAJePyModule GetState () B, I M ERA MRS CIRAPIRELE B
3.8 Hil ke

PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)
WTRPA R R 6 2
throwflag B2 th A2 i) throw () JIERGEM - WOAAEZAE, WALRE Y HY 4
FE 3.9 R R BT vl 4252 —A> tstate TS .

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
AREUMTPP Al R 2L
12 )i PEP 523 “Adding a frame evaluation API to CPython”
3.9 FrhixYihe

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState  *interp, _PyFrameEvalFunc-

tion eval_frame)
BE WAL R AL
124 PEP 523 "Adding a frame evaluation API to CPython”,

3.9 B e

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. 120 —A~9 FE V] DAL P LR L BIRSHE BT, B9 REN
205 A B S8 B ORAEIZ I AR RIRAS . FE A AT B 24 Wi AR A Bt AT AT e ek 4. 4
IR AR [F] NULL, JK“JJZ)‘ZQ%E” T | 2 ELIE A 7 24 (R A T F I 24 TR AR A

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.

TE 3.7 MU PR The type of the id parameter changed from 1long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
BRI Jry AR A B 6 24 AT R BRARSBON tstate, BN NULL. HUAAHEILZ HIC w8 . Wk
IRAREC IRET, W& % B PR
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TR s A7 I IEAE R AL RS AR TR T R AR A 2512 4R, R ZE AR AN 2 i Python G
PRATALE R SR B BT fi ] _Py_TIsFinalizing () B{ sys.is_finalizing () RAZEMBELE
TILAL T iR LA I AR DA S A b B 2846

I 3.8 MR E ¥ © # F ¥ N S5PyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MPyGILState Ensure () PRIF—3, WIRFEABRERS IEAE m Z AV N 2 A 55 4 i
PyEval_RestoreThread () &— MR K (BIELREM AOIMGRIL) 529 %L.

void PyEval_ReleaseThread (PyThreadState *tstate)
FEYRIAARRSE BN NULL R R R 9. et g i Cogk 6 @ Hay 20 el 24 Bl 4
JFEA o 1state ZHUIUR R NULL, ZSHUEH TR A B R A RR U ETRRE - RN, s
et — A R
PyEval_SaveThread () j&—MAET K (BIELREM KAIIEL) TR Z R

void PyEval_AcquireLock ()
REA R Bl BUATEIL Z BT R0 . WAZARBRCEIa P, W asesi.

32 MG B B MR B & OB 4 E & RS, iE ek HPyEval_RestoreThread()
B{PyEval_AcquireThread().

Wit M F7 T IEFE S AAB I A R AR L R B R S5 262, R AE A2 B Python B ERY,
RAT AFEVE ] LR B2 Fif ] _Py_IsFinalizing() B{ sys.is_finalizing () RIGAMRERE
TRIBAETF e AT FE H DAEE G AN N 2848

IE 38 R E M B %% F B N 5PyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpPyGILState Ensure () PRIF—E, WIRFEMRRER IEAE S ZAVE 0 2 A 55 4 R

void PyEval_Releaselock ()

R R . DU TE L2 ATEL BB .

32 WG B R B MR B & OB Y AT &R CR . W W HiPyEval_SaveThread ()
B{PyEval_ReleaseThread().

9.6 FREREEHF

BERZEONOIH, AR i A — Bl Python fRRERS, (HAELLEY SaR BURTE R — A UE R EE 2 (A —
MR R Z MRS . TR IR BERSMEX — .

R AL AT G L RIS MRS . AR MR ) Python RRERE. 5 TR
PR, AR A M R 4 5 AF H R AP . &0 St AT 8 A0 AT 7 L
B ST R R AR G BRSSPy TnterpreterState Main () BECHHE [l — AN AR 19
$kt

%ff%@ﬂﬂpﬂhreadswte_wap() BRAICTE TR REAR Z T EA T U040 . AR AT RAGE 1 47 eR BSOR 1) A0 5%

Bl

PyThreadState* Py_NewInterpreter ()
AT . X2 ULT) 242 Python [CRSPATIAE . FRMTREVER, BinFidkss
HA SO F ARG . ML RA, GFEREAR builtins, __main_ Ml sys %. CUNEL
B (sys.modules) FIFLHIE RIS (sys . path) 2 EN . B A sys.argy AR, E
BAFIARE VO Ji CHX4 sys . stdin, sys.stdout fll sys.stderr (RidiX S8t #R 45 1) 4 ]
G2 SCHRAR AT o

152 Chapter 9. #iaft, ®LELTLE



The Python/C API, & 3.9.21

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.)

PIRBHeR A e (1) iRt i3k

o ST Z BB EE, fillnryModule FrombefAndspec (), FFNERA MR AT
iafe— AR SR . U C RS 42528 B REFE X BRI R 2 [A] 365

o XTI B BERI BB AL RS, BilinPyModule Create (), 4@ R E I EART, Tk
IEFAIIAE, HA PP B I —A> () 5L, 4 [[— 9 ) —A> (1) RS ARY, 5
WIIRAL — BRI IS % 95 DU N2 s 9 R init BRECAR PR . R R 7 S b A
AW (7)) MRRT LS, Xl RS SR Z SMYFT A (S0 SCiBugs and caveats) .

HHEXARFERMMAPy _FinalizeEx () MlPy_Initialize () SEREPHIGIMRELRZ G
SAY TR FAISMED, PR initmodule B 2 FRRIHAH . HSZHE
WAL —FE, X EWE R C 2SI 4 Jm7As B REE X ekl > [A) 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

HI T TR (DA S MRS A2 (R — N UERE A 4L 7, BT B AR BRI AR Te 58 — 28 Bk UL, fil
JRIZ SR os . close () BFEATHAE CCRBGEEM) EIENS BITITSCE. miT (7) ik
deZ M2y ey, FLe R n] RRTCVRIEH AR, FEMH BB B s (sl () &R S LA
Bo FE—> TR h AR R A AT RERIE A F 3 —4> (1) R n0 firfa S Al XA DL 24 ) AT e
B

7 245 S T SR T R 2 TR P O SO R AR, 7R SERIEE, RO sk SR R AT S A
1’???%%%%&% ENEARERAY (7) MRS Ul )RR B — i N2l S L ST R RS B 1
X4

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs assume a
bijection between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters.
It is highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ct ypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.
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9.7 FEEH

PEAL T —Fh ) F- AR REA LR Ak S 2Dl AL . 3K LU AR R H R B AT I S Fe 5 S TE .
int Py_AddPendingCall (int (*func)(void *), void *arg)

FF— A BRBOMAM TR AR BT RIL S5 o I, KR 0 FH4F func TN B LA T I HY
SEREBAS o RGN, Rk ] -1 (HAR S RCEARfSH

BIRIMABING - func K A S AL arg WL EMPREAS AR . 3T IEHIZATY Python fU Kt
ERST AL, (R BRI AR A A

o f\iTF bytecode )N 5 I;
o FLRERFA global interpreter lock (I func 7] DA 52381 C API),

func WZFHE IR ] 0, BAER IO R o] -1 BB REES . func A2PHRERIEIIHIT 7
SR, HANR A R R S BRI E 3 T T A D e AR

R BB AR E A AR, AT R AR

AL TR I BB, N AR AT GIL. (50, BREK func TTRES L HEL SE 1R A R R )
A

el X R —MUZHEE, RAEAERERIIE O N A . NEERIE func &R . Wik 34k
AT PATHEANRG I, fune BARSTERG AR B 2Z wigii . R EGE T AR MTE C
LAEVEH Python AUHH . VEMERA, 5 PyGILStateAPI

E 3.9 WOE R QR R S 1 PREas rP R I . R B func P50 ZEHITE T ARREE RN TS 2 7E 32
RS RN . B TREARER A B SRR 51

3.1 B RE.

9.8 SHTFIERER

Python @ REAS A KT NG PERE T RN TBR B T HARAL 7 —SSRZ A S . EATI BN TERE T . IRl
ot TH.

XA~ C He L AVFPERE /AT o B AUAD a6 6 I ) Python JRZL nl i X RAFRIGITEY, EREEEIT C ik
P o BT HAEATEMEBCA AL I D SR VFRI R AN AR L IR R pR R, T L R % B R A 1) AR
FF5 Z AR 1) Python JZ R ek B 5 (1 S EAR ) 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 obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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what BY{&

arg H1 & X

PyTrace_CALL

,‘é\zEéPy_Non e.

PyTrace_ EXCEPTION

sys.exc_info ()

AR [l Y 5 A5 o

PyTrace_LINE

,‘E’\zEéPy_None.

PyTrace_RETURN SV, BCE A 5 S B R 0] NULL,
PyTrace C_CALL TETEYE FH pR A 42

PyTrace C_EXCEPTION | 1L1E VA BABO 4.

PyTrace C_RETURN TETEVE R BN 52

PyTrace_OPCODE BEPy None.

int PyTrace_CALL
20—~ BR RO YRR TR gy, B0 i — N A AR T A Hi AL 43Pyt race func BRELH)
what 12 1{H. R 2 G R ) 1 S 0 B A DA 2 BT A PR A R A B A ot o A 1)
Python Py AL F AL -

int PyTrace_EXCEPTION
M REEI KIME 4Py tracefunc BN what TEZWMH. TEAL IR S8 AR 5400 2 J5 K By
what ({ECR 1 B AL, AEIEZ J5% 5 0 2 PR EAE IEAE AT o SRR RICR 2 24 57 AL 4
FE Python FRIETTINy, RUiJa P Ay ool 9] R J50RF e 8 A e o 8 it AT R B R B > i B T
FF; VR AT L ENT.

int PyTrace_LINE
The value passed as the what parameter to a Pyt racefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
W — AN B B S 4R Pyt racefunc

int PyTrace_C_CALL

WA C R RIRFgoR B 45 Py_tracefunc p
int PyTrace_C_EXCEPTION

Y~ C KB K

int PyTrace_C_RETURN
M~ C {BUR BN S 4Py _tracefunc i

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

PR what TEZ M.

PRELI) what T2 0IMH.

FMEL-

&Y% Py _tracefunc

R what T2

PRELI) what TEZ1H.

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.

P I A 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 function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.

VA R GIL
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9.9 BRI IBIZH

XL R FUX P R TR .
PylnterpreterState* PyInterpreterState_Head ()

FERAREAR IR SR GR 0] 31 thy By IR R AL SR ATk o

Py]nterp; eterState* PyInterpreterState_Main ()

AR [ AR IR SRS 52 o

PylnterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M H FRRER IR SN S i 21 e R (8] interp 2 51—

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

e 5 AR interp MK AAE ARSI R IR M5 [0 55—~ Py ThreadState WRHITEE .

PyThreadState* PyThreadState_Next (PyThreadState *tstate)

MHJET[A—A~PyInterpreterstate MGMARREXT LUK FNFH R 1] tstate 2 J5 1T —i

9.10 LRERMFMETH

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.

L4iJE X SepR AT R ERA GIL; BSR4 S sl
W7 Python. h HANLHE TLS APL R, RF5 Z4$E pythread. h R fii F &R A HLAF % -

{1:fii:  None of these API functions handle memory management on behalf of the void* values. You need to allo-
cate and deallocate them yourself. If the void* values happen to be PyOb ject #, these functions don’t do refcount
operations on them either.

9.10.1 & ZELE7(i& (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a
new type Py_tss_t instead of int to represent thread keys.

3.7 i he
Z W
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py tss_t
BEARAE IR AR ARG, HoE SOTREHOBIT T 2R TLS 528, I HEA — N Fm B ARES
N T B AR PR AR I

WK X Py _LIMITED_API W, fiFHiPy_tss_NEEDS_INIT PUATIEBIHS B

Py_tss_NEEDS_INIT
IR NPy _tss_t BREIWIHR A . WEEEXANEASHPY_LIMITED_APIL & .
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B

Py_tss_t BB, Tﬁﬂ%P» LIMITED _API %4 EAH Fh g a0 Y, X SO iy R A Y 5
BUAE G2 AN A 1 R B A T B S -

Py_tss_t* PyThread_tss_alloc ()

Rl —AE M Py_tss NEEDS_INIT ¥R ALBIERPIRASAH IR B MR, B0 24 37570 e 2% IO )i

NULL,

void PyThread_tss_free (Py_fss_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.

W:f#: A freed key becomes a dangling pointer. You should reset the key to NULL.

Bk

XLERELHTE S key RPN NULL. HH., WRGBERPy_tss_t i RWPyThread tss_create () Witk
NWjPpyThread tss_set () fMlPyThread tss_get () BT R R E L.

int PyThread_tss_is_created (Py_fss_t *key)
MR ERPy_tss_t ELE has been initialized by Py Thread_tss_create () #HIIGALNIR [7]—4~
IEZMH-

int PyThread_tss_create (Py_tss_t *key)
2RI —A> TSS SRR BB . Q2R key BT TR MME R Py_tss NEEDS INIT HJhHfk
WHAT A AR SO o e AT AEAR ] Y 68 EH SR A - AR WA i B LR ) B R A A TAR AT 484
H AL B ]

void PyThread_tss_delete (Py_tss_t *key)
B ER—> TSS i DAEAE Iy e A P st 9 i A IR (EL, IR B AT R AR S O R AR 1 Y
E%}%EEEI’J%ETU\LJiPyThread_tss_create () FRRBBIAGA . e 0T DAL [a] —4~ g _F H 52 8 )
- (BAE— AR S B R R TR

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread. Each
thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_tss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is associated
with the key in the current thread.

9.10.2 L IEA & (TLS) API
37 BUSE R it APT CUBEZ5 42 % 5 7% (TSS) APL TR

TEfR: XA APLUASAS SCRFIR AR TLS S8R ) TovAR & a6ty int Y€ 5 Xy-F-& . TEXFER6 L,
PyThread create_key () ¥ALRIR Bl —ARMCIRES, FF H AR TLS I@[TL7‘$E/JS|ZAJ:’@%K%)¢Z

T T B 2 AR, N BAE B AR o T AR 1Y) AP
int PyThread_create_key ()
void PyThread_delete_key (int key)
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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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3.8 B fE.

&k

PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()

PyStatus_IsError()
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e PyStatus_IsExit ()

e PyStatus_NoMemory ()

e PyStatus_Ok ()

e PyWideStringList_Append()
e PyWideStringList_Insert ()
e Py _ExitStatusException()

e Py ITnitializeFromConfig/()

e Py PrelInitialize()

e Py PrelInitializeFromArgs ()
e Py PreInitializeFromBytesArgs ()
e Py RunMain /()

e Py GetArgcArgv ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

2 W.iInitialization, Finalization, and Threads.
S UL:
PEP 587 "Python ] 454kt &

10.1 PyWideStringList

PyWideStringList
i wchar_t* FZEEH MM FE.

WS length RAEFAE, W items WA R NULL H H A FAFHR WA A NULL,
DIR7

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item ENINE) list,

Python WA T 46 A AT JH I BR 4K

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
Kt item 5 AF list 1) index (LE ..

A index KFET list WKJE, WIXF item YSINE] list
index must be greater than or equal to 0.
Python WAZ5 5 I 4 A LASE ] T L PR
kiR B
Py_ssize_t length
List K J&F,
wchar_t** items

FIETIH -
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10.2 PyStatus

PyStatus
FAAERIIR R BCIRAS Bl B IR EGR IS5 A

XTGBT DM E B R C B2 FR .
SRR B
int exitcode
B, L4 exit () IISEL

const char *err_msg

HiRER
const char *func

T LRI BB A PR, FTRACH NULL,

BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

HHERIR LA IR .
PyStatus PyStatus_NoMemory (void)

WAFECRI (AR ) -

PyStatus PyStatus_Exit (int exitcode)

PAFE 2 BB A ASIR Y Python,
AEFRLAR S R AL

int PyStatus_Exception (PyStatus status)
RE N R 2B WHY oy EAME W& LA g B F o E

H Py ExitStatusException ().

o

int PyStatus_IsError (PyStatus status)
GERAEIRG?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)

WA status j2— B HASNH exit (exitcode) o QIR status j&— 5 IRAS WFT BDES RTH BT
HE-NIEZENEEEY ., UWHYE PyStatus_Exception (status) NIEZ(HI A GewvE H .

MR AEWER, Python i % H PyStatus. func K%, MAIEMRSHEEIN 24 func % NULL,

NVE

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}
return PyStatus_Ok();

(QA)
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int main(int argc, char **argv)

{
void *ptr;
PyStatus status = alloc (&ptr, 16);
if (PyStatus_Exception (status)) {

Py_ExitStatusException (status);

}
PyMem_Free (ptr);
return 0O;

10.3 PyPreConfig

PyPreConfig
Structure used to preinitialize Python:

« Set the Python memory allocator

o Configure the LC_CTYPE locale

« 5 UTF-8 i
TG AL B ST B R A

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
WL Python B2 & RA R AL JE AL B

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
L I & B ORI FSERCE
Sty 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_DEBUG (6): Python pymalloc memory allocator with debug hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using ——without-pymalloc

Z: J.Memory Management.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and
coerce_c_locale_warntoO.

int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
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int coerce_c_locale_warn

WAARRAE, WA C 15 DRI i i A4 ) e L
int dev_mode

ZW,PyConfig.dev_mode.

int isolated
ZlPyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error handler
to replace.

{XAE Windows A f. #ifdef MS_WINDOWS Z2H[#% T Windows & J& 1 1¢H5 .,

int parse_argv
kATl , Py_PrelInitializeFromArgs () MlPy_PrelInitializeFromBytesArgs () ¥
PASH B Python fftfr iy AT SEH ) 7 sV argv 280 S0 917540

int use_environment
% N.PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

JATF w1451k Python FY BRI %5 :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
T4k preconfig FHC &K I 46 4L Python.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char * const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

TR T EMN® M HPystatus_Exception () MPy_ExitStatusException () AP EHE (4HREHE
).

For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the —~X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () A[{FPy_Prelnitialize() Z )G+ Py_InitializeFromConfig () Z Hi#k
& DAL | L AR e e . S PyPreConfig. allocator g% PYMEM_ALLOCATOR_NOT_SET
W fEPy_PreInitialize () Z HI#EIHH .

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py _DecodeLocale () must not be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

(R gksh)
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preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) |
Py_ExitStatusException(status);

i

/* at this point, Python will speak UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
A5 7RI T BCE Python RYESHILEHAIA
LR AT

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)

B PR str $5 DI R *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 *[ist,

Py_ssize_t length, wchar_t **items)
K- TE FAFERH R list 1% BN length H items.,

Preinitialize Python if needed.

PyStatus PyConfig Read (PyConfig *config)
BEHUITA Python L H .

C 2RI T BER R AL

Preinitialize Python if needed.
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void PyConfig_Clear (PyConfig *config)
PETIC B N AT

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
in based on the PyConfig. If configuration fields which are in common with PyPreConfig are tuned, they
must be set before calling a PyCon £ ig method:

e dev_mode

e isolated

e parse_argv

e uUse_environment

Moreover, if PyConfig_SetArgv () or PyConfig_SetBytesArqgv () isused, this method must be called
first, before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

KB A F M PyStatus_Exception () fl Py_ExitStatusException () A
S (FEREURH).
SR B
PyWideStringList axrgv
Command line arguments, sys . argv. See parse_argv to parse a rgv the same way the regular Python

parses Python command line arguments. If argv is empty, an empty string is added to ensure that sys.
argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._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 Frhhe.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.
stdin 452 PAZE A CF T IF

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control the validation behavior of hash-based . pyc files (see PEP 552): ——check-hash-based-pycs
command line option value.

Valid values: always, never and default.

BRI default.
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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

AR AEEAE, WJFH Python TFAMKL,

int dump_refs

AAONARZAE, EE A A FEAR B BRSO 4
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, WAEREsIE A faulthandler.enable (),

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed

BEATLAL G A R R 1
If use_hash_seed is zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python F H%.

Initialized from PYTHONHOME environment variable value by default.

int import_time

WAAERAE, W A AT RE 747
int inspect

TEPATHIA By o 2 JFHEA S A
int install_signal_handlers

Install signal handlers?

int interactive
R 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 directory)
nor the user’s site-packages directory.

« Python REPL A5 A readline HAYEAZ HAR/RATH B BRI\ RY readline Fil &,
e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero,use io.FileIOinstead of io.WindowsConsoleIOfor sys.stdin, sys.stdout and
sys.stderr.
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{YAE Windows A f. #ifdef MS_WINDOWS 7T %% F T Windows & Jg@HLHS .

intmalloc_stats

WoMAERAE, WHEIR £ f# Pyrhon pymalloc 1 154 fiw 35 IGETTEIE -
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 over-
ridden by the function calculating the Path Configuration.

int optimization_level
iAo :
« 0: Peephole optimizer (and __debug___is set to True)
o 1: Remove assertions, set __debug___toFalse
« 2: Strip docstrings

int parse_argv
If non-zero, parse a rgv the same way the regular Python command line arguments, and strip Python argu-
ments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to 0, suppress warnings when calculating the Path Configuration (Unix only, Windows does not log
any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

RH NULL, N sys.pycache_prefix ¥4fi% A 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 2R 5 LB

Setto 1 by -X showrefcount command line option.
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Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJFBI A site BibR?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

RN IEEE, NHEBEsIEH tracemalloc. start ()

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest priority.

warnings BEHPAAH R BIF NN sys . warnoptions: g )5—~PyConfig.warnoptions 4%
HR il warnings . filters WS— M HIPRRCHE (R fed) .

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItGib Hwrite bytecode BUGEHIHE.

PyWideStringList xoptions
sys._xoptions.

int _use_peg_parser
Enable PEG parser? Default: 1.

Setto 0 by -X oldparser and PYTHONOLDPARSER.
Z I, 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 argu-
ments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

JE 3.9 JiRE: show_alloc_count FERC RS IE .
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10.6 f£f PyConfig #1151t

M TH1R 1L Python (1) ek £k :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
MR config Wil B AAI 4G4 Python.

T T EMNERMHPystatus_Exception () flPy ExitStatusException () KA RER (FiREE
).

(1] P i F T PyImport_FrozenModules ()., PyImport_AppendInittab ()
w(PyImport_ExtendInittab (), WLZFE Python %] 4 b 2 5. Python 41 4 1k 2 Wi 5 & i I
‘Bl Wk Python ¥ Z R WAk, WL FE R R W 44k Python Z Rl i Py Import_AppendInittab ()
B{PyImport_ExtendInittab ().

BEEAR P A FRI R Bil:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) {

goto fail;
3
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&configqg);

/* 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) ;

CFItakEs)
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if (PyStatus_Exception(status)) {
goto done;
3

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception(status)) A
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(&config);
done:

PyConfig_Clear (&configqg);
return status;

10.7 fREBECE

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig () HRIEBE—NEE
S Python 5 R GE M K. B, K Python fix AZHAR AT

GRCEAR A REEAS R AR, Gy fTE M (PyConfig. argv K ARSBHENT) RUH b H . C
PRUEL (BN stdout) Il LC_CTYPE i 5 KK RIFAZL . (55 MBS A 2P

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 Bt &

PyPreConfiqg_InitPythonConfig () MlPyConfig InitPythonConfiqg () PRENSA|E— L E M
B— TR 5H L Python AH[F] ) H & X Python,

IS BN G A TS ECR WU THCEL Python, 148 Jay e 748 B 5 20

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE locale,
PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

5 il i) Python [ 7R 1 52 2 ARG Az AT
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int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {

goto fail;
3
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A

goto fail;

}
PyConfig_Clear (&confiqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.9 BREE

pyConfig W% ZAMT IR N 7B
o BAEHCE A

- PyConfig.home
- PyConfig.platlibdir
- PyConfig.pathconfig warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- MEITAEE S AT R A
- PATH IR RN TR PR SE B4R Ok A PyConfig. program name)
- __ _PYVENV_LAUNCHER__ FfIE4AS &

- (¥ P& Windows only) ¥ M 2 HKEY_CURRENT _USER #1 HKEY_LOCAL_MACHINE
H%)”SoftwarePythonPythonCoreX.YPythonPath” I | i) i il 2 /5% H 5% (E 7 X.Y 25 Python fiX
),
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o BEARHCE R 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 1is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
isconsidered as setif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

M base _prefix Bibase _exec prefix FEERIFE, BENIHESMMprefix fllexec_prefix gk H
{H.

Py_RunMain () MlPy_Main () ¥BH sys.path:

o« MM run_filename BLiXBEIFHRBR—MIE _ main_ .py WAKHESZE, WE¥frun filename ¥
#| sys.path 7k,

e YR isolated HZE:

- WRBCE T run_module, NAFYHIHRENMNE] sys . path IFk. ARICIESHCY HT H & A
AU FEEREET (BN

- WRBE T run_filename, WAFSCIFARYHSRENME] sys . path 9TFk.
- AEHAROR, WP AR NS sys . path Ik,

M site_import RHAEZ(E, N sys.path AJET site BB, W user site directory HIE
ZAH HH P11 site-package HSRAFAE, N site BHSRE M P11 site-package HSEFMIE] sys . path.

BEARIC 2 DA C B S
e pyvenv.cfg
e python._pth (X Windows)
e pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER___ fIEAS Bei TRk E PyConfig. base_executable
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10.10 Py_RunMain()

int Py_ RunMain (void)
WATEM AT E I EM M2 (PyConfig. run_command), A (PyConfig. run_filename)
B (PyConfig. run_module),

TEBRATE DL AR T -1 2697, Wiiz4T REPL.
HRJG, 454k Python JHik [l — AN 264y exit () BRAUNIR HPRAS
WZ Y Python fe % BH—MEM Py_RunMain () 1ERR SRR 6245247 H & 3 Python H7RH1

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argy)
1E Python B SR iy S4TSR 1, IRBUXLESHL

10.12 SHrEMintFAREE API

KN ANFAEE APLGI AT ZHBewilafl, e PEP 432 B0 FeE:
o A% WIHRIEBTEL, “H/MERY B Python™ :
- ERR;
- WEFHE;
- WEMCURER
- sys BROGHEHIAM (BIAN: sys.path MAFFTE) .
o 7 R YIIRALET BL, Python #i{5E eI MR 1L :
- GHRITEE importlib;
- MR E
- WHAFSAIL
- SEIN sys BG4k (Flan: B sys.stdout #l sys.path);
- A faulthandler fl tracemalloc ZF 0] I EE;

- FA site #ifh;
- %
AR APT:
e PyConfig._init_main:ifsetto0, Py InitializeFromConfig () stops at the "Core” initialization
phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
HEA “FHE WAk BL, 588 Python FI#R1L .
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£ D MBASS AT, BASEE import 1ib fibl: g4 28 & HATE “F357 MEHWEIR A .
I 7] fE FL VAR Python H %E #il Python DAZE 35 B iz 12 &, LA RES 203 H & X sys.meta_path A
e YNGR e

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.

Bl BrBOF A SE A E S AEX — W BT A% AT A2 Bz AT R R R BAE R . 1% APT RERIC
AT ER) : tltie Ui APL ] DARBIN $18 HoEt 9 B B 2 Bt i g 2 38 APL.

e oL M C R WA BEZ AT Python ALY 7 fil:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&configqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig (&confiqg);

PyConfig_Clear (&configqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

3

/* 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

11.1 #hid

fE Python v, PIFEAS BRI 8] — AU 5 BT Python X AEWRLETI R FAA HE (heap) o 33X ANFAA 1) & B H
WIFEI) Python 1 A% 3235 (Python memory manager) ik, Python PNAFAEHEASA N F WAL R AL FEA Fh B A5
TR BT Y A, andbss. Ay, ALy .

TERNRIZ, — IR WA e asiid 5 5 E RGN TFAS B S, B ORALAT Sk Py SR G 0 25 () R ATl T A
5 Python HH KM% . TEIIRNAF T FC AR BEAS b, JLAXI SR B 2 BOge e Al — M oz dr, HF AR fions
G RSB R ) N BESEG . Bl BR RO A A By SOR R T2 45 H . ool a,
BB R A 5 R ANE 5 S AR AL . PR, Python PYAFAS PRERF— L8 TAR M HCEA X 45 E 73 T
. (HE RS FAERAA HERTE R Nz AT .

Python Hfi N AFAYATBIE ARG R AT, PO BB PRI, RIVBEAATT 200 B A5 1) i N AL 77 B 0 54
BE, PRBIX— s+ %, Python X G HAt A GE o X Y i 25 8] 73 C 2 th Python P78 SRS % 7 il 1 A
SCR§HR S Y Python/C APT ek A THY -

T R NTEREIR , R RAE KA %R ) C e pR BT L i BR R % Python %42 dEATHAT, X 26K
BAldE: malloc (), calloc(), realloc () Ml free (). X F-FE C M Hl#FI Python N7 HLEE 2 [R] )
B, 5I™EER, XRBTENZH TARKER, HFERRSELEE, B2, RO PAL A
C JEA BiLas R B ) B i B AR N A7, A R Bl

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;

EXAHITH, VO G XN Rg i C R L Ab B . Python IWAFAS Bl R 2 5 T M AR W45 HHR
GV RIE 8
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SR, FERZECEOLT, EL T Python S/ FLNATE, B NG H Python PIAFAF A& W], Fln, 4
RREERY R T H C S RNy, siah XA £ ] Python HEf¥) o5 —AJE K 2452 * # %1 * Python
WAFE ISR X TP R AR TR K. BB KR N2 S TSR . SRR B, FIra mm
A7 2R 22 2 Python A4S PRAR BE L ARER XS L A7 5 F B AR DU B MER Y T /. BRI, FERESUIEALT,
Python N7 FEES W] RE S il & SO fil A58 24 RO BRAE, it Bl . PIAE R g sl o B A . i, @
(5 BT T R C PEATERES , SR /O SRih X A BL ) N AT 23 5E 4 N 32 Python N7 HEES AP

%W

PRI AR B PYTHONMALLOC W] 4§ FH oKL & Python Ui I i) IN A7 4 FiC#s

FREZAL Ht PYTHONMALLOCSTATS R DA FH SR AEAE U B 2 1 5% P8 ) pymalloc X 52 XISk EHFT Bl pymalloc 1 7%
e % WG .

11.2 [RigAFEED

PAT BREAREN T ARG i . XLRBUR AR LN, AFERA & 5 A5l

default raw memory allocator {§i fliX26pR%: malloc (). calloc (). realloc () fll free(); HiFEFI
BYE A malloc (1) (8f calloc (1, 1))
3.4 B gE.

void* PyMem_RawMalloc (size_t n)
AL n AR Bl AR 1A BL R AR voidx ZEAUFRE, ARG )R [|] NULL,
TR B F AT BEaR o] — R IR NULL 85, RUR A T PyMem_RawMalloc (1) —H. {HZNFF
AN DMEAT 5 A ia k.
void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SYHC nelem NICE, BANICRMKINA elsize A7, IR MG R 3 FL NAER) void* KAHRE, Wk
SRRGOR B NULL . NAFSBERIIR L
W RBFA A REIR AR R NULL 485, U T PyMem_RawCalloc (1, 1) —#f.
3.5 Bl dise.
void* PyMem_RawRealloc (void *p, size_t n)
B p 181 B PIAFHR NS R n AT . AT NSO R B/ ME R, R AR AE

W p /& NULL , WA T A PyMem_RawMalloc (n) 5 AR n &0, MNFRA/NEPAEE, H
ALY, R MR NULL $55f.

M dE p & NULL , & W © W2 2wl HpyMem_RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () iR,

WK R, PyMem_RawRealloc () iRIE NULL , p A38R &8 M e Hl AT KIS A S35 5

void PyMem_RawFree (void *p)
B p M W AE B p O B 2 B flPyMem RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () FriR Bl i g4, & W, B{fE PyMem_RawFree (p) Z HijC & 1H H it o9
DR, RESFT KA.
Wk p 7& NULL, IRAH 28 F A ST
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11.3 JHEEDO

PAUTBRELEE, I8 ANSIC #nifl, I485E T REFZWHIAT R, "] H T A Python 34y B AR AT«
INN BB i T pymalloc M 55t 2.

B MR B, WA 2 B A S 4 (GIL)

1 3.6 WUHE B IAEBRIA R 4 B /2 pymalloc MHE RS malloc () »
void* PyMem_Malloc (size_t n)
AL n AR Bl AR 1A BL R NAER) voidx ZEAUFRES, ARG R G N)R [B] NULL.,
TR BFAT A RER [ — AR 3R NULL 845, BREIHA T PyMem Malloc (1) —#f. HEWNFAS
PAMEAR 7 X ia 4k o
void* PyMem_Calloc (size_t nelem, size_t elsize)
3L nelem A~TCE, FATCRWIK/INA elsize 37, IR EIFE 1 FLHI RAER) void> ZRALFRES, WIRiE
SKRRWGOR B NULL . NAFSBERIIRIE S
TR ZFF ] BEIR Il — AR 3E NULL 484, BQUEH T PyMem_Calloc (1, 1) —#f.
3.5 Bl dise.
void* PyMem_Realloc (void *p, size_t n)
B p 181 B PIAFHR NS R n 23T . AT NSO R B S/ ME R, R AR AR

W p & NULL , AT A PyMem_Malloc (n) 5 W n T 0, WINFEHK/NSHHE, HA
SHREL, R AIHE NULL $5%F.

M dE p & NULL , K N B A2 2§l JHPyMem Malloc() . PyMem_Realloc ()
BiPyMem_Calloc () FriR[EIfH .

WERAE KK W, PyMem Realloc () d&[E] NULL , p A38K @48 1 56 Rl A7 A A 8 Hg 6

void PyMem_Free (void *p)
B p MM N AE R, p R Z ol FPyMem Malloc() . PyMem Realloc ()
s PyMem_Calloc () FriR ol )35 4t. & W, ZX¥E PyMem_Free(p) Z HIE LW H T HE LT,
KR TR KA
W p & NULL, ABAfH A E A 2T

PARTH ) 2R 72 R 7 (R 3 ik . 38 TYPE W AFEAEA] C 2841,

TYPE* PyMem_New (TYPE, size_t n)

pryMem Malloc () MlF, (H&4H (n * sizeof (TYPE)) FHHINAF. RE—AF5Hk TYPE*
HIFRET . A 2 DMEMT Xl ia Ak .

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
HpyMem_Realloc () #H, HPFHREI/NEIHFEES (n * sizeof (TYPE)) Fi7. REl—PF
A TYPE* RAURYHREr . RN, p K5 R FE E AR DI a4, AR R INR 9] NULL,

g4 C BB, p SRR WA p IRIA{E, PABEGRAE AL BT BRI 2R AT

void PyMem_Del (void *p)
YpyMem_Free () ]

B, FATIEERME T LA E A T EI A Python WAFGMHLAS A L izt C APT ek (Hi i
HEE, e ARERIEES Python HUAN K —BERIFEZNE, PIIAEY R .

e PyMem_MALLOC (size)
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e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.4 MRS ECE

PATBRELEE, IR ANSIC #nifl, F485E T REFFZIAT R, WHT A Python 35y B AR AT«
RN Zo B 2% i pymalloc N 5Bt 2%

Bl TEMEX BNy, AR 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_t n)
AL n AR Bl A FE R BL A void> ZEBIFRER, WA R NR ] NULL,

TR B AT RRIR [ — AR IE NULL $85F, BBUEA T PyObject_Malloc (1) —H#f. {HZNFE
AN PMEA 7 X 1R ik
void* PyObject_Calloc (size_t nelem, size_t elsize)

SRR nelem ATCE , ATEEIIINN elsize T4, HAR IR WA void* KTE, MR
SRAMNAR A NULL. R B b

TR E AT BRI Bl — N RRAY IR NULL 484, SRBIHA T PyObject_Calloc (1, 1) —F,
3.5 Bl Tse.
void* PyObject_Realloc (void *p, size_t n)
B p F8 1 B PIAFHR NS R n 235 . DOBTIH NSO R i B/ IME R, R SRR AR
s #p* 2 “NULLS, WS4 TIHH PyObject_Malloc (n) ; W5 n S5 0, WPAFEHA/NEBHEE,
EASHRET, &k NULL $54t.
M dE p & NULL , 15 W E W2 2 88 iPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () ffriREH .
WK KM, Pyobject Realloc () MR NULL , p A/38R2$8 A 5E il AR A $d84T .

void PyObject_Free (void *p)
B p FE M B N AFE . p W1 2 Z H W flPyObject_Malloc() . PyObject_Realloc ()
B Pyobject_Calloc () Frik MM Fa4t. BN, BifE PyObject_Free (p) Z HiC 21 i3 W1
W, RiE AT KA.
W2k p 2 NULL, BRASF A B A 20T
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11.5 ERARIESBC2E

BROANAEA TS
& P47 PyMem_RawMallo¢c PyMem_Malloc PyOb-
ject_Malloc
AT A "pymalloc" malloc pymalloc pymalloc
WA "pymalloc_debugl|' malloc + debug pymalloc + de- | pymalloc + de-
bug bug
% pymalloc ) X7 | "malloc" malloc malloc malloc
A
% pymalloc ()78 | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug
i
LR

o ZFF: R4S B PYTHONMALLOC F{H

e malloc: 3k H CHEFEI RS HL, C K malloc (), calloc (), realloc () and free ()

e pymalloc: pymalloc 1 55 %

o "+ debug”: #HfH PyMem_SetupDebugHooks () 3R T

11.6 BEXLAFESECE

3.4 B fE.

PyMemAllocatorEx
TR WA LA IS A . REEIR T 57 B

15 aX
void *ctx 4’57%/’5’%~’P§§W§AE@H§FL
T3

void* malloc (void *ctx, size_t size)

SrBL— AR

new_size)

void* calloc (void *ctx, size_t nelem, size_t AEE— AR O B PN SR
elsize)
void* realloc (void *ctx, void *ptr, size_t AEE—AS NS B R RN

void free(void *ctx, void *ptr)

RN AR

JE 3.5 R L The PyMemAllocator structure was renamed to PyMemAllocatorEx and 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 ()

11.5. BARESECRE
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e PyMem RawFree ()

PYMEM DOMAIN MEM
PRAL

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)

AREUH S Sk A7 R I3 P -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB W N AR BCRS -
M RBEATHS, B FLA U A0R [l — R IE NULL $54t
XF T PYMEM_DOMATN_RAW I, s}ElERUAURLKRE LN M Bl gV AT, AREA 2 5 A8 541 .

WARHH S ECER A R T (N Z BRI ICE: ) , AT  PyMem_SetupDebugHooks () BRETEH
Jrleas B R T

void PyMem_SetupDebugHooks (void)

BEEAG I Python PA7F/y BLas bR AR HER DRIV T

Bror BRI N AF R 575 0xCD (CLEANBYTE ) SE 78, B NAFHIF 1y 0xDD (DEADBYTE ) 7t . NAFHR
W 2% EFY” A (FORBIDDENBYTE : 7 OxFD ).

BT
o FMXT APL )i f, Bl XfHPyMem Malloc () SrELIZEMIKIAR PyOobject _Free () .
o RS KRB ACERINE A (S X T ) .
o R G XZIEAIEEMEB A (G X ) .

o K& 24 9 H PYMEM_DOMAIN_OBJ (Yl PyObject_Malloc ()) MIPYMEM_DOMAIN_MEM (4f:
PyMem_Malloc ()) i) Fids e BN GIL e .

FE AR, I T tracemalloc BLHOR I NAF G BLA I E . HA Y tracemalloc IE
1EiBER Python WAL, HF HINTFERBGEERY, A SB[l

T2 Python 2R T isent, iX L4y 1 installed by default . 7% & PYTHONMALLOC A] PAM
HRAE KA G FERY Python F 223144 1.
TE 3.6 WU Pl XA R B TE 38 T DA & M B g i 19 Python. 7E 3 B B, L E 1 BLAE

i J] tracemalloc 3K [l N 17 ek 20 B i A7 B . 8R40 7 I AE A6 A 24 PYMEM_DOMATN_OBJ
FMPyMEM_DOMATN_MEM TR B T, 2 RffREs e S aEA

JE 3.8 iR P FH A 0xCB (CLEANBYTE), OxDB (DEADBYTE) fl OxFB (FORBIDDENBYTE) ¥
0xCD ., 0xDD Hl 0xFD #AL DA 5 Windows CRT Y& malloc () Fl free () FH[EMIHE.
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11.7 pymalloc 4fr 28

Python A N EA &AM A /N % UNTEET 512 747) 4L pymalloc 43 it 2% . & 1 [F @& K
J/INHy 256 KiB B R M arenas” B N FEMR ST . XFFRTF 512 AR 40 B, B Bl E#E il PyMem_RawMalloc ()
MPyMem_RawRealloc () .

pymalloc  j2PYMEM DOMAIN_MEM (B 4f:  PyMem Malloc()) FPYMEM_DOMAIN_OBJ (fi 4
PyObject_Malloc ()) BB INSELE o

arena 4} it #i it F DA R %K
e Windows [ VirtualAlloc () Ml VirtualFree () ,

e mmap () Fl munmap () , WHEATH,
o BN, malloc () fl free() .

11.7.1 B X pymalloc Arena 4 fgz&
3.4 FiiIRE.

PyObjectArenaAllocator
HIRAE—A arena 7} LA B GEFI A . XS AAT =7 B

1 ax

void *ctx YERE D SBUEAM P E R
void* alloc(void *ctx, size_t size) Ayt —3 size T RY X3,

void free(void *ctx, void *ptr, size_t size) | BE—3HeXik

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRUL arena 73 B #s

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
W arena 7L dE

11.8 tracemalloc C API

3.7 B HE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TE tracemalloc B AR ER—ANE B IAFER
IR 0, HASEHR ] -1 OCESBCNAF R AR S E) . WA A T tracemalloc MR [H] -2,
WAL N O R B, W A BRI S

int PyTraceMalloc_Untrack (unsigned int domain, vintptr_t pir)

1E tracemalloc S EIE IR ER— AT EC NAFE . IR I AFH A BR R AR S TAT A 450
YR tracemalloc &% AIMLRE] -2, FHWERE] 0,
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11.9 =fl

PATR K F it NTTHR G, 2 B PAGE VO G X ad 1ol 1 55— e AR M Python b 7L

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString(buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) 28 o AR 4 A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

TETERAECA_ LA B, G X g i i U s A R S s R R . S5t b

Xt E R AT

WA AR I N AF APL i, DATEREASR 5 A i) 0 o 1) KOS 2 fiefik . AR AR P8l B S Ak i a3e, e

—AARICH fatal N ERE T PIRHEA R EBRAERA R 2 Beas

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal -- should be PyMem_Del () */

BT B FEAL B OR H Python Mk 5 4R N A7 B 1) &6 $2 5h, Python Hh iy X 42 22 i
PyObject_NewVar () fMlPyObject_Del () F4 B ARERH -

X EERFAEAT KANAAE C v SCRISE BB R AR —F h b

PyObject New (),
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R

AFAIR TR SPGB i i i . BRI

121 fEHPHEMR

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} FCHIX S op HIMAALERYRIELFIGI Ao IR MBI AL SRR 5. 40
R type PRI AR R S SOEABIRAGI , B 23X ARG B IS AG I R R R . XA
HAt BN 20

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. ‘B HEMPyObject_Init () —#f, I HFIIEAS B R /IR
K.

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. {§i[f] C 451255 TYPE F11 Python ZEBU X4 type 43—~ 1) Python X4 .
RAEZ Python XF 423 g LW F BN S90IIRM: XSRS FTHECR A —. WAEA LR/ type XF4:
Mtp_basicsize FERME

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. ffiJf] C R 4E#IZ55L TYPE F1 Python 2RS4 type 73Tt —~351 1Y) Python
X4, Python X Gk SUAF A TE LI F BN SRR . 8 TR NFF2S [ T EE T TYPE 25411 type
XGtp_itemsize FRARMLN size FEAME . XX T SLHRLUCHX FPREGAE M E e B TR
;J;B‘JX#%%%E%H% (1o K5 B B i A B ] Y A7 23 TE P ] DASSZD A B R, 3428 TN
T ECRIRCR

void PyObject_Del (void *op)
Rl Pyobject _New () B PyObject NewVar () SrBCNAFIIN G, X I H HIXT AR type FBUE
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Sy tp_dealloc ALPRRRBORIEM o XA B ELLAJS op X R A 7 BEREAN T AR, PR 573
(4 A7 25 8] AN s — A R Python X 4%

PyObject _Py_NoneStruct
4 None —#£#Y Python Xf 4R . XX RALAT AR Py_None ZLUiIH), XA ISR ARG TRE

S W
PyModule_Create () 4rBLIAFFIEIEY EEH.

12.2 ARMRER

KB AR T S Python X RETL . X — ik T X LeR 25 IR R E T 68 i

12.2.1 BRI RAERF0E

Bt A /) Python X G #8AE Xt G2 19 N A7 &7 B T 4 i 70 36 2 0 | 1 7 B X B8 B i PyObject
i Pyvarobject RADRFIR, LI — L7005 S, X L8 75t B 4 B[R] 53t 1] T i A7 HeAl Python
MR E o

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyObject *. Access to the members must be done by using the macros
Py_REFCNT and Py_TYPE.

PyVarObject
This is an extension of 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;

S, FiiPyvarobject WSCRY.

Py_TYPE (0)
This macro is used to access the ob_type 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 fype. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.

3.9 B fE.
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void Py_ SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.
3.9 HrhRE.

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 Hii e

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

(((PyVarObject*) (0))->ob_size)

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.
3.9 FriR e

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

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 PyOb ject *
parameters and return one such value. If the return value is NULL, an exception shall have been set. If not NULL,
the return value is interpreted as the return value of the function as exposed in Python. The function must return
a new reference.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

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);
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_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);

_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 B fE.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

= Cx® 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

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as 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 Py CFunct i on. The function expects two
PyObject * values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg _ParseTuple () or PyArg UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionithKeywords. The function expects three parame-
ters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or possibly NULL if there are no
keyword arguments. The parameters are typically processed using PyArg ParseTupleAndKeywords ().
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METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject * values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.
3.7 BRI HE.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth 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 B .

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that con-
tains 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 B RE.

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the stat icmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named __contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.
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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:

1 Cxa 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

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 #iEkal
T_SHORT short

T_INT int

T_LONG KA
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBIJECT_EX PyObject *
T_CHAR Eves

T _BYTE Sy

T UBYTE unsigned char
T_UINT TR

T _USHORT unsigned short
T_ULONG TP KA
T_BOOL 5
T_LONGLONG long long
T_ULONGLONG | J£5 long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T _OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be O for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using Py Type_FromSpec () or similar), PyMemberDe f may contain definitions
for the special members ___dictoffset_ ,  weaklistoffset_ and _ vectorcalloffset_ ,
corresponding to tp_dictoffset, tp_weaklistoffset and tp_vectorcall_ offset in type ob-
jects. These must be defined with T_PYSSIZET and READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"_ dictoffset ", T_PYSSIZET, offsetof (Spam_object,
{NULL} /* Sentinel */

dict), READONLY},

bi
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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, stract PyMemberDef *m, PyObject *0)
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.
2] C & BX
name const char * | attribute name
get getter C function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject * parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer (the
associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

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 HBIHR

t.1F Python XI5 R4 g L S5 2 — b 8 SUBTR BN 4549 Py TypeObject 45k, FEBIXTG ] DA
FATAn] PyObject_* () B PyType_* () pRECKACEE, (HAREHRML K L% Python [ HFE ¥ BT B BRAY PN 25 .
KB G SRR R AT A EE R, DA A I R RE A AN B ol AT SE BT B p b A e g E
HRZEAMERTIM L, KBS M MK XA KRR 2N BB G707 RERME, KaE C mE
FeEr, BIRESCE T RBIRER /N . AR AR B R F B . X B BRI R E TR S
B A T A

BTN HRESE BT NRIE T GE TPy Typeobiect M SCRIUHRRIHI T
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12.3.1 RiESE

”tp E i”

PyTypeObject #&fir' E 3] YR 5/ B =
=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__ QG
(tp_setattr) setattrfunc _ setattr__, _ delattr___ G
tp_as_async PyAsyncMethods * F g %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * F g %
tp_as_sequence PySequenceMethods * Fig s %
tp_as_mapping PyMappingMethods * FAEAs %
tp_hash hashfunc __hash__ X €
tp_call ternaryfunc _ call__ X X
tp_str reprfunc _str X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__,  delattr X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * _doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It . _le ,_eq ,_ne ,| X G
g, __ge__
tp_weaklistoffset Py _ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * __dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_,_ delete__ X
tp_dictoffset Py_ssize_ t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
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 *
TTIdkLE
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R1-ZEW

PyTypeObject f& i e kAL B =
IS
g7 D1
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor ‘
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
F it
i B3 R E
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__ __ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg_
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__

TR

VNES RIS FRT LR L) BFH . RS RIS FRROZ RN L. RS AR . <R (FE R ETS)
BTN (AU ).
3
”(Q”: PyBaseObject_Type WX E
"T”: PyType_Type IMRICE
YD BRINREE (RIS A i85 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[*_/‘%
X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

oe

— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots; see the slot's description
- it's complicated; see the slot's description

R, A T R R A R A AR Y -

0o
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F2-8LEW
AL HKE! HHRAE
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 __dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _Oor__ __ror__
nb_inplace_or binaryfunc _dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true _divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index
nb_matrix_multiply binaryfunc __matmul__

_ rmatmul__
nb_inplace_matrix multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

_ delitem___
sq_length lenfunc _len__
sg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem__

__delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _dadd__
sq_inplace_ repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf releasebuffer releasebufferproc()
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FE{L typedef
typedef SHKE EAEES]
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 *
194 ____ Chapter12. JiSstll%s
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WESREEZ KR typedef BHHEZTEAFELE .

12.3.2 PyTypeObiject X

PyTypeObject BZ5HE X ATPATE Include/object .h iR E|. KT HHESH, AR TH PR E X:

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;

CFoiaks:)
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(£ 50

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObiject;

12.3.3 PyObiject #di{i

KRR MY R T Pyvarobject 4tl. ob_size %&Hﬁ:ﬁﬂuﬁi(ﬁﬂ type_new () GI#, ##HET
RIEMRIH) . HREPyType Type OuRA) &Hiafbcp_itemsize, XEMWEE EI’J;&WJ(ED%EXT%) DA
MEA ob_size FEK.

PyObject* PyObject ._ob_next

PyObject* PyObject . _ob_prev
These fields are only present when the macro Py_TRACE_REF'S is defined. Their initialization to NULL is taken
care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always remain NULL.
For dynamically allocated objects, these two fields are used to link the object into a doubly-linked list of all live
objects on the heap. This could be used for various debugging purposes; currently the only use is to print the objects
that are still alive at the end of a run when the environment variable PYTHONDUMPREF'S is set.

ok :
XL BN S TR B4R

Py_ssize_t PyObject .ob_refcnt
KAEFBIXT W54, | PyObject _HEAD_INIT ZEHIIGIEA 1. i EXT TS0 B 28T
% (W41 ob_type 18I RAWMAGI TS EXTFahSo BRI 5, L6 5 29k
BAESIH
Bk :

TRBAGR I T B
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PyTypeObject* PyObject .ob_type
HRRBER, Ha)ihiiiE ckE, Bl % PyObject HEAD_INIT [SHCRMAIIAI, BME
— IO & «PyType_Type o B2 R TZhESRT#AY RALH 2 0% Windows o[, 4iikaiss
HEE I 2 — AN AT R aa . B 4 BEVG (94% 33 NULL 45%% PyObject HEAD_INIT Jf HAERIHY)
WIHE A RO 46 B s AT AR R4 2 BT iR X A B . LA R XY -

Foo_Type.ob_type = &PyType_Type;

X W AZAE B % BB AT S 2 B SE . Py Type_Ready () ¥i#x ob_type @74 NULL, UWIHRE,
ML) ob_type FERUIGITE . MR ZFEIESE, WryType Ready () AEHERE.

ok :

T B AW FRAGK .

12.3.4 PyVarObiject &{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.

MoK -
TRAURIR I T B

12.3.5 PyTypeObject #&

AT — DR R IR AR KR . WPy Type_Ready () XFEIZTFBN NULL BHEEEHE, B4
WEH A “BRIN” #B4r. (IR, £ PyBaseObject_Type flPyType Type Hi& & 4L F B br bk
TBIAES)

e

const char* PyTypeObject .tp_name
T8%F, $8MPA NULL 25 B3R BRA B A4 o X T 0] DAME B & /A8 B 23, 4%
PV TR, IR, FEIREREA . T NERE, FERRER VIR R RAA . R
BRI A, WISERE M) 44 02 SE R MBI A 1) —3 4. B, £3 P 10 o HyREE M v
KA T W tp_name WiZHIIRH "P.Q. M. T

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the ___name_
attribute.

WERAIAE RS, WEEAtp_name FEAFEN __name_ JEMEVIIF, M __module  JEMENRHZAR
S (BRARfEF e R s, a0 ESCing) o X RS IR SR ALK JOE ST pickle. L4k, A
pydoc QEELERSCH AN 251 H %L

BTBURAIH NULL, ‘E@PyTypeObject () PME—MLMET B (B TI1ER tp_itemsize PASH).
MoK :
TRBURIIR I T BL

Py_ssize_t PyTypeObject .tp_basicsize
Py_ssize_t PyTypeObject .tp_itemsize
1 3 28 BOAT DAV i R A S Bl A7 35 A B LR RN

12.3. FFIFIR 197



The Python/C API, & 3.9.21

FAEMFpZER: B KRR Hip itemsize FECNFT; BA A KL HIAY AT
Htp_itemsize FEARNE. W1 HAEERKELGIMIERL, A SO I/NEFHF, HA&K/D
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_ VAR _HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsizeisto use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

KT XTI R AR A H R AR XS5, WM cp_basicsize MERAERE. Bil4n: fik
WA KA ST T — 4 double $4H, tp_itemsize ,?jtzg sizeof (double) ., T&EJF A H(FH
R tp_basicsize j& sizeof (double) FfEEL (RIEXE double Bﬁxﬁ%gk)

XA A AR BESEBIRAL, % BA R NULL,
Mok :

X2 T B Ry 2Ry R R, R Zli*iﬁ NEFERtp_itemsize, HALET HBH
Frep_itemsize WENARMAFR(EEE 2 ALAER (AR TIZHEEA B HARSH) .

destructor PyTypeObject .tp_dealloc

TR SEBIAT R BB FE 5o BRARPRIEE LAY S BRI A 2R (LR B BT 4t None Fl ELlipsis
HREE) A WALZFE SGX AR BB -

’void tp_dealloc (PyObject *self);

ME| B 01}, HPy_DECREF () MPy_XDECREF () MM RS L, SeBlskiEfe, 2
CA¥A THEMTI . HTil R 2B BO% L OHA AT R, BHOZEOIHA BT E NAEZE
X Gl AT I R RE R 2R ), HE RSB co_ free BT, QAR IBIAT FREML (¥
HEPy TPFLAGS_BASETYPE Fi&ifir), WA EIAX LR R, AU tp_free. Xf
SRR EY %5 A B R B B . QR Pyobject_New () B PyObject_VarNew () 4-fic, i
Y NPyObject_Del (); WHEAEFPyObject_GC _New () BiPyObject_GC_NewVar () 4 BE, B
HPyObject_GC_Del ().

WRAZ A S nR (B T Py TPFLAGS_HAVE_GC FRFGNL), MTAES N % AE i FLAT ) i R 7 Bt
ZHiIHPyObject_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, SRR RS DAL (Py_TPFLAGS HEAPTYPE), TEICH N %AETH F B BURE RS o ol
e s @XT%E’J%‘IH%W%I AT RS BARER, BRSSP YR

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);

(T IUdkss)
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Py_DECREF (tp) ;
}

ok :
BT RBAK .
Py_ssize_t PyTypeObject .tp_vectorcall_offset

—NFXF A FH vectorcall 30 S BRI X 52 04 SE 091 2% bR B T BE R AL &, X e FhEL B tp_call
AR AR

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

AR ET Py_ TPFLAGS _HAVE_VECTORCALL R B tp call FHiREAT NS vectorcall-
func FRE—2. XA PUEAN tp_call & HjPyVectorcall Call () sEP.

e Ttis not recommended for heap rypes to implement the vectorcall protocol. When ausersets__call_
in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

{Ef#: 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.

16 3.8 HUE I 7 3.8 2w, X MMEM A4 A tp_print. fE Python 2.x v, B4 4T ENE SCfF.
TF Python 3.0 £ 3.7 i, "B EA W .

Bk :

This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALL flag is 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 /eap types (including subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr

— R BRIBUR P T P e RO AT R £

TTBOIM . HEPOE XN, NMiZMNltp_getattro fRI A EEL, HERZ A CFRFHHRSHE
ANETES, A Python “FAFHRXTSE

4ok :
AyeH: tp_getattr, tp_getattro

YUTBREW T Mep_getattro fiidkik: U FRMMWtp getattr Mtp_getattro ¥Jk NULL i}
ZTRBEMN R RBIFR N YK tp_getattr flltp_getattro,

setattrfunc PyTypeObject . tp_setattr

— AN ) R R DA SR B B A e s P T e

ZTBEFH. BesiE X, NiZMtp_setattro fgmE—EE, HEZ 4 C FAERESHE
NEYES, A Python SEFER TS,

MoK -

AyeH: tp_setattr, tp_setattro
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ZFESWTLE M _setattro kR M TRBMtp setattr fltp_setattro ¥k NULL
IHZ T RBEEG R M BRI BRI K tp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
a1 —MEEN G C )R 3B awaitable Flasynchronous iterator YRS X5 AH S - BE I B n 45
Hfk . WSS 2R TR

3.5 FRINEE: FEZ HIREFRN tp_compare fil tp_reserved,
Mok :
tp_as_async FERASHARK, (HIFE ST B RMARK .

reprfunc PyTypeObject .tp_repr
—ASEI T NERE repr () BYRREIW FTERTREL

BB # S5Pyobject_Repr () WA

PyObject *tp_repr (PyObject *self);

RO AR 0] — AP A7 B Unicode %R . FERRARSFOLT , e BN 2R Il — AN FAF e, 2405 HAL
freval () W, AEHEENIREL, Pl bl NEAMEEPNR. WRX AT, e R0
—ANPA < TFRFFRA > S5 R AT R HERT A R A B AME R AT

Aok :
BT B TR BAK

WERARBLEIL T B, WIRM <$s object at sp> JBRWTFAFR, H s FREHCNRBATR, 2o KF
B R R N AL

PyNumberMethods* PyTypeObject .tp_as_number
o1 — IS AR AR ST, HrP S RS RTINS R RAH A 7 B XS By SO 2 W A
FAf R LB MR

Bk
tp_as_number FEORNAWAK, (FFFALA 1T BA W MK .

PySequenceMethods* PyTypeObject .tp_as_sequence
fam—EEmas R pFaEr, s S AT RS PSR R R A R B X B B SRS LT 7))
Rk

Aok :
tp_as_sequence FBIASYAIK, (HET &7 BRSSP MR,

PyMappingMethods* PyTypeObject . tp_as_mapping
Fe i — D mEs AR pHe s, el G AT AR R KA T B X T B SO e
i SR

Aok :
tp_as_mapping FEAZYK, HIrEEHFBRSPERMAK,

hashfunc PyTypeObject .tp_hash
—ANFRISEIL T N E RS hash () B RREHY TR 4

HE 4 S pyobject_Hash () BYAHE:

Py_hash_t tp_hash (PyObject *);
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1 ANWAERIER R EMERGR E] SR A R A R AR, R I E — NI R R -1,
When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNotImplemented ().
B9 R N pyobject _HashNot Implemented () PABHIEM A BIGR K IE A 3% o 7 Python
EIX RN _ _hash_ = None MY, f#if8 isinstance (o, collections.Hashable)
IEffIR ] False.. R G RMZWI: £ Python 2R E — KM __hash__ = None &{fif§
tp_hash Fi{ gk B NPyObject_HashNot Implemented (),
ok :
ﬁﬁ‘?ﬂ: tp_hash, tp_richcompare
TS TR E tp_richcompare —fE4k&K: Y TREWtp richcompare Mltp_hash ¥JH
NULL B} 2B [ 4K t p_richcompare fltp_hash.

ternaryfunc PyTypeObject .tp_call
— AT 3 1 S BT S R 1 8 1] R B R BT A SRRSO 2 mTUE X S WA AE M A NULL. HAEH
Ypyobject_call () WFHE:

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

4ok :
WP BT R AAK

reprfunc PyTypeObject .tp_str
RSN E str () BAEMEEAEE . (EER str SRR —DEAE, str() BIWAZE
R EER . ZESF R Pyobject_str () PATERRERAE, Mpyobject_str () $Ff AL
)

HE 4 5pyobject_str() !

’PyObject *tp_str (PyObject *self);

% PR IR B —ANF A7 B Unicode X4, BN Y48 —A> “KUF” WIXRFARERRRIER, H Xt
FEAE print () AP SHEMAEEHEHEREN.

Bk :

BT RBAK .

BRik:

R BEL L, B PyObject _Repr () FARI—AME R E R
getattrofunc PyTypeObject . tp_getattro

— AR AR U M AT HR R R T

HA# 5pyobject_GetAttr () HIAHFE:

PyObject *tp_getattro(PyObject *self, PyObject *attr);

AT A IR F B PyObject_GenericGetAttr (), B T EHXRIEMERE .
4ok :
A3eH: tp_getattr, tp_getattro

GTBEW TR tp_getattr —RYK: Y TR cp_getattr Mtp _getattro ¥y NULL B}
TRAE RN YR tp_getattr flltp_getattro,

LN
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PyBaseObject_Type [fiflPyObject_GenericGetAttr ().,

setattrofunc PyTypeObject . tp_setattro

— 38 1) R B DA IS BRI 2 e 1 T e AR A
HEZ 5Pyobject_sSetAttr () HIFHRE):

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

A0 7 VA i%ﬁmmmﬁNmL%W%E@ W H AT LA O MR % Y Bk
ﬂ»ijObject_Generl cSetAttr (), B T RANZ BN .

Rk :
4reH: tp_setattr, tp_setattro

RFEES TR tp_setattr —@YERK: BB tp_setattr Mltp_setattro ¥k NULL
IR ADE RN YK cp_setattr Mltp_setattro,

BRIN:

PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer

Fa 1 — AL 5 SR i X2 11 (R G O B BT N5 A PR B F 5T o 3K S8 B SOk 2 2% o
E S 2 AR

Aok :
tp_as_buffer FERASWMEK, (HEM I T BRSPHMAR.

unsigned long PyTypeObject .tp_flags

BT BOE R A AR AR . SR TR BN TR E R AL TE S 55— SE TR U TR E 6
Mt (i@t tp_as_number, tp_as_sequence, tp_as mapping Mtp_as_buffer 5K
JREEFIIA) PRYRRE B, BAEN R LI BRA NG AR AR L2 I I, e BT R
AU B W AFAS T 5 10 HAL AUl A 28 8l NULL {H

Aok :

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the

tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype and
the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

BRik:

PyBaseObject_Type uses Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.

fLHERS:

H Al & CT DA OEiE s rTPABEM | s AR X E AT 4T OR i2 LB it _flags %Exlﬂ’ﬂﬁo

FPyType_HasFeature () 485 —NFBM—ATEARME p F1 f, A tp->tp_flags & f 2

AR

Py TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when an

instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREFed or DECREF’ed).

Aok
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77
Py TPFLAGS_BASETYPE
2 SRR AR 5 — S B B R B LR O R . WRIZ HO R O s o, T 2R AR
ToER TR (LT Java Hr final” 2 ) .
Mok :
7?77
Py_TPFLAGS_READY
YIRS GRS Py Type_Ready () #56 4 S BIAEZ U B 08
Mok :
777
Py_TPFLAGS_READYING
Y pyType Ready () AHEWIIRA IS TIRT G B2 v B i LU 6 R B 1
Pk :
7?77
Py_TPFLAGS_HAVE_GC
29 1M W G 3K B IR ] CET L R R B R W R R T H AR AL, U S B i
HlPyObject _GC _New () RBIEH i lpyobject GC_Del () R BELAFE WL £ &
AR IR e — Y. R ALIA R 5 KBNS R P AETE GC M X FBitp_traverse
Mtp_clear,
Pk :
ﬁéﬂ: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitisinherited together withthe tp_traverseand tp_clear fields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION,
Py_TPFLAGS_HAVE_VERSION_TAG.

Ak :
777

Py TPFLAGS_METHOD_DESCRIPTOR
XAFE AT G AT R T ARG 2
WA type (meth) B T %R, IRA:

e meth._ get_ (obj, cls) (*args, **kwds) (H H obj A & None) W 4 £ iy T
meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) HZEHMT meth (*args, **kwds).

BEIEAR A obj.meth () XARAYILALT AT M B AL : EXFEGY ob] .meth ARG “40
SETTIR” M5

3.8 BN HE.
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get is
inherited.

12.3. ZEBMR 203



The Python/C API, & 3.9.21

Py_TPFLAGS_LONG_SUBCLASS
Py TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py _TPFLAGS_UNICODE_SUBCLASS
Py _TPFLAGS_DICT SUBCLASS
Py TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS

XL Py Long_Check () &5 RN R PR E — AR N BRI 128, AL
ARSI HEZ A I AN Py Ob ject _IsInstance () TP, QR H N BB E SRR Y
I B tp_flags, 5055 RE 0S8R EA T2 B 14 AR5 PTG T Ay 00 b 2 1t AN ]
TN -

Py TPFLAGS_HAVE_FINALIZE

MR TFAE tp_finalize REAZIN & BCELX A HORRZ
3.4 BN RE.
3.8 MR ERER: IR O AR 2R, PN ARG & e RS R SR A AE tp_finalize

AL

Py_TPFLAGS_HAVE_VECTORCALL

BRI T vectorcall sl I BCEXAHAFAL. S tp_vectorcall offset | fEPEN.
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 B HE.

const char* PyTypeObject . tp_doc

— AN BRI 1) A HAZ ST 2 ) SCRY A R 1 PA NUL 2556 1) C A5 R 485 %85 i i h3s
RANZEASLH Y _ doc_ JE@E.

Bk
BB R AR TR

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 *argqg);

A 5 Python B3R AWy S8 A BE 245 BOATAE A 5 8 7 S AR el — 4 h A

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, wvoid *argqg)

Py _VISIT (self->args);

(T IUdkss)

204

Chapter 12. &St




The Python/C API, & 3.9.21

(£ 50

Py_VISIT (self->kw);
Py _VISIT(self->dict);
return O;

}

WHEREPYy_VISIT () ALRELE R DAS MGG - B B . BARIEAFAE—1A self-—>key A,
{HE H Rk NULL B Python "4 H PR A B BCA TGRS | T A —3 43

HEH— 5, BRI VRENTE A B BRI 2 BUNAEERS | F A —3550, AE Ry i sl Bh AR 475 9% ] RE A 35
BRI gc B get _referents () HMERFSHIEE.

%% . When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

TR Py _VISIT () BR{EY local_traverse () W visit fil arg TEZHAFIEEN LI, NEEE
ZE.

Heap-allocated types (Py_ TPFLAGS_HEAPTYPE, such as those created with Py Type_FromSpec () and sim-
ilar 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.

TE 3.9 RE M i&"ﬁﬂ*ﬁéf”é‘nﬁlﬁl tp_traverse M Py_TYPE (self). 7EH [ Python it i,
T bug 40217, XFEM ] BE & FEAEH S KA iR T .

4ok :
S3eH: Py TPFLAGS _HAVE_GC,tp_traverse,tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear
An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS _HAVE_GC
flag bit is set. The signature is:

int tp_clear (PyObject *);

to_clear G BREHEH R T i&ﬁlﬂﬁtﬁ%fﬂﬁﬂniﬁ*hu BIREERT I T . BRI, f%?ﬁ‘#jlﬁ’]@?
Htp_clear RELME B —E AT GRS . K& MRy 8, B AL 5e i #l
fifltep clear ¥, BN, JTCHERALR LM p clear u%ﬁ P oA Al e iﬁfﬁ%éﬂflﬁéﬂ%ﬁ%
PRGN . NIC AR cp_clear pREAR VAFTBAT A & TCAH R IRER . XA 27 A fE
e, HHRD AL cp_clear EYBEH

tp_clear WISEELY 24 2 37 SL 148 n) O B RT BE A Python XI5, K548 )X L6l 51 1 F5 4115
A NULL, W RTE A FFFis:

static int
local _clear(localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR(self->args);

(Rt
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Py_CLEAR (self->kw);
Py_CLEAR(self->dict);
return O;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be decremented until after the pointer to the contained object is set to NULL. This is because
decrementing the reference count may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with the
contained object). If it’s possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py CLEAR ()
macro performs the operations in a safe order.

R tp_clear HAE B AELBIBIBGH A BCZ IR - B, 451 HEUR PAR E X R A T
JAIE, WA S R ARSI Bl g M2 B tp_dealloc,

H R tp_clear pRE HBRITHIGIAG H, FroAASTHEIEHR IS X4 Python 4552 ¢ Python
BH, CNIES SRS . B0, 881458 Python X154, HHE XA tp_dealloc
PRECR KBV tp_clear AR 7.

A % Python B3R RISl R 245 B AT FE 1 7 8 2 AR AFR s R m i — P AR
ok :
AyHH: Py _TPFLAGS_HAVE_GC,tp_traverse,tp_clear

This field is inherited by subtypes together with tp_ t raverse and the Py_ TPFLAGS_HAVE_ GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc PyTypeObject . tp_richcompare

— AR ) AR R A R, SRR B4

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

B MBS RN Py TypeObject g LMRBI LA .

PR R 23R 1] LLAZ I 45 5 GE A A Py_True B{ Py_False). WIRKE LK ZHE, BUHHR [
Py _NotImplemented, HIM A& T HAWEE RN T AAUR ] NULL HK &40 &0

AR HE B E Y HVEtp_richcompare fllPyObject_RichCompare () =124

BE PR
Py LT | <
Py_LE | <=
Py_EQ | ==
Py_NE I=
Py_GT | >
Py_GE | >=

EXVAN N RN T S F 5 0 LB R AL

Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
MZEEGR ] Py_True 8{ Py_False, XHPHRTHERMZER . VAL_A Fl VAL_B 2702 Al i@ it
C R EAFATHEF ) (B, EAT AN C AT S5 .« B =S HEEW G K E A,

5pPyobject_RichCompare () IS —FE,
The return value’s reference count is properly incremented.

KA, FBEE %R 0R ] NULL.
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3.7 Bl e
Mok :
434H: tp_hash, tp_richcompare

RFBRW TR tp_hash —&IK: 2 FRHWtp richcompare fltp_hash ¥ NULL BT
KAV R tp_richcompare fltp_hash,

BRIA

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_t PyTypeObject . tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_ * () functions. The instance structure needs to
include a field of type PyOb ject * which is initialized to NULL.

AERF LT B S tp_weak list {RIF; Ja& RARIMIAXGA H R 55 A1k
Aok :
BB T RAMYOR, BERSETEA RN 7RBN DAE S IS B XRRE TR

AR T LRGSR, BTHIRLEREL tp_weaklistoffset #FIN, FrAXVi%A
BAEEE
When a type defined by a class statement has no ___slots__ declaration, and none of its base types are weakly

referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the instance layout
and setting the tp_weaklistoffset of that slot’s offset.

When a type’s __slots__ declaration contains a slot named ___weakref__, that slot becomes the weak ref-
erence list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s ___slots__ declaration does not contain a slot named __ weakref__, the type inherits its
tp_weaklistoffset from its base type.

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).

RS54 5 Pyobject_GetTter () WIM:

PyObject *tp_iter (PyObject *self);

MoK :
BT Bl FRBGK

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);

BIZE A EAERI, EAAJHR I NULL; StopIteration i BB EWATREABCE . Uk
—AEERE, B AR E] NULL, ERAAERIIZ AR S b2 A .

i%;ﬁ%%%iﬂiﬁ&%ﬁi)‘étp_iter PR, EL% bR RO 24 3 [ Gk A SE AR B (AN S 3 ) SR A8 52
Bi).

WM B S EryIter Next () WIFHHE
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ok :
BT Bt R BAK

struct PyMethodDef* PyTypeObject . tp_methods

— AN G [ PyMet hodDe £ Z5FIR LA NULL S5 SR 4ln 4, B 7 SRR wALTs

X2 PRI, AR 1B T (BRI tp_dict) H— NS A b a4 H .
Aok :
HTFBARY TR (O @@ AR R R ) -

struct PyMemberDef* PyTypeObject . tp_members

—/NA[EA R M PyMemberDe £ Z5FR AT PA NULL 250 - SEAH 85, B0 T B Hi Ak
P (FECEAENL) .

XEFRBA P EE T, I I (SRR cp_dict) Fn— M EIrkfidasn & H
Bk :
BTFBARP T RBPTR (BRZES A FERHLHIRARR ) .

struct PyGetSetDef* PyTypeObject .tp_getset

— A Fg IR PyGet SetDe £ Z5F RV DA NULL S5 3R (i SE A F8 4, BRI T B2 1 sL 4
FIw AR

XA PRI, AR 1B T BRI tp_dict) HF— M SIS AR A& H .
Aok :
FETFBARY TR (PO Rl A R LR R AR ) -

PyTypeObject* PyTypeObject .tp_base

*/\Tﬁé’ﬁaﬁ*ﬁ#—?ﬁ}%‘ﬁ@fé[iﬁé’ﬂ%%iﬂé@%ﬁo TEENER L, AR, SHEYPRTE
iU ViEbIve St pos: ROIFC:e S RT  8

Wit AN WAL T BRI Ia A 4 R A B R . C99 %k%ﬂtﬁﬁc%%ﬁ Witk . RS
B R R AR NPy Type_GenericNew () Hh @A %01 C99 Hutik#

However, the unary &’ operator applied to a non-static variable like PyBaseObject_Type () isnot required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

PRI, BYTEY RELRA P I LR B i B L p_base.

Aok :
BRTFBALW T RMR (BR).
BN

ZT BN sPyBaseObject_Type (X Python F2/¥ B LE] object 2KA).

PyObject* PyTypeObject .tp_dict

KA PG Py Type_Ready () {7 #]ixX B

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once PyType_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
__add__()).

ok :
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BFBAX T RRPTAR (EAEX L S TR MR N [ AL R AR 1) «
BRik:
WERILF BN NULL, PyType_Ready () ¥ HEST—DHT M.

I

i, H M C-APLffifiPpyDict_SetTtem() BEN tp_dict BANLEW,

descrgetfunc PyTypeObject . tp_descr_get

— AR AR ] C“HEIARRIREY R TR .
EA GRSk

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

MoK :
BT B T 2RBAK

descrsetfunc PyTypeObject . tp_descr_set

—ANFE 1) T 150 BRI S Rl A () bR B SR T
PRER 244 R

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

K value ZHLH NULL DA R AH -
ok :
W F B TR BAK .

Py_ssize_t PyTypeObject.tp_dictoffset

W B L) A — NS S BIAE B g i, 7 BER kAR S 0 5 1% S 191 28 o i g 2 2
HSEBI M & MRt PyObject_GenericGetAttr () ffiffl.

ANERZT B tp_dict {BIF; a2 BN A O i TR TR A 7 4t

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of st r or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative t p_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset aretaken 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().)

Aok :
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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 hasa ___slots__ declaration, the type inherits its tp_dictoffset
from its base type.

(Adding aslotnamed __dict__ tothe __slots__ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like __weakref__ though.)

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 tothe ___init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its ___init__ ()
method again.

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 keyword
arguments of the callto __init__ ().

tp_init PECANRAN NULL, R i 2R AR A 8 e Bl R, BIFESRAU tp_new bR
BRIl — AR LRI MR tp_new pRBLR ] T — A R ST A 12 U g HA S 7 g 52
B, Wep_init MBS AR tp_new B T —ANFIGRBE TR/ LG, W IR
Witp_init KPR .

B E] 0, KA RN R A -1 FAEs R E i E— % . and sets an exception on error.
ok :
WF B TR IAK

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);

B
W BB TR, RSP THRA Gl class A0IHIG THRM) 2K,

ik

MFNETHA, UFBAR SN Py Type_Genericalloc (), DASRBI RRIER S R AW

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.
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newfunc PyTypeObject .tp_new
— AT ) SE 0 6 R B HE

B4

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype ZHUE BB S A0 RAL: args Fl kwds ZH0RNE B BHE ARG B FN AP S8 15
7 subtype N2 SR AN t p_new BREUTEIIZRAFN . BER PLUSZ BB T RE (HARRZE
EILRHIF).,

tp_new FREV X4 ] subtype->tp_alloc (subtype, nitems) B NXTRAEESSE, K5 HIH
et f wh B it — LTI B . W] DAZE Al 22 W 55 FE 52 TR B AL B E Y 4 iCFE o ind & Ab PR
o AR B ERE TR AT, B A B LI RRN S e o now PR, AT T 2E
RA REB VIR BEERR Y MR B tp_ini t FEAT.

Aok :
This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

freefunc PyTypeObject .tp_free
— AR ) SEOURE R B0 Ha 5. R4 N

void tp_free(void *self);

AL LR Pyob ject_Free () .
Hh ik :
VT B S TR, RS THRA GBI class T AIGIA TR 4kik

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC ﬂag bit.

WT#AT AL, PyBaseObject_Type fii ij PyObject_Del.

inquiry PyTypeObject .tp_is_gc
AR A 1) 235 [l e i 1 ) eR R 5

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to
look at the object’s type’s t p_ f1ags field, and check the Py TPFLAGS_HAVE_ GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and 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.)

Aok :
BT B T 2RBAK
LN
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This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject .tp_bases
B T .
This is set for types created by a class statement. It should be NULL for statically defined types.
Bk :
X FBAA SR
PyObject* PyTypeObject . tp_mro
AL R TRAR BT, DASBUAR G ITIRIF LA object MENETH, B I ik b IUT .
oK :
RNFEASPR: EREE Py Type_Ready () IHREI.

PyObject* PyTypeObject . tp_cache
ARG ACHE BRI

oK :
X FBA SR

PyObject* PyTypeObject . tp_subclasses
HIX T2 55 | ARS8 . AR .

Aok :
X FBA SR

PyObject* PyTypeObject .tp_weaklist
95Nk, TR ZRBN R 55 . AR, RN

Aok :
X FBA SR

destructor PyTypeObject .tp_del
BRFBROCHFN . Wditp_finalize,

unsigned int PyTypeObject .tp_version_tag
T RGI BIEEA . URNFREE .

Aok :
X FBASTIK.

destructor PyTypeObject .tp_finalize
— AT ) LB R AL R B R 5T . BRE 44 h

void tp_finalize (PyObject *self); ‘

WEARBE T tp_finalize, MRRRIFIERZALEE LB E—U. R bR m - (k
B BPARERT | ) — AR ) SOURTEXT BRI iR . AR, B E S e
FTREIRERS | Z BRI, CAB R E BT PRI RAL T IEFRES

tp_finalize AWV HBUVRMEIFHRE: B, G REALESIERMIAIT:

static void
local _finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

(Qi¥iE3)
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(£ 50

/* 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.

HOMETFEER, AR A BIR B LA ) Python . tp_dealloc nJPAMATRE Python ZARBIA M, 1
AU RIEZARILAE (WS RIS 5TV EIEIR I — 553, WHRIRER AT e S PT A ZeAs_E Ry
Sl B AE B ) o 3% Python APT 3 R YA i I, [ tp_dealloc i J B e B LR RRIFFFA 42 JR)
RSB (GIL) . EUZ2, UREHERART GO T ok B A C 50 C+ FERINFR , IR 24/ DR PR AE
A tp_dealloc fJZEAR_EAHEIX LU0 R 2 BEAIX L A AL AT B R

ok

I F Bl TR K .

3.4 Hi e

B UL:

Y AR R A 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 t ype .
__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__and __init__is
used.

Aok :
X FBASTIK.
3.9 Fihae: GEATFEM 3.8 BEMAAE, (2 3.9 THABLAR)

12.3.6 KR
TEfes b, A C AU hE LHRAE R #4500, M@, PyTypeobject G5MAEARD h H % & Ol
MPyType Ready () RHIIHAL.
T2 T ST Python Hiig SRS AU IR 2L FR i -
o WASERHBEIA DRSS aiEsl, IR 2 E4K.
o BASEEXS (EFFAEFENRNES]) RARAEXS . Rl FefE Python HriR (& B BN S JR 1 .
o WASKBNTG R T i 5 L2, BB TR N ASFEAT A AR @RS

Also, since PyTypeOb 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_FromSpeclWithBases ().
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12.4 HFMREHaF

PyNumberMethods
RS R AR 8 [ WO G T R S U7 DS AY BR R H8 5T o 3> SRR I 5 330 — T D SRS
ARRE R T o

SERA A E SLANTR

typedef struct {

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix multiply;
binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

W BH M= H R B WA A H A SRR 2R 8, IS B s (B0 — AN HR1E
BRI SCRBRGSEB) o AR A TS I BEROE SCERE, WIDRLE A1 = B B £ b 23R [0l
Py_NotImplemented, ISR %AE T HAMAL RN EATLHGR A NULL H 38— 75 .
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{iff#: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods

nb_add
nb_subtract
nb_multiply
nb_remainder
nb_divmod

.nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .

nb_lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods .

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

12.4. BFMREHEEF
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unaryfunc PyNumberMethods .nb_index
binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods .nb_inplace_matrix_multiply

12.5 BRI REGH1E

PyMappingMethods
AT 1R 0 G T S DU RSO e B 5 B B =R

lenfunc PyMappingMethods .mp_length
LR Py Mapping Size () MPyobject _Size () i, HHAMFEMES . WRXREA E
SCA B2 DU Al 457 AT 91 A NULL
binaryfunc PyMappingMethods .mp_subscript
Z R BB Wipyobject_GetItem() HMPySequence GetSlice() i M, # H F 5
PyObject_GetItem () AH[Al #2544, MAE (L 00 2 W3 58 VA PyMapping Check () bR IR [1]
A IE R PA 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 vcan also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 FFIIXREHIF

PySequenceMethods

SEMIRFRAT HE T R T SE B S MR eR B H 5L

lenfunc PySequenceMethods.sq length
WERE B Py Sequence_Size () MlPyObject_Size () i, HBASENHREMNES . BB H
Filidsqg itemMlsq ass_item FENSEANTETIRT] S .

binaryfunc PySequenceMethods.sq_concat
BB Py sequence_Concat () Frifi FFHAMIARES . TE2lilid nb_add fEALAETEUEAT N
ZIREBRXYNT + 1B5HF.

ssizeargfunc PySequenceMethods .sq repeat
B g Py Sequence_Repeat () B RAMFERZES . FE221b@dnb_multiply fAIIETEL
MR R ERLXPINT * BHEAT.

ssizeargfunc PySequenceMethods.sq _item
IR Ei Py sequence_GetTtem () I RAMEIRZES . TE22iui@idmp_subscript HAHAAT
T EEZ SR BRI TPyobject_GetItem (). KN MY IE APy Sequence_Check ()
BREUR A 1, ANERTPAS NULL,

Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sgq_item. If sq_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq ass_item
R Py Sequence_setItem () FrffifHEAAMEIMNE % . fF=Rilidne_ass_subscript fll
FEAT A% HIRMEA N ER BAE 2 SR EIR 2 T Pyobject _SetTtem () MlPyObject _Delltem (). Hll
%X}‘%T SCHRZ% H AR WA 2 7T AR Sy NULL.
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objobjproc PySequenceMethods.sq contains
By Sequence_Contains () MFRAMIEAEES . MAEAIATAPREF A NULL, FERCHE o0
N PySequence_Contains () HFFi#EFZFH HEKRE]— VLD,

binaryfunc PySequenceMethods.sq inplace_concat
IR E B Py Sequence_TInPlaceConcat () i FH BAHEMNES . BN S BBENE D RE
B, R HGRIE. M AR AGREF N NULL, EBUIHOLT PySequence_InPlaceConcat () Ff[EiR
Fl|PySequence_Concat (). FEZIREiInb_inplace_add FEfiHATEFE R AN Z GBS H
THERBREB AT +=.

ssizeargfunc PySequenceMethods.sq inplace_repeat
IR E B Py Sequence_TInPlaceRepeat () Fiffi FH RAHFEMNE S BN S BB ERNE—MRE
B, R FHGR . A AT DAR RS NULL, FERTE LR PySequence_InPlaceRepeat () iR
Fl|PySequence Repeat (). fEZiREInb_inplace _multiply fE{IATEF IR 5 BEIL
SN TR EE AT <=

12.7 EpRX VR EE

PyBufferProcs
WA IRREAG ) 22 oF V3 BTG B BRI a4 o IS ST 5t X G A ART [m] 3 % 7 X e %
e H AT -

getbufferproc PyBuf ferProcs .bf_getbuffer
AL VGO AR

int (PyObject *exporter, Py_buffer *view, int flags);

AR exporter TSR AR TE flags BTG/ view. BRHE (3) sish, BLBREA LB AT A R 2 3%

(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) b3 T ORAT-3 H B T e -
(4) Set view—->o0b7j to exporter and increment view—>ob7j.
(5) i&[nl 0,
TR exporter 32 Gk X AR Ty 1) SR ZUSE A g — TR 43, DUAT DAGE P WA 2 2207 % -

« 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—>o0bj will be a new
reference to the root object.

view "PHEANF IR S W2 T K25 Atk —35, 070 TR W R B 24 WS 2 L 22 o X3 AR %

B,

PR AEPy_buf fer ZEA R AR AR 10 1 N 7R 8 T3 th 7 T e AR 35 A RCEL 2 A FEA A fTH 2% 07

format, shape, strides, suboffsets flinternal XM K2 HiZm .
PyBuffer FillInfo () PRy gk (A 5o G DX [F] f T3 A HELA B A 32 SR 2L By 7 5
PyObject_GetBuffer () ZEAMELZE HLBR AT ST 98 1 -

releasebufferproc PyBufferProcs .bf_releasebuffer

I PR B 25440
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void (PyObject *exporter, Py_buffer *view);

A PR op X BRI TE K o R A FEREBUL M %R, WPyBufferProcs.bf releasebuffer
A[PAH NULL. FEHABAEDLR , SR B AR I SEBURF AT DA T B Al g A0 3R -

(1) 3880 T PRAF-: HR RO NS e -
(2) R R0 0, WG A KERE] view I NTF

ST A internal FEORICREM R CBIYGTIR. R BOFHORIEE , 107 2% 7 Wl 847 It
RGP XA view ZHUEA

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer_Release () y@fI X AL%% IR A TH 3% A0 10

12.8 SLMREHIF

3.5 Bl e

PyAsyncMethods
MR A F8 1M 558 ] S St Blawaitable Flasynchronous iterator %142 10 BREL I FR4T
LER R E AR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods .am_await

JLATEE I GRS

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AR XGRS awaitable W) BAE 7 0] 15 A NULL,

unaryfunc PyAsyncMethods .am_aiter

LR B 2544

PyObject *am_aiter (PyObject *self);

WIR B —A~asynchronous iterator 3% . 162/ __anext__ () TN
TR — XS G LB A8 XA PO A 7] B 5 NULL.

unaryfunc PyAsyncMethods . am_anext

AR GO

PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.
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12.9 ISR 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_size field should be initialized to nitems and the length of the allocated memory block should
betp_basicsize + nitems*tp_itemsize, rounded up toamultiple of sizeof (void*);otherwise,
nitems is not used and the length of the block should be tp_basicsize.

PR O AT AT AT AL SR G A PR, BB BN AP AN LARAT 3 SR 2 i tp_new K58

void (*destructor) (PyObject *)

void (*freefunc) (void *)
Zltp free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Z: L tp_new,
int (*initproc) (PyObject *, PyObject *, PyObject *)
ZWltp _init,
PyObject * (*reprfunc) (PyObject *)
ZWtp_repr,
PyObject * (*getattrfunc) (PyObject *self, char *attr)
A ] X R )45 R TR P AR
int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
M RBCETRERIERE . K value ZHBCH NULL REIH R ZJE 1 -
PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
ATIDOE Qi UE =y R R
Zlltp_getattro,
int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
M RBCETGERIERE . K value ZHBCH NULL RN BRZJm 1
Zltp_setattro,
PyObject * (*descrget func) (PyObject *, PyObject *, PyObject *)
See tp_descrget.

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
Zltp_hash,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
Z W tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
Zlltp _iter,

PyObject * (*iternext func) (PyObject *)
£ tp_iternext,

Py_ssize_t (*1enfunc) (PyObject *)
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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 #¥

NTHE 28 Python S8 LAY BRG] A GAER T BE BB VA A LEHUR T N FR
oL, BORBEZ R0, SLEAE R AN SRR, 7525 defining-new-types Fll new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

YRATREIE A B A SE BRI A (LA B IR ALY (3512 7E CPython ARG FEH)

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobij_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

(Rt
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(£ LT
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */
0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

e

—ANSCREREEIN . S SRIG Fa R 28

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} 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_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
i

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;

(FItkgs)
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(£ 50

} 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 *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 {EXRIEB THRBEIA LR B

Python %F T3R5 FH AR 5 AR “7e88 XHGORTINYSRF, ORI ZRRT QT R (L L e 20
x5, RRAHE G IR, d R TR (7 s /iR) 15 A, AReia
BREHE Y S

HEAE-NERE, RN R Wep_flags F B W WA Py _TPFLAGS_HAVE_GC I $2 it —
Atp_traverse ACPRRISEEL. WIRZEBLHIE AR, BFELMtp_clear .,

Py_TPFLAGS_HAVE_GC
WE T ARG AL R B QAT G HALIC SRR o SR 07 I, T SCHEX LERT R PR A AR AT 4

P AL H 3 pR L BT A A I -
1. Wi PyObject_GC_New () B{PyObject_GC_NewVar () “HiXLEEXILR Bl NTE .
2. VIR T R AT RE S A A S I EUR , EA I PyObject _GC_Track () .
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[, X5 B RE GRS I ZBAT 6 WA SR 0 -
1. G| HHEERS B, WA PyObject _GC_UnTrack() .
2. W PyObject _GC_Del () BB S I NAT

B AR —ARAESI T Py_TPFLAGS_HAVE_GC, W #£/msEs 2 /b—Atp traverse
W E L >R B AN B T2 AT

Y 8§ MPyType Ready() B #F APl o K 86 5 £ W M B M K % #l
WPy Type_FromSpecWithBases () BiPyType_FromSpec () BWABIBsIE FEtp_flags,
tp_traverse fltp_clear FE, WARZRALEK B SCI T B3R MG AP 29 Hag 128 &
A AL Py_TPFLAGS_HAVE_GC EFMIIE .

TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
K FPyobject_New() , W TWE T Py _TPFLAGS_HAVE_GC W2 ARARIT L o

TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
R TF-Pyobject_NewvVar () , WG TiRE T Py_TPFLAGS_HAVE_GC FREMIZIENTE

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
HPyObject NewVar () J5rBCkf G B HBE R /N 3 0] T BE R /)N I 64 B0 2R I 3% 8] NULL,
op WA AR B

void PyObject_GC_Track (PyObject *op)
XIS op MBI B DS IR BRI AR AT G o WA IS R R i L AR R0, R Il
FBEFEAL IR TF 401247 . TEcp_traverse WIRHIR T A FBASCH ARG , AT BLEREL, WHTE
ETSUR AR Y& Nt DL VAL

int PyObject_IS_GC (PyObject *obyj)
TR XSG ST B ISR B 4E 28, 3R [E] 0,
TSR MR EIGR ] O IR 5 Te ik 3 T 2 5
int PyObject_GC_IsTracked (PyObject *op)
AR op XFZINERSLH T GC MY H. op H BIIEMIR MU 5B ER AR [F] 1, A5k [E] 0.
XZEPIT Python (K% gc.is_tracked(),
3.9 Hi e
int PyObject_GC_IsFinalized (PyObject *op)
AR op RZIEBLSLIL T GC ¥ H. op C AR i 245 Mz (] 1, 7503z [a] 0,
XZEPIT Python (K% gc.is_finalized ().
3.9 Hi e
void PyObject_GC_Del (void *op)
BRI NTE, X RAIIRAIS i PyObject_GC_New () BiPyObject _GC_NewVar () ST
void PyObject_GC_UnTrack (void *op)
MBS IR ERAESS L EGPREER op R HEET AL LN Z EH R
MPyobject_GC_Track () VAXE N [B] B 97 BR B 0 R4 & B s (tp_dealloc HIAH) R4
fEtp_traverse MNGHMHE A B9 AHEAT 5B R B2 Bl A G I R 4L

TE 3.8 iRk _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () T MAAE C API 15[,
tp_traverse MDA N RBWRETES .

int (*visitproc) (PyObject *object, void *arg)

tBttp_traverse PRI A BRELIZRTL . object R4S P ETWH T — X%, HE=EATESXN
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Ttp_traverse AP arg . Python R0 I 25117 I oA RS B ERS | A SESRAGIN . AN 2 P
FAT SR BT 1 R A

tp_traverse AbPRIAFIRZ A A

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T2 S e A R SEIAb 00T self Fir BB L S BRI XS AT visie AL, visit B S K
P AL SR RAME AL PR T Y arg (. visit ERECH AR AT NULL XPRAVENSH. Q2R visit R [0 JEF
(B, DURZAEY. 2497 Rz 0]

N T Hifbtp_traverse ARSI, Python & ft T —Ary visIT() K. HBEMENEAKE, ©H
W tp_traverse WIZEAN44 K visit F arg .

void Py_VISIT (PyObject *0)

W5 o ANk NULL, WA visie [FE RS, FHATSE o Fl arg. WS visit 3R [0 —ANIEZAE, AR [EZ 1 .
AN EZ )G, to_traverse AR HIE T

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AMMRRFF N inquiry 288, AIARXFTGA T ZE NN NULL.

int (*inquiry) (PyObject *self )
LIRS MG . AN RGATESR I %, FOA MBI TTRE BB RG] . F7%
HREMZ, SRR E GBI AR CREExtsI i RIAM Py _DECREF () J7k). B3Rk
WCAS AL B A SALTEIAG | I P vy, VA SR A -

224 Chapter 12. Y& SEM 45




cHAPTER 13

API #1 ABI fR A< &8

PY_VERSION_HEX J& Python B4 S AT K.

BN, R pY_VERSION_HEX #{# N 0x030401a2, HAL E&ACAE Bl DA i DA T 75 20R Ay —A> 32
(LR RAL P

F (B (k| BX

W | WEVF)

1 1-8 PY_MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 Hiffj4)

3 17-24 PY_MICRO_VERSION (3.4.1a2 Hffj1)

4 25-28 PY_RELEASE_LEVEL (0xA 42 alpha jiiA, 0xB 42 beta HUAS, 0xC A&7 1Y {5

VEIUAI H. OxF Z i ZMA), TEX T HX A4 2 alpha Jii4s .

29-32 PY_RELEASE_SERIAL (3.4.1a2 12, AR AH 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
A H20 2280 & LAE Include/patchlevel.h,
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RIEXTHRR

>>> Python A2 H AR T BRIAFERAT. 0% 0] AYE RETEMERERS T <2 B P AT AR IS /R B R B 3
. HAUTE X
o YE RIS RN, PARAE—XFICE R A AR (35S, S . RIS H=515) I,
e e A 2 I, 32 H.3\ Python ) BRIASR/RAT .
e Ellipsis NEHE.
2t03 X222 Python 2.x %4415 A Python 3.x MUASAY T, il i AT VA A5 R 1 AT AR R b R
BRI AN I A
2to3 MIFRHEFE N 1ib2to3; M AL A Tools/scripts/2to3., £, 2to3-reference.
abstract base class -- IR KR FZ I LTI ABC, EXfduck-typing [#b7E, BFEME T —FpE L 007
X, M2 FHALS G0 hasattr () B TFREMECE MbE R (B BAR ). ABCH|A
TREMITFZE, XAt dEgR 5 A, HEJIRER isinstance () fl issubclass () FRAT]; i
UL abe fHSCRY . Python H A% WE R ABC H T LB P45 (7E collections. abe #idkHr) .

HF (fE numbers Bidkh) Ui (7€ io fidhh) . ARG AMELS (7E importlib.abe itk
H1)o ARFTPAGEA abe Bk BIE B 2 /Y ABC.

annotation -- biiE KRR, KEME. RBESEORIMEMARE, BEN R &2/ R

SR AR AR B TR AN U ), (H AR RIE MR R B AR T 2 MO . RN R i
__annotations__ k@M.

2 W variable annotation, function annotation, PEP 484 11 PEP 526, XTIHITHEE A NE .
argument -- S5 7 REUAE 45 function  (B{method ) WH{EH. S50 HWifh:

o KT A TERBOR T PRI A RS (B8 name=) BN STERTRIAA > 7St
ME A 28BIKE, 3 A1 5 FELATRXE complex () MM HIYJET K724

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 2 Al ART RETSHNSI ESHOTHIT SR ENIT L DA G A A A
* Witerable HLETLRGAE A . 28BS, 3 A1 S FELA R @ T B 24
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complex (3, D5)
complex (* (3, 5))

SR KRR R . A BN S, calls —7 . U, (E AR T
KRBT B AT ISR G R B

7 & Wparameter REFFZH , HIWEH SHGESHX AL PEP 362,

asynchronous context manager -- 525 |- F S P08Y AP R BT E X _ _aenter_ () Ml __aexit_ ()
F¥ERA asyne with A HPIIREEIE TS . B PEP 492 5] A,

asynchronous generator -- 5535 3% 1% [B{E M asynchronous generator iterator A%, BE5{ ] async def
T LR R BARAARL, ARRZAATET B vield FEX A4 —FRIIWTE asyne for fEHH{H
.

AT 7245 5 AN ae s L, (EAERSEES OU N R BE 248 7+ £ m Bk K& . WERTFEIE A
HARE S, T A FR ARG

— RPN RS await FIAXEFH asyne for PAK async with if4],
asynchronous generator iterator -- 5335 H: g 85351088 asynchronous generator PRI RIS .

WXT R & T asynchronous iterator, 4{#ifH __anext__ () FYERHB SR B —/NAT SRR R PITHE
A s R A U L) T —4> yield ik

f4 yield QUG AL, JCFEM A GRS (IR RATHR oy FA). %
R BERRE TN anext () BENATFEMEARKELN, ©2MBIFLRASNT. S0
PEP 492 1 PEP 525,

asynchronous iterable -- 2B [ ECX R 7] 7£ async for i A) o g A A9 X 4. 620 E A B W
__aiter_ () F¥ERE—A asynchronous iterator, ] PEP 492 5| A,

asynchronous iterator -- 5253508 SE T _aiter_ () Ml __anext_ () HEMXIE. _ anext_ W)
R [Bl—A~awaitable 3%, async for SACFLFAERIIA __anext__ () BRI ] AT S5 R X
% HIHE| k—4 StopAsyncIteration F%. fj PEP 492 5] A,

attribute -- J&M: KEKE| AW RIME, ATRAE G5 2Rl ARSI R B, IR R o BA
— Mgtk a, WA o.a KEIHE.

awaitable -- [ZEREN R BETE await FakUP RIS . v AR coroutine B2 HA _ _await () JTER
S5, ) PEP 492,

BDFL “& B -25M#E" M9 45, Bl Guido van Rossum, Python 813 # .

binary file -- JEFISCHE file object BEWGEE F 7 KAt fo T HERISCAFR BT HE A 2 EHIEE (b, Twb!
or 'rb+"') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfil gzip.
GzipFile [SLH.

TS Wext file TIRREWSIES str MRAYSIFXTR

bytes-like object -- =i HIRf R 542 P 3L H HBE S ) C-contiguous F X 4. XWIEFA bytes,
bytearray fll array.array X%, PARFZEH memoryview X[5 . FA G AT 1E 2 Fp 3k
BARERAEP R s XS E IR AR PR B SO DA S R R R A

FLCR AR ] 2R R . XM RAE SR PR R TR R ARG R
Bl T44% bytearray PAK bytearray i memoryview. HA#MERR I HiRRAF T A W] 2%
G KT RIRY); XS T 4 bytes ALK bytes XRH memoryview,

bytecode -- ‘7 ity Python JEfURS S #i4i¥ 7 5h%, I CPython fifRé s o7 Python 2/ ¥ YN EAIE. 7
LR ZAFAE cpyc S, SRR AT A — SCPF IR R EpR (AT DA G 25-K5 U 38 4 150 7
T o R PEEF” AT T I AT AR A LS B i virual machine 2 . WERE AR Python
FEAUML BRI 7 A —Ed@ i, A —E BEFEA ] Python fRAS L3R4S
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FAHE SR AT ATE dis BRI SR & .
callback -- I —ANER SEBE A LA RATEA K (g 5o 20 e 8 1) 7 iR e
class JI A8 P WG INBNR . 2 SGHE & R HZ 0 S BB THAE R v L.
class variable -- Y328 i YEJS g CHIAE R, I HAXPBRAEZR 2GR BT (M AR AE 2R LB B0 -

coercion -- SIS BG40 S PN RS AR, —FRSEA A SO R A o —Fh R,
W, int (3.15) RERFEGERBEAICONEREL 3, BE 3+4.5 W, SHEFRBA—E (— int, —
se float) , PHE AL FIZRBUA BERI AN, MNFFT] % TypeError, MR EAT 5 A AAELALH],
FEFF UL ZI0RE B W] SR SR — A IR 2R AL, IS £loat (3) +4.5 MR 3+4. 5.

complex number -- 525 XEESLE ARG R, HA I BEESERR A SR — N AT AL
FRHCANL (1 BPP IR PSeRssl, WWEREFP SR 1, fETR2EPE N 5. Python NE T X
BOWSCRE, R TR2EbRE =0 B A —1 5 JE%, B0 3+15. WIRFEE math BiH X4 A%T
AERORAS, T cmath, EEE A E— A RS BB R . SRR R B, AT
LA 245 AT 4] i A

context manager -- I F3CEPIZS 7 with BRI, B EX _ enter_ () il __exit_ () FEEFRE
FIAFRSHIX S . S0 PEP 343,

context variable -- |- F 30 5 — RS H g 1) LT SCAT AR A R FEIERAS & X BT IEL R /AT
PR PATER AR DA A AR R, Ak, P E R OEERR, M PITEET s sEZL
A ERSC, BT SRR R R RS AR B TR . B L contextvars,

contiguous -- ¥E&; — NZ P UNR R C i 420 Fortran % 42 WA 2 IESEN) . FE4EZ b2 C 1 Fortran &
M. LE—YEB T, BTA 4 H O E NFE R LA SR HES , R BT LAI I RS Y . 1E£
YE C-IELHA T, “:‘li’ﬁlj\]ﬁiﬂaﬂtﬂliﬂ e a— AR5 1A 4% H R A . {HJ&FE Fortran 425040
T2 A — AR k.

coroutine -- PpfE tHEERE THIFERE — L. FHIRE ] ATE %*5 HEAFHAES — B . PMEN A DAYE
ZAR S EHEA L IBHAIKE . B asyne def BRI, 2L PEP 492,

coroutine function -- PpFERREL 1R [B]— " coroutine S AR . TMERE AT asyne def iEAEE X, I
T REfLEr await. async for fil async with o, X2 A PEP 492 5] A/,

CPython Python #ifEiHF FVE LI, 7E python.org b, "CPython” — i F T-#E % BEHFRF I 55 B 15 HoAth
SEPLAI A Jython B IronPython FHIX 51

decorator - B4k JEIEH Y — A FAUGEC, AT Curapper FATY AT RACER. R0
T f34E classmethod () fl staticmethod () .

MR R —FEIRNE, DA AR BUE TR S ESE %4

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

AR HE S L T2, (R R . A SR MR AT 1T 2 0L s BOE SO 2858 SUR SO

descriptor -- fliif %5 (LAE LT __get (), _set () B __delete_ () FEMMZ. K KEH
DR as Iy, ERERISEST M ST R A RN A . Sl EOLT TEH% a.b AR, B E B
—NEYE SAE a B FULP AR A TRN b XEGE, (HAR b2 tikas, WS8R b
TiiEe BRI ASARE 2 IR A Python (1 ¢ 58, [RIAIX 2 17 2 HEEAFIE I BLAE , (045 B4
Triks JEE. RIE. BESOTIRLA B ERI G T A
A KA ARITIEME 25, HZ 1 descriptors B fHA R 159 -
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dictionary -- “y 8t —ANSCHRECAH , H b B4 R A L S BAH B i (. ST DURAR{T RS __hash__ ()
_eq_ () FEAXSR. {E Perl iE 5 7 M hash,

dictionary comprehension -- “y2Jitffi 55X Ab ISR G ) I SRR 3 J0 2R I AR [l 5 SR B —
BEY, results = {n: n ** 2 for n in range (10) } ¥ER — I H¥En Z{E n ** 2 HYmL
S A F M, 20, comprehensions.

dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fil dict.items () IR [EHXTER IR N F
WAL R TFRAHN D SHE, XEWE Y PSSR, WEE SN A . BT
O R A BUE 3, AT 1ist (dictview) . & dict-views,

docstring -- SCRY AR (38 s ISR — DRI IR FAF s . EE USRI TN &
BB, Hu RN B A R ERIRAY __doc_ @M. mTEITFRIBNA,
PRI X R A TR A L 2

duck-typing -- P87 R Fg—FhgRFE RS, B AMREEERIT R A0 e L2 B A EMmED, meH
PR R s o sE M (BRGNS, mpERWGM T, IPAE EMmaN . ”) hT e
P AERRE 28, it RIS v el 2 SRR T R, 19 2RBLE R type () B
isinstance () Kpill. ((HZEERENFIRB0] DAMIH 48 248 % E0rhse. ) MAEES R hasattr ()
K 2 EAFP 4Rfe .

EAFP “RJFIHORIF T A )" (33O S . XAl Python 5 I AUTS 2 5 MG £ B i 75 119 B ol MEATAE
HAEBGE FRINHH P B o X PRI PR XA I RF @ Kz oy Ml except 14T, THAIN
N2 FELBYL WA, #ILT C SF R HAIE = .

expression -- LA W DK FAMEMTEARIC. BAihil, — DRI ITCROIAFIHE. 45K,
JEPET A IEFATER BRI IIL S, ENEEE SR —ME. SHZHAMEF AR, HIEAES
i PERE IR IEAFFEA BB R B statement , B0 while . WR{E 28T A AR RA .

extension module -- §JEREH DA C 5 C++ Zi 515, {8/ Python [¥) C API >k 515 F %0 DA K P A iE

S

T2 H..

f-string -- f-p4FHs AT £ B P BTSAOTEAT S EIREEFEGRON CE-FAR R H) AR S AR R T (A
5., £ PEP 498,

file object -- SCAFXFGR XML ) SC{F APT DAREI N EBIRAIXTSR (A read () B write () IEAERYIT
5) o MRIEHAET SRR, SO R AT DAL P BLSCREAESCHF, XA f, SR M@ ISR
AR (PIANbR R A/ . ARG BT, IS ) . SURR R WP ST R 3 2 80A.

Sefr b A =R BIR SO SR SRR =] S, G — i) S DA SR . BT E
TE fo b, AIE SO SR TE e A open () PR%L.

file-like object -- LTINS % file object B[R] il .
finder -- #ER2Y —Fh S22l A R T AL loader XIS,

M Python 3.3 FEAFAEP AP RAI By Tk 253K % LG sys.meta_path {[# [, DA Kpath entry
finders Bl & sys .path_hooks ffiff.

WL 5 1 PEP 302, PEP 420 # PEP 451,

floor division -- [n] FIUEEBRI: 1) T 45 A B BT BB B Bk . 1al N U BRE B B 2 // o BN,
HikX 11 /7 4B EERRE 2, MEZMRWEF SBMEERERR 2.75 , HEFE (-11) //
4 2R -3 FHAXRE -2.75 @ TRy ASEIREE R . UL PEP 238 .

function -- g %L 7] AU A 3 3R [l S AME ) —d1iEA) . 38 R] DA HAR A BB Z A A2 HAE R BUAR ST
B . 5 Wparameter, method F1 function 2577,

function annotation -- PEhRTE R4 %) B EUE S 80 R [BH{E R annotation .
PRV R IE T R 2042« BIan AR s Z A int SEOF LR E—4> int {H:
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def sum_two_numbers(a: int, b: int) —-> int:
return a + b

PR EAR YE TR A TR I function —Y .
152 % variable annotation 1 PEP 484 Xf W I GE1HIA .

_ future__ future {&4], from __ future__ import <feature> F§/RImiFen(di AL R K1 Python &1
A B R AR v BB NS SOR GRS B, future BIHLSCRYICSE T AT AN feature BUE .. @t
T ARG X AR BORAE, AR W] AR B IR R A T B e O A B E S AR B (e
TEAATEH A BRIA

>>> import __ future_
>>>  future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- Ki ¥l [nIic BERCR P08 (8 F 1 P77 23 1B 1 5 #2 . Python 23 1 5 | F T HECRT— A~ REAZ A )
FFTWAGERS | FH B ER LR [0 SR A TR [ o W] DA g ARt 42 il s 3% ol it
generator -- /L3S iR [8]—"generator iterator (PR, BAEERMBBEWEE, ARDSAETHAE yield £
IR PAE =2 — R YEALZS for-TEFAME F g2l 1t next () PREGE—FRHL,
HE B AR, (HAER S T T RE R FE A m B RS, WRF RGBS X, i
FH AR PAEE Gt o
generator iterator -- LK 235 RES generator IRET AN S .
B~ yield SIGAFEEALEL, CEMLEIEPIRRES (BRI SRR vy 154)) . 241% & R
BERBWER, ESMNEFNBEREIAT GXS5ERIE AT UG 0358 R 2= AR ) .
generator expression -- /L RN RE R R LR B ERE LK., BEHEERG N EELLAX, FHRE —
A~keyword:/for A, & X T —AMEFHRAEE . J5 B AT—A 0] %/ keyword:/if 4], PARE G #iEK
2 NHNZE R B — R YA

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function -- {Z R B Sy A (] PR S 2 SC B [ 45 1 10 221 R BB LIS R A E TR D I & ph IR EE SRR
R 1 1 o R WR A~ S B

Wi Wsingle dispatch R1EFES<H . functools.singledispatch () HMigsPA & PEP 443,
generic type - {Z% W 2H{Linpe; JEEH 1ist Bl dict R AR, T R 2RF fzit.
WL SN, T B4 85 . PEP 483, PEP 484, PEP 585 fll typing bk,
GIL Z:Wglobal interpreter lock .

global interpreter lock -- 4 JRfRESS B CPython fERELR TR B —FHLE], ERPRIE—m 2 A — SRR
AT Python byrecode. WML T B EXT AL (035 dict SFEENERA) X ETIR RAE
£fiifk T CPython S8, Z5 B ERERS N (TSR RERS 2 s 1T 68, FLACH W4 i THE2 AL
AR I T
A, FEEEHRUE PR B =07 PRI R B T AR A T B  E AT 45 R 4 EOMG A B RE B GIL
Ak, FEPAT VO AR B 2L GIL.,
PAERQIESEEL A2 At MfRESR (REDATEZN PR EE B L8l ) S AN, BROMAE R
UL AL R th e RE A2 BIRe . FRATINK, SElRth AE A 2 i e i AR AR AR B AE 2%, AT ¥ 4k
A

hash-based pyc -- J&-F W A1) pye (0T B 15 ST B4 WG (I T I 5 J 185 o5 B R DA i A O HE R 2 1 T 2 A7
A, 20l pyc-invalidation.
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hashable -- WUy — > %F 500 M 7 (8 Q0 SR AE LA ey LI N6 R e s, SRl Tob A (BEFREAEA
__hash__ () k), IAIPARI HAb R Rt AT (BEFEEA __eq () F¥E) . WBHEN G0
TEA MBI A E L &5 R A & A .

TG A PSR SRR P SR AR B A BT, PR DAk S B 8 A PR S8 s A fEL

KZ % Python HH R AT AE N EXT QA2 rI WA i) WIARZeds (Blang) Rali ) AT A; ARl
2ty (BIATCA frozenset) (M EAIHYTCR LN AT MG A A R AT AR )@ SRS BN R 3
IR EFELEN—E A ME (R25 B0 E), ENmMmaEnEs2s T e
id ().

IDLE Pythf(;n H IDE, “GEIF A 525" PSS . & Python ARl A4 TR PR HY B9 B4 g A A RE
R

immutable -- AR[AEXF G BAT FE RN G AR RUFEECT . FATHRAICAL KRR GBI
Ao QERIDIAFAE— DA RE, WA BIEEIRTR . EAERR S B A R R AR,
BN UL

import path -- AW HEMIE (B2 458 ) ARMPE, Sglipath based finder FSEERFA
Hir. FESAR, WAETFREFKE sys.path, HINRGARUEHETTREEE B __path
JE .

importing -- § A &ML 1) Python AL RE A ) — MEL ) Python A5 Rt A (A3 2
importer -- Ay BRI IEBIINTS; WAL BEE T finder XJg&T loader

interactive -- 22 i, Python f— P32 B MRS, X RWE VRV DAFEMRER TR AT M A B AIRE, A
JESLEIPATH ARSI . HEEEA S TS python (NARA GG, B0 AMITENL
SR E R TR ) o X IR AR B B AR N R A ) — AP AE R A R 2 IR T
“help(x)*)

interpreted -- figBE%Y Python —R@FMEREALUE T, S MM @aIFANUE S, BRI KB b T 17 4
AR BIAFAE I A TR o SRR PR SO T DA B AT AN A6 S X B T AT SO st T R
BT R R B R A AT AR R, R HAR P RIS TR R . & Winteractive.

interpreter shutdown -- fBEZ JEPH 44 ORI, Python f#REG-RFUE A —ANFRIRIZ T BT B S BT
HEAECTE, AT R N A5 . BIES 2RI R DI 2 o X bk P e BT
HZe 55 5 U R A AU HAT o 7R K PRI BERAT R AU T RE B B A P s, PR LB MR ) B U
EAFAR (L0 1A R s L 45 ) -

FRREAR S SR I R A __main_ BEHREETIE T IA C 58 AT -

iterable -- n[IEICX S GEASZ — R [0l H R BT A X 42 . AT IEAC T G B PR A A 2R B (il 11ist,
str fil tuple) DARFELLAEFF AR BIGIAN dict, ST £ DARENT __iter_ () HEBZEM T+
) 1B getitem () FIEMMTE H E LENE,

AERXTZT T for TRFRA SV Z HATFZ Z— NP AT (zip () map () ...)o B—AA[EA
MENERSEAE BN ERE iter () B, BELREEZSRMERE . XSG TAMEE AR —
UCPEM 7 o AEE R AT S0, RIEFE AT L iter () 80H B OABERIXTSE . for iBASN
PR E S ALBEAREEHAE B — NG B A iy 22 728 B TR AEDE I R RAFE R . S Witerator . sequence
PA M generator,

iterator - BARURF JRFIR —EHBLIRRMIXT S . ERMAIBAAN _next_ O ik (B HEHNE
PR next () FFBAR IR H A 4 BEA BTG % stopTteration ¥ . FXm%
AR PR BRI O AR, RER I __next_ () TIHAR KRG stopIteration 2. ik
ARG __iter () JIEAPRIBMZENAXIR B 5, HIGE RS2 E i TR NS,
AT HAREAK GE MR . — A BEWPIINEIRLE S Z R EL PR . A
X (B List) FEAREFRITHAEA iter O BMEEGRTE for JEFF AT EMERS A — DTk
e WERAEBEE DL F AR 10T 28 AR I 22 3R [l 2 Bk AU AR e R ) — s U 4, (A
BRI — R
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W25 E £ typeiter,

key function -- Bt pR %y G pR R PR BE pR AL, S REAZ AR o] T HE /P el HRCLAE A AR XS R - B, Locale.
strxfrm () AT TG E KA HE Y 29 %€ 1 HE e i -

Python #4715 2 T H ¥R a1 A 48 ok BOR #2 l C R HEAL 8 H 7 . H P A3 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapqg.nlargest () PA K
itertools.groupby ().

A NMERECE Z R . B, str.lower () H¥ETTAMMEZME K/ NEGHEF SR L. T 5b,
FERAH AT E T 1ambda FARCER) 2, FlUl lambda r: (r[0], r[2]). ifF operator Fikhig
T = ARG SS . attrgetter (). itemgetter () flmethodcaller (). W&H WiHEF
— DASRIECA A e e 55 s 191

keyword argument -- JeHt =25 5 Uargument .

lambda i~ B fliexpression ¥ U HE 44 IWERBR K, Fk X AR I PORME. 18 lambda pREUH F1E R

lambda [parameters]: expression

LBYL “SEEFJGHER XS .. XM 5 E XAg AT sl g 2 il B ke A i fe 4400 it
WAE HEAFP JE B e, HRE s 2 KEMH 1if 54,
TEL LMY, LBYL eS8 “&F" M “BR” kA FMAwg WG, plan, AN if
key in mapping: return mappinglkey] A REH TEREERAEZ 5 HAMLFEIN mapping 1 F5 5k
T key T HEE o KA DT S A B sk (5 EAFP 7 SOk f R o

list Python P& ) —Ffisequence. BIRA NFNF, (HHEELCITHAE S P rofemIpaEEs 3%, HoAiRIeE
PRI RS TE) A2 2% BE R O(1) o

list comprehension -- BIAEHE SR 4 51—/ 1 1) 47 2 3 5 70 2 9 3 ol 8 55 21— B 0 5
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] K10
| 255 o P S SRR BT N FEAF S (0x.) M. Hoh if PR AT BERY, A SR Ag w0
range (256) HHITATCEASPALEL,

loader -- MRS TTMARIIIX S . BAIE X440 load_module () B . MEkasiE H—1finder
R, S 0L PEP 302, %fTabstract base class v] Z: I, importlib.abc.Loader,

magic method -- BEAR Jj7k: special method WAEIE R [E] i .

mapping -- W5t —FP SCRHE B A RIS T Mapping B MutableMapping fliG I Frfle B4
NS, W2 H T mFE dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder -- JUPRIEA LY sys.meta_path B RATIREIH finder. JOREE S Spath entry finders
FEAE RIAHIF A ] .

JE#F importlib.abc.MetaPathFinder T ffICEAZRET 48 AT SCEl M /.

metaclass -- LR —FTRIEERZE. K8 LWTRY . KPMAERINEK, JuRNTEHEZ Lk =13
FEQUEAHR A S o R 8T 1) X G (4 i R 7 AR = B i MERIASE B Python [ 5Il 2 AAET AT AR
B HE SO KRED N FORIEATERXATH, HSFE I, oA TS AR T (oY g oy
Fo ENEPHTICRBIED N HE ., BMERE L4tk IRERTR 008 KR, AL HAMFZAES .

T £ 13152 I, metaclasses.

method -- Jj ik TEISNTE SCHYREL. QR A IZ SR L) — DB R 5k R B R4 H
HEE—A~argument GAE 44 M self). S function Flinested scope.

method resolution order -- J LTI J7 35 fRHT I 7 5k 2 AE AR $R A 03 H8 R A R T H B S v . 3
2¥F Python 2.3 7 MM THEE 2.3 BGE Python T e it B AH 26 B vE 116N

module X5 /2 Python U —FPH LU . AL EA M a4 25 8], FIE SR Python X4, Bidk
@ i importing BAERE N7 E] Python H1 .,
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5 Wpackage.

module spec -- BiJ LR — A~ dp &4 = 0], Hd & H T s By X 2 AFE. & importlib.
machinery.ModuleSpec LA,

MRO Z: W method resolution order ,
mutable -- R[ZERf 4 AT ST DAEIL 1d () PRAEREDE RS O T MO A . 53165 Wimmutable

named tuple -- HH el AR “HAT” ] TALMIA0K 5 ocdl, FF HIEPW AT RS DeREREN AR E
PERVT IR PR . XA S AL S ] R A AR .
HENELRPNFETHAITH, B time. localtime () fll os.stat () WRENE. 51— 012

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AL B e e WERAL (BN BT 51 ). Hehh, B SO al il 7 AR E O tuple QR E X
AR BT SOk . XN DLF TS, s M T #i%k collections. namedtuple ()
. Ja—For e S I — & T T 5 N BR A LT A s ik

namespace -- iy {430 4 BEEAFBAE BRI, 2 S EAE R SRMNER, B8P inE
A m] (FEHEZN) - finss 235 (BB B 1 a2 i 28 R SCRpBEEUL . 4N, % builtins.open 5
os.open () A[EIT H P12 25 [ X A3 i 45 25 6] 0 30 5o B A A A5 SR A eR BOR 5 B 2 i
A E AR 4E M. AN, random.seed () B{ itertools.islice () XS VLN TiX LR EE
i random 5 itertools BLlesHISZHLA .

namespace package -- iy #4455 [W]{0 PEP 420 5| Af—F U8 FHAE T B s ipackage, 144 251040 AT
kIR, Hiid iy Sregular package RNa], PN EATEHR __init_ .py X
HA[ £ Wmodule,

nested scope -- iREAFEH £ —A~E GERING A EREE S . BN, 765 —REZ Mg X R EmT bAg | H
B AR B . TR B SR O 5 A R R TCRL . iR A i s S AR 2 BR T i N ZE
M. KU, &R ENESWER T 2R 20, @i nonlocal KEF ARIFEAINZEH
.

new-style class -- P AR XIT H 5l ST Fra B3R 2B AT IHFRIE 26 5561 Python it v, HA =t
JERENE [ ] Python iy o RIGHEFE, B4 __slots_ | #iidfF. $5MEJEME . __getattribute_ ().
KB ERNBSHES.

object -- X4t (LM EAARGES UBMEEE) PAKTE XATH (h¥E) BEdE. object g T ilnew-style class [¥)
WIZ LA,

f, — A A TR a3 ) A0 25 T 601 Python module, MAZA L, 244 _ path_ JE&PEAY Python
(8o

Y52 Wregular package Flnamespace package .
parameter - J§ 5 funciion (SJrk) & LIRS, AR BT DMEZH)—argument (S{ER2E
W, 21%%). ALMES:

« positional-or-keyword : ([E BT, HE AW LA A S4 R AT DA S T A2 %
AEZ . K BRARIES KA, HIATR IR foo F bar:

def func(foo, bar=None): ...
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« positional-only: {LFRALE, & — N HBEHEAE L A S (WRALCETE 2wl i A R BUE X
MIESHNEFENZEEE A/ FRERESL, BIAITRIEI) posonlyl Fil posonly2:

def func(posonlyl, posonly2, /, positional or_keyword): ...

o keyword-only: {{FRIBET, F5E N HABHE M K BEFEAMNSE. AR A FIE S v] 3l 7 R
5 U6 BV 0 A S B B0 6 AU B2 AL * 7 X, BV
Ty kw_onlyl Fl kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

« var-positional: ]S, Hi§5E W] ARt — MEBECE R (L B S B B S (BEITE A 2
CERNESHZIG) . ZFES RS AR * e, BT args:

’def func (*args, **kwargs): ... ‘

o var-keyword: WAZIHE, H5E W DR PUT ARG R TSR0 (EITE I S B B K
FSHZIE). BRMESAEIIEESAPRETMEA ** e L, BIA LR kwargs.

FEZ Al VAR 48 E AT A ie B4, B R] AS LT e S 0008 i BRI -

2 Wargument RiEFESE . SHEESHXR AP HE WA, inspect .Parameter 2, function —
4L K PEP 362.

path entry -- BEFEA 0 import path W —ASBANMNIE, S¥ipath based finder AR FL G A BRI,

path entry finder -- P12 A A28 (F—RT RN %3 sys . path_hooks (Rfipath entry hook) & [8] ) finder
ARG g IR i path entry g (AR
152K importlib.abc.PathEntryFinder DA TR A DRSS RIS 1.

path entry hook -- 48 A VEg¥ —FP Rl XIS, FEHITE AT A 4R R 2 parh entry H BRI DL T Reds (58
H sys.path_hook |3k [Bl— path entry finder,

path based finder -- JE£ T BRI A RS BAAI—Fh Lk 12 & 3% %, AIHE—ANimport path T FAS R .
path-like object -- JEFEHX 4t E— A LRGBS . ALK RO AE DN FREEEN str 305
bytes X%, BA[PAE LB T os.PathLike MPAIR SR . —/37FF os.PathLike PMUAYXTS

BV os. fspath () BREFEN str 8{F bytes BB M RS HEIE; os. fsdecode ()
os.fsencode () A BRI str 3 bytes KBPWLER . M52 PEP 519 5] A1),

PEP “Python 532 1" I LHE . —A> PEP i@ — it 3R, Ak Python # IXHEHHF B, BifiA
— Python f9 T 8RME M HE BE ol BR5% . PEP I 244 BRS04 B AR BIAS AT USUER M A R EE L A
PEP [/ 3t R BRI WA X TR S M5 A S A 25N Python i THEE R 9 5
SCRYP AL . PEP BMEHE A TTAEAEAL DX NP 30, I R R B AR A SR
%11, PEP 1.

portion -- {5y H4 i — v A AR BN H SR A SRS (R R] BEAFIC T —> zip SCPFN) , HAsE UL
PEP 420,

positional argument -- fi & S5 2 Wargument .,

provisional API -- £{5 APT 75& AP 4580 B HEBRATEAR ME 1 0] J5 ARA PEPRIEZ SN B ) A 1. i
SRR TE T A S A AU, (B EHAARC R &, W n] BETEAZ DT A5 1 58 A A R 15 DL
THATR AN (REUFEBRZED) . A ESOFRXBEIET - (E APT#IAZ |
R T B B B R R O 1 A S ] E X A

B2 A2 E APLRUL, [0 5 NARA R E S PN Gy 587 —— ARl 15 RER A A
SRR RESE R E b 5 AR T 5

X APAE BRI AR SR VR E PR RS R ITHIEHE , AN 2 Tl MR RIS T SIE BT IR . 3615 0 PEP 411,
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provisional package -- 8[540 Il provisional API ,

Python 3000 Python 3.x KA £kYWERR (IXA4 FAEMUA 3 1 A Al b i LI R I st C L T ) o A IE
WA “Py3k”.
Pythonic #i— ™ al— BoAURS S8 1 Python 1 5 fe % I 09 WS FIRILE: A& (At 55 v

AR R SE ARSI, Python B WU SR 1] £or iR IER A T — > AR AR S P Y BT 78
o W2 HAMTE S RAXRREH, IR ZAZE Python Y AA I RO ] — T T Rds:

for i in range(len(food)):
print (food[i])

T 7B SE 5735 B Pythonic (77 35 i X FERY:

for piece in food:
print (piece)

qualified name -- R FK —DUAGUS R AR, SRR ASLER A 42 Ja) VR IS E R SRS bR
B0k BT, MHE I PEP 3155, W T hm R RABRERE, RESR SR R4 —EC

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname_

) C |

>>> C.D.__gualname

'C.D'

>>> C.D.meth. qualname
'C.D.meth'’

295 T5 I B, 7 TRE S AREUCAPR R B DS S 0 IR B B A, S A AL
H, il email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count -- 5 V8 XPRrE XN 51 RYECRE . 24— DRRIT IR Ty, i3 Be 5T R ploRE
T G Python AR R UEE 2 A T WL, (HE R CPython LI REEITR . sys BibE X
T—"> getrefcount () BR%L, FFF GURTA B RIR MIRFE R R A95 T

regular package -- ¥ AL EGE T Wpackage, BIINEEH—A __init_ .py XA H .
Y52 Wnamespace package

_slots__ —FPEYESS NI A, L T RS A SC B 1 A X R AR R SE ) MR T A BRI R
DT, HEERAGANARS, i@ R DRSO TR, IR NAF I B AR, 5F
HH A S KRS

sequence —fifiizerable, T CFHMIT __getitem_ () FEERJ R LRSI TR TR YN, e
XT—AREFIKER __len_ () Fk. WEMPHIZEEE list, str, tuple fllbytes. W&
R dict ¥ HF __getitem () 1 _len_ (), HEMIANBETBE AT, KATERL
i AT 2 R immutable BT AEEEEL

collections.abc.Sequence MIZH L EN T —TMEFEERNE D, BIF _ _getitem_ () FI
_len_ () ZANXEINT count (), index (), _ contains_ () fil __reversed_ (). SZHLIL
PR ORI DA register () SRR
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set comprehension -- A4S AbHE— AP E RS I Ir g S0 TR R B ES RS — P ERE B Y.
results = {c for c in 'abracadabra' if c not in 'abc'} BAERFHFRES {'r',
'd'}. £ comprehensions,

single dispatch -- ¥isMIR —Fhgeneric function 73YRIE, HLHEHET SRR BURERER) o

slice -- Y) )y 3l 75 LA T 5E sequence f—F MR o YT RR il (0 FARFRCoRBIER), 76 [1 4l
JIANPAR S IR ECT, il variable name [1:3:5]. F46%5 (FR) ARCfENEBEEN slice Xf
%o

special method -- §§5%Jj & — 7l Python [GSIR HIAYTrik, MRS A FEB PATHS & BB AATIN AR 453X
PO B PRI 1 A BRI . R 1 S0 2 W, specialnames

statement -- ifff) HARFE T (— MU CH) RN, — BRI W] L@ —expression SHEANHA
KEEFIEER, Bl if. while 5 for.

text encoding -- UM 7E Python Ht, — /> F 4F 2 — 3 Unicode U5 51 (V5 [ 2 U+0000--
U+LOFFFF ), 4 TAFE i — 74, Bl ERUTsIh—a8 5.

R NP F I — PRSI i, A F T P8 BB QAT R e
A BRI RSO FIE FibDas, BN ARG

text file -- UL —FRES LS st XR 1 file object . 38— SCA SRS BR & U 18] —N T 0] 1 B9 £
Wt B shibPrext encoding . SCARSUFIIBIFAFEASCAE ("o 2k 'w') FIFFRISCHE. sys.stdin,
sys.stdout PAM io.StringIO LM,

7S Hbinary file T IFREW LT F 5 A AT 2 B SRR

triple-quoted string -- 5|55 fFih HREAMW = MELXNG]S (7) RFHRGS () BWTAEH. ENT7ED6E
ES5ERSMH A5 SR TR A 2R, BR2EZSMAL. ENAVFRETFATRNE A
SRS RS [SAING S, IF H AT ARSI AT o wh (0 R AT, 7RSS SORY 74 R IR S 4 1

type 57k E— Python X4 @ TAH AR AFAKTRAEA —MZEA, BHEX R, v AT
B __class__ J@¥k, di&iliid type (obj) KIKHL,

type alias -- JRUH#, — R[] SR, Q)7 sUR S BUIRIE 435 E IR RAT o
KRB BRI MR A K 22 A Bil:

def remove_gray_shades (

colors: list[tuple[int, int, int]]) —-> list[tuplelint, int, int]]:
pass
LA HESETG T B
Color = tuple[int, int, int]
def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

Z W, typing Fl PEP 484, AR} I RERI AL -
type hint -- IR annotation A . FeJEME. AL S BGR R & BRI

RN AR E T AR50, Python AESKEEHE, (HHAIXE AR AT THEIEM , FF A IDE SeB A
b SE M .

SRR JIRIERI R B KRBT AGE I typing. get_type_hints () K5, {HJRHALH M
AHTPA

Z )L typing fil PEP 484, H A%t Ih BER) HEARA .
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universal newlines - AT — SO 72, DA TWFR 6 S AR TAECRR L - Unix (107745
RZE "\n'. Windows [Z)5E "\r\n' PAKIHK Macintosh (27 '\r'. £, PEP 278 il PEP 3116

Fl bytes.splitlines () W £ HEH.
variable annotation -- 28 Hibii: XA & B B M annotation
TEVREAS R JR IR, 0 AT gk R AA:

class C:
field: 'annotation'

A EAREE BN R 23 - BIANAN AR B int JERUAY(H:

count: int = 0

AR B AR ETEVE R YN AR W, annassign —5 .
%% function annotation, PEP 484 11 PEP 526, H WX} ThRER R .

virtual environment -- JEHISAEE —Ff R A PMEX G B2 7RSS, fLi4 Python i PRI AR P AE 226 Fl

HZ venv,

FHo Python 43 AL AR 28] [n] — 48 Lz 7 HoAls Python B AT IITTH

virtual machine -- JESIHL — & 58 4 8 o 50 0F & AT L. Python FE fUAL AT $047 7 5 55 4% 1k 2 BT A= i

H)bytecode.

Zen of Python -- Python Z #ifi %1 Python ¥it sl 54+, AR THM SHEMXMIET . EFHLAEN

FAERE AR i A7 import this”,
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i A

XY Z H Sphinx A reStructured Text J§AE B, Sphinx j&— % AL H Python SURY T 2 5 1) SCRY AR GRS -

SR BT P R, WAET G2 %1, TR Python A% 5. ML AR B ARt BER, 52
reporting-bugs | A2 5. FeA KA YCD By ¥ |

SERILEN e
o Fred L. Drake, Jr., J5i4f Python SR T HAEZ Q5% , ARE 2 M
o Docutils #f40 W H, A7 T reStructuredText LA R F Docutils {4 F44: ;
« Fredrik Lundh [#}] Alternative Python Reference 31 H , >}y Sphinx $2L/F 210 5T

B.1 Python JC#ipYaikE

ATRZ X Python i575 , Python AifE %Al Python SCRA GTRREY A, Bl Python JATHS 7 A f) Misc/ACKS SC41
T TRk

AT Python #:[X it AFITTHR, Python A4 T Ak €0 SOk ——5HEH A4 !
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appeNDIX G

7 B FiF AT

C.1 zR#pImE

Python 17 225 A T BN BABFE ¥4 (CWI, U https://www.cwi.nl/ ) f#) Guido van Rossum F 1990 4E4{;
W, AEA—T 1M ABC HiE & . 48 Python (35 T2 % H H A AR TTEK, Guido {52 H +
AR .

1995 4E, Guido 7£#52 Je WAN B E Z A 5T 22 7 (CNRI, 0, https://www.cnri.reston.va.us/ ) #k&EAth7E Python
ERTTAE, FFEIRE A T 2 AU

2000 471 H , Guido FI Python #%.00FF & |41 BA#4 %] BeOpen.com {247 T BeOpen PythonLabs [P\ . [F4E1 H ,
PythonLabs [#]BA%% | Digital Creations (¥} >}y Zope Corporation; [, https://www.zope.org/). 2001 4, Python #%{4:
H4g2x (PSF, I https://www.python.org/psf/) B{37., X@&—A>% A4 Python A1 3 HITH AL A1 @ ) IEE
221, Zope Corporation FL{F /& PSF 148 Bh ik 5 .

JTA ) Python FASHS IR (4 IR & X2 7 https://opensource.org/ ). Pisi I, #iKZ%L Python it
AJE GPL AN FRELE T RAMAEN .

LZfhRA | RE F i aEE GPL#%& 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI Py
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 | 2001 PSF 7w
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF P~
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF =
22 REE | 201 2001 %% | PSF =

{Efi: GPL A AR M Python £ GPL N k1. 5 GPL AJA], Frf Python ¥4 Al IEAR FL &4 R 1B MG
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RIS, T TC R TR P Sk . GPL SRA R VF AT UE(E#S Python I DA HEAE GPL " AR5 A (1 5
HHERFAHENATT .

I ARZAE Guido 155 F TARRYSMIRG IR, (151X 28 KA A Wl E

C.2 FRER= LAIH 5 & A Python ByZRFRF0F M

Python FHISCREAY G VFRT I BE T PSF % +T #95

M Python 3.8.6 JF4fr, SCREAH YA #AEHE AU A TR R TR 52 PSF VR ] PRSUNI SR 45 2 BSD 8+ HXE
VAT

HL840 5 AE Python WA @B TR A VFAT . X LEVF Al & SHI R VAT Z N AU — 21 i . A KX 2t
A AN SERED A PO F AR 09 7R 7T I S o i

C.2.1 FF PYTHON 3.9.21 gy PSF o] fini

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.9.21 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 3.9.21 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 3.9.21 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 3.9.21 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
3.9.21.

4. PSF is making Python 3.9.21 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.9.21 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.21
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.21, 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 3.9.21, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 ¢4 BEOPEN.COM o] fihil

BEOPEN PYTHON FFiE 4 AT 156 1 iR

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FAF PYTHON 1.6.1 ity CNRI ¥ a] il

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property

(Fotakss)
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law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 HF PYTHON 0.9.0 F 1.2 #) CWI ¥ o] HipiY

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.21 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 USRI YT ol 50515
AT Python % ATHLCTAG S5 =7 B b VAT RO , AT AR A28 LRI

C.3.1 Mersenne Twister

_random A E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

socket #HH ] getaddrinfo () fil getnameinfo () pREL, XLEpRELTFEAIDAE WIDE i H (http:/www.
wide.ad.jp/) Y EAMIE SCHEH

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.33 RLEEFIRS

asynchat fil asyncore B4 DA R EEHA:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies Bl &L FFEH:

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 HITERR

trace HHALE DA 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 5 UUdecode F#§

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML 23 =R A

xmlrpc.client fEHVEL S PARARH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll fHE S DA ERE:

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 HHKT kqueue fRHE H AL 5 AR A HA:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 34414 Marek Majkowski’ %} Dan Bernstein [ SipHash24 LA BALS PA N AEHA:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c ML T CiES Y dtoa F strtod FEEL, HI T8 C 153 By A0KS B B g4 e - 74640, i
David M. Gay [ [E] 44 U IR T, 1Z 30424157 ] M http://www.netlib.org/fp/ F k. 2009 4£ 3 H 16 H& 3|
FA S5 2 S B DA SOBCRITAF W] e

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

********~k****~k***********~k***********~k*************************/
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C.3.12 OpenSSL

WARBAERG WA, W hashlib, posix, ssl. crypt B OpenSSL FERIRE R, ML, AT
Python ] Windows FI macoS ‘2% F2 )7 Al B U4 OpenSSL FEFJ#% U1, BrLATEREAL RS T OpenSSL 17 AJ LAY
1

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

L I R SR T S N S IS S S S N S N S N N S S S T S N S N S S I I A

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.
Redistributions in binary form must reproduce the above copyright

notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

(Rt
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

Lo I A T I S S N S

/

C.3.13 expat

BRAEBE ——with-system—expat BCE THH, 50 pyexpat § AR M5 expat R4 DAL EAY:

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 NONINEFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

PRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DIH Y

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

R ARG EAREIRY 21ib BAKIH ek T A, W 55 zlib JACR 8 DR 2 1ib 4%

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i W& M 3L IR EL T cfuhash T H:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

PRIEMH] ——with-system-1libmpdec FLE THIE, G0N _decimal FEHSE 427 libmpdec 45 D14
1.

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.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N i EH

test ALY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) F2HUH W3C W%k https://www.w3.
org/TR/xml-c14n2-testcases/ AR 3 253 BSD ¥ R]IE & 17

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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A

Python 53X {7 304 :

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., & B FIr A AUH] o

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .

A RSEBM VALV, 200 L AeF Tk,
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EFE

..., 227

2to03,227

>>> 227

__all__ (package variable), 40
__dict__ (module attribute), 122
__doc__ (module attribute), 122
_ file_  (module attribute), 122
_ future_ ,231

__import_

[ & & %, 40
__ loader__ (module attribute), 122
__main___

A, 11,142, 152

__name___ (module attribute), 122

__package___ (module attribute), 122

_ slots_ ,236

_frozen (C (&), 42

_inittab (C %), 43

_Py_c_diff (C &%), 87

_Py_c_neg (C &), 87

_Py_c_pow (C FH %), 87

_Py_c_prod (C &%), 87

_Py_c_quot (C &%), 87

_Py_c_sum (C H4%), 87

_Py_InitializeMain (C &%), 173

_Py_NoneStruct (C L&), 184

_PyBytes_Resize (C &), 90

_PyCFunctionFast (C £(7A), 185

_PyCFunctionFastWithKeywords (C (%), 186

_PyFrameEvalFunction (C £%), 151

_PyInterpreterState_GetEvalFrameFunc (C
F3%), 151

_PyInterpreterState_SetEvalFrameFunc (C
H4), 151

_PyObject_New (C &%%), 183

_PyObject_NewVar (C &#%), 183

_PyTuple_Resize (C %), 110

_thread

A, 148

FHAE
exec_prefix, 4
PATH, 11
prefix, 4
PYTHON*, 141
PYTHONCOERCECLOCALE, 170
PYTHONDEBUG, 140
PYTHONDONTWRITEBYTECODE, 140
PYTHONDUMPREFS, 196
PYTHONHASHSEED, 141
PYTHONHOME, 11, 141, 145, 166
PYTHONINSPECT, 141
PYTHONIOENCODING, 143
PYTHONLEGACYWINDOWSFSENCODING, 141
PYTHONLEGACYWINDOWSSTDIO, 141
PYTHONMALLOC, 176, 179, 180
PYTHONMALLOCSTATS, 176
PYTHONNOUSERSITE, 141
PYTHONOLDPARSER, 168
PYTHONOPTIMIZE, 141
PYTHONPATH, 11, 141, 167
PYTHONUNBUFFERED, 142
PYTHONUTEFS, 170
PYTHONVERBOSE, 142

A

abort (), 39
abs
& % %, 66
abstract base class —--— & FH ¥k, 227
allocfunc (C £7%), 219
annotation -- AFi, 227
argument -- 5, 227
argv (in module sys), 145

ascii
[EE &%, 59
asynchronous context manager —-— +# ¥ L
T X #3228
asynchronous generator -- ¥ 4 j £, 228
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asynchronous generator iterator —- #

&k A R, 228

asynchronous iterable -- 3 7% R Xt £,

228

asynchronous iterator -- R ¥R E, 228

attribute —-- B4, 228
awaitable -- T &fEx%£, 228

B

BDFL, 228
binary file -- 34| C{F, 228
binaryfunc (C £#&), 220
buffer interface
(see buffer protocol),71
buffer object
(see buffer protocol),7l
buffer protocol, 7l
builtins
ik, 11,142,152
bytearray
Xt £, 90
bytecode -- F¥ 7,228
bytes
)& & %, 59
Xt %, 88
bytes—1like object —- F WA X%, 228

C

callback -- [, 229
calloc (), 175
Capsule

T4, 131
C-contiguous, 74, 229
class, 229
class variable —- X7 &, 229
classmethod

& & %, 187
cleanup functions, 40
close () (in module 0s), 153
CO_FUTURE_DIVISION (C % &), 19
code object, 120
coercion —- BERA| KA M 229
compile

B E &%, 41
complex number

&, 87
complex number —-- & #%,229

CPython, 229
create_module (C &%), 125

D

decorator —- ¥, 229
descrgetfunc (C (&), 219
descriptor —- ## &, 229
descrsetfunc (C £#®),219
destructor (C £%),219

dictionary
w2113
dictionary -- 4,230
dictionary comprehension -- ¥ # 3 & &,
230

dictionary view —-- FHAE, 230
divmod

[E)E & %, 66
docstring —- XHEFEHE, 230
duck-typing —- #F %A 230

E

EAFP, 230

EOFError (built-in exception), 121
exc_info () (in module sys), 10
exec_module (C &%#%), 125
exec_prefix, 4

executable (in module sys), 144
exit (), 40

expression —- FikH, 230
extension module —- ¥ B, 230

F

f-string —- f-F4 &, 230
file
T4, 120
file object —- XHxt#%, 230
file-like object —-- XA X4, 230
finder —- #&# &, 230
float
[EE &%, 67
floating point
x4, 86
floor division -- [ FEER %, 230
Fortran contiguous, 74, 229
free (), 175
freefunc (C (), 219
freeze utility,42

context manager —— ETF X, 229 frozenset

context variable -- FTXZ#&,229 %, 116

contiguous, 74 function

contiguous —-- #%%r,229 st£, 117

copyright (in module sys), 144 function -- HE#, 230

coroutine -- 4, 229 function annotation -- &#ARiE, 230
coroutine function —— P& &%, 229
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G

garbage collection -- XKk, 231

generator, 231

generator -- 4 R4, 231

generator expression, 231

generator expression —-- 4 K #EKiA R, 231

generator iterator —— 4 gk A, 231

generic function -- Z A& &, 231

generic type -- Z A, 231

getattrfunc (C £%&), 219

getattrofunc (C £&), 219

getbufferproc (C %#), 219

getiterfunc (C £#), 219

GIL, 231

global interpreter lock, 146

global interpreter lock —-— 4 B B &4,
231

F{

hash
[EE % %, 59, 200
hash-based pyc -- £F%BHFH pyc, 231
hashable -- ¥, 232
hashfunc (C £%#), 219

IDLE, 232

immutable -- RAEX L, 232
import path -- & AK4#E, 232
importer —— § A £, 232
importing —- §A,232
incr_item(), 10, 11

initproc (C £#), 219
inquiry (C £7#), 224
instancemethod

x4, 118
EE & %, 67

integer
R, 83
interactive -- X %, 232
interpreted —- @EA, 232
interpreter lock, 146
interpreter shutdown -- E#HXH,232
iterable —- H#HRX£, 232
iterator —— #X R, 232
iternextfunc (C £#), 219

K

key function -- #&#, 233
KeyboardInterrupt (built-in exception), 29
keyword argument —-- *%#F5¥, 233

int

L

lambda, 233
LBYL, 233
len
BE % #, 60, 68,70, 112, 115, 117
lenfunc (C (%), 219
list, 233
T4, 112
list comprehension —-— 7|%k# &=, 233
loader —-- jun##,233
lock, interpreter, 146
long integer
X%, 83

LONG_MAX, 84

M
magic

method, 233
magic method -- JERF %, 233
main (), 143, 145
malloc (), 175
mapping

w2, 113
mapping —-- B, 233
memoryview

w4, 130
meta path finder -- TLERZEH %, 233
metaclass —-- 70,233
METH_CLASS ([ % &), 187
METH_COEXIST (F1% % %), 187
METH_FASTCALL (B & % ), 187
METH_NOARGS ([F] & % %), 187
METH_O (E& % &), 187
METH_STATIC (EJ& % %), 187
METH_VARARGS (F] & % %), 186
method

magic, 233

special, 237

w2, 119
method —-- Fi%,233

method resolution order —-- 7 3 W7,

233

MethodType (in module types), 117, 119
module, 233

search path, 11, 142, 144

&, 122
module spec —— AL, 234
modules (in module sys), 40, 142
ModuleType (in module types), 122
MRO, 234
mutable —- T &£, 234

N

named tuple —-- B4 14,234

e ]
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namespace -- W4 % [, 234
namespace package -- & X4, 234
nested scope —— #&E/EHH, 234
new-style class -- #H %, 234
newfunc (C %(#), 219
None

4,82

numeric

%, 83
@)

object

code, 120
object —— X &,234
objobjargproc (C (7)), 220
objobiproc (C £7A), 220
OverflowError (built-in exception), 84, 85

P

package variable
_all_ .40

parameter —-- #%,234

PATH, 11

path

module search, 11, 142, 144
path (in module sys), 11, 142, 144
path based finder -- EFTEEZHERE, 235
path entry —- #E&EAH,235
path entry finder —-- BN D E&E, 235
path entry hook -- BN 04 F, 235

path-like object -- KR Ex%£,235
PEP, 235
platform (in module sys), 144
portion —— #4235
positional argument —— I &S5 ¥, 235
pow
[EE & %, 66, 67
prefix, 4
provisional API -- # % API,235

provisional package —-- % FA4,236
Py_ABS (CR), 4

Py_AddPendingCall (C &%), 154
Py_AddPendingCall (), 154
Py_AtExit (C &), 40
Py_BEGIN_ALLOW_THREADS, 146
Py_BEGIN_ALLOW_THREADS (C %), 149
Py_BLOCK_THREADS (C %), 149
Py_buffer (C £#A), 72
Py_buffer.buf (C & i), 72
Py_buffer.format (C A i), 73

Py _buffer.internal (C /& i), 73
Py_buffer.itemsize (C i R), 72
Py_buffer.len (C & i), 72
Py_buffer.ndim (C & i), 73

Py_buffer.
Py_buffer.
Py _buffer.

obj (C AR ), 72
readonly (C & RR), 72
shape (C B i), 73

Py _buffer.strides (C i i), 73
Py_buffer.suboffsets (C &R ), 73
Py_Buildvalue (C &%), 50
Py_BytesMain (C &%), 15
Py_BytesWarningFlag (C T %), 140
Py_CHARMASK (C %), 5

Py_CLEAR (C k), 21
Py_CompileString (C H4%), 18
Py_CompileString (), 19
Py_CompileStringExFlags (C &%), 18
Py_CompileStringFlags (C #4%), 18
Py_CompileStringObiject (C Fk), 18
Py_complex (C £7), 87
Py_DebugFlag (C &), 140
Py_DecodeLocale (C &%), 36
Py_DECREF (C &), 21

Py_DECREF (), 6

Py_DEPRECATED (C %), 5
Py_DontWriteBytecodeFlag (C & &), 140
Py_Ellipsis (C % &), 130
Py_EncodeLocale (C &%%), 37
Py_END_ALLOW_THREADS,146
Py_END_ALLOW_THREADS (C /‘?), 149
Py_EndInterpreter (C &%), 153
Py_EnterRecursiveCall (C &%), 31
Py_eval_input (C &%), 19

Py_Exit (C ##k), 39
Py_ExitStatusException (C F#k), 161
Py_False (C £ &), 86
Py_FatalError (C &%), 39
Py_FatalError (), 145
Py_FdIsInteractive (C &%), 35
Py_file_input (C E¥), 19

Py _Finalize (C %), 142
Py_FinalizeEx (C %#), 142
Py_FinalizeEx (), 40, 142, 153
Py_FrozenFlag (C % &), 140
Py_GenericAlias (C &%), 138
Py_GenericAliasType (C £ %), 138
Py_GetArgcArgv (C FHik), 173
Py_GetBuildInfo (C &), 144
Py_GetCompiler (C & 4%), 144
Py_GetCopyright (C FH#k), 144
Py_GETENV (C %), 5
Py_GetExecPrefix (C %), 143
Py_GetExecPrefix (), 11
Py_GetPath (C &), 144
Py_GetPath (), 11, 143, 144
Py_GetPlatform (C &), 144
Py_GetPrefix (C &H#k), 143
Py_GetPrefix (), 11
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Py_GetProgramFullPath (C &%), 144

Py_GetProgramFullPath(), 11

Py_GetProgramName (C F#¢), 143

Py_GetPythonHome (C k), 145

Py_GetVersion (C $H4%), 144

Py_HashRandomizationFlag (C & &), 140

Py_IgnoreEnvironmentFlag (C & &), 141

Py_INCREF (C &%), 21

Py_INCREF (), 6

Py_Tnitialize (C &%), 142

Py_Initialize (), 11,143,153

Py_InitializeEx (C &%), 142

Py_ InltlallzeFromConflg (C &

Py_InspectFlag (C % %), 141

Py_InteractiveFlag (C &%), 141

Py_IS_TYPE (C &%), 184

Py_IsInitialized (C &%), 142

Py_IsInitialized(), 1l

Py_IsolatedFlag (C £ %), 141

Py_LeaveRecursiveCall (C &%), 31

Py_LegacyWindowsFSEncodingFlag (C T &),
141

Py_LegacyWindowsStdioFlag (C % &), 141

Py_Main (C H ), 15

Py _MAX (C %), 4

Py_MEMBER_SIZE (C %), 5

Py_MIN (C %), 4

Py_mod_create (C %), 125

Py_mod_exec (C %), 125

Py_NewInterpreter (C &), 152

Py_None (C T &), 82

Py_NoSiteFlag (C &%), 141

Py_NotImplemented (C %

Py_NoUserSiteDirectory (

Py_OptimizeFlag (C & &), 141
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Py_PrelInitializeFromArgs (C %), 163

Py_PreInitializeFromBytesArgs (C Fk), 163

Py_PRINT_RAW, 121

Py_QuietFlag (C L %), 141

Py_REFCNT (C %), 185

Py_ReprEnter (C &%), 31

Py_ReprLeave (C #4%), 32

Py_RETURN_FALSE (C %), 86

Py_RETURN_NONE (C %), 82

Py_RETURN_NOTIMPLEMENTED (o 9‘;), 57

Py_RETURN_RICHCOMPARE (C 9‘2), 206

Py_RETURN_TRUE (C %), 86

Py_RunMain (C $##%), 173

Py_SET_REFCNT (C &%), 185

Py_SET_SIZE (C H%k), 185

Py_SET_TYPE (C &%), 185

Py_SetPath (C &), 144

Py_SetPath (), 144
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Py_SetPythonHome (C F#%), 145
Py_SetStandardStreamEncoding (C F#%), 143
Py_single_input (C £ %), 19
Py_SIZE (C %K), 185
Py_ssize_t (C %A, 9
PY_SSIZE_T_MAX, 84
Py_STRINGIFY (C %), 5
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204
Py_TPFLAGS_BASETYPE (B % % %), 203
Py_TPFLAGS_BYTES_SUBCLASS (EIE & &), 204
Py_TPFLAGS_DEFAULT (E % & &), 203
Py_TPFLAGS_DICT_SUBCLASS (B & &), 204
Py_TPFLAGS_HAVE_FINALIZE (B)E &%), 204
Py_TPFLAGS_HAVE_GC (F % % &), 203
Py_TPFLAGS_HAVE_VECTORCALL (B % % ¥), 204
Py_TPFLAGS_HEAPTYPE ([E & % &), 202
Py_TPFLAGS_LIST_SUBCLASS (B & &), 204
Py_TPFLAGS_LONG_SUBCLASS ([E] % % &), 203
Py TPFLAGS_METHOD_DESCRIPTOR ([F] & & &),
203
Py_TPFLAGS_READY ([F] % % &), 203
Py_TPFLAGS_READYING (E % & &), 203
Py_TPFLAGS_TUPLE_SUBCLASS (Bl & % %), 204
Py_TPFLAGS_TYPE_SUBCLASS (BE &%), 204
Py_TPFLAGS_UNICODE_SUBCLASS (& T -8),204
Py_tracefunc (C £A), 154
Py_True (C &), 86
Py_tss_NEEDS_INIT (C %), 156
Py_tss_t (C %A, 156
Py_TYPE (C %), 184
Py_UCS1 (C %), 91
Py_UCS2 (C £7#), 91
Py_UCS4 (C £A), 91
Py_UNBLOCK_THREADS (C %), 149
Py_ UnbufferedStdloFlag (CT &), 141
Py_UNICODE (C £#), 91
Py_UNICODE_IS_HIGH_SURROGATE (C %), 95
Py_UNICODE_IS_LOW_SURROGATE (C %), 95
Py_UNICODE_IS_SURROGATE (C %), 95
Py_UNICODE_ISALNUM (C &%), 94
Py_UNICODE_ISALPHA (C H4%), 94
Py_UNICODE_ISDECIMAL (C % %%), 94
Py_UNICODE_ISDIGIT (C %), 94
Py_UNICODE_ISLINEBREAK (C &%), 94
Py_UNICODE_ISLOWER (C &%), 94
Py_UNICODE_ISNUMERIC (C $#4%), 94
Py_UNICODE_ISPRINTABLE (C &%), 94
Py_UNICODE_ISSPACE (C & %%), 94
Py_UNICODE_ISTITLE (C &%%), 94
Py_UNICODE_ISUPPER (C &%), 94
Py_UNICODE_JOIN_SURROGATES (C %), 95
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Py_UNICODE_TODECIMAL (C #%), 94
Py_UNICODE_TODIGIT (C &%%), 95
Py_UNICODE_TOLOWER (C %%%), 94
Py_UNICODE_TONUMERIC (C % #%), 95
Py_UNICODE_TOTITLE (C FH4%), 94
Py_UNICODE_TOUPPER (C FH4%), 94
Py_UNREACHABLE (C %), 4
Py_UNUSED (C &), 5
Py_VaBuildvalue (C &%), 51
PY_VECTORCALIL_ARGUMENTS_OFFSET (C %), 61
Py_VerboseFlag (C &%), 142
Py_VISIT (C FH), 224
Py_XDECREF (C &%), 21
Py_XDECREF (), 11
Py_XINCREF (C &%), 21
PyAnySet_Check (C &%), 116
PyAnySet_CheckExact (C k), 116
PyArg_Parse (C &%), 49
PyArg_ParseTuple (C &%), 49
PyArg_ParseTupleAndKeywords (C &%), 49
PyArg_UnpackTuple (C &%), 49
PyArg ValidateKeywordArguments (C & %),
49
PyArg_VaParse (C F#k), 49
PyArg_VaParseTupleAndKeywords (C &%), 49
PyASCIIObject (C (), 92
PyAsyncMethods (C £ %), 218
PyAsyncMethods.am_aiter (C & 1), 218
PyAsyncMethods.am_anext (C & T ), 218
PyAsyncMethods.am_await (C A& 1), 218
PyBool_Check (C ##%), 86
PyBool_FromLong (C &% 4%), 86
PyBUF_ANY_CONTIGUOUS (C %), 74
PyBUF_C_CONTIGUOUS (C %), 74
PyBUF_CONTIG (C %), 75
PyBUF_CONTIG_RO (C %), 75
PyBUF_F_CONTIGUOUS (C &), 74
PyBUF_FORMAT (C %), 74
PyBUF_FULL (C &), 75
PyBUF_FULL_RO (C &), 75
PyBUF_INDIRECT (C %), 74
PyBUF_ND (C %), 74
PyBUF_RECORDS (C %), 75
PyBUF_RECORDS_RO (C %), 75
PyBUF_SIMPLE (C %), 74
PyBUF_STRIDED (C %), 75
PyBUF_STRIDED_RO (C %), 75
PyBUF_STRIDES (C %), 74
PyBUF_WRITABLE (C %), 74
PyBuffer FillContiguousStrides (C & %),
77
PyBuffer_FillInfo (C &4k), 77
PyBuffer_ FromContiguous (C &%), 77
PyBuffer_GetPointer (C k), 77

PyBuffer_ IsContiguous (C &%), 77
PyBuffer_Release (C %), 77
PyBuffer_SizeFromFormat (C &%), 77
PyBuffer_ToContiguous (C &%), 77
PyBufferProcs, 71
PyBufferProcs (C £#), 217
PyBufferProcs.bf_getbuffer (C i i), 217
PyBufferProcs.bf_releasebuffer (C & R),
217
PyByteArray_ AS_STRING (C &#%), 91
PyByteArray_AsString (C F4%), 90
PyByteArray_Check (C &#), 90
PyByteArray_CheckExact (C &), 90
PyByteArray_Concat (C &%), 90
PyByteArray_FromObject (C &%), 90
PyByteArray FromStringAndSize (C &%), 90
PyByteArray_GET_SIZE (C &%), 9l
PyByteArray_Resize (C &%), 91
PyByteArray_Size (C %), 90
PyByteArray_Type (C &), 90
PyByteArrayObject (C &), 90
PyBytes_AS_STRING (C F4%), 89
PyBytes_AsString (C F#k), 89
PyBytes_AsStringAndSize (C %), 89
PyBytes_Check (C #3%), 88
PyBytes_CheckExact (C &%), 88
PyBytes_Concat (C FH4%), 90
PyBytes_ConcatAndDel (C #%#k), 90
PyBytes_FromFormat (C ##), 89
PyBytes_FromFormatV (C #4%), 89
PyBytes_FromObject (C &), 89
PyBytes_FromString (C F4%), 88
PyBytes_FromStringAndSize (C &%), 89
PyBytes_GET_SIZE (C &), 89
PyBytes_Size (C %#), 89
PyBytes_Type (C £ &), 88
PyBytesObject (C £ ), 83
PyCallable_Check (C &%), 65
PyCallIter_Check (C &), 128
PyCallIter_New (C FH4%), 128
PyCalllter_Type (CE =), 128
PyCapsule (C £#), 131
PyCapsule_CheckExact (C &%), 131
PyCapsule_Destructor (C %#A), 131
PyCapsule_GetContext (C &%), 132
PyCapsule_GetDestructor (C &), 132
PyCapsule_GetName (C &%), 132
PyCapsule_GetPointer (C &), 132
PyCapsule_Import (C &%), 132
PyCapsule_IsValid (C &), 132
PyCapsule_New (C &%), 132
PyCapsule_SetContext (C &%), 132
PyCapsule_SetDestructor (C &%), 132
PyCapsule_SetName (C &%), 133
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PyCapsule_SetPointer (C FH#k), 133
PyCell_Check (C H%), 119
PyCell_GET (C H%k), 119
PyCell_Get (C &), 119
PyCell_New (C &%), 119
PyCell_SET (C &4%), 119
PyCell_Set (C &%), 119
PyCell_Type (C L&), 119
PyCellObject (C £#), 119
PyCFunction (C &), 185
PyCFunctionWithKeywords (C %), 185
PyCMethod (C £#), 186
PyCode_Check (C k), 120
PyCode_GetNumFree (C &%), 120
PyCode_New (C &4%), 120
PyCode_NewEmpty (C &%), 120
PyCode_NewWithPosOnlyArgs (C &%), 120
PyCode_Type (C T &), 120
PyCodec_BackslashReplaceErrors (C & #),
55
PyCodec_Decode (C & #%), 54
PyCodec_Decoder (C &%), 54
PyCodec_Encode (C &), 54
PyCodec_Encoder (C &), 54
PyCodec_IgnoreErrors (C k), 55
PyCodec_IncrementalDecoder (C FH#), 54
PyCodec_IncrementalEncoder (C FH4k), 54
PyCodec_KnownEncoding (C &%), 54
PyCodec_LookupError (C %), 55
PyCodec_NameReplaceErrors (C &), 55
PyCodec_Register (C &%), 54
PyCodec_RegisterError (C FH4), 54
PyCodec_ReplaceErrors (C &), 55
PyCodec_StreamReader (C &%), 54
PyCodec_StreamWriter (C &%), 54
PyCodec_StrictErrors (C &%), 55
PyCodec_XMLCharRefReplaceErrors (C & %),
55
PyCodeObject (C %), 120
PyCompactUnicodeObject (C %), 92
PyCompilerFlags (C %), 19
PyCompilerFlags.cf_feature_version (C
"), 19
PyCompilerFlags.cf_flags (C& ), 19
PyComplex_AsCComplex (C k), 88
PyComplex_Check (C #4%), 88
PyComplex_CheckExact (C %), 88
PyComplex_FromCComplex (C &), 88
PyComplex_FromDoubles (C &%), 88
PyComplex_ImagAsDouble (C F#), 88
PyComplex_RealAsDouble (C %), 88
PyComplex_Type (C & %), 88
PyComplexObject (C &%), 88
PyConfig (C (&), 164

PyConfig_Clear (C &%), 164
PyConfig_InitIsolatedConfig (C &%), 164
PyConfig_InitPythonConfig (C &#), 164
PyConfig_Read (C &%), 164
PyConfig_SetArgv (C &), 164
PyConfig_SetBytesArgv (C H3), 164
PyConfig_SetBytesString (C &%), 164
PyConfig SetString (C &), 164
PyConfig_SetWideStringList (C FH#k), 164
PyConfig. use_peg parser (C A R), 168
PyConfig.argv (C & ), 165
PyConfig.base_exec_prefix (C s i), 165
PyConfig.base_executable (C & i), 165
PyConfig.base_prefix (C A i), 165
PyConfig.buffered_stdio (C s i), 165
PyConfig.bytes_warning (C s i), 165
PyConfig.check_hash_pycs_mode (Crx i), 165
PyConfig.configure_c_stdio (C i), 165
PyConfig.dev_mode (C i R ), 166
PyConfig.dump_refs (C & i), 166
PyConfig.exec_prefix (C & i), 166
PyConfig.executable (C s ), 166
PyConfig.faulthandler (C m& t), 166
PyConfig.filesystem_encoding (C & i), 166
PyConfig.filesystem_errors (C & 1), 166
PyConfig.hash_seed (C & i), 166
PyConfig.home (C & 1), 166
PyConfig.import_time (C & %), 166
PyConfig.inspect (C & i), 166
PyConfig.install_signal_handlers (C &
®), 166
PyConfig.interactive (C s i), 166
PyConfig.isolated (C & 1), 166
PyConfig.legacy_windows_stdio (Cr i), 166
PyConfig.malloc_stats (C A& i), 167
PyConfig.module_search_paths (C i i), 167
PyConfig.module_search_paths_set (C %
®). 167
PyConfig.optimization_level (C i R), 167
PyConfig.parse_argv (Cm R ), 167
PyConfig.parser_debug (C & i), 167
PyConfig.pathconfig_warnings (C m i), 167
PyConfig.platlibdir (C s Rt), 165
PyConfig.prefix (C & i), 167
PyConfig.program_name (C & i), 167
PyConfig.pycache_prefix (Cm 1), 167
PyConfig.pythonpath_env (C s i), 167
PyConfig.quiet (Cm ), 167
PyConfig.run_command (C s i), 167
PyConfig.run_filename (C 5 i), 167
PyConfig.run_module (C & i), 167
PyConfig.show_ref_count (C & i), 167
PyConfig.site_import (C m i), 168
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PyConfig.skip_source_first_line (C m ),

168
PyConfig.stdio_encoding (C & i), 168
PyConfig.stdio_errors (C i i), 168
PyConfig.tracemalloc (C m ), 168
PyConfig.use_environment (C & i), 168
PyConfig.use_hash_seed (C ), 166
PyConfig.user_site_directory (Cm i), 168
PyConfig.verbose (C s i), 168
PyConfig.warnoptions (C a1 ), 168
PyConfig.write_bytecode (C & 1), 168

PyConfig.xoptions (Cm. i1), 168
PyContext (C £%&), 134
PyContext_CheckExact (C %), 134
PyContext_Copy (C Hk), 134
PyContext_CopyCurrent (C FH4%), 134
PyContext_Enter (C &%), 134
PyContext_Exit (C FH#k), 135
PyContext_New (Cl,;"s’c) 134
PyContext_Type (C L&), 134
PyContextToken (C £#), 134
PyContextToken_ CheckExact (C H
PyContextToken_ Type (CT&), 134
PyContextVar (C £7A), 134
PyContextVar_CheckExact (C &), 134
PyContextVar_Get (C FH#), 135
PyContextVar_New (C FH4%), 135
PyContextVar_Reset (C FH#k), 135
PyContextVar_Set (C xlxé&) 135
PyContextVar_Type (C & &), 134
PyCoro_CheckExact (C &%), 133
PyCoro_New (C FH4%), 133
PyCoro_Type (C &), 133
PyCoroObject (C £A), 133
PyDate_Check (C &%), 135
PyDate_CheckExact (C &%), 135
PyDate_FromDate (C k), 136
PyDate_FromTimestamp (C FH#%), 138
PyDateTime_Check (C FH#%), 135
PyDateTime_CheckExact (C &%), 135
PyDateTime_DATE_GET_FOLD (C &%), 137
PyDateTime_DATE_GET_HOUR (C % %%), 137
PyDateTime DATE_GET MICROSECOND (C & %),
137
PyDateTime_DATE_GET_MINUTE (C % 4%), 137
PyDateTime_DATE_GET_SECOND (C &%), 137
PyDateTime_DELTA_GET_DAYS (C &%), 137
PyDateTime_DELTA_GET_MICROSECONDS (C &
#), 138
PyDateTime_ DELTA_GET_SECONDS (C #%4%), 137
PyDateTime_FromDateAndTime (C %), 136
PyDateTime_FromDateAndTimeAndFold (C &
%), 136
PyDateTime_FromTimestamp (C &

#), 134

#0), 138

PyDateTime_GET_DAY (C H%), 137
PyDateTime_GET_MONTH (C % #%), 137
PyDateTime_GET_YEAR (C &%), 137
PyDateTime_TIME_GET_FOLD (C &%), 137
PyDateTime_ TIME_GET_HOUR (C &%), 137
PyDateTime TIME_GET_MICROSECOND (C & %),
137
PyDateTime_TIME_GET_MINUTE (C $%#%), 137
PyDateTime_TIME_GET_SECOND (C &%), 137
PyDateTime_TimeZone_UTC (C & %), 135
PyDelta_Check (C &%), 136
PyDelta_CheckExact (C FH#%), 136
PyDelta_FromDSU (C F&#k), 136
PyDescr_IsData (C %), 128
PyDescr_NewClassMethod (C %), 128
PyDescr_NewGetSet (C &), 128
PyDescr_NewMember (C &3), 128
PyDescr_NewMethod (C &3k), 128
PyDescr_NewWrapper (C FH#%), 128
PyDict_Check (C &%), 113
PyDict_CheckExact (C &), 113
PyDict_Clear (C &4%), 114
PyDict_Contains (C &%), 114
PyDict_Copy (C k), 114
PyDict_DelItem (C FH#k), 114
PyDict_DelItemString (C &), 114
PyDict_GetItem (C FH#k), 114
PyDict_GetItemString (C FH#k), 114
PyDict_GetItemWithError (C Hk), 114
PyDict_Items (C FH%k), 114
PyDict_Keys (C %#%k), 114
PyDict_Merge (C &%), 115
PyDict_MergeFromSeq2 (C &
PyDict_New (C &#%), 113
PyDict_Next (C &%), 115
PyDict_SetDefault (C &%), 114
PyDict_SetItem (C FH#k), 114
PyDict_SetItemString (C FHik), 114
PyDict_Size (C 11’4;&) 115
PyDict_Type (C £ &), 113
PyDict_Update (C ##%), 115
PyDict_Values (C &), 114
PyDictObject (C %), 113
PyDictProxy_New (C &%), 113
PyDoc_STR (C %), 5
PyDoc_STRVAR (C %), 5
PyErr_BadArgument (C &%), 24
PyErr_BadInternalCall (C &%), 26
PyErr_CheckSignals (C #4%), 29
PyErr_Clear (C &%), 23
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C FH#), 27
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C &%), 27
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PyErr_Format (C &), 24
PyErr_FormatV (C &#), 24
PyErr_GetExcInfo (C %), 28
PyErr_GivenExceptionMatches (C &#%), 27
PyErr_NewException (C F#%k), 29
PyErr_NewExceptionWithDoc (C &%), 29
PyErr_NoMemory (C F#%), 24
PyErr_NormalizeException (C &%), 28
PyErr_Occurred (C &), 27
PyErr_Occurred(),9
PyErr_Print (C &%), 24
PyErr_PrintEx (C H4%), 23
PyErr_ResourceWarning (C &), 27
PyErr Restore (C %), 27
PyErr_SetExcFromWindowsErr (C &%), 25

PyErr_SetExcFromWindowsErrWithFilename

(C &%), 25

PyEval_GetBuiltins (C &%), 53
PyEval_GetFrame (C %4%), 53
PyEval_GetFuncDesc (C &%), 53
PyEval_GetFuncName (C %), 53
PyEval_GetGlobals (C %), 53
PyEval_GetLocals (C #4%), 53
PyEval_InitThreads (C &%), 148
PyEval_InitThreads (), 142
PyEval_MergeCompilerFlags (C &%), 18
PyEval_ReleaseLock (C &%), 152
PyEval_ReleaseThread (C F4%), 152
PyEval_ReleaseThread (), 148
PyEval_RestoreThread (C %), 148
PyEval_RestoreThread (), 146, 148
PyEval_SaveThread (C k), 148
PyEval_SaveThread(), 146, 148
PyEval_SetProfile (C &%), 155

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetTrace (C H#), 155

(C &), 25

PyEval_ThreadsInitialized (C s#k), 148

PyErr_SetExcFromWindowsErrWithFilenameObBgEks_ ArithmeticError, 32

(C H#), 25
PyErr_SetExcInfo (C FHik), 28
PyErr_SetFromErrno (C FH#k), 24

PyErr_SetFromErrnoWithFilename (C & %),

25

PyErr_SetFromErrnoWithFilenameObject (C

FH), 24

PyErr_SetFromErrnoWithFilenameObjects

(C &%), 25
PyErr_SetFromWindowsErr (C &#), 25
PyErr_SetFromWindowsErrWithFilename

#3%), 25
PyErr_SetImportError (C &%), 25

PyErr_SetImportErrorSubclass (C &), 26

PyErr_SetInterrupt (C FHik), 29
PyErr_SetNone (C H#k), 24
PyErr_SetObject (C k), 24
PyErr_SetString (C &%), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C &%), 26
PyErr_SyntaxLocationEx (C F#%), 26
PyErr_SyntaxLocationObject (C &%), 26
PyErr_WarnEx (C FH4%), 26
PyErr_WarnExplicit (C FH#), 26
PyErr_WarnExplicitObject (C &H#k), 26
PyErr_WarnFormat (C FH#k), 27
PyErr_WriteUnraisable (C k), 24
PyEval_AcquireLock (C FH4), 152
PyEval_AcquireThread (C &), 151
PyEval_AcquireThread(), 148
PyEval_EvalCode (C &%), 18
PyEval_EvalCodeEx (C &%), 18
PyEval_EvalFrame (C &%), 18
PyEval_EvalFrameEx (C FH4%), 18

PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
PyExc_BytesWarning, 34
PyExc_ChildProcessError, 32
PyExc_ConnectionAbortedError, 32
PyExc_ConnectionError, 32
PyExc_ConnectionRefusedError, 32
PyExc_ConnectionResetError, 32
PyExc_DeprecationWarning, 34
PyExc_EnvironmentError, 33
PyExc_EOFError, 32
PyExc_Exception, 32
PyExc_FileExistsError, 32
PyExc_FileNotFoundError, 32
PyExc_FloatingPointError, 32
PyExc_FutureWarning, 34
PyExc_GeneratorExit, 32
PyExc_ImportError, 32
PyExc_ImportWarning, 34
PyExc_IndentationError, 32
PyExc_IndexError, 32
PyExc_InterruptedError, 32
PyExc_IOError, 33
PyExc_IsADirectoryError, 32
PyExc_KeyboardInterrupt, 32
PyExc_KeyError, 32
PyExc_LookupError, 32
PyExc_MemoryError, 32
PyExc_ModuleNotFoundError, 32
PyExc_NameError, 32
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PyExc_NotADirectoryError, 32
PyExc_NotImplementedError, 32
PyExc_OSError, 32
PyExc_OverflowError, 32
PyExc_PendingDeprecationWarning, 34
PyExc_PermissionError, 32
PyExc_ProcessLookupError, 32
PyExc_RecursionError, 32
PyExc_ReferenceError, 32
PyExc_ResourceWarning, 34
PyExc_RuntimeError, 32
PyExc_RuntimeWarning, 34
PyExc_StopAsyncIteration, 32
PyExc_StopIteration, 32
PyExc_SyntaxError, 32
PyExc_SyntaxWarning, 34
PyExc_SystemError, 32
PyExc_SystemExit, 32
PyExc_TabError, 32
PyExc_TimeoutError, 32
PyExc_TypeError, 32
PyExc_UnboundLocalError, 32
PyExc_UnicodeDecodeError, 32
PyExc_UnicodeEncodeError, 32
PyExc_UnicodeError, 32
PyExc_UnicodeTranslateError, 32
PyExc_UnicodeWarning, 34
PyExc_UserWarning, 34
PyExc_ValueError, 32
PyExc_Warning, 34
PyExc_WindowsError, 33
PyExc_ZeroDivisionError, 32
PyException_GetCause (C H4%), 30
PyException_GetContext (C %), 29
PyException_GetTraceback (C FH#k), 29
PyException_SetCause (C FH#%), 30
PyException_SetContext (C k), 30
PyException_SetTraceback (C FH4%), 29
PyFile_ FromFd (C k), 120
PyFile_GetLine (C &), 121
PyFile_SetOpenCodeHook (C &#%), 121
PyFile_WriteObject (C &%), 121
PyFile WriteString (C %), 121
PyFloat_AS_DOUBLE (C &), 86
PyFloat_AsDouble (C FH#%), 86
PyFloat_Check (C &), 86
PyFloat_CheckExact (C FH#k), 86
PyFloat_FromDouble (C FH4%), 86
PyFloat_FromString (C F4%), 86
PyFloat_GetInfo (C &%), 86
PyFloat_GetMax (C & k), 86
PyFloat_GetMin (C &%), 87
PyFloat_Type (C &%), 86
PyFloatObject (C £7), 86

PyFrame_GetBack (C &%), 53
PyFrame_GetCode (C &4%), 53
PyFrame_GetLineNumber (C % #%), 53
PyFrameObject (C £7), 18
PyFrozenSet_Check (C &), 116
PyFrozenSet_CheckExact (C F4%), 116
PyFrozenSet_New (C %), 116
PyFrozenSet_Type (C X&), 116
PyFunction_Check (C &%), 117
PyFunction_GetAnnotations (C ##), 118
PyFunction_GetClosure (C F4%), 118
PyFunction_GetCode (C &%), 118
PyFunction_GetDefaults (C H%), 118
PyFunction_GetGlobals (C &%), 118
PyFunction_GetModule (C &), 118
PyFunction_New (C $4%), 117
PyFunction_NewWithQualName (C %), 117
PyFunction_SetAnnotations (C H%), 118
PyFunction_SetClosure (C #%%), 118
PyFunction_SetDefaults (C H#), 118
PyFunction_Type (C T %), 117
PyFunctionObject (C (%), 117
PyGen_Check (C &%), 133
PyGen_CheckExact (C &), 133
PyGen_New (C F4%), 133
PyGen_NewWithQualName (C F %), 133
PyGen_Type (C &%), 133
PyGenObject (C (), 133
PyGetSetDef (C £7), 189
PyGILState_Check (C &%), 149
PyGILState_Ensure (C &%), 148
PyGILState GetThisThreadState (C &%), 149
PyGILState_Release (C FH#k), 149
PyImport_AddModule (C &%), 41
PyImport_AddModuleObiject (C FH#k), 41
PyImport_ AppendInittab (C F4), 43
PyImport_ExecCodeModule (C F#k), 41
PyImport_ExecCodeModuleEx (C &%), 41
PyImport_ExecCodeModuleObiject (C #4%), 41
PyImport_ExecCodeModuleWithPathnames (C
&), 41
PyImport_ExtendInittab (C ##k), 43
PyImport_FrozenModules (C L&), 42
PyImport_GetImporter (C &), 42
PyImport_GetMagicNumber (C F#k), 42
PyImport_GetMagicTag (C k), 42
PyImport_GetModule (C %), 42
PyImport_GetModuleDict (C &), 42
PyImport_Import (C F#), 40
PyImport_ImportFrozenModule (C #H4), 42
PyImport_ImportFrozenModuleObject (C &
%), 42
PyImport_ImportModule (C k), 40
PyImport_ImportModuleEx (C k), 40
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PyImport_ImportModulelLevel (C &%), 40
PyImport_ImportModulelLevelObject (C &
%), 40
PyImport_ ImportModuleNoBlock (C &%), 40
PyImport_ReloadModule (C FH4%), 41
PyIndex_Check (C &%), 68
PyInstanceMethod_Check (C &), 118
PyInstanceMethod_Function (C #%%), 118
PyInstanceMethod_GET_FUNCTION (C &%), 118
PyInstanceMethod_New (C %), 118
PyInstanceMethod_Type (C &%), 118
PyInterpreterState (C £7A), 148
PyInterpreterState_Clear (C &%), 150
PyInterpreterState_Delete (C &#), 150
PyInterpreterState_Get (C FH#), 150
PyInterpreterState_GetDict (C &%), 151
PyInterpreterState_GetID (C F#k), 151
PyInterpreterState_Head (C H#%), 156
PyInterpreterState_Main (C &%), 156
PyInterpreterState_New (C %), 150
PyInterpreterState_Next (C &%), 156
PyInterpreterState_ThreadHead (C &%), 156
PyIter_Check (C H#k), 71
PyIter_Next (C %), 71
PyList_Append (C FH#k), 113
PyList_AsTuple (C F&#k), 113
PyList_Check (C FH4%), 112
PyList_CheckExact (C F#), 112
PyList_GET_ITEM (C &%), 112
PyList_GET_SIZE (C &%), 112
PyList_GetItem (C &%), 112
PyList_GetItem(),8
PyList_GetSlice (C &), 113
PyList_Insert (C &%), 113
PyList_New (C F%k), 112
PyList_Reverse (C %), 113
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Capsule, 131
complex number, 87
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