The Python/C API
([ 3.8.20

Guido van Rossum
and the Python development team

9 H 07, 2024

Python Software Foundation
Email: docs@python.org






Contents

fiifr 3
L1 AIEARIE o o o e 3
1.2 BLETTEE . 3
13 BHIIIE e 4
L4 X%, BRABIHTE . . . o 6
15 R 9
1.6 #xAZUPython . . . . . . e 11
L7 UERKIEL . . 11
R i RS bz 0 13
P29, API 15
S G 21
Blah B 23
5.0 FTEIFIEEL . . . o 23
52 MHESEE . . e 24
53 BRHUEEAL 26
54 B RIEIRES . . 27
5.5 fEERME e 29
5.6 Exception 25 . . ... 29
5.7 E R 29
5.8 Unicode SERTA . . . o o e 30
5.9  BBIEFET . oL 31
500 FRUESRTE . o 32
501 ARMEEEZEZRTI L e 33
TH 35
6.1 HEERGTH . . e 35
6.2  BRAERIC . 38
6.3 FTEE (Process) FEHIl . . o o e 39
6.4  FEABAL . . . . 40
6.5  FdE marshal BAEHE . . . L o 43
6.6 FENTSEIEMIEIEAS R © .« o 44
6.7  FFEREEERERIL . .. 51
6.8  JTHT o 53




6.9

GRIRISES TN S S TNEE .

g ot

7.1
7.2
7.3
7.4
7.5
7.6
1.7

SFEMIL .« o o
BEFMIL . o
TR« o o e e e e
BREFE L . . o o
BEAREEHIL o o
ZEWTIMSL . o e e
IHZMMIL © o o e e e e

TR )2

8.1
8.2
8.3
8.4
8.5
8.6

FAIE e
BN .
D 277211
B < S
BRI .
AT e

e, ZETHIZER:

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10

TE Python FIEAALZHT « o o o e o e e
ATEECEASE .
WG ZAIIRERS e
BERERZEL .
SARRSFIERIRREARET . . . e
1 =
I . .
TR RS . o
P a5 35 =
BREAHAEAESTTE . . e

10 Python )i fhMlic ¥

11

10.1
10.2
10.3
10.4
10.5
10.6
10.7
10.8
10.9

PyWideStringlist . . . . . . . . . e e e e e e e e e e e e
PyStatus . . . . e e e
PyPreConfig . . . . . . . . . e
Preinitialization with PyPreConfig . . . . . . . . . . . .. .
PyConfig . . . . . . o e
R PyConfig MILAAE « . o o o o o o e
BEBIILE © . o
Python Jil' B . . . . o e e
L

10.10 Py_RunMain() . . . . . . . o oo e e e e
1011 ZBIEEFLAE I APL © .

e TR A Bl

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9

B e

JERETNTERE T« o o o e e e
7 2= e
SRS o o e e e e
BRIANNAENECES o o e
B AR o o e
pymalloc 73R8 . o e e e e
tracemalloc C APL . . . . . . . e e e e e e

Bl




12 % 55900 57+
12.1 FEME BArReRt4 . ...
122 EHYESERE ...
123 ZRANFS ... ... L.
124 B g etk ...
125 WSSXT Rk . ...
12,6 P Rastk . ...
127 ZZop KX Z 8500k . .
12.8 xRtk . ...
129 f#725H0 typedef . . .
1210 BlF ..o

1201 B G2 HRIARIIL T . © o o o e e

13 API fil ABI Jji A< 25 Pt
A RiER K

B IR E e [EIW Sk

B.1  Python SCEFRUETEREM .« o o o o o
C ey SLiZHE

Cl I o o

C.2  FREUEk DAEA 7 =0 ] Python PUSRERFIZAME o o

C.3 SRR AEA 4 v] 5 e
D ik

#51

177
177
178
182
206
208
208
209
210
211
212
215

217

219

231
231

233
233
234
238

251

253







The Python/C API, &[F) 3.8.20

AT IR T A B G AR5 Python AFRESHIRA LR FEF Y C Al C++ FE/F ST Y APL. [] i}
" PAZ Y extending-index , HA{HIA T REA S — BRI, (HECA AL APT K%L

Contents 1



The Python/C API, &[F) 3.8.20

2 Contents



CHAPTER 1

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

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

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

1.1 KibRE

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

1.2 8&XH

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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fiiEl: 1T Python W] AELy i L —LEREAERLLE R4t b Y RbR Ik SCORI TIAL BEAS & 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 THEXNENEZ N
Z%.

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

fE): AR ACGE A B E LA Py 3 _Py FFSK UM FR. X s BB R R, & S AR X A ok
Python JIRAR I RI LA, X LEIRA AT BE 2 i SCPAX BE R 28 2 — T Sk i HL A 44 R

L &5 Python —2 4% . FF Unix |, B TFPATH®R: prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H W prefix fll exec_prefix J& i1 [1] Python [
configure HIARME AW XN TE S & L, T version Wk '$d.%d' % sys.version_info[:2]. fE
Windows |, k3T prefix/include, HH prefix @ @4t THe e s Hx.

BALE LS, R E S (WERORRE) #ECER T T i e SRR . 15 R2RCH SRAE
RIRARIRGH ] #include <pythonX.Y/Python.h>; X¥FHEZFERFATT, FN prefix FF
BRI IR EAEAKE exec_prefix FRFEF G-

C+ PWARIERL, R APLZSg i C R Y, (EL SO IERHLF A S A extern "C,
It APTAE C++ (] itk APT S b PSR AT R SR AL 3L

1.3 HFHME

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

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

Py UNREACHABLE ()
XA DAFEARA — AT BBl S (R A RS B AR o i, 24— switch i) T o] BRI (EHED
O case FAJETE T, SEAPRHHTE default: Py BARIEFE AN EIL—1 assert (0)
8¢ abort () JH LA DA XA .

3.7 BUHTMA.

Py_ABS (X)
R[] x A .

3.3 BUBTINA.

Py MIN(X,y)
RIE % Fy MR IMAE .

3.3 HUHTIA.

Py MAX (X,y)

R[] Flly 2 RO
3.3 OB

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

3.4 BUHTMA.

4 Chapter 1. 4}t
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Py_MEMBER_SIZE (type, member)
R[] 45K (type) member R/, PAFATHRR
3.6 UHTINA.
Py_CHARMASK (c)
SRR [-128, 127] B8 [0, 2551 5l N ) AT BB AL . XA 200 ¢ sl #4458 unsigned char
SR
Py_GETENV (s)
5 getenv(s) FEfl, HEWMEG®A T LME®ET -E , WRME v (AR RET

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
AT e BOE P Rl B 2 8, AT BR g6 F 47 8 5. B A0 int func(int a, int

Py_UNUSED (b)) { return a; }.

3.4 BUBTIA.

Py_DEPRECATED (version)
FERFE . R CEAEART 5 2 FRHT .

vl

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

3.8 SR U T MSVC 0¥,

PyDoc_STRVAR (name, str)
%@~4‘ﬂ%ﬁiﬁ?ﬁ$ R, 258 name W78 & . QIEERASHISCRY P47 B — 2 f9 2@ Python, 1%
FFhas.

W PEP 7 ik, i PyDoc STRVARMENSCRYFAFHR, PASCREANMISORS 745 5 —EL A4y 7 Python 1
I

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

VI

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

/S

PyDoc_STR (str)
R E R FAPER AR SO AT, B Y SO AR A B, A E A
W PEP 7 fiik, HPyDoc STR & Y FAFE, PASCRIAFI SO T4 2 A 22 Python H 1L .
N

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

1.3. FHNE 5
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1.4 5. ERFSIATHE

ZH Python/C APLAT — A B NS, AR —APyobject * KRR IE . X PP IRALZ G LI Python Xf
ZAEIEIR RS A Python XFRIAERLHCFIL AR #E Python 15 diAHIFR A7 sUALHE (A
an, MR, ARSI, FSEeid), PRI EnhBA C RBMFIRA G, JLFIHA Python X RAFHUE
Herbr: ARARER A RE N Pyobject MY H BB R, HAEFRMEA N pyobject * 9454 type
XGREME—BISN, M ENTKIEAREROREI, FTAENTER @S Py Typeobject MR,

firf5 Python %f4 (FH.Z Python #%k) #A—1 type Fl—A> reference count, %5 2R & B B4 KA
X5 (BIANEEE. ) FRsH g XREG A EZL, A types TR ) o XFFREAS AR FNAGRAL, #H A%
KA AEX G RE BT %A Fl, 24 (HAY) a Frigagxtg e Python ¥1) 3} PyList_Check (a) HH.

1.4.1 S|V

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

BB ES TG B W E MM ZEPy INCREF () KM — X205 18,
FPy_DECREF () Ry — X R W5 Hit4k. Zpy _DECREF () k&I HitEEE AE, RIFEH
MR REE . IE B incref 722 20182 . BEi#s @& — M S TEXT SR B G ) R AR 51 ansixd
SREGRRIA (Hng)R), MIZEBEEE BRI 01 5T B S AR G2 i g AT S 5 T8, FFk
TITRMAL. SIS, 2005 BENAF AN N E— B2 00 TS T8 (Bp
sizeof (Py_ssize_t) >= sizeof (void*) ). WL, 5H TR E— I fH EAEAE,

WA BRI TR XTSRS 4T 0 R R A Bt R 05 | L. #e b, AR BRI RIE, SR
SIS 1, Y@ E ey, SRmgI TR 1. B2, XWEMHEINE, rAsdE5 it
WA . [R5 ME—EIE RS R EIRATW AR S35 e, S0l ARG IEXS R oRi . ansianE = /0
H—XZRT G A H A5 | G IR 2 DA AT AR A, A ZEIG g | k. — LB
ﬁ?ﬁ;ﬁzﬁggﬁﬁﬁ/\k Python "% 259 HI i 9™ R v i C e BRmsy, I R BIL A & BRUEAE W R B ) R
X ZH5IH .

B2, B LRGP E SRR A%, IR —Bota), RS | 4. e
nlRES ML P BR ARG, WD HS R, A TREE S ELX NS . HIEMEK R, XMELL
EREAERT e AL R Python AU —— WA — MRS AV Rl Py_DECREF () [MIEIH Y, Hi
TEE A G B R AR AL R RS

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

SI AT

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

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

WG R 2GTIG I WAEEMGISNEPyList_SetItem() MPyTuple_SetItem(), BEI&GIHX}
ZHWFIH (EAREHIERCAHE ! ) o X R BT 2 55 85 | 2 PR P 3 ) 2 A o 4
AR FE O B A H A — AR Biltn, BIEIC4 (1, 2, "three") HYURLEE K AT DASEIXFERY
(CETIPAREAE AL B Nl & Bn B a5 k) -

PyObject *t;

3);

t, 0, PyLong_FromLong (lL));

t, 1, PyLong_FromLong(2L));

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

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem

(
(
(
PyTuple_SetItem(

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

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

EMTHA MR AL PyList_New () flPyList_SetItem() K5 .

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

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

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

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

return 0O;

14. &, %EBF03| Bt 7
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X B RGR ME R TS DU A AN ) SRR 1) R 2 BOR B i3 — A5 A S B ARXZ5 | BT A BGH4E, H
W2 IR — A5 A RS B ARSI B T A B AR B AR AR OLR, R 8] (0 Gt i i 6
Y, MARFSEIAY S RN R ME—5 | . R, SRR S5 @ e, pyobject _GetItem()
MpySequence_GetItem(), FEZRBI—AFETI R BCHZT A %) .

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

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

long

sum_list (PyObject *1list)

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

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

}

return total;

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

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

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

(Rt

8 Chapter 1. 4}t
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(R —H)

}
}

return total;

1.4.2 %R

7 Python/C APT H 5y B % g (8 ) HA B AR D5 RZ 88 C B840 int, long, double #ll char*,
A LSRR KAl T 90 AT ) R RO S QB SR, i — A RO
KA R LI XL IR S e R BT .

1.5 BE

Python F&f 51 A T BEAL B & T5 AL PR DR e 8 s RACPRR S & R R 1, ARG Feidb 2l &
MR, AKOEEHE, BRI NIRRT MRERS , AR R E N 45 P I RS [l )

SR, XT C AP BORYE, R ALE 2 BTy . Python/C APL FRE BIr A s AR AT DAS [ 5, ik
TEAE R B SO P A AN R —BORUE, U— I RBuBFI R, ESRE-IRE, ZFETIA
FEATXEEI A, TR — R . WERBCA B BIAMY SRS, 53X Mp s F5 o8 NULL 5 -1, FARIGR T8
Bk [l A, AR R R AR ERERE, HrP BAEROR B 5. AR ek BB o A i
PR A AR HE, HHGEM PyErr_Occurred () RiIHATRAAIEI . X LB E R 2B
HAC AR

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

SEREI RS B = AR R AR (B BRI PACh NULL): Sai 2R 8. M ISR, DAL E R X 2]
%194 L5 Python ' sys.exc_info () BUZERAME; 2810, BEN1HFAZ—FERY: Python X4t F i Python
try .. except IR T IG5, M C 2R FH RS RAEREHE AR C R ETN 2 afE
I 7R H 2 HF)3E Python FHT SRR I L FAFIEER, MG 2 TR HEERE & sys . exc_info ()
E YR

W ¥E R A Python 1.5 JF4f, A Python (US55 OIS B Bk iy AR 22 4 i 07 2 M B %L sys
exc_info (), ‘E¥fik [ Python fURAY 7 AR S HORAS . MEAL, SXPIAMT A S i RS 5 2 SCRR &2k T
AR PR TR 3 7 8 14 R RS DR AT S LA S RS DA DR B HCR 5 B0 e R A o Ry 1 o b
Al — A EEARMRIC M R o 1 IEAEAL PR S 7 P i 8 DL %5 il s/ 1 7 (139 ey e ot i 5
FIRIX G A 2 Ay HAE K

PER— IS, — SR 55— BREOR A THE LA 55 14 R BRY. A  J H B BR BR85S, IFAE
GRS R RSB A ANy . BN Y EFFEFHIA AEMXTRT I, IR — M Rbes, (BB
RRBLES R - RS BRRNG LN, IR R R EEE R

— A S AR E AT TR BB TAE BT sum_sequence () /RBIFFHAT TR . XA RS
BB DRI AN ZO BT ARSI . N AR B R BRI B . 5, N T IARSER
Python fYfIL%, FATHER 145441 Python fUHH:

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

(QNE9)

1.5. B& 9
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#EHE—1)
except KeyError:
item = O
dict[key] = item + 1

I R I N BRSO C AR :

int

incr_item(PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

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

10 Chapter 1. 4}t
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1.6 #&x AR, Python

FA Python EREGHIURRATT (RN T M T E M &) AT L0 — IR TS5 2 EMIinit, WHEEA
ERRAA. BRESHRZHN e A TE RS IR e 2 5 A RER O -

HA IR R ER Py _Initialize (). WERECHOIGRILE ML, I8 AR builtins,
__main__ Ml sys. BERVIHAEE RS (sys.path).

Py_Initialize () AEBE” WASHIIR (sys.argv). WARHGHFZMFTHY Python fLfth % 122
&, WPy _Initialize () 2 )58 PySys_SetArgvEx (argc, argv, updatepath)
Fe B AHI EE .

HERZHRS E (F351/2 Unix fil Windows, BARLELNY AR, Py_Initialize () ¥HRHEXbRiE

Python fERERS AT TAAT ST AL B 1) e (A DN SR T SRR R 4%, FF1RE Python FEFTEA T Python ke

AT PAT SO BT 6 B R R, BORFAHXS THE shell Ay S48 R (A2 GREEE & PATH) FHREINA A
python WA HATSCAFFRfEAC H s h &40 1ib/pythonX. v B H K.

2815, WIEE Python A] 7S04/ F /usr/local /bin/python, B¥HREHFE AT /usr/local/lib/
pythonX.Y. (SCPs b, XMEREMBEREECA “BLR” (8, S7EX4JCHESE PATH H45 5|40 python [
AT SCOERT R R o) P AT DAIE AT 3% PR A4 it PYTHONHOME , Bl % PYTHONPATH FEARIERK R
B ABIMNG H SR B S I TR

AN AR LB ST APy _Tnitialize () Z 8V Py_SetProgramName (file) 3Epk7AF48
FIR)TP. 1L PYTHONHOME 159K 25 78 55 I % & )f H. PYTHONPATH 38R ¥l A B R iERE R 2 Bl 75
%%%?Eﬁ%mé@ﬁiﬁﬁﬁﬁ?umﬁﬁ%&ﬁ HCWPy_GetPath (), Py_GetPrefix (), Py_GetExecPrefix()
firy GetProgramFullPath () SEPl (GXELEENIIFE Modules/getpath.c H1E ).,

FH}, B FEET Python HE4T “ LA UAAL” . B 4N, I FFE R ol REAR B 85 8 (R Py_Initialize () B§
F N AR T Python (i F £ 28 58 W AE BRI Python JIIr 23 B I AF - X AT DA Py_FinalizeEx ()
L. A4 HT Python 4 T E W IRAIRAE N Py _TsTnitialized () PRECRHR I E . A KX L5
WG BEZ R E A . WEHEEry FinalizeEx () R&REHUIA H Python ffRERS BT /3L I N AT,
BN e 5 R T 43 B ) N AF H B AN 28R -

1.7 it

Python 7] DAPRHy 2L 200K 4 13 LA X AR RO RSB MG AT o X SUAG A S A s AT I IR S BN T
FP I EATERARBIE -

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

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

B T RS ORI A, BT AR A MG A -
o BRAMEEERAR B G BLas -
o BRAMAG A KRN N B AT AR R iR aR
o KT A TEAY [ A AL ) R R R B UR TR B .
o FZWIEEORINE FRAEGII . T, EAMEFE test_c_api () Fik.

1.6. #& A3 Python 11
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o BASE SRS ARSI B HEZL B
o A E MM TCRAARIIR AR TEAE , DA RAIR AR 15 T
o INIRIEIRESANVES ) S AL A 2 R BLAs AT
o ININESMIKE A S arena NAFSEEL .
o USRS S 2 AR
X HL AT BEBCA R 2 B MR

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

HRBELZPEHME L, HS 5 Python JEALILH M) Misc/SpecialBuilds.txt .
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CHAPTER 2

TR EH R B2 Fr — i O

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

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

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

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

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

13
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CHAPTER 3

HEE% API

ASTET I BR GRS FLVFUR DA TAE SCPF G2 o IX P I Python JEAURS, (HEATREA SRVFARTE S 4017 AL Y 7 =X
SR TR
X L8 B R A LA AT AR 2 R E I BT IR RA S AR A TE 2. T EI A5 A Py_eval input,
Py_file input DA Py_single_input. jXERFSRAEZEANWENTES BB BOCR AT .
X LR B P LA AT A2 FILE* JBS . T 2D AR PR 51 PR 41X AN F] C AR FILE
SER T BE AR EAHA. (2/402) 18 Windows 1, SiSHEREIY A W RES M AR, P
AR 2455 I 7 A T A2 X LE R H02 1 Python Sz A7 i i (5 1 ) AR TR 9 BRI T 0L N A FILE* B2 1%
Hedls
int Py_Madin (int arge, wchar_t **argv)
FEXIAREARRERH Y FARF o iR T Python FRE R AT AR . AR A arge FT argy B2 24 4%
4 CRUPH main () RELHYTES AR CREARSEH FiE & K ) o — AN EENEEF RS
FI R RESWHEM (HSHGN R D FAFR IR N A BB . ERRESSIER IR (RIS %
S WEREMERN 0, A RMRER R G L SR MR LR 1, s AR B S5 RN BE RN AR
Python i 47 MR ] 2.

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

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

3.8 UHTIMA.

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

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

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

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

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix pseudo-terminal),

15
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return the value of PyRun_TnteractiveLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys .getfilesystemencoding () ). If filenameis NULL,
this function uses " 2?2 ?" as the filename.

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

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
s flags ZH0, £ __main_ BB HAAT Python YT . QISR __main_ PIAAFEAE, BEXRFHAIE. B
R 0, ARG A R MR M -1 QIR A A ARG, WA R R EE R . WT flags & L,
ZHT 3.

WHERARG &K T AN EHAMG & TR systemExit, HERHCRFA SRR -1, iR H R,
HIL py_InspectFlag A APIKE .

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

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

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

#iE):  On Windows, fp should be opened as binary mode (e.g. fopen (filename, "rb"). Otherwise,
Python may not handle script file with LF line ending correctly.

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XX Nl PyRun_InteractiveOneFlags () WIfAALIRIE T, ¥ flags %A NULL.

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

M AP PATHR ] O, WIERS | A SFE MR M -1, s AR AT 55 W 0]k H 4E K Python
A 2H B A3 A A ) errcode.h WFE R A RS . (R errcode.h K4 Python.h Fifg
$5, PR T AL T )

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

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

int (*PyOS_InputHook) (void)
TM%Eijﬂ?aﬁﬁ/\ﬁﬁiﬁ int func(void) WKL, ZERECRIFE Python FfERERR S/ AT R 25 1R
TR PN L md AR R o IR IMME S0 205 . 55X 1 T8 IR RE 2 R R 7 42 R 3|
HAbZEFAEIAR EP, W% Python it Modules/_tkinter.c IfIKABEE.

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE *, const char *)
B PAREIR TS — AN R BN char *func (FILE *stdin, FILE *stdout, char *prompt) W)
PREL, EEP AR I —T A B R Z R BT N MR A5 prompt ANH
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NULL gt th e, SR TR BLAARIER A SR —ATR A, FRRBIZER TR . B, readline
BEHLRF XA T BCE NP AT 4 4R tab FEAN S5 I RE

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

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

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

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

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

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

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

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 %} FHPyRun_StringFlags () BIfaAbIRIE D, ¥ flags 1% A NULL,

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompiler-
Flags *flags)
Return value: New reference. 16 Xt4 globals F locals 1§ EW)_E N P AT B str 1) Python JEALAS, IF
T LA flags 15 7€ B G iR IEEAT o globals WMJg—AF L5 locals W] DAJRALASE L T WP IR 52 1B
Z: start $85E T W 249 PRI IR RO 1R TEAT .

AR ELREACHS A Python XFGUATIYEE R, sl AR5 & T 574 Wik [9] NULL.

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. iX 241X NI PyRun_FileExFlags () WIEALIRIZED, ¥ closeit Y&k 0 FF
¥ flags 1K NULLS,

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

int closeit)
Return value: New reference. X241 % NI PyRun_FileExFlags () WEALIRZED, ¥ flags ¥ A NULL.

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. X241 % FHIPyRun_FileExFlags () BIfaifbiREE D, K closeit ¥k 0.

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

PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. iX 241 % FIHPy_CompileStringFlags () WRALIRIZE D, ¥ flags %K

17
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NULL,

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

Return value: New reference. 13X 241X FHIPy_CompileStringExFlags () WfaifbiRIED, & optimize
W -1,

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

Flags *flags, int optimize)

Return value: New reference. fR¥TH %1% str # Hf) Python JEAR Y, & Ml 45 RACHE X 5. A AT
Hi start 25 1 33X AT B O BR ) 7T 4 4 3 1) RS HLW 2l Py_eval input, Py _file input B
Py_single_input. Hi filename 45 7€ 1) SC{F 4% £ Bl R AL 3 A5 % 52 5 7T RE Hh B0 AE 1] 99145 5L 5L
SyntaxError S THE N . RS TCVA AT 410 I R EICRF R [1] NULL.

BB optimize $ig5E A F AL (-1 FRkde S —o PRI I RO AR LR Z 0 . 23518 0
(Eflife; __debug_ ME{H). 1 BEEER, __debug_ SARME) B 2 CORFATH B IR) .

3.4 BUHTIA.

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

3.2 BUHTMA.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. iX 24Xt PyEval EvalCodeEx () WIfaifbiidED, RHHFCEXTER, PAK
SRR . AL S HIY BN NULL,
PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args,
int argcount, PyObject *const *kws, int kwcount, PyObject *const *defs,
int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. 3f— i) (B RS GORME, S HOR(ES HAFE AT . AT 2R Ae
BT, R RGNS, S8 KRBT HECGAERRE, R KT SERIEIAER TR
TCE T AL .

PyFrameObject
FHTF RIS C X as5 k. 2B 5 BT BEFEAT T IR pl i AE

PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. 3—ATW0RIE . X24t ¥ PyEval EvalFrameEx () WIfifeiiizo, M
TORFRI N A

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. jX ;2 Python fRREIZAT AN & SHATW S A IR AR XS Geks
PAAT, R I AR TR SAT I . BN throwflag T BATT DAL 20— AR ELAE, )
SFECLAMHE — D RE . X2 TAMEARE throw O Ik,
3.4 fRSE A FREORTE S — IR S, T ARG R S 2 50 sl e

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

int Py_eval_input
Python ik i AL RIS MR LTS BlfyPy Compilestring () M.

intPy_file_ input
Python F5¥k 1 T SCHF SR BLALIR BEHUR 0 P SURGRIARFES s APy Compi lestring () . i
SEAELRHE R KA Python /U B2 R YR
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int Py_single_input
Python iy ] T MR LG FT 55 BLG Py _Compilestring () flif]. Xie T HA MR
2N RS

struct PyCompilerFlags
KT IR R MERR A . KT (R (BRI N, BN int flags A, TOHTR
MR PATRINE DL, EXE N PyCompilerFlags *flags & A ERXFMEIL T, from _ future
import AJPMEX flags.
Y PyCompilerFlags *flags A NULL B, cf_flags JF#i24/E4T 0 SEALFR, MfF{ from
_ future_ import rRERYBIEISHETE.

int cf_flags
AR AT o
int cf_feature_version
of _feature_version J2- Python B/ NMRARS . B 48 #1441 ) PY_MINOR_VERSION,

WF BN 20, 24 BAUYTE of_flags 1 T PyCF_ONLY_AST AR E A RPN
3.8 JiUEE S BN T of _feature_version F-B .

int CO_FUTURE_DIVISION
XARAERLATE flags s B MG BREBTAT / Wil PEP 238 FrfEy “HIRE".

19
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CHAPTER 4

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

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

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

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

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

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

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

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

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

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

21



The Python/C API, &[F) 3.8.20

29 Chapter 4. 2HE



CHAPTER B

BI5h ez IR

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

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

—A R R T E YA B BB MM A TR WO, Gl A S BCEAE DR RS BRI R 2 48k
BT MERTTA P GRS L, s B HAA B A RIS ] (i R s A2 ie) 4
RAMER AL, W RV IE R HIAREL . WA d s ], IR A —E B R e fE 1
BTG MUREFRBOA IS BIB0INVO L%, X Python/C APT f e i AT BEA A U7, IF HoalhES
PASE R AR ) 7 R I

i) $5IRIRES AL sys.exc_info () WHATHIR . RIEX M MARMRN R CrEILERRE), M5
FAERPR R GRS H (R C2E Ik e ) .

5.1 ITEFO;HIE

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

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

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

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

void PyErr_ WriteUnraisable (PyObject *obj)
15 FH 24 B S5 F0 obj 2808 sys.unraisablehook () .
ME TR, BRI RESE PR A S B, XA S BB sys . stderr FTEI—MEE(E
B BN, 24 del () AP A S I XA R AL
SRR EUE ] B SH oby AT, IS BRI AT RE R ER S0 WEARTTEE, oby HYREHF
FTETEE S B

A JH L PR O L TR B — S S

5.2 filth &%

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

return 1A,

void PyErr_ SetString (PyObject *type, const char *message)
R EERERASRE AN L. B SHHEERHRL, EdFEERERTZ—, eg
PyExc_RuntimeError. WRAFEMMERTINIE. H_NSHREREL, EM5HE 'utf-8".
void PyErr_SetObject (PyObject *type, PyObject *value)
REU T PyErr_SetString (), HRAVIIRAFER “(H” $§EMEE—1 Python XI5,

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X DR B E T — P12 T8 /8 28 9 H iR [M] T NULL, exception [
Y02 — A~ Python 1 [y 55 K. formar FIBE J5 W ¥ 2 28 g XX A H R E B BT
YpyUnicode_ FromFormat () B EMEIN S XFME. format Z—~ ASCII 4 hd ) FFFea .

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. flPyErr Format () f[E, HEEZ—4 va_list REWSEOMAER]
AR SR

3.5 HUHT A

void PyErr_SetNone (PyObject *type)
X4E PyErr_SetObject (type, Py_None) 5.

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

PyObject* PyErr_NoMemory ()
Return value: Always NULL. iXJ& PyErr_SetNone (PyExc_MemoryError) 5 ; ‘BiR[F] NULL , DA
{24 NAFFERE, SR ADECRE PAE return PyErr_NoMemory () ; .

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. &2 MEFERREL, 24 C FEpRAGR I F5 R HE errno B, X RS MK
A EME—ATTHEXSR, KRB errno, B _IUZMHVEHRIEE (M strerror ()
HEL) , S5 PyErr_SetObject (type, object). FE Unix I, 4 errno {HZ EINTR , HJI
W RS, XKV PyEre CheckSignals (), WIRBCE THRIE S, WIRFHE
BN ZEREUKILIR A NULL R R G R (RS R, PR 58 2R G0 1) 68 ok 80T DA A

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

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

filename XJ4:, HT 24— AM%Z W filename [ bR B U il 4 4% .
3.4 JUETMA.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. 22{))F PyErr _SetFromErrnoWithFilenameObject () , {H3 {44 PA C
FAHRIER G . filename ;2 NS RGeS (os . fsdecode () ) fRRG IR

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

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

Return value: Always NULL. Z5{))F PyErr_SetFromWindowsErrWithFilenameObject () , {HiE

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

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

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

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

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

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

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

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

3.3 BUBTINA.

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

3.4 BUBTIA.

void PyErr_ SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpPyErr SyntaxLocationObject () 22, K2 filename BN /RG9S (os.fsdecode () )
RIS ) — AR

3.2 BB

void PyErr SyntaxLocation (const char *filename, int lineno)
5pyErr SyntaxLocationEx () 25, {HEME T 4L col_offset,

void PyErr_ BadInternalCall ()
X2 PyErr_SetString (PyExc_SystemError, message) W4E5E, H message FniH T3k
ESEH R NFHERAE (B0, Python/C APT pR%k) . & BT N

5.3 AHHES

XL FCAT AN C AR A 4. e AT T iy Python Fit warnings S BIBLL s K. BT % 16
sys.stderr THI— 2555 0 2488, A TREC K48 R B e o iR, XA OLT, B TR
S WA TR T B EALE B, (R B A . SRBCA A R, R IBHEN 0 5 ARk
H L OREEN -1 (JCiEmsE R B LT B T8 E R, ICTERRE b A m I SRR 2 ). B
filke 7w, PR E AT IE R B R (BN, Py _DECREF () FA 5| FFIR I —HHRAE) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
KB —NELRER . B8 category &2 — AR (MR B NULL 5 message & —> UTF-8 4f%
W FAFER . stack_level J&—A~25 R WUEICEE B9 IR 55 20 200 A B ot b 24 i IEAE AT I AR RS A T & .
stack_level 2y 1 W2V PyErr_WarnEx () [eREL, 2 @FEMb2 FRRREL, DAL,

AR R PyExce_Warning 128, PyExc_Warning &£ PyExc_Exception HJ135; BRIAZE
HAH)& PyExc_RuntimeWarning . FRiff Python 525 /E k& a8 & nl i, Fra HA PRI AR E L

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

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. MPyErr_SetImportError () B2, HXPNEE 24 E—
ImportError T2l % .

3.6 UHTIIA.

int PyErr_ WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper around
the Python function warnings.warn_explicit (), see there for more information. The module and registry
arguments may be set to NULL to get the default effect described there.

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
R TPyErr_warnEx () WREL, B PyUnicode _FromFormat () FAgAALELY .. format
sefdi il ASCII 4R i 745 57

3.2 UHTIMA.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
R FPrPyErr_warnFormat () HIEREL, 1H category 7= ResourceWarning I H B ¥ source 1545
warnings.WarningMessage () .

3.6 BUHTIA.

5.4 EiFEIRIEREE

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

i AR EME S8 E N SR I TR SO PyErr ExceptionMatches (), fIFRF
TR (tt@??ﬁ;ﬁ%ﬁiﬂiﬂﬂﬁ?%’éﬁﬁﬂéﬁﬁ, SRR R SRR IS, s e R R T
) — T,

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

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

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

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

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

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

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

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

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

HE: B R BN HIESEE FIRE _ traceback  J@PE. WNERARTLE LR B WP, B
PATF B IIACHD 1 B

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

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

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

3.3 BUBTINA.

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

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

3.3 BB
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5.5 E54bE

int PyErr_CheckSignals ()
This function interacts with Python’s signal handling. It checks whether a signal has been sent to the processes
and if so, invokes the corresponding signal handler. If the signal module is supported, this can invoke a signal
handler written in Python. In all cases, the default effect for STGINT is to raise the KeyboardInterrupt
exception. If an exception is raised the error indicator is set and the function returns —1; otherwise the function
returns 0. The error indicator may or may not be cleared if it was previously set.

void PyErr_SetInterrupt ()
Simulate the effect of a STGINT signal arriving. The nexttime PyErr_CheckSignals () is called, the Python
signal handler for SIGINT will be called.

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

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

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

3.5 R4 7F Windows |, I eREUIIAE S e S e wAb 3

5.6 Exception 3

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

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

Ject *dict)

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

3.2 BUHTMA.

57 REMR

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

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

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. 55 5 HAHRIRM F RS0 (TEALHE ex R 51 & 5 — A w SL i) AE
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A ARG, ATPAEE _ context_ 7E Python Frjji. WIRBCA CREH ETR3C, MR

NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
-5 5 WA IR R SCBCES e (T NULL SRIEE B B TRIAIR cox )& S il 2 2
R . BCRFET IR e 51T

PyObject* PyException_GetCause (PyObject *ex)

Return value: New reference. 55 -0 BRI R A (— N2, 82 None, Hf raise ... from
coL BE) AERA—AFEIHERE], AT Python Wit _ cause_ SRl

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

__suppress_context__ 2R E ek N True,

5.8 Unicode =&k

TR TR AB Ok B C 1Y Unicode % .

PyObject* PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. fl]7—> UnicodeDecodeError X% H-Mtiff encoding, object, length, start,
end 1 reason ZEJ&Vk: . encoding F reason K UTF-8 i ) F4FER .

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

end il reason. encoding F reason FH 2 A UTF-8 4if5 i) F 445 .
3.3 e EH: 3.11

Py_UNICODE H Python3.3 &E#FF . 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)
Return value: New reference. fl|f#—> UnicodeTranslateError XIZRIFMHT object, length, start, end Fl
reason. reason s&—~PA UTF-8 4l F 45 e

3.3 RBEEH: 3.11

Py_UNICODE H Python3.3 f2E #5151 £ PyObject_CallFunction (PyExc_UnicodeTranslateError,
"Onns", ...)o

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 12 [0 45 € 5 X401 encoding J@ M

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 12 [0 45 7€ R H5 N1 object J@ M

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

BRI 8 SRS GR start JRIEFFREIOA *start . start WA NULL . SR A O, KRIGHTR

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

WFEE S S MG start JEVEBEN start, TRENITIRE] 0, 2R

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

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

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

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

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

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

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

FHA T8 SRS reason JEPEBEN reason, SR [E] 0, M IR

&I 42

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

int Py_EnterRecursiveCall (const char *where)

PRt — AN C JZ R BIR AT AL

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

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

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

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

AR A AT — IR -

TEHf AT X A e R SE M £ p_repr F5 B4R A 3 9 AL 2 T%TF&‘Z&]\ tp_repr i FE BB ER AT S DA
Bij 1k M EIEER . DU S BRBCREAS B2 b D . ANSE PR UL, XA R %02 C XY reprlib.
recursive_repr () MM

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

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

510 HFESE

JrA 1) Python B S w0 il 442 Ry ds ik, HA4 Bl PyExc_ R E Python 573 4 75«

KA AIRIERG, TS T AL AR R R A

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

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

XA R R Pyobject *

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

32
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x1-EEL—H

C &/ Python &FR Lfg
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError

UnboundLocalError

UnicodeDecodeError
UnicodeEncodeError

PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

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

3.5 GHTINA: PyExc_StopAsynclteration fll PyExc_RecursionError.
36}ﬁ%ﬁMLk:PyExc_ModuleNotFoundError

XL RN R4 PyExc_OSError:

C &R [Ef
PyExc_EnvironmentError
PyExc_IOError

PyExc_WindowsError 3)

3.3 JRCEE A JXSE 4
[Ef# -

(1) X HAbbRE ST H A HIE

(2) AAE Windows H17g S5 Rl @75 T FALFEFE ¥ % MS_WINDOWS ,

28 Y S 2R A

PAMEGRP B E RS

5.11 ﬁ/ﬁ% |

Fr A5 W bR 1E Python 452 IR v DLUHAE & /A8 i, HAFRA “PyEXC “ i _I~ Python %
EPyobject * J5A; HREIEITH . MT?’JEHTF)V@H?VF ERAs

511, RS 33
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C AR Python Z#R [z
PyExc_Warning Warning Q)
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

3.2 GHTINA: PyExc_ResourceWarning
(EIfig -
(1) X2 HA bR I R
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AFEP R BT AN TRAESS, GERE) C RIS THES - & IR AE:, 7E C ()i} Python ik, DA
L @R BB S BT AR C B4 7 Python Hh{ELAF45

6.1 fERAMIH

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. 1R 1| path 15 4 2 F I FERER . WRIZMEE—1 str 8 bytes X4,
MERGI TSI, RS2 REIM T os.PathLike #21, MHZER—1 str 8 bytes X}
SRR IE] _ fspath_ () o FEHARIEN THF5]1% TypeError ik [ NULL,

3.6 BUBTINA.

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

void PyOS_BeforeFork ()

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

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

3.7 BB

void PyOS_AfterFork_Parent ()
TEMERR I3 2 5 SR H 28 ] ERARAS I ek B . IR BN M AE AT fork () BT AR BARY B b 24 wif HEFE 1Y
BRACZ JE ], Toie e R AT HENTE X T fork () RS,
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R C fork () H M M 24 H " main” % 42 (i T'main” £ 2) o # 47. X T
PyOS_AfterFork_Parent () EUit 2.

3.7 BB

void PyOS_AfterFork_Child ()
TEFEFE I L2 S5 T AR RE ARSI s k. BUR B AT T £ork () BUARATSERAIT) T ke 24 i i A
HIPREL . JETEF- AR PR A, ans iz e R Hl< Bl ] Python fRREAR AT . HIEH T X T fork ()
FEXE

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

3.7 OB A

hz%:

os.register_at_fork () RFIEMN ] #iPy0Ss BeforeFork (), PyOS_AfterFork_ Parent ()
FPyos_AfterFork_Child () Y HE % X Python K%L,

void PyOS_AfterFork ()
TEHRR > X2 J5 AT RS IR W R 25 AR B4R S (8 ) Python fEREE I 1 bR 50 214 76 8 HERRE gl
W AR R DR AT PAT S A B AR, AR 2R H I pR %k
3.7 WA EER: BB gipyvos AfterFork Child () BUt.

int PyOS_CheckStack ()
R AR 25 A R M . X e — TSR AG A, (B X T USE_STACKCHECK I A HJ
(H Hi7E Windows | fifi | Microsoft Visual C++ 4§ 1%%% ) . USE_STACKCHECK 4% H a3l & X5 R4 1%
TEVR B O RS s it

PyOS_sighandler_t PyOS_getsig (int i)
R TES | E S BR AN . X2 — X sigaction () B signal () fAiffU3d. THAE
EAEP AP Pyos_sighandler t @WfVF void (*) (int) Y typedef 54 .

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t &)
P TGS i W E S AR AIR R b 3R BHHPE S AR . iX & — % sigaction () B signal ()
) fa] AL gy . I A H WA R4 PyOoS_sighandler_t @XfW T void (*) (int) [
typedef %44 .

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

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

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

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

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

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

I Py_Encoderocale () BHORAS AR AN 778

hs%:

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

3.7 R 548 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 B S PLAE QISR AE Windows F Py LegacyWindowsFSEncodingFlag k25 W it o 065 FH
UTF-8 #rfidig=;

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

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

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

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

Return a pointer to a newly allocated byte string, use PyMem_Free () to free the memory. Return NULL on
encoding error or memory allocation error

N4 error_pos K NULL, JINHIE6F *error_pos ¥4 (size_t) -1, BUEMEKEHASE SR HAE
AT RG]

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

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

3.7 {u H 58 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 MR & PUAE U SR AE Windows Py LegacyWindowsFSEncodingFlag k22 W i 5K 20CH {8
UTF-8 4=
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6.2 ZREAN

LR H sys BIRETIRERT LALE C AR DA TH R EATE AT H T 4 iR LR sy s B
FI, ZF AL NP LRSS
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. 1R [B| % H sys fEHEIRT S name 5{E WNHR ©AEFENR [F] NULL, 3 H
AR EFH.
int PySys_SetObject (const char *name, PyObject *v)
FF sys B name 134 v BRAE v 2 NULL, FERIEIL R name X5 sys B gl MR . St A o,
S A A RIR ] -1,
void PySys_ResetWarnOptions ()
¥ sys.warnoptions EE NFTYFE. WEREAIEPy_Tnitialize () ZHIHEM.

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

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

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

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

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

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

3.2 BUHTIMA.

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

3.2 BUHTMA.

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

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

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

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

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

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

sys.audit () &PA75k H Python R 1Y) p& FAH [l R 454
3.8 OB A

3.8.2 Jfit ¥ 4% Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation warning
was raised.

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

userData $55F 2L T o8 T T RECTRE M AR TR, %485 AN Y B 45 1) Python
RE.

WRERFEPy_Tnitialize () ZHIMLEEIIIN  WIRAEEITHAIIRIL G0, B R T4
?4%§%§Jiﬁi%ﬂ%ﬂﬁﬁiﬁ!ﬂﬁgl7i*/l\/‘}\ Exception FZALAAS IRFFER I FE /e (LA ES IR A S0k
) .

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

H args fRAESE— Py TupleObject. B1 bR R IS B2 B S | A% FHF 1) Python R REAS B A 1Y
GIL,

THZ 5 PEP 578 1A W VI TRANNIA . AEs A TI FIARIE A v &5 R BT R e 0 B T
PE. AN AR R AR SOR

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

3.8 HUHTIIA.

6.3 17# (Process) 15§l

void Py_FatalError (const char *message)
FTED—A Sl BT A RE . R SPATAEMIE R . I pRERY, 24 (e A I 21 7] 5 24k 2 (] Python
fRFERV BRI AR ARV B, XA PO BRI . 7F Unix b, FRifE C FEpR%L
abort () 28R E kK2 =4 —A core .

void Py_Exit (int status)

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

6.3. 1T7#¢ (Process) il 39
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3.6 R A Ok H i AL IR 2 TR 205

int Py_AtExit (void (*func)())
WAt Py_Finalizebsx () WRIERLEREL. A G BERBCR AN Z AATATS B HA B R [BATAT(E .
2 AT DAYENE 32 AN EL . My ENHSEIEE, Py _AtExit () FfRE] 05 RIEHS, BEXfRE -1, &5
A T B 2 R . PR B 2 WK il T Python B F L L AFPE
PR HI5E R, A Python APT RN func ] o

6.4 EAIRH

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. X4 FNHIPyImport_ImportModuleEx () WTifbiiIzE O, ¥ globals A1
locals Z{ V% NULL H-X§ level ¥4 0. 24 name ZHLWS—A %% (BE&E T— ML) B,
fromlist ZHLLRAHIZR [+ ] AR UERE A T4 5 AR T N AE HABAR B0 T AR R B At
W ZH 8. (RERZ, XTE name SEI5 238 E — AT 35 THH A — A8/ EIE H -
AN __all AR e ) TR SR ) R XA, SR AR K
BHR ] NULL H3 S — A58 . B S AR IMFABYORN 2 BHE sys .modules Ho

ZEREUR R I R AR A

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

3.3 A AE AR — LA E LN R B 7 BRI {HJ2 M Python 3.3 52, 87 RAER Z BN
DU NS EL IO B BRI, i DA sR AR T o B Toh 2L

PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. ‘5 A\— 54, 152 7 P & Python pR%X _ import_ () FREUGEE MG XHE
S
AR 2 A B AR s i R RGBT S |, SR AE S AR IO Uy NULL i B — A5
5 __dmport_ () FL, MK MR TR BEE T S Z R ERE, RIS TR
W] fromlist,

FARMAAE A ERAIBIXT G, WPy Import_ImportModule () HikE.

PyObject* PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *lo-
cals, PyObject *fromlist, int level)
Return value: New reference. S A —PHRiH, T IR 00 & FE LW 3 2 % N B Python 2§ %X
__import__ (), P AARME __import_ () eRELSE I BLEREL.

IR 2 —A % B S AR B S JE RS LT, BURTE S AR IS Ul NULL H 3 & — A
5 __dmport_ () KL, MR TR R EHEE T B R R, BRAES S T N ES
) fromlist

3.3 BT

PyObject* PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist, int level)
Return value: New reference. Al TPy Import_ImportModuleLevelObject (), {HH4FRA UTFE-8
A FAFER A 22 Unicode X4 .
3.3 5 AT level g TIHIH .
PyObject* PyImport_Import (PyObject *name)
Return value: New reference. 32— MM 724 1] “S A TREC WHE&HZHED (RAFEE level 1y

0, FRRFA). ERFAGEWMN LAERIEMET __builtins. K __import_ () B X
RG] 24 BRI A TR TE A
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AR B X AR A

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. B#k— ML, J& [0 —ANF8 a4 S TS |, SCEAE 2R IR [B] NULL
HRE—NTE (FEE IR A ) .

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. 12 [B] X} W T Fo AN 22 FR AL B X %2 . name 2 5000 & 7] AR
package.module. HIRFELE modules 5 ML S0 A8 iz 7 g, MR H], WG — 4> g Bk
IR HAd A 2 modules ik, FER N IR [ NULL H-8CE— 58

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

3.3 BUBTINA.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. 23{l) T PyImport_AddModuleObject (), {BHEH A ¥ N UTF-8 4Ri5 )
FAFER T A2 Unicode X4 . object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. 4 5E—MES4F (A[fEN package .module JER,) F1—4M Pyhon F5hY
SCPFEEHE A P BR R compile () SRERPARDATS, NGz iRk ISR L0085 1, 803
QAR A A B RN (8] NULL H 3R —AN 55 o FE AR BRI DL R name 23 M\ sys .modules THFEER,
BI# name AE3E APy Import_ExecCodeModule () W EIEFET sys.modules H1, #F sys.modules
H R B R SE R IRAL IR B, B AR AR AR IR B B R AT G2 5 AL T —Fh A
) O PRV E L B DR UL T B2 R H) IRAS.

i) spec_ Ml loader_ WM MARUEAIE, W0 E IE YME . MR spec Fim#es (40
RERE) BB _ loader  MEHAME N NiX A SourceFileLoader [3Lf.

By _ file JEMERHCNAIEXTSRM co_filename, WIRIEH], __cached_ HURFHFIEE

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

U2 name $i 10— MEAN package .module WY RUSHIALAR, WIAEAT i ARAUEA LA TR 24
.

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

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Z3{0) TPy Import_ExecCodeModule (), {HANE pathname 2>} NULL N4

BB R file  JEVERIME.
%ﬂPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Return value: New reference. 23{l)T-PyImport_ExecCodeModuleEx (), {BUNH cpathname A °f NULL
M S IS G __cached_ fH. FE=AEd, X2MEFEGHB—.

3.3 OB

PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const
char *pathname, const char *cpathname)
Return value: New reference. 25T PyImport_ExecCodeModuleObject (), {H name, pathname il
cpathname ) UTF-8 HtB IR FZ4F 8 . WNE pathname 5% 5 NULL NIIA 22238848 cpathname HEWT H )
FHIME.

6.4. EAHEH 41



The Python/C API, &[F) 3.8.20

3.2 JUB A
3.3 WA A PR T AT IR AR N & ] imp . source_from_cache () RITEEHKE.

long PyImport_GetMagicNumber ()
B[] Python R SCPF (B pye SCPF) WOBERL. BHERCR 4470 T 5 1 SO TR A 4 e
BN TR IR -1

3.3 MU A IR [l -1

const char * PyImport_GetMagicTag ()
FEX PEP 3147 #55X1Y Python 745 i SO 4% 3% [l BEARFRZ: 7475 o THICHEAE sys . implementation.
cache_tag AR I 249 ok AU e ok 0 SE AR (L«

3.2 UHTMA.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. 12 |0] ] THIHVE BRI F I (B sys .modules). WVERIXEEH X5
FEAS AL & .

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. iR [R] 25 € Z PRI C AR . QARBIH R AR [B] NULL (HOR 235 B4
Beo WERERRNWIIR [T NULL FF B E AT R

3.7 BB

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. iR [0|41%f—~ sys.path/pkg.__path__ F14&H path (A& est5, wliE
£5ii3d sys.path_importer_cache FFHEIREL, WR T M AW ELE, WESHF sys.path_hooks
HZEHRE|—AREALHZ path 25 H W48 WHEREA W 81 WER 8] None s 33X RF45HIE ] 5 path based
finder JG{FE M % path 25 H B & A . AR R EAFH] sys.path_importer_cache, iR [H]—/ g1
BRI R IHTG I

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

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

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

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. M %X 44 FR N name W R G5B, BN BFIR B 1, 405 2R 36 2 4 B )
B0, WERAAE AR MOUGR ] -1 IR E — w5 U AR A R, B i
MPyImport_ImportModule (). (HHRILAIAE RTME - WRBECH S AMBREHERE.)

3.3 HUHTIA.
34 S _ file JEMISAFAERIE L BEE .

int PyImport_ImportFrozenModule (const char *name)
KM TFPyImport_ImportFrozenModuleObject (), {BE RN UTF-8 4t 4488 A2 Uni-
code Xf 4.

struct _frozen
L R LR BRSO G K X, i £reeze THFTA BN (IS Python JILH
RATHUH Tools/ freeze/). HjE XA[fF Include/import .h H13KE:

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

(N IUakRED)
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(R —H)

int size;

bi

const struct _frozen* PyImport_FrozenModules
IR WIIR L TR struct _frozen B4, PANULL 83 O fEEHARIT . 24— RGPS
Ay EEEAERARPER . =T E W] DALAHOR IR B S B @ ) R GRS £

int PyImport_AppendInittab (const char *name, PyObject* (*initfunc)(void))
I BUA 1 N BRI — ML @R Py Import_ExtendInittab () WEFEGSE, WERICIEY
JERNERE] 1. BRI AT ] 24 FK name KA, FH AT BREL initfunc £ HAESF— ST A1
WRIIRE R EL. BRI MHEPy_Tnitialize () ZHTAM.

struct _inittab
A N BB S R — S H G R . TG RER 4 0 T P E RS ) SN B ) 44 Bk
MBI RA R L. A PR —A ASCI gafid ) F4F 5. ik A T Python 7% )5 R DAfSE FH A 45 44 (4R i 5 2H oK
YpPyImport_ExtendInittab () fHZEE AERALE AN P B EL . ZE5#1AYE Include/import .. h
Htg e SR

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

bi

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

6.5 #¥#E marshal #{ExZ

RLGIRE ALV C AUBALEE S marshal MO AR B s e 21 Axd 52 . oA 22 ek 50n] AR KF A 5
ANEMFPSIERE, 55— Lo O] A O IR B . 1T 77 0 marshal B i) SCPF 20 A~ 0E il A
1%,

BOAHEAEAF I SR B AR RT3k o

BURH ST FE P RS AR . 58 O O P AR, 55 1 AR 4 SCHA AT marshal 527514k b L= E LG 7
ﬁ%o 55 2 AR SR S A kiR, Py_MARSHAL_VERSION 8 T 241 SCHAARE =t (U RTHUE R
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F—A~ Long B4 value PA marshal $5: XA file. ¥ HE A value F K1 32 £ TG AHL Long FH
B AN o version $8BH SCEERE R AR

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
J—A~ Python X4 value DA marshal 485 A file, version $8RH SCAEA& IR A o

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. iR [\ — N85 value 1) marshal /R TE I F TN . version FEH] SCAEAE
P AR 6
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PATF BR B VBB IR A7 fiffhy marshal A2 {E .
long PyMarshal_ReadLongFromFile (FILE *file)
MITIF T2 FILE* B AR A —A C Long. ] R RBCLREEEN 32 fZAY(E, Toie AL
long AR N,
RAGRRE, FBEE Y57 (EOFError) Hik[] -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MATFF T EEE FILE* B0 B A ik a4~ C short. fd ek B REEEEL 16 [ AU{H, ToieA
Bl short KA LR
RASRRE, FBEE M7 (EOFError) Hak[] -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. MFTIF TR FILE* FNH MY B i 4% [9]—> Python X4 .
KAFARE, IR EESH R (EOFError, ValueError B TypeError) iR [H NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. M FT T T2 B FILE* B9 X N F0 3 7 1% Ml — > Python X} 4. AN [F]
T PyMarshal ReadObjectFromFile (), WHREEERAFMZ S ERCEZ X4, RvrHER
SCFEIR AR A A, DATE S 91 AL 2 T DAKE A B 8508 b 3R T AN S A R SO i — A
T FAT 4RI AN 2 BRSO U] Y 2R B w8 F R K

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

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. MAUE381] data ) len A7 B G v X6 Y. B9 B85 7L 1% 0] —4~ Python
POE 3

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

6.6 BITSHHLBELE

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

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

6.6.1 BEITS#

— AR PR 0 B E X AR IT. — MRS T R A —4 Python X4 Bl H & — 17
P RAE SRR R ITS . B T ARBISN, — RS 5 S 2 B Gl 0 X 28 e B Ay
FL M SR AR ORIA T, WG SN FEARAE I BES O WATEXT X% TR
Python X RIKM; Jrifs [ Wi teibn C 28 ft (imde) Je.
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FHENEBER

X BEAK SRV S 45 BTS2 1 N AP A T 1 o RV b BEHR AR [F] Y unicode “FAF B0 E 775 X 1Y IR R
BlE A7 -

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

AR AU, B X EARSPASS AR .

ek T B LS byres-like object , H B G TS B X 450 . A BB XS BRI PyBuf ferProcs.
bf_releasebuffer FB 2 NULL R AN, RFBA RN bytearray IXFEH AT AEXT 4 .

fE: i + RN (s#, v %), KESHWEA @R E py_ssize_t) fELF Python.h
2 HiH PY_SSIZE_T_CLEAN ZZHYE 5. MR AN ZEwiE L, KER 4 Py_ssize_t iR
& int. FERKW) Python JRA HRF S0 Ar, N2 HF Py_ssize_t MiFHF 2HF int. HF—HE X
PY_SSIZE_T_CLEAN X%,

s (stx) [const char *] Kf—~> Unicode Xf G54 il — g M FAF 1 C F55F. — M REHE I — T EfFEN
TR XTI R R AL R AR B, C PR RO SRR, Python “FAFHRABEML S
AR IR & W d, —A> valueError R S95] % . Unicode XfRUEHELAL 'ut £-8" 4
1) C FAfe . RFEAR R, —4> UnicodeError SHHGI K.

HE): XASFE R Z bytes-like objects. WRARIEEZ M RGBT CN TR C 7455, 3l
ffif] os FixX A PyUnicode FSConverter () {EH $10F3%,

3.5 i sE: DART, 24 Python "4 HHB 2 T ik A B9 null AR5 25| & TypeError

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

s# (str, Wifbytes-like object) [const char *, int or Py_ssize_t] 1§ s*, R T EAEZGHINS, ERAT
EEMA C A g, B2 CEMFRRNIRE, ENRENKE. AR RS i AW null
A7, Unicode X ZHERGHEN 'ut£-8" LK C F4FH .

z (str or None) [const char *] 5 s Z5{Bl, {H Python XJ R 1] fEk None, FEXFIELLT, C FREHE N
NULL,

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

z# (stx, HiZbytes-like object 8§, None) [const char *, int 8§} Py_ssize_t] 5 s# Z4{bl, {H Python %5t ] fig
A None, FERXFMENLT, CH5%EHE A NULL,

y (read-only bytes-like object) [const char *] XN FIRkFAF— D RFATRBIS LEAL R — 8 M FAFER 1Y C $5
Bt BEAHEERZ Unicode X4 . P B AF KA i A null 7455 QAR T null 52745, 5[ %—
A~ ValueError B,

3.5 RS AE: DART, 45T G KA B T H AR null ‘A5 25| % TypeError .

y* (bytes-like object) [Py_buffer] s* fJ78xX;, 52 Unicode Xf5e, R KT R AR & . a5z ik
Bty et itk .
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v# (M ifbytes-like object) [const char *, int 8} Py_ssize_t] s# A5z, RS2 Unicode X154, HiEZRFE
TRBAS

S (bytes) [PyBytesObject *] i3k Python %[44 bytes W4, AR WAL, Q1% RTS AN bytes
XN 25| % TypeError., CAFRWMATH R HPyobject * A1,

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

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

3.5 i s A#: DART, 4 Python FFH3 B E] Tk ARY null A% fi& 5] % TypeError .

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

u# (str) [const Py_UNICODE *,int 8§ Py_ssize_t] u W4, FEHA C A&, £—MREE—1
Unicode I ZA7 X, 56 A2 EMKE. BRadF null 155,
Deprecated since version 3.3, will be removed in version 3.12: X 52 IH M kE =Py UNTCODE API; i i #%
ZEPyUnicode AsWideCharString().

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

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

Z# (str B¢ None) [const Py_UNICODE *, int 8§ Py_ssize_t] 5 u# Z5{tl, {H Python X4 1] §E K None,
TEX PO Py UNTCODE #8511 # ) NULL,

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

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

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

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

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

et (str,bytes or bytearray) [const char *encoding, char **buffer] F1 es 6], & 7T A EHLIE AN
TG M, BIREEANSEOE R G0 FAr T,

es# (str) [const char *encoding, char **buffer, int 8} Py_ssize_t *buffer_length] s# (7=, B KC G
) Unicode “FAFAFATARFEMX . MR es £k, BEARVMEAREIE S NUL 747,

46 Chapter6. TH



The Python/C API, &[F) 3.8.20

ERE=ABEC HMUIERA, FFHRAUN const char, B PREHEAATR, BN
PANUL 45 FAFHR B NULL, FEJ5—FPlig ol TRAEN rut -8 gifdisa ansRampbisaXa ok
B¢ Python RHIN 5] K575 . 5 " ANSEULHN char**; ERFGIHMIEEHER RO A S EOUR
WA X o SCARKFLASE — SR 12 W 9 P AR I T i o 26 =SSR AU s il — A0
Tt 90 | AR RCR s oA it Znh X T B AR

AP

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

TSR *buffer 51 dE NULL 484F (B ECAIZEMIX), WPyArg ParseTuple () ¥ AL EAE Ry G
X, ¥ *buffer_length WIWIBATEIRRE N G X KN SR)G, BRFI 4S8 B o X, HZ& Ok
B WRENXAELR, REEE 1 ValueError,

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

et# (str,bytes 1§ bytearray) [const char *encoding, char **buffer, int 5 Py_ssize_t *buffer_length]
Fles# MHFE, BT ABAERGEAFHENS. MR, TIEREEAISER RGN EGE R,

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

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

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

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

i (int) [int] 54> Python FEHIELL BT —4 C int AL,

I (int) [unsigned int] 5 Python #Z4E{LI 4 C unsigned int HAFEH, I K il L.

1 (int) [long int] ¥§— Python #A AL —4> C Long int KHZ,

k (int) [unsigned long] 1> Python #7(Lif—/> C unsigned long int BHHKEM, JiRine
i 14 17/

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

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

n (int) [Py_ssize_t] —> Python 3 %#E(k i —4~ C Py_ssize_t Python JLR/NIEHY

c (bytes B i bytearray KEy 1) [char] i —> Python FH5 KA, 41— KA 1 #) bytes B
bytearray M4, #HM—" C char FfFEAL,

3.3 U4 fuiF bytearray KRAIIR.

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

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

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

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

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

status = converter (object, address);

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

1SR converter 12 [ Py_CLEANUP_SUPPORTED , WIANRSEENT i 2R, B BE & PR A iz R 4L,
Mg LR E A BERAT RN . TR AT, object 4040 NULL ; FIL, %S5
2 NULL ; G, %S ECR R NULL , L, %S0 NULL (WISR{E) h NULL address [1{E -5 )i
LRI R R fEAR [R]

3.1 Ji ¥ %: Py_CLEANUP_SUPPORTED ¥ ¥/ .

P (bool) [int] M ARIIZENEL (/K I I LSS AL A RERY C trueffalse W70 O
FKirANEE 1, BE 0. BEZTMEVER Python {H. 2 truth ZREUH £ 3&F Python 40{af il i {E
WEHTE
3.3 HUHTIA.

(items) (tuple) [matching-items] 15 W02 Python [75], BRI E R items PR CBEITCHBE. C &5
NI R, items W E— AL RS IC. JEA &R IT T BB A IR E

&3 long” #eAY (BRI T 151 LONG_MAX FRii]) 2P RERT, SRTIEA HEA T8 L W BRI 24 4%

W E B/ NI HSOR BIME RS, e B (0 B AT (SCPn I, C BT e B R B Bt b5 i 2 Al 4%

o IEEPE T RS KA AR 1)

A TFAFER i g — L A ) A A A R R I o X ST RR AN EEERFE S . EAE:

| FHIAE Python S50 5 2 F ) F IS ECER S P k ) . C AR X W ) Al e 2 BT v i A BRAE—24—
MAESE A S ER, PyArg ParseTuple () AREVIAIN Y C As & (w4 INZ.

$ PyArg_ParseTupleindieywords () only: SUIE Python SHGI I Fiy SHALEII X HTLH.
T, ARG TSR E RS, ST AR | U —EAE S B .

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

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

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

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

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

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
IIMTREAL B S BN O R S AU I 5 40k Sl A2 B R B S50 keywords 228002 KPS B4 PRI
NULL & F8EH . 2S48 FRFenpositional-only parameters, JEIFIR B true; KA S n;, Bk 9] false Ff
5 R A R

3.6 WU 5 VSN T positional-only parameters #3235 .

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

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

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

3.2 UBTINA.

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

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
— RS EREOT R, BN SR FA ORI ESERAL. X R RS S R £
4 TE PR T R R P PR W ME TH_VARARGS . 405 PRSI TC L N A E R args e N B0
S —AIet . JTTHR K ER 2 /DR min F AN max; min Fl max W] REAISE . BAMNASEOL B
BN, THSEIE—A T8I0 Pyobject * A RIFEE BATRFLOR A args IR BAGR
TEEGIH . XN TSRS B AN args 4 HRPEIE TS BRI A RWIR. BheR%k
PAT IR E B, A1 args AN 2o H B E & BT IR BRI TR R MUERAE s AR AT 28 ORFi%

B

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

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

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

6.6.2 BIETE

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

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

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

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

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

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

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

s# (str B None) [const char *, int B Py_ssize_t] ffiff] 'utf-8" gl C F47EE S H K g N
Python str %4, W4 C FEAFERAEEN NULL, KRG 9E 20, FfR Ml None,

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

y# (bytes) [const char #, int Bf Py_ssize_t] X4 C F&H M HAK JFHA)y— Python X4, Nl
HiZ C 459 45% A NULL, W& M| None,

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

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

u# (str) [const wehar_t #, int 8¢ Py_ssize_t] Jff Unicode (UTF-16 5 UCS-4) ¥iESrh X Rk HK )&
#4914 Python Unicode X§4. 15 Unicode Z&#f X 5%k NULL, WK EEXRFHE 20, Hi& 1] None,

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

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

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

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

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

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

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

H (int) [unsigned short int] ¥—> C unsigned long JLFFS4ERERIEE L ) Python BN 4 .
I (int) [unsigned int] —/> C unsigned long JoAFS 3 RIEL(L HY Python BERIN 4
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k (int) [unsigned long] #—1 C unsigned long JLAFSKIEETIEEAL B Python BRI N4
L (int) [long long] $f—4> C long long KKBEEHEAL M Python BIEXT 4

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

n (int) [Py_ssize_t] ¥—4> CPy_ssize_t JEHIHEAL ) Python B& 7,

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

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

£ (£loat) [float] Kf—1> C float HUREHEEE MU 1L Python i MR AIEF

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

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

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

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

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

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

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

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

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

6.7 FRE MBIt

g e [ o R B A AR A 2 ER i
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

RGN FFFER formar RVGINSEL, A size NMFATE] soro 20 Unix FM U snprintf (3).
int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
RS AT formar F72E FE SN R va, il A size S5 3] stre 2 L Unix -} 50 T8
vsnprintf(3).,
PyOS_snprintf () MIPyOS_vsnprintf () 133 C}pEREREL snprint £ () Ml vsnprintf () « Bi1H
H 12 RUEEAR S O N 0 —Bd T8, TARE C IR EIAR S .
AR ER2WIR strsize-1] FEIRBIBHGEA R "\« BENINAT AR size NF47 (HFEARER "'\0") 3]
TR . WA ERBENESR str = NULL, size > 0 fil format != NULL.
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WARF G A vsnprint £ () M0 H 28 v X R /N T 283k 0 4 87 S size 512 545 DA |, Python £ PA—
/]\nyFatalError() 5{%'1:‘_[]:0

W EEAE (rv) 478 SR R A s R
¢ 20 <= rv < size W), Ky BINIRE v DFEFHAR str CRUFERE strirv] (LEP
"\NO' FTT),
o Hrv >= size lf, fiiHiFMASPEMIIT HFEDAA rv + 1 FWEMN KA RESREI AT, TR
TEMF strisize-1] 2 "\0',
o Mrv < O, " REERNGFHFE. " TEHIELT strisize-11 4 "\0", {Hsor HRT 2R
S . BRI )R R B TR R 6
PAT R 5515 5 PREE 0 R A4 8 BB e 4t
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAPHR s Feioy double RM, RINING| % Python 5. Hes2 i 54 1 4 5 W -9 Python 1Y
float () MIEREILZHFIFRES, BT s WA R FERRE M . Sl AU T4 Fir X
1.
MR endptr @ NULL , HHBEAFRH. 5%k valueError JFHIRM -1. 0 WERTFFFHA ST m AL
RV IR SUY E: W

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

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

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

3.1 BUETINA.

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

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

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

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

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

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

3.1 BGHTA.

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

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

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

6.8 5

PyObject* PyEval_GetBuiltins ()
Return value: Borrowed reference. 3% [ 4 H{TRATI P N B BB 730, QR Y B WOIELE AT, R [E]
LIRS ERERS -

PyObject* PyEval_GetLocals ()
Return value: Borrowed reference. 1 0] 24 i $AAT Wi A J5 30348 B 00 7 B S0 SR V&8 24w FAUAT A o D) 1R

NULL,

PyObject* PyEval_GetGlobals ()

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

PyFrameObject* PyEval_GetFrame ( )
Return value: Borrowed reference. &[R4 B R FRIRASAOMT, WA S HI A THI W [7] NULL,

int PyFrame_GetLineNumber (PyFrameObject *frame)
R[] frame 4B IEAEPATHIATS

const char* PyEval_GetFuncName (PyObject *func)

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

const char* PyEval_GetFuncDesc (PyObject *func)

MR func FIZERLR B IA AT R 3R B A5G 58 BCF1 75 197()”, ” constructor”, ” instance” F1” object”.
YpyEval_GetFuncName () WIZ5RIER:, 45R¥=2 func BIHEIE.

6.9 ‘miFtD2REM SZHFThEE

int PyCodec_Register (PyObject *search_function)

TSR AR A 4 2R R K
TERRIEN, He2ilik encodings 6, WURMASEM, WHHREIHA LT RR KB RNEE 1L

int PyCodec_KnownEncoding (const char *encoding)

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

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

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

object [ FH 1 errors FIT & SUHIAE IRALHE T VAL 1B 25 7€ encoding W4T 2R BREL. errors ] PASH NULL RRfilf
Rt ae i SR BRIN . IR B gt 28 | 25| & LookupError.

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

Return value: New reference. 17 T 4 it #5 EL AR fRTS APIL,

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

TE ROV, encoding 5 53 XA AR HEAI N /NG PRI, 33X SR 1 EATL ) 25 He A b A 55 sk
RANGAEUE. WERAREENET g DS, WKFE KeyError iR [H] NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. "N 25 E W encoding IREL— "9 #5 BRI A

PyObject* PyCodec_Decoder (const char *encoding)

Return value: New reference. "N 5E W encoding 3REL— " fRAD#5 KA

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. “K 45 E W) encoding 3REL— IncrementalEncoder X4,

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “Jj25 5B encoding 3B1—~ IncrementalDecoder X4,

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

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “j25 5B W) encoding 3Bl —A~ StreamWriter T.J PR,

6.9.2 FF Unicode RiZ$EiRMIBIEEFAY MR API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEZ B W) name 2 F FEMHEE AL PR [0V BR BT error. % 1010 bR BUCRFE — A 2 A 28 B TC V2 R )
FETCIE S 71 Bi I H. name 14 %€ A encode/decode bR i I 1) error 2 H 2% Jh i it s > ]
e

Z | O KR K & ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError &}
UnicodeTranslateError E‘Jiﬁwﬁﬁﬂiﬂﬁiﬁl, H '43@/‘36?75 V] 8 A7 B 4 S
TR R BB (S5 Unicode 575 3% % 1 RIS B AR BENS ) o 1 51 V8 R £l DT%’I
REGERRE, BUEE R B S T8 KA N B 75 B —ocd, DA —Ron Imfs R 4L,
R EYE%Z&EJ:‘VX”E%@/@%@?%VF .
B AR[E] <O, eI )z ] “-1¢

PyObject* PyCodec_LookupError (const char *name)

Return value: New reference. Br3RAE name 2. N MK 1R AL IR M JH R . VERERFIIA T DAE A NULL, FE
BUAE DL 528 R strict” [R5 15 A 2L ] R 4L

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

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. ZI& unicode %, Phid4S iR A -

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. ffiff] ? 8 U+FFFD % unicode Jpfid4tiR

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. i j XML F475 | &4t unicode iR,

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. i Jf] SO EE A (\x, \u 1 \U) #if unicode JrhdéliR

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. {§iJf] \N{ . . . } % £ unicode 5 4E5i% .

3.5 BUBTINMA.
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MRMEE

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

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

7.1 HRMY

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

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

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

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

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

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

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. 38 JH i J& PEIRIR L, T HCAZEBIXT LI tp_getattro . BEFERIF
s (A FXE5H MRO H) AR NMIIARE, HAEX RN dict AR EANE M. 1IE40 descriptors
Fri, BAERATF RS T SE B E M, MARBIRRA TR e, KK % AttributeError .
int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXTGE 0 W 44H attr_name (SRR v o KRBT A E IR -1; iR o XAHHT

Python {£4] o.attr_name = v,

W v NULL, JEARgoEr, ERIIIRECHFM, MUl PySequence_Delltem() o
int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)

XG0 AN attr_name WYJEPEAER N v o RIGIG] &R IR R -1; bR E 0 . X4 T

Python {£%] o.attr_name = v,

W v S NULL, ZEMHREONEE, (B IIIEEE W F, Nt PySequence_Delltem() .

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Y JE R B AR e, T RBS R tp_setattro i, BIERMF A (ML TFXRM
MRO ) AREEHAR, WURIE], W LA S i i b 5 5 SO R S PO e T A0, st
FAEM G __dict BN RMENRFRIE O, 5] % AttributeError Fam -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WG %5 0 4K attr_name W@ . RICHHRR] -1, XAH2Y4TF Python {541] del o.attr_name,

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
WEEXT % 0 W40 attr_name W) JEME . FRMEHRE -1, XAH24F Python i5/4] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __ dict__ iR HIREGR B —FlE A S . TR S #z 7 il

3.3 BT

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

_dict_ flidTICE KB —FE S X BN SRV BRI T
3.3 OB

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *o02, int opid)
Return value: New reference. [§| opid 15 EMEAELLEL ol K1 02 E{/‘JTE, W Py_LT . Py_LE , Py_EQ .
Py_NE ., Py_GT 8{ Py_GE Z—, /XN T “<, * <=, ==, =, > >=, XM T Python Fik
K ol op 02, Frhop RARIT opid HIBRIERE. WNHER KA, KWHHER NOLL.,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
F opid 18 B EEVEHLEE o] F1 02 WH, W& Py LT . Py LE . Py EQ. Py_NE . Py_GT 8 Py_GE
Z— AT <L <=, == 1= > Ei>=. FHRIIRIE -1, LR false MR [E] 0, FHWRME 1.
BEA4 T Python %353 o1 op 02, Hiilt op BATN T opid HyBRIELF

HE): 8 ol Fl 02 B[d—NI%, Pyobject RichCompareBool () 3§ Py _EQ MIR[E 1 , 4 Py _NE N
&m0,
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PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. TFEX G o W FAFHIEN . NI B FAFAR, RIGIFIR ] NULL. J%AH 2
F Python #353 repr (o) . P& MEL repr O THH.

3.4 BOE A i R B AT, AR B TR 2 783 B 0 57

PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. 5PyObject_Repr() —#&, W HEN % o MWFE/HFF KL, H
HEPyobject_Repr () iREIMFAFE FH \x. \u 3, \U 4% Xk ASCII 45, Al — 20T
Python 2 H1fiPyObject _Repr () IRIEHFAFE . HNERKE ascii () JHH.

PyObject* PyObject_Str (PyObject *0)
Return value: New reference. TFEXG o WFAFHIEA . MBI 147 AR, RIKIF IR ] NULL. J%AH 24
F Python ik str(o) . HNERE str () A, HILtH print () EEHAH.

3.4 MUEAE: e BOIAE A & — AT, AR ORA S HE & Fr s 3h i e

PyObject* PyObject_Bytes (PyObject *o)
Return value: New reference. T % % o WFTIE . KIF IR E] NULL, A{IER [ —ANFTTEEXTE.
KA YT o N2 HEELT ) Python i85 bytes (o) » H bytes (o) AFKE, X4 o &AM A VI
H 0 BEATER XTG£l & TypeError,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
MR derived 2845 cls ZAMRI B HIRAZE, WHRIE 1, FHWRE] 0, AR H 4R E -1,

MR cls JRTTH, WK cls BATZBIHGI AR 2= —UAGILR I 1, G288 1, BNREZ 0.

IEWN PEP 3119 ik, R cls 745 __subclasscheck_ () H¥E, B 00H H A E TRIPIRS. &
W), W2k derived 2B, BIESETE cls. _mro__ W, HAEME s BI—PFK.

EH NI GA SPANA, U type BURAIITHI. K, MRATPGELIA __bases__ J&M:
(IR I ICA ) R TEIX— .

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
TSR inst 52 cls RSB, WERME] 1, AR MR E 0. AR SR ] -1 FF R E— DR .
AR cls J2oedl, MR} cls FEATEIRGI . Q2R 20 — YOGz ] 1, 28R40 1, HNFEZ 0.

IE40 PEP 3119 firik, @15 cls #745 __subclasscheck__ () ¥, FFE90E H A E TRERS. &
W], R derived 72 cls 125, IATHZ cls B— 501,

SC) inst W] PAIESY _ class_ MR E S HIIES.
XE cls BEWIMNMESS, ASIHEERA A, WhliEid _ bases_ J@M: (2R cd) T E .

int PyCallable_Check (PyObject *0)
WERS o APPSR . WERX G TN RMGRE] 1, HABREILRE 0 o XA BRI R

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. i fil— 1~V Fi 1) Python Xt4% callable, By HIcH args Frés %, PA
B I kwargs FT45 I XTS5

args must not be NULL, use an empty tuple if no arguments are needed. If no named arguments are needed, kwargs
can be NULL.

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

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. Call a callable Python object callable, with arguments given by the tuple args. If no
arguments are needed, then args can be NULL.

Return the result of the call on success, or raise an exception and return NULL on failure.
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XEEMT Python FikH callable (*args) .

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

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

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

XM T Python F3Ax callable (*args) .

HHEBWRIKAE A Pyobject * 24, MpPyObject_CallFunctionObjArgs () R RN,
3.4 WUE SR XA format ZEHIE M char * Hig,

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

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

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

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

XA Python k% obj.name (argl, arg2, ...) B—FEH.

HHEBWRIKAEAPyobject * %, Wpyobject_CallMethodObjArgs () jEH RIS

3.4 iR H 5 The types of name and formar were changed from char *.

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

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

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

XA Python Fik5 callable (argl, arg2, ...) &—#FEH.

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

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

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

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

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

args is a C array with the positional arguments.

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

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

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

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

3.8 BUBTINA.

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

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

3.8 UHTMA.

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

3.8 BUHTIA.

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

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

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

3.8 UBTINA.

Py_hash_t PyObject_Hash (PyObject *0)
IHEIFRE R AE 0o RIS IRE] -1, XA 24T Python %3A3( hash (o)

3.2 iR BIAERIR MR Py_hash_to jXj&—MilFfF 584, 5 Py_ssize_t K/

Py_hash_t PyObject_. HashNotImplemented(P\Object *0)
uﬁ*" TypeError #/n type (o) EAFMAR, JFiRE -1 . ZEBIRAFFE tp_hash flH 2
SRR fﬁﬁ%"%&ﬁ%*ﬂ%ﬁﬁiﬁ%% EATHG.

int PyObject_IsTrue (PyObject *o)
WERXR o Gk Jye true, WERMW] 1, FHWIR[E 0. XA T Python Kiki{ not not o. KIMIR[H
-1,

int PyObject_Not (PyObject *0)
MRS o Bl N2 true, WERME] 1, 73 05R XA T Python ik not not o. KIIIR
_l o

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. >4 o £ NULL B, R[] —A5%4 o Eﬁ*i*ﬁXTrﬂﬁ*ﬂ:XT% ENLGh
5| % systemError R[] NULL, X% [T Python %‘éltit type (o) . ZHRELIE MR EMER G H
T Shr ERA AL H S E N RBRX o->ob_type Wﬁ@)ﬂﬁiﬁt FAA LR ] —A~ LA 4
FtpyTypeobject *, BRARTREIGMT AL
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int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
WRXIGR 0 2 type R uK type 1) T2EBUNIR M B . WS HCHRLATE NULL.

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *0)
REIXSGE 0 WK FE. WERXIR o SCRFFF ARG, WIREFARE . HHAS IR F -1, X% [T
Python A 1en (o)

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t default)
Return an estimated length for the object o. First try to return its actual length, then an estimate using

__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent to
the Python expression operator.length_hint (o, default).
3.4 JUBTIMA.

PyObject* PyObject_GetItem (PyOb/'ecl *o0, PyObject *key)
Return value: New reference. iR M| X532 key XTI o TGE, BiAE TR Bl NULL., X4 [EF Python ik
F olkey],

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
FEXTL key WL EIME ve RIGIG] AR RE] -1 BEZIEFRE] 0. XAH2YT Python ifi4i] o [key] =

HREL R 2 v 15T

int PyObject_DelItem (PyObject *o, PyObject *key)
MRG0 PREBRXTS key WIS, IR 1, 3XAH4T Python if4) del olkey].

PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. #1247 Python &A=, dir (o) , R[El—4 (F[EERNSS) EENE SN FL
%ﬁﬂ% TSR A )3 [ NULL WRZSHCH NULL, {8l Python i) dir (), IR [E]24Hi locals 4477

SR AT S A RTRES, MG NULL, HPyErr occurred () 4% [ false

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. 27T Python FiAR, iter (o) o N EBEGR Bl — A EA RS, WHRZ
MRE G MERE, WIREFRAL . (RN SORE %ﬁi%ﬁ, 25| % TypeError , #iR[H NULL,

7.2 il

int PyNumber_Check (PyObject *0)
BSRA G o PEBEF RPN, IR 1, R MM . XA e O I R

3.8 MUHEAE: AR 02— AFT B IR 1]

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . o2 FHINLER, W LM, &M NULL . 24T Python W3k
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 32[9] ol J82 02 WLEF, AR, 12[H] NULL . 24T Python Hp{FEib=
ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 121 ol . 02 FHFFMIZER, WL LM, 1&[H NULL. 84T Python H{3ik
ol * 02,

PyObject* PyNumber_ MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. J2[0] ol . o2 0 Rk mIZE R, TR LM, &[] NULL, 84T Python H
Mk ol € o2,

3.5 BUHTMA.
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PyObject* PyNumber_ FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0] ol [§VA 02 ] FECE G IIZEH, W LM, 1k F] NULL. 4T “%
57 HEEERIA

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 321 ol VA 02 —ANEFAIERME, W3R LN, &M NULL, XAMEET
LAY, PR b R — NI OME, BN AT REZR N DA 2 S SEAOH BT S XA RS0 el 4
BRI 27 Rk

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

Return value: New reference. IR 9] ol [§:DA 02 F5E|RIAE, WK, R F] NULL. ZE4)F Python HviY 3
HR ol % 02,

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)

Return value: New reference. 7% W B AL divmod () . WIHR M, 1R [\] NULL, Z£4)F Python ik
divmod(ol, 02),

PyObject* PyNumber_ Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. it 2[5 P B BREL pow () o WK, &M NULL. 54T Python H1)3ik
A pow (o1, 02, 03), Hr o3 BT, WIREZNE 03, MFHEAry None fEEARE (UKL A
NULL 2 3BCERENAET) .
PyObject* PyNumber_Negative (PyObject *o)
Return value: New reference. IR R o FIT(E, TR, RF] NULL . 25t T Python A= —o.
PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 1&[0] o, UKW, R[] NULL . 24T Python A= +o.
PyObject* PyNumber_Absolute (PyObject *o)
Return value: New reference. R [1] o FIZESHE, TR, R\ NULL, Z84rT Python 33k abs (o) .
PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. 1R8] o [JFEA U F RIS, AR, &[] NULL. 484y T Python ik

~Oo,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol 2°%% 02 A~ HUAFR)GROZESR , WHSN, 1R\ NULL. Z84)T Python 3
A3 ol << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)

Return value: New reference. 1&|9] ol 15%% 02 A~ HeARIGrIgE R, R LMW, R F] NULL . 4T Python 3
#EH ol >> 02,

PyObject* PyNumber_And (PyObject *0l, PyObject *02)
Return value: New reference. 32[8] ol 1 02 “$#{i5” MLEFR, WKW, 1R[FE NULL . 24T Python 3
*H ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol Fll 02 “4Z{ 158" BIZER, R, 1R\ NULL . 24T Python
iRk o1 ~o2,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. 32[9] ol 1 02 “F{isk” WILEHR, WSS, 1R\ NULL . 4T Python 3
B+ ol | o2,

PyObject* PyNumber InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. &[5 ol . o2 FAINMISSH, WR KM, RE] NULL . 4 ol SZ#i, XAEAE
HIERHEMRS ol o S5 T Python 154] o1 + 02,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . o2 MISHIZESE , WIS, 1%[F] NULL . 24 ol LHEH, XAMEE
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SERUGRHEIRSS ol o F4 T Python i) ol —= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 1&18] ol . 02* 4G4 R | 4R AW, 1BW ‘NULL ., % *ol SZFEH}, XA~
BRSERUGFHEIRS: ol . 55411 Python ifif] ol += o2,

PyObject* PyNumber_ InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 1219] ol . o2 A EFVE G ISER, WA, &M NULL . 24 ol R},
XN TEEFHERS ol . SFHT Python if4] o1 @= o2,

3.5 BUHTIMA.

PyObject* PyNumber InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1218] ol [5:DA 02 5] FEUEE LSS, GBI, 1R[] NULL., 4 ol 3R},
XL G RHEIRS of . S541T Python if/%] o1 //= o2

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. iRIf| ol BxVA 02 f— DA BRI RME, AIRKIM, &[] NULL, XAMERIT
AR, PSR B RO — N ML, ANFTRERA 2 BRI i A S8 3 A BRI ] 1>
BB RN B R 2 of SCRRS, XAMB RS UG RHEIRSS ol .

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol B&:DA 02 152 MIAE0, RN, &M NULL, Y4 ol #Hf, X4z
HHEM A EMAER . SMT Python i) o1 %= o2.

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 12 [FIN BRI pow () o WIRKM, 1R[] NULL. 24 of SCH, X MBHHE
B EHBFER. 2 03 2Py _None I, S¢4F Python i541] ol **= o2; TSR THE R AL E K
FRE5RH pow (01, 02, 03) . WIREZNE 03, MFE Ary_None (f£A NULL £ 3EHARE AT
).

PyObject* PyNumber InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 32[9] ol 72#% 02 AR IGHIZE R, I, 1&[H NULL, 4 ol 3R}, X
MR EIEM N EMHFLIR . 0T Python ififi] o1 <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 1R8] ol F5%% 02 ARG RIS S, WAL, &[] NULL, 24 ol i}, X
MZHEHZEMH MR . ST Python i) ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. J[{INIFIR ] ol F1 02 7 #0757 IUL5ERE, RIGEHR Al NULL, £F ol ZHE:H0H]
PETZBAERE Bk AT. 85 Python ifH] o1 &= o2,

PyObject* PyNumber InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. IR E] ol A1 02 7 IR ILE R, JRIEEHRE] NULL. 7E ol AU H]
PN R3e AT SFHrH Python iH] o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. {INHIR ] ol Fll 02 7 #i8” IS5 E, RIKEHR ] NULL, £F ol A0 HT
PENZBRAERE RAEPAT. FHT Python iHH] o1 |= o2,

PyObject* PyNumber_Long (PyObject *o)
Return value: New reference. JEJIFIR ] o e A BEFON R 450, KA IR [E] NULL, %#4/T Python &
AR int (o) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. J{IIHTIR [F] o H4 i S & B4R, RIEF R Al NULL, SE4)T Python
FikA float (o).

PyObject* PyNumber_Index (PyObject *o)
Return value: New reference. 3 H}iR 0] o 4%~ Python int 884 AU 45 5, RIERTIR [M] NULL 5] %
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TypeError 5% .

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. iR [R|3&% n 5 i VA base N EEI FAFER GG R . XA base ZE N2
10 835 16 . XFT3E%2, 8, =16, LIEE/J FRERRE A Bim BRI " 0b', '00", or '0x ",
ﬁn% n /& Python H (B Ky int %& WA PyNumber Tndex () R EFERBUEEEAL

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
MR 0 B—DREBCERBNMRRERL, R IA] o 54 i—A> Py_ssize_t (AWUG RIS R . QR KM, & [H
-1 G
TR o W] PARE Ll Python int 288 {H 22385644 Py_ssize_t {H 45| & OverflowError, X} exc

SZHCNEE | KRR B2 IndexError B OverflowError), 5 exc S5 NULL, NFH<S
VI B ue b B ¥ PY_SSIZE_ T MIN i IE#% PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
W 0 R— ARG IHEEL (f+4 nb_index (LB tp_as_number LA ) WRME 1, AHWGRME 0 o X
A BREAS 2 2R

3 FFoil

int PySequence_Check (PyObject *0)
MR GARBEF I, RBCRIE 1, FHWRE 0. HEEERNAA __getitem () J¥AH Python
%’éi@@ 1, BRAREARE dict BT, BOATE—BUEOU T Toikmfi & B SCRp i e A Jﬂj?fﬂt,u e N
AT
Py_ssize_t PySequence_Size (PyObject *o0)
Py_ssize_t PySequence_Length (PyObject *o)
JEI IR S *o* B GA, RGN R [|] “~1%. 4124 Python [ “len(0)“ ik .

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. [{BFiR W] ol K1 02 fI9FEE, KRIMIHR ] NULL, iX44T Python ik o1

+ 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. R 0] JF 5N 4 o0 T count ISR, RIGHHR ] NULL, XZ4)T Python
ik o * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. JE ISR I] ol I 02 BIPFHE, KW [T NULL, & of SCRFAIE DL T #R/EFF
Je R SER. XZEMT Python %53 01 += 02,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1% [0l JEFXT 5% o T count IR 45
R, RMEHRE NULL. 7 o SCREFITEOL R85 E S Rabsg . XM T Python ik o *= count.,

PyObject* PySequence_GetItem(P)Object *o0, Py_ssize_t i)
Return value: New reference. 120 o IR i S0, KRIMATIRF] NULL., X%4T Python FFikz{ o [
PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Return value: New reference. 3R A H %4 o B il B i2 BV, KIEIR Al NULL. X &4+ T Python 3
B o[il:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FERR v (AL 0 105 i SO0 RN 5] & FHE IR -1; MR E 0. X424 Python /]
ol[i] = v. BLEREL R 2 UEXT v 951 .

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

MERAT S 0 BYS i o0 . RIGIHR[E] -1, 3XAH4T Python i41) del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
FEF TG v AL P55 0 B il B i2 Y]y . 3XAHY T Python iF41) o [11:12] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_til, Py_ssize ti2)
B PSR 0 UM il B i2 BY1 o RIGRHR[E] -1, AT Python ifif) del o[il:i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

1R [A] value £ o IR EL, BB [EIH15 o [key] == value WYHEMIECE. KMANRE -1, XAHYH
F Python £iAx 0. count (value) .

int PySequence_Contains (PyObject *o, PyObject *value)
T o B value, W o PRI value, WIRE] 1, EHNRE 0, HAER, &[] -1, XHH
4T Python A, value in o,

Py_ssize_t PySequence_Index ( P}Objecr *0, PyObject *value)
RIS —AZRG] *i%, Hof o == value. 5}, 3R —1. #24T Python [} “o.index(value)“ ik .
PyObject* PySequence_List (PyObject *0)
Return value: New reference. 32 [0]— A FXT5%, HHNE 'ﬂ?ﬁﬂj—f XIS o #HE], JMEtR[A] NULL,
RS R LRI — DS . X4 T Python A= 1ist (

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. 3R [i]—ANTedX 4, HNE Sl E XS o MR, SRR [EI NULL,
AR o Mynd, WPERFR [—ASET 51, FE AR 50 R S 4 S s — oo d. X EN T
Python 35 tuple (o) .

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Y74\ 8% 1] XX % o VE- N H AL PySequence_Fast* R Tﬂ%lﬁ]’]ﬁ‘%“i
RME AERIZRA R PN ST IR SR, WGk TypeError Ik m VERIHESCAR . RIKI R

NULL,

PySequence_Fast* M Z I A X FEm 4, 2R AEMNSKE — A~PyTupleObject
i PyListObject FHFHEBEVN o HEHETE.

Y2 CPython FYSEBRANTY, W2 o CER—MFIIESE, BERHE R

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

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_| ti)
Return value: Borrowed reference. 1t 0 H{PySequence Fast () 12[B|H o AN NULL, JfH. id &5 {EH
WL R IR E] o B95E i 505K .

PyObject** PySequence_Fast_ITEMS (PyObject *0)
i [H] PyObject $5EH I IRJZEAL . 1Ri% o HiPySequence Fast () #&[A] H o N2j NULL,

THTERL, QSRS FARE AN, FHT I HC AT BE S EORE N items KA. PRI, AUHE 81 JEIA SR R SO
o B A R AL R

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

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

int PyMapping_Check (PyObject *0)
TARRT G AR PEW SRR 7 R E] 1, BWERE 0. WHERERNAAR __getitem () K&
1) Python 2] 1, PASHTE— ﬂﬁl‘*ﬁ?iﬁf‘i‘i%%ﬁ@?i‘ihé’]%*ﬁé IR BUE 2 2 T

Py_ssize_t PyMapping_Size (PyObject *o)
Py_ssize_t PyMapping_Length (PyObject *0)
IR AR R o AP ACE:, RINHR ] 1. 3] 24T Python A3 1en (

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

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

int PyMapping_SetItemString (PyObject *o, const char *key, P} Object *v)
TEX R o PR AT key BRIFEIME vo RIGIHRE] -1 XA T Python if4] o [key] = v. HiES
Wpyobject_SetTtem(). MEREL RAMIK; v 5] H .

int PyMapping_DelItem (PyObject *o, PyObject *key)
MIFER o HRE IR X G key RYWLIT. RIS 3R ] -1, X AH 24 T Python ifi41] del olkey]. iX

HPyobject_DelItem() BJ—H4% .

int PyMapping_DelItemString (PyObject *o, const char *key)
MXIEE o RS IR TFATH key HIWL o SRR -1, JXAH24 T Python /4] del olkey].

int PyMapping_HasKey (PyObject *o, P)Ob/'ecl *key)
TR R BA G key R[] 1, HNR[E 0. XAHS T Python £k key in o. MERELEZ S
gy

WHEEAEWMA _getitem () Ty ¥A A K AR B R HEORE 2 0GR . HEAR RO % A 5 U I

FPyObject_GetItem().

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

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

HPyMapping_GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. I}, IREIXT4 o HIEEIZ)FR . JRIBES, #&[F] NULL,

3.7 RCE S AEZ HIRA, R EOR M —A~ 51 R BT .

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

3.7 WA FEZ WA, R EGR [l — 21 K eloTd

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

3.7 MRS A AEZ WA, R EGR [l — 21 koo
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5 XY

AR R

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

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

B

TRERBERMEG —A—DEER, C A NAZEEARGX

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

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

}

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

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

Py_DECREF (iterator);

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

}

7.6 SRl

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

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

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

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

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

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

o i IEHIMSEORIEPyobject_GetBuffer () B

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

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

7.6.1 ZhXEEy

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

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

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

Py_buffer

void *buf
T8 1) H v [X 7 BE AR ) 2 S 25 A TR RO F8 5 . X T DAJE S5 R IS 2 W PR A7 B AT A 0 B
Ban, EHAR) st rides {HATBEFR I NAFIRIDARE «
X Fcontiguous , &REET B, (HFE 1R NAFHRIGTT K

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

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

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

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

Py_ssize_titemsize
BAITCEMT /N (DAFTTNBAL). 5 struct.calesize () EMIE NULL format W{EARE .
LGS R B G K B % o X G PyBUF_FORMAT bRk, format $fi% ¥4 NULL,
Hitemsize ARA IR IE.

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

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

[ PR TSN

(TEAFZ ) -
W FEBH PyBUF_FORMAT FraGatil .
int ndim

WAEZR A n EBH B AEEL . QAR “0%, buf FRMFRRREBEANTE . FEXFMEI T, shape.
strides fMlsuboffsets Wiz “NULLS

7% PyBUF_MAX_ NDTM Rffe RYESERBR Ny 64, AR T A AESFIXAFRG], 24 nh XY
N %A By % PyBUF_MAX_NDIM 4,

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

Shape {E# [R % #£ shape[n] >= 0 . shapel[n] == 0 X —EEFHERFMERE. & FHcomplex
arrays KPAFHELZFE L
shape ${4% T~ F & R i & HisEn
Py_ssize_t *strides
— KR Py_ssize_t MU ndim 4 BT A B DR A RO s i oc & .
Stride 2 IiE B AL PR DAAAEATRE R . X TR FUEE , AP IR R IR, (E & e i RE RS Ak
i strides[n] <= 0 WIEI. BEZ(EBESFcomplex arrays .
strides AT PRt 2 e .
Py_ssize_t *suboffsets
—ARKJF R ndim BHN Py_ssize_t B4, WNH suboffsets[n] >= 0, N n 4E77EfER

sed4T, suboffset (HHRLTE 1 MERRT| I B4R SR BN Z D A A% - suboffset T fE, WIZIRA
PEARERRG N (TEEESE NP RS 3 ) .

WERFTA Fms i (RIGFEGHEG A, Wik FBonAth nunn (BRHAE) .
Python Imaging Library (PIL) Fp{# F] T X fEk i 3R 2. S Wlcomplex arrays & T fRUI T MIX
FE— A ITER .
suboffsets £ T I 2 o 2 LB
void *internal

Py XN . AT RERC T A A — BB, T — G, ARIITE G OB
7S MRS shape . strides Fl1 suboffsets £2H . & X F 7 R AHEHOZAE. -

7.6.2 ZPXTERAISER

A
R

, it Pyobject GetBuffer () [yl Rg &k KGR, B[ HRGZrIX . BT NIER 2 E5H
. MRS AMRARESR, Zoh XM E T flags 835 2 Haeg A PRI G2 op X BL{R LAY,

i Py_buf fer “FEIY i RISEIAH & o
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S5FRTROFE

PN FBOR S flags s, F HOM B 2 IEMREIEST: obj, buf, len, itemsize, ndim,

R, #X

PyBUF_WRITABLE
il readonly FE. WHRKET, WHRT LM SHZEW X, 5N
FARWE, BT TR RS SR IX, (B IE T AR L AR 2

PyBUF_FORMAT
il format FBro WARECE, WMAUEFH S T B HARELL T, 5B “NULL:,

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

PyBUF_FORMAT W ARG NG T PyBUF_SIMPLE Z AMNPATR AR & . 5 E AR T “BOEMA 5 FArE)
ko

BAK, HiE FIRBE
FEH N AFZ S AR A5 BRI T 51 i . R, MRS S B R A R

LES R | Se | ThoE
PyBUF_INDIRECT = = AR E A,
PyBUF_STRIDES = 2 NULL
PyBUF_ND e NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

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

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

PR

FETFRP, URFKESHERENL. HEEBRFUIEPyBurfer_IsContiguous () VABAEELLVE.

LB B | TR | FRBE B8 | HiE | format
PyBUF_FULL = = WRFENE | U 0 i=)
PyBUF_FULL_RO = | IR LRI | U 150 | 2
PyBUF_RECORDS = | NULL U 0 =
PyBUF_RECORDS_RO = | NULL U 150 | 2
PyBUF_STRIDED e | NULL U 0 NULL
PyBUF_STRIDED_RO = | = NULL U 15{0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.6.3 EZ%4A
NumPy-Jig: FRF0L0E

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

WK ndim == 0, buf FREBNFFALEPMEREN I/ itemsize BbRg. XB, shape Mlstrides #f
A NULL,

W strides iy NULL, WAL REERE N — DFRUER) n 48 CIESEAL. W, JHEREF I T B
iR n 4E5AH -

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

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

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

men

if offset % itemsize:

(Rt
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(R —H)

return False

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

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

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-R#&: K, BENFRBE

B 7RI Ah, PIL R A0 o] DAL FREF, U ATIR Bl X LEF8 5T A BE B IR HE R — e . fi
wm, WA =48 CIEF 4 char v(2][2] [3] AIPABEAER — 81 2 > AR 2 24840 char
(*v[2]) [2][3]. FEFIWBEFRRT, XDIEE T AR ATEDbuL T3k, FRIATPAS TT AGE T AR (] o B
M char x[2] [3] %4,

Here is a function that returns a pointer to the element in an N-D array pointed to by an N-dimensional index when there
are both non-NULL strides and suboffsets:

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

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

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

return (void*)pointer;

7.6.4 ZPXHEXER

int PyObject_CheckBuffer (PyObject *obj)
UK obj SCRpZp XA H, R[] 1, IR 0, aR[E] 1 EARUEPyObject_GetBuffer () —EK
o ARREL—E VR IR -

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] #7427 ACIRTE R, R flags 1578 N ASIE ST view. QIR 1 4572 P N BESR LA 2R 2 1y 2 o
X, &4fiik PyExc_BufferError, B view—>obj SN NULL FHik[H -1,

WIS, ETE view, $F view—>obj BNX] exporter IHTGIH, IR 0, M5E SR b X HRALRE P R
SKEE B — DX, view—>o0bi WA HIAXT LM A2 exporter (Z: W47 of K3t .45 #).
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PyObject_GetBuffer () Wil 5PyBuffer Release () [al W8 A 3, 2T malloc () I
free (), WM, WHHEBRTHTEMIXIG, PyBuffer Release () WhWARUEREAH—IK.

void PyBuffer Release (Py_buffer *view)
PR DX view H-i#hi8 view—>ob] W51 HITHEL. &R B AHE G vh XA TEGE F A BV AT, 5 0T
RE2 R ARG i .
HIREE R I Z it XA @il PyObject_GetBuffer () AFH, Fra b,

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

int PyBuffer_IsContiguous (Py_buffer *view, char order)
AR view E X NTER C X#% (order k5 'C') B Fortran 4% (order 35 '"F') contiguous 8{ Hf 22 —
(order 32 'A"), WLRE] 1. FHWERE] 0, ZEREUR 2 MY .

void* PyBuffer_ GetPointer (Py_buffer *view, Py_ssize_t *indices)
IRELLE 5E view NI indices FR¥8 1) NAEIX I8 . indices W38 0] —> view—>ndim &5 |EH .

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf SZHNESEN) len EATE] view o fort I 'C B FT Y (FRETF ¢ RAEE Fortran KUK
WRF)e RBEFRE 0, ASREHRE -1,

int PyBuffer_ ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre A len FATE] buf | RHESEFATRIER . oder WP 'Cr B R B AT (FETF ¢ R
# . Fortran RBHIRFHHEFHEE—F). KHEHRE 0, HERHRM -1,

N len = src->len W Y pRHCRHR £ -

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

4 T TEAR I contiguous 55 FREUEH (U2 order 2 ' WKy C XA, HER order g " ¥ M} Fortran X,
1) HIHIE strides B4, BEAITCRBEA L E R T

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

int flags)
SEFR T RRT M R IR, S R SRR KN len 1 buf, FFARYE readonly BRI 5. bug
PRREN — DT 75
ZHY flags FrRuERNIEA . ZREUE R4 IR flag FEERNBILA view, BrAE buf B ik, IF H. flag
Hi ® T PyBUF_WRITABLE bRt
IS, K view—>ob] WK exporter BIEIGIA], FFikIE 0. MW, 5% PyExc_BufferError , Hf
view—>0bj ¥ N NULL, Ffik[E -1,
WK MR BN A getbufferproc W)—R5y, W exporter Wh/RBLE N T XSG, H HALHERB B TEILT
1% flags. TN, exporter WhsliJe NULL,

7.7 1B Al

3.0 fR#B EEH.

X LEEpREE Python 2 1 “IHZZ M7 APL B4 5. A Python 3 H1, IUHIMU EANEAFAE, (HIX 2L pg 5547
SR AT DAEAAE 2.x BOACHS . BB VRS 22 o vl ISR T 2E R, (B BT A S Z il 5 i AR
PR BT SRS UR A A i JR 39

HI, AR Pyobject_GetBuffer () (BEBAPyArg ParseTuple () BRBUEMH v* B w* 44X,
) SRIRB— X BB B vh B, IR - R PyBuffer Release ().
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int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
1R[] A8 ) 0] AR A5 W A B LS A I BE R $8 5T . obj SEUNI SR B BLF AT R op g 1.
IR O, Ff buffer B A NAFHBIL T4 buffer_len Bk G2 IRACBE . B INFIR ] -1 FF BB —A>
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A A AN ) AL S AT A Y L BE N AR a4 o obj SR SRR BT R GE v 1 o I IR ]
0, Ff buffer B R NATHUIEFFFF buffer_len BENZEMIXRE . BRI -1 FF5LE—4> TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
MR o SCRFERECT g LI AR [A] 10 ARNGRIE 0. BpR B e 2 AT -
THE R B B RO R — G h X, I ELAE TR TN 17 o 8001 ) 2 A 1) S i i . 3R
SRR AN I PyObject _GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR ] —A~ 4 ) W] 5 N AFHEIE R R 5T . obj WhZB SRR BB P AT G 1 o IR 0] O, o buffer BN
FFHINEFFF buffer_len BONZEM IXI B . HHERIFIR ] -1 HE—4> TypeError,
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BEFRXRE

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

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

8.1 BEAMR

Atk Python 2R A FA-—SLBIR4t 5 None.

8.1.1 AEIWKR

PyTypeObject
X1 C 5 JiFtiiA built-in 287,
PyObject* PyType_Type
SRR T type X419 type object, ‘E7E Python XA tvpe MR .
int PyType_Check (PyObject *0)
WRXS 0 R—DHRBIN G, WFRPR TIRMERBI RGBS, R0 E. EHLEIra RN TR
.
int PyType_CheckExact (PyObject *o0)
WERXS R 0 R — LA, ([EAZIRMELRRN R TRAN, REE. FEHERAREIL N REER.
unsigned int PyType_ClearCache ()
HENIREREAE . IRIEYHIRARS .
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unsigned long PyType_GetFlags (PyTypeObject* type)
R[] type ) tp_flags Bbt. BUPRACESRRC A Py_LIMITED_APL (EH]; SR 0 IEAR (6 2 i PRAE 251
Python BATHZ AIGRFFRIE, (X tp_flags REMTTFHARZIR APL—ii5).

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

void PyType_Modified (PyTypeObject *type)
R R I FTE T RN IR AR B AR R AL R B BT A 12 S B Jag B R 2R A T ] T3 2
B IE T

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

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

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

W Rk AL n 728, XEWH __subclasscheck__ () AXFE b L. 1
HPyobject_IsSubclass () EEEHHT'? issubclass () FFHIAHFIIE .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. ZETN R tp_alloc FE{ AT FALFAHG . {3 Python i 2ERIA NS
PCAIL A A 23T — S B 52 B R LA N A RD B A NULL.

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. 28BS G/ t p_new FEAL A AN . EH R cp_alloc fEf 3k
B SLB

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

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

525 PyType_Slot.slot &F 0] HIY slot ZHUH.
An exception is raised if type is not a heap type.

3.4 UHTMA.

BB SRR

R BRSSP AT P R B A

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

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

If bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If
that also is NULL, the new type derives from obJject.

R SR A FLIH Py Type_Ready () o
3.3 HUHTIA.
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PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. %y T PyType_FromSpecWithBases (spec, NULL).

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

int PyType_Spec.basicsize

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

int PyType_Spec. flags
RAEAR, MKBEPyTypeObject. tp_flags,

MR K E Py_TPFLAGS_HEAPTYPE jiihs, NIPyType FromSpecWithBases () & H3hiXE
Fod
=

PyType_Slot *PyType_Spec.slots
PyType_slot GitMKMKL. DIRFRIGIE (0, NULL) R45R.
PyType_Slot
it XA ST T RS R, 55— L ID A6

int PyType_Slot.slot
{3 1D,
AL ID 2R Z 1B 24 (kpyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods MlPyAsyncMethods W) T B MIN—A~ Py_ BIZ. ZGRUE,
e Py_tp_dealloc B PyTypeObject.tp _dealloc
e Py_nb_add & PyNumberMethods.nb_add
e Py_sq_length X B PySequenceMethods.sq_length
The following fields cannot be set using Py Type_Spec and Py Type_Slot:
e tp_dict
e tp_mro
e tp_cache
e tp_subclasses
o tp_weaklist
e tp_print
e tp_weaklistoffset
o tp_dictoffset
e bf getbuffer

e bf releasebuffer

WH Py _tp bases B{ Py_tp_base fEHLV-G RGBS W 8. T @A, HSH
PyType_FromSpecWithBases () [ bases Z%§ .

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

8.1.2 None Y&

THIERE, None iyPyTypeObject N H AL Python/ C APLHIATE . H T None 2B, MR (72
CHi ==) BMEB T . mTRFMER, & PyNone Check () H%{.
PyObject* Py_None

Python None Xf%, FIRGRZ(H. XMW REA T L. EREHRT NI AL AR .

Py_RETURN_NONE
IERALEER E C BN Py _None J&E] (WHTZYL, BN None 15| DR E )

8.2 F{EMR

8.2.1 BRI

BrA BRI S B K AT R KB 42

TE S i, KR £ % PyLong As* API < ik [a] (return type) X5 FEE X I R
HPyErr Occurred () FHPAX .

PyLongObject
F7R Python BECH R PyOb ject J-2RAL,
PyTypeObject PyLong_Type
XAPyTypeObject (LM R Python FYFEEERAL, 5 Python 15 F H int H[ .
int PyLong_Check (PyObject *p)
MRS Z PyLongObject B{PyLongObject 1AL, 1k [A| true ,
int PyLong_CheckExact (PyObject *p)
MRSEE T PyLongobject, (HAEPyLongObject TR [ EAH.

PyObject* PyLong_FromLong (long v)
Return value: New reference. |1 v iR [0l — P HiPyLongObject X4, R IR A NULL .

The current implementation keeps an array of integer objects for all integers between —5 and 25 6, when you create
an int in that range you actually just get back a reference to the existing object. So it should be possible to change
the value of 1. I suspect the behaviour of Python in this case is undefined. :-)

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. i1 C unsigned long ZRALR[N—/NE{PyLongObject X4, IR
[a] NULL ,

PyObject* PyLong_FromSsize_t (Py_ssize tv)
Return value: New reference. i C Py_ssize_t iR[E—/PHPyLongObject X4, KRR ] NULL .

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. 1] C size_t iR[E|— P PyLongObject X4, JeMiR[E] NULL .

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. M C long long iRE|—APyLongObject %4, JIiHtik[E] NULL .

PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)
Return value: New reference. )\ C unsigned long long iRE]—AHHPyLongObject X4, 2Rt
i&[8] NULL ,
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PyObject* PyLong_FromDouble (double v)
Return value: New reference. i v R EG 4R Bl — ) PyLongObject X4, RIGR[F NULL .

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. {345 str FAF B EHIR Bl — N PyLongObject , base 345 T HE R E .. 1N
R pend ANHy NULL , W /pend Ri4g 0] str h FoRECFER N ISR —DFAF . Q12 base 2y 0, str K2R
i integers [ SCHATRFRE: IXIHEZ T E#EHIEIW AT S 2%k valueError o Q15 base 24 0, W)
WA 2 F1 36 Z[E) (52 M136). B2 J5 MECFZ MM EI 2586 . T RIGA208 . IR AR
&%, ¥fk valueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. 5 Unicode 7514 4y Python 355 {H .

Deprecated since version 3.3, will be removed in version 3.10: [Hf{JPy_UNICODE API f—34y; i #% 5
HPyLong_FromUnicodeObject ()

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 7455+ u "] Unicode 7 745545 Python BE%0{H .

3.3 BUHTMA.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M18%1 p B —~ Python #8%{. ®]PAffi i PyLong AsVoidPtr () 1R[BIH)
SEHE
5] o

long PyLong_AsLong (PyObject *obj)
i) obj 1] C long FKikJz . WK obj A jgPyLongObject WSEBI, SEIMMER __index__ () X
__int__ O Jr¥k (RA) KHEEAR Py LongOb ject .

W obj WM T Long HIFEH], £5|K OverflowError,
HAENLRE -1 . HEHPyErr_Occurred () $&H B4R A) R,
3.8 SR AR AR AR __index_ ().

38 MAECEM: __int_ () EHF.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
iz [ obj 1) C long FikTy o W obj AidPyLongObject HISEBI, JelHER) __index__ () =X
__int_ () Ik R REHEA Py LongObject .

MW obj IE AT LONG_MAX 5{/NF LONG_MIN, N&HE *overflow 43 & M “1“ 8% -1, FHikMHE 1; &
NI, K *overflow ERy 0. QNS KA AN T8, WIS E FAE *overflow B4 0, FfaR[E] -1,

HBEENERE -1 . W PyErr Occurred () ¥ H BRI,
3.8 I AT index_ ().
38 MR EM: __int_ O E#FM.

long long PyLong_AsLongLong (PyObject *obj)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convert it to a PyLongObject.

W obj (HBH long long, filik OverflowError
HARNLRE -1 o W PyErr_Occurred () KA FIE.
3.8 A AR ATRFEE] __index_ ()

38 MUECEN: _int__ () CHF M.

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertittoa PyLongObject.
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If the value of obj is greater than PY_LLONG_MAX or less than PY_LLONG_MIN, set *overflow to 1 or -1,
respectively, and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and
return —1 as usual.

WARERIE -1 . W PyErr_Occurred () $HE ARSI,
3.2 FUHTIMA.

3.8 B AE: QIRTIFFEA] __index_ ().

38 B EH: __int_ () SHEFA.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
iR 8] pylong W) C i&5 Py_ssize_t B, pylong WhifEPyLongObject BISEHI.

IR pylong WEHAE T Py_ssize t WBPYEILEIN&E] K& OverflowError,
HAENERE] -1 o W PyErr_Occurred () F BRI,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
iR 9] pylong i) C unsigned long JEZ. pylong Wiilij&PyLongObject HISEHI.

W pylong HEABH T unsigned long WEMETEE N 45|k OverflowError,
HEERFRE] (unsigned long) -1, {EFIHPyErr Occurred () BEREAK ),

size_t PyLong_AsSize_t (PyObject *pylong)
B[] pylong W) C &5 size_t B3, pylong WijijgPyLongObject HISEH.

IR pylong WEAAE T size t MBMETEE NS % OverflowError,
HAEHTR ] (size_t) -1, HFIHPyErr_Occurred () HEHIHEAN &,

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
iR 9] pylong i) C 1% unsigned long long . pylong Wil /&PyLongObject HISLH .

WE pylong {EAA L T unsigned long long MEUEILHEINA&E| % OverflowError,
HEERHRE] (unsigned long long) -1, {EMHPyErr_ Occurred () FEH|EARK b H,
3.1 fRE 5 BIAE pylong NT{ESf A OverflowError, TMiAJE TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
W& il obj #) C unsigned long FE/RER. WHR obj NEPyLongObject WISEH], W) £ 4 i H
_index_ () B{__int__ O ¥ (WRAMWIE) KHEAPyLongObject,

W obj WEMEH T unsigned long HFEHE, WERENZ(EXS ULONG_MAX + 1 RABEHIZE(H.
AR (unsigned long) -1, Rl PyErr_Occurred () PEH|HEAKFE,

3.8 i A QAR AT AR __index__ ().

38 MECEM: __int_ () CHFHEA.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
1%\ obj i) C unsigned long long FRREI. WHE obj AN@&PyLongObject WISLHY, W& ALy H
H__index_ () i __int__ () Jik (WERAMIE) KHEAPyLongObject,

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
PY ULLONG_MAX + 1.

HeERHR ] (unsigned long long) -1, HAHPyErr Occurred () FERER A,
3.8 A RV AR __index_ ().
38 MECEM: __int_ () CHFHEH.
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double PyLong_AsDouble (PyObject *pylong)
1R8] pylong ) C 155 double JER,. pylong WHZPyLongObject RSEMH.

sk pylong BI{EHEE T double FYHUETEREIM 5] % OverflowError,
AR E] -1.0 , WRIHPyErr_Occurred () il R4 m]H,

void* PyLong_AsVoidPtr (PyObject *pylong)
FF — A~ Python & % pylong 540k C & F 1 void 5 4F. IR pylong TG ¥ FE 4, W) 2 filk &
OverflowError, ix HE{HRiFNPyLong FromvoidPtr () G H{E A — AR void $84) .

AR ] NULL, ERIHPyErr Occurred () PEHEAK RS,

8.2.2 kK iF

Python HH 11 IR (EE A E M BE KA TRSCBIR . R Py_False #ll Py_True FiIM/R(H. HIt, EHAYEIE
AIMER D BEAE 1 T - (. (H2, TNHIERATH
int PyBool_Check (PyObject *0)

WM 0 & PyBool_Type 258, N3R A true,
PyObject* Py_False

Python [f) False X 4. M REA LM I . ENIZGZH MM ECE BN —H
PyObject* Py_True

Python [¥] True Xf4 . ZWGRALM . ENZEHEM GG BRI R .
Py_RETURN_FALSE

MEREGR T Py_False W, FFEHIMERGIHHEL
Py_RETURN_TRUE

MEEEGRIE] Py_True W, FHEIMERTIHTTAL

PyObject* PyBool_FromLong (long v)
Return value: New reference. T33E v FSEPRME, &E— Py_True Bi# Py_False WS H.

8.2.3 FE & (Floating Point) {4

PyFloatObject

XA CRApyobject 1§ AN L Python iF FERR .
PyTypeObject PyFloat_Type

XEMNET CEAlpyTypeobject BT Python 1% H25BUASEHI . 7 Python Z 2T float 2 [F

— TS
int PyFloat_Check (PyObject *p)

Ui S R — A C RApyFloatobject B2 CRAMPyFloatobject W RN, &I H.
int PyFloat_CheckExact (PyObject *p)

B SR —N C RKApyFloatobject (AR CRAMPyFloatobject B FRIRS, RIAH.
PyObject* PyFloat_FromString (PyObject *str)

Return value: New reference. TRIRF45HE str EAIE—PyFloatObject, KRR [E] NULL,
PyObject* PyFloat_FromDouble (double v)

Return value: New reference. FR3E v Glldt—/~PyFloatObject X4, KINAHFIR ] NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
& [1] — A4~ C double fUF pyfloat 1N %F. IR pyfloat A g — > Python ¥ fi B0 R {H & H A
__float_ () J7ik, WITIRRFE SCRM A, X5 pyfloat et fi— AN BUSH ISR __£loat () A X
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FEHEERE _ index_ () o NSRRI, BEAVERHRR] -1.0, R EEN YA PyErr_Occurred ()
R IR
3.8 JiEEAE: WA R __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Rl —A pyfloat WZSH) C double HIR, HEA HHRKA

PyObject* PyFloat_GetInfo (void)
Return value: New reference. 3 [8]—A> structseq £, FH A A &7F 5 float G E . &/ IMEM R KERE
B BRI float . h i— MR AL

double PyFloat_GetMax ()
R[] 55 K AT R A FREF s 40 DBL_MAX *}j C double

double PyFloat_GetMin ()
IR 8 /N SRR IH A IE 7 5.8 DBL_MIN 4 C double ,

int PyFloat_ClearFreeList ()
T ST RN % . 3R W] TC YA R i H %L

8.2.4 FHMR

M CAPL %, Python BN G2 th P AR AT » SE B — 27k Python R 5 Jil ) Python X5, 55 by
e —MMUERHIERBIAR C Z5M A . APLE2{L T s BOL R BRI

FTREHH C &l

Tt SE R AR SR G R A S ROT U S RIR R A, AR “E” TS s sepil
i TR APL

Py _complex
g XF Y. Python S EOR G ETR/ 19 C G5H 1A . 4 R4 Ab A H500 G2 1) R B FH X S B 4544
AR ABCE R A, BRI E

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
R EIPASEZE A, ] CKABPy complex RN,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
REIPA R LNZE, 1 CRBPy complex IR,

Py_complex _Py_c_neg (Py_complex complex)
IR B E B complex W TE, F C2Bpry complex Fin.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
RS, 1 C RBPy complex .

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
REIPAEEOWTE, T CRABPy complex RN,

MR divisor 2, XN EIRBIEFHEE errno 5 EDOM,
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Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R [B] num ) exp K&, ] C2EABpy complex TN,

2R num s B exp AJRIESERL, XA iR A F I3 E errno 24 EDOM.

REHE Python 45

PyComplexObject
XA CRHPyob ject W FIAFE—A Python S HRX 42 .

PyTypeObject PyComplex_Type
XA E T Py Typeobject B Python S AR SLH] . 7 Python JZ YA complex 2 [m—4>
POE

int PyComplex_Check (PyObject *p)
MREMERRE—A CRKMpyComplexObject i # & C KMpyComplexObject WFIM, &1l
H.

==

int PyComplex_CheckExact (PyObject *p)
WREM S CEMPyComplexObject HAR C RAMPpyComplexObject W TR, &l
H.

==

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. Hffg C 28Ipy_ complex MHA M— 871 Python 54 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 124& real 1 imag 12 [Bl—A~ ) C 2B pycomplexObject X4,

double PyComplex_RealAsDouble (PyObject *op)
PA C 287 double iR [Al op SEH.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2k# double iR[H] op FAIREES.

Py_complex PyComplex_AsCComplex (PyObject *op)
RAEE op 1) C 2K Py _complex {H,

W op R2—A> Python ZH x4, (HRHEA _ _complex_ () ik, WHERFHEILWMA, ¥
op ok —> Python BHN %, N __complex_ () K& XMKFEEIBRE _ float_ (), HIRE
__float__ () REXNPEELEZE _ index__ (). WKW, W ERRRE] -1.0 fER5ekH.

3.8 JiCEE A MR T AR __index_ ()

8.3 FFIIMR

FPPIRS R I A AR T — B e s A9 704 Python 157 [ iR 2R 24 P FI R 4R
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8.3.1 bytes M

LD F I HRIESEARE — N R ERIE S, XA 5] K TypeError,
PyBytesObject

Xfryobject HT-IAKR—> Python FATXIR
PyTypeObject PyBytes_Type

pyTypeObject KB R —1 Python F2KAL, 7& Python ETHEH bytes ZHFATXIR.
int PyBytes_Check (PyObject *0)

MR LR 0 @ F IR RECF RN T IA A SLHBI, WK true.

int PyBytes_CheckExact (PyObject *0)
WERRAG 0 BT NR, (AT RETIRARSLH], IR M true,

PyObject* PyBytes_FromString (const char *v)
Return value: New reference. JNI} 1R Bl —ANPAEAFER v I RIAS A E B 25 S it 4, etz A NULL,
% v AT K NULL; BRI,

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. NI Al —ANPAFEARFE v B RIA R BACBE R len HH AT ERXTS, RIK
R E] NULL. W5 v 2 NULL, WA HIIRAE 5 XL N ES .

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 15— Cprintf () XA&H format FRFEE RIS Bm S50, B LR
Python S35 ER X B R/INFIR I SHUE ZAS AL G F 1 X 4. AR BE I S5 e C R809f
HW ARG format FAFER PR A AFAIRT R o SRV R AR A R

BRFA | E8 E s

53 TiE X% T o

$c int —NF, %ﬁ%ﬂ??ﬂ—/l\ Cifrs Al

%d int YT printf( "°d")

Su unsigned int MY T printf ("su") .l

$1d KAl M T printf (" /1d"> :

$1u unsigned long | #H24T printf ("$1u").!

szd Py_ssize_t MY T printf ("$zd").!

Szu size_t MY T printf ("szu").!

$i int FHYT printf ("sin) T

$x int MHET printf ("sx").]

$s const char* PA null 52 [F£51) C %fﬁ%ﬁléﬂ

$p const void* —A CHREM T AHRFRIEA . AN T printf ("sp") HES
ﬁﬁi%%?ﬁﬁ 0x Pk, AERG TG I printf 24

;E&i PO AT & FEFAS P AT R AR T WA IR R RIS X &, EFrE 2 RS

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_ FromFormat () 56, BT BEHFEFH IS

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 1% [0 71 Fe/R LG i XML R4 *o*,

Py_ssize_t PyBytes_Size (PyObject *0)
1R 4 For s K.
DT RBEIAAE (d, u, 1d, Lo, zd, 2w, 0, x): HEAHOREERT, O SRR AR .
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Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
TAN PyBytes Size () (H@ AR IRA o

char* PyBytes_AsString (PyObject *0)
REIXTR o BN HRET . ZFREHE N o BINTRZEMIX, HPE len (o) + 15T, XK
BE— MNP RRNE, MEREAEHAMS TN RERA T ES AR e AR, BRAEZ R
PyBytes_FromStringAndSize (NULL, size) BIEHZXS. EARTHRESHE. W5 o AN E
—ANFEHEWE, WPyBytes AsString () ¥ik[E] NULL #5| % TypeError,

char* PyBytes_AS_STRING (PyObject *string)
FIAM PyBytes_AsString () RN HE AL .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
T AL A A8 5 Duffer 1 length 3R 5] DA null S 28 EFFIRIXS G obj NS«

U2 length 2§ NULL, “FHYHR X G A iR A B 255905 R, W eR B R el -1 9F 51 &

ValueError,

LR X TG0 obj BINEBGE N, ERARKRBEES - MHOMIEFEY ORBAE length 247 ) . ZEHE A 1T
ROk B, BRIEENIfEH PyBytes_FromStringAndSize (NULL, size) BIEHZNS. ©
ANATHHES /L. W2R obj IRAR @ — DA EEXS:, WryBytes AsStringAndSize () ¥fiR[E -1
HE| % TypeError,

3.5 WOESE: DART, 47T HMR A B S F AR5 K TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes HRVHEET I TR S, HAp Al SIS bytes 1 newpart WNES; W HIERERASHTH o *X)
bytes JFAE T FIREC R . QR TCIE RIS, X bytes (IHT SRR 57 H. *bytes WIMERF#E N
NULL; FHRE EOE 24 ) 55

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
15 *bytes "PRIEGHH)FATER X G, Hh &3S E] bytes 1) newpart NES . BURAS 2820 newpart 15|
L

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
B AT RN — R 730, RIS ORTIAERFG” . 7 SN TR R I AR 4 R
TR Y HAB TR 2 R T 5 50 A 2R A1 SR XA 5 1T EOAR S — DUl I Ot e 4
PR . B A— B FH XTI/ Ivalue (BETTRESWEB A ), HAEARERIF AN, 48
IF, *bytes REAFHTIUE R/ NG 1 ER AT IR IE] 05 *bytes ) HIIETT BE-5 HA AMEAF] . AR E BT
SR, W *bytes bR TATER X GORF BRI 0T, *bytes SA(CH NULL, [ & MemoryError
Fra ] -1,

8.3.2 FHRHAMR
PyByteArrayObject
XANPyObject BT RAFEIR—> Python “FHr 4N 4 .

PyTypeObject PyByteArray_ Type
Python bytearray 28 F /R K Py TypeObject HISEHR]; X5 Python EH ) bytearray £ FIRIR 4.
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KEEE

M

int PyByteArray_Check (PyObject *o)

BXFR 02— DT RGN Hg— A A AR TR S B, R
int PyByteArray_ CheckExact (PyObject *0)

BXFR 0 B DFIHANMNER, EARZ—DF IR RN T EALGIN, R,

Ef= APl ¥

PyObject* PyByteArray_FromObject (PyObject *0)
Return value: New reference. FRAEAFASEIL T 42 7 X 3L BUXTEE 0, IRl —ANEI F T BT 4 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. 133 string Jy EoKJ& len £33 —N 1Y bytearray %f 5. 244 iR [A] NULL,

PyObject* PyByteArray_ Concat (PyObject *a, PyObject *b)
Return value: New reference. YE32FTE4H a A1 b H1R Bl —ANH A S5 0 T 504 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
TEA A NULL 841 51& 18] bytearray K/,

char* PyByteArray_AsString (PyObject *bytearray)
TEASA NULL $841 53R 1K bytearray 3R 1012 —ASFAF4  IR IR S BRI — N BRA M 2575

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
K bytearray 1) N EBGEh X B/ N EE Ay len.

Mt

XA AV A IBUERE , BN AR
char* PyByteArray_AS_STRING (PyObject *bytearray)
C pK4ipyByteArray AsString () WERZA,

Py_ssize_t PyByteArray GET_SIZE (PyObject *bytearray)
C MifpyByteArray_size () WREMA.

8.3.3 Unicode ¥R 5
Unicode J}%

F M python3.3 SLBL T PEP 393 DA, Unicode X RAEN IS FF RIS, PABAECRFR NATRCR 1 R e
AL PRSEHREFEIR Y Unicode “F4F. XA (U SRR T 128, 256 5 65536 I F47H:, A —LLAFIRIGIL;
Wy, AT LAV T 1114112 (X 25219 Unicode ) .

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

HF1H APL A1 APL 2 [B] %540, Unicode X4 NERAT DAAL FIFURES, XEGRT eI eE K
o “HEJE” Unicode XF%: 2 i AEF /H 1Y Unicode APT G| B A X4 . EATIE FH SEE AT fe i i BB st 26k
k.

e "legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to call
PyUnicode READY () on them before calling any other APL
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#iE): The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will be
”canonical” since then. See PEP 623 for more information.

Unicode 3#!

PAR 2 1 F Python H Unicode SEF ) 5L 7% Unicode X5 257 :

Py_UCsS4

Py_UCsS2

Py_UCS1
IXBORAZITOAT SRR AR A ), HBE R DA B 32 2. 16 A 8 FLfF. MR e b P
4~ Unicode 450}, #fEf Py _vucs4.
3.3 fCHTINA.

Py UNICODE
XA wehar_t (2BIE X, A F-E RN T T REN 16 (72588 32 2R3,
3.3 WUHAE: FEDARTINUR R, B0 16 (KA 32 (KA, T EAEM B gR “ i&
B2 “3” Unicode fiiAS[# Python.

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
AT PyObject [ THMFR T4 Python Unicode Xi4t. #EJLFBIAIE R, EHIRMZHI
HAH, PR AL EE Unicode X421 APL R B2 iR [nl Py Object 2R

3.3 HUHTIA.

PyTypeObject PyUnicode_Type
XAPyTypeObject SEfFI{LF Python Unicode 2571, ‘EAEN str AF 4 Python {15,

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of Unicode
objects:

int PyUnicode_Check (PyObject *0)
Return true if the object o is a Unicode object or an instance of a Unicode subtype.

int PyUnicode_CheckExact (PyObject *o)
Return true if the object o is a Unicode object, but not an instance of a subtype.

int PyUnicode_READY (PyObject *o)
PR TFAFER AR *o* AT “HERY” FakTrsle RN FHRRAERTIREZ A, Rl FHmY.

Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 OB

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *o)
i [ Unicode “FAFERICEE (ATS SR ERAL) *o* g “HIYE” Fik Ty Unicode X5 (Rik
H1).

3.3 OB
Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)
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Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *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 BUHTIMA.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

R [E PyUnicode KIND () Z1{E..

3.3 ORI
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND B85 H .

int PyUnicode_KIND (PyObject *0)
& [8]—~ PyUnicode 26758 (L E3C), 45751 Unicode %t HI T 776k HA O OB F4F A0 75 8 *o*
WA B Fik =l Unicode X4 (i),
3.3 JRHTIA.

void* PyUnicode_DATA (PyObject *0)
iR 145 1] J 4 Unicode ZEif X 25414 *o* A2 “HITE” ik rh i Unicode X4 (RikH).

3.3 BT

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_ DATA ()). This macro does not do
any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer as
obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point value
which should be written to that location.

3.3 BUHTIA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
MHE R data (AN PyUnicode DATA () #RED) HEEH— 7. ANSPATR A B2 T8
3.3 UGBTI

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
M Unicode %52 o SEHL—ANFAF, MAHH “HE” RRTER . WRARIATIT 2 IR IS 3 IO ok )
BRI T PyUnicode READ ().
3.3 BCHTINA.

PyUnicode_ MAX_CHAR_VALUE (0)
R EE AT IET *o* QIS — DA N H KA &, ZERRUAHE I Rk, XIR%
e—MuE L, (AR FEREARL

3.3 JHTA.

int PyUnicode_ClearFreeList ()
HEREI K. IR ErRE 2% H 4L

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE representation, in code units (this includes surrogate pairs as 2
units). o has to be a Unicode object (not checked).
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Deprecated since version 3.3, will be removed in version 3.12: [HZ{, Unicode API f{j—3B4>, i it 2l

M PyUnicode GET _LENGTH() .

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *o)

Return the size of the deprecated Py_UNICODE representation in bytes. o has to be a Unicode object (not

checked).

Deprecated since version 3.3, will be removed in version 3.12: [HZ{ Unicode API {— B4, 51T 3| {f

HPyUnicode GET LENGTH() .

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)
const char* PyUnicode_AS_DATA (PyObject *0)

Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated with an
extra null code point. It may also contain embedded null code points, which would cause the string to be truncated
when used in most C functions. The AS_DATA form casts the pointer to const char *. The o argument has

to be a Unicode object (not checked).

3.3 W ¥ 5#: This macro is now inefficient -- because in many cases the Py UNTCODE representation does not
exist and needs to be created -- and can fail (return NULL with an exception set). Try to port the code to use the
new PyUnicode_nBYTE_DATA () macros or use PyUnicode_WRITE () or PyUnicode READ ().

Deprecated since version 3.3, will be removed in version 3.12: |H=; Unicode API f{j—3&4y, 1 iE82 3{#

PyUnicode_nBYTE_DATA () 7M.

Unicode @it

Unicode $ it ¥ 22 A [Al A FAFRAE . S 75 210 2% 7] DA X

PR

int Py_ UNICODE_ISSPACE (Py_UNICODE ch)
HRHE ch 25 RS FFAFR Ml 15 0.

int Py UNICODE_ISLOWER (Py_ UNICODE ch)
TRl ch 5 R/ NG FEFAFRIE 15 0,

int Py_UNICODE_ISUPPER (Py_UNICODE ch)
MR ch 2 AR FAFR N 150

int Py_UNICODE_ISTITLE (Py_ UNICODE ch)
R ch 275 AFREL I R/ NG R[] 1 8 0.,

int Py_ UNICODE_ISLINEBRERAK (Py UNICODE ch)
HlE ch J2 5 A TR FAFR M 1 8 0.

int Py_UNICODE_ISDECIMAL (Py_UNICODE ch)
WA ch 275 R AR R 15k 0.

int Py_UNICODE_ISDIGIT (Py_UNICODE ch)
HRARE ch J2 75 A ERS E FAFR ] 1 8] 0.

int Py UNICODE_ISNUMERIC (Py UNICODE ch)
WA ch 2 HEUEZEFAFR R 1 5 0.

int Py_UNICODE_ISALPHA (Py_UNICODE ch)
A ch @ AT RS4RI E 1 5 0.

int Py UNICODE_ISALNUM (Py UNICODE ch)
WA ch 2 AT R T FAFR A 1B 0,

int Py_ UNICODE_ISPRINTABLE (Py UNICODE ch)

XKLL Python JE B BT C

WA ch 2 A5 AT AT VAR ] 1 5 0. AT EIF A2 457 Unicode “F AR 4 H i E A" Other”
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ol "Separator” [ F4F, Bl IME DL ASCIT 2544 (0x20) #0 A T HT Bl E4F . (G RAE BB T T 4T Ep
FrPR R STEFA R B RN repr O AN LFAF. BENFRAFHF A sys.stdout 5
sys.stderr B RRAEIETL ),
X8 APT AJ ] TPt B R A A -
Py _UNICODE Py_UNICODE_TOLOWER (Py_ UNICODE ch)
R AR NETE R FAF cho
3.3 it U E A st R ARt P 3 B ) /NS L
Py_UNICODE Py_UNICODE_TOUPPER (Py UNICODE ch)
R A KRG I FAF cho
3.3 Jiu & CLET - R 450 B FH f B ) R/ NE L
Py_UNICODE Py_UNICODE_TOTITLE (Py UNICODE ch)
R AR BRI NG BB FAF che
3.3 it CLEVH: IR B A B A R/ N A

int Py_ UNICODE_TODECIMAL (Py_UNICODE ch)
Return the character ch converted to a decimal positive integer. Return -1 if this is not possible. This macro does
not raise exceptions.

int Py UNICODE_TODIGIT (Py_UNICODE ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This macro does not
raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UNICODE ch)
Return the character ch converted to a double. Return —1 .0 if this is not possible. This macro does not raise
exceptions.

X 46 APT W4 F SR AR AP -

Py UNICODE_IS_SURROGATE (ch)
Kol ch 275 R HETH (0xD800 <= ch <= O0xDFFF),

Py_UNICODE_IS_HIGH_SURROGATE (ch)
K ch 285 R E AP (0xD800 <= ch <= OxDBFF).

Py UNICODE_IS_LOW_SURROGATE (ch)
K ch 25 MG BRI (0xDCO0 <= ch <= 0xDFFF),

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair.

@)@ F0ifia Unicode FH&

P Unicode XM A HELA P21 J@PE, 5 (# FHixX &% APIL:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. 1]7#—1##J Unicode X} 5. maxchar .} Al A F4F £ B SE R f K ASL o
PER—ANERUE, B & ASIFS 127, 255, 65535, 1114111 Hig it i .

g 7 BUETY Unicode MGt 75 ae B e pR B QB YR A AT EBAE RN
3.3 BB

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. PA 45 S 1 kind B # — 4> 3 B Unicode %f £ (9] fE 19 &
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*NPyUnicode_1BYTE_KIND 4%, HPyUnicode KIND () FfiR B (1E) - buffer W7 45 18] /b 4326
FIrea i, PAREAT 1, 2 B 4 5275 BRI size K/INPIERE

3.3 BUHTIMA.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as being
UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value might be a
shared object, i.e. modification of the data is not allowed.

If u is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL. This usage
is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *u)

Return value: New reference. Fi4}& UTF-8 41 AZS(EZE R FAF 1 X u )] ##—4> Unicode X4 .

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it. The
variable arguments must be C types and must correspond exactly to the format characters in the format ASCII-
encoded string. The following format characters are allowed:

%3 i€ A 3PP TAE

%c int PR, %%/Twcm:m%@g

sd int MY T printf ("sd").t

su unsigned int MY T printf ("su") .

$1d KA HX4F printf ("s1d").

$1i KRR M4 F printf("s1in).!

$1lu unsigned long YT printf ("s1u") .l

$11d long long M4 T printf("s11d").!

$111i long long MY T printf ("s11i") .

$1lu unsigned long long MM T printf ("s11u").!

$zd Py_ssize_t MY T printf ("szd") I

$zi Py_ssize_t FYST printf ("szi").!

Szu size_t MY T printf ("$zu") .l

%1 int AT Printf('%l ).

3% int MY T printf ("sx").T

$s const char* PA null A2 [R50 C ?%’i%ﬁ(éﬁo

5p const void* — CIRErm it fl g, BAS N T
printf ("$p") HESFAAFEME 0x Ik, MERGET-H
b print £ W24

SA PyObject* ascii () JEHISER,

U PyObject* —A~ Unicode X4 .

SV PyObject*, const char* | —~ Unicode X% (W] DA NULL) Fl—APAZSHSE R ) C 245
éﬁzéﬁﬁfﬁ BoAES (MRE—NESH NULL, BoANESH
PAEH) -

%S PyObject* P PyObject_sStr () W%

SR PyObject* WHPyObject_Repr () HIGEH,

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string, and
any extra arguments discarded.

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 1li, 1u, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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#iE): The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

3.2 fRCESE: T X "s11d" Al "s1lu" BSCHRE.
3.3 HUSESE: AN TR "s1im, "w11iv Fl vzl [
3.4 BUESE: TR "5, "SAT, "SUT, "BV, "S5 ", "SR" WL RN A

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. %[ T-PyUnicode_FromFormat () {HEXFR2Z G TS5,

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

Return value: New reference. ¥— "B SmtB N4 obj fi#hS A Unicode X4 .
bytes, bytearray FIHAMWT 7 3 % K4 LG 2 1) encoding FFRIESITAEH i errors 78 SRR AL P
Fa. Wi NULL BPikE: O BRAE GES M £ % 5 %5 TIREER) .
Frg HAh X4, f45 Unicode Xf%2, #PF-SFEUNE TypeError,
WA H IR % APLYR 8] NULL. I8 F 5 B 0 308 D4 1) Bk [l 5 2 11995 1 .
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
1& 8] Unicode XS AL K BE
3.3 OB A

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start,  PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when nec-

essary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the
number of copied characters.

3.3 BUBTINA.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
{# FH— N EFTTFSER - B fill_char G\ unicode [start:start+length].,

W2 fill_char (ERTF AT FAHE, SCEIRTAFHRA 1 AL R ET R M.
R H AR TR, BEEE AR -1 5 KR
3.3 OB

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
P DFRFBABNFIER . FARUAGEL PyUnicode New () Q. 11T Unicode “FAFH Y. 24 2 A
AR, PIZ AR AL, SO A .
SRR A unicode J2 754 Unicode X5, RGEEARMBSA, H HAGRE IgLag i (HH5]
HHECH—) .
3.3 BUBT A

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out of
bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 OB

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. JR 9] str () —T-H, MFERFRY]| start (BFE) B FHFERY| end (FMFEH) . AL
FrfazRsg15.
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3.3 BUHTMA.

Py_UCS4* pyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
REFATH u 5 DLB]—A> UCS4 X, FF— D254, WERBCE T copy_null {3 . HAFIHR ] NULL
HEE—DAE (FRR2Y buflen /NT u KRS, SystemError FigiE). MR M buffer.

3.3 BUHTA.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
FFAAFER u $5 LB BE Py Mem _Malloc () sy BLfyH UCSA GeoplX. WRHUTRIM, KFRIF NULL JF%
H MemoryError. R[N KR DR LA — DRI 24

3.3 BUBTIMA.

£ % g Py_UNICODE API

Deprecated since version 3.3, will be removed in version 3.12.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using them,
as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and memory
hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u may
be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data. The
buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode READY () must be called once the string content has been filled before using
any of the access macros such as PyUnicode_KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate to
using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), or PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py_ UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNTCODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py UNICODE buffer of
the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py_ UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 HUHTIA.
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Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem Free () to free the
buffer). Note that the resulting Py_ UNICODE * string may contain embedded null code points, which would cause
the string to be truncated when used in most C functions.

3.2 BB A
Please migrate to using PyUnicode AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as 2
units).

Deprecated since version 3.3, will be removed in version 3.12: [H={, Unicode API {j—3#B4y, it 2|l
M PyUnicode GET _LENGTH() .

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary. If
obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

3t Unicode s H- T2 54555 TypeError,

EE REEEEN

T DA AR T BT R R H R E R A

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)
Return value: New reference. ffH 45 4E Android 1 VxWorks i [§ UTF-8, FEHAth & b A 24
HE S KA. SRR AR BN "strict ™ #ll "surrogateescape" (PEP 383), IR
errors ) NULL NfFRSER R0 "strict" SERALBRAINN . sor b DA— D FARFEERAH R TR S A

2T

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
hzk:

The Py_DecodeLocale () K%K,

3.3 BUHTMA.

37 IS EHOUE L surrogateescape HALTAIH (24 3 & PORAS AL, (e
Android _Ffl4h. FEZ BT, Py _DecodeLocale () ¥i#i i T surrogateescape, [MY4HiiES
It L T strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)
Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the string
length using strlen ().

3.3 OB

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Return value: New reference. #gf% Unicode X} 42 ¥E Android f1 VxWorks F{#i ] UTF-8, fFHAt & FF
MENES K igts . T EHRCTEANA "strict" Ml "surrogateescape" (PEP 383), I
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B errors 5 NULL Mg g ] "strict " R ANN . IR\ — bytes X& ., unicode NAJ4L5
AR ZE FAF

Use PyUnicode EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.

hz%:

Py_EncodeLocale () .

3.3 BUBTINA.

3.7 HUEE A PR BOMAE L2 surrogateescape fif BRAL B AN ] 24 i o5 Km0 A4 2, (AR
Android Ff@l4h. FEZHIRA Y, Py _EncodelLocale () ¥ T surrogateescape, MM M4HIIEH
DA A% AR T strict.

XHRGRIDER

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should be
used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler (PEP 383
and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)
ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_FEncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 RHTIA.
3.6 B $E52— A path-like object .

%Eiﬁ%ﬁ,ﬁﬂrﬂ%i@zﬁmﬁ str, W4 "os" #¥dy, £ APyUnicode FSDecoder () VEN¥
ek 5

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os .PathLike
interface -- to st r using PyUnicode_DecodeFSDefaultAndSize (); str objects are output as-is. result
must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 BUBTIA.
3.6 W H S a3 —path-like object .

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py _FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
hz%:

The Py_DecodeLocale () K%K,

3.6 iRE%%: Use Py_FileSystemDefaultEncodeErrors error handler.
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PyObject* PyUnicode_DecodeFSDefault (const char *s)

Return value: New reference. Decode a null-terminated string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.

3.6 iR %% Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting bytes
object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_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 ().

JUE-= &
Py_EncodeLocale () H%L.
3.2 BUBT A

3.6 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t x#F

R T 6 L3 wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)

Return value: New reference. TRIEY5E size 1Y) wehar_t G X w A7 — Unicode %4, £ A -1 {EH
size FETRIL PR weslen HATHH G IXK BE . RIGHPRFR [F] NULL,

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)

Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied or
-1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is the
responsibility of the caller to make sure that the wchar_t* string is null-terminated in case this is required by
the application. Also, note that the wchar_t * string might contain null characters, which would cause the string
to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

Convert the Unicode object to a wide character string. The output string always ends with a null character. If size is
not NULL, write the number of wide characters (excluding the trailing null termination character) into *size. Note
that the resulting wchar_ t string might contain null characters, which would cause the string to be truncated when
used with most C functions. If size is NULL and the wchar_t* string contains null characters a ValueError
is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem_Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 BUHTA.

3.7 R B4 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
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M EmFTE2S

Python §2{It T —41VA C 45 PACRILIZA T JEE Y A B4 AR A s o T 3K LC i AR D e 29 ] el 1 91 i 0 B 2 0
o

151 APL K#AR$E5Z encoding Fil errors NS4, ENTRA SENE str () FAHXTRIME A 174 S0
[l A 3o

Setting encoding to NULL causes the default encoding to be used which is ASCII. The file system
calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

AN EE T errors BB HAR W AN NULL Fon i b 4 i 8 LR BRIAAL 37 X T 9 B 4 il
A BRI SE RAL )7 30 strict” (&5 & ValueError).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.

2 B Y AR D ES

PATR R 2 B G A 4 ) APT:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. il 12 ffit C 2 475 s 1Y size D178 —> Unicode Xf 4. encoding Fl
errors HAT Y st () WEREPFEZIES R & Lo B gL 4s15 61 Python 4wf it sk
FORER . ARG G K T 574 R 2] NULL.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. ¥t —~ Unicode X 4 K5 45 FAE >l Python S5 EEXT 43R 0] . encoding 11
errors LA 5 Unicode encode () AR TESHAFIN & Lo B 00 445k 8] Python i fifthd
MR B AR AR RS K T 5w AR [H] NULL,

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const char *er-

rors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode ()
method. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsEncodedString/().

UTF-8 4mfiZt02%

PATF %2 UTF-8 Zfifft#s APL

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 813 fifth% UTF-8 SRl e s i) size ~FT5 0] —> Unicode X% . #I1RE
RIS AS T K T S W A NULL.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. 15 consumed 5 NULL, W T KU TF PyUnicode_DecodeUTFS (), UIHR
consumed ANF NULL, WK EEMATERE UTF-8 FH45 P F AL HE R X LT R AR S gigid i B
LR RS 1) F T RO AR TE consumed T
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PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. {§iJf] UTF-8 455 Unicode %t 4 545 A}y Python FEHTEE X} 4R 0], 4%
AEFR Ty R strict” . QIR GRARID AR T | K T 58 WAF & ] NULL,

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
iR [H]—~4g 1] Unicode %14 (1) UTE-8 i X A5t HAFCRmiEdRm KN (PAFA R8N ) £
EHE size 1o size ZELATPASH NULL; FE RSO0 N E R/ NRER S92 . 3R B2 o X R 2 25 i
— AN FAT (ONIFETE size 1), ToIR A AFLEAEAT A 255567 .

EREFERTEOLR, FFR B NULL P38 — A5 A A7 size fH.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 BUHTIMA.
3.7 i AR REIZRBIIAE R const char * A4 char *,

const char* PyUnicode_AsUTFS8 (PyObject *unicode)
KT PyUnicode AsUTF8AndSize (), {BARSTEAER/IME.

3.3 OB A
3.7 AR REIZEBIIAE R const char * A& char *,

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size using UTF-8 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode_ AsUTF8String (), PyUnicode AsUTEF8AndSize () or
PyUnicode_AsEncodedString().

UTF-32 4RfRT02S

PR &2 UTF-32 4 fiides APL

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-32 4% i1 5% v IR B s fEAY size A5 H- 1% [B] A W #{ Unicode X 42 .
errors (AR NULL) i SCT S5 BALH 720, BRI strict”,

Un2R byteorder A~y NULL, a5 B I 465 7 A 5719 P A7 A -

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

W *byteorder HE, HEHABIRMHIAFATHFAFAHC BOM), NRFLAF VI % 7155
3 H. BOM /R 292 1 525 5 Unicode SE4FER 1. {1 *byteorder -1 8% 1, WS35 EFR0L8
IR R

TESERUG , *byteorder FFAEH NBARI AR RAEBED 24 1557

U1 byteorder Jy NULL, SR EAF 1AL AT

UR SRS AR5 & T SR MR [8] NULL.

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-
teorder, Py_ssize_t *consumed )
Return value: New reference. WS- consumed >}y NULL, W1 2T PyUnicode_DecodeUTF32 (). 1l
B consumed <Ay NULL, W|PyUnicode DecodeUTF32Stateful () ¥ATERBHIATEEE UTF-32 &
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TS (AF AT BOR AT B R ) AR . X TR A SIS I HL WS ) 51 BCRs A7 A

consumed T,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. 1 [0 {#i [fl UTF-32 it #& AR ML 75 Y Python 37 ER . 5 6 2 2 DA
BOM #RicHT ko B iAbH Iy o strict”. WSS fdidgs s | % 7 59 MR [A] NUL L.

PyObject* PyUnicode_EncodeUTF32 (const Py UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
IR Gm S5 & T 8 Wik [a] NULL,

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_ AsUTEF32String () or PyUnicode_ AsEncodedString ().

UTF-16 45fR502%

PATR 2 UTF-16 Zififfth 4t 1) APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-16 415 1 22 1 X B HE RS size A~ F~15 H 1% [BIAH . 1) Unicode X4 .
errors (IS NULL) 5 LTS5 BRAL B . BRIA N striet”.

N4 byteorder AN>h) NULL, fBRG#RE FH 25 1 1) 2710 e il T g dih:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

IR *byteorder HE, HHABARIIETFIAN TN T FHRC (BOM), MU A% 5155
It H. BOM KR 45 U1 5 251 Unicode “EAFHE . WM *byteorder g -1 8k 1, WF5FEhRica
FEULE H o (B \ufeff B \ufffe F4f).

ST *byteorder 44154 A KGRI R I 4 T4
B byteorder # NULL , #fRIHHE A AHLF 5 .
RIS K T 5% WIE IR NULL.

PyObject* PyUnicode_DecodeUTF1l6Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-
teorder, Py_ssize_t *consumed )
Return value: New reference. W5 consumed >}y NULL, WIfT 2T PyUnicode_DecodeUTF16 (). Hl
B consumed A~>F) NULL, W|PyUnicode DecodeUTFl6Stateful () ¥AERBHIATEEE UTF-16 F
WIEH (A A F B R ART) PR R XA PR I HE Ry
BOBIEREAE consumed H
PyObject* PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. 3% [W]fi il UTF-16 A& = AR YL FF A Python =5 R . g s 2 A
BOM FricdT3k. BEiRACRE 7 =4 strict” . MR GRfEiS#e | % T 54 5% [A] NULL,
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PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode data

in 5. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is O, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is defined, a single Py_ UNICODE value may get represented as a surrogate pair. If it is
not defined, each Py UNICODE values is interpreted as a UCS-2 character.

RS AR 5] % T R MR 8] NULL.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsUTEF16String () or PyUnicode_ AsEncodedString ().

UTF-7 4mfZtoas

PATR 2 UTE-7 %if# 4% APL:

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i@ fifthd UTF-7 J@iS 00278 s 1Y size 788 —> Unicode X4 . UHE
G RS K T S H R[] NULL,

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Y- consumed /) NULL, W7 A2 F PyUnicode_DecodeUTF7 (). UIH
consumed ~h) NULL, WK BRI SEEE UTF-7 base-64 F7- R AN iR . X B0 /A S H
HE RS EATHCR A TE consumed H1

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize t size, int base64SetO,

int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a Python

bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, ”Set O” (punctuation that has no otherwise special meaning) will be encoded in base-64.
If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the Python “utf-7”
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsEncodedString ().

Unicode-Escape 4figi52s

PAF /2 Unicode Escape” 4if#fi #51¥) APL

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 1@ 1 fifh Unicode-Escape Zii% ()7 788 s ) size 781 — Unicode X
Zo WERGRAFS AT | A T S H R[] NULL,

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. i ff| Unicode-Escape 4if5 Unicode %% 35445 A Ry p i vt Sk 0] . 4l
QBT A strict” . WERGRMRTD GRS A& T 53 WAKFI 8] NULL.,
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PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and return
a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_UNICODE API; please
migrate to using PyUnicode_AsUnicodeEscapeString ().

Raw-Unicode-Escape 43##32%

PA R 42”Raw Unicode Escape” 4 i %1% APIL:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i1 iy Raw-Unicode-Escape 45 i) 77 5 s 1 size A~ 7418 —> Unicode
MR QRIS AR5 & 7 5 Wk 1] NULL.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. fii Jil Raw-Unicode-Escape 2% Unicode %if 42 - 45 S AE b 3T Xt 4k 6] .
BERAL BT SO strict” . UR G AR ER 51 K 1 57 WUKRFR [9] NULL.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style
Py _UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 45f21538

PATR 2 Latin-1 Z 4319 APL: Latin-1 XMW1 256 > Unicode A5/ H 45 A% & 7525 5 3] 7] L 12 32X Le R o7 .

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i i i Latin-1 ZRfi i 73758 s 1Y size PNFT7 81— Unicode X4 . 5%
S AR 51 % 1 3 H MR ] NULL,

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. fifi [l Latin-1 ###5 Unicode %f 4 31345 5 4E A Python 780t 4k 0], 4%
AEFR Ty R strict” . QIR GRARTDAR T | K T 58 WS ] NULL,

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Latin-1 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode_AsEncodedString ().

8.3. FIINtgR 101



The Python/C API, &[F) 3.8.20

ASCI| ZRfBt52S

PAR 2 ASCII 4 fi# i) APL, W52 7 {37 ASCIL %o AT AT H At 4 B A BT S Bdt i

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i@ i fifthth ASCIL gl () 758 s 1 size PF A — Unicode X142 . #1R
i as s | K T S WHR ] NULL.

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)

Return value: New reference. i Jfl ASCII 4f5 Unicode X} 42 H-K-25 - 4E >k Python Ay X 4R ] . 45 iRAL
A striet” . WERSRARAD AR5 A T 54 MIRFR [B] NULL,

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_ AsASCIIString () or PyUnicode_AsEncodedString().

FITRR G AR B0 2%

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode and
decode characters. The mapping objects provided must support the _getitem__ () mapping interface; dictionaries
and sequences work well.

PATR 2 WIS 25 R 45 1) APT:

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. 3l 338 Ffl 45 i€ 1) mapping 3 2R C 9 5 58 s 11 size PNF 74 Unicode
WG MR GRfEE AR5 & T 575 WER ] NULL,

2R mapping 23 NULL, WIRFEZ ] Latin-1 2. 7320 mapping WAURF AT AAE (0 £ 255 {EHIN
HREEL) 3] Unicode “FAFERAYMALGT . BEH CREPUEEEN Unicode f4(7) B None. ARBAGTAYEE 7Y --
R EAEARF- 2L LookupError, PARMIMSE] None f%il, OxFFFE B '\ufffe', fFgilnk
SE AL B -

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)

Return value: New reference. i J{] 5 € ) mapping St 4 4qfi% Unicode X 4 H- 5 45 AR H T B X Sk 1] .
B R A A strict”. AR RIS ER 51 & T S5 WARFIR [B] NULL,

mapping X G N HERL Unicode (LTS A ERXTSR . 0 2 255 Y A A FERE None . ARIBUF )T
PRGN (RF3:8L LookupError HY%HE) PAKBUGTE] None MYBUEARHII N “AR5E LRSI
ekt -

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode AsEncodedString().

PA TR 2 AR TS 5% APT £ Unicode B8 25 Unicode.,
PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)

Return value: New reference. J8 it | ] FAF WU SRR G2 A H T 1R B 45 2R Unicode Xf4¢. AR EID s
IR T S Wk [ NULL.
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LWL A ZTURFE RN Unicode fith {37 W 8 51 8% Unicode 3 5 None GICRAHMBRAH B A F45) o

Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors FA T 4@ s A 515 Lo ERTPAY NULL SR 6 BRIA R S R AL #ET 2C

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Translate a Py UNICODE buffer of the given size by applying a character mapping

table to it and return the resulting Unicode object. Return NULL when an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API

Windows thfY) MBCS 4 ##t5 28

PAR & MBCS Frfi#id#s ity APL. HHIEA AL Windows H1a] I F:(8i i Win32 MBCS % 4fss ok SL Bl 4.
R MBCS (5 DBCS) J2—J4mitg=, mIERA—1. Hingmiis=Ue fsromisasmplas L
B E T
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 813 fifth% MBCS JRtd 737 ER s 1Y size DF 88— Unicode %4 . %R
i as s |k T v R NULL.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. 15 consumed 5 NULL, W T KIS TF PyUnicode_DecodeMBCS () . UIR
consumed /5K NULL, W|PyUnicode_DecodeMBCSStateful () ¥AMEE KRB ATZEFIH H
CLHE RS ) T B A RETE consumed T

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. {§iJf] MBCS #i% Unicode X 42 -5 45 54 >}y Python ST EE X %R 0], 4%
AEFR Ty R strict” . QIR GRARTDAR S | & T 58 WAF 3 [] NULL,

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python bytes
object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

3.3 HUCHTIA.

PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using MBCS and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode_ AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().
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73 i F0RE{L
HESEMER

PATR APT [ DAKEERA A K Unicode XIRANTFAFH: (TEFIA H B ATFRI N FA4FH) IR 13524 ) Unicode X5
g3 CIERS

R kA R EATTERRR ] NULL 8 -1,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. P22 > F 418815 8| —/N ) Unicode F4FER o

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. J553— P47 8155 —4 Unicode FRFRIFFE . WIH sep Sy NULL, NPRHAR
P SAE R A T 77 d . W0, KRR E W AR IR 0. AR BN maxsplit. 4024 H4H,
WBA R 2R A CARAES R E

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF is
considered to be one line break. If keepend is 0, the Line break characters are not included in the resulting strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. i JJ 45 7€ 1 separator A3 — NFFFERH TR B 455 Unicode FE4&FH .

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
R substr TE 45 & W N S5 (direction == -1 F /8 Bl % VS L, direction == 1 FE/R)JGHRILE) 5
strstart:end] FHPEECNERIE] 1, FHWERE] 0, AR A A EE R NR ] -1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
IR ] i F 45 € 14 direction (direction == 1 FE/8H M &, direction == -1 F )5 1018 R) B substr 1E
str[start:end] PEHRHIMAE . REMERNENICEERET S [Eh -1 FORARELBNVLE, -2 0
FORR BRI RE T 75

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_tstart, Py_ssize_t end, int direction)
3R [0] {6 B 25 7€ 1) direction (direction == 1 ZFERHi A&, direction == -1 TR FIER) B F5 ch {F
str[start:end] PEHRHIWAE . REMERENICEERET S R -1 FORAELBNVLE, -2 0
FORR AR RE T 75
3.3 BUBTMA.
3.7 MRS 5 TIAE start F end BEVRTE N str[start:end] BT H.

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
iR 8] substr I£ str [start:end] PAESHIHIRE R KA IZNRE -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. ¥ str W substr 123540 °N replstr 222 maxcount YK I: 1% [8] 45 5 Unicode X} 42 .
maxcount == —1 FEREEH

int PyUnicode_Compare (PyObject *left, PyObject *right)
HEBE A AT R IFAR ] -1, 0, 1 703 om /T SETHIRT .

BERR B AT IR ] -1, PR 4]l PvErr Occurred () Kk itiz.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
# Unicode X4 uni 5 string JEATHRIFIR ] -1, 0, 1 BRI/ SFTHIRT . d5cl A A ASCI
ISR TATE, EAR A AT A S ASCIL 450 U R K2 Hitte ISO-8859-1 b A gt 52

BERRECR &5 57

104 Chapter 8. RFHIMRE



The Python/C API, &[F) 3.8.20

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. %I Wi\~ Unicode F44 5 $FT & LU H 1R [0 DA F{HZ —:

« NULL 51 % T SRR
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, P} Object *args)
Return value: New reference. {345 format Fl args iR [Bl— B FAFE RS, X% AT format $ args.,

int PyUnicode_Contains (PyObject *container, PyObject *element)

K AT element JE A5 5 AE container W I AH 1% 7] ELE B B AH
element W8 il %% 1— 1~ HL 0 ZK Unicode “FAFEE . WA A A IR R H] -1,

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a Python
Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it (decre-
menting the reference count of the old string object and incrementing the reference count of the interned string
object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification: even
though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you own the
object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode FromString () MPyUnicode InternInPlace () W&
Ba4E, RIE—AE NEAERTHT Unicode “FAFEXTS, Bi—AN48 W HAG HH [FE I A AL A7 ER 4
T (C“HRAEY) 51

8.3.4 il (Tuple) ¥4

PyTupleObject
XA~Pyobject HFHRBE—> Python I ICHN S .
PyTypeObject PyTuple_Type
pyTypeObject KB L —1 Python JLHER, X5 Python 2K tuple ZHFAIXIER.
int PyTuple_Check (PyObject *p)
R p 22— e %’23@%}5@%‘@?&5’]?%@5’] S, DN [l A
int PyTuple_CheckExact (PyObject *p)
R p R2—DICHN G, MAR—DICH TRARY LB, kR b E A

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. IR [B]l— AR TCH N5, KR len, IR ] NULL,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. J§I IR Bl —AS 8 TGN 5, K/ N n, 9% M HHR ] NULL, JCLHERI AL
S5 1A] Python XJ %) J54E n 4~ C 4. PyTuple_Pack (2, a, b) flPy_Buildvalue (" (00)",
) FHEF.

Py_ssize_t PyTuple_Size (PyObject *p)
PR M CHN R R, IR IEIW»?JEQHEI’J?UJ\

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RETTH p VNN, B HE NULL H HAgm— It A PATHT R A
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PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 12 [0 p FF38 10 ICA Y, 5T pos AbX1 5. AR pos BHI TR, &[]
NULL, F#H—" IndexError F¥%.

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 25\ T-PyTuple _GetItem(), {HAKEHLSEL.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)

Return value: New reference. 1218] p T8 I TR VI B, 7F low Fl high 22 [8], o EFEJ 1R 8] NULL,
X 45 [E T Python A p[low:high] . AFEMIEKERTI.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
T p 8 TCL Y pos MLEARANXIR o 51T IR M 05 AR pos B, MLRE -1, FFHlH—

4~ IndexError 3.

) peRfis “OTH X o BT, H-EFEXICH H ETEZ A E R A H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *o)
KT ryTuple SetTtem(), HAMATHRIGAE, TFHMZ R PRI TTH.

#iE: XA%Ee “fiE” —AF o WEIH, H5PyTuple Setitem() RlHl, B ~E&EFFATMBE
IG5 s ST LT pos 7B AR | BB o

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
DA TR TCHR RN newsize K JCALRHKE . IMICH 0N A @ A Z21, FrA A TER S
E A5 R, ANIZERE. e 2 AT Brg H, WA SR . TdlfE
AR RS K LN WEEERHBIHCHFIE—HocH, Rasas. iRm0 . %
P RS A R ARGE *p B RAECRE-5 U T R B A B 7] 2R T o SIS, W46
“p PR, RIS, GRIE -1, K *p BEN NULL, H5|% MemoryError M{# SystemError,

int PyTuple_ClearFreeList ()

HERR . IR [ PR 2% H 2

8.3.5 SHIFFFIXR

ZHIF IR RIE M T namedtuple () 1 CXIR, BI—AFs, by H W AES ErEDim. 2@
LSRN, AR E b B E Y S5 P 81 6 AL

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. A desc W (%) %4 0 # — A B 0 45 4 P 40 8 8L, R Frik. W] RAE
HPystructSequence_New () Bl 45 ST 1) SE4 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc sABAIIR AL LS 7 51 2R 2 type .

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
4j PyStructSequence_InitType Mfil, {HAZIRRIE 0, KILHFRIE -1 .

3.4 BUHTMA.

PyStructSequence_Desc

5 BRI Sy 51 R AR
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1, C Type 2B

name const char * é**@ﬁ?ﬁﬂ%éﬂﬂ@@%

doc const char * g 10 L2 WG R SR FAF R B NULL 194 %T

fields PyStructSequence_Field| $§n DA NULL &5 S F545, HFEEAM N
* i

n_in_sequence int Python flll o] WA F B R (ans I /E )

PyStructSequence_Field
IR G FE I — A F B SR A B Ay ST I, TR B R AR g PyObject %,
JEPyStruct Sequence_Desc W) fields BT HIRTIHAE T 4507 HHAR 2~ B .

i@ | CType SE
namg const FOBOW 4 PR NULL , A E R a4 F B R, R E

char * “NPyStructSequence_UnnamedField DIMEEE K a4 7B
doc | const LMY BOUR P AT A B NULL
char *

char* PyStructSequence_UnnamedField

FEBA R IR R IR R i 22 IR ES
PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. G|z type I SEH , Z LBl Py St ruct Sequence_NewType () B,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 312 [0] p 38 [ &5 75 R, (T pos LR AR . N5 UL g

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence_GetItem () AN,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *o)
FEEEHTH p FZRT] pos AW F B E A 0o HPyTuple SET_ITEM() —Hf, BIWIZAMTHEA
sl

I SXASRREL < TR o B— I

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *o)
PyStructSequence_SetItem() MZERA .

flE): XAeREC “GIHC THRIE 0 —ANE I

8.3.6 List (%) ¥

PyListObject
XA C LA Pyobject HTAMAK—A Python 5 EKXF R
PyTypeObject PyList_Type
X @ T Py Typeobject KR Python 41| KA M LB . 7E Python JRHIAIZEA 1ist 42 [F—Xf
R
int PyList_Check (PyObject *p)
WER p 2 —DINFR R B — AP RERN) T RB LB, REE
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int PyList_CheckExact (PyObject *p)
Y p B MHNFXNG, BRI REBI FARBL G, &I EH
PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. IR [0 —AMKE A len BWIFF 3%, TR [B] NULL,

fiE: Y len KT ZFWE, R B E 5 F X R0 H g% R NULL. B AR K BB {
B Pysequence_SetItem() W% API 8{E ] C lREiryList_SetItem() ¥ E I H
SEXRFG N Python AR A FF X X4

Q_O
\ME‘Q

Py_ssize_t PyList_Size (PyObject *list)
IR list PANFXSRIKEE; X FTAEFN RN RV len (1ist) o
Py_ssize_t PyList_GET_SIZE (PyObject *list)
FIRAK) C R PyList_Size () , BAHRKM.
PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. iR |0| list 48 52 index i B FN S . MLEEOH-HIEREG A S'i
FEMTIRR EAHATERG] . W index FE H A (<0 or >=len(list)), W[z [H] NULL % & IndexError 5
Pt
T o
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_ti)
Return value: Borrowed reference. JERAK) C I PyList_GetItem() , ARG,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

HﬁJ%*%%IjﬂmdexE’JIﬁujwtem BRI [E] 0o AIAE index 8 HYE R [H] -1 % 2 IndexError
FE .

il pess “fiE” — X iem 51 A EFE— XTI R PP ALE B E A A H

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR ) B PyList_SetTtem (). RlH RPN T AR Z 0l B WA R AL B TR
Feo

#E: ZES “fiE” — X item 5| H, (H5PyList_SetItem() NIRRT T& EFAHEM B
B HE I AE list 1) i A2E LT A5 | FERRAR i % o

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Fi%H item $H AR I list K55 index Z FiHIALE . AR IIRFRE] 05 WERAS IR A -1 Hf1%

BH—NRE. MHY4T list.insert (index, item).,

int PyList_Append (PyObject *list, PyObject *item)
FEXFGR item PSIMBNF) R list WA . WRMIPRFRE] 05 WFA IR ] -1 B DR Y
F list.append(item).

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. I [0]— WG 53%, 2 list 24971 low Fl high Z 18 BIXT4 . WSR2
MR ] NULL H 855 . M4 T list [low:highl. AZFRMFIFKREBIHITES.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
¥ list 240 low 5 high 2 [8) Y] H iR itemlist (N ZY « FH24 T 1ist [low:high] = itemlist.itemlist
AR NULL, FORBER 28R (MBRYIR) . ZhikE 0, KIGHHRE -1, 3% BRSZRMS
RAREITRT.
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int PyList_Sort (P\ Object *[ist)

X list ) 4% H 30T )R LR . IR ] 0, 2R IR o XEEMT list.sort ().
int PyList_Reverse (PyObject *list)
X list Wit ok H AT IE UG . RCEIFaR ] 0, SR R o XET list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 12 [W]l— NG N4, HPAE list IINE; ZEMT tuple (1ist) .

int PyList_ClearFreelist ()

TSR . R I TR 2% H AL
3.3 BUHTIA.

8.4 FEEMX
8.4.1 T

PyDictObject
PyObject TAIREAF—1H Python FHy {1,
PyTypeObject PyDict_Type
PyTypeObject EHIF—(H Python FHAURE . I EL Python gy dict [E[F—{E41F.
int PyDict_Check (PyObject *p)
Hr p o M B B 5 2R A 5 ) 2 B true.
int PyDict_CheckExact (PyObject *p)
% p T I HEEAR R — M F I R B, IR true.
PyObject* PyDict_New ()
Return value: New reference. 1& [0l —/ N aS F L, AR [B] NULL,
PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. 12[°] types.MappingProxyType X4, Tl Hl#AT HiSed b mme st .
TR EA E AR IE B 2 AR Sh &SR AU e

void PyDict_Clear (PyObject *p)
T2 A I T B
int PyDict_Contains (PyObject *p, PyObject *key)
@%E key TAELET I p o W key PTEC b p WFE—300, WRME 1, ARWERIE 0 o3RI -1 FoR il
X4 [H) T Python Fik= key in p.

PyObject* PyDict_Copy (PyObjeLt *n)
Return value: New reference. 3R 0] p 4085 FH [F) (B X A0 5 77 4

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
T key YERBERF val JiAFHL po key W75 Rhashable; WIHRANZ, WHFE| % TypeError. IR [H]
0, SIHHEN] —1. BLERE T AU val B

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
it 1 key 1F K 8K val 4 A B F M p. key V24 k) const char*. X% 2
PyUnicode_FromString (key) BIZH]. ﬁEIjJE]]L B 0, KMBHRE -1, MR REMHTAT val B
510

int PyDict_DelItem (PyObject *p, PyObject *key)
FolR7 i p PN key A H o key dbZlIe AT WA Y 5 ﬂD%Tm, 45| % TypeError. it
BEA key, MK5|% KeyError, MINMHRE 0, KWHFR
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int PyDict_DelItemString (PyObject *p, const char *key)
BB p i i AT key SROEMBEMI A H o MR T I BEA key, WIFIK KeyError. HEIMR[E
0, RMunfgm -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. M7 p Fik 1] DA key “HEERIRT S . TR key NFAEH XA K E—
A R [B] NULL.

FEEREEME, WA _nash () M _eq () FEFEWMEHE AL M L. %
HPyDict_GetItemWithError () g iniis .,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () [N25R, BALRMSTE . Y55 &4 IR b
NULL J§ i 8 — 7w . WREAFLENR [ NULL JF EAZ R E— 575 .

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. i X 5PyDict_GetItem () —Ff, {HIE key #{F5E N const char*, i
NEPyObject *,

AR, W __hash_ (O . __eq () FEHMAIE— NG FAFERX R AR F A2
Wb . S PyDict_GetItemwithError () HIBEEIRIRE .

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. X i} Python 2] dict .setdefault () —FfE. WHREE key 75, B
RETEF I p BRI . WERBEAAEAE, B R AE defaultobj —EiE A 1R[] defaultobj . X/~ pR%K
AT key (WA BREL—IR, TASRTE A AN AN 2 BT RE .
3.4 HUHIIA.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. 12 [W]— /1 & F MLrp R #(EHIN ) Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 12 [0 —/ME &ML ib BT 4 (keys) Py ListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1% [0]—/M & FMLrp BTG (H (values) [Py ListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R E I H A, ST p B 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p PR P BN . TESE — U T MR BT IRk 21T, th ppos BTG I Py_ssize_t b
PAIIEAL N 05 R ECRE A 7 M P AR B EA IR I (R, — ELBTA SEEDR AT AL 5 S ik e (L. TE
Z: pkey Ml pvalue | 243516 PyOb ject * A&, BRI I A EERMER I, Bl AT PAy NULL,
AR BTG | A BRI . ppos TEIE AP A BPCHE . B RERR N B85 T i) i
Bk, I Hl T4t @ Msing, D ubimes &It A isEs:.

g

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

A p AN 1) A AR . AR T, SR (R A, (BAURTRIEA A K
A . Bl
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PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;
;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
YRR SR b HATIEA, FFE BB F i a. b ATAR— DM, BUEMT S FfpyMapping Keys ()
MPyObject_GetItem() HIXIER. AR override JJEAL, WHIRAE b 4L FIMH RGN a HEAFAER
FHI SRR Bl 4, A DIANSRAE @ vh A ) R D D2 S I SRR o 4 B IRp iR ] 0 Bl 245 ] &
SRR ] -1,

int PyDict_Update (PyObject *a, PyObject *b)
X5 C ) pyDict_Merge(a, b, 1) —#F, WF{LLT Python ) a.update (b), ZEHITE
TryDict_Update () TE58E _ASHA keys” JE N A 2 R BEASEEX P 24 IR
[ 0 i 45| K s E ik m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 AN ERBAH BN F M a. seq2 WA 2 1) FIVEBEDR R TR A TR AR
MAFAEEI ISR, QIR override BN 55 1 AR SERE o M PR E] O B 5| & S R ]
—1. ZiY Python fURD (GRIEERSN)

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value

int PyDict_ClearFreelist ()
R . R m BRI 2 H £
3.3 BB

8.4.2 FEWMR

=B EM NG T set fll frozenset X RN I APL AEAR[ AR TE R 1 41 i 1) T BE fic B 2 66 ) il 42
St & i (F FEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash(),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAMNPyObject_GetIter()) B:&Hh
2 F I (B F5PyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () PA
K PyNumber_InPlaceXor ()) FiJjl.

PySetObject
XAPyObject [T KARAF set Ml frozenset XFE KNI . TR T-PyDictobiect,
AT/ NRSHE S SR B = B E RN (R ICHtEGE ), 3 XTSRS EA R E
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REHE 1] B Pk Y AT AR KN AR (IRG SRR 20) o SR IR ) S B BRIl A LT &
AR BT DRI 20 it O 5 A SO AP R AT, ﬁ’ﬁT—h_ ARG A P (E .
PyTypeObject PySet_Type
X R PyTypeobject 52, 3%/R% Python set 2%,
PyTypeObject PyFrozenSet_Type
XE— A PyTypeObject M|, /N Python frozenset 257,

AN BUAG A 8 TG AT Python X G REE. I, X LAY bk B thE ] 4L nT X Python
PIE

int PySet_Check (PyObject *p)
MR p @—1 set XREFH R H TR LB R [0 = AE .

int PyFrozenSet_Check (PyObject *p)
MAE p 22—~ frozenset X]L%jﬁﬁ%ﬁ%%iﬂm%ﬁ 1002 5] ELAE

int PyAnySet_Check (PyObject *p)
W p J2—A> set X4, frozenset XJGREE ZH 2T H S 3 0] EAH

int PyAnySet_CheckExact (PyObject *p)
W p 2— set MR frozenset XGRS H B[ SLHB 2R [ EAH .

int PyFrozenSet_CheckExact (PyObject *p)
W p 24> frozenset XGHANEHT-IA A LA W3R 0] ELAH

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. 1 [B|—/A~3 1) set, A AL iterable IR [BIXT 4 . iterable W] DAk NULL 32
AN E S . BEIERR BT E S, KRBT IR ] NULL, W2R iterable 525 b & n] 2k A6
KNG % TypeError, iZ*@iﬁ%%&ﬁ%?%ﬂ%/ﬁ (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. IR [\l — i) frozenset, HH LS iterable FITIR BIFNTE . iterable W] DLK
NULL Fn ) #— N R R A . IR R a6, RGNz [B] NULL, 402 iterable 5By
EARRWERXTLNG] & TypeError,

FHIREANZZE R T set B frozenset AYSEHI R H F2RAAY LA .

Py_ssize_t PySet_Size (PyObject *anyset)
kA set B{ frozenset MRMWKE. ZEMT len(anyset) . WIF anyset N2 set, frozenset B
E?%@ﬂﬂ’ﬂi%}ﬂﬂ%é’lﬂi PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
TN PySet_Size (), ANHHTRMM .

int PySet_Contains (PyObject *anyset, PyObject *key)
IR ER R 1, WERARLFLR ] 0, WSRIE R FERMRE] -1, AK[ET Python __contains__ () J5
A, ﬁt@?&TAEZﬂJﬁTTﬂAWB’J%A%ﬁj\J” RS R o 2R key AR TG A X R 5] %
TypeError., IR anyset N2 set, frozenset B H TR LFINL5] % PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
W0 key B]—A~ set 3. WATHHF frozenset LB (KT ryTuple SetItem(), ERIHHHFK
HAFRE T A AR 2 B ) . iRm0, RIGHHRIE -1, purs key AN
ISR RM 2G| % TypeError, WEREAMKERM 5% MemoryError R set Ang set 1
HPRBEBIN 25| K systemError,

THIRECE 1 T set S TRAMLH], (AARHT frozenset M TRAAILH.

int PySet_Discard (PyObject *set, PyObject *key)
WAL A RRR R 1, WERAIRE] (To#AE) &I o, REBRERNGERE] -1, XFARFAER A
&5 % KeyError, QIR key HAT]MEFXT RN 45| & TypeError. A[ETF Python discard () ¥,
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BEBR BN 2 H SRS AT I A (R R B IR I AR 5 56 o 2R ser AN J2 set BUHTIRAUAY LA 2
5| % PyExc_SystemError,
PyObject* PySet_Pop (PyObject *set)
Return value: New reference. R [0] set FAEREXT L IHT5IH, M ser HREERZATS . MR [] NULL,
WMREA STk KeyError. QIR ser g set i FRMPLHIN 25| % SystemError.,
int PySet_Clear (PyObject *set)
25 A JW BT B
int PySet_ClearFreeList ()

HERZ . IR [ R 2% H 2
3.3 OB

8.5 EXMF

8.5.1 X (Function) ¥

T 28/ Python bR 9501 7 AR EH]
PyFunctionObject

T %) C g5tk .

PyTypeObject PyFunction_Type
X E—PyTypeobject SLAIIFRIR Python pR%ZEAL, BEAEHN types.FunctionType [1] Python
J7 AT

int PyFunction_Check (PyObject *0)
WK o SR B R CRA N PyFunction_Type) WEREIE(H. BZULIA N NULL,

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. iR [B] 5CH X4 code R RET S . globals W/l &—A 7ML, ZRKER]
AT IF) 4 Ry it
MARTE R 52 r R R E ) SCRY AT R R FR . __module__ 23 )\ globals L. 4] defaults, annotations
F closure %A NULL. __ qualname__ 1% >}5 B4 FRAH R H(E

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 23{llPyFunction_New (), {Hif RFRBERETEE _ _qualname_ J§
V. qualname [V 2452 unicode ¥f R 8{ NULL; {32 NULL ] _ qualname_ J@E NS5 _ name
JeE A R A
3.3 BCHTINA.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. [R|{2EELFE 2B {25 FH BE ) oR 850014 op o

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. || 54> 15§ pR 85 HLAH B ) eR 850 12F op .

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. iR [0 (AT R op 1Y __module_ JEME, BHE N— L8 TR RIS
freE, (HRT DA Python ARSI Ak [m] HAMAT REXT 4R

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 1 [B] FRECT%: op IS EERINE . XA PAE— PS04 sk NULL,
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int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
HREOS R op WESHRINE. defaults W75 Py_None Mi—4~It4.
KW 5| % systemError S Fik[H|

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 1 8] B E| iR ET 2 op A . XA PAE NULL B cell Xf4 104 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BB SRR BB S op L. closure W5451°h Py_None BY cell X4 TG4 -

RG] % systemError RN -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 12 [B] FRECNTS: op HIFRY: . X AT AR — PRI AS S HlLEl NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
WE BG4 op WARTE . annotations L/JU—4>F 8 Py_None.

RIS & SystemError S FHR M -1 .

8.5.2 ERAEYH
B RPyCRunct ion AR, WERFPyCFunction $5E BIRMZR P —FF . BT IHEMN

1 PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
APy Typeobject SLHIfLF Python SLBITTIAIA . "EFHFAXF Python RefF AT
int PyInstanceMethod_Check (PyObject *0)
W2k o REBIITIEX G BN PyInstanceMethod _Type) WiR[EIEAH. KW AN NULL.

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. iR [n|— /N SERITIENT S, func NoHATRE R AXT S, func FAEsLH 7 vE
PR A R B R
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 112 8] 5B 3 3251 1% im B BRET £ .
PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. AR PyInstanceMethod_Function (), W& TASIRKEG .,

8.5.3 HEMR

DTS E BRI G TR R SR E R — N P A SRS RIPE TR (BER]— 1 EHTr
k) B

PyTypeObject PyMethod_Type
XANPyTypeobject Sl Python J7VAZEAL. EAfEl types.MethodType [i] Python F2J7 A TF.
int PyMethod_Check (PyObject *0)
WK 0 BTN R RECAPyMethod_Type) WER I EAH . JEZLWIAN NULL,
PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. 12 [Bl—AN T ENT S, func NoNAEE RTINS, self iz kN4 E W
o AETTIRBOR I func F5AE 0 BRI o self AN NULL,

PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. 1& 0] 3 BK3] J7VE meth W ERET 4
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PyObject* PyMethod_GET_FUNCTION (PyObject *meth)

Return value: Borrowed reference. AN PyMet hod Function (), B&ZETEHRG .
PyObject* PyMethod_Sel€£ (PyObject *meth)

Return value: Borrowed reference. 12 7] 3 Bc3] J5 V% meth WL .
PyObject* PyMethod_GET_SELF (PyObject *meth)

Return value: Borrowed reference. JERASH ) PyMethod Self (), BEETEERKGI .

int PyMethod_ClearFreelist ()

TSR . R I TR 2% H AL

8.5.4 Cell ¥3t¥

“Cell” XM T LI ZAMER G AR, XTI, — “Cell” X4 R TAFHHR(E B

BIE 51RO REA AR AE G A0 o iR AR 2 [ Rl F i AR Eﬂﬁﬁ%jﬁf’ﬁﬂ%iﬁﬂﬁ “Cell” 5. ViM% E
i, R “Cell” s & HIETT AN 2 BT R A . XRIGE “Cell” X EE B S | 75 2 SR AR R
BT DRI 2 B SR R PRAIX LE 28 . “Cell” X G AEHAth 7 v EA KA H -

PyCellObject
C 45N cell Y1
PyTypeObject PyCell_Type
S cell P (FELE
int PyCell_Check (0b)
WA ob 2> cell XFNR T FAH; ob WA K NULL,
PyObject* PyCell_New (PyObject *ob)
Return value: New reference. B))7EFf 1% [Bl— AN S{H ob T cell %74 . TEZ W PASH NULL.

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. [i]{8 cell [F)Z5 9111 cell.,

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 32 [9] cell X542 cell (NZS, {BREAKM cell Z45HE NULL Jf H-H— cell
POE -3

int PyCell_Set (PyObject *cell, PyObject *value)
H cell X4 cell WINZER value. SXKPREBATATRT cell X5 M FINZERG M . value W PASH NULL. cell
WAFRAE NULL; AR E AR —A cell RERMEKER ] -1, Q1RECE S EI KRR ] 0.,

void PyCell_SET (PyObject *cell, PyObject *value)
K cell W52 cell IEBCN value, ALYEEGIHITTEL, T HASHEATRN ARIEZ 45 cell 67524 4F NULL
I H R —A cell Xf42.

8.5.5 ¥R

AR5 52 CPython SEILHARZAN YT . TR — B RS0 B R EC P g T AT
PyCodeObject

TR R R R G0 C 5. A B mT Bt B 0
PyTypeObject PyCode_Type

XE— N PyTypeobject 52|, FFEIR Python [ code 2%,

int PyCode_Check (PyObject *co)
MR co B— code XN [A] true,
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int PyCode_GetNumFree (PyCodeObject *co)
W&JE] co TPy A AR EEL.

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyOb-
Ject *freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. 35 [l —/>Fi AR R G 0 AISRARTE 2E— > M SULACRD XS Sk ) — S A ot
W pyCode_NewEmpty (), WHPyCode_New () H3%H] LAZEE B HERRY Python BUAS, PR N1y
i LAk .

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code, PyOb-
Ject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. 25{l)T-PyCode_New (), {HHAH— 44K posonlyargcount” T FR{v &

3.8 OB INA.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. 33 [8] L 8 E A4 . BB ME—FT 5 S NTE . X exec () B8
eval () WA g2 ARER .

8.6 HfhXtx

8.6.1 {#X (File) ¥

X APT 2N N5 SO Y Python 2 C APT i/ M EL, Bt 08T C FrifE M Zénh /O (FILE*) SHF.
1E Python 3 v, SCAFIGRA FHHTHY 1o Bk, ZEHMFERIEREWMRERLZ W VO 2 L X TILNE. F
TR TR B eR B S0 2858 APT I HE C gy, F2H TARRERS 0 NI AE e s = ek
“HijiiA io AP,
PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)
Return value: New reference. ¥RAEEF] I 04 fd 1) L3R FF A — > Python 3L 4. S50 name,
encoding, errors 1 newline W] DA°A NULL F/nf# I BRIAE; buffering T]UAN -1 FEn i A BRINE . name &
?ﬁg%ﬁﬁ%ﬂﬂ?ﬁ?%ﬁo RG] NULL. 5 XS EIWE LA, 5S35 10.open () HREH
SRy,

e 11T Python WLELA ECLAULENIR, PUHFE NS O YOCHHIAFRIL or2 ™t A R (1
SR RSN -

3.2 iR S WK name JB M.
int PyObject_AsFileDescriptor (PyObject *p)

S5 p SRERSCPE A SR B Y int . AVRXFGUZEON, WRRIILE. WURNA, WA RS
Fileno () ik (HRAFFE) 5 WP AUEN — 408, Vsl CHIA R ILE R 8 AT
TER G R A] — 1,

PyObject* PyFile_GetLine (PyObject *p, int n)

Return value: New reference. T p.readline ([n]) , XPEREAXTE p FEEE—FT. p WA S0
XA readline () FHEMEME. HEn 0, WIEIHATH KA, Mg 17, 4
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Hn KT 0, WM EERORNEL n AF s ATRGR BT —HR 5 FEX IR OL T, ansfsr B )ik
SRR, WREIS A HZ, QR /N 0, MITCI KA E 1T, (H2 R 7 RIE|
1535{415'{%, }”\]J%IZV: EOFError,

int PyFile_ SetOpenCodeHook (Py_OpenCodeHookFunction handler)
#H io.open_code () WIEHEIT R, RFHIESE T Irigfihrg ety kit i,
R 2 — 1258k PpyObject * (*) (PyObject *path, void *userData) %, H
path Bif# K PyUnicodeObject.,
userData F85T 29515 N TR T4 sRET BB A R iz TR A, A8 51 Y B 248 1] Python
RIS
BTN LI ESABRESERE, e a1 S ARE, RIECREIT RS
RS BAE sys.modules FA[ .
— HEFRRE, BB RRER R, ZJaXtPpyFrile SetOpenCodeHook () M MR R,
R RERR C 2R, RECRR A -1 HRE— 7.
WEREL AT DA APy Tnitialize () ZHIT .
51 & —A> #i it ¥} setopencodehook, AT S4L.
3.8 BRI

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEMR obj ARG p o flags ME—SZRpIARE /& Py_PRINT_RAW; QIRAE, WEH ARG str ()
AR repr ()« BENHFRE] 0, RGHHRE] -1, FFEREE 41 F150.

int PyFile_WriteString (const char *s, PyObject *p)

HATH s BIEEYIE po FRIIEF I EL O, T SR I -1, [Elerase Arid ) B SMRIE .

8.6.2 Rl ¥R

PyTypeObject PyModule_Type
XANPyTypeObject BB Python Bt A . B DA types.ModuleType [E R FE 4 Python
T o

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule Type.

PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. I [Pl A4, @Mk name_ N name . R HIX S JEVE _ name_
__doc_ ,_ package_ ,and _ loader__ (FrAEMST _ name_ #Wri%A “None*). &K
Lfft  file  J@ME.

3.3 BCHTNA.
34 fREEsk: @M _ package_ Ml _ loader_  #i%K “None“,

PyObject* PyModule_New (const char *name)
Return value: New reference. IXZ{U T PyModule NewObject (), {BHE 4 Fr A UTF-8 4t i) P82 1A
12 Unicode %}%:,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. 12 [B] 5C B module 1) fiy 44 25 [8) ) F UL 425 OG5 5 R % 2 1Y)
_dict__ JEMEAMIR . QIR module A& — MEHRXT G (SUBHOG I T8, W<x5| % SystemError
FH3& 8] NULL,
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YAl HA PyModule_* () and PyObject_* () pREUM A E HIZ BN _ dict_ .

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. 320 module 1] __name__ {H. WK BALZME, siF MR EARAE—
FAFER, W&5]% systemError ik [H] NULL,

3.3 BUHTA.

const char* PyModule_GetName (PyObject *module)
R FPryModule_GetNameObject () {Hik[E] "ut £-8" K4 FK.

void* PyModule_GetState (PyObject *module)
R PR RS, WRUR UL, R R ARG o B N AR B FE £, BH NULL. &
WPyModuleDef.m_size,

PyModuleDef* PyModule_GetDef£ (PyObject *module)

1R[] 4 T AL i 6 9 Py ModuleDe £ S5 R IIFEER , B3 ANARBLHOAS &8 F 540 14 o R
D3 1] NULL,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. R [A|{#i ] module ) __file_  JEVEFTINZRNY B4 . R EHERTE
X, BEE AR EA R4 Unicode FA7H:, M5k SystemError JHiR [ NULL; FEHAME L RFk
[l —~41a) Unicode XT4 1151 H .

3.2 OB

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule GetFilenameObject () butreturn the filename encoded to 'utf-8’.

32 BB PyModule GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule GetFilenameObject () instead.

Mgt C 1R

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually only
one statically initialized variable of this type for each module.

PyModuleDef Base m_base
Always initialize this member to PyModuleDef HEAD_INIT.

const char *m_name

B 24 PR o

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ free function has been called, if present.
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Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_s1ize is required for multi-phase initialization.

& PEP 3121 TffEER

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDef values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

3.5 Jfix ¥ 58 Prior to version 3.5, this member was always set to NULL, and was defined as:
inquiry m_reload

[VL!VEI’S(,JPI’OC m_t raverse
A traversal function to call during GC traversal of the module object, or NULL if not needed. This function
may be called before module state is allocated (PyModule_GetState () may return NULL), and before
the Py_mod_exec function is executed.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule GetState () may return NULL), and before the
Py_mod_exec function is executed.

Jreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule_ GetState () may return NULL), and before the
Py_mod_exec function is executed.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-phase
initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def )
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the API version
module_api_version. If that version does not match the version of the running interpreter, a Runt imeWarning
is emitted.

H(E]: Most uses of this function should be using PyModule_Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule AddObject ().
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Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is created,
and the execution phase, when it is populated. The distinction is similartothe __new__ () and __init__ () methods
of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict__ or individual classes created
with PyType_ FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDe f instance
with non-empty m_sIots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that correctly
reports its type and reference count.

Returns def cast to PyObject *, or NULL if an error occurred.
3.5 HHTIA.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 JHTIA.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point to a
function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-

120 Chapter 8. RFHIMRE


https://www.python.org/dev/peps/pep-0451

The Python/C API, &[F) 3.8.20

cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_ Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used di-
rectly, for example when creating module objects dynamically. Note that both PyModule_ FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference.  Create a new module object, given the definition in module and the
ModuleSpec spec. This behaves like PyModule FromDefAndSpec?2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 HUHT A

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

HE): Most uses of this function should be using PyModule_FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 HUCHTIA.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Process any execution slots (Py_mod_exec) given in def.

3.5 BUHTMA.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BUHTMA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMet hodDe £ documen-
tation for details on individual entries (due to the lack of a shared module namespace, module level "functions”
implemented in C typically receive the module as their first parameter, making them similar to instance methods
on Python classes). This function is called automatically when creating a module from PyModuleDef, using
either PyModule_Create or PyModule_FromDefAndSpec.
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3.5 BUHTMA.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initialization
function. This steals a reference to value on success. Return —1 on error, O on success.

#5[E):  Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py_DECREF () value manually on error.
Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initialization
function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, O on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be
created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not been
attached to the interpreter state yet, it returns NULL.
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int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
callsPyState_FindModule. The function is mainly intended for implementing alternative import mechanisms
(either by calling it directly, or by referring to its implementation for details of the required state updates).

Return 0 on success or -1 on failure.

3.3 BUHTMA.

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

3.3 BUBTINA.

8.6.3 &% {X2% (lterator) ¥if¥

Python $2 4 T WNE AR AR SB—A P ok A g, ﬁ}%ﬂ’j{fﬁﬁ‘ﬁu
58 AN AT XS A0 — > sentinel {H, h)¥ 51 E’]g/\lﬁﬁ)ﬂ Al ﬂq S5 HAER IE sentmel (aE
ﬁ

PyTypeObject PySeqIter ' Type
pyseqIter_New () RBIEREXIRAEIXT LM N EF IR AN ERE iter () HRSHIEA.

int PySeqIter_Check (op)
W op RFLHPySeqIiter Type Mk [H true.

PyObject* PySeqIter New (PyObjeCl *seq)

Return value: New reference. iR 5] — > 5 & L5 51 %t G — B2 (1) 25 A8 seq. 24)F F13T F4AET | &
IndexError B, EMRLEH,

PyTypeObject PyCallIter_ Type

Hig$Pycalllter New () fll iter () WEREISEOLA R B LR IR RERN S
int PyCallIter_ Check (op)

W5 op WA hpycalllter Type MR (A true,

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. iR [n|—/~Hi B ES . ﬁé/\f’%@[ callable W] DAATA0] o] DAXE I S 5000
BN UE FH ) Python w1 FHXT 4 5 SRR R FHAS A %R FHEAR IR — DI H o 24 callable 1 |71 45T sentinel
AR, EARFLIE

8.6.4 f&emas it

SRR AR RIS S AT AT R I
PyTypeObject PyProperty_Type
AR R R RN 42

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference.
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PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)

Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )

Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)

Return value: New reference.

int PyDescr_IsData (PyObject *descr)

WFAARTTXI R deser HAKARIEIE, WHR[E] true; WIEREATTIA, WRI false. descr AR FHABFAFXT
2 AR,

PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 YR ¥%

PyTypeObject PySlice_Type

PRI % . © 15 Python 2l s1ice BAHIFMINE .

int PySlice_Check (PyObject *ob)

W ob J&—A> slice XFH MR [ EAH; ob WAJIA A NULL,

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. & [B]—A>E A 4 EHI P %14 . start, stop Fll step T&:Z 24k FIVE slice %74
FHR A8 PRI B RIE . 3% 28 AR A —ANER AT DAH NULL, FERX RSO0 TR None VA @t
FIEL. AN 5 Toi Ak o3 e R 8] NULL.

int PySlice_GetIndices (PyObject *slice, Py_ssize t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)
MBI X152 slice $EHY start, stop il step K515, KEFFNKBER length. KT length (755 X548 24 1F
FEIR
BEIERRE 0, HAEERE] -1 I BN E RS (BRIEREA TS5 ARk None HIGIAB LN BEEL, 7
EAPES T 2R E -1 HEE— R ).
PRATREAS T 8 S pR £
3.2 i SR 2 i slice TE S HE S KA PySliceObject *,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice_GetIndices () HIR] H . MU XIS slice $2HY start, stop il step K515, K F5 K EMN
4 length, FERFY K BEGAPALE slicelengih 1, BRI T PR 0275 545 A5 S U H— B0y 004 90
Yl

SR 0, AR RE -1 I DA RE S

fE): b bR B AT AR KN B R R R e A . KB B R N B APy S1ice_Unpack ()
MpPyslice AdjustIndices () MG, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SR
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if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

3.2 iR AR 2 1 slice BB SR A PySliceObject *,

3.6.1 fiREE 55 N Py _LIMITED_API K ik B 5{ X B & 0x03050400 5 0x03060000 2 [A] #Y
B (AEFEBR) 58 0x03060100 B ¥ K] PySlice_GetIndicesEx () ¥ LI H— M #H
PySlice_Unpack () fll PySlice_AdjustIndices () W% . Z4L start, stop 1 step 24 Z WK AH

3.6.1 AT EIH: i py_LIMITED_API #¢8E A/NT 0x03050400 Bf 003060000 5 003060100
ZIEME ONEFEHA) W PySlice_GetIndicesEx () NE I HM KL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
M F X6 2 o start, stop Fll step £ i B HRECH C B8 . S # BRI KT PY_SSTZE_T_MAX FHIE/N
" PY_SSIZE_T_MAX, BRERHLE/NT PY_SSIZE_T_MIN [ start £ stop {3 Rl PY_SSIZE_T_MIN,
H-EBRH/NT -PY_SSIZE_T_MAX ¥ step {HI¥KH -PY_SSIZE_T_MAX,
AR I -1, MR M 0,
3.6.1 BUHFIA.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t “*start, Py_ssize_t *stop,
Py_ssize_t step)

1 start/end P)H G SR HEE B FIK AT IHE . BHEERRTS S5 E@E Y7 — By 77

EATH -
BB HEREE RS M. A2 A Python fUi5.
3.6.1 OB A

8.6.6 Ellipsis {5k

PyObject *Py_Ellipsis
Python ) E11ipsis W% . YOG MA LI, EAAIDA SRS e 055 L.
B 4Py None —FER T BN .

8.6.7 MemoryView 318

— A memoryview MR CHHIAL A K420 B — A ABAT A HALXT R — 1L 3 Python X452,
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MAEALZE b X422 X 5 A1 8 memoryview XT42 . AR obj X IF W 5 X
Fii, W memoryview X GORF AT AR S, RINE T REE R, WAL SR BATHRE R 35
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. {§ Jil mem {E R & 2 2 v X A1) # — 4~ memoryview %} 4. flags 7] DA &
PyBUF_READ B{# PyBUF_WRITE 2. —.

3.3 UGBTI

PyObject *PyMemoryView FromBuffer (Py_buffer *view)
Return value: New reference. Bl — ™5 25 & S50 IX 2544 view 1) memoryview Xt . T faj B 95 2%
WX, PyMemoryView FromMemory () s& LR EL.
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PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M & LG th X33 1 T 541 7#—~ memoryview %} 42 contiguous NS (AE°C
B ’Fortran order 31, Y15 NIE 25209, W) memoryview %42 45 1] B HE N AE - & 0, 2 11 9F H. memoryview
FRIT BT bytes Xf 4.

int PyMemoryView_Check (PyObject *obj)
WERXT4 obj /& memoryview X4, NIR[E true . HHIA 2R E memoryview )13,

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& [l 5] memoryview A5 G2t IXFAAT BIAS U HE 5. mview #HUE—1> memoryview SLH; X ASZA
KA ERIEAL, IR/t B O, 15 TR I i 15 XU <

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
& [ memoryview FF E T A 5 M X R B 4 £, B #F AR memoryview i K
¥ pyMemoryView FromMemory () BiPyMemoryView FromBuffer () 7 N iR [A] NULL., mview
MAE—A~ memoryview SEf .

8.6.8 /WMt

Python 3(#§ “8551M” AEA—IS R BMARYL, AP EEEIS G HEIXTSR . SRl a5t
G, SRR REHAR O — N IR R AU

int PyWeakref_Check (ob)
IR “ob” Jg—AHIHEE—MUBE S, MR tue.

int PyWeakref_CheckRef (ob)
R “ob” Z—AGIH, WE true.

int PyWeakref_CheckProxy (ob)
MR “ob” F—MABEXSG, WA true.

PyObject* PyWeakref_ NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIXF52 ob [— 5551 X% ZREUEZ 2R B —NH5 1, (HRERIE
BIE—ASBIXTS EA T RRE—NEA G XS 5 = ES callback — N HANS, B
TE ob WAE AR PR ERISGRF . BN R A RMIES, W55 XS A L. callback 7] PAK
None 3 NULL, U ob RN@&— 555 XIS, SE MR callback &P X4, None B{ NULL, 1%
PRAICRF I 7] NULL 3 H5| & TypeError,

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. iR [FIXF52 ob B—~555 FACHEXT S . % pRECR B2 R Bl — N H5 1, =
AR A —ASFRT S B RER [ — D IA RIS . 56 A TES: callback Sy— ] A%
%, BT ob WAE NELR I HSGER BNV ZEZ A RMIES, RISSTI XN RA . callback
W PAA None B{ NULL, IR ob RNig2— 55 XS, & WH callback A2 X4, None 1§
NULL, ZERECH& B NULL 3 H5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 3291555 | FIXT 4 ref WIE5 | B4 . A0SRBE5 | X SRARTAEAE, R ]

Py_None,

fE): %R BGR M5 XS —A o AR o X R W AR ARAR YV A A VR Bl 300 K xe
RATTREM S, A WARR IR 2 HZ X R Py INCREF () .

PyObject* PyWeakref GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 2{l)Pyweakref_GetObject (), {BSZIR— AR BIK 21 %
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8.6.9 IR&+E
A RAR X BEXT G 3 2215 ) 7 2 ) using-capsules .
3.1 HGHTA.
PyCapsule
XAPyobject T RAMAEDIBIE, &N THEREHBIE (FFh void* §55) j@id Python f{

it i 31 Hofth C AU C 9 AR “””ﬂﬁ%’)j‘zﬂﬂ Efémﬂ” — M E S C eRERCR B AR AT
H TEAERIE AT AGE LS AL R A E S Bk b b i LY C AP

PyCapsule_Destructor

ARSI — T gk o] — e s, s LA

typedef void (*PyCapsule_Destructor) (PyObject *);

Z W PyCapsule New () F¥3REL PyCapsule_Destructor 32 [BI{E )15 X o

int PyCapsule_CheckExact (PyObject *p)
MR SR — A PyCapsule MR [A True

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. G| — 11351 pointer [{)PyCapsule., pointer 2% 0] DA A NULL,

TE R WA & — > S8 4R ] NULL,

FAFE name W PAJE NULL 8@ — M RIA N C FAFERITREr . WHERAN NULL, T BLS2 45 ER 020 LL
capsule K (B IR AIFLE destructor FRERE )

W2 destructor ZHUAN NULL, W24 E w81 SR I capsule 110 ZEOR AT .

MR capsule B9 R — P E P @M, W] name 248535 E N modulename.attributename,
G AV HABIE Py Capsule_Tmport () R AL capsule.

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAAAE capsule W) pointer . AEJIGIN 5 B — A~ 78 4R [M] NULL,

name 25 S RTFAE capsule H A FRIEATRE IR LIS . Q0 SRPRAEAE capsule HH 44 FRA NULL, WfE A
Y name W02°F NULL, Python £{#iJf] C B%{ strcemp () KK capsule 44 F5 .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

AR [ PRAE A capsule HH P Y BIBTAO RS o 78 2R MORHE B — N7 IR 9] NULL,

HA NULL thifgs 2 5. X215 NULL & [MEA LI 3 W Pycapsule_Isvalid()
B{PyErr Occurred () FeiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFAE capsule HHRY 41T SCo RSN B E—A 57 I 3% 1] NULL,

capsule ELF NULL RN 3CEAER . X215 NULL ik [MfS A el s i PyCapsule Isvalid()
B PyErr Occurred () FiHEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule H A4 BT FR . 75 R MBS E — 3 4R [F] NULL,

capsule B NULL A2 ETER . X2{fif5 NULL iR ARG iy X W fi PyCcapsule Isvalid/()
B{PyErr_Occurred () FiHEE L.

void* PyCapsule_Import (const char *name, int no_block)
M— DB capsule JEMES AFG T C XFRINFEEH . name X2V 448 € J@IEM 58844 FK, 5 module.
attribute HHJ—E. PRAFHE capsule H (Y] name W70 5E A VUBC AT E o U no_block A EAE, WIPA
TP FERLR ALY (i [l Py Import_ImportModuleNoBlock ()). N no_block “MAR(E, WIDAE
G AR (il Py Import_ImportModule ()).
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BT IR [F] capsule A NP 45 4T, AR MBS E =8 R [F] NULL,

int PyCapsule_IsValld (PyObject *capsule, const char *name)
458 capsule 22— AR . AW capsule o7 A K NULL, {&£i#iPyCapsule_CheckExact (),
e H A i — AR NULL 1 45 # #H,ﬁ\ﬁ\]iﬁﬁﬂ 5 name % Z M ILE. (iF S
f]PyCapsule_GetPointer () T AN} capsule £ FRiEAT A XAGE. )

Pem)iEie, WiRPyCapsule Isvalid() RFIEAE, WAEfTXT5R#E (PA PyCapsule_Get () Ff3k
FAEATT R ) U8 AR ARAIE 25 B2

WX GA RO HILELAE AR FRNR B AR A . BRI 0. BEpRE—E AR

int PyCapsule_SetContext (PyObject *capsule, void *context)

Y- capsule WERIF_E N L3855 N context .
BRI 0 MR BRI BB —A 75

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

¥t capsule WHEPBINTHI#$I% R destructor .
BRI 00 JRMEFR BIEHESE I BB — A7 .

int PyCapsule_SetName (PyObject *capsule, const char *name)
Bt capsule PRI ZFRIX N name, TR K NULL, WA FRPFAER DAL capsule K . W15R 2 HifRF
Tr capsule F1fA) name A NULL, WIARSZB0E .

JREIIR ] 00 SRR [l R A I BB — A

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

K capsule WIFH) =S85 CA pointer . $8%51 7] 4 NULL,
SRR 0 2 e Hsf il o] R ZAR B A R

8.6.10 (4234t
A R 5202 Python ISR SEBUAL B A AUAR ORI R . EAT T i i AU AL (R B AR B, A2 5

iﬁl}ﬁPyGeniNew () E?(PyGeniNewWi thQualName () .

PyGenObject
T HE ARG C S5t A
PyTypeObject PyGen_Type
SN R e U E SUINATIE SO
int PyGen_Check (PyObject *ob)
R ob J2— AR RN B EAE s ob UK NULL.

int PyGen_CheckExact (PyObject *ob)
WK ob KB Py Gen_Type WA FE; ob AR N NULL,

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. 35T frame Xf GBI G I 1R [l —AH ) A ARG o LR BN BUE— A% frame
W51 . SR A A NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 1T frame 3T R A @3 & Bl — AN A K as %%, HAf _ name_ Al

__qualname__ %A name Fl qualname, It pRE 2 WE— DX frame W5 H . frame ZE AN Ky
NULL,
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8.6.11 {hiZ¥sR

3.5 OB
IR RIZ I async SBE P B R £l a1 Y .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
W ob WAL ZPyCoro_Type NEREIE{H; ob WA NULL.

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. J:T frame X} G A IR B —ANFH A HEEXST S, Hf _ name  Fl
__qualname__ &N name 1 qualname. RS TG — DX frame (5| 1. frame ZELL ARy
NULL,

8.6.12 F T TEMR

filE): 3.7.1 HUES#: A€ Python 3.7.1 . Firf B R 3C& C APL N4 WA Pyob ject $REFTITIA

B PyContext, PyContextVar PA K PyContextToken, fiHl:

// in 3.7.0:
PyContext *PyContext_ New (wvoid);

// in 3.7.1+:
PyObject *PyContext_New (wvoid);

NS £ 7 issue: * 34762,

3.7 HEHTIA.
FTRANG T contextvars fHLH A H C AP,

PyContext
JIT /R contextvars.Context XM C Z5H4K,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C GEME,

PyContextToken
TR contextvars. Token XJRH) C Z5HK,

PyTypeObject PyContext_Type
PR context AN G

PyTypeObject PyContextVar_Type
27N context variable JERI AN 42

PyTypeObject PyContextToken_Type
RN context variable token ZETI TR R .

KA 2

int PyContext_CheckExact (PyObject *o)
MR o AR PyContext  Type MIRMIE(H. o WAURA NULL. HEREUEE 2 BIIIT .
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int PyContextVar_CheckExact (PyObject *o)
R o BN PyContextVar_ Type NERE BEH., o WA A NULL, BEREUE B4 IhieT

int PyContextToken_CheckExact (PyObject *0)
W o WZEA Py Context Token_Type MR EAH. o A NULL. MeRELEZ 2 AT

RSO SAE B R R

PyObject *PyContext_New (void)
Return value: New reference. QH#—ASHTHIZS FF 3OS QA & AR 8552 W3R [B] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. B FTE AR cox | F SO )EFEE D, a0 & A 85 1R 5K ] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. Q|78 24T 22 I F SCHYHFE Do W2 A A 52 W3k (1] NULL,

int PyContext_Enter (PyObject *ctx)
K e WO BIEARA Y /T B 3C. MEZhmRE o, SR m) -
int PyContext_Exit (PyObject *ctx)
OB coe 1R SOFRZ BT B R SCHRE N M BTAAER) 24 BT B R S0 Bz ml o, HAFmRE -1,
int PyContext_ClearFreeLlist ()
T2 B SRR . R B ORI 2% H B R B S T
BRSO R A

PyObject *PyContextVar_New (const char *name, PyObject *def’)
Return value: New reference. Bl|72— 1) ContextVar 4. B2 name T HESENEXHLR . £
% def Ry bR ARG EEIAE, B0 NULL ZoR EERIAME . IR A A8, X eR%i4 iR ] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
RIBCE T SRR SRR R P R AR R, IR -1, WA AR, TR R HREIE,
HRIR B0,
WERIRH] BN, value FE2 38 B RIHEE . QAR BN SUE S RA KB, value FHEI :
o default_value, YNHIE “NULL®;
o var FERGAME, AR NULL;

e NULL

R 7RI NULL, XA eRERS R Bl — A8 s

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 162411 N SCH Y var %8 value, 32 814155 S P BT FEdE X 42, s UnR
KA RIR [A] NULL,

int PyContextVar_Reset (PyObject *var, PyObject *token)
R BRSC E var E’Mj(ﬁiﬁﬁ ‘BT[] token [f]PyContextVar sSet () PMMZHIHPIRA. KL
IR IE] O, A i

130 Chapter 8. RFHIMRE



The Python/C API, &[F) 3.8.20

8.6.13 DateTime ¥4

datetime BIHLPRML T4 Fh H WIFN B X5 A6 AT A3 28 pR B2 1T, WA Z0HE AR I VA rp 4 B 3k SO
datetime.h (3 I RS TE Python. h /1), 3 H% PyDateTime_IMPORT D4 ¥k &ALl , il
A B IR — 5 . XD E SRR E C S5 A — P ESAS i PyDateTimeAPT
Bl FHEPZERMH .

71 UTC Hf):

PyObject* PyDateTime_TimeZone_UTC
R HFR UTC B IX BRI, 5 datetime.timezone.utc NFE—XF% .
3.7 BT
FKBURG AT
int PyDate_Check (PyObject *ob)
IR ob °K PyDateTime_DateType KAl PyDateTime_DateType [ T28 Nk [ BAH.
ANEEN NULL,

int PyDate_CheckExact (PyObject *ob)
S ob i PyDateTime_DateType ZEHIMIR [ B{H. ob AFEN NULL,

int PyDateTime_Check (PyObject *ob)
IR ob Ay PyDateTime_DateTimeType Hlnf PyDateTime_DateTimeType [1HAT-2E AN &

M EfH. ob ANEEN NULL,

int PyDateTime_CheckExact (PyObject *ob)
IR ob 2}y PyDateTime_DateTimeType KB NIRMIE(H. ob ANFEN NULL,

int PyTime_Check (PyObject *ob)
IR ob P)2KFL R PyDateTime_TimeType B{i& PyDateTime_TimeType 1 TZEH N1k B HAH.
WK NULL,

int PyTime_CheckExact (PyObject *ob)
R ob [ZEFL R PyDateTime_TimeType MR F B H. ob MoK NULL,

int PyDelta_Check (PyObject *ob)

W ob 5 PyDateTime_DeltaType FKAlnl PyDateTime_DeltaType HYIEAST-2E N1 7] BAH .
ob INfE>H NULL,

int PyDelta_CheckExact (PyObject *ob)
ISR ob * PyDateTime_DeltaType AR M EfH. ob ANFEN NULL,

int PyTZInfo_Check (PyObject *ob)
N ob °f PyDateTime_TZInfoType ZKAal PyDateTime_TZInfoType FYHA T2 AN & ] B
{H. ob WA F NULL,

int PyTZInfo_CheckExact (PyObject *ob)
R ob (T2 PyDateTime_TZInfoType MIR[EI B H. ob AHEA NULL,

i clfete Siba

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. IR P|455E4E. H. HH) datetime.date X%,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. 12 [W] H.A5 45 7€ year, month, day, hour, minute, second FI microsecond J& {4 [t})

datetime.datetime %4,
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PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 1% [B] .5 1§ 72 year, month, day, hour, minute, second, microsecond #fI fold J&
] datetime.datetime ¥4,

3.6 BUBTINA.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. 1% 7] B-A5 5 %€ hour, minute, second and microsecond J& 4/ datetime.time

IS

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 1 [8] B 45 ¥5 %€ hour, minute, second, microsecond #fl fold J& 4 H) datetime.

time XH.
3.6 UCHTIIA.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. iR 0|t F£ 45 E K., PFHEFEY) datetime. timedelta X4 . BHHITIEH
AR E AR R A P FI R EUALAE datet ime . timedelta XA STRYFEIARY XA Z Y .

PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offser)
Return value: New reference. 12 [i|—/~ datetime.timezone X4, ZX R EF VA offset ZEFEIRITA Ay
2 T FE 22

3.7 BUBTIA.

PyObject* PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. 12 []l—/~ datetime.timezone X4, ZXT% E A DA offset ZHFH R FEE
s} ZERIES X4 B name

3.7 BB

— 26 ok M date X G PR BE R . S B ah i )& PyDateTime_Date il #f H 7 28 (f5l 40
PyDateTime_DateTime) 5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
ARGy, [E)IEREEL.

int PyDateTime_GET_MONTH (PyDateTime_Date *o)
[l H 4y, EIEsE, /13 12,

int PyDateTime_GET_DAY (PyDateTime_Date *o)
Bl H A, [EERs, €1 3 31,

—LBEISR M datetime X5 PEEIUFE B . SEUJIE PyDateTime_DateTime WHFH TR LH] . S4k

WA A NULL, I HRBUR S A

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o)
/Ny, [EIERE S, ¢ 0 3 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
o4, [EIERES, 7¢ 0 %) 59,

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *o)
mlEFy, [FEIERE, 40 5] 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *o)
mIERRD, EIEREE, 180 %] 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o)
Return the fold, as an int from O through 1.

3.6 BUBTINA.
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—LEHR A time X R HIRIUT B R . SHUL/E PyDateTime_Time WFHT-IMSLHI . SHULHA N

NULL, FfHBRRSYAGAr:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
[l g, [EEHE S, 4E 0 2 23,

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
Ml s, [FIEREEL, 4E 0 %) 59.

int PyDateTime_TIME GET SECOND (PyDateTime_Time *o)

[\, ([EFERd, 7% 03 59,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
W Rr, [FIER, # 0 %] 999999,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.

3.6 BUBTINA.

—LEFSE M timedelta X4 PRI B % . SHULJIE PyDateTime Delta WHFH T-IMLH . S
A NULL, FfHBRUR S
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *o)
WR[E REL, M-999999999 F| 999999999 L%y
3.3 iCHTINA.
int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
R, A O 3] 86399 fryHE %K.
3.3 BCHTNA.
mtPyDateTime_DELTA_GET_MICROSECONDS(PYDm€ﬁwaDdulﬁﬂ
R, A0 3] 999999 fy ey
3.3 OB A
— ST RIS DB APT 7%
PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. B)ZEH-1R [l — 45 EICHSENH datetime.datetime X4, EHES
datetime.datetime.fromtimestamp (),
PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. G| 7RIk B — P45 E TCHSE H datetime.date X, HHESH
datetime.date.fromtimestamp (),
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sl LK

152 R Python W45 1LELE

9.1 7 Python #i&{t 2 Hi

FE—AHEA T Python [N HARFFH, Py _Initialize () PREWAHIHEATn] HiAth Python/C APT pREZ Hi# 17
s BIAMG HAE A BIRECN & B e 5 &+,

TERIUGAL Python Z i, R PAZZ AT I AR eR &5
o FLE KL
- PyImport_AppendInittab ()
- PyImport_ExtendInittab ()
- PyInitFrozenExtensions ()
- PyMem_SetAllocator ()
- PyMem SetupDebugHooks ()
- PyObject_SetArenaAllocator ()
- Py_SetPath()
- Py_SetProgramName ()
- Py_SetPythonHome ()
- Py _SetStandardStreamEncoding ()
- PySys_AddWarnOption ()
- PySys_AddXOption ()
- PySys_ResetWarnOptions ()
o [FE AL
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- Py _IsInitialized()
- PyMem_GetAllocator ()
- PyObject_GetArenaAllocator ()
- Py_GetBuildInfo()
- Py_GetCompiler()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()
« TH
- Py_DecodeLocale ()
o WAFMEESS :
- PyMem_RawMalloc ()
- PyMem_RawRealloc ()
- PyMem_RawCalloc ()

- PyMem RawFree ()

# [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 A3 57 4 il 42 SR L B H A | R PR A AL B o SXBEAREBRIARE v 4T

YA E AR, AR AR BB . B, b %%Py_BytesWarningFlag B’
Sh 1M -bb &Py BytesWarningFlag XK 2.

int Py_BytesWarningFlag
M4 bytes B bytearray 5 str WEKEEFf bytes 5 int WM A M EL . WRKNTET 2 MR
e

Hi —o I .
int Py_DebugFlag

FriafEdras il (BREZMH, M T gmigem) .
i —d #¥EIF1 PYTHONDEBUG MIEAS % B .

int Py_DontWriteBytecodeFlag
MR E A AESS, Python AATES AR 22X B A . pye U
i -B &3 PYTHONDONTWRITEBYTECODE I AF Bk B o

int Py_FrozenFlag

MAEPy GetPath () WM EBIHUR RERAZ I B R -
H _freeze_importlib il frozenmain F& 54 FH AL G AR .
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int Py_ HashRandomizationFlag
402K PYTHONHASHSEED MEAS RO AR FAFHR BN 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

LR AAE A N*A%ﬁ%/\j}cmﬁﬁT —c IR, WSFEPITZMA S A& 53 A S BRI, RIS
JE sys.stdin HIE—ALimhHt k.

Hi -1 PEYfFI PYTHONINSPECT BB iR H .
int Py_InteractiveFlag
B -1 BRI
int Py_IsolatedFlag
AR B AAZ AT Python. 7ERS BT sys . path $ARL S A H S8 P11 site-packages H 5k
i -I1 Iﬁ}x%
3.4 BCHTNA.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

IR PYTHONLEGACYWINDOWSF SENCODING MIHAF B9 i AR S AT M 1.
HZ RS PEP 529,
Al i Windows.

int Py_LegacyWindowsStdioFlag
WRAZ AR AIEZE, WM i0.FileIO A WindowsConsoleIO fEH sys MIFRUET

44t PYTHONLEGACYWINDOWSSTDIO MEEAS B i M ARAS FAFER N 1.
A REZIHAEEL., S5 PEP 528,
Al F P Windows.,

int Py_NoSiteFlag
I site WA LHPMN R T U RN sys.path B#AE. WIR site RTEMEHEAT AL
LB SRR AR S % AT site.main ().

EE =S iﬁIﬁ&L%o

int Py_NoUserSiteDirectory

AEH H P site-packages HEEMNE| sys.path,
B —s fll -I ¥ DA K PYTHONNOUSERSITE M5 Ar B H .

int Py_OptimizeFlag
H -0 YEIfiF] PYTHONOPTIMIZE FRIEAS RH ik &,

int Py _QuietFlag
R E 22 BT AN SR BRI B

M —g IR .
3.2 HUCHTIA.
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int Py_UnbufferedStdioFlag

5 il stdout A1 stderr i A& .
Hy —u YETi A PYTHONUNBUFFERED MRS58 i B

int Py_VerboseFlag

FERAIIR AR ST I — 200 R, R BT 18 (SCPF4 BN B ) ﬁﬂ%ﬁ?@i%? 2, W
SRR R PEAEA SCPET B AN A 7E T B B R

i —v A0 PYTHONVERBOSE FRIEAF i E- .

9.3 MIBILIIRLSILIRIERS

void Py_Initialize ()

WIhR4k Python i REgs . FEf A Python i FIFEFHY, BN M4 7E(H F LA HiAth Python/C APT b4 Hij 9
P TS Python #4512 8T T BB B AME I .

BRI IR E MR R (sys .modules), QA A builtins, _ main__ fil sys, Bl
WA BHIE R KR (sys.path). EALXEE sys.argv; WA FREEMHPySys_SetArgvEx (),
W WIS (FERSFCI A Py_FinalizeEx () WITEOLR) ARSI HAE . B34 & A ;
WG 52 WO £ % A B A iR

Hi[E): #£ Windows |, ¥4 G450 M O_TEXT A O_BINARY, X EWfiH C =fTh Ik
Python f##z il & {4

void Py_InitializeEx (int initsigs)

UnSR initsigs Sy 1 WIZRR B TAET S5 Py_Tnitialize () Ffbl. WIS initsigs 3 0, EXFBRIL(ET4L
BRI RI RGN, X AEHR A Python I ] FESARA AL .

int Py_IsInitialized()

HnsE Python g C ¥ tAtL, WIREIEM (EF); SMLREEE (%). EHAry FinalizeEx ()
25, BRBUFRREEE Py _Tnitialize () FRRBHM

int Py_FinalizeEx ()

Wipy_Initialize () FHEI BT A IR L BEVER G £2%) Python/C APL BRI H , IF458H Bk
WHPy_Initialize() U&E@'&JBIJH%’E% LT TR (B0 Py _NewInterpreter()
—ID. FEHAEIT, X 2R Python fRBEAS /- BL I FTH WAFE. 245 WM AR (ZE R FRHA
HPy_TInitialize() E’Jfﬁ{)i‘_l:) DA PIFATATEAE . IEFTHO R R EER 0. WHRAERZLL (F)
B EE) R A R, R -1,

FEMEIE R BN I AR Z o i AN AR 7 1] RE Ay S H0B /5 ) Python, i A b 8T 8 WY AR A &
MBI R (8 DLL) A2k Python e ) BT R 7 7] BEAy B2 (6 H1 2¢ DLL 2 HiBéj Python /3L
i0)ge] V\Jj’ﬁ?’?o }EE}%%'?EZJ% FEFF WA IR A AR vf TP RN GURT REAy SRR H W AR Z HTREJIX 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.

gl &— H 5 cpython._PySys_ClearAuditHooks, ANMPAFAEMIZS%.
3.6 OB
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void Py_Finalize ()

K MAF R EEN Py_FinalizeEx () W] FIEEAS

9.4 HBERSH

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WER B T Z R AL, N4 Epy Tnitialize () ZHIAM . ERE T hriE 10 61 2 i i UF0 4 15
WA, HE L str.encode () HEYAHIA.

‘B T PYTHONIOENCODING (A, H AV AL DAEAE RS SR F B2 ) 1O ptdAg =X
encoding F1/5¥, errors B] DA% NULL PA{#i il PYTHONIOENCODING FlI/8iBAME (BT HARE).
HERTERAAMBE (BUETHMEE), sys. stderr #& il backslashreplace” f AL P44 .
WA TPy _FinalizeEx (), WFFEFRITHIZRBOAERL WX Py _Tnitialize () WG .
R R 0, AR AERAE (BIANTEfRESS Tl i b s TR ) o

3.4 OB A

void Py_ SetProgramName (const wchar_t *name)
AR B FZ R, MR Py _Initialize () ZEIVHIAE . ER-EFEREFETH main ()
BRI argv (0] ZHIME (RN TEFAF) . Py_Getpath () FIN I HELE H M o B 2> i EZERINS
TERERR I ALE EA AT AT SO Python iz 7S FE . BRIMESZ 'python'. SEUNV YH8 S AEAE
PR — D PABESTR I ST, RSP RAT IR 2 K AR . Python f#REds Hh AL A AUHY
HRIA R A T N2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
Bl Py _setProgramName () WEMAFFAMR, SEGARIAIR. 1R B TR EE ST R/
FHANAEHAE .

wchar_t* Py _GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if the
program name is ' /usr/local/bin/python’, the prefix is ' /usr/local'. The returned string points
into static storage; the caller should not modify its value. This corresponds to the prefix variable in the top-level
Makefile and the ——prefix argument to the configure script at build time. The value is available to
Python code as sys .prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()
IR [AEE R 22 AR # TP B U exec-prefix. iX gl BT Py_SetProgramiame () B
PR 7 24 PR R SR BRI AR B i R AR 19— R VIR AR W SRS 1 2Bk, WARFRF 25N ' /usc/
local/bin/python', N exec-prefix J}y ' /usr/local'. iR[FIAIFRFERH-48 MESEME: MATA
MWAEHAE . XN TS ER Makefile 11 exec_prefix A5 DA M AE IR %4 configure
JHA) ——exec-prefix 4. ZERFPA sys.exec_prefix [ FRfL Python fCRSE ] . B ]
F Unix,

Ek: MABT AR SCPE (IR SCPERIBE S ) 525 TR0 H St )5 exec-prefix 442
AT prefix. fEAAGTRE T, T F-GHISCHFATRES T the /usr/Local/plat - H R
ST AR TR /ust/Local,

BMEZ, PEe i mgavIfmal e, Flanira a1 Solaris 2.x #/E RS Sparc HLEF 2B
FAHIEA-E, {Hiz4T Solaris 2.x ) Intel #4527 —Fp-F-5& , 1Miz1T Linux 1) Intel Hl#§ 327 —fF-5&.
AV E R G R A ) R A GBS R TG . B Unix $ERFEAGRE LA TR X2
RG5O 2 0 ELK Rt prefix I exec-prefix @A LK, IR N Z FAFS . TR C W
PR Python FEH5 S @M TG 19 (I AL T B A4 B (5 1) Python fiiA!)
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RGP BVAE WA i B mount B automount FEFFDAYE-G AL /usr/local ik /usr/
local/plat BUNEIXIAIE-&RAE SRS .

wchar_t* Py_GetProgramFullPath ()
ik ] Python W] JUAT SCAFR SE AR T 245 X2 MR IEREF & 08 (i Lidpy_setpProgramiame ()
WE) IRABRIABIHIE R AR M ST A R 1 . 3R B EAF R 58 S A W RN
WHAE . ZERPA sys.executable BYZFRAL Python fCALH .

wchar_t* Py_GetPath ()
Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a se-
ries of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller should not
modify its value. The list sy s .path is initialized with this value on interpreter startup; it can be (and usually is)
modified later to change the search path for loading modules.

void Py_SetPath (const wchar_t *)
Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should be
separated by the platform dependent delimiter character, whichis ' : ' on Unix and Mac OS X, '; ' on Windows.

X FE sys.executable #ik NIETFHISERIRIE (B WPy _GetProgramFullPath ()) i sys.
prefix fil sys.exec_prefix A NaMEH., WMRAEE APy _Initialize () Z)J5EEENN AN
FABHEAT

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
HARSHAAENTIZ ], D7 T DATE T 45 R R E
3.8 i SE: AL sys . executable R NREFHYERERAT, TAREET U4 .

const char* Py_GetVersion ()

i 1] Python fEREASFMAS . K0 F B 455

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first three characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not modify
its value. The value is available to Python code as sys.version.

const char* Py_GetPlatform ()
Return the platform identifier for the current platform. On Unix, this is formed from the “official” name of the
operating system, converted to lower case, followed by the major revision number; e.g., for Solaris 2.x, which is
also known as SunOS 5.x, the value is ' sunos5'. On Mac OS X, itis 'darwin'. On Windows, itis 'win'.
The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.platform.

const char* Py_GetCopyright ()
1% 1] 24 7 Python fRAS 1B 7 AU AFER, 14N

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
R FAFER IR I ESATAH . PR A BB SCHE. Python fURRTilid sys . copyright ZREUX(E.
const char* Py_GetCompiler ()

AR [0 4 15 24 B Python MRAII ik ded <, Wi r i S rEa, Bl

"[GCC 2.7.2.2]1"
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1R ] AR ER R M ESAT R T A MVAE MO E . Python RRASFTAMAS B sys . version HERHLZ
.

const char* Py_GetBuildInfo ()

iR [l 9 24 i Python f#RE RSB e 41 S Al i H AT RIHRI A5 6L, il :

"#67, Aug 1 1997, 22:34:28"

E@B‘J?ﬁ%?ﬁf’ﬂﬁ%ﬁﬁﬁ%; JAE A NAZUOL(E . Python fU A AMAE & sys . version kLA

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)
R arge il argy WH sys.argv. FEESHEARFH main () RERIFML, KAHET TV 4
& 1) AT ) BAIAR SCAF T AN 2 Python MEEREES R R T AT SO AR BB TR A, T argy Yy
ST A AR QR R B TE AR sys . argy, WRHEN Py _FatalError () K™

WL
W2 updatepath 925, ek LR 52 ARATE . WN2R updatepath JAEZAH, WL R B0 R AR B AT Bk B 2k
sys.path:

o WERAE argv (0] L A—ADIA A, WA FrE H RAEX AR P INE] sys . path (FF

« AESLBALF (AL, W5 arge S 0 s axgv (0] ASFIEBA A4, WL sys .path
TERU M TR, ST IR A TAEE 5 ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

fE):  HHE I T IAT A BIAS LASMI H 4% A Python RS0 Y AR T LA O 14 updatepath, f:
TEETRTER sys.path A5, & CVE-2008-5983,

16 3.1.3 ZHICA S, AL AE A PySys_setArgv () ZJGTahli 5% —14> sys.path JTEK,
Bt -

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 BUHTNA.

void PySys_ SetArgv (int argc, wchar_t **argv)
IR B T PySys_SetArgvEx () WHE T updatepath 2y 1 [5AF python fERERS H BB T -T.
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 RE 5 updatepath (EHT -1,

void Py_ SetPythonHome (const wchar_t *home)
WEBVAR home” H %, Wi prifE Python FEFFYERY (L E . #5215 PYTHONHOME | ffZ ST 1
1
WSH MR 1 H SR D — D A EET R A e, HNAERT AT ReA7ZZ . Python fi#
FERS T A 4 R S U I I 25

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()
iR 5] R A 19" home”, 342 HH 2 Bl XfPy_SetPythonHome () MWW A Tk EMWE, KEERKET
PYTHONHOME P54 f (5 0 N i35 48 A (L
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9.5 ZEATHLSHEREIM

Python fFREAS AR SE R LA L2/ . N T FF L LARN) Python Ry, WA T — D&)A, FxMglobal interpreter
lock MGIL, 2HIERRNMIERA B2 54 HE L 41D M Python X4 . AISRBCA XA, Bl fa] B A #5241
W] BEAE 2 AR AR P B R: Bin, 4L AR R I AR R R g 5 R, 51RO R R A
HHEIT — KA

P, MR A IR GIL BZAE A RETE Python X4 EATHRAESA ] Python/C APT %, “hy TR A
WY, RS E W2 UIARE (B0 sys . setswitchinterval (). BUHBSAERRE SCIF4SF T BEE A
FEM VO HRAEREL, PAGE A Python ZEAEn] DAz AT

Python fF R S FE— A WPy ThreadState MEIRE WA PR F LR L RBIICREE . 86 12k
A YR A Y B Py ThreadState: BRPME Py ThreadState Get () FFHEL.

9.5.1 \i R RAEPER GIL
REBARVECIL )9 AUE BAT AT fa] BA45H :

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

O AN R g Iy — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS JZRHTFF— A Bt m B — AN R ) Je i AS & Py END_ALLOW_THREADS
T P A
b AR T B A T T A AR

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

UL R AR AN - 42 R R BT SR DR 116 ) 24 T ARSI B AR BIUT IR A RS
I, IAAHEBORE 2 BRI F RS ET (53— DA AT AN, RIAREUBF I ) AR A
Bl Jrre ) o IR, PRI LRSI, W ATEAF SRS R B i e i

#HE: T R% VO sREUEREL GIL i WA, (HEAE AT E4J7 17 Python X &I\ KMZITIHE, b
QAT N AF G IR XA TRV E G 48 50 % R B AT AR A o 280k, AE XTI TAE T 4 Bl e A B VE I A
#E z1ib 1 hashlib Fihpt &Rk GIL,
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9.5.2 3k Python G2 rIZ 2

1] & ] Python APL (#ll threading fidR) QUELRRN, 2 H 3R — LA HW LT 2R A
MR IERRY. 2, WR&REEM C U (Blinh BA A SR e = FEeld) , ENmARefa
GIL L3845 A A FAR S 5

ARART 2 IX L AR 1) Python fURY (R &2 LIRS =07 FEPTHRALAG I APTHY—55y) , ARUATE
Jeill il BUE AR S EAR S (R R S8R, AREHRI GIL, SR i ENIMARRIRETRET, X
FEARA BEIT 4Rl Python/C APL. SERLA LA BRIE, AREY B FURESEE, FEIGIL, SR RERZ AR
SHAEL .

PyGILState Ensure () MlPyGILState Release () e Bl LRI G #EAE. M C L2 3]
Python [ #7177 =40 F

PyGILState_ STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py_Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () APIis unsupported.

9.5.3 FHx fork() By FEEIN

A RERER) T — A BE R E U ENTHERXT C fork () WHIMIIIT N TERZEOELR fork () BIFR
girf, AT fork 2 )R A A il fork MYZRARAFAE . 1005 2T Ab BB PA & CPython (115 ﬁHTW
BT A B RIR SR AT S TR Y 5&“[’]

The fact that only the "current” thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS AfterFork Child() tries to
reset the necessary locks, but is not always able to.

PR JAD S RN G A X — S B RRE CPython HYIBATIPRS LN ZEIEI, os . fork () WLRXFHHAY.
XA e A& 1&)3)%?%5%@%‘%%%@?7@ ﬂﬂPyThreadStateX]‘%M&Wﬁ/\ﬂﬂpﬂnterpreterState
W5 BT AR main” 554F 35 BOERIRMERT, fork () W24 HAEZ MRS main” 282 HP g 1, 1
CPython 4 Jaiiaf T F Ak R AE A LR P AIIRIL I o A 24 exec () RERE G 7 BIBER FH )17 0 2 ME— B 151 21
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9.5.4 E API

XLERRAE S C 4 AU TR R A Python MRk it fir 5 I 92 BRI R %L

PyInterpreterState
BRI INCER A G IEERIT MRS . 8T R R 1 LA S A B DA B LA — 2
WA H o RE R A S A

W%BJHE?KIEJ@%%%%B’J%%ETXA?Eﬁ%ﬁ@ EPERDIRS AN AT NAF . FTIT R SO R A 4R 45 B
o RSBt 2T A SRR, TR EA TR TR RS -

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Initialize and acquire the global interpreter lock. It should be called in the main thread before creating a second
thread or engaging in any other thread operations such as PyEval_ ReleaseThread (tstate). It is not
needed before calling PyEval SaveThread() or PyEval RestoreThread ().

This is a no-op when called for a second time.
3.7 WUHE S BB E i Py_Tnitialize () M, WIARTEHHATHAE.
3.2 JROE S I uf&axﬁ%ﬁﬁﬁﬁpy_fnitialize () ZHIJEH .

int PyEval_ThreadsInitialized()
WiRPyEval InitThreads () BEBIHMANLREAESZE. RETHEARA GIL BTG OLF# H ,
AL T P P f i A BRZRRRE A TS et APT [ ] .

3.7 WU SE: AEGIL ¥t Py _Tnitialize () KRR,
PyThreadState* PyEval_SaveThread ()

R A R B AR E 82 #H%’%ﬁ/{kuiﬁﬁ NULL, &[22 BIRYZAIRE O NULL). G2k
BICHRIEE, 4 pi 2R CL 3R &

void PyEval_RestoreThread (PyThreadState *tstate)
AR SR AR AR BT (SR E AU HRF LARIRE BN tstate, BN NULL. AISRBIE g, Y
BT  ARIRIUE 5 MR A A SE

fE): 2IB 7R IEAE SR AL A LRAR T MR B A 4512 AR, BIAEZRAR A2 iy Python A7
PRATALER ) R B BT {1 _Py_TIsFinalizing () B{sys.is_finalizing () RAAMBEL
TILAL T IR LA IR DA S A b B 2846

PyThreadState* PyThreadState_Get ()
RPPY TR . 2RO A . EMEPIRASH NULL B, 3R & th— A S iR GX A
T 7B TR A 2454 NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
Y AT RS 5 SR tstate (T HESN NULL) 45 B ERARIRES . R AREas B AR A HORWORE
e

Y R B AR A AT, I BN BB TR -

PyGILState_STATE PyGILState_Ensure ()
B PR 24 Hil 2 A2 L VE 45 1 U4 ) Python C APT TN A8 Python B84 Ry P REAR B Y 24 BIRIR S ey o I Vi )
#BEPyGILState Release () WY FIAHVEHECLHE T DA A3 26 AR ] DL R AIAT R 2 0K o — K1, 4R
FEIRSIRE 3] Release() Z B ARSI PAEPYGILState Ensure () HIPyGILState Release ()
W 2 I A 5 2 AR AR & APL. 9, BT DA IR % i Py BEGIN_ALLOW_THREADS
FPy_END_ALLOW_THREADS %%,
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RIME R YMPyGILState_Ensure () A BT ILRRRS IR EN] A", I B8 1% 8
YhpyGILState _Release () PAKffR Python ZbFHIEPIRZS . AR AR, (HaX 2eq Rt
= R H X PyGILState_Release () W
FHE IR o

MZRBOR I, YT EARIF R GIL BRI AL AL Python {URS . SAATRICH T BB i i -

HiE): 243217 IEAE i A A A SRR T LR SR 22 451% e, BRI ZRARAS J2 By Python G171
1' TU\TﬂﬂﬂﬁtuéﬁtZHUﬁfﬂﬂ _Py_IsFinalizing() 8 sys.is_finalizing () RA&EMRLZ
AL T fpe AT R v DATRE G N B 4 2

void PyGILState_Release (PyGILState_STATE)
FE 2 AR AT ST . FEH A 2 IS, Python BRRZHKF S5 HAEX MM PyGILState _Ensure () A
FZ A —FE (ELRE AR 5 SR Uik 2 R MY, %f GILState APT {2 4t ) .«

XtPyGILState Ensure () BIBRERIEHERDLIN STE R —&Fe I X PyGILState Release () WIRH
FHVERC

PyThreadState* PyGILState_GetThisThreadState ()
ZJEHMI:%;E’JJ:‘] AT AR . SR g8 E3cA (1] GILState APT W] PAIR [u] NULL. R 2k
Hﬁ E5) i%ﬁLﬁﬂ/\%ﬁ«{kﬁ, RIEESATE £ LA BT B S ARSI . X RS
BRER.

int PyGILState_Check ()
LUE SN @%7!‘%%75 GIL JU3&[a] 1 AR [a] 00 st ok 5 PT DABBI AEATT AR ] . AT 24 E 1% Python £&
FERESC LRI H24 B GIL e A 2Rk m 1. X T 22— NBAZ Bk 8. e mlE BT
SR A A BB AT 2 RAT AL, M GIL BB N T DA A0V 75 AT LRI ol S 2 A
DL MU AS AT

3.4 B
PATR I R Il AN AR BB 355 i AE Python YU KA AL AL B 7w B HIIA

Py_BEGIN_ALLOW_THREADS

WEEY BN { PyThreadState *_save; _save = PyEval_SaveThread();. HHEEBEMLE
—AIPRAESE S B S RIN Py_END_ALLOW_THREADS VL. A RMENE—LHHEH S

3

Py_END_ALLOW_THREADS
EY RN PyEval_RestoreThread( save) ; HETAEE—1TEIES: BWA52Z
WPy _BEGIN_ALLOW_THREADS ZJLHL, ;’%I%UZjU//{l_giﬂ‘ 1011 /8

Py_BLOCK_THREADS
X 4 % ¥ R Sk PyEval_RestoreThread(_save);: B % i#ff T & A * W 1 # 5

WPy _END_ALLOW_THREADS,

Py_UNBLOCK_THREADS

XAEY N _save = PyEval SaveThread();: B %M T & A JF 4 1 45 5 I AL & 7 W
WPy _BEGIN_ALLOW_THREADS,
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9.5.5 KB4 API

THINPA R EPy_Tnitialize () ZJEHIAM .
3.7 WS Py _Tnitialize () BAFSAIIEALGIL,
PylInterpreterState* PyInterpreterState_New ()

QPR ERESPIREXT G AR B S RMREEL, (BU0RA L6 B 51 Al Xt e o K50 9 JH ) ]

REFFA .
5| k% —~ #Hil1EE: cpython.PyInterpreterState_New, AN E{]S4L.

void PyInterpreterState_Clear (PylnlerprelerSrale *interp)

HE PRSP R IrEEE . DR 4 R 1
5| % —~ #Hil1#E: cpython.PyInterpreterState_Clear, AMiHAEMZ4.

void PyInterpreterState Delete (Pvlnterp/ eterState *interp)

HEMBEHAREN . AFEFAEFLERBRESY. BRSO MEHZ A
XTPyInterpreterState_Clear () W HREE.

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)

DR E T4 E ERE AR G BT AR SR G &R REAR DU TR SR FF , (HAUNR TR 2P IR B R KL
AR, AT RARREF

void PyThreadState_Clear (PyThreadState *tstate)

HEAFDRSH G TEEE . DA SRR

void PyThreadState_Delete (PyThreadState *tstate)
BERAARIREXT G . AT EFFA ERMREARD. SRRV Z WXt Py Threadstate_Clear ()
R FH A EE

PY_INT64_T PyInterpreterState_GetID (PylnterpreterState *interp)
B RS O ME— ID. QAR T R i R AR AR AT A DR IR R 1] -1 38 B R

3.7 BUHTA.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)

AR [l — AP AR G SR AR P . NSRRI BGR [n] NULL W95 AT A 3 4505 | 2 ELR T O 224
FHERERR G R 7 S AT o

XAJePyModule GetState () B, I UM BRI EMRES CIRAPIRELE B
3.8 BT INA.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. 3 [0]— /P4 0] DAYEH R 48 L @RS E B FI, B9 BES Y
2401 F — AN B R AR T P AEAIRAS . RV W I 24 T AR AS I mT AR e %, an
SRR R E NULL, WA /ﬁﬁﬁﬁ WG &I HLIE 7 B 2480 A T 24 B AR ES .

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you must
write your own C extension to call this. Must be called with the GIL held. Returns the number of thread states
modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending exception
(if any) for the thread is cleared. This raises no exceptions.

3.7 {uHE4: The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to tstate, which should not be NULL. The lock
must have been created earlier. If this thread already has the lock, deadlock ensues.
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i) 2MZ AT TEAE fe 2 A A EA SR ] B R B A % AR, B R 2 AN 2 Hy Python G171y .
PRATALE R SR B BT fi ] _Py_TIsFinalizing () B{ sys.is_finalizing () RAZEMBELE
TILAL T iR LA I AR DA S A b B 2846

38 fiR W & O ¥ FH ¥ N H5pPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpyGILState Ensure () fRFF—F, W0 7E B R 2% 15 7E I 2 4k B 9k 0f ) D 25 2% 45 24 i 4k

o
PyEval RestoreThread () @RI (B MAVILGIL) B5RH %

void PyEval_ReleaseThread (PyThreadState *tstate)
R YIRS EE ) NULL I REA R MR 8. 7t BT Bs 25l C g 6 ELWAZ0 bl 24 1 i R
FRifr o tstate ZHECBIR A NULL, R SHU ] TR A B G RERYIEAIERE - ihe, W&
A — B AR 5
PyEval_SaveThread () jg—MAZW MK (RIMELAE M ARWIAI) i 2R %L

void PyEval_AcquireLock ()
REA R RRER . BRI B0 . R T 290a 81, W2 B BEs.

32 W& B H: WEHASEH Lo L ERS, X HPyvEval_RestoreThread ()
B{PyEval_AcquireThread().

M) 2M3B AT TEAE fe 2 AL A SEA LR ] B R B A % 0 AR B2 AN 2 Hy Python G171 .
PRATALE R SR B BT fi ] _Py_TIsFinalizing () B{sys.is_finalizing () RAZEMBELZ
TILAL T IR LA I AR DA S A b B 2846

38 fiw W & O #¢ FH ¥ N H5pPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpPyGILState Ensure () PR¥FF—BL, W0 FE MR 4% 1E 7F e 4 A0 B B 8 ) ) & 2 25 24 i 2k
o

void PyEval_ReleaseLock ()
P A iR . B AHE L Bl .

32 iR 2B R B & TR Y A& R RS, W % PyEval _saveThread ()
BiPyEval_ReleaseThread().

9.6 FREREIRZF

BIRERZHABIT, VR St A —A~FUl ) Python MRREAR, (HALLEY Saf BURAE R — bR L 2 R —
AR R Z ISR RS . TR IR BERSMEX — .

T R RIS T IR AL B S — RS . Bl e — DR TP ME—RY Python PR . 5T
BEANIE], R B ME— ) AR 2 R T L ANE S B AE . BB A STEISA TN ) A A 30T T i) $hA 79 ELd
L RIBAT I IR ZALM ARG SRR . PyInterpreterState Main () BRECKFIRIE—A4 ) HORESHY
HET
YRATPAME Py Threadstate_Swap () BRECTE ¥ flREds Z W BEAT YIS . AT DAGE T 41 B R0k 61 S B 55
Ef:
PyThreadState* Py_NewInterpreter ()
BrE— TR . X —1 ULP) 58 &M B Python fURSHAATIAGE . HRMITEEIER, By T irtas
AR FABRMEER . LA, AiEEAR I builtins,  main_ Ml sys . 2
B (sys.modules) AR RIKR (sys.path) LRI EM . HABEA sys.argy BH. ¥
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HABRIE VO i SCHRTSE sys . stdin, sys.stdout fil sys.stderr (it ik Ex] L 45 m A A
G2 U AT

The return value points to the first thread state created in the new sub-interpreter. This thread state is made in the
current thread state. Note that no actual thread is created; see the discussion of thread states below. If creation
of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state is stored in
the current thread state and there may not be a current thread state. (Like all other Python/C API functions, the
global interpreter lock must be held before calling this function and is still held when it returns; however, unlike
most other Python/C API functions, there needn’t be a current thread state on entry.)

PIRBHR AT 73 (1) MRt k=

o ST Z BBk, fillnpyModule FrombefAndspec (), FFRER AR AIHH
VIR — D BRI BLR A R . A C 2RI 4228 B RELEX LRI G 2 A 3L 5

o X A BRI AL IR, BlUNPyModule Create (), 4HFEY RBHE K FAR, ER B
IEEWIARAE, H A HAB B —A (50 $5 0L, M F—3 Jlon —4 (1) ks AR, FF
%JJ!Z BT IR W NAT ;. §JRAY init BBUR BRI . IR SR i 5

R (7) R T L =2, XA RES SEWUNZ AMNKAT A (B 0T SCHBugs and caveats) .

iﬁEELmﬁaafﬁﬂqpy FinalizeEx () fMlPy_Initialize () StV ILIRRERZ G
FAY RN BAERE L FAETOL, §RE) initmodule WM 2 AHUKIM. SEHE
WIaf—FF, X EWE A C ERHUWHRSHI AR B TR S [a) dh 52,

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL. All
thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before calling
this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters that haven’t
been explicitly destroyed at that point.

9.6.1 FHRFIES

T T AR (DA T ARRESD) B2 (] — DR R AL 7y, BT A B BRI IS8 58 - 28GR UL,
FURIZGR B S BRAE AN os . close () WENTAIHE CEEBCEREM) 2 EAN1& BT SCE. BT () iR
%&ZlEﬂ Ly leny ok, %EW%T BICTRIE RS AR ARG S0 BENTAR (B () 42 Jmy e Bin L HA
;ET AT R P R X G W] RERIAE A E 75—~ (1) MRS I A48 25 18] s SRR LR, 24 RUn] b

I R N G A TR Z RIS S P SO R TR ;&WJ&%@ PRI A H Ik BERT S T A4
g?g&%%ﬂﬂ’fﬁmﬁﬁabnﬁﬁﬁwﬁ (F) fRERR I F L . [ RE BT B0 — 2 Y 24 e A S mT A B 52 1 1)
%

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs assume a
bijection between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters.
It is highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.
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9.7 FEEH

PEAL T —Fh ) F- AR REA LR Ak S 2Dl AL . 3K LU AR R H R B AT I S Fe 5 S TE .
int Py_AddPendingCall (int (*func)(void *), void *arg)

Wt EOI A RRREAR AT PR S5 . WO, KFRI O FRAF fune A B P
SEFFIAT]. IR, FRRI] -1 ER SRR 5

BIRIMABING - func K A S AL arg WL EMPREAS AR . 3T IEHIZATY Python fU Kt
ERST AL, (R BRI AR A A

o f\iTF bytecode )N 5 I;
o FLRERFA global interpreter lock (I func 7] DA 52381 C API),

func WZFHE IR ] 0, BAER IO R o] -1 BB REES . func A2PHRERIEIIHIT 7
SR, HANR A R R S BRI E 3 T T A D e AR

R BB AR E A AR, AT R AR

e XRMEEREE, RAEAREA R A H . AL fune 2RO . R 4
BICTPATIHEN RGN, func FARSAERGV R Z Bigi . HREET AEAMEE C
AL Python ARG . 1EAEAC, WM PYGILStateAPI .,

3.1 JBGETMA.

9.8 SHTFOERER

Python @ REAS M KNG PERE AT AT R B T HARAL 7 — S RIZ A S . EATRI BN TERE T . Il
ot TH.

XA C 45 1 SLVFPERE AT BB AR G ] ] Python JR LAY Al I AP RINTTEY, EREEEIT C ik
P o B THAEEATEMEBCA AL I D SR VF R R AN AR L B R B, T L v R 2 B R A P AR
TP Z BRASH 1) Python JZRZEHR B p& B 5 (1 S EAR ]

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what §){E arg IE X

PyTrace_CALL Py None.

PyTrace_EXCEPTION sys.exc_info () R REE L.

PyTrace_LINE MR Py None.

PyTrace RETURN 3 O AR, B AR e S B0 IR 7] NULL
PyTrace_C_CALL TEAEE FH R B O 4 .

PyTrace C_EXCEPTION | 1EAE VA BABO 2.

PyTrace_C_RETURN TETEVE ] PREO 52

PyTrace_OPCODE B EPy None.
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int PyTrace_CALL
20— R BEOE R R, B0 AR AR IR Ak H L 45 Pyt race func BEUT)
what JEZ 0{H. 5 R X L AR bR fﬂlEI’J IR ACAR A B 1 DU 2 WA A D A A AR B 8 T v 3507 1)
Python 7 H5 i AL R4 A -

int PyTrace_EXCEPTION
YA FE G| KM Py_tracefunc WAL what TE S E. TEALISEAT AT 57 RS 2 Jig K B 7
what WIETE I E L, RN G S E R B EE EAEPA T XA RO & 24 57 15 4
FE Python FRREFFIS, AU F i) 1] 3] R 507 I S A A [l B0 it A R R pR A > U 3 2
s PERE TR AR EEAT

int PyTrace_LINE
The value passed as the what parameter to a Py_tracefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN

Y BIRRR B L 45 Pyt race func ALY what TEZHI{H.

int PyTrace_C_CALL

Y~ C R RIRF BRI 2 45 Pyt race func BELN what JEZHI{H.

int PyTrace_C_EXCEPTION
B—A C REG | i iE Pyt race func BT what TEZ{E.

int PyTrace_C_RETURN
W—AS C BBUREIRME S Pyt racefunc L) what TEZ1M(E

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.

9.9 EHKiA 28 ZHF

XL R B B R TR
PylnterpreterState* PyInterpreterState_Head ()

REAREAR IR SR Gk ] 1) thy By IR R AL SR ATk o

Py]nterp; eterState* PyInterpreterState_Main ()

AR [ AR IR SRS 52 o

PylnterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M FRRER IR ST S H i 21 e R 8] interp 2 J5 1) — i
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PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

e SRR interp M RIRIG AR R AY S K PR B8 8] 55—~ Py Threadstate MR AYFRE

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
M BT F—"APyTnterpreterstate M RILBIREX RAULRF L IR ] 1state Z J5H) R —I

9.10 ZIERMFMEZH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading. local). The CPython C level APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

LA X LR ) R GIL; B4R H S BibLaH .
THYERL Python. h A tUiE TLS APL IR, R ZAHE pythread. h RO AEA AT -

#iE): None of these API functions handle memory management on behalf of the void* values. You need to allo-
cate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do refcount
operations on them either.

9.10.1 & ZEL B (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a
new type Py_tss_t instead of int to represent thread keys.

3.7 BB
wE%:
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py tss_t
SRR R R SRR, Hog CATREROBET /21 TLS S8, I HEA — IR B IR IR
MINERFEL . A AL A

WK E Py _LIMITED_API I, Py _tss_NEEDS_INIT $ATIZRAES/HED .

Py_tss_NEEDS_INIT
NI RN Py_tss_t ZARNHIIRLAS . ITERX AN EA S M Py_LIMITED_API R5E X

HESE

Py_tss_t WBIESHHL, TEMIMPy_LIMITED_API 4 )4 FERH RN, AEIX LEAH T 1 I 2 ) 512
PAE AP 2 AN ZE I A TR B B AN W] BB 0 T o

Py_tss_t* PyThread_tss_alloc ()
RPl—AN5HPy_tss NEEDS_INIT YIUGAIERPIRASAH R RE, 035 24 2h 2553 e 2% M I 5 (]
NULL,

void PyThread_tss_free (Py_tss_t *key)
Free the given key allocated by PyThread tss_alloc (), after first calling PyThread tss_delete ()
to ensure any associated thread locals have been unassigned. This is a no-op if the key argument is NULL.
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#iE): A freed key becomes a dangling pointer, you should reset the key to NULL.

Kk

XLERRELTE S key RNF]H NULL. - H., QERGER Py _tss_t R PyThread tss_create () Witk
WjPpyThread tss_set () fMlPyThread tss_get () BT R R E L.

int PyThread_tss_is_created (Py_fss_t *key)
MREEMPy_tss_t Bl has been initialized by PyThread_tss_create () $ERIIEANIR [A]—4~
1.

int PyThread_tss_create (Py_tss_t *key)
YIRS TSS GEIFRRR [0 BAE . AR key SHUTHRIAEAR Y Py_tss NEEDS_INIT Hlatk
VAT Ay R A S U o bR 5T e [ 17 L F A R - AE TR A R S R AR AT 45
H AL B ] .

void PyThread_tss_delete (Py_tss_t *key)
B SR —> TSS i DAEAE Iy e WP st s 5 i A R (R, IR B AT R AR S O R BT AR 1L Y
CH R DAl Py Thread tss_create () PRI . R ERT AYE [R]— 48 =52 8 1)
- (BFE— AP S B R R TR

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread. Each
thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_1ss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is associated
with the key in the current thread.

9.10.2 L IEA & (TLS) API

3.7 AR CE: M APT 92542 % & 744 (TSS) APL TR

HHlF): 354~ APK AR S0 Ik TLS SR TR e A oh Sne 1 SUF kI 6. FERKBERO T4 L
PyThread_create_key () 4§37 HINEI—AKIOIRAS, IF HHAL TLS o BCLesRERT- A L AR FERL.

1T TR 2 B AA R, N BAE B AR 6 B RCAR 1Y) AP
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)

void* PyThread_get_key_ value (int key)

void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()

PyStatus_IsError()
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e PyStatus_IsExit ()

e PyStatus_NoMemory ()

e PyStatus_Ok ()

e PyWideStringList_Append()
e PyWideStringList_Insert ()
e Py _ExitStatusException()

e Py ITnitializeFromConfig/()

e Py PrelInitialize()

e Py PrelInitializeFromArgs ()
e Py PreInitializeFromBytesArgs ()
e Py RunMain /()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

2 W Initialization, Finalization, and Threads.
hz%:
PEP 587 "Python ] 454kt &

10.1 PyWideStringList

PyWideStringList
H wchar_t* FRFEH RIS 3.

WA length AEFZAE, W items WA R NULL H H A FAFHR 0K NULL,
Jiik
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
K item FRINE list
Python A2 A 4 A LASE 4] FTT L BR

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
¥ item JF{ A B list 1 index LB

NS index KTEET list WK JE, WIKF irem FSINE listo
index must be greater than or equal to 0.
Python A2 0T 4 A LASSE ] 1 L BR K
Sty B
Py_ssize_t length
List KB,

wchar_t** items

FIETH -
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10.2 PyStatus

PyStatus
FAAERIIR R BCIRAS Bl B IR EGR IS5 A

XEFHER, B DA A IR C R A K
git AT B

int exitcode

B, L4 exit () IISEL
const char *err_msg
HiRER
const char *func
T LRI BB A PR, FTRACH NULL,
BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

HHERIR LA IR .
PyStatus PyStatus_NoMemory (void)

WAFECRI (AR ) -

PyStatus PyStatus_Exit (int exitcode)

PAFE 2 BB A ASIR Y Python,
AEFRLAR S R AL

int PyStatus_Exception (PyStatus status)
RE N R 2B WHY oy EAME W& LA g B F o E

H Py ExitStatusException ().

o

int PyStatus_IsError (PyStatus status)
GERAEIRG?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)

WA status j2— B HASNH exit (exitcode) o QIR status j&— 5 IRAS WFT BDES RTH BT
HE-NIEZENEEEY ., UWHYE PyStatus_Exception (status) NIEZ(HI A GewvE H .

flE): AENFB, Python Y5l il iX B Pystatus. func (%, MAIERSH BN SH func #4 NULL,

NVE

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}
return PyStatus_Ok();

(QA)
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(R —H)

int

{

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0;

10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
« Set the Python memory allocator
o Configure the LC_CTYPE locale
o BN UTF-8 it

TG AL B ST e B e

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)

Wt Python fie & SR IRAC T CHLE «

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)

BRGSO B 31} el A 1 L =
A UNS A

intallocator
Name of the memory allocator:

e PYMEM ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators
e PYMEM_ ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e« PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks

e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using ——without-pymalloc

Z: J,Memory Management.

int configure_locale

Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and

coerce_c_locale_warntoO.

int coerce_c_locale

If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
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int coerce_c_locale_warn

WAARRAE, WA C 15 DRI i i A4 ) e L
int dev_mode

ZW,PyConfig.dev_mode.

int isolated
ZlPyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error handler
to replace.

{XAE Windows A f. #ifdef MS_WINDOWS Z2H[#% T Windows & J& 1 1¢H5 .,

int parse_argv
kATl , Py_PrelInitializeFromArgs () MlPy_PrelInitializeFromBytesArgs () ¥
PASH B Python fftfr iy AT SEH ) 7 sV argv 280 S0 917540

int use_environment
% N.PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

JATF w1451k Python FY BRI %5 :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
T4k preconfig FHC &K I 46 4L Python.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char * const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

TR T EMN® M HPystatus_Exception () MPy_ExitStatusException () AP EHE (4HREHE
).

For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the —~X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () A[{FPy_Prelnitialize() Z )G+ Py_InitializeFromConfig () Z Hi#k
& DAL | L AR e e . S PyPreConfig. allocator g% PYMEM_ALLOCATOR_NOT_SET
W fEPy_PreInitialize () Z HI#EIHH .

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py _DecodeLocale () must not be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

(R gksh)
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(R —H)

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

I3

/* at this point, Python will speak UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
B TR T Python RYTE S INEEHIA
SRRTTIA:

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)
R T ER sor 5 DI E *config str,

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_ SetArgv (PyConfig *config, int argc, wchar_t * const *argv)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *[ist,

Py_ssize_t length, wchar_t **items)
RESEFATERF 38 list 2B R length il items

Preinitialize Python if needed.

PyStatus PyConfig_ Read (PyConfig *config)
BT A Python L E

EEVIRH T BRI

Preinitialize Python if needed.
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void PyConfig_Clear (PyConfig *config)
PETIC B N AT

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
in based on the PyConfig. If configuration fields which are in common with PyPreConfig are tuned, they
must be set before calling a PyCon £ ig method:

e dev_mode
e isolated
e parse_argv
e uUse_environment
Moreover, if PyConfig_SetArgv () or PyConfig_SetBytesArqgv () isused, this method must be called

first, before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

KB A F M PyStatus_Exception () fl Py_ExitStatusException () A
S (BEREGR ) .

git AT B

PyWideStringList axrgv
Command line arguments, sys . argv. See parse_argv to parse a rgv the same way the regular Python
parses Python command line arguments. If argv is empty, an empty string is added to ensure that sys.
argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._base_executable: _ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin 452 PAGEPARATTIT

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control the validation behavior of hash-based . pyc files (see PEP 552): ——check-hash-based-pycs
command line option value.

Valid values: always, never and default.

IR default.

int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode to
O_BINARY on Windows.

int dev_mode
Development mode: see -X dev.
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int dump_refs

R AETAE, AL i BT A 3R 75 X 52
Require a debug build of Python (Py_REF_DEBUG macro must be defined).

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
ME-HAEEME, WAEEshEA faulthandler.enable (),

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed

BEATLAG ) G A BR AR
If use_hash_seed is zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python F H%.

Initialized from PYTHONHOME environment variable value by default.

int import_time
WEAAERAE, W AR R A TR 74T
int inspect
TEPATHA B iy 2 Z JFHEA L B A
int install_signal_handlers
Install signal handlers?
int interactive
S H AR
int isolated

If greater than 0, enable isolated mode:

e sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
nor the user’s site-packages directory.

« Python REPL i AT A readline WWATEAZ HAELRAFH S BN readline L & .
e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOfor sys.stdin, sys.stdout and
sys.stderr.

{#E Windows [A] ], #ifdef MS_WINDOWS ZZH[#%HlF Windows % g 1thd .,

intmalloc_stats

WoHAERAE, WHEIR £ f# Pyrhon pymalloc 1 54 25 IIGETTEIR -

The option is ignored if Python is built using ——without-pymalloc.
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wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os .path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

intmodule_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module_search_paths is over-
ridden by the function calculating the Path Configuration.

int optimization_level
iAo :
« 0: Peephole optimizer (and __debug___is set to True)
¢ 1: Remove assertions, set __debug___toFalse
« 2: Strip docstrings

int parse_argv
If non-zero, parse a rgv the same way the regular Python command line arguments, and strip Python argu-
ments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to 0, suppress warnings when calculating the Path Configuration (Unix only, Windows does not log
any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

RK NULL, N sys.pycache_prefix ¥4k 5 None.

int quiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py_RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py_ RunMain ().

int show_alloc_count
Show allocation counts at exit?

Setto 1 by -X showalloccount command line option.
Need a special Python build with COUNT_ALLOCS macro defined.

int show_ref_count

TEIR I 2R 5 LB

Setto 1 by -X showrefcount command line option.
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Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJFBI A site BibR?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

RN IEEE, NHEBEsIEH tracemalloc. start ()

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest priority.

warnings BEHPAAH R BIF NN sys . warnoptions: g )5—~PyConfig.warnoptions 4%
HR il warnings . filters WS— M HIPRRCHE (R fed) .

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItGib Hwrite bytecode BUGEHIHE.

PyWideStringList xoptions
sys._xoptions.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

10.6 {EF PyConfig #)ig1t

HTH461E Python R %L

PyStatus Py_InitializeFromConfig (const PyConfig *config)
R config BLEAA) 41k Python.

TR T EMRM HPyStatus_Exception () MPy_ExitStatusException () AP FEHE (FHREHE
H).

If PyImport_FrozenModules, PyImport_AppendInittab () or PyImport_ExtendInittab () are
used, they must be set or called after Python preinitialization and before the Python initialization.

BEAR A AR R Bil:
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) A

goto fail;
}
status = Py_InitializeFromConfig (&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

PyStatus init_python (const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig InitPythonConfig (&config);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;
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(R —H)

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception (status)) {
goto done;

}
status = Py_InitializeFromConfig(&config);
done:

PyConfig_Clear (&configqg);
return status;

10.7 RBECE

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig () BRI EBE—NEE
X Python 5 RGeS K. BiltN, X Python fix A FNHAS HART .

This configuration ignores global configuration variables, environments variables, command line arguments (PyConfig.
argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration (output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.8 Python B¢ &

PyPreConfig _InitPythonConfig () fllPyConfig InitPythonConfiqg () BREISEIE—ECE KM
fd—MT7H 5 HFL Python AH[AJHY H % X Python,

IS RN i AT SECRT T HCE Python, T4 ey T B8 FF5 200

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE locale,
PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

5 il 1) Python [ 7R 1 52 2 ARG A s 1T

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {

goto fail;

(Rt
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(R —H)

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.9 BEEHE

pyConfig W& Z AT AN B 7B
. BATLERA
- PyConfig.home
- PyConfig.pathconfig _warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- METTAEE S TR R
- PATH FEAR B TARBUR PRI 5E B A2 CRH PyConfig. program_name)
__ PYVENV_LAUNCHER___ g4 &

({¢ PR Windows only) ¥ fft 3 HKEY_CURRENT USER #1 HKEY_LOCAL_MACHINE

i%)”SoftwarePythonPythonCoreX.YPythonPath” i | %) i 1 72 /% H 5 (HE & X.Y 25 Python X

).
o PRARICE A T
- PyConfig.base_exec_prefix
- PyConfig.base_executable
- PyConfig.base_prefix
- PyConfig.exec_prefix
- PyConfig.executable
- PyConfig.module_search_paths_set, PyConfig.module_search_paths

- PyConfig.prefix

10.9. BEEE
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If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search _paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
isconsidered assetif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

MM base prefix B{base_exec_prefix FERIKE, ENIHDMMprefix fllexec_prefix Bk H
{8,

Py_RunMain () MlPy_Main () ¥BH sys.path:

e MR run_filename BB HE—NMIE __main_ .py WAKHZ, WE¥run filename s
gl sys.path ik

e MM isolated HE:

- WRE T run_module, NWFFUHTHFEME] sys.path IFK. WERTCE Y AT H KA
PATAL A A o

- WRBE T run_filename, WRFSCPFARIH AT sys . path BIFk.
- AEHATOT, WA PR INE] sys . path BTk,

MEsite_import HIEF(H, MW sys.path W[ifid site BB, W user_site directory NiE
ZAH H A P11 site-package HSEAEAE, W site B iEHl P site-package HSEFfIMNE] sys.path.

BEARIC 2 T DA C B S
e pyvenv.cfg
e python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER___ IEZAS el TR BEPyConfig. base_executable

10.10 Py_RunMain()

int Py_RunMain (void)
AT AT E B DI ER &S (PyConfig. run_command), A (PyConfig. run_filename)
B (PyConfig. run_module),

TEFCATOU T MR T -1 %691, Wiz4T REPL.
HRJ5, 4454k Python JRik [l — AR L5 4y exit () BRAIR HPRAS
WS Python e 5 A/ — MM Py_RunMain () {ER BT IR 245247 B E X Python HI7R i .
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10.11 ShrEMintFAR/EE API

This section is a private provisional API introducing multi-phase initialization, the core feature of the PEP 432:
o Bl WIRiEBTEL, “HMERYEEA Python”:
- WERA;
- WERH
P RS
sys BRAER 014 (Bl sys.path MAAETE).
o 7 BET WIRLET B, Python Hi5E &I MR{L :
- GHRITHE importlib;
- M ERE
- LR T AP
- SEI sys BEHAIIGAL (BIAN: BIE sys.stdout Ml sys.path);
- JAM faulthandler fl tracemalloc ZF 0] I HE;

- FA site B
-
ALAT iR API:
e PyConfig._init_main:ifsetto0, Py _InitializeFromConfig () stops at the Core” initialization
phase.

PyStatus _Py_InitializeMain (void)

PEA CEE WIREBTEL, 52K Python HIHR1L
1 “Bl” rBIA R FAMEMEER, ASIE inport 1ib Bl g4 20 F Hade “F2 HrBORIy .
X ] HE AL IFAE Python H il Python DATE 36 SR 4 (282 &, ] fESx2e3 B UIW sys.meta_path G A
I AR T
It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

R BrBOFBCA SRR E X FEIX B BU AR ] A2 RO T AR R BRI . 1% APT HbRic
FAAAIE R WAt Ui APL Al ARG G2 08t S R B8 BT thiad Y 236 APL

FE Rl M2 giin ikl BrZ [a)iz 4T Python fURS K 7 f1:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

(Rt
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(R —H)

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_TInitializeMain',

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

"
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cHAPTER 11

ACliEEREIE

111 @28

fE Python v, PIFEAS BRI 8] — AU 5 BT Python X AEWRLETI R FAA HE (heap) o 33X ANFAA 1) & B H
WIFEI) Python 1 A% 3235 (Python memory manager) ik, Python PNAFAEHEASA N F WAL R AL FEA Fh B A5
TR BT Y A, andbss. Ay, ALy .

TERNRIZ, — IR WA e asiid 5 5 E RGN TFAS B S, B ORALAT Sk Py SR G 0 25 () R ATl T A
5 Python HH KM% . TEIIRNAF T FC AR BEAS b, JLAXI SR B 2 BOge e Al — M oz dr, HF AR fions
G RSB R ) N BESEG . Bl BR RO A A By SOR R T2 45 H . ool a,
BB R A 5 R ANE 5 S AR AL . PR, Python PYAFAS PRERF— L8 TAR M HCEA X 45 E 73 T
. (HE RS FAERAA HERTE R Nz AT .

Python Hfi N AFAYATBIE ARG R AT, PO BB PRI, RIVBEAATT 200 B A5 1) i N AL 77 B 0 54
BE, PRBIX— s+ %, Python X G HAt A GE o X Y i 25 8] 73 C 2 th Python P78 SRS % 7 il 1 A
SCR§HR S Y Python/C APT ek A THY -

T R NTEREIR , R RAE KA %R ) C e pR BT L i BR R % Python %42 dEATHAT, X 26K
BAldE: malloc (), calloc(), realloc () Ml free (). X F-FE C M Hl#FI Python N7 HLEE 2 [R] )
B, 5I™EER, XRBTENZH TARKER, HFERRSELEE, B2, RO PAL A
C JEA BiLas R B ) B i B AR N A7, A R Bl

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;

EXAHITH, VO G XN Rg i C R L Ab B . Python IWAFAS Bl R 2 5 T M AR W45 HHR
GV RIE 8
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SR, TERZHAEOY, B E T Python HEH A3 BL A, B3 H Python PR BRERF= M. B, 24
fRREARY T T H C BB 22800}, s AUX AR (] Python HEf¥) ) — A5 2 A B2 * dl 1 * Python
WA RIS X T R AR K . RIEERTE SR A R Ty . R E B, S mm
FETG KA 45 Python N8 BRAT BELEMRREAR X VA7 o B A OUA SEVERA Y T /. PR, 7ERELBIEaLT,
Python {745 HlLeR ] BE S fil & SN 2230 24 (B, e3P A7 FE G s A B Pk A . R,
T R ETE B BRI C A BCER O VO Zeoh XA LI N AR 584 N 32 Python A4S BRARE HIL
hz%:

PREE7E f PYTHONMALLOC A 4 FH >R L ¥ Python [y FH %) N A7 LA -

FREZAL Ht PYTHONMALLOCSTATS R DA FH SR AEAE U B 2 1 5% P8 ) pymalloc X 52 XISk EHFT Bl pymalloc 1 7%
i 25 SRR -

11.2 [RigAFEED

PAT BREAREN T ARG i . XLRBUR AR LN, AFERA & 5 A5l

default raw memory allocator ffi fliX 26p{%8: malloc (), calloc (). realloc () Ml free(); HiEEFT
BYE A malloc (1) (8f calloc (1, 1))
3.4 BCHTINA.

void* PyMem_RawMalloc (size_t n)

SrBC n AT R BN R BC A voidr RAURER, ARIER AR ] NULL,

R AT T B El— A 4 NULL $54F, BEZIRA T PyMem_RawMalloc (1) —H, {RZKTE
RSB 6

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SHC nelem ATEE, TATER KN elsize T35, FERIIE VIO NIEN void* FAHEEE, i
SKATOUSER NULL. E 2T N E

KRB FATAREAR WA ERR dE NULL 541, B T PyMem_RawCalloc (1, 1) —Ff.
3.5 BTN

void* PyMem_RawRealloc (void *p, size_t n)
5 p Fa W NAEHIONERE R n 7755 AUBTIH AR/ N R/ IMEC R HE , P A RS,
MR p /2 NULL , WAHYS TR PyMem _RawMalloc (n) 5 G2 n 557 0, WINFFHR/ ML, (2
Ak, JRMIE NULL $55 .
M dE p & NULL , & W © W2 2wl HpyMem_RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () iR,

WK R, PyMem_RawRealloc () iRIE NULL , p A38R &8 M e Hl AT KIS A S35 5

void PyMem_RawFree (void *p)
B p M W AE B p O B 2 B flPyMem RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () FriR Bl i g4, & W, B{fE PyMem_RawFree (p) Z HijC & 1H H it o9
DR, RESFT KA.
Wk p 7& NULL, IRAH 28 F A ST
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11.3 JHEEDO

PAUTBRELEE, I8 ANSIC #nifl, I485E T REFZWHIAT R, "] H T A Python 34y B AR AT«
INN BB i T pymalloc M 55t 2.

B MR B, WA 2 B A S 4 (GIL)

3.6 JiE s PIAEBRIARY A EC %2 pymalloc M AE RS malloc ()

void* PyMem_Malloc (size_t n)
AL n AR Bl AR 1A BL R NAER) voidx ZEAUFRES, ARG R G N)R [B] NULL.,
WRE I AEIR Bl — AR JE NULL $84F, B T PyMem_Malloc (1) —#f. (H2NFAL
PAMEAR 7 X ia 4k o
void* PyMem_Calloc (size_t nelem, size_t elsize)
SYHC nelem N~ICE, BWNICRM KN elsize FA7, IR MG 3 FL AR void* KAHRE, Wk
SRR NULL. AL A S,
TR ZFF ] BEIR Il — AR 3E NULL 484, BQUEH T PyMem_Calloc (1, 1) —#f.
3.5 OB A

void* PyMem_Realloc (void *p, size_t n)

K p A7 H AT NFEEA n 735 DURTIHAAFER N R i/ IMECR TE, o AR FFANAE

W p & NULL , AT A PyMem_Malloc (n) 5 W n T 0, WINFEHK/NSHHE, HA
SHREL, R AIHE NULL $5%F.

M dE p & NULL , K N B A2 2§l JHPyMem Malloc() . PyMem_Realloc ()
BiPyMem_Calloc () FriR[EIfH .

WA KK, PyMem_Realloc () JRFI NULL , p {h3R 24810 Je il WAF DI A RLdE4t

void PyMem_Free (void *p)
B p 1WA e p R 2wl HPyMem Malloc() . PyMem Realloc ()
i pyMem _Calloc () iRl @y $84. N, HFE PyMem Free(p) Z Wi 4 H S HHE T,
RE T e R
W p & NULL, I 2P A B E A 23577

PARTH ) 2R 72 R 7 (R 3 ik . 38 TYPE W AFEAEA] C 2841,

TYPE* PyMem_New (TYPE, size_t n)
pyMem_Malloc () #i[F, BB (n * sizeof (TYPE)) FHHNAF. RE|— ik TYPE*
HIHaEr . WA 2 DMEAT I X gk vl it .

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
HpyMem_Realloc () MlF, HNAFHK/IEIHEEN (n * sizeof (TYPE)) F47. iR [H—ANH
A TYPE* RAFEEr . REIEE, p R385 AR Fe 4, an SR )R 0] NULL,

g4 C BB, p SRR WA p IRIA{E, PABEGRAE AL BT BRI 2R AT

void PyMem_Del (void *p)
YpyMem_Free () ]

B, FATIEERME T LA E A T EI A Python WAFGMHLAS A L izt C APT ek (Hi i
HEE, e ARERIEES Python HUAN K —BERIFEZNE, PIIAEY R .

e PyMem_MALLOC (size)
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e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.4 MRS ECE

PATBRELEE, IR ANSIC #nifl, F485E T REFFZIAT R, WHT A Python 35y B AR AT«
RN Zo B 2% i pymalloc N 5Bt 2%

Bl TEMEX BNy, AR 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_t n)
AL n AR Bl A FE R BL A void> ZEBIFRER, WA R NR ] NULL,

TR B AT RRIR [ — AR IE NULL $85F, BBUEA T PyObject_Malloc (1) —H#f. {HZNFE
AN PMEA 7 X 1R ik
void* PyObject_Calloc (size_t nelem, size_t elsize)

SRR nelem ATCE , ATEEIIINN elsize T4, HAR IR WA void* KTE, MR
SRAMNAR A NULL. R B b

TR E AT BRI Bl — N RRAY IR NULL 484, SRBIHA T PyObject_Calloc (1, 1) —F,
3.5 HUCHTIA.
void* PyObject_Realloc (void *p, size_t n)
B p TR E AR I INEEE R n 37 DB AR N R B/ MERTE . R SR ERAAR
SR *p* & NULL, WY FIHM Pyobject_Malloc (n) 5 R n % 0, WINAEHA/NSBERHE,
EARSHoREL, A& M4E NULL 484
M dE p & NULL , 15 W E W2 2 88 iPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () ffriREH .
AR R KM, PyObject_Realloc () #R[H] NULL , p 58K 48 M JEHT AT RIS A 6 5

void PyObject_Free (void *p)
B p FE M B N AFE . p W1 2 Z H W flPyObject_Malloc() . PyObject_Realloc ()
B Pyobject_Calloc () Frik MM Fa4t. BN, BifE PyObject_Free (p) Z HiC 21 i3 W1
W, RiE AT KA.
W2k p 2 NULL, BRASF A B A 20T
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11.5 ERARIESBC2E

BROANAEA TS
& P47 PyMem_RawMallo¢c PyMem_Malloc PyOb-
ject_Malloc
AT A "pymalloc" malloc pymalloc pymalloc
WA "pymalloc_debugl|' malloc + debug pymalloc + de- | pymalloc + de-
bug bug
% pymalloc ) X7 | "malloc" malloc malloc malloc
A
% pymalloc ()78 | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug
i
LR

o ZFF: R4S B PYTHONMALLOC F{H

e malloc: 3k H CHEFEI RS HL, C K malloc (), calloc (), realloc () and free ()
e pymalloc: pymalloc 1 55 %

o "+ debug”: #HfH PyMem_SetupDebugHooks () 3R T

11.6 BEXLAFESECE

3.4 BT

PyMemAllocatorEx
MTFHE NI LA ai k. w7 E:

15 B
void *ctx 4’57%/’5’%~’P§§W§AE@H§FL
T3

void* malloc (void *ctx, size_t size) At~ AR

void* calloc (void *ctx, size_t nelem, size_t AEE— AR O B PN SR
elsize)
void* realloc (void *ctx, void *ptr, size_t AEE—AS NS B R RN

new_size)
void free(void *ctx,

RN AR

void *ptr)

3.5 iR % The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new calloc
field was added.

PyMemAllocatorDomain
FAR S BEa A A28 2. A
PYMEM DOMAIN RAW
PRAL
e PyMem RawMalloc ()
e PyMem RawRealloc ()

e PyMem RawCalloc ()
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e PyMem RawFree ()

PYMEM DOMAIN MEM
PRAL

e PyMem Malloc(),

e PyMem Realloc ()

e PyMem Calloc/()

e PyMem Free()
PYMEM_DOMAIN_OBJ

e PyObject_Malloc ()

e PyObject_Realloc ()

e PyObject_Calloc()

e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AREUH S Sk A7 R I3 P -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB W N AR BCRS -
M RBEATHS, B FLA U A0R [l — R IE NULL $54t
XF T PYMEM_DOMATN_RAW I, s}ElERUAURLKRE LN M Bl gV AT, AREA 2 5 A8 541 .

WARHH S ECER A R T (N Z BRI ICE: ) , AT  PyMem_SetupDebugHooks () BRETEH
Jrleas B R T

void PyMem_SetupDebugHooks (void)

BEEAG I Python PA7F/y BLas bR AR HER DRIV T

Bror BRI N AF R 575 0xCD (CLEANBYTE ) SE 78, B NAFHIF 1y 0xDD (DEADBYTE ) 7t . NAFHR
W 2% EFY” A (FORBIDDENBYTE : 7 OxFD ).

IEATIN A A
o FMXT APL )i f, Bl XfHPyMem Malloc () SrELIZEMIKIAR PyOobject _Free () .
o RS KRB ACERINE A (S X T ) .
o R G XZIEAIEEMEB A (G X ) .

o K& 24 9 H PYMEM_DOMAIN_OBJ (Yl PyObject_Malloc ()) MIPYMEM_DOMAIN_MEM (4f:
PyMem_Malloc ()) i) Fids e BN GIL e .

FE SR, PR T tracemalloc B E M N BECHIV E . HA2Y tracemalloc IF
TEiBER Python NAFEATIL, I HNAEHBHEEER, A2 E/m bl .

T2 Python 2R T isent, iX L4y 1 installed by default . 7% & PYTHONMALLOC A] PAM
RAE R AL G ) Python 224148 1.

3.6 fRE A XA R AL AE L 3E B T DA 7 AR K 4 R 1) Python. FE S BE B, B 1 BLAE G
fl tracemalloc 3 [l P 17 B 9 43 Bc 09 7 B . /i 8 T B AE A4S 25 24 PYMEM _DOMAIN_OBJ
M PYMEM_DOMAIN_MEM S sRECBE R Y, &R Rs8ie Aok s .

3.8 i A i 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fil 0xFB (FORBIDDENBYTE) L #f 0xCD
. 0xDD H1 0xFD AL A | 5 Windows CRT {&ix malloc () Fl free () FIFEHIME.
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11.7 pymalloc 4fr 28

Python A N EA &AM A /N % UNTEET 512 747) 4L pymalloc 43 it 2% . & 1 [F @& K
J/INHy 256 KiB B R M arenas” B N FEMR ST . XFFRTF 512 AR 40 B, B Bl E#E il PyMem_RawMalloc ()
MPyMem_RawRealloc () .

pymalloc  j2PYMEM DOMAIN_MEM (B 4f:  PyMem Malloc()) FPYMEM_DOMAIN_OBJ (fi 4
PyObject_Malloc ()) BB INSELE o

arena 4} it #i it F DA R %K
e Windows [ VirtualAlloc () Ml VirtualFree () ,

e mmap () Fl munmap () , WHEATH,
o BN, malloc () fl free() .

11.7.1 B X pymalloc Arena 4 fgz&
3.4 HUHTIA.

PyObjectArenaAllocator

FAeAA—A> arena 7} FEEFAYZEAR . X AEEIRR =B

i 2E

void *ctx YENSE— SRR B3
void* alloc(void *ctx, size_t size) Ay Be—3k size FT5 I X3

void free(void *ctx, void *ptr, size_t size) | BE—3HeXik

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRUL arena 73 B #s

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
W arena 7L dE

11.8 tracemalloc C API

3.7 BT

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TE tracemalloc B AR ER—ANE B IAFER
IR 0, HASEHR ] -1 OCESBCNAF R AR S E) . WA A T tracemalloc MR [H] -2,
WAL N O R B, W A BRI S

int PyTraceMalloc_Untrack (unsigned int domain, vintptr_t pir)

1E tracemalloc S EIE IR ER— AT EC NAFE . IR I AFH A BR R AR S TAT A 450
YR tracemalloc &% AIMLRE] -2, FHWERE] 0,
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11.9 fi|¥

PATR IR H 48 58 /AN G, e B PAGE VO G X g adiaod I 25— A~ s 4 M Python Mt 3L AY:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString(buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) 28 o AR 4 A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THEEAE LA LA R G, Geoh X Bl I s TAH SR A e ORI . L b, X e i N7
WA ARV A APLIER , DATE BEAHE & AN TR 2 B (4 AU 0ol 22 fie ik . DA AU P s e S ik e,

—AARICH fatal N ERE T PIRHEA R EBRAERA R 2 Beas

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal -- should be PyMem_Del () */

BT B FEAL B OR H Python Mk 5 4R N A7 B 1) &6 $2 5h, Python Hh iy X 42 22 i
PyObject_NewVar () fMlPyObject_Del () F4 B ARERH -

X EERFAEAT KANAAE C v SCRISE BB R AR —F h b

PyObject New (),
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AFAIR TR SPGB i i i . BRI

121 7 F B EEMR

PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. i 7} FCHIX S op HIMAALERYRIELFIGI Ao IR MBI AL SRR 5. 40
R type PRI AR R S SOEABIRAGI , B 23X ARG B IS AG I R R R . XA
HAt BN 20

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. ‘B HEMPyObject_Init () —#f, FH HESWIRILAS B R/ RE
KEFL.

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. {§i[f] C 451255 TYPE F11 Python ZEBU X4 type 43—~ 1) Python X4 .
RAEZ Python XF 423 g LW F BN S90IIRM: XSRS FTHECR A —. WAEA LR/ type XF4:
Mtp_basicsize FERME

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. ffiJf] C R 4E#IZ55L TYPE F1 Python 2RS4 type 73Tt —~351 1Y) Python
X4, Python X Gk SUAF A TE LI F BN SRR . 8 TR NFF2S [ T EE T TYPE 25411 type
MRtp itemsize FERARMENY size FEAYE . XX T SLHRLOcALX FPEE A E I e H O R
?@Nﬁ%ﬁiﬁ%o%?E%ﬁﬁﬁAﬂﬁﬁ%Wﬁﬁﬁ*ﬂ%ﬁ?Wﬁ%m%ﬁﬁ,ﬁ%%TW
SR WIDEY &

void PyObject_Del (void *op)
Rl Pyobject _New () B PyObject NewVar () SrBCNAFIIN G, X I H HIXT AR type FBUE
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Sy tp_dealloc ALPRRRBORIEM o XA B ELLAJS op X R A 7 BEREAN T AR, PR 573
(4 A7 25 8] AN s — A R Python X 4%

PyObject _Py_NoneStruct
XA G2 R None —4£# Python X542 ERIAE ] Py_None Z5H, R ERHRIIZF R

B4
PyModule_Create () 4yt NAFFIQIED R

12.2 @AMHER

RE AR T 3 Python PXFR AR, X— ik TX Lep 25 IR R E T BE i

Ji 45 1) Python X 52 #RAE X G2 1) N A7 7% (9 JF 4 0 2 JE 52 /b R 7 Bre X Bl Pyobject
mipyVarobject ZEMMFIRN, X LESH Sl — L850 3, X 40 %t B R 4% 1] T B A7 Ho At Python
KR RE o

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyObject *. Access to the members must be done by using the macros
Py_REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyObject that adds the ob_size field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done by
using the macros Py_ REFCNT, Py_TYPE, and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_ HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance to
instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

S Py varobject WSCRY.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

’(((PyObject*)(o))—>ob_type)

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

’(((PyObject*)(o))7>ob_refcnt)

Py SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:
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(((PyVarObject™*) (0))-—>0ob_size)

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyObject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_ HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two PyOb ject *
parameters and return one such value. If the return value is NULL, an exception shall have been set. If not NULL,
the return value is interpreted as the return value of the function as exposed in Python. The function must return
a new reference.

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS.

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH FASTCALL.

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

13 C Type aX

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyObject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are four basic calling conventions for positional arguments and two of them can be combined with
METH_KEYWORDS to support also keyword arguments. So there are a total of 6 calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type Py CFunct i on. The function expects two
PyObject * values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg _ParseTuple () or PyArg UnpackTuple ().
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METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionithKeywords. The function expects three parame-
ters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or possibly NULL if there are no
keyword arguments. The parameters are typically processed using PyArg ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject * values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.

3.7 BUHTMA.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the names of the
keyword arguments or possibly NULL if there are no keywords. The values of the keyword arguments are stored
in the args array, after the positional arguments.

This is not part of the limited API.

3.7 BB

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg _ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyObject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named __contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:
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i C Type aX

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t | the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in Python,
it will be converted to the equivalent Python type.

Macro name Czxa

T _SHORT short

T_INT int

T_LONG KB
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR B2
T_BYTE FF

T UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL g2
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 O for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp_getset
slot.
2 C Type FX
TR const char * | attribute name
get getter C Function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject * parameter (the instance) and a function pointer (the associated
closure):
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typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer (the

associated closure):

typedef int (*setter) (PyObject *,

PyObject *, woid *);

In case the attribute should be deleted the second parameter is NULL. Should return 0 on success or —1 with a set

exception on failure.

12.3 HBIMR

14 Python 42 R 40 i i B 2540 2 — it 2 8 SO R BRI 45M): Py Typeobject S5, RAUNT 4 nl A
FAEA PyObject_* () B{ PyType_* () BRECRALRE, {HORNREHRML K ZEL Python [ A2 FF BT EOSHR I N 25

LRI GBI RAT AR EER, I PAE AR f A B AT A S BUB R A 3 AR AR H EE 2L

GRZEBMERBIMLL, FRADIRA MK X2 KM 2B B R A T RERIE, K2 C %L
FET, BRI RERSEEL IR /NI o ARTAFTRAIIA JERXT G B KL BRI B A RS

H BRI A T A

BT REARES S, )T NIRRT PG TPy TypeObject B SCRUTERIBIT .

12.3.1 BRESE

"tp_ HiERE”
PyTypeObject #&' Type AR B 52
QT DOl
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t ?
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__,  delattr G
tp_as_async PyAsyncMethods * FoiEtt (FiER) %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * F it (FiER) %
tp_as_sequence PySequenceMethods * FHiEtE (FiER) %
tp_as_mapping PyMappingMethods * Firtt (FiER) %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _str__ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
BET—H
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R1-EEL—H

PyTypeObject {&' Type kAL B =
IS

QT DI
tp_doc const char * _doc__ X X
tp_traverse traverseproc X (€
tp_clear inquiry X G
tp_richcompare richcmpfunc e, _le , _eq ,_ne ,|X G

_ gt ,_ ge

tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_, delete__ X
tp_dictoffset Py_ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc __new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ _bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor \
[tp_version_tag] unsigned int
tp_finalize destructor _del__ \X

R E X T COUNT_ALLOCS , NMEATEFELAT (IXNFER) FEL:

e tp_allocs

YNBSS PIZ IR E (EhE D) CFE . SRS P A BRI R . O RS A B LB PR

NETF-BOR TR (2R null),
2 g
”(”: PyBaseObject_Type Wik E
T PyType Type WA E:

D7 BRIABCE (2R T VAR E NULL)
X - PyType_Ready sets this wvalue if it is NULL

~ — PyType_Ready always sets this wvalue

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

"R (R %

Also see the inheritance column ("I").
”I”: %%
X - type slot is inherited via PyType_Ready if defined with a NULL value
% — the slots of the sub-struct are inherited individually
G - inherited, but only in combination with other slots; see the slot's description
?

- it's complicated; see the slot's description

R, A T R R A R A AR Y -
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e tp_ frees
e tp_maxalloc
o tp _prev

e tp_next

FHEE (FiE)

FiEE Type HH®AE
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext___
nb_add binaryfunc _add__ radd
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __sub__
nb_multiply binaryfunc ~ mul__ rmul
nb_inplace_multiply binaryfunc _ mul__
nb_remainder binaryfunc ~mod___ rmod__
nb_inplace_remainder binaryfunc __mod__
nb_divmod binaryfunc __divmod__
__rdivmod__
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc __pow__
nb_negative unaryfunc _neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc _ Ishift_ _ rlshift_
nb_inplace_lshift binaryfunc __Ishift
nb_rshift binaryfunc _ rshift_ _ rrshift
nb_inplace_rshift binaryfunc _ rshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc _and__
nb_xor binaryfunc __XOr__ _ rXor__
nb_inplace_xor binaryfunc __XOr__
nb_or binaryfunc __Oor__ _ ror__
nb_inplace_or binaryfunc _or__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float_
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc _ floordiv___
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc _truediv__
nb_index unaryfunc __index__

EET—H
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R2-EEL—H

FiEE Type B A
nb_matrix_multiply binaryfunc __matmul
__rmatmul__
nb_inplace_matrix multiply binaryfunc __matmul__
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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I typedef
typedef SR iR [ 2R
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 *
__ Chapter 12. #RXHLE
descrsetfunc nt
PyObject *
PyObject *




The Python/C API, [ 3.8.20

WESREEZ KR typedef BHHEZTEAFELE .

12.3.2 PyTypeObiject X

PyTypeObject BZ5HE X ATPATE Include/object .h iR E|. KT HHESH, AR TH PR E X:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

CFoiaks:)
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(R —H)

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObject;

12.3.3 PyObiject ##{ii

type X R A5 R T Pyvaropject £, ob_size FBUTTEHIEHKA (1 type_new () G, EHE
coss BRI SEREEyvpe. Tyme GEAHD AL er i cones ze, SRR LIS (B wpe 319)
LM EA ob_size FE.

PyObject* PyObject . _ob_next

PyObject* PyObject ._ob_prev
These fields are only present when the macro Py_ TRACE_REF'S is defined. Their initialization to NULL is taken
care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always remain NULL.
For dynamically allocated objects, these two fields are used to link the object into a doubly-linked list of all live
objects on the heap. This could be used for various debugging purposes; currently the only use is to print the objects
that are still alive at the end of a run when the environment variable PYTHONDUMPREF'S is set.

ok :
Beop BRI AUARK
Py_ssize_t PyObject.ob_refcnt
e RENRT N IT4L, | PyObject HEAD _INIT ZLHJMAMEN 1o 3R THEES T AI 2B}

g‘;{i(ﬁ%éﬁ ob_type FRIIHZRA) R PMATI L. EXTIHEDRRIRBN G, LB 7 K
Y510 .

MoK :
TRBUARIIR T BL o
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PyTypeObject* PyObject .ob_type
HRRBER, Ha)ihiiiE ckE, Bl % PyObject HEAD_INIT [SHCRMAIIAI, BME
— IO & «PyType_Type o B2 R TZhESRT#AY RALH 2 0% Windows o[, 4iikaiss
HEE I 2 — AN AT R aa . B 4 BEVG (94% 33 NULL 45%% PyObject HEAD_INIT Jf HAERIHY)
WIHE A RO 46 B s AT AR R4 2 BT iR X A B . LA R XY -

Foo_Type.ob_type = &PyType_Type;

X W AZAE B % BB AT S 2 B SE . Py Type_Ready () ¥i#x ob_type @74 NULL, UWIHRE,
ML) ob_type FERUIGITE . MR ZFEIESE, WryType Ready () AEHERE.

ok :

T B AW FRAGK .

12.3.4 PyVarObiject &{iz

Py_ssize_t PyVarObject .ob_size
For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects, this
field has a special internal meaning.

MoK -
TRAURIR I T B

12.3.5 PyTypeObject #&

LA — TR RAIA IR K AR . MR Py Type_Ready () RAEETECN NULL IWEEME, A4
WMo —A “BRIN” #B4r. (W, £ PyBaseObject_Type flPyType Type P & IVF 2 T Bk Ik
EBRIANE.)
const char* PyTypeObject . tp_name
85, 81 PA NULL 45 R FR KBTI FARFR . T DME B & RS BT R 2E 8L, 4%
FNVIZE TR, JFIR—A A, FEIRERA . AT HERR, FRRNIZ SRR, R
B R, SERE R4 2 e BB W — 5. i, £ P B0 Q ByRLH M g Y
EH T W tp_name WZPIIHAH "P.O. M. T,

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the ___name_
attribute.

WERAIAE RS, WEEAtp_name FEAFEN __name_ JEMEVIIF, M __module  JEMENRHZAR
S (BRARfEF e R s, a0 ESCing) o X RS IR SR ALK JOE ST pickle. L4k, A
pydoc QEELERSCH AN 251 H %L

BTBURAIH NULL, ‘E@PyTypeObject () PME—MLMET B (B TI1ER tp_itemsize PASH).
MoK :
TRBURIIR I T BL

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject.tp_itemsize
T Tk B BT AT B B S DA T BRSO
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FETEW R AL HA R E REEBIWEB Hep itemsize FEOET; HA T AR LM A
Htp_itemsize FEARNE. W1 HAEERKELGIMIERL, A SO I/NEFHF, HA&K/D
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_ VAR _HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsizeisto use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

KT XTI R AR A H R AR XS5, WM cp_basicsize MERAERE. Bil4n: fik
WA KA ST T —4 double $(2H, tp_itemsize BLE sizeof (double)., FE&JF A TALH
R tp_basicsize j& sizeof (double) HIfEEL (R¥EX 2 double BN FFEK).

XA A AR BESEBIRAL, % BA R NULL,
Mok :

X B R T 2R IR, IR EAR KRG — AN AEE Mo _itemsize, HALE T HRB P
Frep_itemsize WENAFIAFFEE R R A LN (R TZEEAR LRI K SBL) .

destructor PyTypeObject .tp_dealloc

TR SEBIAT R BB FE 5o BRARPRIEE LAY S BRI A 2R (LR B BT 4t None Fl ELlipsis
HREE) A WALZFE SGX AR BB -

’void tp_dealloc (PyObject *self);

ME| B 01}, HPy_DECREF () MPy_XDECREF () MM RS L, SeBlskiEfe, 2
CA¥A THEMTI . HTil R 2B BO% L OHA AT R, BHOZEOIHA BT E NAEZE
X Gl AT I R RE R 2R ), HE RSB co_ free BT, QAR IBIAT FREML (¥
HEPy TPFLAGS_BASETYPE Fi&ifir), WA EIAX LR R, AU tp_free. Xf
SRR EY %5 A B R B B . QR Pyobject_New () B PyObject_VarNew () 4-fic, i
Y NPyObject_Del (); WHEAEFPyObject_GC _New () BiPyObject_GC_NewVar () 4 BE, B
HPyObject_GC_Del ().

B, AR L) (Py_TPFLAGS_HEAPTYPE) , TR MARTEYH I ZE AR Ik
IR RIFI TR N Tl 8t B iIEN:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp) ;

}

Aok :
BT B T 2RRAK

Py_ssize_t PyTypeObject.tp_vectorcall_offset

An optional offset to a per-instance function that implements calling the object using the vectorcall protocol, a more
efficient alternative of the simpler tp_call.
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This field is only used if the flag Py TPFLAGS HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcallfunc pointer. The signature is the same as for
_PyObject_Vectorcall():

PyObject *vectorcallfunc(PyObject *callable, PyObject *const *args, size_t nargsf,
— PyObject *kwnames)

The vectorcallfunc pointer may be zero, in which case the instance behaves as if
_Py TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets _Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its behaviour
is consistent with the vectorcallfunc function. This can be done by setting #p_call to PyVectorcall_Call:

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Call callable’s vectorcallfunc with positional and keyword arguments given in a tuple and dict, respectively.

This function is intended to be used in the tp_call slot. It does not fall back to tp_call and it cur-
rently does not check the _Py_TPFLAGS_HAVE_VECTORCALL flag. To call an object, use one of the
PyObject_Call functions instead.

#§(E): It is not recommended for /eap types to implement the vectorcall protocol. When a user sets __call__
in Python code, only tp_call is updated, possibly making it inconsistent with the vectorcall function.

H#5[E):  The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized in
Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

3.8 it B 4: This slot was used for print formatting in Python 2.x. In Python 3.0 to 3.7, it was reserved and named
tp_print.

Bk :

This field is inherited by subtypes together with t p_cal1: asubtype inherits tp_vectorcall_ offset from
its base type when the subtype’ s tp_callis NULL.

Note that heap types (including subclasses defined in Python) do not inherit the
_Py_TPFLAGS_HAVE_VECTORCALLﬂag

getattrfunc PyTypeObject .tp_getattr
— AR AR U M AT HR R R T

TTBCI M. HEPOE XN, NMiZMltp_getattro SR EEL, B2 CFFHRSHE
AN, A Python FAFHRRTA .

Mok :
A3H: tp_getattr, tp_getattro

TR TR Mo _getattro IR MR tp getattr Mtp_getattro #ky NULL B}
BT RGN ERB R cp_getattr fltp_getattro,

setattrfunc PyTypeObject .tp_setattr
— N4 1) BRI A SIS RN e e P ) P e g

TTBCIM . HEPE XN, NMiZMtp_setattro fRE R EEL, HERZ - CAFHRSHE
NS, A2 Python FAFHRRTA .

oK :

S tp_setattr, tp_setattro
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ZFESWTLE M _setattro kR M TRBMtp setattr fltp_setattro ¥k NULL
IHZ T RBEEG R M BRI BRI K tp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
a1 —MEEN G C )R 3B awaitable Flasynchronous iterator YRS X5 AH S - BE I B n 45
Hfk . WSS 2R TR

3.5 BT ZEZ BIREFR N tp_compare fil tp_reserved,
Mok :
tp_as_async FEARWAK, (BT S TFERASWERMARK.

reprfunc PyTypeObject .tp_repr
—ASEI T NERE repr () BYRREIW FTERTREL

BB # S5Pyobject_Repr () WA

PyObject *tp_repr (PyObject *self);

RO AR 0] — AP A7 B Unicode %R . FERRARSFOLT , e BN 2R Il — AN FAF e, 2405 HAL
freval () W, AEHEENIREL, Pl bl NEAMEEPNR. WRX AT, e R0
—ANPA < TFRFFRA > S5 R AT R HERT A R A B AME R AT

Aok :
BT B TR BAK

WERARBLEIL T B, WIRM <$s object at sp> JBRWTFAFR, H s FREHCNRBATR, 2o KF
B R R N AL

PyNumberMethods* PyTypeObject .tp_as_number
o1 — IS AR AR ST, HrP S RS RTINS R RAH A 7 B XS By SO 2 W A
FAf R LB MR

Aok :
tp_as_number FBINSYAMK, (HEF 5107 B PEHMAR .

PySequenceMethods* PyTypeObject .tp_as_sequence
fam—EEmas R pFaEr, s S AT RS PSR R R A R B X B B SRS LT 7))
Rk

Aok :
tp_as_sequence FBIASYAIK, (HET &7 BRSSP MR,

PyMappingMethods* PyTypeObject . tp_as_mapping
Fe i — D mEs AR pHe s, el G AT AR R KA T B X T B SO e
i SR

Aok :
tp_as_mapping FEAZYK, HIrEEHFBRSPERMAK,

hashfunc PyTypeObject .tp_hash
—ANFRISEIL T N E RS hash () B RREHY TR 4

HE 4 S pyobject_Hash () BYAHE:

Py_hash_t tp_hash (PyObject *);
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1 AWAERIER RIEGERE] YRR EE AR P A AR R, ROV B — A i AR W -1,
When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises

TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

WFBE AR R A Pyobject HashNot Implemented () AR IEMACRALARARIG A /745 o £E Python
EIX RN _ _hash_ = None MY, f#if8 isinstance (o, collections.Hashable)
IERfR ] False.. TR RMZ MM 7E Python 2 E — KM __hash__ = None &{fif§
tp_hash Fi{ gk B NPyObject_HashNot Implemented (),

ok :

ﬁﬁ‘?ﬂ: tp_hash, tp_richcompare

ZFERESW TR tp_richcompare —E4kHK: M TR tp _richcompare fltp_hash ¥JH
NULL B} 2B [ 4K t p_richcompare fltp_hash.

ternaryfunc PyTypeObject .tp_call
— AN AT I S B G R T A 4 1) eR R R B RS RN R T T R NAZAE Y S NULL. H A
Spyobject_call () BFHE:

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

Bk :
BT B R BAK

reprfunc PyTypeObject .tp_str
— AR SEINE st () BAERREIREE . (R st ITER— DAL, str () I MIZEA
MRS . IR Pyobject _str () PATIEFRERIE, MPyobject_str () R AL H )
i)

HE 4 5pyobject_str() !

’PyObject *tp_str (PyObject *self);

% PR IR B —ANF A7 B Unicode X4, BN Y48 —A> “KUF” WIXRFARERRRIER, H Xt
FEAE print () AP SHEMAEEHEHEREN.

ok :

BT R AR

BRik:

MARBEZTFEN, KA Pyobject _Repr () FaRk— AR FRRER.

getattrofunc PyTypeObject . tp_getattro
— AR AR U M AT HR R R T

H& & 5pyobject_GetAttr () HIMHE:

PyObject *tp_getattro(PyObject *self, PyObject *attr);

AT A IR F B PyObject_GenericGetAttr (), B T EHXRIEMERE .
4ok :
A3eH: tp_getattr, tp_getattro

GTBEW TR tp_getattr —RYK: Y TR cp_getattr Mtp _getattro ¥y NULL B}
TRARDG R YRR tp_getattr fltp_getattro,

LN
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PyBaseObject_Type [fiflPyObject_GenericGetAttr ().,

setattrofunc PyTypeObject . tp_setattro

— 38 1) R B DA IS BRI 2 e 1 T e AR A
HEZ 5Pyobject_sSetAttr () HIFHRE):

PyObject *tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

A0 7 VA i%ﬁmmmﬁNmL%W%E@ W H AT LA O MR % Y Bk
ﬂ»ijObject_Generl cSetAttr (), B T RANZ BN .

Rk :
4reH: tp_setattr, tp_setattro

RFEES TR tp_setattr —@YERK: BB tp_setattr Mltp_setattro ¥k NULL
IR ADE RN YK cp_setattr Mltp_setattro,

BRIN:

PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer

Fa 1 — AL 5 SR i X2 11 (R G O B BT N5 A PR B F 5T o 3K S8 B SOk 2 2% o
E S 2 AR

Aok :
tp_as_buffer FERASWMEK, (HEM I T BRSPHMAR.

unsigned long PyTypeObject .tp_flags

BT BOE R A AR AR . SR TR BN TR E R AL TE S 55— SE TR U TR E 6
Mt (i@t tp_as_number, tp_as_sequence, tp_as mapping Mtp_as_buffer 5K
JREEFIIA) PRYRRE B, BAEN R LI BRA NG AR AR L2 I I, e BT R
AU B W AFAS T 5 10 HAL AUl A 28 8l NULL {H

Aok :

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the

tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype and
the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

BRik:

PyBaseObject_Type uses Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.

fLHERS:

H Al & CT DA OEiE s rTPABEM | s AR X E AT 4T OR i2 LB it _flags %Exlﬂ’ﬂﬁo

FPyType_HasFeature () 485 —NFBM—ATEARME p F1 f, A tp->tp_flags & f 2

AR

Py TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when an

instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREFed or DECREF’ed).

Aok

194

Chapter 12. &St



The Python/C API, &[F) 3.8.20

77
Py TPFLAGS_BASETYPE
2 SRR AR 5 — S B B R B LR O R . WRIZ HO R O s o, T 2R AR
ToER TR (LT Java Hr final” 2 ) .
Mok :
7?77
Py_TPFLAGS_READY
YIRS GRS Py Type_Ready () #56 4 S BIAEZ U B 08
Mok :
777
Py_TPFLAGS_READYING
Y pyType Ready () AHEWIIRA IS TIRT G B2 v B i LU 6 R B 1
Pk :
7?77
Py_TPFLAGS_HAVE_GC
29 1M W G 3K B IR ] CET L R R B R W R R T H AR AL, U S B i
HlPyObject _GC _New () RBIEH i lpyobject GC_Del () R BELAFE WL £ &
AR IR e — Y. R ALIA R 5 KBNS R P AETE GC M X FBitp_traverse
Mtp_clear,
Pk :
ﬁéﬂ: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitisinherited together withthe tp_traverseand tp_clear fields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION,
Py_TPFLAGS_HAVE_VERSION_TAG.

Ak :
777

Py TPFLAGS_METHOD_DESCRIPTOR
XAFE AT G AT R T ARG 2
WA type (meth) B T %R, IRA:

e meth._ get_ (obj, cls) (*args, **kwds) (H H obj A & None) W 4 £ iy T
meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) HZEHMT meth (*args, **kwds).

BEIEAR A obj.meth () XARAYILALT AT M B AL : EXFEGY ob] .meth ARG “40
SETTIR” M5

3.8 BT
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get is
inherited.
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Py_TPFLAGS_LONG_SUBCLASS
Py TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py _TPFLAGS_UNICODE_SUBCLASS
Py _TPFLAGS_DICT SUBCLASS
Py TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS

XL Py Long_Check () &5 RN R PR E — AR N BRI 128, AL
ARSI HEZ A I AN Py Ob ject _IsInstance () TP, QR H N BB E SRR Y
I B tp_flags, 5055 RE 0S8R EA T2 B 14 AR5 PTG T Ay 00 b 2 1t AN ]
TN -

Py TPFLAGS_HAVE_FINALIZE

MR TFAE tp_finalize REAZIN & BCELX A HORRZ
3.4 WU
3.8 iR CEI: IR E AR 2, FUARES S BUE RS R b B2 fFfE tp_finalize

AL

_Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall offset for
details.

Aok :

This bit is set on static subtypes if tp_flags 1is not overridden: a subtype inherits
_Py_TPFLAGS_HAVE_VECTORCALL from its base type when the subtype’ s tp_call is NULL
and the subtype’s Py_ TPFLAGS_HEAPTYPE is not set.

Heap types do not inherit _Py_TPFLAGS_HAVE_VECTORCALL.

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

3.8 OB IMA.

const char* PyTypeObject .tp_doc

— AN ATEAY A ) 45 H %R BN R SCRY A7 R 1 LA NUL 25501 C FAFER ST . AR R R 26
BUMZEASLB] B doc_ J&@tHs

MoK :
X FB R TRBK

traverseproc PyTypeObject . tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

£ 5% Python B3 RIS 5 B 205 B FE (e 2 £ & 33k el — Y h A H .

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISIT () on each of the instance’s members that are Python
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objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, wvoid *argqg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return O;

}

THYERPy_VISIT () {XREFE R A INIGEER G| B R 02 BB . BARIEFAE—1 self—>key WA,
{H'E HAE A NULL 5f Python “F4F 5 R M AN REBUA B S | I —4) -

e — 7T, BREARAIE 5o B DO ZEAS 2 O RER G | I —8R 4, VE TR BIA/R U358 W] R A 22
P E R gc #ELH) get_referents () HMECKHSHIEE .

% . When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

W R Py VISIT () BRIEY local_traverse () [ visit Fl arg BB HAFGEM AR ANEEEE 6y
HEAT.

Mok :

S3eH: Py TPFLAGS _HAVE_GC,tp_traverse,tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_ HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear
An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS _HAVE_GC
flag bit is set. The signature is:

int tp_clear (PyObject *);

tp_clear J§ 0 BRERE I RAT B I [ WS AE PR R B PR 0 S A 0 A5 | o R UE, RGE P I BT
Htp_clear RELME B —EUAITHA GRS . X2 MR R, 5 B AL 5E A 2
fefitep_clear BB, BN, JTLHARMALE I o clear AL, PNA W REIEM]SE AT RA S
PRGN . NI AR cp_clear pRBAIR VAFTBAT M6 & e R IRER . XA 257 BT fE
e, HFHRD AL cp_clear LSBT

tp_clear WISEPIN 24 EFESLBI3E [ HW G A AT BE A Python XF 0951 T, FHKREHE )X 2Ll 51 9 H8 41K
A NULL, IR A FITFis:

static int

local _clear(localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);

(Rt
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(R —H)

return 0;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be decremented until after the pointer to the contained object is set to NULL. This is because
decrementing the reference count may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with the
contained object). If it’s possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py_ CLEAR ()
macro performs the operations in a safe order.

Whtp_clear BREHYHBZITHARIRGI N, BroAATs 205 R T e & 19X R W Python 74753 5 Python
B ENICRS S5IERTIN . 75T, W5 e &Ry 4E8 Python IR, H 4 EHRAN tp_dealloc
PRECR SR tpo_clear ARTT(E.

A % Python S35 Iy R SE A5 BATHE AR AT 2 8 ) S A AR s e e — i h A
Aok :
Ay8: Py_TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_ t raverse and the Py TPFLAGS_HAVE_ GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc PyTypeObject .tp_richcompare

—ANRIER ) E R R AR, BB 244 A

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

F— NSRRI APy Typeobiect FriE RBALHBI .

P RN 24 (0] FLBE 55 GO Py_True B Py_False). WIRARELHEIZE, ELAIR[H
Py_NotImplemented, HISRAA T HABGE R EMARE] NULL H3EE—A5 8 5%

AR HE B E X AEtp_richcompare MlPyObject_RichCompare () W =S4

EE | WE
Py LT | <
Py_LE | <=
Py_EQ | ==
Py_NE I=
Py_GT | >
Py_GE | >=

TSN T i T A gn 5 4w 1 H R R A

Py_RETURN_RICHCOMPARE (VAL_A, VAL B, op)
MIZBRFCR A Py_True 5 Py_False, XPURT LLRAILR. VAL_A Fl VAL_B 247502 il id
C WRGBHATIATHET R (BN, BT Al C A E0F ) o 58 = A S BRI RINiE5E,
YPyobject_RichCompare () IS —FE,

The return value’s reference count is properly incremented.
KA, BB R %R OR8] NULL.
3.7 BT
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4y#H: tp_hash, tp_richcompare

GT B TR cp_hash —E4kK: L 1TRHtp richcompare fltp_hash ¥Jj NULL ¥
KAV R tp_richcompare fMltp_hash,

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However, if

only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_* () functions. The instance structure needs to
include a field of type PyOb ject * which is initialized to NULL.

AERFR T B S tp_weaklist i JaH AR RA TS T HEk .
Bk :
ZTB AP TRMOR, EEES T A R . RAN DAE S RS R R TR

AT RERB A5 SR, TPkl tp_weaklistoffset FREIN, FrLAXMiZA
AR
When a type defined by a class statement has no ___slots__ declaration, and none of its base types are weakly

referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the instance layout
and setting the tp_weaklistoffset of that slot’s offset.

When a type’s ___slots__ declaration contains a slot named ___weakref__, that slot becomes the weak ref-
erence list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s __slots__ declaration does not contain a slot named __ weakref
tp_weaklistoffset from its base type.

, the type inherits its

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

W% 5Pyobject_GetIter () [IAHIHE:

PyObject *tp_iter (PyObject *self);

oK :
BT B TR BAK

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

HZIENATPFER, BRI NULL; StopIteration i nlfERBIEMAREA B E . HRAS
—AEFRI, B AUR R NULL, ERFAERIIZR AR S PR A -

i%g‘t%%%’éﬂﬂz&“:‘u%ﬁétp_iter PR, HLiZ ok B0 214 30R (] 36 A S Bl A B (T A 2 3 1 25 At 5
Bl).

MWREHIE Py Tter Next () IR .
ok :
WS W FRAK .
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struct PyMethodDef* PyTypeObject . tp_methods

— AR 1 PyMet hodDe £ 25 AT VA NULL S5 sR A BSEAL Rt B0 1 SRR Hr
XFARBA AT, MR (S
Bk :

BTFBARY T RBTR (O @il AR HLHI R KR ) .

W tp_dict) Iin—Ma &I kb g i 4 H

o

struct PyMemberDef * PyTypeObject . tp_members

— ARG R Py Membe rDe £ ZEF A LA NULL S5 ESEALfREr, M 1 ISR R
Ry (B L) .

XA P a0, AR 1B Tl (BRI tp_dict) P— M S Ir kb a4 H .
Aok :

FTFBASYT R (@l A B R R ) -

struct PyGetSetDef* PyTypeObject .tp_getset

— AR IR PyGet SetDe £ ZEM AR LA NULL 45 SEALfaEr, B 1 ISR SL pil
gt A E

X TFAZBA P a0, #am AT (S
ok :
GFBASHTRBIr AR (BT8R A F LS R4k i ) o

WTRHR tp_dict) IN—MU &SR an & H .

W

PyTypeObject* PyTypeObject .tp_base

A ATRE 4 [ S BURAAE R P I AR I SRR SR T ARG L, HOCRRAR; 2 ADRT &
T TR B S H BT A R

E): A AR IR TR AR R A A 4 R AR B ) . C99 HsRAI A 4&%&7@ “Hitb# 7. B 5
R ER R AR NPy Type_GenericNew () #h@A 307 C99 Hutik &

However, the unary &’ operator applied to a non-static variable like PyBaseObject_Type () is not required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

B, N STEY BRI LR B i B tp_base.

ok :
ETBASHTREME (BR).
2Rik:

ZFBBRIN N «PyBaseObject_Type (% Python £ 7 51 il object J5H),

PyObject* PyTypeObject .tp_dict

KA TRt Py Type_Ready () A7A#EIX L.

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once PyType_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
__add__()).

oK :
BB IBPT AR (EAEIX HLE S0 a2l i A [ B R 4R Y ) o
BRIk
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WHRZFBCN NULL, PyType Ready () ¥ ESH— 1 H 7ML,

el WM C-APIfiPyDict_SetItem() BBl tp_dict BANLEW.

descrgetfunc PyTypeObject .tp_descr_get

— AT I AR BB
B A 24

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

ok :
WP B AW TRAK

descrsetfunc PyTypeObject . tp_descr_set

A f 1 T R 2 B S P A
B A 5

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

K value ZHV N NULL DABMBRIZAE .
Aok -
LB TR BYRK

Py_ssize_t PyTypeObject.tp_dictoffset

=

WSRO A — A& LA R 7, W BeRe o JE B 60 1% SE 148 = L 2
MBI RS & IS ERF i PyOobject_GenericGetAttr () i,

AERFZTBS to_dict R a2 AN A B IR T 7 4t

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of st r or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset are taken from the type object, and ob_size
is taken from the instance. The absolute value is taken because ints use the sign of ob_size to store
the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

MoK :

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means that
the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is always
found via tp_dictoffset, this should not be a problem.
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When a type defined by a class statement has no ___slots__ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to
that slot’s offset.

When a type defined by a class statement hasa ___slots__ declaration, the type inherits its tp_dictoffset
from its base type.

(Adding aslotnamed __dict__tothe __slots__ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like __weakref___ though.)

BRiA:

This slot has no default. For static types, if the field is NULL thenno ___dict__ gets created for instances.

initproc PyTypeObject .tp_init

— AT ) L B AR L s B A

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

PRENAY R4

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

tp_init ERECAISEA N NULL, BEAEE i F 282 0 o G g e Bl i g, BIYER B cp_new bR
BOR Al —MZ BB L FI R . W cp_new BREGR I T — AR & IR 2B 12 84 1 HoAth 28 B4 1y 5K
B, Wep_ init BRI WMo new IR T —ANEIRRBAG T RBSLH], WHE T-2A
Mtp_init XegEHA .

MIEHRE 0, AAAEIREIGRE -1 HAEE R LIk E—4~ % . and sets an exception on error.
Hhok :
Bl 2R BUGRK .

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

(=1 I R N S 1A N USSR (ORI B v =2
PRELI 2544 H:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Aok :

BRTFBRAWHE TRBEK, HARYEETRA (i class IFAQ1EK 7FRE) K.

BN

MTETRY, RTFBUERAWR NPy Type_GenericAlloc (), VAR RLHIARUER) eI} SN .

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

— AR I 5 G B B 1
BRI %4 -
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PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

tp_new BBV S THH subtype->tp_alloc (subtype, nitems) R RXTRAFELLSE], Ka Rl
FreaA BB BE— PG A . T DAZE A b 2 i s E R BB R AR VR B2 A E £ o i & AL PRATAR
Ho — A RBER NIRRT AR AT AE SRR YL, I I BT Y YA tp_new WAL, TN T AT 28
R, KA WA MR 2 e p_init FHIAT,

MoK :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

Rl

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

Jreefunc PyTypeObject .tp_free
— TR [ SE BRI R B F . BRI 2R A

void tp_free(void *self);

—RERELIRIRLAR R PyObject_Free (),

Bk :

BRFB2PHS TERREK, HAXPEETRA (i class iAQIETN THRE) 405K

BRik:

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

STFESTZA, pyBaseObject_Type fi /il PyObject_Del.

inquiry PyTypeObject .tp_is_gc
] AR ) A2 3R [mS gks Fiv 1 R K 4T

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to
look at the object’s type’s t p_ f1ags field, and check the Py TPFLAGS_ HAVE_GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and O for a non-collectible
instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

oK :
BT Bt TR IAK
LN

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.
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PyObject* PyTypeObject .tp_bases

BRI .

This is set for types created by a class statement. It should be NULL for statically defined types.
Aok :

EAFEASHIK,

PyObject* PyTypeObject . tp_mro

CETENY LR CA, ARSI LA object MENETR, I i dT T .
MoK :
RAFEASPR: ERliPyType_Ready () IHREIN.

PyObject* PyTypeObject .tp_cache

HARGE o AL NERGE
Aok :
X FBASHIK.

PyObject* PyTypeObject .tp_subclasses

HIX 1280555 | AL . AXHE N RRAE T -
Mok :
A FEASHIK.

PyObject* PyTypeObject . tp_weaklist

BN, MR RISETI . AP, SERATEE
MoK :
XA FEASHIK,

destructor PyTypeObject .tp_del

ZFEEHFH. Edftp_finalize,

unsigned int PyTypeObject .tp_version_tag

T RGN BITEGEA . DRATREE .
Aok :
P BRI

destructor PyTypeObject .tp_finalize

e NP OE IS 42 SAAPSE 4 GUE =23 WEER J G K2

void tp_finalize (PyObject *self);

WRBE T tp_finalize, MRRRRIFIERZALEE LRI E—U. R bR (R
SCBI 2 BPARERT | ) — AR ) SORTEXT BRI IR . AR RIS, B E Sl
FTREIRERS | Z BIRORT  CAB R E BT AR RAL T IEFARES

tp_finalize AN HASMEIRERDS; HIL, 95 3F AL SRAHETMEAIT:

static void
local _finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, 1if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

(Rt
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(R —H)

VAT V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

For this field to be taken into account (even through inheritance), you must also set the
Py _TPFLAGS_HAVE_FINALIZE flags bit.

ok :

P B FR LK.

3.4 UGBTI

L%

TR RIR G I ZAL” (PEP 442)

The remaining fields are only defined if the feature test macro COUNT_ALLOCS is defined, and are for internal use only.
They are documented here for completeness. None of these fields are inherited by subtypes.

Py_ssize_t PyTypeObject.tp_allocs
Number of allocations.

Py_ssize_t PyTypeObject.tp_frees
Number of frees.

Py_ssize_t PyTypeObject.tp_maxalloc
Maximum simultaneously allocated objects.

PyTypeObject* PyTypeObject . tp_prev
Pointer to the previous type object with a non-zero tp_allocs field.

PyTypeObject* PyTypeObject .tp_next
Pointer to the next type object with a non-zero tp_allocs field.

FOMETFEER, AR BIR B SALHIY Python w, tp_dealloc nfDAMATE Python ZARBEIH M, 1AL
RAVRATRIOLA (RGNS A RURER— 55, TR ER DT A 2Bl T 2R LR
JIrIEII) o X4 Python APTIRI ISR ULAE AR, [HA tp_dealloc i J1 I /ERY AR FiA 42 R Réae 3l (GIL) .
{2, R PEE AN R SUHT S 7ok A C B Cr ARSI 24/ OB ERAETA T tp_dealloc f£kAE |
BB SRS SR 2 RSB (T T .

12.3.6 HEJEHY

LG L, 15 C RIS LRBIAE #450, Wtdul, PyTypeobject G5 AAE MRS H B 1w SOFf
M PyType_Ready () RWIHik.

T8 7 57E Python W SR IUA GBI 22 B ] -
o FESRBLHBEIA — RS HRThUE, TR 2 K.
o HESERENS (EFHAFENTRSES]) RAF XS . AATGELE Python HRESINEE MR AN R i1 a1k .
o HSRAREES T A S L, HILEA A Y AR TR L RIS .

Also, since Py TypeObject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.
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An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created

by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type_FromSpecWithBases ().

124 BFMREHHF

PyNumberMethods

VR A F A 45161 B R SEBUAF BN B . BRI A s — R R

AR R T -
GER A E AR

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc

inquiry nb_.
unaryfunc nb_invert;

bool;

nb_1lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

nb_matrix _multiply;
nb_inplace_matrix_multiply;

} PyNumberMethods;
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fiE):  BUH = H RS A A T BRI A, I B e (BE0H - AERE
B ir e B SE1) o QR I 4 I R R BOE SCERE, NDBUH RN = H eR £ R JE]
Py_NotImplemented, HNH&EA T HAWG R EATLAHRE NULL H i E— 7.

#i[E): The nb_reserved field should always be NULL. It was previously called nbb_1ong, and was renamed
in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add

binaryfunc PyNumberMethods .nb_subtract

binaryfunc PyNumberMethods .nb_multiply

binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert

binaryfunc PyNumberMethods .nb_1lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMethods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods .nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods .nb_inplace_xor

binaryfunc PyNumberMethods .nb_inplace_or
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binaryfunc PyNumberMethods .nb_floor_divide

binaryfunc PyNumberMethods .nb_true_divide

binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods .nb_inplace_true_divide
unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods .nb_inplace_matrix_multiply

12.5 RGN REHIF

PyMappingMethods
RGPS A T8 DR T S RS IS ) BB FR 5T . A =AU

lenfunc PyMappingMethods .mp_length
ZBRECR R Py Mapping Size () MPyObject_Size () i, HHAMREIRZES . MRMNREAE
SCARJRE D A 37 AT 4 A NULL

binaryfunc PyMappingMethods .mp_subscript
Z R BB #ipyobject_GetItem() HMPySequence GetSlice() i H, 3 H F 5
PyObject_GetItem () M[HAY&E 4. UMY (00 A0 4 30 58 VA PyMapping Check () bR %R [l
1, BMERPAN NULL.

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(), PyObject_SetSlice ()
and PyObject_DelSlice (). It has the same signature as PyObject_SetItem (), 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 FRIINR &

PySequenceMethods

AT RTA TR G TS DU S PSR e L 5

lenfunc PySequenceMethods.sq length
Wi Py Sequence_size () flpyobject_size () Frflifi], HEAHENMFEMNES . EibgiH
Tiliidsg itemMlsg ass_item HRRAEHART|S .

binaryfunc PySequenceMethods.sq concat
B Py sSequence_Concat () FrEHH R AMEIRES . e8I nb_add MR HATEUEA N
ZIREBRXYT + 1BHA.

ssizeargfunc PySequenceMethods . sq repeat
B pysequence _Repeat () P I RAMIFERLE4 . TESRilEE nb_multiply FEAIIETE
EMRZ FERXPINT * BHA.

ssizeargfunc PySequenceMethods .sq_item
IR gy sequence_GetTtem () I RAMERZESY . ezl mp_subscript HAAAT
IR EEZ R BB S Tryobject_GetItem (). NI MIEFLAFE Py Sequence_Check ()
BRAGR[E] 1, ANE R DAY NULL,
Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is

used to compute a positive index which is passed to sgq_item. If sq_length is NULL, the index is passed as
is to the function.
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ssizeobjargproc PySequenceMethods.sq _ass_item
WPy sequence_setTtem () Bl i BAREIMLES . TES@idmp_ass_subscript i
PLIAT A HIRIE AT PR AE L IR E R R T Pyobject_SetItem() MPyObject_Delltem (). YN
SRRSO SRR % H AN 3208 6 ] PALREE A NULL,

objobjproc PySequenceMethods .sq contains
WHEB I BtPySequence _Contains () I BAMIFEINAES . AR DAGRES ) NULL, FERCREAL
N PySequence_Contains () Rl iZF5E 2 5— V.

binaryfunc PySequenceMethods.sq inplace_concat
W E Py Sequence _InPlaceConcat () Bl FI3 BAMFEMAS . RSB HRE RS — D HRAE
B, R HGR . AZEE AL AT PAREEN NULL, ZEBEHE LR PySequence_InPlaceConcat () iR
FlpySequence_Concat (). fEZilidnb_inplace_add ML HATECT I INZ 5 B iE & BT
TR EEEAT +=.

ssizeargfunc PySequenceMethods .sq inplace_repeat
W E i PySequence _InPlaceRepeat () Bl FIF AAMIFEMAS . RSB RE RS — D HRAE
B, RG] PAGRER A NULL, FEMIELL T PySequence_InPlaceRepeat () Kf[HliR
F|PySequence_Repeat (). iR iBInb_inplace _multiply fE{ AT F IR T 5 BIL
S TR AT =

12.7 EpX MR EVF

PyBufferProcs
BEEEF RIS A 5 )22 o [ V30 Bt SR eR B R 5T o A PMSUE ST 5t 07 X G ] [ 31 % 75 % R 2%
2SN 6

getbufferproc PyBuf ferProcs .bf_getbuffer
AL GOESZ A R

int (PyObject *exporter, Py_buffer *view, int flags);

QPR 2y exporter [RTESKAIHTE flags FFARE M) view. BRH (3) mish, BLeREW LB T AN 29K

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—->0bj to NULL and
return —1.

(2) IR T B
(3) I T IR U N BT RS -
(4) Set view->o0b7j to exporter and increment view—>ob7j.
(5) i&[H 0,
MR exporter 2 Gz XA Ty 1) X sUm U GE A i —B 23, JURT DAGE F WA 2807 % -

« 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.

view AN B HIA S AL 24 4yt 41, ST TR SR I AR5 LA o s
B —,
B 2P y_bus fex SR UK G V92T H 7 F A0 A R4 RO SR FEAT 70 97

format, shape, strides, suboffsets fllinternal XTI K2 H N .
PyBuffer FillTnfo () ¥t — a5 fa o4y g2 o X [m] of TR A BRI T A 17 SR S AL 1 (58 7 =X
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PyObject_GetBuffer () yEf X% sk B 9% r 8z 1 .

releasebufferproc PyBuf ferProcs .bf_releasebuffer

ASER I G

void (PyObject *exporter, Py_buffer *view);

AL PR R o KGRI K . R AT BRI R YE, WPpyBufferProcs.bf _releasebuffer
AIPASH NULL, FEHAWEILR, HeRBARE SR AT A N By T 320 R -

(1) I TR T B T s
Q) WERTHEEE R 0, WIREHUITA FBCH] view 1) NAF

ST BE M internal FERAILREM X LRI, AT BOFHORER, 1MIH 2875 WAl GBI
RGP XA view ZHUEA

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release () sefI X L sR &N 2 5 rE 11 .

12.8 FiEMREMHF

3.5 BB IA.

PyAsyncMethods
SR A 4 8 1) 75 55 SR s M awaitable Fllasynchronous iterator %40 B8 4T .
ER R E AR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

UK B 25 4 A

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter Check () must return 1 for it.
AR — XSRS awaitable W S P #1524 NULL,

unaryfunc PyAsyncMethods .am_aiter

ATE GRS AIR

PyObject *am_aiter (PyObject *self);

Must return an awaitable object. See __anext__ () for details.
IR — X G A S IS 25 A P ) A (57 W] 9% A NULL.

unaryfunc PyAsyncMethods.am_anext

LR B 2544

PyObject *am_anext (PyObject *self);
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Must return an awaitable object. See ___anext___ () for details. This slot may be set to NULL.

12.9 FEAISEEY typedef

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-zero,
the object’s ob_s1ize field should be initialized to nitems and the length of the allocated memory block should
betp_basicsize + nitems*tp_itemsize, rounded up to a multiple of sizeof (void*);otherwise,
nitems is not used and the length of the block should be tp_basicsize.

BRI BT AR A A SE IR A A e, RIVRE2 0 FEAA AR B 30AT s IR 2 i tp_new 58
Ji
void (*destructor) (PyObject *)

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

names)
See tp_vectorcall_offset.

Arguments to vectorcallfunc are the same as for _PyObject_Vectorcall ().

3.8 UBTINA.

void (*£freefunc) (void *)
Z N tp_free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Z: 0l tp_new,

int (*initproc) (PyObject *, PyObject *, PyObject *)
Zlltp init,
PyObject * (*reprfunc) (PyObject *)
Ztp_repr.
PyObject * (*getattrfunc) (PyObject *self, char *attr)
IR LR F R TR
int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
NMGBCEIGE BRI K value ZHBCN NULL RN B iZ w1
PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
A TIPOE LUK = el
Z: N tp_getattro,
int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
NN RBCE R E RIERIE . FF value ZHBCH NULL R BRZ R 1 -
Zltp_setattro,
PyObject * (*descrgetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrget.
int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
%l tp_hash,
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PyObject * (*richempfunc) (PyObject *, PyObject *, int)

Z W tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
Zltp_iter,

PyObject * (*iternext func) (PyObject *)
Z W tp_iternext,

Py_ssize_t (*1lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)

PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)

PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 5|

N @ 28 Python 8 AU LAY BRG] HA GRER T BEL BB VA A LR T AR A bR
oL BORBEZ R0, SLEfE R AN SRR, 7525 defining-new-types Fll new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {

PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

VRATREIE A B3 A SE S BRI A (Eas B IF AT (3512 7E CPython AURDJAEH )

static PyTypeObject MyObject_Type = {

PyVarObject_HEAD_INIT (NULL, O0)

"mymod.MyObject", Vad
sizeof (MyObject), Vi
0, /*
(destructor)myobij_dealloc, /*
0, /*

tp_name */

tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset */

(Rt
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EHEE—5)
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
"My objects", /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */
0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */
bi
— ARSI SR BRG A s S 2R
typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;
static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,
.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,
.tp_alloc = PyType_GenericNew,
.tp_dealloc = (destructor)myobj_dealloc,
Qi3
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(R —H)

.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;
} MyStr;
static PyTypeObject MyStr_Type =
PyVarObject_ HEAD_INIT (NULL, O

{
)

.tp_name = "mymod.MyStr",

.tp_basicsize = sizeof (MyStr),

.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = "my custom str",

.tp_flags = Py TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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1211 EXMREBZFHEIANIIR B

Python XHEEA5 | F AOLZIRAG I 5 MG TR 28 “2588” RPGRME 0, IR A Rl fe & HE A0
K% . AMEFHEXRTI A, s R TR (577 /rd) gl REERR
PR RIS A 285
FHEAE - NERE, RN R Wep_flags F B W WA FPy TPFLAGS _HAVE_GC I # it —
Ntp_traverse ALFRRIEI . WRIZRAAGLAI RN, BFEELIp _clear,
Py_TPFLAGS_HAVE_GC

BEE T ARG AL A BT R AT A AL TE SR AR . RO WL, R SO SR R AR AT 4R

A JE B AR 5 bR B A A S R -
1. WAl PyObject_GC_New () BPyObject GC_NewVar () FiXEeit 4 At AF .
2. WIEA T A AT RE A S A RSB | I F B S, BEXAIHH Pyobject _GC_Track () «
TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
KT Pyobject New() , EMTWE T Py_TPFLAGS_HAVE_GC RSt A 4
TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
FUT Pyobject_NewVar () , IEHTIWE T Py_TPFLAGS_HAVE_GC bR

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
HPyObject_NewVar () FrBiit G dEgiiHE K /N 1R BIRHE R/ 5 i 6 5 5 7E 2R IR [B] NULL.
op Wh G R IR [ AR B
void PyObject_GC_Track (PyObject *op)
FEXTS op AN B3R PSR R ER RO 252 AT G o X R AERE LA R BRI A 20 R R, ERR Il e
A BEFEARMIHE T 42T FEtp_traverse ABHIHIIIA FEBAS ARG, W R El, 857
ST AR R AL .
[FIARERY, A5 B RERLAR 204 5 AN S ARA R AL ) -
L fE5 | B AN BRAT, WA PyObject _GC_UnTrack () .
2. WE i Pyobiect_GC_Del () BRI AT

void PyObject_GC_Del (void *op)
B SN, SR LB PyObject _GC_New () B{PyObject GC_NewVar () ZMHt AT

void PyObject_GC_UnTrack (void *op)
MBS REMAESNREAGT R op X R HE W AT IEX 2 EFKIH
M Pyobject_GC_Track () DAYE I ul 2] 9 8 B X S 4 . BELAR (tp_dealloc MJAH) [ 24
fEtp_traverse RIRFTEEFH ATAT 7B R R R R0 S8 FH I R 45

3.8 iR ##: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMNH C API 1554,

tp_traverse AP R K EOE 2.

int (*visitproc) (PyObject *object, void *arg)
tethtp traverse RRPERTT A RELIIZEAL. object ;e 25 7 LRl T 1) — X4, S =TESXF W
Ttp traverse ALPEY arg . Python ALl ) Z2 5 1) ¥ B SLIUIEIAS N A BIRAG I, AFHFE -
FATSE BT 3 R AL

tp_traverse AP DA A

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T 2SR S I R B S B ZITRT self it LD S B S0 ) visie pREC, visit HITE S
B &R LA 45 A TRAR 1Y arg B visit R AT NULL MRS H . Q2R visie iz [ HE %
{EL, JURZAELLY 2497 B ] o
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N T fEftp_traverse Ab PR SL B, Python $&fi T —ASpy vISTT() K. EAE XA
Wep traverse IZEa4 K visit Fl arg .

void Py_VISIT (PyObject *o)

W o Ak NULL, WA visie [P1REEEL, M SE 0 Fll arg. MR visit 3R B ANHEZAE, WER [FHZE.
R ZEZ G, tp_traverse SbPRRFIIEAMT:

static int

M

my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py _VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear JEPRRFF A inquiry L, WIRXFGOAAIAZ N NULL.
int (*inquiry) (PyObject *self )
EFPHETRRG IR . AR RATRE R, BV TR TTREEE ™ AR5 . &

ERIR, XGAET TR G BA0RA R CRRENT I RN Py _DECREF () J5{k) . 2413kl
WA I 20 GAEEERT | ] Py, BTSRRI -
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API #1 ABI fR A< &8

PY_VERSION_HEX J& Python [HiiAS B EE K

Biltn, 4R PY_VERSION_HEX #{EH 4 0x030401a2, HALERIRAE B nT DA DA TR J7 30 HA o —4> 32
PR AL TR :

F | xH (K| &8

W | mEVRF)

&

1 1-8 PY_MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 1y 4)

3 17-24 PY_MICRO_VERSION (3.4.1a2 Hiffj1)

4 25-28 PY_RELEASE_LEVEL (0xA 42 alpha it 4, 0xB & beta i 4, 0xC KA fi

PERRCASI H OxF @i & A, FEIX A+ HiX S lUA &2 alpha fitAs .

29-32 PY RELEASE_SERIAL (3.4.1a2 F[f 2, mZA&RA 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
FrA $2 2 A0 2280 & SCFE Include/patchlevel.h,
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RIEXTHRR

>>> B A ERIARY Python $2/RFF . FEAESY R T REPASE B s E MR RERS LA T IR ARG 2 il
- AR A X
o AZT SR A KR AT ERIA Y Python SURAT, % rilkngfRassl, MOt S AR Y
(B35 s, i =85%), e — &tz )E.
e Ellipsis NEHE.
2t03 42 Python 2.x {4441y Python 3.x FUFAY 1L, LI MRHTIRGG, i JIMRHTR, AbRIA K S ARSI )
N e

2t03 A AEAREE Y, B4k 1ib2to3; $2HE T A0 & Tools/scripts/2to3. £ 2to3-
reference ,

abstract base class -- fiI% R G IELLFEFR ABC, @Xfduck-typing [ANTE, BHFEML T —Fp e U 0 0987
X, M2 FHAMS G E hasattr () BT AMEE MR (Gt BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FPAR; #
UL abe fHSCRY . Python H £ WE R ABC HT LI IE45H (7F collections. abe #idkHr) |
BF (FE numbers fEE) . i (FF io Bithh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

annotation -- byl KR AR, KEME. REOES SR BHERMRE, Bl £ 20201 SR .

JRrR A R AR AR B A T AN TG, (B4 A . B MR R B b & 2 A O . 8RR ALY
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 1 PEP 526, XTUIITHEE A NE .
argument -- 5 7R BREUHE 2 function  (B{method ) WHE. S35 RWiFh:

o RHEF A TERR ORI PRI A AR RAT (B0 name=) SUEAE N A STERTTRIA ** 197 S
MERE A 2B, 3 A1 S FELATRXE complex () B M HIYJET Kt 24

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s A AEC ART RETSESH. ESEOTH T SEN R IR A L83 e A
* [iterable L TCRGAE N . 28BIIE, 3 A1 5 FELA TR g TS 4

complex (3, 5)
complex (* (3, 5))

S RAE LS R A PR B 1) R s . A RTRAE AR S D, calls —5 . ARAEEYVE, AR 3ak=UERmT
FRFR—NSHG BB B E PR XTI 1 eyl AE o
T3Z: Wparameter RIEFRFZH , 5 WLBE T S 5K S0 XA PEP 362,

asynchronous context manager -- 535 | FSCEBIZS LR X R E L aenter () Fl __aexit ()
FrERXT asyne with A PRSI TS H . B PEP 492 5| A,

asynchronous generator -- 5535 LK 3% 1% [B{E M asynchronous generator iterator A%, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
FME.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 532511 )& 8% %028 asynchronous generator BB A EINTE
WXTG 8 T asynchronous iterator, il __anext__ () FEJH BT aR Al —AS 0] SRRSO T 728
A AR R A S LB T — yield Rk,
5 yield SE R, (0H I GRS (R R RATEE RN oy 6. 4% 5
A R EEREHHAM __anext_ () REIW TSR ZHERIKZNS, BSMNEHFOLESLEINTT. S0
PEP 492 1 PEP 525,

asynchronous iterable -- 2B [ ECXR 7] #E async for i A) gl A A9 X 4. 60 E A B W
__aiter_ () F¥ERE—A asynchronous iterator, 1 PEP 492 5| A,

asynchronous iterator -- 2B 08 SCW T _ aiter. () Ml __anext_ () HEMXIE., _ anext_ W)
Wk Bl —A~awaitable ¥%. async for SACPRREAERER __anext_ () Jy iR [l ) AT S5 £
%, HINFHF| Kk —1 StopAsyncIteration B#. H PEP 492 5] A,

attribute -- J& M KB —AWRIME, ATRAG G5 2Rl HA TR B, WR— R o BA
— M@t a, WATLAR o.a KEIHE.

awaitable -- R[ZEREN R BETE await Tl PRI S . v PR coroutine B2 HAH __await () LM
St . &) PEP 492,

BDFL “Z B zZEpi#E” W3R 45, B Guido van Rossum, Python B 1EZ .

binary file -- —JEFISCHE file object BEWGEE F 7 KAt fo T HERISCAFRI B TEHE A B HIEEE (b, twb!
or 'rb+"') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfl gzip.
GzipFile HJSLMH.
J15 S Wiext file T ARBENS TS st TR SCHXT S .

bytes-like object -- ‘P Vi MINf R 7 Fp% oF ¥ I HEE S H C-contiguous v HIX 4. X WG A bytes.
bytearray fll array.array X%, PARIFZEH memoryview X5, FA G 1E £ fp 3k
BAREAEP R s XS E IR AR . PR B SO DA Sl BB R R 5
HAC PRV TR EAT AR ) A . XIS A SCR T E R AT E TN . ARG R R
il f13E bytearray PAJ bytearray [ memoryview, HAWMEAEZR —#E HIBEIRAFT A0 AE %)
% HERETENET); XM RNE T35 bytes DA bytes X4 memoryview.

bytecode -- ‘= {ifh Python JFAURS x4 41 F158%, R CPython fifREgs H1 3R Python /71 RIS . 5
WBIR X ZAFAE cpyc U, SXFESE ZRIAT [H] — SCHRT B s e (0] DA 25 RE VRS BT 4 13k 77
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W) . XBP PEES BATEARE RS AT S WLER IS e virual machine 22 1., 1 5 /N [F] Python
BRI FSA—EEH, mA—ERELEAR Python liAs 345

FATIGFE 24 R AT ATE dis BRI SR AR .
callback -~ I{ —AMEH SEAE A DA PATEA K (g 55 20 18 D 1) 1 Bl R e 5
class JHRANE P SO IR 8 SGE L5 XA LB T AR i E Lo
class variable -- Y& B4 FESEHE AR R, I HAURTERMZH EAB U (AR TERM B B H0 .

coercion -- BRI 7o 6 ST M R RS E R, — B S0 R b A 4R o) — AP L. 91
W, int (3.15) &RFEVRSEGEI NEEREL 3, (HAE 3+4.5 1, SEIEBA—3 (—H2 int, —4>
J2 float) , WF A AR ZEBUA GEMTIN, TN % TypeError, UIREAT 9 Hi B LA H]
7 BUL IR T ] e S 50— R ZEBY, BN S AL £1loat (3) +4.5 A2 3+4.5,

complex number -- 535 @ EHARGENY R, KPR BUFEE R N — DS A R . R
e HERCEAOL (-1 BPFOTAR) OSSR, ERAEREAT SN 1, TS J. Python NI TR
By sofy, RN TREARC 20 BEaa —A 5 52, Bl 3+15. WIPRTEE math BLH AR HX)
WARBURA, WHH cmath, AR AR — DB RAECARE. WRIREBOERA L, ZIEE
LT A AL

context manager -- | F SCEHIZS 7 with A p i, e L __enter_ () fl _exit__ () FEERE
HRERSH S . S0 PEP 343,

context variable -- |- F 3028 5t —FAR$E HAr @ 1) B SCAT AR R ERAS B . X B TR JRih A7
G P RN PATE R AR A AN F A RE. A, ST B0, —MUTEREb RS a %
A BT, WETF SRR EEH RN RS AR TBE . 20 contextvars,

contiguous -- YE&E — PR ANR A C i 428 Fortran i 4k WO N2 TESEY) . FE4EG /2 C I Fortran &
SEf). FE—YERAL T, BTA 4% H A E NAE R LU A SR EES ), RN BTG RS 0F . 72
Y C-IESBUEA T, 43 AT HIEHES I B e — AR5 [ IR 2% H P B fe . {H27E Fortran JEZE504H
U AR k.

coroutine -- P PifeE T HIRER) E— BB, T BIRE AT DATERE— b AGFAE DS — RGBT . PR U R] DAEVF
ZARP R EVEA . BHAWKE . EfTE asyne def iFRPREH. £ 0L PEP 492,

coroutine function -- {FFEFREL 1% [B]— " coroutine Xt R REL. THEREF @I asyne def iEAISEE X, FF
A HEfL P await, async for fll async with 8=, X EH PEP 492 5] A1,

CPython Python Zifeif F WAL LI, 7E python.org b &, "CPython” — i H T~ 7E b B RF 1H 52 B 5 At
SEPR4E 4 Jython 5 IronPython A X 51l

decorator -- 3RS IR EE N 5 — D eRE R SR, HE T ewrapper EATEA ORI TRECE . RiligRn
L TAdE classmethod () Ml staticmethod ().

AR IR, DU AR B0 ST S R Se 55

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

FFEROAE S S 28, (HlER XM . A XIS TR TS 0L sREE SO 2858 SURYSCRY
descriptor -- §liik#% (TEX T _get_ (), __set_ () Bl __delete_ () FEMMNE. B LENHE
HHERZRES, BRI T S B A R L . EEE T, a.b RARE. R E SR
— BT STE a R FHAERATN b BIXTE, BAR b — R, WS X R b 4%
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Tiike BEARGIA ARG 2 IR 2 AR Python (1 ¢ 58, RN J2 1 2 B BEARIE I BLA, (04 B2
Jriks JEtE. ROk BESOTIRLA BRI G AR

A KBTI R TES 1T 2 7 descriptors.,

dictionary -- “ylL — /N CHCEZH, Hod AT S A AR L S 2 AH Y (9 (E . BRI DALRAEMHA __hash__ ()
_eq () HERXTE., AF Perl iEE FFKA hash,

dictionary comprehension -- “y il A AbIH— AT IR AN G P BT A B A JU R IR AR [ 45 R ML — P
#E{, results = {n: n ** 2 for n in range (10) } ¥AEM—THE n FIE n ** 2 WL
FIH R 7 . 22 I, comprehensions

dictionary view -- “FHLELE M dict.keys (), dict.values () fil dict.items () IR [ HIXTERBEIR N F
HWAE . ENRETFHAHN—DISHE, XEWE Y PSSR, HEESHHN AR BT
L R SR o BRI, AT list (dictview) . B dict-views.,

docstring -- SRS FRFH (N3 AR ISR — 2R B FAF s P . eI RITIN &
P, BB R B TTEZE . BRAEER __doc_ @M. T e T IUENE,
PRI SR Xt SR A TR SRS A RO

duck-typing -- 7R Fg—FhgmFR XS, B ANREEE AT R RA0k I e 2w A EfE D, med
BRSO oy EsUE N (CRERGN T, nEREGEN T, BalsEmenT.) hTimiEE
FHAER e 2R 8, it RIS vl i e 2 SRR T R ME . 19 2R BLE G type () B
isinstance () Kpill. ((HZEEEN B0 DAMH 46 28 % fEN#h e, ) MAES R hasattr ()
K e 2 EAFP 4Rf

EAFP “RJGUAHORVF AT D))" IS . XA Python 5 AU S 4 5 MM 2 8 I 77 1) B el S PR AP AE
HAEBE B BRI R A o XA it PO AR R @ KiRIs ] try Ml except 14T, T HAINS Y
MR FTELBYL W%, # LT C SRR HAbIE = .

expression -- Lk W DK FAMEMTEEFIC. Haihyl, — DRk FE RO, 45K,
JEPEDT I IEFATER BRI BIL A, ENEEEH SR —ME. SHZHAMET AR, HIEAES
tPER R RIRA . IBAFAEAR BB R IB S Wstatement , B0 while. WR{E M2 )& T B AR R,

extension module -- ™ JERIR DA C 8¢ C++ i 5B, ffi ] Python 1Y C API i 51E 5400 DA A 3E

N

T H.

f-string -- f-F4F i A £ 80 F T BIRR TR P EDE RPN AR B AR UL AT R I ERY
5. 2, PEP 498,

file object -- SCAFXF G0 AN AL [ SCFF APL AR R EBHEIIXTS (A read () B write () KFERYJY
R) o MUEHAIE T SHAR R, SCPFERTR AT ASE BN BLSCRE RSO, R AR, SO Xl IR
WU (BlanbRiEs A i . NAFZEnh X, B R IS ) . SUER Gl ST 3T 28R,

Sl AT =R SCIFRT G Il =22t ] SR, Geir =20 ST DARZSUA U . AT 101 58 L3
1E Lo Bk, QUESCIEXTRMIE T XM open () BR%L.

file-like object -- SCAFRINF % file object 1Y) [R] iR .
finder -- L EREY —Fh oA BB F AL loader X5

M Python 3.3 R AF/E P AR BU I A Fk 48 Lok 12 548 % Bl G sys.meta_path i, PAKpath entry
finders fit £y sys .path_hooks ffiff].
BT % 1, PEP 302, PEP 420 fil PEP 451,

floor division -- [n] F VBRI 7] T 8 A B B BB B B . el T U R AR IB BT 2 // . BN,
FxX 11 /7 AWMTEGRE 2, MSZMERFEBELERERE 2.75 . #E (-11) //
4 R[] -3 PR -2.75 @ T AGRIMEES. Il PEP 238,

function -- BREC P DA )9 A OR [] BEAME Y —2HIEAT o 3R] DA HoAZ A A B Z AN A3 HAE R B PA T
W . 55 Wparameter, method F function ZE4Y,
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function annotation -- &b BI4HXT R E0E S 80 FHE R annotation .
PRECR Y T2 242 = 0 BlnPA R B2 W1 int SE0FHUIHR E-— int {E:

def sum_two_numbers(a: int, b: int) —-> int:
return a + b

PRARETETA R AR UL function Y,
2% variable annotation 11 PEP 484 %} I I GEAHEIA o
_ future_ —FpOficdle, IRRERT GO R E -5 24 BT REAS N ARCAS BT T8 S R

i?.(iﬂ}er/\ _ future_ BIHIFXFHEH A EAR EORE, AR DA B AT i O AGE 7 PA S AT B
ZRIA:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- K3 [MIW¢ TR O FE43 B A 1) A FF25 1B) (93 A2 . Python S 3 it 5 | A1V BORI— > BEAZ A6, I
A THEAGERS | AR PR e s R AT My . AT DARE T e BEboiea il a3 [ml fic % «
generator -- AR 1R[] —generator iterator W pREL. EREARMBGIWEREL, AFEGSIETHAT yield K
KA A A — R INE LSS for-TEIAME T BURiE T next () RELE R
TH AR R AL, (EAERE LR L N WAT AR R TR £ B R R E . WRFEIEERBAMKE L, i
I AEFRARE G5 S o
generator iterator -- 4 g3 EAES generator PRELFT BB RTS .
TA> yield Ll EEAR, ICEYUHIAEMTRS (AR RMHERD vy 1H4)) . 4% £ R
HHREWER, ELMNBEFFALEMRLENAT (X5 A BH IR R EE IR ) .
generator expression -- /)R ERIE X R [0l — P EN A FRBA. ERERMRGEE RS A E LT
—MERALE . JEERY for TA), PAR—WIER) 1 TA). AR GZFIEKS NN R BUE N —F
B

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function -- {Z % REC AN [A] 9 2 B S BUAH [F] A 0 24> sR AT LR ek Bk R P B £ bl ] R SRV
SR R I 12 [l FH RS S 3
HiES Wsingle dispatch RiEFS5H . functools.singledispatch () HifigsPA & PEP 443,

GIL 3: [ global interpreter lock ,

global interpreter lock -- 2 R RESS B CPython fRRERR TR B —FHLE], B0 ORI 2] LA — AR
AT Python byrecode., WEHLHITE IS B EXT GBI (048 dict SFEENEIAL) EXIF KT R
4:f&f 7 CPython S8, Z5HEM R REss MBI EIS M Ress 2 A Atis T 68, HAUH N2 4isE: T2 4t
PRES BRFATIE.
g, HESEARUE R EUEE =0 PRI R SR I T A AR A T AR 28 A AT 55 R 4 BORG A BPREi GIL.
AN, FEPAT VO #Emi B2 2R GIL.
A (ARG IR B SR B e S 28 ) «“ B e REER IS IR RIS T, RA X 24k
TEH 0 B AL PG 00 N RO RE . A T Rk PP B 10 R ) R R T B IR AR AR T A 2, AT X DA 4
.

hash-based pyc -- J&T-W5 A ¥ pyc {88 FH G RJ5 SCA P ey A (BT 3 A5 J 08 e ik [ SR ff G 280k 2 T 2 A7
%, 2, pyc-invalidation,
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hashable -- WUy — > %F 500 M 7 (8 Q0 SR AE LA ey LI N6 R e s, SRl Tob A (BEFREAEA
__hash__ () k), IAIPARI HAb R Rt AT (BEFEEA __eq () F¥E) . WBHEN G0
TEA MBI A E L &5 R A & A .

TG A PSR SRR P SR AR B A BT, PR DAk S B 8 A PR S8 s A fEL

KZ % Python HH R AT AE N EXT QA2 rI WA i) WIARZeds (Blang) Rali ) AT A; ARl
2ty (BIATCA frozenset) (M EAIHYTCR LN AT MG A A R AT AR )@ SRS BN R 3
IR EFELEN—E A ME (R25 B0 E), ENmMmaEnEs2s T e
id ().

IDLE Pythf(;n H IDE, “GEIF A 525" PSS . & Python ARl A4 TR PR HY B9 B4 g A A RE
R

immutable -- AR[AEXF G BAT FE RN G AR RUFEECT . FATHRAICAL KRR GBI
Ao QERIDIAFAE— DA RE, WA BIEEIRTR . EAERR S B A R R AR,
BN UL

import path -- AW HEMIE (B2 458 ) ARMPE, Sglipath based finder FSEERFA
Hir. FESAR, WAETFREFKE sys.path, HINRGARUEHETTREEE B __path
JE .

importing -- § A &ML 1) Python AL RE A ) — MEL ) Python A5 Rt A (A3 2
importer -- Ay BRI IEBIINTS; WAL BEE T finder XJg&T loader

interactive -- 22 i, Python i 7 — 2 H A MREAS,  BIMR AT DAEMERES s A7 et A TR A ALk s, 57 ETA
IR AR . AR AT SEMRS) python iy (HLAT ATEVRIVI ST ALIT 4635 B rpg R A 7 3 5
) o FERH AR SR IR B HRAN A I X AR KSR (LR help (x) ).

interpreted -- fiFE%Y Python — @ MEREALE T, SZAH@aIFAIES, SRRPIFERIX BT 717 5 4
AR HIATE I A IR o X R PR SO T DA L AT T AN A6 S X B T AT SO ST R
BT R R H R A AT KRR, R HAR P RIS TR R . & Winteractive.

interpreter shutdown -- fRFEZS JGPH A 2R KAl Python MEREGRFUEA —ANMFIRIZ 1T BOT 22 BT
HEDECTE, FIABTEHRANS Fh N TS . BRI EDI & . Xl A e S
e B 55 5 | [l 8 R AR S0AT o FE R PR B AT (R AR W B B B A b iy, R L sy B UL
EAFARC (LB 0T R s L 45 ) -

FEREAS T 2R P R A __main_ BIHREETIE T IA C 58 MR AT -

iterable -- W[ RAURF R AEDS 12— 1% [n] FLAR A T AY XS 5o mTARAOR SR B 14 B A e 21 6 2 (il 1ist,
str fil tuple) PAKFLLIEF ARG dict, T Z AKENLT __iter_ () FEBUZELIM T 5
7 ) __getitem () JIRMIER A E LIRS

AR LT T for TRIRRA R 2 HAWRR AP HNHTT (zip () map () ...)o J—PH[EAR
MGANER SR H N ERE iter () B, BE&RENZNEEEREE. XFEARIEH TEEEGH—
W o AEE BT R, REFEAFER iter (O B HOAHERET SR . for iBMEN
PR E B AL BRARLEHAE B8 — MR o iy 24 72 B ORAE DR R R AP B AR . S Wliterator . sequence
PA S generator,

iterator - BARUZF JRFIR —EALIRRMIXI S . ERMMIBEAAH _next__ O ik (B HESNE
PREL next () FFBAREIRH I, 248 KT N5 % stopTteration S, FIX Mk
REF R HBIRTICRER, HEHHE _ next_ () HEHSFHKEIK StopIteration F#. %
RALURA __iter () JIIEARREIZENAR G H &, NIHGE A0 @ n AR, alg
AT HAREAR GOE KA. — N RFEWBIINEILE S R EL VT AR RS, A
X5 (Bl List) FEARERINHAAA iter O BEEURTE for MEFFH AT E MRS A — ik
e WERAE BN DL F AR 10 2 AUAR I 2 2R 017 2 BiA AU AR e R ] — A U 4, (A
BRI R

W25 B £ typeiter.
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key function -- BEpR %Y G ek R FRBEBE pR AL, 2 REAZ AR 0] T HEFF ERHR LA ME AT AT T R BN, Locale.
strxfrm () T4 AFEREE I HE T 29 %€ 1 HER 1 .

Python A7 ¥ 2 T H AR 0 v/ 1 i R B0k 42 il JC SR Y RG22 2 05 5K Hdh 48 min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA KX
itertools.groupby ().

FO AR 2R . B, str.lower () HYET DARVEZM K /INEHEFE B H 4N,
BB lambda FIAAKAIHE, B0 lambda r: (r[0], rl[2]). iiH operator il
BT AR EIE Y . attrgetter (). itemgetter () flmethodcaller (). iHAE WMHEF
— T DASRIRR A 6 o K0 75 9

keyword argument -- o858 2 Wargument,
lambda H—A>§lexpression #4510 2 PNERRREL, B SRV A BBk . B2 lambda pR 5 43K

lambda [parameters]: expression

LBYL “Je#FHGBRIR” RIRCHEE .. XD 5 XS AR AT I T Bl H i e S A mi g 2 4.
WA G EAFP 55 Ot e, HRp R R 4 £ 154)
L LR Y, LBYL TR FE “&F” M “BER” Z B R A F5as K. filtn, PARARS if
key in mapping: return mappinglkey] A[REH TIEREEAEZ 5 HAMLREIN mapping FHF5 R
T key T Hi 5 XA )R S I BT EAFP J7 AOR Rk .

list Python & H)—Fsequence, BIRANF)R, (HERLPIT HAWE S P98l m AR5, FATiHITR
I ]S A4 2 Ry O(1).

list comprehension -- Fil&fir X 40 F— A7 51 v ) e G 8RR 43 0 R T Ok B 45 SR 5 R — P R B T A
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] BHEK—0
B 255 o A B oS FERREOS W AR (0x.) SR Hih if AR EER, Q2R A w
range (256) WA TCERAS AT,

loader -- JIERZS 1 TTMEBIAIR G . B OABUE L 4K 1load_module () M5k, INEEREE H—Afinder
R, S0 PEP 302, ST abstract base class B] 2|, importlib.abc.Loader.,

magic method -- AR Jj7k special method WAEIEZ[E] 7).

mapping -- Wi —FSCRHE R AR S T Mapping B MutableMapping fli5 B2 i T pilE 7 AR 25
28015 . W2 H T HE dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder -- JLIEFEEEIREY sys.meta_path W ZRFFR BN finder. TCEEARE AR Spath entry finders
AFAE F A A AH A

1 H importlib.abc.MetaPathFinder [ fICIE I eI sSC IR Y.

metaclass -- JLJ —F I TRIEERE. Kg LAETERY . RFMMEIY) R, ToRNTHERZ FR=ASH
FFRTHAH R RS . KER A3 TH )0 R d A1 5 AP PR — N ERIA S Python [R5 Z AAFE T 7T AR
BHEXITE. K FOKIEA TR EXA T A, B FRE B, Jee nl Rk sm A e e r ik 7y
Z. ENCHA TICREEDIN H & ARt IR a8 SCH g, AR 2415 .
W22 Il metaclasses.

method -- Jj7k TEZENTRE SCHYBREL. QARAE A IZ SR L) — BRI R SR BCEE B SAE A
HEE—Aargument GRS 4N self). Sl function flnested scope.

method resolution order -- Jj IR J7 A AFAT P 0 e A6 A 11 Bl 53 IHE 2R TR B B S JE e« i
#A Python 2.3 JyiAENT I TR A 2.3 iU Python fFHT & T AR S SEVARITER .

module 352 Python fURDIK —FhALIZUAN . AAHLEA IS 43 25 [8], Al (LT Python XF4R. i
wJ i L importing FEAERNE ] Python H,

5 Wpackage.
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module spec -- iR — A~ dr 2 S A, Hd & H T B g4 X 3 AF E. & importlib.
machinery.ModuleSpec [SZH.

MRO Z: [ method resolution order ,
mutable -- WAEXF G PN RA DATER id () PRApREE I E I T BB BUE . 5335 S Wimmutable

named tuple -- H#5c4l Rifs “HAZud” o] LMK od, HHEPRT RS TER e 4R E
PR AR B s . AR AL Bl A ] BB A LA
FHLepyE R )R T HACH, U4 time. localtime () fll os.stat () WREMEH. 55— 0+

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

e FL A TR Y B (B B BIT ). At , B4 e IR nl il R e U tuple QR I E L
AFRFEBR AR AR . XM AT LS, siE i L) %l collections . namedtuple ()
Bl Je—For IR S T4 5k B H 4 TCAL IR A

namespace -- W {4 M 4 S RAFBE BN, 2SR R SRAMNER, B8 E T RinE
A (FEHEZ M) o i 2 A B 1k i 44 vf 58k SR . 4N, pRi%i builtins.open §
os.open () A4 H 1) A 28 [0 R KA. 24 23 6] 3 5o WA RS S BB eR B 35 B B8
"R 4. AN, random.seed () B{ itertools.islice () XFEEIAR T iX R EE
B random 5 itertools - HISEEL .

namespace package -- iy 425 [A{4 PEP 420 5| A p—f U9 AE TR &8 package , 124 25 [0 A0 0] DAY
B AR TR, BRI Hregular package N[E), PFUREANEA __init_ .py .
FHAIZ Wmodule ,

nested scope -- {IREFEIIR 75—~ SGERBI NG HASERIGE S . B, 785 — ¥ P s PAS |
HIE B . R E RO S5 AR X o . A B S R T N2 1E
. B0, £RARNESWEN T2 RMmA SN . Bl nonlocal XEEF A ARFE AINZTEH
b

new-style class - FiAJe X H i E g T A TS 028 X IHFRIE 7658/ Python fiiAs 1, AT Bk
FKARENE A Python iy o RIGHEME, G140 __slots__  ffidfF. FHE/EME. __getattribute_ ().

object -- X4 ALATHARES (BYESME) PARTE XATH (k) BEdRE. object L@ ATAnew-style class [f)

0 — PP AR s I L & LY Python module, MR L, @i __path_ JEM:AY Python
[iz85 8

Y52 W regular package Fnamespace package.
parameter - J65 function (S)r%) 5 LIS, EARE AT IABEZA0 A argument (e SEvety
WE, 2M%%). HFHAES:

« positional-or-keyword : (IE BT, HEE— W DAL H S A AR DA 50 5T A2 %
AWES . FREOARES LR, BN foo A1 bar:

def func(foo, bar=None): ...

« positional-only: {{FROIE, & —H BB EL ARWS . (WRACETE 2w i1 R BUE X
WIESHNEFENZ R E A/ FRRES, BRI posonlyl Fil posonly2:
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def func(posonlyl, posonly2, /, positional or_keyword): ...

o keyword-only: {{FRIBET, F5E M HABHE M KBEFEAMNSE. AR XA FIE S v] 7 R
E LB S YR & AN A B IS B ETE SN AN S TS 2 ii— * ke X, By
Y kw_onlyl F kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

« var-positional: TZERIE, F5E P DAREE R — MEBEEER CCESE R T (PIEHAE 2
CEZMMESHZIG) . EMESEETEES ARG « e 3, BT H args:

’def func (*args, **kwargs): ... ‘

o var-keyword: WIARSCHET, 458 A DMRGME AR R G SA (PITEHAWE 2 0 B2 i X i
TSHZIE). RMESAEETETESAPRETMEA ** e L, BIA LR kwargs.

FES I VAR 45 E AT it B4, B R] AS Ll e S A0 i BRI -

712 Wargument REFLZH . SHE RS BIH R IR, inspect .Parameter 2, function —
T PA S PEP 362,

path entry -- Y42 A 0 import path WP — NI E, SW¥ipath based finder AR TE S AR,

path entry finder -- J#2 A N AEHRES AE— V8 X448 1] sys . path_hooks (Wllpath entry hook) IR 1) finder
MR ReiE i path entry 8 iksib .
55 A importlib.abc.PathEntryFinder DA TRESARA DA s IrsC B &1 1

path entry hook -- J& 1R A LNEyF —FH AT W NS, HEHITE QAT 2 R KR 2 path entry F RIS DL T REAS
H sys.path_hook |3k [Bl— path entry finder .,
path based finder -- J£ TR AR RS BHAR—FP Lk 12 & 48 5%, A[AE—ANimport path WA $R i .

path-like object -- R A R R FE— DU RS BRBN S . BREENE A LR — DRI str 80
bytes X4, WAIPAZR AL T os.PathLike HHUAIXT S . —ALFf os.PathLike HMUHIXTE
i@ os. £spath () REFEH N str B bytes BRI RAEHIE; os.fsdecode () Fl
os.fsencode () A[H4 I RIS str 8 bytes RBWLER ., XI5 & H PEP 519 5] A1,

PEP “Python #5107 WIZ X4 E . —A> PEP pi2— i it 34, Fik i Python 41 KARALE E , difliid
—> Python Ay E K HOgE BRI . PEP I 2452 SRS A A B AR BOAR AR B2 1S P A S 300 B
PEP W5 1E R4 =Bt s . WS A DX 4 R 1 A S i DA S R 5N Python (3% 1 UL R 4R 5
SCRA AL . PEP UMEE A SATAEAL X S 3R, I RS ) 2 L e A SR .

%11 PEP 1.

portion - {5y 4l — v AR A H SR SRS (] REAFICT — > zip SUPE) , HsE UL
PEP 420,

positional argument -- (i B B8 S Wargument,

provisional API -- £{52 APT 75& APL 24580 B HERTEAR ME 1Y 0] J5 AR A PEARIEZ AN Y T A 1. i
RIEE B A S FAERUL, EREHGARHC N, wln] BETER DI A8 A D2 R oL
THAT RGN (REUFEBRZED) . WA ESOE R BEIET - (UE APT#IAZ |
R TR B B R R O i e B A ] E X A
B2 A2 E APLRUE, [l 5 NARA Yt PN I G BRT Jy 587 —— AT 150 AR A DA
SRS B —Fh ) S AR R R T 5
X APAE B AR SR VR E PR RS AR TR E , AN 2 T MR RIS T BIG BT IN . 3615 I PEP 411,

provisional package -- 2[5t Z: Il provisional API ,

227


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0519
https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411

The Python/C API, &[F) 3.8.20

Python 3000 Python 3.x %Ak Lk AUWERR (X4 FHERAS 3 i) A Afib R TTIA I B L T ) o A
PN “Py3k”.

Pythonic $55—> B ul— B USSR %5806 T Python 1 5 i RO XA IR S, AN & 68 A o 5 v )
AR R S BUACRS . 0, Python [ I WA SR (1] £or TEAIER A Py — A~ nl R AQR G AP T o0
o 2 MG S BAXREREH, NI ZAZE Python M AA I SR ] — DT T 4ds:

for i in range(len(food)):
print (food[i])

T FE . Y BE 157 5 B Pythonic (77 4R X FE:

for piece in food:
print (piece)

qualified name -- g #FR —UARUS D REIIAFR, R BB 42 Rt A b SO 26 bR
BEOTER) BT, MRE L PEP 3155, X T i ERIREFE, RELHRSGXRA7—E

>>> class C:

class D:

def meth (self):
pass

>>> C.__qgqualname
o
>>> C.D._ _gualname_
'Cc.D'
>>> C.D.meth. qgualname
'C.D.meth'

DT HIABSRES, T T & AR BRI DL S R A i A, S TR AL
A, il email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count -- 5|15 XHERE ST T ] AR . 24— X095 T8 BB, BB TRt
e 51RO Python AR R Uil # 2 AT WA, (H'E SR CPython SEILR)— N KHEICE . sys BRELE X
T—A> getrefcount () pREL, FEH G AT E R B4R EX L5 T4

regular package -- WL LG A Hpackage, BIAEEH—1 __init  .py UFHIH .
%% Wnamespace package

_slots__ —FPEYESE NI, L TS RS B S B 1S X R AR R S MR A BRI
IARGAT, RIS AIARD), St RORBAEDBAR UL RN, BN IR,
HH S RSB

sequence —ffiirerable, BSZRREAT _ getitem () FRER A VRMHRBRS TR TR VIR,
T —AREFHKER _ len_ () k. WERFAIZEAE 1ist, str. tuple filbytes., i
B dict 3 F  getitem () il _len (), HEHIANNETHSHARTES, FAEAERE
i AT & I immutable 587 AEREEL .

collections.abc.Sequence IR E X ENT - TMEFXEFEWNED, BIfE _ _getitem_ () F
_len_ () ZANNIINT count (), index (), _ contains__ () fll __reversed_ (). SZHIL
PR OB DA register () SR

Set comprehension -- JeArHE SR AT W (L ATGE A A S04 T2 IR B A A BV 5
results = {c for c in 'abracadabra' if c not in 'abc'} BAENFFEES (',
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'd'}. 20 comprehensions.
single dispatch -- Y53k —Ffigeneric function /PIRIE, HELHEHE T SIS BOLIEREN .
g P £ .

slice -- Y) )y W RS TR Esequence B—34 B 5. YR & @0 FARPRICREIE), 1E [1 H4AH
JINPAE ST, il variable_name[1:3:5]. HHES (FR) ARictENERMH slice X
%.

special method -- §§5% Jj ¥ — i Python [ Ak, RIS FER A THE & BRI ANARINSF 450 X
MR A FRIE AN AT 2o FFIRTT A SRS WL specialnames

statement -- {54 154 2FTFE (— MU “H) AR . — 4B A) AT DUE — A expression BT
SEEFISER, BIGN 1f. while B for.

text encoding -- SCA GRS A I TF Unicode 45 £ 20 i o 735 R O 4 i3 -

text file -- LA SCAE —FHAERS LS str X5 file object s 38— SCAS SCAFSE B3 2 7 1) — 4T 1) 72345 (R s
T H Bk Brext encoding . SCASCAFRIBIFAFEPASCAREL (Trr 30 'w') FTIFISCHE. sys.stdin,

sys.stdout PAM io.StringIO LM,
WS Ebinary file T RREVS S F 7 23t 2 ST AR

triple-quoted string -- 25|53 fFih HREAW = MELG] S (7) RFHRLS () WTFEH. ENTED6E
ESERSM A5 SRR TR A AR, B2 ZMAL. ENAVHRETATH NS AR
SR SRS SAING S, IF BT ARSI AT Jowh (] AT, TE S SORY 74 e IR I 4 1

type 257k iE— Python X4 @ TAH AR AFAKTRAEA —MZEA, BHNEXT R, AT
M __class__ J@ltk, gidifisd type (obj) KIRHL.

type alias -- JRRUHH, — I Y[E SR, B ZURHEIRAURIE A5 E PR RAT -
KRBV R i f 2 2002 Ao fon:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:

pass

AT AR i Al

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

Z ), typing #1 PEP 484, H it oIsE R 404k .

type hint -- MR annotarion J7A8 R FKIEPE. REUWTE S B0R FHETS & FUH LT,
R JE T 20T, Python ANZEIR$RAE, (HIEAXERASRAL - THAEMEMH, a8 IDE SR
ke HE .
AR RIEMER R B KRB AT DA typing.get_type_hints () RN, (HRHASEM
AHPAo
Z: I, typing Fl PEP 484, A X s REM TEAHA -

universal newlines - AT — 0 SCAHERO s, 501 A PGB A4 Al - Ui 0725
RAE "\n'., Windows IJZ5E '\r\n"' PAMIHIR Macintosh ({25 '\r'. = PEP 278 il PEP 3116
Ml bytes.splitlines () TEEZ HEUL.
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variable annotation -- & bRl WA EBE B M annotation.,

AERREAS RSB IR, n] s oy LKA

class C:
field: 'annotation'

AR EAREE TN AE R 2 e 0 BINDA T AR B2 int RAUM(E:

count: int = 0

AR B AR VBRI AN R UL annassign —5 .
53 function annotation, PEP 484 1 PEP 526, H.rpxf L INFeA A

virtual environment -- JEIIIAEE —Fl R H PMER IR Z A Z1THIEREE, fuiF Python H PRI AR P AE L6 FN
F+4% Python 43 K ALK T4 2| [ — RS _Fiz 47 HAl Python W R F 91T M
W&, venv,

virtual machine -- JEHL — G 56 28 3 B A E LA TTE L. Python FE AAL o] $h AT 735 19 4 3 &3 T A K
Hbytecode.

Zen of Python -- Python Z#ifi 31| Python ¥it sl 547+, A BT R SEMXAIES . AEHLEAEN
FAER BSR4 P A" import this”,
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BARIELEFIRA S 14

18 e[ St Sphink  (—{# H(E] Python [EJH SCE ISRy 0 SCFJEREAS ) 1 F reStructured Text 4#57
1) SR s i L T 7 i

4l Python [ 5, i#ith A1) %5 ) I SCPRELERHEAR H BT TR . F AR IR A ik, 75 5 reporting-
bugs FUIH, [ESAHB . FoAM o Bapm B G A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh 54 Sphinx fEfBfY) Alternative Python Reference w13 H S L 0 T2 .

B.1 Python {895 Bk 1

#r % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeNDIX G

JE Sh B

C.1 zR#pImE

Python 17 225 A T BN BABFE ¥4 (CWI, U https://www.cwi.nl/ ) f#) Guido van Rossum F 1990 4E4{;
W, AEA—T 1M ABC HiE & . 48 Python (35 T2 % H H A AR TTEK, Guido {52 H +
AR .

1995 4E, Guido 7£#52 Je WAN B E Z A 5T 22 7 (CNRI, 0, https://www.cnri.reston.va.us/ ) #k&EAth7E Python
ERTTAE, FFEIRE A T 2 AU

2000 471 H , Guido FI Python #%.00FF & |41 BA#4 %] BeOpen.com {247 T BeOpen PythonLabs [P\ . [F4E1 H ,
PythonLabs [#]BA%% | Digital Creations (¥} >}y Zope Corporation; [, https://www.zope.org/). 2001 4, Python #%{4:
H4g2x (PSF, I https://www.python.org/psf/) B{37., X@&—A>% A4 Python A1 3 HITH AL A1 @ ) IEE
221, Zope Corporation FL{F /& PSF 148 Bh ik 5 .

JTA ) Python FASHS IR (4 IR & X2 7 https://opensource.org/ ). Pisi I, #iKZ%L Python it
AJE GPL AN FRELE T RAMAEN .

LZfhRA | RE F i aEE GPL#%& 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI Py
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 | 2001 PSF 7w
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF P~
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF =
22 REE | 201 2001 %% | PSF =

ffilE): GPL 345 H A ERE Python {£ GPL R k7. 5 GPL A, Jiif Python ¥ W iEAR AL 53 R AB UG

W
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RIS, T TC R TR P Sk . GPL SRA R VF AT UE(E#S Python I DA HEAE GPL " AR5 A (1 5
HHERFAHENATT .

I ARZAE Guido 155 F TARRYSMIRG IR, (151X 28 KA A Wl E

C.2 FRER= LAIH 5 & A Python ByZRFRF0F M

Python BRI TR (I ARG PSE 38 7T 12 7033

M Python 3.8.6 JF4fr, SCREAH YA #AEHE AU A TR R TR 52 PSF VR ] PRSUNI SR 45 2 BSD 8+ HXE
VAT

K840 5 AE Python WA @B TR A VFAT . X LEVF Al & SAI R VAT Z N AU — 1 i . A7 KX 2t
AR SE RS RAE S I Tk 0y 78T 55 3.

C.2.1 FF PYTHON 3.8.20 #y PSF o] finil

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.8.20 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.20 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.8.20 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.20 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.8.20.

4. PSF is making Python 3.8.20 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.8.20 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.20
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.20, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.8.20, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 ¢4 BEOPEN.COM o] fihil

BEOPEN PYTHON FFiE 4 AT 156 1 iR

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#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 FF PYTHON 1.6.1 § CNRI #F o] tipil

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property

(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 HF PYTHON 0.9.0 E 1.2 ) CWI #F o] HipiY

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.20 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Wi YT o] S8
AT Python % ATHLCTAG S5 =7 B b VAT RO , AT AR A28 LRI

C.3.1 Mersenne Twister

_random A E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

socket #HH ] getaddrinfo () fil getnameinfo () pREL, XLEpRELTFEAIDAE WIDE i H (http:/www.
wide.ad.jp/) Y EAMIE SCHEH

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.33 RLEEFIRS

asynchat fil asyncore B4 DA R EEHA:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies Bl &L FFEH:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 HITERR

trace HHALE DA I

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#§

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML 23 =R A

xmlrpc.client fEHVEL S PARARH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll fHELE DA EH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select T kqueue fy42 AL 5 DA T FEHR:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 Marek Majkowski’ %} Dan Bernstein [ SipHash24 ZyERTSEI . BALS DL N AR HA:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c CHEHEE T CiBF 1Y dioa Ml strtod pREL, HI T4 C 1B 5 UK B BRI AR ER - TG 8, 1
David M. Gay [/ [E] 44 U IRA T, 1% 30424157 0] M http://www.netlib.org/fp/ F3%. 2009 4 3 H 16 iR 3|
4 B 46 SO 55 DA™ URCRR A/ 7T s

/****************************************************************

*

The author of this software is David M. Gay.

E I

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % % ok %

*

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

WEARBEAERGE AT, W hashlib, posix, ssl1, crypt S| OpenSSL Bk & dEfE. Mok, &M T
Python [#J Windows il Mac OS X ‘%% 7 7] fig td 4% OpenSSL FERY#E D1, Fr ATE AL 151 1} T OpenSSL 14 7]
U5 DL :

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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b R T S S N N

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

ERE I I S T S S S SN S N S N S e S N S N N S N S I R T S N N R .

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1.

Redistributions of source code must retain the copyright

notice, this list of conditions and the following disclaimer.
Redistributions in binary form must reproduce the above copyright

notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

(Rt
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ' "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

L R I SR S I S N S N

/

C.3.13 expat

BRARH] ——with-system-expat FLE TH#, B pyexpat §JEHGE M5 expat JRAHE DA R

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

PRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DIH Y

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

R ARG EAREIRY 21ib BAKIH ek T A, W 55 zlib JACR 8 DR 2 1ib 4%

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i W& M 3L IR EL T cfuhash T H:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

PRIEMH] ——with-system-1libmpdec FLE THIE, G0N _decimal FEHSE 427 libmpdec 45 D14
1.

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N X EH

test £ (lib/test/xmltestdata/c14n-20/) 1] C14N2.0 iR 2= {4 Sk P+ W3C W 35 https://www.w3.org/TR/
xml-c14n2-testcases/ , FAR$E BSD ¥F0[IE (=432M) %47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that
the following conditions are met:

« Redistributions of works must retain the original copyright notice, this list of conditions and the fol-
lowing disclaimer.

o 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.

o Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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i
|mit
If

Python FI3& 4 3042
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 & —JJHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives {3 EH — 4 HEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum 14 & —4JHEF] .
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..., 219
2to03,219
>>> 219
__all__ (package variable), 40
__dict__ (module attribute), 117
__doc__ (module attribute), 117
_ file_  (module attribute), 117, 118
_ future_ ,223
__import_

Bz & R, 40
__ loader__ (module attribute), 117
__main___

A, 11, 138, 147
__name___ (module attribute), 117, 118
__package___ (module attribute), 117
_ slots_ ,228
_frozen (C R #), 42
_inittab (C & #), 43
_Py_c_diff (C &HX), 82
_Py_c_neg (C #X), 82
_Py_c_pow (C X)), 82
_Py_c_prod (C &R), 82
_Py_c_quot (C & =R), 82
_Py_c_sum(C #X), 82
_Py_InitializeMain (C %H3R), 167
_Py_NoneStruct (C &%), 178

_Py_TPFLAGS_HAVE_VECTORCALL ([Eli % ), 196

_PyBytes_Resize (C HX), 85
_PyCFunctionFast (C# #), 179

_PyCFunctionFastWithKeywords (C & #), 179

_PyImport_Fini (C &R), 42
_PyImport_Init (C%HX),42

_PyObject_FastCallDict (C HR), 59

_PyObject_New (C X)), 177
_PyObject_NewVar (C & 3R), 177

_PyObject_Vectorcall (C #X), 58

_PyTuple_Resize (C &), 106
_thread

AL, 144

bytearray, 85
bytes, 84

Capsule, 127
complex number, 82
dictionary, 109
file, 116

floating point, 81
frozenset, 111
function, 113
instancemethod, 114
integer, 78

list, 107

long integer, 78
mapping, 109
memoryview, 125
method, 114
module, 117

None, 78

numeric, 78
sequence, 83

set, 111

tuple, 105

type, 6,75

T

exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 137
PYTHONCOERCECLOCALE, 164
PYTHONDEBUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 188
PYTHONHASHSEED, 137
PYTHONHOME, 11, 137, 141, 160
PYTHONINSPECT, 137
PYTHONIOENCODING, 139
PYTHONLEGACYWINDOWSFSENCODING, 137
PYTHONLEGACYWINDOWSSTDIO, 137
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PYTHONMALLOC, 170, 173, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137
PYTHONOPTIMIZE, 137
PYTHONPATH, 11, 137, 161
PYTHONUNBUFFERED, 138
PYTHONUTFS, 164
PYTHONVERBOSE, 138

A

abort (), 39
abs
[Elz & R, 61

abstract base class —— £ &%, 219

allocfunc (C# #), 211

annotation -- AF3, 219

argument —--— ﬁﬁ, 219

argv (in module sys), 141

ascii

[El# & R, 57

asynchronous context manager -- =+ ¥ L
T X & 4, 220

asynchronous generator -- =34 £, 220

asynchronous generator iterator -- =3
P A kAR R R, 220

asynchronous iterable —- & % 7 #% R % £,
220

asynchronous iterator -- ®#H#&RE, 220

attribute —-- BM#, 220

awaitable —-- F&fEXT4, 220

B

BDFL, 220
binary file —— 34| CUH, 220
binaryfunc (C R #), 212
buffer interface

(see buffer protocol), 66
buffer object

(see buffer protocol), 66
buffer protocol, 66

i, 127
C-contiguous, 69, 221
class, 221
class variable -- %74 &,221
classmethod

Bz & =X, 180
cleanup functions,40
close () (in module o0s), 148
CO_FUTURE_DIVISION (C 4 £0), 19
code object, 115
coercion —- HEH| KA H# ¥, 221
compile

Bz &=, 41
complex number

1 #F, 82
complex number —-— £ %, 221
context manager —-- T XA&I&E, 221
context variable ——- FTFXZT &, 221
contiguous, 69
contiguous -- #4221
copyright (in module sys), 140
coroutine -- P, 221
coroutine function -- 42 & %%, 221
CPython, 221
create_module (C H X)), 120

D

decorator —— ¥4, 221
descrgetfunc (CH &), 211
descriptor —-- #® %, 221
descrsetfunc (CH #&), 211
destructor (C A #), 211
dictionary
i, 109
dictionary
dictionary
222
dictionary
divmod

[El# & R, 61

-— F#,222
comprehension —-- F # i & =R,

view -- FHME, 222

builtins docstring —-- XAYFHH, 222

A4, 11,138, 147 duck-typing -- ®F KA 222
bytearray

Mt 85 E
bytecode -- FH 7,220 EAFP, 222
bytes EOFError (built-in exception), 116

Flz &K, 57 exc_info () (in module sys), 9

W, 84 exec_module (C H# X)), 121
bytes-like object —- FHA X%, 220 exec_prefix, 4

executable (in module sys), 140

C exit (), 39
callback —-- [Eif, 221 expression -- FKikR,222
calloc (), 169 extension module -- # EAH, 222
Capsule
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F
f-string —-- f-F{FE,222
file
Y, 116
file object —- XX %, 222
file-like object —-- XHR 4, 222
finder —— #H#H &, 222
float
Bz & R, 62
floating point
Hitr, 81
floor division -- i FEER %, 222
Fortran contiguous, 69,221
free (), 169
freefunc (C & &), 211
freeze utility,42
frozenset

M, 111

function
Y, 113
function -- F#, 222
function annotation -- FEAriE, 223

G

garbage collection —- 7% [E ik, 223
generator, 223

generator —-— 4 jk#, 223

generator expression, 223

generator expression -- 4 R ABEFKIAR, 223
generator iterator -—-— A kB E, 223
generic function —-- % & &K, 223
getattrfunc (C R #), 211

getattrofunc (C A ), 211

getbufferproc (CH #), 212

getiterfunc (C A #), 212

GIL, 223

global interpreter lock, 142

global interpreter lock —- 2 B &4,
223
hash

Bz %=, 59, 192
hash-based pyc —— ETHHFH pyc, 223
hashable -- ¥, 224
hashfunc (C# #), 211

IDLE, 224

immutable -- FHEXE, 224
import path -- B AB1Z, 224
importer —- H A#,224
importing —— § A, 224

incr_item(), 10
initproc (C & #), 211
inquiry (C# #), 216
instancemethod
itk 114
int
Bz % =X, 62
integer
1, 78
interactive
interpreted
interpreter
interpreter

-- X 17,224

-— AR, 224

lock, 142

shutdown —- B E XA, 224
iterable —- W# AR Z, 224

iterator -- # R, 224

iternextfunc (C A #), 212

K

key function —-- #E#, 225
KeyboardInterrupt (built-in exception), 29
keyword argument -- Xx#F 54, 225

L

lambda, 225
LBYL, 225
len
Bz & R, 60, 63, 65, 108, 110, 112
lenfunc (C A #8), 212
list, 225
i, 107
list comprehension —-— 7|%k# &R, 225
loader -— Ju# #,225
lock, interpreter, 142
long integer
ik, 78

LONG_MAX, 79

M
magic

method, 225
magic method -- JEARJ ik, 225
main (), 139, 141
malloc (), 169
mapping

1, 109
mapping —- B4, 225
memoryview

i, 125
meta path finder -- TEBEERLH, 225
metaclass -- J02K, 225
METH_CLASS ([ 4 %), 180
METH_COEXIST ([Flz % %), 180
METH_FASTCALL ([Flzz % #), 180
METH_NOARGS ([F)z 4 #), 180

e ]
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METH_O ([Fl# % #0), 180
METH_STATIC ([Fla % #), 180
METH_VARARGS ([Flz % #), 179
method

magic, 225

special, 229

Ytk 114
method —-- ¥, 225
method resolution order —-- % 3 # 7,

225

MethodType (in module types), 113, 114
module, 225

search path, 11, 138, 140

W, 117
module spec —-— BRI, 226
modules (in module sys), 40, 138
ModuleType (in module types), 117
MRO, 226
mutable —- H £, 226

N

named tuple -- E & L4, 226
namespace -- W% % [, 226
namespace package —-— @ % XA 4, 226
nested scope —-— ﬁ%ﬁ?}ﬂﬁ’ 226
new-style class —— ¥R, 226
newfunc (C# #), 211

None

H e, 78

numeric

Wtk 78
O

object

code, 115
object —- Xt%£,226
objobjargproc (C# #&), 212
objobjproc (C & #), 212
OverflowError (built-in exception), 79, 80

P

package variable
_all_ .40

parameter —-— K%, 226

PATH, 11

path

module search, 11, 138, 140
path (in module sys), 11, 138, 140
path based finder -- ETHEEZEHERE, 227
path entry -- B&FEAH,227
path entry finder —-- BN D& E, 227
path entry hook —-- B#&NH4TF,227

plat form (in module sys), 140

portion -- ¥4, 227
positional argument —-- L& %%, 227
pow

Bz &K, 61, 62
prefix, 4
provisional API -- #¥ % API, 227
provisional package -- #F#4,227

Py_ABS (C E %), 4

Py_AddPendingCall (C &X), 149
Py_AddPendingCall (), 149
Py_AtExit (C &RX), 40
Py_BEGIN_ALLOW_THREADS, 142

Py _BEGIN_ALLOW_THREADS (C E %), 145
Py_BLOCK_THREADS (C E %), 145
Py_buffer (CH #), 67

Py_buffer.buf (C & B H ), 67
Py_buffer.format (C & 8 F %), 68

Py _buffer.internal (C & B % ¥), 68
Py_buffer.itemsize (C & B %), 67
Py_buffer.len (C & B %), 67
Py_buffer.ndim (C mx B %), 68
Py_buffer.obj (C & B H#), 67
Py_buffer.readonly (C s B &%), 67
Py_buffer.shape (C 5 8 FH ), 68
Py_buffer.strides (C & 8 &%), 68
Py_buffer.suboffsets (C & B &), 68
Py_Buildvalue (C H# 1), 50
Py_BytesMain (C &X), 15
Py_BytesWarningFlag (C ¥ %), 136
Py_CHARMASK (C E ), 5

Py_CLEAR (C % X), 21
Py_CompileString (C &X), 17
Py_CompileString (), 18,19
Py_CompileStringExFlags (C HR), 18
Py_CompileStringFlags (C H#X), 18
Py_CompileStringObject (C HR), 18
Py_complex (C A #), 82

Py_DebugFlag (C &), 136

Py _DecodeLocale (C %R, 36
Py_DECREF (C &), 21

Py_DECREF (), 6

Py_DEPRECATED (C E#),5
Py_DontWriteBytecodeFlag (C % $k), 136
Py_Ellipsis (C ¥ %), 125
Py_EncodeLocale (C #R), 37
Py_END_ALLOW_THREADS, 142
Py_END_ALLOW_THREADS (C E ), 145
Py_EndInterpreter (C %HR), 148

Py EnterRecursiveCall (C &X), 31
Py_eval_input (C & &), 18

Py_Exit (C #X), 39
Py_ExitStatusException (C H#ZR), 155

ath-like object —— K& ER£,227 A
pED, 237 ’ 7 Py False (C % %), 81
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Py_FatalError (C % 3R), 39
Py_FatalError (), 141
Py_FdIsInteractive (C &%), 35
Py_file_input (C &%), 18
Py_Finalize (C &% R), 138
Py_FinalizeEx (C % R), 138
Py_FinalizeEx (), 39,40, 138, 148
Py_FrozenFlag (C %), 136
Py_GetBuildInfo (C %X), 141
Py_GetCompiler (C FH=), 140
Py_GetCopyright (C % R), 140
Py_GETENV (C E#%), 5
Py_GetExecPrefix (C #X), 139
Py_GetExecPrefix (), Il
Py_GetPath (C &#X), 140
Py_GetPath (), 11, 139, 140
Py_GetPlatform (C H=X), 140
Py_GetPrefix (C &), 139
Py_GetPrefix (), 11
Py_GetProgramFullPath (C #=X), 140
Py_GetProgramFullPath (), 11
Py_GetProgramName (C %), 139
Py_GetPythonHome (C FH X)), 141
Py_GetVersion (C H#X), 140
Py_HashRandomizationFlag (C & #), 136
Py_IgnoreEnvironmentFlag (C & ¥), 137
Py_INCREF (C &), 21
Py_INCREF (), 6
Py_Initialize (C &#X), 138
Py_Initialize (), 11,139,148
Py_InitializeEx (C HX), 138
Py_InitializeFromConfig (C &R), 162
Py_InspectFlag (C &), 137
Py_InteractiveFlag (C % %), 137
Py_IsInitialized (C &), 138
Py_IsInitialized(), Il
Py_IsolatedFlag (C &%), 137
Py_LeaveRecursiveCall (C 1), 31
Py_LegacyWindowsFSEncodingFlag (C ¥ %),
137
Py_LegacyWindowsStdioFlag (C &%), 137
Py_Main (C HR), 15
Py _MAX (C E%),4
Py_MEMBER_SIZE (C E ), 4
Py_MIN(C E ), 4
Py_mod_create (C E£), 120
Py_mod_exec (C E£), 121
Py_NewInterpreter (C $HR), 147
Py_None (C ¥ #), 78
Py_NoSiteFlag (C % #), 137
Py_NotImplemented (C & %), 55
Py_NoUserSiteDirectory (C % &), 137
Py_OptimizeFlag (C % %), 137
Py_PreInitialize (C &%X), 157

Py_PreInitializeFromArgs (C %X), 157

Py_PrelInitializeFromBytesArgs (C&HR), 157

Py_PRINT_RAW, 117

Py_QuietFlag (C % %), 137

Py_REFCNT (C E #£), 178

Py_ReprEnter (C %#X), 31

Py_ReprLeave (C HX), 32

Py_RETURN_FALSE (C E #£), 81

Py_RETURN_NONE (C E %), 78

Py_RETURN_NOTIMPLEMENTED (C E %), 55

Py_RETURN_RICHCOMPARE (C E #£), 198

Py_RETURN_TRUE (C E %), 81

Py_RunMain (C $# X)), 166

Py_SetPath (C H#Z), 140

Py_SetPath (), 140

Py_SetProgramName (C H#:), 139

Py_SetProgramName (), 11, 138140

Py_SetPythonHome (C & X)), 141

Py_SetStandardStreamEncoding (C &%), 139

Py_single_input (C &£, 18

Py_SIZE(C E#), 178

PY_SSIZE_T_MAX, 80

Py_STRINGIFY (C E %), 4

Py_TPFLAGS_BASE_EXC_SUBCLASS ([F] & % %),
196

Py_TPFLAGS_BASETYPE ([Fl# % %), 195

Py_TPFLAGS_BYTES_SUBCLASS ([Elz % #), 196

Py_TPFLAGS_DEFAULT ([EliZ % £, 195

Py_TPFLAGS_DICT_SUBCLASS ([Fla & #), 196

Py_TPFLAGS_HAVE_FINALIZE ([Fz % %), 196

Py_TPFLAGS_HAVE_GC ([Fli % #0), 195

Py_TPFLAGS_HEAPTYPE (Bl % %), 194

Py_TPFLAGS_LIST_SUBCLASS (Fl# % #), 196

Py_TPFLAGS_LONG_SUBCLASS ([Fl# % #0), 195

Py_TPFLAGS_METHOD_DESCRIPTOR ([F] & % %),
195

Py_TPFLAGS_READY ([Fla& % %), 195

Py_TPFLAGS_READYING ([EliZ % %), 195

Py_TPFLAGS_TUPLE_SUBCLASS (B % ), 196

Py_TPFLAGS_TYPE_SUBCLASS ([Flz % ), 196

Py_TPFLAGS_UNICODE_SUBCLASS ([Fla & #0), 196

Py_tracefunc (C# ), 149

Py_True (C % %), 81

Py_tss_NEEDS_INIT (C E %), 151

Py_tss_t (CE &), 151

Py_TYPE (C E#), 178

Py_UCS1 (C A #&), 87

Py_UCS2 (C A #&), 87

Py_UCS4 (C & #8), 87

Py_UNBLOCK_THREADS (C E %), 145

Py_UnbufferedStdioFlag (C & %), 137

Py_UNICODE (C # #), 87

Py_UNICODE_IS_HIGH_SURROGATE (C E 4), 90

Py_UNICODE_IS_LOW_SURROGATE (C E ), 90
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Py_UNICODE_IS_SURROGATE (C E 4£), 90
Py_UNICODE_ISALNUM (C <), 89
Py_UNICODE_ISALPHA (C %X, 89
Py_UNICODE_ISDECIMAL (C #X,), 89
Py_UNICODE_ISDIGIT (C &), 89

Py _UNICODE_ISLINEBREAK (C &#X), 89
Py_UNICODE_ISLOWER (C #X), 89
Py_UNICODE_ISNUMERIC (C &% =), 89
Py_UNICODE_ISPRINTABLE (C &% =), 89
Py_UNICODE_ISSPACE (C % X)), 89
Py_UNICODE_ISTITLE (C &X,), 89
Py_UNICODE_ISUPPER (C # =), 89
Py_UNICODE_JOIN_SURROGATES (C E £), 90
Py_UNICODE_TODECIMAL (C &X,), 90
Py_UNICODE_TODIGIT (C &X,), 90
Py_UNICODE_TOLOWER (C & X,), 90
Py_UNICODE_TONUMERIC (C & X,), 90
Py_UNICODE_TOTITLE (C H#=X,), 90
Py_UNICODE_TOUPPER (C &), 90
Py_UNREACHABLE (C E %), 4
Py_UNUSED (C E £), 5
Py_VaBuildvalue (C % R), 51

PY_VECTORCALL_ARGUMENTS_OFFSET (C E %),

59
Py_VerboseFlag (C % $), 138
Py_VISIT (C HX), 216
Py_XDECREF (C &), 21
Py_XDECREF (), 10
Py_XINCREF (C & X)), 21
PyAnySet_Check (C #X), 112
PyAnySet_CheckExact (C &X), 112
PyArg_Parse (C ¥ R), 49
PyArg_ParseTuple (C H#X), 49
PyArg_ParseTupleAndKeywords (C & X)), 49
PyArg_UnpackTuple (C & X)), 49
PyArg_ValidateKeywordArguments (C & R),
49
PyArg_VaParse (C % 3R), 49
PyArg_VaParseTupleAndKeywords (C &
PyASCIIObject (CH #), 87
PyAsyncMethods (C A #), 210
PyAsyncMethods.am_aiter (C & B %), 210
PyAsyncMethods.am_anext (C s B FH %), 210
PyAsyncMethods.am_await (C s B FHE), 210
PyBool_Check (C # X)), 81
PyBool_FromLong (C &3), 81
PyBUF_ANY_CONTIGUOUS (C E £), 69
PyBUF_C_CONTIGUOUS (C E %), 69
PyBUF_CONTIG (C E #£), 70
PyBUF_CONTIG_RO (C E ), 70
PyBUF_F_CONTIGUOUS (C E £), 69
PyBUF_FORMAT (C E £), 69
PyBUF_FULL (C E %), 70
PyBUF_FULL_RO (C E ), 70

41 X), 49

PyBUF_INDIRECT (C E ), 69
PyBUF_ND (C E £), 69
PyBUF_RECORDS (C E £), 70
PyBUF_RECORDS_RO (C E %), 70
PyBUF_SIMPLE (C E £), 69
PyBUF_STRIDED (C E #£), 70
PyBUF_STRIDED_RO (C E %), 70
PyBUF_STRIDES (C E £), 69
PyBUF_WRITABLE (C E £), 69
PyBuffer_FillContiguousStrides (C & RX),
72
PyBuffer_FillInfo (C H3), 72
PyBuffer_FromContiguous (C &R), 72
PyBuffer_GetPointer (C H#X), 72
PyBuffer_IsContiguous (C %#X), 72
PyBuffer_ Release (C HX), 72
PyBuffer_SizeFromFormat (C HR), 72
PyBuffer_ToContiguous (C &), 72
PyBufferProcs, 66
PyBufferProcs (C & #), 209
PyBufferProcs.bf_getbuffer (C m B & £,
209
PyBufferProcs.bf_releasebuffer (C & 8 &
0,210
PyByteArray_AS_STRING (C &HR), 86
PyByteArray_AsString (C %HR), 86
PyByteArray_Check (C H# ), 86
PyByteArray_CheckExact (C &HR,), 86
PyByteArray_Concat (C &%), 86
PyByteArray_FromObject (C &#X), 86
PyByteArray_ FromStringAndSize (C &
PyByteArray_GET_SIZE (C %HR), 86
PyByteArray_Resize (C X)), 86
PyByteArray_Size (C JJ?Q) 86
PyByteArray_Type (C & %), 85
PyByteArrayObject (C A #8), 85
PyBytes_AS_STRING (C & X)), 85
PyBytes_AsString (C &%), 85
PyBytes_AsStringAndSize (C &HR), 85
PyBytes_Check (C H#X), 84
PyBytes_CheckExact (C #X), 84
PyBytes_Concat (C H# =), 85
PyBytes_ConcatAndDel (C & R), 85
PyBytes_FromFormat (C #X), 84
PyBytes_FromFormatV (C & X,), 84
PyBytes_FromObject (C #X), 84
PyBytes_FromString (C #H3), 84
PyBytes_FromStringAndSize (C &
PyBytes_GET_SIZE (C =), 84
PyBytes_Size (C HX), 84
PyBytes_Type (C % #), 84
PyBytesObject (CH #), 84
PyCallable_Check (C %#X), 57
PyCallIter_Check (C HX), 123

5 X)), 86

41 X)), 84
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PyCallIter_New (C %#X), 123
PyCallIter_Type (C % %), 123
PyCapsule (C & #£), 127
PyCapsule_CheckExact (C % R), 127
PyCapsule_Destructor (C ), 127
PyCapsule_GetContext (C FHX), 127
PyCapsule_GetDestructor (C &R, 127
PyCapsule_GetName (C % R), 127
PyCapsule_GetPointer (C %HR), 127
PyCapsule_Import (C #X), 127
PyCapsule_IsValid (C &#3), 128
PyCapsule_New (C &% R), 127
PyCapsule_SetContext (C HR), 128
PyCapsule_SetDestructor (C $HR), 128
PyCapsule_SetName (C % R), 128
PyCapsule_SetPointer (C HX), 128
PyCell_Check (C &R), 115
PyCell_GET (C & X)), 115
PyCell_Get (C &#X), 115
PyCell_New (C HX), 115
PyCell_SET (C %X), 115
PyCell_Set (C #X), 115
PyCell_Type (C ¥ %), 115
PyCellObject (C#& ), 115
PyCFunction (C A #8), 179
PyCFunctionWithKeywords (C & #&), 179
PyCode_Check (C #X), 115
PyCode_GetNumFree (C H:R), 115
PyCode_New (C #X), 116
PyCode_NewEmpty (C &), 116
PyCode_NewWithPosOnlyArgs (C &%), 116
PyCode_Type (C ¥ #), 115
PyCodec_BackslashReplaceErrors (C & R),
54
PyCodec_Decode (C HR), 53
PyCodec_Decoder (C & R), 54
PyCodec_Encode (C #1), 53
PyCodec_Encoder (C $# 1), 54
PyCodec_IgnoreErrors (C X)), 54
PyCodec_IncrementalDecoder (C &#R), 54
PyCodec_IncrementalEncoder (C &#R), 54
PyCodec_KnownEncoding (C #X), 53
PyCodec_LookupError (C H#3), 54
PyCodec_NameReplaceErrors (C HR), 54
PyCodec_Register (C %#X), 53
PyCodec_RegisterError (C #HR), 54
PyCodec_ReplaceErrors (C HR), 54
PyCodec_StreamReader (C % R), 54
PyCodec_StreamWriter (C HX), 54
PyCodec_StrictErrors (C HX), 54
PyCodec_XMLCharRefReplaceErrors (C & R),
54
PyCodeObject (C & &), 115
PyCompactUnicodeObject (C A #8), 87

PyCompilerFlags (C A %), 19
PyCompilerFlags.cf_feature_version (C s
B &%), 19
PyCompilerFlags.cf_flags (C & B &#), 19
PyComplex_AsCComplex (C % X)), 83
PyComplex_Check (C &HR), 83
PyComplex_CheckExact (C &% X)), 83
PyComplex_FromCComplex (C X)), 83
PyComplex_FromDoubles (C & X), 83
PyComplex_ImagAsDouble (C #ZR), 83
PyComplex_RealAsDouble (C #X), 83
PyComplex_Type (C 4 %), 83
PyComplexObject (C A #), 83
PyConfig (C & &), 158
PyConfig_Clear (C #X), 158
PyConfig InitIsolatedConfig (C H#X), 158
PyConfig InitPythonConfig (C H:), 158
PyConfig_Read (C &), 158
PyConfig_SetArgv (C &HR), 158
PyConfig_SetBytesArgv (C #X), 158
PyConfig_SetBytesString (C &), 158
PyConfig SetString (C H#X), 158
PyConfig_SetWideStringList (C &#ZX), 158
PyConfig.argv (C /& B &%), 159
PyConfig.base_exec_prefix (C & B & #), 159
PyConfig.base_executable (C & B & #), 159
PyConfig.base_prefix (C m B H %), 159
PyConfig.buffered_stdio (C s 8 FH %), 159
PyConfig.bytes_warning (C s B &), 159
PyConfig.check_hash_pycs_mode (C m B &H
#0), 159
PyConfig.configure_c_stdio (C m B & %),
159
PyConfig.dev_mode (C rx B &%), 159
PyConfig.dump_refs (C % B &%), 159
PyConfig.exec_prefix (C m B H#), 160
PyConfig.executable (C mx B FHE), 160
PyConfig.faulthandler (C & B &%), 160
PyConfig.filesystem_encoding (C s 8 & £),
160
PyConfig.filesystem_errors (C & B & #),
160
PyConfig.hash_seed (C i B H#), 160
PyConfig.home (C & B & #), 160
PyConfig.import_time (C m B %), 160
PyConfig.inspect (C & B &%), 160
PyConfig.install_signal_handlers (C & B
% %), 160
PyConfig.interactive (C m B H ), 160
PyConfig.isolated (C 5% B FH ), 160
PyConfig.legacy_windows_stdio (C m B &
), 160
PyConfig.malloc_stats (C & B &), 160
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PyConfig.module_search_paths (C mx B & &),

161
PyConfig.module_search_paths_set (C m% B
5 %), 161
PyConfig.optimization_level (C & B & $),
161

PyConfig.parse_argv (C . B F#), 161
PyConfig.parser_debug (C & B &), 161
PyConfig.pathconfig_warnings (C s B & #),
161
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

prefix (C & B H%¥), 161
program_name (C % 8 &%), 161
pycache_prefix (C & B %), 161
pythonpath_env (C m B &), 160
quiet (C & B &%), 161
run_command (C & 8 &%), 161
run_filename (C % B ), 161
run_module (C % B F %), 161
show_alloc_count (C s B %), 161
show_ref_count (C & 8 H# ), 161
PyConfig.site_import (C m B H¥K), 162
PyConfig.skip_source_first_line (C & B &
#), 162
PyConfig.stdio_encoding (C m B H#), 162
PyConfig.stdio_errors (C & 8 &%), 162
PyConfig.tracemalloc (C m B &), 162
PyConfig.use_environment (C s B &), 162
PyConfig.use_hash_seed (C rx B &), 160
PyConfig.user_site_directory (C mx B &),
162
PyConfig.verbose (C % B % ¥), 162
PyConfig.warnoptions (C m B ), 162
PyConfig.write_bytecode (C m B H %), 162
PyConfig.xoptions (C mx B H#), 162
PyContext (CH #&), 129
PyContext_CheckExact (C % 2R), 129
PyContext_ClearFreeList (C &HR), 130
PyContext_Copy (C ¥ R), 130
PyContext_CopyCurrent (C HZ), 130
PyContext_Enter (C &#R), 130
PyContext_Exit (C %#X), 130
PyContext_New (C #X,), 130
PyContext_Type (C & %), 129
PyContextToken (C A #8), 129
PyContextToken_CheckExact (C %K), 130
PyContextToken_Type (C & %), 129
PyContextVar (C# &), 129
PyContextVar_CheckExact (C &HR), 129
PyContextVar_Get (C &), 130
PyContextVar_New (C %), 130
PyContextVar_Reset (C FHX,), 130
PyContextVar_Set (C %), 130
PyContextVar_Type (C % #), 129
PyCoro_CheckExact (C % 3R), 129

PyCoro_New (C & X)), 129
PyCoro_Type (C & #), 129
PyCoroObject (C & ), 129
PyDate_Check (C % X)), 131
PyDate_CheckExact (C % R), 131
PyDate_FromDate (C % R), 131
PyDate_FromTimestamp (C % X), 133
PyDateTime_Check (C #X), 131
PyDateTime_CheckExact (C HR), 131
PyDateTime DATE_GET_FOLD (C & X)), 132
PyDateTime DATE_GET_ HOUR (C &X), 132
PyDateTime DATE_GET MICROSECOND (C & X)),
132
PyDateTime_DATE_GET_MINUTE (C &% =), 132
PyDateTime DATE_GET_SECOND (C &X,), 132
PyDateTime DELTA_GET_DAYS (C & X)), 133
PyDateTime_DELTA_GET_MICROSECONDS (C &
X)), 133
PyDateTime DELTA_GET_SECONDS (C %#X), 133
PyDateTime_FromDateAndTime (C % R), 131
PyDateTime_FromDateAndTimeAndFold (C &
R, 131
PyDateTime_FromTimestamp (C &), 133
PyDateTime_GET_DAY (C &R, 132
PyDateTime_GET_MONTH (C #X), 132
PyDateTime GET_YEAR (C #X), 132
PyDateTime TIME_GET_ FOLD (C &X), 133
PyDateTime TIME_GET_ HOUR (C &X), 133
PyDateTime_TIME_GET_MICROSECOND (C & X)),
133
PyDateTime TIME_GET_MINUTE (C &X,), 133
PyDateTime TIME_GET_SECOND (C &X,), 133
PyDateTime_TimeZone_UTC (C ¥ %), 131
PyDelta_Check (C #X,), 131
PyDelta_CheckExact (C &#R), 131
PyDelta FromDSU (C &), 132
PyDescr_IsData (C % R), 124
PyDescr_NewClassMethod (C &), 124
PyDescr_NewGetSet (C H:), 123
PyDescr_NewMember (C % R), 123
PyDescr_NewMethod (C &%), 123
PyDescr_NewWrapper (C #R), 124
PyDict_Check (C &), 109
PyDict_CheckExact (C H#:), 109
PyDict_Clear (C &X), 109
PyDict_ClearFreeList (C % R), 111
PyDict_Contains (C &#=), 109
PyDict_Copy (C &HX), 109
PyDict_DelItem (C F#X), 109
PyDict_DelItemString (C H=X), 109
PyDict_GetItem (C %#X), 110
PyDict_GetItemString (C &HR), 110
PyDict_GetItemWithError (C &), 110
PyDict_TItems (C H#X), 110
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PyDict_Keys (C &% R), 110
PyDict_Merge (C &H X)), 111
PyDict_MergeFromSeqg2 (C &
PyDict_New (C HZ,), 109
PyDict_Next (C % R), 110
PyDict_SetDefault (C &), 110
PyDict_SetItem (C &#X,), 109
PyDict_SetItemString (C %K), 109
PyDict_Size (C H#X), 110
PyDict_Type (C & %), 109
PyDict_Update (C HR), 111
PyDict_Values (C % R), 110
PyDictObject (C# #&), 109
PyDictProxy_New (C &#R), 109
PyDoc_STR(C E#£), 5
PyDoc_STRVAR (C E#£),5
PyErr_BadArgument (C H:), 24
PyErr_BadInternalCall (C =), 26
PyErr_CheckSignals (C #R), 29
PyErr_Clear (C % R), 23
PyErr_Clear(),9,10
PyErr_ExceptionMatches (C &), 27
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C & R), 27
PyErr_Format (C HR), 24
PyErr_FormatV (C $X), 24
PyErr_GetExcInfo (C HX), 28
PyErr_GivenExceptionMatches (C &
PyErr_NewException (C FHX), 29
PyErr_NewExceptionWithDoc (C &
PyErr_NoMemory (C & X)), 24
PyErr NormalizeException (C &
PyErr_Occurred (C HX), 27
PyErr_Occurred(), 9
PyErr_Print (C X)), 24
PyErr_PrintEx (C HX), 23
PyErr_ResourceWarning (C &
PyErr_Restore (C H ), 27
PyErr_SetExcFromWindowsErr (C HX), 25
PyErr_SetExcFromWindowsErrWithFilename
(C &K, 25

5 X)), 111

4 X)), 27
4 X), 29
4 X)), 28

4 X), 27

PyErr_SetFromWindowsErrWithFilename (C
# X)), 25
PyErr_SetImportError (C &HX), 25
PyErr_SetImportErrorSubclass (C &
PyErr_SetInterrupt (C HR), 29
PyErr_SetNone (C H ), 24
PyErr_SetObject (C % 3R), 24
PyErr_SetString (C &HR), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C &%R), 26
PyErr_SyntaxLocationEx (C &HR,), 26
PyErr_SyntaxLocationObject (C HX), 26
PyErr_WarnkEx (C &HR), 26
PyErr_WarnExplicit (C #HR), 26
PyErr_ WarnExplicitObject (C &
PyErr_WarnFormat (C #=X), 27
PyErr_WriteUnraisable (C % R), 24
PyEval_AcquireLock (C #HR), 147
PyEval_AcquireThread (C & 3), 146
PyEval_AcquireThread(), 144
PyEval_EvalCode (C #X), 18
PyEval_EvalCodeEx (C % R), 18
PyEval_EvalFrame (C %X), 18
PyEval_EvalFrameEx (C H#=R), 18
PyEval_GetBuiltins (C &R), 53
PyEval_GetFrame (C &HR), 53
PyEval_GetFuncDesc (C % R), 53
PyEval_GetFuncName (C #X), 5
PyEval_GetGlobals (C &H3), 53
PyEval_GetLocals (C #X), 53
PyEval_InitThreads (C &#R), 144
PyEval_InitThreads (), 138
PyEval_MergeCompilerFlags (C %
PyEval_ReleaseLock (C #R), 147
PyEval_ReleaseThread (C %#R), 147
PyEval_ReleaseThread(), 144
PyEval_RestoreThread (C &% R), 144
PyEval_RestoreThread(), 142, 144
PyEval_SaveThread (C & =R), 144
PyEval_SaveThread (), 142, 144
PyEval_SetProfile (C %HR), 150

4 X)), 26

41X, 26

4 X)), 18

PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetTrace (C &HX), 150

(C #HX), 25

PyEval_ThreadsInitialized (C % 3), 144

PyErr_SetExcFromWindowsErrWithFilenameObBgEks_ArithmeticError, 32

(C & X),25
PyErr_SetExcInfo (C H#X), 28
PyErr_SetFromErrno (C FHX), 24
PyErr_ SetFromErrnoWithFilename (C
25
PyErr_SetFromErrnoWithFilenameObject (C
HX), 24
PyErr_ SetFromErrnoWithFilenameObjects
(C HX), 25
PyErr_SetFromWindowsErr (C HR), 25

% X),

PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
PyExc_BytesWarning, 33
PyExc_ChildProcessError, 32
PyExc_ConnectionAbortedError, 32
PyExc_ConnectionError, 32
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PyExc_ConnectionRefusedError, 32
PyExc_ConnectionResetError, 32
PyExc_DeprecationWarning, 33
PyExc_EnvironmentError, 33
PyExc_EOFError, 32
PyExc_Exception, 32
PyExc_FileExistsError, 32
PyExc_FileNotFoundError, 32
PyExc_FloatingPointError, 32
PyExc_FutureWarning, 33
PyExc_GeneratorExit, 32
PyExc_ImportError, 32
PyExc_ImportWarning, 33
PyExc_IndentationError, 32
PyExc_IndexError, 32
PyExc_InterruptedError, 32
PyExc_IOError, 33
PyExc_IsADirectoryError, 32
PyExc_KeyboardInterrupt, 32
PyExc_KeyError, 32
PyExc_LookupError, 32
PyExc_MemoryError, 32
PyExc_ModuleNotFoundError, 32
PyExc_NameError, 32
PyExc_NotADirectoryError, 32
PyExc_NotImplementedError, 32
PyExc_OSError, 32
PyExc_OverflowError, 32
PyExc_PendingDeprecationWarning, 33
PyExc_PermissionError, 32
PyExc_ProcessLookupError, 32
PyExc_RecursionError, 32
PyExc_ReferenceError, 32
PyExc_ResourceWarning, 33
PyExc_RuntimeError, 32
PyExc_RuntimeWarning, 33
PyExc_StopAsyncIteration, 32
PyExc_StopIteration, 32
PyExc_SyntaxError, 32
PyExc_SyntaxWarning, 33
PyExc_SystemError, 32
PyExc_SystemExit, 32
PyExc_TabError, 32
PyExc_TimeoutError, 32
PyExc_TypeError, 32
PyExc_UnboundLocalError, 32
PyExc_UnicodeDecodeError, 32
PyExc_UnicodeEncodeError, 32
PyExc_UnicodeError, 32
PyExc_UnicodeTranslateError, 32
PyExc_UnicodeWarning, 33
PyExc_UserWarning, 33
PyExc_ValueError, 32
PyExc_Warning, 33

PyExc_WindowsError, 33
PyExc_ZeroDivisionError, 32
PyException_GetCause (C %), 30
PyException_GetContext (C &HR), 29
PyException_GetTraceback (C H#X), 29
PyException_SetCause (C &), 30
PyException_SetContext (C #X), 30
PyException_SetTraceback (C FHX), 29
PyFile_FromFd (C $#X), 116
PyFile_GetLine (C % X), 116
PyFile_SetOpenCodeHook (C #X), 117
PyFile_WriteObject (C HX), 117
PyFile_WriteString (C &HR), 117
PyFloat_AS_DOUBLE (C &%), 82
PyFloat_AsDouble (C H#X), 81
PyFloat_Check (C %), 81
PyFloat_CheckExact (C %X), 81
PyFloat_ClearFreelList (C #R), 82
PyFloat_FromDouble (C H#=R), 81
PyFloat_FromString (C #3), 81
PyFloat_GetInfo (C &HR), 82
PyFloat_GetMax (C H X)), 82
PyFloat_GetMin (C HX), 82
PyFloat_Type (C ¥ #), 81
PyFloatObject (C A #), 81
PyFrame_GetLineNumber (C F#X), 53
PyFrameObject (C A %), 18
PyFrozenSet_Check (C HR), 112
PyFrozenSet_CheckExact (C %X), 112
PyFrozenSet_New (C FH=RX), 112
PyFrozenSet_Type (C € %), 112
PyFunction_Check (C #X), 113
PyFunction_GetAnnotations (C % R), 114
PyFunction_GetClosure (C ), 114
PyFunction_GetCode (C % X)), 113
PyFunction_GetDefaults (C H#X), 113
PyFunction_GetGlobals (C #X), 113
PyFunction_GetModule (C &#X), 113
PyFunction_New (C &% R), 113
PyFunction_NewWithQualName (C &#ZR), 113
PyFunction_SetAnnotations (C #X), 114
PyFunction_SetClosure (C &), 114
PyFunction_SetDefaults (C &#X), 113
PyFunction_Type (C &%), 113
PyFunctionObiject (C & ), 113
PyGen_Check (C & X)), 128
PyGen_CheckExact (C #X), 128
PyGen_New (C % R), 128
PyGen_NewWithQualName (C F# =), 128
PyGen_Type (C % %), 128
PyGenObject(CﬁLu)128
PyGetSetDef (C R #), 181
PyGILState_Check(CiﬁﬁJ,145
PyGILState_Ensure (C H:R), 144
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PyGILState_GetThisThreadState (C &
PyGILState_Release (C HR), 145
PyImport_AddModule (C FHX), 41
PyImport_AddModuleObiject (C H#X), 41
PyImport_AppendInittab (C &), 43
PyImport_Cleanup (C FHX), 42
PyImport_ExecCodeModule (C HR), 41
PyImport_ExecCodeModuleEx (C & X)), 41
PyImport_ExecCodeModuleObject (C FHX), 41
PyImport_ExecCodeModuleWithPathnames (C
F X)), 41
PyImport_ExtendInittab (C FHX), 43
PyImport_FrozenModules (C & #), 43
PyImport_GetImporter (C %HR), 42
PyImport_GetMagicNumber (C &HR), 42
PyImport_GetMagicTag (C HX), 42
PyImport_GetModule (C HX), 42
PyImport_GetModuleDict (C & R), 42
PyImport_Import (C HR), 40
PyImport_ImportFrozenModule (C FHR), 42
PyImport_ImportFrozenModuleObject (C &
X), 42
PyImport_ImportModule (C HR), 40
PyImport_ImportModuleEx (C & X)), 40
PyImport_ImportModuleLevel (C %#R), 40
PyImport_ImportModuleLevelObject (C &
K), 40
PyImport_ImportModuleNoBlock (C &
PyImport_ReloadModule (C H#X), 41
PyIndex_Check (C HX), 63
PyInstanceMethod_Check (C & R), 114
PyInstanceMethod_Function (C &% R), 114
PyInstanceMethod GET_FUNCTION (C $#X), 114
PyInstanceMethod_New (C ,fo) 114
PyInstanceMethod_Type (C £ 3, 114
PyInterpreterState (CH #), 144
PyInterpreterState_Clear (C %HR), 146
PyInterpreterState_Delete (C %HR), 146
PyInterpreterState_GetDict (C HX), 146
PyInterpreterState_GetID (C HX), 146
PyInterpreterState_Head (C &HR), 150
PyInterpreterState_Main (C &HR), 150
PyInterpreterState_New (C FHX), 146
PyInterpreterState_Next (C HR), 150
PyInterpreterState_ThreadHead (C &
PyIter_Check (C &#R), 66
PyIter_Next (C %K), 66
PyList_Append (C &HR), 108
PyList_AsTuple (C &), 109
PyList_Check (C &#X), 107
PyList_CheckExact (C &%), 107
PyList_ClearFreeList (C &%2), 109
PyList_GET_ITEM (C % X)), 108
PyList_GET_SIZE (C & X)), 108

4 X)), 145

4 X)), 40

5 K., 150

PyList_GetItem (C H#X), 108
PyList_GetItem(),8
PyList_GetSlice (C &), 108
PyList_Insert (C &), 108
PyList_New (C H#X), 108
PyList_Reverse (C %X), 109
PyList_SET_ITEM (C & 1), 108
PyList_SetItem (C H=X,), 108
PyList_SetItem(),7
PyList_SetSlice (C #X), 108
PyList_Size (C &% X)), 108
PyList_Sort (C % R), 108
PyList_Type (C ¥ ), 107
PyListObject (C# &), 107
PyLong_AsDouble (C #HR), 80
PyLong_AsLong (C #X), 79
PyLong_AsLongAndOverflow (C &
PyLong_AsLongLong (C &% =), 79
PyLong_AsLongLongAndOverflow (C &
PyLong_AsSize_t (C &X), 80
PyLong_AsSsize_t (C HX), 80
PyLong_AsUnsignedLong (C &% 3), 80
PyLong_AsUnsignedLongLong (C &#3), 80
PyLong_AsUnsignedLongLongMask (C & X)), 80
PyLong_AsUnsignedLongMask (C #3), 80
PyLong_AsVoidPtr (C #X), 81

PyLong_Check (C &), 78
PyLong_CheckExact (C %R), 78
PyLong_FromDouble (C % R), 78
PyLong_FromLong (C & X)), 78
PyLong_FromLongLong (C & X)), 78
PyLong_FromSize_t (C &HR), 78
PyLong_FromSsize_t (C %X), 78
PyLong_FromString (C &#R), 79
PyLong_FromUnicode (C #X), 79
PyLong_FromUnicodeObject (C &% X)), 79
PyLong_FromUnsignedLong (C #3), 78
PyLong_FromUnsignedLongLong (C =), 78
PyLong_FromVoidPtr (C HR), 79
PyLong_Type (C & %), 78

PyLongObJject (C & #), 78

PyMapping_Check (C & X)), 65
PyMapping_DelItem (C H#R), 65
PyMapping_DelItemString (C H#:R), 65
PyMapping_GetItemString (C HR), 65
PyMapping_HasKey (C % X)), 65

4 X)), 79
4 X)), 79

PyMapping_HasKeyString (C #R), 65
PyMapping_Items (C & X)), 65
PyMapping_Keys (C &), 65
PyMapping_Length (C &#X), 65
PyMapping_SetItemString (C HR), 65

PyMapping_Size (C & X)), 65
PyMapping_Values (C % R), 65
PyMappingMethods (C ! £§), 208
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PyMappingMethods.mp_ass_subscript (C X
A & #), 208
PyMappingMethods.mp_length (C m B & &),

208
PyMappingMethods.mp_subscript (C & B &
$0), 208
PyMarshal_ReadLastObjectFromFile (C &
X), 44

PyMarshal_ReadLongFromFile (C %R), 44
PyMarshal_ReadObjectFromFile (C &% R), 44
PyMarshal_ReadObjectFromString (C & R),
44
PyMarshal_ ReadShortFromFile (C X)), 44
PyMarshal_WriteLongToFile (C % R), 43
PyMarshal_WriteObjectToFile (C #X), 43
PyMarshal_WriteObjectToString (C HR), 43
PyMem_Calloc (C &#=X), 171
PyMem_Del (C #HR), 171
PYMEM_DOMAIN_MEM (C E %), 174
PYMEM_DOMAIN_OBJ (C E %), 174
PYMEM_DOMAIN_RAW (C E ££), 173
PyMem_Free (C X)), 171
PyMem_GetAllocator (C %), 174
PyMem_Malloc (C &R), 171
PyMem_New (C % R), 171
PyMem_RawCalloc (C &R), 170
PyMem_RawFree (C % R), 170
PyMem_RawMalloc (C &% 3), 170
PyMem_RawRealloc (C % X)), 170
PyMem_Realloc (C &#X), 171
PyMem_Resize (C X)), 171
PyMem_SetAllocator (C HX), 174
PyMem_SetupDebugHooks (C %), 174
PyMemAllocatorDomain (C % #&), 173
PyMemAllocatorEx (C A #), 173
PyMemberDef (C % &), 180
PyMemoryView_Check (C HX), 126
PyMemoryView_ FromBuffer (C % R), 125
PyMemoryView_FromMemory (C & 3R), 125
PyMemoryView_FromObject (C &), 125
PyMemoryView_ GET_BASE (C %#X), 126
PyMemoryView_GET_BUFFER (C $#<X), 126
PyMemoryView_GetContiguous (C FHX), 125
PyMethod_Check (C #X), 114
PyMethod_ClearFreelList (C % X), 115
PyMethod_Function (C %#R), 114
PyMethod_GET_FUNCTION (C %#X), 114
PyMethod_GET_SELF (C &X), 115
PyMethod_New (C &% R), 114
PyMethod_Self (C &#X), 115
PyMethod_Type (C &%), 114
PyMethodDef (C % #£), 179
PyModule_AddFunctions (C #xX), 121
PyModule_AddIntConstant (C H:), 122

PyModule_AddIntMacro (C &), 122
PyModule_AddObject (C HX), 122
PyModule_AddStringConstant (C % R), 122
PyModule_AddStringMacro (C &), 122
PyModule_Check (C % X)), 117
PyModule_CheckExact (C HR), 117
PyModule_Create (C % 3R), 119
PyModule_Create2 (C #X), 119
PyModule_ExecDef (C #HX), 121
PyModule_FromDefAndSpec (C & X)), 121
PyModule_FromDefAndSpec2 (C &), 121
PyModule_GetDef (C HR), 118
PyModule_GetDict (C HX), 117
PyModule_GetFilename (C $#R), 118
PyModule_GetFilenameObject (C &), 118
PyModule_GetName (C X)), 118
PyModule_GetNameObject (C HX), 118
PyModule_GetState (C #R), 118
PyModule_New (C % R), 117
PyModule_NewObject (C HR), 117
PyModule_SetDocString (C &HR), 121
PyModule_Type (C % %), 117
PyModuleDef (C & ), 118
PyModuleDef_Init (C X)), 120
PyModuleDef_Slot (C# #), 120
PyModuleDef_Slot.slot (C & B &), 120
PyModuleDef_Slot.value (C s B &), 120
PyModuleDef.m_base (C & B F# %), 118
PyModuleDef.m_clear (C s B i #), 119
PyModuleDef.m_doc (C % B FH#), 118
PyModuleDef.m_free (C & B H#), 119
PyModuleDef .m_methods (C m& B FH#), 119
PyModuleDef .m_name (C & B F# %), 118
PyModuleDef.m_reload (C m B &%), 119
PyModuleDef.m_size (C & B %), 118
PyModuleDef.m_slots (C sk B FH#), 119
PyModuleDef.m_traverse (C & B &), 119
PyNumber_Absolute (C HR), 61
PyNumber_Add (C & =,), 60
PyNumber_And (C #R), 61
PyNumber_AsSsize_t (C &HR), 63
PyNumber_Check (C & X)), 60
PyNumber_Divmod (C & R), 61
PyNumber_Float (C HX), 62
PyNumber_FloorDivide (C & R), 60
PyNumber_Index (C &X), 62
PyNumber_InPlaceAdd (C #X), 61
PyNumber_InPlaceAnd (C &X), 62
PyNumber_InPlaceFloorDivide (C H#:), 62
PyNumber_InPlaceLshift (C &R), 62
PyNumber_InPlaceMatrixMultiply (C & RX),
62
PyNumber_InPlaceMultiply (C FHX), 62
PyNumber_InPlaceOr (C #X), 62
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PyNumber_InPlacePower (C % R), 62
PyNumber_InPlaceRemainder (C & R), 62
PyNumber_InPlaceRshift (C &HR), 62
PyNumber_InPlaceSubtract (C #X), 61
PyNumber_InPlaceTrueDivide (C &%R), 62
PyNumber_InPlaceXor (C H3), 62
PyNumber_Invert (C%HR), 61
PyNumber_Long (C $# X)), 62
PyNumber_Lshift (C &), 61
PyNumber_MatrixMultiply (C &HZ), 60
PyNumber_ Multiply (C H#:), 60
PyNumber_Negative (C % R), 61
PyNumber_Or (C & 3), 61
PyNumber_Positive (C &HR), 61
PyNumber_Power (C % R), 61
PyNumber_Remainder (C &% 2R), 61
PyNumber_ Rshift (C%HR), 61
PyNumber_Subtract (C HX), 60
PyNumber_ToBase (C F#X,), 63
PyNumber_TrueDivide (C &#X), 61
PyNumber_Xor (C H=R), 61
PyNumberMethods (C & &), 206
PyNumberMethods.nb_absolute (C & B & %),
207

PyNumberMethods .nb_add (C sk 8 &), 207

PyNumberMethods.nb_inplace_true_divide
(C mx B &%), 208
PyNumberMethods.nb_inplace_xor (C s B

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
#), 207
PyNumberMethods
PyNumberMethods
#0), 207
PyNumberMethods

.nb_and (C m 8 H ), 207
.nb_bool (C mx B H %), 207
.nb_divmod (C m B & £), 207
.nb_float (C m& B &%), 207
.nb_floor_divide (C sx B &

.nb_index (C & B # %), 208
.nb_inplace_add (C & & &

.nb_inplace_and (C & B &

#0), 207
PyNumberMethods.nb_inplace_floor_divide
(C BB F3), 208
PyNumberMethods.nb_inplace_lshift (C xX
B #), 207

0, 207

PyNumberMethods.nb_int (C & B &%), 207

PyNumberMethods.nb_invert (C s & %), 207

PyNumberMethods.nb_1lshift (C s & &), 207

PyNumberMethods.nb_matrix_multiply (C s
B % %), 208

PyNumberMethods.nb_multiply (C & B & %),
207

PyNumberMethods.nb_negative (C & 8 & %),
207

PyNumberMethods.nb_or (C &% 8 &), 207

PyNumberMethods.nb_positive (C & 8 & %),
207

PyNumberMethods.nb_power (C i 8 &%), 207

PyNumberMethods.nb_remainder (C & 8 & ),
207

PyNumberMethods.nb_reserved (C & 8 & %),
207

PyNumberMethods.nb_rshift (C s B &%), 207

PyNumberMethods.nb_subtract (C & 8 & %),
207

PyNumberMethods.nb_true_divide (C % B &
0, 208

PyNumberMethods.nb_xor (C m& B & #), 207
PyObject (C & ), 178
PyObject_AsCharBuffer (C & X)), 72
PyObject_ASCII (C &#X), 57
PyObject_AsFileDescriptor (C &#X), 116
PyObject_AsReadBuffer (C %HX), 73
PyObject_AsWriteBuffer (C HR), 73
PyObject_Bytes (C H#R), 57
PyObject_Call (C #R), 57
PyObject_CallFunction (C &%ZX), 58
PyObject_CallFunctionObjArgs (C & 3R), 58
PyObject_CallMethod (C &), 58
PyObject_CallMethodObjArgs (C #H#X), 58
PyObject_CallObject (C &), 57

PyNumberMethods.nb_inplace_matrix_multipRByObject_Calloc (C FHX), 172

(C m B & %0), 208
PyNumberMethods.nb_inplace_multiply (C

% B S #), 207
PyNumberMethods.nb_inplace_or (C s B &

£0), 207
PyNumberMethods.nb_inplace_power (C & B
% ), 207

PyNumberMethods.nb_inplace_remainder (C
e B &), 207

PyNumberMethods.nb_inplace_rshift (C &
B & #), 207

PyNumberMethods.nb_inplace_subtract
A B #), 207

(C

PyObject_CheckBuffer (C %HR), 71
PyObject_CheckReadBuffer (C &), 73
PyObject_Del (C &HR), 177
PyObject_DelAttr (C &), 56
PyObject_DelAttrString (C & R), 56
PyObject_DelItem (C FH=X), 60
PyObject_Dir (C &R), 60
PyObject_Free (C % R), 172
PyObject_GC_Del (C & X)), 215
PyObject_GC_New (C HR), 215
PyObject_GC_NewVar (C &HR), 215
PyObject_GC_Resize (C &HR), 215
PyObject_GC_Track (C H#:), 215
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PyObject_GC_UnTrack (C H3R), 215
PyObject_GenericGetAttr (C HR), 56
PyObject_GenericGetDict (C &HR), 56
PyObject_GenericSetAttr (C HR), 56
PyObject_GenericSetDict (C &HR), 56
PyObject_GetArenaAllocator (C HX), 175
PyObject_GetAttr (C H#X), 55
PyObject_GetAttrString (C #X), 56
PyObject_GetBuffer (C H#R), 71
PyObject_GetItem (C HX), 60
PyObject_GetIter (C &), 60
PyObject_HasAttr (C X)), 55
PyObject_HasAttrString (C & R), 55
PyObject_Hash (C #X), 59
PyObject_HashNotImplemented (C &
PyObject_HEAD (C E %), 178
PyObject_HEAD_INIT (C E %), 179
PyObject_Init (C %#X), 177
PyObject_InitVar (C &#X), 177
PyObject_IsInstance (C #X), 57
PyObject_IsSubclass (C #X), 57
PyObject_IsTrue (C HR), 59
PyObject_Length (C % 1), 60
PyObject_LengthHint (C #X), 60
PyObject_Malloc (C H=R), 172
PyObject_New (C F X)), 177
PyObject_NewVar (C % R), 177
PyObject_Not (C & X)), 59
PyObject._ob_next (C 5% B F %), 188
PyObject._ob_prev (C m B H#), 188
PyObject_Print (C H#RX), 55
PyObject_Realloc (C % X)), 172
PyObject_Repr (C HR), 56
PyObject_RichCompare (C &% R), 56
PyObject_RichCompareBool (C H#X), 56
PyObject_SetArenaAllocator (C HR), 175
PyObject_SetAttr (C HR), 56
PyObject_SetAttrString (C H#X), 56
PyObject_SetItem (C &), 60
PyObject_Size (C H#X), 60

PyObject_Str (C & X)), 57

PyObject_Type (C & X)), 59
PyObject_TypeCheck (C HX), 59
PyObject_VAR_HEAD (C E %), 178
PyObjectArenaAllocator (CH #), 175
PyObject .ob_refcnt (C & 8 %), 188
PyObiject.ob_type (C m B ), 188
PyOS_AfterFork (C &), 36
PyOS_AfterFork_Child (C &), 36
PyOS_AfterFork_Parent (C HR), 35
Py0OS_BeforeFork (C $#X), 35
PyOS_CheckStack (C #X), 36
Py0OS_double_to_string (C HX), 52
PyOS_FSPath (C % R), 35

4 X), 59

Py0OS_getsig (C ¥ R), 36

PyOS_InputHook (C 4 %), 16

PyOS_ReadlineFunctionPointer (C & ), 16

Py0OS_setsig (C & RX), 36

PyOS_snprintf (C HX), 51

PyOS_stricmp (C & X)), 5

PyOS_string_to_ double (C HR), 52

PyOS_strnicmp (C FHX), 52

PyOS_vsnprintf (C HR), 51

PyParser_SimpleParseFile (C &% X)), 17

PyParser_SimpleParseFileFlags (C %3R), 17

PyParser_SimpleParseString (C %X), 17

PyParser_SimpleParseStringFlags (C & X)),
17

PyParser_SimpleParseStringFlagsFilename
(C &HX), 17

PyPreConfig (CA #), 156

PyPreConfig_InitIsolatedConfig (C & RX),
156

PyPreConfig_InitPythonConfig (C &X), 156

PyPreConfig.allocator (C m B H#), 156

PyPreConfig.coerce_c_locale (C & B & &),

156
PyPreConfig.coerce_c_locale_warn (C & B
H %), 156
PyPreConfig.configure_locale (C m& B & #),
156

PyPreConfig.dev_mode (C m B %), 157
PyPreConfig.isolated (C m B H¥), 157
PyPreConfig.legacy_windows_fs_encoding
(C A B Ri%0), 157
PyPreConfig.parse_argv (C mi B H¥), 157
PyPreConfig.use_environment (C & B & &),
157
PyPreConfig.utf8_mode (C & B
PyProperty_Type (C & #), 123
PyRun_AnyFile (C HX), 15
PyRun_AnyFileEx (C % R), 15
PyRun_AnyFileExFlags (C &R), 15
PyRun_AnyFileFlags (C &R), 15
PyRun_File (C H#X), 17
PyRun_FileEx (C HR), 17
PyRun_FileExFlags (C %3R), 17
PyRun_FileFlags (C X)), 17
PyRun_InteractiveLoop (C &HR), 16
PyRun_InteractiveLoopFlags (C %#R), 16
PyRun_InteractiveOne (C % R), 16
PyRun_InteractiveOneFlags (C &% X)), 16
PyRun_SimpleFile (C H#X), 16
PyRun_SimpleFileEx (C HR), 16
PyRun_SimpleFileExFlags (C &R), 16
PyRun_SimpleString (C #R), 16
PyRun_SimpleStringFlags (C &
PyRun_String (C & X)), 17

F ), 157

4 X), 16
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PyRun_StringFlags (C % R), 17
PySeqIter_Check (C HX), 123
PySeqlter_New (C FHRX), 123
PySeqlter_Type (C % %), 123
PySequence_Check (C % X)), 63
PySequence_Concat (C &% R), 63
PySequence_Contains (C ), 64
PySequence_Count (C F#X), 64
PySequence_DellItem (C HR), 63
PySequence_DelSlice (C % X)), 64
PySequence_Fast (C H 1), 64
PySequence_Fast_GET_ITEM (C &#X), 64
PySequence_Fast_GET_SIZE (C H#X), 64
PySequence_Fast_ITEMS (C #<), 64
PySequence_GetItem (C HR), 63
PySequence_GetItem(), 8
PySequence_GetSlice (C % R), 63
PySequence_Index (C HX), 64
PySequence_InPlaceConcat (C FHX), 63
PySequence_InPlaceRepeat (C HX), 63
PySequence_ITEM (C & R), 64
PySequence_Length (C % R), 63
PySequence_List (C & 1), 64
PySequence_Repeat (C %HR), 63
PySequence_SetItem (C HR), 63
PySequence_SetSlice (C % X)), 64
PySequence_Size (C 1), 63
PySequence_Tuple (C HX), 64
PySequenceMethods (C & #), 208
PySequenceMethods.sq ass_item (C m B &

#), 208

PySequenceMethods.sq _concat (C & B & %),
208

PySequenceMethods.sq contains (C m B &
#0), 209

PySequenceMethods.sqg _inplace_concat (C
% B % #), 209

PySequenceMethods.sq inplace_repeat (C
R ), 209

PySequenceMethods.sq_item (C % B H#), 208

PySequenceMethods.sq_length (C & B & &),
208

PySequenceMethods.sq repeat (C & B & %),
208

PySet_Add (C &R, 112
PySet_Check (C % X)), 112
PySet_Clear (C % X)), 113
PySet_ClearFreelList (C #X), 113
PySet_Contains (C &R), 112
PySet_Discard (C &#X,), 112
PySet_GET_SIZE (C & X)), 112
PySet_New (C HR), 112

PySet_Pop (C % R), 113
PySet_Size (C HX), 112

PySet_Type (C &%), 112

PySetObject (C & #&), 111
PySignal_SetWakeupFd (C &X), 29
PySlice_AdjustIndices (C HX), 125
PySlice_Check (C HX), 124
PySlice_GetIndices (C &%), 124
PySlice_GetIndicesEx (C HX), 124
PySlice_New (C & R), 124

PySlice_Type (C &), 124
PySlice_Unpack (C & X)), 125
PyState_AddModule (C %), 122
PyState_FindModule (C #X), 122
PyState_RemoveModule (C %#R), 123
PyStatus (C & #), 155

PyStatus_Error (C %HR), 155
PyStatus_Exception (C &R), 155
PyStatus_Exit (C &#X), 155
PyStatus_IsError (C H#X), 155
PyStatus_IsExit (C &HZX), 155
PyStatus_NoMemory (C &%), 155
PyStatus_0k (C % X)), 155
PyStatus.err_msqg (C s B &), 155
PyStatus.exitcode (C m B H %), 155
PyStatus.func (C & 8 &%), 155
PyStructSequence_Desc (CH &), 106
PyStructSequence_Field (CA #), 107
PyStructSequence_GET_ITEM (C %), 107
PyStructSequence_GetItem (C %HX), 107
PyStructSequence_InitType (C H#X), 106
PyStructSequence_InitType2 (C HR), 106
PyStructSequence_New (C $HR), 107
PyStructSequence_NewType (C &HX), 106
PyStructSequence_SET_ITEM (C % R), 107
PyStructSequence_SetItem (C %), 107
PyStructSequence_UnnamedField (C 4 %), 107
PySys_AddAuditHook (C &=,), 39
PySys_AddWarnOption (C & X)), 38
PySys_AddWarnOptionUnicode (C &), 38
PySys_AddXOption (C &), 38
PySys_Audit (C & R), 39
PySys_FormatStderr (C HR), 38
PySys_FormatStdout (C H=R), 38
PySys_GetObject (C H#R), 38
PySys_GetXOptions (C % R), 38
PySys_ResetWarnOptions (C &X), 38
PySys_SetArgv (C FHX), 141
PySys_SetArgv (), 138

PySys_SetArgvEx (C &HRX), 141
PySys_SetArgvEx (), 11, 138
PySys_SetObject (C &#X), 38
PySys_SetPath (C #X), 38
PySys_WriteStderr (C &HR), 38
PySys_WriteStdout (C &X), 38

Python 3000, 228
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Python Enhancement Proposals
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PEP 7,3,5
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PEP 362,220,227
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PEP 538, 164

PEP 539, 151
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PEP 623,87

PEP 3116,229

PEP 3119,57

PEP 3121,119

PEP 3147,42

PEP 3151, 33

PEP 3155,228
PYTHON*, 137
PYTHONCOERCECLOCALE, 164
PYTHONDEBUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 188
PYTHONHASHSEED, 137
PYTHONHOME, 11, 137, 141, 160
Pythonic, 228
PYTHONINSPECT, 137
PYTHONIOENCODING, 139
PYTHONLEGACYWINDOWSFSENCODING, 137
PYTHONLEGACYWINDOWSSTDIO, 137
PYTHONMALLOC, 170, 173, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137

PYTHONOPTIMIZE, 137

PYTHONPATH, 11, 137, 161
PYTHONUNBUFFERED, 138

PYTHONUTEFS8, 164

PYTHONVERBOSE, 138
PyThread_create_key (C 1), 152
PyThread_delete_key (C HR), 152
PyThread_delete_key_value (C %#X), 152
PyThread_get_key_value (C % R), 152
PyThread_ReInitTLS (C H#X), 152
PyThread_set_key_value (C X)), 152
PyThread_tss_alloc (C %X), 151
PyThread_tss_create (C #X), 152
PyThread_tss_delete (C %HR), 152
PyThread_tss_free (C %HR), 151
PyThread_tss_get (C H#X), 152
PyThread_tss_is_created (C H#:), 152
PyThread_tss_set (C #X), 152
PyThreadState, 142
PyThreadState (C# ), 144
PyThreadState_Clear (C $#X), 146
PyThreadState_Delete (C HX), 146
PyThreadState_Get (C HR), 144
PyThreadState_GetDict (C &HX), 146
PyThreadState_New (C %), 146
PyThreadState_Next (C HX), 151
PyThreadState_SetAsyncExc (C % R), 146
PyThreadState_Swap (C % R), 144
PyTime_Check (C #<), 131
PyTime_CheckExact (C H#R), 131
PyTime_FromTime (C % R), 132
PyTime_FromTimeAndFold (C X)), 132
PyTimeZone_FromOffset (C HRX), 132
PyTimeZone_FromOffsetAndName (C # ), 132
PyTrace_C_CALL (C € %), 150
PyTrace_C_EXCEPTION (C % %), 150
PyTrace_C_RETURN (C 4 #), 150
PyTrace_ CALL (C % ), 149
PyTrace_EXCEPTION (C 4 #), 150
PyTrace_LINE (C % #), 150
PyTrace_OPCODE (C ¥ %), 150
PyTrace_RETURN (C £ ${), 150
PyTraceMalloc_Track (C H#R), 175
PyTraceMalloc_Untrack (C H#RX), 175
PyTuple_Check (C HX), 105
PyTuple_CheckExact (C HX), 105
PyTuple_ClearFreeList (C &R), 106
PyTuple_GET_ITEM (C &%), 106
PyTuple_GET_SIZE (C &), 105
PyTuple_GetItem (C s =X), 105
PyTuple_GetSlice (C #X), 106
PyTuple_New (C % R), 105
PyTuple_Pack (C &), 105
PyTuple_SET_ITEM (C & X)), 106
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PyTuple_SetItem (C &HR), 106 PyTypeObiject.tp_descr_get (C rx B H#), 201
PyTuple_SetItem(),7 PyTypeObject.tp_descr_set (C sk B H#), 201
PyTuple_Size (C &), 105 PyTypeObject.tp_dict (C m B FHE), 200
PyTuple_Type (C &%), 105 PyTypeObject.tp_dictoffset (C m B & %),
PyTupleObject (C A #&), 105 201
PyType_Check (C &), 75 PyTypeObiject.tp_doc (C s B FHE), 196
PyType_CheckExact (C % R), 75 PyTypeObject.tp_finalize (C s B %), 204
PyType_ClearCache (C % 3R), 75 PyTypeObiject.tp_flags (C & 8 %), 194
PyType_FromSpec (C &), 76 PyTypeObiject.tp_free (C m B HE), 203
PyType_FromSpecWithBases (C % X)), 76 PyTypeObiject.tp_frees (C & B H &), 205
PyType_GenericAlloc (C %X), 76 PyTypeObject.tp_getattr (C s B FHE), 191
PyType_GenericNew (C % 3R), 76 PyTypeObject.tp_getattro (C /& 8 %), 193
PyType_GetFlags (C $HX), 75 PyTypeObject.tp_getset (C sk B ), 200
PyType_GetSlot (C #<X), 76 PyTypeObiject .tp_hash (C m B &), 192
PyType_HasFeature (C %R), 76 PyTypeObject.tp_init (C m B &), 202
PyType_IS_GC (C FHX), 76 PyTypeObiject.tp_is_gc (C & B ), 203
PyType_IsSubtype (C HX), 76 PyTypeObject.tp_itemsize (C s B %), 189
PyType_Modified (C &), 76 PyTypeObject.tp_iter (C m B H %), 199
PyType_Ready (C & R), 76 PyTypeObject.tp_iternext (C sk 8 FH¥), 199
PyType_Slot (CH #), 77 PyTypeObject.tp_maxalloc (C & B F %), 205
PyType_Slot.PyType_Slot.pfunc (C & B &% PyTypeObject.tp_members (C & B H¥), 200

), 77 PyTypeObiject.tp_methods (C s 8 FH %), 199
PyType_Slot.PyType_Slot.slot (C s B FH#), PyIypeObject.tp_mro (C s B FH#), 204

77 PyTypeObiject.tp_name (C m B FHE), 189
PyType_Spec (CH #), 77 PyTypeObject.tp_new (C m% & F#), 202
PyType_Spec.PyType_Spec.basicsize (C r, PyTypeObject.tp_next (Cm B &), 205

B ), 77 PyTypeObiject.tp_prev (C m B &), 205
PyType_Spec.PyType_Spec.flags (C & B &% PyTypeObject.tp_repr (C B H#), 192

#®), 77 PyTypeObject.tp_richcompare (C & B & &),
PyType_Spec.PyType_Spec.itemsize (C m% B 198

), 77 PyTypeObject .tp_setattr (C s B FHE), 191
PyType_Spec.PyType_Spec.name (C X B #$), PyTypeObject.tp_setattro (C & B H¥), 194

77 PyTypeObiject.tp_str (C rx B &), 193
PyType_Spec.PyType_Spec.slots (C m B & PyTypeObject.tp_subclasses (C & B & £),

#), 77 204
PyType_Type (C & &), 75 PyTypeObiject.tp_traverse (C mx B &%), 196
PyTypeObject (C & ), 75 PyTypeObject.tp_vectorcall_offset (C
PyTypeObiject.tp_alloc (C & 8 %), 202 B % %), 190
PyTypeObiject.tp_allocs (C s 8B &%), 205 PyTypeObject.tp_version_tag (C & & & %),
PyTypeObiject.tp_as_async (C s B FH ), 192 204
PyTypeObject.tp_as_buffer (C B H#), 194 PyTypeObject.tp_weaklist (C sk B F ), 204
PyTypeObject.tp_as_mapping (C m B & #), PyTypeObject.tp_weaklistoffset (C & B &

192 #0), 199
PyTypeObiject.tp_as_number (C m B %), 192 PyTZInfo_Check (C HR), 131
PyTypeObject.tp_as_sequence (C & B FH ), PyTZInfo_CheckExact (C HR), 131

192 PyUnicode_1BYTE_DATA (C #X), 87
PyTypeObject.tp_base (C m B &), 200 PyUnicode_1BYTE_KIND (C E £), 88
PyTypeObject.tp_bases (C & B F$), 203 PyUnicode_2BYTE_DATA (C % X)), 87
PyTypeObiject.tp_basicsize (C . B & #), 189 PyUnicode_2BYTE_KIND (C E %), 88
PyTypeObject.tp_cache (C & B FH ), 204 PyUnicode_4BYTE_DATA (C &#X), 87
PyTypeObject.tp_call (C m B H#), 193 PyUnicode_4BYTE_KIND (C E £), 88
PyTypeObject.tp_clear (C m& B &), 197 PyUnicode_AS_DATA (C &H3R), 89
PyTypeObiject.tp_dealloc (C s B FHE), 190 PyUnicode_AS_UNICODE (C &%), 89
PyTypeObiject.tp_del (C rx B ), 204 PyUnicode_AsASCIIString (C &R), 102
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PyUnicode_AsMBCSString (C &X), 103
PyUnicode_AsRawUnicodeEscapeString (C &
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PyUnicode_AsUCS4 (C X)), 93
PyUnicode_AsUCS4Copy (C &% R), 93
PyUnicode_AsUnicode (C #X), 93
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100
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PyUnicode_AsWideChar (C &% R), 96
PyUnicode_AsWideCharString (C &
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PyUnicode_CheckExact (C #=X), 87
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PyUnicode_Compare (C &% R), 104
PyUnicode_CompareWithASCIIString (C &
X)), 104
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PyUnicode_Contains (C #X), 105
PyUnicode_CopyCharacters (C &
PyUnicode_Count (C &#R), 104
PyUnicode_DATA (C &% X)), 88
PyUnicode_Decode (C &% X)), 97
PyUnicode_DecodeASCII (C HR), 102
PyUnicode_DecodeCharmap (C &#=R), 102
PyUnicode_DecodeFSDhefault (C &% X)), 95
PyUnicode_DecodeFSDefaultAndSize (C &
K), 95
PyUnicode_DecodeLatinl (C &=), 101
PyUnicode_DecodeLocale (C #=X), 94
PyUnicode_DecodeLocaleAndSize (C &
PyUnicode_DecodeMBCS (C #R), 103
PyUnicode_DecodeMBCSStateful (C %HR), 103
PyUnicode_DecodeRawUnicodeEscape (C &
X), 101

iy X),

4 X), 96

4 X)), 92

4 X)), 94

PyUnicode_DecodeUnicodeEscape (C % R), 100
PyUnicode_DecodeUTF7 (C &%), 100
PyUnicode_DecodeUTF7Stateful (C %), 100
PyUnicode_DecodeUTF8 (C &% R), 97
PyUnicode_DecodeUTF8Stateful (C &X), 97
PyUnicode_DecodeUTF16 (C & R), 99
PyUnicode_DecodeUTF16Stateful (C H=R,), 99
PyUnicode_DecodeUTF32 (C &), 98
PyUnicode_DecodeUTF32Stateful (C HX), 98

PyUnicode_Encode (C #X), 97

PyUnicode_EncodeASCII (C H#:), 102
PyUnicode_EncodeCharmap (C &), 102
PyUnicode_EncodeCodePage (C H#=), 103
PyUnicode_EncodeFSDefault (C &% X)), 96
PyUnicode_EncodeLatinl (C % X)), 101
PyUnicode_EncodeLocale (C & R,), 94
PyUnicode_EncodeMBCS (C %), 103
PyUnicode_EncodeRawUnicodeEscape (C &
X), 101
PyUnicode_EncodeUnicodeEscape (C &
PyUnicode_EncodeUTF7 (C & =,), 100
PyUnicode_EncodeUTF8 (C & R,), 98
PyUnicode_EncodeUTF16 (C &), 99
PyUnicode_EncodeUTF32 (C &#R), 99
PyUnicode_Fill (C &% X)), 92
PyUnicode_Find (C &), 104
PyUnicode_FindChar (C &%), 104
PyUnicode_Format (C &), 105
PyUnicode_FromEncodedObject (C &
PyUnicode_FromFormat (C &% =R), 91
PyUnicode_FromFormatV (C &R), 92
PyUnicode_FromKindAndData (C H#:), 90
PyUnicode_FromObject (C %), 94
PyUnicode_FromString (C &% R), 91
PyUnicode_FromString (), 109
PyUnicode_FromStringAndSize (C &
PyUnicode_FromUnicode (C &#X), 93
PyUnicode_FromWideChar (C & R,), 96
PyUnicode_FSConverter (C $#X), 95
PyUnicode_FSDecoder (C #X), 95
PyUnicode_GET_DATA_SIZE (C HZR), 89
PyUnicode_GET_LENGTH (C & X)), 87
PyUnicode_GET_SIZE (C #=X), 88
PyUnicode_GetLength (C #X), 92
PyUnicode_GetSize (C %A R), 94
PyUnicode_InternFromString (C &2, 105
PyUnicode_InternInPlace (C %HZR), 105
PyUnicode_Join (C &X), 104
PyUnicode_KIND (C &), 88
PyUnicode_MAX_CHAR_VALUE (C E ), 88
PyUnicode_New (C FHX), 90
PyUnicode_READ (C #X), 88
PyUnicode_ READ_CHAR (C % X)), 88
PyUnicode_ReadChar (C %), 92
PyUnicode_READY (C %2,), 87
PyUnicode_Replace (C % R), 104
PyUnicode_RichCompare (C &#R), 104
PyUnicode_Split (C % R), 104
PyUnicode_Splitlines (C &#=X), 104
PyUnicode_Substring (C H:), 92
PyUnicode_Tailmatch (C & X)), 104
PyUnicode_TransformDecimalToASCII (C &
X), 93
PyUnicode_Translate (C &

5 X)), 100
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PyUnlcode Translatecharmap (C HR), 103

PyUnlcode_WCHAR_KIND (C E #£), 88

PyUnicode_WRITE (C #X), 88

PyUnicode_WriteChar (C X)), 92

PyUnicodeDecodeError_Create (C H:), 30

PyUnicodeDecodeError_GetEncoding (C &
K), 30

PyUnicodeDecodeError_GetEnd (C &

41 X)), 31

PyUnicodeDecodeError_GetObject (C & R),

30
PyUnicodeDecodeError_GetReason (C

31
PyUnicodeDecodeError_GetStart (C FHX), 30
PyUnicodeDecodeError_SetEnd (C H#X), 31
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PyUnicodeDecodeError_SetReason (C & R),

31
PyUnicodeDecodeError_SetStart (C HR), 31
PyUnicodeEncodeError_Create (C FHX), 30
PyUnicodeEncodeError_GetEncoding (C &
X), 30
PyUnicodeEncodeError_GetEnd (C % R), 31
PyUnicodeEncodeError_GetObject (C & R),
30
PyUnicodeEncodeError_GetReason (C
31
PyUnicodeEncodeError_GetStart (C H:), 30
PyUnicodeEncodeError_SetEnd (C % R), 31
PyUnicodeEncodeError_SetReason (C & R),
31
PyUnicodeEncodeError_SetStart (C FHX), 31
PyUnicodeObject (C A #), 87
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PyUnicodeTranslateError_Create (C & R),
30
PyUnicodeTranslateError_GetEnd (C & R),
31
PyUnicodeTranslateError_GetObject (C &
X)), 30
PyUnicodeTranslateError_GetReason (C &
K), 31
PyUnicodeTranslateError_GetStart (C &
X)), 30
PyUnicodeTranslateError_SetEnd (C & R),
31
PyUnicodeTranslateError_SetReason (C &
X), 31
PyUnicodeTranslateError_SetStart (C &
X), 31

PyVarObject (C A #), 178
PyVarObject_HEAD_INIT (C E#), 179
PyVarObject.ob_size (C rx B FH#), 189
PyVectorcall_cCall (C &#R), 191
PyVectorcall_ NARGS (C &X), 59
PyWeakref_Check (C % R), 126

PyWeakref_CheckProxy (C H=X), 126
PyWeakref_CheckRef (C HR), 126
PyWeakref_ GET_OBJECT (C &%), 126
PyWeakref_GetObject (C H#X), 126
PyWeakref_ NewProxy (C &), 126
PyWeakref_NewRef (C #X), 126
PyWideStringList (CA ), 154
PyWideStringList_Append (C & X), 154
PyWideStringList_Insert (C &X), 154
PyWideStringList.items (C & B &), 154
PyWideStringList.length (C m B &%), 154

PyWrapper_New (C % R), 124
qualified name —-- [RE 4K, 228
R

realloc (), 169

reference count —-- 5| %%, 228
regular package —— H# A, 228
releasebufferproc (CH #), 212
repr

[Flz & =X, 57, 192
reprfunc (C# #), 211
richecmpfunc (C & #), 211

S

sdterr

stdin stdout, 139
search

path, module, 11, 138, 140
sequence, 228

41, 83

set

Y, 111
set comprehension —- £43# &R, 228
set_all(),8
setattrfunc (C# #), 211
setattrofunc (C A #), 211
setswitchinterval () (in module sys), 142
SIGINT, 29
signal

KA, 29
single dispatch —-- 4K, 229
SIZE_MAX, 80
slice —- 1 K,229
special

method, 229
special method —-- 4% ¥ ik, 229
ssizeargfunc (C & #), 212
ssizeobjargproc (C & #), 212
statement -- JEA, 229
staticmethod

[Elz & R, 180
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stderr (in module sys), 147
stdin
stdout sdterr, 139
stdin (in module sys), 147
stdout
sdterr, stdin, 139
stdout (in module sys), 147
strerror (), 24
string
PyObject_Str (C function), 57
sum_list(),8
sum_sequence (), 9
sys
KA, 11,138, 147
SystemError (built-in exception), 118

T
ternaryfunc (C & ), 212
text encoding —— XAZHEH R, 229
text file —— SUAXH, 229
traverseproc (C# #), 215
triple-quoted string -- Z3| 5 F4H, 229
tuple
[Fl# & =%, 64, 109
W, 105
type, 229
Bz & =X, 59
ok, 6,75
type alias —- ZA 54,229
type hint —- KA F#E, 229

U

ULONG_MAX, 80
unaryfunc (C A ), 212
universal newlines —--— 3@ FH#4T, 229

V
variable annotation -- 2R3, 230
[z & =X
_ _import_ ,40
abs, 61
ascii, 57
bytes, 57
classmethod, 180
compile, 41
divmod, 61
float, 62
hash, 59, 192
int, 62
len, 60, 63, 65, 108, 110, 112
pow, 61, 62
repr, 57, 192
staticmethod, 180
tuple, 64, 109

type, 59
4, 226
vectorcallfunc (C# #), 211
version (in module sys), 140, 141
virtual environment -- & # I, 230
virtual machine -— J&HIHL, 230
visitproc (CA #), 215

W

A
__main_ , 11,138, 147
_thread, 144
builtins, 11, 138, 147
signal, 29
sys, 11, 138, 147
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