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CHAPTER 1

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

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

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

1.1 K4k

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

1.2 8&XH

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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fiiE): T Python AJAEL i L —LEREYERELE R SE b Y RbRIE K SCOFI TRALBEAS 8 S, PRIMAE B0 & AT o of
A2 HT, AR LIRS E Python . h,

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

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

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

L &5 Python —f %223, fF Unix b, Bl T prefix/include/pythonversion/ #l
exec_prefix/include/pythonversion/ H3g, HW prefix il exec_prefix 4 i [1 Python ¥
configure HIARE ANV IESE X, 1 version WA '$d.%d' $ sys.version_info[:2].%F Windows
b, KT prefix/include, HH prefix @ ZRFETHEE LR H %,

BAFEXBE S, WA (ERARTE) #ORCER T gaikds T a3 Sc MR H R . F ~ &
R H FMABRBEIRIGMN #include <pythonX.Y/Python.h>; XRHEFGZ-FE4IFATTH,
K prefix FHPEILKALTE TR H exec_prefix -5 L83,

C++ HPWVAZER, RE APLZEAMH C ke iy, H3 U EMHREA D SIS extern "c, A
I APTAE C++ Hrfifi F it APT R0 BT A 45 SR AL 2

1.3 HFHME

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

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

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

TE release BT, 1% 220 Bh it dn AL ACAD , kb 0a & A n] 2R AR 245 . 2, 7E GCC iy release
#IF, 2 __builtin_unreachable () ZZH{,

Py_UNREACHABLE () [J—"MHEZ A — AR, HAIR A _Py_NO_RETURN I 5.

WER— ARG AN KRB IEH RS, EERRE LT I PABE, SRR %%, Fl, 7EMRN
FEMT, 80— RV AR EE S BUEEE, Ems, SRS a R . Witk
PR AR, nIPAMER Py_FatalError() .

3.7 UGBTI

Py_ABS (x)

[l x ()T
3.3 HUHT A

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

3.3 BUBTIMA.

4 Chapter 1. &4y
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Py_MAX (x, y)
R x Ay 24 R AE .
3.3 HUHTIA.

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

3.4 BUBTIMA.

Py_MEMBER_SIZE (type, member)
R £5H) (type) member FR/N, PAFITER,
3.6 FUBTIMA.

Py_CHARMASK (c)

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

Py_GETENV (s)
5 getenvi(s) M, HE2WMBEMGASIT LE#8 T -E , Mg ME NnuLn (PR K E T

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
AT RBCE X RS 8, Mm% FEHREE. il int func(int a, int
Py_UNUSED (b)) { return a; } .

3.4 BT

Py_DEPRECATED (version)
FEM A R CEAEAT S 2 FRHT -

Hp:

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

3.8 WU AE: IR T MSVC S F.
PyDoc_STRVAR (name, Str)

QA ATAFESCR P AR P, 2458 name (8. WRANHISCR 747 A3 — & Python, %
ERE PR

W PEP 7 ik, fliflPyDoc STRVAR VERSCRIFAFER, PASCREANMISOR 745 5 L # 7 Python (1§
.

Hipl:

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 fiik, ] PyDoc STR HgE SRYFAFER , DASCREAFISCRY F4F Ef—i2 K 8 Python B
it -

1.3. FHNE 5
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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

Z 4 Python/C API R H A — DB E NS HUA S —A Pyobject* KA R NME, XAZEROE 45 TR
Python %} 4 i A2 AR X AL 4541 . B T T4 Python X4 5 BU7E K 28015 0 R #5%% Python 5 FHAH A
A (BN, WOE. fEREN A S50E %) , BRI BRA CRALRFR BN MRERW. LT
Jii & Python X REAFAE T Herfr: ARATFEIH—ARAPyobject [ HBa S AR &, HEERIHZEESY
PyObject* WIfgE A8 & . ME—MIBISNE type XI5 PEAX PN GOKIEARERRERL, FrPAEA Tl EAR &S
WPy TypeObject X4,

FIrA Python %4 (% Python 3%k) H5A—> type Fl— reference count . %} 5 2B & B 424 Y
X4 (BN, 5 FK kM e XEEG AL, 4 types AR ) o XTSI FNRRAL, #H A%
KX G BB ET %A Fln, 24 (HAY) a Frdgagxt4 g Python 51|} PyList_Check (a) NH.

1.4.1 S5|HVHE

AT I AEZ 2 F A TR N NER RE OF BAAERHISEER) ;. ESitEEZ 08
[i] B s X — N AT T strong reference, X SR W DA —ANF S, WAl PAEeR (SES) C AR,
SRS C RBCP R R A . YA KT B G —strong reference BERERCES (BIHGHITEENZE), %
KGR SO A . AN S S AT R 5, MISREHOX S5 | H . AR AR A W AT R 5|
X e g R R U 4 T, AR IR . (FE X BLAT S 2 (Rl AR .5 | F AR AR il v A ok
INE, B R )

XFG AU 2 S BT E . B RIMEE R M Py INCREF () 2RSS H#H5IH (RILES]H
WEON—), WPy _DECREF () Z2KFEEIH (RILSI AT EE—) . Py _DECREF () 7ZH incref 7242 74
5%, WATCLIRES | HITEREE BRGSO . BOes 2 — I eREdes, B4
PRBIGER R . WERXT R R AR ARA, nak, WIHErE T2EBYPRE R 2 TSRO S 60 &5 1 HiAth
XEWEIH, HPATIrRN A EE. 5IHITEA S RAERY BRI TN R P& 5%
PLNAF R R AL E W O B R (R sizeof (Py_ssize_t) >= sizeof (void*)). L, 5IHITEL
B 1 14 2 — T B A B

B BTSRRI RAREH Y SRR AL R R A strong reference (BINEBIUATIED . BIE B, HARRfE1H
XPGRINXEGRAT  TRBO N —, M0 2428 BT HAR I 5 | T RO AL, PR O A B
. ProARJES VB SA AE . S5V E— BT R AT R AT AS B 1 X Gt al AR 1k
RPN HEHATHGE 2 A — 8 R R 5 -5 FAN TR ASR IR, BOA b Bl R —
AFistrong reference (BISEIMB IR0 . G T EOE I —FRE 2 DR RAE N S R L 45 1 A
Berpi C eR AN % L8 R EOLAE Python gzl T 5 R AL 2 PRAELETE AT RSB — 51

SR, — A5 DL BB B i A S S BB R AR PRIBORT S | B 00 5 HLPR B — BEmb i) o RS At ]
BETETCR P SR BRIZT R, B A5, FHn] BERUEH 7 IO BT ORI AE T A U E IR 1E
] eSS ZOR I ALY Python fURLRMUX (FF0; A — AU AR ARVHERIUAPY_DECREF () FilEIZIH T,
P LA T B R A A E R fE R

LA MAE R GA M Z BHAE (#FRLA PyObject_, PyNumber_, PySequence_ B PyMapping_ J3k
AR o Ik SEHRAE KU SN R [T 0 G 1) f—AS387 i strong reference (RISEING I ITE0 . XM A & A 5%
EAEPAFE R Z G Py_DECREF ()5 iXAMEIAAR PO BE I B E 4%«
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S AT

Python/C API "1 R 51 T RUR -2 518 B A SORMRE . T RUE XRS5, MAENE %A
BRI ENRESHHILE). “WaE N9 BEWE YR Z%E T Zi#E L # i Py_DECREF.,
Fr G AR AR, X E B2 0% 5 T A B A HE A F5-75 BB i s 38 i Py_DECREF ()
B Py_XDECREF () IR E -- SRS X N TE GEFE LA HMA ) . 4— A mEeks| A i
BRI, WFRRE USR] #0951 . MRFERIrE R, WFREE 2 X5 H . X
F-borrowed reference AT FATAT B AMRAE

FASH, 48 7 R A— XGRS I, FAAEPIRTRE : R G0 T — RGN, S0 A 6
Bo 27 B3 R R BRI — RSN, RS BE AR5, MR E A 5HUE.

RAE R GTIG I BAEENGISINEPyList_SetItem () MPyTuple_SetItem(), BEfI&EIH}
SHMBIH (EARRSHIIER TTHSEINE! ) o XL R BRI 2 57 s | 2 B e B a0 @i 4
FRIAFETCH SN H A — AW RG] Bitn, BlEC4 (1, 2, "three") BYURLE R K AT DA IXFERY
(BB RN IRAL B NI & B R RIS w5 ) -

PyObject *t;

t = PyTuple_New

(3)7
PyTuple_SetItem(

(

(

3

t, 0, PyLong_FromLong(1lL));

t, 1, PyLong_FromLong(2L));

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

PyTuple_SetItem
PyTuple_SetItem

TEX B, PyLong FromLong () iRl T—A#H5 | I HESLBIgi Py Tuple SetItem () Frgiit. M4{R48
BEARSEAE ] — AR B S | R e U, SRR 93BG | B Rz wi il F Py INCREF () RIS
—A5H

AR — F, PyTuple SetItem() B W EHEILH L H M & — J X, PySequence SetItem()
Mpyobject_SetItem() £x{E4EXFEM A Ry oo & A v AR B 8. AR 24 LR 3 O A2 o2 il
HPyTuple_SetItem().

EMTHA NIRRT AME A PyList_New () flPyList_SetItem() K45,

IR, AESCEA, AR & X 2@ R s el sl s R 7 30 A — Pl Py_Buildvalue ()
AR C ER QAR SRR XSG, H—A> 6 X 47 SR 4R Bian, B pi AU s T DA R Ty
R GELmTTHBEN)

PyObject *tuple, *list;

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

TEM & HfE Pyobject_set Ttem () SFERAER R WAIMGEZ AMBATIA, HAKES LSRR AL RS
WAL AEXAPELL T, EATES AT A 0, ROAVRA D 75 | EE R — 85 | ]
(“LLEBAMEC) o B, XA RECRIIR (SLhr LRI TS]) T 2 B BON S 2 r 4 H

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

Py_ssize_t i, n;

n = PyObject_Length (target);

if (n < 0)
return -1;

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

(Rt

14. &, %EBF03| Bt 7
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(R —H)

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

}

Xt BRI BGR [EME S DL AN [l IR 1) R 2ROk B i — A5 | A S ESCEARXZ S B A BGe4E, H
V2R A5 F I B 2 B ARSI IR T A B ARG R FEVFZ AT OLT, R [ G i g1
. MARRREIR T XA R ME—S . L, IR EIXERG A AE A B, pyobject_GetItem()
fipySequence_GetItem (), FEEUZRM—AFMGIH (FMI-HEONZE A E) .

— AT AR E AR T AR A A ek R [ 5 IR T R IR B BRI - TR (B
R RN IR R R #em ! L, WRAREE PyList_GetItem () M—BIFARHUEH
PRHA LA G - HRURARME ] PySequence_Get Ttem () (EMWUFHEZZEEMIFMSED KIF—1
FIRGPIARERI S H ARSI — R IR S5 .

T T B AR BN G S — A B ORI R — B R P R H RO — AR PyList_GetTtem(),
My — il 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; 1 < n; i++) {
item = PyList_GetItem(list, i); /* Can't fail */
if (!PyLong_Check (item)) continue; /* Skip non-integers */
value = PyLong_AsLong(item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
}

return total;

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

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

return total;

1.4.2 %%

7 Python/C APT Fp-ffy s B A (0 ) HoAt I AR D K2R 81 C RN int, long, double fll char*
Ao A SEETHE RIRBEH AR T8 AR i 5t 1) R Rl BB R A A — A, B — 4
PSRRI RAMA R LA X e EE M AL 5 U E TR s A0 B — e .

type Py_ssize_t
Part of the Stable ABL. — /M fifif8 sizeof (Py_ssize_t) == sizeof(size_t) WHMFSEEL
A, C99 A B 3w SUX M ARVE (size_t & — NS EEEA) . S PEP 353 T fiRiflH.
PY_ SSIZE_T MAX f2Py ssize t Ik EE(H .

1.5 fi5p

Python F&f i1 A T LA PR & T ZAL BRI A DR e RACPRI S & R 4y R 1, SR JG feidb 2l &
MR, KRN, ERMIRIATHA MRS, FEIR R NI A4 I RS [ )

IR, XT CREFP BORYE, SR ALE 2 BTy . Python/C APL HrE BT AT BREGHR AT A [ A 5, ik
TEAE R B SR P A AN R —BORUE, U— R EuBFI R, ESRE-RE, ZFETIA
ARG, TR — R . WERBA B AMY SO, Xm0 NULL = -1, AR T8
BRI 28, A DR KR IR ol MR EARES R, HP REF R R AR AR BacA BaNR s i
*E%ﬁ%iﬁﬁ%ﬁﬁﬂ@ﬁ@fﬁ, HHREM PyErr_Occurred () AT RAMAI . X LLBIHHE 2 S P
HiE AR

SRS BIES AN RGP 4 G 24 TAHE— D TCRAFE A 6 4 JRAEis ) o — NERRERT PAKE
EPFRSZ — FEEEKRE, WERA LY. EiPyErr_occurred () AILARE ARG JUIRAS : 457
R AR E R AR S R B R 5 A, A A SR R 9] NULL. 5 24 R E0T DA S
WA PyErr_setsString () @EE N OSEANSEGERN) SESFIRSWEE, MPyErr Cclear ()
A DATE R R HARES

SER) SRR = AXTR AN (BRI DAY NULL): S 888, MV S E, PARIIE B . X e}
S17)% X5 Python H sys.exc_info () FIEERAME; AT, BI1HFARZ R Python X144t i Python
try .. except IFAJ T BR)G—5%, M C 2R FH RS RAEREHE AT C REEET2 afE
ﬁﬁﬂ?ﬁﬁi,ﬁéﬂ ik Python =7 MR RERR ) £ G, RFER S NI HEHE E sys.exc_info ()
Ay ALI\O
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W ¥E A A Python 1.5 JF4R, M Python (US55 RS B9 Bk iy . AR 22 4 i 07 2 M s AL sys
exc_info (), ‘EFfik[a] Python fUR I /» AR HOARAS . BUAN, X PR I S RS i 77 s SRR & 1
AR PRI AR E 57 3 14 R RS PR AT S AR S RS DA DR B HCR 5 B0 5 R A o R 1 S Ak P
Al — A EEARRIC A R o 1 IEAEAL PR S P A 8 DL %5 il s/ 1 A [ 98] ey e ot e 5
FRR RV AEAEA R RR 2R R Ay K

YER— LA B, — A8 F 55— SR RIOR P73 AT 55 1) R 5N 4 A A 0l L B IR B 55 | & T e, IFAE
SRS ERSEBA TR . BN Y EF A TG A, R E—MHRR R, (BB
TR BEET 5 - I EENE RS, 5 RE IR YR F A EEE R .

AN S AL AT R AT B FHE BT sum_sequence () ABI AT TR . XA TS SR
FNES RN TR ZE P T A AR5 . R AR B R CE R T Le AR PR E . e, A T AR R
Python [WfE%, FATTRAR T %3009 Python AR:

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

I N I N RE SR G C AR :

int

incr_item(PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

(Fogkss)
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/* 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 FRET CEF P goto WA — Bz B AR WO ! B BT A far f
M PyErr_ExceptionMatches () MlPyErr_Clear () FACPRERER B, VAR ] Py_XDECREF ()
SKACFERTRE R NULL W EASIH (BT ' X5 Py DECREF () 7EIB%] NULL 5| FHSRE£3 jl5t) . T2
1) — e T HORORAE B A5 I E BRI IG NULL A BEARFEIER]: Se(Hh, E R [BME L B9
628 -1 (R H B A B LS HRATIE I G A s i .

1.6 #& A X Python

JUA Python fERESRHUIRA T (RIS T RS H M F ) A FEALOH — I ER L5 R E MWL, WHEEA
B HRE. PR IRZ B e LA TE RS BT IR L 2 5 A R -

BEARNRIRA R R R Py _Tnitialize (). WERECHAIGMT IMEBIRE, FFOI@EARI builtins,
__main__ Ml sys. BIERFHIGABHIE RERTE (sys. path).

Py_Initialize () AEWE” MASEINER" (sys.argv). WIERKEERFEATI Python RS 75 2L AR &
NARAE Py _Tnitialize () 2 )Gi@id )8 PySys_SetArgvEx (argc, argv, updatepath) 3k
BAHIEET.

TERZHAG L (Bl Unix Al Windows, BEARIEMTT LA AN), Py_Initialize () FHARPEXTFRHE
Python ffREES v AT ST 7 & 1 B A3 MR T H R U8 R 42, IF i Python JE ] ZEAH X T Python fi#f
PEATHAT OB e A B LR E . BRilHh, BRFHXTTAE shell iy 418 R ik GMRAE & PATH) FREIHA N
python BRI HATSCAFFTESC H Sk #2348 1ib/pythonX. ¥ I H 5%,

24K Vh, UR Python A] AT ST /usr/local/bin/python, BRHREENT /usr/local/lib/
pythonX.Y. (SZPs b, XMFEBELGEECN “FHR” (78, 2724 T0ETE PATH H14RE) 4k python 1y
FRAT S B ) P AT AT A B B A AL B PYTHONHOME , B{id 1d i & PYTHONPATH FERRMERS 2L
RITE AN H S B 5 A8

MARI Y AR LB SEE APy _Tnitialize () Z 8 Y8 Py_SetProgramName (file) 3ig7riE
RIKIF. W{ER PYTHONHOME {344 < 7 55 L & JF H PYTHONPATH {598 4l A BIARERE 2 2 Bl 75
58 AR R B AR Y AR e H C W Py_GetPath (), Py_GetPrefix (), Py_GetExecPrefix ()
MPy_GetProgramFullPath () SEM (GXEEREIIAE Modules/getpath.c FIEX ).

F I}, BT EXT Python HE4T “ RRATUAAL” . FIAN, N HFEFE AT REAR B 05 8h (BRI Py_Tnitialize () 5§
N AR P XT Python (1)1 JH £ 28 58 T AE EEREAI Python Fif 4 L i) A7 X T DA AR Py_FinalizeEx ()
L. ANA4HT Python 4T EWIIRALIRASE N Py_IsTnitialized () PRECRR BB E. A KX LEHE
WG AREZ GRS .. HHEREPy_FinalizeEx () TABEUITA i Python R T 43 FL I N AT,
B0 F 4 RSB  BE R AT H BT AS SR
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1.7 iEifa@

Python R PARfFH7 HE 28 720 2513 LAJE I GHERE SR A JRBCR I BUIME & . XL A S 45 s T KR BT
BB ENTEOARBUE -

AR IR 4 7 BE 51 R DL Python JEAURI MUK A Py Misc/SpecialBuilds. txt, W JHHYMEIA X
FRBERT TR, WIS TS, S0 ERREAR ORI R R Z R RE AT 54 . A BIRIAR AR R K
x it hiliopInL pe

W71 & X Py_DEBUG 72 M i Al REAm5 7 L 18 75 AR 1Y) Python W4 1% . Py_DEBUG #£ Unix 4%+ &
AW ——with-pydebug #| . /configure Ay R LAY . B WA E I ALdE Python % &Y _DEBUG
FHKJEH . 24 Py_DEBUG 7E Unix #RiFH )5 R, gaiktsRIbrigidt i .

B TR SRR T EOR, e S ATHISME A, 1§25 Python Debug Build.

£ X Py_TRACE_REFS Ff 2 I HBE (0 configure —-with-trace-refs #M). HBE LTI
B, BB EREAPyObject RN NEIINF-BORE— G S X R IEFRAGEY ) 3 o R 43Tl S 20
BER. EIREES, TSRS R ok . (TR BAL X R s I TR B 2 e KA ) o

AHEFELZFMER, 27 Python JFACEH A Misc/SpecialBuilds.txt .
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C APl FaE M

Python 1) C 157 APLALE T 1] T IRASEUK PEP 387 . C APL £ BRIE/IMRUAS 1Y) A i A AR 28 (L 3.9 %
3.10 ) , AR 2 BRI IR SRR, R R SR APL. B AP R SEiiER, R
AR L 5 sE S 7 E MR A S T

CPython {1 FH Z 3l Ez 11 (ABL) Al DA/ IMRUASCILRT G (HELARAE i ST -F & 09
# 5 ). Bk, F Python 3.10.0 4 RS n] DALE 3.10.8 54T, [Nk, (EAFRT 3.9.x F1 3.10.x N F243 51
BT

iR RIR RIS 2FAA APL, 4l _Py_InternalState, RIfEZHM T &AM H i o] BEAS 0 E A s 3k A Tk
.

2.1 MAERFZ#EEONREER

Python 3.2 5| AT % & API, Python [f) C API f)—/F4. N 3ZBR AP {4 i T LARE— K P gt 136 1 3
T2 Python JiiAs . 5Z[R APT [ N2 4o T Fiam o

AT SEPIX— gL, Python $24it T —AN 4252 ABI — /N REAE4S Python 3.x A P RFFIRAMEIFT S8 A. FE
ABI A8 THEZ IR APT R ERIATS, (Hib & HABRT 5N, SCRFIHRGSZ R APT FIra i ek 4.
(BRI, AR HTHE T k&, H3ZBR APT FIARE ABL XS T APT i T A VAR IR AEE - B4, Hik A
Python %)
Py LIMITED API

WAEFE Python . h Z e SUXNZ LAESRE LI SZ B AP, F 452 [ APT [ HRAS .

¥t Py _LIMITED_APTI 5 SUNNT WV ARKIY REFT 5 i Ik Python RAPY VERSION HEX WfH. §~
JETC T B g3 B n] A A T AR 2 AT 4R 19 A Python 3 Ak, Al (1 B A M 1B TS A2
I API.

ANEBAHH PY_VERSION_HEX 7%, T @i /MR E A (41 0x030A0000 2/~ Python
3.10) PAEAEfH AR KN Python WA T4 1R R FFRE -

PRIEF DAY Py_LIMITED_APT % XN 3. HAUE S 0x03020000 #H[ (R Python 3.2, 5| A2 API
FIRRAS )
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1t Windows |, I FEE ABLHYY RN MR ] python3.d1l MAEMA L EAPEN python39.d11,

FEHLEF-5 |, Python $fE AL FRHHA abi3 ARERILZE T (P14 mymodule.abi3. so), B
ALREXFERY R B AHRARE ABL fliUH]J7 (BCHATE T R) HEffRxX—L, flan, BT 3.10+ 2R
APT G4 FEAN AT 221 B AIRAR AN Python .

T ABL A I R RCHR 2 /52 Python S S A A eR AP AE , AU N 7S X B ENTR ATEA (i
I C FALPRES A TE 5 O

2.1.1 %R API p91E RS04 RE

32 IR APL ) H bR eV eSS 5 C APT ] I RAEATZR 1Y, (R RES A PERE Ry .

N, BfRpyList_GetItem() ;@v Y, (HH “REEW)” FRAPyList_GET _ITEM() W@ A0 K.
XA R AT B S R SR v AR AR & SR A 91 e S SN Y .

TEARE X Py_LIMITED_API fEHL T, Hudk C API pRECR H 22k AT N BRE B e . ¢ X Py_LIMITED_API
OB N EE, iR T Python FOERIRES M ER E 1, (HAA W] RERRARMEBE

W Py_LIMITED_API & X, W AT AL B ABL R 4mi1FZ R APL Y AT RE . X AEHE T+ H:
TEFIRY. Python fitA [ rERE, (HHRFRR 2. T Py _LIMITED_APT 140 retE— Nl A
LIEY AT B G5 ey E—man, £ RIRE A7) Python RUCAS ) i A& 1 6 .

2.1.2 ZPR APl &R

TR ET Py_LIMITED_APT #7841 T AL 5e & ARIEC AL IR A Z IR AP o fa & ABl. Py_LIMITED_API
O TEX, HE—A APL iSO FEHARE 2, Blaniii s L.

Py_LIMITED_APT AREALBERY— AR M AER AR Python A H IR R0 A k. Bildn, % &
— M NULL AE SRR AL, £ Python 3.9 i1, NULL BULAE S — BT, (HAE Python 3.8 1, 1%
SRR E M, S8 NULL 5 BRSNS Eebd 1T 45 A7 B

A FRE Y E LT Py_LIMITED_APT W REEEEM KT B H A A s, BIEEiT2s2iR APL#)—3i8

I,

WX SR R, FRATE U B SR 1Y Br A Python /NEUA SR IM— AN R, Ifcl 2 = AR Ak
HIFE .

AL @ WA F T APL ) 4 3 SCRY PAKE A H 2 6 B aCUHE I o 32 BR APL B9 — 343, Bl & LT
PESMHmﬁM,&ﬁﬂﬁ%%ﬁ%%m?&ﬁﬁﬁ(ﬁ%%i%#ﬁﬁ%ﬂ%ﬁ%%*)ﬁ%ﬁ
Hk,

WEF EZ R APL I RN R R ERY: 7 Python 3.8 [l Py_LIMITED_API 4gi¥y EEMWEHE XY REELE
Python 3.12 _Fizf7, {HERA—EREN Python 3.12 %, 5, 7EfaE ABL R EMTEN N, #5902
PR API n] RES 15 57 - 0L I .

22 FRHER

ABI U FSE PEA LT Python, sRERGRT FIr il F 2 i . 02 FEFIZR a5 . XA 2 ABL B9 H bRk
i, XEEANYTE LT A CER7. EATEESBURT OS 8B FEAS S o

WRAE s & & LA Python fRASER AR IR Fa € ABI 1) 7 UM g2 65V Python 73 & 5 IITRAT . K
H python.org PAKIFLEE =4 KR Windows 1 macOS A7 AR AT X Fs Bt «
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2.3 ZMR APIFAE

FIHT, 32FR APT AL T X LL T

PyAIter Check ()

PyArg Parse ()
PyArg_ParseTuple ()

PyArg ParseTupleAndKeywords ()
PyArg UnpackTuple ()
PyArg_VaParse ()

PyArg VaParseTupleAndKeywords ()
PyArg ValidateKeywordArguments ()
PyBaseObject_Type
PyBool_FromLong ()

PyBool_Type
PyByteArraylIter_Type
PyByteArray AsString()
PyByteArray_ Concat ()
PyByteArray FromObject ()
PyByteArray_ FromStringAndSize ()
PyByteArray Resize ()
PyByteArray_Size ()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()

PyBytes_Size ()

PyBytes_Type

23.
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e PyCFunction

* PyCFunctionWithKeywords

e PyCFunction_Call ()

* PyCFunction_GetFlags ()

e PyCFunction_GetFunction ()
e PyCFunction_GetSelf ()

* PyCFunction_New ()

e PyCFunction_NewEx ()

* PyCFunction_Type

* PyCMethod_New ()

* PyCallIlIter New/()

e PyCalllter_Type

e PyCallable_Check ()

* PyCapsule_Destructor

* PyCapsule_ GetContext ()

e PyCapsule_GetDestructor ()
* PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

* PyCapsule_IsValid()

* PyCapsule_New ()

* PyCapsule_ SetContext ()

e PyCapsule_SetDestructor ()
* PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

* PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
* PyCodec_Decode ()

e PyCodec_Decoder ()

* PyCodec_Encode ()

* PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

e PyCodec_IncrementalDecoder ()
* PyCodec_IncrementalEncoder ()

e PyCodec_KnownEncoding ()
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PyCodec_LookupError ()
PyCodec_NameReplaceErrors ()
PyCodec_Register ()
PyCodec_RegisterError ()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamWriter ()
PyCodec_StrictErrors ()
PyCodec_Unregister ()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble ()
PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
PyDescr_NewMember ()
PyDescr_ NewMethod ()
PyDictItems_Type
PyDictIterItem_ Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem_ Type
PyDictRevIterKey_Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString()
PyDict_GetItem()

PyDict_GetItemString/()

23.
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PyDict_GetItemWithError ()

PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqZ ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString()
PyDict_Size()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr_BadArgument ()

PyErr_BadInternalCall ()

PyErr_ CheckSignals ()
PyErr_Clear ()

PyErr_Display ()

PyErr ExceptionMatches ()

PyErr Fetch ()
PyErr Format ()
PyErr_FormatV()

PyErr GetExcInfo()

PyErr._GivenExceptionMatches ()

PyErr_NewException ()

PyErr NewExceptionWithDoc ()

PyErr_NoMemory ()

PyErr_NormalizeException ()

PyErr Occurred()
PyErr_ Print ()
PyErr_ PrintEx()

PyErr_ProgramText ()

PyErr_ResourceWarning ()

PyErr_ Restore()

18
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e PyErr SetExcFromWindowsErr ()
e PyErr_ SetExcFromWindowsErrWithFilename ()
* PyErr SetExcFromWindowsErrWithFilenameObject ()

* PyErr SetExcFromWindowsErrWithFilenameObjects ()

* PyErr SetExcInfo()

* PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

* PyErr SetFromWindowsErrWithFilename ()

* PyErr SetImportError ()

* PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

* PyErr_ SetInterruptEx()

* PyErr SetNone ()
e PyErr SetObject ()

* PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr _SyntaxLocationEx ()

* PyErr WarnEx ()
* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable ()

e PyEval_AcquireLock ()

e PyEval_AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

* PyEval_CallObjectWithKeywords ()

* PyEval_EvalCode ()

e PyEval_FEvalCodeEx ()
* PyEval_EvalFrame ()

e PyEval_FEvalFrameEx ()
* PyEval_ GetBuiltins()
* PyEval GetFrame ()

* PyEval_GetFuncDesc ()

23. B[R APIMAE
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PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseLock ()
PyEval_ ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread/()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionkError
PyExc_AttributeError
PyExc_BaseException
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_TImportError
PyExc_ImportWarning

PyExc_IndentationError

20
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PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferencekError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_StoplIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError

PyExc_UnicodeTranslateError

PyExc_UnicodeWarning

23.
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* PyExc_UserWarning

* PyExc_ValueError

* PyExc_Warning

* PyExc_WindowsError

* PyExc_ZeroDivisionError
* PyExceptionClass_Name ()
e PyException_GetCause ()

e PyException_GetContext ()
s PyException_GetTraceback ()
* PyException_SetCause ()

e PyException_SetContext ()
e PyException_SetTraceback ()
s PyFile FromFd()

e PyFile GetLine()

e PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_Type

* PyFloat_AsDouble ()

s PyFloat_FromDouble ()

e PyFloat_FromString ()

* PyFloat_GetInfo/()

* PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

* PyFrameObject

e PyFrame_GetCode ()

* PyFrame_GetLineNumber ()
* PyFrozenSet_New ()

e PyFrozenSet_Type

* PyGC_Collect ()

e PyGC_Disable ()

* PyGC_Enable ()

* PyGC_IsEnabled()

* PyGILState_Ensure ()

* PyGILState_GetThisThreadState ()

e PyGILState_Release ()
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* PyGILState_STATE

e PyGetSetDef

* PyGetSetDescr_Type

e PyImport_AddModule ()

* PyImport_AddModuleObject ()

¢ PyImport_AppendInittab ()

* PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

* PyImport_GetMagicTag ()

* PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

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

* PyIndex_Check ()

* PyInterpreterState

e PyInterpreterState_Clear()

* PyInterpreterState_Delete ()

* PyInterpreterState_Get ()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New()

* PyIter Check ()

* PyIter_ Next ()

e PyIter_Send()

e PyListIter_Type

* PyListRevIter_Type
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PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetSlice ()
PyList_Insert ()
PyList_New()
PyList_Reverse ()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()
PyList_Sort ()
PyList_Type
PyLongObject
PyLongRangelter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()
PyLong AsSsize_t ()
PyLong_AsUnsignedLong ()

PyLong_AsUnsignedLongLong ()

PyLong_AsUnsignedLongLongMask ()

PyLong_AsUnsignedLongMask ()
PyLong_AsVoidPtr ()
PyLong_FromDouble ()
PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong_FromSize_t ()

PyLong FromSsize_ t ()

PyLong FromString()
PyLong_FromUnsignedLong ()
PyLong_FromUnsignedLongLong ()
PyLong_FromVoidPtr ()

PyLong_GetInfo ()
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PyLong_Type

PyMap_Type

PyMapping_ Check ()
PyMapping_GetItemString()
PyMapping HasKey ()
PyMapping HasKeyString ()
PyMapping Items ()
PyMapping_Keys ()
PyMapping_Length ()
PyMapping_ SetItemString ()
PyMapping_Size ()
PyMapping Values ()
PyMem_Calloc ()

PyMem Free()
PyMem_Malloc ()

PyMem_ Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_BRase
PyModuleDef Init ()
PyModuleDef_Type
PyModule_ AddFunctions ()
PyModule AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_ AddStringConstant ()
PyModule AddType ()
PyModule_Create2 ()

PyModule_ExecDef ()
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PyModule_ FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_ GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString()
PyModule_Type

PyNumber_ Absolute ()
PyNumber_Add ()

PyNumber_And ()
PyNumber_AsSsize_t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()
PyNumber_FloorDivide ()
PyNumber_ InPlaceAdd()
PyNumber_InPlaceAnd()
PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift ()
PyNumber_InPlaceMatrixMultiply ()
PyNumber_InPlaceMultiply ()
PyNumber_InPlaceOr ()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_InPlaceRshift ()
PyNumber InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()
PyNumber_InPlaceXor ()
PyNumber_Index ()

PyNumber_ Invert ()

PyNumber_Long ()
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PyNumber_ Lshift ()

PyNumber_MatrixMultiply ()

PyNumber Multiply()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive()
PyNumber_ Power ()
PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_ Subtract ()
PyNumber_ToBase ()
PyNumber_ TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
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PyObject_AsCharBuffer ()
PyObject_AsFileDescriptor ()
PyObject_AsReadBuffer()
PyObject_AsWriteBuffer ()
PyObject_Bytes ()
PyObject_Call()
PyObject_CallFunction ()
PyObject_CallFunctionObjArgs ()
PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAlIter()
PyObject_GetAttr()
PyObject_GetAttrString()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()

PyObject_HasAttrString/()
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PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar/()
PyObject_IsInstance()
PyObject_IsSubclass()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr ()
PyObject_RichCompare ()

PyObject_RichCompareBool ()

PyObject_SelflIter ()

PyObject_SetAttr()

PyObject_SetAttrString/()

PyObject_SetItem()
PyObject_Size()
PyObject_Str()
PyObject_Type ()
PyProperty_Type
PyRangelter_Type
PyRange_Type
PyReversed_Type
PySeqlter_New()
PySeqlter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()

PySequence_GetSlice ()
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PySequence_1In ()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type

PySet_Add ()

PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()

PySet_Pop ()

PySet_Size()

PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices ()
PySlice_GetIndicesEx ()
PySlice_New()

PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewType ()
PyStructSequence_SetItem()

PySuper_Type
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PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete ()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()

PyThreadState_GetID()

PyThreadState_GetInterpreter ()

PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo ()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread_delete_key ()
PyThread_delete_key_value ()
PyThread_exit_thread()

PyThread_free_lock ()
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PyThread_get_key_value ()

PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock ()
PyThread_ set_key_value ()

PyThread_set_stacksize ()

PyThread_start_new_thread()

PyThread tss_alloc()
PyThread_ tss_create()
PyThread_tss_delete ()
PyThread_tss_free()
PyThread_tss_get ()
PyThread tss_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelIter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New()
PyTuple_Pack ()

PyTuple SetItem()
PyTuple_Size ()
PyTuple_Type
PyTypeObject
PyType_ClearCache ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
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e PyType_GetModuleState ()

* PyType_GetSlot ()

* PyType_IsSubtype ()

e PyType_Modified()

e PyType_Ready ()

e PyType_Slot

* PyType_Spec

* PyType_Type

e PyUnicodeDecodeError_Create ()

* PyUnicodeDecodeError_GetEncoding ()
* PyUnicodeDecodeError_GetEnd/()

e PyUnicodeDecodeError_GetObject ()

* PyUnicodeDecodeError_GetReason ()

* PyUnicodeDecodeError_GetStart ()

e PyUnicodeDecodeError_SetEnd/()

* PyUnicodeDecodeError_SetReason ()

* PyUnicodeDecodeError_SetStart ()

* PyUnicodeEncodeError_GetEncoding()
e PyUnicodeEncodeError_GetEnd()

* PyUnicodeEncodeError_GetObject ()

* PyUnicodeEncodeError_GetReason ()

* PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd()

* PyUnicodeEncodeError_SetReason ()

e PyUnicodeEncodeError_SetStart ()

* PyUnicodeIter_Type

* PyUnicodeTranslateError_GetEnd/()

* PyUnicodeTranslateError_GetObject ()
* PyUnicodeTranslateError_GetReason ()
e PyUnicodeTranslateError_GetStart ()
* PyUnicodeTranslateError_SetEnd/()

e PyUnicodeTranslateError_SetReason ()
e PyUnicodeTranslateError_SetStart ()
* PyUnicode_Append /()

* PyUnicode_AppendAndDel ()

* PyUnicode AsSASCIIString/()
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PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString/()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()

PyUnicode_ AsUTF16String ()
PyUnicode_AsUTF32String ()
PyUnicode AsUTF8AndSize ()
PyUnicode_AsUTF8String/()
PyUnicode_AsUnicodeEscapeString ()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()

PyUnicode_DecodeRawUnicodeEscape ()
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PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTF16Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_ FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize()
PyUnicode_InternFromString()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier()
PyUnicode_dJoin ()
PyUnicode_Partition ()
PyUnicode_RPartition ()

PyUnicode_RSplit ()
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PyUnicode_ReadChar ()
PyUnicode_Replace()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyWeakReference
PyWeakref_GetObject ()
PyWeakref_NewProxy ()
PyWeakref NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py BLOCK_THREADS
Py_BuildValue ()

Py _BytesMain ()

Py CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py _EncodeLocale ()

Py _EndInterpreter()

Py _EnterRecursiveCall ()
Py Exit ()

Py FatalError ()
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Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding
Py Finalize()

Py FinalizeEx ()

Py _GenericAlias ()

Py _GenericAliasType
Py_GetBuildInfo ()
Py_GetCompiler ()
Py_GetCopyright ()

Py GetExecPrefix()

Py _GetPath()
Py_GetPlatform()

Py GetPrefix()
Py_GetProgramFullPath ()
Py_GetProgramName ()

Py _GetPythonHome ()
Py_GetRecursionLimit ()
Py_GetVersion ()
Py_HasFileSystemDefaultEncoding
Py_IncRef ()
Py_Initialize()
Py_InitializeEx()
Py_Is()

Py _IsFalse()
Py_IsInitialized()
Py_IsNone ()

Py_IsTrue ()

Py LeaveRecursiveCall ()
Py_Main ()
Py_MakePendingCalls ()
Py_NewlInterpreter ()

Py _NewRef ()
Py_ReprEnter()

Py _ReprLeave ()
Py_SetPath()

Py _SetProgramName ()
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Py_SetPythonHome ()

Py_SetRecursionLimit ()

Py _UCS4

Py UNBLOCK_THREADS
Py_UTF8Mode

Py _VaBuildValue ()
Py XNewRef ()
Py_intptr_t

Py _ssize_t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getiterfunc
getter

hashfunc
initproc
inquiry
iternextfunc
lenfunc

newfunc
objobjargproc
objobjproc
reprfunc
richcmpfunc
setattrfunc
setattrofunc
setter
ssizeargfunc
ssizeobjargproc
ssizessizeargfunc

ssizessizeobjargproc
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e symtable

* ternaryfunc
* traverseproc
* unaryfunc

e visitproc

23. B[R APIMAE 39



The Python/C API, £[F 3.10.13

40 Chapter 2. C API a4



CHAPTER 3

HEE% API

AR R AR SR VAR AT SCPF i b X 3R 41 Python JACHY, (HEATRA SLVFIRAE R A0y i 755X
SRR TR HL

X 28 bR B P A LA T DA 32 R E B B R R AT S R B S, W B RTSAT 5 A Py_eval_input,
Py_file_input PAJ Py_single_input. XERFSRAIERZENNNES MR B AR .

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

int Py_Main (int arge, wchar_t **argv)

Part of the Stable ABL £ X FREARRERR I AT . ik A T Python MFEFIG il AR T . FTRALi arge
Ml argy TE 224 5645 C BT main () BREGIESHIE CREARSE H P E0iE S KigEEgh) . —4 &
BERFIESHG R T RSN (SR T ERFBRIHE R NEANSEIEN) . IR ERES
IEFIRE (BPRT A SE) MEREMERY 0, WRMRER L A& FHE MR E LR 1, SCEWRIE S5
FABER AR Python Ay 4T MR [A] 2.

WHEEIRG AT —MEHALI & PR PR SystemExit, HWERECHALIRE 1, MR Ik,
H3py InspectFlag ibRKHFiNE

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. 23T Py _Main () 1B argv B— & F 884 .

3.8 UBTINA.

int PyRun_AnyFile (FILE *fp, const char *filename)
XREX R PyRun_AnyFileExFlags () MFMIEN, FF closeit Bt K O MK flags BEH NULL.
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
KRR R PyRun_AnyFileExFlags () WIEMIIE T, #f closeit ZHLBN 0,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
RN R PyRun_AnyFileExFlags () WIREIEE D, Ff flags 4% K NULL,
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
WS fp 45 10— A 5 06 B % B A (BB A s A B A S Unix B ) B S0, R
BlPyRun_InteractiveLoop () W{E, HWIREIPyRun_SimpleFile () W45 H . filename £ {4
TN RGR G (sys . get filesystemencoding () Kf#MS. MR filename ) NULL, MpR%2
i "222" VB4 . R closeit HEAH, XS HE PyRun_SimpleFileExFlags () & [H 2w
DEIP

int PyRun_SimpleString (const char *command)
X2 EH X R PyRun_SimpleStringFlags () WRALIE D, ¥PyCompilerFlags® S H
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
T4 flags 248, 76 __main__ B AT Python YRS . QIR __main_ MAFELE, EXRFHEEIE. BT
itz el 0, WG &S WLRIE -1, AERAEAG R, W TCEFRSREEE . AT flags (98 L,
ZH T 3.
THEBARG A T —MEHA & T RAEPR systemExit, MRECRFASRE -1, iR H IR,
HB py InspectFlag it KEFiXE .

int PyRun_SimpleFile (FILE *fp, const char *filename)
XX Nl PyRun_SimpleFileExFlags () WIAALIRIEE D, Y closeit ¥ 0 T flags %5 NULLS,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XZER R PyRun_SimpleFileExFlags () WRIALIREET, ¥4 flags 14 NULL,

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
AT PyRun_SimpleStringFlags (), {H Python JEAHH2M fp BN A 2 — D MNAE T I T4
filename N U4, RS filesystem encoding and error handler SefftS . QNS closeit JyEAR, W SC{4F
FE PyRun_SimpleFileExFlags () R [EIZ HiHE XA .

fiEl: 7E Windows b, fp 124 A EHIBEITHF (B fopen (filename, "rb")), &N, Python AJ
BETCIA IR AL B LE AT 45 AT A AR S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XIEEI N P PyRun_InteractiveOneFlags () BIfALIRIZE T, KF flags %k NULL,

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags * flags)
T4 flags ZHEOEHOF AT R H 52 B A KRIBH S — 4 f 0] . PR S8 sys.pst il
sys.ps2 WHER. filename Y48 [l filesystem encoding and error handler S fHRY .

2 AR PATIHR ] O, AR5 A w WHR A -1, 3035 QSR A A b 52 R [|] 5k H 14 Python
AR Z A ) errcode. h G SO HE RIS . (FEYER errcode.h K4 Python.h Tl
5, AR TN L T s )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XRER R PyRun_InteractiveLoopFlags () MIfAfLIREE D, #F flags %k NULL.

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
SEIOFHTR 53 1% MR ) B 513k EOF. J PH 351 ] sys.pst Al sys.ps2 M
TN filename Y{§i [ filesystem encoding and error handler SEffi% . 2447F EOF Bk [E] 0, BEE 24 5 Mt
R ] — 15

int (*PyOS_InputHook) (void)
Part of the Stable ABL 0] DA#FiZ TSR —NRA) int func (void) MRS, ZERECEAE Python By
FEGHR 7R AT RIRF 25 PR S5 15 P AN sitaan AR o IR IBME S 200 o B 30K A4 1 T 48 A i
RS R AT A B A SR ER 1R Python % Modules/_tkinter.c FAARKE .

char *(*PyOS_ReadlineFunctionPointer) (FILE*, FILE*, const char*)
B AR TS n)— N R BN char *func (FILE *stdin, FILE *stdout, char *prompt) [
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PR, ERPUT R BB RS R AT B — AT A BB R %R B U S SR 45 H prompt 12K
NULL gt th e, SR TR BLAARER ASCPREI—ATH A, FRRBIZERTAF . i, readline
BREHLRFIX A T BCE PR AT 4 4R tab SEANESF I BE

LER RN PyMem_RawMalloc () B{PyMem_ RawRealloc () SECHIFAFER, BOE AR & 2B 4,
PRA NULL,

3.4 f W s 45 B O hPyMem _RawMalloc () B{PyMem RawRealloc () 43 Et, T A &
EEPyMemiMalloc () ﬁPyMemﬁRealloc () Be.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
BEME: #a95I A @M MiPyRun_StringFlags () WfLMEEH , Ff flags ) NULL.

PyObject *PyRun_StringFlags (const char *sr, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
BwEME: #Hag51 R . TEHRAGE globals Fil locals $55E ) F R SCR AR B str 1) Python JEACRD , FH-6E T A
flags F&5E IR TERR . globals WAl Je—~F-HiL; locals W DAJEATATSLEL 1 WL SHIMY AT 5 . TES start
FRE T W AP R RIS B AR TEAT

R ELREA A Python X GAATHOSE R, sF QRG] % T 58 Wik il NULL,
PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
BEME: #He5IA. XA T PyRun_FileExFlags () WRIMEIRIE 1T, KF closeit ¥k 0 FH4F flags
% NULL,
PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int
closeit)

BEME: #ag il A .. XX R PyRun_FileExFlags () MEALIEET, K flags K NULL,

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
BEME: #Fay A . XX N PyRun_FileExFlags () WRILIREE D, 6 closeit 3%k 0.

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags * flags)
BwEME: g3 A . KEITFPyRun_StringFlags (), {H Python JARLZM fp BETAZ— D NTF
P FREER o filename NN S84, BB filesystem encoding and error handler JEfRRS . NS closeit
B, MSCRAEPYyRun_FileExFlags () IRIAIZ Hi#E KA .

PyObject *Py_CompileString (const char *str, const char *filename, int start)
BWEE: #8951 A . Part of the Stable ABL X241 % NEIPy_CompileStringFlags () WTRifLIRIE T,
F§ flags A NULL.
PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags)
Befa: #Ha951 M. XX N HiPy_CompilestringExklags () MR D, *F optimize 1
— 1 o

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags
*flags, int optimize)
BEME: #e971R o AT str HPY Python JEACHS, SR MISERAMX R . JHIRIERTH start 4515 X
E‘[%ﬂiﬂﬂ ﬂéﬁﬁﬁﬂﬁf%ﬂiéﬁl%%ﬁ@#ﬁ@jﬂ Py_eval_input,Py_file_input By Py_single_input,
Hi filename $5 € 1) SCIF44 200 HI AR A 18 AR 0 52 5 7T 6 HH BUAE W15 B B SyntaxError S iHE .
T SRR O B AR BT B A 13 0 )b bR SR 3R [B] NU LT

HEBY optimize 1552 H AR ALI A s (H -1 R85 -0 WA A A AR g LAk g0 . SN 15 O
(TEflfe; __debug_ WE{H). 1 BE@REER, __debug_ SARME) B 2 CORFAFH B IR) .

3.4 BUHTMA.
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PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags, int optimize)
BEE: #Hey5l . 5Py CompileStringObject () 2, 1B filename 2 VAfilesystem encoding and
error handler B 7T E .

3.2 BB

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
B #6493 B . Part of the Stable ABL X 241X PyEval EvalCodeEx () WIfALIRIED, W
RIS, PAS A Ryl Rl i . HA S i 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)
AW #0971, Part o the Stable ABL X{—A-BU I RERILORE, HHR AL AT E 08
BEEREE i A JR R B 7L, R AR AT R, S REETAIBOAEREAL, R AT SRR
AR ML A R TT R S P TR AR
type PyFrameObject
Part of the Limited API (as an opaque struct). J3T-HERWINFE C PR 50K . B0 52 B ] Ge e R4
RS Z
PyObject *PyEval_EvalFrame (PyFrameObject *f)
BEE: #Heg5| A . Part of the Stable ABL Sf—/MNAATWERIE . X 24X PyEval_EvalFrameEx () I
fRTARHRCE 11, T ORERR 1) T 3
PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
BeMhi: #ag31A . Part of the Stable ABIL iX /2 Python MRz fT AHHME MY TR A, 5 IATor £ A1 STk
I ARFDT SRR IA T, SRR I AR T B A TR H . AT throwflag T2 FA W] AR 20—
RNEME, M FECLRM S — DR XL TSR RE throw () k.
3.4 A KBRS — IS, AR R A S £ 5 s i e

int PyEval_MergeCompilerF1lags (PyCompilerFlags *cf)

B RR B B WY B SRAE T IEAR . AR R [0 B, 2R IOt 2z o] B

int Py_eval_input
Python ik I T IR ARIGTF S WA Py_Compilestring () .

int Py_file_input
Python 154 F M SO B Rt IR S BGE M e SRR 1R 7755 BLAPy_CompileString () . X
SEAESIFAE KB Python YRR I 2L 94T

int Py_single_input
Python {4 H T HMIE M R IGFT 5 WGPy _CompileString () ffiff]. X2 M T H ARG
{2 DR R

struct PyCompilerFlags
D I RAF G e AR R S A M 0r T A AU g i i 00, BN int £lags R, AT
MBI TR 0L, EXFF N PyCompilerFlags *flags R A fERXMGIL T, from _ future
import AJPAMEIL flags.

4 pyCompilerFlags *flags A NULL W}, cf_flags ¥# 41/EET 0 KA, WMAE{] from
__future__ import FrFBUNBHASH LR

int cf_flags
AR TR o
int cf_feature_version
f _feature_version 52 Python [{)/PRARS . BN 485 #1 454k~ PY_MINOR_VERSION,

WFBEIA S B2, 24 BACYTE of _flags % ¥ | PyCF_ONLY_AST JHEFRE A 29 H
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3.8 i EE A I of _feature_version FH{] .

int CO_FUTURE_DIVISION
XAPRENLTE flags HHCE LAMERSERAIZTEAT / Wiy PEP 238 FIrfUER “HFRIA”.
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AT ZAR RN T HE Python R YT AL

void Py_ INCREF (PyObject *0)
FIR NG 0 RIL—SHistrong reference, HEHIZATGIETER AT HAS BLPEHSE o

IR B0 B g S iborrowed reference JRIEEH Ny strong reference, Py NewRef () EREUW] 4% F S 28T

Hstrong reference,

WG R)E, AWM Py_DECREF () BEIE .

WX AN NULL; QISRARAS R & EAN N NULL, 3Py _XINCREF ().
Do not expect this function to actually modify o in any way.

void Py_XINCREF (PyObject *0)
5Py INCREF () 25l {HXIS 0 AILAH NULL, FEIXMPEOL T bR ECRHE A AR

%%ﬁPy_XNewRef ()

PyObject *Py_NewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. “JyXt %8 @& —A Hr i) strong reference: ¥£ o LY Py_INCREF ()
RIS 0.

MNP B X A strong reference W, 247 H B Py _DECREF () RRBEEIH .
X5 o WA NULL; 42k o AT PAS NULL WIN M Py_xNewRef ()
HLA5 AR[E] -

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

AR AL

self->attr = Py_NewRef (obj);

A2 Fpy INCREF ().
3.10 BUHTNA.
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PyObject *Py_XNewRe£ (PyObject *0)
Part of the Stable ABI since version 3.10. 2L} TPy _NewRef (), {BX}% o A] DAl NULL,

AN 0 i NULL, % pRE - RfaR [F] NULL,
3.10 GHT A

void Py_DECREF (PyObject *0)
R — R IIX G 0 Wstrong reference, FHTZT | AT o

Mo J5—strong reference YEREHN (RIXFR T THECE R 0), K2 KB W %R G 07 JE AL 1Y)
deallocation pREY (‘B AR A NULL),

L BRI ESGHE # 95 H TAEAR R 3 B —strong reference,
WA A NULL; Q1SRRG € B AN NULL, i Py_XDECREF () .

Do not expect this function to actually modify o in any way.

el BER BT S 8L Python ARG H ARIHH (FlURY—E __del_ () FiERIRELHI9E
RERC 2 W) o ARSI ) T A SPAERE, BT AT B8 B 177 T & Python
SRR, X ME A 4 R AR B KU R R AE Py _DECREF () # i H F 2 BB 24 40T
SERFIRZS . BN, A1 v g 0 5 A AR 7 24 K5 A I B X 52 ) 5 | P 8 DL 1) — A1 B A o
BUEANFREIREER, R G RIGEAE ER ] Py_DECREF () .

void Py_XDECREF (PyObject *0)
5Py DECREF () 2K, {HXT 5 o W[ PLN NULL, ¥EiX Ff i 00 T b0 oA B0 3% A F T 2028 R
HPy_DECREF () BYE45 RS T b4t

void Py_ CLEAR (PyObject *0)
I — GRS 0 Wistrong reference, JFSRAIPAH NULL, FESUIHOL N R A EMTRCR s A H AR
ORI 5Py DECREF () MF, KT HSHAR PN NULL, $XFPy_DECREF () E&EEAR
T IRt 4, R 7 S g — AN AR S e RS | 2 B S 8050 NULL,

T BRI 10— A E R NSO )R] BER 2k P 0 B 5 L I O i e — o
void Py_IncRef (PyObject *0)

Part of the Stable ABL F/R I — NGNS o [strong reference, Py_XINCREF () WREURA . BH]
#¢ T Python iz 4TS B & HRA o
void Py_DecRef (PyObject *0)

Part of the Stable ABL FEi—T 48 101X 4 o Wstrong reference. Py _XDECREF () WIMREURA . B ¥ T
Python fizfTH SR A

PAR B BB A v TE R ORE A8 B 0 N IR B H: _Py_Dealloc(), _Py_ForgetReference(),
_Py_NewReference () ANAFE Py_RefTotal,
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CHAPTER D

BI5h ez IR

AREEAIA ) LR LR AL BEAI il A& Python 39 . [ /%2 Python S AL BEAYEERIVAIUR R B2 . & T
PEIEAT 558 POSIX errno Akt (BAAAE) A—MRolt KRS IRI &R Rd: . KZE C APT sREHE A
DPATIFFABSE . K28 C APL BB 2Rk o] — N E SRR A% . QR E AT 23R (8] — g5 I & 2% (3]
N;IJLL, BCE AR E MY 24 [l — BN 2k 0] -1 (BISMFOL: PyArg_* BREGR T 1 - NN 0 Fmk
0 -

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

—A R R T E YA B BB MM A 5T R O, Gl A S BCEAE DRSBTS R B 2 48k
BT ME AT RIS L, R B HAA A RIS m (i R s N A2 ie) 4
RAMERT AL, W RV IR HIAREL . WA d SR ], IR A —E B R e fE 1
BTG MUREFIR DA IS ARV O %1%, XF Python/C APT e i T BEA A TUAYAT N, IF HoalhES
PASE R AR ) 7 R I

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

5.1 ITEFO;HIE

void PyErr_Clear ()
Part of the Stable ABL JEBREE IRTE /R . WRBA W EH RIGndr, WA,

void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABL ¥FrUERIWAFTEIZ] sys . stderr HiFEE R~ A . RIS IRE SystemExit,
FMEOL N ARSATE M #ERE , H2xBH Python %, I iR SystemExit SEHI4EE AT RIS

FUEAEAT DRIE /N5 DO I A 76 SR X e, 15 05X & e B3R!
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W5 ser_sys_last_vars JEZE, N|AFH sys.last_type, sys.last_value fll sys.last_traceback
Ko s BT B S I 2R3, (R el

void PyErr_Print ()
Part of the Stable ABIL. PyErr_PrintEx (1) [JEI4.

void PyErr_WriteUnraisable (PyObject *obyj)
Part of the Stable ABL {24 5] 55 M1 obj 250 sys.unraisablehook () .

YRE TR, (HEREARA AT RESE PR A e, XA KR sys . stderr $THI A EE(E
Bo B, 24 __del () Jrikm kA4S w i XA~ s AL

R EE I ERASSEL obj BATII, SRS ER R AR A i R i B TR S0, AIRTTRE, obj AARASHE
ITEERE 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)
Part of the Stable ABL X 2 BB IR At I ral. SB—DSHEEEREEA, Elw AR
HESH, il PyExc_RuntimeError. YRIGHE NILBIEF Wstrong reference (FIAN(E [l Py INCREF ()).
BOASHRRFERINE B utf-8" IS,

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL MWHRBERM T PyErr_Setstring (), HERAVIRNSHEN “E” fHELE 1
Python X} 4,

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
B % & A NULL. Part of the Stable ABL XA R B T — N5 RTg s as 9 HaR Bl T NULL,
exception ¥, 24 j& —A> Python H i) S5 2. format FIh 5 1T S 28 BhAE AL X AR E B B
5pyUnicode_FromFormat () B EMEIN G XFE. format &—A ASCII gt ¥ F 40 .

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
AW A % & A NULL., Partof the Stable ABI since version 3.5. MlPyErr Format () 6], {B'B#EZ—
A va_list EHPSEMA R BN SHE.

3.5 BUBTIMA.

void PyErr_SetNone (PyObject *type)
Part of the Stable ABIL. X /& PyErr_SetObject (type, Py_None) W5 .

int PyErr_BadArgument ()
Part of the Stable ABL. ;X4 PyErr_SetString (PyExc_TypeError, message) M5, HH mes-

sage 1G] T AR S RO BB B RZ T A .

PyObject *PyErr_NoMemory ()
REME: ¥ & A NULL. Part of the Stable ABL jX & PyErr_SetNone (PyExc_MemoryError) i
5 BiRM NULL , PASEYNAAFERES, XIRABLRETPAE return PyErr_NoMemory () ; o

PyObject *PyErr_SetFromErrno (PyObject *type)
BEME: % & A NULL, Part of the Stable ABL X -Z2AMEREFEL, 24 C FERBOR PSSR IXE errno
BF, XA M T BRI g, HER IR B EUE errno, 55 IR M I RE DATH
B (M strerror () 3RE), SRJ5EH PyErr_SetObject (type, object). fF Unix |, 24 errno
{H2 EINTR , HIFWIH RS, ARSI PyErr_Checksignals (), WIRBLE T RS
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TREE U R . R BRBOIGEIR B NULL | R 24 A G0 R AR, B2 RS TE
BRI PABE Y return PyErr_SetFromErrno (type); o

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject * filenameObject)
REME: %% A NULL, Part of the Stable ABL 28{)| T PyErr SetFromErrno () , MINEIFT 25
filenameObject N>k NULL , ‘B RHE R B = NSEL LS rype HIFIE AL, 28 M91F, 7F OSError {
Wi, filenameObject 1 3% & X 4 2B £1ilename J@ 1.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject * filenameObject2)
A oW i ¥ & A4 NULL, Part of the Stable ABI since version 3.7. Bl
FPyErr_ SetFromErrnoWithFilenameObject () , (B2 32 % — /> filename X%} %, fF 24—
ANEZRZ WA filename [ bR 5 R I H i A2 % o

3.4 BUHTMA.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
iAW) E : % & A NULL. Partof the Stable ABL 2:{l) FPyErr_SetFromErrnoWithFilenameObject (),
B4 A C FAFER G H . filename 2 [T filesystem encoding and error handler fERSH

PyObject *PyErr_SetFromWindowsErr (int ierr)
BEE: %A NULL, Part of the Stable ABI on Windows since version 3.7. This is a convenience function
to raise WindowsError. If called with ierr of 0, the error code returned by a call to GetLastError ()
is used instead. It calls the Win32 function FormatMessage () to retrieve the Windows description of error
code given by ierr or GetLastError (), then it constructs a tuple object whose first item is the ierr value
and whose second item is the corresponding error message (gotten from FormatMessage () ), and then calls
PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

W : Windows,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
A f4: % & A NULL, Part of the Stable ABI on Windows since version 3.7. 2 )
FPyErr_SetFromWindowsErr () , KiAMASEREEEMh k1) a8,
. Windows,

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
# W fE: % & A NULL, Part of the Stable ABI on Windows since version 3.7. Xk F
PyErr_SetFromWindowsErrWithFilenameObject () , {H/ & filename & DA C F4F AL

(. filename 2 NS RG240t (os . £sdecode () ) MRS HIRH
1%l : Windows,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject

*filename)
# W AE: % & A NULL, Part of the Stable ABI on Windows since version 3.7. Xk F
PyErr_SetFromWindowsErrWithFilenameObject () , HiIMSEFEE Tifil &) Fap2ial,

W : Windows,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, Py-
Object  *filename,  PyObject
*filename?2)

# oW i % & A NULL, Part of the Stable ABI on Windows since version 3.7. 2 )
FPyErr_SetExcFromWindowsErrWithFilenameObject () , {H & ¥ % % — 4 filename X}

%
W : Windows,
3.4 BCHTIA.
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PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char
*filename)
A W f5: % & A NULL., Part of the Stable ABI on Windows since version 3.7. i (M)
FPyErr _SetFromWindowsErrWithFilename () , %RANSEFE BB M A ) Fa2RA,

1% H: Windows,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
BEME: % & A NULL, Part of the Stable ABI since version 3.7. X 2fii )% ImportError HEHEREL.
msg PSR S HH B AR . name Fl path , (FFATPASY NULL ), KRB E TmportError Xf
M JE M name fl path,

3.3 BUBTINA.

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
BWE: % & A NULL, Partof the Stable ABI since version 3.6. flPyErr Set ImportError () 22,
{EEAS L SRV € —> ImportError W12k M% .

3.6 HUHTINA.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BCEY IR SCE, ATAIRFS S . WERM IR F A E syntaxError , MEREBIMYEN,
SEATHTFREINN R 2 SyntaxError.

3.4 JBUETMA.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Part of the Stable ABI since version 3.7. Z2{)FPyErr SyntaxLocationObject (), {H filename J2&
H filesystem encoding and error handler fRRSH 75

3.2 HUHTIA.

void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the Stable ABL 280} T PyErr_SyntaxLocationEx (), {HEWE T col_offset parameter 2,

void PyErr_BadInternalCall ()
Part of the Stable ABIL X /2 PyErr_SetString (PyExc_SystemError, message) HI455E, HH
message R T ARES O R EAE (140, Python/C APT i&%) . & E 2 T A .

53 AHES

LR AT A CAUR A . BT B T i Python B3Rt warnings BB LL s 4. A1 %5 1h)
sys.stderr 3T HI— 285 (H R 08, A TREC 245 RS ON B 5%, TEXAPEOLT, BN
Sy WA TR T E SR L B, AR B A . RICA A R, R IHEN 0 5 SRl A
H L OREUEN -1, (JCVEME 2 SebrdT B T8 (58, BICTERE i il A i A o SR B2 ).
filke 7w, PR E AT IE R BRI (BN, Py _DECREF () FA 5| FFR I —PHHR(E) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL & H— 455 H . S5K category 32— NI (W FTH) 5 NULL ; message
se—> UTF-8 47 . stack_level sg— 45 ARMWIECR R IEH iR AR 0T 24 B IEAE ST
WRISTT R . stack_level 2y 1 W PyEre warnEx () [FeREL, 2 RAEMZ ERYEREL, PAMZEHE.

AR IE PyExc_Warning B T2, PyExc_Warning J& PyExc_Exception [ T-28; BRI\
02 PyExc_RuntimeWarning . FRifE Python B2 5IVE &R, Irg A ILim %

EEA .
A REEERNFER, SO warnings MarSAT 3O —w B30, A T EEH C
API,
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int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
K — Ak B A S R e AT U S B X 2 i T Python B %[ warnings.
warn_explicit () ANERYEEALE; WEHH S THHEN . module il registry ZH A 1 NULL
PAMSEIH 5 SRS il i i BOIARCR -

3.4 UM

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Part of the Stable ABL Z{Y| T-PyErr WarnExplicitObject () At message #1 module & UTF-8 455
HIERFER, T filename J2 Hi filesystem encoding and error handler fRIGY

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL 2{l) T-PyErr _WarnEx () WL, (B PyUnicode_FromFormat () A&
WEEHE. . format ;2] ASCIL g i) 4 £

3.2 BUHTMA.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABI since version 3.6. Z5{) FPyErr WarnFormat () B2, 1H category 32
ResourceWarning 3 H'ES¥F source {£45 warnings .WarningMessage () »

3.6 BUHTIA.

5.4 EiFEIRIEREE

PyObject *PyErr_Occurred ()
BEME: NAGTIR . Part of the Stable ABL MA@ A ICE T Hi e nds. MO RE, LR ELRE type
(M HA PyErr_set* lWEE PyErr_Restore () M/ —KIAMBHE—NS8). REE, W
R M NULL. ARHALIAEXREERG I, FIARATEN EHhATPy _DECREF () .

A b 25851 GIL,

fiE): ANERER B S5 E W RS AT R WO i PyErr ExceptionMatches (), IR BT
TRNe (tbiﬁi&;@%ﬁeﬁ&ﬁxﬁ%ﬁﬁﬂé% SHEATRE R LB AR, sE B R R A T
H— 12

int PyErr_ExceptionMatches (PyObject *exc)
Part of the Stable ABL. 2/} F PyErr_GivenExceptionMatches (PyErr_Occurred(), exc). It
BRAY. 2 HAESE PR B T S B AR T s AR A S 5 | A U e A AR vE A )

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the Stable ABL ISR given 5785 exc Wi 573 8B HH VT EC AR B ELE . WIER exe @ —ANX4e,
W24 given Jg—NFABY LB HFF IR B EE . WA exe @—ATCdH, MZIeH (PASEIARFIed)
HH ) BT AT S e R AT 4 R R T L

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABL 55 (R AE R AFHE I = AN 5 PR AL -k . I SRR BB R, PR =
NS ERHRECN NULL. WUERCBE, WPRFHIERIT BARRHSE0 @ B A X g n 5 o B E] 3
LA PACH NULL RS AURS RN %S

(e I o AT 3 LB S S o ) A B 5 I I PR AR IR S B DR R A R AR BT (1, o
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PyObject *type, *value, *traceback;
PyErr_Fetch(&type, &value, &traceback);

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

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABL F: T =W QB IRIER AT WRFIRIERAFOIE, B Eapubi. i
=AXRIYHN NULL, FHRIER SR EOE R . A ZAE A NULL RBUHIEE NULL (EE 0] . S A,
YRR HAEEATCHN e RS (3 SOGxBS S BUM I 5 228 ) i 2
HEERM RIS - AR ATE TR ) 22 BT A A AR g 5| T HAE VA ) 2 S5 AR R AN TR0 A X 285 |
Mo (MEARARAIRME — 1, AR i 5 Z A

(E: IR RO B SRS I I PR AR S S R AR R AT AR BT G« WS B PyErs_Feteh () Hefi
17 I B R AR /R AT o

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Part of the Stable ABL JEXFETF UL N, R PyErr_Fetch () FrRBIRER PAZ “IEIEMALRY”, B *exc
s — NIRRT *val gl — R SLH] . FEXFFILT IR ET AR R LB . REE &
R IEMAE), WIABATATAE . SR E R IEMA N T 32 T1HPERE .

WE: IR R A BRI S RS _ traceback_ JEPE. ANSEAHTIE M E W, TR
PAF BfHn A8 - B

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

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABI since version 3.7. 3tHUREEE, BIM sys.exc_info () FIEFEI. X2 —4
SR H, AW R R R R =R RS N, H R — Tl
NULL. A&BUGERERRIRE.

E): R BOE A ST AT R AL R A . Bl 35 A B AR AR AR S IR A R A
SHRSHIHME. W PyErr_setExcInfo () RWKE SERR RS

3.3 BUBTINA.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABI since version 3.7. X & RHEEE, BIM sys.exc_info () FIEHI. X2 —4
AR RH, ARG RN TR . RSB S8 . 2ESFHERE, HhrE
“ASHEANNULL, WTH R =ASEH BN, S pyErr_Restore ()

il BERBGEE A SHTE AP R A BT A . BB A A3 A R A T BRI B R A R R
HEARESHIE . W PyErr_GetExcInfo () FiHUREARTS.
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3.3 BUHTMA.

5.5 [E54E

int PyErr_CheckSignals ()
Part of the Stable ABI. 3X/™K %15 Python {E S5 ALFHAZ H .

WSRAET: Python g ™ M LA iR L, ERRARE IR TES, MR, WAEH
IR RS AL Bl . ISR SCRF signal A, AT AR i LA Python 2 %55 (4 {5 5 AL B A A o

RS 2 BT A R RS, AR 0. (HJE, 1SR Python 55 AbBRATARST | & T S, Wik
BAF RIS RATIE FLRECR L BIR (] -1 G AR HRE 5 T BRI A b FE . EATRAE IR AR
HPyErr_CheckSignals () B,

AR R BN AE LAV, BEdE S Python FRERS N, WEAMATAEMERAEH R H 0,

XA SRR AR A O i oK (B Cul-C) BT IRz A TR C AU 1 .

#E): 41X STGINT HYERIA Python {5 S AR AJAl 235 | % KeyboardInterrupt 4.

void PyErr_SetInterrupt ()
Part of the Stable ABL #$& fI — 4~ SIGINT 13
PyErr_SetInterruptEx (SIGINT),

Bk oM % R X FMNT

d

fiE: WHREUR R AE LN . BEWARIGIL 3l C 5 S AL AR .

int PyErr_SetInterruptEx (int signum)
Part of the Stable ABI since version 3.10. {5l — Mg S B ERE . 24 NIKPyErr_CheckSignals () #%
T, R A0S E B 155 90519 Python {55 AL B4 .

SR BT A ATICE AR S AL B, I B2 Python (5 S AR BRGNS AE K AH Ty (F1A024 71 3% T Cul-C
SRR ) e BT AGE TR Y C AR

W LA 2 A5 5 R & i Python SEACFR (RIYA signal . SIG_DFL B signal.SIG_IGN), ‘E¥f<x
U2 signum LEG VIR S 9= TBHIZ o0, KRR -1 AT, WRME 0. FFRFRTAAS
WL RR BT B L -

fE: MREoe RS S L . EWARIGIL I C (55 AL BRI A .

3.10 JBGHTMA.

int PySignal_SetWakeupFd (int fd)
XA THRREEGE T — MGG 5 PR AR P TR UE AR5 905 10 B AR ST A
e fd ARAREZER . BRI [m] AT — X AEAY SCUHIIR AT o
WCEE -1 R XRAIIRIRES . X0 T Python HHfy signal.set_wakeup_£d (), {Hj2
B AT RIS A . fd V24— AR SCHHRIAART . IR0 2 HUN AR
3.5 i #E Windows |, I REIIAE ISR 2R F AL
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5.6 BilsMED

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
BWEME: #a4 5| B . Part of the Stable ABL X/~ T E &A@ H &z [ — N E i 55828 . name S50 701
HFFRERAFR, & module. classname JEAY C FARFHR . base fll dict ZHGHEH ) NULL. X R B2
—/MRAH Exception (WEXFR (£ C F A PAMEIL PyExc_Exception ).

R __module__ JRMERFHRA name SR HIEHy (F)a— AN RUFZHED), MALRPBIN )}
Wy (BJE—NRSZ)E). base ZEIHIRFGE R AL BT AR —MRER—A 4T
U1, dict ZHCTREIIAEGE RS Ry R4 T
PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
BEME: #HA95| A . Part of the Stable ABL fllPyErr NewException () —F&, T v DARFARNZS T
SRR TR AR doc JRMEARES, BRI SR SR AT ER

3.2 UGHTMA.

5.7 BlsvEt

PyObject *PyException_GetTraceback (PyObject *ex)
B #4951 A . Part of the Stable ABL -5 53 AH I [ 4y — A5 1 & [, mT pAdE i
__traceback__ 7£ Python Hrijj[l. IA¥EA T XREREEIM, MR [F] NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL 5% S BRI (M R &R b . i/l Py_None {EISE .

PyObject *PyException_GetContext (PyObject *ex)
B a: #ag31 8. Part of the Stable ABL 55 S AH IR R 3C (TEALHE ex iR 5 1 R 55—
FAEG) VER—AFT R E, FTPAME _ context_ fF Python Hijji]. ANAA T REA EF
3, Wi[e] NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL X 5 S5 HH B 1R SCIE A e [l NULL SRIEZE . %A TR o 2
RSO ERAG A . R R e 9E1

PyObject *PyException_GetCause (PyObject *ex)
B e i #eY 3l Ao Part of the Stable ABL 5 8 B R (—ANSF#sEBl, /2 None, fH
raise ... from ... iXE) {ERN—HGIHIRE, AJ7E Python Hifit _ cause_ Eifil.

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the Stable ABL K5 S5 HH IR S A BN cause. ] NULL RIEZE . EBA MR cause
e R EHIE None MZEBURGAT . ORI 817 cause 151 .

__suppress_context__ &#IERER ML N True,
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5.8 Unicode S E &

AR TR B R B C B Unicode 57

PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t
length, Py_ssize_t start, Py_ssize_t end, const char

*reason)
BWEE: #ay 5| B . Part of the Stable ABI. £l]Z—> UnicodeDecodeError XfRH: T encoding, object,

length, start, end F reason 25 @M. encoding F reason kj UTF-8 4 FAFER o

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)
HBEME: #Hag7] B . AlE#— UnicodeEncodeError X4 IH:MH encoding, object, length, start, end 1

reason, encoding F reason H 2 VA UTF-8 gt F 410 .
3.3 e EA: 3.11

Py_UNICODE H Python3.3 &E#F . 15T 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)

BEME: #Heg5l A . Bl — UnicodeTranslateError XA It object, length, start, end F reason.
reason 5&—VA UTF-8 4l (¥4
33 A CEM: 3.11
Py_UNICODE H Python3.3;EE#F M . ik T £ PyObject _CallFunction (PyExc_UnicodeTranslateError,
"Onns", ...).

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
BEME: #4351 A . Part of the Stable ABL i [0] 45 52 S5 X5 1) encoding J& 1%

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
RWME: #a4 5] A . Part of the Stable ABL 1% [0 25 7€ R85 X511 object Jg@ 1k

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABIL. FELZE E T MR start JEYEFEHILN *start., start WA NULL. J{ZhBHR
|l 0, KM mE -1,

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Part of the Stable ABL *B+45 E S MR start JEVEREN start . WENBHRE 0, KRIGHFRFE -1,

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)
Part of the Stable ABL $REUZA E R XTI end @B *end . end VoA "k NULL, %I IR [A]
0, RMGmfzmE -1,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
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int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL 25 7€ S H MG end JEIEBCH end . WIINFIRE] O, JKRIGIFRE] -1,
PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
BEME: #8495 A . Part of the Stable ABL 1% 0] 25 & R X2 reason J&1E
int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Part of the Stable ABL %5 € S5 W41 reason @M% N reason, IR E] 0, ZLHtiRE -1,

5.9 I

KA REERAL T —FFE C 2R Ll e nIIH A =, E OB S R a4
WA —E 22 KRV Python RS (J5# 2 B 2R HBIAEE) WEtHFEM B EN. BT p_call 5231
RV TC S EE R AR R P 2 s I AL,
int Py_EnterRecursiveCall (const char *where)

Part of the Stable ABI since version 3.9. ¥iic—NE A1) C 225 H B8 AT I A o

R X T USE_STACKCHECK, IS PyoS _CheckStack () RMBHAERSG IR B % H
TEXFEN T, BREE A MemoryError JiR[FIEZR(E.

Bt B bR R R A e A A B I KR o APR2 A3, RS E > RecursionError JfiRul—EE
{Ho 7EHAMER T, MREE,

where [ kj—A~ UTF-8 4l FAFER QI " in instance check", ‘BRF5 dyaf R BRI IT 5801
RecursionError 14 EFBHE.

3.9 iR A PR ROIAE tAESZBR APT FHa

void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. 4% 3] — ~Py_EnterRecursiveCall (). ¥ W 4t
X}Py_EnterRecursiveCall () WIEFAS mx=h b KT EAERAT—RE T .

3.9 iR AE: PR BORAE tAESZBR APT HHal ]

IERHE X AR B R L M tp_repr FFEFFHIBIALIE, FERP A Z I, tp_repr TR EIBEIXT S A
Bij 1k EIEER . DA S BRBCRHAS B e b BB ASEBRZCR R UL, XA R EE C XY reprlib.
recursive_repr () IWENY.
int Py_ReprEnter (PyObject *object)
Part of the Stable ABL. fF tp_repr SEETT L9 A DAKG G 3R
WERM R BHAL R, MR ECRF R [0l — N IERE . AR T co_repr SEILRN 2431 [a]— 5] K A1
SRHYFRFHRTG, (LA, dict XPGRHER (...} i List REEAHER [...].
GRS EL A 158 U FR ) 0t R ESCRFAR [B]— AN AUE R FEBUIE LR tp_repr SEELEE Y. 243 5] NULL,
TESLARL T, SR ACRHRI T p_repr SCHAFATERAASE.
void Py_ReprLeave (PyObject *object)
Part of the Stable ABL £5HR—A~Py_ReprEnter (). W R BB Py _ReprEnter () WA
WA EAER A —X.
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510 HRERE

JIr A B BsiE Python S n] {1 #4770 PyExc_ §R_ Python ﬁﬁﬂﬂﬁéﬁ SRR . G5 =it
N PyObject; EAAEIIG. THSEEIH T A &:
C &% Python Z#R [EIf#
PyExc_BaseException BaseException !
PyExc_Exception Exception I
PyExc_ArithmeticError ArithmeticError I
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedErjr6onnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedErr6onnectionRefusedError
PyExc_ConnectionResetErrorConnectionResetError
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 T
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError| ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError | NotADirectoryError
PyExc_NotImplementedError| NotImplementedError
PyExc_OSError OSError I
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError | ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration | StopAsynclteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError

ToidREL
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;E 1 - %I\EJ:—E
C &R Python Z#R g
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError | UnicodeDecodeError
PyExc_UnicodeEncodeError | UnicodekEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErrpWnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError
33 i H yill] A PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError %H
PyExc_TimeoutError j2fF PEP 3151 #5| A,

3.5 UGHTIIA: PyExc_StopAsyncIteration fll PyExc_RecursionError,
36}&%ﬁﬁm&;PyExc_ModuleNotFoundError0

XL RS RVER4 PyExc_OSError:

C &R g
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

[\S |

3.3 MUEE A XL B 280 B S R
([

5.11 FREZEHEZRS

B4 AR Python 5 8 GIIET R LARI A 42 Ry Ae i, A4 FRh PyExc_ fill_k Python FH 447k, X EELAURE
Pyobject* HA; BITAEEMS. DRI T A4

C &R Python Z#R LIfE
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

Vs At AR R R A
2 {AE Windows 1 S IR & T HAL ALY 25 MS_WINDOWS , DATEAR4 F 38 1 HhS .

60 Chapter 5. f5pEHE


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

The Python/C API, £[F 3.10.13

32 fRFT A PyExc_ResourceWarning.

fift:

=

3 3R A bR 2
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CHAPTER O

A e e T A T T EAT R, AE R ) C AR 25~ 52 n] [E)PE (portable) . 7E C Hi{di il Python
module (H4H) . PARIHTeR 5 IR C iy (E AR 2 Python RS

6.1 fERAMIH

PyObject *Py0S_FSPath (PyObject *path)
REME: #8451 A . Part of the Stable ABI since version 3.6. iR || path 7E A B2 G 2on B W%
ST 2E—A str 8 bytes X4, NIk B —Hi)strong reference, UIRIREIM T os.PathLike £
H, WHBER 4 str 8 bytes XfERFRE _ fspath () o EHAWEL N RFEIK TypeError
HiR [A] NULL.

3.6 BUHTIMA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
WR A FRN filename FIFRHE 1O ST fp BERfIA N T2 H AR A B (EF) (. isatty (fileno (fp))
HEAER S BT X RGO . QR R AR Py_Interactiverlag NEAH, BLEREAE filename fi
B NULL sl HA RS T 74 ' <stdin>' B 222 WHBRFIR P E{H.

void PyOS_BeforeFork ()
Part of the Stable ABI on platforms with fork() since version 3.7. FEHEFES X 22 Bl ffE 55 3 26 PN R S 2R
o MEREY MR ] fork () BUEATATIEMIRN Sk U mi AR Y eR B B . R T LT
fork () BIARL.

iy Cfork () WHAN Y BAE main” 242 (NT "main” 345 25) W it47 . X5 F PyOS_BeforeFork ()
KBt A .

3.7 BUHTMA.

void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. FEHERE S X 2 )5 B B3 L8 N RS HI RS
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BB Y MAEP ] fork () AR IALIAY vo b 24 RTERR Y R B IR IR, Teie RS se b 2 75 ) o
HEMTENT fork () MRS

W C fork() W M M X4 H fE'main” 2% 42 (i T'main” #% 4% %) o #f7. X T
PyOS_AfterFork_Parent () Eiith2untt.

3.7 BUHTMA.

void PyOS_AfterFork_Child ()

Part of the Stable ABI on platforms with fork() since version 3.7. £ 3ERE4y 27 )5 W8 N SRR RELS IR TSI 2/
o MRELAHEWI T fork () BUARMIZERIR) ToRE 24 Bl AR 1 pR A 2 JGAE TR i A, an SRtk
A L2 H S| Python iR ih. N TEX T fork () MRS

e C fork () W A M %4 H fEmain” % 42 (G Tmain” fF # 2%) o ¥ f7. X F
PyOS_AfterFork_Child () JRULtH 2NN,

3.7 JGB A
h=%:

os.register_at_fork () LM A] #EPyOS_BeforeFork (), PyOS_AfterFork Parent ()
MPyos_AfterFork_child () A H & X Python (K%K,

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). 15382 X2 J5 SR F L6 UERIRS I BR800 R 324k S i
JH Python fFRERS I I bR 0N 4 7E BT AR i A . R E A o] AT SO A B e AR o, )
AT B R R

3.7 IRECET: BB EiPyvos_AfterFork _child () BUft,

int PyOS_CheckStack ()
Part of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. 4 f s it 1% 23 |8 #6/2 iR
Bl XA, (HAEE LT USE_STACKCHECK B W[ il (H HifE Windows | i fj
Microsoft Visual C++ 4i1%%%) . USE_STACKCHECK ¥ H 25 X5 W4a AR ZTEN H © B¢ RS v i Ax
o .

PyOS_sighandler_t PyOS_getsig (int i)
Part of the Stable ABL iR M55 i Y FI{F 5 AL BEART . iXJ2 sigaction () B signal () HYHGfRTEI%E
A EHE X L4 PyOS_sighandler_t 4 void (*)int BYZEHLE L4 .

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
Part of the Stable ABL Y455 i ({55 BTN hy iR BHPE S ALY . X2 sigaction () B
signal () MUKEfRTEIHEE . ANEHBEJHAX LML) PyOS_sighandler_t 5 void (*)int [RALE
SN

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the Stable ABI since version 3.7.

i BERBON Y M B - W Py Config APL DA R AT RRARAT Python 4T T an44 10 1y
PyConfig_SetBytesString () .

I R A ATAE This function must not be called before % Python 4T #144 10 2 B8 FH DALE IE#f b
fit' ¥ LC_CTYPE 155 X : {55 WPy _Prelnitialize () H%l.
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1§ 1l filesystem encoding and error handler JefFG—AF 80 . AR IRALFRA)AH A surrogateescape 4517 Ab
PRAHA, DR T RAD A 5 KRR A% 5 U+DC80..U+DCFF Y[l NI EAF: T MR — A>3 7 41 AT Bl i
AR, W55 2] surrogateescape 4 i ACFRAIN A 4 LA 2 RS AT

AR [B]—ANF8 18]35 20 L B9 B 96 AT AL AR R 85, PyMem RawFree () RREHLNAF. A0
size NN NULL, NPRFHERR T null 2451 S8 FAFER S A *size

TE A B A B P A 20 TiE B IR IR 8] NULL. 2R size A NULL, W) *size REAE NAFH IR A
(size_t) -1 SFEMASEIRITIEN (size_t) -2,

filesystem encoding and error handler & B PyConfig Read() ¥ & & I: 2 WPyConfig
Mfilesystem_encoding flfilesystem errors ZER 5.

TSR IRARS A Y KA, AR C PEA R BRI «

i Py_EncodeLocale () BRI FAT S dmld b 735 R

hs%:

PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () PR,
3.5 BUHTMA.

3.7 WU A BAEBL R AAE Python UTF-8 #3161 UTF-8 4%,

3.8 R HE S PLAE QS AE Windows F Py LegacyWindowsFSEncodingFlag k25 W I o& $06 i A
UTF-8 Zhgt;

char *Py_EncodeLocale (const wchar_t *fext, size_t *error_pos)
Part of the Stable ABI since version 3.7. F—A~ i1 5& P45 4 B 4T 58 4 15 A filesystem encoding and error
handler , YNREEIRALPRAIHE A surrogateescape 451 ALFH /A, NHE U+DC80..U+DCFF JE [ PN A 5~
P WA R 5 0x80..0xFF.

R AN A A B T R I FS A, I PyMem. Free () RBEMNAE. 24 %A DA R N TE4 T
AEIRITIR I NULL,

G2k error_pos A NULL, NSIIEF & *error_pos WN (size_t) -1, BUETERKA HISEHRAT IR
HIFIFRG S .

filesystem encoding and error handler & B PyConfig Read() ¥ i # y: 2 WlPyConfig
W filesystem encoding fMlfilesystem errors W F.

Wil Py_Decoderocale () MK AT e MR el i TEFAF AL AR

ey RN BIAE This function must not be called before % Python #4577 #7451 2 Ak & PA(E
ERaHbECE LC_CTYPE {55 Xk : 5% WPy_Prelnitialize () BR%L.

bz

PyUnicode_EncodeFSDefault () MlPyUnicode_EncodeLocale () %
3.5 BUHTMA.

3.7 RS AE: BUAEL PR &AE Python UTF-8 R K76 ] UTF-8 .

3.8 B S FLAE W SR AE Windows Py LegacyWindowsFSEncodingFlag k25 W I o& 065 FH
UTF-8 4rfidbg =,
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6.2 RHEHX
XEERMORH sys BHATIRET] ALE C RS P70 TH R EATEAT T 4 Al s AR sy s Bk
T, ZT IS TENTRAARIRS SR

PyObject *PySys_GetObject (const char *name)

BEME: EAESF] R . Part of the Stable ABL R[] H sys FHHIXT S name 503 5B A1FAE )R [B]
NULL, IfHASEERE.

int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL 4§ sys B H ) name %0 v B4R v S NULL, FERIE NN name F M\ sys fRbk it
PR NIRRT 0, A AAEURINR ] -1,

void PySys_ResetWarnOptions ()

Part of the Stable ABL ¥ sys.warnoptions BEE NZV|FE. WEEAI{EPy_Initialize () ZHIPK
WH .

void PySys_AddWarnOption (const wchar_t *s)
Part of the Stable ABL ¥ s #$/ll%]| sys.warnoptions. MR NAEPy Initialize () Z R
DA 2 e ik g 51 35

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABL. *ff unicode ¥5/l13)| sys .warnoptions.,

WE: HuiERECA T AE CPython SE¥LZ AME ], R NEWAEPy Initialize () W warnings
BASAZHIN, (HRESFETI CHILAAE] 2 AFFBIEE Unicode X4 I A RERIR ] «

void PySys_SetPath (const wchar_t *path)
Part of the Stable ABL ¥ sys .path ¥ h HTE path R EIEHARH ISR S, ES Y R E
FE YRR AR BRAF (FE Unix 24 ¢, £ Windows F2h ;) 7 PRI ARG SE .

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL X§DA format fiiR i) i FAFER 5 AR sys . stdout. ARG RAEAMTRE, ik
ATEE (LT3,
Jormar ¥ 24K EL A AL i A ER 1 SO/ IEE 1000 S5 AR - B 1000 #7355, it A7
SPERWT . FEAIH, X EE AR IR Z BRI %s” A% BTN S 7% <N>s” SRR, Hr
<N> 2R EAG <N> 5 HAD D AR SOAR R iR R R 2 FIR 2884 1000 745 1 3R il 5.
EER" %, B ATREN AR R BT B A B A
WRKEAE TR, sys.stdout 2IEHS, CHEXITHERFHE AR EIER (CJZ40) stdout .

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. 28{MlPySys_WriteStdout (), HBECHE AF| sys.stderr 8 stderr,

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABIL. Z5bl PySys_WriteStdout() 1) sk 50 & {#i i PyUnicode_FromFormatV () A\
I EIF EA SR H B 2R K.

3.2 BUHTIA.

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. 28{l|PySys_FormatStdout (), {HMCNE AF| sys.stderr By stderr,

3.2 HUGHTIA.

void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. ¥ s M N — A —-X LT H LW &£ &I BB M
FlpySys_GetxOptions () iR [ul i 4 Bs I W St. Mok ¥OAT AFEPy_Tnitialize () ZHIBL
e

3.2 UHTIA.

66 Chapter6. TH



The Python/C API, £[F 3.10.13

PyObject *PySys_GetXOptions ()
BEME: AT A .. Part of the Stable ABI since version 3.7. 12 B4 1] —X W FH, KT sys.
_xoptions. KAFRES, KFiRE NULL HE— 555
3.2 BUHTIA.

int PySys_Audit (const char *event, const char *format, ...)
IR — A TSI ARG 1o BB R ] S Bl7E 2k O (] JE A IR — A 5
WRCE I TAEATE 1, WA formar F0H Al Z Bk M — DAL AT, B N PASH,
fEPy_Buildvalue () HEH MM FEAF S DR @ EAZ—DIocdl, B 2|
—AHITERICA . (MR N 2IHFE G, (2 i T 8CR IMEHE IR B0 S 80— S
FE, PRULAE & e 205 | . )
TR # MR Y BB Ery_ssize t RALBE, LR E X T PY_SSIZE_T_CLEAN.
sys.audit () AT H Python AUHH Y & B[R] 1 #24F «
3.8 BCHTANA.
3.82 i AE: BRPy ssize t T # MAFERF. TEMZHT, 251K —DATEHL 7T &

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
SFITTRFIRES. hook VEATEI BRI T 7912 . ZERIDIHRIE T4 A RS (. AIREfTht
CAaPIIatL, TR R IE — 5 i APT USR8 1 S SN Es 1 T B 2 1 e A iR
PR
userData Ta51 4L NFY TR 4L T8 T R BT BE R AN RIS A TIRHA T, %4858 WY B 348 ] Python
W fEPy _Initialize () Z AL WRIEZSITHWIRZ JERE M, BUE W
FRASRNEHH T REM A 5] & — M Exception FIALMAE T BRI FE#AE (AR R A Sk
HRER) -
XN T REZEALN int (%) const char *event, PyObject *args, void *userData,
Hrr args 2RUE APy TupleObject o EAH T RS R LM S | K% FHH) Python fERESS TG 1Y
GIL &5 H .
127 PEP 578 T fif Ay TR EANA . AEs T RIARIE PR b 25 | T R R B0 B 0 Jh 3
e, S0 LA SR SOk

5 k—A~ HiTE: sys.addaudithook, NS5,
3.8 BCHTNA.

6.3 17# (Process) #=#l

void Py_FatalError (const char *message)
Part of the Stable ABL 4T El— A2 fipdi iR H B Adi A . AR PATEMNEEL. R Y 24 (U7 T 5
FHEARZEAL ] Python R EAF I S PR AT BN, SRR B IR . 1E
Unix b, #5iE C FERREL abort () PR MIFFF Bk E—4> core M.

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

3.9 [ SE: H Bl R AL R

void Py_Exit (int status)
Part of the Stable ABIL B 4wl 2. X W Py FinalizeEx () 9% J5 V8 JH AR E C JEE R 2K
exit (status). R Py FinalizeEx () #R5E1R, BHIRSK XA 120,
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3.6 i S A#: ok H B A AL R B RN 2 A 20

int Py_AtExit (void (*func))
Part of the Stable ABL YEMf—A~HPy_FinalizeEx () WM BEHERE. PGB R EGAE AL S
BOHARNREAME . 52 0] AT 32 AN R R AL ST, Py AtExit () FfRE 05 KK
B, ERRRE -1 S avE s R S e . R E RO 2 29—k . BT Python
(A PN B i A AR B R B T 52 B, AL Python APT R4 func P/

6.4 EAIRH

PyObject *PyImport_ImportModule (const char *name)
BEME: #8951 8. Part of the Stable ABL X432 NPy Import_ImportModuleEx () WfRIALIREE T,
¢ globals H1 locals ZHLBLN NULL FH-4f level BEH 0. 24 name SR E—A 455 (AIEE T—1EHT
Bidk) W, fromlist ZELAAFBCNFIFR [+ ] AR MR A B 48 58 BRI A (R AE H AR L AR R
R G 2. (RERE, XFE name SE PR T2 35 @ — A>T B PR — A 84t
WIRIER : TER) __all s haE m TR BNE. ) R ml— X ARSI, 52
TP AR R ] NULL H3SEE— 55 SRS AR FRHA 2 BAE sys .modules i,

ZEREUR R I R AR A

PyObject *PyImport_ImportModuleNoBlock (const char *name)
BEME: #eg3| A . Part of the Stable ABL Z KB /&Py Import_ImportModule () H— RIS FH 5

%o

3.3 WA 10 S A B — AR IR RO 7 K. (L2 M Python 3.3 2, B A5 K LN
U FABEL AR A DA BRIk T 2 TS .

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

Befa: #Hagil A, AR, S FIAE Python s __import_ () FREGEHAIM KL

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

FARNMAAE A ERAIBIXT G, WPy Import_ImportModule () ik,

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject
*locals, PyObject * fromlist, int level)
BEME: #h4 5| A . Part of the Stable ABI since version 3.7. S A— i, T IR AT S
% N Python pR%Y __import_ (), PUNARHE __import_ () pRELZ ELAETA M LR AL

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

3.3 OB

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, Py-
Object * fromlist, int level)
BEME: #ay 3| A . Partof the Stable ABL 25{l) T Py Import_ImportModuleLevelObject (), {HH:
#FRA UTF-8 il i) 744 531 A J& Unicode %42 .
3.3 WS ANFFEAZ level T EUE
PyObject *PyImport_Import (PyObject *name)
B #0451 A . Part of the Stable ABL X J&— M T 2481 “S A THREC 298 10 (2048

E level J 0, FRXTFA ). EXFAGEBAMHI2B/EMERT __builtins_ Y __import__ ()
PREL . X E AT A HIEREE ™ 2 AR T AR TR TETA
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R BRI AR A
PyObject *PyImport_ReloadModule (PyObject *m)

B #6931 . Part of the Stable ABL B #—/MEibe, SRl ANE B HE , sEE
ORI IR ] NULL B — 5 (FEHCRSUL RSB S AFAE) -

PyObject *PyImport_AddModuleObiject (PyObject *name)
BEME: AENAY 5] F . Part of the Stable ABI since version 3.7. 1 [B]5%f B TFEAR 2 BRI 2 . name
SR A package .module. HIRAFTE modules =7 BN E5EAG A% 7 0, QSRHFAF], Q)
AP HAE A S modules "7 i, RN IR ] NULL HfF R BE—4 5%

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

3.3 BUBTINA.

PyObject *PyImport_AddModule (const char *name)
BEME: NS5 A . Part of the Stable ABL 25l T PyImport_AddModuleObject (), {HEZHN
UTF-8 451 745 5 i AN & Unicode ¥4 . object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
BEME: #He5| A .. Part of the Stable ABL %5 — MR Fr (W HEN package.module JER) Fl—
A~ Pyhon =355 SCEEEE M N B B AR compi le () REUACAD X4, nakizpside . 3z [n] wHZ A et
SREGIR, B QR R A AR R ] NULL 3 — 39 . TERAERT RGO R name 2\ sys .
modules RS, Bl name fEPE A Py Import_ExecCodeModule () W EEAET sys.modules
H1. ¥£ sys.modules HYRHRTEEWIIRMIBIIR G, BT AXHEEA I AR
MG RALT—FpAR AN G PR R B BRI B2 T HRR) RAS.

Wi _ spec_ Ml __loader_ HRMARBEEMIE, KAl E mid Y. ML spec BN (4N
ROWE) RSB __loader_ MifEHAMRE L Rk SourceFileLoader [H5EH,
BRI __file JBHRA AR ERN co_filename., QRGN , __cached__ W59 HE .

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

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

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

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
BWE: #FHa451 . Part of the Stable ABL 28U T PyImport_ExecCodeModule (), {BUNRE pathname
A NULL M SPBCNBHN R file  JEMERIHE-

Wi R PyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
BWEE: #Hey5]| B . Part of the Stable ABI since version 3.7. 24l TPy Import_ExecCodeModuleEx (),
{EHR cpathname A F) NULL W PEBCABIS R __cached fH. FE=ANEREH, X2 H]
—>

3.3 BUBTINA.

PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const

char *pathname, const char *cpathname)
BWE: #9531 A . Part of the Stable ABL Z3{l T PyImport_ExecCodeModuleObject (), {B name,
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pathname F cpathname ) UTF-8 i (1 F4F 58 . W15 pathname %1% 5 NULL iR 2228 AR 8 cpathname
eV e R A

3.2 HUHTIA.
3.3 A A HRAE T E AT AR N & imp . source_from_cache () RiFREIREEL.

long PyImport_GetMagicNumber ()
Part of the Stable ABL 3 [1] Python “FA7f3Cf (R .pye SCIF) AR, MBERUN M A7 TR SC i
BITFS USSR BN TR AR -1,

3.3 M A F AR HRE [l -1
const char *PyImport_GetMagicTag ()

Part of the Stable ABL 4%} PEP 3147 & =X ) Python 5 5 3C {444 3% 0] JiE RARE F45 5 . I TE
sys.implementation.cache_tag BN 248 H R AR b ok 500 S U R AE -

3.2 BUBT A

PyObject *PyImport_GetModuleDict ()
RwEME: N7 A . Part of the Stable ABL &[] i} THRIHUE B L (Bl sys .modules). THEREIX
v DURI N 1 S e 8

PyObject *PyImport_GetModule (PyObject *name)

REME: #Feg3| .. Part of the Stable ABI since version 3.8. IR0 %5 B4 E- S AR, 03RRI i &
AR [ NULL RS BCE R MR RO R (0] NULL H5 B A 5

3.7 HUHTIA.
PyObject *PyImport_GetImporter (PyObject *path)
BEME: #a9 5] 8 . Part of the Stable ABL R[04} X}—~ sys .path/pkg._ _path_ H14&H path FLF%

AAE, AIRERIE sys.path_importer_cache FHORIREL. MR E MR G E, Wk sys.
path_hooks HZ#£F|—EEAL % path 25 H W8 1. Q0% ol H A8 1 WR [F] None; X801
V& path based finder Fo35 0% path 25 H LB A H8S. 455028475 sys.path_importer_cache,
1R [N A AR X S G

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. TNEZ RN name W ZESERIEL . BB 1, 0 ok 3 )5
ez m o, ARAI AR R MOUGR B -1 I RE A . BRI EI S U RS AR, i i
M PyImport_ImportModule (). (WHEREBATRA RTE — WRBEHRCH S ASREFERE.)

3.3 BT
3ANRESE: _ file  JRVERFAFAERBH EIE

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL Z8{Y[ T PyImport_ImportFrozenModuleObject (), {BHAFR K UTF-8 4tg
) FAFER T A2 Unicode %42 .

struct _frozen
BXRE N E A AR S S5 M 2R A e L, S5 freeze T HFTA M —3 (7557 Python JFILHE
KATHR ) Tools/freeze/), HE Y HHE Include/import . h P F|:

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

bi

const struct _frozen *PyImport_FrozenModules

AR BRI G 1) — A frozen ICRMEAL, PA—P A 518 NULL siZ MLk Em 4R .
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M MNREBRYCF AN, ERTERPPERR. =00 ] AR 07 sOR B Sh S B A R 45
oS

int PyImport_AppendInittab (const char *name, PyObject *(*initfunc)) void
Part of the Stable ABL [r] ¥4 H) N B FERIN— ik, XEXPyImport_ExtendInittab () HJ
AR, WERTCIEY FRRMR ] -1, BB AT 245K name KA, 8] B initfunc AT
F— R AR RIG R A MR M TEPy Tnitialize () ZHITAM.

struct _inittab
R ) EAERS R A — A5 B SRR . BRI RER LS T N B RS P Y SRR ) 44 R
AR LR AL . AR 24 ASCIL g i (A =475 . i A T Python YRR P W] DA I 122 45 A AR 1) £ 21 ok
HpyImport ExtendInittab () FIZ5E ARG MG N BRI, ZE5MAFE Include/import .h
e SR

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

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
N EARHRRGSIN— U . newtab BUEH AL A— M5 DA NULL /ER name FECHY 4K H 450 K
REFR ML K HE 2 SEONAAEE . BN E] O BE W2R Toik 7 i AL 0% AR e TR R[] -1, 24
RARGES, REAT IR S| N . DLpRE APy Tnitialize () ZHITHM
5 Python B Z kWG4, WPy Import_AppendInittab () BPyImport_ExtendInittab ()
WAHEARFIR Python HIAALZ T A -

6.5 #¥iE marshal 2

X LEBiRE L C AV AL B S marshal BT AT Bt s e 21 Akt G o oA B2 ek 50n] IR RF R 5
ANEMFPSIERE, 55— L8 s O] A O Bt . T 476 marshal B i) SCPF w20 DA~ 0E il A
1%,

WO EAEAT I SR foe R A2 7 TR T Sk o

PUAREH S R R B AS S AR . 55 0 FROM P S iAR, 56 1 RS &7 SO marshal [ 5514k Hp L 22 [ AL G
%*)“%o 55 2 AR S W S A A% 2. Py_MARSHAL_VERSION 5 T 241 UM%t (U RTHUE RN
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F—A> Long #HL value A marshal ¥ G A file. XK HE A value I AKIK) 32 AN FEie AP
long KA/ . version $§H ST I AR
IEREL AT BRI, FERXAME L N BB E R R WM PyErr_Occurred () #HATHR.
void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
$—A Python X% value ), marshal ¥ 5 A file. version $$W3C{R% 2 1 BUAS
PR ATREZR N, TEXFHOL B BB E A SR WM PyErr Occurred () #EATHI .

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
B #ag5l R . Rl value 1) marshal FoR LRI FATHRXIR o version FEH] S TR
Z

PATR BR A VF SO A7y marshal #5XHI1{E

long PyMarshal_ReadLongFromFile (FILE *file)
MATI T BB FILE* XM A BARATR [~ C Long. (IR B BB 32 FM9{E, Toie AL
long RAR R/
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KRR, RFBEEIE YR (EOFError) JRR[H -1,
int PyMarshal_ReadShortFromFile (FILE *file)

MATHE I TAREUR) FILE* XM R IR Bl —4 C short. {#FH BLpR B REEE 16 (if0fl, ToieA
Ml short ZEAI KNG

RAEGREE, RRRE IS 4 R (EOFError) Ik -1,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Boea: #rag 3l A . WITIFHT B FILE> Xb R EiitiR [m]—> Python X4 .

KAFARE), HIREEYSH RE (EOFError, ValueError B TypeError) iR [H NULL,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
B E: FHeg sl A, MWFTHH T BA FILEx XF B A9 £ 4 i 3% [l — 4> Python X} %, AN [
F-pyMarshal ReadobjectFromrile (), B BUBRE A MK IE S MR, Rk
S5 SRR A PITE, DA BT 81 A e R T DAE P77 R T B T A M SC B
ANFAT . A AR N 2 T SO R AR A 2 B T 1 i 2

RAEGERE, IR EE 4R (EOFError, ValueError B TypeError) iR 4] NULL,

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
BEME: Feg7A . AW ETRN data 1) len A5 e DO R O EIE AT [7]— 4> Python X4 .

KAFEARE, RIREESH R (EOFError, ValueError B TypeError) ik [H NULL,

6.6 BITSHHWEELEE

TERIEAR H C Y R BRI AR, XS EUR A . HERNEEAHD] I extending-index .

xR B A W B = A, PyvArg ParseTuple (), PyArqg_ParseTupleAndKeywords (), DA
KpyArg pParse (), BEATHRE M & X AL F 4 B K KF o6 FOW A7 09 2 805 700K . 3 28 ok B50HR 6 A1
[ R AL A% A A R

6.6.1 TS

—AEAE P AR 0 B E X AR IT. — MR SUR T R F8A —4 Python X4 Bl H & — 1
P MAE SRR ITS . B T ARBISN, — RS 5 RS 2 BTGl 0 X 28 e S BAy
LM SR AR ORIIA T, G SRR R BT 5D O WATZXT X% TR
Python X RKM; Jrfts [ Wity C 28 it (ide) J2.

FHBENEEEX

AR AR VFRE R Gt IS AP BB AT U7 . AR BEAb R AR (] () unicode 747 8l 73 XY J5
Bl -

BRAES AV, Zah XK@ AR PAS L IR

A ZRRIME T DARE AT R AN ek IR et 3] C 2R 2

o By M os* EAEMARNSIHIE Py _buffer M. RRFHUE TR K UASEIR & B )5 i1 X
AGp X B2 AEPy_BEGIN_ALLOW_THREADS Bt S Al 28 Ricdfa PR K/ Vi R o B P o Ay AL
Ko PIE, TEARGRACPIEGE (SUEMTERA P IRS) 8l e Bl PyButfer Release ().

* es, es#, et fll et# FHENQPTE RGN X TEIRGERAEIESE (BUEMTERR P IR R) 25
B PyMem_Free ().
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o HAbME I Z— str i L EEMbytes-like object, Wl bytes, IFmHZEMHXIEME—4 const char *
SHF. TEEANIKIE BEREAT BOMBLT: A% HAHIVE) Python XH4EAFEE, T35 JLXE G .
AT B BA TR N

W T RS oh K] DAL/ fE A, S RWPyBufferProcs.bf_releasebuffer FFE iR
NULL. XA RS- 28X R 40 bytearray, PAKHELE LN bytes ) memoryview,

TEIXA bf_releasebuffer ZRUASL, WA M TRIEM AN R R AR AR ZRGA (BT 2
MR GZM KR, 87— AR RS R ) .

fE: TR # ABRAAS K (s#. y# %5), 2 PY_SSIZE_T_CLEAN WAIfEMLE Python.h Z HiE L. TE
Python 3.9 J WA I, W E LT PY_SSIZE_T_CLEAN %, WKESHWRA NPy ssize_t, KN
°f int,

s (str) [const char *] f—> Unicode X G #&4 il — A48 M AT R 1Y C $85F. —MREH8IM— P2 EFER
TR, XTI R N PR AR R . C FRRRE S SN, Python AR ANREM S
AR TERARRS S W2 f, —> ValueError SFHEa#i| % . Unicode XM RBAEAI, 'ut £-8" 4
1) C FAre . RFEH R, —A> UnicodeError PG K.

) XAFE X AR Z bytes-like objects, WNRARIEEZ A RGBT C F4FE, Bl
i os FIEREEPyUnicode _FSConverter () VBN #10R%,

3.5 WS DARG, 4 Python “F45HR il 3| T A MY null A6 5 &5 % TypeError .

s* (str B¢bytes-like object) [Py_buffer] XA M52 Unicode Xt iR F M4 . B NHE
ERMBE Py_burfer G5MMRIE. X HEE5RM) C FAFEH BB S i A NUL 277, Unicode X4
i rutf-8" FAbEALIN C FAFH.

s# (strx, read-only byfes-like object) [const char *, Py _ssize t] 2 s*, RUETBEERMAET —IME 094
PR GERAAEEMA C AR R, B dgn C ERAFRIIRE, B oA R ERKE. RFEAFRTRER
FR A2 FAT . Unicode X[ &H ] 'ut£-8" g =NakHh C A5

z (str 5§ None) [const char *] 5 s Z%{tl, {H Python %4t A]fEN None, FEXFHFI T, CIgEHkE N
NULL,

z* (str. bytes-like object 3 None) [Py_buffer] 5 s* 25, {H Python X}4t5 0] E-H None, FEXFPE I
F, Py_buffer 25 buf B R E N NULL,

z# (str, read-only bytes-like object B{# None) [const char *, Py_ssize t] 5 s# Z5{0l, {H Python %} & n]
BN None, FEXFEHLT, CFa%ti & NULL.

y (Mki{bytes-like object) [const char *] XM S AN IFATXI R — M1 5 09 FAFERR C 3
¥t BEAHESZ Unicode X 4. FATEM KA E AN ST WREEXFENNE, eIk
ValueError %, . exception is raised.

3.5 WSS DART, 45 gnh XAl s T AR null #9525 % TypeError .

y* (bytes-like object) [Py_buffer] s+ {53k, AH:% Unicode 4%, MR FA KA R, RILHR

y# (read-only bytes-like object) [const char *, Py_ssize_t] s# BJ283, A$E5% Unicode N4, Hiep2=5
KR,

S (bytes) [PyBytesObject *] F5K Python %[44 bytes X4, AR P TET . IRZXT5R K bytes
4N 25|k TypeError, CAREWIHRE N Pyobject*,

Y (bytearray) [PyByteArrayObject *] i3k Python {4 4 bytearray X%, Al AT miGde. Wik
FMPAN bytearray RN G| % TypeError, CASREMWAHFEIN Pyobject*,
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u (str) [const Py_UNICODE *] §—> Python Unicode Xf G/ fb 4 ] —~PAZS 28 IE 1Y Unicode “FAF 2% X
HIR%Er . WabZife A—A~Py_UNICODE FREMSREHIIE, f76E T — A48 M 2 L4746 ) Unicode Z& i X
FIFEEr . WTER AN Py_UNICODE FEBIN)FAF 58 BE BT 4 ik It (16 {834 32 i), Python 4 H:
WHRBEE S AN null RS 5 RA, 5% —4 valueError 4.

3.5 [ AE: DART, 24 Python 45 H: HHil E| T i AR null 7555455 % TypeError .

HAERA 3.3 B AR, a8 AR 312 R, © X2 IHRAERPy_UNIcODE APL i iL#%

fPyUnicode_AsWideCharString/().

u# (str) [const Py_UNICODE *, Py_ssize t] u HyZ25=, FEMHA C A8 R, HB— 4845 m—1 Unicode
BRI, B RTEHKE. BAad null £65 45,
HAEA 3.3 AR, # & AR 3.2 Bk, « XZIHMAERPy_UNTCODE APL 1T

ZPyUnicode_AsWideCharString/().

Z (str of None) [const Py_UNICODE *] 5 u 2%}, {H Python X} 4 4 v] §E & None, ¥&iX fh 15 i
FPy_UNICODE $8%ti% & 5 NULL,

HAERA 3.3 B AMEB M, &8 BAR 3.12 R . « X2 IHRAEPy_UNICODE APL i 1L #%

FPyUnicode_AsWideCharString().

Z# (str 8§ None) [const Py_UNICODE *, Py_ssize_ t] 5 u# Z5, {H Python X WA N None, FFiX
L Py _UNTCODE #8511 # NULL,

HAE A 3.3 B AR, a8 iAR 312 1R, « X2 IHRAERPy_UNIcODE APL i iL#%

FPyUnicode_AsWideCharString().

U (str) [PyObject *] %3k Python %44 Unicode %14, ANZAXIATATA 4. A0SR %X %A Unicode X542
N£:5| % TypeError., CASEW AN Pyobject™,

wx (W[ bytes-like object) [Py_buffer] iX /3 iE 0z 2 AT ST S5 B AF KL DI 5. B &
PPy _burfer G5HIRIE. Z2oi X AT REAFFE I A null 7750 24 58 o X 56 ) o8 2 7 2200
M PyBuffer Release().

es (str) [const char *encoding, char **buffer] s (725, ‘E¥54mtE 51 Unicode FFEAFHZMIX ., BH
AEFEAT e NUL 735 1 2 Gm A A58 .

BT LA SH. B DOUNERA, HF B0l const char*, Efi—>LA NUL 547
PR A4 PR, B NULL, XAME LM ut£-8" 4ifdtka. AR Python Joikif
TRE AR 251 B 55 . 5 T ASEUAUN char**; ER5I HRSEHER N 1A S 800
ARNERGEIX o SCARF LA — SR E 1 2 s NI T2 A

PyArg_ParseTuple () £ E—AN R K/NZM X, K955 5 0 5E 2 DB N oh X Hik &
“puffer 5| HXAHr I NS0 . WHER SHUEAEM R PyMem_Free () KREE &5 EL R 2%
X,

et (str,bytes or bytearray) [const char *encoding, char **buffer] 1 es #H[F], F& T A EHRILIE AN
TS . MR, BIREAAE ARNSEOE g 51 FAr R 2R AL,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] s# 7255, "B 52 4w A5 Y Uni-
code FAAEAFAEZMIX . A es Tk, BEARVMEAMEIE LS NUL 247,

ERE=ANB B MUNMERA, I HJ0h const char*, B[P NUL 451 745 R
PRI TR, BN NULL, EXAPEOLASME 'ut£-8" 4ifdisal. N2k Python JoikiH A5 E
A2 AR N 5 K8 o 255 NSRBI char**; BRGSO A SECCR N
B SUARRFLASE — DSB8 B A AR A T2 S o 28 =D SRR 8 10— B R 5
Bty W5 U BRI i i G X i R

A PR

U *buffer 1516 NULL 458, e ECR 0 BC P 5 R/ Genh X, 525 5 1) Bt 52 i 2t Z2ob X, 3t
B *buffer VAT B 2 BCHIFEE . FEINE ST PyMem_Free () DAYERH G R BRI e IX o
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W *buffer F51AE NULL $85F (EBECRIZMIX), WrpyArg ParseTuple () FHdH AL EAE NS
X, IRt *buffer_length WIHIIGIEMRE N ZM XK N RIG, BRI gD B S H B 2o X, FF 2 1k
B WRZEPXAHR, FFiE-—1 valueError,

TEXPABITH, *buffer_length RSt B4 o 4 A NUL i 8da i) K

et# (str,bytes 1 bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] #
es# MlF, BrTAMERDEANFRBERNS. M, BREEANSER MG FEAFHRAL,

B

b (int) [unsigned char] FFE 1) Python FEHUL N TOAF5 ISR, F#6fH—1> Cunsigned char,

B (int) [unsigned char] ¥ Python 40 A U AT NI Ti A &, f26ifA—> Cunsigned char.
h (int) [short int] J}$—{f Python E###([F 5 C #¥ short int.

H (int) [unsigned short int] }§—{§ Python ##§i#(FI, C (1Y) unsigned short int, PE[FEFEMERS (AT .
i (int) [int] J{—{F Python ®&#i# (I C 19 int,

I (int) [unsigned int] 45— Python 38 ([E)5, C 1Y) unsigned int, BFELBFEEERIARE .

1 (int) [long int] #§—1{F Python ###HEI; C 1Y) long int.,

k (int) [unsigned long] %1} Python Z£#(i#[Fi C ) unsigned long, E[FEARMELAARE .

L (int) [long long] #§—1 Python ##j#([F) C i) long long.

K (int) [unsigned long long] }{%—1{f Python ¥ [F] %, C ) unsigned long long, H[EIE R 5S4
o

n (int) [Py_ssize_t] J#§—1{§ Python B ##[FIi{ C Py _ssize t.

c (bytes B{{Z)¥[F] 1 [f) bytearray) [char] }f — 4> Python I H, — K EH 1 Y bytes
bytearray %%, # A C char .

3.3 fRE S AFF bytearray ¥t
C (KREE 11y str) [int] $—4> Python F4F, W—AKEEHN 11 str X5, ##h Cint,
£ (float) [float] 4§ Python J% B8 ([ C §¥:citype:float.
d (float) [double] {1 Python % %58 ([F 5 C #¥:c:type:double,
D (complex) [Py_complex] #—fi Python [Fl#i([EI, C ) Py_complex ik,

HivhtF

O (#fF) [PyObject *] 4 Python Xt CRZITAIFENE) FEHEl 1 C XEG R, S0BE C FLFF AL AEBECE]
IR BRI S . XL H Fisrrong reference R Rl (BIIESHTHEUR2HM) . FREIITEEHEAR 4

NULL.

ot (¥ft) [typeobject, PyObject *] f—4> Python Xf RAFA—A C M RARH . XRMUT o, (LRZEZMA C
280 Hi—>2 Python SRR, 26 —ASRAFEXT SAREHY C 2L R CRAUA Pyobject®). I
R Python Xf RN BA FEREAL, M&5% TypeError.

os (Y1) [converter, anything) it converter FREUE Python X 4464y C A&, XFEHH NS H—
FERRE, AR CARRE (EEZEA) ysihl, #5k voidr. #3% 3BmEUKKIE T :

status = converter (object, address);
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Fo A object W) Python SFE2 1M address &% PyArg_Parse* PR void* &5, RN H status
R MDA 1 ARG I DA O RGN . M54 R, converter pRERIY 245 & 51k address
N AR R B CRES .

N converter 32 [M] Py_CLEANUP_SUPPORTED , WIUWIRSHUMN i A KM, B RES TR HIZ R 4L,
M et A WL REE S E AT N B —ANEA, object B850 NULL 5 [, %38
# o4 NULL ; [H b, %S506 8 NULL , Ft, %S508 NULL  (U2R(E) A NULL address fI{EH -5 5
TN v (R [+

3.1 iR &% A Py_CLEANUP_SUPPORTED,

p (bool) [int] MifE AFIME T NE (— A KB I BXF L5 R AT ) C true/false BEAUE ., Q12K
FRikAHEE 1, BIE 0. BEEZAEMEVEN Python fi. 2L truth R £ 5T Python 4]l i {E
HERIEE

3.3 HUHTIA.

(items) (tuple) [matching-items] 4 Vo752 Python [F5, EHIKE Z items FAGKBAITCHIEE . C 5L
DA N items Hg— ST RS BRTT. P8 A& ROT T REA R E

f& i "long” HEM CREBU P (BB T -5 19 LONG_MAX PR 2 ul RERY, SR BA HEATIE 24 )T Bl AR I ——4 4%
W B/ BN FIME I, S B2 S AT (S5bn b, C B 5 S SCARR A BLA] b5l i S A
: nRES KAEAE).

R AT ER R A — A ) AT R A R RIS . IR REH ANRETE IS 5. BT

| RHILE Python Z 55 R h | NS EERE Ak ny . C 2SS B W] B SHUTR ZA) a A R BA 24—
MRS A HRENS, PyArg ParseTuple () AREVFMIFHRI C A E (B EAR) HINZ .

$ PyArg_ParseTupleAndKeywords () only: FHIYE Python S48 3R b T 1 S & i il sS40
T, A SR TS EERL A RS, DS R | B S BT .

3.3 BUHTA.

AR ITHI SR GRS E JEI TR AN R E R R AL (PyArg_ParseTuple () B
REIRH) “RRE” S5

i ARSI R E AR ﬁj‘ﬁ)ﬁﬂ@?%‘$%ﬁﬂ%ﬂé{’ﬁjﬁl%ﬁdﬁ%ﬁlﬁ%ﬁ%E‘J%ﬁé‘iéﬂ%c s AL MEHER
THE AR BEAT 1 T2 1O AR A7) Python XY G5 HIER BAGIH; AEREGEA] (RIRZEEBENm 5 !

e 25 3K L8 pR B N2 b e oA 2L A 3 il s ) A R bk s X U2 JH R AT il A G A
— LR, 0 ET RS T R P AR, XSS EAE R A B s X AELL T, BTN ICRE
TE AR AR BRI .

N TR, arg XFRALIFLFEEAR A H HAERAL T o 2}, PyArg_Parse* sHCFIR Ml EL{H,
A WLRFIR BB 5 | RG24 575 . 24 PyArg_Parse UM T M BICH B 2R oy, %A% X
PRI B HL S S X BT W Ay LIk pr) A B AR DR R

APl EHR

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL f#— RS, RN PSS EEESEA BT AR AL R . SR
[l true; JIR A false H EL5 | A AR 573

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL. flPyArg ParseTuple () f[E], SR EHEEZ— va_list 5B SE0M A 2 1] 48
BRI SHUE.

int PyArg_ParseTupleAndKeywords (PyObject *args PyObject *kw, const char *format, char
*keywordsl ],

Part of the Stable ABL %*ﬁﬁuﬁ%ﬁ%ﬂﬂé%ﬁ'—%ﬁﬂHﬂ??ﬁ%jﬂﬁiﬁ SR RIS keywords ZHX

76 Chapter6. TH



The Python/C API, £[F 3.10.13

B RS FRA) NULL K IR .. S FRFonpositional-only parameters, BRI ] true; & A i
Bf, BRFR ] false F5 | K AH R 1) 55

3.6 IR &R U T positional-only parameters W ¥

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords[], va_list vargs)
Part of the Stable ABIL. fllPyArg ParseTupleAndKeywords () #H[E], BRI EHEZ—A va_list 5[

SR A2 AT AL RO SR .
int PyArg_ValidateKeywordArguments (PyObject*)

Part of the Stable ABL fj f& 7 # v i) X B 2 BUHS 2 F A A, X DR B R B
FryArg_ParseTupleAndKeywords () AMEMHEAMIELT , FH EENFMEXFERIKA .

3.2 BUHTMA.

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the Stable ABL pREHTRMTHY “IHEAL" BB SR — X LR {111 METH_OLDARGS
SAUENTTTIAE M Python 3 FRESIR . SONPHER T U S B, I HAEAREMRR S PR 2
FRMOBEY, CABHHTZEN. E0RI T AT, R AT RER N iXAS H i dksk i
e

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

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

KRB R B, BUE _weakref HFBIBHUT R SHLT | A JEACH

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;

}

EAN TP PyArg UnpackTuple () e M T PyArg ParseTuple ():

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

6.6. BITSHHLEETE 77



The Python/C API, £[F 3.10.13

6.6.2 SQIEETE

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

B #e45| B . Part of the Stable ABL F: T2l PyArg_Parse* pREUR T2 NA MG F4F R
A—AMEF IR A R INZEEE & AR A RIS O N AR 1] NULL; W3R [0l NULL 5| %

- B s
MR

Py_BuildvValue () FA—HAE 0l HALERARL TSSO 2 e
Sl TeH . AT AR RS, BRE None; MR B AG M HIT, BiklE hgA
JCHATIAE—XF 5 5 A% A A A il AR ) 2 3R [l — SR/ 0 30 1 goc4ls

2 A B A7 DX B s A S RO A% 8 R Mg @ Xt i, s A s# A5 aUBRTG, &8 DT AR
P VAL KM RESA St Py Buildvalue () QXSS M. BAaiGuL,
FARH ARSI malloc () F HRFBCH NAF S AL 88 45 Py Buildvalue (), PRGBS A 5T1E
JEPy _BuildvValue () IR[EIREA free() .

TE R, 05 5 iR AT, B35S O A Z2A% U ITRF 25K [ Python X 467 ;
TGS [ N ALY C AL R (R HEE) BYRAL,

TAEBIANZAR, BIRAF, BSHE SFEARRL T b S22 (HR A EI0, W sh). &Xn]
PABEAR A A% A A H A SE A Py AT

s (str o None) [const char *] ffif] 'utf-8"' RiIHIFS LI C P47 FE N Python str X4, A
R CFAFERIEE N NnULL, WA None.

s# (str o None) [const char *, Py _ssize t] ffiff] 'utf-8"' LI C F/HE L H K BN
Python str 5. WX C FEFFHRIRE N NULL, WK B4 20, IR [E] None,

y (bytes) [const char *] JXKf C FAFH 44l Python bytes X4 . QIR CFEAFERFRE A NULL, iR
4] None,

y# (bytes) [const char *, Py_ssize_t] X£Hf CF4FHR SILK A1 Python X4, I C
TATER RSN NULL, W[ None.

z (str B None) [const char *] F1 s #H[H.
z# (str 5 None) [const char *, Py_ssize t] Fl s# H[H.

u (str) [const wchar_t *] Convert a null-terminated wchar_t buffer of Unicode (UTF-16 or UCS-4) data to
a Python Unicode object. If the Unicode buffer pointer is NULL, None is returned.

u# (str) [const wehar_t *, Py _ssize t] ¥ Unicode (UTF-16 8% UCS-4) %iegsmh X g HK BEaEih -,
Python Unicode X4 . #12R Unicode ZZw X F54l 2 NULL, WK EERF9 Z 0%, FfiR 0] None,

U (str o None) [const char *] FI s #H[A].

U# (str mf None) [const char *, Py _ssize_t] il s# fH[fA].

i (int) [int] j#§—{# C ) int EEJH Python R sy {4,

b (int) [char] }}§—1{# C ) char {#[FJs{ Python &yt .

h (int) [short int] ¥§—1f C ¥ short int H#[FIE Python EEHHy14

1 (int) [long int] #§—{f C ) long int #HEIE Python B8,

B (int) [unsigned char] ¥§—{f C [ unsigned char §#[E]; Python B84y,
H (int) [unsigned short int] }$§—1{il C ) unsigned short int E[FIEY Python By,
I (int) [unsigned int] 44— C ) unsigned int [ Python ¥ #y{4:.

k (int) [unsigned long] #§—{ C iy unsigned long H[EI Python 34,
L (int) [long long] #§—1# C ) long long E[FI, Python (.
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K (int) [unsigned long long] 1§—1Hi C /) unsigned long long fH[FJ{ Python 8y,
n (int) [Py_ssize t] ¥ C Py _ssize t ¥E[EI Python .,

c (KJEE 11 bytes) [char] jf§—ff C K —MEAICAHRY int EEK Python & FE[E—
bytes,

C (REFE 1 str) [int] #4—H C hRE—MFITH int #ERL Python R EEE—1 str.
d (£loat) [double] }§—1{f C ) double #H(EI, Python 3% B8,

£ (float) [float] J#§—1F C ¥ £loat H(EFI Python 37 2.

D (complex) [Py_complex *] {§—1il C [fjPy_complex &iREHE(FIaY Python [Fl#.

O (¥fF) [PyObject *] [ AZH1f%i%—4> Python X5, (H R BIEE—M¥ilfstrong reference (B ILE]
MO —) . QRAE AR G2 —A> NULL $85F, WSABRE X2 R R SE TR I A B T 4
WRHRE T . B, Py Buildvalue () $fiR[E NULL BEAL G KR4 WERHAT I KR,
DIIJ%&E SystemError,

S (k) [PyObject *] il O 7.

N (#1F) [PyObject *] 5 o fH[F], (HEALQIEF ) sirong reference. WG & E S THH S5 %
PR G A T g SR QN 2R 1) WAZ 0 VR AR AL

o& (YMk) [converter, anything] @it converter PR anything 745>k Python X142 . 1% BRECLE R T i)t
i anything (€ 24325 void*) fERISHOF H AR Bl—A" Hii)” Python XF42, B AR & AR 5
RMR ] NULL,

(items) (tuple) [matching-items] ¥f—A~ C 258 /75|54 % Python JTCAH R R TR EE .
[items] (1ist) [matching-items] Ff—~ C Az 5y 5|54k Python S ZH CRHFAH [l 1 IR B
{items} (dict) [matching-items] Xi—> C Z& 575|545 i Python St f—Xf#EZEN) C A2 m X AE
H—DICEBAT I, A BIER K AIE.

WA A TR ISR, WE systemError SR [F] NULL.

PyObject *Py_VaBuildValue (const char *format, va_list vargs)
BEE: #ey5| A . Part of the Stable ABL flPy_Buildvalue () FfH[E], SR EEEZ—A va_list 257 fH)
SHLMAS W] AR I S 5E .

6.7 FHREFRENAL

7 ET o O B AL T A B A

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABIL. 1R{EF& I F/-5 formar FEINSE, Wi BB size M FEA5F] str. &0, Unix T
WA snprintf(3).

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABL #RHi#% X F475 formar FIAZ BB HIN R va, AR size ASF358] s 200
Unix M A vsnprintf (3).

PyOS_snprintf () MPyOS_vsnprintf () 23 C HpUEEREL snprint £ () fl vsnprintf () . ‘EfI1H
H R SRR I 00 R B — AT, TARE C BB BN AR

WAL SR str(size-1] TEREIBHRZ N "\0 . EAINATB AT size T35 (BFERER '\0") Z|
stro P ERERHEREOR str !'= NULL,size > 0, format != NULL H size < INT_MAX. iy EiXE g
B E IR M XA/ C99n = snprintf (NULL, 0, ...) %M.

B (rv) 4575 L8 ok BORERZ A S T
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* 20 <= rv < size ], ¥HFWEBINHLE v DMFERFEAR sor ORUFERE strlrv] ALET
"\NO" ),

* Y rv >= size i, BFRSEERIT HFE - DREA rv + 1 FMGN KA REMIIIAT. TRk
BT strisize-1] 2 "\0',

* Yrv < OB, 7 SEAENFHFN. TR T strisize-1] 3 "\0", {Hstr AHARTEAR
S BRI TR O TR ZF 5
PATR R BCh (-5 T 5 BB T e I A Hp B R A

double PyOS_string to_double (const char *s, char **endptr, PyObject *overflow_exception)
Part of the Stable ABL 74753 s gty double JEM, RIS &5 % Python 4, HZ M FAFRIES
XF R TR 4 Python (] £loat () MESRITHRZNTAIHEES, RT s WAA R FREMTHE. it
WP ST T 2 A T X
MR endptr /& NULL , HHEAFRH. 5%k valueError JHikM -1. 0 WERFFFHRAZITF REL
OEERY GRS U v

W endptr AJg NULL , RA[REZ WFL AT IR *endptr &8 R M) 5 — N KRG F5F .
AR AR IR IR BEA 2 IR BN AR 35 3, B *endptr WE NG HFFRWH L, 51K
ValueError 74, FHIRME -1.0 ,

WA s Fom—DRKMABEAEHE —NF B E (LLit, "1e500" L F-& L —NFAF
H) RIS overflow_exception f& NULL iR [H| Py_HUGE_VAL (i 4MW452) 3 AR EAT
A e . FEHAR T, overflow_exception M5 [H—4> Python B4 5|k REHRMA 1.0
o TEXPIREOLT, W *endptr fRMEHREZ JFHYE —DT4F.

USRAEFEAR ) B AT A FeAl R i (R — D NP RS R) | BCEIE 24 Y Python S I HaR [l
-1.0,

3.1 BUHTMA.

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
Part of the Stable ABL *ff double val 5 j—ANME 45 W) format_code, precision F flags W7 FFEa .

XA TR Z—, re', "EY VE FY, g, TG B et X e SR AN AR AU
0, 'r' KA T hnfEREL repr O KXo

flags AT PR S HAW{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O0 & Py_DTSF_ALT o HH A
* Py_DTSF_SIGN /R E e ER M FAF s HIf il — 455545, RIME val ARG
* Py_DTSF_ADD_DOT_0 FIRHPRIZ B K FAFER AR A B2 — I EBEL

* Py_DTSF_ALT FyR " BARY” MU UN . MR 2 5 Pyos_snprint £ () "#' X3
e

mE ptype A K NULL, W © 38 10 09 {8 5 #% % & Py_DIST_FINITE, Py _DTST_INFINITE Y
Py_DTST_NAN Hj—A>, 735l3RR val @& —PMHREF . ToRET s b8

R AE 2 — 98 ) S 5 I 5 AT R B buffer BUFEER, QDR EE AN A NULL, U O R B
HPyMem Free () KREHGR H] ) F4FE o

3.1 HUCHTIA.

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

TFREAR KNG . ZRBILFS stremp O WA MR, R ERM T RN,

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

TR KNG . ZRBILT-S strnemp O LA AME, 2B TN,
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6.8 5

PyObject *PyEval_GetBuiltins (void)
BEME: NG5 . Part of the Stable ABL & [m] 24 i ATIF P B R A 78t A0SR 24 WAy MUIEAE
AT, TR o] R AR S Y SRR

PyObject *PyEval_GetLocals (void)
B fENGGFI R . Part of the Stable ABL & [8] 2 B AT Wi b Jey d AL Bl - il SR BAT M AT THY
i M) 3 [B] NULL

PyObject *PyEval_GetGlobals (void)

BEME: ENA9FI A . Part of the Stable ABL 3% [ X4 i H T 42 R AR A8, QR S R T
T3 [B] NULL,

PyFrameObject *PyEval_GetFrame (void)

BEME: AT . Part of the Stable ABL 3% [1] 24 {if 2B BLR S AT, 20050 AT 244 B S04 T A it D) 2%
NULL,

iR PyThreadState_GetFrame ().

PyFrameObject *PyFrame_GetBack (PyFrameObject * frame)

AREL frame 1y T — >SN

S5 1R[] strong reference, SE MR frame FATHNHMINR B NULL,
frame ANW[[E] NULL,

3.9 JHIA.

PyCodeObject *PyFrame_GetCode (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. 3REL frame {0,

1R [a]—~~strong reference.,
frame WAk NULL, &5 (Wi Ah%) ANfgh NULL.
3.9 BCHTNA.

int PyFrame_GetLineNumber (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. iR 8] frame 48] EXEPITIIITS .

frame ANH][E) NULL,

const char *PyEval_GetFuncName (PyObject *func)

Part of the Stable ABL M3 func 2R %, KBLHIXIR, MERIETERIZHR, FHWRIE func BB FR.

const char *PyEval_GetFuncDesc (PyObject *func)

Part of the Stable ABL R4 func {2 BLIR A FAFHR o ﬁ@Tﬁ@?ﬁuﬁ%ﬂﬁ&E’J”()” ” constructor”, ”
instance” flI” object”. 5PyEval_ GetFuncName () WG5SRER:, F5REE func R

6.9 4RSI MSZIFTNGE

int PyCodec_Register (PyObject *search_function)

Part of the Stable ABL Y —H I n fR D45 T R R HL
YERRBIVER, H22i# encodings 4, WURMARTEH, WA EHANTRREII R EH L.

int PyCodec_Unregister (PyObject *search_function)
Part of the Stable ABI since version 3.10. 55— ftdes 8 RE PO S HEMEZF . WRIEEERE
BORGEN, WABATATERLE. EhEHRE 0. AT R — SR E -1,
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3.10 JBGHTA.

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL RIETEMHFIZA E encoding W 4R fiRtS s 2/ EAFAET IR ] 1 8% 0. MRS BERTY .

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

BEME: #4951 A . Part of the Stable ABL 17 BRI 24 ELA 45 API.,

object [ [ 1 errors JIT & LA IRAL B VAL 1B 25 7€ encoding (4Rt 2R BREL. errors ] DK NULL KRl
F R IRt T SCRYERIA . QR B g g s W 25| & LookupError,

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

BEME: #8951 A . Part of the Stable ABL 17 RSl 25 EL AR API,

object (1] 1 errors JI 5 SN DRAL BT AL B 45 3 encoding WIMRRG AR PR errors M DAR NULL R
R 9 et i i S S BRINTT T4 o AR B 2 A4 W 25| & LookupError.,

6.9.1 Codec ZE#: API

TENHIRET , encoding “FAFHR WA BRI FEA A/ NG FRTE A, XA A AL ] 7 4% g i s =X 55 B _b Xt
KNEAGIE. WERRRBTT ARG E, WK% E KeyError JfiR[H] NULL,

PyObjcct *PyCodec_Encoder (const char *encoding)

REME: #a931 A . Part of the Stable ABL %5 1 encoding IREL— Y i #& BEHL .

PyObject *PyCodec_Decoder (const char *encoding)

BWME: #a4 51 A . Part of the Stable ABL “HZ5 E W encoding AREL— RS 4% BRI AN

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

BEME: #8495 A . Part of the Stable ABL “F45 € encoding $Hl—]~ IncrementalEncoder %4,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

RWE: #8451 A . Part of the Stable ABL “H#25 E W encoding 3REl— IncrementalDecoder %4,

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)

BEME: #a45] A . Part of the Stable ABL “N#55E ) encoding 3Hl—> StreamReader 1.J K%K,

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

BRWE: #a4 5| A . Part of the Stable ABL “H#5 E W) encoding REL—1~ StreamWriter T.J K.

6.9.2 FF Unicode RiB$EiRMBIEERFI M= API

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

Part of the Stable ABL. ¥E45 72 ) name 22 [ {540 B B H sE EX error. % [B1H B BCEAE— SR iR AD 4%
18 3 TR 9w A i) AF IO YE RS 1 3 BRI B name #5158 52 4 encode/decode BR4JE 1) error & £: k)
HiZZm RIS A -

Z MO K & ¥ % — 4~ UnicodeEncodeError, UnicodeDecodeError &{
UnicodeTranslateError [ SEfl{E K B 8, K *@"5’%?7@ V) 8 4 BT A e
fﬁﬁ‘*?ﬂlﬁﬁﬁ@%ﬁ S (WS F Unicode 577 % % T R BULAE B R BOER ) . % BHE R E 5]
R EW R, jﬁ%ﬁlﬁl*/l\@é?ﬁlﬂ@f?ﬂ&*ﬁﬁ‘b%ﬁrﬂﬁﬁgjﬁéﬂ PAS— T ts 2 AL
Z%"ﬁ(?’é%fh TEAt ZQEJ:V)‘('EEE%/@M%%VE

JEEIRE] O, SRR

PyObject *PyCodec_LookupError (const char *name)

B #0951 A . Part of the Stable ABL FEAE name 2 T M DAL FR B s L. 1 R4RHIE
PAMEA NULL, FERCRE DL R KR B strict” [543 A 2 [l 7 bR 50
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PyObject *PyCodec_StrictErrors (PyObject *exc)
BEME: B A& A NULL., Partof the Stable ABL 3| % exc 1R 5% .

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
BEME: #8495 . Part of the Stable ABL Z i unicode £&1%, Pkl iR A

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
REME: #a451 A . Partof the Stable ABL fifi ff| ? Bf U+FFFD %4t unicode 4% .

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
BWEME: #4951 A . Part of the Stable ABL fifi [ XML 2455 | F &4t unicode Jri%4E iR

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
BWEE: #Hey 5 A . Part of the Stable ABL i [l Je BT 5L XAF (\x, \u 1 \U) 4 unicode JmfdstiR .

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
REME: #6451 . Part of the Stable ABI since version 3.7. ffiff] \N{. ..} 7 X% unicode i 4E1% .

3.5 BUBTINA.

6.9. HIRIDESEMEZSThEE 83
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AE Y R B Python YA EAEH, ke HAUE], sCRA B SER 240 (Fianirf e 2L Es i A
Jr A IED) o BN A 24T, A" €3] 8% — {8 Python [E% (exception).

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

7.1 HRMY

PyObject *Py_NotImplemented
NotImplemented BB, HITHRICHARIEEA HX 4 e R G LI .
Py_RETURN_NOTIMPLEMENTED
IERIALFEM CiES IR Py _Not Tmplemented i )i (B @t —~4514 Notimplemented [#]strong
reference FEIRAI'E ) .
int PyObject_Print (PyObject *o, FILE *fp, int flags)
FEXFTR 0 GABISC fpo HAEISIRIA] -1 o FEARSECN T R i e . H BT — SCRp A 1B
& Py_PRINT_RAW; HURZHZES, WAFEHAXRA str () MAR repr ().
int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the Stable ABL U5 o #FH J&VE attr_name, Wz [E 1, HWRFE 0, XAHY4 T Python FiK
hasattr (o, attr_name). HEEEENRT.

HE, FEWA __getattr_ () fil __getattribute_ () HFiERT RN S REOANE] . 25 2RI
i, HHPyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Part of the Stable ABL U o A J&1VE antr_name, Wk 1, FHWRFE 0. XAH2Y4F Python FEiKk=
hasattr (o, attr_name). HEEEERI).

HE, WA _getattr__ () fl _getattribute__ () FEFEIE—IGE PRI SRE, F6#
Pl AP R, W Pyobject_GetAttrString() .
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PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
BEME: #a95] M. Part of the Stable ABL MXI5 o HELHZ R attr_name 1))@ . BPRPEMEME, K
TR [B] NULL, 3XAH24F Python 3iAz{ o.attr_name,

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
BEE: a4 5| A . Part of the Stable ABL. M4 o itEL—"AN44 N attr_name 1 J@ M. IR 0] @44
{8, ZRIGIERE] NULL, 3X#H24F Python k3 o.attr_name.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
BEE: #HA951 A . Part of the Stable ABL il F] ) J@ AR IGREL, M THARENLRE) tp_getattro
. ETERA TP (LT XIRE) MRO H1) ERIEAIARSRF, HFTEXIRE __dict Al
JEYE. IEM descriptors fTid, BRHAFFILIE T LOURME, MAREGRIR NI, JMI 2%

AttributeError .

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL (X4 o 14474 attr_name WJEVAEBN v o RN G A FHE IR -1 82
R\ 0 . iXAH24TF Python i5F] o.attr_name = v,

st v oA NULL, ZEMESeER . AT AER SIS Pyobject_Delattr (), {HHHEEA
A R R

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Part of the Stable ABL X4 o 144K attr_name (W) JEHAABEN v o RIS G R FHFRE] -15 B
RE 0 . iXAH2Y4TF Python {5A] o.attr_name = v,

AR v o NULL, B, (R R W MM Pyobject _DelAttrString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject ¥*name, PyObject *value)
Part of the Stable ABL i ] i) @ PEBCEAMER &, M T IMA RN R tp_setattro i, EFER
A (BT XA MRO ) ARBRAR S, WERFE], MR HE A S5 gt b i B s )
PRt AT. B0, ZEERHEN RN __dict_ WhECESMER. AR E 0, ARG %K

AttributeError ik -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
Wt % 0 4K attr_name ) @M. RIGETRE] -1, XAH2T Python i54) del o.attr_name,

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
WG4 0 44K attr_name W) @M. FRIEHHRM] -1, XAH2T Python if4) del o.attr_name.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
BwEE: #a4 5| B . Part of the Stable ABI since version 3.10. __dict__ FEARRFH3RERR B0 —Fhil f 52
o BRI AR T

3.3 BUHTMA.

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

Part of the Stable ABI since version 3.7. __dict__ & B KRB —FhdE FsE . X B A gz
i~

3.3 BUHTMA.

PyObject *PyObiject_RichCompare (PyObject *ol, PyObject *02, int opid)
B #re93| A . Part of the Stable ABL ] opid 15 € [\ HAELLEL of Fl 02 I9{E, W%/ Py_LT . Py_LE
. Py_EQ. Py_NE, Py_GTE{ Py_GE Z—, AHIXINT “<. "“<=, ==, =, > >=, ZMHH4T
Python ik o1 op 02, HH op X INT opid WHRAFEAF. MR W] R, RIGIR ] NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the Stable ABL. [ opid 18 EPAEHE o F1 02 WE, VWAZ Py_LT . Py_LE ., Py_EQ . Py_NE
. Py_GTH{PYy_GE Z—, BRIXINT <. <=, ==, =, >8( >=, FHRIFHR[E -1, #4554 false N
&[0, FHWARIE 1. XAH2 T Python ik o1 op o2, HH op @R T opid RIS
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HE): WS ol Fl 02 B[d— N5, Pyobject RichCompareBool () k Py _EQ MR[E 1, K Py_NE N
iR [H 0.,

PyObject *PyObject_Format (PyObject *obj, PyObject * format_spec)
Part of the Stable ABL #% 3 obj ff | format_spec. X %5 ffy T Python 3 ik & format (obj,
format_spec),

format_spec W DAy NULL. LESEHSOL N AR5 T format (obj) o AEZNIY iR A S AR AL F A7 ER
SR IR [A] NULL

PyObject *PyObject_Repr (PyObject *0)
BEME: #eg7| A . Part of the Stable ABL THEX4 o WFAFHRIEA . BMENIRHR BIFAFER AR [H]
NULL, jXAH24F Python Kiks{ repr (o) o HNEREL repr O JHH.
3.4 R ZRBOTE S — RIS, T AR RS S B 2 505 3l 0 573

PyObject *PyObject_ASCII (PyObject *0)
REME: #Ha45| A . Part of the Stable ABL. 5 Pyobject_Repr () —FE, BN E o WEFEIER,
{B¥EPyObject_Repr () JRENWFERFRH A \x. \u 5 \U % Xk ASCIL 45 . R4 il— AN RUT
Python 2 Wi PyObject_Repr () iREIMFAE. HNERE ascii () .

PyObject *PyObiject_Str (PyObject *0)
BEME: #Ha95| A . Part of the Stable ABL 1S o B FAFRIER . BRI A5, SRR (0]
NULL. 3XAH24F Python A str (o) . M EKE str () WA, FEH print O REIHH .
3.4 MRS ZR A S — W, AT IR i 2 705 3 e

PyObject *PyObject_Bytes (PyObject *0)
BEME: #9518 . Part of the Stable ABL 11BN o BIFTTER . KIWBHRE NULL, IR B —
ARG XA T o A2 BALY) Python A bytes (o) . 5 bytes (o) AFIWZ, Hoz
BB RAN IR R O (AT ER XTI, M’k TypeError.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL. W15 derived 255 cls ZEFH RSN HIRA S, W] 1, HWERE] 0. qisR HES R
|l -1,
U cis SETEAL, WIS s PATETU . MREDHWHIGEE 1, G000 1, B 0.

IEWN PEP 3119 firik, W5 cls 4if5 __subclasscheck__ () H¥E, FFS00HH A E FREPIRS. &
N}, SR derived J2A~E ARSI T, BIEETE cls.__mro__ 1, IPAEHE s — T

AR A PN, B type BIRAZLRYIEBI. SR, XMRAVUELHA __bases_ JEME
(MR ELEA C]) R —
int PyObject_IsInstance (PyObject *inst, PyObject *cls)

Part of the Stable ABL HIIR inst J& cls ZEHCH T2 SLB], MR [E] 1, ARASZ IR [E] 00 A0 4 R
M -1 B R .

MR cls JRITH, WK cls BATZIHGI AR 2= —UAGILRIE 1, F28 8 1, BNREZ 0.

IEWN PEP 3119 firik, W5 cls #if5 __subclasscheck_ () K&, S 80HH A E TRIPRS. &
N, iR derived J2& cls BF25, IBAEHE cls 1)— 506 .

SEH) inst ] PAGEST _ class_ JEMRE R H AR,
K5 cls EEPIAESS, AR 4, Wl _ bases_ J@fh (2R cd) 78 .

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL 113 IR MM R FE(E 0. FRIMEHRF] -1, XAH24F Python #3552 hash (o) .

3.2 WU A BIAERIR M 2R AL Py hash_t. X@— P R/NGPy_ssize t MIRMARTHSEELL
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Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the Stable ABL. X & —/> TypeError 5] type (o) A Zhashable I3\ -1 . I EREIELFfiE
T to_hash flALF BT 2RISR, AV ZEE A ) R RERS FE B2 AW G A 42 .

int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL QIEXT% o #iA N2 true, NWERME 1, FNEEM 0, XAH4TF Python A5 not
not o. RIGNERE] -

int PyObject_Not (PyObject *0)
Part of the Stable ABL {IEXT4 o #i\ N true, WERME] 1, FHWERME 0, XAHY4TF Python FEikz not
not o, RIENRE -

PyObject *PyObject_Type (PyObject *0)
BWEME: #HH51 A . Part of the Stable ABL 4 o AN°A) NULL B}, 1R[E—N5%4 o E[’J*EA?FHXTY“E’J*&
X5 MRIEES, $55]% SystemError }iR[E NULL, jX4[F T Python FiAx type (o) . ZHRELX
B8 R [HE Y srong reference, SEBy FIRA Z /DR R ECR B Py_TYPE ( ) A, EE
Rkl —A~ Py Typeobject* KAKIEE, RIERTE—Hisirong reference.

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
WIERXISR 0 2 type HKAUBCHLFHAL, MEREAEZE, MR E 0, WASEEAAE NULL,

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABL iR[F[Xf5¢ o EI’JJ&T“ ﬂﬂ%ﬂ]‘ B o SCRPFHNFIMS L, LR F RS . St
R[] ~1, X% [T Python FRiEF len (

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
REXSG o AT . BRI LK, SAEH __length_hint_ () #H7hTT, mJmiklEl
BeME. BRI -1, X2 AT Python 6343 operator.length_hint (o, defaultvalue).

3.4 BUHTMA.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
BeMh: #ay31 A . Partof the Stable ABL iR [0 XF 52 key XTIHY 0 JCF, BAERIM R[] NULL, X4
F Python Az o [key].

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL F§XF 52 key WU EIME vo RIS ] A 574 R 0] —1; iR 00 A4 T
Python i) o [key] = v. WAL RAMHC v 195 AL

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. X4 o HESERXT 4 key WML ST, RIMEFIR ] -1, iXAH4F Python i&4) del
olkeyl],

PyObject *PyObject_Dir (PyObject *0)
BEME: #ag5| B . Part of the Stable ABL 24T Python AR, dir (o), Rk[E—4 (W[EERSS) &S
MRS TAFRY)FE, MR BEWERE NULL. 41RS%0h NULL, 48] Python (¥ dir (), JIR[A2Y4
HI locals B 44 5 X UNSE A WG S PATHESE , 3R [B] NULL, 1E|PyErr Occurred () ¥i&H] false,

PyObject *PyObject_GetIter (PyObject *0)
BREME: #hh3) A . Part of the Stable ABL [R5 T Python FiAR, iter (o) « NWESEER E—HH
ERAS, WRIZNR RS RN, WREDRA . ARG %ﬁ%ﬁ, 25|k TypeError
, HiR[E NULL,

PyObject *PyObject_GetAIter (PyObject *0)
BEE: #FHeg5]| B . Part of the Stable ABI since version 3.10. %[f]F Python ik aiter (0) . % —
A~ AsyncIterable X4, H AHIRE—4 AsyncIterator. i@ REIFE— LA, HAR

ZHR— AsyncIterator, FHREIHH &, WRIZENSLARREPENR, £51K TypeError, FHik[H
NULL.

3.10 JEGHTMA.
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7.2 IE0YiEF (Call Protocol)
CPython 37 1% WifE A [E IR 52 © tp_call Fil vectorcall ([aj=BFnY ).

7.21 tp_call %5

BUE tp_call HHEIZ EHIHRZATIEI Y . 3% ST (slot) &5 FlE):

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

S VP wple (GEAL) FR LTSI — A dict ZURMSET S, FIRUR Python B
Hff) callable (*args, **kwargs). args WEAE NULL (41REGET %, & H—M5S tuple), (BN
REH W75 9, kwargs FPAE NULL.

B BIANE GV p_call {1, tp_new Fltp_init WiEEREET [
ffiflPyobject_call () B{HEARF API ZREER]—{H 44 .

7.2.2 Vectorcall i{§F

3.9 BUHTA.
Vectorcall 17 7€ /2 7E PEP 590 5[ AR, ‘&2 bR =X 0 50 "R B I & o

EERVAAL B, NSRRI 4 2 4%, CPython FAERHSIEIY v & e i i) i ] vectorcall, #R17, & [EIAZ—1{H
TEPERLE . BLAh, AU = B HE A p_call (MIARMBHPyObject_call()), Hik, —ff3Z
& vectorcall FHE S EEEtp_call, WAL, Mamf MR 2, e ekaf s ERS A R ) . 22
TERGE A H OS2 to_call #tEElpyvectorcall _call (). jEfEf%—T4eEE:

s —fH S 1% vectorcall MHEI AL B VE R A M RFEFM to_call,

W —EFAENY vectorcall LY, p_call 12, FEANHERZEAE vectorcall. BI4N, QIARPEITIY & 7245 | #EEFIE) args
tuple (5]#C4L) 1 kwargs dict (B8 | # ), AREVEAE vectorcall HEEIA & 3.

HET LB ®EI Py TPFLAGS HAVE VECTORCALL JHAE[F¥itp vectorcall offset i EEIW1E4E
Wi B vectorcallfunc 1) offset AEELAE vectorcall i 5E . 12— M5 H G AR 222 MR FEHE:

typedef PyObject *(*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwnames)

* callable 2 F5 9N B M4

o args j&—fil C 5558 (array), W00 E S BB B 5 MO0 . WRERSI8, SHEET A
& NULL,

o nargsf SN 1R i €419 PY_VECTORCALL_ARGUMENTS_OFFSET JEFE, #1534
nargsf MR EIEIALE S MR, S Pyvectorcal l_NARGS ().

* kwnames J&—MAL 5 BT BSE 725 (A RBIY tuple;  [EV)GEE], 2 kwargs “FULGE . 5884 T
T (str 8 TEER ), FHEMuES AR EER. iREA 755, I8E kwnames
DA NULL A%

PY_VECTORCALL_ARGUMENTS_OFFSET

ANHRAE vectorcall ) nargsf 5| 83 E T HERE, Eﬂﬁ#%ﬁﬂ?ﬂqﬁﬁfﬂjﬁﬂi args 1 WE. [EVgEEE,
args FEMA RIS E 1 ORE 0) . @ERFIY Jy Wb ZHAE R 2 T2 i args [ E’J{E
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¥R PyObject_VectorcallMethod (), iafiEIEM S ZRETGER args [0] B,

B DA DA ST AR A 0 Oy X (R E R A AN SR RS A AL, AR () & R 0y 2 A
PY_VECTORCALL_ARGUMENTS_OFFSET. i& fffi{ & i &l bound method ([EI%E J k) 2 By nl g ny
R IEF AR Ry GE RS L self 513%)
BLOE 0 —f# B AE T vectorcall 1) ¥y {4, i Bk 152 H A o] 0E 0 By 24 — K 6 HeF ] AP g pR K
PyObject_Vectorcall () i EHA RN .

fi [E: f£ CPython 3.8 . vectorcall API Al A#H B p& X B & DA A% BY BH IS ([E) 9 4% F§ 48 fit:
_PyObject_Vectorcall, _Py TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod,
_PyVectorcall_Function. _PyObject_CallOneArg. _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArqg, I 4k, PyObject_VectorcallDict i PA
_PyObject_FastCallDict ZAREML. FLELMITAYER, MEAHKENHLHNES.

iE [EiE
T B mpocal W, wF W #F R W 4 03k [Fl: CPython ¥ R il B tp_call () W 0 € ffi

M Py _EnterRecursiveCall () %ﬂPy_LeaveRecursiveCall ()o

PREERCR, 38 A8 AR vectorcall (1) IF 1Y = R 9P 0l Ty Y 75 2 15 B (4 1 Py_EnterRecursiveCall F

Py_LeaveRecursiveCall ,

Vectorcall 512 API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
45— 18 vectorcall nargsf 5| #5, [HME5 BN EFEEE . HAIFRA

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, MEGEA] PyVectorcall NARGS pRICDAMEMARFEEIE T .
3.8 JBUHTHIA.

vectorcallfunc PyVectorcall_Function (PyObject *op)
R op N H 4% vectoreall 1 (HEZIEIAR LB ok B2 BHIA 238 ), st NULL, &1, [
1 op Wi vectorcall BRAEEE . B RN G5 8 G5

BRELT op 275 1% vectorcall BFEEYR_ S, W PABEEARTE PyVectorcall _Function (op)
= NULL AJE .

3.8 UBTINA.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
WENY callable ¥ vectorcall func, HAED| OB #TS | #4-EIDA tuple F1 dict ¥R 45 7E -

B EMEX, HENRWR At _call WAMEZ MR tp_call WEE. EATM
#xPy TPFLAGS_HAVE_VECTORCALL JHAEF] H & A&riB[n] (fall back) ffiff tp_call,

3.8 WUHTIMA.
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7.2.3 Y0y API

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

TEREE TR WSS EER SR AR .

Rz callable args kwargs
PyObject_Call () PyObject * | tuple dict/NULL
PyObject_CallNoArgs () PyObject * | --- ---
PyObject_CallOneArqg () PyObject * | —{f¥{4: -
PyObject_CallObject () PyObject * | tuple/NULL | ---
PyObject_CallFunction () PyObject * | format ---
PyObject_CallMethod () Pk + char* | format -
PyObject_CallFunctionObjArgs () | PyObject * | W[&5|# —
PyObject_CallMethodObjArgs () ik + %5 B -GIE: -
PyObject_CallMethodNoArgs () Yt + & - —
PyObject_CallMethodOneArg () P + %5 — W12 -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod () 5+ 447 vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
BEME: #a45| A . Part of the Stable ABL FERY—1 W] FERY () Python #1124 callable, [t tuple args fif
HrE T B th 7 kwargs P i 1 BGE 75 1 L

args WhERE] NULL; WNRAFEG[4, i#H—145 wple. WIRANTEBEFSIH, H] kwargs 1] DA
NULL.,

SR S S BlE SR O S | 5% — (8 (5 SNE) R {8 NULL
BEER Python T callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)
Part of the Stable ABI since version 3.10. Wi —{ 7] Y 1% Python ¥ callable [FI AN AATMG 8. &2
AN | BEnY Python ] IERY 44 ) e A R0 5K
B g (A SR s O BROR S | — {1 451 SN ] 8 NULL
3.9 BUBT A

PyObject *PyObject_CallOneArgqg (PyObject *callable, PyObject *arg)
Y — i B RY ) Python #){4: callable [FI5 1E 4 — B 07 B 5 | 9 arg TIEA B S5 | 4L

B R [l 4 IR ol e Ok O 5 | 3 — 1 51 S [ 8 NULL.,
3.9 BCHT A

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)
BEME: #6451 A . Part of the Stable ABL Y —{F a] IFEnY () Python 114 callable, [t H tuple args fit
TG 8. WURRTREEAS 4, I args ATPAE] NULL.

B R [ A SR e A RO | % 31 S [ 8 NULL.,
85 ZHE N Python 4.1 callable (*args) .

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
REMA: #8495 A . Part of the Stable ABL IR —{Wi AT IFY %) Python ¥4 callable, PS8R 541 C
519 EL CHIM Py _Buildvalue () BASHIRA T HRAHEE. #TTAE NULL, FoREHHR
HEAEATS] .
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TR S S BE SR O | 58— 5 SNE) | {8 NULL .
BEE R Python S callable (*args) .

HE, WRIKHEA Pyobject* 58, HlpyObject_CallFunctionObjArgs () s PHE
FOpEiEEN

3.4 JRE R B format FIBIEIC A char * T,

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
BEME: #a45| A . Part of the Stable ABL WERY obj ¥t 4 [E) name 1) method [FIpfh s # a8 19 C 3]
#. B C ¥ Py _Buildvalue () #NFEEANA, [EIEE A8 twple.

# AT PAE) NULL, R [EA TS 3.
B [ A5 SR s S O S | — {1 451 SN ] . NULL .
BEE i Python S obj.name (argl, arg2, ...).

R, WRARRMEA Pyobject* 5|8, HlpyObject_CallMethodObjArgs () &7 — R HHH
B,

3.4 RS name F format IBIEICAE char * T,

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)
BEME: #He93| FA . Part of the Stable ABL PR —{[ 7] BE0U 4 Python #J{4: callable, [t $iiia v 58 1)
PyObject* 5| ¥, JE865 | BUZ DA EAE NULL 4210 . Bt w] 48 (1) 2 BORR L.

ST S S, B7E R ORES | 9 — 8 (5 /NE) =] {8 NULL .
B Python 5 callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
BEE: #FHay5| A .. Part of the Stable ABL FENY Python ¥4 obj H f)—1l method, J A" method 4% %
name ) Python S-ER W45 58 « PP U G & AR B mT 38 Y Pyobject* 518 @285 [ M2 AL EALE
NULL 1% H3a v 5 ) 2 ok it

IR IR B R BORE %— {1 1 S ] {8 NULL,

PyObject *PyObiject_CallMethodNoArgs (PyObject *obj, PyObject ¥*name)
SRS [ SOt Y Python #){4: obj 11— {# method, H:rf method 44 Hi name H1(%) Python 534
A E -

BR[O e O RO | % 31 SNE [ {8 NULL .
3.9 BUHTMA.

PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
Pt — {5 | B arg HunFnt| Python {4 obj Hii)—1fH method, H:H+ method 44 i name H1i) Python
TS E.

SRR R, B SR 3% — {1 1 Sl {8 NULL,
3.9 B

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

I 0y — 1 W] BE 0 (Y Python ¥4 callable, Wi #55| #Bdvectorcallfunc HIFHIE. AR callable 37
B vectorcall, HIJ'B e ELEIFEIERCAE callable H1Y) vectorcall pE =,

B R [l A IR mlofE O B 5 | 3% — 1 31 S [ 8 NULL.
3.9 BUCHT A
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PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
it 27 BT E vectorcall Y& H A RIHE R A2 2L [ BRI Y callable , AR DA i kwdict A% 3UE A B B
FHIH. args [ LS AIE G

MDA TR e, AR TR AT | M EE). R, B sURERE A TERE Iy A —
AR E R 75 | oy it . EENA EEM 5 | By tuple 5 A4 BT

3.9 BUBTINMA.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-
Ject ¥*kwnames)
# [l vectorcall P i 18 £ 5K RE 1Y —1 method. method 4] 4% #% DA Python T ER name WK AEE . HEENY
method (¥ Y {E] args[0], Tii args HNGE args[1] BAAGITFHAF RIARAF IG5 S, LB 2D — (8 {3
B nargsf EMLEE args[0] FEEO B 5| B Bk, WIR args 107 F{E AT AR 6 W5 s R 22
- PY_VECTORCALL_ARGUMENTS_OFFSET. BH#TFT| 8] PAMRLEPyObject Vectorcall () Hi—
FRBAEEA

WY R A Py _TPFLAGS_METHOD_DESCRIPTOR ¥k, 38 M DASE B args 1] R AEE)S | SO ny
unbound method (REFEHE) Pk,

B R [ e A SR ko 2 RO 5 | % — 1 31 S [m] {8 NULL.,
3.9 BUHTMA.

7.2.4 10K iE API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL FIEYI{F o @A ETRFI . QR (2 PTRFny R [l 48 1, oAbl o
i {1 R AN R 2R B

7.3 ¥l

int PyNumber_Check (PyObject *0)
Part of the Stable ABL HIIRXIR o & BACFHIPIL, RIFTE 1, FHWLREE . XA KBRS 18 RN

3.8 MU AE: AR 02— AERTG BRI 1.

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
BwEh: #ragi| A . Part of the Stable ABL 3R[1] of |, o2 FHINPYLER, WHRKM, RIE NULL, )T
Python ik 01 + 02,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
BEME: #He95| A . Part of the Stable ABL iR [5] ol J 7 02 S5 R, MR LN, R[F NULL. Z#HT
Python 1A 01 - o2,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
BEME: #4351 A . Part of the Stable ABL &[0 ol . 02 FHFMILER, R LN, &F NULL, ZMNT
Python A= 01 * o2,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
BEME: #4495 A . Part of the Stable ABI since version 3.7. 3210] ol | o2 AR FFIeIEMIZER, TR I,
&[] NULL. Z5{+F Python Fik® ol @ o2,

3.5 BUHTA.
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PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
BEME: #A495| B . Part of the Stable ABL iR [8] ol [§:DA 02 [0 FECEMIE, MR 8] NULL. X4
F Python Az 01 // o2,

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *¥02)
BEME: ey 3| A . Part of the Stable ABL 1&[0] ol [ DA 02 HEAE A BT DUE , B2 I HH [ NULL,
AR ) AR PR Ry i RO SR AT R AN FTRE LA SRS W 2 BT S, R SCAT
U\%E%/\W/l\ﬁﬁlﬁﬁ@* M E. BEREEEN T Python ik o1 / o2,

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
B #4471 A . Part of the Stable ABL 3&[5] ol [RDA 02 133N HY 4%, WRKN, 1R[] NULL. SE4T
Python A 01 % 02,

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
BEME: #HA5| A . Part of the Stable ABL 2% N B R divmod () » WKL, iR[A] NULL. 4T
Python F3iAx, divmod (01, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
B #a95] A. Part of the Stable ABL i % [ N BB AL pow () o WISRLN, 3R[A] NULL. 24T
Python H1/{J ik pow (01, 02, 03), HH o3 AN, ﬁﬂ%%ﬁ@lﬂ% 03, MFEE APy _None fEH
R (IRE A NULL 2 SEARE NI ) o

PyObject *PyNumber_Negative (PyObject *0)
k@ﬂ'ﬁ #4531 B . Part of the Stable ABL 3&[8] o FfAME, WML, R[] NULL . Z84T Python 3435
2 -0,
PyObject *PyNumber_Positive (PyObject *0)
BEME: #Ha451 A . Part of the Stable ABL 1&[0] o, IR, 1R[8] NULL . 284y T Python ik +o.

PyObject *PyNumber_Absolute (PyObject *0)
BEME: #Hh931 8 . Part of the Stable ABL iR [\] o FYZERHE, AR, 1&[H NULL., Z84T Python 3
A3 abs (o) .

PyObject *PyNumber_Invert (PyObject *0)
BEME: #4951 A . Part of the Stable ABL JR 8] o B U G IIEE R, AR KRI, R[a] NULL. S5
F Python FiK=; ~o,

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
BEfE: #0431 A . Partof the Stable ABL i&[1] ol %% 02 AN ARG IIZESR, WS4, 3R F] NULL, %5
#rF Python FEikz{ 01 << 02,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
BEE: #a95| M. Part of the Stable ABL iR [0 of 5% 02 AN HURFIGRYZER , WIRAKI, & [H] NULL . 4
T Python k=K o1 >> o2,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
BEE: #6951 M. Partof the Stable ABL 3R [H] ol Fll 02 “$efii 57 LR, WIRKK, R[] NULL . 4§
#rF Python k3 o1 & 02,

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
BEME: #a93| Bl . Part of the Stable ABL 1&[0] ol Fll 02 “¥fi57ek” WISEHE, WRAKW, &[F NULL .
ST Python Kik o1 ~ o2,

PyObject *PyNumber_Oxr (PyObject *ol, PyObject *02)
REME: #a4 51 A . Part of the Stable ABL 3R [0 o] Fil 02 “FfrEk” BIZER, W4k, & NULL . 4
#rF Python Fik=X ol | o2,

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
L@ﬁi #6951 8 . Part of the Stable ABL &[0 ol . o2 AHAYEER, WS4, RF] NULL, 24 ol %
Fri, X BHEEEMEN MR 0T Python iF4] ol += o2,
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PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
REME: #ag3]1 A . Part of the Stable ABL & [0] ol . o2 FHMIAZESR, N %N, RE] NULL . 24 ol
Femy, X EE RN EMFER. SFMT Python iEH] ol —= o2,

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
BREME: #8951 A .. Part of the Stable ABL 1R [0] 0ol | 02* fAEa42E R, 4o R KM, AW “NULL“, % *ol
SCREI, XANZR M EMAER . %40 T Python 4] ol *= o2,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
BEME: #Heg5| B . Part of the Stable ABI since version 3.7. IR [8] ol . o2 IR FVE G HILE R, IR %
W, JRIA] NULL o 24 of SCRfI, XAEHERMNEMFLR. SN T Python iff] ol 6= o2.

3.5 BUHTMA.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
BEME: #8951 Ao Part of the Stable ABL 1z[1] ol FDA 02 J51n] FHCEILEA, W2 KM, & [E] NULL,
Mool FFRS, XABEEEMNEMAER. SMT Python iFh) o1 //= o2,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
BEME: #4951 A . Part of the Stable ABL 3&[1] ol DA 02 WIEAER A HEIRME , 30K MR A NULL,
A [ ) AR PRy i AR S A R AN FTRE LA RS W 2 I S8, R AT
%E%/\ﬂﬁ’l‘%&%ﬁﬁ#ﬁlﬂ#’l\ﬁﬁ%ﬁo WIBHAE of CFpRYIME S R3eAT. BBEBEEHT Python i
njol /= o2,

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
BEME: #hy 5| A . Part of the Stable ABL iR [1] ol VA 02 1B-3IM43%L, WHR&M, R[] NULL. Y4 ol
SCRPI, XAMERH M B4R . %40 T Python i541] o1 %= o2.

PyObject *PyNumber_InPlacePower (PyObject *0ol, PyObject *02, PyObject *03)
B #eg5| M. Partof the Stable ABL 152 [N B KA pow () o WRAKM, 1R[a] NULL. 4 ol 3CHF
W, XAEE BRI EMAER. 2 03 2Py _None i, 5T Python ififij ol **= o2; HIMAEH
TAEF AN EREAELE R pow (01, 02, 03) . WIREZME o3, MFEL APy _None (ffANULL £
SEARENAI) o

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
BEME: #6951 A . Partof the Stable ABL 1&[0] ol %% 02 M EUERERIZER, AR, R [F NULL, 24
ol SLFRINy, XAEF EEM N EMAER . ST Python iFh] ol <<= o2.

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
REME: #4951 B . Part of the Stable ABL 3R [1] ol 555 02 AT G 2SR, R AL, 1% [W] NULL, 24
ol SCHFIN, XA BHAEBRMNEMFLI R . SN T Python iff] ol >>= o2,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
BEME: #a45]1 B . Part of the Stable ABL INBHRE] of F1 02 #4757 BI4EF, KMHT R ] NULL,
1 ol SCRFWAIME NIZEAERF R3e AT, 45 Python 4] o1 &= o2.

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)
BEE: #He95| A . Part of the Stable ABL W IEFIR ] o] F1 02 7 ¥ ol AO45 3R, Stz [ NULL,
15 of SRHOATHE FUARMEKE BobdAT. 265 Python 4] o1 A= o2.

PyObject *PyNumber_InPlaceOxr (PyObject *0l, PyObject *02)
BEME: #Ha95]1 B . Part of the Stable ABL I IR Al of F1 02 ” #4788 45 F, SMEtR [A] NULL,
1 ol SCRFRIE NZERAVERF R IAT. F4rT Python i) o1 |= o2.

PyObject *PyNumber_Long (PyObject *0)
BEME: #8971 A . Part of the Stable ABL INETIR [H] o F4f R EFON S S5 455, 2 WHTiR [F] NULL,
T Python ik int (o) .

PyObject *PyNumber_Float (PyObject *0)
WA #7497 M. Part of the Stable ABL HUZHIFIR ] o Feif it fxT GGG, KIIHR ) NULL,
ZEHF Python FFIAX, float (o)
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PyObject *PyNumber__Index (PyObject *0)
L H991A . Partof the Stable ABL HUEIHIZIE o § ek Python int XTS5, SRl
NULL 5| % TypeError J& .,

3.10 fROESE: S5RERN int KM, FEZHIBCAT, SR AIREN int 1T 2RRYSLH

PyObject *PyNumber_ToBase (PyObject *n, int base)
BEME: #ay3| A . Part of the Stable ABL & [H] 355 n 345 R DA base Jy BB FAF R GG R . XA
base ZHLAZ 2, 8, 1083 16 o XfTHE 2, 8, 516 , REIFFAFHRE AN EEBARR 0o,
"0o',or '0x"'. U n ANE Python FPRYEEEL int 2871, w4l PyNumber Tndex () B 5 i H&
eIt

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Part of the Stable ABL 1R o ] DARAREE A — A FEEMR 0] o FARSUN Py_ssize t {H. WIHRTAHKIL,
W23 %SRRI 1.
2R o W] DAREEE L Python /Y int fE{H 236 Py ssize t fHN& 5|k OverflowError, N
exc ZEE NS K R E LA %N IndexError 3f OverflowError), I exc 25 NULL,
D) S 5 22 B B 9T BAE S AR FUB BN BEE BT S PY_SSTZE_T_MIN I 7E Jhy IE B HUN $ 5T ok
PY SSIZE_T MAX.

int PyIndex_Check (PyObject *0)
Part of the Stable ABI since version 3.8. x| 1 T o B—NRG|BE (¥ nb_index F {y IH £ %]
tp_as_number Z5H8{K), SCETEHABTEOLTRE 0. BLRECE &2 AT

4 Fr3miY

int PySequence_Check (PyObject *0)
Part of the Stable ABL fI SR X%} R 2 AL T /7 51 P WG | 1, 5 Wk [0 0. 4 3 & B K8 R
__getitem__() J7yAHY Python JEiR [0 1, ERAFEAIRE dict M1, BFOALEEH N OLT L
JE XSRS A . MR BUE R 2 IIAT .

Py_ssize_t PySequence_Size (PyObject *0)

X
VAT

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL IR A FFH i *o* By R &L, KRIGINFIR ] —1 . 4124 T Python {J len (o) ik
=

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
BEE: #9511 A . Part of the Stable ABL JEIJIRE] of Fl 02 HFHE, JRMHFiR[E] NULL. X4 T
Python 1A o1 + o2,

PyObject *PySequence_Repeat (PyObject *o, P) ssize_t count)
BEME: #8951 A . Part of the Stable ABL iR [n]JFH %14 0 BE count IRINZER, IR [A] NULL, X
T Python £ik30 o * count,

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
VR #a3] . Part of the Stable ABL WIINEIRI of il 02 f9BFH:, JMULIEI NULL. 75 of H
AT DL T B JRAESER. XM T Python Fiksl ol += o2,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
AWE: #He951 A . Part of the Stable ABI. Return the result of repeating sequence object 1% [B] 731 %4 o B
52 count WIEER, RIGIFIRIE] NULL. 1 o SRR 0L R 24 E S R3bsE M. X3 T Python ik

o *= count,

PyObject *PySequence_GetItem (PyObject *o0, Py_ssize_t i)
BEME: #eY5]1 A . Part of the Stable ABL 3R [i] o %5 i 5 70&K, KRR NULL. X% 4} Python
Kk ol[i].
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PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
B #a951 A . Part of the Stable ABL R FHINIG o (1) il 3] i2 (Y] F, IR NULL, X4
#rF Python Fikx o[i1:12]7,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Part of the Stable ABL REXF 5 v WRIEZS o 1% i 50K . KM L5 &R H R -1; BIEHRE 0.
XA T Python ifi4i] o [1] = v. ICEREL RAEUEXT v 19511 .

ISR v o NULL, JCERHOMG, (H2 e 93w i Vi PySequence_DelTtem() .

int PySequence_DelItem (PyObject *o, Py_ssize_t i)
Part of the Stable ABL JHERR?TSE 0 Y25 i SI0E . RIMUIRE] -1, XAI4TF Python ifif] del o[il,

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
Part of the Stable ABL Y5 5% 4 v IRAEZS FF A5 o M il B i2 Y] o IXAH 24T Python i5A] o [11:12]

= V,

int PySequence_DelSlice (PyObject *o0, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL g F 5% 4 o M il 3] i2 fEI . RIGIER ] -1, 364024 F Python 1547 del
ol[il:12],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 3&[9] value 7& o WP IR EL, BIRMH15: o [key] == value WHEMEE. &
MR ] -1 3XAH24F Python 335 0. count (value) .

int PySequence_Contains (PyObject *o0, PyObject *value)
Part of the Stable ABL #7E 0 2B value, TN o PHYIE—TET value, WIRME] 1, FHNRE 0, H
AEmE, J&[E] -1, XAH24TF Python Fikz value in o,

Py_ssize_t PySequence_ Index (PyObject *o, PyObject *value)
Part of the Stable ABL jR[F]25— NG| *i*, At o[i] == value. H4EH}, 38 [A -1 . 4124 F Python f
o.index (value) FiA=.

PyObject *PySequence_List (PyObject *0)
Bt #ag3| A . Part of the Stable ABL R [ —ANFIFR G, HNASFH ST ERN S o MIF], %
i 0] NULL . 3R [0 (51 PRAE R — B R . X241 Python #iA3K 1ist (o),

PyObject *PySequence_Tuple (PyObject *0)
BEME: #ag7| A . Part of the Stable ABL iR [Bl—Todixt g, HNASFH ST EARXSR o MF, 2
WIS IR ] NULL . 2R o Socdl, WPRFaR Wl —ANgr a5, FEH A B0 R I 24 i N A f i — ot
., XM T Python #ih tuple (0) .

PyObject *PySequence_Fast (PyObject *0, const char *m)
BEME: #8951 H . Part of the Stable ABL ) F5 B A1/ 4 o 1N HA PySequence_Fast* B%L
TR R SR A ARAZS R P AN TR, WM&51K TypeError 345 m M IHESCA.
R M3 ] NULL

PySequence_Fast* MEZ I DAXFH a4, @R W EMNSERE o & —PyTupledbject
W PyListobject HHEEVIN o WEIETEL.
YE>k CPython [ SEERAHAT, AR o B4R —AFHNSSN R, TR EERE .

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1t o fiPySequence_Fast () &M H o Al NULL M1 0L R R 1] o KB, W] DA S TE o LA
Hlpysequence_size () RKIKW K/, [H@EPySequence Fast_GET_SIZE () W H NE
I PMBSE o HF KRBT .

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
BEME: AW ?]iﬂ . TF o PySequence Fast () iR H o AN NULL, FfH id ZERS|[JEE NI B
TIRIE 0 B i SITER .
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PyObject **PySequence_Fast_ITEMS (PyObject *0)
iR 1] PyObject $/EHWIC)Z44 . (&% o HPySequence_Fast () &[] H o A~k NULL.
TR, QR R RE )N, B B T RE S FBE (7 items 2. AL, (X2 FRIR SR R 3¢
i T EL T A A 54T

PyObject *PySequence_ITEM (PyObject *o0, Py_ssize_t i)
BEME: #ag51 8. IRE o IS | N ICEBHER IR E] NULL, B HLPySequence GetTtem ()
W, (AASKE o L PySequence_Check () R NEMHE, WAL T SHITIHE.

7.5 BRGHHIY

Z: . PyObject_GetItem()., PyObject_SetItem() 5PyObject_DelItem(),

int PyMapping_Check (PyObject *0)
Part of the Stable ABI- TR RARBE T W U2 SR R R W] 1, IR E 0. HEEERN R
A __getitem () JrikHY Python 2R 1, 7R H TS OL N JCIAR 2 XK P STRAA S, HEpR
s %BJZIJJTJ‘MT
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL I IR BTG o AR, RN R 0] -1, 3XAH 24T Python ik len (
PyObject *PyMapping_GetItemString (PyObject *o, const char *key)

BE A #e451 A . Part of the Stable ABL iR[1] o WX TERFER key ITCE, BUH KRIGHT iR [E] NULL,
XA T Python AR, o [key]. BHiES M also PyObject_GetItem().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Part of the Stable ABL FEXT % o F ¥ F4FH key WL RIME v, RMEHTIR ] -1, X4H24 T Python &)
olkeyl = v, AiiZ W Pyobject_SetTtem ()., WHRE TRIGIMX v 511 .
int PyMapping_DelItem (PyObject *o, PyObject *key)

MHF 5 o R BTG key WM ST, SR MR [B] -1, X #H 24 F Python if 4] del ol[keyl. iX

EpPyobject_DelIltem() H— 5% .

int PyMapping_DelItemString (PyObject *o, const char *key)
MRS o PREBRFAFER key (BT JRIGEFIRIE] — 1. XA T Python 1547 del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Stable ABL 15 ii %t 42 BA B key WAR[E] 1, W3R [E] 00 3XAH24 T Python #2ik= key in
oo MRRHEUEIE ST

B _getitem () Ty ¥KIM A K AR B R ORE 2 BBR WG, EEAR IO % A U

HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
Part of the Stable ABL 115 Wi % R B G 8 key W& A 1, FHWERE] 0, X AH24F Python Fik key in
o BB R 2 AT .

WHEBEAEWMM _getitem () T ¥R A K A2 B R ORE 2 BBR WG, AR U % A 5 i I

FHPyMapping GetItemString ().

PyObject *PyMapping_ Keys (PyObject *0)
BEME: #8451 A . Part of the Stable ABL LI, REINTE o HEEIFF. JMET, R [F NULL,

3.7 WA AEZ WA, R EGR il — 21 ke

PyObject *PyMapping_Values (PyObject *0)
BEME: #a931 A . Part of the Stable ABL [IIH, 1R [EIXE o HAMERFIIZR. KA, &[] NULL,
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3.7 WA AEZ WA, R EGR [l — 21 T

PyObject *PyMapping_Items (PyObject *0)
BEME: #Ha451 . Part of the Stable ABL I, R[EN% o 4 HMHZ, PG NME&EHE— MR
EEMERXT T . RIGET, 3R NULL.

3.7 MRS A AEZ WA, KGR il — 21 e

7.6 EACERIMIY

ERAA P R EL

int PyIter_Check (PyObject *0)
Part of the Stable ABI since version 3.8. U % %F % Return non-zero if the object o W] DA #f % 4= 8 %
Yipyrter_Next () WERMIEHEZAE, HERME 0. MLRECEE 2 RIHAT .

int PyAIter_Check (PyObject *0)
Part of the Stable ABI since version 3.10. YIRI A o P2t T AsyncIterator PPV NEREIHEEE, &N
Ml 0. HERELEE S BIIAT
3.10 BUHFIA.

PyObject *PyIter_Next (PyObject *0)
BREME: #0431 B . Part of the Stable ABL MiEfL2S 0 R[] F—ME. XRUF APy Iter Check ()
AR (FFERA R GATTRA) . WEREA RS, WikE NULL I HARRE R R
IREUR B B A 2R T4, R[] NULL Hf HAZ B 55

BORERGRE — A DEER, C AU MI%A ARG

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

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

}

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

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

Py_DECREF (iterator);

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

}

type PySendResult
HATFFEPyTter Send () BIRFRZERIIMEAE.

3.10 BUHTIA.

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 3.10. ¥ arg {8 % %3 3E 28 iter. 1R [H]:
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* PYGEN_RETURN, WIHEREZRMITE. & E{ESE T presult ikl

* PYGEN_NEXT, WISREAZREBENE . AU E 28T presult g ] .

* PYGEN_ERROR, WIRERZRTIKFHEIITE. presult 2951580 NULL,
3.10 HUHT A

7.7 #£:41%F (Buffer Protocol)

TE Python HvAJ {5 i — 28X G2 o A 3 X0 IK )2 AR B B PR 2% P AU 1) o L 2B R A0 48 9 &Y bytes Al
bytearray AM—21l array.array XA R, S =T W n] RES A THRHARY H T E SCENTH
CRRAL, BN T QA BB 2 BT 4% -

IR P i — R B ORI S, (BEATRA | T BEROR M AP Znh IX SRS I L AL . AR L1
DU, A BT b DX o R ) A

Python PAZZ i #ri3C IEAE C )24 ERE X FERY DI AE . B IL R PANT7 I

o TEAFEX DT, RERMPETATH—A ‘G XN, AL ITFENKZEZMIXER. %%
I 38R EAE Buffer Object Structures —5 713

o TEMSRE M, A IURNITIE AT T PRI R R = A i ha 5 (Blan—AIrikmig2) .«

— BRI bytes Al bytearray SONH A B ATFE NI RIZEMIK . HiTHES T H Al
Jst; Bl arcay.arcay FRATFRGCE T LR ST fH.

S X T 2R EZ 0 — M T2 SO R 1) write () F¥E: AR A] DA% H o — R 935 A 05 v DA
BAIA. BRI write () B TFEX T AT G0 H AR, HALW 3%, @1 readinto () TRESEN
FBARR . B DX AR 4 mT DA Ao idr sl i e 1305 s B R b (X 31

YT O REE, AP SORIRE— B XS0 2
o [ IEFSECRIIH Pyobject_GetBuffer () %L
e W PyArg ParseTuple () (BHEFFFHZ —) HAEA y*, wr or s* 44 X KA FH—A,

FEXPRBFOLS , YA Lo XIS PyBuffer Release () . HIRILERIERI, HEL S84
FRFTRE, 05T JEE O -

7.71 ZRX L

Geuh DX ZEH (e (] BAHAR ) “buffers” ) X T4 “EHI A 5 — XS A JT 45 Python )3 RAERA . B
TR AR DU BL . SERENTS 1 ARG RE Ty, T DA 5) LR A £cdls 22 JT 47 Python A2 f7
B WAFRIT AR C 4 A I — AN KA H A, thn] DURTE L B #1101 2w TR s ah N A 3R
o ] A R AL S AL AR A S A s

45 Python fifREas A TR R ZAREAE KA, S XA JgPyobject 85T RIBRY C 4544, XM EN]
A DAAEHE TR B QA ) . TR G XN iz A AR AR Iy, AT DA —A> M AL E] X4
AR AT g 5 T O R, S R P Ry 2. BERIZE R G, ES

HlPyObject_GetBuffer ().

type Py_buffer

void *buf
18 1) G2 vh X P B AR BB A5 TP R B 38 5T . X 0T DA I RE IS E P HE Y A7 e P AT v 4
Flan, AN st rides {HA]BEFE IR NAFHIO AR R o
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X Fcontiguous , &REET BUEH, (EIR IR NIk

PyObject *obj
X XTSI . &SI BESE A, HFhPyBurfer Release () HER (BI5I T
BOHR) HBEEN NULL, %5 B 24 AR A5 iE C-APL BRI IR [P H -
VBN — PR oL, M T HPyMemoryView FromBuffer () B{PyBuffer FillInfo () {3
) temporary GEfIX, BFESK NULL, 8, SHTSEAEMH L.

Py_ssize_t 1en
product (shape) * itemsize. XFTUESHCHL, SCRHRITEHIYKEE. WA ESRCA,
R EENE R BESFREA, WiKEREAEZKE.
24 2% ob IX 2 i o PR IR 2 2R PR A 3 SR Bk BURE, A D5 ((char *)buf) [0] up to

((char *)buf) [len-1] B A 8. £ K ZHHE BT, WG KK hpyBUF_sTMPLE
B PyBUF_WRITABLE.,

int readonly
R I LR e . BBt PyBUF_WRITABLE FRridaiil.

Py _ssize_t itemsize

BASTER TR (PAFATNEAL) . 5 struct.calesize () M AE NULL format W(EAAIA .

G A Al 3 R A R v K% PyBUF_FORMAT FRi, format 3¢ # A NULL,
{Hitemsize IEA IR ME.

MR shape £1E, MAHZEN product (shape) * itemsize == len {BRIELE, HHETTLA
fifflitemsize S EMIX.

MR shape & NULL, HNE5H-NPyBUF _SIMPLE B PyBUF_WRITABLE 3K, W{#iFH#H UHZ.
B itemsize, HRiX itemsize ==

const char *format
TE struct AHAERIEE R NUL 2478, fR AT N2 . i 2 NuLL, WfEE N "B (L
FF5FN) o
WF B PyBUF_FORMAT Fni& il o

int ndim
AR n R AR, nsRE 0, buf F{MFRFREMEANTH . EXMMIEN T, shape.
strides fllsuboffsets Wilisg NULL ,
%% PyBUF_MAX_NDIM ¥ff KAEFEFRR KN 64, SR PR X AR, 242 b X
F VLB AL P iR £ PyBUF_MAX_NDIM 4Ef .

Py_ssize_t *shape
—MNKE NPy _ssize t W ndim £RAEN n gEEA W NFTEMR . 15 E, shape[0] *

. * shape[ndim-1] * itemsize W% T len,

Shape RSO (PR AE shape(n) >= 0. shapeln] == 0 X HBHEHILE.
B L2A5 Big &/ complex arrays .

shape ZZH X100 H & K i H

Py_ssize_t *strides

—MREAPy_ssize_t BRI ndim 4 1B 17 T EARIEEAS R P e R

Stride A5 B H I AE W DACRARAT R85 . KT BUECE , AP e 4, E2 (1 35 wh A Befg b
¥ strides[n] <= 0 WYIEN. 25 EiES Wcomplex arrays .

strides LX) Pk iz R .

Py_ssize_t *suboffsets

— MK Rndim BB/ Py ssize t BIBEH. W suboffsets[n] >= 0, N n 4E1E6E M
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sedfET, suboffset (EHLE T HERRGH F TR EH N Z D F TR FS o suboffset [, WZIRA
REARERG N (RS NP R ) .

WA TR i (RIZEHHGHTI ), M5 Bubichy NULL - (BOAME)

Python Imaging Library (PIL) s i ] T iX FhSe B Rk T WS lcomplex arrays T fg Qi
MIXFE— DR i ITER
suboffsets FZNS Tl ki 2 H B o

void *internal

P X TR N . bl el AR EALUS AR, H TR MRE, ARIHTEZR R IX
T 2 A5 L AUREI shape., strides Fi1 subofsets 5{4H . 114 % HHE P RAFE % H

7.72 ZEHRXiERYSER

W, litPyobject _GetBuffer () [ X R KBS MIKIEK, W HREZMIX. BT NFRZELE
ok, MReSAMRAKESR, G XMEHE N flags 25036 H RN AL PRIV b X HLARZE AL,

fT A py_buffer FBI iR BRI E L.

S5FRTROFE

PATFBAN Y flags S, HF HAAUE RN IEMI(EIESE: obj, buf, len, itemsize, ndim,

R, #X

PyBUF_WRITABLE
il readonly FE. WUREE T, WLART LMt HRZh X, HERE R,
LR, AT T AR S A H I g X, B A I SR E R oL R B

PyBUF_FORMAT
¥ format SR QAPRRE, MAUERIES 7B HAMMEIL N, HWFB» s NULL,

PyBUF_WRITABLE A]PAFI N —3 0 A EB . T PyBUF_SIMPLE g XK 0, FfPAPYyBUF_WRITABLE
AIPAMER—A S bR, H T iER— R T B % X

PyBUF_FORMAT W] DARi% N T PyBUF_STMPLE Z ANIATAIbRGE . FHE LR T B (AT %
s

K, SR FRBE
P NAFE RS RS IR R L B A1 . R, MRS E S E T A RS .

R Wk | SR | ThBE
R | R

PyBUF_INDIRECT

H = NULL
PyBUF_STRIDES e = u

NULL | NULL

P

PyBUF_ND

PyBUF_SIMPLE NULL | NULL | NULL
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ELEERYIEK

A DA ALK C 5 Foruran i 2% | AAFAATBIRGL. FLABIRGL, Mo XA C-ESH.

AR K | 58 | TREE | 98
PyBUF_C_CONTIGUOUS = | 2 NULL C
PyBUF_F_CONTIGUOUS | e NULL F
PyBUF_ANY_CONTIGUOUS = = NULL Cu F
PyBUF_ND = NULL | NULL C

FAT AT AR R A -7 RS R L 52 2 S I, B X B8 FH R AL i A

PR

HERFEF, URFESMERE L. HEERFUIIRHPyBurfer IsContiguous () PARIEESL:

LB B | viE | FRBE 434 [ readonly [ format
PyBUF_FULL | MREFEME [ U [0 =
PyBUF_FULL_RO =R QURTRERE | U [ 150 [
PyBUF_RECORDS = | NULL U 0 =
PyBUF_RECORDS_RO &R NULL U 180 |
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO =R NULL U 130 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C [ 180 |[NULL
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7.7.3 EZHA
NumPy-R#&: FERFOEIE

NumPy XUEEH B R4 h i temsize . ndim . shape flstrides & X,

AR ndim == 0, buf FREINAEALEBFRE RN R itemsize bR . X, shape flstrides #§
>H NULL.,

W strides iy NULL, WA RFBERE— rfER) n 24E CIESHEA .. B, M 3E R 0 R 77 =
51 n e

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

W BRIk, buf ] PASR ) SRR A AFER A AL ROAL T . i R A AR AT DA 2 R BOR  R oh DX I 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
mrrn
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

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

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

return 0 <= offset+imin and offset+imaxtitemsize <= memlen

PIL-R#E: ek, SIRFIFRBE

B 7RI A8, PIL R R0 o] AL FREF, U ATIR Bl X LE 38 5T A BE B IR E B R — oK. fil
wm, WA =48 CIEF 4 char v(2][2] [3] AIPABEIER — 81 2 > 48K 2 24840 char
(*v[2]) [2][3]. FEFIRBEFERRT, XDIEE AT ARATEDbuL BTk, FR IS AT AL T PIAEAR AT o
B char x[2][3] #(4.

A eREL, 4 n 4ERG TR0 N-D B4 iy NULL 2 RO As BNy, Bk el 454

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;

(Qi¥i#3)
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(R —H)

for (i = 0; i < ndim; 1i++) |
pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];
}
3

return (void*)pointer;

7.7.4 ZHXEXRER

int PyObject_CheckBuffer (PyObject *obj)
WA obj SCRFZEp IXE T, WGRIE] 1, AWGRIE] 0. 3R [0 1 WfAPRIEPyObject_GetBuffer () —EK
o A EE— & VH ) .

int PyObject_GetBuf fer (PyObject *exporter, Py_buffer *view, int flags)
6] 47 B8 A2 /7 SCIRTE K, &I flags 18 5E W N ARSI view. QIR A5 A2 P 1 BESR AL VER 2R 2L Ay G
X, sb4filik PyExc_BufferError, WHE view—>obj A NULL Jfik[H -1,

IS, T view, K view—>ob3 BWAXT exporter HIFTHIM, FHaza] 0. 244G X fe AR e F5if
?Enﬁﬁ@]*"ﬂ%lﬁ view—>obJ W PAG AR AIE exporter (S L2 o [R3F .25 44).

PyObject GetBuffer () WM 5rPyBuffer Release () [ W18 M B, E{LT malloc()
free (). Ht, WHHREBRTHTEEZWX)G, PyBuffer Release () WMARIERIEH—IK.

void PyBuffer_Release (Py_buffer *view)
FE X view FEREBOS LR SLFFR G view—>0b] Wstrong reference (RIEBIG HED . ZeRE0L
WAEGH DN FRAE RIS, A AT RS R A5 R -

LR B AT B v R @i PyObject _GetBuffer () IR, R s,

Py_ssize_t PyBuffer_ SizeFromFormat (const char *format)

B itemsize HREEH format o WIRMH, SMASFHIHRE -1,
3.9 BUHTMA.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
R view E X NTEs2 C XA& (order &y 'C') BY Fortran X4& (order 2 "F') contiguous 8§12z —
(order /& 'A'), WERME 1, FHWERE 0. ZEEUE 2.

void *PyBuffer GetPointer (Py buffer *view, Py ssize_t *indices)
Yy _ Y )

FREUA E view NI indices Fr ¥R IAIINAEX I8, indices WhiFg ] —A view—>ndim &5 | 5.

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf E%IJ 1'43 S len FATE] view o fort WPAE 'C B P (W T C KUAEEL Fortran XUAE IR )T ) »
JIRZI[:N B , BRI IR ] -

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre S len “FATE] buf , BURTESEFATRIIER . order ATPAE "C B "FT B A (KT C KUK
Fortran WUk A7 SO AR R —Fh) o IR [E] O, A IR A] -

TR len = sre->len W 1 R FICRF A4 -

void PyBuffer_ FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)
25 B AR contiguous FTEREA (AN order fy ' C ' WK C XH%, UNSE: order ) 'F' N2k Fortran JX|
16) HRIHFT strides 2, BAITRBALHEN T
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int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int

flags)
SRR E XK, ZSHEFENTITKNH len B buf , FHARYE readonly Y& W] 54 . bug
PRRREN — DT F 175 .
BEY flags FoRiRINEAL. LR BRI flag 16N A A view, BRAE buf Bk Rk, I H. flag
it E T PyBUF_WRITABLE Ffii.
LIS, K view—>o0bg W N exporter W51, iR 0, BN, 5|k PyExc_BufferError ,
view—>obj A NULL, Ffik[H] -1,
N5 I R BT A getbufferproc W—34r, W exporter WoM ik BRSNS, I HAAIAE KRB IE LT

1&35 flags. BN, exporter Yol J& NULLS,

7.8 EX ;415 F (Buffer Protocol)

3.0 it EEA.

XL A Python 2 7t “IHZEnb i APLAYZLIGHR S o £ Python 3 1, BUMMYCASIAFAE , (HIXLE R %01
IR AT ATERS AR 2.x (ARG . BRI AE#T 22 oF Pl AR MRS, (H BRI BT 1 B )R
SRAEXT T ARG AL i o D

HIt, WFIREHHPyobject _GetBuffer () (EMAPyArg ParseTuple () BREUGEMH y* B w* # X,
ALY SRFRI— X R B rh R, HAEZ s R B il PyBuffer Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 1R [m]— /M i) o] VR BT A5 A0 AR R BENAFHILIE 1T . obj SRL TS
BOPAF MR . IR 0, K buffer BN NAFHIIEFFFf buffer_len B Zem KA EE . A Ik o]

-1 H&KE— TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 3% [al—N& ) {0 &AL R EC 1) K N AFHBIE R85 . obj SR IISCRp FRBR] 1252
T IR 0, K buffer W NFFHBIETFFF buffer_len Bk G KA E o I IR ] -1 FFUCE:

—/> TypeError,

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL IR o SCHF LB BEGevh 4 L AR [A] 1. 703K [E] 0. R AL 2 2 AT -
TR R B S Z R BOF R — o X, I LA 0 17 e B0 ) A A 1) S i i Bl BRI
SRR AN Bl PyOb ject_GetBuffer ().

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

Part of the Stable ABL 3R [l — A [i] o] 5 A7 I A9 EE . obj AN SRR LB A 2o 422 1 o B DI 3R [
0, X buffer BN WAFHIILFF RS buffer_len BN XK JE . HEEIHIRI -1 5 —4> TypeError,
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BEFRXRE

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

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

8.1 BRIt

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

8.1.1 AEIWKR

type PyTypeObiject
Part of the Limited API (as an opaque struct). T4 () C 458 TF-HiAR built-in 287
PyTypeObject PyType_Type
Part of the Stable ABL. 1% 28T type %1411 type object, EFE Python 2T type Al RIHIRT % .
int PyType_Check (PyObject *0)
WERXS G 0 & —NRAN G, WFEIRA: AARMESR BN R B GIUNR [ HE R . ErE HEHIT
HRIRIA] O, 1 bR R 2 AT -
int PyType_CheckExact (PyObject *0)
MRS 0 R—DRANG, (HARFAMHERBXT RN 7RBNR EEHERE. TETA HEFIL T AR
0. JHERECR SR AT
unsigned int PyType_ClearCache ()
Part of the Stable ABL {75 WA G A7 IR ] 4 i iR A1 25
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unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Stable ABL i&[0] type fjtp_flags . MR E &R G Py_LIMITED_APT fifH; FRjl
AR L 2 PRAE A Python AT BIPRFREEE , (EXStp_flags ARHRTTHIFAZZIR APL A —
i
3.2 A
3.4 i SR R EIZEFPIAE R unsigned long MAR long.

void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL %A Je H Ay 12BN IR B R AF R AL R B ERHZ 2B Y e P 5L
S SRR R T A= P

int PyType_HasFeature (PyTypeObject *o, int feature)
WRIEAUNS G 0 BEE T HEME feature WIRWHETAE . RAVRHE & B4 URHO AR R RN Y

int PyType_IS_GC (PyTypeObject *0)
URAR SIS R AL XA BRS¢ ) S35 DU ] LA 5 MARBARPy_TPFLAGS_HAVE_GC.

int PyType_IsSubtype (Py TypeOb]ect *a, PyTypeObject *b)
Part of the Stable ABL W15 a }2 b ) T- 2B 3% 0] BH.

W AR AL R, XEWHE __subclasscheck__ () A&FE b L. 1
HPyobject_IsSubclass () FMATH issubclass () M FERE .

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
BEME: #ag3| B, Part of the Stable ABL 2B 51 t p_alloc B A FE A . 5 A Python
AR RN A 23 BEATL AR SR 20 e — AN B S B -1 L BIrA IN 5 I B4k NULL

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
B Fray 3| M. Part of the Stable ABL UV R tp_new ALY T AL BEAIAR . 1 (0T 8 2L
Wtp_alloc HERLEEIE—HIYSLH.

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL FgZAb—ANIEAUN G X)W AL P JEAUN 52 ER I DASE BUE TR AT IR 1L . BERR
B 75— DR B US IR AR R AL iR [a] 0, SO AR AR IR ] -1 FFRE— D7 .

) AR ARSI T GC M LT R AL 2R B Y AR R R G Py TPFLAGS_HAVE_GC, W
A fﬁJ/‘}\ﬁQ%%fﬂ GC ¥Ms. M, AR KRB bR R 0GPy TPFLAGS HAVE_GC
e B CEEEN o traverse AR SZEE GC #i,

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. 1R [W fEAEIELE EREAI IR EEEE . SRR NULL, NIFERREL
FAZFEAA NULL, sCEZREOR A T OIES: . Ji 7l 5 ER 45 R TR 4 313 ﬁ (e
o,

5%/ PyType_Slot.slot & A Y slor ZHUE.
3.4 JUHTHIA.
3.10 R SE&#: Py Type GetSlot () BIAEAT AR FTARAL, TR B, BERBRGI M6 LT,

PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. 1k [0 24{fi [l Py Type_ FromModuleAndSpec () BlIEHI T 5
B 45 KRBT 52

ﬁn%‘&ﬁ KRB, W% TypeError &[] NULL,

RO B W M M T R By o CORT e BB W R E X RO,
PyType GetModule (Py_TYPE (self)) A A < iR [ Fi 81 Y 45 B, Py_TYPE (self) W DA &
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HARER—A F X, M FIGFA—E 270 5 H BRI AR b E XK. #iZFpycMethod T f#
U ARIBOT 7 SUTERI S

3.9 BCHTIA.

void *PyType_GetModuleState (PyTypeObject *type)
Part of the Stable ABI since version 3.10. R [n] ZXELF| A E R BRIT R RES. X —1
IEPyType_GetModule () HIZEHR FIH PyModule GetState () BIHREE T,

QISR FBRRN 4 KRB, WS E TypeError IR [A] NULL,
SR rype A FRBRABHE RS NULL, WERE] NULL HANGRE 5595
3.9 JUHImA.

BB SRR

T R BRSSP AT BT R B A

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
BWEMA: #9518 . Part of the Stable ABI since version 3.10. 1{4% spec (Py_TPFLAGS_HEAPTYPE) |
IRl —A R A,

bases ZH W K AR B HZ B LR AR Z A RA A oL, W bases iy NULL, T4
Py_tp_bases &1L, WNFAZAE L NULL, WIS Py_p_base ¥V . WA ZAE LR FE A NULL,
A IRAE H object,

module Z ] G I RAL B I E IERIRIL . B2 — IR S 80 NULL, #I5RA N NULL,
W RARR 2 B R IR BT 2R B B AE 2 JEdid Py Type_GetModule () BRI XA RIKBLHA T
TRYK; BN IEMETE .

BB B AR R LR Py Type_Ready () .

3.9 JHTIA.

3.10 R AE: LR BOIAER 32— D SEAE N bases BRI %52 NULL 12 tp_doc f{i.
PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Ao fE: #H o8y 7] M.  Part of the Stable ABI since version 3.3. 2 g w
PyType_FromModuleAndSpec (NULL, spec, bases),
3.3 BCHTNA.

PyObject *PyType_FromSpec (PyType_Spec *spec)
BWE: #ey 5| A . Part of the Stable ABL ZE X PyType_FromSpecWithBases (spec, NULL).

type PyType_Spec
Part of the Stable ABI (including all members). & X — 2B R H S5 14 o

const char *PyType_ Spec.name
RAEGFR, FFRIKEPyTypeObject . tp_name,

int PyType_Spec.basicsize

int PyType_Spec.itemsize
PLFE B R RS2 KN, F R EPyTypeObject.tp_basicsize flPyTypeObject.
tp_itemsize,
int PyType_Spec. flags
Rk, MR EPyTypeObject.tp_flags.,
R KR E Py_TPFLAGS_HEAPTYPE jiEbr, WPyType FromSpecWithBases () £ HalkE

od

Eo
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PyType_Slot *PyType_Spec.slots
PyType_Slot Z5AIAINEE . PARPRRERI(E {0, NULL} RE5R.

type PyType_Slot
Part of the Stable ABI (including all members). E L — BB R] I GER 45K, B&—AFE7 ID fil—
A
METRER .

int PyType_Slot.slot
i D,

oy ID W 2% % 1B B 45 W KpPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods MIPyAsyncMethods W] F B %44 Mt in
—ANPy_ Hi%k. ZBIRUL, (HH:

e Py_tp_dealloc KB PyTypeObject.tp _dealloc

* Py_nb_add iX&PyNumberMethods.nb_add

e Py_sq_length B PySequenceMethods.sq_length
THFESE TS Py Type_Spec fll PyType_Slot HikH:

* tp_dict

* tp_mro

* tp_cache

* tp_subclasses

* tp_weaklist

* tp_vectorcall

» tp weaklistoffset (&L PyMemberDef)

e tp_dictoffset (ZU,PyMemberDef)

e tp_vectorcall_offset (£ PyMemberDef)
THIFEAEZIR AP T ILiEMifl Py Type_Spec fll PyType_Slot Hikt'#:

s bf getbuffer

e bf releasebuffer

B Py_tp_bases B Py_tp_base {ERLT-A LATHELAT UM, 4 T FIE, i
H PyType_FromSpecWithBases () H bases 5],

3.9 i 5#: pyBufferprocs WAL AT ESAEAZ IR APT G E .

void *PyType_Slot.pfunc
AU TERZEFIL T, e — 8 R A a5

Py_tp_doc PAAMNKAE IR AT A NULL.
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8.1.2 None ¥4

WYER, None fJPyTypeOb ject A HAEFE Python / C API H/AFF. fT None ZHf, WX EARR (#8
CHffif ==) MEWT. ATHFEMER, %4 PyNone_Check () ML,
PyObject *Py_None

Python None X%, FIRBZ(H. XNMMRVATE. EFEEFIIITE—HA BT AR .

Py_RETURN_NONE

IRk H C BN Py_None iRkl (tghieii, i None i3 T EOFIERIE.)

8.2 B{EMIF

8.2.1 BRI

JI A BRSO S BN K AT R R B 52

TE A5 B, KZ ¥ PyLong_As* API #f <>k o] (return type)-1, X S5HFEREX I R
HPyErr Occurred () FRHIPAXS .

type PyLongObiject
Part of the Limited API (as an opaque struct). 37 Python BE W4 1 pyobject T8,

PyTypeObject PyLong_Type
Part of the Stable ABIL. X1~PyTypeObject B 8 Python [EEE2EH . 5 Python 155 WY int #H
]

int PyLong_Check (PyObject *p)
RS KR PyLongObject B{PyLongObject W18, WA True. ek %—EBEW AT o

int PyLong_CheckExact (PyObject *p)
WRHSHUR T PyLongObject, {ARZEPyLongObject W FRBNIR M E(E. MR RS M
17

PyObject *PyLong_FromLong (long v)
BWEE: #8951 8 . Part of the Stable ABL B v iR Bl — N Py LongObject X4, SRR [A] NULL .

LHT SIS G — DN IEEO R, BE -5 Rl 256 Z AT A BEEON S . A1 — LT X
fY int 15, SEBRAEIAYRE 2N EA X RIIT .

PyObject *PyLong_FromUnsignedLong (unsigned long v)
BRWEMA: #8931 . Part of the Stable ABL E:F C unsigned long iR —/A#PyLongObject %f
%, KR E] NULL,

PyObject *PyLong_FromSsize_t (Py_ssize_t v)
BWEME: #HHy51 A . Part of the Stable ABL. ] C Py_ssize t RE|—HiPyLongObject X4, &
Atk [B] NULL

PyObject *PyLong_FromSize_t (size_t v)
BEME: #a45| A . Part of the Stable ABL ] C size_t iR[E—AHHPyLongObject X4, KRKNIIR
[H] NULL .

PyObject *PyLong_FromLongLong (long long v)
BEME: #4351 A . Part of the Stable ABL ET C long long iR[E[—ANHiPyLongObject, SR
iR "] NULL,

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Be i #4849 5] B . Part of the Stable ABL J&F Cunsigned long longiR[E—A~#¥PyLongObject
X, KRR NULL,
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PyObject *PyLong_FromDouble (double v)
BEME: #4951 A . Partof the Stable ABL H v i EEEER /3R Ml — N Py LongObject X145, KM
iR [A] NULL ,

PyObject *PyLong_FromString (const char *str, char **pend, int base)
BEME: #He 5| B . Part of the Stable ABL 1R4E str FFEBEIR [l — PN PyLongObject , base ¥&5E
TREEL . AR pend AR NULL , W MHpend $E4818] str R EEFHRI> RTS8 — N4 Q2R base
0, st KER A integers [ E L HEATARRE; XN AR+ UEH B B ST 2% valueError o QIR
base AN 0, WIZRAET 2 Fl 36 Z 8] (£ 2 F1 36) . FEZ 5 KAXTZ I HT S 2548 . BT QIR 200
WRANFAEET, ik ValueError,

=%

Python 53 int .to_bytes () fll int.from_bytes () T PyLongObject B/ FTE L 2 18] A
256 NEBIATHAH . IRATAE I PyObject_callMethod () I CTAHIEA].

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
B #ag 7l A . FFFATH u Y Unicode 3057 91 42 Python BEEL(H .

3.3 BUHTMA.

PyObject *PyLong_FromVoidPtr (void *p)
B w fE: # ey 3l .  Part of the Stable ABL M #8 4 p €] Z# — 4> Python # ¥. W] DA i
M PyLong AsvVoidPtr () R MFEEHE.

long PyLong_AsLong (PyObject *obj)
Part of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject, first
callits __index__ () method (if present) to convertittoa PyLongObject.

W2k obj BMEME T Long BHETER N &5 % OverflowError,
HAENLRE -1 . HEHPyErr_Occurred () $&H B A& AR,

3.8 M AE: QRFIFFEA] __index_ ().

3.10 JiRBEAE: AMECAHEMN __int__ 0O

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject, first
callits __index___ () method (if present) to convertittoa PyLongObject.

R obj PEKT LONG_MAX B{/NT* LONG_MIN, W2 *overflow 43 I E Ay “1¢ 8 -1, Hakl 15 &
W, X *overflow E R 0. WA A AEHADTE, W SHEIL “overflow B 0, HaRME -1,

HEENERE] -1 . A PyErr Occurred () #H B4R FE,
3.8 MU AE: AR AR __index__ ().
3.10 JUEEE: ARBAFAEN __int__ (O .

long long PyLong_AsLongLong (PyObject *obj)
Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index___ () method (if present) to convert it to a PyLongObject.

2k obj (S long long HUEIERIM 5] % OverflowError,
HAENERIE] -1 o §i§PyEre_Occurred () R BRI,

3.8 B AE: QERTINRFE] __index_ ().

3.10 JOEE A ABRECATMEM _int__ () .

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.
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a4 obj W(E KT LLONG_MAX S{/NT LLONG_MIN, NHZHHEF “overflow 2B 1 8% -1, FikA]
-1, WK #overflow Eky 0. Q1SR & HAh 3 W *overflow M 0 1% 18] -1,

HAeENRE -1 . EHPyErr Occurred () $RH EARE,
3.2 JRHTIA.

3.8 A QERFIRFEA] __index_ ().

3.10 B AE: ARBAHMH __int__ 0O .

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Part of the Stable ABL. iR 8] pylong i) C 5= Py_ssize_t B3, pylong W& PyLongObject HISEH.

R pylong HMEHE L TPy _ssize_t [HETEHE N 5] % OverflowError,
AR -1 o WHPyErr_Occurred () i HARPEL

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
Part of the Stable ABL. j&[1] pylong i) Cunsigned long F/RIEI . pylong WiiiEPyLongObject BSE
Bl

W pylong H{EABH T unsigned long WEYETEE N 45|k OverflowError,
HEERFRE] (unsigned long) -1, {EFIHPyErr Occurred () PEREAAK ),

size_t PyLong_AsSize_t (PyObject *pylong)
Part of the Stable ABI. iR 1] pylong W C 1E5 size_t B3, pylong Wiiij&PyLongObject HISEH.,

IR pylong WEAATE T size_t MBMETEE N &5 % OverflowError,
HAEHTR ] (size_t) -1, HFIHPyErr_Occurred () HEHl R &,

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
Part of the Stable ABL & [\] pylong ) Cunsigned long long FR/RIEI. pylong Wi PyLongObject
I SE B

W pylong H{EARH unsigned long long WYEUHTEE 45| % OverflowError.,
HEERRE (unsigned long long) -1, #EFIfPyErr Occurred () HEH| A4 b,
3.1 S5 BIAE pylong NN {ES KL OverflowError, A TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Fart of the Stable ABL Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

R obj WEMEH T unsigned long RYMUETEME, WRFHZ(EXT ULONG_MAX + 1 RAELHIAREL.
4SRRI (unsigned long) -1, MM PyErr_Occurred () HEHIEKMIE,

3.8 i s AR HRHE A __index__ ().

3.10 fRCH AR ARBCRFEN __int__ () .

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Part of the Stable ABIL Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

s obj BMEMH T unsigned long long WJHBUEFEE, WEREHZEXT ULLONG_MAX + 1 KRR

HEERTIR[E (unsigned long long) -1, iEAIHPyErr_Occurred () ¥ B HAK b,
3.8 JiEEAE: QIR AT AR __index_ ().
3.10 HUEE S ARECATMN __int_ () .

8.2. Bi{EYIH 113



The Python/C API, £[F 3.10.13

double PyLong_AsDouble (PyObject *pylong)
Part of the Stable ABIL. 1% [\] pylong [] C double FEREK . pylong Vil ZPyLongObject ML .

sk pylong BI{EHEHE T double FYHUEIEREIM 5] % OverflowError,
AR E ~1.0 , WRIHPyErr_Occurred () el R4 m]H,

void *PyLong_AsVoidPtr (PyObject *pylong)
Part of the Stable ABL. #—> Python 3%y pylong ¥4k C void 384t. ISR pylong ToyEWE L, ¥
51k overflowError. XH@HN TRIEFEIL PyLong FromvoidpPtr () QIEME 4 — 7T 1Y
void F§4T

AR I NULL, A PyErr_Occurred () Bl H A .

8.2.2 Boolean (fi#k) ¥k

Python "1 boolean & ARS8 FHHEML R E B . HA Py_False fll Py_True Wiffl boolean, [ t— i)
ST ANE R 2 EAS 18 1 7 boolean., {H 31 E 4E (macro) 42 1] Y.

int PyBool_Check (PyObject *0)
2R o AUENE] PyBool _Type HIFMEEUA . IR =UA2 & AT .

PyObject *Py_False
Python (] False ¥, WWIHEIHILM k. (3 M (reference) T8 E b ZH A R MBI FR I IR
7

PyObject *Py_True
Python ) True YJft. MWHFEG M. 162 BEHEC R E R — Bk R

Py_RETURN_FALSE
el py_False, [FHEEMHINE RS G

Py_RETURN_TRUE
R EE py_True, [EHEEMHINTNS A

PyObject *PyBool_FromLong (long v)

BWEE: #a45| A . Part of the Stable ABL 48 v [ B EXE K [0 —1@ Py_True 5(3# Py_False WJ#
ZH8,

8.2.3 FE& (Floating Point) ¥4

type PyFloatObject
XA CRApyobject (1§ AM L4 Python F FH L.

PyTypeObject PyFloat_Type
Part of the Stable ABL X2 g T C 2Py Typeobject B Python J# 52 B 56, £ Python |2
MHHYZRA float [/ — X4,

int PyFloat_Check (PyObject *p)
WREMSER—PyFloatObject B PyFloatobject MTIANR I EAH. HREEZ 2K
A7

int PyFloat_CheckExact (PyObject *p)
WMRENSHR— A PyFloatObject (HAREPyFloatObject K THRBNLR M EAE . IR
AT

PyObject *PyFloat_FromString (PyObject *str)
REME: #He95| A . Part of the Stable ABL HRIRFEFEE sor (EA B —PyFloatObject, SRR [H]
NULL,

P
Dl
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PyObject *PyFloat_FromDouble (double v)
BREME: #a451 A . Part of the Stable ABL #if# v Al —PyFloatObject ¥4, MR [ NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the Stable ABIL Return a C double representation of the contents of pyfloat. If pyfloat is not a Python
floating point object but has a ___float__ () method, this method will first be called to convert pyfloat into a
float. If _ _float__ () is not defined then it falls back to __index__ (). This method returns —1 .0 upon
failure, so one should call PyErr_ Occurred () to check for errors.

3.8 M AE: WERAT RN __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
&[] pyfloat ] C double FRIB, (HAHFH AR .

PyObject *PyFloat_GetInfo (void)
BWE: #8951 8 . Part of the Stable ABL & [a]—~> structseq S5%1], @57 5 float 1S )E . H/IME
R RAEMAEE .. Bk float . h —ANRI AL

double PyFloat_GetMax ()
Part of the Stable ABI. 1[0 C double LR 5 KT FnA BRIFE S %L DBL_MAX .

double PyFloat_GetMin ()
Part of the Stable ABI. 12 [\] C double JER i/ MNEMULIETE 5% DBL_MIN

8.2.4 BHMR

M CAPL %, Python [N G2 i PSR » SE B : — 2 FE Python A2 )3l il 1) Python X4, 55 MY
MR EIEESEY) C Z5H1k . APTHRAE T s B M AR # .

TREHW C &k

it ST R R IR X LR A S RO U R IR I R A, #R AL “E” A5 ReET. el
i AN APL

type Py_complex
R — X Python RO ST /Y C SR . 4 K734k BRAZ HEO0T 52 1) R B5GHT X 28 B A 2544
WA A SCE A, el S8 -

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

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

REIPHAZ LA, ] CRBPy complex IR,

Py_complex _Py_c_dif£f (Py_complex left, Py_complex right)
REIPAE RN 2, ] CRABPy complex RN,

Py_complex _Py_c_neg (Py_complex num)

R SR num §5AE, ] C Py_complex FR.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REPAEZH R, B CERPy complex FiR.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R AT, H C KAPy_complex FiR.

W divisor 2S5, EANITEIREBIZEHRE errno S5 EDOM,
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Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R [B] num ) exp K&, ] C2EABpy complex TN,

U2 num s B exp AGRIESERL, XA iR A FHBLE errno 24 EDOM.

FRE#HH) Python &

type PyComplexObject
XA CEAryobject HTIAAFK—4> Python ZHXIR .

PyTypeObject PyComplex_Type
Part of the Stable ABL X @4~ T Py Typeobject R Python S H AR SLH . 7E Python JZTHIfY K
A complex Jg[il—XI4R.

int PyComplex_Check (PyObject *p)
MR ERSEE—APyComplexObject B PyComplexObject WFERIMR M E . IR 2
ST .

int PyComplex_CheckExact (PyObject *p)
IR ERSHR— 1 PyComplexObject (AR PyComplexObject MFIRAMLR I HAH . HLpRELE.
e WINPT .

PyObject *PyComplex_FromCComplex (Py_complex v)
Bl #agilA. M CRRry complex MEAM—THTHY Python ZEN 4.

PyObject *PyComplex_FromDoubles (double real, double imag)
BEMA: #9351 . Part of the Stable ABL HR4E real F1 imag iR 8]l —~8i ) C 258 pyComplexObject
PO -3

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABL. PA C 252 double iR |1 op 55K,

double PyComplex_TImagAsDouble (PyObject *op)
Part of the Stable ABL PA C 2% double &1 op FIREHT.

Py_complex PyComplex_AsCComplex (PyObject *op)
RIS E op 1) CHERLPy_complex {H.

Uk op Ajg—A> Python RN G, HIEAA __complex () Jiik, WIrAHECPIAM,

op ¥k —> Python E 4. W __complex_ () K& XMKFFELHRE _ float_ (), WIS
__float__ () REXNPEEEEZE __ index__ (). WKW, W ERRRE] -1.0 fER525E.

3.8 Ji A WA T AR __index_ ()

8.3 Rl

FPAURS R I — R AR AT —F e s A9 7/0 4 Python 155 A IR 2R B P FI &R
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8.3.1 bytes W&

XL R B B P — AT RS E A T — MRS BRI 251 % TypeError,

type PyBytesObject
Xfpyobject HTIAKR—> Python FATXIR
PyTypeObject PyBytes_Type
Part of the Stable ABL. Py TypeObject BJSEHILF— Python 5258, ¥ Python ZH'E 5 bytes &
FRIF R
int PyBytes_Check (PyObject *0)
WX 0 /21> bytes XTGBT bytes AU AU Y S MR M B . bR U2 2 AT
int PyBytes_CheckExact (PyObject *0)
MRG0 22— bytes MG ME A2 bytes ZRAU [T 2RAU Y S B W& [M ELAE . R AR R 2 2 AT
PyObject *PyBytes_FromString (const char *v)
@ #4931 Bl Part of the Stable ABL WENHER] AR v BRI MR x4, 2%
Wf iR Ml NULL, JEZ: v AFH NULL; BEASPHA.
PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
BEME: #Hey5IH . Part of the Stable ABL I & [A]— D PAFARFER v I EIASHE HACEEN len 1957
TEHAER, KRR E NULL, Q15 v o4 NULL, ARG LT T ER X G N2 .
PyObject *PyBytes_FromFormat (const char *format, ...)
REME: #a451 B .. Part of the Stable ABL 52—~ Cprint £ () K& format 4RI 225081 2
B, PHEELER Python FATHRRER I K/NIFIR I SHE AR AR IO T RS, ARG SR
192y C KATF HALJUE IS formart “F A7 PAR P AFARXT R . SRV R B A

%% n/a % FAF

$c int —AFAT, WERN A CilEE R

sd int SZE print £ ("°/d") T

su unsigned int LB print £ ("su") .t

$1d long SEN printf (S d") I

$1lu unsigned long | ZE{E A print £ ("$1u").!

$zd Py ssize t | Z{EN printf ("%zd").!

Szu size_t SN printf ("Szu") !

$i int SEfEA print £ ("%1i") T

$x int ZEMEA print £ ("%$x") .

$s const char* PA null 52 1F5500 C FAF54 .

$p const void* —A~ CHE M T ABE R RIER . HASEN T print £ ("sp") HE
SHRRAFTEE 0x J13k, NRRGT-& L print £ i H 24

g‘%iﬂ%ﬂE@i‘%iﬁ??@%@ﬁ%’f&iﬁ?ﬁ%EI’J HARPrA WEERER HEISERN R, HEFTAZ RS

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
BEME: #8935 A .. Part of the Stable ABL. 5 PyBytes_FromFormat () SE&MF, BT ESFEWHR IS
5.

PyObject *PyBytes_FromObject (PyObject *0)
B #a471 A . Part of the Stable ABL iR [a] 75 /R S B o XL RT S *o*.

DXL (d, u, 1d, Lo, ozd, zu, i, x) MEGHUREER, O F R AR .
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Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL & [A] 5 %4 *o* Hrg i i,

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
RIAM PyBytes_size () [HZ2AFHEBAG .

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL iR [IXS . o BJINZSIIFEET . ZIR5H 5 M o FINTFZM X, Ho{l& len(o) +
LT G RNEE M FENEENT, AMee R =74 e A e R
Bk, BRAEENIfEH PyBytes_FromStringAndSize (NULL, size) GIEHZNE. B AIHERES
Bio R o MAMN G —PDFEATERERXS, MpyBytes_AsString () $fikla] NULL }5| &K TypeError.

char *PyBytes_AS_STRING (PyObject *string)
FIRAR PyBytes_AsString () AN DA .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABL 3@ 1%y 445 & buffer Fl length 3R [5] DA null k2 - FFHI% 5 obj HIINZ .

WIS length 2y NULL, “FHHX QAT AR ZES T AR EE, WZRECR R R -1 951 %

ValueError,

SRR IXAE ] obj WINFRZEM, ERREAS — MM T (NRAE length 24rr) o ZEHEA T
AR T 2ok B, BRAFRRIMET PyBytes_FromStringAndSize (NULL, size) @I#ZNER. &
AT /L. AR obj IRANE —DNFATRXNLR, WPryBytes AsStringAndsSize () FfRME] -1
H5| Kk TypeError.

3.5 MU AE: DART, 55RO H BUR AR 2 F A5 & TypeError.,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL ¥E *bytes EIZEFAITATEREN S, HAEHRME] bytes ) newpart WIINZS; T
FRFRATHIT I o X bytes AR RS AR Ml . QAR TSRS, X bytes WIHT | TSR 2 3¢
H. *bytes WERF N NULL; HRFREIE Y1) 745 .

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

Part of the Stable ABL fE *bytes F G| — P H X%, HAEEIINE] bytes i) newpart 1 N %
PR AKFREIT newpart [strong reference (BRI IEIHE 0D

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
SR FAT RN —FP 73, BIEHCY AT RY . oy SN TR S AT e 4 IR
AT ERTEAUAD Y HAB T E AR T 5 500 AR A1 BRI 5 I THEOR S — DU Jt e 4
R A DA TR RIS Ivalue (BEFTRESWEA), HEAGEH RN L)
W, *bytes FEAFHCAE R ING I FATHXTR IR E] 05 *byres iy Mk W] G855 H i AMEANIR] A0 555
IHCRIG, W) *bytes bR JET AT R RAG YIS WL, *bytes WA NULL, [A]Mfi E MemoryError
FHigm -1,

8.3.2 FHMAMR

type PyByteArrayObject
XAPyobject B TRAEIR—A> Python FAT X4 .

PyTypeObject PyByteArray_ Type
Part of the Stable ABIL Python bytearray 2% % %/ HPyTypeObject ) 5ZHl; X 5 Python )2 i 1Y
bytearray ;@M R X4,
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KEEE

M

int PyByteArray_Check (PyObject *0)
WERRIR o0 &—A> bytearray X G5 # bytearray JEA %) 5~ AU 1) SLBI M 8] ELAR . pR AR R 2 2 A

7.

int PyByteArray_CheckExact (PyObject *0)
WERXS G 0 72—~ bytearray X} R{HAJ2 bytearray ZEAU ) 1A SLH W M EAE . BEER LR 2 2 80
AT

Ei## APl R#

PyObject *PyByteArray_FromObject (PyObject *0)
RwEMA: #8451 F . Part of the Stable ABL ARFALAT LI T 22 o 3L BRI 0, IR IE— AN 715 4
HXTH

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
BEME: #HH45]1 8 . Part of the Stable ABL AR3% string ] HAC i len B 7t—N 3517 bytearray %42 . 244
IR M) NULL,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
BEME: #0971 Ao Part of the Stable ABL HE"FH7 A a Fl b IFIR nl— A S5 R 10 75 5

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL ¥E¥ 7 NULL $84F)5 & [9] bytearray f) K/

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL {EA3# NULL #5553 [B14F bytearray R [0 — 774 - IR ] RAH 2 22 B
I— AN 2 1T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABL f bytearray {7 NFBZE I X K K /INJEEE A len.

Mt

XTI ARZAEVE AR RS, ENTA AR
char *PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ PyByteArray AsString () HIZEMAS.

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C ¥ (PyByteArray Size () WA

8.3.3 Unicode Y4 HiETH
Unicode &

FI M python3.3 HH 5B " PEP 393 DAk, Unicode X RAE NFSE I A2 R IE, DABEAEORRF A RCR 1] I
AL PRSEHREFER Y Unicode “FAF. X BrA AU RUARR T 128, 256 5 65536 I F4FHY, A —LLAFIRIGIL; &
W, G LAV T 1114112 (X /252819 Unicode J) .

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states depending
on how they were created:
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 “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most efficient
representation allowed by the implementation.

* "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

#iE): The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will be
”canonical” since then. See PEP 623 for more information.

Unicode 2£%Y

PAUF /2 HF Python ' Unicode SEFA{ KA Unicode %4257 :
type Py_UCS4
type Py_UCS2

type Py_UCS1
Part of the Stable ABL X 86271 B 47 S 3 BRI A A 5 L, HTa ) B DA B8 32 i, 16 fiiF1 8
MFERF. MFREAHHA Unicode “EAFRT, WPy _UCS4,

3.3 HUHTIA.

type Py _UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

3.3 SRS ZEDLHIIILAS T, BERE 16 BRTARIE 32 (U260, SCHUR T RAEM AT IERE R %7 36
£ “9%” Unicode Jft 4<% Python,

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
XK T Pyobject [ §AFE/R T — Python Unicode ¥4, TEJLFFrAHIET, ENIARIZHE
B, A ALRE Unicode %421 APL bR Btk 32 1R[] Py Ob ject REUHIHEE .

3.3 BUBTINA.

PyTypeObject PyUnicode_Type
Part of the Stable ABL iXNPyTypeObject 5244t 3 Python Unicode 257!, ‘EAEH str AFF45 Python
b

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)
WX *o* /& Unicode %1428 Unicode F2RAYM LA, WA “F”. MREIG AT .
int PyUnicode_CheckExact (PyObject *0)
WRXTSE *o* /& Unicode X4, (HAE THRERIH, MRE] “E”. MREIRZ ).
int PyUnicode_READY (PyObject *0)
Ensure the string object o is in the “canonical” representation. This is required before using any of the access
macros described below.

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 BUHTIMA.
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HERA 310 B AMEEMH, 1€ 3 A4 3.12 b %, : This API will be removed with

PyUnicode_FromUnicode ().
Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)

iz 1] Unicode “FAFERIICEE (PATY SR ERAL) *o* g “HIYE” ik TNy Unicode X4 (Rik
H)
3.3 BT A.

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *0)
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 BUBTINA.
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
RB|PyUnicode KIND () Z2HI{H.
3.3 BUBTIA.
FAEHA 3.10 A, & ABUA 3.12 PEER. : PyUnicode _WCHAR_KIND E[EHH.
unsigned int PyUnicode_KIND (PyObject *0)

iR [a]—A PyUnicode 2 & (L F30) , #8781 Unicode X4 i TAFAE AR 1 B A FAF I 754 *o*
WA “HIE” Fik Iy P Unicode X142 (RikH).
3.3 JBTmA.
void *PyUnicode_DATA (PyObject *0)
iR 145 1] J5 46 Unicode ZEi X 25474 *o* A2 “HYE” FKikJr=Urh i) Unicode X5 (Rik).
3.3 JRHTIA.
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 BUHTIMA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
Read a code point from a canonical representation data (as obtained with PyUnicode_DATA ()). No checks or
ready calls are performed.

3.3 BUHTMA.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *0, Py_ssize_t index)
Read a character from a Unicode object o, which must be in the “canonical” representation. This is less efficient
than PyUnicode_READ () if you do multiple consecutive reads.

3.3 BUHTMA.
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PyUnicode_MAX_ CHAR_VALUE (0)
R ELE AT HET *o* AUES — PR RN A, R FAHRRATE A" RETTh. XIH%
v LU |V (EN= i SR VR WL LR
3.3 BUBTINA.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py UNTCODE representation, in code units (this includes surrogate pairs as 2
units). o has to be a Unicode object (not checked).

HAEHA 3.3 AR, & A 3.2 R, « I3 Unicode APT i — 4y, 4% 3 i
HPyUnicode GET_LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE representation in bytes. o has to be a Unicode object (not checked).

HAEHA 3.3 AN, & A CA 3.12 H# KR, « IH3 Unicode APT [ —&B4), L% B (f
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).

3.3 WU HE 4%: 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 ().

FAECA 3.3 AR M, 15 & B 3.12 RS KR, © IH3( Unicode APL f—853, T8 A% 2 (61

PyUnicode_nBYTE_DATA () 7M.

int PyUnicode_IsIdentifier (PyObject *0)
Part of the Stable ABL QIR“FAF i BIE 5 08 SO BARIFRIRFF IR M 1, 200 identifiers /N7 53R
[1] 0,

3.9 R ¥ 48 The function does not call Py_FatalError () anymore if the string is not ready.

Unicode =&

Unicode $2fit T ¥F Z AR M FAFRAE . i F5 0 5 AT DA X e 580645, X285 f Python i B FI C
int Py_UNICODE_ISSPACE (Py UCS4 ch)
A ch 2525 AR E 1 8 0.
int Py_UNICODE_ISLOWER (Py UCS4 ch)
W ch B R/ NGFAFIRE 180,
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
M ch BN KRG FAFRE 180
int Py _UNICODE_ISTITLE (Py_UCS4 ch)
WA ch A ARSI I NG R E] 1 5 0.
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
W ch 2B R HATR TR 1 5 0.
int Py _UNICODE_ISDECIMAL (Py UCS4 ch)
WA ch 2 AR+ B R AR ] 1 B0,
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int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
G ch 25 ARSI FAFIR A 1 5 0,
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
M ch R A SR FAFIR ] 1 5 0,
int Py_UNICODE_ISALPHA (Py_UCS4 ch)
A ch 215 R TR FAFIR ] 1 5 0,
int Py_ UNICODE_ISALNUM (Py_UCS4 ch)
MRl ch Je A5 PR P IS FATIR I 1 B0,
int Py _UNICODE_ISPRINTABLE (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as "Other” or “Separator”, excepting the ASCII space (0x20) which is
considered printable. (Note that printable characters in this context are those which should not be escaped when

repr () is invoked on a string. It has no bearing on the handling of strings written to sys.stdout or sys.
stderr.)

These APIs can be used for fast direct character conversions:

Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
Return the character ¢ converted to lower case.

3.3 Jifi#& C.IF ] This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
Return the character ch converted to upper case.

3.3 jiftf& EL[FJ ] This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
Return the character ch converted to title case.

3.3 Jii % C.[EJfH: This function uses simple case mappings.

int Py_UNICODE_TODECIMAL (Py UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This 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.

These APIs can be used to work with surrogates:

Py_UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= O0xDFFF).

Py_UNICODE_IS_HIGH_SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= OxDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (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.
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Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
REME: #4975 B . Create a new Unicode object. maxchar should be the true maximum code point to be placed
in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127, 255, 65535,
1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not resizable.

3.3 BUHTA.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
iR w) fE: # a9 3] . Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an array
of size units of 1, 2 or 4 bytes per character, as given by the kind.

3.3 HUHTIA.

PyObject *PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
RWEMA: #FHeg51 8. Part of the Stable ABI. 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)
BREE: #Hay3] A, Part of the Stable ABL Create a Unicode object from a UTF-8 encoded null-terminated
char buffer u.

PyObject *PyUnicode_FromFormat (const char *format, ...)
RWEE: #8951 8 . Part of the Stable ABIL Take a C print £ () -style format string and a variable number of
arguments, calculate the size of the resulting Python Unicode string and return a string with the values formatted
into it. The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:
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%% n/a N F% FAF

% int PR, RN CHlF AL

sd int EXTN printf("gd") T

su unsigned int MmN print £ ("su") .

$1d long ZEMEA print £ ("$1d") .

$1i long ZEfEA print £ ("%1im).]

$1lu unsigned long LSBT print £ ("%1u") .t

$11d long long A print £ ("s11d") T

$11i long long LA print £ ("%111i") .t

$11lu unsigned long long ZLfEA print £ ("$11u").!

$zd Py _ssize_t LB print £ ("%zd").!

$zi Py_ssize_t ZEfEN print £ ("%zi") ]

Szu size_t EEfBHA print £ ("%zu").!

$i int SEfEN print £ ("si") T

$x int ZEfEHN print £ ("%x") !

$s const char* PA null 292 FAFH) C 45504

sp const void* —A CHREFRY TSR RN B BAZN T print £ ("sp")
EE%@%W\%E{E 0x 3k, NMERGT-E L print £ i)
e ft 4.

SA PyObject* ascii () FEHSRE.

U PyObject* — Umcode LTI

SV PyObject*, const char* | A Unicode object (which may be NULL) and a null-terminated C
character array as a second parameter (which will be used, if the first
parameter is NULL).

%S PyObject* The result of calling PyObject_Str().

%R PyObject* The result of calling PyObject_Repr ().

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.

#(E): The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

3.2 i H 4 Support for "$11d" and "$11u" added.
3.3 fR s 5 Support for "$11", "$11i" and "$zi" added.
3.4 Jjx ¥4 Support width and precision formatter for "$s™", "$A", "$U", "$V", "$S", "S$R" added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
BEME: #Fa495| . Part of the Stable ABI. Identical to PyUnicode_FromFormat () except that it takes
exactly two arguments.

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char

*errors)
BEME: #4951 A, Part of the Stable ABL. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other byfes-like objects are decoded according to the given encoding and using the error
handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in Codecs for
details).

! For integer specifiers (d, u, 1d, i, Iu, 11d, 11i, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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All other objects, including Unicode objects, cause a TypeError to be set.
The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Fart of the Stable ABI since version 3.7. Return the length of the Unicode object, in code points.

3.3 BUHTMA.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when necessary

and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

3.3 BUHTMA.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
Fill a string with a character: write fill_char into unicode [start:start+length].

Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return -1 and raise an exception on error.

3.3 HUHTIA.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Fart of the Stable ABI since version 3.7. Write a character to a string. The string must have been created through
PyUnicode_New (). Since Unicode strings are supposed to be immutable, the string must not be shared, or
have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object can
be modified safely (i.e. that it its reference count is one).

3.3 BUHTMA.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Part of the Stable ABI since version 3.7. 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 BUBTINA.

PyObject *PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
REME: #4895 A . Part of the Stable ABI since version 3.7. Return a substring of s, from character index start
(included) to character index end (excluded). Negative indices are not supported.

3.3 BUBTINA.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Part of the Stable ABI since version 3.7. Copy the string u into a UCS4 buffer, including a null character, if copy_null
is set. Returns NULL and sets an exception on error (in particular, a SystemError if buflen is smaller than the
length of u). buffer is returned on success.

3.3 BUHTMA.

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *u)
Part of the Stable ABI since version 3.7. Copy the string u into a new UCS4 buffer that is allocated using
PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always
has an extra null code point appended.

3.3 BUHTMA.
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Deprecated Py_UNICODE APIs

FIGERAS 3.3 SRAERS N, 158 A HA 3.12 sk,

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)
RWEME: #4431 A . Create a Unicode object from the Py_UNICODE buffer « 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 ().

EAEHAR 3.3 AR, A& 3R 3.12 18558 . : Part of the old-style Unicode API, please migrate to
using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (),or PyUnicode_New ().

Py_UNICODE *PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py_ UNICODE buffer, or NULL on error. This will
create the Py UNICODE* representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

HIEHUAR 3.3 BAHEREM A, #§& HRA 3.12 944, : Part of the old-style Unicode API, please migrate

to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

PyObject *PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
B WEME: #4951 A . 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.

HAEAS 3.3 BAHEREM T, & 34 3.11 F 84, : Part of the old-style Py UNICODE API; please

migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 BUBTA.
HIEHAR 3.3 BAHERM A, #§& HRA 3.12 F 4[4, : Part of the old-style Unicode API, please migrate

to using PyUnicode AsUCS4 (), PyUnicode_ AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABI. Return the size of the deprecated Py_ UNICODE representation, in code units (this includes
surrogate pairs as 2 units).

HAE A 3.3 AHERBE BT, % & B RA 3.12 . : IH3X Unicode AP () —i7r, 81245 2 i

HPyUnicode GET _LENGTH() .

PyObject *PyUnicode_FromObject (PyObject *obj)
RWEME: #FHey5| A . Part of the Stable ABI. 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.

Objects other than Unicode or its subtypes will cause a TypeError.
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Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject *PyUnicode_DecodeLocaleAndSize (const char *sir, Py_ssize_t len, const char *errors)

BEE: #Fe93| A . Part of the Stable ABI since version 3.7. Decode a string from UTF-8 on Android and
VxWorks, or from the current locale encoding on other platforms. The supported error handlers are "strict"
and "surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors is NULL. str must
end with a null character but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
hs%:

Py_DecodelLocale () B3,

3.3 HUHIA.

3.7 R ¥ 5% The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py._DecodeLocale () wasused for the surrogateescape, and the current
locale encoding was used for strict.

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

AW Ah: #H o4y 31 MB. Part of the Stable ABI since version 3.7. Similar  to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

3.3 BUHTMA.

PyObject *PyUnicode_EncodelLocale (PyObject *unicode, const char *errors)

BEE: #4451 A .. Part of the Stable ABI since version 3.7. Encode a Unicode object to UTF-8 on Android
and VxWorks, or to the current locale encoding on other platforms. The supported error handlers are "strict"
and "surrogateescape" (PEP 383). The encoder uses "strict" error handler if errors is NULL. Return
a bytes object. unicode cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
hs%:

Py_EncodeLocale () HR.

3.3 BUBTA.

3.7 fx ¥ 5% The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py EncodeLocale () wasused for the surrogateescape, and the current
locale encoding was used for strict.
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XHRGmIDIERX

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)
Part of the Stable ABI. 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 OB
3.6 R HT B $57— A path-like object .,

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject *obj, void *result)
Part of the Stable ABI. ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through
the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects
are output as-is. result must be a PyUnicodeObject* which must be released when it is no longer used.

3.2 BUHTIMA.
3.6 R HT B 57— path-like object .,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
R A #8951 A . Part of the Stable ABL Decode a string from the filesystem encoding and error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
hz%:

Py_DecodeLocale () BT,
3.6 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *s)
REE: #8451 . Part of the Stable ABI. Decode a null-terminated string from the filesystem encoding and
error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
3.6 JitH##: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
R A #7489 5] A . Part of the Stable ABI. Encode a Unicode objectto Py_FileSystemDefaultEncoding
withthe Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding isinitialized 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 ().
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L%
Py_EncodeLocale () =,
3.2 HUHTIA.

3.6 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t Support

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
BEME: #4495 A . Part of the Stable ABI Create a Unicode object from the wchar_t buffer w of the given
size. Passing —1 as the size indicates that the function must itself compute the length, using weslen. Return NULL
on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Fart of the Stable ABI. 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)
Fart of the Stable ABI since version 3.7. 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 BT

3.7 iR B4 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via the
following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones of
the built-in str () string object constructor.

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file 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).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the codec.
Default error handling for all built-in codecs is “strict” (ValueError is raised).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.
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Generic Codecs

These are the generic codec APIs:

PyObject *PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char

*errors)
RWEE: #0435 . Part of the Stable ABL Create a Unicode object by decoding size bytes of the encoded string

s. encoding and errors have the same meaning as the parameters of the same name in the st r () built-in function.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char

*errors)
BEME: #8495 A . Partof the Stable ABL. Encode a Unicode object and return the result as Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

PyObject *PyUnicode_Encode (const Py _UNICODE *s, Py_ssize_t size, const char *encoding, const
char *errors)
R4 #7445 A . Encode the Py_ UNTCODE 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.

HAEHAS 3.3 AHEREM T, M€ 8R4 3.11 885, : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode AsEncodedString ().

UTF-8 4mfifiD2s

PATR 32 UTF-8 %if#ith i APL:

PyObject *PyUnicode_DecodeUTFS8 (const char *s, Py_ssize_t size, const char *errors)
R #7495 A . Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-8 encoded
string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *s, Py ssize_t size, const char *errors,
Py_ssize_t *consumed)
REME: #8695 F . Part of the Stable ABL If consumed is NULL, behave like PyUnicode_DecodeUTFS8 ().
If consumed is not NULL, trailing incomplete UTF-8 byte sequences will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
REME: #4495 A . Part of the Stable ABI. Encode a Unicode object using UTF-8 and return the result as Python
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Fart of the Stable ABI since version 3.10. Return a pointer to the UTF-8 encoding of the Unicode object, and store
the size of the encoded representation (in bytes) in size. The size argument can be NULL; in this case no size will
be stored. The returned buffer always has an extra null byte appended (not included in size), regardless of whether
there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated and pointers
to it become invalid when the Unicode object is garbage collected.

3.3 BUHTMA.
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3.7 {RH %4 The return type is now const char * rather of char *.
3.10 Jit 548 This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

3.3 OB
3.7 R T4 The return type is now const char * rather of char *.

PyObject *PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
RE A #895] A . 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.

HAEMWmA 33 BAMEMH, &8R4 311 £ . : Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString ().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject *PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
RWEE: #8975 . Part of the Stable ABL Decode size bytes from a UTF-32 encoded buffer string and return
the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output.

After completion, *byfteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
REME : F7845| A . Part of the Stable ABI. If consumed is NULL, behave like PyUnicode_DecodeUTF32 ().
If consumed is not NULL, PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-
32 byte sequences (such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded
and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
BEE: #8451 .. Part of the Stable ABI. Return a Python byte string using the UTF-32 encoding in native
byte order. The string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception
was raised by the codec.

PyObject *PyUnicode_EncodeUTF32 (const Py UNICODE *s, Py_ssize_t size, const char *errors, int

byteorder)
B WEME: #4971 A . 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:
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byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
Return NULL if an exception was raised by the codec.

HAEHA 3.3 B AHEREM T, K€ B8R4 3.11 F8%. : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode AsUTF32String () or PyUnicode_AsEncodedString ().

UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject *PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
RWEE: #4978 . Part of the Stable ABL Decode size bytes from a UTF-16 encoded buffer string and return
the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to “strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*pbyteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \uf f fe character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *s, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
REME : #845| A . Part of the Stable ABI. If consumed is NULL, behave like PyUnicode_DecodeUTF16 ().
If consumed is not NULL, PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-
16 byte sequences (such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be
decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
BEE: #8951 8. Part of the Stable ABL Return a Python byte string using the UTF-16 encoding in native
byte order. The string always starts with a BOM mark. Error handling is “strict”. Return NULL if an exception
was raised by the codec.

PyObject *PyUnicode_EncodeUTF16 (const Py _UNICODE *s, Py_ssize_t size, const char *errors, int

byteorder)
BREME: #4951 A . Return a Python bytes object holding the UTF-16 encoded value of the Unicode data in s.

Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian
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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_ UNTCODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

HAEHAS 3.3 BATEREM T, K& 34 3.11 F 54, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().

UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject *PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
REME: #445| A . Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-7 encoded
string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
BREME: #8975 . Part of the Stable ABL If consumed is NULL, behave like PyUnicode_DecodeUTF7 ().
If consumed is not NULL, trailing incomplete UTF-7 base-64 sections will not be treated as an error. Those bytes
will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_EncodeUTF7 (const Py _UNICODE *s, Py _ssize_t size, int base64SetO, int
base64 WhiteSpace, const char *errors)
AEME: #8951 A . Encode the Py UNTCODE 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.

HAERA 3.3 BAMEREM A, A58 B A 3.11 F 85, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsEncodedString ().

Unicode-Escape Zz##i52%

These are the “Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
R E: #F8495] A . Part of the Stable ABI. Create a Unicode object by decoding size bytes of the Unicode-Escape
encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
REME: #445| A . Part of the Stable ABIL Encode a Unicode object using Unicode-Escape and return the result
as a bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeUnicodeEscape (const Py _UNICODE *s, Py_ssize_t size)
REE: #445] B . 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.

HAEMA 3.3 BAHERE M, M€ 8R4 3.11 p 8. : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsUnicodeEscapeString().
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Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char

*errors)
RWEE: #8935 A . Part of the Stable ABIL Create a Unicode object by decoding size bytes of the Raw-Unicode-

Escape encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
REME: #4695 A . Part of the Stable ABI. Encode a Unicode object using Raw-Unicode-Escape and return the
result as a bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
RWEE: #4495 F . 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.

HAME R A 33 % A~ EMEH, &3 R4 311 4 %, : Part of the old-style
Py _UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted by
the codecs during encoding.

PyObject *PyUnicode_DecodeLatinl (const char *s, Py_ssize_f size, const char *errors)
R EME: #7495 F . Part of the Stable ABI. Create a Unicode object by decoding size bytes of the Latin-1 encoded
string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
BEE: #8935 B, Part of the Stable ABIL Encode a Unicode object using Latin-1 and return the result as
Python bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
REE: #6495 A . 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.

HAEAS 3.3 B AHEREM T, #€ H34s 3.11 F 52§, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsLatinlString () or PyUnicode_ AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject *PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
REME: #8951 A . Part of the Stable ABI. Create a Unicode object by decoding size bytes of the ASCII encoded
string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
R A #8951 . Part of the Stable ABI. Encode a Unicode object using ASCII and return the result as Python
bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeASCII (const Py _UNICODE *s, Py_ssize_t size, const char *errors)
BEME: #7497] A . 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.
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HAEHA 3.3 B AHEREM T, K€ B8R4 3.11 F8%. : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode AsASCIIString () or PyUnicode_AsEncodedString().

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

These are the mapping codec APIs:

PyObject *PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const
. char *errors)
R A #0435 B . Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded string

s using the given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the range
from O to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None. Unmapped
data bytes -- ones which cause a LookupError, as well as ones which get mapped to None, OXFFFE or '\
ufffe’', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
RWEME: #0935 . Part of the Stable ABL Encode a Unicode object using the given mapping object and return
the result as a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from O to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are treated
as “undefined mapping” and cause an error.

PyObject *PyUnicode_EncodeCharmap (const Py UNICODE *s, Py_ssize_t size, PyObject *mapping,
) const char *errors)
R A #645] A . 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.

HAEAS 3.3 B AHEREM T, M€ H3 A 3.11 F1 524, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsCharmapString () or PyUnicode_AsEncodedString ().
The following codec API is special in that maps Unicode to Unicode.

PyObject *PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
REME: #4895 A, Part of the Stable ABL Translate a string by applying a character mapping table to it and
return the resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion of
the character).

Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject *PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,
] const char *errors)
RWEE: #4697 . 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.

HAEHA 3.3 B ANHEREM T, K& B8R4 3.11 8%, : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode_Translate (). or generic codec based API
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MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding is
defined by the user settings on the machine running the codec.

PyObject *PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
BEME: #8951 A .. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object by decoding
size bytes of the MBCS encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
B E: #FHeg3| A . Part of the Stable ABI on Windows since version 3.7. If consumed is NULL, behave like
PyUnicode_DecodeMBCS (). If consumed is not NULL, PyUnicode_DecodeMBCSStateful () will
not decode trailing lead byte and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
BRWEME: #8495 A . Part of the Stable ABI on Windows since version 3.7. Encode a Unicode object using MBCS
and return the result as Python bytes object. Error handling is “strict”. Return NULL if an exception was raised by
the codec.

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
RWEE: #8951 8 . Part of the Stable ABI on Windows since version 3.7. Encode the Unicode object using the
specified code page and return a Python bytes object. Return NULL if an exception was raised by the codec. Use
CP_ACP code page to get the MBCS encoder.

3.3 HUHTIA.

PyObject *PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
BEME: #4953 A, Encode the Py_UNTICODE buffer of the given size using MBCS and return a Python bytes
object. Return NULL if an exception was raised by the codec.

HAMmA 33 BAMEMSH, &8 mA 40 $ 8. : Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString().

Methods & Slots

HESELER

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or —1 if an exception occurs.

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
REME: #4495 A . Part of the Stable ABIL Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
BEME: #8495 B . Part of the Stable ABL Split a string giving a list of Unicode strings. If sep is NULL, splitting
will be done at all whitespace substrings. Otherwise, splits occur at the given separator. At most maxsplit splits will
be done. If negative, no limit is set. Separators are not included in the resulting list.

PyObject *PyUnicode_Splitlines (PyObject *s, int keepend)
BEE: #4495 A . Part of the Stable ABIL Split a Unicode string at line breaks, returning a list of Unicode
strings. CRLF is considered to be one line break. If keepend is 0, the line break characters are not included in the
resulting strings.
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PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
REE: #Heg51 A .. Part of the Stable ABI Join a sequence of strings using the given separator and return the
resulting Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Part of the Stable ABIL Return 1 if substr matches str [start:end] at the given tail end (direction == —1

means to do a prefix match, direction == 1 a suffix match), O otherwise. Return -1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the Stable ABI. Return the first position of substr in st r [start : end] using the given direction (direction
== 1 means to do a forward search, direction == —1 a backward search). The return value is the index of the first
match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an exception
has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
Fart of the Stable ABI since version 3.7. Return the first position of the character chin str [start :end] using
the given direction (direction == 1 means to do a forward search, direction == —1 a backward search). The return
value is the index of the first match; a value of —1 indicates that no match was found, and —2 indicates that an error
occurred and an exception has been set.

3.3 BUHTIA.
3.7 fR s 5 start and end are now adjusted to behave like str[start:end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the Stable ABI. Return the number of non-overlapping occurrences of substr in str [start:end].
Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
REME: #Fe95| B . Part of the Stable ABI Replace at most maxcount occurrences of substr in str with replstr
and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the Stable ABI. Compare two strings and return —1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Fart of the Stable ABL. Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and
greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets the input string
as ISO-8859-1 if it contains non-ASCII characters.

This function does not raise exceptions.

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
BEME: #Ha951 8. Part of the Stable ABL X} #4~ Unicode F4F 8B PAT & LA H- 1R 0] DA F{E.Z —

* NULL in case an exception was raised
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_FEQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject * format, PyObject *args)
REME: #a95]1 8. Part of the Stable ABI. Return a new string object from format and args; this is analogous

Q

to format % args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Fart of the Stable ABI. Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.
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void PyUnicode_InternInPlace (PyObject **string)
Part of the Stable ABI. 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 (releasing the reference to the old string object and creating a new strong reference to the interned string
object), otherwise it leaves *string alone and interns it (creating a new strong reference). (Clarification: even though
there is a lot of talk about references, think of this function as reference-neutral; you own the object after the call
if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *v)
BB 1A #4935 . Part of the Stable ABL. A combination of PyUnicode FromString () and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned, or
a new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 jtil (Tuple) ¥it¥

type PyTupleObject
XA pyobject BT IAMAE—> Python BT R .
PyTypeObject PyTuple_Type
Part of the Stable ABL Py TypeObject LB FE—" Python JGZHZEA | X5 Python ZH Y tuple &2
FHIFT RIS
int PyTuple_Check (PyObject *p)
WER p J2—A> tuple XA tuple SR -F-SRAUAY S R M B . I RR LR 2 I T -
int PyTuple_CheckExact (PyObject *p)
R p J2—A> tuple M RAEAZ tuple AU T2 AU S B Wk o] BB . MCRREE @ 2 3T
PyObject *PyTuple_New (Py_ssize_t len)

BEE: #9318 . Part of the Stable ABL J{INEHR Bl —AF B e N 5, KER len, FIMIN IR 1]
NULL,

PyObject *PyTuple_Pack (Py_ssize_t n, ...)
B #4643 A, Part of the Stable ABL BB IR [ — AN F I TN %, K/ANKE n, K IEHR
[l NULL. JCZL{E 4R AL M 4519 Python X R J5%E n 4~ C 2. PyTuple_Pack (2, a, b) Hl
Py_Buildvalue (" (00)", a, b) fH%E,

Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL FREUE AR R MHEET, FHRFHZITHRI RN,

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
R ETCH p RV, BN EE NULL F HAg [ — 4 Iedl; A IATHT A A .

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
BEME: BT . Part of the Stable ABIL iR [1] p Fr i) i TC2H F (i T pos ZEFIXT S . AR pos
(EEGE LR, MR E NULL I8 —4> IndexError 5# .

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
BEME: BN BT PyTuple GetItem (), {HAKEHZE.

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
RwEME: #4971 M. Part of the Stable ABL iR[1] p I 18] TCH I Fr, T low I high Z[), BCETER
Wi 0] NULL . X4 [F]F Python A3 p [low:high] . AHFFMIIFRARERT].

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL. ¥£ p 38101 TG pos fLBEAFBAITXTE o 5| 1. WIIFIRE] 05 415 pos # 5L,
NERME -1, F4HE— IndexError BH .
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filE: shekgisy “GiC b o 1B, I EIERICA T EAERZ M AIE A H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
FFPyTuple_setTtem (), HAMITHIAGE, I HNVIZ R G RETEHHTd.

il XNES “fE” — DX o WEIM, H5PyTuple Setltem() R, B F& EFXMEMPIE
BTG TTH LT pos ALE AT | FH#ERE B -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
AA T RRETTH R RN newsize K@ TCAIHACEE . PATTL AN A RA TR, BT LA UELEX 4
BT, AW E. WRITTHC EP AR HARER > Bro I, WA ZAE A . Jodiqe
R R g N WEEELERIATCHIFRIE—Fcd, RemaR. MEEbRE 0 . %
PR A BGE *p BOSERAECRF-5 T T ML R 2 BRI . R T o SUHAIXR, WEIRR)
*p REPCE R . RO, aRM] -1, K *p WECN NULL, 5% MemoryError m{# SystemError.

8.3.5 SHIFFFIXR

ZHFIINZIEFM T namedtuple () B CXFR, H—AF5, HappaH B LddEIED . ZolE
LSRN, AR E b B E Y A T 81 26 A

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
BwEME: #a951 A . Part of the Stable ABL R4 desc T IEHRBIE—AHI TR, AR frid.
AR Py St ruct Sequence_New () BIEERERIN LA

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SEHIWIIG LS P51 2R B type..

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pystructSequence_InitType i, {HAZIHHER 0, KIgHRE -1

3.4 BT

type PyStructSequence_Desc
Part of the Stable ABI (including all members). 3-8 Fg 7 A 45K 5 2B ToAS B

2 C Type B

name const char * LER P AR B R 24 R

doc const char * g 10 B2 MG R SR P AF R B NULL 44T

fields PyStructSequence_Field| ¥ DA NULL &5 B ECH 384T, HFEBELH N
* e

n_in_sequence int Python Il i] WA~ B8 (AR FH1Ec4)

type PyStructSequence_Field
Part of the Stable ABI (including all members). fliiR L5 FEA ) —NF B . 245540 P2 o @i oo dimt, B
HEBRRBIENE Pyobject*, JEPyStruct Sequence_Desc W] fields B THIRS|HE T 451
Elkfipuiipetl o=

@ | CType 2B

name const FOBOW 4 PR B NULL , A EG R a4 F R R, OWE K E
char * HPyStructSequence_UnnamedField PMEE R Gy4 FE

doc | const TS B - B AT R Bl NULL
char *
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const char *const PyStructSequence_UnnamedField

F B AR R A PR R R 24 RS
3.9 fiCESS: XANEME M char * B,

PyObject *PyStructSequence_New (PyTypeObject *type)
B W ff: # a4 5] A, Part of the Stable ABL ] & rnype W) SE B, % % B O
HPyStructSequence_NewType () B,

t}q

1l

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
BEME: NG5 A . Part of the Stable ABL 3k 0] p Frfg &5t F 5, AT pos AERYXT S . AR
AT R A

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
BEE: EABYEIH . PyStructSequence GetItem () WEIRA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL 45 74 p RG] pos A FBAX B NH 0o HPyTuple SET _ITEM() —FE,
BN H T AR L.

fE): XA ERE “HTH THRI o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

il X AeRE “BI THRI 0 —ANE I

8.3.6 List (&%) ¥

type PyListObject
XA CEAPyobject BT IAAEK—> Python F| X R .
PyTypeObject PyList_Type
Part of the Stable ABL X 2@ T PyTypeObject B3 Python 5| FEAIAISEH . 7 Python ZHIAIZE
A list 2F—PXR.
int PyList_Check (PyObject *p)
WA p 2 —A> list XT%UZ% list ZRAUF) -2 2R g S 1) DU a0 ] LA b b R e 2 AT

int PyList_CheckExact (PyObject *p)
R p Jg—A> list XPRAERZ list U F2RAUA L NHR [E B . IR AU 2 2 BT .

PyObject *PyList_New (Py_ssize_t len)
BWME: #a4 5 A . Part of the Stable ABL NI} IR Bl — AN R len 1E5)38, RIIBHR [F] NULL,

WE: 2% len KT FW, W B A H R L0 H g R NuLL. B AR AN EE A KL C K
B Pysequence_SetTtem() WP APl 5iE ] C lEkPyList_SetItem () AW H % E N E
SEXFSEIN Python AR 24 FFIX 42 o

Py_ssize_t PyList_Size (PyObject *list)

Part of the Stable ABL 3R [B] list "PHFEXT R KT XETAENNFLIET len (1ist) o
Py_ssize_t PyList_GET_SIZE (PyObject *list)

FRAN C EBPyList_Size (), BARIRHI.
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PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
BEE: BN T A . Part of the Stable ABL 1R [1] list fIT 35 [ 51| & H index {78 F XSG {7 B {H A0
HARTEL TEG?M@J%%E% BEFTZRG] . AR index #E A FL (<0 or >=len(list), WR[H NULL Ffi5 #

IndexError JH,
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
BEME: ENFIA . BRAR C MfPyList_GetItem() , ARG .
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

Part of the Stable ABL Y335 &5 |2 index BTN item. FLEIFIRIE] 0, QN5 index 3 H 75 BBl )R [a]

-1 % 5%E IndexError 7,

il shekgisy “fikE” — AN iem W5 EFE—ADXFIRPZP A E EEAFHE.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR ) E A Py List _SetTtem (). IXilH RN TR D Z A WA AL E TR
7o

Wil ZEs ik — %t iem 5 H, (A5 PyList_setTtem() REIMEE ~4& EFXIHTLMP
B s HE1 s A list 1 i 07 B AT 5 | AR 2

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL 25 H item 4 AN 53 list 5|5 index Z HIN B . MR EINERE 05 AR
BIIMGER A -1 R E— R . 24T list.insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL X 52 item FNF|5 3% list FIARE . QR AIRFRE] 05 WARA B NR ] -1 Ff
uﬁg/l\ﬁ‘—f%ﬂ MMT list. append (item) .

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
BEME: #e45| A . Part of the Stable ABI iélil—/l\w%ﬁu %, E list 4T low Fl high 2 18] (R %}
Fo WA MR ] NULL HE R . AT List [low:highl. ASZREMIIERKRREIITET.
int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL - list 24 low 5 high 2 8]/ Y) %N itemlist (N . FH24T 1list [low:high]
= itemlist. itemlist WIPAYJy NULL, FORBRMEAN—A25FR (MEREIT) . SHIRE 0, JIUI R
Bl -1, X BN SRR ERAR Rt T%EJI
int PyList_Sort (PyObject *list)
Part of the Stable ABL X} list {45 H A7 R HHEF . iR E] 0, SR IKCHT IR o XEEMT 1ist.

sort (),

int PyList_Reverse (PyObject *list)

Part of the Stable ABIL. % list )45 H 347 R % . IR 0, JeIUif iR o DXEEMT list.
reverse () .

PyObject *PyList_AsTuple (PyObject *list)
BEME: #8951 A . Part of the Stable ABL & AF TN S, Kb s MNE S0 T
tuple (list),
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8.4 FaRUIF
8.4.1 L

type PyDictObject
pPyobject ALAEM K —fH Python FFHLYI{F.
PyTypeObject PyDict_Type
Part of the Stable ABL. PyTypeObject B {5lft3%—{f Python FHLAIHE, B Python g [y dict [FI[F]
—fE .
int PyDict_Check (PyObject *p)
#r p e E M F e ) 1 2 RE E ) P [l crue 10 PR A AR ST LA T )

int PyDict_CheckExact (PyObject *p)
2 p T HY HAEAR R — M FI AR B, IR true. 0 RR B RHER G T .
PyObject *PyDict_New ()
BEME: #4931 A . Part of the Stable ABL 3R [0]—/ANEH 238 F L 2 HHR [B] NULL,

PyObject *PyDictProxy_New (PyObject *mapping)
BEME: Feh 7] Jﬂ Part of the Stable ABI. &[0 types.MappingProxyType %4, HTimHHFITH
BAT AW 3 TR AR I8 RSl 2R AR

void PyDict_Clear (PyObject *p)
Part of the Stable ABL. ¥ 75 B4 7 8L/ BT AT BB X

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL #ffi & key 25 ETETFH p rie W key PURL b p B9HRE—50, WERME 1, AR [E]
0. iR -1 FoR 4. X4 [T Python £k key in p.

PyObject *PyDict_Copy (PyObject *p)

B #4971 Part of the Stable ABL &[5 p A0 5 [ SR 14 3 Mt .

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL {§i [ key VE -} 5 val 3 AFHL p. key W90 Fhashable; YNRANE, WK %
TypeError. RN 0, KMGHFRE -1, BeRE R 2 M val 511 .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part of the Stable ABL fifi [f] key {4 val FHEAB|F M p J1. key I °H) const char*., XL 2
PyUnicode_FromString (key) BIEH. IR 0, KGR -1, HeREL R 2B HO val 1
1.

int PyDict_DelItem (PyObject *p, PyObject *key)
Part of the Stable ABL [ FHL p 485 key B4 H o key Wi fEhashable; ﬂﬂ;’ﬁfm }”Ué%[ ia
TypeError. JIARFHPEA key, WLTK KeyError. HIIIIRM] 0 B3 R NIRHR

int PyDict_DelItemString (PyObject *p, const char *key)
Part of the Salc ABL (SRR p A ey HEADRAOR. WRFIIAA hev, W31 %
KeyError., IR M O, ﬁimﬁlﬁ‘f

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
BEfE: NG5 A . Part of the Stable ABL 3l p HHIR[FI A key SHBERIXTR . WIRAES key NAFAE
{H A BB A5 R 2] NULL,

wEEE MR, WA _hash__ () M _eq () HRTAMREEALSGM B, K

}ﬂpyplct GetTtemWithError () HAFETRRE

3.10 iR A FEANBRRFGIL AT B0 8 A It APT B4 (R 7 s J R T 9 i . IRAE BN P SR iF
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PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
BWEME: BN . Part of the Stable ABL PyDict_GetItem() 25, BEASHEMSEY . M5H
KARPRFR A NULL JF HASCE— N . AR AEAE R ] NULL I HAA S B — A .

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
REME: NG5 . Partof the Stable ABL X 5 PyDict_GetItem () —FE, {HE key #i45 N const
char*, M PyObject*,

FEERAR, W _hash__() . _eq_ () JrEHIGIE~MIEHTHIT R AR G R &
Wb . S PyDict_GetItemwithError () HIAGERIRE .

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
BEME: EAF] A . XER Python 2 dict.setdefault () —#f. QNS key ££7E, BIRFBIFEF
i p BRI . IR TEAE, B A defaultobj — 1 A 1R 1] defaultobj . XA AT
key [IWGATPREL—IK , T RFEL R FEAR 25T EE .
3.4 BUBTIA.

PyObject *PyDict_Items (PyObject *p)
BREME: #a45]1 A . Part of the Stable ABL iR [n]—ANu & fr g B EI Y Py ListObject

PyObject *PyDict_Keys (PyObject *p)
BRWEME: #8951 . Part of the Stable ABL & [v]—/ME &7 ML rp A 4 (keys) I PyListObject.,

PyObject *PyDict_Values (PyObject *p)
BWE: #Hey 5 A . Part of the Stable ABL 3 [W]— /M & ML ip fPA{H (values) [Py ListObject,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL R[] P LI H %, SEH T35 4 p i Len (p) o

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the Stable ABL JEAUFHL p T FTA BE(EDN . FE26 — U T MR BT UG s 2w, Hh ppos FiF5 1 )
WPy _ssize_t WMREHIGAALN 05 % BRACRF 7 it v BB BREAEDO R I AR, — ELRTAT B (E N #I
Hot MR MR . B2 pkey FI pvalue [ 244 w) PyObject* 28, BATRR 7 36 A SEAIMERIE
7, BRI NULL. sl BRI AR5 | AR & B A5 o ppos TEIA UM B BAE 2. ERME
FORNES IS RS A, I Hoh T e e iRy, P imAs A L.

S A

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

U p AN AZAE I P ) R A . A LRy, R (R A, EAURTRE A A K
AEE . Bl

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, s&pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)

(Fogkss)
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(R —H)

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)
Part of the Stable ABL XJBRESXIZR b #ATIEA, FFEEEXA MBI T a. b ATDAR— 5, SR SE
RppyMapping Keys () flPyObject_GetTtem () WIXI5t. WIR override JEAH , WHNRALE b %)
HHIE BN @ v CAFAERAH B SEAEN R 4, 25 W AIRAE a P A AR TR Y S0 2 BB (E AT . 24
IR O B 5] A S HE I AR ] -1

int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL X5 C W |{) PyDict_Merge(a, b, 1) —FE, WZE{LTF Python 111 a.
update (b) , ZHIAETPyDict_Update () TE55 S H A keys” J& LI A 2 1R 2 28 A 8
XPRFH . MR ] 0 B 5] K R ml -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABL ¥f seq2 " SN SERT B AT BT a. seq2 AN ALK B 2 1 A (BN
MITCRA P IE AR SR . AR B BN, AR override ELME I B BB o 24 CZhIRHR ] 0 B
FMGI R R EERE -1 S Python RS (IR [EIMEFRSL)

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

8.4.2 REWMR

X—T RN T £ %) set Fll frozenset XM AIL APL, AEA0] RAE T 1H 51 H 19 T RE A 5 2 0 ] 4
LRI (B 3EPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAMPyObject_GetIter ()) 8i&Hh
L F I (B 5PyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () PA
M PyNumber_InPlaceXor()).

type PySetObject
EAPyobject B T-IBIME I SBA#-AF set Ml frozenset XRINEEIE. BERMUTFPryDictobject
(A TE T X/ INRST R AR U 2 [ /N (RARTTH AR =), TR T SRR R SR Aok Ui
BORFE I R AT AR N AR (R BRI T 2) o IS H IR - BOR B 20 I HLT fig
KANAZ o FTA VIR 24385 C 5 A SO APT RS T IAS PL s S5 A (R i

PyTypeObject PySet_Type
Part of the Stable ABL X&—4~PyTypeObject 5fjl, F/n Python set 2%,
PyTypeObject PyFrozenSet_Type
Part of the Stable ABL X Z&—PyTypeObject S|, F/n Python frozenset 257,
TN RAUG A TS T AR AL B Python XF RIS DI, X LeAl ik R Bt il A TAL T A AU Python
P
int PySet_Check (PyObject *p)
W p Z—A> set MREE B FRBWLHINGR P EE. HRBUS 2T T.
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int PyFrozenSet_Check (PyObject *p)
R p @—A> frozenset MR uFH ZHTHAMLHIMR I HE. HRER 2B PIT

int PyAnySet_Check (PyObject *p)
TR p 2—1 set M. frozenset XREH &H R SLHINGR B, HEEEE 2RI
7.

int PySet_CheckExact (PyObject *p)
MR pR—A set WREARH LA BN E B, MRS BIHAT.

3.10 OB

int PyAnySet_CheckExact (PyObject *p)
MR p 2 —A> set B frozenset WGIEAZH FRAYSLHI R A EE. R E 2 IHTT

int PyFrozenSet_CheckExact (PyObject *p)
M p £—4> frozenset XT%WT%E%%@EAE’UJ? IR [ LA PR R 2 AT

PyObject *PySet_New (PyObject *iterable)
BEE: #9531 A . Part of the Stable ABL iR [\ —ANH 11 set, H P15 iterable iR M R4 . iterable
A[PAH NULL FRn @@ —ASF s G. MR PGS A, KRIGEHRE NULL, 412 iterable 52 Fr
EAZAERRXZIG | & TypeError, i%*@iﬁ%%&iﬁﬂﬂ?%ﬂl%/ﬁ (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
BEME: #Fa951 8. Part of the Stable ABL iR [0 —4 1) frozenset, HAPE iterable FriR M HIXT 4 .
iterable ] PSR NULL FoRQI @I SR E A . WIIEHRERVRE LA, RIGERH NULL, 41
R iterable S5 PR @A ERIT LN G| & TypeError,

FHRENZE R T set B frozenset MSEHIE 2 H TG SLH .

Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABL 1&[H] set B} frozenset XRMEKEF. ZT len (anyset) . IR anyset N2
set, frozenset B{H T-RAEWLHINLE| % PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIAK) PySset_Size (), ANHFHEUAGN .

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL QISR FR ] 1, WERARLFNR[E 0, GRIEF| RN E -1, AT Python
__contains__ () JJik, JH:LZ@ITAELiJﬁTTﬂA%HE’J%A%%UJII W REE G . TR key AN
ﬂ%?ﬁﬁ%ﬂlﬂ%%l?ﬁ TypeError. HIR anyset g set, frozenset B H TRAM LN 5] %
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL ¥’/ key 5| —4~ set 526, WA H] T frozenset 5| (5PyTuple SetItem()
A2 Ak B T 8 R A B R 4 S S e A TR KA RS 2 BE R E) o TR [
O MARME R ] —1. QIR key SRR TTIE F X R M 5] & TypeError, QIAREA KSR &5 %
MemoryError, UIH set N set B HFRAISLFINL5| & SystemError,

THRECE T T set BUHFRARSEH], HAT T frozenset BUH T-AH M.

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABL WIIRARFIHFRoIRIR A 1, WERAIKE] (JotfE) &E o, AnAuBEI MR E -1,
W TR BR 2251 & KeyError. HIH: key HRMIARAT LM EF] % TypeError. AT Python
discard () J¥k, MEREURS AR ARG A S A A IR VRS S 6 . 2R set A2 set BUH
TERBP LGN 5] % PyExc_SystemError,

PyObject *PySet_Pop (PyObject *set)
BwEE: #a95| Ao Part of the Stable ABL i&[8] ser HAREXTRIHGIH, H M ser HREBRZNS. K
WrpaR [A] NULL. WPREE A 2 M &5 % KeyError. MR set ANg set BUHTIRARYLHIM 5] %

SystemError,
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int PySet_Clear (PyObject *set)
Part of the Stable ABL 525 BIlG 7ML A 5B XT .

8.5 ENMIfF

8.5.1 FH=R, (Function) ¥%

T 48/0 9 Python iR 37 i B [EIH]
type PyFunctionObject

JIT R C S5k 1A

PyTypeObject PyFunction_Type
X ZE—APyTypeObject SLAIH3RIR Python pREZEAL, BAEHN types.FunctionType [1] Python
F AT

int PyFunction_Check (PyObject *0)
R 0 R— BN GR AU PyFunction Type) MR E(E. JESUAUR A NULL., HEREE S
AT -

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
BEME: g7l R . RIS XS code KRIKIIHTRREN G . globals W@ — 17, KT LAV]
[ a2 g8
MACTE X G FR R B R S SCRY A R R B . module_ 23 M\ globals "32EL . 23§ defaults, annotations
A closure 15 NULL, __qualname__ %45 R 5044 FRAR R AL

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject * qualname)
BEME: a5 R . KlpyFunction New (), {Hif AV B R BX LW __qualname  JEtk.
qualname [ 24 unicode X} % B NULL; W2 NULL | _ qualname_ J@Mi% AN 5H _ name_ @
PERA F] 1R

3.3 UGBTI

PyObject *PyFunction_GetCode (PyObject *op)
BEME: AT A . [ ELARCAGY (AR B ) R e 1 op

PyObject *PyFunction_GetGlobals (PyObject *op)
REMA: NG TR o (] R e o S R B ) R B 1 op

PyObject *PyFunction_GetModule (PyObject *op)
BEME: AEANG TR . [0 ERECT R op 1) __module__ JE1EIR 8] —borrowed reference., ZAE W] PAH NULL.,

RN — MBI AR AR, ET DAl Python AR BN ARAT HABRT £ .

PyObject *PyFunction_GetDefaults (PyObject *op)
BeEfh: EAGFIR . IREEETR op FBHCEEOAE. Xl PAZ— S04l NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
HEREON 4 op B SHERINE. defaults 75k Py_None B{—IC4.

RIG| % systemError SRR -1 .

PyObject *PyFunction_GetClosure (PyObject *op)
BEME: AT A RIS K ET R op I X AT PAJE NULL B cell X404 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BB KRR R EON 5 op WAL, closure MJ52R Py_None B cell X421 IC4 .

KIMETE| % systemError R E -1 .
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PyObject *PyFunction_GetAnnotations (PyObject *op)

B EANGFIR . IR EREOR op BB, XA PAR— AR T e NULL,
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)

BEE PREON S op AR . annotations /5K —A~FHLEL Py_None,

KIME5| % systemError g aRE] -1 .

8.5.2 BHlHEWHE (Instance Method Objects)

BB R PyCrunct ion W3 4EgR (wrapper), HIEfPyCrunction [EI4 (bind) B HEW) (4 — R H .
TR T HEE¥ PyMethod_New (func, NULL, class) HJBERY,

PyTypeObject PyInstanceMethod_Type
PyTypeObject (KB I3 Python B EAE]l. EAE /B (expose) £ Python FE,
int PyInstanceMethod_Check (PyObject *0)
W o 22— MHE Y (BEEPyinstanceMethod _Type) HfE true. ZHubHAE NULL,
1 o AR 1 AT
PyObject *PyInstanceMethod_New (PyObject * func)
B #ag il A . BHE— B E G EDE, fune EUEZATREIYI0E, ZEFL B HgRF LIS func
BRI AR Ry
PyObject *PyInstanceMethod_Function (PyObject *im)
BEME: AT A . MR BT im B R .
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
BEME: EAT] A . B4 (macro) R4 PyInstanceMethod _Function (), ZW T tEiRietr.

8.5.3 AW (Method Objects)

T EEIEI%; 65X (bound function) 4. Jrik4R 2 ErpkEIAE 2] 6 & e B EH . REF E (B
B —EEEE ) EARTTH .
PyTypeObject PyMethod_Type

B Py Typeobject EHIfLF Python =R, BAEE types.MethodType 2ABA%: Python F£5L,

int PyMethod_Check (PyObject *0)
W o 2— it (BEEryMethod Type) HIMIE true. SHUAEAEINULL. HHRALE &
AT -

PyObject *PyMethod_New (PyObject * func, PyObject *self )
BeMh: #eg iR . EEEB S ER IR, func REEUERE AIRFAYI1F, self [Eli 7 A EEST B0
TEJTERNF I, func AL GITY . self WHAE NULL,

PyObject *PyMethod_Function (PyObject *meth)
BEME: NG F A . [BHE RS Tk meth R W1

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)

BEME: EAFIA . BERANR PyMethod Function (), ZMET Hmtad.
PyObject *PyMethod_Sel€£ (PyObject *meth)

BEME: NG9 F A BB S IR meth 1B .
PyObject *PyMethod_GET_SELF (PyObject *meth)

BEME: EAFIA . BERAN PyMethod_Self (), 2T SRR
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8.5.4 Cell ¥4

“Cell” XM TLI i ZMEMEL I R R. WXL, —4 “Cell” XG0T AL
B 5B R A AR HE SR Jry P AL e A0 35 [ Aol 2278 ) 0 AR TG “Cell” 51 . D7 F)%ME
I, R “Cell” AL STHY(ETI AR R ICHON A B o IXFPXE “Cell” X4 RIRALIN 5 | HI 772 SR A A
MRS PIRIINA S A ZhERIRALIX SE N 2 . “Cell” XA H AT W] REA KA H
type PyCellObject

C 451 cell Y1

PyTypeObject PyCell_Type

S cell Py ALE)
int PyCell_Check (ob)

WR ob 22— cell XL MR FE ; ob WA A NULL, IR 2 AT .
PyObject *PyCell_New (PyObject *ob)

Bl #ag il A QAR El—MLEE ob BHT cell W5 . JEZAIPAH NULL,
PyObject *PyCell_Get (PyObject *cell)

BEME: Fregql Ao B cell FIZ ) cell,

PyObject *PyCell_GET (PyObject *cell)
B EARGEIR . R[] cell X4 cell (INZS, (HEAKM cell 245 4E NULL 3 H—1 cell X4,

int PyCell_Set (PyObject *cell, PyObject *value)
K cell X4 cell WIPNZEBHA value., SXRPREBUATATRT cell X4 4 HINZRIGIH . value W PAA NULL. cell
WK AE NULL; QIR E A e —A> cell XM A -1, QIRBCE I MR R ] 0.

void PyCell_SET (PyObject *cell, PyObject *value)
K cell W52 cell (IEBCN value, ANLVAEEG T, T HA ST ARIEZ 45 cell 67524 4F NULL
FHH R4 cell X142,

8.5.5 ¥R

HIGXF4 2 CPython SCHLHRZ AT . A AR — B AR G852 2 B ECH A Wl AT AURS
type PyCodeObject
AT RBAACRSRS RIS G C G54 . 2SR BOnT I B

PyTypeObject PyCode_Type
XRE—PyTypeobject 54|, H.FE/R Python Y code 25%,

int PyCode_Check (PyObject *co)
MR co f2—A> code XMRMERIMEE. MEREEZ2 BT

int PyCode_GetNumFree (PyCodeObject *co)
R[] co HrEY 1 AS BT

PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int firstli-
neno, PyObject *Inotab)
BEME: #ag 5l A . BRI NH ARG AERARTE S A X GOk B — AR T, 35
M pyCode_NewEmpty (). JMPyCode_New () F4%n] VAGRE FIHERI T Python AN, DA F i1
E L Z A
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PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*comsts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyOb-
Ject *name, int firstlineno, PyObject *Inotab)
Befa: #a95l A, KT PyCode_New (), {HHPH 85N posonlyargcount” I F L FRALESAL

3.8 UBTINA.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
BEME: #rag 7R R LR TR E SRS L B S — AT S S AU X4 X T exec () Bleval ()
A AR R S 2 AR

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

RIATE byte_offset fLE B HIVA N Z G K AEMIESMATS . WERIHFE—IMIATS, ik
M PyFrame_GetLineNumber ().,

FRRE A MUEXT R R AT S, TR PEP 626 A1) APL,

8.6 Hi¥fF

8.6.1 &= (File) ¥it%

XY APLJER} B S 4 Python 2 C APT i/ MU, Bad KAKHT C inifE R Znf /O (FILE®)
SR AE Python 3 W, SRR B 1o Bk, Zp= LA BAE R GERIRIZ R T Zent VO 2 b5 ST L
ANZ o TN A R BRI X LR APLAGESE C sy, RN THRESA R A R I R =T
RIECHTIH 1o APL

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char
*encoding, const char *errors, const char *newline, int closefd)
BEME: #8931 A . Part of the Stable ABL M CLFTH U1 fd 19 U AT A —1> Python SUART4
Z% name, encoding, errors Fl newline 5] DA% NULL Z5 75 I BRINEL ;s buffering 7] DAK -1 & {di I BRAIA(HE
nagﬂ%%%f%ﬂ%%’ﬂ%?ﬁ?%@o R E] NULL. A XSHRE A, 25 10.open ()
ERAGIPEE

st [ Python WAL HC ISR, FILIFENS OS SOCHHIATRR A& AR (H)
RIS

3.2 i AR ZWE name JBIYE .

int PyObject_AsFileDescriptor (PyObject *p)
Part of the Stable ABL K5 p SRIRH) SCUFFAFFE N int k. AERXFRIEEE, R EHAE. ARA
2, WAERXRAAAE £1leno () IIEWAMZINE; &I EL ARl — AL, BRI SURA T
OB AT N GRE G R e o5 B A T

PyObject *PyFile_GetLine (PyObject *p, int n)
BREME: #4958 . Part of the Stable ABL 24T p.readline ([n]) , X EREMITE p PitE—
1o p AIPARSCHR R EUAA readline () JVEMAEMXISR. WR n 2 0, WIIERATHIK AT,
HRA PR —1T. AR n KT 0, WS EEBOR B n AN AT RAR BT —3R 7)o TEIX PRI O
T, ARSERIERSCHER R, MR M AR HE, W a /N 0, WITGIeK FEM AR BEH—AT
HZ AR BV EIA SR, W51 % EOFError.,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H# io.open_code () WIEHEATH, FFIHLIESE T i fihr a8ty kG
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W PRAAR & — AN B PyObject * (*) PyObject *path, void *userData [WpE%L, HH path
SR PyUnicodeObject

wserData $E6V2 9 A% TEREL. BBy T80T A 1R B 7R , AR EEB46 7 Python
KA

BT EAE T LI IHER AR, R GTERBRSRSAT T AR, BRIEC e RS
RS H A sys.modules 0],

— BB TB0E, BB IREE R, ZEXPyrile SetopenCodeHook () HYTHHIHAF KL,
WA MRS T Epiat, RECR R -1 B 7.
MR BT A HAEPy_Tnitialize () ZEIRA .
Gk —A~ il setopencodehook, RFHEMSEL.
3.8 HUHIIA.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the Stable ABL X5 obj GASMMR p o flags ME—LHFHHRERE Py_PRINT_RAW; WIERZATE,
MEARRHE) str () MAZE repr ()« BIIFRE 0, KIEIRE -1, RFECEE 24151,
int PyFile_WriteString (const char *s, PyObject *p)

Part of the Stable ABL 3 A5 s BIRHZEYIF po HIRIRERIE O, T SR Hrs I -1, [El e il
BIAMIRIE.

8.6.2 Rl ¥R

PyTypeObject PyModule_Type
Part of the Stable ABIL X4~ C 2B 5L Py TypeObject FFFE R Python H{REERZEH . ¥E Python f£)¥%
H% S 9 ZR B8l types .ModuleType.
int PyModule_Check (PyObject *p)
M p NEHEEARN G, BURBH TR AN R IR P E A . %R EUKIE A R .
int PyModule_CheckExact (PyObject *p)
2 p ARHRIEBPTR HA R PyModule Type BT IRBUMXTR IR M FH . ZpRAUKIEAT IR A {H .
PyObject *PyModule_NewObject (PyObject *name)
BEME: # a4 5| B . Part of the Stable ABI since version 3.7. iR Bl %, HIEME _ _name_ K

name . WU @M __name_ ,_ doc_ ,_ package_ ,and __loader__ #&#WiHZNIET. (T
HIEMR T _name__ #@{H None) . WABIN S4424E _ file  J@M.

3.3 BUHTIA.
34 WUESE: _ package_ fll_ loader_ #f#%([F] None,

PyObject *PyModule_New (const char *name)
BWE: #9531 A . Part of the Stable ABL XZ3F PyModule NewObject (), {BHEH4Hr M UTF-8 45
W EEAFER A /& Unicode X142 .

PyObject *PyModule_GetDict (PyObject *module)
BEME: NG5 A . Part of the Stable ABL 3 [ S B module 1) iy 45 73 [B] A 7 MU0 525 IR 546
PXZM __dict  J@MAME. 415 module A2 — PG (BB R TRE) , M5k

SystemError iR [E] NULL,

UL A Hifth PyModule_* Ml PyObject_* pELIMAE EAZ IR __dict__.

PyObject *PyModule_GetNameObject (PyObject *module)
BEME: #h4 3| A . Part of the Stable ABI since version 3.7. i&|8] module ) __name__ {H. 1R AR
HIZ(E, BEEMREAR TR, W51k systemError 1R[] NULL,
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3.3 BUHTMA.

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. Z8{lJ F-PyModule GetNameObject () {Biz[H] "ut£-8" A4 FK.

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL 1R [IBEHRIY “RAE”, Wi, IR m7ERR G 2 FLR NAF BRI H8 5, B
# NULL, &l PyModuleDef.m size,

PyModuleDef *PyModule_GetDef (PyObject *module)

Part of the Stable ABL iR [ 3§ m AL G @ T H ) Py ModuleDer Z5RIRIGFEEN, S8 WERAHRAS 2 (H
2R SR RS 3R B NULL,

PyObject *PyModule_GetFilenameObject (PyObject *module)
BEME: #Hh5| A . Part of the Stable ABL R [0 Ffl module ) __file_  JEVERTINENY 2230144 .
WARBPEARE L, SEE R EA R Unicode 747, W&5|% SystemError Jfiz o] NULL; fEH:
A BT 3 [0l — 45 1) Unicode XF4RH5]H -

3.2 BUHTMA.

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABL Z8{l) T PyModule GetFilenameObject () {HE R4S A utf-8 344 .

32 B CEIH: PyModule GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.

Mgt C 1R

BIL N R B w2 R TP AT (@ﬁ%ﬂﬁ"“%@@lﬂ’] ), BN R g R e (L
M PyImport_AppendInittab () PIMFIEEED). HESH bulldlng 5§, extending-with-embedding T 15

H
WAL R LR AR Py Module Create () M A—MEHGE CELBI, FFIRIIEEREHRAR , 805 ik bl E
XERGERAR B ARAG R LB B IRie”
type PyModuleDef

Part of the Stable ABI (including all members). FiE LLEH , EARGFA BN R rRE N IrEEE . 81
G DA — X AR B S i AR B

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef HEAD_INIT.

const char *m_name

W) 2 FR
const char *m_doc
BB SO e — R B PyDoc STRVAR B I SR AT ER AL &
Py_ssize_ tm_size
] DAL R AR PRATAE N B MM O WA XS P, (] PyiModule_GetState () #2%, T
ARSI XS EHRAT ATEZ A TR de e e L

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ free function has been called, if present.

Fm_size WHN -1, BWWELMRIEAGEFIRE, AR TR

PR BN AR E, BEWRESSA] VIR, 48 B HAR S IR B BN RN Z 0B
WAL TR EAE ) m_size,

W2 A PEP 3121,
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PyMethodDef *m_methods
— MR R EERR RS, PyMethodDef fiik . ANAUEHRECA AL, WPAH NULL,
PyModuleDef _Slot *m_slots
HI 1R 22 By Baw an AL RO ARG 7 i SCALER R, PA—> {0, NULL} ZRHEW. A0 ] B pr Bl ih
A}, m_slots Wa%5i°A) NULL,

3.5 A AE 3.5 U2 W, M SR BN NULL, FFgOE SOl
inquiry m_reload

traverseproc m_t raverse

TEAR R G2 ) A7 3% 0] Sk g 30 1) T 8 R P ol g e 6, SRS B2 04 NULL

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

3.9 JCHE A AERHOIR S B Z BT -

inquirym_clear

ERSHROXT G2 (4 5735 1 Wi 35 B 1) B 8] P AV BB R, RN 20 NULL

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

MR Py Typeobject. tp_clear IR, XA MRAEHIGREHIHIA M. i, 45|
FVTHRUE PAB E — RGN, S BRI m_free, WA HERA LR 1l i ds .
3.9 JiCHE A FERLHOIR S T BT T .

Jfreefunc m_free

TEREHOT G AR 18] BT ] P B BR S, NSRS T5 2200k NULL,

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

3.9 HUHE A AERCHCR AW B B AN PR

HH R

BRI IAL BT DA E B IR SR 5, BRSOl “BARY Bl il , (S DA PSS G i R i b i —
I -
I .
PyObject *PyModule_Create (PyModuleDef *def)
A © fA: #H ey 5] B, Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
B wMA: #7845| A . Partof the Stable ABL B —ANHERS 5, TESHL def 45 HE X, IE APTIRAS
NZH module_api_version . A5 IEAEIZA TR AR ILIE U“JAﬁWy: RuntimeWarning.

i) KREZBEHMENZ M pyModule Create () R MBS, WRARHEFEGHNE.

8.6. Hib¥k 153



The Python/C API, £[F 3.10.13

TERIIRAC R BGR B 2 |, A2 AR Sl & PyModule AddObjectRef () SFREGIATIE T

SHEMIat

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way behave
more like Python modules: the initialization is split between the creation phase, when the module object is created, and
the execution phase, when it is populated. The distinction is similar to the __new__ () and __init__ () methods of
classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict__ or individual classes created
with Py Type FromSpec ()).

FIA 0 2 By Bo) i A0 BRI B DRER IV A2 S e T A 25« ORIEZ B [BAR ST, 38 g ] DASE B3k —

Ao

%iﬁ RZBrBIiafe, #1464k %L (PyInit_modulename) j& [o] — MU & {E2S ) m_s ot s BIERIPyModuleDe
o AEEPLREIZ T, X4~ PyModuleDef SEHAMISEH A AT R EHI U 1 -

PyObject *PyModuleDef_Init (PyModuleDef *def)
BEME: E AR T A . Part of the Stable ABI since version 3.5. Fi{#fid & X 2—AIEWawI 1546 Python
X4, YA IR AU G THEL

RN PyObject * [ def , HIMRAAME DR, RN NULL.
3.5 BB
bR E S m_slots Ji A4 7] —> PyModuleDef_Slot Z5HA%AL:
type PyModuleDef_Slot

int slot

FEOLID, MR A 43 ] ME

void *value

RO, HoS OB TR (2 1D
3.5 O
m_slots JLALALIFLA—> id 2y O MG AZ45 5
CIPiElEyi fvesdchss

Py_mod_create

FEE — R AL ] AR BREHOS RA B o KB LHY value TRET LA ) — > A U1 R 2544 1 B AL
PyObject *create_module (PyObject *spec, PyModuleDef *def')

%R % — > ModuleSpec 326, 1 PEP 451 firiE XA, PARAR R GE o B W 243 0] — S H AR e
W%, EERE M RIR ] NULL,

BERR BN SO Fpf/MbE . R, BN 4R HATE Python fURY, AN P Al — Ml fiE
S FETCIRERR -

Z/~ Py_mod_create M ARELE—MRHUE P HEE -

154 Chapter 8. EFHMRE


https://www.python.org/dev/peps/pep-0451

The Python/C API, £[F 3.10.13

WRARFEE Py_mod_create, FAMMIREH PyModule New () BlE—MFEPBHN S . L5
FRELH spec TARRE L, PASRVRY AT B A I B T A THE B2 G S5 1 v i 6 B il i AF-5- 4 4 DR
R 2R T, [l R E S

ANELRIR B X G PyModule Type BSEH. ARMZEAUS A E ], HEE SC R & AR A
MR EM. B2, R PyModuleDef HFJE NULL Y m_traverse, m_clear, m_free; JEZEN
m_size; B{F Py_mod_create PASMAFEALN] HEER ] PyModule_Type HISLH,

Py_mod_exec
T — A DA PATRCEAY s R, X HE N T AT Python I RS : @ #, BLRRES S
IR . HEREIN 224

int exec_module (PyObject *module)
WRIEE T ZA Py_mod_exec f{i7, FHEIREATTE *m_slots* %20 v b BUR WP HEATAL B .
HRZH BRI EEZ 4075, 1215 PEP:489

RERRBIZE L

M Z B BTG ET, Fre AT gL, Bilan, TEShSOIEBHRT R, ATAEREM A e TE,
WJE ] PyModule_FromDefAndSpec fll PyModule_ExecDef 358 B H#] i ib— M,

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

RE1E: #Ha95| A, Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule FromDefAndSpec?2 () with module_api_version set to PYTHON_API_VERSTION.

3.5 BUHTMA.

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
BWE: #8951 8 . Part of the Stable ABI since version 3.7. B)EE— IR, FEZEL def F spec
e X, RE APL A B EL module_api_version. {1SAZIRA 5 IEAEIZ TR SR HRAS AN VTR, 0]

£flt% Runt imeWarning.,

WiE: RZHON RN % PyModule FromDe fAandspec () AU BRI ILARAL, Rk 2 5 26
=8

3.5 BUHTMA.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Part of the Stable ABI since version 3.7. thfTZ%% *def* th 45 BT Z ST (Py_mod exec).

3.5 BUBTINA.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the Stable ABI since version 3.7. ¥4 *module* [ 3£ & B i% B N *docstring®. 24 i [
PyModule_Create B PyModule_FromDefAndSpec M PyModuleDef @RI HI}, £ H 3h1EH
AR

3.5 BUBTINA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef * functions)
Part of the Stable ABI since version 3.7. ¥-PA NULL %5 E /Y *functions™® % 2H 7 ) BB N3] *module* 158
Yo, HREANFZHWEZHN, S HryMethodber Y (B THUILZ a4 250, £ C
HSEIL R B PR AL R B — 4SS50, 5 Python S SLGIJvAL) o« M4 (E A
PyModule_Create B PyModule_FromDefAndSpec M PyModuleDef GEARYE, 2830 H ik

3.5 HUHTIA.
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XfRERM

BT RICRREL (BRFT BRI iafl) sl s B i ST O A R 8 (B Bavigate) , T DABEI AR B %,
SKRAE W IR AR AR -

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABI since version 3.10. Y—% %~ *name* P%F 4715 *module* itk , Xi2—4
DIER R, W ATERSR AW AR L e P

WE R, RE 0, QR AEAR, FILSEIFRE] -1,
IR *value* A NULL, iR[F] NULL, ZEVAH BRI, AL 2.
P -

static int
add_spam (PyObject *module, int value)
{

PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

}

XA TR AT A A S AR 2 obj #2754 NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (ob7j) ;
return res;

}

HERAE MO R 24 (f ] Py_XDECREF () IiAN/& Py_DECREF (), K4 obj WIfig - NULL,
3.10 G

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABL. 25{0) T PyModule_AddObjectRef (), {HEYEM IR B—A%F value 15|
(AR EiRIE 0 H) .

W d s PyModule_AddObjectRef () BREL, MRl PyModule_AddObject () HREMBE S
FEG | R .

i SHAETHG | AR ECRT, PyModule_AddObject () HYE RIIRFEHAS value )51 H o
X ERE DA AR I, I8 T 20 S AR B DRI T30 *value* i Py_DECREF (),

ik/S K

static int
add_spam (PyObject *module, int value)
{

(FItakss)
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(R —H)

PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py _DECREF (obj) is not needed here
return O;

XAt ] A A 2 2SR 2 obj 2175 NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) 1s not needed here
return 0;

}

AR UL T W24 (] Py_XDECREF () i/ Py_DECREF (), [} obj W[HEN NULL,

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the Stable ABL Rf—~£ 584 *name*™ [FJHERY 3 B4 N E] *module™ b, 534S {5 1) s £ AT A
TERTHRAWIIG AL R B PET o AR E AR, AR -1, AR IA] O

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL ¥§—/N4 820 *name* [F4F 88 & 2NN E] *module* ik, XN 819 pR kAT
PATERESR A IR R T o FAFER *value® @025 DA NULL g5 . MR AAGER, Rl -1, Mk
[m] 0 .

int PyModule_AddIntMacro (PyObject *module, macro)

Bo— A B AL &R B *module* AR B b 4 BR A (E B H  *macro* 2 % ] 4N,
PyModule_AddIntMacro (module, AF_INET) Y {H & *AF_INET* [ ¥ #l & & *AF_INET*

#mE] *module* Bibkrr. AR ARG, RE -1, RN O .

int PyModule AddStringMacro (PyObject *module, macro)
R DFARFER RIS *module® i,

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. ’F—A~ZEBI%F RN INE] module b 27 5o 438 150 7E R B 35
PPy Type_Ready () SEMAIAGAL. RRIXT R B FFREE tp_name fefq— AR5 Z G . a2k
KRR, R -1, 3R E 0.

3.9 BUHTIA.
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EREIR

BRI BRI B AT DATE S B RER LR SO e A BB . X ARG B E LRSI, AT AR,
ESUEO0E 8
XL R AN TE I Tl 2 Hr Bov ap AL B R, DR SR T DA — VR E SR 2 MR AR
PyObject *PyState_FindModule (PyModuleDef *def)
BEfE: A5 . Part of the Stable ABL 1% [8] 24 i il RERs T il def QI MIBIELT S, Iy V2 B R
RMGIHClid Pystate_AddModule () BB NI REARIRS o WERARA BB BEHT AR
BB SR AR I R AIRAS, 1R [H] NULL,
int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.3. Ff 1 45 ok %l i) 455 B 0 G B I 21 Mg B 200 2. X0 o i Jd
HPystate_FindModule () Fifjl izttt 4.
AEE B B B b R S B RL.
Python Z7EF A—MEER)S H 31 /I PyState_aAddModule, FILMBELERGIIGAM PN E2BH
WE) (HEEEAL) . B AHERS B C PR LS 5448 T Pystate_FindModule
WS OL T AR EN . WEREEE RN T EABERBANG (S2Ed EAAE, suglds e
14 S IR AR IBUIT 77 AR S BB S )
T I A A1 GIL
R ] O B R raR [A] -1,
3.3 BT mA.

int PyState_RemoveModule (PyModuleDef *def)
Part of the Stable ABI since version 3.3. M\fEFE2R RS PRI H def QBRI S, IR 0, F %
W ERF R [m] -1
i A 24557 GIL.

3.3 UGBTI

8.6.3 [F/ft2¢ (Iterator) ¥

Python $24L 7 W1iE AR R . SB— AV PPk Ags, BHMSCR __getitem () IAMAEETFH.
S A AT X R AN —A> sentinel (), 741 YRR TR TR RS2, FHFAEIR ] sentinel {E I 455015
e
PyTypeObject PySeqIlter_Type
Part of the Stable ABL PySeqIter New () &[]k #F % 52 09 2 BN GO0 N 8 7 91 26 B P4 8 oK 4K
iter () MEPSHIE.
int PySeqIter_Check (op)
MR op AN PySegTter Type MIRMIEE. BERECE RS MINHAT.
PyObject *PySeqIter_New (PyObject *seq)
BEME: #6495 B . Part of the Stable ABL 1R[] — 5 % HUF 5 % G —A2 4l 158§ seqg. 47 41T
F#1E5 % IndexError I, AIUEEH.
PyTypeObject PyCallIter_Type
Part of the Stable ABL ¥ PyCalllter New() fl iter () WHE BRI SEIE IR 1] {35 FC 20}
FRENG .
int PyCallIter_ Check (0p)
Wk op WA pyCallTter Type WEREIE(E . HEREUE RS MINHAT.

158 Chapter 8. A#FHMMRE



The Python/C API, £[F 3.10.13

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
BEME: #ay5 M. Part of the Stable ABL iR [H— AN . H— 1S4 callable W] PAZATARH] DA
B SRS OL N IR Y Python IR G AU AR %R AP B R — AT H o 24 callable
iR [0 55 T sentinel F{EIY, IEACRFZ L.

8.6.4 Descriptor (#ii28) Y

"Descriptor” ZAH RV A FE LB W, BN BEY Y dictionary (F3) .
PyTypeObject PyProperty_Type
Part of the Stable ABL [E)# descriptor ZU[FIfFZLEI 14
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
BRWEE: #8951 A . Part of the Stable ABL

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
BEME: #4951 A . Part of the Stable ABL

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
BWE: #ey 5| A .. Part of the Stable ABL

PyObject *PyDescr_NewWrapper (PyTypeObject *type, st ruct wrapperbase *wrapper, void *wrapped)
BEME: #agT .

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )
BWEE: #Hey 5 A . Part of the Stable ABL

int PyDescr_IsData (PyObject *descr)
TR descriptor Y descr iR 1) 2 — M8 EoBHE I A BB AR A, s ISR E R IR )& — 08 J7 VA il iR 1]
0. descr Wo/B[EF)—Af descriptor H){4:; [ s A02r .

PyObject *PyWrapper_New (PyObject*, PyObject*)
BRWEE: #8951 A . Part of the Stable ABL

8.6.5 Y1 ¥

PyTypeObject PySlice_Type
Part of the Stable ABL Y] A XF R 2R ANT % . 5 Python ZTH Y slice ZAHFEIXTE .

int PySlice_Check (PyObject *ob)
MR ob j2—A> slice XFZ MR A EAE; ob WA NULL, BERREUE 2 2 AT .

PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
BEME: #ey51 A . Part of the Stable ABL & ] — 4> BG4 EEH Y R Xt 4. start, stop 1 step &5
WA slice XF AR .44 BRI JEPEIE . X L8 h I AEATT— SRR T DAY NULL, FEXFPIE AL 5T
None VEAXf W B YERE . AR F R ICIE 7 BL R M) NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t

*step)

Part of the Stable ABL M) X4 slice $£ B start, stop 1 step K515, BN JER N length, KT length

ORI R LR (R

AR 0, tHIHIRI 1 I EURBESH (BAERAFAI N None HIGHBEHION N, &

RGN T 2R E -1 JF HiE— A7) .

PRATREAN AT R R %R

3.2 RS ZHi slice TS ML S AR PySliceObject *,
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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)
Part of the Stable ABL PySlice GetIndices () WV FEA . MY F XTI slice 28U start, stop I step
Rol'Z, FPIK IS length, FRUIR K EARTFAE slicelength v, JEHTEEINER T 52A5 %
Yl —3u) iy X157 v

R[] 0, thASIHE I ~1 3 HA R R

fE): b pR B 1 AT AR KNP 1 R 2 R e AW . X B B R 8 B APy S1ice_Unpack ()
MPySlice AdjustIndices () WA, H

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

KPR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

3.2 RS ZHi slice XS MBS A& PySliceObject *,

3.6.1 iR EE 4 N Py_LIMITED_API K ik B 5{ X ¥ & 0x03050400 5 0x03060000 2 [A] #Y
M (AERFEBR) 8 0x03060100 B ¥ K] PySlice_GetIndicesEx () ¥ LI H— A # H
PySlice_Unpack () fll PySlice_AdjustIndices () W% . S5 start, stop Fl step W2 HRIE.
3.6.1 AT EIH: i Py _LIMITED_API #&E A/NT 003050400 B 003060000 5 003060100
Z I ORNEFEHA) W PySlice_GetIndicesEx () NE I ML
int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

Part of the Stable ABI since version 3.7. M) 7 Xt 42 ¥R start, stop A1 step £ il RAZHCH C %5, &
HERHE T PY_SSIZE_T_MAX F{ER/NA PY_SSIZE_T_MAX, #ERHLE/NT PY_SSIZE_T MIN

f) start Fl stop {HI% K& PY_SSIZE_T_MIN, H-EERHE/NT -PY_SSIZE_T_MAX ] step {H KN
-PY_SSIZE_T_MAX.

AR -1, R [E] 0
3.6.1 JUET A

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. ¥4 start/end ¥J] &5 | SRS € W P K E TR, BHEEE
MR 552 A5 E Y R — S Rt 75 ).

REYIR K. HERAE SR 2. A2 A Python fU5.
3.6.1 UHT A
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8.6.6 Ellipsis 345

PyObject *Py_Ellipsis
Python ) E11lipsis X5 . MAREAEMITIE. B AG AT HABRT R —FER 7 2CEET 4L
‘E5Py_None —FEE T HBIR R,

8.6.7 MemoryView ¥j{§

—A memoryview X4 C YR L T R4E 0 BEEH— A ABATATIH AT 5 —HAZ 181 Python XF 4.
PyObject *PyMemoryView_FromObject (PyObject *obj)
REME: #ag 5] A . Part of the Stable ABL MIRAEZEm X $2 11X 42 1 memoryview Xf 5. 412 obj 52
Ferl G gzop X3, W) memoryview X4 AT ARE B/ 5, RINE R AE2 HBehy, Wl LS FhaF BTk
FEMTLE .
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
R EME: #043| B . Part of the Stable ABI since version 3.7. i Ffl mem VE} i& )2 251 X 41 78— memoryview
%4 . flags W PASE PyBUF_READ B{# PyBUF_WRITE Z —.

3.3 JRHTIA.
PyObject *PyMemoryView_FromBuffer (Py_buffer *view)

A #eh 3 A . AN AN S A S X G5 view [ memoryview X5 . W TR B AT E0R X
PyMemoryView_FromMemory () kKA.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
BRWEME: #7495 A . Part of the Stable ABL. M 58 G X2 1 Y XT R B - — memoryview X% contiguous
WAEH (78°C’ 5 'Fortran order 1) . Q1SR N2 ESR, W memoryview X8R IGNAE. B, &
il 3 H. memoryview Fi[n] 7 bytes Xf 4.

int PyMemoryView_Check (PyObject *obj)
W obj j&—A> memoryview X5 MR M (. HHIAAFEE memoryview 1. HRELE RS
hihdT.

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
IR 0] 45 [7] memoryview 13t 2% vh I AL AT R A 45 45L . mview B %52 — 1> memoryview SEf1; X2
AT RIEAL, AR O, 75 ARSI AR Tt KU <

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
2 1 memoryview Fr J T B S B X & B F5 £, = #F W R memoryview B OH MR
iﬂ[PyMemoryVi ew_FromMemory () ﬁPyMemoryViewﬁFromBuffer () ﬁ'] #£ W3R 8] NULL, mview
WS —~ memoryview SEf .

8.6.8 FH&EBYIG

Python 32 “5551 7 VERN—FX4g. BMACRUL, APAERSCIGG5 | X4, 55—t msmeys | 1t
%, 5B MU REHLAE A R — AR X S AR
int PyWeakref_Check (ob)
2R ob 2 — A5 XTSRRI B . BEpRE 2 2 BT .
int PyWeakref_CheckRef (ob)
W ob 22— A5 XTSRRI EAE . EeREE & 2 AT

int PyWeakref_CheckProxy (ob)
W2 ob e — B R MGR I FAE . B EUE 2 S AT .
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PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
B #ay 3 A . Part of the Stable ABL R [HIXF 5 ob — 4555 | IR S . R ERELE 2 LR Bl — 8
IH, ARSI —NHRR SR EATTRERE—DNEA G HIXS . %6 A B2 callback 7] VA
— AP HIRR, ERTE ob YRR I BCGE A BN M — N RAIE S, RIS X RA
. callback ] PAK None B NULL. IR ob A@—A5595 1 HXTS, S AR callback A2 T FX%F
4. None B{ NULL, NNZERECER[E] NULL 35| % TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
BwMA: #4951 A . Part of the Stable ABL 1R[FIXFR ob 1)— 4555 HIAUEERI G %R AICK: B ik n]—
ASFIEIH, AEARGRIEQIE AN HAT S EA AT RER Bl — N IA I S 55 = ANE S callback 7]
PA— ARG, BT ob YVE IR N BEGE TG BN 42— g2, RIgs5] xS
LAY, callback HATPAN None B NULL. I ob RJg—A555] XIS, s Wk callback A2 m]
X4 . None B{ NULL, NiZRECHIRE] NULL H5| % TypeError,

PyObject *PyWeakref_ GetObject (PyObject *ref’)
BEME: AT A . Part of the Stable ABL 3R 8] 555 IR ref BBE5 I XSG WEARPT | AN GO F:
FFAE, MR[E Py_None.

i B % o8 BOR 10 W51 X528 — ASborrowed reference, X VR A IV % B = AR 1% X 4 L
M Py_INCREF (), B4 EAERATI I G — U B 2 B JeiA 4 Sy e o

PyObject *PyWeakref_GET_OBJECT (PyObject *ref')
BEME: AN, KflpyWeakref _GetObject (), {HELBA—MAMESEAIGAIE -

void PyObject_ClearWeakRefs (PyObject *object)
Part of the Stable ABL WRECE 4 tp_dealloc AFRAIFGIEH PAIGZS 5551 .

BERRHCIF IR object 1555 | H-R X L85 [ T BEAAAE R IR . ERFESE 0 T BT [l 2 iR [l .

8.6.9 Capsule %5

A SR X LR G B 22 {7 R 32 7] using-capsules..

3.1 BUHTA.

type PyCapsule
XApyobject W FRBAME MR, BT FHERRERE (14 void» $14t) wid Python {
i B oA C AU C itk . &R R TARLEAE — MR P E L C BB L B by
5 S T DA F 3 AL S AR U7 I FE Zh A I s o i SR C APLL

type PyCapsule_Destructor
Part of the Stable ABI. Capsule [HTHE%% R TL, & XA -

typedef void (*PyCapsule_Destructor) (PyObject *);

ZPyCapsule_New () FFEL PyCapsule_Destructor 32 [RI{E {15 X o

int PyCapsule_CheckExact (PyObject *p)
WARSHR— N PyCapsule IR EAE. HEHE RS BINIT.

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
BWEME: #9351 A . Part of the Stable ABL Bl — A58 T pointer 1{jPyCapsule, pointer 225 W] DA
“H NULL,

TE R WA — > S8 H9R [|] NULL,

FAFHE name AU NULL 8@ MR RA RN C FAFER 484t . IR R NULL, W E R R A0 L
capsule £ (BRI FLIFHE destructor FRELE . )
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R destructor ZH0AH NULL, W24 &9 54 S RE B 7 capsule /E S HOERTEH A -
R capsule B W ARTTE N — R @M, W] name 244535 E N modulename . attributename.,
XA HAbAS i ] Pycapsule Import () 5 A capsule,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL 3EEURFEALE capsule H R pointer . 152 MR B— A5 HR& M) NULL,

name .5 W5 SARAFHE capsule H A FRIEF RSB LIS . Q0 SRARAEAE capsule HH )44 FR A NULL, WifE A
) name 00751~ NULL, Python £{#i il C % stremp () F LI capsule 24 FF .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL 12 [I{&4FFE capsule H1 24 HIHTHGAS o FEJ TR S — AR5 & 7] NULL,

capsule B NULL Hri %% 2 &M . X5 NULL iR AR A S X5 il PyCapsule Isvalid()
B PyErr_Occurred () FiHKEE L.

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL & [I{&4FFE capsule H1 2417 FF 30, FER M S — A 75 & 7] NULL.,

capsule HA NULL _F'F 3CR @AM« ;X &5 NULL IR [A RS A L85G 3 PyCapsule Tsvalid()
B PyErr_Occurred () JEiHEE .

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL & [RI{£-774E capsule A4 BT FR. FEFRII % E — D R H % [ NULL,

capsule HF NULL ZFREEER .. XS5 NULL R A L X EHfrycapsule_Isvalid()
B PyErr_Occurred () FiHKEE L.

void *PyCapsule_Import (const char *name, int no_block)
Part of the Stable ABL. M —/MEEHR) capsule J& LT A$817 C MRFEE. name JE2: ) 2445 & JEYEM
FERZFR, 5 module.attribute FH—F . PRIFLE capsule 1) name Do/ 524 VEEL I 747 . 2
B no_block HEAE, WIPATEHZFERRX AR (i ] Py Import_ImportModuleNoBlock ()). HIH
no_block NEAE, WPALGR G AR ([ Py Tmport_ImportModule ().

IR [F] capsule [ PNHED 484t FE M B> 5 IR 0] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL Wi ;& capsule J& 15 52 — 1B % W. B K capsule 570 A 2y NULL, %
#PyCapsule_CheckExact (), FEHAIFfE—AA N NULL 550, I HHNFRAFES name £
ZHILHL. (WS PyCapsule_GetPointer () T UM% capsule ZFRFEAT B A KAEE.)

PeA)iE L, WRPyCapsule Isvalid() iR[EEAE, WHEMXTiHEE (DA PyCapsule_Get () 3k
FAEATT BRE) R AR ARAIE 23 B2

RN RA R HICRAE AR FRUGR AR, BIRE 0. LA —EA K.

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABL *Rf capsule WERIF)_E N SCIEEE N context .

SRR 00 SRIYCRTIR [l JEBALH B B

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABL - capsule WNERIRINTHAZSE A destructor .

JRI AR ] 0o SRR [l R AL I BB — A S

int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABL ¥ capsule INERIZHRIZ N name., YNIFAR A NULL, WA FRCIFAERIL AL capsule
B AR ZHIPRAFLE capsule HY name A NULL, MIALSBE

JREIF IR ] 00 SRR [l R AL I BB A5
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int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABL - capsule NERI ZS $841% 0 pointer . 8% ANTA] A NULL.,

SRR ] 00 SRS iR [0l AR A BB —

8.6.10 42t
PE i N5 2 Python JiI 3t SIS 2R 28 P BT 4 . T T B ST 5 P A (Y SRR B, T st

i PyGen_New () B{PyGen_NewWithQualName ().

type PyGenObject
T A AR AR C Z5H 1
PyTypeObject PyGen_Type
S NARR R R AR 5.
int PyGen_Check (PyObject *ob)
A4 ob j&—A generator X[ G MR M EAE; ob WA K NULL. BERREUE 22 AT
int PyGen_CheckExact (PyObject *ob)
W2 ob HEALZ PyGen_Type WIRFIE(E; ob WAUARN NULL. BLRREUEZE 2 MIIHIAT
PyObject *PyGen_New (PyFrameObject * frame)
RwEMAE: #ag5I R . BT frame M RAQVEIFR P —AFAE B R . RS BGE—AXT frame 15|
Mo SN K NULL,
PyObject *PyGen_NewWithQualName (PyFrameObject * frame, PyObject *name, PyObject *qualname)
B # ey il R, BT frame X R AN A IR I — DA E RSN R, HF __name_ M

__qualname___ %>} name H qualname., MRS BE—NKF frame B35 . frame ZELIA R
NULL,

8.6.11 Coroutine ({%12) ¥

3.5 BUBTIA.
Coroutine HJ @ ARLLLA async B 7 HCE &1 o8 2T Bl A M1«

type PyCoroObject
HII% coroutine #:1) C 45 .

PyTypeObject PyCoro_Type
Bl coroutine 4y {3 e L EIH 14«

int PyCoro_CheckExact (PyObject *ob)
W2 ob WAEIE PyCoro Type RIAMEEAA; ob M RE NULL. kAR Grad Tl .

PyObject *PyCoro_New (PyFrameObject * frame, PyObject *name, PyObject *qualname)
BEME: #FHag il A B frame By A g 57 [E) o] {H — {8 B A4 coroutine # 4, Hitp _ name_ Al
__qualname__ % #%[E] name F qualname. MR 6 BUS—{H ¥ frame )2 W (reference). frame 3|
L EARE] NUL L,
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8.6.12 L T TEEMR

filE): 3.7.1 HUHES#: AE Python 3.7.1 . Frfy B R 3C& C APL N4 $ WA Pyobject $REFTIIAR

B PyContext, PyContextVar PA K PyContextToken, fifl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

HEZ AN R bpo-34762,

3.7 UGBTI
FTRANG T contextvars fHL A H C API,

type PyContext
T3~ contextvars.Context X2 C g5,

type PyContextVar
JTF 3R contextvars.ContextVar XRI C Z5H1K,

type PyContextToken
TR contextvars. Token X5 H) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G2

PyTypeObject PyContextVar_Type
SR context variable ZERURRTIN 4

PyTypeObject PyContextToken_Type
278 context variable token ZSTI IS RINT 42

R AR
int PyContext_CheckExact (PyObject *0)
W o WAL PyContext Type MIRMIF{H. o AAAN NULL. IpRELE & 2T .

int PyContextVar_CheckExact (PyObject *0)
W o WA PyContextVar Type MR EAH. o UAUR K NULL. JLRRELE &2 AT

int PyContextToken_CheckExact (PyObject *0)
WA o LA R PyContext Token_Type WHIREIEAH . o WA K NULL, MEREUE &2 I HIT .

RSO RAE B R
PyObject *PyContext_New (void)
BEME: #ag A IS A BSOS QPR AE R R[] NUTL,

PyObject *PyContext_Copy (PyObject *ctx)
BEME: Freg 7R BIEFTE AR eov BTN SOWRAHESE DL Q2R AR AT DGR [B] NULL,

PyObject *PyContext_CopyCurrent (void)
Bl #eg il A QU ETZRE BTN SO DL, IR R AR R UAR [B] NUL L,

int PyContext_Enter (PyObject *ctx)

K ctx B BIAARR Y BI_E R 3C, SRR 0, H IR m] -
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int PyContext_Exit (PyObject *ctx)

OB coe 1R SOFRZ BT _ER SCIREE N 24 BTS2 n 245 R 30, BEhmRE o, AR A -1,
TR E R A
PyObject *PyContextVar_New (const char *name, PyObject *def’)

BEME: Fehil A . BB ContextVar X4, S name T HEEEFHILE . S def
R BTRSCAR R AE E EAAE, 80N NULL R TOERIAE . IR A A ER, X REe R a] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
AT SRR AR AR PO AR R, IR -1, WSRO A AR, TR R MR EME,
HRIR 707,
WERARE) BRSUE S, value ¥ 48 I EIHEE . W BN OB R BA KB, value Xid5 1 :
o default_value, {NF-9F NULL;
o var FIERIAE, AR NULL;

¢ NULL

B TIR A NULL, XASeRE IR I —ASE 5 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
B #e95) R . FE2AHT LN X var BN value. SR [BIERT IS BB FEE XTS5, siE R &R
IR ] NULL

int PyContextVar_Reset (PyObject *var, PyObject *token)

B bR SR B var WRIRAS B N EFEIRB] token [F)PyContextVar_Set () B Z BIFPRES. HLR%L
IR 0, AR -1,

8.6.13 DateTime ¥4

datetime BIHPLML T 4 Fh H BIFNE )05 . A ATATIX 2L R B2 1, W0 A AR A VRS vp 413 B 3k SO
datetime.h (HHERE I I A B ETE Python. h i), 3 H% PyDateTime_IMPORT WA4fi#k & E A H , i
A BRI R B — 35 . XA R R E C S5 EH A — PSS & PyDateTimeAPT
Bl NHEPZERM .
VA UTC Hif):
PyObject *PyDateTime_TimeZone_UTC

R FER UTC B IX ], 5 datetime.timezone.utc H[FE—X%.

3.7 BB
R A L
int PyDate_Check (PyObject *ob)

IR ob °f PyDateTime_DateType KAl PyDateTime_DateType A TRANR [F ElEH. ob
ANBEH NULL. IRRELEE 2 AT .

int PyDate_CheckExact (PyObject *ob)
4 ob 2k PyDateTime_DateType FEUNILR [ EAfH. ob ANREN NULL. ILRRELE S MIHAT.

int PyDateTime_Check (PyObject *ob)
I ob A PyDateTime_DateTimeType KHal PyDateTime_DateTimeType A T2 8 N R
M EfH. ob NEER NULL. IHHEULE S RIHAT.

int PyDateTime_CheckExact (PyObject *ob)
4k ob >k PyDateTime_DateTimeType FKHNREIE(E . ob NEEHN NULL, ILERELE &S MPIHAT
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int PyTime_Check (PyObject *ob)
IR ob 12K FI R PyDateTime_TimeType B2 PyDateTime_TimeType [ TRAENR [ ElEH. ob
WA K NULL, R EE 2 2 AT

int PyTime_CheckExact (PyObject *ob)
IR ob 4y PyDateTime_TimeType FEINR[FIEH. ob NEEHN NULL. ILRREUEE S MIIIAT.

int PyDelta_Check (PyObject *ob)
IR ob 2N PyDateTime_DeltaType 2KAlnl PyDateTime_DeltaType HJIEAST-2E NIk [B] BAH .
ob NREN NULL. IeRECE 2 AT

int PyDelta_CheckExact (PyObject *ob)
W ob 2 PyDateTime_DeltaType FKBNMR A EAH. ob ANfER NULL. IERELEES MIIHAT.

int PyTZInfo_Check (PyObject *ob)
R ob P22 PyDateTime_TZInfoType (& PyDateTime_TZInfoType M) T2 H Nk A B
{H. ob WA A NULL, JURRELE &4 BT

int PyTZInfo_CheckExact (PyObject *ob)
% ob Sk PyDateTime_TZInfoType RAINER [ E(H. ob AREN NULL. RS B2 BT

ielfete P

PyObject *PyDate_FromDate (int year, int month, int day)
BEME: #Fay3 A . BREIEESE. H. HIY datetime.date X4,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)
BREME #6951 8 IR B A F5 5E year, month, day, hour, minute, second f{l microsecond [& {41 datetime.

datetime %2,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)
BEME: #eg3l A . R[EHA$EE year, month, day, hour, minute, second, microsecond I fold J& 1 11
datetime.datetime ¥4,

3.6 BUHTIA.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
BEE: #Fegsl A . kAl EAG $5 52 hour, minute, second and microsecond J& P[] datetime.time %4,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
BEME: #Hay3] 8. xEEA 5 hour, minute, second, microsecond 1 fold JE 14 datet ime.time X7
%,

3.6 UCHTIIA.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
B #eg7l A RERES ER, FPAMAER) datetime . timedelta XfR. RIATIEMALIE
PELAME SR A PRI AL LE datetime . timedelta XFRAYSRYHE I X[A).Z .

PyObject *PyTimeZone_FromOffset (PyDateTime_DeltaType *offset)
BwEME: #e951 . RIEl—4> datetime.timezone X4, XL EG VA offset ZEEERRA M
TEITZE o

3.7 BUHTMA.

PyObject *PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)
BEE: #Hey51 8. BB datetime.timezone X%, EXREA VL offser ZEF R E E W22
HI X 24 55 name.,

3.7 BUBTIMA.
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— B H] ok M date X R iR MFE B W E. S0 A& PyDateTime_Date U #f H 2% (il 4n
PyDateTime_DateTime) 5B, SEMUHURN NULL, H HRBIAE A

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

Il ARGy, [EIIERES.

int PyDateTime_GET_ MONTH (PyDateTime_Date *0)
[l Ay, [FIERd, #1512,

int PyDateTime_GET_DAY (PyDateTime_Date *0)

Ml H, FEIERE, €15 31,

— B8k M datetime X5 R IF BEH % . BRUUAUE PyDateTime_DateTime fdFHTHMISLH. 4L
WA NULL, H HRBUR Sk 7:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
] /g, [EEHE S, 4E 0 2 23,

int PyDateTime_ DATE_GET_MINUTE (PyDateTime_DateTime *0)
Mg, [FIERE, ¢ 0 %) 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
] R, [ElIE#ES, 1€ 0 ) 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
[ E Ry, [EIERE S, 18 0 ] 999999.

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
[l {3 fold, [F)0 =i 1 Y IEEEUL

3.6 BUBTINA.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
1R 1] tzinfo (A] PAH None),

3.10 BUHTIA.

— LIk M time X4 RBUTF BN % . SEE PyDateTime_Time fUfEH FRAYELH . SELTA N
NULL, Ff HZEH RS

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
[l N, [EERE S, 4E 0 2 23,

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)

[l oy g, [EIEREH, 18 0 ) 59.

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
] gy, [EIEHES, 1€ 0 ) 59,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
Wl RS, [FIERESL, 1€ 0 5 999999,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
44 fold, [F)O = 1 FIEHEHL,

3.6 BGHTIA.

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
iR 1] tzinfo (W] PAH None),

3.10 BUHTA.

—LEH R timedelta X 52 FEEEUF B 7% . SEUNE PyDateTime_Delta fWHFHFRAGLH] . SEA
A NULL, I HEBURN S92
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int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
PRI FHL, M-999999999 F| 999999999 [y He ki,

3.3 OB

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
RIEFPEL, MO ) 86399 AL
3.3 UBTIMA.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
AR GADEL, A O F] 999999 FHEEL
3.3 JBTmA.

B TS DB API )75

PyObject *PyDateTime_FromTimestamp (PyObject *args)
B #Hagil A. QIEHFRE -G EITCHS NN datetine. datetime M5, EHEH

datetime.datetime.fromtimestamp () .

PyObject *PyDate_FromTimestamp (PyObject *args)
B #egil A . AR El-DNHEITTHSENH datetime. date X4, @AEL datetime.
date.fromtimestamp (),

8.6.14 AELFMNR

PR LR TRAGL RN EZRA . HEifEE 2S5 - GenericAlias F11 Union, HH GenericAlias £
C Hik.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)
Part of the Stable ABI since version 3.9. 4] —~ GenericAlias ¥f 4. #H:4F V4 Python 2§ types.
GenericAlias. Z4{ origin Fl args 73 % B GenericAlias B __origin__ Hl__args__ @M.
origin W% Z&—A> PyTypeObject*, i args A] PA2— PyTupleObject* B #FHF & PyObject*,
WAL args N @ —ATed, W& BEE— N HITHI __args_ REHN (args,) . XSE0Hk
TTR/DRENSE, HILEI origin N2 B KBt 28T . GenericAlias [ff) _ _parameters_
JEHEM __args_ WIINER . WEREM, W5 kA5 R ] NULL.

IR — AT TRARIE T T

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See.
—PEP 585"}

}

h=%:
BB Y __class_getitem_ () .
3.9 BCHTIA.

PyTypeObject Py_GenericAliasType
Part of the Stable ABI since version 3.9. HHPy_GenericAlias () FrRBIIXTE R C 28, 24T Python
HI) types.GenericAlias ,

3.9 BUHTMA.
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sl LK

152 R Python 45 LELE

9.1 # Python #ig{t 280

FE—HA T Python W HFEFH, Py _Initialize () PREWAFHEATA HAth Python/C API % Bt
s BN RA AR EN & 5 i E %+,

TERIGAL Python Z i, R PAZ: A sy JH DA eR &K
o FLE L
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py_SetProgramName ()
— Py _SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()

* 5 EBREC
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— Py _IsInitialized()
— PyMem GetAllocator()
— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py GetPlatform()
— Py_GetVersion()
. I/\
— Py_DecodeLocale ()
o WAFM s :
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

# [E: PAF BB A W% fEPy_Initialize(): Py _EncodeLocale(), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 £REETE

Python A7 7 5445 ] 4 JRyC B PR P RPAE AT B I AL B o X BEARTE BRI fir 4T85

BRI E— R, RS R ER S B B R BN, —b 2Py _BytesWarningFlag ¥
Sh 1M -bb &Py BytesWarningFlag XK 2.

int Py_BytesWarningFlag
M4 bytes B bytearray 5 str KB Ff bytes 5 int WA M EL . ARKNTET 2 MR
e

Hi —o I .
int Py_DebugFlag

FriafEdras il (BREZMH, M T gmigem) .
i —d #¥EIF1 PYTHONDEBUG MIEAS % B .

int Py_DontWriteBytecodeFlag
MR E A AESS, Python ATES ARSI 2B A . pye U
i -B L3l PYTHONDONTWRITEBYTECODE I AF B B o

int Py_FrozenFlag

MAEPy GetPath () WM EBIHUR RERAZ I B R -
H _freeze_importlib il frozenmain F&F4 FH AL G TERR .
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int Py_HashRandomizationFlag
R PYTHONHASHSEED MGAS S B AR FAF R NI 1.

A ZIEAR A AEZ(E, WEEEY PYTHONHASHSEED REEAS BRI IR AL N2 A Fh o

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MdAr &, flin, © X ER) PYTHONPATH Al PYTHONHOME ,

Hi —E 1 -T JRIiE .
int Py_InspectFlag

J:‘iﬁﬁﬂzl-q/lfﬂﬂwﬁ/\%ﬁ%/\jimﬁﬁT —c IR, WSFEPITZMA S A& 53 A S BRI, RIS
JE sys.stdin HIE—ALimhHt k.

Hi -1 PEFI PYTHONINSPECT FRSSAS iR H .
int Py_InteractiveFlag
B -1 BRI
int Py_IsolatedFlag
DAR 2585250 4T Python. ZEWFBSBER R sys . path KA & BIARI H ST 119 site-packages H 5.
B -T i .
3.4 FCHTNA.

int Py_LegacyWindowsFSEncodingFlag
AR % AR IR A, WA mbes 46 55 Fl “replace” 4 % AL PR A A, 1M A & UTF-8 4y it i
surrogatepass 45 RALFRAIRIVE F filesystem encoding and error handler

R PYTHONLEGACYWINDOWSEF SENCODING A B g i HAE S PR N 1.
HZFkg R R PEP 529,
% : Windows,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use 10.FileIO instead of WindowsConsoleIO for sys standard streams.

A5 PYTHONLEGACYWINDOWSSTDIO MIEAS i NAE S FAF R MM 1.
23S H PEP 528,
W . Windows,

int Py_NoSiteFlag
*"‘H@l site MPABHNMET 05X sys . path I#HAE. AR site KAEMEHEAM T AL
AR SR (SRR B BT site.main ().

H —-S PETIAEE .

int Py_NoUserSiteDirectory

ANEHG A F site-packages HRIFME| sys.path,
i —s Al -I ¥EWiPA K PYTHONNOUSERSITE FRIEAF B E .

int Py_OptimizeFlag
i -0 %Wl PYTHONOPTIMIZE IIRAT B E .

int Py_QuietFlag
RIEEAE AL H AR A s BRI AR B

M —q BRI
3.2 BE A
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int Py_UnbufferedStdioFlag

s stdout FI stderr A ZZ 0 .
i —u ¥EI A PYTHONUNBUFFERED B E ik E .

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 ()

Part of the Stable ABL ¥]44¢ Python f#Rét. TR A Python YR FIFEFFE o, &R 2475 (i i AT A oAtk
Python/C API e HIRER ; WS 4 Python s (¢ =A7 T DRI BISME DL o

XA HIARLE B (sys . modules), HAIEEAML builtins, __main_ fll sys., B
WA BHIE R KR (sys.path). EALXEE sys.argv; WA FREEMHPySys_SetArgvEx (),
W WIS (FERSFCI A Py_FinalizeEx () WITEOLR) ARSI HAE . B34 & A ;
HNFAT LA A 2 ) 25 2 A Bl i

Hi[E): #£ Windows |, Wi H &= O_TEXT i/ O_BINARY, XWFFL0fiH C =fTh Ik
Python [zl & 1

void Py_InitializeEx (int initsigs)

Part of the Stable ABL N5 initsigs “h 1 WHZ KB TAE = 5Py _Initialize () I, W initsigs Ky
0, BB E S AL BRI N}, SXAEfRA Python B ] REARAT AL .«

int Py_IsInitialized()

Part of the Stable ABL {13 Python f#Rg$ C ¥ tatk, MEREIEM (E%); HNLEREEME (F). FH
Py _FinalizeEx () ZJ5, BWERENFREMBMEEE|Py_Tnitialize () FRRBIHAH .

int Py_FinalizeEx ()

Part of the Stable ABI since version 3.6. f§5Py_Initialize () BT A ¥ 6L EAE N )G S2%F Python/C
APL B, IS H LR Py _Initialize () PARANEE M A S A Tk (%JI_L'A
NPy NewInterpreter () —75). TERAMIFILN, XLREL Python fERESR L BTA NAF. 456
AR (FERFRIEM Py _Tnitialize () E’Jrﬁﬁﬂ A PATAEATEAE . IEF RO T IR
& 0o WRAERAAL (RUBr g gid) o F b BA %, IR IE] -1,

PEMEIE R BN I AR Z o i AL AR 7 1] RE Ay 22 H0B /5 2 Python, AN Wb 8T 8 WY AR A & o
MBS R (2 DLL) A2k Python f#RES ) BT #2 7 1] BEAy B2 /E #1 2¢ DLL 2 HipRéj Python /3L
EI’JET%V\JEO E%ﬁ%’?@ﬂﬁ%f?ﬂ\]ﬁ?ﬁ*ﬂ%%ﬁﬁ*, IF A N AT REA BEAEIR I R PP 2 BIPRE T Python
S BCHY BT AT

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize() and Py _FinalizeEx () more than once.

5l &— H 5 cpython._PySys_ClearAuditHooks, ANMPAFAEMIZS%L.
3.6 OB
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void Py_Finalize ()
Part of the Stable ABL X 2— P AF IR ER Py_FinalizeEx () W FIREA

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 X str.encode () HEYAHIA].

‘B T PYTHONIOENCODING (A, H AV ARS DAEAEFREEAS SN AE F B2 ) TO g =X
encoding F1/8Y, errors 5] PAK NULL PAf#i il PYTHONIOENCODING Fl/BiBAME (BT HARE).
HERTERAEAMNE (BUETHMBE), sys. stderr #LliJi]"backslashreplace” 45 AL FRATA .
WA TPy _FinalizeEx (), WFFEFRITHIZRBOAERL WX Py _Tnitialize () WG .
R R 0, AR AERAE (BIANTEfRESS Tl i b s TR ) o

3.4 OB A

void Py_SetProgramName (const wchar_t *name)
Part of the Stable ABL QIS RS, M UEH KA Py _Initialize () ZHAMAE. BRFEF
FRRERSREIT I main () BB argv (0] SHUME (BN TETAT). Py_GetPath () FITIHIYHLEH
by R A 2 8 F AR AN T AR R AR 0 0 AR R T IAT SCIF Python iz 4THf . #RINEZ 'python'.
SEY 438 SR TP I — D AREGTR ST, RN AT A 2 & A 2728 . Python
fERERS T PATAT AR AR 2 MU IZAE R N2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar *Py_GetProgramName ()
Part of the Stable ABL iR [8] ] Py_SetProgramName () X BRITETF LR, BEIAKZFR. & [EHFEF
PRI ESAERE . A A O

WERBANNAEPy_Tnitialize () ZEiEEA, 7WRFHRH NULL,
3.10 MRS AE SR B AEPy ITnitialize () Z B9V ¥R ] NULL,

wchar_t *Py_GetPrefix ()
Part of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a number
of complicated rules from the program name set with Py_ SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’,the prefixis ' /usr/local’'. The
returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys .prefix. It is only useful on Unix. See also the next function.

R BN AEPy Tnitialize () ZHIHERA, 75 MWKHR [ NULL,
3.10 MRS AE SR B AEPy ITnitialize () Z B9V H ¥R ] NULL,

wchar_t *Py_GetExecPrefix ()

Fart of the Stable ABI. Return the exec-prefix for installed platform-dependent files. This is derived through a
number of complicated rules from the program name set with Py_SetProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python', the exec-prefix is '/
usr/local"'. The returned string points into static storage; the caller should not modify its value. This corre-
sponds to the exec_prefix variable in the top-level Makefile and the ——exec—prefix argument to the
configure script at build time. The value is available to Python code as sys . exec_prefix. Itis only useful
on Unix.
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Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and shared
libraries) are installed in a different directory tree. In a typical installation, platform dependent files may be installed
inthe /usr/local/plat subtree while platform independent may be installed in /usr/local.

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines running
the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x are
another platform, and Intel machines running Linux are yet another platform. Different major revisions of the
same operating system generally also form different platforms. Non-Unix operating systems are a different story;
the installation strategies on those systems are so different that the prefix and exec-prefix are meaningless, and set
to the empty string. Note that compiled Python bytecode files are platform independent (but not independent from
the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/local
between platforms while having /usr/local/plat be a different filesystem for each platform.

WERBCRNAEPy Tnitialize () ZHIREHA, N[0 NULL,
3.10 M 8 IAEWIR BEFEPy_Initialize () ZH#IHARFRE] NULL,

wchar_t *Py_GetProgramFullPath ()

Fart of the Stable ABI. Return the full program name of the Python executable; this is computed as a side-effect of
deriving the default module search path from the program name (set by Py_SetProgramName () above). The
returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.executable.

WHRBURNAEPy Initialize () ZHIFERA, 75 0EHR NULL,
3.10 MRS AE SR B AEPy Initialize () 2 Hi9VE ¥R A NULL,

wchar_t *Py_GetPath ()

Fart of the Stable ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series of
directory names separated by a platform dependent delimiter character. The delimiter character is ' : ' on Unix
and macOS, ' ; ' on Windows. The returned string points into static storage; the caller should not modify its value.
The list sys . path is initialized with this value on interpreter startup; it can be (and usually is) modified later to
change the search path for loading modules.

WHREBNNAEPY Tnitialize () ZHIGRA, 750K [E] NULL,
3.10 MW A% PIAEWSR B AEPy Tnitialize () Z Hi#E ¥R A NULL,

void Py_SetPath (const wchar_t*)

Fart of the Stable ABI since version 3.7. Set the default module search path. If this function is called before
Py _Initialize (), then Py_GetPath () won’t attempt to compute a default search path but uses the one
provided instead. This is useful if Python is embedded by an application that has full knowledge of the location
of all modules. The path components should be separated by the platform dependent delimiter character, which is
' : ' on Unix and macOS, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath())
and for sys.prefix and sys.exec_prefix tobe empty. It is up to the caller to modify these if required
after calling Py_Initialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

3.8 it § 58 The program full path is now used for sys.executable, instead of the program name.

const char *Py_GetVersion ()

Fart of the Stable ABI. Return the version of this Python interpreter. This is a string that looks something like
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"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first characters are the major and
minor version separated by a period. The returned string points into static storage; the caller should not modify its
value. The value is available to Python code as sys.version.

const char *Py_GetPlatform ()
Part of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from the
“official” name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is 'sunos5'. On macOS, itis 'darwin'. On
Windows, it is 'win'. The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Fart of the Stable ABI. Return the official copyright string for the current Python version, for example

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
IR B AR S B R BB UOHE. Python HUTH Wi sys . copyright RIZIH.

const char *Py_GetCompiler ()
Part of the Stable ABL iR [1] ] F- %1% 24 i Python JRAS ik andi <, M Ir =i, fiam:

"[GCC 2.7.2.2]"

AR [ (P AT ER R ST B A NAZSCHAE . Python UG AMAE & sys . version %L
{H.

const char *Py_GetBuildInfo ()
Part of the Stable ABL iR A4 524 7] Python ffREas SL Bl 3515 Fke 2 H AR A5 5., Biln:

"#67, Aug 1 1997, 22:34:28"

R [ P AT ER IR ST R E A BAESCHAE . Python U AMAL & sys . version I
{H.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)
Fart of the Stable ABI. Set sys.argv based on argc and argv. These parameters are similar to those passed to
the program’s main () function with the difference that the first entry should refer to the script file to be executed
rather than the executable hosting the Python interpreter. If there isn’t a script that will be run, the first entry
in argv can be an empty string. If this function fails to initialize sys .argv, a fatal condition is signalled using
Py _FatalError().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys .path
according to the following algorithm:

« If the name of an existing script is passed in argv [ 0], the absolute path of the directory where the script
is located is prepended to sys .path.

e Otherwise (that is, if argc is 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

#E): It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 as updatepath, and update sy s . path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sy s . path element after
having called PySys_SetArgv (), for example using:
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PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 JRHTA.

void PySys_SetArgv (int argc, wchar_t **argv)
Part of the Stable ABI. This function works like PySys_SetArgvEx () with updatepath set to 1 unless the
python interpreter was started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 [ ¥ 5#: The updatepath value depends on — 1.

void Py_SetPythonHome (const wchar_t *home)
Part of the Stable ABI. Set the default "home” directory, that is, the location of the standard Python libraries. See
PYTHONHOME for the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change for
the duration of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar_t *Py_GetPythonHome ()
Part of the Stable ABIL Return the default “home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

WHRENNAEPY Tnitialize () ZEIGRA, 75 NKR[E] NULL,
3.10 MU S AENIREAEPy Tnitialize () Z Hi9E F¥HR ] NULL,

9.5 ZEATHLSHEREIM

The Python interpreter is not fully thread-safe. In order to support multi-threaded Python programs, there’s a global lock,
called the global interpreter lock or GIL, that must be held by the current thread before it can safely access Python objects.
Without the lock, even the simplest operations could cause problems in a multi-threaded program: for example, when
two threads simultaneously increment the reference count of the same object, the reference count could end up being
incremented only once instead of twice.

Therefore, the rule exists that only the thread that has acquired the GIL may operate on Python objects or call Python/C
API functions. In order to emulate concurrency of execution, the interpreter regularly tries to switch threads (see sys.
setswitchinterval ()). The lock is also released around potentially blocking I/O operations like reading or writing
a file, so that other Python threads can run in the meantime.

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current PyThreadState: it can be retrieved
using PyThreadState_Get ().
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9.5.1 \¥RH RAHEPER GIL
REBARVEGIL B9 AU BAT AT fa] BG4 -

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

O AN PR3 I — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py _BEGIN_ALLOW_THREADS ¥4 — i B — A e ) S 348 &3 Py_END_ALLOW_THREADS
T KX A
AR R kT T A

PyThreadState *_save;

_save = PyEval_sSaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread state.
When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before the lock is
released (since another thread could immediately acquire the lock and store its own thread state in the global variable).
Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing the thread
state pointer.

#i[El: Calling system 1/0 functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or cryptographic
functions operating over memory buffers. For example, the standard z1ib and hashlib modules release the GIL
when compressing or hashing data.

9.5.2 3k Python gl &Y%k 12

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is auto-
matically associated to them and the code showed above is therefore correct. However, when threads are created from
C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there a thread
state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the aforementioned
third-party library), you must first register these threads with the interpreter by creating a thread state data structure, then
acquiring the GIL, and finally storing their thread state pointer, before you can start using the Python/C API. When you
are done, you should reset the thread state pointer, release the GIL, and finally free the thread state data structure.

The PyGILState_Ensure () and PyGILState_Release () functions do all of the above automatically. The
typical idiom for calling into Python from a C thread is:
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PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py _Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork () call. On most systems with
fork (), after a process forks only the thread that issued the fork will exist. This has a concrete impact both on how
locks must be handled and on all stored state in CPython’s runtime.

The fact that only the "current” thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS_AfterFork_Child() tries to
reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly, which
os.fork () does. This means finalizing all other PyThreadState objects belonging to the current interpreter and
allother PyInterpreterState objects. Due to this and the special nature of the “main” interpreter, fork () should
only be called in that interpreter’s “main” thread, where the CPython global runtime was originally initialized. The only

exception is if exec () will be called immediately after.

9.5.4 E API

These are the most commonly used types and functions when writing C extension code, or when embedding the Python
interpreter:

type PyInterpreterState
Part of the Limited API (as an opaque struct). This data structure represents the state shared by a number of
cooperating threads. Threads belonging to the same interpreter share their module administration and a few other
internal items. There are no public members in this structure.

Threads belonging to different interpreters initially share nothing, except process state like available memory, open
file descriptors and such. The global interpreter lock is also shared by all threads, regardless of to which interpreter
they belong.

type PyThreadState
Fart of the Limited API (as an opaque struct). 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 ()
Part of the Stable ABL RNPATAEA[HRAERT E 57 HH B4
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£ Python 3.6 B Z A, MERESTE GIL AMAAEREIEE .

3.9 RS KB EA PATAEAT A

3.7 RS R BEHE Py _Tnitialize () VN, PIARTERHETHNE.
3.2 it § 4 This function cannot be called before Py_Tnitialize () anymore.

FIERAS 3.9 SAER BN, 156 A HCA 3.11 RSk,

int PyEval_ThreadsInitialized()
Fart of the Stable ABI. Returns a non-zero value if PyEval_ InitThreads () has been called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

3.7 fix ¥4 The GIL is now initialized by Py_Tnitialize ().

FAREIA 3.9 ARG, A58 A A 3.11 hbkR. .

PyThreadState *PyEval_SaveThread ()
Fart of the Stable ABI. Release the global interpreter lock (if it has been created) and reset the thread state to NULL,
returning the previous thread state (which is not NULL). If the lock has been created, the current thread must have
acquired it.

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABI. Acquire the global interpreter lock (if it has been created) and set the thread state to zstate,
which must not be NULL. If the lock has been created, the current thread must not have acquired it, otherwise
deadlock ensues.

#iF): Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

PyThreadState *PyThreadState_Get ()
Part of the Stable ABI. Return the current thread state. The global interpreter lock must be held. When the current
thread state is NULL, this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. Swap the current thread state with the thread state given by the argument zstate, which may
be NULL. The global interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABI. Ensure that the current thread is ready to call the Python C API regardless of the current state
of Python, or of the global interpreter lock. This may be called as many times as desired by a thread as long as each
call is matched with a call to PyGILState_Release (). In general, other thread-related APIs may be used
between PyGILState_Ensure () and PyGILState_ Release () callsaslong as the thread state is restored
to its previous state before the Release(). For example, normal usage of the Py BEGIN_ALLOW_THREADS and
Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState_Ensure () was called, and must
be passed to PyGILState_Release () to ensure Python is left in the same state. Even though recursive calls
are allowed, these handles cannot be shared - each unique call to PyGILState_Ensure () mustsave the handle
forits call to PyGILState Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code. Failure
is a fatal error.
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#i[E): Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

void PyGILState_Release (PyGILState_ STATE)
Part of the Stable ABI. Release any resources previously acquired. After this call, Python’s state will be the same
as it was prior to the corresponding PyGILState_Ensure () call (but generally this state will be unknown to
the caller, hence the use of the GILState API).

Everycallto PyGILState_Ensure () mustbe matchedbyacallto PyGILState_Release () onthe same
thread.

PyThreadState *PyGILState_GetThisThreadState ()
Fart of the Stable ABI. Get the current thread state for this thread. May return NULL if no GILState API has been
used on the current thread. Note that the main thread always has such a thread-state, even if no auto-thread-state
call has been made on the main thread. This is mainly a helper/diagnostic function.

int PyGILState_Check ()
Return 1 if the current thread is holding the GIL and 0O otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return 1.
This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory allocation
functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or otherwise behave
differently.

3.4 BT

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
Part of the Stable ABIL This macro expands to { PyThreadState *_save; _save =
PyEval_SaveThread () ;. Note that it contains an opening brace; it must be matched with a follow-
ing Py_END_ALLOW_THREADS macro. See above for further discussion of this macro.

Py END_ALLOW_THREADS
Part of the Stable ABL t%3 A PyEval_RestoreThread (_save); }. BEEHNST—IMHEETES
B S 2 Wi Py _BEGIN_ALLOW_THREADS JVCHL. #5205 X PASE—E e 2.

Py_BLOCK_THREADS

Part of the Stable ABL X724 & A PyEval_RestoreThread (_save) ;: BEMNTIEE X HAEHES
E’:JPY_END_ALLOW_ THREADS,

Py_UNBLOCK_THREADS

Part of the Stable ABL X/N7E4 BN _save = PyEval_SaveThread();: BEN TG I HEIEES
A sl Py _BEGIN _ALLOW_THREADS,

9.5.5 KB4 API

All of the following functions must be called after Py Tnitialize ().
3.7 RSk Py_Initialize () now initializes the GIL.

PylnterpreterState *PyInterpreterState_New ()
Fart of the Stable ABI. Create a new interpreter state object. The global interpreter lock need not be held, but may
be held if it is necessary to serialize calls to this function.

Raises an auditing event cpython.PyInterpreterState_New with no arguments.
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void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABI. Reset all information in an interpreter state object. The global interpreter lock must be held.

Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Fart of the Stable ABI. Destroy an interpreter state object. The global interpreter lock need not be held. The
interpreter state must have been reset with a previous call to Py InterpreterState_Clear ().

PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
Part of the Stable ABL BIJf# & T-45 € RS A R AR X G . SRR BURN TR 2RSS, (HAR
TP SRR B TR T, AT DAPREE .

void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABI. Reset all information in a thread state object. The global interpreter lock must be held.

3.9 R ¥ 4% This function now calls the PyThreadState.on_delete callback. Previously, that happened
in PyThreadState_Delete ().

void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABI. Destroy a thread state object. The global interpreter lock need not be held. The thread state
must have been reset with a previous call to PyThreadState_Clear ().

void PyThreadState_DeleteCurrent (void)
Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the current frame of the Python thread state zstate.

Return a strong reference. Return NULL if no frame is currently executing.
W R PyEval_GetFrame (),

sstate N[ [E] NULL,

3.9 BOGBHAIA.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the unique thread state identifier of the Python thread state zstate.

sstate N[ [E] NULL,
3.9 BUGHTIA.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the interpreter of the Python thread state zstate.

sstate N[ [E] NULL,
3.9 OB A

PylnterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. 3B Hi eSS o

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.
I A A17 GIL
3.9 BUHTA.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Fart of the Stable ABI since version 3.7. Return the interpreter’s unique ID. If there was any error in doing so then
-1 is returned and an error is set.
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& I AT GIL.
3.7 HCHTIA.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Fart of the Stable ABI since version 3.8. Return a dictionary in which interpreter-specific data may be stored. If
this function returns NULL then no exception has been raised and the caller should assume no interpreter-specific
dict is available.

This is not a replacement for PyModule GetState (), which extensions should use to store interpreter-specific
state information.

3.8 UBTINA.

typedef PyObject *(*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int

throwflag)
PP A pR R 262
The throwflag parameter is used by the throw () method of generators: if non-zero, handle the current exception.

3.9 M A U R B IRAE NI #5522 — A 1state oS,

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BUHTMA.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval_frame)
Set the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BUHTIA.

PyObject *PyThreadState_GetDict ()

BEME: NG5 A . Part of the Stable ABIL Return a dictionary in which extensions can store thread-specific
state information. Each extension should use a unique key to use to store state in the dictionary. It is okay to call
this function when no current thread state is available. If this function returns NULL, no exception has been raised
and the caller should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Fart of the Stable ABI. Asynchronously raise an exception in a thread. The id argument is the thread id of the target
thread; exc is the exception object to be raised. This function does not steal any references to exc. To prevent naive
misuse, you must write your own C extension to call this. Must be called with the GIL held. Returns the number
of thread states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the
pending exception (if any) for the thread is cleared. This raises no exceptions.

3.7 R T4 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

Fart of the Stable ABI. Acquire the global interpreter lock and set the current thread state to #state, which must not
be NULL. The lock must have been created earlier. If this thread already has the lock, deadlock ensues.

i [E): Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

3.8 Jiu B %&%: Updated to be consistent with PyEval_RestoreThread (), Py_END_ALLOW_THREADS (),
and PyGILState_Ensure (), and terminate the current thread if called while the interpreter is finalizing.
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PyEval_RestoreThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
Fart of the Stable ABI. Reset the current thread state to NULL and release the global interpreter lock. The lock
must have been created earlier and must be held by the current thread. The fstate argument, which must not be
NULL, is only used to check that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not been
initialized).

void PyEval_AcquireLock ()
Part of the Stable ABL I JRfpleasiil. BULAUZ SERI Bl . WRZEBECEMas, Wit
B
32 R % B H:  This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

#§F):  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing() to
check if the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

3.8 Jit ¥ &#%: Updated to be consistent with PyEval_ RestoreThread (), Py_END_ALLOW_THREADS (),
and PyGILState Ensure (), and terminate the current thread if called while the interpreter is finalizing.

void PyEval_ReleaseLock ()
Fart of the Stable ABI. Release the global interpreter lock. The lock must have been created earlier.

3.2 fE 4 E[E)H: This function does not update the current thread state. Please use PyEval_SaveThread ()
or PyEval_ReleaseThread () instead.

9.6 FREREIEH

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do that.

The “main” interpreter is the first one created when the runtime initializes. It is usually the only Python interpreter in a
process. Unlike sub-interpreters, the main interpreter has unique process-global responsibilities like signal handling. It is
also responsible for execution during runtime initialization and is usually the active interpreter during runtime finalization.
The PyInterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the PyThreadState_Swap () function. You can create and destroy
them using the following functions:

PyThreadState *Py_NewInterpreter ()
Fart of the Stable ABIL Create a new sub-interpreter. This is an (almost) totally separate environment for the
execution of Python code. In particular, the new interpreter has separate, independent versions of all imported
modules, including the fundamental modules builtins, main__ and sys. The table of loaded modules
(sys.modules) and the module search path (sys.path) are also separate. The new environment has no
sys.argv variable. It has new standard I/O stream file objects sys . stdin, sys.stdout and sys.stderr
(however these refer to the same underlying file descriptors).

The 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
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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.)

Extension modules are shared between (sub-)interpreters as follows:

¢ For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec (), a separate mod-
ule object is created and initialized for each interpreter. Only C-level static and global variables are shared
between these module objects.

» For modules using single-phase initialization, e.g. PyModule Create (), the first time a particular exten-
sion is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squirreled away.
When the same extension is imported by another (sub-)interpreter, a new module is initialized and filled with
the contents of this copy; the extension’s init function is not called. Objects in the module’s dictionary thus
end up shared across (sub-)interpreters, which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter has been
completely re-initialized by calling Py_FinalizeEx () and Py_Initialize ();in that case, the ex-
tension’s initmodule function is called again. As with multi-phase initialization, this means that only
C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)
Fart of the Stable ABI. 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 HRFIE L

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them isn’t perfect
--- for example, using low-level file operations like os . close () they can (accidentally or maliciously) affect each other’s
open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not work properly;
this is especially likely when using single-phase initialization or (static) global variables. It is possible to insert objects
created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure () and
PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling of
Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 Fi@EH

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take the
form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)) void*
, void *arg Part of the Stable ABI. Schedule a function to be called from the main interpreter thread. On success,
0 is returned and func is queued for being called in the main thread. On failure, —1 is returned without setting any
exception.
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When successfully queued, func will be eventually called from the main interpreter thread with the argument arg.
It will be called asynchronously with respect to normally running Python code, but with both these conditions met:

* on a bytecode boundary;
¢ with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return 0 on success, or —1 on failure with an exception set. func won't be interrupted to perform another
asynchronous notification recursively, but it can still be interrupted to switch threads if the global interpreter lock
is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter lock.

To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function func can be scheduled
to be called from the wrong interpreter.

g e: This is a low-level function, only useful for very special cases. There is no guarantee that func will be
called as quick as possible. If the main thread is busy executing a system call, func won’t be called before the
system call returns. This function is generally not suitable for calling Python code from arbitrary C threads.
Instead, use the PyGILState API.

3.9 g §i 4k If this function is called in a subinterpreter, the function func is now scheduled to be called from
the subinterpreter, rather than being called from the main interpreter. Each subinterpreter now has its own list of
scheduled calls.

3.1 BGHTMA.

9.8 S HTFNERER

The Python interpreter provides some low-level support for attaching profiling and execution tracing facilities. These are
used for profiling, debugging, and coverage analysis tools.

This C interface allows the profiling or tracing code to avoid the overhead of calling through Python-level callable objects,
making a direct C function call instead. The essential attributes of the facility have not changed; the interface allows trace
functions to be installed per-thread, and the basic events reported to the trace function are the same as had been reported
to the Python-level trace functions in previous versions.

typedef int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what B){E arg Ea X

PyTrace_CALL M Epy None.

PyTrace_EXCEPTION sys.exc_info () IR REBEER.

PyTrace_LINE mEpy None.

PyTrace_RETURN BRI E, B0 AR B 5 20 R [B] NULL,
PyTrace_C_CALL TETEYE H B A 42

PyTrace_C_EXCEPTION | iF7EViH BREOTE.

PyTrace_ C_RETURN TETEYE H s A 42

PyTrace_OPCODE B Py_None.
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int PyTrace_CALL
The value of the what parameter to a Pyt racefunc function when a new call to a function or method is being
reported, or a new entry into a generator. Note that the creation of the iterator for a generator function is not
reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Py_ t race func function when an exception has been raised. The callback
function is called with this value for what when after any bytecode is processed after which the exception becomes
set within the frame being executed. The effect of this is that as exception propagation causes the Python stack to
unwind, the callback is called upon return to each frame as the exception propagates. Only trace functions receives
these events; they are not needed by the profiler.

int PyTrace_LINE
The value passed as the what parameter to a Py_tracefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN
The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

The caller must hold the GIL.

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.

The caller must hold the GIL.
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9.9 ERiAI 283 HF

These functions are only intended to be used by advanced debugging tools.

PylInterpreterState *PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylnterpreterState *PyInterpreterState_Main ()
A [n] AR IR SRS 42 o
PyInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

Return the next interpreter state object after interp from the list of all such objects.

PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first Py ThreadState object in the list of threads associated with the interpreter interp.

PyThreadState *PyThreadState_Next (PyThreadState *tstate)
Return the next thread state object after #state from the list of all such objects belonging to the same
PyInterpreterState object.

9.10 L EFMFHZH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading. local). The CPython Clevel APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python.h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

#i[E):  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 Thread Specific Storage (TSS) API

TSS APl s 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 B
W%
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

type Py_tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying TLS
implementation, and it has an internal field representing the key’s initialization state. There are no public members
in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py_tss_NEEDS_TNIT is allowed.
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Py_tss_NEEDS_INIT
This macro expands to the initializer for Py_tss_t variables. Note that this macro won’t be defined with
Py_LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_ tss_ t, required in extension modules built with Py_LIMITED_API, where static alloca-
tion of this type is not possible due to its implementation being opaque at build time.

Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Return a value which is the same state as a value initialized with
Py _tss_NEEDS_INIT,or NULL in the case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. Free the given key allocated by Py Thread 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.

#iE): A freed key becomes a dangling pointer. You should reset the key to NULL.

Kk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_tss_get () are undefined if the given Py tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. Return a non-zero value if the given Py_ tss_ t has been initialized by
PyThread tss_create().

int PyThread_tss_create (Py_iss_t *key)
Fart of the Stable ABI since version 3.7. Return a zero value on successful initialization of a TSS key. The behavior
is undefined if the value pointed to by the key argument is not initialized by Pyt ss_NEEDS_TNIT. This function
can be called repeatedly on the same key -- calling it on an already initialized key is a no-op and immediately returns
success.

void PyThread_tss_delete (Py_fss_t *key)
Fart of the Stable ABI since version 3.7. Destroy a TSS key to forget the values associated with the key across all
threads, and change the key’s initialization state to uninitialized. A destroyed key is able to be initialized again by
PyThread_tss_create (). This function can be called repeatedly on the same key -- calling it on an already
destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)
Fart of the Stable ABI since version 3.7. 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_1ss_t *key)
Fart of the Stable ABI since version 3.7. 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.
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9.10.2 Thread Local Storage (TLS) API

3.7 & C.[EJH: This API is superseded by Thread Specific Storage (TSS) API.

#i[E): This version of the API does not support platforms where the native TLS key is defined in a way that cannot be
safely cast to int. On such platforms, PyThread_create_key () will return immediately with a failure status, and
the other TLS functions will all be no-ops on such platforms.

T TSR BRI, R IAEH AU P 6 AR B APL

int PyThread_create_key ()
Part of the Stable ABL

void PyThread_delete_key (int key)
Fart of the Stable ABIL.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Fart of the Stable ABI.

void PyThread_delete_key_value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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Python #1%&{L Bt &

3.8 U

Python W] DA ffi JlPy TnitializeFromConfig() FPyConfig % #4 {k & ¥ 4 tb. & W DA ff
Py PreInitialize () MIPyPreConfiqg MR IE4

A PRI 5 5

e Python e 35w G FH A% Hl ) Python, HATH5H A Python ZEfBl. BN, A RN 172
TP T HCE Python.

o 5@ AP T Python HEABI N AL . T Python 5 REMRIIFR. B, BREA R/
We, LC_CTYPE 5 75 [ B B A LR 2 p ] (35 S Ab B A

Py_RunMain () eRECATHH K4 5 2 il i) Python A&7 .
2 W.initialization, Finalization, and Threads.

hz%:

PEP 587 "Python ¥ 144kl &

10.1 3GHI

5E il 1 Python [ 7R 52 & VAR iz 1T

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&configqg);

config.isolated = 1;

/* Decode command line arguments.

(Fotakss)
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(R —H)

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) A

goto exception;

}

status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList

i wchar_t* AP HIF 3.

MR length Ry AEZRAH, W items W25 NULL H: BIrE FAFER BN N NULL,

Jiik

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item FRINE list

Python W50 T4 b A ASE ] FH b R £«
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t

*item)
¥ item JEH A B list 1) index LB L.
AR index KTEET list WK BE, WK item FSNE listo
index must be greater than or equal to O.
Python W25 AT 46 A LASE ] T L BR
GERR B
Py_ssize_t length
List K J&,
wchar_t **items

PIHIH .
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10.3 PyStatus

type PyStatus
ARV IR ECIRAS . 2. FHREGR 4t ik .

XTGBT DM E B R C B2 FR .
SRR B
int exitcode

B, B4 exit () BB

const char *err_msg

%H: Pﬂ« oo

const char *func

1 B IR R B 44K, FTRASH NULL.
BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

G R(S) SN UE ) GRARG=R
err_msg AN [E] NULL,

PyStatus PyStatus_NoMemory (void)

WA EERI (AR ) -

PyStatus PyStatus_Exit (int exitcode)
PATE E 1R H AL iR Y Python.

AL PR 256 R A

int PyStatus_Exception (PyStatus status)
WA RE R BB Wy EMHE W RE LA AR B

Py ExitStatusException ().
int PyStatus_IsError (PyStatus status)
GERAIRG?
int PyStatus_IsExit (PyStatus status)

R EMIRE?

void Py_ExitStatusException (PyStatus status)
W status 22— B HEISNHH exit (exitcode) o AR status &—PHE IS WFT B A TE BT
WE— N EFR AR . ST PyStatus_Exceptlon (status) NAEEAEE A REBLHH -

#E): FENFS, Python ¥§fi ik ® PyStatus. func 1%, MAIEMRAKIEEN 2K func % NULL,

Hi i

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}

(R
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(R —H)

int

return PyStatus_O0Ok();

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return O;

10.4 PyPreConfig

type PyPreConfig

H T WG4k Python 45414
FF oA T e 1 R AL

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)

B Python Be E AT IR TG H & .

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)

IR 7 B SRAI RIS RCE -

iR R B
intallocator
Python PFE4) Bt 44 Fi:

e PYMEM_ALLOCATOR_NOT_SET (0): NEiAE PNAZEA T2 (fd F BRI

e PYMEM_ALLOCATOR_DEFAULT (1): ZKiA N G B 22 .

* PYMEM_ALLOCATOR_DEBUG (2): %Kik X #4-He % M7 iE8 4T .

e PYMEM_ALLOCATOR_MALLOC (3): i C FEffy malloc () .

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): 3Rl Fl malloc () MHriE X4,

e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc 7 #4-H % ,

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc 1 742 25 M5 8% 4 .

5 Python & {# J --without-pymalloc #47E & N PYMEM_ALLOCATOR_PYMALLOC #f

PYMEM_ALLOCATOR_PYMALLOC_DEBUG ¥ Ak 37 .

R,

FH#%: PYMEM_ALLOCATOR_NOT_SET,

int configure_locale

Rt LC_CTYPE & 5 i b FH Pk ey 5 Xk .

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

#5 Flocale encoding .

ERINE: 7 Python FiL B H N 1, FERRERCEH N 0.
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int coerce_c_locale
If equals to 2, coerce the C locale.

If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
&5 Flocale encoding ,
BRINME: 7 Python BLEH R -1, TEFREMCE H N 0.

int coerce_c_locale_warn

WoMAERAE, W AE C 87 XAl i il e i A H e iy
BRIAME: 7 Python LN -1, FERRBECE A+ 0.

int dev_mode
If non-zero, enables the Python Development Mode: see PyConfig.dev_mode.

BRINME: 7 Python Bl -1, FERG AN 0.

int isolated
fEEizl: 2l Pyconfig.isolated,

FRINME: 7 Python Bl 0, FERREIALH N 1.

int legacy_windows_fs_encoding

WRAE 0:
e ¥ pPyPreconfig.utf8_mode #&[E 0.
o« WpyConfig.filesystem encoding $¥[E] "mbes™,
o WipyConfig.filesystem errors #l[El "replace",
#E403E H PYTHONLEGACYWINDOWSFSENCODING [ HhEAr s{H o
{4E Windows FA[ . #ifdef MS_WINDOWS %[ #% FH T Windows & &t .
TH#%: 0,
int parse_argv

NIEE(E, Py_PrelInitializeFromArgs () fllPy_PreInitializeFromBytesArgs () ¥
PAL AL Python f#HT Ay AT S EIAIR 7 XTI argv 280 S 17540

ERINE: 7 Python Fit & H N 1, FERREREEH N 0.

int use_environment
il IEAS®=? S L PyConfig. use_environment,

BRINMA: 7E Python BLE oy 1 MIAERE BHCE H N 0.

int ut £8_mode
WRAEZAE, WS ] Python UTF-8 5L,

Set by the —X ut £8 command line option and the PYTHONUTF 8 environment variable.

BRINME: 7E Python BLE oy -1 MIAERE B E N 0.
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10.5 {#FH PyPreConfig fi#)i&1t Python

Python [ FI4] 45 4¢::

o % Python NfFZ4 HiLgs (PyPreConfig.allocator)

* BCE LC_CTYPE ifi 5 X4 (locale encoding)

o ' Python UTE-8 f#i (PyPreConfig. ut £8_mode)
MHTAY AL E (PyPreConfig J58)) {774 _PyRuntime.preconfig H,
T HwI iRk Python [R5 :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
4k preconfig THL & AR WK 4G 1L Python.

preconfig AAT[[E] NULL,

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const
*argv)

T4 preconfig FilL & R FiHI 46 1k Python.
W2 preconfig (fparse_argv HAEBEMMENT argy 217550 (
preconfig ZNA[[F) NULL,

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argy)

T4 preconfig T R WA R4k Python,
WA preconfig (W parse_argv NAEBEMENT argy G 21TSE0 (TEFAFHR) .
preconfig AAT[[E] NULL,

VA T E A PyStatus_Exception () Ml Py_ExitStatusException () AT RHE (HHREHE
).

X} Python B¢ & (PyPreConfig_InitPythonConfig()), IR Python 2 H M2 8GR LR), IBALE
TR 4G 1E Python AL B AT SHL, PN BTSN nfib i X EETHC E A 52w Blan, -X utfs fiy
AFTIEIR K5 Python UTF-8 i,

PyMem_SetAllocator () B[{ffPy Prelnitialize() ZJ&f. Py _InitializeFromConfig () Z Hi#k
T2 P DAZESE 8 L NTEA il es . SR PyPreConfig.allocator #% N PYMEM_ALLOCATOR_NOT_SET
WIR[HEPy_PreInitialize () Z AiPEH .

g pyMem_RawMalloc () X #] Python VAT 4B bk £ AN BE#E Python 4] Ui 1k 2 wif 61 FH, 1M B 4% 9
malloc () Ml free () MIRA SR U AR, Py_DecodeLocale () ANREFE Python w4k 2 BT IH H

{2 ) 4 A K S5 AT Python UTF-8 A 31

).

+F
i

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */

(Rt
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(R —H)

Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
& T RE > T BCE. Python FTE S 45 HI (K .

WG, WA PyConfig Clear () MRECRBEIELE NAF
SER R ¥

void PyConfig InitPythonConfig (PyConfig *config)
I Python e 5 KAIIHALIL E o

void PyConfig_InitIsolatedConfig (PyConfig *config)
T I 7 B E RAIAG L RCE .

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)

Py

KESe AR str DI & *config_str.
TE ST FA 4745 14 Python.,

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char
*str)
ffifflPy_DecodeLocale () X} str #ATARISH LRI EF| *config_str,

TESFERFFR 4745 1 Python.,

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
WRPEIEFFFHBI2R argy WE AT TS (config argv 1.

TE ST FA 4744 14 Python,

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)
RABFETE)F argy IWE W OFTEEL (config argv K H). filPy_DecodeLocale () X547
FR AT AR .

TE ST FA 4744 14 Python,

PyStatus PyConfig SetWideStringList (PyConfig *config, PyWideStringList *list, Py_ssize_t
length, wchar_t **items)
¥ e FAFER A 3 list BN length K1 items

TE ST FA 4745 14 Python.,

PyStatus PyConfig_Read (PyConfig *config)
BRI A Python L

AV F BRI .

PyConfig Read () REIBATPyConfig. argv B —IK: HESEMBNEN)S, PyConfig.
parse_argv ¥ 2. BT Python ZH M PyConfig. argv WRIESHY, BN SEM K
2208 I AR 7 3 A A4 Python 353 .

FEDSELRF TR #744 1L Python.,

3.10 R 5 PyConfig.argv ZEIAE R ST — Ik, TESEMIrE )5, Pyconfig.
parse_argv RN 2, RAEXMPyConfig.parse_argv T 1 WA XM SEL
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void PyConfig_Clear (PyConfig *config)
PETIC B N AT

WA K L pyConfig i ¥EX¥E & 70 4045 14 Python., 183X #h 4% i, Python Tl %7 I 4k Bic B
(PyPreConfiqg) ¥fPAPyConfig K Hthll. MR EIHE Spypreconrig MFWE EFE, B4
WAER R PyConfig JrvkZ MR & :

* PyConfig.dev_mode

* PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

XU 2 B T Pystatus_Exception () fl Py_ExitStatusException () HAMEE
S (BREGR ) .«
Sty 1R B
PyWideStringList axgwv
WIS sys.argv.

Ffparse_argv BN 1 5 LA-5 @ Python f##fr Python iy 447 Z Bt [l i 07 X g Hrargv F
Margv 1] Ef Python 241,

Wmfargv N2, WMSEIM—D2EFAFR AR sys . argv IGZAFFEI HokKim A 2
JEFR{E: NULL,
RS Horig_argv .

wchar_t *base_exec_prefix
sys.base_exec_prefix,

TS NULL.
Python 344z Fe % —HR50 .

wchar_t *base_executable
Python FRE ] AT/ sys._base_executable.

i _ PYVENV_LAUNCHER__ MIEAFE¥EE.
#1°8 NULL WM PyConfig. executable &,
TEFRA(H: NULL,

Python 341280 E 1)—3R4) .

wchar_t *base_prefix
sys.base_prefix,

TEFR(H: NULL,
Python P4 /Z2E0 F W)—#K4) o

int buffered_stdio
If equals to O and configure_c_stdio is non-zero, disable buffering on the C streams stdout and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.

stdin # A AZEFREAATIT
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THRAE: 1.
int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Hi —b Ay AT AT .
ik 0.

int warn_default_encoding

WRAEERE, WHE io. TextIOWrapper MERIA IEAE I % i EncodingWarning %4, 1

%1% 2|7 i0-encoding-warning..

ik 0.
3.10 JUET A

wchar_t *check_hash_pycs_mode
AT IS AER - pye UHFRYSIESTA: ——check-hash-based-pycs A4 TIEMIHE.
ARE:
* L"always": JGif’check_source’ JEERRAELIE T AR W E S04 TG Ay B IE -
* L'"never": REH T WA E pyc %2 AR .
* L"default": BT MAMEN pyc HY check_source’ JHERRAf 2 A& 75 B ik AL -
JE#: L"default",
Z:Iil, PEP 552 "Deterministic pycs”.
int configure_c_stdio
Wk AERE, WAL E C ARiER:
o ¥F Windows 1, ¥ stdin, stdout 1 stderr % & — #EHI#i (O_BINARY).
o W buffered stdio T2, NIZEH stdin, stdout FI stderr Ji [t 220t .
e i interactive JIEZH, WJEH stdin F1 stdout i gEsd (Windows A1 { [ stdout) .
BRINE: 7E Python FLE o 1, TR B EH 2 0.
int dev_mode
WA AER(E, WS Python &A%
BRIANE: 7E Python LUl -1, FERR B0 h 0.
int dump_refs
4% Python 5| 7
WERRAERAE, MR A TER AR X R

i PYTHONDUMPREFS MIEAA ik E N 1.

EFE LT Py_TRACE_REFS #1455k Python 451 : Z W, configure —--with-trace-refs
HIH.

Hig: 0.
wchar_t *exec_prefix

LR TG 19 Python SCUFI UL &S % @ H SR HIZ: sys.exec_prefix,
YE#{E: NULL,
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Python 34128 E B35

wchar_t *executable

Python fifEREgs AT PAT —HE I SCAF ) 4a X B 42: sys . executable,
TS NULL.
Python 442825 W)—3453 .

int faulthandler
J& H faulthandler?

MAE-HAEEE, WAEEBhEA faulthandler.enable (),
jfid -X faulthandler Al PYTHONFAULTHANDLER Ml Ar %R 1,

RRIA(H: 7£ Python #E3(rho -1, FEfR @bl 0.

wchar_t *filesystem_encoding
L A s 4 K sys.getfilesystemencoding () .

7F macOS, Android Fll VxWorks | : ERAfF] "utf-8",

¥E Windows I [N ¥ N | "utf-8", B F W HRpypreConfig
W legacy windows_fs_encoding JNAEZAENHH "mocs".

FEHA V-5 _ERBRA RIS
e MM PyPreconfig.utf8_mode JAEZ(ENIHEF "ut£-8",
=]

o {15 Python #5|%] n1_langinfo (CODESET) FH> ASCI #itEtg=X;, 1M mbstowcs () &
AR Zris A= fRis  (E#E Sk Latinl) DA "ascii”,

M nl_langinfo (CODESET) iR[E| &S FAFEENMEH "ut £-8",
o YEHAMBEOLR, ¥ Hllocale encoding: n1_langinfo (CODESET) FHZ55H .

F£ Python JBBfif, Sl X4 AR S HINEAL  Python Zififfias 24 K. BIl, "ANSI_X3.4-1968"
PR "asciis

Z filesystem errors .

wchar_t *filesystem_errors
T A 4517472 4] 4 sys .getfilesystemencodeerrors () o

£ Windows F: Bt JA ffi B "surrogatepass", B F W HRPyPrecConfig
W legacy windows_fs_encoding NAEE(HNF ] "replace”,

TEEAES E: BOAEH "surrogateescape".,
SCHFHY B RAL BRA AP -
e "strict"
e "surrogateescape"
e "surrogatepass" ({3 F UTF-8 Zgfdtg)
Z N filesystem _encoding WL .
unsigned long hash_seed

int use_hash_seed

BEBLAL S A BR R T
MHuse_hash_seed HZE, WHE Python BB FEALIERE— T, HZMhash_seed.

H PYTHONHASHSEED MEAS R
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BRINHY use_hash_seed {H: FE Python B Rk -1, FER IR 0.

wchar_t *home

Python 2 H 5%,
WK Py_sSetPythonHome () B, W2 HBHOR A NULL BRHE A E .
i PYTHONHOME FRIEAS RHEH .
THEL{E: NULL,
Python 3415 & i ABI—5B5
int import_time
A AESAE, D AR THERE 2T -
i#id —X importtime AN PYTHONPROFILEIMPORTTIME MIEAS R E N 1,
0.
int inspect
TESATIIAS By & 2 JEHE A ST B
If greater than 0O, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . stdin does not appear to be

a terminal.
WAL -1 TR AT . WAL PYTHONINSPECT AR oM AE S (ENIEE N 1,
TEHE: 0,

int install_signal_handlers

%% Python {55 AL HVIAN?
BRINME: 7E Python B2 1, FERRESBIT N 0,

int interactive
If greater than 0, enable the interactive mode (REPL).

T —1 A QAT AT -
W 0.

int isolated
If greater than O, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
nor the user’s site-packages directory.

* Python REPL ¥ N3 A readline WATERZ HAL/RAFH I ERINAY readline fil & .
e Set use_environment and user_site_directorytoO.

BRIME: 72 Python X 0, FERRBSAAHA 1.

W R PyPreCconfig.isolated,

int legacy_windows_stdio
If non-zero,use io.FileIOinstead of io.WindowsConsoleIOfor sys.stdin, sys.stdout and
sys.stderr.

N PYTHONLEGACYWINDOWSSTDIO MiEAr Bk MRS F AN 1.
{UAE Windows W], #ifdef MS_WINDOWS ZZH] g T Windows & J&HRHD .
T 0,

Y32 PEP 528 (ff Windows 2 il & 40 i U 2k UTE-8).
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intmalloc_stats

WRAEEAE, WITEIR e Gk Python pymalloc 1 #5-4Bi & BIGEVTH RS -

F{ PYTHONMALLOCSTATS MIEAS BB N 1.

W2 Python /2 #£ fl --without-pymalloc % TR#EAT BL B W% 200 .
T 0.

wchar_t *platlibdir
SEEEHFEAFR: sys.platlibdir,

F PYTHONPLATLIBDIR I35 AS F s .

Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib™").

Python 3% 4Z2E 5 i A—#5
3.9 HHTIA.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.path.pathsep).

HH PYTHONPATH FREEAS G H .

JEFR{E: NULL,

Python 34125 5 i AR—F5>
PyWideStringList module_search_paths

int module_search_paths_set
I8 R AL sys.path,

If module_search_paths_set is equal to 0, the function calculating the Python Path Configuration
overrides the module_search_paths and sets module_search_paths_setto 1.

BRAME: 2513 (module_search_paths) fil 0 (module_search_paths_set),
Python 34128 E H)—3P5
int optimization_level
kAo -
* 0: Peephole fiifbas, ¥ _ debug_ N True.
e 1: 0%, MBS, B _debug__ & N False,
o 2019, KBRSURFARTH.
BT -0 A TIRUIEY ., X E A PYTHONOPTIMIZE MIEAS B (H.
T 0,

PyWideStringList oxig_argv
fieth: Python TR iR 94T B4 sys.orig_argv.

WMHorig argv P|FNEH Hargy A— N HEESFHRNY|E, PyConfig Read () ¥
B Wargy ZHilargv # N Forig argv (WRparse_argv NAHZ),

BiE&Hargy WAMPyY_GetArgcArgv () BREL.
BIME: 251K,
3.10 [HTMA.
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int parse_argv

M S4TSR

2?&%? 1, WPASH AL Python gt ey S AT B MR T Xftrargv, IMargv HxlEg Python

PyConfig Read () REUAMRNIPyConfig. argv 38— TESHEN MG, PyConfig.
parse_argy FECH 2. HT Python SBHURMPyContig. argv HREH), BULARNTSHK
2245 FH R 6 I R AT 4 Python 115

ERINE: 7 Python xR0 1, FERREEIXTH 0.
3.10 M s IAE B ¥ PyConfig. parse_argv 2T 1 WA SfEfPyConfig. argv 4.

int parser_debug
Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on com-
pilation options).

it -d Ay ATk ENG . 3B N PYTHONDEBUG FRHGAR
Big: o.
int pathconfig_warnings

On Unix, if non-zero, calculating the Python Path Configuration can log warnings into stderr. If equals to
0, suppress these warnings.

It has no effect on Windows.
ERINE: 7 Python B4R 1, FERREEI TR 0.
Python 34125 & i ABT—5B5

wchar_t *prefix

TARRIT 4211 Python SCLHS A 4 8 H R 4E: sys . prefix.
THFR(H: NULL.
Python 341280 E 1)—3R4) .

wchar_t *program_name

T VIRfbexecutable FIFE Python FJ 4G 4k 1 [R] S B 153 8 i R P 24
o W Py_SetProgramName () EGAM, KA HESEL
o £ macOS I, 544 % T PYTHONEXECUTABLE A5 5 ] £ F & .

ﬁn%A—EXT WITH_NEXT_FRAMEWORK 7%, 4i%® T _ PYVENV_LAUNCHER_ _ FfIEA5 it
FHE.

» WMHargv B argv (0] A HFH HAABEMSEHE.

« B, 7E Windows FXH# ] L python", FEHAM-P-& ERHEA L python3",
JHFR{E: NULL.
Python §4 1282 5 # ABI—347

wchar_t *pycache_prefix

A7 .pyc XS ABH H % sys.pycache_prefix,

Wit -X pycache_prefix=PATH A4 Fl PYTHONPYCACHEPREF IX PR3N Fris .
RK NULL, N sys.pycache_prefix ¥4fi% A None.

THFRA{H: NULL,
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int quiet
Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive mode.

H —q fr T T8
T 0.

wchar_t *run_command

—c AT I .
M Py_RunMain () .
FHEHE: NULL.

wchar_t *run_filename
Filename passed on the command line: trailing command line argument without —c or —m.

For example, it is set to script .py by the python3 script.py argcommand.
HPy_RunMain () .
THEL{E: NULL,

wchar_t *run_module

—m A A TEI E .
HE]Py_RunMain () ﬁﬁﬂ o
THRR(HE: NULL.

int show_ref_count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.
L1 Python &R 13 (W€ X Py_REF_DEBUG %%).
H#: 0,

int site_import

?EEEiJJHﬂ“TE'r—/\ site fHL7
WERETE, B R , rU A LA 7 A 9 5 0 A R sys . path #244E.

ﬂﬂ%%)ﬁiﬁﬂﬁ%)\ site MEHRBEAR X SU A (QURART B fil & X Se 4, H RN site.
main () EE).

=S QAT E N 0,
sys.flags.no_site is set to the inverted value of site_ import.
THELE: 1.

int skip_source_first_line

WRAEERE, WEkidryconfig. run_filename JRIIEE—17.
BB ALY AR Unix B #emd. 3ZEXT DOS £ & A A4 .
I —x A TR E N 1.
W 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors
sys.stdin, sys.stdout fll sys.stderr HZRISH g4 R ({H sys. stderr $h
ZAfi[f] "backslashreplace" & iRACFAIHE) o
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MR Py _SetStandardStreamEncoding () BVEM, WY4E error fil errors Z3(A >} NULL Bt
FHEHEATS

B % PYTHONTOENCODING FRBA5 AR 45 il 2 i i & .
BN -
e MM PyPreconfig.utf8_mode JAEZ(ENIHEF "UTF-8",
o FEHAMSENLR, (¥ locale encoding.
PRI R AL A A7 -
* JF Windows [: f§i[] "surrogateescape",

e MR PyPreConfig.utf8 _mode NAEEAH, BE R LC_CTYPE &5 X &"C” 8{"POSIX”
N "surrogateescape".

o TEHAURIF M "stricen,

int tracemalloc
J& F tracemalloc?

R -NAEEE, WEERSIHEM tracemalloc.start ().
i) -X tracemalloc=N fiy44TiEHFI PYTHONTRACEMALLOC Fb/AF ik B .
BRIME: 72 Python i -1, FERRBSAHA 0.

int use_environment

fili B PREEAR 7
WRSETE, 2N ISR,
ERINE: 7 Python it B H oA 1 IMAERR BECE A 0,

intuser_site_directory

ﬁn%jﬂlﬁ{ﬁ DURRE Y Pk s SRES AN sys . path.
-s Ml -T frATIEIE N 0.

Ela PYTHONNOUSERSITE HJuAr i BN 0,

ERINE: A Python 8RR 1, FERREEIXTH 0,

int verbose
Verbose mode. If greater than 0, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

If greater or equal to 2, print a message for each file that is checked for when searching for a module. Also
provides information on module cleanup at exit.

M —v Ar A TE It T i
Set to the PYTHONVERBOSE environment variable value.
g 0.

PyWideStringList warnoptions

warnings BT EE S IERATEDT, LB MKEIR: sys . warnoptions,

warnings BLHDUFE R BIF RN sys . warnoptions: figJg—NPyConfig.warnoptions 4%
HR A warnings . filters WS — M & HIPRRCHEE (REMER).

—W AT B G R B warnopt ions W, B AR Z IR
PYTHONWARNINGS M35 A8 gt v 9 F F IR INEA5 28T . T AR E 210l , HPUES () k.
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BOME: =503k

int write_bytecode
If equal to 0, Python won't try to write . pyc files on the import of source modules.

3@t -B Ay THE A PYTHONDONTWRITEBY TECODE IS AS B &N 0,
sys.dont_write_bytecode &#i¥lGib Nwrite bytecode BUZJGHHE.
FHRAE: 1.

PyWideStringList xoptions
-X R TR AE: sys._xoptions,

BOME: =513k

Wnkparse_argv HARE(H, Wargv ZHCRFLAS H AL Python AT iy 4T S B R 17 sCBHENT , HMargv
"o Python 244,

xoptions I SHAAT DA B HALED: S0 -X 1L,
3.9 IR ¥ % show_alloc_count FEEHEE.

10.7 {£F PyConfig #ig4t

JH T w1464k Python (1) pR %% :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
M config Wl BRI 4G4 Python.

VB3R PyStatus_Exception () fil Py_ExitStatusException () AT REE (HHREHE
).

(1] R i H T PyImport_FrozenModules ()., PyImport_AppendInittab ()
B pyImport_ ExtendInittab (), WAZUFE Python il 4] 4 €2 J&. Python 4 4 4k 2 i 5 B 5 i
EAT. W Python B IR WIUGAL, WA ZAEERHR WG AL Python Z i i} Py Import_AppendInittab ()
B PyImport_ExtendInittab ().

MHIECE (PyConfig KA RfEFE PyInterpreterState.config 1,
WET A RE 7RG

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {
goto exception;

}

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A
goto exception;

}

(Rt
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#EHE—1)
PyConfig_Clear (&configqg);
return;
exception:

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(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception (status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception (status)) {
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)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;
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10.8 FREECE

PyPreConfig_InitIsolatedConfig() #ll PyConfig_InitIsolatedConfig () FRESHE— A
E R Python 5 RGBS, B0, X Python i A B R T .

ZBCER AN R E A R B TSR (PyContig. argy RGBT A ol R H k. C
PRUERL (B0 stdout) Al LC_CTYPE i & IKICIFRFFAAL . (5 S A PLAIRRF A 220

Configuration files are still used with this configuration. Set the Python Path Configuration ("output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.9 Python &

PyPreConfig_InitPythonConfig () fl PyConfig_InitPythonConfig () pRELSAE—A D E A
E— M7 5 5 Python A1 [A] 1) H & S Python,

IS BN A TS ECR WU THCEL Python,, T 48 Jay e 748 B R 45 200

R ECEARE LC_CTYPE £ X5, PYTHONUTFS8 | PYTHONCOERCECLOCALE FfJE45 &3 H C &= X
54 (PEP 538) Fil Python UTE-8 #ist. (PEP 540),

10.10 Python RZHCE

pyConfig W% Z AT BN ER 7B
 BACHCE A
— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig_warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
- MET AR SR TR A X A
- PATH I B M TRIR P 0 58 B2 CR A PyConfig. program_name)
__ PYVENV_LAUNCHER_ _ ¥gissiif

- (f¥ PR Windows only) ¥ M %% HKEY_CURRENT_USER #1 HKEY_LOCAL_MACHINE
H4)”SoftwarePythonPythonCoreX.YPythonPath” I | ) . il 2 /F H 5% (H 7 X.Y 25 Python fiX
).

o BRARRCE 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
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— PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search paths_set is equal to 0, module_search _paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as setif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig_warnings to (0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

M base _prefix Bibase _exec prefix FEERITE, ENTHESMMprefix fllexec_prefix gk H

fH.
Py_RunMain () MlPy_Main () ¥BH sys.path:

e MM run_filename BEREHF AR —MIE __main_ .py WAKWHS, WEe¥run filename ¥y
#| sys.path 7k,

e YR isolated HZE:

- WERE T run_module, WPRFYH]HRIRME] sys . path BTk ARICIEBHCEY HT H & A
PATHEAT et

- WRBE T run_filename, WFFICPEA M HSRIRINE sys . path Tk,
- FEHARNEOUR, WRF— DS TR IS sys . path BIFk.

M site _import HIEFE(H, M sys.path Alifid site BB, WM user _site directory HiE
T HJH 1Y site-package HRAFAE, M site BEHL5 ] P11 site-package HSFIMF] sys.path.

AR IC 2 B DA TE B S
e pyvenv.cfg
* python._pth (X Windows)
e pybuilddir.txt ({¥ Unix)

__ PYVENV_LAUNCHER_ _ fIEAS B TRk E PyConfig. base_executable

10.11 Py_RunMain()

int Py_RunMain (void)
PATTE AT E P8 EW S (PyConfig. run_command), MAS (PyConfig.run_filename)
B (PyCconfig. run_module),

TERRNTE DL R ARG T -1 69T, WiZ4T REPL.
e, 454k Python Hk [l — A n ALk 4 exit () eREUNIR HPRAS,
WZ Y Python e % EH— M Py_RunMain () 1ER BT 49247 A E X Python HY7R B,
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
1E Python B R UR AT QAT SECZ I, PRIPUX LS

HiEZFPyConfig.orig _argv .

10.13 SHEMBILTAREE API

AN LRLAEE APLGIANT ZErBglifife, E2 PEP 432 [0
o KL WAL B, “d/MEREEAR Python”:
- WERR;
- WERH;
- PIERE ARG
- sys BHAER WL (FIA0: sys . path MIANFFTE).
o 7 R YRR Be, Python #i{5E eI HA1L
- ZHIHFHE inportlib;
- NS ER R ;
— LRAG T AL H A ;
- 5B sys B AE L (BllD: A sys. stdout fll sys.path);
- JBM faulthandler fl tracemalloc Zn[EINEE;

- FA site B
- %%,
FLA I APL:
e PyConfig._init_main:ifsetto0, Py _TInitializeFromConfig () stops at the ”Core” initialization
phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)

BEA Y WIAAERTBL, 5E)K Python FIHRAL .
e “Bn” BB RAMEMEL, WAXKE import 1ib fil: pii2me & HodqE R BrBdiiE .
XA HE fLFLE Python R 4E il Python DAZE 5Bk i 2me &, A EES 2 5 E X sys.meta_path A
MWEF A TS,
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 B BOF A SCERNE X FEIX B BU AR ] A2 A RO T R R BRI . 1% APT Hibric
FAARIEER : W Bti% APL ] LABE 02 2iobt PR B L 2 BT G i i 24 3% APLL

TE “An” A2 Rk BEZ 181817 Python fUHE 71 Bil:
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) |

exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);
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ACliEEREIE

111 @28

7 Python v, PIFEAS R S 8] — A5 BT Python X R AEWRLEIARFAA e (heap) o 33X ANFAA i) B Hy
INFBI Python 1 7% 32 %5 ( Python memory manager) 133lF. Python PIAZAFHR#EA A 5] A 2H 24 R A AR FP 8 75
TR BT Y A, ndbss. Ay, Al gy .

TERNRIZ, — IR WA e as i 5 5 RGN TFAS B2, B ORALAT Sk Py SR G 0 25 () R ATl T A
5 Python HH K M8 . TR NAF I FC AR BEAS b, JLARISURE B 20 B e Al — M oz dT, FF AR fioty
SRR R LB R B N B . BN, BRSO A A By SOR R 7 4 H . ool a,
h BB B [ A i SR 2 5 25 TR AT . TR IG, Python PYAEE FRERHRF— 28 AR L4 0 AR 8 20T
. (HE RS FAERAA HERTE R Nz AT .

Python Hfi: N AFAYAETBIRE ARG R AT, PO BB PRI, RIVGEARATT 20 B A 1 i ) A7 R 0 54
BE, PRBIX— i+ %, Python X G HAt A G2 o X Y i 23 8] 73 BiC 2t Python P78 BRAS # 5 il 1 AR
SCR§HRS Y Python/C APT eR A THY -

KT R NIEREIR , R RAE G A % 8 C e R L i BR R X Python %42 dEATHA, X 26K
BAldE: malloc (), calloc(), realloc () Ml free (). X F-FE C Al #FAI Python N7 HLEE 2 [R] )
B, 51 EER, XRBTENEl TARNER, HERRSELEE, B2, RO PAZLAHE
C JEArBiLas >k B ) B i B AR N A7, A R BT

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;

XA, VO G XN R th C ML Ab B . Python IWAFAS Bl {2 5 T /M IAE W45 HHR
GV RIE 8
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IR, FERZHCNOLT, HREWE TTET Python HER ML NAT, [N2J5 & 2 H Python P77 BR & il -
B, SRR C 405 AR SRR EA T R s X AR BT Python Mk 55—~ BHL 2 7R 22 E
ifi o Python INAFAF PIERA K9 TR N A7 oK o RIGERTIR SR A A AEA il T B . e BERRE /Y F A
T N A7 K A48 Python PN AF4S PR BELEARRE G A L N A o T ) B DU A SEMER ) T . PRI, 7E
FrE i OL R, Python PN7FAE BEGS il AE 2l A oAl 238 2 48, s e . AL P 2 sl R At o 0y 44 452
1. iﬁg%’fiﬁﬁﬁ)ﬁ T Bl P s i) C ey B, O VO Zeah X7 BL i N AT-RF 52 4 A &% Python A7
(EY T

hE%:
A B PYTHONMALLOC W] I R Bl & Python Fr{ifi I i) AT 4 L A4S -

FR5EAF B PYTHONMALLOCSTATS ] DA SRAEAE U AN 2 A1 5 P T pymalloc X5 KIS Bl pymalloc 7 74
fie 3% ST EdE .

11.2 4rECERE

B A ECRECERE T = AR “HRiass” 22— (WPyMemAllocatorDomain) . iXEEIRAR TAFEK)
ATPCSRNE , IR H AT T U0 BRI ] 23 e P A7 A Sk ) P OO A 30 R 5 AR A 5 gl R 2
SCPRANAT, (FE TR E R, ATATE A $03) IR AL eds . B A PSRRI T 45 e S 43 i iR BGR
B NAE, U 2SR H Y (BRI IEERMEE) . B, R ARFPyMem RawMalloc () iRIE][)
WAEH T 43 IL Python %152, B Kfryobject_Malloc () iR NAEHIVEZHIX.

=AM IR S

o ORI T OB NG K BC N, MTC A BB ARG B g I HAM A8 W] DATE AT GIL 1Y
Ot WHEEIRE RS,

* "Mem” Ii§: 12 Python Zéu X1 A N A7 G it X 23 BEINAF, 73 BCIS I AUREAT GIL . NAFHUE T Python
TLAHE

o MR AT RCET Python MRIMTF. NAFEUE T Python FAA HE.

SRR T 405 B0 SR B U AR A ERS, AT A O REHCREL, U1, Pytvem_rree () KR
B PyMem Malloc () 4yBeHINEE.

11.3 RigA&F#EO

PAT BREAR BN T ARG i . XL B AR LN, AHFEFA & 5 A5 90

default raw memory allocator ff 13X ¥EpE%L: malloc (). calloc (). realloc() #l free(); HiFEFI
BIYEH malloc (1) (8f calloc (1, 1))
3.4 OB A

void *PyMem_RawMalloc (size_t n)

SrBC n AT R BN R BN A voidr RAURE, ARIER AR [E] NULL,

TR Z T BRI Bl — A Re Ry 3E NULL $85E, SRR T PyMem_RawMalloc (1) —F#E. {HRE2NFF
AN DMEAT 7 AR 1Rk

void *PyMem_RawCalloc (size_t nelem, size_t elsize)
SYHC nelem N~ICE, BWANITCRIKNA elsize 77, IR G W) I LR AR void> ZE7U4R4EE,
WK R [B] NULL. AR BE0I A .

TREBFATABRR B — Y HE NULL 4841, S EA T PyMem_RawCalloc (1, 1) —F,
3.5 JUB A
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void *PyMem_RawRealloc (void *p, size_t n)

X p A7 TE NP NFEE n 735 DURTIHINAFBR N R i/ IMECR TE , o A RFFANAE

sk p @& NULL , DAY FIHH PyMem_RawMalloc (n) ; QR n &F 0, WIAAFHK/ N B HEE

ANSHRERL, IR MHE NULL $84f.

NEEE]

M4k p & NULL , & 0B W92 2 |l M fPyMem RawMalloc () . PyMem RawRealloc ()

ﬁPyMemﬁRawCalloc () }i)fﬁ}z[ﬁ]ﬁ/]o
AR R R, PyMem_RawRealloc () iR[E] NULL , p 58K 48 M JCHT AT RIS A 6 5

void PyMem_RawFree (void *p)

BEC p 8 M B N fF . p 20 2 2 HI W flPyMem RawMalloc () . PyMem_RawRealloc ()
wpyMem_RawCalloc () FriR [ HF84F. &0, oifE PyMem_RawFree (p) Z HIE & 1H H 01

W, FEXIThERE.
W p J& NULL, IR A A E A 28T .

11.4 AEEO

PAFBRESE, 718 ANSIC ARiE, H48E T REFFITIIATA, W HT A Python 37 FCFIRERL M #E -
NN G B i T pymalloc M 55 B 2.

Bl AEMEX KBy, AR 2 5 A 25 4 (GIL)

3.6 iU A PUAEBRINIY) 4Bl A2 pymalloc T IE RS malloc ()

void *PyMem_Malloc (size_t n)

Part of the Stable ABL Z3Hg n NFH5 R B — AN F BT B NAFRY void* JAUARET, MIRER AR

[ NULL,

TR A0 ARIR 0] — AR JE NULL f88F, B T PyMem_Malloc (1) —#f. (HE2NHFAL

PMEA T X 4a AL -

void *PyMem_Calloc (size_t nelem, size_t elsize)

Part of the Stable ABI since version 3.7. 4y B nelem NG, ®ANTCEIKNH elsize NFETT, FHak[EF5 1]

BT LR N AR void* RASEE, AN RAMER M) NULL, AR BRI .
R FFA A ER [ — AR A NULL $84F, WA T PyMem_Calloc (1, 1) —Ff,
3.5 BUHTA.

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL f p 1[5 i AP SR/ INEEE S n 745 o PABTIHPIAFHOR N i d IMECDA E, He

NERFFAZE,

W p & NULL , AT PyMem_Malloc (n) ;5 WIER n %F 0, WINFEHRIVNESHHREE, AR

SWREIL, R EIHE NULL 541

M dE p & NULL , /N B W 2 Hi W fPyMem Malloc() . PyMem_Realloc ()

B PyMem_Calloc () BRI,
WERAE KRR, PyMem _Realloc () 1R[] NULL , p {53R2 48 WSl WAF KIS A R T -

void PyMem_Free (void *p)

Part of the Stable ABL & p 1517 NAFHL . p AR Z B PyMem _Malloc () . PyMem_Realloc ()
s pyMem_Calloc () FriR[MIRg$E%E. 50, oifE PyMem_Free (p) ZBIE A HMEL T, KE

SAT R R

11.4. AEEO
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W p & NULL, B AfH A ER 23617
PARTH [ 2R 2 A 7 (T $e ik . 58 TYPE FTDAFE AR C 241,
TYPE *PyMem_New (TYPE, size_t n)

SpyMem_Malloc () ¥, BB (n * sizeof (TYPE)) FEHTHNAF. REl— ik TYPE*
HI¥aEr . AR 2 DMEMT T X ek wi it .
TYPE *PyMem_Resize (void *p, TYPE, size_t n)

SpyMem Realloc () #IF, IBNEP R/ PEEIE N (n * sizeof (TYPE)) Fir. &[E—A -k
A TYPE* WJF8%F. TERIEIES, p R R— 48 G AE DI F8 5T, AR T 2R N4 NULL.

g4 C BB, p SRR ERIRE. WA p IRIA{E, DABEGAE AL PIAR BRI 2R AT

void PyMem_Del (void *p)
FpyMem_Free () #H[FE .

BEAh, FNTRFRAE T AR 24 T B VA Python WA M HCas, AP & L5 Hiy C APL s%L. (Hi2iE
HE, BAENIFARELRILR Python AHY —BERIFRAME, HITEY BB .

* PyMem_MALLOC (size)

e PyMem_NEW (type, size)

e PyMem_ REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

¢ PyMem_ DEL (ptr)

11.5 MRS H2E

PATBREER, D58 ANSIC ApifE, FHHHRE THRFFAIIAT R, W T M Python 7 B AL N AT«

) 245 A o LA B 3 AR D5 YE AR T A A B BR R, TE VR ARIE I B4 T AR A Y
A7 0] A B D H % 40 B Python Y42,

BT 2B 8 A pymalloc N 5451 %%

Bl TEREX BNy, AR 2 5 i S 4 (GIL) .

void *PyObject_Malloc (size_tn)

Part of the Stable ABL 4}t n A5 3% [l — A8 ) fir 4 BL AR void> RAUHRES, WSk A G i&
[f] NULL,

R A A AR [l — AR NULL #5461, UMM T Pyobject _Malloc (1) —#f. [HENTE
A PMERTT e itk .

void *PyObject_Calloc (size_t nelem, size_t elsize)
Part of the Stable ABI since version 3.7. 73T nelem ~JCE, ®NICEMKINH elsize NFT, Iz B8]
A EER AR void* KRAFRES, GnRER R MUNR ] NULL. WAFS IR 2.

TR BT RRIR [ — A EER dE NULL 541, st T PyObject_Calloc (1, 1) —Ff.
3.5 BTN
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void *PyObject_Realloc (void *p, size_t n)

Part of the Stable ABL Xf p 4510 f A FFHR/ NIy n 735 . DUBTIHINAF SO N g/ IMEC T, Hod

PRI,

s *p* J& NULL, WIAY4T#H Pyobject_Malloc (n) 5 W3R n SEF 0, WPNAFHK/NSHEIHE,
EARSHOREL, &9k NULL 484,

b p & NULL , 5 W E 2 Z Al HPyobject_Malloc ()

W PyObject_Calloc () FFRIEIM .
WRER KM, Pyobject_Realloc () JRIAI NULL , p AT38KIE48 4wl AR KA S8 5t

void PyObject_Free (void *p)
Part of the Stable ABL Bk p ¥F8 M M N fE . p M 2 2 Hi ¥ HPyobject_Malloc ()
PyObject_Realloc () B{PyObject_Calloc () BRIl f$g4f. HW, BifE PyObject_Free (p)
ZHICAMAEER T, KEXITARKE.

Wk p & NULL, IR 2 A B A &t T .

11.6 BNIARAIFESBEC2E

. PyObject_Realloc()

NN
fiE 2R PyMem_RawMallo¢ PyMem_Malloc | PyOb-
ject_Malloc
KA "pymalloc" malloc pymalloc pymalloc
e "pymalloc_debugl'malloc + debug pymalloc + de- | pymalloc + de-
bug bug
%A pymalloc B & fi | "malloc" malloc malloc malloc

JRA

%7 pymalloc 11 4 i
F4 7

"malloc_debug"

malloc + debug

malloc + debug

malloc + debug

BEIA -

o £ %k PYTHONMALLOC ¥iEA5 B 1K .

* malloc: K H CHEERNRG /LAy, C R

* pymalloc: pymalloc N 4B %.
o "+ debug”: [y Python P 5 B2 25 648X 449 F.

o “PLRE": TR Python 14 .

11.7 BEXLAFES AR

3.4 WU

type PyMemAllocatorEx
T HBE WA FL s SR i . RSS9 5B

malloc ().

calloc ().

realloc () fll free ().,

11.6. BAARESECRE
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1

A==

void *ctx

NG T BREANAEL
T

void* malloc (void *ctx, size_t size)

Sl — AT

void* calloc(void *ctx, size_t nelem, size_t
elsize)

SrBE— IR O 1Y AT ER

void* realloc(void *ctx, void *ptr, size_t
new_size)

Jr Bl AT B BRSO

void free(void *ctx, void *ptr)

REC A A

3.5 it §4#: The PyMemAllocator structure was renamed to PyMemAllocatorExand anew calloc field

was added.

type PyMemAllocatorDomain
FIRAR B BEAHR 2R 2 . A
PYMEM_DOMAIN_RAW
PR

* PyMem RawMalloc ()

* PyMem RawRealloc ()

* PyMem RawCalloc ()

* PyMem RawFree ()

PYMEM_DOMAIN_ MEM
EEN
* PyMem Malloc(),
* PyMem Realloc ()
e PyMem_Calloc /()
* PyMem Free()
PYMEM DOMAIN_OBJ
BRI
* PyObject_Malloc ()
* PyObject_Realloc()
e PyObject_Calloc()

* PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BRI E I AT BO A -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB E B AT Bl o

MRFRFFATS, HHY TG AR i — g 9F NULL 4584t

X1F PYMEM_DOMAIN_RAW I, ZMAC#sE&fE Ll Mo esgif ey, A &5 E 54 .
WA 2T ORI Z /AR ), AR PyMem _SetupDebugHooks () MRETEHT

g1 i b BT 2R R IR T
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e, pyMem SetAllocator () AN EH:

e H[P\fEPY _Prelnitialize () ZJGPy_InitializeFromConfiqg () Z BT BRZEEH
S8 SCR A Lt o %] T I 2220 19 J0 O B 1330 ML LAS A AT AP At fR A6 (31140 Raw
Domain fYF/BCARTEAREA GIL WS TR ) o iES R £ o B 2530 37 Sk TR .

o YIRAE Python B IMAk 2 )5 (BiPy_InitializeFromConfig () #{MAZE) M
M) H & Ay Bl e must DA A )0 Bl . K0 20 Bl e B e AT 2 i oAb Bl 2 2 AN

void PyMem_SetupDebugHooks (void)
BB Python 1 754 B2 25 849 8K 40T DA I N AE4E 12 -

11.8 Python 774 BL 250915495

24 Python FERRET, T, PyMem SetupDebugHooks () BREHEPython Fa4n45 10 WHEE A, PAE Python
WA Bics i B R - DA I N AP i

PYTHONMALLOC f 5§ 7% & W 8% il T 78 A & 47 B X F 4% 3% 19 Python | 22 % 9 il & v (1 -
PYTHONMALLOC=debug).

PyMem_SetupDebugHooks () BRECAIME I THE A T PyMem_SetAllocator () 2 )JaR BT .

% 26 8 T T RR IR . AT A B 07 48 =X A Bl A8 40 IE A N B BT A T N fE 51 0xCD
(PYMEM_CLEANBYTE ) 7, Bk NIEHFEST 0xbD (PYMEM_DEADBYTE ) (H%E. WIEHWIE T T
7 0xFD (PYMEM_FORBIDDENBYTE ) [ “Z5 b5 M. XUF RN KRB Al 77 58
£ ASCIT 45 £

IBATI A A
o FIXE APL i s, Bl : AalikfpyMem Malloc () SrRERINFFRAHI PyObject Free ().
o R KRG OCE RN B A (Zh X R ) .
o R G XZIEACEENE A (Zh X ) .

o K& W 24 V& ] PYMEM_DOMAIN_OBJ (Ul: PyObject_Malloc()) Fl PYMEM_DOMAIN_MEM (#:
PyMem_Malloc ()) $H) 53 FLas B BN GIL C A -

FEH SIS, W T tracemalloc BRI NFFERBEMBCHIAIE . KA Y tracemalloc IEAEIBER
Python WAFZMBL, FHHNAFHRBGRERRT, A & 2ol

ik S=sizeof (size_t). IF 2*S NFITUIMEIEFDBE R N FHESEIA . PAFRI R 2R,
Hor p AR 28 malloc 52540 realloc B pREL TR [BIAGHINE (p[1:3] FRM * (p+1) ZMIFIEE] * (p+3)
ZEM AR R R RS S S Python Y1 R @ AFR) -

pl-2*S:-S] EAHIFFERMFIE. XA size_t, HRuT (5 TTENAEREAE TR .
p[-S] APIHRIRFF (ASCILF4F) :

e 'r' /R PYMEM_DOMAIN_RAW,

e 'm' /K PYMEM_DOMAIN_MEM,

e 'o' F/N PYMEM_DOMAIN_OBJ,
p[-S+1:0] PYMEM_FORBIDDENBYTE g4, JH T4 T 205 AR

p[O:N] FriifKiyNAF, N} PYMEM_CLEANBYTE HJRIAIETE, TP RGN AARIGIT. LI
realloc 2 1) R BRI KR A INAF BRI, BONHTIEAY 57 R 2 il PYMEM_CLEANBYTE SRS, 2
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P free Z R RRBINS, X 2LF T2 ] PYMEM_DEADBYTE K, PAZRGERMAAFRIGIE - 24
1 realloc 2 JEAY BREORIG R/ N NAFERIT, 2R IH 7T th & il PYMEM_DEADBYTE HIHTE.

p[N:N+S] PYMEM_FORBIDDENBYTE Fy &I . JH T4 $k 8 BRI 5 AFIEEL .

PIN+S:N+2*S] {45 | PYMEM_DEBUG_SERIALNO ZZHf &gl il (BRIAME I TR E ) o
— NS, AR malloc 2 2R8§ realloc 22 AR H 38 1, KIGFHY size_t. WIEIRZ EHE]
T OCBEREIRII AR, RS SR T MR F B RAE R UGB T B TS, DA A
PR B[R] . obmalloc.c H1 145 25 pR U bumpserialno() & BLJF 515 23 &A= B B ME—H# Ty, B AFFE
FEARTT A 5 Hb 58 B R R A HH BT A

A realloc 22 5, free 2 HHFHL Joka & FIH PYMEM_FORBIDDENBYTE S35 R 56 . MIAVE 119
WU T, W2 KHS U 5 A stderr, Jf FLESF i 1 Py_FatalError() H 1k 57— B2 2 WO 2 24 1L
PR SRR TR AR R LT M 4 A B . A AR A TR 209 F B W 4, A
AT & 5] B C.58 4 30 PYMEM_DEADBYTE (R0 % CREHCY PIAEHE (1)) 5% PYMEM_CLEANBYTE
RV A 0 DA B )«

3.6 iU S#: PyMem_SetupDebugHooks () MREXELAE W BETE T A MBIl 40119 Python b TAE. 4%/
R, W T IAE S tracemalloc RAREE 43 He A HL A B3 15 2. 4 T BUAE iR & 7
PYMEM_DOMAIN_OBJ il PYMEM_DOMAIN_MEM {E F 80 R 5ce 8 F B G 2 2 584 GIL,

38 iR W & % 37 B X 0xCB (PYMEM_CLEANBYTE), O0xDB (PYMEM_DEADBYTE) flI OxFB
(PYMEM_FORBIDDENBYTE) . #f 0xCD . 0xDD Fl1 0xFD # A PAf#i f§ 55 Windows CRT #i® malloc ()
Hl free () FFEMIME.

11.9 pymalloc 4 fir 2

Python 5 A B A G AGA WM /NS UNFHET 512 F17) LR pymalloc 43 Fie 2% . B & 2 K
JINA 256 KiB [ FR A arenas” [ INAFILSS . X RF S12 AT EE, BRI B FHpyMem RawMalloc ()

M PyMem RawRealloc () .

pymalloc J& PYMEM_DOMAIN_MEM (fil 4l: PyMem Malloc()) Hl PYMEM_DOMAIN_OBJ (4] #i:
PyObject_Malloc ()) KA SEZE .

arena 4-fita B HI AN BRAL:
e Windows [y VirtualAlloc () fl VirtualFree () ,
* mmap () Fl munmap () , GERAH,
o I, malloc() i free() .

4t Python WLl % T —-without-pymalloc I, MR -2 M5 Be A% 55 9 25 . o W DAFE 32 17 B
PYTHONMALLOC® (ff|#w: * PYTHONMALLOC=malloc' ) MIEASE L&,

11.9.1 BE X pymalloc Arena 4B 2§

3.4 BT

type PyObjectArenaAllocator
FEAH AR —A arena 7} BCEFIEE MK . IXANEERIEAG =T

1 =

void *ctx YERE—ANSEEAR P BT
void* alloc (void *ctx, size_t size) e —H size AT X I8

void free(void *ctx, void *ptr, size_t size) | BEr—3eX
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void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRHL arena 73 iL#s

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
U arena 71y

11.10 tracemalloc C API

3.7 BT

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

f£ tracemalloc fH AR EE— AN BCH AR
WP E 0, HAEEIHR ] -1 (TEESEENAERRAFIRE G B . QIREEH T tracemalloc MR [H -2,
MR NAERE R R, TR A IR ER R

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1F tracemalloc B HUH IR EE— AT BCA A A0SR AR AR B IR B WA BRA AR AT e
A5 tracemalloc #EZE I NR[E] -2, FER[E O,

11.11 G461

PATR IR 48 58 /AN, 2 FE PAGE VO G X ad aid il 55— e AR M Python M rh 7L iY:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString(buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

57 P T ) 28 o R 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;

TEEEAE LA LA R G, Geih X Bl I s TAH R SR M R ORI . S b, X e i AR
WU ARV N AF APLIR , DATEBERHE & AN R 20 Bii i i AU ol 22 foe k. DA S AU P o e & ik e, I
— AR fatal O EIRE T PIREA [ HE_EBAERA [ 73 Bl ds -

char *bufl = PyMem_New (char, BUFSIZ);
char *buf2 = (char *) malloc (BUFSIZ);
char *buf3 (char *) PyMem_Malloc (BUFSIZ);

(Rt

11.10. tracemalloc C API 223




The Python/C API, £[F 3.10.13

HEH L5
PyMem_Del (buf3) ; /* Wrong —-- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

BT B A AL BEOR H Python Mk J5 4 A A7 B i) B $ 2 5b, Python w4 2l id PyObject New (),
PyObject_NewVar () fMlPyObject_Del () Fe4BEABERM -

X LEERFAEAT KANAIAE C & SCRISE BB R AR —F h kg
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CHAPTER 12

R

AFAIR TR SPGB i i i . BRI

121 7 F B EEMR

PyObject *_PyObject_New (PyTypeObject *type)
BEME: #aggl A

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
BEME: #agT .

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
BwEME: A5 R . Part of the Stable ABL JI'ERZRELFINILGT | FRAILGALF 7 BEX SR op. R EH)
AIEHIN R . A12R type BIZA G2 SR BLRAG A, RSB AG IS AL EE R R e b . W5
HAl 7B 3270«

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
BeME: AT A . Partof the Stable ABL ‘ERIMIRERI PyObject_Tnit () —FE, I HAWIMH LR
KA G EERFE R .

TYPE *PyObject_New (TYPE, PyTypeObject *type)
BEME: #ag5] A . Allocate a new Python object using the C structure type TYPE and the Python type object
type. Fields not defined by the Python object header are not initialized. The caller will own the only reference
to the object (i.e. its reference count will be one). The size of the memory allocation is determined from the
tp_basicsize field of the type object.

TYPE *PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
BEME: #ag il A . I C REIREATYZEEL TYPE i Python ZRAIXT S type 43 Tid—A~Hil¥) Python X4 .
Python Xif 42 3 U oA & LI F BRI . B BER NAEZS TR T TYPE 5K type %14
Htp itemsize TFBARMLNY size FRWME . BN T LI ERITH XS TEM 1 W P H 2R/
Xﬁfg%%ﬁ@éﬂ% 1o K5 BB R A B R 0 Y723 TE P T DASS D A B R, ik T A7 43
[UIMEy €z
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void PyObject_Del (void *op)
Reiith pyobject _New () B Pyobject_NewVar () SFRLNAFIIN G . I3E XTSI type FBUE
My tp_dealloc EPRRREORTAM . VA X AR EAG op XA BARRA AT AT, PR I3 i
N2 E AR — A R0 Python XF 4R .

PyObject _Py_NoneStruct
XXRIEH None —FEHY Python X4 . ‘BRI LA M Py_None UM, ZEHIERHE A TR .

W4
PyModule_Create () 4rBLNAFFIEIEY itk

12.2 @AMHER

KA AR T S Python IXFRRAL . Xl T X Lepy 45 (AR E A TR 8 v

12.2.1 BRI RAEBF0E

It A 1) Python X} 5 #R AE X 5 1) N A7 3R s 19 JF 4 3 4 3t =2
wpyvarobject KRR FRIR, HLERA i — 20505 L, XL
HF G 7 Lo
type PyObject
Part of the Limited APL. (Only some members are part of the stable ABL) TG 3T R 2 BUE B SR P R . X
M T Python FEXF R FEEF S VEXT Sk BRI 75 A5 B8, fE— Al < &AT7 dRiF
e, B R A G RS 16 Y 2B R Y FaEE . A A AR R LR R PyObject
B4R 451 Python X RIGFEEHER AT AR A Ny PyObject >, XTI ML AUE G ] Py REFCNT
Py _TYPE JEARTE -

type PyVarObject
Part of the Limited APL (Only some members are part of the stable ABI.) This is an extension of PyObject that
adds the ob_size field. This is only used for objects that have some notion of length. This type does not often
appear in the Python/C API. Access to the members must be done by using the macros Py_ REFCNT, Py_ TYPE,
and Py_SIZE.

b B, XS B lPyobject
Z A L % 5] $ T BT A HiAth Python

1[‘*"; Eig

PyObject_HEAD

X —MNE R R I AT AL K BERS G B U I e I % . PyObject_HEAD A4 A

PyObject ob_base;

Z LifiPyobject WISCRY .
PyObject_VAR_HEAD
& AEFE I R RAGE A S A T K E I XS G T 22 PyObject_VAR_HEAD 73 :

PyVarObject ob_base;

Z W, L Pyvarobject 3RS .

int Py_Is (const PyObject *x, const PyObject *y)
Part of the Stable ABI since version 3.10. T3k x 25~ y ¥4, 5 Python i) x is vy AH[H.

3.10 JBUHTA.

int Py_IsNone (const PyObject *x)
Part of the Stable ABI since version 3.10. JWik— "X R EFE N None Hiffl, 5 Python H11) x is None #{
[
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3.10 JBGHTA.

int Py_IsTrue (const PyObject *x)

Part of the Stable ABI since version 3.10. JWik— AR EFE N True B, 5 Python 1) x is True #{
/]

3.10 JUBT A

int Py_IsFalse (const PyObject *x)
Part of the Stable ABI since version 3.10. JWiX—XTR2E N False Biff], 5 Python 1) x is False
A

3.10 JEGHTMA.

PyTypeObject *Py_TYPE (const PyObject *0)
FRHX Python %52 o (24,

1R [B]—A~borrowed reference.
WPy SET TYPE () BB E— AR50,

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
WG 0 BIZERLN type MR IPHAERAH . HWREIE, 4T Py_TYPE (o) == type.
3.9 BUHTIA.
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
FEXR 0 FZRBLBEN type.
3.9 HUHIIA.

Py_ssize_t Py_REFCNT (const PyObject *0)

FRHX Python X§42 o )5 14K,

3.10 ffit 5 %%: Py REFCNT () is changed to the inline static function. Use Py SET_REFCNT () to set an object
reference count.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)

FExEGE o G EER BN refent .
3.9 BUBTMA.
Py_ssize_t Py_SIZE (const PyVarObject *0)

FKHL Python X§42 o B K/,

Py _SET_SIZE () BRECREE—IRRIN.
void Py_SET_SIZE (PyVarObject *o0, Py_ssize_t size)

FERR 0 WR/NBEN size.

3.9 BUBTINA.

PyObject_HEAD_INIT (type)
g — N AH Pyob ject KA RANIRLIAR R . EY Jh:

_PyObject_EXTRA_INIT
1/ typel

PyVarObject_HEAD_INIT (fype, 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,
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12.2.2 e RHFTE

type PyCFunction
Part of the Stable ABL. F} T-7E C W32 K 24 Python ]I FH X4 pRECR AL . % BTG s B 2 1
PyObject* JESHRIMl—XAHEME. WAREHE A NULL, WP E— N2 DR AN NULL, W)
IR [ME R B AR 1328 Python W B I R BTIAR [BIME . BL PR ATR 8] — 805

PRENAY 2540

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords
Part of the Stable ABIL Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_XEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

type PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 BUBTINA.

type PyMethodDef
Part of the Stable ABI (including all members). T fiiA—P BRI BRI Z5 /A . Z L5 1EH YA
B
const char *ml_name
name of the method

PyCFunction m1_meth
pointer to the C implementation
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intml_flags
flags bits indicating how the call should be constructed

const char *ml_doc
points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject*.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyObject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

VA G0 i e

METH_VARARGS
A ARG, Hop BB Py crunction, HEREHEZ WA Pyobject* . 2B—4
Hﬂ?ﬁ{fé’] self XP5; XTRHRE, BRI SR . 56 - MES (FEeimah args) m~/\1ﬁ%ﬁﬂ'§
SHMTCHN S . RWESEE RS HPyArg ParseTuple () B{PyArg_UnpackTuple () FRACFEN,

METH_VARARGS | METH_KEYWORDS
WA XL GEAR Y YR PyCFunct ionlWithKeywords 2RI, ZREIEZ = TE S self, args,
kwargs Horp kwargs J&— MU TR KEFSEIN FIECE R A REF SN A PAH NULL, X2
B ,%E{EﬂﬂPyArg_ParseTupleAndKeywords () FALFER

METH_FASTCALL
H%l_ﬂ)% RV E SR XTTIRMRARN_PyCrunctionFast, H—AMESA self , H
K2R MFRSEN Pyobject* (HAMWEENSE = MESRSEIEE (BUAMKE).

3.7 BCHTINA.
3.10 W ¥4 METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

3.7 BB

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).

ZEANPyCMethod 2588 5¥F self ZJGHINT defining_class (/) METH_FASTCALL
| METH_KEYWORDS —¥f,

3.9 BUHTMA.

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.
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XA AN AR IR SO M 2 A e A2 AR IS0 o AT I A SR THERR 1 5E YR

o XTARME E IR i e 2 A2 B P —1~.

METH_CLASS
GITIRIFE R RN RN A REBBY LGN MBS, ERg T L7, KOT M
classmethod () P E EREPTEIERIZE

METH_STATIC
BITIERE 32 NULL A R R BALOIERNE —DNES. ESWl T #5855 %, KUTHEA
staticmethod () PN eRELFTRIEZ,

T3 AR R R PR ARBACR A MR T IEA 1055 — 1 3

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.

12.2.3 ipiaf REEBRRH

type PyMemberDef
Fart of the Stable ABI (including all members). Structure which describes an attribute of a type which corresponds
to a C struct member. Its fields are:

1 C Type 2B

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.
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AR Cxa

T _SHORT short

T_INT int

T _LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR char

T _BYTE char

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL char
T_LONGLONG long long
T_ULONGLONG | unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using Py Type_FromSpec () orsimilar), 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, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, stxruct PyMemberDef *m)

HBUE T HbdE Get an attribute belonging to the object at address obj_addr b NS IFEAEVE. %)@k E DA
PyMemberDef m RHiRAT . HA4EHR ] NULL,

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

SBT3 obj_addr WG JRMER F BN S 0. BUEE AR PyMemberDe £ m ik, Hh
IR O T 2 S ] £ (.

type PyGetSetDef

Part of the Stable ABI (including all members). T 5 SUEFST AR EE @ =05 | i g5 44 . 5555
S|Py TypeObject . tp_getset MEAI AL,
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21 C Type BE

name const char * | &1

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 * | B I&1 SCRY 4T ER

closure | void * optional function pointer, providing additional data for getter and setter

get REHEZ > Pyobject* 5 (SEH) Fl— A REFREN OB closure):

’typedef PyObject * (*getter) (PyObject *, wvoid *);

BN TE IR (]S R 5 | P S KR IR o] NULL H 3 573

set WEUHEZ WA Pyobject* JEZ (SLHIMEBLE M) FI— DR EHEE GRIKAY closure):

’typedef int (*setter) (PyObject *, PyObject *, wvoid *);

XF T R MR BR F 1 DL 26 — AT S NULL. RIS IR IE] O SRR MO iR ] -1 08 R

12.3 KRN

Python ¥R A4 fh i L 21— N IR th Ve i SO SRR S5 41K Py Typeobject F5ifR, FEBIXFGT A
B IEAT PyObject_* Bk PyType_* BBORALEL, (HIFRIZUEAZEL Python WAL FF BRI TY . X
YO ZIE X RAT RS, BT A E N TR AR RS AR B BAT Ay S BB 2 2 ) 7 AR B AR B

GRZBARERTIR L, REF R K XA KA S PR RBRS QA T RERE, K2 C Bk
FeEt, BEAREFSCIL T RBI R —/NER . AT RA A R IO T B X BRI I E A TS

BRI A T A

BTN HIRES % s ) AINRIL T POE TPy Typeobject M SCRITIARIHI T

12.3.1 BRESE

"tp_ HiERE”
PyTypeObiject &' Type kA ik B =
822

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__ G
(tp_setattr) setattrfunc __setattr__, __ delattr__ G
tp_as_async PyAsyncMethods * Frirtt (FiER) %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * Tt (FiER) %
tp_as_sequence PySequenceMethods * FiEte (FiEk) %
tp_as_mapping PyMappingMethods * Tt (FiERR) 9

Tk EE

232
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R1-EEL—H

PyTypeObject #&' Type kAL B =
IS

QT DI
tp_hash hashfunc __hash___ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc st 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 e, _le ,_eq_,_ne ,|X G

_ st ., _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 descrsetfunc __set_ ., delete_ X
tp_dictoffset Py _ssize_ t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases___ ~
<tp_mro> PyObject * _ mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses___
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

V0 S AR (S E) B
<> RIFS NI ZFRTERI IR Y NULL FE9E A2 H s .

[: I 455 R FRALBE A AR

<R> (1N HISD Fm T Bod bk 1 (R R NULL),

2 5

”(0”: PyBaseObject_Type Wik E
T PyType_ Type Wik E

"D BRI (A B NULL)

123, EBMR
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FhEE (FHikE)

FiEg Type FHR A&
am_awailt unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add___ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub____rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _ mul____ rmul__
nb_inplace_multiply binaryfunc _imul__
nb_remainder binaryfunc _mod__ __rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__
__rdivmod___
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc __Ishift__ _ rlshift
nb_inplace_lshift binaryfunc __ilshift__
nb_rshift binaryfunc _ rshift  _ rrshift_
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc _dand__
nb_xor binaryfunc __XOr__ __ IXor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc __float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__

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”: %ﬁ
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 -

DR
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R2-EEL—H

FiEE Type RN
nb_matrix_multiply binaryfunc __matmul__
__rmatmul__
nb_inplace_matrix_multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,
__delitem___
sq_length lenfunc _len_
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sg_item ssizeargfunc __getitem__
sg_ass_item ssizeobjargproc __setitem___
__delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc __dadd__
sqg_inplace_repeat ssizeargfunc __imul__

bf _getbuffer

getbufferproc ()

bf_releasebuffer

releasebufferproc/()

123, EBMR
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FE{L typedef
typedef SH%R A EES:]
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 *
36 __ Chapter12. 3{Sstil%s
descrsetfunc nt
PyObject *
PyObject *
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W2 AN T ITHSlot Type typedefs.

12.3.2 PyTypeObject 5 X

PyTypeObject BZ5HE XA PATE Include/object .h iR E|. KT HHESH, AR THPRE X:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_lbasicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

CFoiaks:)
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(R —H)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

12.3.3 PyObject #&{i:

KRN REEP e T Pyvarobject 45, ob_size %Exﬁﬁ?zjluycﬁi(ﬂﬂ type_new () A, #HFHELT
FKIBAPET) . HERPyType_Type LB SWGfbtp_itemsize, MFH%%I:E’J%WJ (RPEANF4) &
A ob_size FEX.

Py _ssize_t PyObject .ob_refcnt
Part of the Stable ABL %2R A0% % 105 | T4, i PyObject_HEAD_INIT ZWIMAMLH 1. 35BN}
Tﬂ%?& orinny R 2, RESEH] PR B ob_type F8IEHZIEAY) KRB MAGI HTHEL. (EXT)

SorBieny KA 7, L # kARG .

ok :
FRAURYRK BT B

PyTypeObject *PyObject .ob_type
Part of the Stable ABL X g KA RAY ek it ok, Bl % PyObject _HEAD_INTT [SH0R
fRIiat, ERE—BIEN T 2 «PyType_Type o Tm?ﬁlTﬁzJﬁS_{%ﬁ/\?}” JEi 2 /D7E Windows [

AT, SRR S AR A IR . PRI (U2 7 NULL %5 PyObject HEAD_INIT
¥ ELZERH IR (LR T AR GO P T2 RIWIAA P B, SR R

Foo_Type.ob_type = &PyType_Type;
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This should be done before any instances of the type are created. PyType Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_t ype field of the base class. PyType_Ready () will not change this
field if it is non-zero.

ok :
BT RBI0K .

PyObject *PyObject . _ob_next

PyObject *PyOb ject . _ob_prev
XU BN AEE X T % Py_TRACE_REFS W 724 (2[4 configure --with-trace-refs
option) o
H PyObject_HEAD_INIT ZEMFTRFEMIMLAI N NULL o XT3 Ao meay st %, X NFEBIAL N
NULL o XFa 40 meadnd %, XA T B TR0 S0 23 _Er G TG s s sE &
MR H T &ML H M, HEiME—HEZ sys.getobjects () R, HEWRE THFEL
PYTHONDUMPREF'S I}, FTEIZATAEHRINATIIRTE BRIRT A -

Aok :
P B S TR BGR .

12.3.4 PyVarObject (it

Py _ssize_t PyVarObject .ob_size
Part of the Stable ABL X T# 4 5 feay M A2 %, BNIZHIIAH 0. XM T3 Ao feay L2 %, %F
BRI NS L.

ok :
TREUR YR I T B .

12.3.5 PyTypeObiject &

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to NULL
then there will also be a "Default” section. (Note that many fields set on PyBaseObject_Type and PyType_Type
effectively act as defaults.)

const char *PyTypeObject .tp_name
Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module globals,
the string should be the full module name, followed by a dot, followed by the type name; for built-in types, it should
be just the type name. If the module is a submodule of a package, the full package name is part of the full module
name. For example, a type named T defined in module M in subpackage Q in package P should have the tp_name
initializer "P.Q.M.T".

XF ) S fieay KA 5, RNCARBAFR, MRLRA RN ' __module ' SR ILRTFAE
R

X A ey KA %, p_name TR MG RS RGN RS Z AT AR
__module_ JEMEVIM, Mfa—MrisZEHITANERA{EN __name_ JEMEDTI.

HSRRAFAER S, A p_name FEAFEN _name_ JEMVII, i __module_ JRHEM R
A (AR B, W1 SOPFIR) . % Bk R AL TG AT pickle, 5N,
pydoc BIEEHRLY SR LR 291 1% 560

ZTFBORA N NULL, ‘Ef&PyTypeObject () FME—RAATE (B TIEM tp_itemsize PAFM).
Hok :
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TRBURIIR I T B

Py _ssize_t PyTypeObject.tp_basicsize

Py _ssize_t PyTypeObject.tp_itemsize

A 1 T 28 BT DAV I 2R B S Bl A7 S B AR RN

FAAEPIRR R B 2 KIERBIR KM Hep itemsize FERNE; HA WK SLHIHRE
Hep_itemsize FERANE. T EAREERELOIMIER, Frg LBl m KNSR, B4R

Htp basicsize Z5H.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

KTRFFRIUERT QRS 4 H R B E 055, WMl tp_basicsize WERALEE. Blan: f&
WAL T — double F4l., tp_itemsize ?jt;,g sizeof (double) . F&)JF A FAEH
fftp_basicsize f& sizeof (double) MfEEL (RIEIXE double EY]XT?‘FET)

XFFARTRA AR BESCBIRRAL, %7 BRI NULL,
Aok :

Yo BUORS i T 2R i AR R. AR B AR R — /\HHE??EI’Jtp itemsize, HRALE T IA AP
4%“tp itemsize WHARRNFBFTENRA LA (RBuk F Rt A%m B .

destructor PyTypeObject .tp_dealloc

TR SEBIATA BB FE 5. IR ARPRIER B SE B IEA 2R GRIB SR BIX 4 None Rl E1lipsis
HREE), TR ALZIE SGXA PR KBRS -

’void tp_dealloc (PyObject *self);

The destructor function is called by the Py DECREF () and Py_XDECREEF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance (us-
ing the freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s
tp_free function. If the type is not subtypable (doesn’t have the Py TPFLAGS_BASETYPE flag bit set), it
is permissible to call the object deallocator directly instead of via tp_free. The object deallocator should be
the one used to allocate the instance; this is normally PyObject_Del () if the instance was allocated using
PyObject_New () or PyObject_VarNew (), or PyObject_GC_Del () if the instance was allocated us-
ing PyObject_GC_New () or PyObject_GC_NewVar ().

If the type supports garbage collection (has the Py TPFLAGS_HAVE_ GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR(self->ref);
Py_TYPE (self)-—>tp_free ((PyObject *)self);
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Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned refer-
ence to its type object (via Py_ DECREF () ) after calling the type deallocator. In order to avoid dangling pointers,
the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

}

Aok :
WP BT R AR
Py_ssize_t PyTypeObject .tp_vectorcall_offset

— R vecroreall 33t SSRGS P19 R B PTG B B, 12 —Fh LR B tp_call
AR R

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.

(LB T Py TPFLAGS _HAVE_VECTORCALL FYZULMARE cp_call IHHHRIATH T vectorcall-
Sfunc PRE—E. XA]PAENNKE ip_call (& HPyVectorcall Call () L.

e Ttis not recommended for heap types to implement the vectorcall protocol. Whenausersets__call_
in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

3.8 i AE: AE 3.8 HUZ B, XA 4 N to_print. £ Python 2.x H, BRI TITEIEI S0/, A
Python 3.0 % 3.7 1, E?ﬁﬁ%ﬁiﬁ)ﬁ .

Aok :

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 heap types (including subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr

— R IR L AT A SR ] AT

ZFBEFH. YEgE X, MiEMtp_getattro f{E—EE, HEZ A CFIFRSEER
NEMA, WA Python FERFHXTE .

Mok :
AH: tp_getattr, tp_getattro

BEBRASW T Mep _getattro frgkik: M7 tp getattr fltp_getattro ¥JHy NULL B}
ZTRBE N EERIEN YK tp_getattr fltp_getattro,

setattrfunc PyTypeObject .tp_setattr

/I 17 RS DA B AT e S P T e

ZTECHTH . SEHoE XiF, WiZMtp_setattro fgml— KA, HiEZ— CFAHRSHER
TNEESS , TAE Python FFEAFER NS .

Bk :
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Group: tp_setattr, tp_setattro

ZFEESW TR Mep _setattro iigdkk: B TFRMYtp setattr fltp_setattro ¥y NULL
HZ T REEG R M BRI R BRI R tp_setattr flltp_setattro,

PyAsyncMethods *PyTypeOb ject .tp_as_async
1 — SIS TE C BRH sk Hawaitable Flasynchronous iterator HpSEXFGAH I A 57 B i) B in &5
Yk . EZ 7 Async Object Structures | RN -

3.5 UGN ZEZ HIREFRN tp_compare il tp_reserved.
ok :
tp_as_async FEASHYWR, (HIrE & FB S p K.

reprfunc PyTypeObject .tp_repr
—NSEEL T NE AL repr () MRRERIY TSR E -

%A 5 Pyobject_Repr () B

PyObject *tp_repr (PyObject *self);

P PR L AR 0] — AN AFER B Unicode ¥R . FERAENGOL T, ZpRER 2R Ml — PR3, 240 HA%
fieval () i, REAEGERIREL, iR bl —NRAMFEERXIR. MR AET, WE R 2R 0]
—ANPA < TERFFRA > SRR AT R HERT O R A SR AMER AT .

ok
B B AR
i

WERARBLEIL T B, MR <$s object at sp> JBRMTFAFR, H s R IR FR, oo £F
B X G A .

PyNumberMethods *PyTypeObject .tp_as_number
fa 1 — MM R Fe 5T, Hh S LS AT ECT P X G K B X B B R &

DL Number Object Structures
Aok :
tp_as_number FEAKWIK, EIEEHTBPEAMAR .
PySequenceMethods *PyTypeObject .tp_as_sequence
e 10— IS5 F A R fe B, o A5 S AT S PR R SR 6 i o B 3K 8 B SOy
LSequence Object Structures
ok :
tp_as_sequence FEAXIWMHR, HIrEHTERSPERAMAK.

PyMappingMethods *PyTypeObject .tp_as_mapping
Fa 1 — MM EE A R R Ha s, o A8 RS PTG BLRR GAR 5 7 B o X 87 BLr) SCR WL Mapping

Object Structures
Aok :
tp_as_mapping FEARSYIK, HFE ST Bt K.

hashfunc PyTypeObject .tp_hash
—ANEISEEL T N E AL hash () AR B T dE4T .

HE X 5pPyobject_Hash () WAHE]:
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Py_hash_t tp_hash (PyObject *);

1 AWAERIER R EMESGR E . ST R A R T A R AR, B IR E— I RRE -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 ().

This field can be set explicitly to PyObject_HashNotImplemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of __hash___ = None at the Python level,
causing isinstance (o, collections.Hashable) to correctly return False. Note that the converse
is also true - setting __hash___ = None on a class at the Python level will result in the t p_hash slot being set
to PyObject_HashNotImplemented ().

ok :
Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_richcompare: a subtype inherits both of
tp_richcompare and tp_hash, when the subtype’s tp_richcompare and tp_hash are both NULL.

ternaryfunc PyTypeObject .tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ():

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

Aok :
T BT RIBGR.

reprfunc PyTypeObject .tp_str
An optional pointer to a function that implements the built-in operation str (). (Note that str is a type now,
and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual work,
and PyOb ject_Str () will call this handler.)

The signature is the same as for PyObject_Str ():

PyObject *tp_str (PyObject *self);

The function must return a string or a Unicode object. It should be a "friendly” string representation of the object,
as this is the representation that will be used, among other things, by the print () function.

Aok :

Bl TR BAK .

it

When this field is not set, PyObject_Repr () is called to return a string representation.

getattrofunc PyTypeObject .tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr ():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

It is usually convenient to set this field to PyObject_GenericGetAttr (), which implements the normal way
of looking for object attributes.

Aok :

A4 tp_getattr, tp_getattro
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This field is inherited by subtypes together with tp_getattr: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

Bzt

PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro

— AN 1] B R A BB AN B S M Y R B SR

The signature is the same as for PyObject_SetAttr():

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this field
to PyObject_GenericSetAttr (), which implements the normal way of setting object attributes.

Yok :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

TR
PyBaseObject_Type [fiflPyObject_GenericSetAttr ().

PyBufferProcs *PyTypeObject .tp_as_buffer

Pointer to an additional structure that contains fields relevant only to objects which implement the buffer interface.
These fields are documented in Buffer Object Structures.

oK :

The tp_as_buffer field is not inherited, but the contained fields are inherited individually.

unsigned long Py TypeOb ject .tp_£flags

This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; others are used
to indicate that certain fields in the type object (or in the extension structures referenced via tp_as_number,
tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically not always present are
valid; if such a flag bit is clear, the type fields it guards must not be accessed and must be considered to have a zero
or NULL value instead.

Bk :

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.

i
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
PLAEND:
HEIE LT AT AL WA | 2B ENT#E4T OR 2B B Mitr_flags F B {H.
FPyType HasFeature () $Z—NREM—AEIME p F1 f, KA tp->tp_flags & £ 2
FEVIEI=
Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
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using Py Type_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREFed when an
instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREF’ed or DECREF’ed).

Aok :

777
Py_TPFLAGS_BASETYPE
2 AT A o — AR BRI I AR LR B B . SR MR LR B, 2R 2R
TER T8 (1T Java i final” 28 ) .
4ok :
777
Py_TPFLAGS_READY
MR GIE L Py Type Ready () P58 L BIMCETZ RO R E
4ok :
777
Py _TPFLAGS_READYING
MPyType_Ready () ATEWIIR LR G FE % LR 07 45 Bl iR
4ok :
777
Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created us-
ing PyObject_GC_New () and destroyed using PyObject_GC_Del (). More information in section
12 % KW § 35353809 ). This bit also implies that the GC-related fields tp_traverse and
tp_clear are present in the type object.
Aok :
Group: Py_TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together with the tp_traverse and tp_clear fields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

Aok :
777

Py_TPFLAGS_METHOD_DESCRIPTOR
This bit indicates that objects behave like unbound methods.

If this flag is set for t ype (meth), then:

e meth.__get__ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent to
meth (obj, *args, **kwds).

e meth.__get__ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds).
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This flag enables an optimization for typical method calls like ob7j .meth () : it avoids creating a temporary
”bound method” object for obj .meth.

3.8 BUBTIA.
ok :

This flag is never inherited by /eap types. For extension types, it is inherited whenever tp_descr_get is
inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
These flags are used by functions such as PyLong_Check () to quickly determine if a type is a subclass
of a built-in type; such specific checks are faster than a generic check, like PyObject_IsInstance ().
Custom types that inherit from built-ins should have their tp_f1ags set appropriately, or the code that
interacts with such types will behave differently depending on what kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE
MR tp_finalize RN SBCEX A AR

3.4 BUFTIA.
3.8 MR CE: IIEFR T A TR, R g & B KAk h SR Ecp_finalize
AL

Py TPFLAGS_HAVE_VECTORCALL
MBS T vectorcall Vil W SR EXA . WS tp_vectorcall offset [ fEE.

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 BUETIIA.
Py_TPFLAGS_IMMUTABLETYPE
AR BN R VBRI R AR TCIA g B M
PyType_Ready () & HalX[# A XA W HIXANHER.
4ok :
XANEARA AR
3.10 HUET A

Py _TPFLAGS_DISALLOW_INSTANTIATION
AN SRV R A S . K tp_new B8 NULL H HASHERBIFERF RO _ new_ .
XATERR D MAE Q) # iz R M miikE, WA RIEZ . BN, B AR % 25 A
M PyType Ready () Z Bt E .

The flag is set automatically on static typesif tp_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.
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Aok :

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

filE): TSR R BRSO — A RAE AV IO I T2 (BTN Trabsract base class), 5 77) {4 i L HE
br. BRMMOER, 1htp new FXFF2AH.

3.10 HHT A

Py_TPFLAGS_MAPPING
This bit indicates that instances of the class may match mapping patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

#E): Py TPFLAGS MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Aok :

This flag is inherited by types that do not already set Py_ TPFLAGS_SEQUENCE.
hsH:

PEP 634 — £S5 b DL - A3

3.10 JRCHTANA-

Py_TPFLAGS_SEQUENCE
This bit indicates that instances of the class may match sequence patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Sequence, and unset
when registering collections.abc.Mapping.

#(E): Py TPFLAGS MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Aok :

This flag is inherited by types that do not already set Py_ TPFLAGS_MAPPING.
hz%:

PEP 634 —#5 (LA ITRS . ALY

3.10 JRCHTNA-

const char *PyTypeObject .tp_doc
An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as the
___doc___ attribute on the type and instances of the type.

Aok :
This field is not inherited by subtypes.

traverseproc PyTypeObject .tp_traverse
An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:
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int tp_traverse (PyObject *self, visitproc visit, woid *argqg);

More information about Python’s garbage collection scheme can be found in section 1 %} % & 7 & 8335 3%
=D

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISTIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Note that Py_ VISIT () is called only on those members that can participate in reference cycles. Although there
is also a sel f->key member, it can only be NULL or a Python string and therefore cannot be part of a reference
cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want to
visit it anyway just so the gc module’s get_referents () function will include it.

i . 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).

Note that Py VISTIT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py_TYPE (self),or delegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

3.9 Ji ¥ 4#: Heap-allocated types are expected to visit Py_TYPE (self) in tp_traverse. Inearlier versions
of Python, due to bug 40217, doing this may lead to crashes in subclasses.

Yok :
Group: Py_ TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

int tp_clear (PyObject *);
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The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ c1ear functions in the system must combine to break all reference cycles. This
is subtle, and if in any doubt supply a tp_clear function. For example, the tuple type does not implement a
tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely of tuples.
Therefore the tp_clear functions of other types must be sufficient to break any cycle containing a tuple. This
isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_ clear should drop the instance’s references to those of its members that may be Python
objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with the
contained object). If it’s possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py_CLEAR ()
macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference count-
ing is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_dealloc is called directly.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained ob-
jects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s tp_dealloc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section 1 & % 71 & 35183735 3%
=N

Pk :
Group: 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
An optional pointer to the rich comparison function, whose signature is:

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py TypeOb ject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_Not Implemented, if another error occurred it must return NULL and set an
exception condition.

The following constants are defined to be used as the third argument for tp_richcompare and for
PyObject_RichCompare ():
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BTH | XE
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

FE PN RN T ik gn 5 3 & 1 LR R
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A and

VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats). The third
argument specifies the requested operation, as for PyOb ject_RichCompare ().

The returned value is a new strong reference.
On error, sets an exception and returns NULL from the function.
3.7 OB A

Aok :

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with t p_hash: a subtype inherits t p_ richcompareand tp_hash
when the subtype’s tp_richcompare and tp_hash are both NULL.

i

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py _ssize_t PyTypeObject.tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyOb ject* which is initialized to NULL.

Do not confuse this field with tp_weak 11 st; that is the list head for weak references to the type object itself.
Aok :

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype uses a different weak reference list head than the base type. Since the list head is always found via
tp_weaklistoffset, this should not be a problem.

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 Py TypeObject .tp_iter
—/NATEA R 1] SR AR, IR EGR BN G W iterator . B RIAFTEIR R INZ RN LB Kiterable (L
BT R ET 7 O N AT BB T IE AR .
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This function has the same signature as PyObject_GetIter ():

PyObject *tp_iter (PyObject *self);

Aok :
BT B T RAK

iternextfunc Py TypeObject .tp_iternext

—ASRIER ) R BUR AR R, LR EGR [Bliterator W —I, HAE4 N

PyObject *tp_iternext (PyObject *self);

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set. When
another error occurs, it must return NULL too. Its presence signals that the instances of this type are iterators.

Iterator types should also define the tp_ i t er function, and that function should return the iterator instance itself
(not a new iterator instance).

This function has the same signature as Py Iter_ Next ().
Aok :
WP BB TR AR

struct PyMethodDef *PyTypeObject .tp_methods

An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular methods
of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a method
descriptor.

MoK :
This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef *PyTypeObject .tp_members
An optional pointer to a static NULL-terminated array of PyMemberDe £ structures, declaring regular data mem-
bers (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a member
descriptor.

Aok :
This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef *PyTypeObject .tp_getset
An optional pointer to a static NULL-terminated array of PyGet SetDe f structures, declaring computed attributes
of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a getset
descriptor.

Yok :
This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).

PyTypeObject *PyTypeObject .tp_base
An optional pointer to a base type from which type properties are inherited. At this level, only single inheritance
is supported; multiple inheritance require dynamically creating a type object by calling the metatype.
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#[E): Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be address
constants”. Function designators like Py Type_GenericNew (), with implicit conversion to a pointer, are valid
C99 address constants.

However, the unary &’ operator applied to a non-static variable like PyBaseObject_Type () is not required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

Consequently, t p_base should be set in the extension module’s init function.

Aok :
This field is not inherited by subtypes (obviously).
i

This field defaults to §PyBaseObject_Type (which to Python programmers is known as the type object).

PyObject *PyTypeObject .tp_dict

The type’s dictionary is stored here by Py Type Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
_add__()).

MoK :

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different mech-
anism).

L.
nx-

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

e It is not safe to use PyDict_SetItem () on or otherwise modify tp_dict with the dictionary
C-APIL

descrgetfunc PyTypeObject .tp_descr_get

An optional pointer to a "descriptor get” function.

B A 24

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

MoK -
BT Bl FRAK .

descrsetfunc PyTypeObject .tp_descr_set

An optional pointer to a function for setting and deleting a descriptor’s value.

B A 24

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.

Aok :
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BT Bl T RAK

Py _ssize_t PyTypeObject.tp_dictoffset
If the instances of this type have a dictionary containing instance variables, this field is non-zero and con-
tains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr().

Do not confuse this field with tp_di ct; that is the dictionary for attributes of the type object itself.

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of str or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset 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 :

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 statementhasno ___slots___ declaration, and none of its base types has an instance
variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to that slot’s
offset.

When a type defined by a class statement has a ___slots___ declaration, the type inherits its tp_dictoffset
from its base type.

(Adding aslotnamed __dict__tothe ___slots__ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like __weakref__ though.)

Bk
This slot has no default. For static types, if the field is NULL thenno __dict___ gets created for instances.

initproc PyTypeObject .tp_init
An optional pointer to an instance initialization function.

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

PREAY R4 0

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__ ().
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The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after the
type’s tp_new function has returned an instance of the type. If the £ p_new function returns an instance of some
other type that is not a subtype of the original type, no tp_ init function is called; if tpp_new returns an instance
of a subtype of the original type, the subtype’s tp_init is called.

BRI O, AAEFSRI RN -1 HAEFER DI E — 5% . and sets an exception on error.
Mok :

T B R BUGRIK

Rk

X 5 0 SR T BO A BRIAMA

allocfunc PyTypeObject .tp_alloc
i 1] — A~ S5 43T R SO PR T

B A 24

PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

Aok :
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
i

For dynamic subtypes, this field is always setto Py Type_GenericAlloc (),toforce a standard heap allocation
strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new
An optional pointer to an instance creation function.

PRELI 2544 M

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype->tp_alloc (subtype, nitems) to allocate space for the
object, and then do only as much further initialization as is absolutely necessary. Initialization that can safely be
ignored or repeated should be placed in the tp_ init handler. A good rule of thumb is that for immutable types,
all initialization should take place in tp_new, while for mutable types, most initialization should be deferred to
tp_init.

Setthe Py TPFLAGS DISALLOW_INSTANTIATION flag to disallow creating instances of the type in Python.
Bk :

This field is inherited by subtypes, except it is not inherited by stafic types whose tp_base is NULL or
&PyBaseObject_Type.

it

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

freefunc PyTypeObject.tp_£free
An optional pointer to an instance deallocation function. Its signature is:
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void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free ().

Aok :

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
2L .
‘ﬁx .

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_ge
EEASEE mpas AR R SO EER S GUE R A

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to
look at the object’s type’s t p_ f1ags field, and check the Py TPFLAGS_HAVE_ GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and O for a non-collectible
instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

Bk :

BB TR AR

it

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject *PyTypeObject .tp_bases
Tuple of base types.

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

% M. Multiple inheritance does not work well for statically defined types. If you set tp_bases to a tuple,
Python will not raise an error, but some slots will only be inherited from the first base.

Aok :
XA B SARK .
PyObject ¥*Py TypeObject .tp_mro

A ERAA Y R TCH, ARBAR L TFHRIF LA object MENER, (I AT .

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
Aok :

XM FBALHAK; BlillidPyType _Ready () WHAEIH).
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PyObject *PyTypeObject .tp_cache

W ARSE T o AL NFBEES] -
Aok :
X FBAASPIK.

PyObject *PyTypeObject .tp_subclasses

List of weak references to subclasses. Internal use only.
ok
AP BRI .

PyObject *PyTypeObject .tp_weaklist

Weak reference list head, for weak references to this type object. Not inherited. Internal use only.
ok
XAFBN SRR .

destructor Py TypeObject .tp_del

This field is deprecated. Use tp_finalize instead.

unsigned int Py TypeObject .tp_version_tag

Used to index into the method cache. Internal use only.
Bk :
X FBA SR

destructor PyTypeObject .tp_finalize

An optional pointer to an instance finalization function. Its signature is:

void tp_finalize (PyObject *self);

If tp_finalizeisset, the interpreter calls it once when finalizing an instance. It is called either from the garbage
collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated. Either way,
it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the object in a sane
state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a non-
trivial finalizer is:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

VA4

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, t p_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python API calls, since the thread on which tp_dealloc
is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn destroys objects
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from some other C or C++ library, care should be taken to ensure that destroying those objects on the thread which
called tp_dealloc will not violate any assumptions of the library.

Aok :
BT B T 2RAAK
3.4 BN

3.8 it 5 %%: Before version 3.8 it was necessary to set the Py TPFLAGS HAVE_FINALIZE flags bit in order
for this field to be used. This is no longer required.

hz%:
”Safe object finalization” (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for t ype .
__call__ . Iftp_vectorcall is NULL, the default call implementation using __new__and __init__is
used.

Aok :
X FBA AR
3.9 BOBA:  GEAT B 3.8 AIAAE, EZM 3.9 THIRB A

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static Py TypeOb ject structure is defined directly in code and
initialized using Py Type_Ready ().

This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

* Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the type
object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific state.

Also, since PyTypeOb ject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

12.3.7 HESEH

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (), or PyType_FromModuleAndSpec ().
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12.4 Number Object Structures

type PyNumberMethods

This structure holds pointers to the functions which an object uses to implement the number protocol. Each function
is used by the function of similar name documented in the # 5 #13L section.

Here is the structure definition:

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

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;

binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_1lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

#i[E): Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined for the
given operands, binary and ternary functions must return Py_Not Implemented, if another error occurred they
must return NULL and set an exception.
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#iE): The nb_reserved field should always be NULL. It was previously called nlo_1ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods

binaryfunc PyNumberMethods

.nb_add
.nb_subtract
.nb_multiply
.nb_remainder

.nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods.
unaryfunc PyNumberMethods.

unaryfunc PyNumberMethods.

nb_negative
nb_positive

nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods

binaryfunc PyNumberMethods

unaryfunc PyNumberMethods.

nb_invert
.nb_1lshift
.nb_rshift
.nb_and
.nb_xor
.nb_or
nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods

binaryfunc PyNumberMethods

nb_float
.nb_inplace_add
.nb_inplace_subtract
.nb_inplace_multiply

.nb_inplace_remainder

ternaryfunc PyNumberMethods.nb_inplace_power

binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMet hods

.nb_inplace_1lshift
.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. Number Object Structures
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unaryfunc PyNumberMet hods .nb_index
binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 Mapping Object Structures

type PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has three
members:

lenfunc PyMappingMethods.mp_length
This function is used by PyMapping_Size () and PyObject_Size (), and has the same signature. This slot
may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods.mp_subscript
This function is used by PyOb ject_GetItem () and PySequence_GetSlice (), and has the same signa-
ture as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to return 1,
it can be NULL otherwise.

objobjargproc PyMappingMethods.mp_ass_subscript
This function is used by 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 Sequence Object Structures

type PySequenceMethods
This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq_length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It is
also used for handling negative indices via the sq_itemand the sq_ass_itemslots.

binaryfunc PySequenceMethods.sq_concat
This function is used by Py Sequence_Concat () and has the same signature. It is also used by the + operator,
after trying the numeric addition via the nb_add slot.

ssizeargfunc PySequenceMethods.sq_repeat
This function is used by PySequence_Repeat () and has the same signature. It is also used by the * operator,
after trying numeric multiplication via the nb_multiply slot.

ssizeargfunc PySequenceMethods.sq_item
This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem/ (), after trying the subscription via the mp_subscript slot. This slot must be filled
for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sq_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem (), after trying the item assignment and deletion via the
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mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment and
deletion.

objobjproc PySequenceMethods.sq_contains
B Py Sequence Contains () I BAMIEINAA . HAEAIAT AGRES Hy NULL, FEICFAL
T PySequence_Contains () HFF# %75 EHE 2] —VLhL.

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_InPlaceConcat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceConcat () will
fall back to PySequence_Concat (). It is also used by the augmented assignment +=, after trying numeric
in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_InPlaceRepeat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceRepeat () will
fall back to PySequence_Repeat (). It is also used by the augmented assignment *=, after trying numeric
in-place multiplication via the nb_inplace_multiply slot.

12.7 Buffer Object Structures

type PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an exporter
object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs.bf_getbuffer
The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0b7j to NULL and
return —1.

(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->o0b7j to exporter and increment view—>ob7j.
(5) Return 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

* Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference to
itself.

* Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0bj will be a new
reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to specific
requests are in section Buffer request types.

All memory pointed to in the Py_buf fer structure belongs to the exporter and must remain valid until there are
no consumers left. format, shape, strides, suboffsetsand internal are read-only for the consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly with
all request types.
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PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBufferProcs.bf_releasebuffer
The signature of this function is:

void (PyObject *exporter, Py_buffer *view);

Handle a request to release the resources of the buffer. If no resources need to be released, PyBufferProcs.

bf_releasebuffer may be NULL. Otherwise, a standard implementation of this function will take these
optional steps:

(1) Decrement an internal counter for the number of exports.
(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the internal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view—>obj, since that is done automatically in PyBuffer_ Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 BUBTINMA.

type PyAsyncMethods
This structure holds pointers to the functions required to implement awaitable and asynchronous iterator objects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
The signature of this function is:

PyObject *am_await (PyObject *self);

R[5 R Gwh i Ryiterator, BIXFHATPy Tter Check () MJRIE] 1,

~

This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods.am_aiter
The signature of this function is:

PyObject *am_aiter (PyObject *self);

WA [0 —Sasynchronous iterator 34 . iHZ [ __anext__ () TEER.
This slot may be set to NULL if an object does not implement asynchronous iteration protocol.

unaryfunc PyAsyncMethods.am_anext
The signature of this function is:
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PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send
The signature of this function is:

PySendResult am_send(PyObject *self, PyObject *arg, PyObject **result);

See PyIter_ Send () for details. This slot may be set to NULL.

3.10 JBUHTMA.

12.9 Slot Type typedefs

typedef PyObject *(*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
Fart of the Stable ABI. The purpose of this function is to separate memory allocation from memory initialization. It
should return a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to
zeros, but with ob_refcnt setto 1 and ob_t ype set to the type argument. If the type’s t p_ i temsizeis non-
zero, the object’s ob__s i ze field should be initialized to nifems and the length of the allocated memory block should
be tp_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.

This function should not do any other instance initialization, not even to allocate additional memory; that should be
done by tp_new.

typedef void (*destructor) (PyObject*)
Part of the Stable ABI.

typedef void (*freefunc) (void*)
T Rtp free,

typedef PyObject *(*newfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL 5§ R.tp_new.

typedef int (*initproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL §5 . tp_init,

typedef PyObject *(*reprfunc) (PyObject*)
Part of the Stable ABL 5 R.tp_repr.

typedef PyObject *(*getattrfunc) (PyObject *self, char *attr)
Part of the Stable ABL. 1% [1] %} % 045 2 Ja 4 B8

typedef int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
Part of the Stable ABI. Set the value of the named attribute for the object. The value argument is set to NULL to
delete the attribute.

typedef PyObject *(*getattrofunc) (PyObject *self, PyObject *attr)
Part of the Stable ABL i [HI %} G 45 & JE I .

SR tp_getattro,

typedef int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
Fart of the Stable ABI. Set the value of the named attribute for the object. The value argument is set to NULL to
delete the attribute.

SR tp_setattro,
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typedef PyObject *(*descrget func) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL 5 R.tp_descr _get.,

typedef int (*descrsetfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL 3% .t p_descr_set,

typedef Py_hash_t (*hashfunc) (PyObject*)
Part of the Stable ABI. #5 i, tp_hash,

typedef PyObject *(*richempfunc) (PyObject*, PyObject*, int)
Part of the Stable ABI. & R.tp_richcompare,

typedef PyObject *(*getiterfunc) (PyObject*)
Part of the Stable ABL 3 R.tp_iter,

typedef PyObject *(*iternext func) (PyObject*)
Part of the Stable ABL. # H.tp_iternext,

typedef Py _ssize_t (*lenfunc) (PyObject*)
Part of the Stable ABI.

typedef int (*getbufferproc) (PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc) (PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc) (PyObject™)
Part of the Stable ABI.

typedef PyObject *(*binaryfunc) (PyObject*, PyObject™*)
Part of the Stable ABI.

typedef PySendResult (*sendfunc) (PyObject*, PyObject*, PyObject**)
7 Ham_send,

typedef PyObject *(*ternaryfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.

typedef PyObject *(*ssizeargfunc) (PyObject*, Py_ssize_t)
Part of the Stable ABI.

typedef int (*ssizeobjargproc) (PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.

typedef int (*objobjproc) (PyObject*, PyObject*)
Part of the Stable ABI.

typedef int (*fobjobjargproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.

12.10 361

NI 2 — 2L Python 287U 5 LR &7 FRR B . Hoh GLAR VR TT RE B B Al YA . A LR T N RR 2 B
TEOL. TARBUEZ R, LGB VANRERE, iS5 defining-new-types F1 new-types-topics.

— AR R SR A

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

(R gksh)
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EHEE—5)
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
RATRBIA 2B B A T E BRI ASER IR ACRS  (Fr5I127E CPython A H) -
static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobij_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
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
—NSHEEEEI L SR SRS A s B 2R AL
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typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_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,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using
Py_TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
bi

i B B ] R BE S ) 25 L

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {

(FItakse)
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(R —H)

PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 EXMREBRZHEIA IR B

Python X HFAG | BBLIRAG I -5 M TG 20 “7888” X QMRHE, MR gl fe & HE A S
XS ARAFHEMRIGUIRZE, 83 AR T (EF s/ ) M5 HmER, ARZREA
S PEASEII [ WPy S8

A - NERE, RN R Wep_flags F B W WA F Py TPFLAGS_HAVE_GC I 2 it —
MNtp_traverse AAFREYSEI ., UNHAZRTIRYSLFZ AT AS ), RETEL M cp_clear .

Py_TPFLAGS_HAVE_GC
W T ARG AL R B QAT & AL ICSR AR . SR o7 (DL, T SCHE X LU R PR A A g AT 42

BRI B F 5 eRFICLL AT A A -

1. W PyObject_GC_New () B{PyObject_GC_NewVar () HixE3t4 /0Bl NAF-

2. WAL T A W R A A ARSI S I I FBUG , B Pyobject _GC_Track() .
[FIRER, WG R AT A A A )

L AE5 | B AN BRSO, WA PyObject _GC_UnTrack() .

2. WA Pyobject _GC_Del () RO ZII T

s WR—ARAGEIN T Py_TPFLAGS_HAVE_GC, W /ML R P»—Atp traverse f
AR B AR oK B H— s A B AR

Y W MPyType_Ready() B # APL Hh It 2 £ W OH B M K L fl
WPy Type_FromSpecWithBases () B{PyType_FromSpec () Wt A E tp_rlags,
tp_traverse flltp_clear FBr, WIARZREREAR H LI T HR B R 2 iz 138 &
HE$EPy_TPFLAGS_HAVE_GC HEFRRIIE .

TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)
KUT Pyobject_New() , BT EE T Py_TPFLAGS_HAVE_GC MBIt &R o
TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
KT Pyobject NewvVar () , &M TWE TPy TPFLAGS HAVE_GC FRAMZA A4 .
TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
NPyObject NewVar () FrsrBEAf G TR HE R /N 15 0] 8 BE K/ i o G 7 2K IS 3R ] NULL
op WhZT i RN ISR 18 25
void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL {EXF4 op M AZI B 2R B BRI 24 RT S o P GRAEDL [T R RN DA 20 DR 45
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AR, PR ESCES ] REAEAL AT T 461847 . fEtp_traverse AEBRRIMIITA TR ARG, 20
R BE R R, A A 3 R O B P (O

int PyObject_IS_GC (PyObject *obj)
WX G I T B [ S OUR B HE AR, 7505 6] 0

AR EREGR 1] O R Te Al R [ Ui e

int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. U5 op S5 ARAISLEL T GC VMM H. op H B IE IR B8 B
MR E 1, R E o,

X ZELIT Python B4 gc.is_tracked() .
3.9 OB

int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. UM op SR EZEFISLIN T GC ML H. op B8 3% [m W s & 45|

756{/{3: Python p fﬁ(gc is_finalized ().
3.9 BUBT A

void PyObject_GC_Del (void *op)
Part of the Stable ABL B¢ it % %2 W W 17, 1Z X 2 ¥ 1h 1k W hPyobject_GC_New ()
B PyObject_GC_NewVar () 4B NTE.

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL M [m] i &5 B B3 1) 25 g8 X R AR B P RS I op R R i R W ATE LA 5 E
WM Pyobject_GC_Track () PAXFH N E 2|97 SR ERXT RS . BEIES (tp_dealloc m)iH) 24
TEtp_traverse fi I T I AEAT - B R R Rl A G T b R 5

3.8 it _PyObject_GC_TRACK () il _PyObject_GC_UNTRACK () ZEMNHE C API F1#55:,

tp_traverse AbIRELA N RAR R BIE S .

typedef int (*visitproc) (PyObject *object, void *arg)
Part of the Stable ABL 1£45tp_traverse PRI G BRELIZETL . object J2 7545 WP FE L9k [ ) — %t
R, HEANEBMY T tp_traverse ALFRY arg . Python #0247 I eR B BLIGER S | 1 B L
AT, AFTFE 7 AATEBLTT R R

tp_traverse AHLMIUE DA A :

typedef int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL JH] T 258X G 043k [J R A . B0 SE B ZIUNT self i B 34D S I A S XTSI visit
RREL, visit 1S 7@@?@’“%%{@%?’\&@7&? (1) arg (B visit BECJE AT AT NULL XRAVER S
TR visit IR MIAERAR, WA R 24 i BT

N T fiifbtp_traverse AL ¥R 5L B, Python &E{,\ — NPy _VISIT() . ZHBAFH XA, I
Wep traverse IEENG K visit Fl arg .

void Py_VISIT (PyObject *0)
s o AN NULL, ')'”JiFJH%I visit [FIJHEREL, AT SEC o Fl arg. A0SR visit IR [A]—NHEZAE, R B .
RN EZ )G, tp_traverse AMFERRFHIERAIT:

static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;
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tp_clear AbPRRRIF AN inquiry ZE8L, WSRXI G R AIAE M)A NULL,

typedef int (*inquiry) (PyObject *self)
Part of the Stable ABL 3¢ =4 FHA5 | G H o ANATZAEXT QR TEZ R B 3%, B TR vT g B i ™
ARG . TREEREMNE, XA NG LA A3 ORaeXT S R Py_DECREF ()
FiE) o AR DA I B[R S AENEIA S B, O vE SR .

12.11.1 {=HILIR B R RE

XA~ C-APL AL T LATR BRI T F il Ase 3 e e iy is A7

Py_ssize_t PyGC_Collect (void)
Part of the Stable ABL $4475¢ &R BN, WAREIR Re 2 B E TG . (R gc.collect () &
TAAMHPATE )

AR [ E [ + TG A AN T SRR SR AR5 o SR [ i e % A AT IEIH& mU4EHL
] 0o FEBIR EICE) A A S IR 2 WG4 sys .unraisablehook. MWEREALTI K5

int PyGC_Enable (void)
Part of the Stable ABI since version 3.10. 2 A% BIes: BT ge.enable () . IREIZ RS, O
AR L AR .

3.10 BUHTA.

int PyGC_Disable (void)
Part of the Stable ABI since version 3.10. 25 F 5% Bl #s: 22 F gc.disable () . REIZHIBIRE, O
HEER 1 AR .

3.10 BUHTMA.

int PyGC_IsEnabled (void)
Part of the Stable ABI since version 3.10. i35 3% MILES RS . 25T ge.isenabled () . & [A24H]
FPRAS, 0 AEEHIM 1 NEH

3.10 JBGHTMA.
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cHAPTER 13

API #0 ABI iR A &35

CPython i DA R EL 4L (macro) 2 BHHRASE. kR, HERIR2EE (built) B HRIREA, EIA—ER

HEATRE] (run time) Fr(l A A9 HROAS

RS APL I ABL RGP MOy, 35 C AP 41572 12

PY_MAJOR_VERSION
¥E 3.4.1a2 #1 3,

PY_MINOR_VERSION
FE 3.4.1a2 i 4,

PY_MICRO_VERSION
JE3.4.1a2 Iy 1.

PY_RELEASE_LEVEL

TE 3.4.1a2 1) a. 0xA ft3% alpha Jid<. 0xB ft3 beta filids. 0xC [FlEfRA . oxF A [FlHEL

Ho

PY_RELEASE_SERIAL
1E 3.4.1a2 iy 2, FHIEHEKEARA.

PY_VERSION_HEX
Wl 4 S E) 82— 80y Python AR5 .

JI AR AR AT DA AT BRI HL R o — I 32 A oclie v ARG

s | iyt (KisAITaERF (big endian order)) | &% 3.4.1a2 FHIE
1 1-8 PY MAJOR_VERSION | 0x03
2 9-16 PY MINOR_VERSION | 0x04
3 17-24 PY MICRO_VERSION | 0x01
4 25-28 PY RELEASE LEVEL | OxA
29-32 PY RELEASE_SERIAL | 0x2

Kt 3.4.1a2 {3 hexversion 0x030401a2, 3.10.0 {3 hexversion 0x030a00£0,

B $2 3) i) EL AR B 254E Include/patchlevel.h,
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>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
. MPAFIR:

o e RIS IR . FE— SRR 2 E AT (delimiter, BIANFRSE. JrHfo%. IEHG5REL
=519%) DR, SURTEHRE —MR4EAHES (decorator) 2 4%, Z AFEAGIRE, HESX shell BRI
¢ Python $275°F JC.

o FF# Ellipsis,

2to3 —fHFEHf Python 2.x FEsUAGE(EIE] Python 3.x FEaAGY TR, B2 it SRR A A2 M AR I
BCE R, T SRR 2 R 5 30 BT 5 G P i R F AT T Al 1 2

2to3 7ETT ABEHERR 3URE P A 1ib2to3 B A B4Rt T — MBI A DB, 7E Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (% 2EekEIE) g HEHEE (XAEE ABC) %EfﬁT TEEFRMR T, VEElduck-
nping (WBFHE) H7e. HABELINEAT, B2 hasattr (), BIFEEMEEAE MM0ER (4
W EEART 73 (magic method) ). ABC [Ef] [/ subclass (%eﬁl) EMERER E 55— class (3
[E]), {H3A[ 9 isinstance () & issubclass () #iil; #H2[E abe BAHHEIN SCF. Python 5 7%
[EzH) ABC, FINERIGHE (F£ collections. abc *%zﬂ) #HF (FF numbers i), H (FF io
FiZH) K import FAGESFIE AL (F£ importlib.abe H4). YRUJPAMEH] abe #4H . H C ) ABC,

annotation ([EJfE) —HELSAML. class JEME. bR ZCAY 22 ik [ml (AR B B RO AEED . FRIEG, & W AR AEE pe
hint (BIEHER) .

TEFEFTIF (runtime), [83ak 58 # 0 (FVRRME LB AF L, (HAtaksst il class @ AN R R ER, & 0 [Eplifk
TEAERAH . class flIpR=AY __annotations_ HpikE e,

#t2(Flvariable annotation. function annotation, PEP 484 Fl PEP 526, 526 ¥h L ah e ER . B
(R 11 B B 8y 725 575 2 (E) annotations-howto .
argument (5[%) PRI R R EFPELIEAS function (B{method) WI{E . 5|8CG WifH:

o P42 7 ¥ (keyword argument): FERRNIEI G DUEREIS (identifier, 4 name=) BHBEMIS|#L,
a2 DA ** #81H dictionary (L) [EN(EREIER S . BT, 3 15 #EZPAT complex () FEIY
) B SR | B
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

* 12 % 5] ¥ (positional argument): ARG T 5 BT 8. A7 E G | BOTHE— 85 | B R AE 1 52
B, M) EE * 2 & iWierable (PJEWCHIIE) PICRBEE. B, 3 S #2LA RIEm b
HALEL T | B

complex (3, 5)
complex (* (3, 5))

S BCEr B i Ay ek s A P I A TS B, BRSO A AR B, WS 2 (] calls Tafii. 7ERE
WEE, ARAE S ST AR RS — 5 | U ARl & i o2 A [ sk 2

syt 2 BlRER I parameer (Z290) WRH . % LEE D5 ERS 8 Min2EE, L& PEP 362,

asynchronous context manager (JE[RIBEEHATAGY) BT AEH] async with PRIACH T RIS
1, B EBEBEF __aenter_ () fl__aexit__ () method (J73:) A¥EHIN. i PEP 492 8| A,

asynchronous generator (AE[|2BEIN:2S) — 1 & 8] Hasynchronous generator iterator (JE[F) 24 25 EILHE)
PR BEHREERG A async def &M B X (coroutine function), HARKZEME T
yield #H N, BEEM—RFIHR asyne for [EIREMIMHE.

B R TR 3 R IR — AR EA gk, (EAER e, Rk R ER YA ZERE
(asynchronous generator iterator), H#—E LM R IENERERE, Ao BOMTHE, DUBIEFE.

—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.

asynchronous generator iterator (JEFIGEIE:ZSENUCES)  —1{W Hasynchronous generator (JEFRIZEIAESE) R
PSR

& B —{@asynchronous iterator (E[EHEUREY), B EVA __anext_ () method FIFNY I, &r[a]{H—{F
AP (awaitable object), WIS ATIERI A E A A R0 48, HEBE N M yield ER
K

B yield SrE{Em Ay, ERtfE0 B ik (A5G s s e iy wy A . BaER ¥
E4A ZEREVAS 1 __anext_ () [EMER A S50 A RO R ERE, & e m kb #4538
1. 2 PEP 492 1 PEP 525,

asynchronous iterable (JE[F]2Bn[[ECITE) — (@ W, BRIDATE async for WA gl . WAERKE
W __aiter_ () method [A{&—{fasynchronous iterator (EFIZEMLEE). i PEP 492 3| A,

asynchronous iterator (JEFRIZBEMRES) — 1 B /E __aiter_ () Hl __anext_ () method [ ¥ 4.
__anext__ WA [EIE—Hawaitable (FTE1E14). async for GRHTAERIAEMERA __anext__ ()
method ft [l E A SR, EHE|'E 5% StopAsyncIteration fil4h, i PEP 492 5| A

attribute (JEPk)  —(H BELEY (R AH BB R, RZ% (K 2 68175 10 26 5 B 38 532X (dotted expression) 1) 4%
Wi B, RV o 5 — B a, RIFZBHRELL 0.0 #i2 .
MR RRE, BT 20— M2 )2 H identifiers T € 3% 2 sk([E)4F (identifier) (1) J88 1245 W] B
(0, BIANET setattr () o BRITHRI G PR 1 ey 0 T 0 40 BB S XA P B, TR R getattr ()
KEIRE

awaitable (WZEfpPpf:) —EVDATE await B X P PE. BRIAR—Hcoroutine (), S/
—{fA __await__ () method [H¥{. FiE2(E PEP 492,

BDFL Benevolent Dictator For Life (#E{"25M## ), X4 Guido van Rossum, Python [ 8lI3& 3% .

binary file (_fElR4SR) —EREEIFERE Abytes-like objects CNLTCHERYIE) Wifile object (REZEWIE) -
THERIR RN TA: AR (rb'. 'wb B 'rb+') BAERIEZE. sys.stdin.buffer,
sys.stdout.buffer, PA i0.BytesIO fl gzip.GzipFile .

iis(Eext file (SCFARZR), B WREERIBEA st YIHIHEED .
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borrowed reference (fi{J122) #& Python ) C API v, fSHI5|HZHE—FxF %51, # ARSI
AFFEEIZGIH . RN R STt — B2 F8 e B, SR EEs T ARS B & 0 5
—/\Nstrong reference AR E

$borrowed reference WERY Py INCREF () DA E JEEHh (in-place) $#(FI[Elstrong reference 249 7 i i
BRI R BB R AR K A I 2 IR s . Py _NewRer () eREH] I BT — W i sirong

reference.,

bytes-like object (CEAfijc#lHB¥fE) —1H523% % #5152 (Buffer Protocol) H.GE[EIRE 1Y C-contiguous 4% 18 & 14
., BHEIEHTAER bytes, bytearray Ml array.array ¥, PAKEHZHE LK memoryview ¥4,
ﬁfﬁﬁfﬂ%ﬂ@ﬁﬁﬁfﬂ?ﬁi‘&‘ﬁfﬂ:iﬁﬁ?ﬂﬁﬂﬁ@%@@%; io S AL R AR . R R AR SR
socket (4fijHE) #fi%,

AUGER TR R R nT . [ SCrRE s L M REE TR BT A Y ]
S S 1 I ) W36 bytearray, PAMN bytearray i) memoryview, HAhF)EE T2 iG] &
BHE AR Y (THESRSACAHABY D) s By s bytes, LA bytes Yy

memoryview,

bytecode (fsC4HM5) Python () J5 4 15 & S it UL TCALAS , B2 Python Fs(7E CPython B iy [EVET
Fortk. AT GBI AAE cpyc BERT, PASES AT — M R REEE Pug (WTAR
A 5 5 B A (E (7 e AHLAS ) o G [P HIRRS (intermediate language) ] {8(E)@ 584 T4 — il virmual
machine ([EVEERERS) T, "EIEBERE AR G f T B 18 LA AS 3 MEMY B (machine code). LY Z,
i TCAL RS i b2 MEATEA [F 1) Python [EEME AT 2 FIEAEY, NRETEA IRANY Python 2 [ ARH5HR
7E o

(TGI8 25 2 7] DATE dis ASTAH A [ HH SO 4R 3
callable (W[PERYPE)  — i callable Je F DA IE A Fg 9y £, WP AL IS T BB DA R 5108 Xl A — AL5 1 0 (g

Hargument):

’ callable (argumentl, argument2, ...) ‘

— W function BiHGE A fhymethod H#B 2 callable, — A BAE __call_ () %M class 22 B it 2 {1

callable,
callback (IMIPE)  FE[E)S| Sl (% i —(H I FE 2 (subroutine) PR, @78 A A o i e T B LA 7

class (BEE]) — 8 B A a7 0l H 3 YA . Class 19 & 351 %5 €49 & method 1Y E 3%, 15 £% method
] PATE class [ EL_E i 454

class variable (Fi[E584) —{F7E class s, EEZ HAELE class JEk (BRI ETE class [ EGIH) 9%
B RSB

coercion ([EJRIERY) PS5 K Wi A [F BUENS | S S e Re o, AR EI A F 0 EIE) 55— A A E) Y B X
#[F (implicit conversion) ##f2. BIfH, int (3.15) € rE B EEE L 3, (HYE 3+4.5 1, HH{FET]
HOR AR ZYE] (—f8 int, —{F float), Ifi3E Wifi 5 | A g EIEA R BE 42 A GeAH I, 75 11
W&5% TypeError. WIREMGEREE, BIETE RS HEESAHZ, © MR h i s
IERUE (normalize) [EAHIFIME, 0, T £loat (3)+4.5 MAREHIE 3+4.5.

complex number ([EJ%) —HFMABHEBASMIE, EBITA BEF# & 1m0 23R ([E)
w2z Al o R ESORAL (-1 BPFAR) BBy, BLH AR e R (] 1, R T AR B
%3 3. Python [FI 1 #FIAY S8R, ERMEHWRERFRER: EeRE —MEMN 5 Pim
B, B0 3+15. B math BUAHER T AR M R ER, #FH cnath B4, (80062 —
TR R P BRI RE . WRAREV A 4 BB B M RRoK , ISEI 8T REREE IR AT DA% b 2 E A

context manager (f5BIAFHNZY) — M AT LASEHl with BRAAX I RER WY 4, M E 258 2%
__enter_ () fl__exit__ () method 4EHIN. sH2(F PEP 343,

context variable (F§S88U) {6 G, HOA AT DURRAE b F SCROHH 8 T 47 R . 328 20 0L 0 A 40 I o
171 (Thread-Local Storage), 7E35r, — (827 (AT 45 T AR AT R IO L. ARTIT, BRIV it
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o, AT PR R Er A 2SS, B EE S, RAEEFTAYAER 2T (concurrent
asynchronous task) 47, Sk e iB[E]. 352 contextvars,

contiguous (BHLAH) LR — {7 45 ff [ /2 C-contiguous 5% Fortran contiguous ., HI| ‘& € HE U] 3ok 47 () 5 i 48
B, 254t (zero-dimensional) f{) 451 W42 C & Fortran contiguous, FE—# (one-dimensional) [#%1] F1, 4%
JE H L ZRAE RO AR R T R MR HE S TR G B R A BB AR R HY . 7E 2 4R (multidimensional)
C-contiguous [ 51 7, 5 G0 5 HE A7 31k 1 N 9 1) 4% (R JEUH IR, B4R — (LRSI s Ak e . SR, 7
Fortran contiguous [#41 41, 55—(HZ&R 5|kt

coroutine (I##%) MHFLZEIFEX (subroutine) f—fE W EIRE T . B RAE R0 7 I B Bl A )7 7
— IR IR ROR . AR T ATERFZ AR I B BB A . BN EMBEEIRA asyne def BR
BRABEAE. SIFES(E PEP 492,

coroutine function ([ifEEX) — M Ecorounine (HFE) PIFRIRL. — TR EEA asyne def B
R EsR, [ERAEEr 4 await, async for fl async with B8, LBl PEP 492 5|
Ao

CPython Python F£3E = IWAEHE E/F (canonical implementation), ##EAIFE python.org k. [CPython | i F4#f
FETE BRI, AR WEEE TSRS W EAE, Bl Jython B IronPython.

decorator (:ffigy) M, BEEMES MK, EEEGMHH ewrapper 7, HiEHE—HH KL
H4%#(E] (function transformation), #Efifi#s K FHL&IFZ classmethod () Hl staticmethod (),

Aetfian ik HUE R . DA e U SRR R 3R R SRR -

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

Class WAFAEM A IOMES, (EAEAREEBA T M. BREHiELE%, H2EREFRA class E 5%
IR A

descriptor (HiiR%8) (T{EFET _get__ (). __set__() 5 __delete__() method ¥, #—1H
class J& 2 — AR, BRRRRGEATTE G 7E B AR b . EE, T ab UG, e
(IR A T, &7E a 1Y class FHLP AR A FRE] b i, (HAnSE b 2k ey, AR Al
%% method G TN . SEHEIRER A BEARSE VR AFLAE Python AU RBASE, WEIEME LRI, Ei
IREfUFE R, . method, &4 (property). class method. [FJf% method, DA% ¥} super class (%CKEF)) Hy2
e

B A AR £ method TR L2 &, #52[F) descriptors B A28 FHH5 5

dictionary (‘72Mt) — 1 B W [ 5] (associative array), H Hv (T 2% [ o8 € o W O 2 (B, 88 ] DA AT ]
__hash__ () f1_eq__ () method (9. FE Perl hagifgE4EE] (hash),

dictionary comprehension (‘P& AIERY) MR L, AR HL— R W [EMC A {4 G 43 el 4 oo
%=, [E I oA -— 7[5, results = {n: n ** 2 for n in range (10)} &F4f—
A, BAE T n MR E n ~* 2, 352 comprehensions.

dictionary view (‘FUUEE#!) 7€ dict.keys (). dict.values() f dict.items () [A{EHFY9HEE
Tkl EMRA T Al I H B B, EFORE T SENE, il g s e g .
FEEV s MR B E e ey List (5B31), ZHEEH 1ist (dictview) . FHZ[E dict-views.

docstring ([EIW]<pth)  —fA7E class, pRAEBAH T, (RIS —MER U B 7 H S0 . BERETEE M
TR B 2mg, (D Erpmaas P, [EOAFTE class, pREHAHE _doc_ e, diREw]
FER AT AZEBEY (introspection) SRIEVEE, DA @4 (A [ SCEF AR ARIE AL
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duck-typing (WFMIE]) —MEAXGEHER, ©ALHE S Y ERTEE E a6 A EfERNNT
T B2 i, method ol J& G ¥ A F M L6 . (T AN e A s — (BN 7 im Honue sk
—[Eg¥, WEE—et—EEF. ) FEERN RS 2E, o satifeAasaemE L BEn
(polymorphic substitution) I & () &G M. 15T RUEIE R type () B isinstance () JEFTHI
o (1E'mnﬁ{£%', W5 T AU BT A 48 % 38 K S8 [E] (abstract base class) 51@%3% ) R, Bl ”ﬂ'@-)ﬂ
hasattr () i, BUREAFP BT EME .

EAFP Easier to ask for forgiveness than permission. (F5REA G R HERY ) a5 RAY Python %5 &
G B B R S B M AR, (B 5% B B R P 151 b . 33 R i (B LMk JRes , HL
O RFAEFF 210 try Fll except PR, EEMEFFZHMEET (Fl0 C) # WAILBYL JEM I T %
s

expression (FEFIX) —BO DARGEALERR A REE . EAEEE, —MEE R SCF. 4. B
B R U I SRS AT PR B, T LT AR RE [ 4 — (R f. Pﬁi%%ﬁ—mnn EENGLESEES .3!3
JITA 1Y) Python 55 5 HErE AR 2 iE B . 7N —Lstatement (BARZ) ANEEREH/EEE X, Fla0 while.
HA{H (assignment) 2 BiA, A ZER .

extension module (HEFEE4L) —HPA C 5 C++ & B ARAL, ‘& f ] Python 1Y) C API ZRELAZ . M f I & A%
AASHET T E

f-string (f2Hp) DA £ 50 'F [EIRTERAO R SO B ARE] [ 75 ], B RS R SCAR I 4 55
5+ 2 [F] PEP 498,

file object (R¥Wnfl) — {0 {0 H & B 28 (file-oriented) API (1] read () B write () % method)
REEVEIRIE IR E . R Z Yl T i 2R, & REE % o 3 B B mi A 28 ol 2 LA S 2 ) i
TEasla s s (BlumEEs A / . SO REESE MR . socket (i) . &[E (pipe) %F) AYFFHL. A&
W RREI 3848 Z 40t (file-like object) B, % 37 (stream) .

L, A=RREEYO: IR =B A0 5 BRIEm — A AT AR R . BRI 1o B
HRE . B AR EYITRIEEE TR R open () B&xX.

file-like object (KURERYITE) file object (BEZEWIMF) HYFRIFET

filesystem encoding and error handler (F§RRAFMmUSHEE SRR A RN) Python i F it — T8 4 A5 F1 45 55
e, AR AR R SR ATAL, ALK Unicode M3 1ES3E R 5

R 58 2 S S A 0 ZE PR B B LT AR AR U /N 128 (A TCAH . ANARAE R R S am S e vA IR AL L ARE , Al APT
FRFECE 5|3 UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () PRI NEASAE
ARG USSR IEHL R

filesystem encoding and error handler (1 & & %% & % A1 85 5% B8 ¥ 5K =) & 7 Python ) I
i PyConfig Read() B\ KA &EH: #F 2 .fllesystem encoding, DA KPyConfig W)
Erfilesystem _errors,

Witz Fllocale encoding (|RIHHR1E) .
finder (h2%) MWL, ©@EmEIEL import (LA loader (HAL) .

fi¢ Python 3.3 Bi4G, A MR FMEE: TR F 4 2 (meta path finder) € il sys.meta_path,
Mi§44% 78 B S48 25 (path entry finder) €[] sys.path_hooks,
#2[F) PEP 302, PEP 420 fl PEP 451 DA T fi#t o8 2 400 .

floor division (1n] FIRUREBRIL) 1) SEM 14 25 B F Fe ol B O USRS ﬁTEﬁWﬁ*%E’J@ﬁ?E // WJ

wm, EHEX 11 // AREHEERE 2, 8 foat (FRENEL) BERERIER 2.75 K. iR
/7 A IEERE -3, WER -2.75 g FadEaX. #2[F PEP 238,

function (PAX) —HFPRAK, ”’Eﬁﬁlﬁﬂ?ﬂq%‘ﬁl% Leff. B AR M 7] &, ELs]
WO R AR AT . S § 2 Eparamerer (2%) . method (J57%), LAK function FEH.
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function annotation (FXERE) R SHELEEE—WMannotation ([E1F).
oR X E I i i A A 2 (E13E =« N, S (M sk SR &5 2 Wi int 518, [EEA M int [B{E{E:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

bR A EIRE A REEFE function ZE G HEANRRE .
it 2 [Elvariable annotation 1 PEP 484, WA I e flidk. BREBMREERE, BE2

annotations-howto,

_ future__ future FiRA=: from _ future_ import <feature>, @I5/Nm=Een(d FATLEYE Python
SR EEA A i B A A B E RS, ARG pl AL, 1M __future_ SHAIFIET feature
(shee) AIRERYE. i import MAAH S HARBORME, ARTTAG S {RB T B8 AT IR oy V3 )
WEEE T, AREMEEEE (REs) mEmEZRH6E:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (Bpelnif) e R #E A PR e, IS HBEA AL . Python BUATHR MU, il
2 MR8 (reference counting), DA Kz — 1 & E g I A1 v B 2 HEOG B (reference cycle) 4 718 B dar 3 [ml g %
(cyclic garbage collector) 2&5¢ i 433 o1 i AT DA A g o A4 36 LA T4 il

generator ([E1/E:2%) & [l generaror iterator (FVEZFEIER) MR, EHEERGE —MEHMEL, H
AERZREAET vield EEN, BEA—RIGME, SLEERTH R for FRE, sUZPAnext () K,
AR R L ) — R
B AT RE AR R —MEAZ R, EAERR s, e R R EA BERE. B—HRE
WRUEARERERE , i F s s mras, DAR g,

generator iterator ([E/EZSIEUREY) M@ figeneraror ([EVERR) eR=CFTENL 1.

M yield ¥R, ERCAMCERITRE (G4 B s U e Py BOA) . EEIA %
EIR 2 BIERE, e kAR S AT (BERaRg R o A Rl 2 e BR AR A bR XA TR ] )
generator expression ([El/EZFERR) —(H e nEESCIRAERRK . BRERMG M IEFENEE R, Zii%
F—H for T4, W REF T EE S, HEAL RSN i 7). ZAamERgEsNE

bR B (E A 2 -

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function ({ZAIpAR)  — 1ty 2 A R UL RN, a% el =X & AR 1) 1) ZR BV BE A ] 3858 iy
SO B R G IR RE 1, 2 P R I B (dispaiteh algorithm) SRE7E

%55 2 (Flsingle dispatch (B—3FF) #3E#EM4H. functools.singledispatch () EffiEsFl PEP
443,

generic type ({ZRIHIE)) —fH GE[E 92 Hfk (parameterized) fynype (HUE) ; @H 22— A HAE, %2
list fll dict. B RA EE = fEE.
HiE2Ez8E%F[E). PEP 483, PEP 484, PEP 585 fll typing 4.

GIL #2[Flglobal interpreter lock (438 2228 81) .

global interpreter lock (2 IRFLFFANH)  CPython FFEAR P MIBEH], A DARECR B3R HOA — AT 4 g
AT Python [fjbytecode (HiTCHAR) » B MR (RHERHSEI A AE), G dict) )G
[EfT/£HL (concurrent access) ¥ f&[r, HEAEHI AT DAfE {1k CPython B EI1E. SH EH (M B Eae, &2
5 ME Z A T4 (multi-threaded) , (AR 2 & 84 451 22 R IR A8 IO MRS RE[EIBR AL — R0 - P AT

(parallelism) ,
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SR, AL AL, M R EME R BRSO, B TRk O AT R A A (E S s 4
(computationally intensive) [fEH::, B DAfER: GIL. B4h, FE#AT VO Ky, GIL 482y fidis:.

B [T ] RS (VA R ARSI BUE SE R Bt ) OS5 R, H
[EFE— ey i — RS G SR, Mk, — R, AediuafBne g, &aEEs
[ERrL, MM S A A

hash-based pyc (EEIZURE pye) — (7 TCALAS (bytecode) B 74, & (ff FH A 1T AS /2 3 B J A il 22 119
BB, AR E AR . 55 2[E pyc-invalidation.

hashable (n[ZEEN) 40 5% — 8 W 14 A — 18 5 B, a%ﬁfﬁiﬁlﬁﬂtlﬂmfﬂz“‘ (B FE—M
__hash__ () method) , Hu[EEH AP EAM LK (BFE—MH _eq_ () method) , HREIE 2
— =T 2 E H:%ﬁ%ﬁtﬁ%ﬂ%%@ﬁ%%#, Eﬁﬂﬁxﬁ%malﬁmﬁ%&ﬁc

AT HEEINE (hashability) (i—{E 4 ¢4 ] 1 dictionary (F°3) RYHER set (SEfr) HMA, HIELELL RS
fEERAE L ETA G 1 A

RZ Wy Python AT ZAEAY(FAE & TN s ATARR R (A0 list 5 dictionary) [EVARE: iAW
S ZAE (B0 wple (JTAL) Al frozenset) , A EMITREHER, EMA S A2 EER.
LR HE class ROEBI, RIS LE 0 G g ITAF’EIEI’J EATE A O IR & A A F Y
(BrAEE Mg C ), mermREERRATE B EMY id(

IDLE Python [ Integrated Development and Learning Environment (¥4 Fﬁ%&ﬁi%@%fﬁ) . idle & —1{ R A
A M LR BRI, B Python MARME ST IRAS — 2 Bt fit .

immutable (Anf8s8fE) —HEAREEEMD. N8P EREET . A wple (Jdl) . B
SERRER Y . ISR — AR (R RO (EL L BB o A7, R ST — R B . & (e 5 2 B s A (B
MHL T, P BB A, BI4n dictionary (7-i) w8

import path (FEAMEE) —MALE (Byk/258 B ) 19503, ARSI B2 A import #4HI; , E&ryipath based
finder (FeRBEARK)GAGET) GBAHMAIE . 7 import IR, BLAIE S FHEF B H sys.path, {H
AT 44 (subpackage) 1M 5, B AIREREKHLEMH __path__ B,

importing (FEA) —fEiEfE. —fEBAL A Python FEAEHT AZ B ILIBAE, B0 — AL T ) Python £&
X AGHE o

importer (FEAZS) —MHREESR LBABALNYE: BB inder (F5%) Wikloader (WALE) P,

interactive (FLEj%) Python f7—{f HB) X FAR , (B FRIR AR AT ATE ELRE & 19478 7 on il A BOA sURE S
X, ZHBTEMEEARI TR . QEEH python, ANFEALMGIE (7T RERE 4RI B
PSR E) . E R NRUNT L SR R G AEEEIR R (RS help(o) .

interpreted (%)) Python 2 M E S, MASHEE T, AE Mo T REa Lebih, HEH (7o
417 (bytecode) zﬁ%%%ﬂ’ﬁ?f a8 2N AR R T DA BGES T, WA TE MR 5 — A THE , 2R
BEATE . Hisih s W s s A E AP / BesER, R e MR =X & s T g .
Wt & Flinteractive (B .

interpreter shutdown (Y;#25BP) & Python EELRBi ZoRBIPARE, BEEA— ﬁlfhﬁﬂ%ﬁ%fx7 TE M B
T T Bl e A A WJﬁM%zﬂﬁﬂ%@Eﬁ%.jﬁzﬂ‘% BAE 2RI IR = & (garbage collector).,
15 AEEDM 5 0 2 B 2 i pR 5K (destructor) 5555 | I A [E] I (weakref callback), .ﬁﬁﬁ R
5. B EA B BEp AT O RE RS el B & G b, REE B B TR TREA T 1ER T (8 A B
T2 bR AR AR Bl R A )

HREG I F2ER, & __main_ BUHBEPOEFTHEIA T AHATIE

iterable (WEfCHIME) —FEAEE— K ol — (8 H b sl B R4, W EMCH 145 B+ 645 Br A 1 17 51 24 (ED
(182 1ist. str fll tuple) FMLLARFHIRIE], B2 dict., #2400, PARARETEFRAYTAT class 1)
ff, HEIR8 class /5 __iter_ () method B2 & {ESequence (JF4) 3EE M) __getitem__ () method,
YR T ER

W ERE TR for EIBFIFFE HAUH E— M FFIRHT5 (zip ()« map () .). HW—fE W E
(DS | MR ME 4 Dt dter O B, & @RI P EE R JLIEDR S 0 A oL
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HE4T—3ki (one pass) MHEEL ., (i HEMCESH:, WHEA—E R iter () 8 {ATEIENCESMIM:. for B
WX e B ENRERE L E, Ea i YR R a4 i, R EEI BN R s R 2%
Wi z(Eliterator ([ELRE). sequence (J¥3)]) Figenerator ([EVERS).

iterator ([EICEY) —MHFRERIRADF. EEMPEYEMRLA __next_ () method (I & EIEL
B next () ) EKFRIEERF TS ER . BATA &R, HlE5% stopIteration fil
Gho BERE, SZENCEIEC R R, T3 _ next_ () method fiE—0EnY , &R H ks | 5
StopIteration. [EMCERLA M __iter_ () method, "E€rmEEREIA S, B DA%EHEE
A AR T ENC 4, FLT A A K 22 i A A T BN 35 A . —RIHERR Bl 5N, 2B ZE
#[EIft (multiple iteration passes) FUREX A, — AP (B2 1ist) FERF R EHIES iter O
pRNETE for [EIE P ERE, #eFE MaemnEReg. gABERHSER LS (ZimEft) K,
Hgr e a—m E P A . R W S EU R, ARG R — S A5

7E typeiter 3CHA] DATR E B 2 AT
CPython F{{4NEHi : CPython [FIARIAKAN—Huh i [EURESA S5 __iter_ () ) BMELE.

key function (ZeRsX) 48K HF KX (collation function) J&—{F A]IFNY (callable) FE;, ‘B & [Hl{d—1H
JAHERE (sorting) B 5E ¥ (ordering) [A{E. I, locale.strxfrm () #HACEIE—8 T ff s HE
JF B HE 78

Python i 2 T H., #4552 DAGE sk A H T R o 7 8 A 730 B EdE nin () . max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

H&FE A DA S, — (. BN, str.lower () method F] AYEEIA 4> K /N HEJF 1) 8 bR
Ao B0, — MR BAT A lamoda ER AW, fIA0 lambda r: (r[0], r[2]). FHHb,
operator FEAH $& M4 T = 1/ & o8 = B 722 5 5K 2 (constructor): attrgetter (). itemgetter () F
methodcaller (). BRIFAUIMATE A R0 E 0, w2 EmHET .

keyword argument (B3tEo|¥) 52 Eargument (3]38).

lambda i ¥ —expression (GEFZ) Fr4Lm I —M#E 41 7ER = (inline function), J7A3% R zC I Rk (. 7
57 lambda PR EEYE 2 lambda [parameters]: expression

LBYL Look before you leap. (=M #Z4T.) & 4w A5 A G 7E A TRF I sl A 4R 2 w7, It 0l e e«
B EASELEAFP T2 E e, HERRFOREAH R 1 B HFTE.

e AT, LBYL Jr=UH7E [ =1 F1 T84 Z M5 T #EWEF: (race condition) [ /E
br. BIUNPA FAEZCHE if key in mapping: return mappinglkey]l, UISEH—{EIATEELE HIE
2 IR 2 B, mapping PRSMT kev, FURCEESCTEAE 2. 08 RO AT DA 8 (lock) s
EAFP i 77 AR #(E .

locale encoding ([#J®&uME) 7F Unix b, & & LC_CTYPE [ I 3% & W 4 5. & 7] A | locale.
setlocale (locale.LC_CTYPE, new_locale) KR#E.

7£ Windows |, ‘&2 ANSI Ui E (code page, #ilfll cpl252).
locale.getpreferredencoding (False) H] DA AR HUAS: 4 dak 4 A .

Python {ifi i filesystem encoding and error handler (R§ZR R & SmAENEEREI K, 7 Unicode 1 244 fE A1
P ITCHLAE 244 Ff 2 e A ()

list (:#3510) —fH Python I ysequence (J75)). EEERIL T list, & HF TSRS = iy — {6
51| (array) M AME— (G5 ERS (linked list), PRIEWFHOTER IR VA2 O(1).

list comprehension (A& AIESY) 7 F A HL— 551 FP A 3R el e R, (B R H A4S S DA— 1 List
EMEA RIS e, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
01 EEE 5 list, Hh e o3 255 #EE], Fra s S0z 8 (0x..). 1f FA)28 8
M. WREIEE, H] range (256) HRYHIE TCEAS G R .
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loader (G{AZY) —MHREEERABALYIMG. EUEEFE MAE load_module () ) method (F¥k). #k
NSl H SR finder (FAggs) FH. 2 A 2(E PEP 302, E%Jﬁ/\abstractbavc class (FhZ R EHE(E),
nﬁﬁ. importlib.abc.Loader,

magic method (BEHTJjik) special method (F§3K7T5%) W9—MEAEIE AR 55 -

mapping (¥HW) —HEZWIE, BB RHENAER, HAREE abstract base classes (JIZETHEE])
Mapping B MutableMapping g EH method, #iffI$5 dict. collections.defaultdict.
collections.OrderedDict fll collections.Counter,

meta path finder (GERATS=MHIRS) —MALAILS sys.meta path Ml K finder (4% . TCHACHR
AL E 2 08 B 48 % (path entry finder) FHE{B AN o
BTN TCIR R A A EAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHIE]) —7# class [t class. Class & &A% & @7 —1H class /. —{H class dictionary (1),
DA —1iE base class (FLEEHAE]) #9532, Metaclass B & #5758 =28, [EE7 3 class, KEZEWY
g R E S SR At R B . Python 1RRE)Z BEAE A & REEVE S T metaclass. K4

W F R T EIC TR, (HR W FERE, metaclass 7] ABREEIK MM ME T 2. EMEsin
FOEVE A WA T At BEW L. BARE BB (singleton),  DAKZEFZ HAMAIAERS .

% %] ATE metaclasses 25 i R 5]

method (J5#:) —{BIAE class ABEEIM AT R0, AR method 1EEIH: class BE6 Y1 J& v nemy, A
e S35 B E e 15— argument (51%0) (U653 Hul 5 REE self). wE2E funcion (
) Fnested scope (HRAVERIE) o

method resolution order (J5iEfRBTINAY:) 5 VEARMTIE Y RAEA I E R EFE T, base class (FEHHE])
WA . BN 2.3 iE S, Python B el Fl A YEANET, w52 Python 2.3 iUy 1M
JIE o

module (%) —{FE(T Python 2= AR 4L 4% B4/ (organizational unit) 1. BALA —Hma s, B
AR Python (. HHAHEHE timporting WAL, BLHECA % Python,

syt 2 Epackage (E1F).

module spec (FS&HBE) — M2 M, BEEEHREASKAR import 4 B & #ll. B /& importlib.
machinery.ModuleSpec H—1E & .

MRO 5 2[Elmethod resolution order (J7HfEATIETE) -
mutable (WEEHTE)  FTEYIPERT AR E P, (ARSI 10O« 52 Eimmuable (RS9

named tuple (Fff#45 C41) 755 [named tuple (Fff447C4H) ] 2457 tuple ﬂ%ﬁﬂ%ﬂﬁlﬁilﬂz class, HERW]
5| (indexable) T2 1 A DA F 44 J& 1 AR AFH . 3 BEUFISK, class tHA] DAELA HoAh AR o

A 4eE @A [E 2 named tuple, fffH time.localtime () Ml os.stat () [AIEKIE. 55— E T2

sys.float_info:

E
]

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

A2 named tuple S2EZEBE (4 EH). 803, —# named tuple t1 AT AT —10 IEBIHY class [ LR ST,

HEL class @#E7K H tuple, HEFR T IHAMMAL (named field) BI 7] . 5Z%H1Y class W AT T4i%s, Al
W\@ﬁﬁ T &R = (factory function) collections.namedtuple () 2KE. . BF AN T —L%8
AN method, i 4% method FJ AE & 7E T 5 Sk [EE 1Y) named tuple 1, MEVEFRF K.

namespace (r#%50) SR FRIHTT . 4 252 DA dictionary (F31) BB . A IR | 2ty K (E
) i 4 2 ﬁﬁE%#FEP (£ method ") AT HUIRAY fiy# 25 ] o s ZSHTRE ph B 1L a4 1858, 2S8R
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WA L. B, Kl builtins.open fil os.open () EFEE T M4 25 MR H . 4 2S5 M
FE £h PR 5 2 2 TR RS AR B A — R pR X, ARSI W] Pk S v Akt . BN, & random. seed ()
B itertools.islice () WL, EEEHENEH random fll itertools MAIEFEE,

namespace package (M2 MEME)  —ff PEP 420 package (£1F), & HAE1EE T2} (subpackage) [1)—1H
Kos. s EEM RS Ean IR, 0 H A RE S M AR — [ regular package (IERENF),
HEEMEES _init_ .py SEEE.

At Emodule (F41) .

nested scope (HURIEMIK) HEF)2 M 41 E 5 3% (enclosing definition) 55 8 B f7 . S2BIKE], —{HmR =,
R RS MR rh ez, WEEEE2EsNEE P, SHE, EESEET, #iRE
PR A 2 IR, T AR . (e s M R A e () S S A TR, Axdeisda
BAEAE G4 oS A 8B A . nonlocal A HANEEREETE A

new-style class (FiRM[E]) — R4, ER2IGBAEIHN class Y1 F G class JAHE . 6531 Python
A, R # class A REfl A Python BCHTH . ZEMTIRE, 1402 __slots__. #ifiA#F (descriptor),
JEVE (property). __getattribute__ (). class method (JHEIJ %) Fil static method ([EIBE:).

object (M) HAMRAE (BHSIE) MyiE R TE (method) WIETER. B RETnew-style class (7
FHAE]) s base class (HJKHE]) .

package (EfF) — Pl A8 I 1AL 5 621 Python module, MFAR Lk, t/@HA __path__
J& ) Python 5.

ek Elregular package (TFFEME) FMnamespace package (64423 MEE) .

parameter (2() Tifunciion (FX) = method 7 &H i) —1{ fiy 4% T (named entity), & 5W]5% i\ REE
B2 —Mlargument (5190), SAERLASE T HR 2518, SGH TR R ) 2 B

* positional-or-keyword ({VELEXBHHET): HEHA—(f W] LAZ e 1s 5 sl ARIEIR 48 5 7| Sl o 5 | I
B RS THEHEL, HIILATH) foo Hl bar:

’def func (foo, bar=None): ... ‘

* positional-only (PEBRNOZE): FaW]—E e+ I AL E P fitny s [ #. fERERM S HIIRT U E
—f# /o0, WA PATERZ T OUHI T E S BRI E 2 8, HIANLAR Y posonly! 11 posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only ({EBRFAGET): 50— N GELARR S F b il 5 | . fEm=UE sz £t 1
AT 5 B 0 2 B (var-positional parameter) B( @ LAY * S0, kAT DATE AR 7 F61E I
B F28, HIMPAIAY kw_onlyl 1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional ({EREWEAIE): FEW]—RREDMERF AR B A8 T | B (TEC W 2 Wz
WAL ES | A1) . BB EREHS WA R T E L~ AERW, BIILATH args:

’def func (*args, **kwargs): ... ‘

* var-keyword (ALEEYCRHBAGET) : FEUIW B E R B T 58 (FEC g b2 M2
MBS S AN . BRSUREBTERSEA T E N b~ AGEsny, fildn & sl
kwargs

SYOT MRS | Mo S R B TR A, mT AR SBR[ R S TH LA

%%@ﬁf%%ﬂgargumem (%I%() @%E N ﬁﬁﬁﬁ%*ﬂ@%l%ﬁﬂ%iﬁz FEEJ E‘J%\ inspect.Parameter
class, function T i, DA PEP 362,
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path entry (PEFS3EHH) FEimport path (BEAMEEE) ) —E AL E, Mipath based finder (A EEFRIT FARET)
B 27554 B AGF R E import [FHRAH

path entry finder (P&FEIEH =-4i%%) ¥ sys.path_hooks H1f—1f 0] BERY#{: (callable) (7 Bl —{#path
entry hook) [t [R/ER ) —T& finder , & HIE AT PA— B path entry g SiASEH o

B A AR TH B AR L B /E Y method, #52[F] importlib.abec.PathEntryFinder.,

path entry hook (BfSIHHE]) 1£ sys.path_hook 53 df)—{E T WEI {7 (callable), # & HIH 4T 7E
—fAFEE R parh entry WAL, W)@ BIE—{Hpath entry finder (BAEIHHE A0 ) o

path based finder (JERBEISHI=bIZY) THSM TIAL 548 5 (meta path finder) 2 —, "E&FE—@fimport path
SR .

path-like object (BURfSHIME) — M F AR RGBS, BEEEY MR AR — M £ RSN str
5 bytes ¥, dBig—MEE os.PathLike @ MWIF. FEHIFIY os. fspath () R, L
& os.PathLike # E W4 DA EIE] str 8% bytes # R RS IELE; M os.fsdecode () &
os.fsencode () HIZMER] JHRAEMR str & bytes B4R . B PEP 519 5] A,

PEP Python Enhancement Proposal (Python $[F[$£22). PEP 22—kt EIR S, & fEE] Python iRk &
i, BEAA Python 1) —1F#T DI RE B R4 I RE NIRRT MR EE . PEP JRER% ELPE LA RV B2 48T B i DA S e 12
ZUIREMEAE L

PEP [(WAFTEE W, R MREE I T REAHEEE . ALTH o BR A 0 8 G 72 4R, PASLEL A Python
fos st EsR ), S B AY 3 ] . PEP (O i e sie i B D s M S H.
#2([F PEP 1,

portion (345)y) fE¥—HEPH—AIAHE (WA REREAALE—MH zip R ), SR ZRARE— A& = HE M
(namespace package) A T E gL, WE PEP 420 1 E .

positional argument (¥ 5[5 %2 Eargument (5]4#f).

provisional API (%47 API) ‘17 APL 248, (EME ek =0 s M) i & HH 25 (backwards compatibility) £ H
M HERR APL, BESR G, R MR EE TR, B LERea =R E, Hing
O BREE N ERBEE 2, W gEer b B AR ST (LR OESRENm). BEEEERG
I HBE)E —— U APT R AN A 2 Tl AR 25810 B B ARG E o s e, M A ek

B A AT APL, [ N AHZ 8 S L G it () [ e MRE 2] — S B R, 1)
SR AT AR — A I AR AR I AR E T 2R

T2 A A A A o X R RE R 2 R R A i Ak, AT RE S RE B AR = 0 R [ 25 BHUE T R RE A s T B AR o i
2[E] PEP 411 T f# s Z 41

provisional package (¥17E4%) #&Eprovisional API (47 API).

Python 3000 Python 3.x RIMAKIERE (RAARTAIREAY, EREE 3 A Esm R EER AR, ) Bl A%
#[E] [Py3k].

Pythonic (Python Jalksi¥)) —(EAEAE—BofE(AS, EMEM T Python 5 fc s WANIE I, , A2 B H:
i AR ACE AR RESUA . Bln, Python Hr L — MBI A, 20— for BuAX, #
— A BRI A TR TEE . 72 HAsh S DA SRR AR, AR Python FA
A TR (o] — (A B e AU

for i in range(len(food)):
print (food[i])

2T, DA IAR R . 3 A4 Python Jalfs :

for piece in food:
print (piece)
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qualified name (Mg # /%) —fH [ RARE], ERURTE— BT AR ) R A 2 1Y class.
PRIl method 1 [BAAE], W1 PEP 3155 W ESR. S TR R UA class T 7, FRE 24 RS
A REAHA -

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname___
o
>>> C.D._ _gualname_
'C.D'
>>> C.D.meth. qualname_
'C.D.meth'

WG LR, %A R &4 (fully qualified name) JEF T WAL SE MBS TRIRAS , AL BT
LM, Fll email .mime . text:

>>> import email .mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (ZWEIH)  HiN AP HS BB, & EY 2GR FEIER, ©egiiiRn
H (deallocated). 22 MR IHGEFFE Python FEXX A HHEAE], (HEENRCPython BAEK)—HBISE TR, sys
WHEFR T getrefcount () PR, FEFFREHTAN AT AR MY 5% o X 2K [ 3 — R4 0 12 ) 22 BEG H

regular package (IEHUEME) — (B Spackage (B1F), Hlan—ME e _init__.py EEMHIE,
Wt EFlnamespace package (f44 25 MEME) .

_slots__ ¥ class [EJEB— (8 B 45, B e E S B OB M, DAY BR BB dictionary (F-H) |
R FOIER . BEAR BT , (E e BEEE DA R A, o S DR B 4G SR A — {1 O AR Y B
(memory-critical) [ FH R v A7 E K B 1) 2 LR (D,

sequence (J541) —flirerable (RIEMRHIMF) , B __getitem () special method (F5KJ5 %),
BRI BEHVCEN RGN, EEFRT M _len_ () method ZR[EIEH % FAHEE. —L&
BB [EMSFE 1ist. str. tuple fl bytes. sEEE, IR dict 3 _ getitem_ ()

_len_ (), {HEWHEEB (mapping) i AJ&751, HEHA & X2 6 H T immutable 8, i
A,

% 5L ME(E] (abstract base class) collections.abc. Sequence E 36 7 — {0 58 i & % /) 1T
AEIEY __getitem_ () fl_len__ (), WM T count (). index (). __contains__()

__reversed__ (). EEHIERNMEIEE, ATPAMH register () #HFEHEIE.

set comprehension (SEALAIER) —HEZENHIE, FAOERE—M T EUCH ¢ b iR eiha o, Ei
BRI GE R PL—1 set [A]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
BV —fFEE set: {'r', 'd'}. #E2[E) comprehensions.

single dispatch (¥.—{PE) generic funciion (FZHIpRR) FHER MR, FEdL, BEMSREL RN H 5]
A,

slice (V)))  — (@Y1, BHlH AT —Bsequence (JFF) WHR—R0 . L —BLYI R W 2 0 N EAT9%
(subscript notation) [ ], 74 HZMEY:, HIEHEEZ B E 9, il variable_name[1:3:5],
TERESE N FF5RmERS, & slice ¥t

special method (F§¥kJ57k) — M € Python [ BIFFNL () method, JH i 3 KA U [Fp A7 3Ll a4, ol fun o
V5. 1o method (/)44 G & 7F BHEE AN &5 B A4 Wifi R EEE). Special method 7 specialnames H A5 #EAHEIHA .

statement (BjiiAsR) BOAR—(EEH (suite, —EFRES [ W) iy —AB45 . BRIAK T AR —(fexpression
GEFERX), SO ARMET (Flanif, while 5 for) MWLM —.
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strong reference ([E122I8) #£ Python 1) C API W, 35| 248 HEA 5| H A A X L5 H . 7
Bl s | e alE S Py INCREF () FIREGERS | M AEMIERS | i@t Py DECREF () KRENE

Py NewRef () MizUA] FR B —HEWFEI S . #5, ERBEZ BOE-EZ A, SaE%E
Z IR LR py_DECREF () X, PABERERN—H2 M.
AiE[Eborrowed reference ({2 ).

text encoding ({7 4ifl5) Python H1 )% J2 — i Unicode 5 %h (code point) /)7 41 (i [##£ U+0000 --
U+10FFFF Z ). HRFFEERE—ETE, Buay o eE— el ys).
H— 18R p AL E AT 5, BRE Tamfs) , g GL e 4y 1) B L e s AR ED T AR5
(decoding) |,
B LR ST T I SRS #S (codecs), BMBLAREE] [ 3074t .

text file (SCPRER) —HEEEREBREA str YR file object (FEZRWIME) . B, CFHEEEBR LE
AU TCAL L [ 1) kLA (byte-oriented datastream) [F€r [ B i Hitext encoding (SCFHAE) . CFHHEEM)
Bl DAICFRR (T 5% 'w') BIEAEZE. sys.stdin, sys.stdout PAJ io.StringIOo f}
B,

FitEbinary file (“HEHRIER), B2 —HAEEFEEURIE A 815 7T 4 5 1 (bytes-like object) [IREZY)
4,

triple-quoted string (= 5[55[El ) B = MES 5 ( ) SCEG5E O WEERERM M7 H . MR T ME
1A HEAEEDA B 5| 98 7 B i AN o R, EEERFFZ RN, BMRARE K. MRl AEF
g A 2 R K] (unescaped) YRS | SEANEE S| 5% 1 HB AT 48 H #4577 T (continuation character) it
PN AR AT, B S A s [EIH - 5 R .

type (%U[E]) —1# Python ¥4y B(EIEE T & 2 HHESER W YIE B EYAEA —REAE. — @27
EJTPAHER) __class__ BRI, DA type (obj) HARER.

type alias (BEIE44) —EREFEZER, FiEZIEE &4 (E (dentifier) AT,

HEFE% #R 2 [ElR 7 (type hint) A H . 0

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

ATUARS BGOERE, SEEA T

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

i 2[E typing Fl PEP 484, f HIIRENIHREIA.

type hint (BEWE/R)  —TFannorarion ([EIRE), EAEE —MEH. — class 8145 — 1 p& 2 ) 2 ik o] (g
f T I 2.
RIEHR R E BB ERY, 1A 29 Python B, (HEMBEIRRAEE M TEMRA M, [EhEl;B) IDE 5
FAE A4 (completion) A EA# (refactoring).
SIS class BMEAIR R ORI ) rRESRR, #r A typing.get_type_hints ()
AT

iH2[E typing Fil PEP 484, 5 LI RERHE

universal newlines (GAI[E)f7300) —MEAMRRE ST (text stream) (173X, € DA BT A AR AR EE—F7
M&ETR . Unix /T7REM '\n'. Windows {E '\r\n"' FIEEH Macintosh % '\r'., #2([F] PEP 278
M PEP 3116, AKX bytes.splitlines () MR,
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variable annotation (52U([EIF%) WG class B iannotation ([EIFE).
[Ef 5 ok, class B PER, MR(E 23PN

class C:
field: 'annotation'

SERRE R R ELR = (ype hin): I, EESETEDI GG int (¥ {4

count: int = 0

S EV R 1 annassign 257 REATAO AL,

st 2[E)function annotation (BRI[EFE) . PEP 484 Fil PEP 526, %4 IWIhfemHiiR. BN EREN RIEE
B, 7k 2[E annotations-howto .

virtual environment ([EJ#8R5E) —{A#/EME#E (cooperatively isolated) 3 THE 5%, fE:E Python ({5 F &
JE I RE A AL SE R T 4] Python BE[EVE M, A€ 3% [ —18 & 4% #4710 Hofth Python JE A #2047 (E)
[EAE T

W2 [F venv,

virtual machine ([EMRMERS) 50 4 th WM T 3810 RS (computer). Python [{EIBERERS € 81T i byrecode
(RLTCAL) A BT 8%t A4 (7 TCALAS -

Zen of Python (Python 2[F]) Python 3¢it/F IS B G5 %, HIEAA BRI GEH ILRE S . ses R
PR H B IRAFICRIMA [import this] AR E.
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APPENDIX B

BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

it
* Fred L. Drake, Jr., J§ilf Python SC{ T HAEM Al A K —FEB I EIA 1ERS ;
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

C1 &icioE

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
Al , B2 EE—HEREE ABC 355 W& EE . [ Python 1 T #2224 H HA N E L, Guido
TR EAEE .

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

BERA | BR FHh #EE GPL HE % 7
090 1.2 | ~AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI 7,':?
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 5
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =2
2.1.2 2.1.1 2002 PSF 7=
2.13 2.1.2 2002 PSF 2=
22 PA L 2.1.1 2001 #4- | PSF 7

fiE): GPL HiZEEIRFRIKME1E GPL F#(E] Python. ARf§ GPL, Fif7 1) Python FZHEH! 1] DA A8 [E) 1Bk
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RAGHAS, (HR— s AT 8 S REIB . GPL AHZR (Y BHEMIS Python 7] DA%S A HoAbfE GPL R E£{EfEX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEE AT, (7555 LERUA Y B E T RE

C.2 FARFMHLHEMTGXER Python BEFIIERR

Python ¥ AR U B HE R BL IR PSF 424 & 4.

{# Python 3.8.6 Bt [EWISCH PRI, AL MR B FEAT, Rohe TAPHE (dual icensed) 7 PSF 42HEA
#I1VA B Zero-Clause BSD %7 o

PER=2 3 YN Python PR AR W R P RE . I LU e B RE 2 RS RS . B S LR
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 FjA PYTHON 3.10.13 & PSF iS# &%

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),_
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSEF 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 3.10.13 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 3.10.13 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 3.10.13 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
3.10.13.

4. PSF is making Python 3.10.13 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 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, 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 3.10.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 #) BEOPEN.COM B &#

BEOPEN PYTHON BHiFIZHES #1568 1 I

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#EHE—1)
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 A PYTHON 1.6.1 & CNRI iR &%#

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 & 1.2 gy CWI 1R{EEH

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 A} PYTHON 3.10.13 [FEA #FI#2#§#9 ZERO-CLAUSE BSD #%1#

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #usr(F#kRany iR 8 MBI

AT A S R O Y R SR G B, B2 AE Python FEEICAS H P [Ei 55 =ik i .

C.3.1 Mersenne Twister

_random &A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
HREEBEORENXT. AR 2R RS ) 58 5 -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

socket A ] getaddrinfo () fl getnameinfo () KR, B4E WIDE BZ (https://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FEE ¥ socket JRIE

asynchat fll asyncore fAL AL & DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 #{TIEN

trace B W& DA
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode &E=

uu AR AL AR RN -

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 Eixf2 ey

xmlrpc.client M E AT

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 HIgL{l A FHgH:

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 HIAL¥SA kqueue 7N AL LA A :

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 5% 17 Marek Majkowski’ 37 Dan Bernstein [ SipHash24 JEZ VLR EE. BESPAT
TEEHH -

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod E dtoa

Python/dtoa.c FEEHRML T C Y dtoa I strtod B, FRA K C (1) 8RS 2 77 25 B 7 5 HARBEE]. %A%
214 B David M. Gay /W [ 441658, 125 BIAE W] DA https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N, Y2009 4E 3 F 16 H g ZR i R IGHE 28605 DA IR HE B 47 F s 1 -

/*********************~k****k*k******~k******************************

*

* 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.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

* % o

*

(Qi¥iE3)
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*

***************************************************************/

C.3.12 OpenSSL

15 OpenSSL. 5 sk HEAT HeAF 3 Z BT, M hashlib, posix. ssl. crypt WML G FI e S FHALAE.
J£4b, FIE Windows 1 macOS ff) Python %4 Fist i A4 OpenSSL Bzt Wil 4, i bATk to ZE D
OpenSSL #Z Rl

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-corelopenssl.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/)"

L S S S S R S S R S S SN S S SN S S S S S N S e S S
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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. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N
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Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L A T S S S S N S N S S SN S S S N .

C.3.13 expat

BRIEFE B E pyexpat ERMRER —~with-system-expat, %47 & H—MHE S expat JFIGHS ) E]
A

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEE S _ctypes PRI R ER ——with-system-1ibffi, 7 HIFZH% 7 & —ME 2 libf 5 iEH51
B AS 2 7

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
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

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &l
AR

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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 {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([FI3LRE:

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

GAEfE R _decimal BiglMiik EF) ——with-system-1libmpdec, 75 H#%i4H & Ff—{M(El 2 libmpdec ¥

2R R AR A

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(Rt
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(R —H)

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 B EH

test XA H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uG https://www.
w3.org/TR/xml-c14n2-testcases/ #hgE, H 2R 3-clause BSD 1% FE 5 (E) -

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 audioop

audioop BT SoX T H i g771.c U AU A S l:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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EFE
..., 273
2to03,273
>>>, 273
__all__ (package variable), 68
__dict__ (module attribute), 151
__doc__ (module attribute), 151
_ file_  (module attribute), 151, 152
_ future_ ,278
__import_

Bz & =, 68
_ loader__ (module attribute), 151
__main___

A, 11, 174, 185
__name___ (module attribute), 151
__package___ (module attribute), 151
_ PYVENV_LAUNCHER_ , 200, 205
__slots_ ,284
_frozen (C struct), 70
_inittab (Cstruct), 71
_Py_c_diff (C function), 115
_Py_c_neqg (C function), 115
_Py_c_pow (C function), 116
_Py_c_prod (C function), 115
_Py_c_quot (C function), 115
_Py_c_sum (C function), 115

_Py_InitializeMain (C function), 212

_Py_NoneStruct (Cvar), 226
_PyBytes_Resize (C function), 118
_PyCFunctionFast (C type), 228

_PyCFunctionFastWithKeywords (C type), 228

_PyFrameEvalFunction (C type), 184

_PyInterpreterState_GetEvalFrameFunc (C

function), 184

_PyInterpreterState_SetEvalFrameFunc (C

function), 184
_PyObject_New (C function), 225
_PyObject_NewVar (C function), 225
_PyTuple_Resize (C function), 140

_thread

A, 181

bytearray, 118
bytes, 117

Capsule, 162
complex number, 115
dictionary, 143
file, 150

floating point, 114
frozenset, 145
function, 147
instancemethod, 148
integer, 111

list, 141

long integer, 111
mapping, 143
memoryview, 161
method, 148

module, 151

None, 111

numeric, 111
sequence, 116

set, 145

tuple, 139

type, 6, 107

BREW

__ PYVENV_LAUNCHER_ , 200, 205
PATH, 11

PYTHON*, 173
PYTHONCOERCECLOCALE, 210
PYTHONDEBUG, 172, 205
PYTHONDONTWRITEBYTECODE, 172, 208
PYTHONDUMPREF'S, 201, 239
PYTHONEXECUTABLE, 205
PYTHONFAULTHANDLER, 202
PYTHONHASHSEED, 173, 202
PYTHONHOME, 11, 173, 178, 203
PYTHONINSPECT, 173, 203
PYTHONIOENCODING, 175,207
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PYTHONLEGACYWINDOWSFSENCODING, 173, M, 118
197 bytecode (frm#l#) ,275
PYTHONLEGACYWINDOWSSTDIO, 173,203 bytes
PYTHONMALLOC, 216, 219, 221 [Flz % R, 87
PYTHONMALLOC® (4 SR W, 117
' PYTHONMALLOC=malloc", 222 bytes-like object (ML T BEHH) ,275
PYTHONMALLOCSTATS, 204, 216
PYTHONNOUSERSITE, 173, 207 C
PYTHONOPTIMIZE, 173, 204 callable (T Wfo|dyk) 275
PYTHONPATH, 11, 173, 204 callback (E®) ,275
PYTHONPLATLIBDIR, 204 calloc(),215
PYTHONPROFILEIMPORTTIME, 203 Capsule
PYTHONP YCACHEPREFIX, 205 WAk, 162
PYTHONTRACEMALLOC, 207 C—contiguous, 103, 276
PYTHONUNBUFFERED, 174, 200 class variable (EE##) ,275
PYTHONUTFS, 197, 210 classmethod
PYTHONVERBOSE, 174, 207 2 7 5, 230
PYTHONWARNINGS, 207 class (H[E) ,275
A cleanup functions, 68
close () (in module os), 186
abort (), 67 CO_FUTURE_DIVISION (C var), 45
abs code object, 149
E# @ =, 94 coercion ([EJ#|#A) ,275
abstract base class (#HZFEEHE) ,273 compile
allocfunc (C type), 263 Bz ® =, 69
annotation ([E#) ,273 complex number
argument (3|%) ,273 i, 115
argv (in module sys), 177 complex number ([EJ#() ,275
ascii context manager ([FEEME) ,275
[z % =, 87 context variable (FE¥E##) ,275
asynchronous context manager (¥R FEH contiguous, 103
EHEE) 274 contiguous (FEHH) ,276
asynchronous generator iterator (R ¥ copyright (in module sys), 177
El4 BERE) 274 coroutine function (BHEER) ,276

asynchronous generator (FFFEFEAERE) ,274 coroutine (#H42) ,276
asynchronous iterable (ﬁ?[ﬂ*}"’fﬁ%#) » CPython, 276

274
asynchronous iterator (EFFERE) 274 D
attribute (B1M) ,274 decorator (#&i#) ,276
awaitable (T &#&H4H) 274 descrgetfunc (C type), 263
B descriptor () ,276
descrset func (Ctype), 264
BDFL, 274 destructor (C type), 263
binary file (Zi## %) ,274 dictionary
binaryfunc (C type), 264 M, 143
borrowed reference (fEH%®E) ,275 dictionary comprehension (FHEALEH) ,
buffer interface 276
(see buffer protocol), 100 dictionary view (FHigH) ,276
buffer object dictionary (F4) ,276
(see buffer protocol), 100 divmod
buffer protocol, 100 [z g R, 94
builtins docstring ([EJHF &) ,276
A, 11,174, 185 duck-typing (%FAE) ,277
bytearray
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E

EAFP, 277

EOFError (built-in exception), 150
exc_info () (in module sys), 9
executable (in module sys), 176

exit (), 67

expression (BHR) ,277
extension module (EH4EL) , 277

F
f-string (f F#) ,277
file

M1, 150
file object (#ZEMH) ,277
file-like object (MM ZEWMH) ,277
filesystem encoding and error handler

(1 ZAFmmmett RERR) ,277

finder (FH#) ,277
float

Bz &K, 95
floating point

Ytk 114
floor division ([ FTEERE) , 277
Fortran contiguous, 103,276
free (), 215
freefunc (Ctype), 263
freeze utility, 70
frozenset

W1, 145

function

i, 147
function annotation (& R[EE) ,278
function (&) ,277

G

garbage collection (IFEUK) ,278
generator, 278

generator expression, 278

generator expression ([EJE#EHR) ,278
generator iterator ([El4 Z[[EI&R%E) ,278
generator (é%ﬁ) , 278

generic function (ZAER) ,278
generic type (RAME]) ,278
getattrfunc (Ctype), 263

getattrofunc (Ctype), 263

getbufferproc (C type), 264

getiterfunc (C type), 264

GIL, 278

global interpreter lock, 178

global interpreter lock (43 HZE%H4),278

F{

hash

B & R, 87, 242
hash-based pyc (#EZE#H pyc) ,279
hashable (T3EEH) , 279
hashfunc (C type), 264

IDLE, 279
immutable (RE&H4) ,279
import path (EAEKAE) ,279
importer (EAZ) ,279
importing (FEAN) ,279
incr_item(), 10, 11
initproc (Ctype), 263
inquiry (C type), 269
instancemethod
1t 148
int
[Flz & =, 95
integer
B, 111
interactive
interpreted
interpreter lock, 178
interpreter shutdown (EEZMH) ,279
iterable (FEKRYH) ,279
iterator ([EFft%) ,280
iternextfunc (C type), 264

K

key function (&) ,280
KeyboardInterrupt (built-in exception), 55
keyword argument (B4 5|#) ,280

L

lambda, 280
LBYL, 280
len
B & R, 88,96, 98, 141, 144, 146
lenfunc (C type), 264
list
i, 141
list comprehension (EBF|4AEE) , 280
list (&%) ,280
loader (#FA#HE) ,281
locale encoding (B 47 ) , 280
lock, interpreter, 178
long integer
i, 111

LONG_MAX, 112

magic
method, 281

(Z %) 279
() .279

e ]
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magic method (BT F i) ,281
main (), 175,177
malloc (), 215
mapping

i, 143
mapping (¥ #t) ,281
memoryview

ik, 161
meta path finder (TEREEpAE) , 281
metaclass (JC#E([F) , 281
METH_CLASS ([ 4 %), 230
METH_COEXIST ([Fli % %), 230
METH_FASTCALL ([Fl# % $%), 229
METH_NOARGS ([F)3& 4 #), 229
METH_O (Bl & $0), 229
METH_STATIC ([ % #), 230
METH_VARARGS ([Flz 4 %), 229
method

magic, 281

special, 284

i, 148
method resolution order (ﬁ%ﬁ@*ﬁﬁ[ﬁfi"_) ,281
MethodType (in module types), 147, 148
method (F ) ,281
module

search path, 11, 174, 176

151
module spec (ﬁ%?ﬂ%ﬂ%) , 281
modules (in module sys), 68, 174
ModuleType (in module types), 151
module (}fﬁ/ﬂﬂ) ,281
MRO, 281
mutable ("’Tﬁ%ﬁ:) , 281

N

named tuple (Fﬁ%ﬁl?ﬂ) ,281
namespace package (”ﬁ‘gﬁfﬂﬂgﬁ) , 282
namespace (@%fﬁéﬁﬂ) ,281

nested scope (éﬁﬂkﬁ;}ﬂﬁ’j@) , 282
new-style class (F=%[E]) , 282
newfunc (C type), 263

None
M, 111
numeric
W, 111
@)
object
code, 149

object (##) ,282

objobjargproc (C type), 264
objobjproc (C type), 264
OverflowError (built-in exception), 112, 113

P

package variable

_all_ ,68
package (&) ,282
parameter (%) ,282
PATH, 11
path

module search, 11, 174, 176
path (in module sys), 11, 174, 176

path based finder (EAEEWHIZHE) ,283
path entry finder (BEIEE FHAE) ,283
path entry hook (B&IEEHE) ,283

path entry (BEIEE) ,283
path-like object (K4 H) ,283
PEP, 283
plat form (in module sys), 177
portion (#4-) ,283
positional argument (% 3|#) ,283
pow

[ & =, 94, 95
provisional API (¥ 4T API) ,283
provisional package (¥FiTEH) ,283
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 186
Py_AddPendingCall (), 186
Py_AtExit (C function), 68
Py_BEGIN_ALLOW_THREADS, 179
Py_BEGIN_ALLOW_THREADS (C macro), 182
Py_BLOCK_THREADS (C macro), 182
Py_buffer (C type), 100
Py_buffer.buf (C member), 100
Py_buffer.format (C member), 101
Py_buffer.internal (C member), 102
Py_buffer.itemsize (C member), 101
Py_buffer.len (Cmember), 101
Py_buffer.ndim (C member), 101
Py_buffer.ob]j (Cmember), 101
Py_buffer.readonly (C member), 101
Py_buffer.shape (C member), 101
Py_buffer.strides (C member), 101
Py_buffer.suboffsets (C member), 101
Py_Buildvalue (C function), 78
Py_BytesMain (C function), 41
Py_BytesWarningFlag (Cvar), 172
Py_CHARMASK (C macro), 5
Py_CLEAR (C function), 48
Py_CompileString (C function), 43
Py_CompileString(), 44
Py_CompileStringExFlags (C function), 43
Py_CompileStringFlags (C function), 43
Py_CompileStringObject (C function), 43
Py_complex (Ctype), 115
Py_DebugFlag (Cvar), 172
Py_DecodeLocale (C function), 64
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Py_DECREF (C function), 48

Py_DecRef (C function), 48

Py_DECREF (), 6

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 172
Py_Ellipsis (Cvar), 161
Py_EncodeLocale (C function), 65
Py_END_ALLOW_THREADS, 179
Py_END_ALLOW_THREADS (C macro), 182
Py_EndInterpreter (C function), 186
Py_EnterRecursiveCall (C function), 58
Py_eval_input (Cvar), 44

Py_Exit (C function), 67

Py_False (Cvar), 114

Py_FatalError (C function), 67
Py_FatalError (), 177
Py_FdIsInteractive (C function), 63
Py_file_input (Cvar), 44
Py_Finalize (C function), 174
Py_FinalizeEx (C function), 174
Py_FinalizeEx (), 67,068,174, 186
Py_FrozenFlag (Cvar), 172
Py_GenericAlias (C function), 169
Py_GenericAliasType (C var), 169
Py_GetArgcArgv (C function), 212
Py_GetBuildInfo (C function), 177
Py_GetCompiler (C function), 177
Py_GetCopyright (C function), 177
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 175
Py_GetExecPrefix (), 11

Py_GetPath (C function), 176
Py_GetPath (), 11,175,176
Py_GetPlatform (C function), 177
Py_GetPrefix (C function), 175
Py_GetPrefix (), 11
Py_GetProgramFullPath (C function), 176
Py_GetProgramFullPath (), 11
Py_GetProgramName (C function), 175
Py_GetPythonHome (C function), 178
Py_GetVersion (C function), 176
Py_HashRandomizationFlag (Cvar), 172
Py_IgnoreEnvironmentFlag (Cvar), 173
Py_INCREF (C function), 47

Py_IncRef (C function), 48

Py_INCREF (), 6

Py_Initialize (C function), 174
Py_Initialize(), 11,175,186
Py_InitializeEx (C function), 174
Py_InitializeFromConfig (C function), 208
Py_InspectFlag (Cvar), 173
Py_InteractiveFlag (Cvar), 173
Py_TIs (C function), 226

Py_IS_TYPE (C function), 227

Py_IsFalse (C function), 227

Py_IsInitialized (C function), 174

Py_IsInitialized(), 11

Py_TIsNone (C function), 226

Py_IsolatedFlag (Cvar), 173

Py_IsTrue (C function), 227

Py_LeaveRecursiveCall (C function), 58

Py_LegacyWindowsFSEncodingFlag (Cvar), 173

Py_LegacyWindowsStdioFlag (C var), 173

Py_LIMITED_API (C macro), 13

Py_Main (C function), 41

PY_MAJOR_VERSION (C macro), 271

Py_MAX (C macro), 4

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 271

Py_MIN (C macro), 4

PY_MINOR_VERSION (C macro), 271

Py_mod_create (C macro), 154

Py_mod_create.create_module (C function), 154

Py_mod_exec (C macro), 155

Py_mod_exec.exec_module (C function), 155

Py_NewInterpreter (C function), 185

Py_NewRef (C function), 47

Py_None (Cvar), 111

Py_NoSiteFlag (Cvar), 173

Py_NotImplemented (C var), 85

Py_NoUserSiteDirectory (Cvar), 173

Py_OptimizeFlag (Cvar), 173

Py_PreInitialize (C function), 198

Py_PreInitializeFromArgs (C function), 198

Py_PreInitializeFromBytesArgs (C function),
198

Py_PRINT_RAW, 151

Py_QuietFlag (Cvar), 173

Py_REFCNT (C function), 227

PY_RELEASE_LEVEL (C macro), 271

PY_RELEASE_SERIAL (C macro), 271

Py_ReprEnter (C function), 58

Py_ReprLeave (C function), 58

Py_RETURN_FALSE (C macro), 114

Py_RETURN_NONE (C macro), 111

Py_RETURN_NOTIMPLEMENTED (C macro), 85

Py_RETURN_TRUE (C macro), 114

Py_RunMain (C function), 211

Py_SET_REFCNT (C function), 227

Py_SET_SIZE (C function), 227

Py_SET_TYPE (C function), 227

Py_SetPath (C function), 176

Py_SetPath (), 176

Py_SetProgramName (C function), 175

Py_SetProgramName (), 11, 174176

Py_SetPythonHome (C function), 178

Py_SetStandardStreamkEncoding (C function),
175

e ]
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Py_single_input (C var), 44
Py_SIZE (C function), 227
Py_ssize_t (Ctype), 9
PY_SSIZE_T_MAX, 113
Py_STRINGIFY (C macro), 5
Py_TPFLAGS_BASE_EXC_SUBCLASS ([F] & 4 #),
246
Py_TPFLAGS_BASETYPE ([F)iZ % %), 245
Py_TPFLAGS_BYTES_SUBCLASS ([Fli % #), 246
Py_TPFLAGS_DEFAULT ([Fla& % %), 245
Py_TPFLAGS_DICT_SUBCLASS ([Eli % #), 246
Py_TPFLAGS_DISALLOW_INSTANTIATION ([E &
% %), 246
Py_TPFLAGS_HAVE_FINALIZE ([Ez % &), 246
Py_TPFLAGS_HAVE_GC ([Fli % $), 245
Py_TPFLAGS_HAVE_VECTORCALL ([Elz % #), 246
Py_TPFLAGS_HEAPTYPE ([FliZ % %), 244
Py_TPFLAGS_IMMUTABLETYPE ([Flz & #), 246
Py_TPFLAGS_LIST_ SUBCLASS ([l % ), 246
Py_TPFLAGS_LONG_SUBCLASS ([Flz % ), 246
Py_TPFLAGS_MAPPING ([Fla % #0), 247
Py_TPFLAGS_METHOD_DESCRIPTOR ([F] & 4 #),
245
Py_TPFLAGS_READY ([Flz % ), 245
Py_TPFLAGS_READYING ([F)i % %), 245
Py_TPFLAGS_SEQUENCE ([Fla& % #0), 247
Py_TPFLAGS_TUPLE_SUBCLASS ([Ez & #), 246
Py_TPFLAGS_TYPE_SUBCLASS ([Ela 4 ), 246
Py_TPFLAGS_UNICODE_SUBCLASS ([Fli % %), 246
Py_tracefunc (Ctype), 187
Py_True (Cvar), 114
Py_tss_NEEDS_INIT (C macro), 189
Py_tss_t (Ctype), 189
Py_TYPE (C function), 227
Py_UCS1 (Ctype), 120
Py_UCS2 (C type), 120
Py_UCS4 (C nype), 120
Py_UNBLOCK_THREADS (C macro), 182
Py_UnbufferedStdioFlag (Cvar), 173
Py_UNICODE (C type), 120
Py_UNICODE_IS_HIGH_SURROGATE (C macro), 123
Py_UNICODE_IS_LOW_SURROGATE (C macro), 123
Py_UNICODE_IS_SURROGATE (C macro), 123
Py_UNICODE_ISALNUM (C function), 123
Py_UNICODE_ISALPHA (C function), 123
Py_UNICODE_ISDECIMAL (C function), 122
Py_UNICODE_ISDIGIT (C function), 123
Py_UNICODE_ISLINEBREAK (C function), 122
Py_UNICODE_ISLOWER (C function), 122
Py_UNICODE_ISNUMERIC (C function), 123
Py_UNICODE_ISPRINTABLE (C function), 123
Py_UNICODE_ISSPACE (C function), 122
Py_UNICODE_ISTITLE (C function), 122
Py_UNICODE_ISUPPER (C function), 122

Py_UNICODE_JOIN_SURROGATES (C macro), 123

Py_UNICODE_TODECIMAL (C function), 123

Py_UNICODE_TODIGIT (C function), 123

Py_UNICODE_TOLOWER (C function), 123

Py_UNICODE_TONUMERIC (C function), 123

Py_UNICODE_TOTITLE (C function), 123

Py_UNICODE_TOUPPER (C function), 123

Py_UNREACHABLE (C macro), 4

Py_UNUSED (C macro), 5

Py_VaBuildvalue (C function), 79

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
89

Py_VerboseFlag (Cvar), 174

PY_VERSION_HEX (C macro), 271

Py_VISIT (C function), 268

Py_XDECREF (C function), 48

Py_XDECREF (), 11

Py_XINCREF (C function), 47

Py_XNewRef (C function), 47

PyAIter_Check (C function), 99

PyAnySet_Check (C function), 146

PyAnySet_CheckExact (C function), 146

PyArg_Parse (C function), 77

PyArg_ParseTuple (C function), 76

PyArg_ParseTupleAndKeywords (C function), 76

PyArg_UnpackTuple (C function), 77

PyArg_ValidateKeywordArguments
tion), 77

PyArg_VaParse (C function), 76

PyArg_VaParseTupleAndKeywords (C function),
77

PyASCIIObject (C type), 120

PyAsyncMethods (C type), 262

PyAsyncMethods.am_aiter (C member), 262

PyAsyncMethods.am_anext (C member), 262

PyAsyncMethods.am_await (C member), 262

PyAsyncMethods.am_send (C member), 263

PyBool_Check (C function), 114

PyBool_FromLong (C function), 114

PyBUF_ANY_CONTIGUOUS (C macro), 103

PyBUF_C_CONTIGUOUS (C macro), 103

PyBUF_CONTIG (C macro), 103

PyBUF_CONTIG_RO (C macro), 103

PyBUF_F_CONTIGUOUS (C macro), 103

PyBUF_FORMAT (C macro), 102

PyBUF_FULL (C macro), 103

PyBUF_FULL_RO (C macro), 103

PyBUF_INDIRECT (C macro), 102

PyBUF_ND (C macro), 102

PyBUF_RECORDS (C macro), 103

PyBUF_RECORDS_RO (C macro), 103

PyBUF_SIMPLE (C macro), 102

PyBUF_STRIDED (C macro), 103

PyBUF_STRIDED_RO (C macro), 103

(C  func-

314

EL]



The Python/C API, £[F 3.10.13

PyBUF_STRIDES (C macro), 102
PyBUF_WRITABLE (C macro), 102
PyBuffer_FillContiguousStrides
tion), 105
PyBuffer_FillInfo (C function), 105
PyBuffer_FromContiguous (C function), 105
PyBuffer_GetPointer (C function), 105
PyBuffer_IsContiguous (C function), 105
PyBuffer_Release (C function), 105
PyBuffer_SizeFromFormat (C function), 105
PyBuffer_ToContiguous (C function), 105
PyBufferProcs, 100
PyBufferProcs (Ctype), 261
PyBufferProcs.bf_getbuffer (Cmember), 261
PyBufferProcs.bf_releasebuffer (Cmember),
262
PyByteArray_AS_STRING (C function), 119
PyByteArray_AsString (C function), 119
PyByteArray_Check (C function), 119
PyByteArray_CheckExact (C function), 119
PyByteArray_Concat (C function), 119
PyByteArray_FromObject (C function), 119
PyByteArray_FromStringAndSize (C function),
119
PyByteArray_GET_SIZE (C function), 119
PyByteArray_Resize (C function), 119
PyByteArray_Size (C function), 119
PyByteArray_Type (Cvar), 118
PyByteArrayObject (Ctype), 118
PyBytes_AS_STRING (C function), 118
PyBytes_AsString (C function), 118
PyBytes_AsStringAndSize (C function), 118
PyBytes_Check (C function), 117
PyBytes_CheckExact (C function), 117
PyBytes_Concat (C function), 118
PyBytes_ConcatAndDel (C function), 118
PyBytes_FromFormat (C function), 117
PyBytes_FromFormatV (C function), 117
PyBytes_FromObject (C function), 117
PyBytes_FromString (C function), 117
PyBytes_FromStringAndSize (C function), 117
PyBytes_GET_SIZE (C function), 118
PyBytes_Size (C function), 117
PyBytes_Type (Cvar), 117
PyBytesObject (Ctype), 117
PyCallable_Check (C function), 93
PyCallIter_Check (C function), 158
PyCallIter_New (C function), 158
PyCallIter_Type (Cvar), 158
PyCapsule (C type), 162
PyCapsule_CheckExact (C function), 162
PyCapsule_Destructor (C type), 162
PyCapsule_GetContext (C function), 163
PyCapsule_GetDestructor (C function), 163

(C  func-

PyCapsule_GetName (C function), 163
PyCapsule_GetPointer (C function), 163
PyCapsule_Import (C function), 163
PyCapsule_IsValid (C function), 163
PyCapsule_New (C function), 162
PyCapsule_SetContext (C function), 163
PyCapsule_SetDestructor (C function), 163
PyCapsule_SetName (C function), 163
PyCapsule_SetPointer (C function), 163
PyCell_Check (C function), 149
PyCell_GET (C function), 149
PyCell_Get (C function), 149
PyCell_New (C function), 149
PyCell_SET (C function), 149
PyCell_Set (C function), 149
PyCell_Type (Cvar), 149
PyCellObject (Ctype), 149
PyCFunction (C type), 228
PyCFunctionWithKeywords (C type), 228
PyCMethod (C type), 228
PyCode_Addr2Line (C function), 150
PyCode_Check (C function), 149
PyCode_GetNumFree (C function), 149
PyCode_New (C function), 149
PyCode_NewEmpty (C function), 150
PyCode_NewWithPosOnlyArgs (C function), 149
PyCode_Type (Cvar), 149
PyCodec_BackslashReplaceErrors
tion), 83
PyCodec_Decode (C function), 82
PyCodec_Decoder (C function), 82
PyCodec_Encode (C function), 82
PyCodec_Encoder (C function), 82
PyCodec_IgnoreErrors (C function), 83
PyCodec_IncrementalDecoder (C function), 82
PyCodec_IncrementalEncoder (C function), 82
PyCodec_KnownEncoding (C function), 82
PyCodec_LookupError (C function), 82
PyCodec_NameReplaceErrors (C function), 83
PyCodec_Register (C function), 81
PyCodec_RegisterError (C function), 82
PyCodec_ReplaceErrors (C function), 83
PyCodec_StreamReader (C function), 82
PyCodec_StreamWriter (C function), 82
PyCodec_StrictErrors (C function), 82
PyCodec_Unregister (C function), §1
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 83
PyCodeObject (C type), 149
PyCompactUnicodeObject (C type), 120
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C
member), 44
PyCompilerFlags.cf_flags (C member), 44

(C  func-
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PyComplex_AsCComplex (C function), 116
PyComplex_Check (C function), 116
PyComplex_CheckExact (C function), 116
PyComplex_FromCComplex (C function), 116
PyComplex_FromDoubles (C function), 116
PyComplex_ImagAsDouble (C function), 116
PyComplex_RealAsDouble (C function), 116
PyComplex_Type (Cvar), 116
PyComplexObject (Ctype), 116
PyConfig (Ctype), 199
PyConfig.argv (C member), 200
PyConfig.base_exec_prefix (C member), 200
PyConfig.base_executable (C member), 200
PyConfig.base_prefix (Cmember), 200
PyConfig.buffered_stdio (Cmember), 200
PyConfig.bytes_warning (C member), 201
PyConfig.check_hash_pycs_mode (C member),
201
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
202
PyConfig.
PyConfig.
PyConfig.
PyConfig.

configure_c_stdio (C member), 201
dev_mode (C member), 201

dump_refs (C member), 201
exec_prefix (C member), 201
executable (C member), 202
faulthandler (C member), 202
filesystem_encoding (C member),

filesystem_errors (C member), 202
hash_seed (C member), 202
home (C member), 203
import_time (C member), 203
PyConfig.inspect (C member), 203
PyConfig.install_signal_handlers (C mem-
ber), 203
PyConfig.interactive (C member), 203
PyConfig.isolated (C member), 203
PyConfig.legacy_windows_stdio (C member),
203
PyConfig.malloc_stats (C member), 203
PyConfig.module_search_paths (C member),
204
PyConfig.module_search_paths_set (C mem-
ber), 204
PyConfig.optimization_level (Cmember), 204
PyConfig.orig_argv (C member), 204
PyConfig.parse_argv (C member), 204

PyConfig.parser_debug (C member), 205
PyConfig.pathconfig _warnings (C member),
205

PyConfig.platlibdir (C member), 204
PyConfig.prefix (C member), 205
PyConfig.program_name (C member), 205
PyConfig.pycache_prefix (C member), 205
PyConfig.PyConfig_Clear (C function), 199

PyConfig.PyConfig_InitIsolatedConfig (C
function), 199
PyConfig.PyConfig_InitPythonConfig (C
Sfunction), 199
PyConfig.PyConfig_Read (C function), 199
PyConfig.PyConfig_SetArgv (C function), 199
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 199
PyConfig.PyConfig_SetBytesString (C func-
tion), 199
PyConfig.PyConfig_SetString (C function), 199
PyConfig.PyConfig_SetWideStringList (C
function), 199
PyConfig.pythonpath_env (C member), 204
PyConfig.quiet (C member), 205
PyConfig.run_command (C member), 206
PyConfig.run_filename (C member), 206
PyConfig.run_module (C member), 206
PyConfig.show_ref_count (C member), 206
PyConfig.site_import (C member), 206
PyConfig.skip_source_first_line (C mem-
ber), 206
PyConfig.stdio_encoding (C member), 206
PyConfig.stdio_errors (C member), 206
PyConfig.tracemalloc (C member), 207
PyConfig.use_environment (C member), 207
PyConfig.use_hash_seed (C member), 202
PyConfig.user_site_directory (C member),
207
PyConfig.verbose (C member), 207
PyConfig.warn_default_encoding (Cmember),
201
PyConfig.warnoptions (C member), 207
PyConfig.write_bytecode (C member), 208
PyConfig.xoptions (C member), 208
PyContext (C type), 165
PyContext_CheckExact (C function), 165
PyContext_Copy (C function), 165
PyContext_CopyCurrent (C function), 165
PyContext_Enter (C function), 165
PyContext_Exit (C function), 165
PyContext_New (C function), 165
PyContext_Type (C var), 165
PyContextToken (C type), 165
PyContextToken_CheckExact (C function), 165
PyContextToken_Type (C var), 165
PyContextVar (Ctype), 165
PyContextVar_CheckExact (C function), 165
PyContextVar_Get (C function), 166
PyContextVar_New (C function), 166
PyContextVar_Reset (C function), 166
PyContextVar_Set (C function), 166
PyContextVar_Type (Cvar), 165
PyCoro_CheckExact (C function), 164
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PyCoro_New (C function), 164
PyCoro_Type (Cvar), 164
PyCoroObject (C type), 164
PyDate_Check (C function), 166
PyDate_CheckExact (C function), 166
PyDate_FromDate (C function), 167
PyDate_FromTimestamp (C function), 169
PyDateTime_Check (C function), 166
PyDateTime_CheckExact (C function), 166
PyDateTime_DATE_GET_FOLD (C function), 168
PyDateTime_DATE_GET_HOUR (C function), 168
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 168
PyDateTime_DATE_GET_MINUTE (C function), 168
PyDateTime_DATE_GET_SECOND (C function), 168
PyDateTime_ DATE_GET_TZINFO (C function), 168
PyDateTime_DELTA_GET_DAYS (C function), 168
PyDateTime_DELTA_GET_MICROSECONDS (&
function), 169
PyDateTime_DELTA_GET_SECONDS (C function),

169
PyDateTime_FromDateAndTime (C function), 167
PyDateTime_FromDateAndTimeAndFold (o

function), 167
PyDateTime_FromTimestamp (C function), 169
PyDateTime_GET_DAY (C function), 168
PyDateTime_GET_MONTH (C function), 168
PyDateTime_GET_YEAR (C function), 168
PyDateTime_TIME_GET_FOLD (C function), 168
PyDateTime_TIME_GET_HOUR (C function), 168
PyDateTime_TIME_GET_MICROSECOND (C func-

tion), 168
PyDateTime_TIME_GET_MINUTE (C function), 168
PyDateTime_TIME_GET_SECOND (C function), 168
PyDateTime_TIME_GET_TZINFO (C function), 168
PyDateTime_TimeZone_UTC (C var), 166
PyDelta_Check (C function), 167
PyDelta_CheckExact (C function), 167
PyDelta_FromDSU (C function), 167
PyDescr_IsData (C function), 159
PyDescr_NewClassMethod (C function), 159
PyDescr_NewGetSet (C function), 159
PyDescr_NewMember (C function), 159
PyDescr_NewMethod (C function), 159
PyDescr_NewWrapper (C function), 159
PyDict_Check (C function), 143
PyDict_CheckExact (C function), 143
PyDict_Clear (C function), 143
PyDict_Contains (C function), 143
PyDict_Copy (C function), 143
PyDict_DelItem (C function), 143
PyDict_DelItemString (C function), 143
PyDict_GetItem (C function), 143
PyDict_GetItemString (C function), 144

PyDict_GetItemWithError (C function), 143
PyDict_TItems (C function), 144
PyDict_Keys (C function), 144
PyDict_Merge (C function), 145
PyDict_MergeFromSeq2 (C function), 145
PyDict_New (C function), 143
PyDict_Next (C function), 144
PyDict_SetDefault (C function), 144
PyDict_SetItem (C function), 143
PyDict_SetItemString (C function), 143
PyDict_Size (C function), 144
PyDict_Type (Cvar), 143
PyDict_Update (C function), 145
PyDict_Values (C function), 144
PyDictObject (Ctype), 143
PyDictProxy_New (C function), 143
PyDoc_STR (C macro), 5
PyDoc_STRVAR (C macro), 5
PyErr_BadArgument (C function), 50
PyErr_BadInternalCall (C function), 52
PyErr_CheckSignals (C function), 55
PyErr_Clear (C function), 49
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C function), 53
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C function), 53
PyErr_Format (C function), 50
PyErr_FormatV (C function), 50
PyErr_GetExcInfo (C function), 54
PyErr_GivenExceptionMatches (C function), 53
PyErr_NewException (C function), 56
PyErr_NewExceptionWithDoc (C function), 56
PyErr_NoMemory (C function), 50
PyErr_NormalizeException (C function), 54
PyErr_Occurred (C function), 53
PyErr_Occurred(),9
PyErr_Print (C function), 50
PyErr_PrintEx (C function), 49
PyErr_ResourceWarning (C function), 53
PyErr_Restore (C function), 54
PyErr_SetExcFromWindowsErr (C function), 51
PyErr_SetExcFromWindowsErrWithFilename
(C function), 51

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 51

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 51
PyErr_SetExcInfo (C function), 54
PyErr_SetFromErrno (C function), 50
PyErr_SetFromErrnoWithFilename (C func-
tion), 51
PyErr_SetFromErrnoWithFilenameObject (C
function), 51
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PyErr_SetFromErrnoWithFilenameObjects
(C function), 51
PyErr_SetFromWindowsErr (C function), 51
PyErr_SetFromWindowsErrWithFilename (C
function), 51
PyErr_SetImportError (C function), 52
PyErr_SetImportErrorSubclass (C function),
52
PyErr_SetInterrupt (C function), 55
PyErr_SetInterruptEx (C function), 55
PyErr_SetNone (C function), 50
PyErr_SetObject (C function), 50
PyErr_SetString (C function), 50
PyErr_SetString(),9
PyErr_SyntaxLocation (C function), 52
PyErr_SyntaxLocationEx (C function), 52
PyErr_SyntaxLocationObject (C function), 52
PyErr_WarnEx (C function), 52
PyErr_WarnExplicit (C function), 53
PyErr_WarnExplicitObject (C function), 52
PyErr_WarnFormat (C function), 53
PyErr_WriteUnraisable (C function), 50
PyEval_AcquireLock (C function), 185
PyEval_AcquireThread (C function), 184
PyEval_AcquireThread(), 180
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 81
PyEval_GetFrame (C function), 81
PyEval_GetFuncDesc (C function), 81
PyEval_GetFuncName (C function), 81
PyEval_GetGlobals (C function), 81
PyEval_GetLocals (C function), 81
PyEval_InitThreads (C function), 180
PyEval_InitThreads (), 174
PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseLock (C function), 185
PyEval_ReleaseThread (C function), 185
PyEval_ReleaseThread (), 180
PyEval_RestoreThread (C function), 181
PyEval_RestoreThread(), 179, 180
PyEval_SaveThread (C function), 181
PyEval_SaveThread (), 179, 180
PyEval_SetProfile (C function), 188
PyEval_SetTrace (C function), 188
PyEval_ThreadsInitialized (C function), 181
PyExc_ArithmeticError, 59
PyExc_AssertionError, 59
PyExc_AttributeError, 59
PyExc_BaseException, 59
PyExc_BlockingIOError, 59
PyExc_BrokenPipeError, 59

PyExc_BufferError, 59
PyExc_BytesWarning, 60
PyExc_ChildProcessError, 59
PyExc_ConnectionAbortedError, 59
PyExc_ConnectionError, 59
PyExc_ConnectionRefusedError, 59
PyExc_ConnectionResetError, 59
PyExc_DeprecationWarning, 60
PyExc_EnvironmentError, 60
PyExc_EOFError, 59
PyExc_Exception, 59
PyExc_FileExistsError, 59
PyExc_FileNotFoundError, 59
PyExc_FloatingPointError, 59
PyExc_FutureWarning, 60
PyExc_GeneratorExit, 59
PyExc_ImportError, 59
PyExc_ImportWarning, 60
PyExc_IndentationError, 59
PyExc_IndexError, 59
PyExc_InterruptedError, 59
PyExc_IOError, 60
PyExc_IsADirectoryError, 59
PyExc_KeyboardInterrupt, 59
PyExc_KeyError, 59
PyExc_LookupError, 59
PyExc_MemoryError, 59
PyExc_ModuleNotFoundError, 59
PyExc_NameError, 59
PyExc_NotADirectoryError, 59
PyExc_NotImplementedError, 59
PyExc_OSError, 59
PyExc_OverflowError, 59
PyExc_PendingDeprecationWarning, 60
PyExc_PermissionError, 59
PyExc_ProcessLookupError, 59
PyExc_RecursionError, 59
PyExc_ReferenceError, 59
PyExc_ResourceWarning, 60
PyExc_RuntimeError, 59
PyExc_RuntimeWarning, 60
PyExc_StopAsynclteration, 59
PyExc_StopIteration, 59
PyExc_SyntaxError, 59
PyExc_SyntaxWarning, 60
PyExc_SystemError, 59
PyExc_SystemExit, 59
PyExc_TabError, 59
PyExc_TimeoutError, 59
PyExc_TypeError, 59
PyExc_UnboundLocalError, 59
PyExc_UnicodeDecodeError, 59
PyExc_UnicodeEncodeError, 59
PyExc_UnicodeError, 59
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PyExc_UnicodeTranslateError, 59
PyExc_UnicodeWarning, 60
PyExc_UserWarning, 60
PyExc_ValueError, 59

PyExc_Warning, 60
PyExc_WindowsError, 60
PyExc_ZeroDivisionError, 59
PyException_GetCause (C function), 56
PyException_GetContext (C function), 56
PyException_GetTraceback (C function), 56
PyException_SetCause (C function), 56
PyException_SetContext (C function), 56
PyException_SetTraceback (C function), 56
PyFile_FromFd (C function), 150
PyFile_GetLine (C function), 150
PyFile_SetOpenCodeHook (C function), 150
PyFile_WriteObject (C function), 151
PyFile_WriteString (C function), 151
PyFloat_AS_DOUBLE (C function), 115
PyFloat_AsDouble (C function), 115
PyFloat_Check (C function), 114
PyFloat_CheckExact (C function), 114
PyFloat_FromDouble (C function), 114
PyFloat_FromString (C function), 114
PyFloat_GetInfo (C function), 115
PyFloat_GetMax (C function), 115
PyFloat_GetMin (C function), 115
PyFloat_Type (Cvar), 114
PyFloatObject (Ctype), 114
PyFrame_GetBack (C function), 81
PyFrame_GetCode (C function), 81
PyFrame_GetLineNumber (C function), 81
PyFrameObject (Ctype), 44
PyFrozenSet_Check (C function), 145
PyFrozenSet_CheckExact (C function), 146
PyFrozenSet_New (C function), 146
PyFrozenSet_Type (Cvar), 145
PyFunction_Check (C function), 147
PyFunction_GetAnnotations (C function), 147
PyFunction_GetClosure (C function), 147
PyFunction_GetCode (C function), 147
PyFunction_GetDefaults (C function), 147
PyFunction_GetGlobals (C function), 147
PyFunction_GetModule (C function), 147
PyFunction_New (C function), 147
PyFunction_NewWithQualName (C function), 147
PyFunction_SetAnnotations (C function), 148
PyFunction_SetClosure (C function), 147
PyFunction_SetDefaults (C function), 147
PyFunction_Type (Cvar), 147
PyFunctionObject (C type), 147
PyGC_Collect (C function), 269
PyGC_Disable (C function), 269
PyGC_Enable (C function), 269

PyGC_IsEnabled (C function), 269
PyGen_Check (C function), 164
PyGen_CheckExact (C function), 164
PyGen_New (C function), 164
PyGen_NewWithQualName (C function), 164
PyGen_Type (Cvar), 164
PyGenObject (C type), 164
PyGetSetDef (C type), 231
PyGILState_Check (C function), 182
PyGILState_Ensure (C function), 181
PyGILState_GetThisThreadState (C function),
182
PyGILState_Release (C function), 182
PyImport_AddModule (C function), 69
PyImport_AddModuleObject (C function), 69
PyImport_AppendInittab (C function), 71
PyImport_ExecCodeModule (C function), 69
PyImport_ExecCodeModuleEx (C function), 69
PyImport_ExecCodeModuleObject (C function),
69
PyImport_ExecCodeModuleWithPathnames (C
function), 69
PyImport_ExtendInittab (C function), 71
PyImport_FrozenModules (C var), 70
PyImport_GetImporter (C function), 70
PyImport_GetMagicNumber (C function), 70
PyImport_GetMagicTag (C function), 70
PyImport_GetModule (C function), 70
PyImport_GetModuleDict (C function), 70
PyImport_Import (C function), 68
PyImport_ImportFrozenModule (C function), 70
PyImport_ImportFrozenModuleObject (c
function), 70
PyImport_ImportModule (C function), 68
PyImport_ImportModuleEx (C function), 68
PyImport_ImportModuleLevel (C function), 68
PyImport_ImportModuleLevelObject (C func-
tion), 68
PyImport_ImportModuleNoBlock (C function),
68
PyImport_ReloadModule (C function), 69
PyIndex_Check (C function), 96
PyInstanceMethod_Check (C function), 148
PyInstanceMethod_Function (C function), 148
PyInstanceMethod_GET_FUNCTION (C function),
148
PyInstanceMethod_New (C function), 148
PyInstanceMethod_Type (Cvar), 148
PyInterpreterState (Ctype), 180
PyInterpreterState_Clear (C function), 182
PyInterpreterState_Delete (C function), 183
PyInterpreterState_Get (C function), 183
PyInterpreterState_GetDict (C function), 184
PyInterpreterState_GetID (C function), 183

e ]
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PyInterpreterState_Head (C function), 189
PyInterpreterState_Main (C function), 189
PyInterpreterState_New (C function), 182
PyInterpreterState_Next (C function), 189
PyInterpreterState_ThreadHead (C function),
189
PyIter_Check (C function), 99
PyIter_Next (C function), 99
PyIter_Send (C function), 99
PyList_Append (C function), 142
PyList_AsTuple (C function), 142
PyList_Check (C function), 141
PyList_CheckExact (C function), 141
PyList_GET_ITEM (C function), 142
PyList_GET_SIZE (C function), 141
PyList_GetItem (C function), 141
PyList_GetItem(), 8
PyList_GetSlice (C function), 142
PyList_Insert (C function), 142
PyList_New (C function), 141
PyList_Reverse (C function), 142
PyList_SET_ITEM (C function), 142
PyList_SetItem (C function), 142
PyList_SetItem(),7
PyList_SetSlice (C function), 142
PyList_Size (C function), 141
PyList_Sort (C function), 142
PyList_Type (Cvar), 141
PyListObject (Ctype), 141
PyLong_AsDouble (C function), 113
PyLong_AsLong (C function), 112
PyLong_AsLongAndOverflow (C function), 112
PyLong_AsLongLong (C function), 112
PyLong_AsLongLongAndOverflow (C function),
112
PyLong_AsSize_t (C function), 113
PyLong_AsSsize_t (C function), 113
PyLong_AsUnsignedLong (C function), 113
PyLong_AsUnsignedLongLong (C function), 113
PyLong_AsUnsignedLongLongMask (C function),
113
PyLong_AsUnsignedLongMask (C function), 113
PyLong_AsVoidPtr (C function), 114
PyLong_Check (C function), 111
PyLong_CheckExact (C function), 111
PyLong_FromDouble (C function), 112
PyLong_FromLong (C function), 111
PyLong_FromLongLong (C function), 111
PyLong_FromSize_t (C function), 111
PyLong_FromSsize_t (C function), 111
PyLong_FromString (C function), 112
PyLong_FromUnicodeObject (C function), 112
PyLong_FromUnsignedLong (C function), 111
PyLong_FromUnsignedLongLong (C function), 111

PyLong_FromVoidPtr (C function), 112
PyLong_Type (Cvar), 111
PyLongObject (Ctype), 111
PyMapping_Check (C function), 98
PyMapping_DelItem (C function), 98
PyMapping_DelItemString (C function), 98
PyMapping_GetItemString (C function), 98
PyMapping_HasKey (C function), 98
PyMapping_HasKeyString (C function), 98
PyMapping_TItems (C function), 99
PyMapping_Keys (C function), 98
PyMapping_Length (C function), 98
PyMapping_SetItemString (C function), 98
PyMapping_Size (C function), 98
PyMapping_Values (C function), 98
PyMappingMethods (C type), 260
PyMappingMethods.mp_ass_subscript c
member), 260
PyMappingMethods.mp_length (C member), 260
PyMappingMethods.mp_subscript (C member),
260
PyMarshal_ReadLastObjectFromFile (C func-
tion), 72
PyMarshal_ReadLongFromFile (C function), 71
PyMarshal_ReadObjectFromFile (C function),
72
PyMarshal_ReadObjectFromString (C func-
tion), 72
PyMarshal_ReadShortFromFile (C function), 72
PyMarshal_WriteLongToFile (C function), 71
PyMarshal_WriteObjectToFile (C function), 71
PyMarshal_WriteObjectToString (C function),
71
PyMem_Calloc (C function), 217
PyMem_Del (C function), 218
PyMem_Free (C function), 217
PyMem_GetAllocator (C function), 220
PyMem_Malloc (C function), 217
PyMem_New (C function), 218
PyMem_RawCalloc (C function), 216
PyMem_RawFree (C function), 217
PyMem_RawMalloc (C function), 216
PyMem_RawRealloc (C function), 216
PyMem_Realloc (C function), 217
PyMem_Resize (C function), 218
PyMem_SetAllocator (C function), 220
PyMem_SetupDebugHooks (C function), 221
PyMemAllocatorDomain (C type), 220
PyMemAllocatorDomain.PYMEM_DOMAIN_MEM
(C macro), 220
PyMemAllocatorDomain.PYMEM_DOMAIN_OBJ
(C macro), 220
PyMemAllocatorDomain.PYMEM DOMAIN_RAW
(C macro), 220
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PyMemAllocatorEx (C type), 219
PyMember_GetOne (C function), 231
PyMember_SetOne (C function), 231
PyMemberDef (C type), 230
PyMemoryView_Check (C function), 161
PyMemoryView_FromBuffer (C function), 161
PyMemoryView_FromMemory (C function), 161
PyMemoryView_FromObject (C function), 161
PyMemoryView_GET_BASE (C function), 161
PyMemoryView_GET_BUFFER (C function), 161
PyMemoryView_GetContiguous (C function), 161
PyMethod_Check (C function), 148
PyMethod_Function (C function), 148
PyMethod_GET_FUNCTION (C function), 148
PyMethod_GET_SELF (C function), 148
PyMethod_New (C function), 148
PyMethod_Self (C function), 148
PyMethod_Type (Cvar), 148

PyMethodDef (C type), 228

PyMethodDef .ml_doc (C member), 229
PyMethodDef .ml_flags (C member), 228
PyMethodDef .ml_meth (C member), 228
PyMethodDef .ml_name (C member), 228
PyModule_AddFunctions (C function), 155
PyModule_AddIntConstant (C function), 157
PyModule_AddIntMacro (C function), 157
PyModule_AddObject (C function), 156
PyModule_AddObjectRef (C function), 156
PyModule_AddStringConstant (C function), 157
PyModule_AddStringMacro (C function), 157
PyModule_AddType (C function), 157
PyModule_Check (C function), 151
PyModule_CheckExact (C function), 151
PyModule_Create (C function), 153
PyModule_Create?2 (C function), 153
PyModule_ExecDef (C function), 155
PyModule_FromDefAndSpec (C function), 155
PyModule_FromDefAndSpec?2 (C function), 155
PyModule_GetDef (C function), 152
PyModule_GetDict (C function), 151
PyModule_GetFilename (C function), 152
PyModule_GetFilenameObject (C function), 152
PyModule_GetName (C function), 152
PyModule_GetNameObject (C function), 151
PyModule_GetState (C function), 152
PyModule_New (C function), 151
PyModule_NewObject (C function), 151
PyModule_SetDocString (C function), 155
PyModule_Type (Cvar), 151

PyModuleDef (C type), 152
PyModuleDef_Init (C function), 154
PyModuleDef_Slot (Ctype), 154
PyModuleDef_Slot.slot (C member), 154
PyModuleDef_Slot.value (Cmember), 154

PyModuleDef .m_base (C member), 152
PyModuleDef.m_clear (C member), 153
PyModuleDef .m_doc (C member), 152
PyModuleDef .m_free (C member), 153
PyModuleDef .m_methods (C member), 152
PyModuleDef .m_name (C member), 152
PyModuleDef .m_size (C member), 152
PyModuleDef .m_slots (C member), 153
PyModuleDef.m_slots.m_reload (C member),
153
PyModuleDef .m_traverse (C member), 153
PyNumber_Absolute (C function), 94
PyNumber_Add (C function), 93
PyNumber_And (C function), 94
PyNumber_AsSsize_t (C function), 96
PyNumber_Check (C function), 93
PyNumber_Divmod (C function), 94
PyNumber_Float (C function), 95
PyNumber_FloorDivide (C function), 93
PyNumber_Index (C function), 95
PyNumber_InPlaceAdd (C function), 94
PyNumber_InPlaceAnd (C function), 95
PyNumber_InPlaceFloorDivide (C function), 95
PyNumber_InPlaceLshift (C function), 95
PyNumber_InPlaceMatrixMultiply (C func-
tion), 95
PyNumber_InPlaceMultiply (C function), 95
PyNumber_InPlaceOr (C function), 95
PyNumber_InPlacePower (C function), 95
PyNumber_InPlaceRemainder (C function), 95
PyNumber_InPlaceRshift (C function), 95
PyNumber_InPlaceSubtract (C function), 94
PyNumber_InPlaceTrueDivide (C function), 95
PyNumber_InPlaceXor (C function), 95
PyNumber_Invert (C function), 94
PyNumber_Long (C function), 95
PyNumber_Lshift (C function), 94
PyNumber_MatrixMultiply (C function), 93
PyNumber_Multiply (C function), 93
PyNumber_Negative (C function), 94
PyNumber_Or (C function), 94
PyNumber_Positive (C function), 94
PyNumber_Power (C function), 94
PyNumber_Remainder (C function), 94
PyNumber_Rshift (C function), 94
PyNumber_Subtract (C function), 93
PyNumber_ToBase (C function), 96
PyNumber_TrueDivide (C function), 94
PyNumber_Xor (C function), 94
PyNumberMethods (C type), 258
PyNumberMethods.nb_absolute (Cmember), 259
PyNumberMethods .nb_add (C member), 259
PyNumberMethods.nb_and (C member), 259
PyNumberMethods .nb_bool (C member), 259
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PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 259
PyNumberMethods
PyNumberMethods

.nb_divmod (C member), 259
.nb_float (C member), 259
.nb_floor_divide (C mem-

.nb_index (C member), 259
.nb_inplace_add (Cmember),

259
PyNumberMethods
259
PyNumberMethods.nb_inplace_floor_divide
(C member), 259
PyNumberMethods.nb_inplace_lshift
member), 259

.nb_inplace_and (Cmember),

(@

PyObject_AsWriteBuffer (C function), 106
PyObject_Bytes (C function), 87
PyObject_Call (C function), 91
PyObject_CallFunction (C function), 91
PyObject_CallFunctionObjArgs (C function),
92
PyObject_CallMethod (C function), 92
PyObject_CallMethodNoArgs (C function), 92
PyObject_CallMethodObjArgs (C function), 92
PyObject_CallMethodOneArqg (C function), 92
PyObject_CallNoArgs (C function), 91
PyObject_CallObject (C function), 91
PyObject_Calloc (C function), 218

PyNumberMethods.nb_inplace_matrix_multipRPyObject_CallOneArg (C function), 91

(C member), 260
PyNumberMethods.nb_inplace_multiply (C
member), 259
PyNumberMethods.nb_inplace_or (C member),
259
PyNumberMethods.nb_inplace_power (C mem-
ber), 259
PyNumberMethods.nb_inplace_remainder (C
member), 259
PyNumberMethods.nb_inplace_rshift
member), 259
PyNumberMethods.nb_inplace_subtract
member), 259
PyNumberMethods.nb_inplace_true_divide
(C member), 259
PyNumberMethods.nb_inplace_xor (Cmember),

(c

(C

259
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
259
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
259

PyNumberMethods.

.nb_int (C member), 259
.nb_invert (C member), 259
.nb_1shift (C member), 259
.nb_matrix_multiply
member), 260

.nb_multiply (Cmember), 259
.nb_negative (C member), 259
.nb_or (C member), 259
.nb_positive (Cmember), 259
.nb_power (C member), 259
.nb_remainder (C member),

(C

.nb_reserved (C member), 259
.nb_rshift (C member), 259

.nb_subtract (C member), 259
.nb_true_divide (Cmember),

nb_xor (C member), 259

PyObject (C type), 226
PyObject_AsCharBuffer (C function), 106
PyObject_ASCII (C function), 87
PyObject_AsFileDescriptor (C function), 150
PyObject_AsReadBuffer (C function), 106

PyObject_CheckBuffer (C function), 105
PyObject_CheckReadBuffer (C function), 106
PyObject_ClearWeakRefs (C function), 162
PyObject_Del (C function), 225
PyObject_DelAttr (C function), 86
PyObject_DelAttrString (C function), 86
PyObject_DelItemn (C function), 88
PyObject_Dir (C function), 88
PyObject_Format (C function), 87
PyObject_Free (C function), 219
PyObject_GC_Del (C function), 268
PyObject_GC_IsFinalized (C function), 268
PyObject_GC_IsTracked (C function), 268
PyObject_GC_New (C function), 267
PyObject_GC_NewVar (C function), 267
PyObject_GC_Resize (C function), 267
PyObject_GC_Track (C function), 267
PyObject_GC_UnTrack (C function), 268
PyObject_GenericGetAttr (C function), 86
PyObject_GenericGetDict (C function), 86
PyObject_GenericSetAttr (C function), 86
PyObject_GenericSetDict (C function), 86
PyObject_GetAIter (C function), 88
PyObject_GetArenaAllocator (C function), 223
PyObject_GetAttr (C function), 85
PyObject_GetAttrString (C function), 86
PyObject_GetBuffer (C function), 105
PyObject_GetItem (C function), 88
PyObject_GetIter (C function), 88
PyObject_HasAttr (C function), 85
PyObject_HasAttrString (C function), 85
PyObject_Hash (C function), 87
PyObject_HashNotImplemented (C function), 87
PyObject_HEAD (C macro), 226
PyObject_HEAD_INIT (C macro), 227
PyObject_Init (C function), 225
PyObject_InitVar (C function), 225
PyObject_IS_GC (C function), 268
PyObject_IsInstance (C function), 87
PyObject_IsSubclass (C function), 87
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PyObject_IsTrue (C function), 88
PyObject_Length (C function), 88
PyObject_LengthHint (C function), 88
PyObject_Malloc (C function), 218
PyObject_New (C function), 225
PyObject_NewVar (C function), 225
PyObject_Not (C function), 88
PyObject._ob_next (C member), 239
PyObject._ob_prev (C member), 239
PyObject_Print (C function), 85
PyObject_Realloc (C function), 218
PyObject_Repr (C function), 87
PyObject_RichCompare (C function), 86
PyObject_RichCompareBool (C function), 86
PyObject_SetArenaAllocator (C function), 223
PyObject_SetAttr (C function), 86
PyObject_SetAttrString (C function), 86
PyObject_SetItem (C function), 88
PyObject_Size (C function), 88
PyObject_Str (C function), 87
PyObject_Type (C function), 88
PyObject_TypeCheck (C function), 88
PyObject_VAR_HEAD (C macro), 226
PyObject_Vectorcall (C function), 92
PyObject_VectorcallDict (C function), 92
PyObject_VectorcallMethod (C function), 93
PyObjectArenaAllocator (Ctype), 222
PyObject.ob_refecnt (C member), 238
PyObject.ob_type (C member), 238
PyOS_AfterFork (C function), 64
PyOS_AfterFork_Child (C function), 64
PyOS_AfterFork_Parent (C function), 63
PyOS_BeforeFork (C function), 63
PyOS_CheckStack (C function), 64
PyOS_double_to_string (C function), 80
PyOS_FSPath (C function), 63
PyOS_getsig (C function), 64
PyOS_InputHook (Cvar), 42
PyOS_ReadlineFunctionPointer (Cvar), 42
PyOS_setsig (C function), 64
PyOS_snprintf (C function), 79
PyOS_stricmp (C function), 80
PyOS_string_to_double (C function), 80
PyOS_strnicmp (C function), 80
PyOS_vsnprintf (C function), 79
PyPreConfig (Ctype), 196
PyPreConfig.allocator (C member), 196
PyPreConfig.coerce_c_locale (C member), 196
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 197
PyPreConfig.configure_locale (C member),
196
PyPreConfig.dev_mode (C member), 197
PyPreConfig.isolated (C member), 197

PyPreConfig.legacy_windows_fs_encoding
(C member), 197
PyPreConfig.parse_argv (C member), 197

PyPreConfig.PyPreConfig InitIsolatedConfig

(C function), 196

PyPreConfig.PyPreConfig_InitPythonConfig

(C function), 196
PyPreConfig.use_environment (Cmember), 197
PyPreConfig.utf8_mode (C member), 197
PyProperty_Type (Cvar), 159
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 41
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
PyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (Ctype), 99
PySeqlter_Check (C function), 158
PySeqlter_New (C function), 158
PySeqlter_Type (Cvar), 158
PySequence_Check (C function), 96
PySequence_Concat (C function), 96
PySequence_Contains (C function), 97
PySequence_Count (C function), 97
PySequence_DelItem (C function), 97
PySequence_DelSlice (C function), 97
PySequence_Fast (C function), 97
PySequence_Fast_GET_ITEM (C function), 97
PySequence_Fast_GET_SIZE (C function), 97
PySequence_Fast_ITEMS (C function), 97
PySequence_GetItem (C function), 96
PySequence_GetItem(), 8
PySequence_GetSlice (C function), 96
PySequence_Index (C function), 97
PySequence_InPlaceConcat (C function), 96
PySequence_InPlaceRepeat (C function), 96
PySequence_ITEM (C function), 98
PySequence_Length (C function), 96
PySequence_List (C function), 97
PySequence_Repeat (C function), 96
PySequence_SetItem (C function), 97
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PySequence_SetSlice (C function), 97
PySequence_Size (C function), 96
PySequence_Tuple (C function), 97
PySequenceMethods (C type), 260
PySequenceMethods.sq _ass_item (C member),
260
PySequenceMethods.
PySequenceMethods.
261
PySequenceMethods.
member), 261
PySequenceMethods.
member), 261
PySequenceMethods.

sq_concat (C member), 260
sq_contains (C member),

sq_inplace_concat (C
sqg_inplace_repeat (C

sq_item (C member), 260
PySequenceMethods.sq length (Cmember), 260
PySequenceMethods.sq_ repeat (C member), 260
PySet_Add (C function), 146
PySet_Check (C function), 145
PySet_CheckExact (C function), 146
PySet_Clear (C function), 146
PySet_Contains (C function), 146
PySet_Discard (C function), 146
PySet_GET_SIZE (C function), 146
PySet_New (C function), 146
PySet_Pop (C function), 146
PySet_Size (C function), 146
PySet_Type (Cvar), 145
PySetObject (C type), 145
PySignal_SetWakeupFd (C function), 55
PySlice_AdjustIndices (C function), 160
PySlice_Check (C function), 159
PySlice_GetIndices (C function), 159
PySlice_GetIndicesEx (C function), 159
PySlice_New (C function), 159
PySlice_Type (Cvar), 159
PySlice_Unpack (C function), 160
PyState_AddModule (C function), 158
PyState_FindModule (C function), 158
PyState_RemoveModule (C function), 158
PyStatus (C type), 195
PyStatus.err_msqg (C member), 195
PyStatus.exitcode (C member), 195
PyStatus. func (C member), 195
PyStatus.Py_ExitStatusException (C func-
tion), 195
PyStatus.PyStatus_Error (C function), 195
PyStatus.PyStatus_Exception (C function), 195
PyStatus.PyStatus_Exit (C function), 195
PyStatus.PyStatus_IsError (C function), 195
PyStatus.PyStatus_IsExit (C function), 195
PyStatus.PyStatus_NoMemory (C function), 195
PyStatus.PyStatus_0Ok (C function), 195
PyStructSequence_Desc (C type), 140
PyStructSequence_Field (C type), 140

PyStructSequence_GET_ITEM (C function), 141
PyStructSequence_GetItem (C function), 141
PyStructSequence_InitType (C function), 140
PyStructSequence_InitType?2 (C function), 140
PyStructSequence_New (C function), 141
PyStructSequence_NewType (C function), 140
PyStructSequence_SET_ITEM (C function), 141
PyStructSequence_SetItem (C function), 141
PyStructSequence_UnnamedField (Cvar), 141
PySys_AddAuditHook (C function), 67
PySys_AddWarnOption (C function), 66
PySys_AddWarnOptionUnicode (C function), 66
PySys_AddXOption (C function), 66
PySys_Audit (C function), 67
PySys_FormatStderr (C function), 66
PySys_FormatStdout (C function), 66
PySys_GetObject (C function), 66
PySys_GetXOptions (C function), 67
PySys_ResetWarnOptions (C function), 66
PySys_SetArgv (C function), 178
PySys_SetArgv (), 174
PySys_SetArgvEx (C function), 177
PySys_SetArgvEx (), 11,174
PySys_SetObject (C function), 66
PySys_SetPath (C function), 66
PySys_WriteStderr (C function), 66
PySys_WriteStdout (C function), 66
Python 3000, 283
Python Enhancement Proposals

PEP 1,283

PEP 7,3,5

PEP 238,45,277

PEP 278,285

PEP 302,277,281

PEP 343,275

PEP 353,9

PEP 362,274,282

PEP 383,128,129

PEP 387,13

PEP 393,119, 127

PEP 411,283

PEP 420,277, 282,283

PEP 432,212

PEP 442,257

PEP 443,278

PEP 451, 154,277

PEP 483,278

PEP 484,273,278, 285, 286

PEP 492,274,276

PEP 498,277

PEP 519,283

PEP 523,184

PEP 525,274

PEP 526,273,286
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PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

528,173,203
529,129,173
538,210
539, 189
540,210
552,201
578, 67
585,278
587, 193
590, 89
623,120
634,247
3116, 285
3119,87
3121, 152
3147,70

PEP 3151, 60

PEP 3155, 284
PYTHON*, 173
PYTHONCOERCECLOCALE, 210
PYTHONDEBUG, 172, 205
PYTHONDONTWRITEBYTECODE, 172, 208
PYTHONDUMPREF'S, 201, 239
PYTHONEXECUTABLE, 205
PYTHONFAULTHANDLER, 202
PYTHONHASHSEED, 173, 202
PYTHONHOME, 11, 173, 178, 203
Pythonic (Python JE#H) , 283
PYTHONINSPECT, 173, 203
PYTHONIOENCODING, 175,207
PYTHONLEGACYWINDOWSFSENCODING, 173, 197
PYTHONLEGACYWINDOWSSTDIO, 173, 203
PYTHONMALLOC, 216, 219, 221

PYTHONMALLOC" (f Ho:

" "PYTHONMALLOC=malloc", 222
PYTHONMALLOCSTATS, 204, 216
PYTHONNOUSERSITE, 173, 207
PYTHONOPTIMIZE, 173, 204
PYTHONPATH, 11, 173,204
PYTHONPLATLIBDIR, 204
PYTHONPROFILEIMPORTTIME, 203
PYTHONPYCACHEPREFIX, 205
PYTHONTRACEMALLOC, 207
PYTHONUNBUFFERED, 174, 200
PYTHONUTFS, 197,210
PYTHONVERBOSE, 174, 207
PYTHONWARNINGS, 207
PyThread_create_key (C function), 191
PyThread_delete_key (C function), 191
PyThread_delete_key_value (C function), 191
PyThread_get_key_value (C function), 191
PyThread_ReInitTLS (C function), 191
PyThread_set_key_value (C function), 191
PyThread_tss_alloc (C function), 190

PyThread_tss_create (C function), 190
PyThread_tss_delete (C function), 190
PyThread_tss_free (C function), 190
PyThread_tss_get (C function), 190
PyThread_tss_is_created (C function), 190
PyThread_tss_set (C function), 190
PyThreadState, 178
PyThreadState (C type), 180
PyThreadState_Clear (C function), 183
PyThreadState_Delete (C function), 183
PyThreadState_DeleteCurrent (C function), 183
PyThreadState_Get (C function), 181
PyThreadState_GetDict (C function), 184
PyThreadState_GetFrame (C function), 183
PyThreadState_GetID (C function), 183
PyThreadState_GetInterpreter (C function),
183
PyThreadState_New (C function), 183
PyThreadState_Next (C function), 189
PyThreadState_SetAsyncExc (C function), 184
PyThreadState_Swap (C function), 181
PyTime_Check (C function), 166
PyTime_CheckExact (C function), 167
PyTime_FromTime (C function), 167
PyTime_FromTimeAndFold (C function), 167
PyTimeZone_FromOffset (C function), 167
PyTimeZone_FromOffsetAndName (C function),
167
PyTrace_C_CALL (C var), 188
PyTrace_C_EXCEPTION (C var), 188
PyTrace_C_RETURN (C var), 188
PyTrace_CALL (Cvar), 187
PyTrace_EXCEPTION (C var), 188
PyTrace_LINE (Cvar), 188
PyTrace_OPCODE (C var), 188
PyTrace_RETURN (C var), 188
PyTraceMalloc_Track (C function), 223
PyTraceMalloc_Untrack (C function), 223
PyTuple_Check (C function), 139
PyTuple_CheckExact (C function), 139
PyTuple_GET_ITEM (C function), 139
PyTuple_GET_SIZE (C function), 139
PyTuple_GetItem (C function), 139
PyTuple_GetSlice (C function), 139
PyTuple_New (C function), 139
PyTuple_Pack (C function), 139
PyTuple_SET_ITEM (C function), 140
PyTuple_SetItem (C function), 139
PyTuple_SetItem(),7
PyTuple_Size (C function), 139
PyTuple_Type (Cvar), 139
PyTupleObject (C type), 139
PyType_Check (C function), 107
PyType_CheckExact (C function), 107
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PyType_ClearCache (C function), 107
PyType_FromModuleAndSpec (C function), 109
PyType_FromSpec (C function), 109
PyType_FromSpecWithBases (C function), 109
PyType_GenericAlloc (C function), 108
PyType_GenericNew (C function), 108
PyType_GetFlags (C function), 107
PyType_GetModule (C function), 108
PyType_GetModuleState (C function), 109
PyType_GetSlot (C function), 108
PyType_HasFeature (C function), 108
PyType_IS_GC (C function), 108
PyType_IsSubtype (C function), 108
PyType_Modified (C function), 108
PyType_Ready (C function), 108
PyType_Slot (Ctype), 110
PyType_Slot.PyType_Slot.pfunc (C member),
110
PyType_Slot.PyType_Slot.
110
PyType_Spec (C type), 109
PyType_Spec.PyType_Spec.
member), 109
PyType_Spec.PyType_Spec.

slot (C member),

(«©

basicsize

flags (C member),

109
PyType_Spec.PyType_Spec.itemsize (C mem-
ber), 109
PyType_Spec.PyType_Spec.name (C member),
109
PyType_Spec.PyType_Spec.slots (C member),
109

PyType_Type (Cvar), 107
PyTypeObject (C type), 107

PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

.tp_~free (C member), 254
.tp_getattr (C member), 241
.tp_getattro (C member), 243
tp_getset (C member), 251
.tp_hash (C member), 242
.tp_init (C member), 253
.tp_is_gc (C member), 255
.tp_itemsize (C member), 240
tp_iter (C member), 250
.tp_iternext (C member), 251
.tp_members (C member), 251
.tp_methods (C member), 251
.tp_mro (C member), 255
.tp_name (C member), 239
.tp_new (C member), 254
.tp_repr (C member), 242

.tp_richcompare (C member), 249
.tp_richcompare.Py_RETURN_RICHCOMPARE

(C macro), 250

PyTypeObject
PyTypeObject
PyTypeObject

.tp_setattr (C member), 241
.tp_setattro (C member), 244
.tp_str (C member), 243

PyTypeObject.tp_subclasses (C member), 256
PyTypeObject.tp_traverse (C member), 247
PyTypeObject.tp_vectorcall (C member), 257
PyTypeObject.tp_vectorcall_offset (c
member), 241
PyTypeObject.tp_version_tag (Cmember), 256
PyTypeObject.tp_weaklist (C member), 256
PyTypeObject.tp_weaklistoffset (Cmember),
250
PyTZInfo_Check (C function), 167
PyTZInfo_CheckExact (C function), 167

PyTypeObject.tp_alloc (C member), 254 PyUnicode_1BYTE_DATA (C function), 121
PyTypeObject.tp_as_async (C member), 242 PyUnicode_1BYTE_KIND (C macro), 121
PyTypeObject.tp_as_buffer (C member), 244 PyUnicode_2BYTE_DATA (C function), 121
PyTypeObject.tp_as_mapping (Cmember),242  PyUnicode_2BYTE_KIND (C macro), 121
PyTypeObject.tp_as_number (C member), 242 PyUnicode_4BYTE_DATA (C function), 121
PyTypeObject.tp_as_sequence (Cmember),242 PyUnicode_4BYTE_KIND (C macro), 121
PyTypeObject.tp_base (C member), 251 PyUnicode_AS_DATA (C function), 122
PyTypeObject.tp_bases (C member), 255 PyUnicode_AS_UNICODE (C function), 122
PyTypeObject.tp_basicsize (C member), 240 PyUnicode_AsASCIIString (C function), 135
PyTypeObject.tp_cache (C member), 255 PyUnicode_AsCharmapString (C function), 136
PyTypeObject.tp_call (C member), 243 PyUnicode_AsEncodedString (C function), 131
PyTypeObject.tp_clear (C member), 248 PyUnicode_AsLatinlString (C function), 135
PyTypeObject.tp_dealloc (C member), 240 PyUnicode_AsMBCSString (C function), 137
PyTypeObject.tp_del (C member), 256 PyUnicode_AsRawUnicodeEscapeString (C
PyTypeObject.tp_descr_get (C member), 252 function), 135
PyTypeObject.tp_descr_set (C member), 252 PyUnicode_AsUCS4 (C function), 126
PyTypeObject.tp_dict (C member), 252 PyUnicode_AsUCS4Copy (C function), 126
PyTypeObject.tp_dictoffset (Cmember),253 PyUnicode_AsUnicode (C function), 127
PyTypeObject.tp_doc (C member), 247 PyUnicode_AsUnicodeAndSize (C function), 127
PyTypeObject.tp_~finalize (C member), 256 PyUnicode_AsUnicodeEscapeString (C func-
PyTypeObject.tp_flags (C member), 244 tion), 134

326 ]|



The Python/C API, £[F 3.10.13

PyUnicode_AsUTFS8 (C function), 132
PyUnicode_AsUTF8AndSize (C function), 131
PyUnicode_AsUTF8String (C function), 131
PyUnicode_AsUTF16String (C function), 133
PyUnicode_AsUTF32String (C function), 132
PyUnicode_AsWideChar (C function), 130
PyUnicode_AsWideCharString (C function), 130
PyUnicode_Check (C function), 120
PyUnicode_CheckExact (C function), 120
PyUnicode_Compare (C function), 138
PyUnicode_CompareWithASCIIString (C func-
tion), 138
PyUnicode_Concat (C function), 137
PyUnicode_Contains (C function), 138
PyUnicode_CopyCharacters (C function), 126
PyUnicode_Count (C function), 138
PyUnicode_DATA (C function), 121
PyUnicode_Decode (C function), 131
PyUnicode_DecodeASCII (C function), 135
PyUnicode_DecodeCharmap (C function), 136
PyUnicode_DecodeFSDefault (C function), 129
PyUnicode_DecodeFSDefaultAndSize (C func-
tion), 129
PyUnicode_DecodeLatinl (C function), 135
PyUnicode_DecodeLocale (C function), 128
PyUnicode_DecodeLocaleAndSize (C function),
128
PyUnicode_DecodeMBCS (C function), 137
PyUnicode_DecodeMBCSStateful (C function),
137
PyUnicode_DecodeRawUnicodeEscape (C func-
tion), 135
PyUnicode_DecodeUnicodeEscape (C function),
134
PyUnicode_DecodeUTF7 (C function), 134
PyUnicode_DecodeUTF7Stateful (C function),
134
PyUnicode_DecodeUTF8 (C function), 131
PyUnicode_DecodeUTF8Stateful (C function),
131
PyUnicode_DecodeUTF16 (C function), 133
PyUnicode_DecodeUTF16Stateful (C function),
133
PyUnicode_DecodeUTF32 (C function), 132
PyUnicode_DecodeUTF32Stateful (C function),
132
PyUnicode_Encode (C function), 131
PyUnicode_EncodeASCII (C function), 135
PyUnicode_EncodeCharmap (C function), 136
PyUnicode_EncodeCodePage (C function), 137
PyUnicode_EncodeFSDefault (C function), 129
PyUnicode_EncodeLatinl (C function), 135
PyUnicode_EncodeLocale (C function), 128
PyUnicode_EncodeMBCS (C function), 137

PyUnicode_EncodeRawUnicodeEscape (C func-

tion), 135
PyUnicode_EncodeUnicodeEscape (C function),
134

PyUnicode_EncodeUTF7 (C function), 134
PyUnicode_EncodeUTF8 (C function), 132
PyUnicode_EncodeUTF16 (C function), 133
PyUnicode_EncodeUTF32 (C function), 132
PyUnicode_Fill (C function), 126
PyUnicode_Find (C function), 138
PyUnicode_FindChar (C function), 138
PyUnicode_Format (C function), 138
PyUnicode_FromEncodedObject (C function), 125
PyUnicode_FromFormat (C function), 124
PyUnicode_FromFormatV (C function), 125
PyUnicode_FromKindAndData (C function), 124
PyUnicode_FromObject (C function), 127
PyUnicode_FromString (C function), 124
PyUnicode_FromString (), 143
PyUnicode_FromStringAndSize (C function), 124
PyUnicode_FromUnicode (C function), 127
PyUnicode_FromWideChar (C function), 130
PyUnicode_FSConverter (C function), 129
PyUnicode_FSDecoder (C function), 129
PyUnicode_GET_DATA_SIZE (C function), 122
PyUnicode_GET_LENGTH (C function), 121
PyUnicode_GET_SIZE (C function), 122
PyUnicode_GetLength (C function), 126
PyUnicode_GetSize (C function), 127
PyUnicode_InternFromString (C function), 139
PyUnicode_InternInPlace (C function), 139
PyUnicode_IsIdentifier (C function), 122
PyUnicode_Join (C function), 137
PyUnicode_KIND (C function), 121
PyUnicode_MAX_CHAR_VALUE (C macro), 121
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PyUnicode_READ (C function), 121
PyUnicode_READ_CHAR (C function), 121
PyUnicode_ReadChar (C function), 126
PyUnicode_READY (C function), 120
PyUnicode_Replace (C function), 138
PyUnicode_RichCompare (C function), 138
PyUnicode_Split (C function), 137
PyUnicode_Splitlines (C function), 137
PyUnicode_Substring (C function), 126
PyUnicode_Tailmatch (C function), 138
PyUnicode_TransformDecimalToASCIT (o
function), 127
PyUnicode_Translate (C function), 136
PyUnicode_TranslateCharmap (C function), 136
PyUnicode_Type (Cvar), 120
PyUnicode_WCHAR_KIND (C macro), 121
PyUnicode_WRITE (C function), 121
PyUnicode_WriteChar (C function), 126
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PyUnicodeDecodeError_Create (C function), 57

PyUnicodeDecodeError_GetEncoding (C func-
tion), 57

PyUnicodeDecodeError_GetEnd (C function), 57

PyUnicodeDecodeError_GetObject (C func-
tion), 57

PyUnicodeDecodeError_GetReason (C func-
tion), 58

PyUnicodeDecodeError_GetStart (C function),
57

PyUnicodeDecodeError_SetEnd (C function), 57

PyUnicodeDecodeError_SetReason (C func-
tion), 58

PyUnicodeDecodeError_SetStart (C function),
57

PyUnicodeEncodeError_Create (C function), 57

PyUnicodeEncodeError_GetEncoding (C func-
tion), 57

PyUnicodeEncodeError_GetEnd (C function), 57

PyUnicodeEncodeError_GetObject (C func-
tion), 57

PyUnicodeEncodeError_GetReason (C func-
tion), 58

PyUnicodeEncodeError_GetStart (C function),
57

PyUnicodeEncodeError_SetEnd (C function), 57

PyUnicodeEncodeError_SetReason (C func-
tion), 58

PyUnicodeEncodeError_SetStart (C function),
57

PyUnicodeObject (C type), 120

PyUnicodeTranslateError_Create (C func-

tion), 57
PyUnicodeTranslateError_GetEnd (C func-

tion), 57
PyUnicodeTranslateError_GetObject (e

function), 57
PyUnicodeTranslateError_GetReason c

function), 58
PyUnicodeTranslateError_GetStart (C func-

tion), 57
PyUnicodeTranslateError_SetEnd (C func-

tion), 57
PyUnicodeTranslateError_SetReason (&

function), 58
PyUnicodeTranslateError_SetStart (C func-

tion), 57
PyVarObject (C type), 226
PyVarObject_HEAD_INIT (C macro), 227
PyVarObject .ob_size (C member), 239
PyVectorcall_Call (C function), 90
PyVectorcall_Function (C function), 90
PyVectorcall_NARGS (C function), 90
PyWeakref_Check (C function), 161

PyWeakref_CheckProxy (C function), 161
PyWeakref_CheckRef (C function), 161
PyWeakref_ GET_OBJECT (C function), 162
PyWeakref_GetObject (C function), 162
PyWeakref_ NewProxy (C function), 162
PyWeakref_NewRef (C function), 161
PyWideStringList (C type), 194
PyWideStringList.items (C member), 194
PyWideStringList.length (C member), 194

PyWideStringList .PyWideStringList_Append

(C function), 194

PyWideStringList.PyWideStringList_Insert

(C function), 194
PyWrapper_New (C function), 159

Q

qualified name (fREZF%) ,284

R

realloc (), 215
reference count (&JE#) ,284
regular package (IE#EH) , 284
releasebufferproc (Ctype), 264
repr

[Flz & =, 87, 242
reprfunc (C type), 263
richcmpfunc (C type), 264

S

sdterr

stdin stdout, 175
search

path, module, 11, 174, 176
sendfunc (C type), 264
sequence

i, 116
sequence (JF%|) ,284
set

i, 145
set comprehension (£A&4AEE) ,284
set_all(),8
setattrfunc (Ctype), 263
setattrofunc (Ctype), 263
setswitchinterval () (in module sys), 178
SIGINT, 55
signal

A, 55
single dispatch (E—3fE) ,284
SIZE_MAX, 113
slice (Y1 K) ,284
special

method, 284
special method (%% F ) ,284
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ssizeargfunc (Ctype), 264
ssizeobjargproc (C type), 264
statement (FEH ) ,284
staticmethod

[z & =X, 230
stderr (in module sys), 185
stdin

stdout sdterr, 175
stdin (in module sys), 185
stdout

sdterr, stdin, 175
stdout (in module sys), 185
strerror (), 50
string

PyObject_Str (C function), 87
strong reference (ﬁﬁﬂﬁ) , 285
sum_list(),8
sum_sequence (), 9, 10
sys

H4H, 11,174, 185
SystemError (built-in exception), 151, 152

T
ternaryfunc (C type), 264
text encoding (X F##) , 285

text file (X FMHE) ,285
traverseproc (C type), 268

triple-quoted string (= 3| 3[Ex %) , 285

tuple

Flz g R, 97, 142

M1, 139
type

[El# & R, 88

115, 6,107
type alias (A[FE4%) ,285
type hint (AERF) ,285
type (A[E) ,285

U

ULONG_MAX, 113
unaryfunc (C type), 264

universal newlines (H#FAEMTETT) ,285

\Y

variable annotation (##(E%) ,286
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__import
abs, 94
ascii, 87
bytes, 87
classmethod, 230
compile, 69
divmod, 94
float, 95
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int, 95

len, 88, 96, 98, 141, 144, 146

pow, 94,95

repr, 87, 242

staticmethod, 230

tuple, 97, 142

type, 88
vectorcallfunc (Ctype), 89
version (in module sys), 177
virtual environment ([EJ##EE) ,286
virtual machine (fﬁﬁ%%&) , 286
visitproc (C type), 268
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__main__ , 11,174, 185
_thread, 181
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signal, 55
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