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CHAPTER 1

Python (1% il A2 4% 1 (APL) {5 C Al C++ F2)7 51 ] PATEZ SRS L1517 Python f#RERE. 1% APLAE
C+ HIAIRERT I, (FA LA, 38545 LF5 s Python/C APL. fiiJf] Python/C APT 45 i A~ HE 25 (U BHL i .
BB TRE HY TS & f At sk B2 9 & Python RS IIRERY C Bk, X fEI2 e
WEBE 5. 5 A E i 2 Ff Python MRS HURILY I B0 3K A5 X330 5 AR R AE— A L i
embedding Python.,

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

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

o

1.1 K4k

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

1.2 B&XHF

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

#define PY SSIZE_T CLEAN
#include <Python.h>

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

#rili: 1T Python RJRESE L — LU REAEIELE RGE B MAARIEL SCPFRY AL BRES € 3L, IR AE B S A4
HESK U2, AR L Se 8 Python . h,
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W a2 7E Python.h §i%E L PY_SSIZE_T_CLEAN ., BB AH G HEAT ¥ K T ZHE
ZNEE.

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

ik I PAUERIEA Y% E SCPA Py B _Py JFSKIAFR. X MR BB R, 8 S PSR R
ok Python JIRA K A BEABEME, IXLERAS ] BE S L DAIXLERIZR 2 —TT LAY HAL A4

Sl & Python —i2 %23, fF Unix |, BEAfI{V T prefix/include/pythonversion/ Fl
exec_prefix/include/pythonversion/ H%, HW prefix fll exec_prefix jZH 1] Python
configure ARG ARIXT W IE S € X, 1M version Wk '%d.%d' % sys.version_info[:2]. fF
Windows |, L3 {2235 T prefix/include, Hi prefix B NZERETFIERZREH .

B FEIRLES SR, R E S (WHERANE]) ERBCEN R a1 T dE 3k e = Bk, 3
RERGFCHFIIAE R IERIRGMHEH #include <pythonX.Y/Python.h>; XIFHHEZ V5 4HmIFA
AT, WA prefix F5PEIKAKL TG T R B exec_prefix BF-H %@L,

C++ P WIZEE, 98 APL @5 C >k W), (B SCAF R A O A A extern "C",
[ 3t APIAE C++ Hfifi FH it APT S BT (] R AL B

1.3 FHME

Python Sk 30 T 288G IR %% o 14 22 R AESEE B AT TR W )y 2 SCEY (BN Py RETURN_NONE ).
A B Ay 3 R ) AR L X BT RN 2 — A e R A R
PyMODINIT FUNC
PP R Py Init UGS BREGRIEIZEESN Pyobject*. BRI T 16 BT 2K A AEA
KRR, FRERNT CH+ KRB S extern "C™,

WIRAL R E A G 448 PyInit_name, HH name J2BIAAFR, H H IV LRI SCOR e SO
—3k static Wi, Fl:

static struct PyModuleDef spam _module = {
PyModuleDef HEAD_INIT,
.m_name = "spam",

}i

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spam_module) ;

}

L

Py_ABS (X)
R xR X
1E 3.3 RATIA.
Py_ALWAYS_INLINE
TG IR A N IS I N IR R AR Gt AT DAZ2 I B T DL e N IR BR
BT AAESE FH B B A IR A s # i Python i I ™ F S MR RE RGBS BB RR . 81
MSC FER AT A AR T eR R K
Wi 3 18 1 Py_ALWAYS_INLINE #3ic HRE s A0 GBS 2022 n0PERE (0 4n e T4 TR &) o X
T AN R 3B R U AL H A HE T K SRR .

4 Chapter 1. #hif
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WIS Python 2 7ERIE F R (15 LT Py _DEBUG %), WPy _ALWAYS_INLINE ¥AE
GROESEN

EALIIAE R BOR M 2R 2 4. A

[static inline Py_ALWAYS_INLINE int random(void) { return 4; }

1E 3. 11 HATIA.
Py_CHARMASK (c)

SR [-128, 127] B8 [0, 255] JE I A AP el BB R AL . XA ¢ s fil% 404 unsigned
char &,

Py_DEPRECATED (version)
FEMFH . R R S 2 PR
B

[nyDEPRECATED(3.8) PyAPI_FUNC (int) Py_OldFunction (void) ;

1 3.8 HRA K AEARE: I T MSVC 2.
Py_GETENV (s)
5 getenv(s) M, HEWHE ML LE#®ET -, WigME nuon (BRWRKET

Py_IgnoreEnvironmentFlag ).

Py MAX (X,y)
RIA] % Fy MR RAE .
TE 3.3 BUAIA.

Py_MEMBER_SIZE (type, member)
R £5H (type) member R/N, PAFITER,

£ 3.6 fRATIA.

Py_MIN (Xx,y)
R[] s iy 24 R/ ME.
1E 3.3 fATNA.

Py_NO_INLINE

BRI R B, B> CHRINAE: &M T RENRALE LTO+PGO 4R (S 1
bpo-33720),

Ik

[Py_NO_INLINE static int random(void) { return 4; }

TE 3.11 A A

Py_STRINGIFY (x)
¥ x ol C #4455, A0 Py_STRINGIFY (123) iR\ "123",
TE 3.4 BRATA.

Py_UNREACHABLE ()

XA DAEARE — D30T B REERA RIS BAAREEH . Flan, 4—A switch &) 9 Bra nl i
HIEAE R case TAJEE T, M HHTE default: FajH. MARIER MAER OB —A
assert (0) 8% abort () & B E DA XA .

T release BT, R B gmias AL RS, Jffe & R T 2R S 4. Bilhn, #E GCC 17y
release £, %] _ builtin_unreachable () SEH.

Py_UNREACHABLE () B—"MHERH — AR E, HAEAFH _Py_NO_RETURN AR 4L
ZEO

13. EME 5
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AR — IS B AR KW BE 2 IR A0S, (HAERRTOL T AT ABIER , SURREME %% . flln, TEA%
WAEARMT, BEE— ARG R EIEE BUNEENE, B, mirraiEi s a i E . g
TR RS AT A, WIME Py_FatalError () .
TE 3.7 AT

Py_UNUSED (arg)
AT wREEXPTREAY S, NMEBRRIESES. Gl int func(int a, int
Py_UNUSED (b)) { return a; }.
TE 3.4 AT

PyDoc_STRVAR (name, str)

BN TTDIZE SRR NG, 454 name ML, ANSURAISCRI- A2k Python,
VA%

01 PEP 7 3k, M PyDoc_STRVAR (4SO ATER , DASCHER A SOR A2 Python )
fiL.

il

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

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

}

L

PyDoc_STR (str)
NEER FAFERRARIE SO AR, B LSO PR AR I, Rl P4

Ui PEP 7 ik, fliHlPyDoc_STR #E SURFAFHY, VASCREAAISCR 7 4F i 47 Python (1
.

vl

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

1.4 g, FBF05|HTE

Z ¥ Python/C API iREERE — N Z NS HPA R — PyObject* RBFRIME ., X ABLEFE TR
Python X4 [ R 1% BB R K R (454 . B T Fr Python X5 25 BUAE K 2505 L F #595 Python 157 I 4H
[ AL (BN, WRAE. VERSRNSEL 3% ), W BA C RERFRRENEREREK. JL
SFFT A Python X RAMFAET W : AR R IH—AN2RAU R Pyobject B H BB ERSHIAE &, HEEmHZ
By pyObject* BFREAC R . ME—MIBISME type XT4: BERX MO GOKIEABEROREL, FrbABEAEE
HEHH S Py TypeObject W4,

FiiA Python %4 (#L % Python 2%k ) HG— type Fl—A> reference count . %F 5 2574 & B s A2 548
FXT G (FIAnEEE . Rk Foe SCREG IS Z, 4 types HHITAR ) o XFFRE AR RV A 2SEY, #5G—
TR RT G RGBT %A flin, 24 (HAY) a frfgnix) 52 Python 31) M} PyList_Check (a)
NE.

6 Chapter 1. #hif
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1.4.1 S|V

51V B AT B2 A BTN A R/ IN@ A IR OF BAETERR BT ™ % ) s BT Ea 2
AR BT X — RS R BEAT T strong reference. JXEEHIT AT VAR T — ARG, WATAR e R (B#E) C
AR, BURRAS C BB R RARAL B YIS R B fg— A strong reference BRI, (RIS HVHECE
NE), BAGIRAPHIE B WRZ R SR HAS REGIT, WSREHOX LT . AR R
HABXT RG], X e G L FAE RO A E, K. (FEX XSG 2 [ R A 5 T SR 1)
G H AN, Wi R )

S5 R R 2 BT B . B R MeE R Py _INCREF () ZERIRBOT S H 5 A (BD
ks Ao —) , MM Py _DECREF () ZERBEREIH (RILLE]HiH$08—) « Py _DECREF () 7Lk
incref 25 M52, MBS | ITEURTE A B G F R X R R . Bl & — A R8s
E, BUSHEMRKRBEEM AR, RN REE AN RER, Wk, WS TR S 7
SRR G A S AT RIS H, - PAT IR et & g5 e E . 5IAHECR &SRB R 1 BT
BRSSO L 802 D & 5 LN A7 P OR TR WAL BB ] (iR sizeof (Py_ssize_t) >=
sizeof (void*)). I, FIHTHEREEIEE— A R EAE.

A BN S 8 I G e 1 Ry AR S AT strong reference (RGNS HTTED. #IS UL, M8 HE
TR R IR 5 | TS I —, 12448 8 & HAE R 5 o & —. Rad, X PR GO
SAHEAG, FroAiEs | O EA SR . 65 RTHEI ME— B R AT H B IRA T AS B8 ) X
SR ] DABK IEXT R, N BIRATHIE 2 /D0 — A8 1 X 2 151 S IRATH S & RIRHFAE, ik
B EENGISRE— A Hr W strong reference (RIYEINE TR 51 HTTHESE N A —Fh 85 25 HL2 X R AE
Z@\iiﬁﬁgﬁﬁiﬁf}; A ) C pRERIT X L8 R CAE Python Hgledi A I8 FAAIL ] <5 SRAaEAE 8 A 400 1) ) 4
NMESEEEE G H

IR, — A R BRI R R S O S FAE A IREBOHT S | 1T DL T R AR B —Bemmb il B oAb
PERTBEAETCTE MBI R P RS BRZ X 52, REHGXAN5 I, I ] RERU 2 IEH B, KRS AR
FEIHRAE ] FES WU AT T Python fURLARMUX 14 A — AL AR AVHERIM Py_DECREF () Jil]
B, NP AR R A A E R S 1

AR R IG A 2 B E (%4 FRDA PyObject_, PyNumber_, PySequence_ B PyMapping_ Jf
S BRE) o X SEHRAE SR S FLR ] 0 R — A strong reference (RISEINGTHITHERD . X A5 ¥
AVHEAERIFE R Z JG P Py_DECREF () 5 MR PRETEE 15 A 2K

SR

Python/C API 1 pR50ry 5 | T8 - EH 71 R Pr A AURIRE . IraBUE XRS5, AR %R (O
SARHIA: EMERSWILE) . “WaE 57 BWE Y RFEZZG]H A e = FE A
Py_DECREF. P AU n] AR RS, X B R 5 42 32 % 5| F B ARG A T 70 AN T 55 20 T B A 20 308 2ot 8
M Py_DECREF () B Py_XDECREF () REAREINE - BBMEHEBLXANTUE GERZBERAHFA ) .
24— RECE S | T A BB AR T, IFRIE U s —A #re 51 . MR ITA AU, TFKE
R BAXNTI . X T borrowed reference el NG BATAMARAMELE .

FASH, SR 7 B A— RIS, TPAEPTRRTRE: K%L 510 T — P RIV5IH, 8023
AT 5G| A B SR — DR A G I, RS BOE EAIZG I, TR A TR E i
AU

RAGRBSHIE I WANEBENHISNEPyList_SetItem() flPyTuple_SetItem(), EfIXE]
BO 2 HIUETH (B2 25 H FITfER) TSI E ! ) o XS B vt b 253 05 | 2 B R e )
(A% G SR AE 7 T4 A A — AN B s B, BUEICH (1, 2, "three™) [IRALEL AT DA
FEIXFER (BRI NS B R E R msE )

PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

)

, 0, PyLong_FromLong (1L));
, 1, PyLong_FromLong(2L));
4

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

TEX B, PyLong FromLong () iR T — 851 HIF BB BI#iPy Tuple_SetItem () Figilt. 4
AR AR RS A — AN X R B B 5 1 K53 U, T AER 53 B0 | ) eR B wi Py INCREF ()

14. K. RBMS| At 7
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RIS —A~5 1A -

i€ $2 —F, PyTuple SetItem() j2 X E L4 % H W " — ) 3\; PySequence SetItem()
Mpyobject_SetTtem() xFH UL IXFEAMH A O Z A T AR B 2 AL, ARV 24 HoWHR B 281 @ i) oo
HFEfHPyTuple _SetTtem(),

SMTEFE MR AT A PyList _New () MlPyList_SetItem() RKHH.

R, FESL BT, RS M X e @ ME g H s Ry A — AR
Wpy_Buildvalue () W LARYE CERBIE RS HE MM G, d—A4 %X F4 $ R0 i, L
TIPSR FT AT R A R AR (B2 sTil i)

PyObject *tuple, *1list;

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

TEX SR H M Pyobject_SetTtem () SFHEAERTHE WML E RS A SR, AR SEUE B4 VR IELE
B HRE TEXFEIT, BRI RAT g, B GR T 5| E AR — A
%ﬁig%lﬂ% (“UEgfmme) . B, XARECRER (kLA n 2875 ) i) i 4 HERS b4 e
% H:

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

Py_ssize_t i, n;

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

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

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

}

X pR AR E A DU A AN Al R 1) K 2R AL A5 AN S 2R3 5 | B BT
HVFZ 3R [l —5 | B BB 25 A% 5 DR R IR B FEVF 2 O0 , G Il B R 2l i 1 22
B, TARFFEI RS @R G ME—5 | o P, IR IR 5 | R38R, fPyobject _GetItem()
MpySequence_GetItem (), FpEUZRM—AFMGIH (FMIHECOZE A E) .

— ANt TR AR TR A — A R EGR [m5 ) R BT ORI Y eR R - T (RS
KL BRI R TR RGN e | L, WRAREE PyList_GetTtem () M—"1FIEHRHL
B, WHASIARTI — BRURIRH PySequence_Get Ttem () (EMRIFERZEEMAMNSE
AT FARBUARER 25 H . ARSI — 0 B B3R5 -

I L R N U T I Rl T G SR B~ Ml 3 7 s L S E 0N e R

HPyList_GetItem(), MH—AfHPySequence_GetItem().,

long

sum_list (PyObject *1list)

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

Cawy

8 Chapter 1. #hif




The Python/C API, Z1THa4 3.11.13

(750
n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; i < n; i++) {
item PyList_GetItem(list, i); /* Can't fail */
if (!PyLong_Check(item)) continue; /* Skip non-integers */
value = PyLong_AsLong(item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;

}

return total;

}
long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < 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 += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}
return total;
} J
1.4.2 Fm

1€ Python/C API 4y yiif 5 22 £ 0 i oM AR 2R BUAR 2D R Z R C 288440 int, long, double F
char* &, fg—L0ZEH S BT ) SR R AAR T HEASTHR BT S 10 1) R 5 A B R 5 S B A 1 — A
WA — SR T T R R BRI . X Be A TR 5 B e AT Y R B — e .
type Py_ssize_t
& Tiaw ABL — P #ifE sizeof (Py_ssize_t) == sizeof (size_t) M H 5 BEHA A,
C99 WA H i SUXFER AR T (size_t & — DA S BECRE) . S PEP 353 TEIEE.
PY_SSIZE_T_MAX 2Py ssize t AR IEFAE.

14. T, B3| EH 9
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1.5 &%

Python )7 01 A SIS E R 2L B R e RACBRRY S & Al i &, RIG &6
BRI, IR, BRI MIRIATHA MR, AR R E N4 P I RS )

SR, X C R bR, AR RIS 2 AT . Python/C APT Wi iy ek 5K nl PAG | A 57
R ARTE R B SR R 7 AN . —BORUL, M — PR BB E R, ESRE MR, BFEH
WAHREATNREIH, FFR Bl — SRR . AERBECA UM BISMY SO, X AR NULL 8 -1, B
VRO BRI IR B 2K, A A B iR o] — AN R EAREE YA, HP RN H R AT %L
BOA R DA /R 802 B A B R E, HHFEM PyErr_occurred () it BAHIRI . X
LEBIAI o S EHIC A SR

SNSRI N KRN P A E (XM Y4 TR Y P 2B E) « — 2R
A PAMEERFIRGSZ — BEEL KL, ERHFLELE. B PyErr Occurred () A AR FHRAGAT I
RS BRERAERERR R E—MEAR S RBN S5, M TR E NULL, 524K
BT A B SR HRS: PyErr_SetsString () i LK UNENEEE M) BEFFARSHREL,
MPyErr_Clear () N PATHRRFHIRTS,

SERE RS AN RN (B AR AT DA NULL): SR8, MRS aE, ARG . XLl
X X5 Python H sys.exc_info () BIZERME: R, EAIFAZ—FER): Python Xf R H
Python try ... except BTG — 7%, 1 C 2R FHIRES RIEFH i E AT C REE;
T Z (A B A7 B 2 H 258 Python 7 I MRREER W R FAFHIEIF, ZF RS SO R R

sys.exc_info () Z4b,

THTERL H Python 1.5 JF4f, A Python fURD 15 1) 5 HOIRAS I B e 1Y) . AR L A7 AU2 PN R 2K sy s
exc_info (), EXfik[u] Python fUR I /M AR HARLS . BUOL, X PRSI S FARAS Y 7 AT SRR A
AT AR A PRI AR 3 57 3 1) R RO PR RO LA ) S RS DA B B LR T 1 S IR A . il 1
S AL PR — A R ORAR oS 1 BB o T IEAEAL B S T ) AR R B IR T AE ]
) P R Ui 5 | RS S AN B B A e O

YER— R0 B, — N 59— R BSOR PhA T AT 55 1 bR B0 24 4G 2R 08 FH Y BB 551 & T R
HAES | K S I R a RS A R . BNV Y EFE AR S5, IR B4 4 hr
N, HE RERER R - BESEHBNE RN RS, IFERH R E R EEE S .
LTI sum_sequence () 7Rl &GN S IR HAL 35 H R B AT BB 1o RIS B R X AN TR B A ARG
PR AN T B P AT A AT S H . NI AR BRI EUR RS T — SRS BRERE . e, N THREEAR
Python {32 WGIARE S, FRATEAR TS5 Python 4{1i5:

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

XFR Y C AR 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();

(T
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(#2 E50)
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 */

}

XAH R ERT CIEF P goto A — F o B AR AR ! B UL T ol ff
W PyErr_ExceptionMatches () MPyErr Clear() ¥ 4t F 4 & 0 B %, VLA K& 0 fo] fif
M Py_XDECREF () FRALFEWIHEA NULL W HAESIH (HEEAKRHFM 'X'; Py _DECREF () F£if ¥
NULL 5| FIBPRF2 it ) o BEEW— S TR AAF B A 51 1A B Z Gk NULL A 6 & FE1E ] ;
Ffelib, BUPER BB IR -1 R B R LE P THIVE ) G A S s & s .

1.6 #& A Python

U Python fRREGRHYIRA T (KX T R S & &) A FH 20— H 2L 5 2 ERIiate, mIRE
EHEMREA. ARASTIRZ Bl e LA TR I b2 J5 A RER B

BEARNYIG RO Py_Tnitialize (). WeRBIFHIIRLE MBMEEE, HOIEEARI builtins,
_main__ Ml sys. ELFHHIHETIE R (sys . path).

Py_Initialize () REWE” MASHINER (sys.argv). WERMEHFEATH) Python A2 AL
&, WMIEEEPyConfig. argv I HIRER B PyConfig. parse_argv: 2L Python #1445 1LELE .

TERZEFES (52 Unix fl Windows, BIRTEANY AR ), Py Tnitialize () FRRIEXAR
ifE Python fEREAS 1T T SCAF 17 B Sre AT MR T BIBUR R B 4%, IFi€ Python FE AT {EAXT T Python
PR T AT SCAF RO T (7 B AR B o R, ERFRIG THE shell fir R R B4R (PAEIAL R PATH) B4k
BIR) 44 python BRTHRATSCIEITAEAC H sk A48 1ib/pythonX. ¥ Y H K.

ZEGRUE, WR Python A $0fT X4 T /usr/local/bin/python, BEXHEEEN T /usr/local/
lib/pythonX.Y. (SEPs L, XAMFREBERRES N “BLHR” 8, SFEY4T0¥ELE PATH PHREIH N
python BRI AT SCHFIRE A o) P mT DA 2 i i PR35 78 f PYTHONHOME, B3 % # PYTHONPATH
TEARERE R 2 HE AN H SR B R AT .

MAN AP LB SR APy _ITnitialize () Z Al W ] Py_SetProgramName (file) 3
M R IR T. 5 PYTHONHOME 173 4K <% B 55 I % & I H. PYTHONPATH 173 4K £ B 4 A 2| b5
HE A Z 1. 75 250 A AR I M AR L AR B H C WPy _GetPath (), Py _GetPrefix(),
Py_GetExecPrefix () fllPy_GetProgramFullPath () SEH (XEEEEIIAE Modules/getpath.c
HE ).

1.6. #& A\ Python 11
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A, 6B XF Python HEAT “KWIEAARY . B tm, O AR F R AEAR B E B B 8 (5K
MPy_Initialize ()) B34 N AR Python (K ] £ £ 5¢ B A EREL Python i/ FL i AT . X AT
PAB I Py _FinalizeEx () FRSEEL. AN 24H] Python Ab T E WG RSN Py_TsTnitialized()
PREICRAR [0 AR . A7 3K 2L s B0 o 2 (5 BIHE 2 G s i il . i8R Py_FinalizeEx () R&FRE
T AT H Python MRS AT A EC R NAE, BN B R B ER BT 43 R /) N A7 B RS2 AN SR

1.7 it HE

Python 7] DAPfFAF 5248 7 ok 4 i DA AR RERS AN TR B B MG A . X SURG A S 4 is A T 1S I K it
AMFES R B ATTBRA AR B -

AR A AR 52 B2 51 2 0 Python JEACRS AN & AU H Y Misc/SpecialBuilds. txt. A H M EAR
AFHBES TR, NSRS, B0 X MRS R RZ R RE TS5 55 . AT 4
T3 RE A 2 i ) T LS AR

Py_DEBUG

TEE LT Py _DEBUG ZEHIIHIL T i i3 i RE 28K 77 AL 3 55 Fr Ry Python iR #4 i . Py_DEBUG #£ Unix
Y B L R -—with-pydebug #| . /configure M4 KE M. B AT PAHE A HE4EE Python
%)@ _DEBUG 725 M. 24 Py_DEBUG ¥ Unix 4 E N, giidastiib e wizs il

B TR SCHBAR ST ROR, e SPATHSMEA, 11§25 Python Debug Build,

X Py_TRACE_REFS ¥/83 5| HiBE: (B0 configure ——with-trace-refs #M). HB{EXL T
TR, BTG Pyobject FUIPANEISIN B 4ES — MG X R TR UGS 3% . Aol
giiﬂiﬁﬁ? RIS, A NS R T B R . (A B R X R MR s A TR R M 2 R

HRBELZHEMEL, HS 5 Python JEALALH M) Misc/SpecialBuilds.txt .
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C APl fyfaE

Python 1) C i APL & T [n] NAAEUK PEP 387 th. C APT 2 ERBH/NCARY &A1 R 4424 (Kt 3.9
B 3.10 ) , A RZHCEAA B FGRAR, WH RSN APL. ©A4 APT RS
B, RATERR L R S S E R A AT

CPython ) AR F gk fil32 11 (ABI) W] DABSTBCAR 5] AN R a2 (FE AR IR sS4 n s ol v, 2
WWRSCF 6094 )5 —97), L, £%F Python 3.10.0 4giR 08 T 3.10.8, [ 2 R8k, {HX}F 3.9.x
A 3.1 1x NFE BB G5

W RIS 2R A APL, Wl _Py_InternalState, BIfEE%NT KA HRA o n] GEA I A H3EA T
le®

2.1 MAERFZ#EEONREER

fA B L, ASCRIATHE T ¥k, (HAZFR APLMIEE ABLXS T APL A FTA AR RE A A5AR [ A 4 1151
AR A SR Python 4%

2.1.1 ZpR C API

Python 3.2 5| A" %% API, ‘B2 Python [] C APT f)—A>148. 32 APL§ @ n] PA— R iR id
T2~ Python fiftA . 5ZR APT [N %54 F T .
Py _LIMITED API

THTEAFE Python. h ZHiE SGXAN ARSI 5Z B APT, FHik$E3Z ) APT [ HUA

5 Py_LIMITED_APT i SCHS5RMY T IT R AR Python A PY_VERSTON_HEX H{H. #”

R T B A2 B AT 38 JH T A% € AT B 1 T A Python 3 AR, F ] i F B iAS A 1 i
5] ARY3Z IR API,

ANHB A PY_VERSION_HEX %, i@ dmhd— /MR ZER A (41 0x030A0000 FIR
Python 3.10) RAEAE(E FI A K1) Python HRASFEA T4 R R RRAE o

YRIEAT AR Py_LIMITED_APT N 3. HACR'S 0x03020000 A (R Python 3.2, 5 ASZF
APT LA o

13
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2.1.2 &% ABI

AR M, Python 241 T —A> 452 ABI: Y5665 Python 3.x JRAGREF A —HG5 .

FasE ABL AT 2 [ APL RN ATFIIRF S, (HRA & HAWSF S0, R IHAS 52 B APT Fr i)
TE Windows |-, i 1A ABI B9 M 4845825 python3.d1l MAZRA L BN python39.
dil,

FERLEF-6 B, Python A I AL PR A abi 3 ARZEMILZ S (Bl mymodule . abi3. so).
EASKAXERNY R HARATE ABL, [T GCHATH TH) [ 2, filin, BT 3.10+
MR AP IR A W] B2 T R ARAR 1 Python i

e ABL HH BN A B AR A1 Python RSS2 AP B BIAAE, A DURME N . REASENTA AEAR
) C AL B e = e

2.1.3 %R API B9{E FiZF0ERE

SZHR APL A H AR AAVF R NAE S % C APLH Al AR TY, (HAlRESA MR BRI .

flan, ERpPyList_GetItem() ;2R Y, (HH “KNEE2M)” FMAPyList _GET_ITEM() W@AH]
o XA Z2R B A7 B B R Sk e v] DA BOAS & SR B 91 e S s B Ay o

TE A % X Py LIMITED_API [JfF 4L K, K28 C API s i Z R AT W B s B e, & X
Py_LIMITED_API 22X FHiXFERI NI, FLiF4ETt Python FEREs M E M, (B4 T REMRARIERE -

WA HE Py_LIMITED_API fE X, AIPAMERETHUAR L@ ABL R4miFZ IR APL Y RN RE. X REHR
T HAEAA . Python JiA R PERE, HHRFRRHI LS. BT py_LIMITED_API T4t r=4—14
AIERRA L @Y AT I35 &5 WP -l an, &% RIRE A& A iY Python HUAS Y 10 4 AF A2

2.1.4 Z PR APl R

G R H py_LIMITED_API #F 4T 415 L ik 58 & R Uk Y BB W8 M &5« IR APl 842 & ABI,
Py_LIMITED_APT {UAIHT & X5, H— AP iR 4E AR &, aniiiingiE X5,

Py_LIMITED_API AREALEEA)—AN A8 M AE R AR Python AR W JC ) S 500 T B~ el 5. i,
H N2 NULL VEN SR B S, 7F Python 3.9 1, NULL Fl{E&1EH— N BAFT M, {H¥E Python 3.8
L, ZSECRSCE M, S8 NULL 5 HBRE . OIS EIE T A5 IR T B

F3—ANMEE Y E LT Py_LIMITED_APT W RSB AT BLH B A Sufm, RIMEEiT@ R APLY
—_‘%]3%0

XL, FRATEBUN SRR #r A Python /MRAS SR MK — D RE, FF @ 1 sy i
RRGFE -

AR W A F B APT 1) 4 56 SCRY DA & Ho2 7 B U4 W o 2 B APL i —3 4. B fdisE LT
Py_LIMITED_API, DHAAFMHERSHE FRARRE (85 2 2/EARTHEETET) PRER
¥

REHEZIR APL AR ERGER): 7E Python 3.8 '] Py_LIMITED_API Zgi¥d JREWRE %Y ERE
1E Python 3.12 _Iizf7, (HERA—EREH Python 3.12 %%, #ilH, fEfE ABLRFRENHEN T, #
4352 B APT W] RES W 77 FH -0 A8 12
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2.2 EHIIERE

ABI {YFE PEASURGLT Python, BT il B ik s . ARJR AR iEREIT4E . XFT48€ ABI 1Y
FIARRUE, XEEHTTE LT —A PR, ENTETESHT OS AU AR <F .

WERAEREE T & LR T A Python JRAFSPANIEIR R E ABI [y A B2 MR Python 43 & 5 ) 54T
sk H python.org PARIFZ S =74 K iy Windows Fil macOS % 17 iRER O T X AP 0L .

23 ZPR APIBIANE

Rl 2 1% AP ALEE R T X 220

e PyAlter_Check ()

e PyArg Parse ()

e PyArg ParseTuple ()

e PyArg ParseTupleAndKeywords ()

e PyArg UnpackTuple ()

e PyArg VaParse ()

e PyArg VaParseTupleAndKeywords ()
e PyArg ValidateKeywordArguments ()
e PyBaseObject_Type

e PyBool_FromLong()

e PyBool_Type

e PyBuffer FillContiguousStrides ()
e PyBuffer FillInfo/()

e PyBuffer. FromContiguous ()

e PyBuffer GetPointer ()

e PyBuffer IsContiguous ()

e PyBuffer Release()

e PyBuffer SizeFromFormat ()

e PyBuffer ToContiguous ()

e PyByteArrayIter_Type

e PyByteArray_ AsString()

e PyByteArray_ Concat ()

e PyByteArray_ FromObject ()

e PyByteArray_ FromStringAndSize ()
e PyByteArray_ Resize ()

e PyByteArray_Size ()

e PyByteArray_Type

e PyBytesIter_Type

e PyBytes_AsString()

22. EEHERE 15
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PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()

PyBytes_FromString()

PyBytes_FromStringAndSize ()

PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEx ()
PyCFunction_Type
PyCMethod_ _New ()
PyCalllter_New()
PyCalllIter Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_GetDestructor ()
PyCapsule_GetName ()
PyCapsule_GetPointer ()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New ()
PyCapsule_SetContext ()
PyCapsule_SetDestructor ()
PyCapsule_SetName ()
PyCapsule_SetPointer()
PyCapsule_Type

PyClassMethodDescr_Type

16
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PyCodec_BackslashReplaceErrors ()
PyCodec_Decode ()
PyCodec_Decoder ()
PyCodec_Encode ()
PyCodec_Encoder ()
PyCodec_IgnoreErrors ()
PyCodec_IncrementalDecoder ()
PyCodec_IncrementalEncoder ()
PyCodec_KnownEncoding ()
PyCodec_LookupError ()
PyCodec_NameReplaceErrors ()
PyCodec_Register()
PyCodec_RegisterError ()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamWriter ()
PyCodec_StrictErrors ()
PyCodec_Unregister ()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble ()
PyComplex_ Type
PyDescr_NewClassMethod ()
PyDescr_ NewGetSet ()
PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type
PyDictRevIterKey_ Type
PyDictRevIterValue_Type
PyDictValues_Type

PyDict_Clear ()

23.
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e PyDict_Contains ()

e PyDict_Copy ()

e PyDict_DelItem()

e PyDict_DelltemString/()

e PyDict_GetItem()

e PyDict_GetItemString()

e PyDict_GetItemWithError ()
e PyDict_TItems ()

e PyDict_FKeys ()

e PyDict_Merge ()

e PyDict_MergeFromSeqZ ()

e PyDict_New ()

e PyDict_Next ()

e PyDict_SetItem()

e PyDict_SetItemString/()

e PyDict_Size()

e PyDict_Type

e PyDict_Update()

e PyDict_Values ()

e PyEllipsis_Type

e PyEnum_Type

e PyErr BadArgument ()

e PyErr BadInternalCall ()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr_Display ()

e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr FormatV()

e PyErr GetExcInfo()

e PyErr GetHandledException ()
e PyErr GivenExceptionMatches ()
e PyErr NewException ()

e PyErr NewExceptionWithDoc ()
e PyErr NoMemory ()

e PyErr NormalizeException ()
e PyErr Occurred()

e PyErr Print ()
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e PyErr PrintEx ()

e PyErr ProgramText ()

e PyErr ResourceWarning ()

e PyErr_ Restore ()

o PyErr SetExcFromWindowsErr ()

e PyErr SetExcFromWindowsErrWithFilename ()
e PyErr SetExcFromWindowsErrWithFilenameObject ()
e PyErr SetExcFromWindowsErrWithFilenameObjects ()
e PyErr SetExcInfo()

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

e PyErr SetInterruptEx()

e PyErr SetNone ()

e PyErr SetObject ()

e PyErr SetString/()

e PyErr SyntaxLocation()

e PyErr SyntaxLocationEx ()

e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable()

e PyEval_AcquireLock ()

e PyEval AcquireThread()

e PyEval_CallFunction()

e PyEval_CallMethod()

e PyEval CallObjectWithKeywords ()

e PyEval EvalCode ()

e PyEval_ EvalCodeEx ()

e PyEval_FEvalFrame ()

e PyEval_FEvalFrameEx ()

e PyEval GetBuiltins ()
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PyEval_GetFrame ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseLock ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread/()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_TImportError
PyExc_ImportWarning

PyExc_IndentationError

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

PyExc_OverflowError

PyExc_PendingDeprecationWarning

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

PyExc_UnicodeError

PyExc_UnicodeTranslateError

PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError

PyExc_Warning

2.3.

ZIR API AT
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PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()

PyException_GetContext ()

PyException_GetTraceback ()

PyException_SetCause ()

PyException_SetContext ()

PyException_SetTraceback ()

PyFile_ FromFd()
PyFile_GetLine ()
PyFile_WriteObject ()
PyFile_WriteString()
PyFilter_ Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString()
PyFloat_GetInfo()
PyFloat_GetMax ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New ()
PyFrozenSet_Type
PyGC_Collect ()
PyGC_Disable ()
PyGC_Enable ()
PyGC_IsEnabled()

PyGILState Ensure()

PyGILState_GetThisThreadState ()

PyGILState_Release ()
PyGILState_ STATE
PyGetSetDef
PyGetSetDescr_Type

PyImport_AddModule ()

PyImport_AddModuleObject ()

PyImport_AppendInittab ()
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e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport__ImportModuleNoBlock ()
e PyImport_ReloadModule ()

e PyIndex_Check ()

e PyInterpreterState

e PyInterpreterState_Clear /()

e PyInterpreterState_Delete ()

e PyInterpreterState_Get ()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New()

e PyIter_ Check()

e PyTlter_ Next ()

e PyIter_Send()

e PyListIter_Type

e PyListRevIter_Type

e PyList_Append()

e PyList_AsTuple()

e PyList_GetItem()

e PyList_GetSlice()

e PyList_Insert ()

e PyList_New/()

e PyList_Reverse ()

e PyList_SetItem()

e PyList_SetSlice ()
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PyList_Size()
PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangeIter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()

PyLong_AsLongLong ()

PyLong_AsLongLongAndOverflow()

PyLong_AsSize_t ()
PyLong _AsSsize_t ()

PyLong_AsUnsignedLong ()

PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()

PyLong_AsUnsignedLongMask ()

PyLong_AsVoidPtr ()
PyLong_FromDouble ()
PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong_ FromSize_ t ()
PyLong_FromSsize_t ()
PyLong FromString()

PyLong_FromUnsignedLong ()

PyLong_FromUnsignedLongLong ()

PyLong_FromVoidPtr ()
PyLong_GetInfo ()
PyLong_Type

PyMap_Type

PyMapping Check ()
PyMapping GetItemString ()
PyMapping_ HasKey ()
PyMapping_HasKeyString/()
PyMapping_ Items ()
PyMapping Keys ()
PyMapping_Length ()
PyMapping SetItemString ()
PyMapping_Size ()

PyMapping_ Values ()
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e PyMem Calloc()

e PyMem Free()

e PyMem Malloc ()

e PyMem Realloc()

e PyMemberDef

e PyMemberDescr_Type

e PyMemoryView_FromBuffer ()
e PyMemoryView_FromMemory ()
e PyMemoryView_FromObject ()
e PyMemoryView_GetContiguous ()
e PyMemoryView_Type

e PyMethodDef

e PyMethodDescr_Type

e PyModuleDef

e PyModuleDef_Base

e PyModuleDef_Init ()

¢ PyModuleDef_Type

e PyModule AddFunctions ()

e PyModule_ AddIntConstant ()
e PyModule_ AddObject ()

e PyModule AddObjectRef ()

e PyModule_ AddStringConstant ()
e PyModule_ AddType ()

e PyModule_Createl ()

e PyModule_ ExecDef ()

e PyModule FromDefAndSpecZ ()
e PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule_ GetFilename ()

e PyModule_GetFilenameObject ()
e PyModule_GetName ()

e PyModule_GetNameObject ()

e PyModule_GetState ()

e PyModule_New ()

e PyModule_NewObject ()

e PyModule_ SetDocString/()

e PyModule_Type

e PyNumber_Absolute ()

e PyNumber_ Add ()
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PyNumber_And ()
PyNumber_ AsSsize_ t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()
PyNumber_FloorDivide ()
PyNumber_ InPlaceAdd()

PyNumber_InPlaceAnd()

PyNumber_InPlaceFloorDivide ()

PyNumber_InPlaceLshift ()

PyNumber_ InPlaceMatrixMultiply ()

PyNumber_InPlaceMultiply ()
PyNumber_InPlaceOr ()

PyNumber_InPlacePower ()

PyNumber_ InPlaceRemainder ()

PyNumber_InPlaceRshift ()

PyNumber_ InPlaceSubtract ()

PyNumber_InPlaceTrueDivide ()

PyNumber_InPlaceXor ()
PyNumber_ Index ()
PyNumber_ Invert ()
PyNumber_Long ()
PyNumber_Lshift ()
PyNumber_ MatrixMultiply ()
PyNumber Multiply()
PyNumber_Negative ()
PyNumber_Or ()

PyNumber_ Positive()
PyNumber_Power ()
PyNumber_Remainder ()
PyNumber_ Rshift ()
PyNumber_ Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork_Child()
PyOS_AfterFork_Parent ()

PyOS_BeforeFork ()
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PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string/()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()

PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsCharBuffer ()
PyObject_AsFileDescriptor ()
PyObject_AsReadBuffer ()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call ()
PyObject_CallFunction()
PyObject_CallFunctionObjArgs ()
PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckBuffer()
PyObject_CheckReadBuffer ()
PyObject_CleariWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()
PyObject_DelltemString()

PyObject_Dir ()
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PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr ()
PyObject_GenericSetDict ()
PyObject_GetAlIter()
PyObject_GetAttr ()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString/()

PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar ()
PyObject_IsInstance ()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()
PyObject_Size ()

PyObject_Str ()
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PyObject_Type ()
PyProperty_ Type
PyRangelIter_Type
PyRange_Type
PyReversed_Type
PySeqgIter_New()
PySeglter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()

PySequence_1In ()

PySequence_InPlaceConcat ()

PySequence_InPlaceRepeat ()

PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_ Type
PySet_Add ()
PySet_Clear ()
PySet_Contains ()
PySet_Discard()
PySet_New ()
PySet_Pop ()
PySet_Size()
PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices ()

PySlice_GetIndicesEx ()
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PySlice_New ()

PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewType ()
PyStructSequence_SetItem()
PyStructSequence_UnnamedField
PySuper_Type
PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_ _GetID()
PyThreadState_GetInterpreter ()
PyThreadState_New ()

PyThreadState_SetAsyncExc ()
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PyThreadState_Swap ()
PyThread_GetInfo()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread_delete_key ()
PyThread _delete_key_value ()
PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value ()
PyThread_get_stacksize ()
PyThread_get_thread_ident ()
PyThread_get_thread_native_id()
PyThread_init_thread()
PyThread_release_lock ()
PyThread_ set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread tss_alloc()
PyThread_tss_create()
PyThread_tss_delete()
PyThread_tss_free()
PyThread_tss_get ()
PyThread tss_1is_created()
PyThread_ tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type

PyTuple GetItem()
PyTuple_GetSlice()
PyTuple_New()
PyTuple_Pack ()

PyTuple SetItem()
PyTuple_Size ()

PyTuple_Type

PyTypeObject
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PyType_ClearCache ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc ()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetSlot ()
PyType_IsSubtype()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd ()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd/()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError GetStart ()
PyUnicodeEncodeError_SetEnd/()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError_GetObject ()

PyUnicodeTranslateError_GetReason ()
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PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()

PyUnicode_AsMBCSString/()

PyUnicode_AsRawUnicodeEscapeString ()

PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String()
PyUnicode_AsUTF32String ()
PyUnicode_ AsUTF8AndSize ()
PyUnicode_AsUTF8String/()
PyUnicode_AsUnicodeEscapeString()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString/()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()

PyUnicode_DecodeLocale ()

23.

ZIR API AT

33



The Python/C API, Z1THa4 3.11.13

PyUnicode_DecodeLocaleAndSize ()

PyUnicode_DecodeMBCS ()

PyUnicode_DecodeMBCSStateful ()

PyUnicode_DecodeRawUnicodeEscape ()

PyUnicode_DecodeUTF16 ()

PyUnicode_DecodeUTFl16Stateful ()

PyUnicode_DecodeUTF32 ()

PyUnicode_DecodeUTF32Stateful ()

PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTFS8 ()

PyUnicode_DecodeUTF8Stateful ()

PyUnicode_DecodeUnicodeEscape ()

PyUnicode_EncodeCodePage ()
PyUnicode_FEncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize()
PyUnicode_InternFromString()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier ()
PyUnicode_Join ()
PyUnicode_Partition ()

PyUnicode_RPartition ()
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PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyWeakReference
PyWeakref_ GetObject ()
PyWeakref NewProxy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py _BLOCK_THREADS

Py _BuildValue ()

Py BytesMain ()
Py_CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()

Py EnterRecursiveCall ()
Py _Exit ()

Py_FatalError()

Py_FileSystemDefaultEncodeErrors

Py_FileSystemDefaultEncoding
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Py_Finalize ()
Py_FinalizeEx ()

Py GenericAlias ()
Py_GenericAliasType
Py _GetBuildInfo()
Py _GetCompiler ()
Py_GetCopyright ()
Py_GetExecPrefix()
Py_GetPath()
Py_GetPlatform()

Py_GetPrefix()

Py_GetProgramFullPath ()

Py _GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()

Py _GetVersion ()

Py_HasFileSystemDefaultEncoding

Py _IncRef ()

Py Initialize()
Py InitializeEx/()
Py_Is()

Py IsFalse()

Py IsInitialized()
Py_IsNone ()

Py IsTrue ()

Py_LeaveRecursiveCall ()

Py _Main ()
Py_MakePendingCalls ()
Py _NewInterpreter()
Py_NewRef ()
Py_ReprEnter ()

Py _ReprLeave ()
Py_SetPath()

Py _SetProgramName ()
Py SetPythonHome ()
Py_SetRecursionlLimit ()
Py_UCS4
Py_UNBLOCK_THREADS

Py_UTF8Mode
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Py_VaBuildValue ()
Py _Version
Py XNewRef ()
Py _buffer
Py_intptr_t
Py ssize_t
Py _uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getiterfunc
getter
hashfunc
initproc
inquiry
iternextfunc
lenfunc
newfunc
objobjargproc
objobjproc
reprfunc
richcmpfunc
setattrfunc
setattrofunc
setter
ssizeargfunc
ssizeobjargproc

ssizessizeargfunc

ssizessizeobjargproc

symtable
ternaryfunc
traverseproc
unaryfunc

visitproc
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CHAPTER 3

HEE% API

ASFEAT B R AR ARV T SO G X 4 i Python JEACHS , (EEANTREA FSRVFARAE A9 1L J7
G R T2 L
X 88 bR JOh A LA T AR Z R E W IR IR BT R SN E S . AT EI B 5 A Py_eval input,
py_file input MlPy_single_input. XEFFSLIEEZEAMENIE SR RECTR AT .
BB LR B P A LA W A2 FILE* JES . AT /N0 A B R 18] 2 XA C Y
FILE SEHI KT REIE AR ARG . (0J2) 1E Windows 1, ShSEERAGY R Sbs AT REL T
AT . DAL SR IR FUA AE RS bR U  Python S HIEHF ORI e QA 0L T A
¥ FILE* JESAEHEN.
int Py_Main (int argc, wchar_t **argv)
& T haE ABL EEAARUEMRRERS I EREF . HRA T Python MREF R AT ILAR S o PR ALY arge 11
argy TE SV 51645 C TR main () BRETESHANE  CRARTE A o & Kl ). — A E
LT REFIR SHOR TR MBS (SR D FR R RN NAER BN . IAE
AR (BIRT A8 ) WIRIHERRF S o, ARMRESS 5] A e MR th R ] 1, =
RIE S5 LA REFRA R Python i A7 MR A 2.
FERIRG| % T — AR & FARMINY SystemExic, WORBCHRLRE 1, ML ik
T2, H¥E py_InspectFlag ifREikE.

int Py_BytesMain (int argc, char **argv)
B THE ABL B 3.8 rte. KT Py Main () {H argv j— M7 HR IR
1E 3.8 AT
int PyRun_AnyFile (FILE *fp, const char *filename)
ARE AT R PyRun_AnyFileExFlags () WML, K closeit 1%k O T flags %A NULL.
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
KRR R PyRun_AnyFileExFlags () WIEMIIE T, #f closeit ZHLBN 0,
int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
XA N PyRun_AnyFileExFlags () WELIREE D, #f flags ZHEN NULL.
int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)

W fp w4 KPR LB EE (56 G 8% 0w A B Unix O 28 5m) 19 SCH, WHR
BlPyRun_InteractiveLoop () WMH, HNWRMPyRun_SimpleFile () HI4EH . filename £ i
S RGN IRiEAE S (sys.getfilesystemencoding ()) SEfERS. UIE filename 5 NULL, It
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RESMR "o VBN U4 . TSR closeit NEAH, XF4SHFE PyRun_SimpleFileExFlags ()
AR 0] 22 BT A
int PyRun_SimpleString (const char *command)

XRE R R PyRun_SimpleStringFlags () BIfMALIRIE D, $fPyCompilerFlags* ZEEX N
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)

WY flags ZH0, F£ _main__ BB AT Python LS. WK __main__ MIATHLE, BRI
e MEHIERE 0, ARG KR E MR R -1, WA AR, MR TR RS R . W flags
& X, WS T

THHEEARG KT — MEHAS & N R B systemExit, BURRECIFASRIE -1, TiieiB it
#, H# Py_InspectFlag ibRUHRAE.

int PyRun_SimpleFile (FILE *fp, const char *filename)
X ER N PyRun_SimplerileExFlags () WRALIRIE D, #F closeit ¥k 0 THi¥F flags ¥H
NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XRE N P PyRun_SimpleFileExFlags () WITRALIRIED, ¥ flags %5 NULL,

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)

KT -PyRun SimplestringFlags (), (A Python BAVESEEA fp BRI AWz 4
. filename VR SCAE% , B filesystem encoding and error handler SEfRRG . QIS closeit " EAH.,
M SCAERFAE PyRun_SimpleFileExFlags () & Z BI# KM .

#{k: #E Windows |, fp W24 DA~ HIBFT I (H) fopen (filename, "rb")). 7], Python
Al BETCYAIE R AL BRAE ] LE 4745 AT 10 B AR S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
X4 P PyRun_InteractiveOneFlags () BIfRALIRIZE D, B flags % K NULL,

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

R flags ZHCEHOF AT B 532 B IR A AH BRI UM — B4 . B PR EEER sys.psi
M sys.ps2 RN, filename Y-{8i [l filesystem encoding and error handler ARG

L AR RN HATIS R B 0, QRG] K SR MR ]~ 1, B SR AR AR AR AT A 1 R [ R 5
“k Python [ 20 1843 K 1 ) errcode.h W HF LA RIS, (YR errcode.h JEAB
Python.h Urfads, BICAERFRZNAG L THL AT, )

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

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
BEOF TR H 532 B AH X BRI TE R B 2 231k EOF. Hl 38| ] sys.ps1 fil sys.ps2
HIHER . filename 545 i filesystem encoding and errvor handler &R . 2447F EOF BPFE 0, 8
PNV GIERRAEI R h ik i

int (*PyOS_InputHook)(void)
& T hE ABL Af AR FR M) — N EAH int func (void) AYRREL. 1ZBRECRIFE Python [fRE
APERAT RIRE 25 PR 4 R T P AN i AR P o 3R IR S 200 o B X8 1T e R i
R PR AT S R HA SE B3R, iR Python i3 Hp Modules/_tkinter.c Bl

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char¥)
B AR R FR A — R AN char *func (FILE *stdin, FILE *stdout, char *prompt)
IREL, BSR4 A BRI BRI 2% R B U0 A AR P4 £ prompt
AR NULL gk e, R E IR B bR fa A ORI — AT R, HR R ISR AR B,
readline BEHURFIX AN T ICE IR TR R tab SEAM 2 SEIIRE
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ZER T R—A~H PyMem_RawMalloc () B{PyMem_RawRealloc () 7 ECHIFZATEE, B WR %A
A AR NULL.

TE 3.4 JRAS K AT G5 RN PyMem RawMalloc () B,PyMem_RawRealloc () /3HC, TMAZ
M PyMem_Malloc () B{PyMem_Realloc () 4B

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
BeMh: #ag5I A, KRN N yRun_StringFlags () WAL, F flags By NULL.
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
B i #ey 51 R . FEHXTR globals Ml locals 5 5E K LR SCHIAFTR B str 1) Python JEALAD, IFfili
HIVA flags % & W 91 S AR . globals AL g — A7 M locals AT VAR ARSI T WL PSR X 4R
&2 start 385 T I 2405 M R AT IR A O LR TEAT -
R ELREA S Python XfGAATHILE R, BUF QRG] A T 58 Wik W] NULL,
PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
B #He93IA. ERHX REPyRun_FileExFlags () WAL N, FF closeit ¥ 0 F4F
flags ¥& A NULL,
PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals, int
closeit)
BEME: a9l A . RXEEHX FHPyRun_FileExFlags () WIfGEE D, K flags %4 NULL,
PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
BEME: Fe97A . XX N PyRun_FileExFlags () WRALIREE R, FF closeit BH 0.

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals,
int closeit, PyCompilerFlags *flags)

BEE: #Hagil A, RUTPyRun_StringFlags (), {H Python JEAUREEM fp BERTTIA & —4

WIETF LR . filename Yo A8 44, B filesystem encoding and error handler SEffRS ., fNE
closeit NEAH, WIAFRAEPyRun_FileExFlags () 1RIAZH#E KM .

PyObject *Py_CompileString (const char *str, const char *filename, int start)

REME: #ag 510 . BT RUE ABL R4 NRIPY_CompilestringFlags () WIRALIGE T, K
flags ¥& A NULL,

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Bwefh: #ey3l A, KRN FHiPy_CompileStringExFlags () WIELIRIEEN , FF optimize 1%
N -1,

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags,

int optimize)

B fh: #ay il A MENTH G F str B Python JEAUH, IR [l S5 SRAUH XS, TFHIRIE AT i
start %5 5 3% AT P R W W] 9 G R A IF W 24 S Py_eval input, Py file input
Py _single_input. Wi filename 35 & B) S 2 T R4 i AT 0 R I T BE HH BLAE [ 9] 4%
BE syntaxError S E . QIR JOTE BT B G5 13 ) I B ZCRF-12 [B] NUL.L.

TR optimize 45 7E HIF AT AL (H -1 RS -0 BRI A MRS Ut g . g
%@i 0 (Efifks __debug_ NEAH). 1 WriE#iAEkR, __debug_ SARAE) B 2 COR 747 H thghs
)0

£ 3.4 BATA.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)

BEME: #Heg3lA. SPy CompileStringObject () 25{l, 1H filename 2 VAfilesystem encoding
and error handler fEIS R FTE .

1E 3.2 iRAS A
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PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)

Bl #a951 . BT RUE ABL XX PyEval_EvalCodeEx () fafbiiiir, RFr A
X5, AR AR . HAbSH0Yich 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)

RwEME: #ag5I R . BT EUE ABL W —PTgmiFm (U GORME, N HRIES R E YIRS . 1t
Bl R AR BRI, R A R g, SR R RIBOAER AL, R AT S
BRVERY 7 BURT BT B P TR A A

PyObject *PyEval_EvalFrame (PyFrameObject *f)

BEE: #FHag5 R . BT ROE ABL XSF—DPATWERIE. XX PyEval_EvalFrameEx () [PfE
eIz D, TR R

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
B #egi| M. BT RUE ABL X2 Python fFREZAT AN T 0%, SIATIO0f AH IR
R RAGPIIAT, AR T T I AR Z ATV . BN throwflag T2 BT DARE 20—
WM EME, WaSECLAHLE — D RE XS TARRNRE throw O Jrik.
e 3.4 B S AR T %R O E L & — I =, AR RS 2 i B 2 57 16 S Y 5

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
PEBR B2 B Y BOREMIA TS, TR I B, SR IR e AR

int Py_eval_input
Python ik I T IR XAERIGTT S5 WA Py_Compilestring () fliffl.

intPy file_input
Python 53 1 I - M SR s R R L IUE ) e S 46 AT 55 i Py_CompileString () .
XARTEH AT 2K 1 Python Y A6 RS 28 14545

int Py_single_input
Python 5% P I T BB MR IGAF 55 BUAPy_CompileString () ffif]. XM T A B AR
AT o

struct PyCompilerFlags

X2 RAF TR AR AR S5 M . X T RS gm i I 0L, BRHER int flags fE A, T
YT RAERPATIIE L, EXF1ER PyCompilerFlags *flags f& A. FEXFHEA T, from
__future__ import "] PAB I flags.

H 3T pyCompilerFlags *flags 42 NULL, cf flags St M -NEE T 0, M AT from
_ future__ import Jij/=4 WAEMMIESER B 55

intcf_flags
Gt A AR o
int cf_feature_version
of _feature_version 2 Python f)/NMRARS . B 248 #1451k ) PY_MINOR_VERSION,

RTBIA S AN, MBS Ecr_flags X E [ PyCF_ONLY_AST HIARIIE A4 Sl
M.

TE 3.8 WUAR K AEZASEE: 9N T of _feature_version FFE% .

int CO_FUTURE_DIVISION
EAFRENLATE flags THE AMETFIREIZEAT / BifiEh PEP 238 FrflliE ) “HERRE".
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cHAPTER 4

51 AT

AT 2 N T4 BE Python X405 | HITHEL
void Py_ INCREF (PyObject *0)
FINNIR 0 PJHL—AHiilstrong reference., $7MZXT G AR HAN Y BedH 5.

I R HGHE H 8 F SR borrowed reference JFE Y Hystrong reference, Py_NewRef () PREURI# F KA
T i strong reference.,

UXIG N E RS, TR Py_DECREF () BEIUE .
BEXTGU AN NULL s ARARR BERf € BN NULL, 3] Py_XINCREF () .
Do not expect this function to actually modify o in any way.
void Py_ XINCREF (PyObject *0)
5Py INCREF () ZUl, HXIG o AIPAKH NULL, TEXFEIL T MR ECR A ETRSOR .
AIEZBPy_XNewRef ().
PyObject *Py_NewRef£ (PyObject *0)
BT ABL B 3.10 paie. X5 A —A 1 strong reference: IF o LY Py INCREF () F-3&[H]
X4 0,
YR ZX A strong reference I, NAHEH FJRA Py_DECREF () ARG -
X 0 LA A NULL; HISR o W] LASH NULL W B i Py_XNewRef ()
il :

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

ATAE A

[self—>attr = Py_NewRef (obj) ;

FES R Py_INCREF ().
TE 3.10 A A

43



The Python/C API, Z{THR# 3.11.13

PyObject *Py_XNewRe£ (PyObject *0)
B TRUE ABL B 3.10 pade. T Py_NewRef (), fHXF5 o A[PAZN NULL,
WERAR 0y NULL, Z%pREHE - FfR[8] NULL.
e 3.10 HUATIA.
void Py_DECREF (PyObject *0)
REH— R FIXT G 0 [Wstrong reference, TG AL -

245 5 — A strong reference BEREHCES (BIXT R 51 HTTECE R 0), FF 2 Wi 1% 6 5 07 e 28 8417
deallocation pREL (B HIAS N NULL),

L PR ESGHE # 15 H TAEAR R R Ik BT B — A strong reference.,
WX GANZIAN N NULL s QISR RERf € B A H NULL, il Py_XDECREF (),

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

el REOR 2 2T Python RSB (FIANY —MHH __del () HEMZESLH]
PR S 2 ANt ) o BARIX SEACHS ) S AN S AR, (ER T RIS BEE B v BTl
Python 42 JRy A8 &, X B MKEFEW H Py_DECREF () 2 FilATAn] AT 1 52 42 Jmy A8 5 3R BB X 52 80 . %
TSR HRAS o AN, 202 B B X 5 P A 7 2 RE I o 6 2 ) 5 | 48 DL 81— A1l
FPAS R, SRS EREE S, RGN AR R Py _DECREF (),

void Py_XDECREF (PyObject *0)
5Py DECREF () KA, EHXR o W PAKy NULL, TEiX i 60 T It o BRI A AR I ROR . ok
H Py_DECREF () W& [FIFE T ieA .

void Py_ CLEAR (PyObject *0)
FE— DRI XS 0 Wstrong reference. XA DAY NULL, FEMIEIL R EARFRAALATRCR : 7EH
ML N HACR 5Py _DECREF () MlA], KHITET HSHW 2N NULL. $XfPy_DECREF ()
(A ANE T T AR R A 5, TRORi% 22 S 0O s (5 P — A0 Bt A B T AE RS | ) 2 B R 2 400k
>N NULL,
2 5 BORECHG 1] — D EBIIR DS 8] AT BE R 2 3l Dy R S 5 | s i e — M 323

void Py_ IncRef (PyObject *0)
& T IE ABL FORIKI— MR XR o Wgfstrong reference. Py XINCREF () WIRREURA . B RIHL
FHF Python Az 7HS BhZSHRA

void Py_DecRef£ (PyObject *0)
J& FHaE ABL BRI — MBI X5 0 Wystrong reference, Py _XDECREF () HIBREURAS . EW BT
Python iz THFEHZSHRA «

PAR BB e A o B B2 4% .0 N #8 ff fl: _Py_Dealloc (), _Py_ForgetReference (),

_Py_NewReference () PANEFE Py_RefTotal,
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CHAPTER B

FELE

AR BN AR 1 R BCRFLE AR AL BRI % Python S0 .y 48 Python S5 AL PN BERIAIHR AR 200 . 1Y
TAREEA fifR POSIX errno A8kt (BAEAR) A MRIL AL RN E /iR . K2 C APLK
BAEBNPAT IR AR E . KZHC APL B 2k Ml — NS RIS, AR E AT 23R o] — A5
W 2R ] NULL, S AR E AT 2 0R [0 — B 2k 0] -1 (BIAME DL PyArg_* BREGRIT 1 R
i 0 FaR K)o

ERHIDE, SRS RS IR A SR, RO, RIS 5. G Rk
' ﬁ%%ﬁ%ﬁ%ﬁﬂu% NULL (RS2 at kg, i, R dalE nuLn, RAEER 1k
NULL A9 [H]3 )

DR B T E R R R BRI AL R W, Tl A S EA R A BT RIS e
KWETE. MERITAIE R R, SR A A SRS R B (X 58 s A7)
Be) o MUERAERAL TSGR, W R IZIE R HAkE: . R W TN RIR ], T4 — i B 1 5 3%
ME 20 7 AR, WREEIRBCA TS S B/ V024, X Python/C APT [ ¥ I AT REAN 2B HII 1Y
F10, FF BT RE S AR A ) 75 R I

#iE: R RE AL sys.exc_info () BIMATER . BIE MBI RMERA R (CRiierefes), m
JEEAEPR R G REEAFE (R ORIk %) .

5.1 $TENFOHIE

void PyErr_ Clear ()
& THE ABL WEBRESIRTE R AR . WARA R ES IREnar, WASHEEN.
void PyErr_PrintEx (int set_sys_last vars)

B T RE ABL FRARTERIWIITENE] sys . stderr HERREFRIERAS . BRAEFE 22 SystemExit, X
MG OL A SATE I R, H 2B i) Python #EfE, JFE/R SystemExit SEBIEEMHHRN .

FUAAEAT R IE /N5 D B I A7 2R X e, 15 05X & W B R

n W set_sys_last vars JF 2, | 48 H sys.last_type, sys.last_value FHl sys.
last_traceback K4 HlE AFTED RS, (EFIHH.

void PyErr_ Print ()
J& T F45%E ABL PyErr_PrintEx (1) MR
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void PyErr_WriteUnraisable (PyObject *obj)
& T fa5E ABL {Ji ] 24 \1 55 obj 250 sys.unraisablehook () .
M O B RS N P RE S PR S | iR, XA T H RS sys . stderr FTH— 4%
AL B, MR EATE _del () FiETh IRt A HZE
EREE A ZE oby HEATVR I, S BIR IR A EA T A S 1) TR 3C. A2RATRE, obj i is
R ESH R T .

T ey

5.2 MhRw

XL R EOT S B VR B A BT AR R AR R A . N T ORI, — SRR IR &R [T NULL 54, DAfE

T return i&4],

void PyErr_SetString (PyObject *type, const char *message)
& T haE ABL g W E AR DR A dn i i I 7 3. S — S8R E R 2R AL Bl N R
H, Bl PyExc_RuntimeError. YRICE NILLNEL Wstrong reference (U Py INCREF ()).
FHASHR—FERIEE B Tut -8 RGN,

void PyErr_ SetObject (PyObject *type, PyObject *value)

B TROE ABL WU T PyErr_SetString (), HEAFKRNFER “E” BELE 1
Python XJ4:.

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
B fh: 184 NULL. & TiE ABL XA KB E T RgE/n 49 HaB [0 17 NULL,  excep-
tion .24 72—~ Python ") S5 3. format I 5 HITE 2 23 AR XX A RIE R B
SPyUnicode FromFormat () A HEMFEM S XHE. format 22— ASCI Zefid i FAFER

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)

BEME: 18 NULL, & -FFaE ABL f 3.5 e, flPyErr Format () #lA], (B2 — 4  va_list
KM SEMAZ AR BR S50k

1E 3.5 AT
void PyErr_SetNone (PyObject *type)

J& T f45E ABL X /& PyErr_SetObject (type, Py_None) M5,
int PyErr_ BadArgument ()

fozargy =i

J& T faiE ABL X4 PYyErr_SetString (PyExc_TypeError, message) HIfii5E, HH message
MR TIEES R A N ESAE. EREATHEEE.
PyObject *PyErr_NoMemory ()

#BEh: @k NULL, )& T ABL X /& PyErr_SetNone (PyExc_MemoryError) HHE; B
R E NULL , DASEYINEEFBIRIN, XS RCR BT A return PyErr_NoMemory () ; .
PyObject *PyErr_SetFromErrno (PyObject *type)
g 48 NULL. B FFE ABL BB, WdE C e B ORI 4 59 B C st
errno BIEXGIK—3H . EWE T —Mcdx %, i —0U@ B8UE errno M & X M1
iR EE (M strerror () 3REL), X518 PyErr_SetObject (type, object) . #£ Unix |,
Y errno WfE N EINTR I, FRB—THHH RS, XS PyErr_CheckSignals (),
R B WE THIRIERA, WREHARRRR IR E . %R 2R B NULL, R4 R G000 R [l 4R
HZ RS A RS R BT PAB A return PyErr_SetFromErrno (type) ;o
PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
BWEME: 18h NULL, & TFE ABL 5PyErr SetFromErrno () 25, {BUNR filenameObject 1~

A NULL, ‘BRHERE ZASEAEBL type (I TE ST, AE OSError RGN T, BIHT
FE ST HE SR £11ename JETE
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PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
#ow {8 H NULL. B Th E ABL A 37 ® & eI
FPyErr_SetFromErrnoWithFilenameObject () , {H %32 % — /> filename Xt %, H T

24— AN AZ WA filename FY R RIS G fih 2% 58 o
1E 3.4 A TIA.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
BEME: 184 NULL, & THaE ABL 22T PyErr_SetFromErrnoWithFilenameObject (),
B3 E2 A C FRFERETERE T . filename 12 Yl filesystem encoding and error handler fRRG] .

PyObject *PyErr_SetFromWindowsErr (int ierr)
#BEME: 18h NULL., % -F a5 ABlL on Windows § 3.7 eie. Xie— 1M T3 & WwindowsError [
R WRAEVH AL AW derr (H20 0, WIS IUHXT GetLastError () BRI FTIR [l () 4R
01, BEXE ] Win32 P4 FormatMessage () 3R ierr 5 GetLastError () Frgs H A4S 1R
A1 Windows ffiid, SRJEHE—DNICHXS G, HEE TN ierr (H1 55 WA AT IRIEE (A
FormatMessage () 3KH), A5 PyErr_SetObject (PyExc_WindowsError, object).
PR B S 2R Bl NULL.
B] F 4 Windows.,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
B A 18 A NULL., & T a2 ABlon Windows B 3.7 a2, KT PyErr SetFromWindowsErr ()
. RSN SRR E Bl A S A
B] H 4 Windows.,

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
HhEE: @A NULL, & TFiE ABL on Windows § 3.7 We#t. 5PyErr SetFromWindowsErr ()
Fh, FAMNAANIE SR AN filename /N Ry NULL , xS0 R G40 T945 K (os . £sdecode ()
AT AR R 8 = ARG 845 OSError M E R T2 L RH SLHIN £ilename JEHE.
B] FH M Windows,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)
B EME : (8 A NULL., )& T 2 5F ABlLon Windows § 3.7 We#e. 5PyErr SetExcFromWindowsErr ()
RABh, BN RS AR filename AN NULL, ERAENF = SHUL#8LT OSError HIMHEH:
T & LR EBIR) filename JEHE.
u] F M Windows,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)
#Z oW g 18 A NULL. % FTii & ABL on Windows 8 3.7 R A& % Pl
FPyErr SetExcFromWindowsErrWithFilenameObject () , {H & #3525 — 4> filename

PO 38
u] F1E: Windows.,

1E 3.4 AT
PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char
*filename)
#ow i 18 A NULL. % Fid & ABL on Windows 8 3.7 R & 2%

FPyErr SetFromWindowsErrWithFilename () , BAMSEFE E Ml &) S 2A,
0] F1E: Windows.,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)

BwME: 18k NULL. J&FFiE ABL g 3.7 pae. X 2fil & ImportError UTEFERRE. msg ik
R E BT . name Fl path , (FFFTLPAH NULL ), RFH R E ImportError Xf MV IHJ&
PE name #l path,
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18 3.3 RAIA.
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
BWEE: 18k NULL., & T ABL § 3.6 meit. flPyErr SetImportError () 82, (HXA
PREAL VAR E — 1 ImportError B ARl

1E 3.6 JIRASTIA.

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

WE M E S HE S, TR R . MR YFI R A& SyntaxError , WEREFHIMNYEE,
I TE T RGNS 2 SyntaxError,

1E 3.4 FATIA.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

& TR ABL § 3.7 i, MU T PyErr _SyntaxLocationObject (), {H filename 2 Jf filesystem
encoding and error handler fESHFITH .

1E 3.2 iRAS A

void PyErr_SyntaxLocation (const char *filename, int lineno)
& T FasE ABL T PyErr _SyntaxLocationEx (), BT col_offset parameter 5,

void PyErr_BadInternalCall ()

J& T faiF ABL X2 PyErr_SetString (PyExc_SystemError, message) H4E5E, HH mes-
sage FEnH T ARES BRI W ERAE (BN, Python/C API pR%) . B EZHT N

5.3 AHHES

XLERR AT AN C AR % % . B0 B T i Python 18t warnings il iIREE R 4. B AT
] sys.stderr T Hl— 7 5F B 408, AP A A REC S48 @ RS 4L o iR, XS OLT, B
PRk i . WA R RE B TS UL L I, (O R gk R . R R e, R IBIMECK O
WER A& e, IRIE -1, (oM E @GS TESER, WiEe mikmER. X2
E&%ﬁzg)ﬁn%ﬁmﬁT%ﬁ, WA N R TIEE W REAHE (Flan, Py_DECREF () A5 FFFR M
— PR °

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
BT e ABL B —MNEEEE . S category J2— &L (UURTH) B NULL 5 message ;&
—/> UTF-8 Sihb I FA4F R o stack_level j2— 45 MR MIECRE I IERG R IR AR I 24 i IETE 3R
AT &t o stack_level Jy 1 W PyEre warnEx () BJEREL, 2 RAEMZ ERYsEL, DALY
B
BB PyExe_Warning T2, PyExc_Warning j& PyExc_Exception fJ7; Bt
WL L2 PyExc_RuntimeWarning . #iifE Python &5 K5IV R4 /AR &/, FTA HA4FR
RS S U
A RESERELR, SRS warnings My A7 SR —w 3. BA 1T & 545 H
C API,

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,

PyObject *module, PyObject *registry)

K — AR B A A e e R AT AR Y S T R . X 2 T Python B %[ warnings.
warn_explicit () SR E B ML HAEF KO TR, module R registry Z: 5 v 1%
A NULL DARFEIHE 5 SCRY B A BRI
1 3.4 JRA A

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const
char *module, PyObject *registry)
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BT g ABL 2 TPyErr WarnExplicitObject () it message Fl module J2& UTF-8 ALK
FARFER, 1 filename J2 M filesystem encoding and error handler RS

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)

J& FFasE ABL U FPyErr warnEx () WERE, B PyUnicode FromFormat () M4k
LW B . formar j2 il ASCII 4t (4 52

TE 3.2 JRATA.

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

B T E ABL B 3.6 p A2, 2B FPyErr_warnFormat () W B ¥, 1H category 2
ResourceWarning F HE S source {645 warnings.WarningMessage,

TE 3.6 JRAS A

5.4 EiFEIRIEREE

PyObject *PyErr_Occurred ()
BEME: BARYFI A BT RE ABL MR M ICE 7RG as . MEIE, WIRIFE npe (%
BXHA PyErr_Set* M PyErr Restore () WEE—RIHAME—NSH0. WARKE, W
R0 NULL. ARHFASIIARRIEERG I, NIRRT EX €I TPy_DECREF () o

A p b2 #5717 GIL,

i RELRHR EE S R B R T IR WSO PyErr ExceptionMatches (), WIR
JRe (HBARE G RIGE A TR RE LU, SRR —DEOMAZE, S5 e e
R — T

int PyErr_ExceptionMatches (PyObject *exc)
J& T FaE ABL Z/)F PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). IiH
BN DA S PR B8 T R I AR s QR AT S T | A R K AR AR N AT

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
& FHasE ABL QIR given 55 exc " R AUM DL R M B . 4028 exe j2— M 2Exi4, M
2 given TR LG BAFRF EAE . A12R exc 2—AJcdl, Wizocdl (PALGEHFIdl)
R I A S o R TR A R R A T L

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
B T e ABL FFHHRIE R ARG =R E b L L . PROR I E SR IER AT, W =4
AR NULL. AR BCE, W HIE BRI HARRAS 206 BB U9 B AR5 1 o AR 513
XA DA NULL BRI GOR %S

s MR EGE B R 9T B AR B R G B PR IR R B R P R A AR RS BT, 1
an:

{
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)
B THE ABL BT =AM RICEFRE AT MR IRIER O IRE, EREEIER. R=
ARIGEIH NULL, SRR R P0E R . A ZE A NULL AR NULL (s ]ml 3], R m
W22 — A AN A TR SR A el (i S SR R S b 1 5 82 e A ) R
SERT R RG] ARAHE R Z WA AR R 51 BAE A A Z SRR R A P A
XEEGI . (AR BRAX — i, AR R gL i8S 2 AT.)

Frilis CRR B R I PR A MR S B R B R AT AR BT G 1 W Py Ere_Fetch ()
HARAT A BT IRTERAT -

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
& THUE ABL fERHERIL T, FHEiPyErr Fetch () FriREBIFMET AR “IEIERALR)”, Bl xexc
s NRMGN *val ARE—ARAEH . LEXFGOLT B RO] AR RSB . IR e
LR IERALIY, WIAMUAEAT 4 . SEBLX AP AE IR IERRAL @2 T 5 THMERE .

/I B R AR R E(E LIRE _ traceback @M. WSRARELE L E W, £
it ZEDA T M AR A B

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

}

PyObject *PyErr_GetHandledException (void)
& THUE ABL B 301 AL, JRBUGHUE I R L0, B sys . exception () Frikmlf—Ff. X2
R SR KR, AN ENRE . BB R Z R HE e NULL, R
B RREES I S HIRZS . Does not modify the interpreter’s exception state.

il JOORBOI 2 SIS0 (PSR . & TR 20 4 O 7 BT B
FRIE S EARS IR . WA PyErr_SetHandledException () FKE BUE G EHIRS.

18 311 AIA.
void PyErr_SetHandledException (PyObject *exc)

B THhdsE ABL B 301 paAe. WHEBEIENH, M2 sys.exception () Frgkfdy. X241
SHA R H, ARG ZH 5. ZHEERERE, HtEA NULL.

Stk R BOE R 2 B AL Rt QRSB o R T 0 2 SR A T B A
WL BRGSO, W8I PyErr_GetHandledException () HARBURHARTS.

TE 311 A

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
B THhE ABL B 3.7 pae. $REURRA R H BB, W@ M sys.exc_info () Frakig.
REHE—A SRR FH, ARG KRR . R =0 REHG I, HPE
fif—ET A NULL. A 2B UGS R RPIRE . RO T m R AR A mi R B . el

HPyErr_GetHandledException (),

ik WCRRECGE A ST S A PR R R AR IR . e g B39 A R e AU TR s R AT
WAL S ARSHIHE . W PyErr_SetExcInfo () RWKE SiER RS

1E 3.3 iRA A
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void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
BT AEE ABL B 3.7 e WEREEE, JUEM sys.exc_info () Fraffighy, X 26— epdh
RIFH, ARG AT RS MBS 5 2052 RS, iArE =A%
B A NULL, MBRECE N T 10 N AR MR A . B PyErr SetHandledException ().

ik PR EGE A S T B RS T . B R 38 G R A D B I B R AT
W RSO .. W PyErr GetExcInfo () RiZBUFHIRT.

TE 3.3 AIA.

TE 3.1 AR K AEAST: type fll traceback SO AT I H ol A NULL, e BL7E &
RYEFH L (B value Z50) RMEBHEEANT. BREIIASMBTITE = AS80951 1 .

5.5 554hE

int PyErr_CheckSignals ()
& T HUE ABL XA Python H{F S A BEAC H.

UNRAET: Python MRS T ELRAER M R AL, BRI AR B MR AE T FS, WA, K
AR fE S AL PR . WIRSCRF signal A, WM DAMGEL A Python 445 {55 AL Piids -

B AL B R AL B S, SRR W] 0. {HJ2, Q2R Python (5 S ALBRERT A& T R, Wik
BRI R H R ECR L R ] -1 G AR PEE 5 T BRI VA WAL B AT DRFAE T T
FEPyErr CheckSignals () WI#ALTR).

WER R BONAE ELART A, B7EAET: Python s TN, W EAPATAE AT 1] O,

XA SR ECT AR A BT iR (B A Curl-C) BT I AT C ARSI 1 .

ik 4% SIGINT fJERIA Python (5 50 HE#R & 5| & KeyboardInterrupt 4.

void PyErr_SetInterrupt ()

B TR oE ABL OB il — A4~ SIGINT fF 5 F kM R, X F M T
PyErr_SetInterruptEx (SIGINT),

ik HRBUE RS RN B LARFGIL Hh C F 5B aRA R -

int PyErr_SetInterruptEx (int signum)
BT RE ABL § 3.10 e, Bl—ME S BAMPCR. Y FIRPyErr_CheckSignals () #HH
BF, RF U ST X A5 5 40 5 1) Python 55 A0 3ilds .
UCeRET B B AT E S S AL, AR Python (5 S AL BEER SR K b (F4n4 F PR Curl-C
bR ERT) He BRI R C AR .
WMRZ5 EWE S5 A2 H Python AP (RI#%i% A signal.SIG_DFL 8{ signal.SIG_IGN), ¥
18R signum TERERCVPR S AAEEZ A, FHEI -1, AERAENNL R, TR 0. B SRR
NSRBI B L

il WRBUE R RS L eR . BRAARGIL 311 C {55 B gk -

1E 3.10 JAA.
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int PySignal_SetWakeupFd (int fd)
XA TH R E T — 2SI S IR0 AR TR X5 ALG 595 19 B AR i S
TR fd WAUZARPHIER o BRFR [ ] — A X AR SO IA ST .
BB -1 R X RIIARES . XS T Python H) signal.set_wakeup_£d (), {H
Se AL R o fd B2 2 — AR SR AT o ERR O 24 A TR
TE 3.5 WA & AEZZ T E Windows |, 1R BT SRR 3 - A 3L

5.6 Exception 3

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)

BwEME: #agil A . BT RUE ABL XA THEHS IR Bl — R E . name ZE0LTH
A EA4FR, & module.classname FER [ C F455 . base l dict Z 50N NULL, X4
#—URE H Exception XS (FF C DA PyExc_Exception 1)),

B __module  JEMFFPIH name ZEHIFH T (BJG— D5 ZH) . base ZETH
KA ERNEZL; BEAR— LR — AN TTH. dicr ZHEATHITRAEE— R &
F )

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject
*dict)

BwEME: #e95| A . BT RUE ABL fllPyErr NewException () —FkE, BT W DAERFAHBES Biv) 5
RN FRE . R doc JBEAESS, BRFHVES 20 SR 747
TE 3.2 AT

5.7 FEMR

PyObject *PyException_GetTraceback (PyObject *ex)

BwEE: #eg il A, B TROE ABL X5 55 M B 97— AN g AR [, Bl PAHE i
__traceback__ JEMFE Python HHijj[a] . QISREA B BRI, Wi 8] NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
& FHEE ABL REREH RIKH MIWICEN b o ] Py_None JHIRE.

PyObject *PyException_GetContext (PyObject *ex)
Bl #Hahil M. BFRUE ABL K55 R R B S0 (FEARRE ex RE 51 R A — R
L)) AER—HE I HRE, WPAEE  context  JEYEFE Python W), WIREA O REEH)
EF3C, MR W NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
B FHaE ABL 5 SR L BEM) B R SCREN ox. ] NULL B3 1A SRR oo 22—
AP R A SR — B ) e 95T .

PyObject *PyException_GetCause (PyObject *ex)
Bl #ag5l A . BT RUE ABL R R XA R (— DR sfl, 300 None, i raise

. from ... &H) fERDFGIHRE, A cause  JEPEFE Python Hrijjl.

void PyException_SetCause (PyObject *ex, PyObject *cause)
& TR ABL X545 0 AH XERA SRR cause. (] NULL RS T . AEFEFER A R fR
cause J&— - 5H L HI R None o IEAMTI—AFG 1] cause 5] H «

__suppress_context___ E‘@%%ﬁﬂk@ﬁﬁ%ﬂiﬂlﬁﬁﬂ True,

52 Chapter 5. F5E 432



The Python/C API, Z1THa4 3.11.13

5.8 Unicode E &

AR A TR FME R B C 1) Unicode 74
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

BEME: #Hayil . BT e ABL G —4> UnicodeDecodeError XfR I encoding, object,
length, start, end | reason 5¢ @M. encoding F reason “}j UTF-8 i A7 ER o

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
REMA: #eg7lA. BTRUE ABL RIS E FH TR encoding JETE

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
BEME: #ag 7R . & T AE ABL IRIIZ5E SRR object JETE

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
& T HEE ABL BRI E SR BRI start JEVETTHRFHUA *start. start IR NULL . I &[]
0, KM E -1,

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
B FHiE ABL R4 E SRR start JBYERH start. ENEHRE] 0, RIGHHR R -1,

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
& T FUE ABL BRI E S HE X AR end JEVETTHFF HIBA *end . end W74 J NULL. BIIIIRIA] O,
IR A -1

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
& THUE ABL R4 E SRR end JEIERHN end . IEIIEFIRIE O, IR [A] -1,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
B #ag IR . & T ABL R[4 5E SRR reason J&TE

int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
& THaE ABL X545 58 SRR reason JEPEHK reason. IR 0, KRIGEFRE] -1,
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5.9 T

XA R BERAL T —FhE C B T4 T X, FER OB S Y R b S . 2408
IFARAS A Wi Python fR45% (J53# £ H shEREFHIE AT ) MR EHEI e, ENINT tp_call 52
PSR TC AL R S8 7 s 2 A TR U A PR

int Py_EnterRecursiveCall (const char *where)
B FR0E ABL B 3.9 peite. FRic— P ERIEM C 2900 H RIRFEIA T A0

W42 X7 USE_STACKCHECK, MRS HPy0S CheckStack () ks OS B2 H%i .
REETXMEN, BREE A MemoryError iRk {EZ(H.

Wt M bR BRI A S TR B I IR A2R2 3., KF B> RecursionError k[ —/~k
TfH. 7EHMER T, WEEE,

where [\ jj—A~ UTF-8 gl EAFHR AN " in instance check", BXF5 dyisb =R 5 R i B 521
i) RecursionError JH§ B AHPHE.

TE 3.9 MUAS A A= AR T M pR B AEAE 2 1% APL Hal A .
void Py_LeaveRecursiveCall (void)

B T E ABL B 3.9 R A& % W — APy_EnterRecursiveCall(). &b W 4F
XtPy_EnterRecursiveCall () BRI m ey M BAEIAT— R EH -

e 3.9 JUAS KA A o MR B A2 R APT ] i

IEHAT X AR AL B tp_ repr FRERRRIMNIEITTE . TERPIR LI, tp repr EFREHBERT S DA
Bij 11 BAEER . DA B R BCR RS B 58 U BE . ASEBRBSCRK B, XIS #i2 C XY reprlib.
recursive_repr () WM.
int Py_ReprEnter (PyObject *object)

& T HE ABL fEtp_repr SEELTF AR AT AR U 35 .

WRMRE LA, R ECF IR Ml — AN IR FEBLIE DL to_repr SEHN 23R 0] —NEH] &
AR AR R . BN, dict XPRKFRIE (...} 1 1ist XGeRFRE ... ],

TSR 3 3] 2 A R ) DO S R R A [ — A 1 RS FEMGIE LR to_repr SEILEE Y. 243R 1] NULL.
TEHABTE LT, SRR BRI 1 € o repr SEHLRE ] IEH4KEE .
void Py_ReprLeave (PyObject *object)

B FHaE ABL 85—/ ~Py_ReprEnter ()., WHE RN REIZER Py _ReprEnter () M i
VRV —1K

510 HFESE

B AR IE Python S & I A £ F5h PyExc_ R E Python SR 44 FRE 42 Ry 8 BRI . X 2878 5 Y
RAEN Pyobject; BATAGEIRNG. THISEEII T 4R

C &R Python Z#R &it
PyExc_BaseException BaseException .
PyExc_Exception Exception Page 35,1
PyExc_ArithmeticError ArithmeticError 1350 555, 1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError ChildProcessError

g1l
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R1-BER
C &% Python Z#R #it

PyExc_ConnectionAbortedE
PyExc_ConnectionError
PyExc_ConnectionRefusedE
PyExc_ConnectionResetErr
PyExc_EOFError
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_GeneratorExit
PyExc_ImportError
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_TIsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundErro
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedErro
PyExc_OSError
PyExc_OverflowError
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsynclteration
PyExc_StoplIteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateEr
PyExc_ValueError
PyExc_ZeroDivisionError

ConnectionAbortedError
ConnectionError
ConnectionRefusedError
ConnectionResetError
EOFError
FileExistsError
FileNotFoundError
FloatingPointError
GeneratorExit
ImportError
IndentationError
IndexError
InterruptedError
IsADirectoryError
KeyError
KeyboardInterrupt
LookupError
MemoryError
ModuleNotFoundError
NameError
NotADirectoryError
NotImplementedError
OSError ]
OverflowError

Page 55, 1

PermissionError
ProcessLookupError
RecursionError
ReferenceError
RuntimeError
StopAsyncIteration
StopIteration
SyntaxError
SystemError
SystemExit
TabError
TimeoutError
TypeError
UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

w33 WA A

PyExc_FileExistsError,

PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileNotFoundError, PyExc_InterruptedError,

PyExc_NotADirectoryError, PyExc_PermissionError,

PyExc_IsADirectoryError,

PyExc_ProcessLookupError and PyExc_TimeoutError /14U~ PEP 3151.

TE 3.5 MUASHIA: PyExc_StopAsyncIteration fll PyExc_RecursionError.

TE 3.6 iASHIA: PyExc_ModuleNotFoundError

bR H AR S A B

5.10. FFERE
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XL MR PE R4 PyExc_OSError:

1E 3.3 AR L AT

C &R

&

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

5.11 frAEZEIT

Ffrﬁ fA5ifE Python 2852518 nl A E4 R AL &,

f& PyObject* KAl BEATAE IS,

X L] W 28 B 1Y S 2R 2

HA PRk pyExc_ Il | Python S ZFR. X 2E35A

DU T 4R A

C &R

Python Z#R

&iE

PyExc_Warning
PyExc_BytesWarning
PyExc_DeprecationWarning
PyExc_FutureWarning
PyExc_ImportWarning
PyExc_PendingDeprecationWarning
PyExc_ResourceWarning
PyExc_RuntimeWarning
PyExc_SyntaxWarning
PyExc_UnicodeWarning
PyExc_UserWarning

Warning
BytesWarning
DeprecationWarning
FutureWarning
ImportWarning

PendingDeprecationWarning

ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning
UserWarning

JE 3.2 lRASHN A : PyExc_ResourceWarning

YR

> XAE Windows i 35 KRR E LT HALEEFRF 25 MS_WINDOWS , DPAFELRF 2B A .

3 RO AR A B

56
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AE R TA S ] TRAT S5, B3R C AU TS -F- & nI RS A, #E C HfiiiJi] Python ALk,
PABSET R B BT IR C 9 H 8 Python HHA(HAE4E .

6.1 IRIERFZHIR

PyObject *PyOS_FSPath (PyObject *path)

BwEME: #a97l A BT RUE ABL & 3.6 AL, iR\ path TE LA RGE T INFRTER . RIZ 52
—A str 8 bytes %4, WHR [a]—AHistrong reference, QBRI LRSI T os.PathLike #:11,
MHREE R —1 str 8 bytes MEHKRFRIE _ fspath () . FEHMIFI FRG|K TypeError
FHiR [8] NULL,
TE 3.6 AT

int Py_FdIsInteractive (FILE *fp, const char *filename)
w4 WK filename 1) FR HE VO SCHF fp wEHHIN O W A2 B WGR W E O (GE ) fH.
isatty (fileno (fp)) NEAER XAEIE T XN, AR EJ/EARPy_InteractiveFlag
FBUE, MR filename $851 4 NULL 80 HAFRSG T FAFR ' <stdin>' 8 1222 IR
8] LA

void PyOS_BeforeFork ()
% T #2E ABI on platforms with fork() & 3.7 paie. TESARS L Z B HER FELE I HCIRAS B R AL KRR
BV MAEP ] fork () BCEATATALIA 7o pE 24 BT HERE T R B B « M T LT fork ()
S5

g A, C fork () M N 24 B fmain” %% 42 (N T main” % 4 %) v 347, X T
PyOS_BeforeFork () it 2.

e 3.7 AT

void PyOS_AfterFork_Parent ()
& T 1aE ABLon platforms with fork() @ 3.7 paAe. TEBERR 7> U2 5 BRI LE N ARARAS Y R 4. LR AL
R MAE I £ork () BUEATASLR) ve ke 4 BTt AR R s JE RO AT, ToiedbRe el 2w s, A
EHTENLT fork () RS-
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3
NN
i
Kk
+
rﬂ‘:&
2
el
4_H

% . C fork () 18 H N 4 H ¥ main” % %2 (VT main” f
PyOS_AfterFork_Parent () EUit 2.

TE 3.7 BUASTIA.

void PyOS_AfterFork_Child ()
& T Fa5E ABI on platforms with fork() & 3.7 paAe. TESFED 2 )5 B Wb R e IR S R 8. 1t
PRECLAAE P fork () BATMTZABNR FEkE 24 B i RE ) sR A 2 e e TR e i A, iz gk e
H AL E]EF] Python fERERRIYTE . HidH T X T fork () MRS

" C fork () M M %4 H A main” 2% 32 (KL T main” % # %) $ #17. X T
PyOS_AfterFork_Child () JRULHEANI.

TE 3.7 AT
YL

os.register_at_fork () i 7 Van biis i) #iPyOS_BeforeFork (),
PyOS_AfterFork_Parent () MlPyOS_AfterFork_Child () JHfK H E X Python pRE{.

void PyOS_AfterFork ()
& TH47E ABI on platforms with fork(). TEHERR > X2 )5 TR NFRIRS AR £l A SRR S 1
Python fERERS MM R AR 2 7E BT LR R U T o AR R — S T PAT SO A BB A v, il
AL IR AL
B 3.7 AT H: WHEEE Wi Pyos AfterFork _Child () BUt.

int PyOS_CheckStack ()
&, T a5 ABI on platforms with USE_STACKCHECK # 3.7 jaA2. 4 iR ake AR 25 [ iR o] Bl . 3%
H—ANATEERREI , (BAUEE LT USE_STACKCHECK Bl ( H B2 AL i F Microsoft Visual C++
AR s Windows iU ) . USE_STACKCHECK i H 2 S5 ARAEA N AXTEAR B O 1A
HMUS I S

typedef void (*PyOS_sighandler_t)(int)
& FHaE ABL

PyOS_sighandler_t PyOS_getsig (int1i)
BT HsE ABL RIEES i YEIIESALEE . X2 — % sigaction () B signal () HMHHA
e T ANEEEE XA !

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)
& THUE ABL ¥HES i S FRAREN by R FORI(E S 0TS . X2 — X sigaction ()
5 signal () YRS . HAZE BN E L]

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)

T RaE ABL g 3.7 prae.

B WCRECR P BT WA PyConfig APL DL RWTRf R3S Python AT FR4745 16
M PyConfig SetBytesString () HR%K.

PR BT E This function must not be called before *f Python i# 477 #7144 14 27 Hi %% F AE IE#f
HifcE LC_CTYPE &= Xi: iE5& Py _Prelnitialize () BE,

{di i filesystem encoding and error handler FfEiS—AF47 8 . USRS IRALPRES M surrogateescape 4817
AEFRES, NPT AEAS ) 4 R fE Y 24 U+DC80..U+DCFF i fil N 4% AR — N5 51 w]
e fERS AHEAF, WA 71 2l surrogateescape 5 iRAM AR K4 LA SE ARG E AT
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AR [ — AN [ 2 BE Y i 58 AR 4L T AT HR B 35T, (I PyiMem _RawFree () RBEAAE. W
R size AN NULL, NRRFHERR T null AT ST RS AS] *size

TE RIS A R B N A4 B A 1 IR ] NULL, G02R size A0 NULL, W *size RF7ENAFAS RIS N
(size_t) -1 BfEAFIDERETE N (size_t) -2,

filesystem encoding and error handler J& HPyConfig Read() % % £ BJ: £ WlPyConfig
W filesystem encoding fMlfilesystem errors W H.

RS R R R 4 %k | ek C AR B

W Py_EncodeLocale () MBORFFFAFER SIS ] 7T 5 o

S

PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () BREL,
1E 3.5 BARTIA.

e 3.7 JUAR e A2 A B BHAE MR 4U(E Python UTF-8 HExR #5641 UTF-8 #fitht% 2.

TE 3.8 A A AEASHE : IRAE AN SRAE Windows Py LegacyWindowsFSEncodingFlag 2N IR
BORHEF UTF-8 Zmhdtg

char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)
BT FE ABL B 3.7 paAt. $F—A M 58 FAF AL 45 58 g il A filesystem encoding and error handler
WA R AL FRAS A surrogateescape iR A4S, WFE U+DC80..U+DCFF {5 H A i (U 549 2 Bl
el =75 H 0x80..0xFF,
R E—AFE R BB S T R R EgEr, R PyMem Free () RN, 24 %4 gl a1l AT
B R IR [A] NULL,
U7 error_pos A4 NULL, NRINITESE *error_pos W (size t) -1, BETE %A HiDAs 5
IR TER AT R G 5 .
filesystem encoding and error handler & HPyConfig Read() % % £ #): £ WPyConfig
M filesystem encoding fMlfilesystem errors &M F.

W Py_DecodeLocale () MAEURNF AT H ARG 0] il S8 FAF AL F4FER

ey RO AT AE This function must not be called before 2t Python # 474145 1% 2 B4k E H DA
{EIER I & LC_CTYPE 155 Xi: &Py _Prelnitialize () M.

S

PyUnicode_EncodeFSDefault () flPyUnicode_EncodeLocale () HEL.
£ 3.5 AT

TE 3.7 A A A B BUAE ML PR Python UTF-8 Rl UTF-8 2t A% 5K

JE 3.8 A K A AR T PRAEANSRAE Windows | Py LegacyWindowsFSEncodingFlag N2 IR
BORH ] UTF-8 gafiddg =X .
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6.2 RGiThAE

XA H sys BLRAYZIREN PALE C AUISTIAY TR 8 EATAR R T 24 AR R AR ) sys B
BT, i I A N TR AR S A

PyObject *PySys_GetObject (const char *name)
B fh: Ay i A B TEE ABLIREDEH sys BEHIAT SR name 55 Q158 A F7AE I 3 (9]
NULL, HHASKERH.

int PySys_SetObject (const char *name, PyObject *v)

% T ABL X§ sys B name 58 v BRAE v S NULL, FEILIEHL T name K5\ sys Fridk Hgh
MbE. BSEhmmE o, KA RERHRE] -1,

void PySys_ResetWarnOptions ()

J& F a2 ABL 4§ sys.warnoptions BB NEFFE., R FIEPy _Initialize () Z HigEH
i B

void PySys_AddWarnOption (const wchar_t *s)

B THaE ABL I APT B OR B8 T PS4 BCH R EPyConfig. warnoptions, %
LPython #1745 1LB & .

Bt s S INE| sys.warnoptions. BLEREUANIAEPyY Initialize () Z FIHEYH FH DATE S ek
IEARY 2R
H 3.11 fRA57#H.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
B THa ABL Bt APL @A B H T 1al N W4 AR W EPyConfig. warnoptions, &
L Python #7145 1L B .
¥ unicode YsJN%) sys.warnoptions,
WA H i s 8O 7T FE CPython SEHL 2 AN H), B R ELAAEPY Initialize () HH)
warnings B FAZHHIAM, (H2E5FE17TH E PR E] 2 A SR VFEIE Unicode X 4 I A
RERIE -
H 3.1 AT

void PySys_ SetPath (const wchar_t *path)

B THL GE ABL It APL ¢ f& B I T 1 F A& W2 % o8 R M W EPyConfig.
module_search_paths MIPyConfig.module_search_paths_set, 2 WPython #1 45 1&
At h .

¥ sys.path BN MTE path HHE BRI RRAT R, RSEV R R E T & R R R
SYBEAT (FF Unix 12k @, ££ Windows |24 ;) S BRI AE 0512
H 311 AT .

void PySys_WriteStdout (const char *format, ...)
B FRE ABL X§PA format FiiA i B FAFER S AR sys . stdout. ARG RAEMAE, Bk E
THEE (WTF30),
format 2445 28 XA $ h FAF ER 098 R/ HIFE 1000 FATPAE - At 1000 FH5 )5, ik
FFER AT R, SXCEAE AN A SZ BRI %es” A& EATTI 2468 7% . <N>s” SRl
Hodr <N> 2N EH R <N> 5 HAE AR AL AR B KRS 2 FIA &4 1000 27459 -k
T . BEERE %, BRI R R RECF T B S A T £
WK THIR, sys.stdout PHESS, CHESLITHERHEE A EIER (C E4) srdout.
void PySys_WriteStderr (const char *format, ...)
& T FasE ABL 8Py Sys_writeStdout (), {BUMUCNE AR sys.stderr 5 stderr.
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void PySys_FormatStdout (const char *format, ...)

J& T i ABL 284{bl PySys_WriteStdout() ) BRI <l PyUnicode FromFormatV () ¥t&z1k
HEH HARHE BB E 2R K.

1E 3.2 A

void PySys_FormatStderr (const char *format, ...)
J& T faiE ABL 25l PySys_FormatStdout (), {BECNE AR sys.stderr B stderr,
1 3.2 AT

void PySys_AddXOption (const wchar_t *s)

& THUE ABL @ 3.7 e, I APLRORE T 1) Az s 4O R E PyConfig. xoptions,
Z: WL Python #1451 BL E o

K5 s fEHT A — A -X EIH R SH R ENRME PySys_GetxOptions () FrikIal )24 Fiik
Wit WERERTPAEP Yy Tnitialize () Z BRI
TE 3.2 AN
H 3.11 A FE .
PyObject *PySys_GetXOptions ()
BEMEAEANGG T A BT E ABL § 3.7 jrte. IR 2477 —X I8, 280 F sys . _xoptions,
RAEERE, RFR[E] NULL S — 5.
TE 3.2 AT

int PySys_Audit (const char *event, const char *format, ...)
G KA VTSI B AT AT (48 o B E R (] A A R T b 3R ] AR R AE I 1 — A 5
L
WERC A TAEMT 5, WKL formar FAR S BORM & — DAL AR ICH . BR N A,
fEPy_Buildvalue () "l RREFAFI AT . AR EREA R — DI, BERpasms
— ST RICAH . (BRI N WA — A5, (H2 d T 30A IMEHLE I R B S HU 1R 9E
THFE, PRI & TR 2507 . )

R # 8PN Y B Y EPy_ssize t RALHE, TLBEAHE LT PY_SSIZE_T_CLEAN,
sys.audit () &F7 5k H Python RS p&EUH [ i 454

TE 3.8 HUATIA.
e 3.8.2 A KA BoRPy_ssize t T # AaUFAF. EHLZHT, 251K — ARG H 5
ik

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

R XTR hook WINENFAE AR T4 155 TN IR 0] 2 M AE 2R Wi [l R4 . 4Rz
I E 2RI, BT R M BCE — R I APLESINAY 5T 2 XTI AT I B 2
A RS A T

userData 5T WG AN T RE. T8 T RET e ARz TEHRH , R385 AN B3 1)
Python JR7.

VR HEPy_Initialize () ZHIBCEEIPM . WRIEBTRAIAZ EHRM, B RYH

T TR B A AT REE 5 | & — M Exception TR IREERM AT HR0E (LA AR
REWlk) -

BT RO S G & H Y Python ERESAERFA GIL AYTEOLF A -

HZ A PEP 578 [ A AT TRIIE . AR T RPRIARE e o 5 A TSR e R0 B L o
IR 2 DL R R S

IR SR IRt BURRECRF 5 K — T 3iF sys . addaudithook HAMPHATMSEL. 4
BT 1B % T — R4 H Exception (R, BiM TR S HiZ 2w &bk
kR BRI, YRR 5 S T BGE A AT 8 5 E RIS I B A A AT B2 i B A B R 8
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typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)
B R B R event 244 45PySys_Audit () 1) C FEFERFMSH. args SN —
/NPyTupleObject, userData J2-154; PySys_AddAuditHook() HIZ4K .

1E 3.8 FATIA.

VKL i

void Py_FatalError (const char *message)

& T hEsE ABL FTEl— B D B RO . A PATILAT B . b ek R0 24 (CFEAS: T 2] ]
AEL-4kZL il J1] Python fRREAR A G Y] ﬁ/fdﬂj“ PEMkE ;s BN R B SRR . 7E Unix L,
2VAARHE C FERREL abort () HAF i ERZAE M —4> core Mt

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

T8 3.9 A KL H ek g e
void Py_Exit (int status)
& TROE ABL B M ai k. XKW My _FinalizeEsx () SR )5 HH M Ar i C R %L
exit (status). WPy FinalizeEx () ¥EREHE, BHIRSH#EX A 120,
TE 3.6 FUA R AEAZ T SR H S AU RS RS 2 A 20

int Py_AtExit (void (*func)())
& FHaE ABL YEM—N Py _FinalizeEx () JAMBIHERRE. WG PR ECR AN E AMTATSEL
HARIRITAEA{E . 2 AT ATEN} 32 AN B & M3y, py_AtExic () iRl 0; 2k
W, ERRRIE] -1 d e B R S e R T . N BB R 2 R . T
Python [ N R AW FET BRR B A 52 i, [ IG Python APT R4 func P4 o

6.4 SRR

PyObject *PyImport_ImportModule (const char *name)
BEME: #4951 A o & T RUE ABL X g — Py Import_Import () M, E#Z—1 const
char* fENSHMARZ PyObject*,

PyObject *PyImport_ImportModuleNoBlock (const char *name)
BeMh: #a95lA. BT HRUE ABL iR REUe Py Import_ImportModule () H)— MG FTH A4 .

e 3.3 AR LA AE S NS ) — ERAR I LR B S R R, {HU2 A Python 3.3 52, 07 %
TERZHE LT AR EH0H B BB, B AR s B R IR A T B e 2L

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)
BEE: #Hagil A, AR, HSENE Python AL import () SREUGEFMAHKH
S
J‘B[E]{E%*/[\Xﬂ“ﬁ??f)\ﬁﬁ%ﬂi FEGARFTIH, SURLER AR R NULL R E AR
e 5 __dmport_ () KL, MIEHR—AEHTRIEHR I E Sz RS, RIS T
—ANESS WY fromlist

FARMAAE A ERRIBIXT G, HBR Py Import_ImportModule () HikE.

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

BEME: #eg3 A . BT ABL A 3.7 iz, E’f/w/\@%ik KT IR A S5
Python pR%{ __import__ (), PAARME __import__ () BRELS ELER MR AL
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IR & — A% T AR S R RS, BURTE S AR I A NULL I — A 5
o 5 __import_ () ML, HiFRK—DENFEEELR EMEEE Dz = ZHE, BRIEGHE T
—NEZSH) fromlist,

TE 3.3 JRATIA.

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

BEME: #FHe5 A . B TEE ABL 2T PyImport_ImportModuleLevelObject (), {HHA4
FrA UTF-8 gl ()7 4F 5317 A J& Unicode %52 .
TE 3.3 AR KRS B NP2 level R T EA

PyObject *PyImport_Import (PyObject *name)
Bwefh: #eg3l A, B TRUE ABL X2 — MM T HE “SARTRE” MERZEED (B8
SE level 2y 0, FIRUXFA) . ERFGGE Y HT 2 REHEN _builtins_ HHY __import_ ()
PRAL. IXREWREFF BT M BRI R 2R AT AR TR ZE A
WRRBUR R X AR A

PyObject *PyImport_ReloadModule (PyObject *m)
BEME: #eg5I M. BT UE ABL B — AR, 3R [l ) g B AR AR G I, BEAE R
R [l NULL HRCE— A8 (TR L PR AFTE ) -

PyObject *PyImport_AddModuleObject (PyObject *name)
BEME: BAAYFIA . B TRUE ABL B 3.7 jrt. 3R DY T AR A TR S . name S5

I AT PAA package .module., WIRFEE modules T ML) B JekG A i 7l QoA ], W4
HE— N HBHOR A A 2 modules L, FER KGR [E] NULL R & — 75 .

i WRBCR SRS A S e WEIREEA RO, VRRHAS 2] A 2SR & . i
HPyImport_ImportModule () B EHIFNEAIE AR E AL, name i HH 552 R E5E
FA A0SR W AN AEAE NN S 1 ) 2

1E 3.3 A A
PyObject *PyImport_AddModule (const char *name)

BEME: AT A BT iaE ABL 2 TFPyImport_AddModuleObject (), {HH 4 FR K UTF-8
R ) T4 HR A 42 Unicode X4, object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

BEfE: Fagil A . BT RE ABL B — ML FR (FTHEN package .module ) Fl—4
M Python =355 SC A2 BUEL M N B R SR compile () REUWACHD AT, Inakizidh ., & |0 %A
YO M5 M, 808 R A A AR GR ] NULL I 8 — D25 FERAER RGO T name
Zx M sys.modules g Fel4, B name fE3E A Py Import_ExecCodeModule () B IEHET
sys.modules 1, ¥f sys.modules HRHE REEVIRMHIBHOZ N, B S AR
A INEATFEHT G2 BT — MR AN (PR ES 1 BT BE 2 L IRT) RS

M) spec_ Ml loader  {ISRMARCEMLE, B N 40 . AHR spec BN 2%
(IR WE) BB _ loader e HAME B NN SourceFileLoader 5L
B,

i) file  JRMERRE MDA co_filename, fIMRIEN, BKFKE _ cached_ .
R B F AN R B EHE . WS RPyImport_ReloadModule () | fif B EAR B
Erk.

IR name $5 11— KN package .module [ S HIAFR, WATAT I A A2 A L5598 A
SR,

g S|Py Import_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames (),
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PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)

BEME: #Feg3l . BT RE ABL B FPyImport_ExecCodeModule (), {HANS: pathname N
A NULL WSR2 0 file  JEMEMIME.
%%E'_,PyImporthxecCodeModuleWi thPathnames ().
PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
BEME: #ey5l 8. & TRaE ABL § 3.7 it KT PyImport_ExecCodeModuleEx (), {B#N
R cpathname 754 NULL W BB G __cached_ {H. FE=ANREC, @M HT

#/l\o

TE 3.3 JRAA.

PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)
BEME: #ag 3l A, & TR ABL KT PyImport_ExecCodeModuleObject (), {H name,
pathname F1 cpathname )y UTF-8 4B F 458 . IR pathname 3% 3% 5 NULL NiE & 22 R 12
cpathname HEWT H 57 (.

1E 3.2 A
T 3.3 JUA A AR o R R T A= M & ) imp . source_from_cache () RIHIA
HEAR

long PyImport_GetMagicNumber ()

B T HeUE ABL iR 1] Python FH S SCHF (Rl .pye SCfF) HIBERL. BMUBERCR S A77E T 7 19 SCIFY
TERPUAS T, SN . AR ] -1,

e 3.3 JOA B AEAC T SR IR el -1

const char *PyImport_GetMagicTag ()
& T A5 E ABL 1%} PEP 3147 #6310 Python 5% SCF 4% 3% [l BEARARZE FAFH . HHICHETE sys .
implementation.cache_tag FR{EAR I 24485 F R AR It R 5500 SRR B
1E 3.2 JRASIA.

PyObject *PyImport_GetModuleDict ()
BEME: EAFIA . BT EUE ABL R B TARSE T (I sys.modules). #TERIX 245
XA R AR AL

PyObject *PyImport_GetModule (PyObject ¥name)
BEME: #He9FIR . B TRUE ABL g 3.8 L. IRBIZEMFRINC AR, TR AR5 AN
R[] NULL AER BB A R AR A IMOUAR 0] NULL 35 B4 iR
1 3.7 A A

PyObject *PyImport_GetImporter (PyObject *path)

BEME: #Haysl M. B TIE ABL R EXF—4> sys.path/pkg.__path__ W4 H path HJ#
AR, THESM sys.path_importer_cache FHL AP, WIRE M ARG, W2l
Ji sys.path_hooks B ZELF| —AGEALBEZBK AR 45 H AU 1. A0 R BA AT A Y 48 1 00 i [m]
None; X R 45 HI M Jypath based finder Joi5k N % Ae 5% H R B A 4. G5 R ZAFE] sys.
path_importer_cache 1. R[al—A4g 2R AFRT L HTH .
int PyImport_ImportFrozenModuleObject (PyObject *name)

B THUE ABL B 3.7 pae. NEAFRA name B)CVREHH . IR E] 1, 40 oK 48 BT H )
Mmoo, AERAIIA MR MR A -1 HBCE A S ARG VT B AR,
MPyImport_ImportModule (). (WHIERMLAFA BT - ARBHC BT A B RKHORF E

E.)

[
TE 3.3 JRASIA.
TE 34 MUARKAEARE: _ file  JRMEIFAFEAEAER FIKE .
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int PyImport_ImportFrozenModule (const char *name)

J& T e ABL B FPyImport_ImportFrozenModuleObject (), {HHEZFR A UTF-8 i
FAFHMAIE Unicode XF42 .

struct _frozen

R E AT O RS RRAIR S5 R E L, 5 freeze T HTA N —8 (5 SF Python AL
W ARFTH ) Tools/freeze/), HiEXAJFE Include/import .h FkE:

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

TE 311 AR R AASH: Bl is_package FRUGMBRZGR N — . XN T size BN
ELRIMOE -

const struct _frozen *PyImport_FrozenModules
AR IR AR 10— frozen ILRMEAE, PA—DFr A BN NULL siBAYICRFR S,
o M—PNUREEBURGC T AR, ERTECR IR R 28 =7 HURS T AR i 5 2R AL ah A B
R AR .

int PyImport_AppendInittab (const char *name, PyObject *(¥initfunc)(void))

& T RasE ABL [H)BUA IR Y B HREG — MR, XX Py Tmport_ExtendInittab () [fH
SEAE, WPRTCIRY RRNLR ] -1, B n] (i 45K name G, IFBEH R EL initfunc 155
TS — R AR BT A A B BLBR BN 27 EPy_Tnitialize () Z TP .

struct _inittab

iR N BB F ot — A A H S K. ik A Python [ 75 5 T DA KR I 26 45 1) 14 1 B 40
SpyImport ExtendInittab () Z5&H F AR OLA NG P B A B, 122 25 400 1 ey 19 4 o B2 4
s

const char *name

BERATR, H—A> ASCIL 4l i) 7475
PyObject *(*init func)(void)

BERS BT R AR OB 400 2 T R KR

int PyImport_ExtendInittab (struct _iniftab *newtab)

] N BB R S I — A . newrab B WA PA— A% NULL A name S B EE 45 H 450 ;
ARER AL A T BB S BN FE R . NI IR E] O B A0SR TE WA T SR A FE R A8 P 70 U 3% [
~Lo MRS, RS ] RIS T AT . KRB BIfEPy_Tnitialize () ZHIVHH

o R Python B B £ K K 4 b, WPyImport_AppendInittab()
W PyImport_ExtendInittab () WhAIFEEFK Python HIUG1k2 Hi# -

6.5 #¥#E marshal e

XLEIRE SV C AU AL LS marshal BT A R B R PP SRR G o Ho A L8 g B0nT R4
Y5 NX AR, o5 — LEpR B AT RSO IR Zcdhs . T #7f# marshal £ i SCHF A ATRA
PERIRASTIF

RO EAEAT I SR doe R 7 AT Sk o

SRR SR AP R AR SOAS 55 O UM SIS, 56 1 AR TESCPIAN marshal [ 5814k i 36 S 4L
TAFH )% 2 JRAR S0 R B — A% 5. Py_MARSHAL_VERSTON #5H] T 4RI SCIFAR% L (47T
A 2)
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void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of
the size of the native 1ong type. version indicates the file format.

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)

B¢—~ Python %142 value VA marshal 4825 A file, version $5H U A AR

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)

BEfE: #ag5I R R value 1) marshal FoR LB FATHRXIR . version F5H] S
RIS o

PATR BR AV SO A7y marshal #5XHI{H
long PyMarshal_ReadLongFromFile (FILE *file)

Return a C 1ong from the data stream in a FILE* opened for reading. Only a 32-bit value can be read in
using this function, regardless of the native size of 1ong.

KRR, PR EAG M FH (EOFError) JfaR[A -1,
int PyMarshal_ReadShortFromFile (FILE *file)

Return a C short from the data stream in a FILE* opened for reading. Only a 16-bit value can be read in
using this function, regardless of the native size of short.

KAREIRI, FBREEE MR (EOFError) k(] 1.

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
RWE A #4971 A . Return a Python object from the data stream in a FILE* opened for reading.
KAEERR), BIEEE M4 S T (EOFError, ValueError 8 TypeError) ik ] NULL.

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

AEE: #a93] . Return a Python object from the data stream in a FILE* opened for reading. Unlike
PyMarshal_ReadObjectFromFile (), this function assumes that no further objects will be read from
the file, allowing it to aggressively load file data into memory so that the de-serialization can operate from data
in memory rather than reading a byte at a time from the file. Only use these variant if you are certain that you
won’t be reading anything else from the file.

KAFERE, R EIE S R (EOFError, ValueError B TypeError) iR [F] NULL,

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)

BEh: #ag5I R . MBS data 1 len 419075 Gt DR I 1 B i 8] — A~ Python X
%o

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

6.6 BITSHHWEELEE

TERIEAR H TP R BT AN, XA M. HEMEEAFEB] UL extending-index .

X e B A W E = A, PyArg ParseTuple(), PyArg ParseTupleAndKeywords (), DA
fepyArg Parse (), BEATEMER A& X AL F FF 3 R s BOU 7 00 S 805 R R A 33X 28 58 $ICER 8 I AH
[ VA B A% AL AR
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6.6.1 BEIT S

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

FHBENEEEX

X LEAR TRV R R A IR RS2 1) N AP HIE AT D7 1) o R SRR 0114 unicode S AF B 715 XY
JE AR A7
BRAES AU, P KRR AL IR,
A =FINETT DARF A AP RN G X 3] C 22
o Boy* M os* TR AT —Ary_butfer G5, XRFHUE T =G b XA ] & Bl
JE A X A 8 o K B J& fE Py BEGIN_ALLOW_THREADS B vt AN £ 45 1] A5 B4 PR A /N i
BB BT R 1 KU B, FE AR AL B (BT R P kI ) 2 e

W PyBuffer Release().

o es,est, et fll et# G S HEGEREM X . FEARGHRAFEE (SATMERK T IRg5) 25
PRI Py Mem_Free ().

o FLRSRBER A str oM byies-like object, W1 bytes, FRMEMKIRME - const char
* JEER . TEZRMIXE “PHEANT BIEOLT - TR XTI Y Python XTEORAERE, I L EE O S0 A A
W RARTRE B TR AF
AR T IZ G XA DU A, X PyBufferProcs.bf_releasebuffer FEhih
NULL, 3X¥ A RF B ] 2 X R U0 bytearray, VAL B2 A bytes () memoryview,

TEXAS bf_releasebuffer ZRPASL, WA TR ARG Z G AT A RA (5140
EREXEZ G KAR, 85— AR G RENUE R ) .

& XTI # AR (s#. y#%§), X PY_SSIZE_T_CLEAN DM{Ef# Python.h ZHIE L.
TE Python 3.9 A FLAUAS |, WAk LT PY_SSIZE_T_CLEAN 7%, WIKESEWRA Py ssize_t,
IR int.

s (str) [const char *]
FF—> Unicode XA l— R I FAFEHR I C f85t. —MgiHEm— N2 4, X4
FAFRAERN R M PR E A . CFAFR R DS AN . Python SEAFHRANRR AL 5 i A TOAL
AR A W H, —A> valueError SFHE S5 % . Unicode X RHEALE 'ut £-8" Fhidf) C
T QR RIL, —4> UnicodeError FHEHEIK.

s XNFR AR Zbytes-like objects, TNRARIEZ XA RGBT ENEFHLL C F45HE,
BWAE ] os F#AKAI A& PyUnicode FSConverter () VBN $#40F4L,

e 3.5 JUA KA RS HE: AR, 24 Python FAFER HIE ] Tk AR null fURD &5 & TypeError .

s* (str or bytes-like object) [Py_buffer]
XAFRBAMEFEZ Unicode Xf RWIEZRFATREN S . BB ERIE Py_buffer F5HHIK
i XHARE CFEAFHR A BEE & AR NUL 5. Unicode X4 'ut £-8" Hifdbi% k)l C
FFER

s# (str, read-only byfes-like object) [const char *, Py _ssize t]
B s>, RAETERME T ME %7 R, GPRIHETEM D C AR, H— 4R C F4F
RIS, BRHKE. TR B S AR Z FHT, Unicode X R "utf-8" 4
sl C F1H.
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z (str or None) [const char *]

5 s ML, {H Python Xf R ATHEN None, FEXFEHL T, CF8EHEE N NULL,

z* (str, bytes-like object or None) [Py_buffer]
5 s* KM, {H Python XRMWATHEN None, fEXMIEI T, Py _buffer £5MKY) buf AR E N
NULL,

z# (strx, read-only bytes-like object %% None) [const char *, Py ssize t]
5 s# L, {H Python XIRWATHEN None, TEXFIEILT, CI84HE N NULL,

y (read-only byfes-like object) [const char *]
EAE R S/ AR FATXRIG R — DR S 09 FRFER Y C 485 BEAEESZ Unicode X4, F
WM KRS IR A R AT MRS XN Z, ¥F45]% valueError S . exception is
raised.
TE 3.5 AR AAST: DART, S & KB 2] T A null “F52 5| & TypeError .

y* (bytes-like object) [Py_buffer]
s* HYAEE, AHEZ Unicode XI5, HERZ P AVE R . X252 BRI Hi7 05T .

y# (read-only bytes-like object) [const char *, Py ssize t]
s# MAEE, 4232 Unicode X5, Rz KA &,

S (bytes) [PyBytesObject *]
%K Python X4k bytes W4, ANEE{HATAEMI . QERZATZR AN bytes Xf Z M 5] %
TypeError, CASEW R[N Pyobject*,

Y (bytearray) [PyByteArrayObject *]
B3R Python X4 4 bytearray X4, NERIATIEATEHAR . ARIZXFAN bytearray X4
25K TypeError., CASRMAIHFEN]N Pyobject*,

u (str) [const Py_UNICODE *]
$§—> Python Unicode Xt 5544 BUH ] — > PAZS 2 111 Unicode FAFZE I X W F54EL . ROAZAE A—
APy _UNTCODE %15 s ik, F76if T — 4810 © LAFTEN Unicode Zh X485t 1T ER—
APy UNICODE ZRHURY“FAF 58 I T i 18 T (16 (753, 32 (i), Python “FAFHLAUAN RE AL & ik
AR null fCR% 555 WA, 5% —A> ValueError FH.
TE 3.5 WA KRS T AR, 24 Python SEAFH B E T AR null URY S&51% TypeError .

33 RS WA, AR 3.2 P B R X 2 IH APy _unTCcODE APL 3 i #%
FPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, Py ssize t]
u AR, FEREPIAS C A8, BB— %G —1 Unicode i ZA7IX, F_NMEEWKE. B
P null AR 5.
MO33 RS WA, AR 302 P B R X 2 IH APy _uNTCcODE APL 3 i £%
ZPyUnicode_AsWideCharString().

Z (str 1§ None) [const Py_UNICODE *]
5 uZEfl, {H Python Xf R WA HEN None, TEIXFPEIL T Py UNTCODE 841X E N NULL.
MO33 RS EWCRE A, AR 302 P B R X 2 IH APy _uNTcOoDE APL 3 i £%
$PyUnicode_AsWideCharString().

Z# (str 1 None) [const Py_UNICODE *, Py _ssize t]
5 u# 2K, {H Python Xf LA fEN None, FEXFMENI T Py _UNTCODE 841X &N NULL,
M33 RS WA, AR 302 P B R X 2 IH APy _uNTcOoDE APL 3 i #%
F PyUnicode_AsWideCharString().

U (str) [PyObject *]
B3R Python X§ 424 Unicode X§ 42, A2l AT(EMm 4. WAAXXT 5 A~ Unicode ¥4 N <x5] %
TypeError, CZABWAIHFEIN Pyobject*,

w* (u] {325 bytes-like object) [Py_buffer]
XN FRR I AT LI B A X O 4. BRI Py_burfer 5HIRIE. 2%
X AT REAEAE R AR null 235 . S48 XA 52 5 & R Wl PyBuffer_Release (),
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es (str) [const char *encoding, char **buffer]
s A8, BERFGASfE1H Unicode FAFAEAFEAFZMIX . B HAIREA ik NUL S5 1 2 gm s 28l .
AR ATEANSE. B UNERA, HF Hh const char*, E4g[a—PA NUL %5
M FAFERRR I AR A4 FR, B NULL, XAMEFR LM 'utf-8" iz, 412 Python
FoVE I RIS S TR R M 28| R B . 85— A SRULFN char**; TS| B35 sHE g N
WAHSECURNEN G X . SCARREASE — S EIr a8 1) Jn s kA T 45 o
PyArg_ParseTuple () &4 —AN RS I/, K54 5 00 Ba 5 DLk A~ g2 o (X5 H.
W *buffer 51 RIX AT NAE=S ] . R E A SHELEME M G PyMem_Free () EREMEZ
SRR g IX.
et (str,bytes or bytearray) [const char *encoding, char **buffer]
Fles tHIA, BT ANHERSEAMFEFRENS MR, BIEREEANSECR RIS IE TR 2EE,
es# (str) [const char *encoding, char **buffer, Py _ssize t *buffer_length]
s# 70, BERCH Unicode FRAAFAFIFGMIX . MM es £k, BAVHMEARNEGECS
NUL F4.
UHEEABH. F—UIERA, I HLHY const char*, EHA—/ Pk NUL 47
FFER IR At N AR, B0E S NULL, XMMEL SN tutf-8" gufdigal. WA Python Joik
PR E NSRS K555 BB char *; BFrg| HEHERF g A
SEROCRNE G MR . SCRREPASE — DS BT E B i As X T i . 55 =S E TR )
— RS T | T A REEICRE A A it i X B TR
AR
AR *buffer 4510 NULL $541, W BRECR 2 BCIraG R/ N 2 X, K5 i Bl 2 I 2 e g X, 9
WHE *buffer VAT T TCHIAER o« BPAYE ST PyMem_Free () PATEAE ] FERE o BC Y 220 X o
MR *buffer F5 1) E NULL #8451 (2 MMEMNIX), MpyaArg ParseTuple () R HALEAEH
P X, FFRE *buffer_length WHIIRIERERE I G0 XK/ KRG, BRFRFR IS 0 B0 2 1 21 2 o X
HAILE. GEREMXAER, FFLE— ValueError,
TEX PG FH, *buffer_length 1% & R it J5 45 B AN A NUL (R K .
et# (str, bytes 1 bytearray) [const char *encoding, char **buffer, Py ssize t *buffer_length]
Fles# M, BT AHERESEAMEFREXNR. MR, EHREEANSER GGG TR
A,

B
b (int) [unsigned char]
KR Python BEEUHAGN TLAF5 MU EL, 17— Cunsigned char.
B (int) [unsigned char]
+ Python B R O HIOT HAHE Tt A A, /78—~ Cunsigned char.
h (int) [short int]
¥ Python #& %6465 C short int.,
H (int) [unsigned short int]
- Python #2540 C unsigned short int, NI THE HAGE.
i (int) [int]
s Python B&EiE4 4 C int.
I (int) [unsigned int]
FF Python #4440k C unsigned int, AT HRA.
1 (int) [long int]
K Python B 5/ C long int.

k (int) [unsigned long]
FF Python #5446 °5 C unsigned long, A7 2.
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L (int) [long long]
¥ Python B %4455 C long long.

K (int) [unsigned long long]
¥ Python E&Hj5%40: >k C:Ciexpr:’unsigned long-long’, T AT HIHG 2 .

n (int) [Py_ssize t]
¥—A~ Python BAIELAk i —/~ C Py_ssize_ t Python JGRK/NJEHL,

c (bytes ¥ bytearray KJi¥ b 1) [char]
Ff—A> Python FATRAL, 41— KR 1 1Y bytes B bytearray X4, il C char .

TE 33 AR KAASH: foif bytearray REINIE .
C (str KPEH 1) [int]

FF—A> Python F4F, @1— KR 11 str X4, #4k Cint.
f (float) [float]

Ff—~ Python 3% s g4l C float,
d (float) [double]

¥—A~ Python ¥ S 8554k C double,

D (complex) [Py_complex]
Ff—~ Python 5 FE AU LAV Jil—A> C Py_complex Python S 27,

Hipatx

O (object) [PyObject *]
F Python Xt 5 (KAL) fEAEE]—A CXRIGH . XHE C Rl REH N E SE B3 B I F
Fo MG Hstrong reference R RIEE (RIHGIHTECN I . A& NULL,

0! (object) [typeobject, PyObject *]
H—A> Python Xy RAFA— C XRG4 . XEMT o, HIEZMA C 4 %—1-J2 Python £
BRTRAHAL, 26 AR AFEXT R AGH ) C AR GRALN Pyobject*). iR Python RGN HAT B
BORMERL, W5k TypeError,

0& (object) [converter, anything]
Wit converter ECRF Python X540l C A8 &, XTTFEMNSE: H—D2WREL B M2 A
B (ERERA) WHbhE, Fh voidx, #4835 MBURK AW :

[status = converter (object, address); J

Hort object 21555401 Python X4 1M address Fjtk4% PyArg_Parse* R void* 4. &I
status 24 DA 1 AR RFES KT PA 0 FFFHEHRIM . M5, converter pRERN 245 | & 4 f
il address 1) NZARFFRIE IR -

R converter 12 [0] Py_CLEANUP_SUPPORTED , WIAMSRSEUMBT IR LRI, B e R %
PREL, A A A AL R A LA A7 ZESE A, object ZH0K5 A NULL ; [H i,
ZSE A NULL L, S50 NULL , FIL, S50 NULL  (W15R{H) A NULL address
FE 5 SRR Iy A A (ELAR TR
TE 3.1 BiAR & AR Py_CLEANUP_SUPPORTED #{US Mo

p (bool) [int]
MR AL AE TS A E (— DR AW I HRREE REEA AAXT AY C true/false #EAU(E . QIR R
XONEE 1, RINE 0. BEZAEMAER Python . Z: L truth ZREUE £ 3T Python i i i (&
HEEER .
TE 3.3 HUATA.

(items) (tuple) [matching-items]
X2 Python [731], BRKEZ items AKX BATTIIEE . C SELLIIRT Y items HraE— RS
HAEERTT . JFPAI R AS R IT T RER IR E .
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f% i "long” &7 (UE B 15 1) LONG_MAX FRIIAYRETE) R AT BERY, SR 2 dEA7 10 24 Y 9 Fil A ) —-
MR T BONTHMORNEMER e A R RO 2 PO By (S5Fs b, % SO dR B C 1T
et — PRI ROT RES KA A2 1) -

A AT R b — LA ) AT B RFIR IR L . XA REH AR EAERE S . BT

I
FKHIE Python S5 R 3 T Y S 4R 2 AT 1ERY . C A8 1% W Y T e S 40055 20 i Ak S A (E
BN ES R R EN, PyArg_ParseTuple () AREVIAHNAY C A2 H (R N

e

o

PyArg_ParseTupleAndKeywords () only: FEHAYE Python S5 3 FR ] K B9 S50 255 ] o2 4
FSE M, ARG T SEE A R AT RS, AT AR | A — A S
M.

1E 3.3 A TIA.

ATy R Al dE B5ENEMAREBMARMERNEIREL S W EHEH
(PyArg_ParseTuple () BEEIER “RKEME” FH).

Fr st BT RGO 42 R IR B e B B A BRI B+ L I
HEP% .
g%ﬁ%&%ﬁ%%%&ﬁmmmﬁﬁﬁmﬂ%%A%m;K%ﬁﬁ?ﬂ(ﬂﬁ%ﬁﬁﬁm%%mﬁ
pi
530055 6 Y T KO 2 70 R 0 A B 5 B 2 PSP e A T (.
SR, 1 E RO TS P ARG, S AT AR, B
VRS M HE B 3t BT
BT UGG, arg XGUFICRHRIF HARRALATREL . UHINNS, PyArg Parse* B¥CIFIEN
FUE, 7RI B 5] KE Y WA . 24 PyArg_Parse* ol FH T HAMHE 2 2 T 4 H B T 260
i, e ot BT B S 2t BT I 7 REARS-RE IS

API F#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)

& T HE ABL @t — R S8, RSO S8 BT A R S . ik bl
true; JRIGR A false I HL5 | & AHR ) 54

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
& T HiE ABL flpyArg_ParseTuple () MIF, SR EHSZ—> va_list LR S0 A2 AT 4241
NS HEE.

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords|[],

...)

% F AR08 ABL 3 HrRi A7 B S E0M 5 S 40U R B i ok SR i AS B 0 R AL B8 keywords Z402
KEEFSEAFRIN NULL & IFBEH . 254 B FEnpositional-only parameters., JEEBHR [E] true; & A HK
BEm, BRFR ] false 5] A AH N 1S5
TE 3.6 A K AASTE: s INT positional-only parameters 1) 35

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords[], va_list vargs)
J& FHaE ABL HiPyArg ParseTupleAndKeywords () fH[El, SR B2 — va_list 255
oA e AR Sk
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int PyArg_ValidateKeywordArguments (PyObject*)

B TR E ABL B fR P ML PR R B F S MR T AR XA KB A
T PyArg ParseTupleAndKeywords () AYHMRIREIL T, J5# CAEAFHEOX AT A

TE 3.2 AT

int PyArg_Parse (PyObject *args, const char *format, ...)

% T HaE ABL R FRATHY “IHZRAY BB S509) 36— X SepR 40 i ) METH_OLDARGS £
BURAT YA Python 3 SRR . X AR TR SRS BT, I AR BRI R Z
BREERBY, EAHATZEN. B8R T A A, SR T RER AxX A~ B A gidks:
i

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

& T iE ABL —DERIRFESIRBUEX, AT E R I8 ESEEEA, (1 kR
PRICLTE 2 1) SR BN, 24 1E R BB ¥R P AR g METH _VARARGS . A5 S B S JCALY. 247y
args fe A BRI e — N TeH . SICHRY K LR/ min HAEIE max; min F1 max ] §E
ISR BOMYS R LR AL, BASHN SR ME Pyobject* ZZRAREN; ENTRFLA
K H args FERIEE; EATHEEEATIA . MYT args R4 IHPATEESHERASHPIAT; E
TR 244 phy VR 7 SR W0 Ak o 1t R ECAE SR T I E ) a2 ] ELAELTATAE args AN Ry U4 BB 35 8 DA Y T
IR MERAE s ARHAT RIGUE AR E —

KRR B R B, WA _weakref 555 A BRI CH:

-

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;

}

EAM PR PyArg UnpackTuple () SEEZ M T PyArg ParseTuple ():

[Py]—\rngarseTuple(args, "O|O:ref", &object, &callback)

6.6.2 QIEETE

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

BeMh: #ag5l M. & T RUE ABL TR PyArg_Parse* MBURFIEZ AR R —
AMEFF IR ABHE . R B A A A BRI O R R[] NULL; QSRR o] NULL 5] %

- EL s
MR

Py_BuildValue () FA—HAE—MICH, HAYEMFESLTFHFBHAENDEE LD KR
JuA S AE I MR T AR RS, BiR W None; WIREME—MEHIL, Bkl
A B TCHA Y AT —XE R . R4S E A% s A 37 H T DASER f Bk [l — KN 0 B 1Y
JCA.

2 INFF AT X B B AR LS BOE A% 18 I R M B XS ek, s Fl s# 48N TT, &8 DR 24K
2. U E L R MR A S Py _Buildvalue () BB E KB H . WAEED, W
AR AT malloc () I HIF R NAF S BLi8B %5 Py_Buildvalue (), YREGASEEA 5T
{EAEPy_Buildvalue () IREIFE free ()

TE N AR, W55 R RIBA MR RIT B 0 WA AR ITR 2R [ Python X4
R JrES [ WAL C 28R (IR 4e) #Y2RAL,
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RIS, BB, FS AT B A AR A2 (R R O T, W ). i
AT B AR K s 2t 74 R AT 8 P T
s (str B None) [const char *]
] "ut£-8" FfREas & kY C FAFEp#E4ly Python str X4, QIR C F4FH 4541 NULL,
)ﬂ”ﬁﬁﬁ None,

s# (str 5 None) [const char *, Py _ssize_ t]
i Tut£-8" HRiLRF C P45 H I FEAR4 2 Python str X4 . 412k CFAFHR 484 A NULL,
WK B2 20, FF3&A] None.
y (bytes) [const char *]
XRF C FAFHFASN Python bytes X4, Q1R CFEAFHRFEE A NULL, R [H] None.
y# (bytes) [const char *, Py ssize t]
X AR C FRFER S H K JE oy —> Python X4, WNIR% C F4FE4841 2 NULL, IR |5

None,

z (str or None) [const char *]
s —FE.
z# (str o None) [const char *, Py ssize t]
Al s# —FE.
u (str) [const wchar_t *]
P a2 11 wehar_t 14 Unicode (UTF-16 5f UCS-4) $#it 28 o X #4454y Python Unicode %} 4 .
AR Unicode ZZ i X541 NULL, W3R [A] None,

u# (str) [const wchar_t *, Py ssize t]
¥4 Unicode (UTF-16 8§ UCS-4) $ffn28nh X & HAK #4464 Python Unicode X4 . fl15 Unicode
Geop IXFEE 8 NULL, W REXF 8 208, F3% 0] None,
U (str 3§ None) [const char *]
Fls —Ff.
U# (str B None) [const char *, Py _ssize t]
M s# —Ff.
i (int) [int]
R EAR C int §:46k Python BEEOH 4 .
b (int) [char]
Ff—EA C char F4fi Ay Python BEEGT 4
h (int) [short int]
B—AEAR C short int 4l Python BB 4 .

1 (int) [long int]
Ff—4> C long int 54l Python BEEX 4.

B (int) [unsigned char]
¥f—A> Cunsigned char ¥4k Python B84 .

H (int) [unsigned short int]
f—A4> Cunsigned short int #{ft>ly Python FEENTA

I (int) [unsigned int]
f—~ Cunsigned int §#k Python HEHNI4 .

k (int) [unsigned long]
¥—4> Cunsigned long %4k Python EX14: .

L (int) [long long]
F§—4> C long long f4iky Python BN 4.

K (int) [unsigned long long]
¥f—A~ Cunsigned long long §{t>}y Python FEENT4 .
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n (int) [Py _ssize t]
Ff—A~ C Py_ssize_ t 244k} Python 27,

c (bytes KJih 1) [char]

5 AREHATAH) C Lnt B8OV TR 1 19 Python bytes A%
C(str KJE4 1) [int]

A5 ARSI C int Hgiy KK 1H) Python st X4,
d (float) [double]

#—4 C double 54y Python % 551,

f (float) [float]
Ff—~ C £loat ¥4y Python 77 S 4.

D (complex) [Py_complex *]
Ff—~ C Py_complex KRG FEAL A Python & 427 .

O (object) [PyObject *]
JREIA S HAL 3> Python X5, (H R HANHE A ilstrong reference (BIHG| HTHENT—).
WAL ARG —A NULL $85F, W SABRE X B R 2R S50 8 R & B T 4R F e
TRE. B, Py _Buildvalue () FHR[E| NULL (HASG AR . WERM ARG AR, M
XH SystemError,

S (object) [PyObject *]
Al o AHIH .

N (object) [PyObject *]
5 ot (HERXBIEH W strong reference. QARG 1 8 H S 809 32 P B0 R A4 15 2%
A WZ T VAR A AL .

O& (object) [converter, anything]
WL converter PRELRT anything 55354 Python X5 . % BRI EHE R I B P HT anything (B 24 325
void*) fEAHSHOT H R B4~ Fifh)” Python XF4¢, B A0SR & AR A i W3R [7] NULL,

(items) (tuple) [matching-items]
$5—A C AE BTSSR, Python JE4LI (R T2 R

[items] (1ist) [HIDGHYITH]
# - C ARSI Python 916 FHIFIIG TE AR

{items} (dict) [HIGRYILE]
Ff—A~ C A RF 5648 ) Python FHiL . AF—XFEELEN) C AF BXHEN— P ICEmA T, 4
BIE A K AME

MR PR B IETR, WIRE SystemError FH IR [A] NULL,

PyObject *Py_VaBuildValue (const char *format, va_list vargs)

BEME: #ag5 A . BT RUE ABL flPy_Buildvalue () M, SR EHEZ—A> va_list KA S
BT AN 2 AT AR RO S EUE

6.7 FHEBRIMSHENL

PRt RS A A5 2 4t 7 R 4

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
& T IE ABL ARYEAE AT H format MUESNSHL, b AL size D355 stro 20 Unix FM} 51
Wl snprintf(3).

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)

& T e ABL ARYEAEUFAFH: format TSRS K va, b AL size ANFH75] stro 2 I, Unix
F W vsnprintf (3).
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PyOS_snprintf () MPyOS_vsnprintf () 3 C HR#fEFERE snprint £ () Ml vsnprintf () . B
1109 B B2 PREEAR T 00 N B —38 T, MiAsiE C R EUOIASA .

PR RHOR str(size-1] FEREIHRZ N '\O " ENIMAG AR size 737 (WFHARH ' \0")
F str, PPDEREEIER str '= NULL, size > 0, format != NULL H size < INT_MAX., HHE
X ERE NFAE AT E BT S KK/ C99 n = snprintf (NULL, 0, ...) KM,
PR IRIEME (rv ) B IEDA R LI RE -
« M0 <= rv < size W, FHFARIINIER v NFRFE AR stir ONUTERR str[rv] (B
"\NO " F),
e Yrv >= size W, WHFERSPEWIH ATE -NRA cv + 1 FRGN KA RN INAT .
TEHIEOL R strsize-1]1 4 "\0',
o Hrv < OB, " XRAENFHFEN. T EREIT strisize-1] 2 "\0", Hsrr BHRHD
FEARE S HERA TR R BGR T IRETG -
DA BRI 55 T 5 PR TC R AT H BRI e
unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

B FiE ABL RIS ER) base $f str MFEFFER IR 2448 °h unsigned long fH, %{H
WA 2 2 36 XA, s AErEE 0.

2 H TR PR NG B 20 . W1 base HTENM S 0b. 00 B 0x BIZR ARG EHAL. Wk
WA BRI LR R 100 JEEA R 0 BOAE 2 1 36 2] (f935H5UE) . W5 ptr Ak NULL )¢
R DR o (e IR e kA VAN Ok (=L WY

015 2 o i 1 (S AE R IR (] 2R B B VS B 2 Y, 4 % 2R BB Y8 BT 45 4% (errno #i%H
ERANGE) #iR& [i] ULONG_MAX. USRI yEHATH e, WR[E 0,

Y1525 Unix $88§ 0 strtoul (3).

1E 3.2 JRANA.

long PyOS_strtol (const char *str, char **ptr, int base)
& T e ABL MRIEZE N base ¥ str MFEAFHRIHIMRTR M Al Tong (B, R(ELHTE 2 % 36
RITFIRIE Y, B ARIRIE 0.
KT Pyos_strtoul (), {EFER PR E—A Long I A2 LONG_MAX.
7S Unix $F I strtol (3),
TE 3.2 JRAIA.

double PyOS_string to_double (const char *s, char **endptr, PyObject *overflow_exception)

& THE ABL K75 s B4l double A, RN 25| % Python S . s i) 54 Ep A Axt
J¥ TRl #¢ Python ) float () M2 FAERS, RT s UAA HI TR . ik
WA ST T 24 T o DX

WA endptr 4 NULL , FHARBEEADFRH. 51k valueError Jf HiR[H 1.0 QERFAFEH A ZITF
AR ERIR T

MR endptr A NULL , RUREZ IR TAFHR I/ *endpt r BB 8 ) 5H— AR T4 .
WERFARF R R IR BN 2 iF AU A R RE T, B *endpt r WE IR MIFAFR K, 51K
ValueError 745, FFHI&E -1.0,

WA s FoR—ADKKIMARBEAEAEAE— TR BRI (7, "le500" EFZ P& B — 1
i) SRJEUNR overflow_exception 4 NULL i&[n] Py _HUGE_VAL (Hi&4M4F5) HHA
WEARM 7R . EHABTT I, overflow_exception WiZlifif]—> Python RHEXFG; 5k RH
HiRE -1.0 o FEXWFFLL T, &E *endptr fRAFHAREZ FIHE —NFAF

URAE A ) S AR ATA A A 1R (Heln— AR I EEIR) , BRI 241 Python S 3 ik [H]
-1.0,

TE 3.1 AT
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char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)

J& T F45E ABL ff double val #—AMfi FH 45 7€ 1) format_code, precision 1 flags ) F1FER

X AULFRANTHAZ — e, 'EY, V£, 'R, gt G B Tt W et SR AR
i 0, ' r MRS E TAREREL repr () #K.

flags MDA FH HAB{E Py_DTSF_SIGN, Py _DTSF_ADD_DOT_0 85{ Py_DTSF_ALT B{H & :
+ Py_DTSF_SIGN FI/RSJETER W FEAF R I — 557455, B val SRS
+ Py_DTSF_ADD_DOT_0 F/RMfi PRI [l i) T4 A e b A MG 2 — 4K
o Py_DTSF_ALT Fn 7 B AR” #&=UAb BN #0775 S 5 PyOS_snprintf () "#' &
P CER
W ptype Ak NULL, N 'E 35 4] (B 9% % & Py_DTST_FINITE, Py DTST_INFINITE Bj
Py_DTST_NAN Hffj—A>, 53IFR val Z2—MNE T ToBRECEsERECE

R M — NG A S 4 5 AT R 1K) buffer BOFEER, QSR E OGN NULL, I8 5 B0 5
HpyMem Free () SEREHGR B F4FE

TE 3.1 AT

int PyOS_stricmp (const char *s1, const char *s2)

ARDINGFAFR R B T Z2KNGZ o, e T3S stremp O M.

int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)

ARDINEGFAFR R B T 2N GZ o, % TAE 725 strnemp (O MF .

6.8 PyHash API

BiE& Py TypeObject . tp_hash J{ G,

type Py_hash_t

A EIA: AR5 HR.
TE 3.2 JRASTA.

type Py_uhash_t

M A EHIET . TSR
TE 3.2 JRATA.

type PyHash_FuncDef

PyHash_GetFuncDef () I HERBE L.
const char *name

VAT REA TR (UTF-8 4R 54550 ) .
const int hash_bits

PAHCAR LR R VA A TR/
const int seed_bits

PAHCAR AL B AR TR
15 3.4 A A

PyHash_FuncDef *PyHash_GetFuncDef (void)

IREU A R ARCE s

S UL:

PEP 456 7 424 H Al B 7550757
TE 3.4 WUASTIA.
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6.9 &5

PyObject *PyEval_GetBuiltins (void)

Befa: AR . BT RUE ABL R[BTSO L, SR SO IR AR
1, R [ ARSI AR 2% o

PyObject *PyEval_GetLocals (void)

BEME: AT R B TR ABL IR [ AT SRR AR B, AN SR 2w AT )
3R /] NULL,

PyObject *PyEval_GetGlobals (void)

B A IR BT ROE ABL RERYFIHA T A R AR B A, WS 2 AT
3R [8] NULL.,

PyFrameObject *PyEval_GetFrame (void)
B a: EAE TR BT EUE ABL RIS HILARIRASHIW, R BA 45 PATHI WO [T NULL,
i &R PyThreadState_GetFrame (),
const char *PyEval_GetFuncName (PyObject *func)
& FA8E ABL R func 2 e %0, LGNS, MEREIERAFR, BWRE func BIFEBLZ K
const char *PyEval_GetFuncDesc (PyObject *func)

% T RE ABL AR func B2 B0R M A AT . IR [IEEL 35 pRECRN /735170, 7 constructor”, ”
instance” F11” object”, HPyEval_ GetFuncName () [G5HER:, G555 func FEIE .

6.10 {RARtLeS M EIFTIEE

int PyCodec_Register (PyObject *search_function)
& T RE ABL YN0 G AR 25 18 2R R &K

PER I 0, MR encodings AMAMEL, Maz=ulmike, PAFREERRREGIL T
ZAHHE S — L

int PyCodec_Unregister (PyObject *search_function)

B THUE ABL B 3.10 iR, YEEH— RS 4% R R O S MR AT IR E R AR
BAEME, WABATATERAE. iR 0. ST & — 5w ke -1,

1E 3.10 AT
int PyCodec_KnownEncoding (const char *encoding)

& F1aE ABL MRAEHNNZ E encoding W) J fFAD A% /e 5 CAFTETNR M 1 50 0. MEREUE RERNIZN .
PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)

BEME: #a971 R . BT RUE ABL 2 B RS de B A it APL,

object {# A1 errors T & A5 IRAC B 7 VEA% 125 € encoding W ilB#s RN . errors B PAH NULL 3
ANE T R Rt BT E BRI ¥ IR B it 45 W 251 & LookupError,
PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

BEMA: #egil A BT RE ABL iz UGS AR E A RIS APL

object {F [ errors FF & X AEE R AT TTVEAL 125 E encoding W RIS ES RN . errors T PAH NULL 3
TN R AR R 2R BT E R BRI YE . WA RN RS gs W 25| & LookupError,
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6.10.1 Codec &1k API

TE R IBRECT , encoding “FAFER AR I FEAIN /NG FRTEA, 105 1 AL A 4 g L s X5 o

XN G ARG APRAR IR BUEAT G AL A4S, WK E KeyError Ji& ] NULL,
PyObject *PyCodec_Encoder (const char *encoding)

BwEME: #elA . BT EUE ABL SHZENR encoding FR— it di BRI £ -
PyObject *PyCodec_Decoder (const char *encoding)

BwEME: #e97l A . BT EUE ABL SHZENR encoding FRU— A 25 EREL .

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

BEME: #Fey A . BT EaE ABL N ER] encoding $EL—> IncrementalEncoder X4,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
BEME: #Fey A, BT EE ABL NS ER) encoding $EL—> IncrementalDecoder X4,
PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
BEME: #Fey A . BT EaE ABL NS ER) encoding 3REL— StreamReader . FREL.
PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

BEME: #a431 A . & T ABL R EW encoding 3EEl—A~ StreamWriter 1) K.

6.10.2 FF Unicode %migsEiBIEFRY MR API

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

B T HUE ABL FEZE N name 27N YRR DAL HR [B1H o8 K error. i n] 1 R BCREAE 4 S 2 168
B TR A B 1) A5/ TR AR ) 7 B HL name 46 € A encode/decode e i 1Y error JEZ: I}

1 AR AS KR o

Z | O K L 8 % — 4 UnicodeEncodeError, UnicodeDecodeError

&

UnicodeTranslateError E’Ji%ﬂ?ﬁ\jiﬁﬂ%iﬁ Hop 4 X T 188747 5071 P 9
HAEF UG A m AL BA5 . (153 W Unicode 5+ % 7 AREEBUCAS B BREENS ) o 1 0] R 4%
WM KA B RS, B AR AN A 18 4 BRH N B e e A ) e, AR — A

PR, % *ﬁfﬂlicbfﬂ%ﬁ\” TEA AN E EVKE Gt/ RS A
IR O, 43R

PyObject *PyCodec_LookupError (const char *name)

B g5l A . B TRE ABL BHRTE name 2 FYENH S AL PRI R AL . AEARRBIE R DAME

A NULL, FEBUREOL T RER R strict” B4 DAk 2 0] 35 R 45
PyObject *PyCodec_StrictErrors (PyObject *exc)
BwEMA: 18k NULL. & T i80E ABL 5K exc {575
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
BEME: #reg7l A . BT EUE ABL 20 unicode iR, Bl iRAYHEIA
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Bea: a9l A, BT RUE ABL 1] 2 B0 U+FFFD B4 unicode Zift 5% .
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
B #reg7l A . BT EUE ABL 1] XML 455 | 846 unicode Hifl e it .
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
B #regl A . BT RUE ABL T RORHLEE AT (\x, \u Fl \U) 46 unicode A4 i3
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
BEME: A3l A BT RE ABL g 3.7 e, I \N{. . L) B SRR unicode Jfi g iR
1E 3.5 HUA A
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MERE

AL Python X4 ST, T KA, AT KM ERT (AN, FPARER, S
BFFFIRA). SR AIE T, 1474/ Python 3.

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

7.1 HRMY

PyObject *Py_NotImplemented
Not Tmplemented Hffil, HITARICHANEAEEA E R4 @ LA AR L.
Py_RETURN_NOTIMPLEMENTED
IEFAL M CEF EECT R E Py _Not Tmplemented HI# (RIHr#— 45 1 NotImplemented
F)strong reference 3R BI'E ) .
Py_PRINT_RAW
S ZA TS 2 ERE (Pyobject_Print () MPyFile WriteObject ()) —&fi B HE
Fre GARABA, IXLERREV SRR str () TAZ repr () .
int PyObject_Print (PyObject *o, FILE *fp, int flags)
FTEIXS o B30 fp. AEITIRIE] -1, flags S0 T8 R E AT DRI . H AivE— SRR IE
Wi@pPy PRINT_RAW; UL HZE, WFHAXRE str () MAE repr () .
int PyObject_HasAttr (PyObject *0, PyObject *attr_name)

B TFoE ABL W15R o WA J@PE atr_name, Wzl 1, FHWGER [E] 0, X AH 24 F Python & ik
hasattr (o, attr_name). HEEEE NI,

s WA __getattr_ () Ml __getattribute_ () JHiERF &AL K 55 R0 R D Z 05
AT T8 Y A R B, T PyOb ject_GetAttr (),

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
BT FaE ABL X 5Pyobject_HasAttr () M, 1B attr_name #35E K const char* UTF-8 4
B FATE, WA PyObject*,
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s A __getattr_ () Al __getattribute_ () HYEREETEQEIGR st X4 E]
R S B 2 . AR ST Y AL AL TR U PyObject _GetAttrString ().

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
BEME: #ag5 A . BT RUE ABL MG o WiEEIA4 ly attr_name WY& . IR A& R, R
NIR ] NULL. 3X#H24F Python 3K o.attr_name,

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
BEME: FHeg5 A . B THE ABL X 5Pyobject_GetAttr () A, 1B attr_name {15 5€ "~ const
char* UTF-8 gt FI5 R, MAE PyObject*,

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
BwEME: #HagFIR . BTl ABL AR EMEIRIR R, T HALRRXI R tp_getattro il
Ho BIEERMFIT (G2 TATEM MRO ) EREEARIAST, HAENRA __dict R
J@E . IEAN descriptors A, KR RHAFFILETSLBImME, MARBRRMIAFT NI e . RO 2 fil
% AttributeError .

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
B T IEE ABL R4 0 HA42H attr_name WYJEMEEBON v o RIGINTG] A F IR I -15 SRR
[l 0. iXAH24TF Python i) o.attr_name = v,
2R v o NULL, %@t g AT R e iy S pyobject _pelattr (), HERIE
ABBRERIT.

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *Vv)
J& T FaiE ABL X 5pPyobject_sSetattr () Flal, 1B attr_name #%F5E 5 const char* UTF-8 4
T, MR Pyobject*,
AR v 2 NULL, @R R, (B2 eI REC 8 M PyObject_DelAttrString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject ¥name, PyObject *value)

B T HUE ABL Gl YR ME B BRI R R 2, TR R tp_setattro i, BAEERKT
S (LT X4 MRO H) F AR, R HRE, TR TR S 0 5 v 5 M o5 s A
eI AT. BN, REHERAER G __dict i EuiMER. WRMIRRRE o, BRG] %

AttributeError iR -1,
int PyObject_DelAttr (PyObject *0, PyObject *attr_name)

WEEXT 5 0 W44 N attr_name W) JEME . JRIEHEE -1, XAH24T Python 1E4] del o.attr_name.
int PyObject_DelAttrString (PyObject *o, const char *attr_name)

X 5Pyobject_DelAttr () A, 18 attr_name #¥85E ~ const char* UTF-8 4gf5 1) 37 R,
AR PyObject*,

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)

BEME: #Heh5 A . BT RE ABL B 310 kA2, _ dict_ flRFFHOARBR B — R SE .
T A #Z T .

UL R BIGA T RE S 9I F DAKIBOW 52 0 ) __dict__ . S B A4 A NULL {8 context. T 1t
PRECAT BETT O TN N AE . BT DATE T X R BB ER R Pyobject _cetattr () WBER
BN

BRI, FFIR ] NULL H3CE 5 .
1E 3.3 RAIA.
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
B THUE ABL B 3.7 e, dict  FIASFRCE KA — Rl S0 3% BUR Su i N i e
1E 3.3 IRA A
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PyObject **_PyObject_GetDictPtr (PyObject *obj)
iélEP/l\?‘érﬂSﬁ% obj ) __dict__ [4REF. WERAMAE __dict__, NR[ NULL I HANBE S
o
R BRT RE TR B F L L N AE, BrATED A& B @R Pyobject _Getattr () aJfE
KHHERL

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
BEME: # a5 A . BT EE ABL ] i opid 4587 RY4RAER HLEL o 1 02 WYE, #RAELAT Py LT,

Py_LE, Py_EQ, Py _NE, Py_GT 8{Py_GE Hiffj—A~, ABIMTF <, <=, ==, 1=, > 8 >=, a;—fﬂﬁ?
Python %iA3{ o1 op o2, HH op &5 opid X[V HiEH AT EJCIJJHT Eltlﬁiﬁ?é*%ﬁ IR W s IR
NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)

B T Hase ABL #1 ] opid Frf8 & B#E, BililPyobject _RichCompare () KEHE ol 1 02 I,
(ARSI IR ] -1, G R E] 0, AEHAAE S TR E 1

Ik ﬁlﬁ]% ol il 02 B[R —NW%, PyObject_RichCompareBool () ¥ 2 NPy _EO iRH 1 If
NPy _NE&[A] 0,

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)
& FFaiE ABL #E3K obj [ [ format_spec. X5y T Python FiA=, format (obj, format_spec).
format_spec ALK NULL. ZEMABL TSN T format (ob3) . MHENR B AR ALIGT4E
£, RO ) NULL.
PyObject *PyObject_Repr (PyObject *0)
BEfE: #reil M. BT HRE ABL fr%;ﬁgﬁ o WAL . BT o] A E S TR [l
NULL. iX#H24F Python %%iit repr (o) . HNERE repr () WH.
T 3.4 A K AR H AuéﬁfAE@§~¢lﬁiﬁ B, T AT ORAS S BRI 25 705 3 1 S i
PyObject *PyObject_ASCII (PyObject *0)
Belfi: #e5IA. B TRUE ABL HPyobject _Repr () —Ff, IHHMR o (FAHIEA, H
fEPyObject Repr () SREIMFAFE M \x. \u s \UH LR ASCIFAF . SO AT
Python 2 i ifiPyObject_Repr () IRPBIFERE. HNERE ascii () FHH.
PyObject *PyObject_Str (PyObject *0)
BEME: #ag il A. B TEGE ABL ITREN SR o B FAFERIENX . NI IR [0 P A7 R SR N 3% 1]
NULL, X424 T Python ik str (o) . HNEKE str O P, Bth print O KERAL.
TE 3.4 A R AT R BT & — DTS, T AR PR 2 BB 25 55 16 B ) e
PyObject *PyObiject_Bytes (PyObject *0)

BEME: #Heg5 A . BT RUE ABL NS o T TIER. ﬁiUIHTi_IEI NULL, A [a]—A>5
RIS . XA T o A EEEE A Python FiAH bytes (o) . 5 bytes (o) AFRIME, Yo &
RO A ZHIIRA 0 T T BRI, £filt% TypeError.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
& F1aE ABL UI2R derived 255 cls AR SO HIRAZE, WRME] 1, FIRE 0. fI2R H 5 3R
71 o
W cls Zoedl, WXt cls PTG . AR 2= AE — AR A 1, Z5585060 1, SR 0.

IE4n PEP 3119 firik, W cls #74 __subclasscheck__ () F¥E, FFEH A ARG E TZA0IR
o BN, IR derived RAHIZES AT, B ETE cls. _mro_ 1, IBAERE cls )—A>
Tk,

HWE AL (B type jw[’%ifc%@lﬁ’bkfﬂ) ARAAE. H2, WRATNELRE _ bases__
JEE (DAURERA T ) RE X — A

7.1, &Y 81
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int PyObject_IsInstance (PyObject *inst, PyObject *cls)
& FHaE ABL IR inst J2& cls ZEBH T2 SEBI, MIaR[E] 1, QERAZNGR[E] 00 A SR 45 U5k [u]
-1 HRE DR
W cls ZICH, WSXT cls AT BTR I . AR 2 — AR ] 1, 255860 1, BHNRZ 0.
IE4N PEP 3119 ik, G cls #75 __subclasscheck__ () ¥k, RE@0E H DA E IR
Do BN, 4R derived j2 cls 1125, IPAEWZ cls —A5E01,
S inst ATPAEIE _ class_ J@MRE G HITEIZE.
X5 cls W DAEIS S bases_ @M (ZEHLAUEERMITH) KB EHET BN, K
HAMPLE R,
Py_hash_t PyObject_Hash (PyObject *0)
& T RUE ABL TEIFIRIER R A 0o RIS IRIE -1, 3XAH 24T Python %A hash (o) .
16 3.2 JRA K AR A B ARG IR M 2B A2 Py_hash_t. X @—K/NSPy_ssize t MHEIKAFTS
Py_hash_t PyObject_HashNotImplemented (PyObject *0)
% TR ABL BEE —A> TypeError K48 type (o) AN@hashable 73R8 -1, IR BHEAAAET
tp_hash A NI AGFRERINFE, VRS2 AL b ARE AR TR B 2 A AT IR A h 4R
int PyObject_IsTrue (PyObject *0)
B T HUE ABL QXS o BN 2 true, WR[E] 1, FHWRE 0, jXAH4T Python FiAx not not
oo RMNRM -1,
int PyObject_Not (PyObject *0)
& FHE ABL ﬁn%ﬁ%o%ﬁwﬁzﬁuue AR 1, R 0. XAH24TF Python ik not not
oo RIMIMR
PyObject *PyObject_Type (PyObject *0)
BEME: #agil M. BT EUE ABL 24 o A2 NULL I, aR&E—PD5X4 o EI’J%’@?%EXJ‘T“E’J%@XT
5. MRMES, R5l1k SystemError Jfik ] NULL, Lfrﬂ? Python £k type (0) « ZHE%L
TR R M strong reference, S _EI5A 20 /A BRh 6 F MEpREOR B Py TYPE () PR,
JaE R I —A PyTypeobject* KRS, BRAEZTEE—Hstrong reference.
int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
UWERAR 0 2 type KR T-IA, MLREHAEZ, BWGRIE 0o WS HHRUAIIE NULL,
Py_ssize_t PyObject_Size (PyObject *0)
Py_ssize_t PyObject_Length (PyObject *0)
/?%ﬂ"%%m ABL R [R5 o KR ﬁﬂ%ﬁ%o SCREF ARSI, R [P 5K A R
X% [AF Python FEIAX len (
Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

BRI R o AT B, HAES R M SR K, RS __length_hint_ () BEATALIL,
B Ji AR o) BRI AE. R [ -1, X 4% [/ T Python %3k operator.length_hint (o,

defaultvalue),

1E 3.4 AT
PyObject *PyObject_GetItem (PyObject ¥o, PyObject *key)
Bl #ey il M. BT HRUE ABLIRFIXIGR key X 0 JCEK, BAERMIN IR M NULL, X4 [T
Python A o [key] .
int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
J& THRUE ABL REXR key WTFIE ve RIGEST 557 PRI —15 SPIRFRIE 0. JXAH 247 Python
Hh olkey]l = vo ZEREL SRV 1951 HTTEL
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int PyObject_DelItem (PyObject *o, PyObject *key)
B THaE ABL MRS o HREERXT G key RYWLGT. R IR ] -1, X AH 24T Python ifi4] del
olkeyl,

PyObject *PyObiject_Dir (PyObject *0)
B #9318 . BT RE ABL AT Python ik dir (o), i&EI—A (WHENZS) AT
RSP FARERYIFR, R B ENGRE NULL. GERZSHCH NULL, 340l Python /i dir (), DI [H]
21 locals (19447 XIHARBCA TR HATHERL, IR [E] NULL, {HPyErr Occurred () ¥fiRH|
false,

PyObject *PyObject_GetIter (PyObject *0)

BEME: #ag 7l A . BT RUE ABL 45 [FT Python KA iter (o) o AXFRSER I AHFEMR
%, MPZMREZE— BN, WREIXNEAR S, RN EAREEIEN, 25K TypeError
, FfiR[A] NULL,

PyObject *PyObject_GetAIter (PyObject *0)

BEE: #FHag5lA. B TEE ABL | 3.10 A2, 26T Python ik aiter (o). EZ—H
AsyncIterable X4, - hHiRE—/ AsyncIterator. il R EIFE— kA, (HunRE
ZHJE—/> Asynclterator, FHRMBHHF. WRIZNRAGEYENR, £5% TypeError, I
&[] NULL,

1E 3.10 HUATA.
7.2 E A
CPython S RHPIFR RN : p_call FiIS R

7.2.1 tp_call #ipil

W tp_call (RMSEGIEZTIAME . ROIKEL N

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

—MHHEH P IH R RN ESE, H—A dict /R XBFZSE, KLLT Python {1 Hr i)
callable (*args, **kwargs). args* LAy (wREH ALk, 230 —ASTT4), 124
RIEH KA AL, thwargs® T VA *NULL.

ALY E AL *tp_call* ffiff]: tp_new fltp_init WiXFEEHESEL.
B —AN%, ERiHPyobject_call () SEHABRYE A API,

7.2.2 Vectorcall {#pi¥

1239 KUAMIA.
vectorcall PMYEFE PEP 590 5 ARy, & i i 56 50T I e o pivis

VER G0, QS mT I8 F A% 7 S vectorcall, CPython 2% B fiii o] TN ICE . 4R, XA E—1
WEMERLE . BLAh, —Se8E =05 P R B R mp_call (MA R/ A Pyobject _call (). HIL, —A3CFf
vectorcall (RN LI cp_call. BLAh, Joi i AVBRIEMYL, WX ATT B AUZAH )
MR R tp_call B NPyVectorcall_call (). {BfE—HE:

e SRR Vectoreall (1926 a2t SE LR M [FHE X tp_call,

AR —ANZE vectorcall Fb *tp_call* 18, BN %L vectorcall, B, AN F #7520 S 50640
args JUZH AN kwargs dict, B4 LI vectoreall HiA & L.
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Ku[ DB B Py TPFLAGS_HAVE_VECTORCALL JERRIFtp_vectorcall offset WG EEH
&t vectorcallfunc W I B A% ok SEBL vectorcall P X2 — R EA DA 244 B R A P54l

typedef PyObject *(*wectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

o callable s A& RTINS 4 o

o args A CIEEEAL, I ESERGIY
KEFSRNE. WRBASE, XAMET AR NULL .
o nargsf JEOLESEAEEM LT HER)

PY VECTORCALL_ARGUMENTS OFFSET Jifthr. BEM nargsf FAGN B SHNLPRE0E, W
HPyVectorcall NARGS ().,

o kwnames J&—4L & WA R HE = A RRIT T4
AU, R kwargs FULAYHE . X SEH FOMUR T (str B FRIES), FHHELN
WA R ME—I . ANV A4k, P4 kwnames AT DAF] NULL 105 .
PY_VECTORCALL_ARGUMENTS_OFFSET
WIRTE vectorcall ] nargsf ZALPIRCE T IAra, WAV E G M args [-1] W{H. #dy)
UL, args TRIAELIIETISECL (A2 0). B UAER B Z Biik)E args [-1] 9(E.
XfFPyObject_VectorcallMethod () , EXAMFRERBZENE args (0] WREAL T -
Hom | & g LM R 0 OR B4 4 W ) X B, wk i 7% 68
FPY_VECTORCALL_ARGUMENTS_OFFSET, % FEMURE FE 14 18 W1 48 5& J5 vk 2 2 vl ] i % 4
B m A TRV A G A 38— NI T 3K self S50

TE 3.8 AT
TS — LB T vectorcall f) X 42, iF B H M Acall APL pR KL, wE B H b AT I X R — B

¥

PyObject_Vectorcall () B EHAN .

#51E:  7E CPython 3.8 H1, vectorcall API F1AH 3¢ ) pf £ 8 & PA A IF 3k F Rl 4k 19 24 F 42 fit:
_PyObject_Vectorcall, Py TPFLAGS_HAVE_VECTORCALL, PyObject_VectorcallMethod,
_PyVectorcall_Function, _PyObject_CallOneArq, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArqg, It 4h, PyObject_VectorcallDict PA

_PyObject_FastCallDict WZFREEML. [HAFRIIIABIE AN XI5 48 PR 4 «

B
T8 ) tp_call W), BV A 3 A @ 4H 0% Ja0 CPython X T 6 [l tp_call #E 47 #Y 96 1] & i

M Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

APRUERCR , XORIE T8 A vectorcall (R = 98 F O 5 75 B .24 {8 ] Py_EnterRecursiveCall F1

Py_LeaveRecursiveCall ,

Vectorcall 3735 API

Py_ssize_t PyVectorcall_ NARGS (size_t nargsf)
45 5 —A vectorcall nargsf 522, IR[EISHIN L FaEE . BRI T

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) ]

PRI, WAEF] PyVectorcall_NARGS BREL VAL £ & .
e 3.8 FRATIA.
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vectorcallfunc PyVectorcall_Function (PyObject *op)

AR *op* A 54 vectorcall PRl (T2 & A IBUN SCHE, B2 02 O HR SCHIIA SCH) L 3k [l

*NULL*, 0], g [EFFAETE *op* H1[H) vectorcall pRELFEET

XA SRR B S

XTERGEE op =15 S vectorcall A Fl AL, W PAE T EE PyVectorcall_Function (op) !=

NULL 523,
TE 3.9 fRANA.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
P * TR R * vectorcall func, HAZESHM KT SE HIATCAFN dict XX 4513 .

XA TR T Ate_call ML s 2 T tp_call 15 B,

Py TPFLAGS_HAVE_VECTORCALL EFFHHEWASLHIER tp_call,

TE 3.8 AT A.

7.2.3 AAXER API

EA 2K

A ZA B EOTHNRIE ] Python 358, 484> bk U2 K7 H 2 B 10 il JH X G o SRR 1 81T DA
tp_call B vectorcall, g 7R AT BEAMHEAT e, R — B BRI RO RS A ek 2

TRELTAIHRIhEE: WS RSSO A TR (E S

BREL callable -- ATAAXTE args kwargs
PyObject_Call () PyObject * JCL dict/NULL
PyObject_CallNoArgs () PyObject * -—- -—-
PyObject_CallOneArg () PyObject * 15 ---
PyObject_CallObject () PyObject * JLH/NULL -
PyObject_CallFunction () PyObject * format ---
PyObject_CallMethod () X4 + char* format ==
PyObject_CallFunctionObjArgs () PyObject * AR -
PyObject_CallMethodObjArgs () X + &4 AAR S EN ==
PyObject_CallMethodNoArgs () S5+ 4 F
PyObject_CallMethodOneArg () St + ZFR IR o=
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () ZH+ B vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject ¥*kwargs)

e a3l M. EFEE ABL /TR0 Python X142 callable, JiHHsth TC4L args FFé it
FOSHE, LA IL kwargs 724 5 B S

args WARH NULL; AR SHGH M A28 704l MR A i 240, ) kwargs 7T LA

} NULL,

SRR IS5, AESR ORI — A58 IR [u] NULL,

XM T Python A=, callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)
BEME: Fag5 8. BT AE ABL 8 3.10 pse. i Hl—DRlE Y Python Xf 4 callable F1 A [y A

IS4, BORAHZH ] Python R X GR 8 A 305

BRI g5 A S Ol — A~ 78 93 W] NULL,

TE 3.9 JRASTA.

7.2. AR
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PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)

BEME: #FHeg3R . WA Python %F4 callable 3 Myt t5 T 1 M EZSE arg %A 7*

IR IS5, AE R ORI — 55 9 3R [m] NULL,
1E 3.9 ATA.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

BEE: Feh5 R . T RUC ABL W H— AT H ) Python X} callable, Ffiaiy oot args Fi2h th
HIZE. INEAEEALE ASH, W args W LAH NULL.

BCENET R RIS  FE 2 Ol — > 78 FF 3% 8] NULL .
XM Python F3Ax callable (*args) .

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

BwEMh: #agil . BT E ABL P —RlH Y Python XI5 callable, Al nl 24 ) C 2
K. X C RPN Py_Buildvalue () WIGHIRE A FAFH AL . format WJPAN NULL, FoRik
AIRPAEATSEL

ST IR AT ARGt —A~ S Ik [] NULL .

XEEMT Python A=, callable (*args) .

BRI AAE A Pyobject* 288, MPyobject_CallFunctionObjArgs () &8P H)
BriEE

TE 3.4 WA S ST 3EAS format ERE M char * .

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

BwEME: Fegil A . BT RE ABL P obj 3T 5 W44k name W7 IEH WA BRI C 4. X
¥ C ¥ Py _Buildvalue () #aCFAFHR IR 244 B —A~TTd .

¥ AT PAH NULL |, FoR REEBHETS40.
BCENER IG5 7 2 IOl — A 78 3% [8] NULL.,
X1 Python A3 obj.name (argl, arg2, ...) &—FEH.

WHBEMRIR R LA Pyobject* %, WPyobject_CallMethodObjArgs () & R M1
¥,

TE 3.4 JUA & A= A5 5 The types of name and format were changed from char *.

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

BwEMA a4 5| A & T AR ABL ] —> Python R E XS 42 callable, [l n] A4 PyOb ject*
S XESHOA R TES RSB A NULL 255 .

BT [ E5 5 ARSI — A S5 FF R 8] NULL.
X H Python #%ikH, callable (argl, arg2, ...) 22—,

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

BEME: #a93 8. BT AE ABL M Python XFR obj HHY—ATJ7, HAITEARi name HH)
Python “FAFH IR HH  EAFH | AL RR ) Pyobject* SR . XLEES AN R R
S G LA NULL &5

SRR S5, AR R ORI — A5 5 9 3R [m] NULL.

PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

1] Python X}5¢ obj HE)—ANITIEHA ML SHL, HAJrik4 PRt name H(# Python F4Fef Xt
E AP

IR IG5 ARG — A>3 F R[] NULL .
1E 3.9 ATA.
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PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
5 1] Python Xt obj i) — NI EH M AL E S HL arg, Hrp B4 FR 1 name i) Python <
RN G4t .
IR I EE R, AER MOt — A S Ik ] NULL.
1E 3.9 iRA A

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

P —~0] P8 1Y Python X% callable, [fiHri S8 5 vectorcall func fH[F. WIHE callable 37
Hivectorcall, W)'BE 2V FTHAE callable W11 vectorcall FR%K .

JEIIT IR P25 AR SR MO — S8 IR 8] NULL.
TE 3.9 JRASTA.

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)

W callable F1 {7 S5HE veciorcall Ppsl P& AR5 M ERIOIESE, Han EPAT 8 kwdict 13X
e AW KB FSH. args AR RS E S

TEAEAE N EBAE AR N, HBTE BT SR . L, kBN 4 E T O B 30 1k ¢
BESH L, AR VRO E S TCLLI A A

TE 3.9 AT A

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

fdi 1 vectorcall {8 IS BRI — Ik, JriEMI A FRA Python =45 E: name )B4 . P87
YERIR G args[0], T args XA args[1] FRUGHIER - WK IS4k, WAt A 20— 0E
SR nargsf FAIFE args[0] TENBINLESEUN AR, WA args (0] M{E T RERE I B kA2 A 22
bFPY VECTORCALI_ ARGUMENTS_OFFSET., R{EFHEOPMEFEPYObject_Vectorcall () W
HBFEAE A

WRXNRHAA Py TPFLAGS METHOD_DESCRIPTOR ¢, I RREICRER I AR 48 € 1Y I i R A%
NGEHERY args vector 1S4

ICEIIF IR B, AR R WOl ) — > S H R 8] NULL.

1E 3.9 fATNA.

7.2.4 FHZ#F API

int PyCallable_Check (PyObject *0)

B THUE ABL BEXTR o @R TXTS. ARG AR G R 1, HAE SR 0 o X4~
BRI R

7.3 #Fhil

int PyNumber_Check (PyObject *0)
& T HUE ABL WUERXG o SRAECAR N, IRIEIE 1, BWERER. XA BB 28 KM
TE 3.8 A AT R 0 2 — R T BEEORIA 1.

PyObject *PyNumber_Add (PyObject *o1, PyObject ¥02)

B #reg 3l A BT RUE ABL IR o | o2 MHINMEESR, WK, 1R [H] NULL. S&4T Python
Pk ol + 02,
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PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
B #7895 A . BT EE ABL IR of I 02 BYEER, AR, R[] NULL. %4 F Python
kR 0l - o2,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Bl #ey3 A . BT RUE ABL IR of | o2 MIFRIGETR, WK, R[] NULL. 24T Python
ik 01 * o2,

PyObject *PyNumber MatrixMultiply (PyObject *ol, PyObject *02)
A 83N . B FEUE ABLA 37 hide B of . o2 WUEMTREIAIR, MR, SR
NULL., ZT Python Fikz ol @ o2,
1 3.5 A A

PyObject *PyNumber_ FloorDivide (PyObject *ol, PyObject *02)
B fa: #agil A . B THE ABL R[] o BRUA 02 o] FEUBER(E, RIGHTIR B NULL, X4 T
Python ik 01 // o2,

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *¥02)
B By 5 R . BT RUE ABL IR\ of BRPA o2 A AR AL RUE, SRR ] NULL,
ARl FTME” D R BRI R S e i ME A T BE LA DE RS RR SRR BIrAT SR ERR
BORT DATE A% A FE R IR [0 —ANF U EREEE T Python ik o1 / o2,

PyObject *PyNumber_ Remainder (PyObject *ol, PyObject ¥02)
BEME: #ag7I R BT RUE ABL IRE of BRUA o2 138 AREL, WRKM, & NULL. 4T
Python A 01l ¢ 02,

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
BEME: #6971 A BT IUE ABL 2% N E KA divmod () o WERAKN, 1R [9] NULL. 4T Python
A divmod (01, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
BEME: #ey3l A . B TRUE ABL SN E R pow O« WK, i&[9 NULL. 45T Python
IR pow (01, 02, 03), Hr o3 BAEEM. UIRZEZNE 03, WFFHE APy _None fEHA
B (e A NULL 2 SBARENAFTI) .

PyObject *PyNumber_Negative (PyObject *0)
BwEME: #a95I R . BT E ABL & o BYTAME, WIRKNG, JRIM NULL . 24T Python ik
-0,

PyObject *PyNumber_Positive (PyObject *0)
Befa: #a95l A, B TRUE ABL R o, URKM, iR NULL . 24T Python FA3K +o,

PyObject *PyNumber_Absolute (PyObject *0)
BwEMA: #ag5l A . BT HE ABL RN o PLEXHE, WRKN, &[] NULL. 41T Python ik
= abs (o) .

PyObject *PyNumber_Invert (PyObject *0)
BEME: #ag7IA . BT RUE ABL R o BHE AU SIS R, WK, &I NULL. 4T
Python FiA= ~o.

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Befa: #Hagil A, BT RUE ABL IR of 7588 o2 ASHURRIG USSR, WIRAEIK, GR[E] NULL. SR
F Python FEikz{ 01 << 02,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)
BEfh: #a951R . BT RUE ABL IR of £5F% o2 AN HRFGIEER, AIRAN, IR[F] NULL . 254
F Python £iA3 01 >> 02,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)

BwEME: #eg 5 . BT AOE ABL IR of Fil 02 “¥{V5” BYE5H, WIRRN, iR NULL . &4
F Python FEikx 01 & 02,
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PyObject *PyNumber_Xor (PyObject *ol1, PyObject ¥02)
BEME: a5 A . BT RUE ABL R[] of Fl 02 “HRA5FEl” BYLER, WRKM, J&[A] NULL . 55
#rF Python ik o1 ~ 02,

PyObject *PyNumber_Or (PyObject *ol, PyObject *02)
i a3 A, BT EE ABLIEE of Flo2 “Hefis BSHR, WURAIN, JEE NULL . A4
F Python #iE 01 | 02,

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject ¥02)
Bl #ag3| M. BTIUE ABL IR of . o2 MIMBIEER, WRKN, &M NULL. 24 of SZHEH,
XA IEH ERME N EMAER. ST Python iff] ol += o2,

PyObject *PyNumber_InPlaceSubtract (PyObject ¥ol, PyObject *02)
BEME: #He9FIA . BT RE ABL RE of . o2 MHBIMEER, WERAEN, R[] NULL . 24 of SCHF
I, XASER B C S R . ST Python if4] ol —= o2,

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
B #ag51 A . BT e ABL R of | o2* AARAG R, e RAM, BW “NULL* . % *ol 3¢
Frinf, XA EEEREEMFLR. SNMT Python i) ol *= o2,

PyObject *PyNumber InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
BEME: #a5I A . BT IE ABL B 3.7 L. J& M ol | o2 EFESRVASGRYLEIR , WRAKM, &l
NULL o 24 ol SCHRI, XA EEMWNEMAER. 0T Python iFH] o1 @= o2.
1E 3.5 IRAIA.

PyObject *PyNumber_InPlaceFloorDivide (PyObject ¥0l, PyObject *02)
BefE: #Hag3l M. BT RUE ABL R[] of BRDA o2 J5 1RSSR, WA, iR [E] NULL. 4
ol SLFRINy, XMIZH EEM M EMAER. ST Python iFf] ol //= o2,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
B fh: #ayilA. BT RUE ABL IR of BRVA 02 MEEAER G BEPME, B IKMf R [|] NULL,
R JEAUME” PR —JE 7 s S A BUE . AT REA R RIRS B2 BT S5 8. IR
BT DATEAR AP BB R [1]—ANF B BB TATE of ST RS RoedhdT. BN T
Python &) o1 /= 02,

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
BwEME: #agFl R . BT RUE ABL IR of BRUA o2 15BN R AREL, WPRAKN, &M NULL. 24 o 3¢
R, XA IEEEEMNE#FLSR. S0 T Python ifiH] ol %= o2,

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject ¥03)
BeE: #ey3 A . BT RE ABLIES N ERE pow () o UIRKM, IR[8] NULL. 24 of ST,
XA IEH EEME N EMHAER. 2 o3 @Py_None I, T Python iff] ol **= o02; R
TAEE RN EAAFERA pow (01, 02, 03) o WIRZEZM 03, WFE APy None (f£A NULL
S FEEARENAFIN ) .

PyObject *PyNumber InPlaceLshift (PyObject *ol, PyObject *02)
B #ag5I R . BT IUE ABL IR of 788 o2 AN MR IGIEER, AR, 3R [0 NULL. 24 of
SCREI, XA E BRI EMAER . 0T Python iH] ol <<= o2,

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
B #ag5l R . BT RUE ABLIRE] ol 5578 o2 NHAFIGHIEER, WK, &[] NULL. 24 ol
SCRRI, XA BN EMAER . 46T Python 4] o1 >>= o2,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject ¥02)
BEME: #e95 R . BT IE ABL IR of F1 02 7 5 A15” BIEER, KIMNR [ NULL, 7E
ol STFRFHIFIR FIZRMRF RIeMAT. 415 Python iH] ol &= o2.

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)

Bl #Hagil . BTRUE ABL IR of 02" AL F ISR, KIS RE NULL, 7E
ol STRFHISE MBI Rk idT. 545 Python if4) ol "= o2,
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PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject ¥02)
BEME: #ag5 M. BT IE ABL IR W] of Fl 02 ” FEAIu” MUEER, RIM R ] NULL. 7
ol SLFRFHHIE FIZARAERE RIMAT. 40T Python iFH] o1 |= o2.
PyObject *PyNumber_Long (PyObject *0)
RwEMA: #a951 R . & T RUE ABL BIENRIRIE] o Feff  BEON RIGHEER, KRIMUN R E] NULL, 45
#rF Python ik int (o) .
PyObject *PyNumber_F1loat (PyObject *0)
REMA: #a951 R . & TIUE ABL SIENIIRIE] o Bl iF SO RIGHEER, KRN RF] NULL, 45
#rF Python Fikz{ float (o).
PyObject *PyNumber_Index (PyObject *0)
Bea: Fag 3R . & T RUE ABL BINR [ o 5445 Python int ZERJRAYZEAR , I IR [9] NULL
HE| K& TypeError B,
T 3.10 B AR T G5 R B2 N int AL, FEZ AR, SPRFIEEN int 1 T2RASEH.
PyObject *PyNumber_ToBase (PyObject *n, int base)
RwEME: #e7I R . BT RE ABL R U n AR DA base N EEUN TR G ISR . XA base
ZHROBE 2, 8, 1080 16 o XFTEE2, 8, 516, R FRFARRE N ERERH ' 0b,
"0o",or '0x". IR n AN/ Python HH g REEY int AL, WhSGIEE PyNumber_ Tndex () RFERAfIL
Py_ssize_t PyNumber_AsSsize_t (PyObject *0, PyObject *exc)
& T i ABL MR o AT ARRR LA — N REBOR ] o el i) Py _ssize t fH. BRI R,
M &5 K —A IR mE -1,
R o A] DAL FE 5 Python [ int (B 22 Py ssize t (NS5 % OverflowError, N
exc ZHCB- NS KB R 2R B BN IndexError 8 OverflowError), I exc A NULL,
V)5 4 W RO HAE S A0 SR RO BB O PY_SSTZE_T_MIN [ £E 4 1E BB B 50 o
PY_SSIZE_T_MAX,
int PyIndex_Check (PyObject *0)

B FTHE ABL B 3.8 paA. IR 1 AR o & — ARG B (ff nb_index i 7T F
tp_as_number F{), BETEHAMMITIRM 0. HREE RS BIIT.

7.4 FR5IY

int PySequence_Check (PyObject *0)
B T AeE ABL QERXGRARABE T F AR ] 1, IR 0. FEEXTAA __getitem ()
JiiEH) Python 23R ] 1, BRAFEATE dict W12, BNTEEE R OLT FoIRmh & X e Sk Al
ST, R 2 T

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
& T HUE ABL SN IR ] FEE v *o* AR GEL, JKRIMIRIE] -1 . 24T Python ) len (o) ikt

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
BEME: #ag 5| A . BT RE ABL INETRIE] of Fl o2 (PFFE , SRIGHTIR ] NULL, jX % 4-T Python
Fik ol + 02,

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
RwEME: #0957 A . BT RUE ABL RBIFSIXS G 0 T count IRINEER, JRIGINIR ] NULL. X545
#rF Python Fikz o * count.,

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)

EEfE: Hr605] M. B THGE ABL RIINRI of Al 02 (UBHE, JOUIRHER NULL. £ of S5
WL RIS BORSER. XFHT Python Zaikat ol += o2.
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PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

BEME: #Hey 318 . BT E ABL Return the result of repeating sequence object 3% [0] FF 71X} 42 0 B4
count WINLEHR, RIMETHRIE NULL. 7 o LIS OL N R BAES R e . X5 M T Python 3Rk

o0 *= count,

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t 1)
B #ag3I R . BT RUE ABL IR o ISR i ST, KRIGINHR N NULL, X454 Python 3
ik oli].

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)

B Feh5 A . BT REOE ABL REFHINTS o 19 i 3] 2 (Y1 R, RIGHHR [F] NULL, XS54
F Python FEikx o[i1:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
B T hEsE ABL FEXR v IIES o WY5R i SIuR . RN 51 A FHEIFRE -15 mEhRHRIE 0, X
4T Python i) o [1] = v. HEEEL R A UAEXT v 5] .
W2k v oA NULL, JTERFHMER, ERMREC SN S Py Sequence_Delltem ().
int PySequence_DelItem (PyObject *o, Py_ssize_t1)
B T HE ABL BRXTR o W95 i SotR . RIIRIE -1, XA 24T Python i5/4] del o[i].
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *V)

/%ﬂ’*ﬁ/d_ ABL 57 IR G v IRAEZ TP IR G 0 WM il B i2 Yo IXAH2 T Python i) o [11:12]

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t12)
& THE ABL JERFIUR SR o WM il 3] i2 WY1 Fr o RIINR T -1, XA 24T Python i) del
o[il:1i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

2 FiaoE ABL i8] value £ o T HILEIIREL, BIREIFE o [key] == value WHERIEE. KK
BRI -1, XAH2Y4T Python FiAX o. count (value) .,

int PySequence_Contains (PyObject *o, PyObject *value)
& T HE ABL B5E 0 )R B8 value. IR o HHYHE—TRSET value, WR) 1, FHIGRME] 0. HHE
B, IRE -1, XAH4T Python #£iAx value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
B THaE ABL RIS —AR G| *i%, Hf o[1] == value . 4FHS, 321 -1 . #1124 T Python fy
o.index (value) Fii=.

PyObject *PySequence_List (PyObject *0)
RwEME: #ag5l A . BT EUE ABLIREI—DIIRISR, HNESFHESAIERR S o MlF, KIK
IR [B] NULL. i [ 51 R ARUE e — B 4. X4 T Python RiK3K 1ist (o) .

PyObject *PySequence_Tuple (PyObject ¥0)

B #eg5 R . BT RGE ABL Rl —AIodint g, HNE S FA s kRS o MHIF, RN
R[] NULL. Q125R o SATe2, WPRRR[E-—ASE 51, AEHAE R R 38 24 1 N s — A
JCH . iXZEH T Python KiAH tuple (o) .

PyObject *PySequence_Fast (PyObject *o, const char *m)
BEME: #ey5I A . BT RUE ABL RF B AR AR R o N HAD PySequence _Fast* p#U
AR GOR Bl AERIZRARIFAE AT IEAN S, WL % TypeError 45 m AFHH ESC
Ao KIGFIR W] NULL.

PySequence_Fast* MR Z T AX a4, @H HENMSRE —APyTupleObject
W PyListObject I EHBEV I o MEHTETEL

2 CPython FSEBIANTY, 41K o EER—MFAIESNEK, R EER
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Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1t o fiPySequence_Fast () IR H o A4 NULL 1§ 0L FI& ] o K. WA DLEETE o L
HPySequence_Size () FIKBUK/DN, HEPySequence Fast_GET_SIZE () WEEHE PR N
BRI AMRGE o hFFE T4 .

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
REME: HEANBFIA . TE o liPySequence Fast () i&A H o A NULL, JfH. id ERGITEHINK
LR IRE o (5 i 50 E .

PyObject **PySequence_Fast_ITEMS (PyObject ¥0)
& [i] PyObject $541 1)K )2E04H . % o HPySequence_Fast () IR[H H. o /AA NULL,
T VERL, QRS RPHE /N, T 70 e ol B B E AL items B4, B, U775 JovA SRy |71 3¢
i SR AR T

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)

BEME #0971 A o 1R8] o 5 i DTG ETE R AR ] NULL, ILIE K b Py Sequence_GetItem ()
PR, (HRSHKE o FPySequence _Check () B4 HEM, MWAEX TS5 A7,

7.5 BREHRN

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

int PyMapping_Check (PyObject *0)
B T HE ABL AU G T BRI PR SRR R R ] 1, R IGR W] 0. B R E R N HAT
__getitem__ () JyYARY Python 2KiRI] 1, PASHEIE # 1 O0 T JoIAm & R SRR A e 2 . Y
B e 2 AT .

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
& T HEE ABL IR IXR o FrEEAECE:, RG] -1, 3XAH24 T Python $ik5X 1en (o) .

PyObject *PyMapping_ GetItemString (PyObject *o, const char *key)
BwEE: #a9 3l A, B TRE ABL IX5Pyobject_GetItem() M[E, {H key #{$§%E M const
char* UTF-8 4gf ) =475, MR Pyobject*,

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
J& F i ABL X 5Pyobject_SetItem () FH[E], 1B key #i35E ~ const char* UTF-8 #gfiH
FATH, MAE PyObject*,

int PyMapping_DelItem (PyObject *o, PyObject *key)
XEPyobject_DelIltem () H—154% .

int PyMapping_DelItemString (PyObject *o, const char *key)
X5Pyobject_pelltem() fH[A, {H key #i4§H const char* UTF-8 g7, 1MiAe
PyObject*,

int PyMapping_HasKey (PyObject *0, PyObject *key)

& FHUE ABL WM G R A B key WHRIE] 1, MR [E] 0, 3XAH24 T Python ik key in
o. BEHRELE R MINAIT.

Bt VA getitem () Jr Uit R N . A M 1 B AL
M PyObject_GetItem().

int PyMapping_HasKeyString (PyObject *0, const char *key)

& THE ABL X 5PyMapping HasKey () f[d], {H key #i$§ % A const char* UTF-8 4ifidi1)
?dﬁ‘%a ﬁz:iEEl PYObjeCt*o
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FIE: FERH __getitem () HIESAIEIIGET str XA R A T R0 20 . AR T Y
s RN, M PyMapping GetItemString ().

PyObject *PyMapping_ Keys (PyObject *0)
BwEMA: #eg3lA. BT IRE ABL IR, REIXFR o PRYBERYSIE. KIGHF, &[] NULL.
TE 3.7 AR S AT FTEZ WA, R BOR A —AN5 R8Tt .

PyObject *PyMapping_Values (PyObject *0)
BEfa: #a95l A, BT IUE ABL RS, IREIXIGE o HEIERSIZR, KOG, i[9 NULL,
TE 3.7 A KRS AEZ BT, WK BOR A —4N5 F et .

PyObject *PyMapping_Items (PyObject *0)

BEME: #e451 A . BT IAE ABL I, RN o AAH AR, Kb N&HE— M
BENTR T . RIGE, 3R [E] NULL,

TE 3.7 WA R AASH: AEZ B RAS T, R ROk [ R son ] .

7.6 EREE I

LA PR
int PyIter_Check (PyObject *0)

B FFa i ABL A 3.8 me A2, Q1R XF 4 Return non-zero if the object o W] DA i % 4= 8 /%
YipyTter Next () WLRIEHETAE, ANWGRME 0. e BEIT.

int PyAIter_Check (PyObject *0)
J& T RUE ABL B 3.10 faAe. WIRXGE o it T AsyncIterator PR EIAEEAE, NN 0.
IR EUE 2 2 T .
1E 3.10 JRAIA.

PyObject *PyIter_ Next (PyObject *0)

BEE: #e9 5 R . BT ROE ABL WIERE o BEF—"MH. MRUF A HEPyIter Check () T
INKIERES (FFERA T R ATTREA) . WA R AME, Wk NULL I HABE FH. W
TEARBUA H I &2 TSR, WER ] NULL H HAZ 3 35

TRENREBERE — A DEER, C UL IAZE R,

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) ;
I3

Py_DECREF (iterator) ;

if (PyErr_Occurred()) {
/* propagate error */
}
(ZF 50
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(750
else {
/* continue doing useful work */

}

type PySendResult
MATFHHEPyIter_send () KIARFZRIIBAE.

e 3.10 A A
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
B F R ABL B 3.10 prAe. K arg (HAEEIERER iter. 1R[]
o PYGEN_RETURN, IS EMZRRIEITE. REMES T presult Kok 6]
* PYGEN_NEXT, QRIEMASAEMMARTE. EE L8 presult ik H].
e PYGEN_ERROR, UNHEERLRT| XS EHITE. presult 2x9§1% 5 NULL,
15 3.10 JRASTA.

7.7 Zrpthiy

TE Python H ] {ff Ji] — 28X G2 ok A0 B0 IR 2 INAF R SRR 22 o Y7 ). LR G036 N B bytes Al
bytearray PAM—2U array. array AR R, 55 =J7 R AT RE SN THRIIRR H BT E L E
ITA KA, BT R PEREE T4

AR I YRR H CAYIESC, (HENTRA ] REACR I A7 2 IX SCRF I L FRAAIE . A
BEREOLT, A BB I G X T O RE RIS

Python DA%+ #ri3l IE A C )24 EREBEXFER DIRE . BB P4 I

o TEATEEX W, ZRBEMPPATASHE A ‘G107, RAFATFERIRZEZRXER.
2 O RIARE BAEZ 7 Iat 228 ik —T5

o TEBE M, AJURNIVE R TR X R i UG R 2 B p e st (BIan—Imkmig2) .

— SRR RBIAN bytes fl bytearray KA P REX AT ENMIREZEG P IX . MalfEs i
ﬁﬂﬁ/it Bl array.array JrATFRICERE AT AR Z T {H.

S b X3 T B B — B T2 SO ) write () 73k AR AT DA H R — B 90 71 (R R 2 6
AR ASCF . SR write ( /\ﬁﬁ%ﬁ%/\ﬁ%lfﬂﬁé’] LEAR, HAbK T A readinto () %
MBI ERE AR b IZ% 1A RS 2 AT DA P P sl 4 15 B R B e XRS5

M X O E TS, AP ORI B IR0 S
o HFIEFIS BRI Pyobject_GetBuffer () HEL
o WHPyArg ParseTuple () (SHEHFHEING L —) HAEA v*, wr or s* #5 X KA F—A4,

TEXPAER T, YAFEEGE WX EHAGE PyBuffer Release () » WIRILEAEERN, 7R
B Feg L, BN TR -
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7.71 ZhRXEE

LR h X ZEAE) (B TR B AR R “buffers” ) XoF -5 —BEHIEHE M 75— X5 A FF 45 Python 8% B AE# A A
EATLEAT AIAESEE DI Ll SR EAT5 1 NAFERIRE T, 7T DARZS 2 MR- AR AT 230 22 1 45 Python
P 5. NAFAT DAE C 9T i — DRI B, W rT DU TEZ IR B B E R G 2 Wi I T4 I ih
WAEER, BCE AT DA SRAZ B AL N FEAs 2 510 A B

5 Python fRREZATFI K2 HORCRIRIA, GO Py ob ject JREHTTRRIEAN C 45K, Solie
ATAT AR T SR A RN AR . AT B G DN _Eiz BUALRE R0, T RABIE—AN i AL X4,

A XRQAT I SN R E U, S W F R 2. BERRZENWRAER, S
RPyObject_GetBuffer (),

type Py_buffer

BT HUE ABL (S3EFA AR ) A 3.11 i

void *buf
6 1) F 22 o X - BEA s ) 28 SR A T AR ) 3R 5. 13X AT DASE 5 AR 7 JES 2 W B P A v i AT
g B, FRfstrides [0 REFE W NAF AR .
X Fcontiguous , &REET B, (HFE IR NIk

PyObject *obj
ST R HEI .. ZeIHBESErE, FihipyBurfer Release () HElFEL (RIF]
FVHEGE) FFHE N NULL. %P B 24 TAEMIbRIE C-APL pR LR [A1(E .
VER—FFIR SN, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
LW temporary GBphIX, WFEBEH NULL, 8%, S RTGOREM I 2.

Py _ssize_t 1en
product (shape) * itemsize., X THELEA, X2EMNGFHRKE. T IEESEL
H, WMRBEEMERRNESFTOREX, WK ERFRAZKE.

{24 2% pp X S 38 of PR IE 8 2 PR R0 35 K RIS, A 95 ((char *)buf) [0] up to
((char *)buf) [len-1] B AH . HERZEIEN T, WLREKK hpyBUF _SIMPLE

B PyBUF_WRITABLE,
int readonly

Gt N Ry n s . W B pyBUF_WRITABLE FRbdail .
Py _ssize t itemsize

BASTEE TR/ (PAFAT AL ). 5 struct.calesize () WHAE NULL format BY{EAH
R

TGS QISR A R B X I A PyBUF_FORMAT ffiak, format Y484 NULL,
Hitemsize R R IAHZME.

MR shape FFALE, WFHEEH) product (shape) * itemsize == len {RTEAE, HHE T
PAE i temsize MG,

MM shape & NULL, K A58 NPyBUF_SIMPLE 8{PyBUF _WRITABLE igK, W & 070
ZMgitemsize, FHRIE itemsize ==

const char *format
£ st ruct BEHWERTEA T NUL PR, iR AT N Z . A2 NULL, W "B

| e e =

(7571 -
MW Bt PyBUF_FORMAT Fr&faE il .

int ndim

AR R n AR TG O I AEFE . QiSO Wilbu s F] I FRn s A& H o FEXFp
BT, shape, strides Hlsuboffsets Wili’h NULL, HeR4EEE HPyBUF_MAX _NDIM
7.

7.7. il 95



The Python/C API, Z{THR# 3.11.13

Py_ssize_t *shape

—MRENPy_ssize_ t WEEH ndim FRVEN n EBAHANFFIEAR . HRE, shapel0] *
. * shape[ndim-1] * itemsize W% T len,

Shape JEMRECH P ERELE shape [n] >= 0. shape[n] == 0 X—FEFTRERIIE
B, BLEBES R complex arrays .

shape H{ 2 1 #5 R 2 HE .

Py_ssize_t *strides
— MR Py_ssize_ t BB ndim 45 HEBOE I T BOASRIBUEE D RS BTER
Stride 25 RCHLE BT AR (B OTRERC, ST HMUMEAL, SR IR, (LR T4 6 TR
AP strides[n] <= 0 WIELL. (5 Bl S Fcomplex arrays .
strides ZZH 0 I PR e H B .«

Py_ssize_t *suboffsets

— AN RJF R ndim BRI Py ssize t WEH. WIFE suboffsets[n] >= 0, M n 4i77fi%
FIFeF5Er, suboffset {EHE T MRFRS | BT ELAFREM IS Z DT WFS . suboffset Sy fifE, N
FRARNARERE R (FEESNAFH R 3)) .

WARFTA T o (BRCRRIBGHS ), WS Bob il NULL  (BRIAE) -
Python Imaging Library (PIL) H i Jl TiX R BB KA K. 1S flcomplex arrays K T fi
I X FE— R T ICER
suboffsets LTl JT 2 A b2 HEEy .
void *internal

Mt XS G TR . e an T el B AR A — AN, T M, ARHTESE
X BENIT B S A FE I shape, strides F suboffsets {4 . 112 E )T RAFHBHOZME.

=

o
PyBUF_MAX_NDIM

WAF RN B I R YE R, 3 AR P i A0 ST Sk AN BRI, 20 4 o DX %) (0 1 3 32 BE RS Ak L i %2
PyBUF_MAX_NDIMMEREE. HERE N 64,

7.7.2 EHXiERESEE

W, WitPyobject GetBuffer () [aHidt % kG oh Kigk, BIMIREEMNIX . BT NTEN
LEME T, TTRESH RS, o K I 0] flags Z5HS it FLARNE A PR 28 wh K EL IR KB

FiiAg Py_buffer SEE MR AR T b aE X .

S5#&REXHFER

PAFFEASY; flags 5om, B0 B2 HIEFRIEIET: obj, buf, len, itemsize, ndim.

Riz, #X

PyBUF_WRITABLE
Yt readonly “FBL WERWE T, FbARR LRI ISR ZM X, HNERE R
Weo #FPRVCE, HART ARG RS T G R Zm X, (EXErA e oL AR
_.ﬁo

PyBUF_FORMAT

Pl format TR WPRECE, WAL T B HMARELT, 5ROy
NULL.
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PyBUF_WRITABLE W] PAFI 'R — 7 1 Br & #r & B¢ H. B TryBUF_SIMPLE & LN 0, Jr
PAPyBUF_WRITABLE A] DMER— MR, TR — R S X.,

PyBUF_FORMAT W] AR MR T PyBUF_SIMPLE ZAMAEAT R E . JEEC AR T B (U557

) %

K, SR, FIRBE

Pl AT R R SRR S A R s P A1 o R, RS S B NI A bR .

| &%k | R | SE | FiREBE |

e 2 IR TR BT
PyBUF_INDIRECT

= 2 NULL
PyBUF_STRIDES

= NULL | NULL
PyBUF_ND

NULL | NULL | NULL
PyBUF_SIMPLE

EEERYIEK

LA IR C 2 Fortran it 22, AEABALRER . HRALIRELR, W Xudi2 C-HELEH .

| K | K | BB FIRBE | ME |
= P NULL C
PyBUF_C_CONTIGUOUS
B 2 NULL F
PyBUF_F_CONTIGUOUS
= = NULL CH F
PyBUF_ANY CONTIGUOUS
PyBUF_ND P NULL NULL C

BFEK

BT n] BERAT SRR b — T SRR G A A e e Lo WOy R I, Zenh KPR SR IR AL & 10

AR .

TERFED, UNRFEEESEHEREN., HEEBEFUIER PyBuffer IsContiguous () VAMIEIESLE,

7.7. il
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| &K SR | BB | FREE | 44 readonly format |

= = WRFERE | U 0 =
PyBUF_FULL

= = WRFERGE | U 130 =
PyBUF_FULL_RO

= = NULL U 0 =2
PyBUF_RECORDS

=2 =2 NULL U 130 =
PyBUF_RECORDS_RO

= 1 NULL U 0 NULL
PyBUF_STRIDED

= = NULL U 180 NULL
PyBUF_STRIDED RO

= NULL | NULL C 0 NULL
PyBUF_CONTIG

= NULL | NULL C 180 NULL
PyBUF_CONTIG_RO

7.7.3 SZ#H4A
NumPy-Ri#&: FRF0S0E

NumPy XSS B H i temsize . ndim . shape fllstrides & X,

WAH ndim == 0, buf F{ANFECEBEERER IR itemsize (bRE . XK, shape flstrides
#iH NULL,

Wik strides S NULL, JWIECALRFEARREA—AFRUER) n 48 CIEFH. BN, JHPE R P aH
J7 2 V7] n AEE -

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

40 BFTIR, buf W RASE 1) SRR AAEER A AL AL R T DA 12 R SR A R 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
mrrn
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

T
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(750
if ndim <= 0:
return ndim == 0 and not shape and not strides
if 0 in shape:
return True

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

if strides[j] > 0)

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

PIL-R#&: K, BENFREE

B T 4h, PIL WS R IB FT AL & F8 4T, A2 MR Bl X Lo 38 41 A RERIA4E LR N — A& . i
w, WHL =4E CIEF R char v(2] (2] [3] ATPABER— 810 2 245041 2 N84T char
(*v[2])[2][3]. fETMEERRY, XPAFEEN ] AR ATEDUL FFk, 8 AT DAL T AT A
B char x[2] [3] $t4l.

XR—AREL, 20 FERTIFHE IR N-D £ A NULL B RA s, Bkl — e

void *get_item pointer (int ndim, woid *buf, Py _ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

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

pointer += strides[i] * indices[i];

if (suboffsets[i] >=0 ) {

pointer = *((char**)pointer) + suboffsets[i];

s

}

return (void*)pointer;

7.7.4 ZHPXEXER

int PyObject_CheckBuffer (PyObject *obj)
B THE ABL g 311 paAz. QISR obj SCREZE P IXHEE 1T, WERE 1, HLRE] 00 &A1 EFALR
WEPyObject GetBuffer () —EMH. ARE—& WM.

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
B FR0E ABL B 3.11 jrA2. 1] exporter ik K PAYE IR flags 8 7€ M N A AT view. G exporter T
VERRALEORRA N o X, ME A5 K Buf ferError, $f view—>obj A NULL Ffik[A] -1,
IS, SEHFE view, $§ view—>obj BAXS exporter WIFIGI A, FHikE 0. Y XIEHERLF
R T L E SRR, view—>ob3 1 DA ORI A exporter (L4 o [ 3 % 45 H).
PyObject_GetBuffer () Wi 5PyBuffer Release () [T, KPITF malloc () F
free (). WL, HERTFHEEZ MK, PyBuffer Release () WARUERIR M —IK.

void PyBuffer_Release (Py_buffer *view)

BT FasE ABL g 3.11 prae. BERLZE M X view FREHC AL IR B SC X4 view—>0b ] [strong reference
(BI85 | 0 . % sR B v XN TEA s R ST B2 A5 | s o

PR REET R e AR @l PyOb ject _GetBuffer () 1M, R b,

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

B FAEE ABL B 301 jaie. Mformat IRIIEEH)itemsize, QIAMEHS, MTIAFFHRM -1,
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1E 3.9 AT

int PyBuffer_IsContiguous (const Py_buffer *view, char order)
J&FFasE ABL & 3.11 peie. WIR view & X NIER C X% (order 3k 'C') B Fortran X% (order
H'F') contiguous B{E A7 — (order 32 'A"), WER[E 1. HIWER[E] 0, ZERELE S

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
B THE ABL B 3.11 paite. JRELZGE view NI indices T35 0] W) AT X3 . indices W70 45 ] — 4>
view->ndim ‘RI|HE4H.

int PyBuffer FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
J& TR ABL B 3.11 peiz. M buf B HIESLH) len FF5%] view o fort ([P 'Cc 8 'F' (XN TF C
A% B, Fortran KU AT ) o BGEHBFIR[E] O, HEiREHR R -1 .

int PyBuffer_ ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
B F R0 ABL g 3.1 waie. M sre il len “FATE] buf | BURNTEZETFATRRIEN . order FJDAZ 'C!
ET R AT (XM C XUk, Fortran KUK )7 s H AR B —F) o IR E] 0, HHASHTHR
| -1,
IR len \= src->len W L PRBCRF R4 o

int PyObject_CopyData (PyObject *dest, PyObject *src)
& FHasE ABL B 311 jike. s sre $5 D13 dest o IX . W] PAYE C AUk B Fortran XUk i 2
X [ 3 TG .
BEEIEF IR A 0, AR M -1,

void PyBuffer_FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,

char order)

BT HE ABL g 3.11 wase. 45 € TEARK contiguous 5 34U (AR order Sy ' C* W2 C A%, 40
2R order >y "F* U2k Fortran X&) I T strides $04H , R0 BHAHE T4

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

flags)

BT HaE ABL g 3.11 pre. S HBF M XK, RSHEBEFEATFRINA len 1 buf | Ff
T4 readonly BB P 51 . bug WRERE— N TAF5 0 F 1 6
SN flags FoRTERERL, LR ELE S IR flag 35 € I NAIEA view, BrAE buf o Hie, I H
flag 1% B T PyBUF_WRITABLE FRi& .
YIS, K view—>obi W N X exporter (18 5| H H & ] 0. A0, 5| % BufferError, Xf
view->o0b7j & N NULL JfiR[H] —1;
MR R B A gerbufferproc H)—F4y , W exporter WS R H A5, I Hab e R B v I% Bl
T flags. BN, exporter Wh/iljg NULL,

7.8 |BZ& Y

H 3.0 A5 H.

X LG PR F2 Python 2 H “IHZR M p” APT (A B 5. 7E Python 3w, IUHMYEAEAAAE, (HiXLEpg
BASRBE AT AR 2.x MRS . BT MEF 2 7 il SRR, BB ASTEZ WS
EE B T AR B X BT SR VR g A i ] SR 9

Ht, EFERFEFPyobject_GetBuffer () (FEBIGPyArg ParseTuple () BREUES T v* 8% w*
14 X)) RARI— DRI A, e LR TR PyBuf fer_Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

& FAaE ABL 3 [ —AMg ) o] RS T A AP0 AR L SN AE IR FR 5. obj SEU I SCHr R B
TGP o BEEIBTIRI] 0, K buffer &R INAFHBAEHF buffer_len &R ZE v XK BE . AR [H]
-1 HiXE—A> TypeError,
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int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
B R ABL B A1 S AE R0 SN BRI 0465 obj SROU I H B BT S
B o WIIERIE O, K buffer 1k WAFHLHE I K buffer_len U G op XK BE . HAREFIR ] -1 %
B— TypeError,

int PyObject_CheckReadBuffer (PyObject *0)
B T HaE ABL Q1SR o SZRF BB TR o LI NR [] 1o AR 0ER ] 0, BERR AR 22 AT .
TR PR B S 2RO R — 28 DX, I ELAE VR X I bR 0 18] 2B ) S S BBl . a3k
PR R &N S il PyOb ject_GetBuffer ().

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

B FA5E ABL SR [l — AN ) il 5 N AR R 3R 5T o obj A6 SR BABE AT bR 1 . IR [ O,
K buffer B NATHUIEFHAF buffer_len BN P XK JE . HAFINIR 1] -1 H-3E 4> TypeError,
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CHAPTER 8

BEFRRE

AT ) PR U E T 52 Python XA, RS IREBII M AL B8 B B — N R R EMN
Python &/ UK B — A RE4, EAHE 2 BA EFEEL, WM e PUTRE6 4 Blhn, 246
XSGR T, W PyDict_Check (). AEELGHIZLT Python X4 BN “ FHEH .

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

8.1 BEAMR

Atk Python 2R A FA-—SLBIR4t 5 None.

8.1.1 AEIWKR

type PyTypeObject

BT 2B AP (M8 A RiE ARG MMR) . XTI C 458 TR built-in 2874,
PyTypeObject PyType_Type

& T HUE ABL X2JE T type X2 HY type object, 1t Python ZTH A type @AMFEIMIXIR .
int PyType_Check (PyObject *0)

RN S 0 2 DRBIN S, WHEIRAE BARMEISBINT R BB N M AR . fET R e
BRI 0. R AR EZ AT .

int PyType_CheckExact (PyObject *0)
WERXTG 0 R —ANHRA S, (EA SRS BN S B R BUNR BHERME . FEIrE LB TR R
[m] 0. BEPRECRE R E AT

unsigned int PyType_ClearCache ()
BT iaor ABL ES N AR . RIS HIRARS .
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unsigned long PyType_GetFlags (PyTypeObject *type)
J& THUE ABL SRIA type ¥ tp_flags Bibl. SLERELFE2MC A Py LIMITED_APT ffifij; Bty
TEEAR L B PRAEA D Python KA HUZ A RFFERE , (EX tp_flags ARGHTTRIFFAR 2% APL Y
73
1 3.2 A
TE 3.4 A R AASH: IR IR AR unsigned long MAJE long.
void PyType_Modified (PyTypeObject *type)
& T hosE ABL 2R A N OH T 128U R AE R AR AL I RR B ATTE A i 2R 2 Y i 1 B
KR F BB Sz S5 TR A .
int PyType_HasFeature (PyTypeObject *o, int feature)
RIS G 0 BEE T HFME feature WHRFIAERAE . RAURFIEIE B HUAF AL BTTR R RN B o
int PyType_IS_GC (PyTypeObject *0)
ARSI RALHE T PREIAR I e ) S5 M3 [0] B 5 S AL R Py_ TPFLAGS_HAVE_GC.,
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
& FHaE ABL MR a 22 b 1 72RAUR [0 ELfE .
PR B AR A S PRy 2R 8, X WK _ subclasscheck () A&TE b WM. 3
HPyobject_IsSubclass () FHFTH issubclass () FHAFHIFIEE .
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
B #Hegil M. BFRUE ABL KA R to_alloc REAIRYIE AL AR . T Python B
INNAF BT R 2 Bl — A B SE B BT N A I iAo NULL.
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)
BeEE: B3 R BT RUE ABL BB R tp_new RENIHYIE H AL B SR WK cp_alloc
R AR A — B 5L 61
int PyType_Ready (PyTypeObject *type)

B T e ABL Al — IR R . XN T 2R R BRI PASEICE TR aR k. BEeR %L
2T AR ER IS I AR RO . JSEhIR R 0] 0, BORFE S8R ] -1 H3EE— 5

Rl

Y o

i QURIELEERSCIL T GC HSOT H i i ry 8 2L bR th R 635 Py TPFLAGS HAVE_GC,
WK 5 8 N H QKRS B GC W isl. M S HE, an SR Bk A i 2 B AR PR SE
Py _TPFLAGS_HAVE_GC W'E & H LW GC Y, £/VESELWtp traverse AJF.

PyObject *PyType_GetName (PyTypeObject *type)
B e #agil M. & TRUE ABL @ 301 pade. iRIEAATR. SR THRBEGEAMY __name_ &
PE.

1 311 ATIA.
PyObject *PyType_GetQualName (PyTypeObject *type)

BEE: #ay il R, B TR ABL B 311 oAz REIERGRRE 2 PR, S TR B AL
__qualname__ @1k,

1E 311 JAIA.

void *PyType_GetSlot (PyTypeObject *type, int slot)

B THUE ABL B 3.4 it IR IAF AR R G0 Y R AR AT . AISRERY NULL, WZoRelE il
i NULL, SRR A T IOIES: o 1 7 R SR R R S B0 2 1) R B 2.

& PyType_Slot.slot &F ] fRY slot ZHUE.
1E 3.4 A
e 3.10 A K AEAZTE: PyType_Getslot () BAEF VAR FTA R, TECZ A, ERRE N &

.,
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PyObject *PyType_GetModule (PyTypeObject *type)
& FRE ABL B 3.10 pae. R4 ] Py Type FromModuleAndSpec () QEITM; KK 45 &
RARHRIR
TSR BEAT KHREN 2 5E LA, IE TypeError Jfik ] NULL.
I pR Bl R g N T RO O W oE SO AR M OB B W T RO X BRI O
PyType_GetModule (Py_TYPE (self)) A g A <1k 0] 7 #] 9 45 5. Py_TYPE (self) W]
PAR BRI —A F &, MFRHA—E R e 5 HESAME B b E L. S PyCcMet hod
TR O VR € LTTER 2K, W8 2 MPyType_GetModuleByDef () T Ay % Fo vk i
PyCMethod HIEM
1 3.9 AANA.

void *PyType_GetModuleState (PyTypeObject *type)
B FROE ABL B 310 pofe. R XRECHE 5 @ RAEWBE R LIRS X2 —1
FEPyType _GetModule () LR FVEH PyModule GetsState () HREET L.
TSREAT KHRF 258 AU, E. TypeError Jfik M NULL.
W2 type A RIKAIBHHIARZA ) NULL, MR (A NULL HORN BB R
T 3.9 JANA.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
HF R EE T 45 E i) PyModuleDe £ def BIEISH—A BRI, Ik mlZEb.
WRR IS, W51 % TypeError Hik[A] NULL.
BB & G PyModule_Getstate () —EMHPAMEMREN VA (Wtp_init Minb_add) KH:
€ SO R ZRITEM I Py CMe t hod T GBIl K A% 14 1) 37 G SRIBUSTHUR S
T8 311 ATIA.

BB ECARE

A RN SR R T R A R
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
BEAE: #Hey 3l A. B THE ABL g 3.10 se#2. Creates and returns a heap type from the spec
(Py_TPFLAGS_HEAPTYPE).
bases ZAL AT KA EHIE BRI DA BAAKE i ZAKA R TCH . QIR bases hy NULL, &0k
H) Py_tp_bases fifii. WAAZREAAN NULL, WIS Py_p_base fifii. GIFRAZAEALFFE A NULL,
MR IRAE H object.
module Z: 0] W ] R AT AT K€ CFTERALR. B — DR R B NULL. WERA N
NULL, WZEHag BB BRI Hnl e 2 JGilid Py Type GetModule () RFRHL, XA KHEK
BEPRATI TR BN BMAEE .
BRI AAE R LI Py Type_Ready () .
1 3.9 A IA.
e 3.10 A A AAZ T MR ACAE S S — A BN bases ZHOFH NULL /E2N tp_doc M.
PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
BEME: a5 . B TRE ABL g 3.3 At ZMT PyType_FromModuleAndSpec (NULL,

spec, bases),

1E 3.3 BARTIA.
PyObject *PyType_FromSpec (PyType_Spec *spec)
BEME: #Fey3l . BT iE ABL /)T PyType_FromSpecWithBases (spec, NULL),
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type PyType_Spec
B TRUE ABL (AR ) - 8L DRI NI EER A
const char *PyType_Spec.name
B AFR, FRIKE PyTypeObject . tp_name,
int PyType_Spec.basicsize
int PyType_Spec.itemsize

PAFFT BRI SE B RN, SRR BEPyTypeObject . tp_basicsize flPyTypeObject.
tp_itemsize,

int PyType_Spec.flags
KRAENR, HSEREPyTypeObject.tp_flags,
WA E Py_TPFLAGS_HEAPTYPE J#iAR, WPy Type FromSpeciithBases () £xHE)¥
HE
PyType_Slot *PyType_Spec.slots
PyType_Slot MR . PARRIRREOI(E {0, NULL} REH.
type PyType_Slot

& THE ABL (@4PT A R ) . 8 L—PRBR AT RER S5 I, A3 — B AL ID Fl—AMH
EIERAI

int PyType_Slot.slot
&7 ID.

A ID WK LB R 4 W kPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods HMPyAsyncMethods W F B 44

Ffn—A~ Py_ iR, ZEBISkUL, -

e Py_tp_dealloc &EPyTypeObject.tp _dealloc

e Py_nb_add & PyNumberMethods.nb_add

e Py_sq_length i BEPySequenceMethods.sq_length
T TR TR MR Py Type_Spec fll PyType_Slot RitH:

e tp_dict

e tp_mro

e tp_cache

e tp_subclasses

e tp_weaklist

e tp _vectorcall

e tp_weaklistoffset (ZJLPyMemberDef)

e tp_dictoffset (ZU,PyMemberDef)

e tp_vectorcall_offset (£ ,PyMemberDef)

XLV G ik Py_tp_bases B Py_tp_base AJRESA . B T ##4 b) 8,
M Py Type FromSpecWithBases () ] bases 55

TE 3.9 A KA : PyBuf ferProcs MEIRENI M BERTEARZ IR APL i &

TE 3.11 fRA K AR WAELf _getbuffer fllbf _releasebuffer ¥AEZ % API FR] .
void ¥*PyType_Slot .pfunc

WAECL T . FERZEUEOLT, XK — 8 m R a4t

Py_tp_doc PASMYIE(ZE AT 2 NULL,

106 Chapter 8. BFEHMRE



The Python/C API, Z1THa4 3.11.13

8.1.2 None Y&

THYER, Python/C API FR I FL# A JF None [Py TypeObject. HT None @—Hfl, MiLXf5
RS (e CHEH PN == 28AF) 2B T . T FEFENEFEBEA PyNone_Check () %L

PyObject *Py_None
Python None X%, FnitZ(H. XMXREAT L. EFZHRT T HAEEEAT AL R .

Py_RETURN_NONE

IEWRAL A E C RN Py _None sR[E] (a2 id, B9 None (5| HTETFREE . )

8.2 F{EMR

8.2.1 ERBMR

Ji A BRSO S B K AT R R BB 52

e FE Iy, K24 PyLong_As* API #i&xik 0] (return type)-1, XS5 FIEXGTIF. ER
HPyErr Occurred () FRHPARK S,

type PyLongObject

BTS2 APL (15 Rig a5 1k ) . FK Python BB G PyOb ject TR,
PyTypeObject PyLong_Type

J& T FasE ABL iIXAPyTypeObject BSL|FE~ Python B34 2A . 5 Python i E WA int AH[H .
int PyLong_Check (PyObject *p)

WRBHIEPyLongObject B PyLongObject WAL, MR True, %K% & BENE AT AL
.

int PyLong_CheckExact (PyObject *p)

IR %iﬁ(%?PyLongObject HARRPyLongObject B FRANMIR M EH. MR ESW
AT

PyObject *PyLong_FromLong (long v)
Befa: #a95l A, B TEUE ABL H v Rl PyLongobject X4, KRIMHTIRIE NULL

ML IAEDE RN SR, B -5 Rl 256 ZRIITEREN S Rl TEIX
IR int B, SEPRAREI R0 EA R G5 .

PyObject *PyLong_FromUnsignedLong (unsigned long v)
HBEME: #FHey5 8. B TiaE ABL 2T Cunsigned long iR[E|—/NFHIPyLongObject X4,
R [9] NULL.

PyObject *PyLong_FromSsize_t (Py_ssize t V)
BEfE: #Hagil M. & TEIE ABL i C Py_ssize t REI—HHPyLongObject X%, KK
iz [B] NULL o

PyObject *PyLong_FromSize_t (size_tv)
BEfa: #ag3lA. BT RUE ABL ti Csize_t iREl—ANHiHIPyLongObject XF4, RIBIR [
NULL ,

PyObject *PyLong_FromLongLong (long long v)
Befi: #Heyil M. BTHRUE ABL 2T Clong long iRl —ANHiPyLongObject, KGR
[f] NULL,

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)

BEME: #a451 8. BT ABL T Cunsigned long long ik[E|—AN#HiHPyLongObject
X4, RWHFR ] NULL,
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PyObject *PyLong_FromDouble (double v)

BEME: #a9 7R . BT HROE ABL B v VBB R ] — N HR Py LongObject X4, KM
[{] NULL .

PyObject *PyLong_FromString (const char *str, char **pend, int base)

BEME: #ey 3R . BT RUE ABL ARYE sor EAFREIR Bl —AN# Py LongOb ject , base ¥§E T
BRI EL . QAR pend ANk NULL , W Mpend X54810] stor o FmEd 3oy JR N B — 247 A sk
base 4 0 , str ¥R H integers )58 LA TERE: XHHEZ I AT S &k ValueError .
W base Rk 0, WZIAT 2 Fll 36 Z (8] (752 F136). 2 Ja REF 2 RS54, BRI
PN . AR FEERCY, Rk ValueError,

S

Python J5¥ int .to_bytes () fl int.from_bytes () AT PyLongObject B/ FITEL 2 4]
PA 256 NEEEAT A . ARAI A PyOb ject _CallMethod () M CHHIEA].

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
BEMA: #eIA. FFFAFE u ) Unicode %07 Fr 81 544y Python BEU{H .
1E 3.3 A A

PyObject *PyLong_FromVoidPtr (void *p)

BEME F7a9 5] A B TR ABL MFEE! p @A Python B4k . ] DAYl PyLong_AsVoidPtr ()
1R 9] B FEEHE

long PyLong_AsLong (PyObject *obj)

& T Ha5E ABL 1k [0 obj 1) C long FRnTER . W obj ANJgPyLongObject WISEHI, Tl&xeiE i H
__index__ () H¥ (WRAHE) FHEEH A PyLongObject,

AR obj WEMEH T Long MYHUEIEE M 5| % OverflowError,
HARNLRE -1 o W PyErr_Occurred () KA.

T 3.8 WA S A QIR RERFEN] __index_ ().

e 3.10 A B AL T BB ECR AN __int_ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

% T HaE ABL 3R [H] obj [ C long FRTE . W obj NigPyLongObject WSEHI, WIS FHH
__index__ () H¥ (WRAHE) FHEEH A PyLongOb ject.

W obj BIEH KT LONG_MAX (/N LONG_MIN, ML *overflow 75K 1 8¢ -1, IR -1;
I, K *overflow Ehy 0o AN A A FoA S WU 4 5 RIAE *overflow &2k 0 FfaR ] -1,

HAENERE] -1 . WM PyErr Occurred () $%H B4R F S,
e 3.8 A S AT QAR W RERF ] __index_ ().
e 3.10 A S AASH: BB B AN __int_ () o

long long PyLong_AsLongLong (PyObject *0obj)

& T Ha52 ABL 120 obj 1) C long long FREX . AR obj RN gPyLongObject WISEHI, ML
WHH __index_ () A (WHRAGHE) HHEEH A PyLongObject,

2k obj (A H Llong long HUEIERIN£5] % OverflowError,
AR -1 o M PyErr_Occurred () HH A4 M.
T 3.8 JUAS B A AR T MR ATRERFAEA] __index__ ().
TE 3.10 A R A SR ECR AR __int__ ()
long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

& FHaE ABL 3R obj ) C long long FRIER . QIR obj RNigPyLongObject BSEBl, M4k
WHH _ index_ () B (WHRAGHE) HHEEH A PyLongObject,

AR obj I{ERT LLONG_MAX B{/NT LLONG_MIN, W4 *overflow 43 & K 1 8 -1, FikH
-1; W, K5 *overflow EHy 0. ISR AT W FLIE *overflow &> 0 HH3R ] -1,
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HEENRE] -1 . W PyErr _Occurred () ¥H BRI,
e 3.2 AT

T 3.8 WA KRR T WUARATRERHE] __index_ ().

TE 3.10 A R AL T R BCREAR RN __int_ ().

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
& T AEE ABL IR pylong 1) C 15 Py_ssize_t B pylong Wi} PyLongObject LM,

R pylong WHEREH T Py_ssize t IHMETEREIN Y% OverflowError,
HAENRE -1 . R PyErr_Occurred () $/H B4R 8],
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
J& T Fa5E ABL iR [H] pylong 1) C unsigned long FEREK . pylong Wl EPyLongObject WS .
W pylong BB T unsigned long WE{ETEE N S| % OverflowError,
AR ] (unsigned long) -1, FIHPyErr_Occurred () PHEHIEARNE,
size_t PyLong_AsSize_t (PyObject *pylong)
& FFaE ABL 3R 1] pylong 1) C 155 size_t K. pylong Wil 2PyLongObject M5B,
W2 pylong WHERRL T size t MEYATEREIN£5] % OverflowError,
AEITIR ] (size t) -1, HAMPyErr Occurred () HEHIHEAKF]E .
unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
J& T Fa5E ABL iR [H] pylong 1) C unsigned long long F/RER. pylong Wil j&PyLongObject
TSI
Uk pylong WEEH unsigned long long WHUEVERIN£E| % OverflowError,
HEERIR ] (unsigned long long) -1, iHFIHPyErr _Occurred () PES|EfK A,
TE 3.1 JA K AR PUTE pylong &% OverflowError, [MAE TypeError,
unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

J& T Fa5E ABL 2] obj i) Cunsigned long FRE . WIH obj Ni&PyLongObject WSEHF], M
SOEMI __index_ () ¥k (WRAETE) KHEHR A PyLongObject.,

W2 obj WY(EAEH T unsigned long WMUETEH, MERIFHZ(EAS ULONG_MAX + 1 SRAEHIREL.
HEEFHR B (unsigned long) -1, WM PyErr Occurred () HEHIEAK PR,
e 3.8 A Z AT QIR W BERFH ] __index_ (),
TE 310 A K AR IR ARG __int_ ()
unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

& T faiE ABL 1&[] obj ) C unsigned long long FREIHK. WE obj AEPyLongObject R
SEBl, MM __index () ¥k (WERAFAE) HHEAR A PyLongObject.,

A obj WEMH T unsigned long long WHUEIER, WR[FEZ{EX] ULLONG_MAX + 1 KA
IR

HAESHHR ] (unsigned long long) -1, WM PyErr_Occurred () HEHIEMA NI,
1E 3.8 A AR AR TR AN AT RERFE A __index_ ().
TE 3.10 JAS B AR AR T IURR B AR PR __int_ ()

double PyLong_AsDouble (PyObject *pylong)
& FHaE ABL 3R [1] pylong 1) C double FRIE . pylong Wi/ PyLongObject HSLH.

W pylong WEMEH T double WHUETEREIN 25| % OverflowError,
AT R 1.0, WHMPyErr_Occurred () PEulH A,
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void *PyLong_AsVoidPtr (PyObject *pylong)

2 T HE ABL R—A~ Python 3844 pylong %46k C void 5%t . U pylong Joykwliti, WG| &
OverflowError, X &N TIRIERELPyLong FromvoidPtr () B @ MME 4 — 40 F W
void 8%}

AR NULL, R PyErr Occurred () BRI

8.2.2 f/RMER

Python A /R (E A N BB 7R E B . HAY Py_False Ml Py_True PMI/R{E. L, 1EHH
BUERIMER S REAE N TARE. (B, TR .

PyTypeObject PyBool_Type
& T HE ABL XA Py Typeobject BYSEHIZK—A> Python 11i/RJEA; £ 15 Python 2T bool
SR RS o
int PyBool_Check (PyObject *0)
MR o KA R PyBool Type WHIRIIEAE. M2 BT,
PyObject *Py_False
Python ) False Xf 4. ZAWRIAEMIVE. ERZFHEM AL TG R R—HEH .
PyObject *Py_True
Python [ True Xf 4. ZMNGIAEMITE. BN ZRHEM AL HTHEE BRI R—FE .
Py_RETURN_FALSE
MEREGR I Py_False W, FFEHIMERIGIHTEL
Py_RETURN_TRUE
MEREGR ] Py_True W, FREEHIMERIGIHITEL
PyObject *PyBool_FromLong (long v)

B #e93|A . BT ABL ARYE v BSEER{E, iREl—A Py_True o3 Py_False B3]
i P

8.2.3 FRINR

type PyFloatObject
XA C A pyobject [FARE 4 Python 7 mBOM 4 .

PyTypeObject PyFloat_Type
B THUE ABL XEANNET C R PyTypeobject BIHFE Python ¥ iR 5. 7 Python JZH]
MR £loat Z—R5,

int PyFloat_Check (PyObject *p)
WREMSHR A PyFloatobject B PyFloatobject K FRANLR I FAH. MR EUE
ST -

int PyFloat_CheckExact (PyObject *p)
IR ERSHE I PyFloatObject HARPyFloatObject T IRAMR B HIE. IHpREUE
e WIIAT .

PyObject *PyFloat_FromString (PyObject *str)

BEME: Fregil A B TRUE ABL RAEFATH sor IEAE— N PyFloatObject, KIYIFIR ]
NULL.

Pin

PyObject *PyFloat_FromDouble (double v)
BEa: #a93l M. BT RE ABL ARG v Bl — A PyFloatobject X4, RIMIMNEM NULL,
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double PyFloat_AsDouble (PyObject *pyfloat)
J& FHaiE ABL Return a C double representation of the contents of pyfloat. If pyfloat is not a Python
floating point object but hasa __ float__ () method, this method will first be called to convert pyfloat into
afloat. If __float__ () is not defined then it falls back to __index__ (). This method returns —1.0
upon failure, so one should call PyErr_ Occurred () to check for errors.
YE 3.8 AN K AEASTE: Use _ index_ () if available.

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.

PyObject *PyFloat_GetInfo (void)
BwEME: #eg51R . BT IEE ABL Rl —4> structseq SEBI, HA LS4 K float WPRSEE . dx/MEF
RKEMEE . BRI float .h f—MATERALH

double PyFloat_GetMax ()
J& T F45E ABIL Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
J& T F4 5 ABI Return the minimum normalized positive float DBL_MIN as C double.

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte
strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double
from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the
2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to
the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

1E 3.1 HATIA.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first,
atp). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,
or O on little endian processor.

Return value: 0 if all is OK, —1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:
o What this does is undefined if x is a NaN or infinity.
e« —0.0 and +0 . 0 produce the same bytes string.
int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.
int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.
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Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in
little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The
PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on
little endian processor.

Return value: The unpacked double. On error, thisis =1 .0 and PyErr_Occurred () is true (and an exception
is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

8.24 FHMR

M C APL %, Python FSZHOR G il PN A ) FS 73 5L BE . — 724 Python A7 (/i1 (1) Python XF5, 734
e —MURHIER BER C Z5M 4. APL (L T s AL BRI

RREHE C Bk

i BRI X M R IV E I S RO MRS SRR T R B, AR AL D ARSI RS It
ALNE T4 APL

type Py_complex

X —XF LY. Python S B0 R AYETH 1 C Z5MI 1A . 26 R 73 Ak BIAZ 00 5 1) e 30HT Y i S 204 )
SR R A B R, e T SO

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
RS EW AL, ) C2RABPy complex IR,
Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
R E AN E W22, ) C2RAUPy complex IR,
Py_complex _Py_c_neg (Py_complex num)
AR [ SR num W TAE, ) C Py_complex K.
Py_complex _Py_c_prod (Py_complex left, Py_complex right)
R, H C KMy complex R,
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R AN SZEO R, ) C2RAPy complex R,
IR divisor 2h%s, W KR B ZHKF errno %4 EDOM.
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
AR num {) exp YR, I CKBPy_complex iR,
WR num }y 75 H. exp A2 IESEEL, W VAR M ZBHHF errno 54 EDOM.
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R E#HH Python MR

type PyComplexObject
XA C KA Pyobject WTHRAAE—1 Python HX 5.
PyTypeObject PyComplex_Type

& FHUE ABL EANE T PyTypeobject B3 Python ZHCEA LA, 7 Python JZ IS
complex s2[d]— X5,

int PyComplex_Check (PyObject *p)
MR EMSLR— A PyComplexObject B(F#F PyComplexObject BT HRANR M FAH . HLRR%L
BRI

int PyComplex_CheckExact (PyObject *p)
WRERHSERZ A PyComplexObject HAEPyComplexObject [HFHRBNR I EH. BLeR
B2 e T .

PyObject *PyComplex_FromCComplex (Py_complex v)
BwEMA: #egil A, Ml CRABpy. complex MIEHA M—NHTH) Python XA .

PyObject *PyComplex_FromDoubles (double real, double imag)

BEME: #FHe45 8. BT i ABL R real 1 imag 1& [B]—ANHH) C 268IpyCcomplexObject %
%,

double PyComplex_RealAsDouble (PyObject *op)

& T e ABL DA C 282 double iR [H] op [ SEH.
double PyComplex_ImagAsDouble (PyObject *op)

& T e ABL DA C 2884 double i&[H] op R
Py_complex PyComplex_AsCComplex (PyObject *op)

RIS E op 1) C APy complex{d.

2R op A2 —4> Python EHCHREZHA _ complex_ () Jiik, WSSE %I R/ op ik
Python B HH % . W _ complex_ () KEXKEHEE _ float_ (). W __float_ ()
KEXNKGELGERE _ index (). 4RI, Z PR A S28{E 1. 0.

TE 3.8 A A AT MURATRERFN __index_ ().

8.3 FFIIMER

FPAIRS R I — A AR T —Z e s AT 704 Python 157 [ IR 2R B P A AR

8.3.1 bytes &k

LR B Bl — D P R TE S EAN A T — AP T R ESPIRIN 2 51K TypeError,
type PyBytesObject
XFhPyobject fFRAFKIR—> Python “FATXIR .
PyTypeObject PyBytes_Type
& T HE ABL PyTypeObject HSEBIHZE—> Python Ty, ¥ Python RHI'E 5 bytes JEAf
[R5
int PyBytes_Check (PyObject *0)
WERXFR 0 J&—> bytes X R u( bytes FEAU FAHAU R SBR[ FAH . SR LR E 2 BT .
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int PyBytes_CheckExact (PyObject *0)

WARFTS 0 Z—A> bytes MR EAJE bytes 2T 1A L9 W3R [0l FLfE . 1 R IR 2 22 B

fi.

PyObject *PyBytes_FromString (const char *v)
BEME: #A95I R . BT ERUE ABL IR Bl — D DAFARF R v B RIA R E R B AR g, RIK
R[] NULL. JEZ v RHEH NULL; EARXPHGA.

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
REMA: #ag 5l R . BT EUE ABL IR B —DPAFERFER v I EIA I BACEE R len 137717 H
R, KRR NULL, Q2R v 2 NULL, RIS 7 AT e R A A

PyObject *PyBytes_FromFormat (const char *format, ...)
BeMh: #a951 A . B TRUE ABL 52— Cprintf () MAKH format “FAFH AN ARRRAI S,
TIHREE R Python 47 Ef X G2 B R/ N R Il SEUE ZA% XA IS B0 AT R AT 4. Al SR S0 20
¥R C KRB HALAUE IS format TR AR AT RL . FSLVFRE T R A% U7 A e

| BREH | KRB | R |

%% i ) LF% FAF -

$c int —AFAT, BEFRR A CEF IR

sd int M24T print £ ("sd").!

Su unsigned int MY T printf ("su").!

$1d KAy M24TF printf ("s1d").!

$1lu unsigned long | 24T printf ("s1u").!

$zd Py_ssize_t | ¥4 T printf ("%zd").!

$zu size_t MX4T printf ("szu").!

$i int MY T printf("sim).!

$x int MXM4T printf ("sx").!

$s const char* PA null "2 (EEFIR C F455004H .

5p const void* —A C 4 TSR RRAIER . BEASN T printf ("sp") H
ELWAAAFERE 0x 3k, MERGTE L print £ B2
7

%ﬁg‘( AT & FECRAR NPT R T WR IR R HI R S5 R R, I BFPA 24
24

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
BeMh: #ey3l 8. & T RUE ABL HPyBytes_FromFormat () St &M, B T EREM TS
PyObject *PyBytes_FromObject (PyObject *0)
BEME: Freg 7l A BT EUE ABL R AT RN LI G KPS 4 *o*.
Py_ssize_t PyBytes_Size (PyObject *0)
B T AEE ABL IR BTG *o* iRy
Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Kl TryBytes_size (), HRANHHBAGI
char *PyBytes_AsString (PyObject *¥0)

& FHE ABL IRBIXIRY o (I INZE R FRE . ZAREH R 1) o FYNTRZM X, HP 48 len(o) + 1
AT G X BRE DTN AN, MRS A A T IR A W] AT
FOREH, BRARRZWIM PyBytes_FromStringAndSize (NULL, size) BIBHZXIG. BEAW
B B WR o AR R —DFWHXLR, WpyBytes AsString () KfiRF NULL H-5] %
TypeError,

char *PyBytes_AS_STRING (PyObject *string)

R T PyBytes AsString (), {HRANHAS A .

UMTHBGRIE (d, u, 1d, W, 2d, zu, 0, x): HZHORERS, O BRI AR
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int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
& F e ABL Gl i S 5 buffer F1 length IRIIX4 obj PAZSEAE RS RINES . NI R[E] 0.
MR length }y NULL, 7R GO SR AR 2747 MR, W BRI -1 5] %

ValueError,

R IX G ] obj N EM, EMARBES MM E T ORBAE length 2470 ) o ZEIEAT]
AR sk, BIERNI# ] PyBytes_FromStringAndSize (NULL, size) AJ#HZNT
Lo EATHHEE L. QR obj IRANR— N FATEHEXNER, WPryBytes AsStringAndSize ()
¥R H] -1 5| & TypeError,

TE 3.5 WA K AASHE: VAR, 247735 FRo g bt B A 25 515551 & TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
& T HE0E ABL AE *bytes HATHGE A FIrXIR ,, HA i Z iR mE] bytes 1) newpart fNZE; W HI#
REPAFHIT T o X bytes JFHER G| IR Rl . AR ITCYE BB G, X bytes WIHT I USREHEE
FH. *bytes IEARFBBN NULL; FFRFBCELE 24 10 57 o

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

B, FR7E ABL 7E *bytes HRIHE—MHRAGS TR S, FO L RIS bytes {0 newpart 7S I
WRAKEREHONT newpart [)strong reference (BN 0.

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

MR AT RN — RO R, B HSY CRTIARXT ST O AU TR R AT EE TS
ST ERAEARD B AR 4 RO ATty = A0SR A5 R 5 1 O S — Dl
TR BRI S o A8 A— D IUE TR AT R HE/E N Ivalue (BERTRESHE S A ), AL AR LI
Ko MBI, *bytes FAAFHAE R/ ING I FATHRXI G IR I 05 *bytes Hrvg ik o] 55 Him AE
ANl W BRI, W *bytes b1 S 715 R X GORFOERES 7 IC . *bytes 9% °H NULL, [A]H}
XE MemoryError Hik[A -1,

8.3.2 FHMAMR

type PyByteArrayObject
XANPyobject HFIHMFEIR—> Python “FHr 44 .
PyTypeObject PyByteArray_Type

J& T §45E ABL Python bytearray 258138 A Py TypeOb ject SEHI ; iX -5 Python EH Y bytearray
MRS .

KBRER

int PyByteArray_Check (PyObject *0)
WA G 0 72—~ bytearray X 52l bytearray ZE )1 B SLHI MR [0 FAH . BERRAE 2
Dihdr.
int PyByteArray_ CheckExact (PyObject *0)
?Q%?}T 4 0 j&—> bytearray X RHA 2 bytearray ZE 1 1A 1 S5 Wk 0] FLAH . PR AU
Ik K

oy
=

P
Dl
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E# API R%

PyObject *PyByteArray_FromObject (PyObject *0)

BEME: #A95I R . BT RUE ABL RSEAEMTSEIL T 42 07 R H05L BINAR o, aR Il — N0 5 B A
X5

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)

B Fragil A . BT ROE ABL ARYE string ] HAFE len A —ASHTHY bytearray X5 . 24 2K IGHT
1% 8] NULL,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)

REMA: #eg7l A, BT RUE ABL R a B b IRk [ —ANHEA S5 R B AR .
Py_ssize_t PyByteArray_Size (PyObject *bytearray)

B T HUE ABL JEREAE NULL 541 /5 1R 8] bytearray (K /]

char *PyByteArray_AsString (PyObject *bytearray)

B T HE ABL TEAGA NULL $855aR [B1KF bytearray 3R 18R — A AP 44 . i (0] AL 2 2 F
— BN A

int PyByteArray_ Resize (PyObject *bytearray, Py_ssize_t len)
& T 15E ABL Xf bytearray {1 N FRZE I XY R/ NN len..

M}

XHRWAR L EEABIERE . ENTA AR
char *PyByteArray_AS_STRING (PyObject *bytearray)

Similar to PyByteArray_ AsString (), but without error checking.
Py _ssize_t PyByteArray GET_SIZE (PyObject *bytearray)

Similar to PyByteArray_Size (), but without error checking.

8.3.3 Unicode & f14x iRt 2%
Unicode 315

{1 5k python3.3 1S3 T PEP 393 bk, Unicode XFGEN RN R A7, DAL BRI (AR
AL RS I ) Unicode 577, X1 BFA (OIS #BIE T 128, 256 3 65536 197545 4fs, ek
Bi A, FRRASAUET 1114112 GEA5EHE Unicode 1 1H)

Py_UNICODE* fl UTF-8 F£/R R4 T B @ I 2% /7 2 Unicode X4, Py UNICODE* FREA 2L 5T
H HARRCR

1T 1H APTAIHT APT Z [a] 94, Unicode X5 Al DAL FIIFRES, X BT BN TR A1Er

o “HIIE” Unicode X142 HiAE 7 F i) Unicode APT Q@) BT X542 . B AT {8 SE BT S ir i 5 A 20
ESUYIEW
» "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

£ 11:: The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will
be “canonical” since then. See PEP 623 for more information.
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Unicode #Y

PAF 52 3T Python ' Unicode SZFL 1 A Unicode X4 237 :
type Py_UCS4
type Py_UCS2
type Py_UCS1
/%?FF%'E ABL X SEI AR IS BB A R A e L, HSE T R DA A5 32 fin. 16 Al 8 fiiF
5. MFEHELAFEHA Unicode 45T, 5Py _UCs4,
TE 3.3 RUAMA.
type Py_UNICODE
XE wehar_t BYRALE X, *ﬁ?ﬁ?éﬂ@%ﬁ?ﬂﬁ%?’ﬂ 16 {72 Ady 32 ﬁ*ﬂ

TE 3.3 JRA KA AR FEPARTI A, X2 16 [ ZRA0A & 32 2880, X B T 1A epl) d i e
i “Z4” b2 “9i” Unicode R A4H) Python,
type PyYASCIIObject

type PyCompactUnicodeObject
type PyUnicodeObject

XX T Pyobject B TIMEIR [~ Python Unicode Xt 5¢. fEJLTHIAMIET, ENTANIZH
FAEME . PN AR BE Unicode XFR 1) APL s ECHT 2R Bl PyOb ject RAHRET .

TE 3.3 RAIA.
PyTypeObject PyUnicode_Type
& T ABL XA~PyTypeObject S|4t 3 Python Unicode 257, ‘BAEN str 2 TF4; Python At
i,
PAR APL 2 C A BRI AL, T PR A A1) Unicode Xif 42114 Pl L R 45 -
int PyUnicode_Check (PyObject *obj)
WRXFS obj & Unicode X425 Unicode 1287 i S5 IR Bl LA . R EIUEL /& 2 I HhAT
int PyUnicode_CheckExact (PyObject *obj)
WERXFS obj J&—> Unicode X4, (HARHEAT-FEALM L W B EAH . HEREUR R 2 AT
int PyUnicode_READY (PyObject *unicode)
TR TR *o* 40T “RIVERY” k070 RN R R AT Ui 220, X2 dHm .

Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

TE 3.3 AT
MoO3.10 fR AR A B WO, B A 3.2 i B B This API will be removed with

PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)
1R [m] U\ﬁ%hmﬁtiﬁr () Unicode SEAFER K o unicode 75K “HRYE” F&/R1Y Unicode X145 (A<
KX — 4 o
1E 3.3 JATIA.

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py _UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use

PyUnicode KIND () to select the right macro. Make sure PyUnicode_ READY () has been called be-
fore accessing this.

1E 3.3 AN A
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PyUnicode_WCHAR_KIND

PyUnicode_1BYTE_KIND

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
R [H PyUnicode KIND () ZE1E.
1E 3.3 A
M 310 BGEANEWAER, $7E 3.12 R PFSFR: PyUnicode WCHAR_KIND L H .

int PyUnicode_KIND (PyObject *unicode)
35 [a]—~ PyUnicode Z8BI# & (IL_E30), $5H I see above) that indicate how many bytes per character
this Unicode X % I RAFERE AR FH 0 F 4580 unicode 7510 “HIIE” F/n 1 Unicode X4
(AR — ).
1E 3.3 A

void *PyUnicode_DATA (PyObject *unicode)
iR Bl—ANFE 1] J 4 Unicode ZEih X 25485 . unicode AA7518 “HIE” F/R1¥ Unicode X5 (Rt
X5 o
1 3.3 JRATIA.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
HA—MEFEIR data (AR A PyUnicode DATA () 3B BB SPATIERIER A, #IX
TENTEGRER T o VRT3 224 G ) A AL ] T rh SR — ARG A kind (B data $5%t o index J2 74
BT S (A O TFER) 1T value J2 N 5 A% B 1Y BT AL(E .
1E 3.3 AT

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)

MIFEFRRI data QIR ] PyUnicode DATA () 3R FHEE— DML, A2 AT A S0m 45
Ao

1E 3.3 A TIA.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)
M Unicode 44 unicode WEH—A-54F, WSAH B FRTat. AISRARIITE UL IO I
PREH R IR T PyUnicode READ ()
1 3.3 A A
Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)
ST £ 3T unicode B S — SRR UBKTOAL, BHUAAY ML HRTBR. Xlh
S R (DLF HAE 5 ER AT R R
1 3.3 JRA A
Py_ssize_t PyUnicode_GET_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units). unicode has to be a Unicode object (not checked).

M33 BUGE A BB, RFAE 3.12 B # Er: IH X Unicode APL 9 — #8733 i # 2| i

HPyUnicode GET _LENGTH() .

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *unicode)

Return the size of the deprecated Py UNICODE representation in bytes. unicode has to be a Unicode object
(not checked).

M3.3 R AN WA, RFAE 3.12 B FS R 1A 3N Unicode AP f— i 7r, i iF 7% 2

HPyUnicode GET _LENGTH() .

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)

118 Chapter 8. E#HIMRE



The Python/C API, Z1THa4 3.11.13

const char *PyUnicode_AS_DATA (PyObject *unicode)

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
unicode argument has to be a Unicode object (not checked).

1 3.3 AR & 4248 55 This function is now inefficient -- because in many cases the Py_UNICODE rep-
resentation 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 ().

M 33 BGE A B, RFAE 312 MR A BR: IH 30 Unicode APT /9 — &7, i1 i 7% 2 fi

PyUnicode_nBYTE_DATA () &,

int PyUnicode_IsIdentifier (PyObject *unicode)

B T AUE ABL MR AT 3 IR E 5 SO R mIAR R R ] 1, 2 W, identifiers /AT, 75 )3 1]
0.

TE 3.9 WA B AEAR B A0SR A4 E R e ARk WL B BN S B il py_FatalError (),

Unicode @it

Unicode $2{IE T VFZ2 AR FAFRFIE . Bl 75 200 25 T DAL 5K 28 203045, ik 28 XAk Python Jig &S
| C %L

int Py_UNICODE_ISSPACE (Py UCS4 ch)

T ch 2 2 HF AR E 15 0.
int Py_UNICODE_ISLOWER (Py UCS4 ch)

WA ch 2 A/ NEFAFRE 15 0,
int Py_UNICODE_ISUPPER (Py UCS4 ch)

A ch @ A REGFAFRE 15 0
int Py_UNICODE_ISTITLE (Py UCS4 ch)

R ch 245 AAnE G K/ NG iR [m] 1 8 0.
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)

U ch @ AHATIEFAFIRE] 1 5 0.
int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)

R ch 245 R TR CEAF R ] 1 8 0.
int Py_UNICODE_ISDIGIT (Py UCS4 ch)

A ch 2 AL 747z 1 5 0.
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

T4 ch J2 5 AEUEE AR M 1 8 0,
int Py_UNICODE_ISALPHA (Py UCS4 ch)

A ch @ AT RS4RI E 1 5 0.
int Py_UNICODE_ISALNUM (Py UCS4 ch)

TRl ch 5 R AR ) 1 5 0.
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)

TR ch 275 A AT BV EAFaR ] 1 8 0%, AR T Bl A7 2 $5 7 Unicode =475 £ i & b 4 o X
“Ay”Other” 5y "Separator” [ F1F, filFME L& ASCIL Z254% (0x20) B A AT 4T 4. GE BT
T AT I AR H8 YA M repr () BERN S WF4F . BENFFHRBEA sys.
stdout By sys.stderr B FFEHRALEICK),

X8 APL A] 1Pl B 3 00 A
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Py_UCS4 Py_UNICODE_TOLOWER (Py_U/CS4 ch)

R AR NG L AT che
3.3 AR ST GRS 1 1 B R/ N R

Py_UCS4 Py_UNICODE_TOUPPER (Py_U/CS4 ch)

R [ HAI KE I FAT che
3.3 AT e ek R o B R/ NS U

Py_UCS4 Py_UNICODE_TOTITLE (Py_ UCS4 ch)

AR AR R B NG TS P4 che
3.3 HUARFE T e ek R ) B R/ NS T

int Py_UNICODE_TODECIMAL (Py_UCS4 ch)

Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py_ UNICODE_TODIGIT (Py_UCS4 ch)

Return the character ch converted to a single digit integer. Return —1 if this is not possible. This macro does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)

Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.

X4 APT nJ g A e 5 AR A EE i
Py UNICODE_IS_SURROGATE (ch)

M ch 245 0T (0xD800 <= ch <= 0xDFFF),

Py_UNICODE_IS_HIGH_SURROGATE (ch)

Kl ch 2 A E PRI (0xD800 <= ch <= 0xDBFF),

Py_UNICODE_IS_LOW_SURROGATE (ch)

K ch B35 RIS HT (0xDCO0 <= ch <= OxDFFF),

Py_UNICODE_JOIN_SURROGATES (high, low)

Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.

@)@ F0ifia Unicode =&

BLA# Unicode X AN A A A I JE M, i X LE APL:
PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)

Bl FHaggl A . AIE—ASHH Unicode X5 . maxchar R ] TN T4 HR B SE B e KA . E
AV UME, BRI b AR P 127, 255, 65535, 1114111 Hag iz (g .

A2 AL HT) Unicode XF 4 HERF 7= o 5 1) I R BR 01 28 AR 0oF 2 AN 1 e 28 R/
TE 3.3 JRAIA.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

B = fE: #oag 3l A, A% E W kind B B — > B ) Unicode XF % (W] 68 W9 {H
“NPyUnicode_1BYTE_KIND %, BlPyUnicode_KIND () BriR [l HIME) o buffer W70 %5 Ia] it
YR, PAETAT 1, 2 B4 T ALY size R/NHIEEH .

WA L, A buffer X5 8 ¥ DIF 56 4 S LG Ron B Bl an, 2R buffer j& — 4> UCS4
T (PyUnicode_4BYTE_KIND) HALH UCSI i [ P9 9 55 07 20 1%, T 6 w7 4k UCSI
(PyUnicode_1BYTE_KIND),

1E 3.3 A TIA.
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PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)
BEE: #Hagil A, BT e ABL Create a Unicode object from the char buffer str. 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 str 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 *str)

REMA: #a9 51 R . & T AEE ABL MRS UTF-8 i i i) A (45 RN 745 22 X str 48— Unicode
X4

PyObject *PyUnicode_FromFormat (const char *format, ...)
BEE: #FHay51 8. B FfaE ABL Take a C print £ () -style format string and a variable number of
arguments, calculate the size of the resulting Python Unicode string and return a string with the values formatted
into it. The variable arguments must be C types and must correspond exactly to the format characters in the
format ASCII-encoded string. The following format characters are allowed:

$% i& A L% FAF

Sc int HANEAF %‘%ﬂ?)"ﬂciﬁglﬂ@%ﬂo

sd int YT printf("sdn).!

Su unsigned int AT printf ("su").!

$1d KA AT printf ("$1d").!

%11 KA M24F printf ("s1im).!

$1u unsigned long MYST printf ("s1u").!

$11d long long 4T print £ ("$11 ") ‘

$111 long long AT printf ("$114i").!

$11u unsigned long long YT printf ("$11 ") !

$zd Py_ssize_t AT printf ("$zd").!

$z1 Py _ssize_t MY T printf ("$zin).!

$zu size_t AT printf ("$zu").!

%1 int YT printf("%l") ‘

%% int FHM4TF printf ("sx").!

$s const char* PA null 252 [F£F C %ﬁ:;&éﬁ

$p const void* —A CHeE I TR RN ER . BEASEN T
printf ("$p") HEXHARAFHE 0x 3k, NERS
P& Eprint f B4,

%A PyObject* ascii () WHMER.

5U PyObject* —~ Unicode X4,

SV PyObject*, const char* | —~ Unicode %4t (7] PA°H NULL) Fl—APASS(HLE R C F
f?%@l?ﬂﬂ"ﬁj@%:/l\%% (IR —ANIES R NULL, FA

SRER ) -
%S PyObject* ﬂmpyomect Str() HIZER,
SR PyObject* Pl Pyobject_Repr () HI4ER .,

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.

$41: The width formatter unit is number of characters rather than bytes. The precision formatter unit is
number of bytes for "%$s" and "$V" (if the PyObject* argument is NULL), and a number of characters
for "$A", "$U", "$S", "S$R" and "$V" (if the PyObject* argument is not NULL).

TE 3.2 JUA R AR HE: 380 TR "s11d" A "s1lu BYSCEFS
TE 3.3 WA B AASH: TR "e1im, "S111i" Ml "Szi" BYSHFS

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 11i, 1lu, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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A 3.4 JUA B AR AT ST X s, TSR, MU, TSV, TS, TSR [ SEREAURE RERS U S
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)

BEME: #FHe3I R . BT EE ABL &[T PyUnicode_FromFormat () (B R 8 1S5
PyObject *PyUnicode_FromObject (PyObject *obj)

B A #eg 5| A BT R ABL Q1A DAERRFHE-—A Unicode 12 BY ) S5 45 D1 A i) EL 5K Unicode
K5, W obj B4 —A~H5E Unicode Xt4 (MAEFZRAL) , W [Bl—ANH O F8 0% 6 5L 1) strong

reference.,

3F: Unicode u{ H: 7R % 5 4530 TypeError,
PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
BEME: #0971 A BT EUE ABL X— A ERIBAIXTS obj %l Unicode XF4t .

bytes, bytearray AIHAMF 7 &3t 2 KB4 21 encoding RIS i errors & LR IR
AER AR, WY R A NULL Bk O BOAE GES AN 3 % 8 5 T REER)

Jr A HAX} S, 4% Unicode X154, #BFHFERE TypeError,

WA FE % APTAFR ] NULL. ] 7 2 0 5208 DG 1) i [l 5 5 1
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

& FHaE ABL B 3.7 paA2. 1R[] Unicode Xif G i K

1E 3.3 JRATIA.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

FF—> Unicode X5 i 4585 DLEN 5 — DX . LRSS TR BRI A T2 A 6 3T S AE W RE MY
0L N RS memepy () » FEHEEEBPRERE] -1 HRE— N, FEFAMR LT R R B8 DU 45
TE 3.3 JUATIA.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
i — N FFEFTEFLE . B fill_char 5 unicode [start:start+length],
W fill_char (ER T AR R ERHE, SUEWRFARA 1 ARG R TR M.
RIE AW FEAECR, SeETE AR E -1 5 k— 5.
TE 3.3 AN

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
& T RE ABL B 3.7 et Fr— N FRHHABFERF . FRPUIELPyUnicode_New () B,
H1 T Unicode “FAFH . 24 )2 AT A2, IR FAFER R RERLIL =, B2 HA A
Z R B KA unicode J2 754 Unicode X154, R EARMA, I HXTGRE rI9i 2 g (B
HE I —) .
TE 3.3 JRAIA.

Py _UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
& T HRE ABL B 3.7 Az, WFAFHR BN FRTF . ZRECRAS A unicode ;2754 Unicode X5 H&
FUEE AR, XRF T PyUnicode READ_CHAR (), JGEANXPATIEATE K
1E 3.3 AT

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)

B fh: a5l M. BT RUE ABL B 3.7 iAe. 3R unicode [—AFHf . WFRFRE| start (11F5) 5]
FAFRG] end (AMIFE) . AIFFARGZ.

1E 3.3 iRAS A
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Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

B TRUE ABL B 3.7 pe. FF 7453 unicode $5 D1 | —4> UCS4 Zenh X, Wi — 2747, WARBCE
T copy_null {3 . HEEIR ] NULL H3CE— i (RRB1E Y buflen /NT unicode FEIS, FF

HE SystemError 54 ). WIIHHE ] buffer.
e 3.3 A A
Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

B FHaE ABL B 3.7 L. REF47ER unicode $5 VI BN i PyMem Malloc () 43TeRYH UCS4 X,
MR PATS M, FFR ] NULL Hi%E MemoryError. 1% [l ZEmh KW i 2 2RI — AN AN 2515

fiL

1E 3.3 fATIA.

2% A&y Py_UNICODE API

M 3.3 BGEAHBEE , RFAE 3.12 P RS BR.

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)

R A #4897 A . 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 ().

M 3.3 BGERABE T, BAE 3.12 iR #84:: 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_ UNTCODE* 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.

M 3.3 BGERA B, BAE 3.12 it 8814 Part of the old-style Unicode API, please migrate to using
PyUnicode_ AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar new

APIs.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py UNICODE* string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

TE 3.3 JRAA.

M 3.3 FEAEER, KEAE 3.12 f 5 [%: Part of the old-style Unicode API, please migrate to using
PyUnicode_ AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar new
APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)

& FFa 5 ABL Return the size of the deprecated Py_UNTCODE representation, in code units (this includes
surrogate pairs as 2 units).

M3.3 R AR, RFAE 3.12 MR FS R IH 3N Unicode AP f — 7y, i i 7% 2

HPyUnicode GET _LENGTH() .
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BESEEmBEX

HE F K gm iA To H R fEE oR B R E R G A .
PyObject *PyUnicode_DecodelLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)

B fa: Aeq il M. B TRUE ABL B 3.7 it RIS FAFHRAE Android Al VxWorks L {1 1]
UTF-8, 7£H AP & b 0B 4 31 3 25 DX T b 2, S R A o IR AL PR 38 47 "strice™ A
"surrogateescape" (PEP 383). IR errors Jy NULL WIS ASKFMH "strict™ HERALPLAS .
str ILIFA— 28 PR R AEA AT S AR 2 T4

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

JHE R 517 20 Python UTF-8 K34,
S

The Py_DecodeLocale () %K.
TE 3.3 BUAIA.

TE 3.7 WA AR AR TR R EOAE 23R surrogateescape 51 ANFRAF T H 24 Hi 15 5 XAk i A%
., {H¥E Android FfB4. fEZ HiliAt, Py _DecodeLocale () ¥4l T surrogateescape,
24 B8 5 KI8T strict,

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
HBEME: #FHe45| 8. BT EE ABL § 3.7 At B{FPyUnicode_DecodeLocaleAndSize (),
HEMH strlen () RITHEFAREKE.
TE 3.3 HUATIA.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

BEME: g3l . B TEAE ABL f 3.7 r#e. gt Unicode %f 4 ¥E Android il VxWorks | fi
A UTE-8, fEH A& EH L4508 T R gmiis . R IRAHELSFA "strict”
"surrogateescape" (PEP 383)., M errors i NULL N JitE &3 fH "strict" FHRAMHS,
RE—A~ bytes X4 . unicode LS A ZS 45

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

PR EICRE 2% Python UTE-8 51,
S U

S

Py_EncodeLocale () E%k.
1E 3.3 A A

TE 3.7 A A EAS T WK EIAE 22 surrogateescape #iRALFRAR M H 4 HI1E & DIk gR 4%
., {H¥E Android Efi4. fEZ HiliAH, Py _EncodeLocale () ¥4l T surrogateescape,
M 24 H1E 5 DI ik =R T strict.

X2 mIBENX

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 () as the conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)
J& FHaiE ABL ParseTuple ¥ #ids: i str X4 - HIEFKEBEE T os.PathLike # 1 -
ffiflPyUnicode_EncodeFSDefault () ¥k bytes; bytes W2 GWEAE K L . result W40~
PyBytesObject* JHRFEHA B A IR

1E 3. 1A A
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T 3.6 MUAS K AR T . B252—~path-like object ,

BAES BRI IR SO 24 RS R str, BYMEH mos" Hdhds, £ APyUnicode FSDecoder () fE
htAs bR R
int PyUnicode_FSDecoder (PyObject *obj, void *result)

% T i ABL ParseTuple #640i8%: i bytes X4 - HERMEZi# T os.PathLike $#1[H]
BEFREL - i flPyUnicode_DecodeFSDefaultAndSize () ¥°8 str; str XTREGHEEF G H .
result WK Py Uni codeobect HATLE AL MR,

1E 3.2 iRA A
TE 3.6 JUAS K AR T : 252 — A path-like object
PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)
BEME: #FHeys| B . BT ABL {§iffl filesystem encoding and error handler RS FAE .
If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py _FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

W
The Py_DecodeLocale () FREL.
TE 3.6 A &K A A5 Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

BEMA: g5 A . BT RE ABL {fi H filesystem encoding and error handler 5 VASS (B 45 0 F4F
o

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
FE 3.6 fRAS K HASH: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

BEME: #ag5l A . BT FaE ABL Encode a Unicode objectto Py_FileSystemDefaultEncoding
with the Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the
resulting byt es object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

S W

Py_EncodeLocale () B4k

1E 3.2 AT

TE 3.6 fRAS K A4S : Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t }F

TR SR E ESCRf wehar_t:

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
BEME: Fagi| . BT RE ABL ARYEZ ERY size 1) wehar_t Zoh X wstr A1l 34> Unicode X4
BN —1AER size FTRZRELAE ] weslen O IR XK. RIGHPRF R NULL,

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)
B, F#aZ ABL ¥ Unicode X428 13| wehar_ t X wsr 1. 2L size I wchar_t
FAF (RAE T RAPAE I R B2 ST AT ) o ARIEFE DU wehar o FAFHAE AR —1.
2 wstr S NULL I, WSCA IR [ 3G 45 R 25 AEAE NI TR unicode INZS BT 1Y size.
TR wehar_t* FAFRARER A EE R W REAZ . M I 2 ATTHIR wehar_t* F4F
FR LSS (A AR A LR, BEAb, RS wohar_t SAFERA B A S TAF, AR
FAPRAE S RZEL C rRA—E 6l I BT -

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
& THaE ABL g 3.7 waA2. K Unicode W R R SEFAFER o i AR R DR A FAF45 R . WAk
size NF NULL, WISSRFEFAFER (NSRS R TFAF) BAF *size 110 iHTERSR wehar_t
FAPRW RO S FAF, X REAERZEL C B I A7 BT . A2k size 2y NULL I H.
wchar_t* FAFERE S S FERNRS| & valueError,
BIHHR [ H PyMem New 4RI MIX (i pyMem Free () KRBT ). KAGIREE, MR W
NULL Jf H. *size $& A E L. QR AFSELR BN 25| & MenoryError.
1E 3.2 AT
TE 3.7 fRAS K A AR T YN size 5 NULL H wchar_t* FAEREEESSFLN LT % ValueError,

=)

Python 4241t "4 DA C 45 ARSI T BE 0 N B D A . T X L8 40 fR RS a8 3 ld o 471 el R0 E 2
-

T APLK#{ %52 encoding Fil errors IS4, EATRA STENE str O FRFHXTRM RS R4 S50
ARTA R

Setting encoding to NULL causes the default encoding to be used which is UTF-8.  The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

B RAL 730 errors ¥ BT HAWRT PABER NULL Ron (1 R g fif i s o W BA B . Irg E
IR RRD 2 ) BN A R AL By 20 strict” (&5 & ValueError).

iR AR O R IE 11 o O T R B UR 5 TR 8102 B A AR5 1A 22 57 A S T SRAE SO

2 B YR ARtD s

PATR 21z B i fw ) APL:

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)
B #regil A . BT RUE ABL JE RS C g T 5 str 1) size T4 Unicode X542,
encoding Fll errors HAT 5 str () IWEREPIE AT SRR S L. S0 2 i@ 445 {3 ] Python
St R A AR . RS AR AR T | K T SR R[] NULL,
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PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

BEME: #e4 51 8. BT ABL ggfd— Unicode X5 45 S AE A Python 775 58 %t 4 1% [1]
encoding F1 errors LA 5 Unicode encode () J5ik A R4 TSR & L. S ) 9 IS 25 16 (
i Python Zffa#f M FARE I .. QARG E 5| & T 25 MR M) NULL.

UTF-8 4wfiZt02S

PA R & UTF-8 4rfifid#s APL:
PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)

B A #ag5l A, BT a2 ABL i f#RS UTE-8 R A i) 75 8 str B9 size 7458 #—A>
Unicode Xf 4. WML EE % T 54 W3R M NULL,

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Bow fE: @ ey 51 A. B TR E ABL A0 2R consumed Jy NULL, W 47 h 2 U
F-PyUnicode_DecodeUTF8 (). WM consumed A Fj NULL, WK B A 58 % UTF-8 F Iy
JEIVRFAA AR . XA AN 2RI I BLE RS 0 1 R AR TE consumed T

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

B #Ha95l . BT haE ABL i UTF-8 455 Unicode X4 H-$#45 R4 A Python FHT %4
R[] FERAL BT R strict” ., QNSRAR RIS AN S [ & T FE WK R [F] NULL,

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

& FFasE ABL | 3.10 pee. iR [Al—/Mg ] Unicode X§ 42 UTE-8 4afihis A 1485, IR 4nhis
BRI N (PAFEATHEANL) AEAETE size o size ZHT DA NULL; FERGIE 0L PRI MEA L
YeArtt . IR ek KB R KU I— BN =7 CREARTE size 1), TCIRREAAEAL T H AL
RSV

TERERR RIS OUT , RfaR 0] NULL PAFSEE — DR W LA STE 6 size (H-

X AFFZEAT Unicode MR o 473 1) UTE-8 -3, I HLJS SE R IRk [l i 17 [F]— A7 IX 9
A iﬁ%ﬁﬁﬁfiﬁ%%# Ko Zerh X2 AE Unicode X R4S Ay 530 M USC IR BIORE TR (48 1) B F 4
BHRRL

1 3.3 IR
YE 3.7 WA R AEASTE: iR BIZRBIAE /& const char * i AJE char *,
T 3.10 WA B AR B IR IR < 1% APT 2R 53 -
const char *PyUnicode_AsUTF8 (PyObject *unicode)
R FPryUnicode AsUTF8AndSize (), {BASTFER/IME.
TE 3.3 JUATIA.
TE 3.7 WA AR IR A 2R BUAE R const char * A4 char *,

UTF-32 %Rh#i02E

PA R & UTF-32 Zafiftht#s APL
PyObject *PyUnicode_DecodeUTF 32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

B i eyl A BT RC ABL M UTF-32 2 filh 1) 9% o DX B4 A size 7745 IF 2R B AH Y 19
Unicode X142, errors (YR AH NULL) G T EHRAAP . BRI N strict”,

U2 byteorder A~Jy NULL, a4 B I 465 7 A 519 P b A7 A -

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian
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W *byteorder HFE, HEABIEAEIIUANFI AT FEFRIC (BOM), NIRIG#-RUH i
577 H. BOM AR 2448 D F| 25 Unicode FAFERH . IR *byteorder 2 -1 3k 1, M7
PRC B DS

TESERUG, *byteorder FHAE T N BHE B A B R Y 5l 715 )T

N4 byteorder iy NULL, #fi# R FH A HLF 5+

WIS 2S5 K T 57 W3R [7] NULL,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
#ow s #Hoay 31 M. B TR O ABL W R consumed fy  NULL, N
T N 2 Il FryUnicode_DecodeUTF32()., Wl B consumed A A  NULL,
NlpyUnicode_DecodeUTF32Stateful () ¥ NI K B WA 55 8 UTF-32 =3 )54 (4%
ii&Kﬂ%ﬁﬂl%%) PR R X BEFAT RN SRS H B O RIS 0 =y BOR A TE consumed

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

BEE: #ag3l A . BT RE ABL R[] UTF-32 ks XA 75 FF Y Python 5 ef . 57
HRE B2 DA BOM ARiCHT 3k o B A3 )y = strict™. QSR gnfiis s | & 7 55 WLk 9] NULL.

UTF-16 45fRt52%

PA RS2 UTF-16 Zafifth#s) APL
PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

B #rag il A & TRC ABL M UTF-16 2 fi 1) 9% o X B4 f A size 745 I 2R B AH Y 19
Unicode X142, errors (W AH NULL) G T EHRAAPE T . BRI N strict”,

N4 byteorder AN>h) NULL, fBRG#RE FH 25 1 1) 2710 e il T g

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

W *byteorder NF, FH AR I8 7T FARL (BOM), TR &-GUIHC ) %7
I H BOM A 445 DU S S52R Unicode FAFH AT, MR *byteorder 24 -1 80 1, W47
PR BEE DB R (SRR —A \ufeff B \ufffe F4f).

TESEIUR , *byteorder M ARHRII A BB LTI/«

MR byteorder 4y NULL, S a5 6 AL 17

QR 4551 % 1 54 W3R ] NULL.

PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

#ow tE: #Howey 3 A, B T E ABL Wl B consumed F  NULL, N
T N 2 Il TFPryUnicode_DecodeUTFi6()., Wl R  consumed A A  NULL,
WPyUnicode_DecodeUTFl6Stateful () ¥ NI K B M A 52 8 UTF-16 =5 )% 4 (11K
AHRAFAECH S FFREAXS) PN IR . XA R I H RS 1) 7 B A7 ik
FE consumed H1,

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

BwEME: #ag5I M. BT AUE ABL IR EE ] UTF-16 i XAHL S5 P19 Python Sy HR. 5747
FRRF B2 LA BOM ARICTT ko B ERAN BTy SN strict”. USRS AR 451 % 1 574 IR [W] NULL.
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UTF-7 4Gfigt02S

PAR 2 UTF-7 4fifid 2 APL:
PyObject *PyUnicode_DecodeUTF 7 (const char *str, Py_ssize_t size, const char *errors)

Bl #ag5 A . & T EUE ABL il Y UTE-7 GRS A0 735 Ep str 1) size A~7F5 &~ Unicode
MR AR AR 5| & T 5 Wk 1] NULL.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

B oW A #oey 3l A, B TE s ABL R consumed A NULL, W 47 A 2K )
FPyUnicode_DecodeUTF7 (). W consumed 7~} NULL, WK B A 5E % UTF-7 base-
64 TR PG R H R X BE AT 2 RS T HL O R RS B T BOR AT B FE consumed
W,

Unicode-Escape 45#2t52%

PAF 42" Unicode Escape” # fiftfith ¢ ) APL
PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)

Bl #Hag3l A . BT RUE ABL lid f##% Unicode-Escape #5183 str Y size A~ 7 5@ —
4> Unicode X5t URGMMRDART] K T 57 MR 9] NULL.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

BEME: a9 3R . J&THE ABL 8 Unicode-Escape Zft Unicode Xif G2 -5 45 AEh A7 FE XS
R, B RACER T AN strict” . AR Gm RS T | & T S8 W& Bl NULL,

Raw-Unicode-Escape 4gfiZi02%

PA T 2"Raw Unicode Escape” ZRfiftid#511) APIL:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
BEME: #FHay3l A . BT EaE ABL @RS Raw-Unicode-Escape 45 i) 27 5 str 1Y size A~ T4
fdt—> Unicode X5t UIRGMSERT] % T 579 MR [B] NULL,

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

BEME: #eg3 M. BT e ABL {f il Raw-Unicode-Escape #%ifith Unicode 42 -4 HAE hy 71
X GORIA . BERAC IR T H N strict” QRS ARG A% 5 | K T S RF iR [F] NULL.

Latin-1 45#2853%

PAF /& Latin-1 g #51 APL Latin-1 Xt 1] 256 > Unicode 53 H. g A4 75 2 15 11 [] H 452 37 3 2615
e
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
BEME: #eh 5 R . BT Hor ABL i@ Latin- 1 4 i) 55 sor 1) size 17776 #—4> Unicode
MG MR AT A T 5 R 8] NULL.
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)

BwEME: #a951 M. BT HUE ABL {f ] Latin-1 257t Unicode X G2 H- #5451/ Python S5 FR XS4
R B ERARBET AN strict” . UG ARRS AR5 & T 54 AR 9] NULL.
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ASCI| ZRfBt52S

PAT 52 ASCI #iffttgent) APL, W27 7 i ASCIL ¥ . AT oA i B BR - S B R 15

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
BEME: #reg 51 A & THE ABL RS ASCIT it i) 75 5 str 1) size 76—~ Unicode
X5 MRS AT A T S W& W] NULL,

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)

BEME: #FHe95 A . BT EuE ABL {fi ] ASCII Zifith Unicode X4 - 45 5AE K Python 5 EE X 4
R IA] . B RAL T N strict” . WERGRARID AR5 | & T S WK 9] NULL,

TR G AR G 2%

I G RS s O ARk 2 ACHE T8 T 9k F RSBV 2 R TRl ) dm i g (1 FLiX SEPr Bl 2 B H67E encodings
A I RER AR E SR RS 2 O SE B ) o U AR R 2 (o FH LSS SR S RS RN AR IS 24 o T B AR P AL e S
LRy __getitem () MM FHLAIFY W] AT,

PAF s ST R i i 1Y) APT:
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
B #a931 R . BT RUE ABL I 6 45 2 Y mapping XGRS T RS F AT ER str (] size 4~
ATQIE—> Unicode X4t ARSI ERT K T 78 WK [E] NULL.

MR mapping 2 NULL, WPHER ] Latin-1 G %X A5 0] mapping W25 0 FATRSAZ{E (0 2 255 7
Fl N AYEE%) 3] Unicode FAF R IMLST . BEAL CREPA#ECAY Unicode fi4fi2) B None. RBLGFIIEL
T - KRB 2 LookupError, PAKBWU ] None (%di, OxFFFE 8 '\ufffe’,
RN AR GE SCHY B I A -

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Bl #a95 A . & T EUE ABL 432 # mapping %154t Unicode X G IF-RF45RAE 75 e
XGRS SRAL Ry A strict” . AR RARID RS K T 5 R[] NULL,
mapping X G ISR HEAY Unicode A5 (LIRS 2 FAYH XG0 5 255 JEHE A A HEEEL None . RIS
WA AL (K F:EL LookupError YHRE) PARMUGTE] None MBI A AR SCIILET”
H- P EARAE -

PA N ERIR I fife i 2% APL 2% Unicode WS} % Unicode.

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Bl #ag il A BT RUE ABL @I PTG Ok S AT IR [ 4528 Unicode X4, UM
R AR5 % 1 S E R ] NULL,
TP RAL R EEEL Unicode (7L 22245 Unicode 78K None GXFHIMERAH N H) F45) o
MR N T fe it __getitem () #1; FUMAMFIIY L. RBGH FAFH A (FF 52
LookupError M) KRRFF AL HIERERE DL
errors FA T T 44 il 55 3. B PASY NULL SRR BRI B A DAL B =X

130 Chapter 8. E#HIMRE



The Python/C API, Z1THa4 3.11.13

Windows fhf§ MBCS %R0 28

PR & MBCS Zifif iy APL. H B 1104 Windows Ha] i J-(f /] Win32 MBCS Feftii A 5L Bt .
THYER MBCS (5 DBCS) 24X, mae A1 Hirguidis=Ue his i mmisasmpies -
Y P E XY
PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)
BEME: #Fey5| 8. BT EaE ABL on Windows § 3.7 a2, J@Lf#RYS MBCS Jifis i) T5 &R str 1) size
AFATE A Unicode X4 . AR GmflAG AR5 % T 54 W [B] NULL,
PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Bow fE: #FHoay il A. B T E ABL on Windows § 3.7 i #2. B consumed H
NULL, W 47 & 2 £l FPyUnicode_DecodeMBCS ()., Ul B consumed AN N NULL,
M PyUnicode DecodeMBCSStateful () ¥/ & flHL K B A 52 8 54 3 H B W i il 5
TR AFETE consumed Hr

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

BEME: #6451 A . BT ABI on Windows B 3.7 #ete. fiiJf] MBCS % Unicode %42 545 5
VB2 Python ST Ef X Gk 0] o B RAL By Ay strict” . WA A4S A T 554 WIRFIR [B] NULL,

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

BEME: #FHey3R . T HaE ABIL on Windows B 3.7 pee. i 45 & f9 A0S 71 44 5% Unicode %429
R[] —A~ Python FATERXT G . ARG fEIGER5 ] & T 55 Wik ] NULL. i cP_ACP AHH TR REL
MBCS ftE 45 «

e 3.3 A A
FiEFrE(L
HiESELER
PA'R APL AT DAAbBR# A FY) Unicode X GAIFAFER  (FERIA HIRATHRH A7 E ) FF1& 0138 24 1) Unicode
X G R
WR A R H EATTARRF R 0] NULL 2 -1
PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
BwEME: #He7l A . BT RUE ABL BHEMA PRS2 — B Unicode “FAFER .

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
BwEMi: #eg7lA. & TRE ABL #rr—DFAFHRAFE]—A> Unicode FAFHRAYSIL . WIR sep
NULL, JPRFARIEZSHERIT Il 1A A7 0, REARIEHE E 2 A kYR 7. 2P0 0k
maxsplit. QA TUE, WA RS . 5N UL YIR .
PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)
BEME: #eY51 A . BT RO ABL RIESTRFEYFS Unicode FAFHR , & [7]—> Unicode A7 HR (1)
|F. CRLF KA —AI3T4F o W keepends 2y 0, WIAT /X BEATR A RIELESTER FAFH
PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
BEME: #e95 R . BT ABL i jl 45 /2 1) separator 45— 4R A FEH 1R [ 45 5 Unicode

FAFH
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)
% FRaor ABL HIR substr FE45 78 B3 i (direction == —1 F/R T2 VCHL, direction == 1 IR JF 28 VLHL)

5 unicode[start:end] MPEENERE 1, FHWERE 0, AN A4 IRMERE -1,
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Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

J& T Fa5E ABL & [ i 45 %€ 1Y direction (direction == 1 FERHIMIE R, direction == -1 TR G MER)
B} substr #F unicode [start:end] HERIBIMAAE .. REMEAENICEMRTS: HR -1 F
INARRBIICHL, -2 WFRRAAE TP E T 5.

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int
direction)

J& T FasE ABL B 3.7 wee. IR [\l 45 52 19 direction (direction == 1 FaRHi 8RR, direction == -1 3
NG R) B 74F ch £ unicode [start:end] PEWH I E . R EE A EDNILERE RG]
T N -1 FORKRIBILHL, -2 WFRR KA RE T R,

TE 3.3 AT
TE 3.7 WA Je A=A ¥R PUAE start Fl end 8% K5 unicode [start :end] EUBIFTH-

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

J& T a5 ABL 3R 0] substr #£ unicode [start:end] FANES M IR E. 10E & A 55 0] 1]
_10

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t
maxcount)

BEME: #ag il . & T e ABL X5 unicode W substr Bk replstr 24 maxcount YK I 1% [0] 25 3
Unicode %1%, maxcount == -1 £ .

int PyUnicode_Compare (PyObject *left, PyObject *right)
B T AEE ABL P TATERIFIR I -1, 0, L 3 BIFm/NF L S TFHIRT
SRR BT RGN ] -1, PBER 48 PyErr_Occurred () KA.

int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)
J& F a5 ABL Y Unicode X} 4 unicode 5 string 47 LA H R M -1, 0, 1 A HIFER/NT. ETH
KT o 5l H AL A ASCH 4t i) A, (AN R A A 45 R AL 15 3 ASCIL 545 JU) Y R Kl 25 HoA%
1SO-8859-1 #fih i X A A2 .
PR TR R
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Bt #agilA. BT RUE ABL XM Unicode FAFHR T & LRI IR B AN fHZ —
o NULL I T514 T RHERITE I
e Py True 8{Py_False AT WIh5e i LB i
o Py NotImplemented TR G RAAE N
W EEM) op (HA Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, flPy_LE,
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
B #9571 R . B TERUE ABL MU format Fl args 1R 18] — N FAFERXT G X 4R T format

Q

% argse
int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
& T HUE ABL K8 substr 27340 5 1E unicode W H-HH L1 [0 ELE B ARE -
substr WUR % —A~FAICER Unicode FAFHE . AR A AR HHR MR M) -1

void PyUnicode_InternInPlace (PyObject **p_unicode)

& T e ABL JEHINTILSEL *p_unicode. B HAE— 11 Python Unicode FAFER TR

W RE AR L. AREATAES *p_unicode MIRIMNEALFATH, WIFFHBCN *p_unicode

CRE TR IH 7 45 55 18 5 | I 3 78— A 45 1) 9 BB AL 5245 £ X R Wstrong reference), 75 W Kf £R +5

*p_unicode AZEIAFILNEAL GBIt — A strong reference). (GEIFUM: BAXHERNEEKLT

Eg%ﬁiﬁ%ﬁt@%ﬂﬂﬁﬁﬂﬂﬁéé% P HACHARAET T Z AEs C IR 1 R IR A AR 2 )5
E.)
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PyObject *PyUnicode_InternFromString (const char *str)

RS ) B #H o845 31 M. & TEOE ABIL PyUnicode_ FromString ()
MlpyUnicode_InterninPlace () WJH A #AE, & B —C WAL AT B Unicode 47 H Xt
%, S EA HFEMER A NIRRT R (A7) 5.

8.3.4 LMK

type PyTupleObject
XANPyobject [FRAEME 4 Python [FTCLIN 42 .
PyTypeObject PyTuple_Type
B T HUE ABL PyTypeObject EBIALE—4> Python JLAIA, X5 Python JZ1Hif) tuple EA
[FIRIX 42 .
int PyTuple_Check (PyObject *p)
R p J2—A> tuple MR EF tuple SR TR SO LR I B . MR EUR R M T .
int PyTuple_CheckExact (PyObject *p)
MR p 22— tuple WG AEARNZ tuple ZEAUY TR SEBINR [ B . SRR 2 2 BT .
PyObject *PyTuple_New (Py_ssize_t len)
BeME: #e95I A . BT RUE ABL IR R — D TTHN R, KR len, JIIIR M NULL,
PyObject *PyTuple_Pack (Py_ssize_tn, ...)

B Byl R . & TROE ABL IR Fl—ASE T HX R, KA R no, RIS IR [F]
NULL. JCAE W46 A 4617 Python Xf (W j5%: n 4~ C Z4(. PyTuple_Pack(2, a, b)
Py_BuildValue (" (00)", a, b) H%,

Py_ssize_t PyTuple_Size (PyObject *p)

& T 1EE ABL SRR CAHX R pHeER, IR EIZITHBI RN,
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)

RETCH p VNN, B HE NULL F HAg ) — A Jedl; A IATHT A A
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

BEE: BT R . BT RS ABL RIE] p SR TG AT pos AERIRTSE . A1AR pos Sk i E B
HETEE, MagE NULL % E 4 IndexError FH.

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
BEME: AR . BT PyTuple GetItem(), HAKEEHSEL.

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
BwEME: #ag5l A, BT IE ABL BRI p Frdgm eI, T low F high Z 18], BEEAERIN
iR [l NULL. X% [FF Python &k p[low:high] . AZFEMIIFRKERS].

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

% T HE ABL TE p $8 M JCLHIY pos A7 EARAXIXT S o W95 o BEENEHR ] 05 AR pos B, W
kM -1, B —1 IndexError B,

ik MRS “HiEC X o MG, HEFRCAT EAEZE MO B H G

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
KT pyTuple_setItem(), (HABATHRIGAE, HHBZ R 2PN RE AR T4 .

ik XS g — X o WG, B2, ASPyTuple SetTtem() A, B RaX
FERMEATRRRIR TN G H 5 ST 0T pos LB WA S | FIESRE4 R -
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int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

AT AR T KN, newsize X2 LA . A ICd] BON AR AR AL, FrbA A TE
XGACH— D5, AN E. R C g n AR BT 5 T, 35260 .
TCATE R G B 2K BN SCERESHSRINTA I e — S Focd, Rasai. MR
|0, %t AN ABRE “p BIEERAELRF- ST M ML BCZ T EAR [ o AR T *p 51 B9X
G, WEHRI <o FRgcil s, KM, &Mel -1, ff *p WEN NULL, }5|% MemoryError B

SystemError,

8.3.5 LEHIFFFIXTR

R PBIX SR AN T namedtuple () (1 CXR, M5, HArA& H 0l LEd @I . %
BIRESHFS, AR E Feb MBI E Y 25 751 6 2L

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

RwEME: #a5IR. BT RE ABL MR dese B G @ — TR S5 P 212, AR g, ']
PAME PyStruct Sequence New () B 45 B ISFI) S5 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc ABAIIR AL L5 751 2R 2 type .
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 PyStructSequence_InitType A, {HATIEHRE O, JRMgHHRE] -1 .
1E 3.4 A TA.
type PyStructSequence_Desc
BT ABL (@3 A R R ) - SIS P4 KR TfE .
const char *name
SER PP BN AR
const char *doc
$5 ) U SR A7 H3 1 H B A NULL SRR 2000
PyStructSequence_Field *£ields
17 VA NULL 25 BRSNS, B A S 2R A 7 B4
intn_in_sequence
Python i il LAY 7 B (AR AETCa) .
type PyStructSequence_Field

BT RE ABL (B3R R ) . R FIH—AFB . TR0 AT A,
BT FE KBS PyObject*, PyStructSequence_Desc [fields P HIRET | E
TR EER I R AN B

const char *name

FETII A FREL NULL TR gsi ki O v FEA 2, W NPyStructSequence_UnnamedField
MERFEAR 2 RS

const char *doc
FBOUR FAFER B NULL R4 o
const char *const PyStruct Sequence_UnnamedField
B THUE ABL B 3.1 e B WRFIRELR R R ar 2 IR
e 3.9 AR ST EARMEM char * B
PyObject *PyStructSequence_New (PyTypeObject *type)

Bow A #ows 2 B. B TR E ABL A B npe 0 OSZ B, % S B 4 0 ff
HPystructSequence NewType () B,
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PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
BEME: AT A BT RUE ABL IR p FrR M SRS, AT pos ARG ANTREIAT
DFHGA .

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
BEE: EARYE R . PyStructSequence GetItem () WEIRZA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

B T RE ABL XFE5H TS p (9325 pos A7 B ENMH 0. HPyTuple SET_ITEM() —Ff, E
1% U T FC AR 5Bl

ik XAERE BT TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
KT PyStructSequence_SetTtem(), {HEMEI H—PERSNEBEREL.

il XABREC T TR o B—AT1I .

8.3.6 FIFRIKR

type PyListObject
XA C LA Pyobject K TAMAK—A Python 5 FEXF R
PyTypeObject PyList_Type
& T HUE ABL g MR T Py Typeobject K3 Python 5| R A 5L 7E Python JZTH AIZEAY
list jgfl—4 %5,
int PyList_Check (PyObject *p)
MR p J—A> list XPREGEE List LA 72 AL SEBI R B B . R EUE R S AT .
int PyList_CheckExact (PyObject *p)
MR p Je—A> list XRAEA 2 list AU FRAU SN NLR B B . IR B 2 2 BT .
PyObject *PyList_New (Py_ssize_t len)
Befa: #a951 A, BT RUE ABL IR [ — A len (85135, JIKINFR o] NULL.

A Y len KT HEF, #aR WP FRXSZ 00 H 8% 8 NULL. IR AN EE FH ZEBL C R
¥ pPysequence_sSetTtem() iR API 8i# M C lR¥PyList_SetItem() ¥ iAW HIXE
JLELSERTZHIA Python AH5 A FFHX X4

Py_ssize_t PyList_Size (PyObject *list)
& T HE ABL G [0 list "PAFXI RIS XFETAESIRIRIA len (1ist) .

Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
BEME: AT A BT RE ABL &I list B 105 index (7 E ERIX G, FUEELATN IR
TG RIHAIIFAR RIETRE] . QIR index B (<0 or >=len(lis), W[ NULL Jf i Bt
IndexError 5%,

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
BEME: AT A .. Similarto PyList_GetItem (), but without error checking.
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int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
& T i€ ABL Hﬁ]%%EF‘%'?%Iﬁmdex I N dtem . JEIIEFIRIE] O AR index 88 H 1 3R ] —

FHiXE IndexError Fi,

ik LS sk — DXl item BIG NI EF—DWBIR B ZE WA EMEAAEG .

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)

AR R PyList _SetTtem (). JXilHE RPN THIIR P ZHBA WA AL E AT
HE.

FE RES kT — X item W51 H, (H5PyList_SetItem() ARIFEE ~E&EFIHEM
WA HIS s HE list 09 i A28 RATATS | AR 25

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)

B FiaoE ABL $555H item A B33 list 5|5 index ZFHIALE . AR BTRFR ] 05 ARAS K,
IhGERE -1 HFRE— B, 4T list.insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)

B T HaE ABL REXT S item YINENH R list (AR . AR BIRHR ] 05 AR s g ] -1 I35
BH—PRE. 4T list.append(item) .,

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)

BEME: FHag5 8. B TR ABL AR E—PXFZAFE, A list 49 (0T low I high Z 18 [F%] 5 .
AR MR ] NULL HR B R H . M4 T list [low:high]. AZRMIIERKREIHITERSG].

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)

& TR e ABL ¥ list 247 low 5 high 2 |8/ RN itemlist (N . FH24T list [low:high]
= itemlist. itemlist FIPAH NULL, FRREA—A250% (MDA ). bR E o, SR
R -1, EHEALFFMI AR RBIITERT] .

int PyList_Sort (PyObject *list)
B T RaoE ABL X list g4 H A7 HHERF . BT aR ] 0, ZRIBA IR o XEEMT list.

sort (),

int PyList_Reverse (PyObject *list)

B FARaE ABL X list i) 2% H IEAT RS e o I F AR [e] 0, SRk o XAFMT List.

reverse (),
PyObject *PyList_AsTuple (PyObject *list)

BEE: #eg 5 R, B TR ABL SRl — N T AN &, Hh s s N FMT
tuple (list).,

8.4 FAMR
8.4.1 FHUR

type PyDictObject
XAPyobject fFRAM K4 Python “FHLXIR .
PyTypeObject PyDict_Type

/& T F5E ABL Python PSR RNy Py TypeObject IY5Hl. X4 Python i) dict @AY
OE

int PyDict_Check (PyObject *p)
MR p Jg—A> dict MR dict 2B T 2RAU LB R F B . R ELE 2 2 AT
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int PyDict_CheckExact (PyObject *p)

WL pJ2—A> dict WRAEAZ dict B 7R AL S BRI U E . R AR & 2 M AT
PyObject *PyDict_New ()

BEME: #ag IR . BT AE ABL IRl— RS F L, R R ] NULL,
PyObject *PyDictProxy_New (PyObject *mapping)

B %‘Fré’J'}’l)ﬂ & TR ABL aR[A] types.MappingProxyType X4, M Skl T Histtr
P . J5E T TR IE AR I SIS SRR A

void PyDict_Clear (PyObject *p)
& T FesE ABL Ji 25 BUA TSR B A B(EDN
int PyDict_Contains (PyObject *p, PyObject *key)

/%ﬂ‘% ABL Hi5E key @ E W EFEFM p o AN key PEEC L p F5RE—T50, DRI 1, 50RO
Rl -1 Fon . X% [FT Python %‘%ﬁiiﬁ key in p.

PyObject *PyDict_Copy (PyObject *p)
BEME: #reg il A . BT EUE ABL R[ELS p A0SR F] SR EDN 18

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
& TALE ABL i ] key 1R HEXF val i A FH po key W70 Ryhashable; WRARZ, W5 %k
TypeError. WINMHER 0, KIGHHER —1. W T2 W val 151 .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
& T FaE ABL X 5pPyDict_SetItem () fH[E], 1H key B35 E N const char* UTF-8 4gi% 2T
B, MAR Pyobject*,

int PyDict_DelItem (PyObject *p, PyObject *key)
% T HE ABL B R p R key 25 H o key Wl i hashable; ﬁH%TE, J”[JAE'IZ{ TypeError,
R FHL P AT key, W25 % KeyError. JRBIMHR[E 0 Bi# RIUHTR

int PyDict_DelItemString (PyObject *p, const char *key)
J& T FasE ABL X 5pPyDict_Delltem () fH[El, 1H key $§¥5E N const char* UTF-8 ggifl) 5T
B, MAGE PyObject*.,

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
BwEME: ENT A BT ERUE ABL AWFHL p HR DA key RIS . AR key AAFTEE %
A BE A H IR B NULL,

W FEWM _hash__ () Ml _eq () Ty iKW A S RF W0 B 2w, A WK

HPyDict_GetItemWithError () EREL.

e 3.10 WA K AAR T FEAGRAFGIL [ 00 T8 i APT R IR 7 s I R T Feir . A AT
o

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
BeEfh: NG5 R . BT RUE ABL PyDict_GetItem () WAERR, EASSFHORE . M5H KL
PR 0] NULL Jf HASCE 0. AR EEATFAE R [B] NULL #HT\EWE~4\F¢#~Z

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

BEME: AR . BTHE ABL XX 5PyDict_GetItem() —FE, {H key 72—/ const
char* UTF-8 gt 77 BRI E Ry, TAE Pyobject*,

ik AEWIH __hash_ O Ml _eq () JyykEFSH 7 G0 IGI st 4 R0 1 % A
B 5 2 W R M 22 I Lg(ajz ﬂapycht GetItemWithError () HE I MK H S
W) PyUnicode_FromString () key.

8.4. BEIR 137



The Python/C API, Z{THR# 3.11.13

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)

BEME: AT A . iXER Python 2TH Y dict . setdefault () —FE. W5 key f77E, BR[|
TEF L p BUEXS (. WEREEATAE, B defaultobj —tisi AR [H] defaultobj o iX > REL
HITHE key WG BREL—IR, AN @TER FAEH AR 25T RE

TE 3.4 AT

PyObject *PyDict_Items (PyObject *p)

BEME: #eg3l A . BT RE ABL R E— MU F iR T B(EWI Py ListObject.,

PyObject *PyDict_Keys (PyObject *p)

BEME: #Heg5 8. BT e ABL R Bl 7 i g i (keys) Py ListObject,

PyObject *PyDict_Values (PyObject *p)

BeME: FHagil A, BT RE ABL iR —AME S ML A {E (values) ) PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)

B TRUE ABL RIS I H AL, SR TR p ] 1en (p) -

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

B TRUE ABL BT p BT AN . A2 — ORI SR BOT a8 A2 T, 1 ppos TS| 1
W Py_ssize_t WMBHIRIAGAN O; bR ECR N 7 U ) B BB IR B (R, — ELBTA BRAELRS
AR A e SRR B B fEL. TEZ: pkey FlI pvalue [ 244510 PyObject* AZEE, EATRE: Bl 41
FMEARIE TS, B tn] PASY NULL. il BRI EATS | H R RS . ppos TEIEAUIYI A W4
W EREFR AT R w9 R TEM @My, Hitms 8 s,

Bian:

p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

. J

T p ANIVAZAE I D) A AR U o e P U], OB R A, BRI EAAR
KA. BIn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_ FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
I3
Py_DECREF (0) ;

}

L J

int PyDict_Merge (PyObject *a, PyObject *b, int override)

& TR ABL XTSRS b #EATIEA, RFEEEXT I B M a. b WTRLE— N, ST S
FpyMapping Keys () flPyObject_GetItem () HIXE. W override JyEAH, WIHIHRAE b
B R RN a o CAFAE R A B RF R B A IUANSRAE a % AH ] i o U] B s I e
o MRTNHR A 0 8 F 45| &SRR -1,
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int PyDict_Update (PyObject *a, PyObject *b)
B THE ABL X5 C 1 [fJ PyDict_Merge(a, b, 1) —H, LT Python H 1 a.
update (b) , ZHIFET PyDict_Update () {EH ASHBA keys” JE MK A 2 [0]38 2 2% £
TEXTEE . 2 TR A 0 B 45 ] & F iR b -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
B T e ABL Ff seq2 AP BEN SR sl & I 2P a. seq2 WhZFUA T AR BED 2 B AR B (EDN 1Y

JCR IR G MAAEE R IS, IR override EE M i) th B BERE o 24 B ZhIRfaR [u] O
B MG KRR R -1, S Python ALY GREIEERS)

def PyDict_MergeFromSeq2 (a, seg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = wvalue

8.4.2 FEMR

XN T 4% set fl frozenset XRIAIL APL, (R0 KAE T EF H D) g fe d2 i il
SR (BFEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr(), PyObject_IsTrue(), PyObject_Print () PA MPyObject_GetIter())
B FE W Z B FE I (8 FPyNumber And(), PyNumber Subtract (), PyNumber_ Or(),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr () I/‘]\&PyNumber_InPlaceXor ())o

type PySetObject
X Mpyobject W) T KB P K R A7 set M frozenset Xt Ry AN & H . € XM
TryDictobject WML TET X /N RST AR UL E 2 [ /by (RGITH A7 =0) , 1
X H AR AR RO B R U B R i o) B AT AR K/ INI AR (IRIGA R RAEAE Iy ) o et ik
T BOR AN A A BT BB A AR . FrA D5 AR LY. 24 18 1 5 A SCRE ) APT R BEAT I A m]
W B PRSP
PyTypeObject PySet_Type
& FFaiE ABL XJ&—A~PyTypeObject LM, FIN Python set 257,
PyTypeObject PyFrozenSet_Type
& FFaiE ABL XJE2—A~PyTypeObject SEfill, FIN Python frozenset 2574,
TSI 3 ) TR Python %EHIEE. Hefbl, 5% M3 i M T AR AT R Y
Python X§4 .
int PySet_Check (PyObject *p)
MR pie—A set WRECE R H T LAY FINR F . RS IHIAT.
int PyFrozenSet_Check (PyObject *p)
MR p i2—A> frozenset MR 2 H TR ORI EE . HREUR 2 ST .
int PyAnySet_Check (PyObject *p)
é&%ﬁ e set W4, frozenset MR & H T RARY LB MR W Bl . MBS
17T
int PySet_CheckExact (PyObject *p)
MR p R—A set MREARH AL BIMR [ B . HWEREE RS BIT.
1E 3.10 A
int PyAnySet_CheckExact (PyObject *p)

R p &— set 5 frozenset XRIEAZH T LAY SLEI N I EE. R Z S I
7o
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int PyFrozenSet_CheckExact (PyObject *p)
W p Z—A> frozenset MEEARH AW L HINR M FAE . R B2 I T

PyObject *PySet_New (PyObject *iterable)
BEME: #9571 BT ROE ABL iR Bl—ANHT) set, HA & iterable iR B IXTSE . iterable W]
PASH NULL RO S LA MR EIHES, RIGRHRFE NULL, Q15 iterable SZ
EARAERRXTZ G| & TypeError, W*’Ajiﬁ%%{ﬁiﬁﬂﬂi%ﬂlﬁé (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
BEE: #9518 BT ABL IR [El—A 1 frozenset, H 414 iterable FIrik [\ X4 .
iterable W] Ak NULL ZR B — N Hi S Rgs 8 G . IR H RS54 &, RO IR M) NULL.,
W iterable 52 Fr_FANRPTIERXS S NG| & TypeError,

TN R 2238 T set B frozenset AYSEHIEGRE LR A LG .

Py_ssize_t PySet_Size (PyObject *anyset)
J& T faiE ABL &[0 set 5§ frozenset MR KJE ., Z[FTF len (anyset) . UL anyset N set,
frozenset B H TREINLHE, NME&H| %k SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIAW Pyset_Size (), AR

int PySet_Contains (PyObject *anyset, PyObject *key)
& T riE ABL ﬁﬂ%&@]kh_@ 1, GESRARFRENERE o, QLB RN E -1, 5 Python

__contains__ () FEARIM, %Z@ITAELjJHTTW\%ﬁE’J%A%?@jﬂII BIREEE A WR key

XET—WAZ‘HX]LZEWAﬁZ{ TypeError, IR anyset N2 set, frozenset B FZEAU S B 2
5| % SystemError,

int PySet_Add (PyObject *set, PyObject *key)
J& T a5 ABL JSIN key 8| —> set SEf). AT frozenset SEf (5PyTuple SetItem()
EI’J%MZ&%EHET%&H%EﬁjﬂéﬁEi’Jﬁéiﬁéﬁz\ﬁéA,ﬁ\ﬁzﬁﬁ%Zﬁﬁiﬁfﬁéi‘ﬁE’J{E) o IR ]
0 TR MR [A] — 1o TSR key ARG A XG5 % TypeError. AIAEA KA HW &5 %
MemoryError, UM set g set B TRAIK SLH N ESE| K& SystemError,

THNRFCE N T set B TRE LB, HAWHT frozenset B T-2RAIAY LA,

int PySet_Discard (PyObject *set, PyObject *key)
B T e ABL QRAREIFC MR LR 1, Wk E] (ToHRfE) WIaRIE] 0, 4 SR i ) 4 5 DU ik [l
-lo MTAFLENEALT K ReyError. QIR key AR RN EG] K TypeError. 5
Python discard () JIiAAM, ZEKEA 2 A SR A PTG A AR RN IRI REE R . R set
Aig set B TRMLHIM 5] % SystemError,

PyObject *PySet_Pop (PyObject *set)
BEME: #He5IR . BT RE ABL R E ser FAL RN RAYHGI, FHM ser HRERIZNT G RIGHT
&[] NULL, QEREEG N M5 % KeyError, QIR set g set BUH TRAP LGN 5] %
SystemError,

int PySet_Clear (PyObchr *set)

B FiE ABL {EB AT A TR IES . BEIEHRE 00 W ser N2 set B HA A1 5L Fz )
RME -1 %%’]Z{ SystemError,
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8.5 Function }&

8.5.1 Function %%

A —LekfE T Python pRAL AL
type PyFunctionObject

T eR %Y C S5tk
PyTypeObject PyFunction_Type

XE— N PyTypeobject SLHFf:FE~ Python pREZEEL, 'BAE N types.FunctionType [i] Python
PP AT

int PyFunction_Check (PyObject *0)

ﬁﬂ%Om*/\ Bt g (RA N pyFunction Type) NEIREIEAH. FESHA N NULL, JHpREUR
2 WINPT .

PyObject *PyFunction_New( PyObject *code, PyObject *globals)

BEfh: #Hag5l R . RISIEXTR code KIRMHT BRI G globals Wh/E—A~F 4L, % pRHH]
AV 4 JRy A

u%ﬁlﬂ@i%%ﬁ%*ﬂ% P a2 A AR Xof 52 v B2 B
defaults, annotations Ff closure 1% & NULL,
FEAHE Y E .

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

BEME: #FHey3l A . BlPyFunction New (), [HR RIFRERBTRE _ _qualname_ JB1E.
qualname [ 24 &— i R 3 I AR
X5 co_qualname FEAH [ FI{H.

1 3.3 AN
PyObject >*‘PyFunction_GetCode (PyObject *op)

REME: AT RIS BN R op RIKHI SRR .
PyObject *PyFunction_GetGlobals (PyObject *op)

REME: HENGFIR . IREE EEOR Fop* AHKIRAY AR
PyObject *PyFunction_GetModule (PyObject *op)

BEME: AT A, 1] RECTE op 1 __module_ JEVEWR Bl — A borrowed reference. Z{E 7] DA
ﬁg NULL.

HH N — ML EHIRAFRR F 45 &, E0] A Python AU BCA AR HABXT 52 .

PyObject *PyFunction_GetDefaults (PyObject *op)

BEME: AENFIA . RE RS op MBEEOAME. XA — S HOTH s NULL.
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)

NN G op WCESHEEINE. defaults 7124 Py_None si—~Jt4l,

KT % SystemError FiH k(A -
PyObject *PyFunction_GetClosure (PyObject *op)

B AANGFIR . IR EERE] KA G op WL X R PASE NULL 5 cell XI5 HTTAH
int PyFunction_SetClosure (PyObject *op, PyObject *closure)

B BRI BREOT S op WIFEL. closure WhZik Py_None BY cell X4 1RG4 .

RIS % SystemError RN -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
REME: AT . BRI EREON S op BIbRHE . XA PAR— AN AR L E NULL,

module_ 2 M globals HHEEL . S5
_ N SRR A co_qualname
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int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BB RN S op BRI annotations WA R—A~F M sk Py_None,
KI5 % SystemError FiH ik [1]

8.5.2 SLBIHERR
SBIJrik2PyCrunction AR, MRRfryCrunction SRMEIERNHTIE. BB AR

P PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type

XA~PyTypeobject SLBILF Python SLEITTIAIAL. EFFAXT Python FfF A TT .
int PyInstanceMethod_Check (PyObject *0)

W 0 & — AL I EX G (é@ﬁiﬁPyInstanceMethod Type) Wik W EHAH. EZS0HAH
NULL. JeREEE S BIIAT

PyObject *PyInstanceMethod_New (PyObject *func)
BwEME: #HagF A . R Bl ASFISEBIITIER G, fune BOMATTEATTAIXS R func XEAESEHITTIE
B A R AU
PyObject >“PyInstanceMethod Function (PyObject *im)
BEE: AANGGFIR . IR RENSEBIITIE im BB R
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
BEi: AN, EWARPyInstanceMethod Function (), W& TAEIRAGI .

8.5.3 HEMR

TERIEMRES R . IR B RSWUIER — DN A E SRS . RIEIE (FEE—1Km
Jik) SANEA .
PyTypeObject PyMethod_Type

XAPyTypeObject SiBIF Python J7ik2 M. EAEN types.MethodType [i] Python F£J7 /4
It

int PyMethod_Check (PyObject *0)

ﬁn%om~/*ﬁﬁ§ﬁ%(%iﬁzayﬂ4ethod Type) WER I B H . JES W00 A NULL, HREE 2
2 I AT

PyObject *PyMethod_New (PyObject *func, PyObject *self)

BEME: #a931 A . R AT EXS G, fune NORATEEATTH RIS , self A%y v 46 5E 1 5L
Bllo AETT ARG I func F0E 0 eREHERN « self WA R NULL.

PyObject *PyMethod_Function (PyObject *meth)
B NG TR IR IREN Tk meth (R B o
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
BeMh: AR, BRAR PyMethod Function (), WEE TR
PyObject *PyMethod_Self (PyObject *meth)
B ENAFIR . R CEREN TV meth 15261 .
PyObject *PyMethod_GET_SELF (PyObject *meth)
BeMhi: AR BRAK PyMethod _Self (), W T HEERAGI.
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8.5.4 Cell 35

“Cell” TSI 2 A TS R, W AR AR ISR, — A~ “Cell” XHGUY T RN
MR 51 IE R A AR HE SR A SRy s E@Aﬂﬁﬁﬂﬁi ;EE’JXT%%WEH%EEE’J “Cell” 5. 1
PN, SFUT “Cell” thd ey AL ELTGHREGA Y. ORI “Cell” XH4 AR XI5 s
TR AT PRI S B SR RIRALIX SN ZE . “Cell” XA HAd 7 W] REA KA H -
type PyCellObject
T Cell X4 C ghithyfA.
PyTypeObject PyCell_Type
5 Cell XfRRA AR £
int PyCell_Check (PyObject *ob)
U2 ob 22—~ cell XGNIR B EAL; ob WA NULL. BLeRELE R I HAT.
PyObject *PyCell_New (PyObject *ob)
BEME: #agsl A . QIR EE ob FH cell X5, IS PAh NULL,
PyObject *PyCell_Get (PyObject *cell)
B #agql A . &I cell X4 cell HNZS .
PyObject *PyCell_GET (PyObject *cell)

B AT A R[] cell X5 cell NS, (HRAKEMN cell 2 A HE NULL I Hol—> cell X}
%

int PyCell_Set (PyObject *cell, PyObject *value)

Ff cell X} cell WINZERN value, SXAFFREATAXT cell X} 5 4 Hi WA o value W] PAA NULL.
cell R HE NULL; QIAREAZE > cell RZIMKRFR A -1, QiR E R & ] 0.

void PyCell_SET (PyObject *cell, PyObject *value)

i cell X452 cell WHBEN value, ANVIEESI L, I BTN PAGIIEZ 4% 5 cell W70 3R
NULL F# H H—A cell X4,

8.5.5 LHNR

RAGXF5 ) CPython SLHIHRIZ AN . AR — T R G0 2 s BOH A T AT RS
type PyCodeObject
FTRERICRD AT SRR 1 C G540 . A 7 BERT IS ek
PyTypeObject PyCode_Type
X—MK Python fUIEXI R Py Typeobject Sifil.
int PyCode_Check (PyObject *co)
MR co Je—A X RNR M EE . BEeRECE 2 2 kAT
int PyCode_GetNumFree (PyCodeObject *co)
R[] co H1 1 AR AL

PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject
*code, PyObject *consts, PyObject ¥names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject *name, PyObject
*qualname, int firstlineno, PyObject *linetable, PyObject *exceptiontable)

B fE: #ag il . BRI —ASFIATENT S WERARTE B — A2 AR X G ok B i, maﬁz
MpyCode_Newkmpty () . HEEWNPyCode_New () $f 4654 JL{k Python H)izlx A2
G WRE AP SEFEAER WA A, XA XHE R ik s il fg 2 20 Hﬁ
MIEATEL VM et . TS /N OB X R

FE 311 AR K AT Il T qualname #ll exceptiontable %,

8.5. Function Y& 143



The Python/C API, Z{THR# 3.11.13

PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject
*name, PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

B e A #ay il A, SpyCode_New() HKA, HEFH — A& X AR 17 & S B9 & b
[ " posonlyargcount”, ifi T PyCode_New [3 2 F+ 10 [a] 1 H X A~ R &L

TE 3.8 AT
FE 311 AR KA Al T qualname fll exceptiontable B2,

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

BEME: #eg3A. BRE-DNEGREN 4. BRARET TSNS 4. 4R mRTS
TR PAT R E | & —A> Exception.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

RIAIFE byte_offset BN ZHIPAKZ G &AL . MRAIR A FE WIS, iF
W PyFrame_GetLineNumber (),

LR B R AT S A TR, WU 72 PEP 626 AR APLL

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line,
int *end_column)

FHEAR int 54500 byte_offset ALHYFRL MBI 4 S MBS T . LEAEMTREILER
i S URFERN O

TSR BRI T S R ] 1 A5 3R [E] O
18 311 A A
PyObject *PyCode_GetCode (PyCodeObject *co)

T Python fR 1Y getattr(co, 'co_code'). iR [ —A~48 ] AR XF 4 b AT Y
HPyBytesobject BIHRE| M. XM 4RES, KFaR[E NULL 5] & —4- 555

XA~ PyBytesObject W] DA EREA TR Q@I HA LA CPython Fr s PR ATy 5351 . R
oy FE M A AR TR
18 311 AIA.

PyObject *PyCode_GetVarnames (PyCodeObject *co)

LM F Python 1Y getattr(co, 'co_varnames')., iR [ —~5 [ M & R A B 4 FR
[ PyTupleObject WIHIEI M. MR, FHRIE NULL H5) K —NRH .

1E 311 A

PyObject *PyCode_GetCellvars (PyCodeObject *co)

ZEM-T Python {0 getattr (co, 'co_cellvars'). iRE—/NEEHEE N KRBTSR
AR AR Py Tupleobject BTG 2MHHEH, KHRkE NULL H5] & 5FH.

18 311 ATIA.
PyObject *PyCode_GetFreevars (PyCodeObject *co)

Z{fr F Python {015 getattr(co, 'co_freevars')., &RE—/NIGH A& B hEEZ K
)Py TupleObject FHTGIH . MHIEER, KFR] NULL H5| kK —PFH.

5 3.11 AT
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8.6 Hith¥tR
8.6.1 IR

X L8 APT 2 X P B SCHEXE4 ) Python 2 C APT e /MEBLHY, Bl K08 T C b 2 14 & o /O

(FILE*) 3§, 7 Python 3 1 SCUFFIAE BT 1o B, B LA EAE R GERIRZER TCZvh /0 2

FEXTILNZ. PTG RECR A X S APT R4 C fubgs | S ] TR g Y Ak e 4 45

A = A% 7 1R) io APLL

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)

B ATe951 A . BT RUC ABL ARSEC AT UM fd 09 SO ARG — Python SUHXT4:. &
B4 name, encoding, errors Fl newline W] DA} NULL FE il I BRANEL; buffering W] VAR -1 FFonfii Bk
INME. name 295 ZBAVELR T 1o A . RIMATIR ] NULL, 5 XS E2H L, HS05H
io.open () R SCHY.

i T Python i HA A CHIZM)Z, HILFFENTS OS HCIFHHIAFHE G 27 LA Fh )
(BIANEE RSN ) o

e 3.2 AR J AT 22 name J&

int PyObject_AsFileDescriptor (PyObject *p)
B F e ABL $15 p KB SCHRGASHES int 3R . WEXTS R R, MR EIHY . GRAE,
MR XRAFAE £ileno () JPEMIENZI ¥ S B AURIE —NHEE, BRHE R SR AT
(IR ] o SR IUCRF B S IR ] -1

PyObject *PyFile_GetLine (PyObject *p, int n)

BwEME: a9l A . BT RE ABL M T p.readline ([n]) , XMEREMNE p HiEl—47. p
AU SR G e B readline () FYERATAIXTS. W a2 0, WIS ZATHK AT, #F
SR AT, R n KT 0, WM S EBERORNERE n N5 W RAR BT —5B4 . FEXHAME
BT, NSRSTENEIA SO AR R, MR Al 252458 . HAE, 8 n /T 0, WTEIEs K QiR & i
—47, (HRWRSL R EIE SRR, W5 % EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H5 io.open_code () MIEHATH, RHIE S FrfEHbag A BIRE 7 kA% 14 .
handler FREUIZEEL Ny
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

Z iy T PyObject *(*) (PyObject *path, void *userData), X 1 path £ #fj 1%
“HPyUnicodeObject,

userData $5 5t 2 AT R AT 87 R80T BE M AR Rz AT R, i85 AN Y B34S 1)
Python R 75

BTN T LT HEF ARG, SRR T IR T S AR, BRARCIENT N
GRS HE A sys .modules HA[ .

— HH TR E, AR, ZGXPyFile SetOpenCodeHook () MR UK
W, R EREASE AgRinte, BRECRHRI] -1 R E R

BERR AT A e Py Tnitialize () ZHITA.
FIE—AANTS LN HiTFHF setopencodehook.
1E 3.8 JRATIA.

int PyFile_ WriteObject (PyObject *obj, PyObject *p, int flags)

B Faitt ABL ¥4 obj B ASCHERT: p. flags ME—SCRRIOMERR AR Py_PRINT_RAW: HISRAE , NI
SRR str () AR repr (). WINRHEIR 0, KWMIRHRIE ~1; 455 FE MA0 54

8.6. Hithtzk 145



The Python/C API, Z{THR# 3.11.13

int PyFile_WriteString (const char *s, PyObject *p)
B FAEE ABL REFAFER s GASUEXTR po IR W] 0 SRR M) -1 KRB0 R MY 5

8.6.2 HIRITR

PyTypeObject PyModule_Type

& T A8 ABL XA~ C RAISLH Py TypeObject K Fen Python HHERZEA . 7 Python F2/5 H
LI RFE N types .ModuleType,

int PyModule_Check (PyObject *p)
2 p FBEHSERG, SO AN R R B A . %R EUKIE A R .
int PyModule_CheckExact (PyObject *p)
EP AR R PR Z HA R PyModule Type H)TRAMR RN IR B EAH . 2% & EOK A 1 ]

PyObject *PyModule_NewObject (PyObject *name)

BEME: #raggl A . BT ROE ABL A 3.7 pee. IRPETACHT S, HEME _ name_ Ky name . Fi
Wi M@ _ _name_ ,_ doc_ package and __loader_ #i&®iAZNEE. FE)E
PEM T _ name_ EHIE N None) file_ J@ME.

TE 3.3 BUAINA.
TE 34 fRAKAEASTE: J&k _ package_ il __loader_  #fiX A None.,

PyObject *PyModule_New (const char *name)
B #eg51A. BT RE ABL XER{UT PyModule _NewObject (), {HHAZAFRHA UTE-8 4l
FIFAFER TN /& Unicode %42 .
PyObject *PyModule_GetDict (PyObject *module)
BEME: AR BT EUE ABL IR[EI S module 116y 4 25 [B) ) 7 AT 525 R R S REHR
ZH) __dict_ @M. R module N2 — MR G (BT RN TRE) , W5k
SystemError iR [E] NULL,
WY A HA PyModule_* Ml PyObject_* s R EIARIRIBN __dict
PyObject *PyModule_GetNameObject (PyObject *module)
B ey €IJ¥] & TR ABL f 3.7 jae. JR [ module 1) __name_ {H. HWIRMBHASEHLZ
B, SEIREAZE—DFRE, W5k systemError Jfi& M NULL,
£ 3.3 Hf(ZIUJH/\.
const char *PyModule_GetName (PyObject *module)
J& T FasE ABL T PyModule GetNameObject () {HiR[H] 'ut £-8" iLHIZ4FK
void *PyModule_GetState (PyObject *module)

B FRUE ABL R IBLEA ORAE", e yt, aRIEHE m7ERHAI I > O A AF R FE R, B

NULL, & PyModuleDef.m size,

PyModuleDef *PyModule_GetDef (PyObject *module)
E’*%‘Hq ABL IR [ul 1 [ B HLQ T Bl B PyModuleDe £ 25 ARIARE, B8 QRBHUR 2 61
St e CRNER R[] NULL,
PyObject *PyModule_GetFilenameObject (PyObject *module)

WA #Heg3l A, BT EGE ABL R module i) __file JEMEATINERAEY AL SCHE4 . W
RBEMEAE S, SCEMRE AR Unicode FAFH, W25 % SystemError iR [H NULL; 7E
HAME B FFR [1]—>Fg1a] Unicode XT4 5] .

1E 3.2 fRATIA.
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const char *PyModule_GetFilename (PyObject *module)
J&F a5 ABL Bl T PyModule_GetFilenameObject () {HZR A gyt A utf-8" F S04 -

H 32 A 3 H: PyModule GetFilename () X T AN W] 45 i ) X 4 % £ 5] &

UnicodeEncodeError, iHfPyModule GetFilenameObject ().

Mgt C #k

BLHe Xt LM w 2Ty REY (589 kK éﬁ(E’J TRE) BN g (Pl
M PyImport_AppendInittab () FRINFIGALEEEL) . 12 5 building 5 extending-with-embedding |
TRIENS .

IR KT AR PyModule Create () MR N—AMELBRGE SCSEH], HaR MG R, ol itk 1]
58 LR A B AR L B BAIIRAL” .

type PyModuleDef

B TRUE ABL (848508 AR ) - BEUE LA, BRI R PRI (R 8. BBk
T A — RS A B

PyModuleDef Base m_base
GG MR R W44l PyModuleDef HEAD_INIT,
const char *m_name
PR 2R
const char *m_doc
BB SR A — RS S PyDoc STRVAR GIEH SURY A ERAL 5

Py_ssize_tm_size

] PAIEAR R PR SR A AE N BB A B A I, i PyModule GetState () K
R, MARFEBSERX . XA DAE 2 A PR b &l .

AN NAF DIREALE B BN AR m_size 7)C, FFAEW I m_free BBl (URAFAE) TEHGH 2
PSRN SR AR T o

Frm_size WHN -1, BREXMEHIEAEFRE, NI SR TR

FRHBCEOGARTA(E, BRERR AT LERIIG, 88 ARSI ER BN RN 2
BB 2 AE T m_size,

& PEP 3121 T 1 -
PyMethodDef *m_methods

— MR R FREE, hPyMethodDef fiiik. WIRBIHBCA L, WPAH NULL.,
PyModuleDef _Slot *m_slots

F AT 22 W BERI AR AL O RSV i LA RO, PA—A> {0, NULL} ZKH 45, 2400 i B B
WAL, m_slots W25k NULL,

T 3.5 A KRS A 3.5 CZ B, MR U Bl NULL, FF9iuE SN
inquiry m_reload
traverseproc m_traverse
PEREBRT G A 5235 [ St 390 ) 8] P 403 g R 5, B SROANT BE 0l NULL

G AR HORR A T AT SR B 1 AR 2 T U OAS 2 UL R . FERR A 2 S AT 2 B
(R Py_mod_exec WEL) sbJET XA . EHPIHDL, WHm size KT+ 0 HFHURES
(PyModule GetState () IR[H]) 2k NULL WIS KL

TE 3.9 HAS A A H: AEREHOIRAS B L2 AT R -
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inquiry m_clear
FERLERAT G A 45735 [l S HE0 1B el P (i B R S, A SRAN TR B0l NULL.

TR AT IR 7 T 40 SR AEL G R 2 TG U £ 9 1 G bR AR . AE RSB B 2 JE BB AT 2 i
(W Py_mod_exec ) BT XMIEN . EHMYIMIL, WHhn size KT 0 HERBLRES
(HPyModule GetState () iR[E]) >k NULL WAL F b R4

BRRPy Typeobject . tp_clear BORE, SEABRED A M RLERRATIORI . BI, 24
B DA — A R A SR | S BVl m_free, ARG JHARER B ol e

TE 3.9 A K AEAZ T AEBLHRRASHE 3 Bl 2 RIS TR A
Jfreefunc m_free
TEMRE SR HON FLFTA 04, A0SR T B0y NULL

AR AT HOIR A T 0 SR AEL T R 2 0 U 2 1 1) G bR 8. ARBTG5 AR AT 2 il
(WA Py_mod_exec RE) BT XFEN . BHHYIHYL, WRm _size KT 0 HAHURES
(HPyModule_GetState () 3R[H]) & NULL NS 1 R %R

T 3.9 WA KA AR B AEREHUR S B BT A R

BRIt

BTG AL R BT DA B BT IR LIRS , Aol “ BT Bl aadl”, B DATR PSS B 61 72 ok 5 1Y
PyObject *PyModule_Create (PyModuleDef *def)
BEE: #H ey sl A IRIGAE def o4 R E LB — DB BB S B4 N R
FryModule Create2 () ¥ module_api_version 7%} PYTHON_API_VERSION,
PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

B #Hay il M. & TRE ABL BIE— N FTRBIHR R, TESH def HEy i E XL, BWE
API A Z 40 module_api_version o U1RZRAG IEAE AT B ERES A A IR L, 0 2 figh %

RuntimeWarning,

ik KRB PyModule Create () AR ILREL, BRARRIE R EMENE.

TERIRAC R BGR B 2 |, A2 AR Sl & 8 PyModule AddObjectRef () SFpREGHATIE T

SHEMiat

WEY RS —M B R BRI o PAX RO R AP A B 4T S B35, Python
Wi WIMEAL AR A) 23 U £ BB B He 0h 52 Bp I AT P R BIIE Fe e vt 2 i 3 Rh IR LT 25
_new__ () Ml _init__ () F¥E.

S B BEI AR AL B A BE R[], X SE AR OS2 B AR SR sys.modules 4% H B G AR
Fr oA E— BB S, TR 23 BRI 3% RIS B AR—— 1R Python BHUIREE . BR
INTEOLR , AR ]2 SO Y 22 AR B 2 A BT+ e L o — AR B AN 7 585 g H A A
Hro X EME A RSN % 2T 5 (Bl pyModule_GetState () ) SHNZ (AN
_ dict__ SffiflpyType_FromSpec () BIERHMAD) MERERAS.

F)fﬁ%ﬂ%%Mﬁﬁ%ﬂﬁﬁ‘ﬂzﬁdﬁE@*ﬁﬁ%ﬁﬁ&ﬁi%%ﬁié%%'%’&%%i;o PRUEZ M (R ST, S i i) PASKE B

AR 22 By Bowl 46 46, ) 4 Ak pR %L (Pylnit_modulename) 3& [o] — A~ 1 % 4 %5 fm_slots J& 1k
WpyModuleDef Sifil. TEEHGRMIZH], X4~ PyModuleDef SLBIAZNSEME A LA R £tk :
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PyObject *PyModuleDef_Init (PyModuleDef *def)

BEME: AEYFIR . B TRUE ABL 8 3.5 . B BREIHUE SO — AN IERRI 4R 1L R Python X4,
A IEH R AT T4

R MK PyObject * [ def , AIRK AR, WHIRIE NULL,

TE 3.5 UATIA.
R E LI m_slots | G W24 ] —A> PyModuleDef_Slot Z54{A%4H:
type PyModuleDef_Slot

int slot
FEALID, AR Z300 ] A P s
void *value
REAEAE, HA SORPLT ARG 1D,
1E 3.5 A
m_slots B WAIVA—A id 2y O ARG (45
A R AR A e
Py_mod_create
HE — R EE T AR AT R A & o ALY value F8ET A8 0] — 4> FA WTF 224 1 B A
PyObject *create_module (PyObject *spec, PyModuleDef *def)
VEBAHEZ > ModuleSpec S:fl, il PEP 451 sk ), WAJGBESE X, B MR R4 H
BT, S BCE MR R ] NULL.

UL PR RO, 2 PR BB/ MU o R, BSR4 AR Python AU, PR SRR — MR
RS FEUCIRIGER

ZA~ Py_mod_create I AREAE—MEHLE L E

WERAIRE Py_mod_create, FAMGIIHH M PyModule New () QIE— M@ RIBHITSR . 4
PR spec MAERE L, PASSVRY AL S HU IR 38 B AT 2 4 rp i LB il 1 A5
FER AR AR, RIS — e S

ANFRIR BRGNPy Module  Type WSEHI. ARMZRAIS W, N2 LR E RIS
AN EBEM:. HE2, WHE PyModuleDef EAFJE NULL i m_traverse,m_clear,m_free; Jf
Ef)m_size; @FH Py_mod_create VAAMRIFEAIIN R EEIR Bl PyModule_Type RJSEH.,

Py_mod_exec

P — R DA AT AY R AL XA T 3007 — 4> Python BEEREACRY: %, BLeRB s
BeapsmAE & . BEREIN A4 R

int exec_module (PyObject *module)
WERIEE T ZA Py_mod_exec f{i7, FHEIREATTE *m_slots* %20 i i LAY WP HEA T AL BE .
A RZH BRI E L1, 1527 PEP:489

REEREGIE R

i Z B BTG ET, UL A B, TEShASRIEE R g, FTRAEEMER T,
=, WA PyModule_FromDefAndSpec fll PyModule_ExecDef R5EEMAI IR — S,

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

BEME: Fe45 A . RIEFE def T4k HIK)E XA ModuleSpec spec 8l 8 —ANH RHT 5 . BI4T
N T PyModule FromDefAndSpec? () ¥ module_api_version %5 PYTHON_API_VERSION.,

TE 3.5 AT
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PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
BEME: #He9FI R . BT IE ABL g 3.7 e, B —HIIBON S, (ES4L def Fl spec HhEa i
S, WE APLUA S module_api_version. WAL S IETEIBA T RERS UASAR LIS, W4

fih % Runt imeWarning.

EB& KEIHERN % J] pyModule_FromDefAndSpec () B MLpREL, BRAEVREH & 752
e

e 3.5 A A

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
B TRUE ABL B 3.7 mte. PATSHL *def* P HERIITRE (Py_mod_exec).
1 3.5 AT

int PyModule_SetDocString (PyObject *module, const char *docstring)

B TiaE ABL B 3.7 pe A&, *module* [ A4 F A ik B O *docstring®., 4 ffi
PyModule_Create I PyModule_FromDefAndSpec M PyModuleDef GI|ZFHH, & H 3
W DL R A

1E 3.5 fATIA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

B THE ABL B 3.7 paA2. $§PA NULL %51 *functions™ ZC2H 1 1) pRELIS I E] *module™ B,
HRENFHWEZHYY, WS 5pyMethodbef SCRY (M TE L2 iy 44 250, £ C
TR R WE BN E RS54, 5 Python KR SLBI ML) o Ml
PyModule_Create i{ PyModule_FromDefAndSpec M PyModuleDef GIZAFHE, 2 H3hH
FH I pR %L

TE 3.5 RATA.

R

R AR R (R Beg it ) sl BEH g ShA TRl R T i R 8 (Z BB st ), WTDABEI AR o8
B, R BT AR RS -

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

& T AEE ABL B 3.10 prAe. F5— A FKN *name* IR ZRIRINE] *module Fder . g — 47 iKY
PRA, T ATEREH ) 4 1 R R R B

TR, RE 0. AR EAENR, 5IkFEIFIRE -1,
AN *value* S NULL, iR[H] NULL. FEVH TR A4 X FiEOL, ool 5
AERBI:

static int
add_spam (PyObject *module, int value)
{

PyObject *obj = PyLong_ FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

}

L

XA AT A A AR obj J& 75l NULL:
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-
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

}

VERAEICTE LR W 241 ] Py_XDECREF () MMiAN/& Py_DECREF (), [} obj AIHE N NULL,
FE 3.10 AT

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

& FFaiE ABL 2Ll FPyModule AddObjectRef (), {HEHEMINIHAE—ANKT value 5[ (40
REiRE 0 1H).

Wt PyModule_AddObjectRef () HREL, N NiRHPyModule AddObject () HREUR
255 3205 At -

Frik: SHALGEG UKL, PyModule _AddObject () HIE WRIPIIREHRS value 511 -
X ERE DA E AR IOE, P8 5 20 5 AR B BRI 30 *value* il Py_DECREF ()

R

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py _DECREF (obj) is not needed here
return O;

}

XAt ] A A 2 2SR 2 obj 2175 NULL:

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py _DECREF (obj) 1is not needed here
return 0;

}

.

A DL W24 (] Py_XDECREF () i/ Py_DECREF (), [} obj H]HEN NULL.
int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

B T e ABL FF— AR *name* AR F SN E] *module LBk . XA 8 114 R AS0T DATE
BERBIRIIRACRR B P T o AR AR, R -1, R E o,
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int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

% T FOE ABL $§— DA FKN *name™ 1947 5 RS INE] *module™ LB, X7 8 1 & 0T PA
TEAHR BRI AR AL BR B o A7 *value® MDA NULL 25 . QiR &R, & -1, IR
[ o,

PyModule_AddIntMacro (module, macro)

B — A B BE &I ] *module* BL B b. A4 R FIE B H *macro* 2 k. 6l 4,
PyModule_AddIntMacro (module, AF_INET) ¥{H & *AF_INET* ({3 Al & *AF_INET* ¥
fnE| *module* B, QAL LAHR, &M -1, BIIRE O,

PyModule_AddStringMacro (module, macro)
P NFAFER RN E] *module* FRHLH
int PyModule_AddType (PyObject *module, PyTypeObject *type)

B FAaE ABL B 3.10 w2, F§—DIBUXFRININ B module BB, &R 52380 123 75 bR &4 N F ]
M PyType_Ready () SEMMIIAML . KAI R AFRINA to_name f)a— PRS2 AR . AR
KA, BB -1, SIRME 0.

1E 3.9 fATIA.

BRI

PRI B I A ) T DAYE 24 i AR bR SO e R B . Sk AR A B E ST, T
PR RS 42

DR RO IE Tl i 2 iy BORI AR AL B A BLER PR R] DA — IR E A2 MRS 42

PyObject *PyState_FindModule (PyModuleDef *def)

BEME: A9 A, BT RS ABL SR [FYETERERS H H def QARG . BRSO B
Mg HiE @ Pystate AddModule () PRELMHMEIRREREIRS o WIERFLASEF B BB 52
BT SR AR PN 2 fR R IR A, IR ] NULL,

int PyState_AddModule (PyObject *module, PyModuleDef *def)

B THE ABL B 3.3 proAz. R A% 4 bR B0 B S B g R AR S X Rl
dPystate FindModule () FiJjilizAtt 4.

DUEEGE T BB BRI SR AL B AR EAE

Python & 7EF A — S H 31l PyState_AddModule, [ It AR B4 4k 16 AG A o i
MEREALER (HEEAFEL) o 2R T OEB R B 880 46 A AR )5 9301 T
PyState_FindModule ML F A @MER. HEEHFERN TEABFRFANSE (28
WHERNE, S02mE5 e S BRIRBUI T APRAS ERT R ) o

T I Al GIL.
JEE IR ] O B L Ik ] -1
1E 3.3 [ATIA.

int PyState_RemoveModule (PyModuleDef *def)

J& T HUE ABL B 3.3 jide. MRREARIRES PR BR 1 def BIEHIBIBT G . JRIIIR ] 0, 35 2 ik
[a] -1,

A FH A 3R GIL.
TE 3.3 JRAA.
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8.6.3 XM

Python $2 (TP AN G B—NR2FPIENAS, B S RF __getitem () JFERERTF
G| —E M 55 A B — AT X A — A, SRS A T E R R AR
FFAEIR ] IR I 5 A A
PyTypeObject PySeqIter_ Type
B T HaiE ABL PySeqIter New () &BIERENRIRBS RN ETFII RN EREL iter ()
RS HIEA.
int PySeqIter_Check (PyObject *op)
W op AN Py SeqIter Type MEIRMIF(H . BLRREUE & 2 WIIHAT .
PyObject *PySeqIter_New (PyObject *seq)

Bl #ehil A, & TRUE ABL RIS G B H RS seq. MFP5ITT P
fE51% IndexError I, IEULH.

PyTypeObject PyCallIter_ Type
B FHasE ABL HE¥PyCalllter New () fl iter () NE BRI SHOL R [ 1% R A x4
pithoE

int PyCallIter_ Check (PyObject *op)
MR op AR PyCallTter Type WIRMIE(E. BERECE RS MIHAT.

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)

Befh: #ag5l A . T RS ABL R —SHH R 5B —SAL callable AT LAZATAT AT DATE R
ARG OL TR Python Rl AT G BRUCTA AR B FIEAC R — A H o 24 callable
AR S5 T sentinel FY(ART, BRI

8.6.4 HIRFFIER

FRTE RAIAN R I E IS . BAVE TR R F .

PyTypeObject PyProperty_Type
& T IEE ABL NEHIAFF RGN 5

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
BeEME: #HagilA. & THE ABL

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
BeEME: #Hagi7lA. & THE ABL

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
BEME: #Hagil A . & THE ABL

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
BEME: #agFl A .

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
BeEME: #HagilA. & THRE ABL

int PyDescr_IsData (PyObject *descr)

WRFEIAR TR G descr flid 2 — P ER B ENLR BAESAE, s AR e R M2 A7 v 3R [H]
0. descr WA R—NHRFFRTSE; AT A .

PyObject *PyWrapper_New (PyObject*, PyObject™*)
BEME: #a97l A . B THE ABL
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8.6.5 Y1 Itg

PyTypeObject PySlice_Type

& T HUE ABL g1 W RERAXS S . B5 Python 2 slice @M FMX 4.
int PySlice_Check (PyObject *ob)

W5 ob J&—> slice XL MR A A ob WAURA NULL, MCRRELE 2 AT .
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

BEME: #eh3l A . BT RE ABL RIBl—AN-HA L BB R 45, start, stop F step 15 2%
FAAEE slice XF G20 I 44 FR A JE P B (E o 3K SEAE P (AT AR] — N T PASK NULL, ZEX R B R 366
None VE RN JEMEAGME . WNSEH 05 Fo vk 2 i 3R /] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)

& T e ABL MY X4 slice $2H start, stop Fil step R[S, FFFIKJEM N length, KT length
7 5 R 24 1R 1

Returns 0 on success and —1 on error with no exception set (unless one of the indices was not None and failed
to be converted to an integer, in which case —1 is returned with an exception set).

IRPTREAN 24T S F G R 4K
TE 3.2 AR R AEAS T 2 1 slice TESWESHAYE 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)

& FFaiE ABL PySlice_GetIndices () BV M. MY XI5 slice $LHL start, stop £ step 2%
515, RPN B A length, HRi9) 7 I EQRAFAE slicelength v, S YEFIER G52 L5580
Yl —8 R e ).

SRR ] O, HBRIT IR ] -1 HNBEE SR

Ptk MR BN T AT AR KO NF YRR N A . R E T M Py S1ice_Unpack ()
MPySlice AdjustIndices () WA, Hi

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <o
=0) {
// return error

}

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

TE 32 JRAS KA T 2|y slice TEZ S8 JE PySliceObject *,

FE 3.6.1 AR EZAEAHE: {NH Py _LIMITED_API A EBINE N 0x03050400 5 003060000
B (NEREHA) 5 0x03060100 B ¥ KN| PySlice_GetIndicesEx () &x#{SLEH—A>
f#iff] PySlice_Unpack () #l PySlice_AdjustIndices () W% . Z4L start, stop F step 4 %
BEoRAA

H 3.6.1 iRAF H: WHE py_LIMITED_API % B N/NT 0x03050400 B{ 0x03060000 5
0x03060100 Z[A)MME (NEIEBFAR) W PySlice_GetIndicesEx () NEF MRS

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)

B THRUE ABL @ 3.7 paAz. MU X4t start, stop il step Zdi il G O C 4. S
KT PY_SSIZE T MAX [{E/NN PY_SSIZE T MAX, HFERHLKF/NT PY_SSIZE_T MIN [
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start Al stop {HiE K PY_SSIZE_T_MIN, H#HEHE/NT -PY_SSIZE_T_MAX ] step {HIE KK
-PY SSIZE_T MAX.

HRAS IR IE] -1, AR e 0,
1 3.6.1 fUATIA.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
B TRUE ABL B 3.7 iaAe. ff start/end YRGS RIG 15 E 1P BELEATIREE . O H T Bl Y R 5
SRV ST R — 2 AT ).

REYIR R EE . HRfE SR 2. AL UE ] Python (LAY .
1E 3.6.1 JRATIA.

Ellipsis %8

PyObject *Py_Ellipsis

Python ) E1lipsis X5, X EIA AT YE. BOH A ST H AL 5 —RE 5 28G5 |
. BH5Py_None —FEJET HBIXI S,

8.6.6 MemoryView Jt5

— memoryview X4 C PRI L T R AE T ZEAN— 0] LTI H AR —FEAZ 18 Python X4 .
PyObject *PyMemoryView_FromObject (PyObject *obj)
B #agil M. B TRUE ABL MFREEGE DX T R R A1 H memoryview X4, 12 obj SCHF
AIEZ X3, W memoryview X GURFA] AR S, BINE R BEE KB, Wl A tids BT
PE MBS .
PyBUF_READ
FT 3 SR g2 o X 1 TR
PyBUF_WRITE
FT 3 SR P 5 G2 o X ) TR«
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
BEE: #eg5I A . B THROE ABL B 3.7 e, [EH mem VERJR)Z 2 vh XA > memoryview i
% . flags W PA2PyBUF_READ By PyBUF _WRITE Z.—.
1 3.3 fRA A
PyObject *PyMemoryView_ FromBuffer (const Py_buffer *view)
BEME: #Fasl R . BT RE ABL § 3.11 it BEE— S E E S X 451 view 1Y) memoryview
. S TFRBHFETENIX, PyMemoryView FromMemory () +& T %%
PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
BEME: #FHag3l A . BT REE ABL M E X X O R4 83— memoryview X} 4 contiguous
WA (F£°C g ’Fortran order H1) . W NFRHELER), N memoryview X5 510 G N AF. 75,
52 i H. memoryview F§ [T bytes X542 .
buffertype W] VAN PyBUF _READ BY,PyBUF_WRITE WH—1 .

int PyMemoryView_Check (PyObject *obj)
W2 obj J2—> memoryview X RMR T E(E. HBIARVFEIE memoryview BT, KA Z
SIIAAT -

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R 914 1] memoryview Y5 HH G2 AL B AR 55T . mview #6212 —> memoryview S5 XA
A EERIRE, VR H CA A, 75 I RRE i I AR 5 KUK -
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PyObject *PyMemoryView_GET_BASE (PyObject *mview)
& [l memoryview Fr E Ty T Hh X Z W £, B W1 R memoryview T i iR

BPyMemoryView FromMemory () B{PyMemoryView FromBuffer () £ Z W] i% [\ NULL,
mview #4012 —~ memoryview 5215

8.6.7 855 AXMR

Python S2H¢ “855 7 MEA—2A 4. BMACRUL, AP ERSCHSETIHRIRR . H—Me 5]

FIRSR 2 AR n] BEMAE S — A R g AR

int PyWeakref_Check (PyObject *ob)
MR ob 22— A5 F BN QR B B . R R 2 2 T .

int PyWeakref_CheckRef (PyObject *ob)
MR ob 22— A5 FIAT G LR EAR . R 2 AT -

int PyWeakref_CheckProxy (PyObject *ob)
MR ob 22— RERTG LR EAR . R 2 T .

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
BEME: #e97 A BT IUE ABL IRIRIXSS ob B)— 555 AR %R AL Sk [l —AH5 1
(EAPRIERE— R4 EA T RERE— A5 XS, EATES callback W] PAE—4
XS, ERAE ob BAE BRI HIGES; BN 2452 — N RMIES, HI55 R4
Y. callback R PAK None B NULL, 5 ob Ai— 555 XS, 835 R callback A2 vT# H
X4, None B{ NULL, NHZEEECEIR B NULL 5| % TypeError,

PyObject *PyWeakref NewProxy (PyObject *ob, PyObject *callback)
BEME: #Hagi . BT IUE ABLIREIXSS ob i— 555 ARG . s Beke B2 iR [l — A6
WGIH, (EARIERE— X4 BEA P RER I — DA RS S 5 _AEZ callback 7]
PAR— AN, BERTE ob YA ABHR I EHESGETRG B Y2 — D RlES, 5|
X %A . callback AT PAK None B NULL. HII5 ob AR—A555] FXER, & WE callback R
A XIS, None B NULL, WIZpR#CRfiR o] NULL 35| % TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)

B ENYFIR . BT RUE ABL IREI555 ] ref (IBEGI HIXTS . ASRBE S X RATIATAE, W
iR [A] Py_None,

Bk %K BOR [] 5] X G — Aborrowed reference. X TR I 1% B AE 1 R R B
M Py_INCREF (), B4 EAEMATIH i G — R 2 B JCTA S S e o

PyObject *PyWeakref GET_OBJECT (PyObject *ref)

BwEfh: A3, KUT PyWeakref _GetoObject (), {HRAHHRALN .
void PyObject_ClearWeakRefs (PyObject *object)

& T HUE ABL BEBRECR Wt p_dealloc ALPRER M LAV =555 o

I B BICRF IR A object (19555 | FH-R X L85 I n] BEAFAERY IR . &R AE2sl 1A [l 2 5k
[ml.

156 Chapter 8. E#HIMRE



The Python/C API, Z1THa4 3.11.13

8.6.8 Capsule X%k

A A X BE X 4 ) B 245 B 27 using-capsules
TE 3.1 JRAA.

type PyCapsule
XAPyobject BT RAAE AN RUBIIME, &M T 2R BOIME (124 void* #54f) i Python
RIS LR HAL C AU C PRELER . ERFE PR — M E SN C s BT TEH AR
Berral i, SRR AT LA 5 ML AL SR 7 AL SIS i 2 AR 5 S € APL

type PyCapsule_Destructor
B T HaE ABL Capsule A8 [T ZEAL. 5 AT

[typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule_New () F3RHL PyCapsule_Destructor 3% [F{HAYE X .
int PyCapsule_CheckExact (PyObject *p)
AR SHE— A PyCapsule MIRBIEAE. HEREEESBIPAT.

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

e #rag sl A BT RC ABL B @ — AT pointer [\ PyCapsule. pointer 275 0] PAANH
NULL.

TEDR MR B B — A~ 3R 18] NULL,

FAFER name W PAJE NULL 52— MR AR C PR FEER. WERA N NULL, I 45 ER
Witk capsule & (E AR FLVFAE destructor FRERLE . )

AR destructor Z8(/NF NULL, |24 &5 61 B HSpRF B Y capsule /5 A S E0RIE

AL I capsule 97 R FECH — DB H R JE M, W name | 24 9% 45 % S8 modulename.
attributename. X AGFHAEEH Pycapsule Import () AWM capsule,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
B T RE ABL SEHURATAE capsule " pointer . (£ MR B B — 4575 I iR o] NULL.

name ZELNNY capsule HUAEE 24 FR5E 42— B, WIERAERETE capsule 44 PR/ NULL , £ A
name WAAZZ NULL, Python {iff] C pR%{ stremp () 3 H% capsule % FK .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
& F 1€ ABL R FIRAFAE capsule WS BIHT A AR . 7R MON BB — > R I TR ] NULL.,

capsule H A NULL #F 14 &% &2 & 3K K. X & i 15 NULL R [ 14 A5 & B G 3
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

void *PyCapsule_GetContext (PyObject *capsule)
& FhaE ABL iR I RAFAE capsule HI 241 1N 3. FER MR B8 — > R A& ] NULL.

capsule H 5 NULL b N X2 & % M. X & 5 NULL & [\ 6 f 2B 0 3 (il
HPyCapsule Isvalid() B PyErr Occurred () JFiHEE: .

const char *PyCapsule_GetName (PyObject *capsule)
B T HUE ABL IR [BIfRIFAE capsule HY T4 PR TER MM B E— N # ik 1] NULL,

capsule H f NULL % % 2 & ¥ M. X & 15 NULL & [l F 2 B 3 3 fif
M PyCapsule Isvalid() B{PyErr_Occurred () gk X

void *PyCapsule_Import (const char *name, int no_block)

B T HE ABL LR NI ELR SR S A5 C M RIHEET . name JEZ N 415 AR IER)
SRR, MR module.attribute Xk, MHFFAEELEE Y name W5 74T HR 5E 4 PERL o

BT IR [A] capsule A NS 4541, S MBS BEE— 3 AR W] NULL,
TE 3.3 WA & EAS T no_block NP ATLA 500 o
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int PyCapsule_IsValid (PyObject *capsule, const char *name)

B THZ ABL W & capsule J& 75 & — D H . B 3K capsule & 71 AN iy NULL, f&
#WPyCapsule_CheckExact (), FEHPEM— AR NULL 384, FHHENETL S name
ESMILHL . (& PyCapsule GetPointer () | UM%} capsule & FRUEAT LI A 15 )

PeA)TEYL, WRPyCapsule Isvalid () RIPIEfE, WXHMEMiHEE (DA PyCapsule_Get i3k

AR R ) TR IR ORUE S ) -

MRS RA RO HICEAE AR PRUGR I HE R . AR E 0. HEE—E R 2RI
int PyCapsule_SetContext (PyObject *capsule, void *context)

& T 1aE ABL f capsule TR _EF SCIRETHECH context .

IR 00 SRIGIG R [ IEBAE T BB — R .
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

J& T Fa5E ABL R capsule WWERINTHI % 5EN destructor .

ST IR ] 00 SRS i ] E A I BB —

int PyCapsule_SetName (PyObject *capsule, const char *name)

% FFr ABL X capsule NI AR name. WA K NULL, WA FRIGAEAERA LT LE capsule B

Ko WRZHIPRAFTE capsule HIH) name A4 NULL, NIASSARETE .
IR A 0 S Mt ik (Al HE AR I B E— A

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
& T 18E ABL Xf capsule NI 253858 pointer . &5 AR 2l NULL,
SR 0 SRIKET IR [ JEBAEH BB — A

8.6.9 Mt

type PyFrameObject
B T2 APT (1B ATREM ey 2s k) - I TRIRWIS RIGRT G C Ghth k.
LA PRSP A

1E 311 A K AASH: BASH AR U E AN A C APL SRR . 1152 What's New entry T f#£1

WA i PyEval_GetFrame () 5PyThreadState _GetFrame () ZR3RBL—MiXT4 .
T £2% . Reflection |
PyTypeObject PyFrame_Type

WX RAYEA . E5 Python EH1) types.FrameType 2[d—*fR.

TE 311 AR R A ST FEZ JIA S, KRBT G4E <frameobject .h> Z A H.
int PyFrame_Check (PyObject *obj)

MR obj 22— MOk G R [l 4E 2R

T 3.1 AR AR T FEZ BRA T, AL <frameobject .h> ZJFA .
PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

AR frame Sy R —A MR

iR [B]—~ strong reference, BEEUNE: frame YA SMEBIGNR [B] NULL,

1 3.9 IRA A
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)

L frame B £_builtins B,

1R [B]—A~strong reference, WESRANT] S NULL,

T8 311 AHIA.
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PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
& FFasE ABL B 3.10 jaAe. FHL frame FRACRS
iR [B]—{~strong reference.
i (W) AwIh NULL.
1E 3.9 fATIA.

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

SREIA DR R s . VRSl S s, o A RO R A BB A Ty UL, R
2310, MR Y NULL,

iR [B]—~strong reference, B3 NULL,
1E 311 BUATIA.
PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
FRBL frame 1) £_globals J@ k.
IR [B]—A>strong reference, WE5HANT] 2 NULL,
T8 311 UATIA.
int PyFrame_GetLasti (PyFrameObject *frame)
L frame By £_lasti @,
IR frame.f_lasti A None Mk -1,

1 3.1 JRAIA.
PyObject *PyFrame_GetLocals (PyFrameObject *frame)
PRHL frame B £_locals &% (dict).
1R [B]—A~strong reference.
18 311 AA.

int PyFrame_GetLineNumber (PyFrameObject *frame)
B T HUE ABL & 3.10 paAe. &[] frame B IEAEHRATHIATS

8.6.10 A piZEXIR
A 42 Python JIORSEHLAR U (AR TS 4o EAT T I A AU AR B R BOR B, A2 2

K PyGen_New () B PyGen_NewWithQualName ().
type PyGenObject
T A AR R I C ZE5 ik
PyTypeObject PyGen_Type
SESE SO0 SUINATIE LG I S
int PyGen_Check (PyObject *ob)
MR ob ;2 —> generator M GNIRFEAE; ob WA N NULL. BLERELEZ S BENIT.
int PyGen_CheckExact (PyObject *ob)
MR ob WRA G PyGen_Type MIRIMIE(E; ob IMAUAN NULL. MeRELE S 2 MIHAT.
PyObject *PyGen_New ( PyFrameObject *frame)
BEME: #FHeg7IR . BT frame W RANEFFIRE— B E AL . KA BOE— X frame
W51 H . SEWAN NULL,
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

BEE: FHeg5l A, BT frame XTE A @I AR Bl — AN A AR XSS, Hf _ _name_ H
__qualname__ %N name F qualname., M RE 4 BLE—AXF frame 5| . frame Z 5000
A NULL,
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8.6.11 {hiZ¥sR

1 3.5 HAHIA.
IR RIZ I async SBE P B R £l a1 Y .
type PyCoroObject
T MEXTG C 25tk .
PyTypeObject PyCoro_Type
SRR A AN 5.
int PyCoro_CheckExact (PyObject *ob)
MR ob AR PyCoro_ Type MIRIEEE; ob MU NULL. HEREUZ S MIIAT .
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

BoE i #FHegsl A T frame XL A E IR Bl —NF X SR, HF _ _name_ Hl
__qualname__ %N name F qualname., M &S BUISE—AXT frame (5| . frame Z 500050
A NULL,

8.6.12 I TN EEMK

TE 3.7 AT A
A 3.7.1 JRAR K AR o

i 7E Python3.7.1 Wp i N AR B CAPI AL 9 BECAHI I Pyobject $8EFMIAN & PyContext,
PyContextVar P\t PyContextToken, fillN:

// in 3.7.0:
PyContext *PyContext_New (wvoid) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

T2 bpo-34762 T RN .

KIRANG T contextvars B2 C APLL
type PyContext

FT 3R contextvars.Context XM C Z5Fk .
type PyContextVar

T 3R contextvars.ContextVar XfRH C g5#)k,

type PyContextToken

T3/~ contextvars. Token X4H C L5614,
PyTypeObject PyContext_Type

FIR context JTIHBINT 5 .
PyTypeObject PyContextVar_Type

27 context variable ZRRIEAINT £ ,
PyTypeObject PyContextToken_Type

FI context variable token 25T AR AIN 42
ARG
int PyContext_CheckExact (PyObject *0)

W o WAL Py Context _Type MIRMIF{H. o AAZHAN NULL. MpRELE & 2 MENAAT.
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int PyContextVar_CheckExact (PyObject *0)
W2 0 KRB A PyContext Var_ Type MR E(H. o IIAN NULL. BERELE R 2 AT .
int PyContextToken_CheckExact (PyObject *0)
W 0 WFKA N PyContext Token_Type MR FAH . o AR NULL, BERREUE R 2 HAT -
BRSO RAE B R
PyObject *PyContext_New (void)
Bea: #FagFl A, A BT O IR AR SER ] NUL L,
PyObject *PyContext_Copy (PyObject *ctx)
BeME: #ag5l A, BIEITHRAR ax ERICHGHEE I MR A R IGR o] NUL L,
PyObject *PyContext_CopyCurrent (void)
BEE: #ag A, AIERYETARE BT SCRYEIE DL, AR AR B R 9] NULL,
int PyContext_Enter (PyObject *ctx)
Ff coe TR IR BT EF 3. MR IE 0, HARIHRE -1,
int PyContext_Exit (PyObject *ctx)
BUHBE coc TR SOFRZ B BRSO 2 BT RAR A0 24 1T LR SCe IR AL 0, AR IR [m]
-1,
IS ES £
PyObject *PyContextVar_New (const char *name, PyObject *def)

BEME: #FHag3l . BIE— I ContextVar MR . 2 name JT HEMEMFRXEN. B
def 2 bR SRR EBOME, BCH NULL FORTCEGAE . QR LA 48R, XA eRE<x ik 7] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
ﬁtﬂi?i@iiﬂ’ﬂﬁo WRAEE AR P AR, R -1, RS KRR, TRk
FIfE, HRR&M 707
ﬁﬂ%ﬁé%ﬂi?iﬁ%, value ¥ 2 AR ERYFEE . Q2R ETR3CR R A HE], value FFE1 :
o default_value, fNHEFE “NULL*;

o var [FBRIAE, WHRAE NULL;

e NULL

B TR NULL, XASeRR IR I — AN 5 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
BEME: #4951 A. FEMET LR SCRRE var B value, IR [B1EFXS IS O eSS, B R
KAAERNIR [B] NULL.,

int PyContextVar_ Reset (PyObject *var, PyObject *token)

BRSO var PPRSE BN EAEIR B] token ) PyContextVar_Set () #HHZ IR, 1L
PREC R[] 0, s SR -1,

8.6.13 DateTime ¥}5

datetime HIHHR kT 4 Fi F USRI ()X G2 . 61T 0 26 6 502 B, A6 A AR A T of 4 3K
y@daamehw&ﬁmiﬁﬁxaﬁrpwmnh¢>#ﬂpwmammimmwﬂﬁﬁ%
AR AR R ORI MR 5h. 1k AR C SRR IR R E A A
PW&EHWMT¢ EABE R A LB

type PyDateTime_Date
PyObject [XATIEMZIR Python H XIS .

8.6. Hithtzk 161



The Python/C API, Z{THR# 3.11.13

type PyDateTime_DateTime
PyObject HHXATIAFIR Python H IR TA]X 52
type PyDateTime_Time
PyObject [XATIEMFIR Python RTINS .
type PyDateTime_Delta
PyObject BIRXATREFTRFIA H I E 2 [ 21 .
PyTypeObject PyDateTime_DateType

XA PyTypeobject LRI FE Python H 257 ; &5 Python 2 datetime.date X5 AH
[ o

PyTypeObject PyDateTime_DateTimeType

APy TypeObject HSLHFIALFE Python H I [E]288Y ; ‘&2 5 Python JZ21A[[{) datet ime.datetime
XA .

PyTypeObject PyDateTime_TimeType

XNPyTypeObject BB FE Python B [E]ZEAY; &5 Python JZ[HHY datetime. time X[ A4H
[ o

PyTypeObject PyDateTime_DeltaType

XAPyTypeobject WSEBIZ MR H I8 M 2 [0 2Z{H AT Python 28741 ; &5 Python 2 i
datetime.timedelta X2 AH[HE] .

PyTypeObject PyDateTime_TZInfoType
XANPyTypeobject LRIt FE Python B X {5 HZ5%; ‘&5 Python Z1E ) datetime.tzinfo
G o
ZVil) UTC B
PyObject *PyDateTime_TimeZone_UTC
IR E|FER UTC pR X B, 5 datetime.timezone.utc NfFE—%14.,
T8 3.7 BATNA.
pitlivEc v
int PyDate_Check (PyObject *ob)
WS ob HPyDateTime DateType ZHnf PyDateTime_DateType A FA NI 1] EAH .
ob ANREA NULL. IRELE 2 T .
int PyDate_CheckExact (PyObject *ob)
W ob HPyDateTime _DateType FKAMIR M E(EH. ob ANHEAN NULL. BLeRELERXIMIIAT.
int PyDateTime_Check (PyObject *ob)
IR ob N PyDateTime DateTimeType JKFIE PyDateTime_DateTimeType HIEAT-2REIN
R B . ob ANAEN NULL. MeREUEE ST,
int PyDateTime_CheckExact (PyObject *ob)
WS ob ShjPyDateTime_DateTimeType JKAINR Bl EAH . ob AfE N NULL., HERELS 24T
AT
int PyTime_Check (PyObject *ob)
IR ob HPyDateTime TimeType 25Huy PyDateTime_TimeType HYHAST-2E A& B BAH.
ob ANHEA NULL. IRELEE 2 T .
int PyTime_CheckExact (PyObject *ob)
Wk ob HypyDateTime TimeType FKANRFEE. ob ANAEHN NULL. MEREUEZSMIIIT.
int PyDelta_Check (PyObject *ob)

IR ob NPyDateTime_DeltaType 2KFaf PyDateTime_DeltaType ML TZEHEINIR B B
{H. ob NEEN NULL. BERRELEIESMIhIAT.
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int PyDelta_CheckExact (PyObject *ob)
Wk ob HypyDateTime_DeltaType FBNLRFEIE(E. ob AAEHN NULL. BURREUE 2 XIMIINAT.
int PyTZInfo_Check (PyObject *ob)

W ob fjpyDateTime TZInfoType ZKAIE PyDateTime_TZInfoType HYHAST-ZEHI N [H]
FH. ob REEH NULL., PLRREUEIE S I IAT .

int PyTZInfo_CheckExact (PyObject *ob)
WA ob HpyDateTime TZInfoType FKRBIMLREIEAE. ob AHEN NULL. ILRREUE &2 IR
7.

T RIERT 0% :

PyObject *PyDate_FromDate (int year, int month, int day)
BEME: #egsl A . REFEEFE. H. HAY datetime.date X4,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)

BEE: #Hegsl A, IR[EIEAFEE year, month, day, hour, minute, second A1 microsecond J& 4 )
datetime.datetime X4,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

BEME: #FHegil A . REIEFTEE year, month, day, hour, minute, second, microsecond F1 fold J& 4 1
datetime.datetime X%,

1E 3.6 AN
PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

BEME: #Fay 5|l A . R[FHEGHE hour, minute, second and microsecond J& 4[] datetime.time %
%,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

BEE: #ag2 A . IR EEA 5 € hour, minute, second, microsecond FI fold JE P[4 datet ime . time
PO

TE 3.6 JRATNA.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

BEE: Fegsl A . REMRELER. HRMAEE datetime. timedelta X4, KFHITIEM
PR BRAE DA R 2 TR AT AP EALTE datetime. timedelta X4 SCRYFE A A IXTE) 2 Y

PyObject *PyTimeZone_FromOffset (PyObject *offset)

BEME: #Heg5| A . IR[E— datetime.timezone W&, ZMEEG DA offset TR A
2 ] 5 B} 22

1E 3.7 AT
PyObject *PyTimeZone_FromOf fsetAndName (PyObject *offset, PyObject *name)

BEME: #Feh5I A . R[] —4 datetime.timezone X4, &N A DA offset BT E
I 2= H1f X 44 ) name.,

1E 3.7 AT

— S RN H WX R PR BN E. S8 0 ZPyDateTime_Date 4 $f H 1 3
(lnpyDateTime_DateTime) LB, SEARE N NULL, HASKAZA:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PATE B R T R [ AR 3

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
WRMEH, M0 B 12 AL
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int PyDateTime_GET_DAY (PyDateTime_Date *0)
SUACIRE R N N VES R Wi 5

Q%Hﬂ 5{5/‘}\ H ,ﬂ;EJHﬂLI‘ETJN% EF%EX?E&E‘J?E o %%ﬁﬂz‘gﬁ%PyDa teTime DateTime @{%/H\:%;’glﬁgiﬁu i 72(
FORHEN NULL, I H RSk Ao

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
IR E/NEE, A0 F) 23 AL

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
MmN, A0 F) 59 AL

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
WREED, MO B 59 AL

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
R EED, MO ] 999999 HHEAL

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
R EITEAE, R0 H 1,
1E 3.6 A TIA.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
12 [A] tzinfo (F] DA M None).
1E 3.10 AT

— SBR[ X R PR U B R . SR @ PyDateTime Time WAFHTRIEH] . SHAREN
NULL, HAZXKAIA:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
IR[EVZINEF, A0 B 23 [ RERL

int PyDateTime_TIME_GET_ MINUTE (PyDateTime_Time *0)
AP NNV RN UL 5 @

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
WREED, MO F 59 AL

int PyDateTime_TIME_GET_ MICROSECOND (PyDateTime_Time *0)
IR EER, A O F] 999999 Yy HE%L .

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
REr (e, R0 K 1.
1E 3.6 ATIA.

PyObject *PyDateTime_TIME_GET_ TZINFO (PyDateTime_Time *0)
1% [A] tzinfo (F] PA"A None).
1E 3.10 AT

— LG ke MBS TR ZEXT R R R I B % . SR PyDateTime Delta fHEHFRALG . SHOR
fEN NULL, If HASHA A

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
IREIREL, M-999999999 1| 999999999 [HEEE .

1E 3.3 A IA.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
R, A0 2 86399 fHREAL.
1 3.3 AIA.
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int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
AR GAADEL, A O F] 999999 FHERL
1E 3.3 RAIA.
— LTRSS DB APT %%
PyObject *PyDateTime_FromTimestamp (PyObject *args)
BEME: #eg5lR. BIEIFRE S ETTHSHIH datetine . datetime XI5, EHEEH
datetime.datetime.fromtimestamp (),
PyObject *PyDate_FromTimestamp (PyObject *args)
BEE: eyl A, BIEIFRE DB EITCHS W datetime.date X4, EHEH

datetime.date.fromtimestamp (),

8.6.14 AELFMNR

PRAL LR TR R N B 2R, H BifAE 2 A - GenericAlias #il Union, M GenericAlias

2] C HHl.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)
J& FFa ABL g 3.9 paAz. A @ — 4 GenericAlias %f %. #124 T 9% B Python 2% types.
GenericAlias. &4 origin fll args 43 Il & GenericAlias ) __origin_ Fl__args__ @Mk,
origin WiZ%2&—~ PyTypeObject*, [fi args \] PAE—A> PyTupleObject* BiEHETE PyObject*
WRAL ) args ANJj2—AICH, W HMME DN RITHIF R _args_ ®HEH (args,
XSEHAT T BN EER A A, PRI origin N2 KB KB & ). GenericAlias E’J
__parameters__ JEMERM __args__ WimERK). WREK, W5k —ARE IR NULL,

R AT B — A ST TG 1

s N

static PyMethodDef my_obj_methods[] = {
// Other methods.

% '.';Classfgetitemi" , Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}
}
~ J
Z W
BARRAI Y class_getitem_ ().
1E 3.9 HRAIA.

PyTypeObject Py_GenericAliasType
B THUE ABL g 3.9 mie. thPy GenericAlias () FriREIAF4HY C 2EAL. ST Python Hiffy

types.GenericAlias,

1E 3.9 A A
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CHAPTER 9

Mg, =Lz

152 R Python W45 1LELE

9.1 7 Python #i&{t 2 Hi

TE—AHEA T Python N HIARRJ T, Py _Tnitialize () BRECUBTEATATHAD Python/C APT 42 Hi
R BlAMY HAA A BIR B & 5 £ T 2.

TERIUGAL Python Z i, R PAZZ AT I AR eR &5
o FLE KL
- PyImport_AppendInittab ()
- PyImport_ExtendInittab ()
- PyInitFrozenExtensions ()
- PyMem_SetAllocator ()
- PyMem SetupDebugHooks ()
- PyObject_SetArenaAllocator ()
- Py_SetPath()
- Py_SetProgramName ()
- Py_SetPythonHome ()
- Py _SetStandardStreamEncoding ()
- PySys_AddWarnOption ()
- PySys_AddXOption ()
- PySys_ResetWarnOptions ()
o [FE AL
- Py _IsInitialized()
- PyMem_ GetAllocator ()

- PyObject_GetArenaAllocator ()
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Py_GetBuildInfo ()
- Py _GetCompiler/()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()

« TH
- Py_DecodeLocale ()

o AT Bl
- PyMem_RawMalloc ()

- PyMem_RawRealloc ()

PyMem RawCalloc ()

- PyMem_RawFree ()

% AR BB B A M % fEPy _Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),

Py_GetPythonHome (), Py_GetProgramName () MlPyEval_InitThreads () HJHH-

9.2 2REETE

Python A f 5 ¥4 il 42 SR e B H A R PRI I A AL o X LERRAEBOIA I iy AT

IS E— IR, AR R R BB R PN, —b &fPy_BytesWarningFlag

WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag

4¥f bytes B bytearray 5§ str KB bytes 5 int RN ZHEE. WRKTHET 2

IEGEe S
H —b PRI .
int Py_DebugFlag
TR AR L (PR R, KT it ) .
i —d ¥ PYTHONDEBUG 34N ik B .
int Py_DontWriteBytecodeFlag
MR E NIEE, Python AAAEF ARRERZXEA . pye X
B -B &Ll PYTHONDONTWRITEBYTECODE IEAS it B .

int Py_FrozenFlag
MAEPy GetPath () "PUHEIBIHIS R AR FR#CE RHE .
H _freeze_importlib fll frozenmain F&)FH AL G HEAR .

int Py_ HashRandomizationFlag
W PYTHONHASHSEED AR B AL a5 FAF R R 1.

WRAZHEAR N AEZAE, WI3EHL PYTHONHASHSEED FRAEAR & KA Ba AL I 0 75l 1+

int Py_IgnoreEnvironmentFlag
ZM& S PYTHON* IABEASE . fFl4nA] fEi & 1Y) PYTHONPATH #ll PYTHONHOME ,

H-E A -1 303 .
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int Py_InspectFlag

AN — DS R ABUR N T —c I, WATEPATIZIA S a2 R A SR,
HIEAE sys . stdin HAb— At 2 ant.

f —i YEWF1 PYTHONINSPECT FfIEAS R .
int Py_InteractiveFlag

Hi -1 PRI .
int Py_IsolatedFlag

PAFR B 2012 4T Python. FEFR BN sys.path ¥ ANEL & A H %88 1) site-packages H
o

B - PEVIREE .
TE 3.4 AT

int Py_LegacyWindowsFSEncodingFlag

AR AR S JEZAE, WAL mbes 4 Al “replace” 4 1% 4b P &%, T AN 2 UTF-8 % i 7l
surrogatepass IR VE ] filesystem encoding and error handler

s PYTHONLEGACYWINDOWSEF SENCODING FRBEAF g b N AR S FAFER BN 1.
HZHHISH PEP 529,
0] F1E: Windows.,
int Py_LegacyWindowsStdioFlag
MRAZERR NAEEE, WS io.FileIO A io._WindowsConsoleIO YEHN sys FRifE.
414 PYTHONLEGACYWINDOWSSTDIO M AF i NAE DS FAFER NI A 1.
ARELTEAMGER, S04 PEP 528,
] FE: Windows.,

int Py_NoSiteFlag

S site WS A MHPTIAI BET 0 T sys.path (R1E. WIER site RAERMFHRHT
A EE LA URARA B A E AT site.main ().

Hi - BEIRE .
int Py_NoUserSiteDirectory
AREH H P site-packages HZIEME| sys.path,
H —s 1 -I ¥ AN PYTHONNOUSERSITE IfIEAS Bk H .
int Py_OptimizeFlag
Hi —0 YEIFMI PYTHONOPTIMIZE MBS R E .
int Py_QuietFlag
RPEEAE A AT A s BRI AR 1
H1 —g PEIIE .
TE 3.2 A A
int Py_UnbufferedStdioFlag
sl stdout A1 stderr AN S .
Hi —u YEIH PYTHONUNBUFFERED FAB/5 FHAE .
int Py_VerboseFlag

FFUCHIGARRINAT I — 2R, BRI 8 (U B BRI ) . IR R TEHET 2,
WA B RAE 1A SCPHTED A . BEONE AR R PR .

i —v &I PYTHONVERBOSE AR B B
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9.3 MIGILFIRLSILIRIERS

void Py_Initialize ()

B T RUE ABL B146 1 Python RS . 7Ef A Python (R FIAR T , B B 4 (i AT HoAth Python/C
APL SR BZ WO s 5B &2 Python #1412 AT T R/ DB AME L o

KR W) I AL B M A B R (sys.modules), I A]EEABIH builtins, __main__ Al
sys. BEXRSWIHRABIIE REKIE (sys.path), EASWE sys.argv; WA % B G
M PySys_SetArgvEx (). 45 MM GERFEMM Py _FinalizeEx () WO R) KA
SPATAEERAE . EEAREME: QR iG 10 e MO 2 % A Bl it .

Frik: £ Windows |, 42 80N O_TEXT 0 O_BINARY, IbKFEMIFH Cizfrmfiidr
Python 3%l & i -

void Py_InitializeEx (int initsigs)

J& T FasE ABL U initsigs S 1 WHAZRB TAE X 5Py_Initialize () F3P. UNR initsigs SH O,
TR S A AR R AR, IXAERRA Python B W] BESRA AL .

intPy_IsInitialized()

& FHa5E ABL fi1 5 Python fEREER 41 IA L, WEREIEME () 5 HULRFEME (F) . fEH
Py FinalizeEx () ZJG, BWHRENGFREMBEEEPy_Initialize () FRRBHA .

int Py _FinalizeEx ()

& FFasE ABL A 3.6 g, Wdlipy_Initialize () P TA WAL BRAVERI G SE%F Python/C API
BREC B, RS BRIV Py _Initialize () PARAIEMEM RGN TG ke (S0
3Py _NewInterpreter () —17). {EHMIEN T, X 2B Python fERERS LA T A AT . 24
W R (FERBWVEM Py _Tnitialize () PERT), A PFATIEMEME. FEHEELT
REMER 0. WHRAERZAL (R Zeh SR ) R b PaT R, WERE -1,

S b MR B I A AR 220 AR A 7 7T Ay 22 8007 J 8l Python, i S 46 5637 JE 8l I A e
ALy, MBhESFIMEEE (2 DLL) fii#k Python f#Re & i b 1A% 5 vl REA EAE 14k DLL 2 HiREiL
Python 73 FEi A N AT (EAR RN AR NAFI A AR P JF RN ST A A IR ARy 2
HIFEHL Python J3 BLiy B A AT -

PO DSATE 35 000 ASTHRAIRH X 52 10 B S SR 4 FEHLIBUT HEATHY X AT BE SO T HoAta 0 52
(FER %) Bidpgtrigs (B __del () J7k) HhHf. Python Frm#kpyshasmEy i &
BLEIE . Python fEREEHIT /3 BLMY B N AE T BEAS Rl (AR A B AEte , TR i) o X4
[EPEERG BT & N AR S BOREL . 37 AT I 73 BC B H 28 AT RE R BRI 2R Le g e
I B AL B AR B T 2 B AT T R Te R I8 AR AR AP Z WM TPy _Initialize ()
Mpy_FinalizeEx () HEnlGEA AL FIME DL

5| K — MW SEH) HiTE: cpython._PySys_ClearAuditHooks.

£ 3.6 JUATIA.

void Py_Finalize ()

B TR ABL R ARHERIEMEA Py Finalizeksx () K FAAHA.
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9.4 HERSH

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

It API R B H T 1 FHRE: WY k& BPyConfig.stdio_encoding FlPyConfig.
stdio_errors, Z:W Python #1451LEH .

WAL EH FZ R, W24 TEPy_Tnitialize () ZHIAH . BHE THnME 10 {1 g i as = A4
A, HE LY str.encode () HIRAHE.
‘B | PYTHONIOENCODING MfH, H At AU AEXEREE AL A E I i ] 1O Gk
s
encoding F/B, errors A]PAA NULL PA{#i ] PYTHONIOENCODING Fl/8i#hiAME (BT HALE).
WHEBLREEH S (SETHAMEE), sys.stderr AR i backslashreplace” 4 5 4b
o
WERPM T Py_FinalizeEx (), WFGFZEHRMAMZRBOAFE LN Py_Tnitialize () WG%E
WH
BCIERR A 0, HAEEHT R EEHESE (FAN7EfRERR DI Ak S AR )
TE 3.4 JRUATIA.
H 3.11 A58 .

void Py_ SetProgramName (const wchar_t *name)

& T HUE ABL I APTREER BT T 10) T AR Y Py Config. program_name, £ Python
MG LB E .

TR %R, NSEERIERPy Initialize () ZHIVEAAT. BHEIFBBEAETL
main () PRELH) argv 0] ZEME (A TEFERF) . Py_GetPath () AN A LE H Al s H 2>
i e AR T AR 0 07 B A 3R A 07 SCFY Python 35 4TI . BRAAMEZ 'python'. B
3 24 48 ) ST 1 — A DABEES R S H . NS PUTIHIRAN & & 2E#2s . Python
RERS TP AT A A AL ER A 2 AR Z AT ) N 25

ffiflpy_DecodeLocale () FRARMFATE AMFE]—4 wchar_* FLFH .
H 3.11 fitA 55 H.

wchar_t *Py_GetProgramName ()

& T e ABL kAl Py_SetProgramName () WEMT A, BERIARAIR. RIEFAFERHE
IS R B MO
W NAEPy Tnitialize () ZHIHHA, 75 0¥HRF NULL,
1E 3.10 AR AASH: BHEMR EAEPy_Tnitialize () ZHIBIRMRFR ] NULL,

wchar_t *Py_GetPrefix ()
B TR ABL R [ £ X B % 3R M S TP & SO prefic, X 2 o BT A
M Py_setProgramName () & 1)FEJT 45 FRANHE SO IR 55 A2 5 I YR A 1 — R 90 52 2 HL 0 R A5 1 5
20510, TRFEFAFRA ' /usr/local/bin/python', N prefix & ' /usr/local'. iR[Af)
RIS e TR U0 . SR T 24k Make i le 1) prefix R
PARAE GRS 1525 configure A ——prefix 240, %ERFA sys.prefix [ Fi{iL Python
R . BAGEH T Unix. B2 0L F— .

MWRECANNAEPy_Initialize () ZHIBEA, 750K NULL,
TE 3.10 JiUA A AEAS R BUAEWIIR EFEPy_Tnitialize () Z BIHEHHRHE ] NULL,

wchar_t *Py_GetExecPrefix ()

B TRE ABL iR [l & X B Z M R B TP & XM R execprefix, X J& il of B F
Py _SetProgramName () B HFEFF 24 FRAIELOIAEEAS 8 BT iR AE 10— R Z NI SRIS ) s 28
BVt , R FRFZFRN ' /usr/local/bin/python', N exec-prefix A ' /usr/local' . iz [H[H)
FAFER IR B SAT 0 W A NAG SO E . XY T i Z2 9 Makefile H1f) exec_prefix
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A DA AL IR IE 4 configure 4[] ——exec—prefix 4. iZ{H¥ VA sys.exec_prefix
(24 FRAt Python AU A . B {E H T Unix.

FE AP AR SR (AT AT SO RISE 28 ) 8 2 TR R H SR h B % exec-prefix
FFLARET prefix, FEMAR L2 rh, HOTF S SCI AT B2 T the /usr/local/plat T-H
S TS T B B SO AT REZEAE T /usr/local.,

B2, FER—HE M RIRK A S, PIUPrAIs1T Solaris 2.x #1E R 4EH) Sparc Pl

BANARIF-6 , {Hiz4T Solaris 2.x () Intel LR 7 —F¥-5& , WMiz4T Linux /) Intel Hls e —

MG o M FEEAE R SR AR FBEAA OB 2SR AP . JFE Unix #847E R GEH 0L A

BT X IERGE LB 22 S 2= 51 FL K TR I prefix Al exec-prefix 2 AR, IFRHBN 257

%’fi - )%E% EL 4 ¢ Python F i @S2 F-F- 5 1) (EHA ML T E 14T (4 A1) Python
|

R4 T B E AN BE B mount 5f automount fEJFUAFE & E|L S /usr/local ik /usr/
local/plat BCNEMRIASFE--G AN E SRS .

WA NAEPY Tnitialize () ZHIHHA, 75 N¥KHRE NULL,
16 3.10 AR AAT: AEWREAEPy_Initialize () Z R HRFRE] NULL,

wchar_t *Py_GetProgramFullPath ()

& TR E ABL 3R [H] Python WJ 047 SCF 1) 58 8RR Jr & Bk X 2 E MARIERF &R (L
kPy_SetProgramName () 1 #) YRAEBRIABLHIE Z B AR 10 AT 52 1T 5045 B 1. 3R JB] 1) 7
FRER IR S A A A NAESILE . Z(EFFPA sys . executable 144 FRft Python {{fY
il

WHRBCR N AEPy Initialize () Z BB, 75 NPEFHRE NULL,

TE 3.10 A K AAT: AEMREAEPy_Initialize () ZHIERHRFRE NULL,

wchar_t *Py_GetPath ()

B FRE ABL R MBS RIER S X RMRIERF A (b BikPy_SetProgramiame () 5
) FIREIAEAS R AR A o IR ] AT E B — R R T B B 2 BRI H SR R
. oy PEATAE Unix Al macOS E2% '+ 1iifE Windows F2y *; ' o R [l A5 H3 0545 [0 B SA 76 5
PO A WA . 5135 sys . path RETEMPREE S S AR UG 1 B PATERE S 912
e Of BIEHASPIEE) DAL S EBR R B .

BB AEPy_Tnitialize () ZHIBAM, #NFF&RE NULL,
TE 310 JRA KA BAEMREAEPy_Initialize () Z AR FFFRIE NULL.

void Py_SetPath (const wchar_t*)

B THRE ABL B 3.7 AL M APL B R B M T PR W4k bR H & EpyConfig.
module_search_paths MlPyConfig.module_search_paths_set, W Python #1445 1LH H .

BEEBAMB I RIS . RICREEPy_Tnitialize () ZHIBEM, WPy _GetrPath () ¥
A2 B BN R AT 2SN SR AR X3 T A58 & MR T A B {07
[ AR He i A Python (RIS . BEARLLIER 24t F- & LB A BEAFR 40 Ff , 7€ Unix FI macOS |-
K v TAE Windows B v,

X FE sys.executable # MR T EBEEIE (B Py_GetProgramFullPath ()) T
sys.prefix fll sys.exec_prefix SN2 (H. R Py _Tnitialize () Z 5B FFEN N
H R B BT

il Py_pDecodeLocale () RARMFATEHR MEH]—4> wchar_* FAFH,
HARSHAAENTRSZ ], D7 T DATE R 45 R SR E

15 3.8 A K LA H: BUE sys . executable RHH HFEFHYSEREERAR, TAZHET T4
311 AR5

const char *Py_GetVersion ()

& T HE ABL iR [u] Python RS HYIRAS . XA F LA 74753
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["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]1" J

A (BISE— AT IER) & 24 RTY Python MUAS s HITTHI A P49 A2 LA S0 i) 2 2RI
BAT o SR FAFEFFAR [ ESAT i AT ANABSCHAR . X (ERFLA sys . version BZAK
i Python {1 .

HigZHPy_Version .
const char *Py_GetPlatform ()

& FFasE ABL RIFYEPES HPE GRS, 76 Unix b, SXHDURIERSGN “BE N A ER,
/NS, BN EEARS BN, X Solaris 2.x, ZiFK SunOS 5.x, #Z{HKF A 'sunos5',
7E macOS I, BRH 'darwin', 7E Windows F'EXF A "win' . iR FAFER IR MIESAAE: T
T ANAE M HAE . Python XG5t sys.plat form FREUZIE .

const char *Py_GetCopyright ()
& F A5 E ABL iR B2 Python AN BB 7 AL A4, Bildn
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

AR [0 (AT A 1 S A TR A B CHAE . Python UG W@ sys . copyright KM%
{H.

const char *Py_GetCompiler ()
2, FRoE ABL 1R [ H T4aiE 24 1) Python MU SmiEARTE S, N &5, Hin:

["[GCC 2.7.2.2]" J

AR [ AT AR I ST R E AN B ECHAE . Python UE W] PAMAS & sys . version H3k
BUzfe -

const char *Py_GetBuildInfo ()
2 FiaoE ABL 1R [lAg 56 24 i Python fERERS L0047 515 ke d H IR ) (5 5, fldn:

["#67, Aug 1 1997, 22:34:28" ]

IR [ g AT ER AR S . VR A BB B . Python ARG A A & sys . version 1k
HUZMA
void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)
& FTHE ABL It APT gl R B ] T 10 T 345 WY MU R EPyConfig.argv, PyConfig.
parse_argv MlPyConfig.safe_path, Z:ULPython #1451LB & .
W4 arge Fll argy %5 sys . argv. XS SEAFEFH main () BERIZERL, KAIEETH T
458 1) EEA T AR SO T AS /2 Python R I I PT AT S o AR ZLS TR IAS , W) argy
S — T DA A AR QPRI R B TR IE WAL sys . argy, WP Py _FatalError ()
K EEOES
MR updatepath 12, HRRECR 58 ARAE . MR updatepath yAEZAR, W RREIGAFFHRAE DAH S50
B sys.path:
o WARAE argv (0] HHEA— DG A, WA FTE H SR AR BRI sys .path
k.
o TEHAAFLL T (W2, W arge Ky 0 Bl argv [0] RFGMIIA LMF4), WHFTE sys.path
PRSI — AR, XS T2/ TAEE S (" "),
i Py_DecodeLocale () RMMFITH MR — wchar_* 7.
i 2 R Python #7145 1LBL 3 B PyConfig.orig_argv fllPyConfig.argv J§i .

ik BUEHR T TR ALY B i A Python fERESS I AR AE A 0 {ER updatepath,
HAFEERHEH sys.path &K G, &L CVE-2008-5983,
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1E 313 ZHIFIA R, ARA DA Py Sys_SetArgv () ZJGFahtis—4> sys.path o
=, Bl A:

[PyRunfSimpleString("import sys; sys.path.pop(0)\n"); ]

e 3.1.3 JRAIA.
H 3.11 A5 .

void PySys_ SetArgv (int argc, wchar_t **argv)

B THaE ABL It APL AR [a) FARAS AR EA © M BCH IR E PyConfig. argy U PyConfig.
parse_argv, Z:ULPython #1445 1LH H .

WK EAH Y4 T PySys_SetArgvEx () W T updatepath f3 1 [9E python fFREAS F 3l I Bt a7 T

-1,
i py_DecodeLocale () KA FITH LARHE] A4~ wehar_* F4FH
WG R Python #1458 1L E WJPyConfig.orig argv MlPyConfig.argv {5l
T 3.4 WA K A48T updatepath (BRI T - 1.

H 3.1 iRAS .

void Py_SetPythonHome (const wchar_t *home)
& T RUE ABL Bt APT R B T N2 N4 E PyConfig. home, 2 WLPython #1451t

LT A
Eﬁ%@iﬁé@”hm@’ H%, Wgt@prifE Python FEFTHEMI(E . 752 M PYTHONHOME [ fRIZSEFA4F
WSO 2448 [ B SRR T — D ABES R A7, HNATERRT P TIRGRFEAZE . Python
FERER PG RS R 25 B A P Y 2
fliflpy_DecodeLocale () KFRSFATER MG E]— A wehar_* FAF.
H 3.11 A5 .
wchar_t *Py_GetPythonHome ()
B TRE ABL 3R FIERIN home”, @ I Z WXt Py_SetPythonHome () WV I EME, 5
BB E T PYTHONHOME FREEAS B I N X728 S {E .
WHRBCR APy Tnitialize () ZHIBWA, 75 0WRHRE] NULL,
1 3.10 A R A AR B AR AR EAEPy Tnitialize () Z IR R[] NULL,

9.5 ZENATHLEFR2IM

Python f# e A2 58 R RAE LA . N T SCFFZ LA Python R2)F, W& T — 2 RBL, FrHNglobal
interpreter lock MGIL, 4K AAERTA EZ A fe2e4HiJi 17 Python Xt 4. WIRBLAX B, HIfE
IR A7 BLF) A ] REAE 2 AR ARy T BRGNS 2R AR [ IS AR D6 R A 5 | o
SRR fE R 2 I T — I A 2

Ft, FRMER HA SRAGGIL 2R 4 BETE Python X4 EIRATH#EAEEE 1] Python/C APT %, “hy TR
HEIAT, RS EMSYIRERE (B sys. setswitchinterval (). BLATEEEE XIS
AE T MUPH ZER VO $R/EmIRENL, PATEHAh Python & ] AR N2 AT .

Python e XA — N2 WPy Threadstate [WEIREH R RF— LR L RICRER . ©F—1
AR I M Y i Py ThreadState: BH[PMIIPyThreadState_Get () FRIREL,
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9.5.1 \¥ B RAEPER GIL
REBARVEGIL B9 AU BAT AT fa] BG4 -

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

O AN PR3 I — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS 7% ¥f 4T F — A B B I B W — A B W & W & &
Py_END_ALLOW_THREADS 7% 3 XM,

AR R R S A

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

XKLL pR B ARSI 4R AR B R R i 1) 24 AT ARSI 5 5o R BI PR AT AR
S, IAAHE BB BRIBCY BT SHRET (R 55— AT AL BIPRIRBOT F O AR
SAEER AR AL T ) o AR, MR IR SRR, A AR R £ 2 T SE AR -

il WAL VO sRBUEREL GIL (1553 WL B, (HEAE AT 25957 Python X 42y K Wiz ATt
S0, HCAnEr X A G h XA TR AR Y e 40 O R A AT AR o 28BSk, X B AT i s
A BEAEIRHE z11ib Al hashlib BHGRSREIL GIL.

9.5.2 JE Python Gl 12

1L 1T/ Python API (#ll threading Bibk) GIEARERS, & A3 REK—DLRAREH M L 2w
MR RIER. E2, MRLRZN C A (Flinh A B CMAREBISE =7 REIE), e
AFFA GIL BB R WA KRR L 1

ARARTE B IX LE LA A ] Python AURD  (IX3E# 2 Fak S8 =5 FEPr e it [l 8 APY i —i7) ), fikah
A Yol i QSRR S ER A (R m R I s 2, ARSI GIL, et eI &RBIRE
FEF, XEEARA RETF ARG Python/C APL. SEINPA B BRIG, ARV Y EARDIREHEE, B GIL, #
JE R AR LIRS A

PyGILState_Ensure () MIPyGILState_Release () B¥I& ABISEM LRI A #AE. M C &AL
JIE| Python Ay ST AT

PyGILState STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);
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W& PyGILState_* MMAIE RAE N2 mERss (hpy_Initialize () HzhEl#) . Python
TR BB FERERY (EH Py _NewInterpreter () A1) , HAZFIRG M HZ A MBS
PyGILState_* API,

9.5.3 Fx fork() By EEEM

A RBFER 73— T EE R EE U AR C fork () WAMMIATN . FERZHEFS fork ()
ARG, 24— DIEFEIAT fork 2 50 A K fork BYLARAFAE . O T AN AL PRBIVA K CPython 1Y
BTN BT AR SR A SRR S

SRR CUFT AR — PSR AT By A 2R AR T M B A S 9iRE . Python 3@ 3 7 fork 2
BARE N8 8, IR SR 10 7 2h os . fork () fide TiXAN 8, boh, ERSEE it
F& B 4T lock-objects. 7EP” R E i A Python B, %7 JpZ Al Python £ fork 2 B8l 2 J5 7 B3R HL L E
BRI (E Python) . FREMEH OS THBIAN pthread_atfork () R WAL EN . tLoh, EY
JEdli A Python i, HIEFH fork () MAREM os. fork () (IfiR [FF|8# FH £ Python H) ¥ H 7T 8
2 FEIEAYE fork 7 J5 R LA TR 1Y Python PNERBI A& LEFES . PyOS AfterFork Child() 4%
SR E BT, (HIF RS2 RS

JT A A 2 R R 45 R G — SR S Rk 35 CPython (132 4T B ARSI % 35 M, os. fork () Hl
XM XK E R LR T 4 u BRI HfthpyThreadstate X4 DA M ir A H
Py TnterpreterState X4, WT X — B LA main” s 5 BERIRMER, fork () W24 HAE% R
RERR)"main” ZAE PR A, 1 CPython 42 JRyiz 4T e Wl R AE X AW IR L) . R exec ()
Wi Je S BB R P 19 200 R M — 1 U A

9.5.4 Fhkt API

RKLRAEG T C 4 RAUH BRI A Python fERERR IR foc i Y IERUAN R %L
type PyInterpreterState

B T2 APL (1EA TR LK) - ZEHRSH RS SELREZRRE. BT R
P LA S S B I DA Al — 28 PR H o IR PR LS A R

BB T A F R AR I SRR A SIEATATARPY, (HIERRPES ] H A7 TR SO AT 45 45
ot R Bt 2 A AR s, TOR BN E TR -

type PyThreadState
B T2 APL (1E ARGy E#R)  ZEIRGH RPN SRR . ME—R A ER AN -

PylnterpreterState *interp
AR RPN .
void PyEval_InitThreads ()
B T 18E ABL APATALA AR B 7 s AL
1E Python 3.6 S B ZRIA T, HEREISTE GIL AAAER A E .
TE 3.9 WA B LS PR BORAE A AT AEAT e
e 3.7 WA B A AR KRB E i Py_Initialize () WM, HWRTHIFATHAE.
TE 3.2 A B AASH: IR E A AV AEPy_Initialize () Z I,
3.9 HUAF .
int PyEval_ThreadsInitialized ()

& FHasE ABL W PyEval TnitThreads () CAWVEANEREIHESE . MR TEATHA GIL
WO SRR, PRI AT A A e e B LR AR A T I B APT 43 A

TE 3.7 WA KA A8 o8 BUAEGIL R Py_Initialize () RKIHik.
H 3.9 AT,
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PyThreadState *PyEval_SaveThread ()

B T RUE ABL B R R BT (AR E Q)3 R AR ST B NULL, R[] Z A AR
(AN NULL). ARG, W prdefes it ke e.

void PyEval_RestoreThread (PyThreadState *tstate)

B T RiE ABL RIS R REAR B (AR C BIHD HRF 2 ARRIRAS BN tstate, &M NULL. HI5
BIE PRI, A AR 1 AR IR, 5 I e A

I MIETH IETE B A RS R AR R T DU B BSR4 % 2, B AR AN 2 i Python A1
Mo VRA]DAFEVE PRS2 Bifli ] _Py_IsFinalizing () B{ sys.is_finalizing() SEH#
R R R ID AT B A B v DARE S AN DL 4 45

PyThreadState *PyThreadState_Get ()

B T HUE ABL SR Y BIFRIRES . @R B SA . FE4 PRy NULL i, aXR &
—ANEa R G 5 TEAUR #2754 NULL).

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

B T R ABL el i AR i B4 sstare (T AEH NULL) 45 HAOSTRIRAS . 4 RMRRR B Bl
WA HARGOREL .

A RE ] SRR AN, I HORNRE A TR -

PyGILState_ STATE PyGILState_Ensure ()
B THE ABL B £ 24 1 2 72 © 1 4% 47 P4 1] Python C API Tfj K % Python B 4 J5) i B i il
2 mR S . R BRI # S PyGTistate Release () W A AH VT C 5L 7T DA @ i
LM RBEEZ R — ki, HZELBERESE B Release() 2 i 1Y 4R 25 7T PA
{EPyGILState Ensure () MIPyGILState Release () Vil F 22 16 f# f Hofth 5 28 A0 2411 APL.
man, nPAIEE i Py _BEGIN_ALLOW_THREADS MIPy_END_ALLOW_THREADS %%,

BRIE R4 PyGILState_Ensure () #{H R EARRSHIAEI “AE”, H BB G
YhpyGILState_Release () AR Python ZbFHHEPIRAS . B AR ARVFEBIATA A, (ELX SEA0HA Ak
Jt= TR X PyGILState_Ensure () W EME HERUN I RAEX PYyGILState_Release ()

(A FH ER) A
MZRRBOR I, 2 BTRARRRRA GIL HRERS IR AL Python Ul . AT RICR- B PR .

i s 7B IEAE R LA I A ALV F I BB A 5% 2688, B AR A )& | Python A1)
Mo YRR PAFEVE R Bifli ] _Py_IsFinalizing() B{ sys.is_finalizing() K&
fRERR 2 A IO AL T i A AR DARE S AN DA B 24 4

void PyGILState_Release (PyGILState_STATE)
B THEE ABL B Z B 3R R AE AT B8 P57 ML A Z J5, Python fAR 25 R 5 HEAE XA
WPyGILState Ensure () WM Z Rl —HFE (E 28 5 HOPR 0 0 1 7 R UK 2 RFNRY, X
GILState APT i Fij 2 4tk )

XPyGILState_Ensure () BIRFRFERE NN STER —LE FXPyGILState _Release () HY
e AR PR o

PyThreadState *PyGILState_GetThisThreadState ()
B THE ABL FRBUZAR I Y BTRADIRES . IR M Hi &k fE B %A (i GILState APT JUJw] DA [1]
NULL. J§HEFARELR LA NEBRES, BIESA e E 4 LT A sh RRRRES T .
X EER— NS W R

int PyGILState_Check ()
MR LA A GIL WAk (A 1 AR 0. ek 0n] DARE I AE AR . A4 E /) Python
LRREC BV I B4 HIFrA GIL I E A 2R 0 1. X FZR— MBS KR E. BlanfEm
PR S A4 B BRI SR AL, 245058 GIL B8 ish ] DA SRR U8 F 7 S0 TRk i 4V
e e HARSE L MR A AT -

1E 3.4 A TIA.
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PATR ) Z2 05 05 ) B3 15 AN AR 24055 5 7E Python JEARS & 70 iR B 7~ 1 Fi 32
Py_BEGIN_ALLOW_THREADS

% Tk &  ABL ¥ = & EHL i jj { PyThreadState *_save; _save =
PyEval_SaveThread();. WHHE B E B & — 1M H Lk HE S B LU 5 FHE
)Py _END_ALLOW_THREADS %2JUHL. 7@ PRl &/Nilpiis */Fﬂ‘ WiES L.

Py_END_ALLOW_THREADS

& FHaE ABL WY Bl PyEval_RestoreThread (_save); }. WEEEE—MAERES:
TS 2 /i) Py_BEGIN_ALLOW_THREADS VUL, 1%74%|F—EJL§CM1£F—$1T 7oyli

Py_BLOCK_THREADS

B FHE ABL XA EP B HN PyEval_RestoreThread (_save);: BEEMN TIEAB XHIETES
B@PY_END_ALLOW_THREADSG

Py UNBLOCK_THREADS

B T HaE ABL XANEY TN _save = PyEval_SaveThread();: E%Mr T BA TFIRTER S H
ASE R Py _BEGIN_ALLOW_THREADS,

9.5.5 [KE%Z API

OV R AEPy_Tnitialize () ZJGBORM
T8 3.7 WA KR Py_Initialize () AERWIIHALGIL.
PylInterpreterState *PyInterpreterState_New ()

%ﬁ"%ﬁm ABL QR ER GRS G ANEERA &R EURAG D275
BRI T 0 AT BE AT

%I?j*ﬁ*?ﬁ%iﬁﬁéﬁ HHITE A cpython.PyInterpreterState_New,
void PyInterpreterState_Clear (PylnterpreterState *interp)

& THUE ABL HEMRREPIRSN R P ITEE R . DA &Rl

B E—NARNESE) FHTEE) cpython.PyInterpreterState_Clear,

void PyInterpreterState_Delete (PylnterpreterState *interp)

% FTHOE ABL iSRRI S L. AR ERA RS MRS 2
XtPyInterpreterState Clear () TR EEE.

PyThreadState *PyThreadState_New (PylnterpreterState *interp)

B THUE ABL BIEJE T 45 € RS M R AU BI L RRIRE N R . B RSB TR, (HARTE
ZPFIRS BB TR AT, 0T DAPREF

void PyThreadState_Clear (PyThreadState *tstate)
& T heE ABL HEARREN S AR A FE . DR 4 R Reas il .

TE 3.9 A KA Ao ILRBIRAE & PyThreadState.on_delete [l FEZHIRAH, 1L
PER EHEAFPyThreadState_Delete () P,

void PyThreadState_Delete (PyThreadState *tstate)

B TROE ABL f B R BRESXN R. AFERA & RSP SRR SH M 2wl
XfPyThreadState_Clear () WIHHREE.

void PyThreadState_DeleteCurrent (void)

B ARSI R & R R 9. SPyThreadState Delete () KM, NEERAERF
fREas . ARRRESUIEMH Z BiXf Py ThreadState_Clear () JHHREE.

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
% FiaoE ABL B 3.10 Az, FREL Python ZFEARAS sstate 11724 1T,
iR al—A>strong reference. QIARIA 2 HIAT R WU IE [H] NULL,
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BiEEPyEval_GetFrame ().
tstate WhSiIANH NULL,
1E 3.9 RATIA.
uint64_t PyThreadState_GetID (PyThreadState *tstate)
& T IE ABL B 3.10 e, 3R Python FRIRZS tstate Y ME—Z AR IRFF .
1state L7/ A NULL,
1 3.9 RATIA.

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

& T HEE ABL B 3.10 jase. 3RHL Python ZRARIRZS tstate Xof WY A FFRE &% o
tstate WhNIAN"A NULL.,
1E 3.9 AT

void PyThreadState_EnterTracing (PyThreadState *tstate)
715 Python LRFLIRZS sstate B ERFN ML BE 44T«
ffiflPyThreadState_LeaveTracing () BRECEKE TEAT.
e 3. 11 BUATIA.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

W& Python LR FLIRZS sstate Py ThreadState EnterTracing () BRBCEEHE BRI AE 4>
Mo

BiEZHPyEval_SetTrace () flPyEval_SetProfile () R,
1 3.1 JRAIA.

PylnterpreterState *PyInterpreterState_Get (void)
& FFasE ABL B 3.9 e FRIBCY RS .

TS 47 4524 B Python £ FLIRTS s A 7 A6 24 A0 RE 2R MG 22 B Ap A A5 5. B JEARIR
NULL,

AL 25 #H7 GIL.
£ 3.9 FRATA.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
BT HRuE ABL g 3.7 e, R EREZRIIME— ID. MR TR K A AT A R WPRF R 8] -1 FF 15
AR
i I b 254577 GIL.
e 3.7 B

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

B FiiE ABL B 3.8 paAe. R [El—NTFARERE S L R Aa i 7. QPRI AGR 18] NULL WIBEA
S HREE | A BRI 7 B 24 R R 2 % S8 o AN T

RXAEPyModule_GetState () B, PRI ERAAHAFREES € BAITIREE B
1E 3.8 A TIA.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PyInterpreterFrame *frame, int
throwflag)

WP A R AR 2 2

throwflag T2t AL JMAR Y throw O VERMN - WhAEZME, ALY F 574 .

TE 3.9 WA B AASH: B A E nl 45 %> tstate 125

1 3.1 A K EASTE: frame JE 5 PyFrameObject* MCh _PyInterpreterFrame*,
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_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

AREUTPEAL PR AL
152 % PEP 523 "Adding a frame evaluation API to CPython”,
£ 3.9 AT

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval_frame)
BB WA R AL
125 PEP 523 “Adding a frame evaluation API to CPython”,
1 3.9 A TA.

PyObject *PyThreadState_GetDict ()

B AT A BT RUE ABL IR [El— AN AT DAEH A7 AR & SRR S M5 B A 7 4L
AR I 24 (0 ] — A A 1 R T R AR T S AR AP ROR S . FEBCA T Y 24 A AR St ] DA
PR LEpR A, AR BGR 0] NULL, WA B LA 57 5455 | A ELR 7 224 {8 5wl G 24
B R

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

B F e ABL FE—PNEAR P b MG | R i . id ZH02 BARERRRMARR id; exc 25| R S %
G0 GRBR X GTHULATRS exc (9510 B IR, R4 50k 0 2r C ¥ RRIEME.
JA A TRAT GIL, R [0 AR RAREECE; R EE I —, (HARRRE AR id ) 2R (0]
0. IR exc 2y “NULL®, MISTEBRAREMFHAEI R (MRAAAE) . XHEARTIEFHE

TE 3.7 AR KA E: id B SRR EM long 48N unsigned long,

void PyEval_AcquireThread (PyThreadState *tstate)

B T HUE ABL ZREUA SRR BIOH 5 24 1 SRR RSN 1state, "EALTIANY NULL, PULAAEIZ
HIC AN APRZARAR T R, Wk A pea.

i B TH IETE S A RS R AR R JH DU R BORF A % 2, B AR AN 2 i Python £
Mo YRA]PAFEVE RS Bifli ] _Py_IsFinalizing() B{ sys.is_finalizing() RH#
TR B R ID AT B A R v DARE S AN I B 4 45

TE 3.8 A KA B 5PyEval_RestoreThread (), Py_END_ALLOW_THREADS ()
MPpyGILState Ensure () frEF—2, WIRTEMPRERR IEAE S AL W) & 245 Y [ gt

PyEval RestoreThread () f&—MREAN K (BIFLEREM AvIIGIL) H =29 R %L

void PyEval_ReleaseThread (PyThreadState *tstate)

B T RE ABL 5 1 BT RIS EE ) NULL R & R REaR . 70 BB S8 AL
WA MBI RRE A - tstate ZHUUMA N NULL, RS EUBUN T A E R R A B ek
B WRAZ, Wi — DB R R.

PyEval_SaveThread () @—MNMARAFNE (EELEEMAIIGL) EmZHREL.

void PyEval_AcquireLock ()

B T hE0E ABL SR JRAFREAS Bl . BULATEILZ BIE#) . APRZAREC a8, Wi
YEBL.

H 32 AT HEHALER YA LBERE. i % HryEval _RestoreThread()
B{PyEval_AcquireThread().

ol MIB TI IETE S AU AR T I B B A 22 4R, RIS /2 i Python 41
(. ARATUAYESR ] M e B 2 B fi 1] _Py_IsFinalizing() B sys.is_finalizing() JRAG#
FRREAR e TR AL T R 2 AL AR H ARG AN L B 28 4

JE 38 RAR KA. B N 5PyEval_RestoreThread (), Py_END_ALLOW_THREADS ()
MPyGILState Ensure () fRFF—3, WIRTEMERERS IETE S LA F ) 2 A S5 4 Fif 2 A2
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void PyEval_Releaselock ()
2 THE ABL BELA iRt 8. BUIAE b2 Bl e A 8
H 32 A M MR B & 8 Y E LR R S W W APyEval_saveThread()

BiPyEval_ReleaseThread().

9.6 FRERIIXIF

BIMERZEA BT, AREA SR AL Python RS, HALLLYg SR BURAE [F]— b REEL 2 ]
A ER T R Z AL RS . TR LR BB MK

SR RS RALSI TG A QU S — M REAR . Bl R e D ERE P ME— 1Y Python iR, 5
TR, EAPRE HA ME— ) AR & R THE L AE S AL PSS . BB A STAEIZ A T I 4G AL 0 a] 1 1
1t HIl b e iz T i AL R 5 Sh iR &k . Py InterpreterState Main () BRECIFIR R —M
] HRA i

VRATLAE i Py ThreadState_Swap () REE TERERR Z M AT UM . U] RAGEH R 510 R R A A 6

BEA:
PyThreadState *Py_NewInterpreter ()

B TROE ABL B — TR . X2 —1 JLP) 582 Python [T IATIAEE. F55I75
B, M TR A O S AR . LA, SRR builtins,
_main__ il sys %. CINEIE (sys.modules) MBI KT (sys.path) L2
Mo BB A sys.argv A&, BHAPMARE VO Fi X4 sys. stdin, sys.stdout
sys.stderr (AN ik BEXFGHRFE ) A [F] A RS2 SCIFRE IR AT) o

The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’t be a current thread state on entry.)

PREBBAF AT e (1) MR 3

o W fUH 2 B BOv R, BilinpyModule FromDefAndSpec (), R EREAR G
EFHAIRAE— D BB R . HA C IR AR 4R 22 B RETE X LB AT G 2 [F] 3L 5,

o MR BB BRI IR LRI, BlipyModule_Create (), MEFEY R UCRARN, €
FEROEF AL, S RAFHBIR T A —A GR) #5 0L Y[ —3 BT —A~ (1) R
ARE, BRI Br I I DU N2 Y init sRBCR BRI DR T
SRR R IR AP (T) R ITIL S, X T RE S BN Z SNWAT A (B 0T 30 Bugs and

caveats)

WHHEXAFR TPy FinalizeEx () MPy Initialize () SE4 IR ILIRR G
JaFAY R T R ARG XTTFIRAELL, P RM initmodule AL 2 WFRKIEM . 5%
M BEw e —FE, XEmME A C 2R ME S 4 aA B REfE X S > [a) dh =2,

void Py_EndInterpreter (PyThreadState *tstate)

J& T 157 ABIL 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. FRERBRII 181



The Python/C API, Z{THR# 3.11.13

9.6.1 fHiRfOE &

o TR (A R %‘K%W*/I\iﬁﬁﬁ’ﬂﬂﬁjﬁ% EAZ BB ERSIFAE5E 55 - 266k,
i ARZ W SCHAE A os . close () BB HE CLEBGER R 2 eEA14 BFT IS BT (F)
R R L=y R = %%V%T EICYEIE R LAE; T@ﬁﬁ%m&%ﬂﬁ“%jﬁ (GESEADE S i)
iﬁ:jﬁﬁ\ﬁmﬂz )@T%/\¥%ﬁ%§qjﬁULEﬁXT%ﬁ—IﬁEWTﬁ/\ﬂ%*A (F) R R fir A4 25 ) s X 0 B,
1 ] T] BE bk

87 224 45 S T e e TR Z AL P B PR k. SEplEE, BROA X SR R AT
;%1@7@;;%%’%&&9’] CUMEBIR (F) MR . A E R — '5 & N 24 3 G L =R AR
T I A %

WEF RN — 2R L YIBE S PyGILState_* API 54 (i IR RAUPH), B hiXLe APT £ {2 ¢ Python
LRSS SR RE R LR AN KR, TR AFEF T T — . AR
AEAE—XF HEAPCEC ) PyGILState Ensure () MPyGILState Release () Va2 (A1 He F-ARRESL,
BEAh, fil X 2 APT DA fe i M 3E Python 1 () 4218 A Python fRASHIH & (U1 ctypes) FEM H TR
PRI AT e 2 H P A A

9.7 R &EA

PRAL T ) T ARRERS R Ak DB AL . X SRR R ] s R R S PR S AR .
int Py_ AddPendingCall (int (*func)(void*), void *arg)

B T RUE ABL Kf— DR BUIMAM LR SRR BT RIME S5 o s, KR [ 0 HF4F func A
TR ARE R ERRAS . RIS, KR ] -1 (A S BCEALAT R

BIHIMABI)S , func XF AP SEL arg B MREARAAERIA . XFF IE#12471 Python fUY
KULE R, (R I DA R PS5

o f\iTF bytecode W) FE I ;
o FERFRFFA global interpreter lock (Rt func B A T 52814 C API),

func WLIFAEIRINIIR ] 0, BAERMO R -1 HBE N RHEES . func AP ITARE LA
Fro— AP d@n, (HAR A RER S B soRE U & 5 T g T AT e A -

BB T AN 2 AT ARIRA, AT S R REas Bl

T T APREAs sP R T R, R T AR GIL. R0, AL func W] RE WL HEL HR IR REAS K
VR

Bl XE-MUZZ0RE, RIEARERRME DL T A . RREORIE func 2X P . R
FARTTHATHEANRGVIH, fune FERSTER G MR Z B H . HREGHE AEAMN
fE7 C &AHE A Python AU . 1AL, 3500 PyGILStateAPI,

1E 3.1 A A

TE 3.9 AR B AR AR B AR LR BCFE TR & rR B I, W BR K fune KR ZEHEAE T ARREAS R
A RAE RS H IR . BUEEAS TAREASAA H SRR 512
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9.8 SHTFOERER

Python fJ#RE & A MNP RE 7 AT MIAA TR B T HARGL 17— SRR G SCRF . BN BN TR,
MEE T TH

XA~ C 2 AR VFPERE A s B A S EE 52 1 ) Python JZZRY al A FI X R R BT, EREEZNIT C
BB . WL AMERBHEAZ: XA O RV KRR R IR ER ek B, HL 1) R 5 R 450
A HEAR ARG 2 B CAS H 1] Python 2 Z0HR B3 pR R A5 Y S AR ] o
typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
ffi ipyEval_SetProfile() HMPyEval_SetTrace () Y& W B I BF B % ny 2K 8, B
— MBS AN obj &3k 4 YEN B EH X R, frame 2 5 A KB WX B, what
% ”,%" HPyTrace CALL, PyTrace EXCEPTION, PyTrace_ LINE, PyTrace_ RETURN,
PyTrace_C_CALL, PyTrace C_EXCEPTION, PyTrace_ C_RETURN ﬁPyTrace_OPCODE

HE)—A, T arg FHE T what {5 :

what HJ{& arg & X

PyTrace_CALL M B Py None.

PyTrace_EXCEPTION sys.exc_info () IREHREELS.

PyTrace_LINE E\%Py_l\ione.

PyTrace RETURN IR EI 2R T ME, BCE 2R t R B0 R [B] NULL,
PyTrace C_CALL IEZEVE H RO 42

PyTrace_C_EXCEPTION IEXEVEFREOTE.
PyTrace_C_RETURN TETEVE H R EO 42
PyTrace_OPCODE ,'é\%Py_None.

int PyTrace_CALL
20— R ECEO R TR T e, BOR N A AR N S HI L 45 Pyt race func %L
(1) what JEZHME. 15 LR AT A G BR RO 28 A AR Y B8 DU Sty B TE A B b 357
li1] Python 75 AL P4 HIAL .

int PyTrace_EXCEPTION
W AR RIHER Py race func B what B . 1EALTRSEAE (RS2 JERHAY
what FIEE T P BR, TEMCZ J5 %53 3 K QPO EAEIETEPATRIMUD . XU RCR & 24 e i
48 8 Python HeRETFIE R 1) 8 o O W5 PR I B . P B bR A 2
WX Se i PERE T R A TR ZEA T

int PyTrace_LINE
Y AFFAS PR 6 43Pyt race func BEL (BR S EAPERE BT EHD 1) what T 21)
H. EAEIHF £_trace lines Bh O FERA WA .

int PyTrace_RETURN
A A RIRRR B NHE 5 Pyt race func BALH) what TEZHIME.

int PyTrace_C_CALL
B—A> C AR A2 45 Pyt race func B4 what TEZ M.

int PyTrace_C_EXCEPTION
B—A> C REG K HE LS Py _trace func BN what TEZ1{H.

int PyTrace_C_RETURN
B—A> C REORIINAL S Pyt race func AL what TEZ1{H.

int PyTrace_OPCODE
B HHRAE S B AT I 45 Pyt race func AL (HA LA VERE TR KO 19 what 5

M. FEERATE DL R ISR S k16 B IGE e AW ¥ £ trace_opcodes Wl 1 %
BRI R .
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void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

FEHEBE A T bR BN func. obj TE S HHE R — DL S LR R REL, B0 PLUZEE Python Xt
S E NULL, G5V RE AT o BORR B4 P OIRES, WA EEAS AR obj B F A [ W {8 F2 At —
A MR L RGO E . X PERE M BB 4 X R Py Trace LINE PyTrace OPCODE
MpyTrace EXCEPTION PAANIRTA B¢ 4 S0 TR A

51555 sys.setprofile () H%L.
VAT AR GIL .

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

B HR ER oR B N func, X Bl TRyEval_setProfile (), X HIAE T MRS oA 502 L
TS FEHMBEBRFEMS EARASBRSHIEHAMN C BB X ZH X WM
H Ak, {f HPyEval_SetTrace () Y& W MIAT fil IR B oK 40 0% R & 5 WPy Trace_C_CALL.,

PyTrace_C_EXCEPTION B{PyTrace_C_RETURN {E} what JEZ[1{H.
F1itZ 5 sys . settrace () R
o7 A A FAT GIL

9.9 ERiAA 283 HF

ToX 2 R AL B s A L
PylnterpreterState *PyInterpreterState_Head ()
R IR Gk 0] 2] i By SRR G AL 51 Tk o
PylnterpreterState *PyInterpreterState_Main ()
A [ AR IR SRS 52 o
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
M RS LA 51 2 R 8] interp 2 J5 )R — 01
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
TEH S APRERS interp A1 RIRHY L ARLL RS R AR [ 45 [0 55—~ Py Threadstate XA HIHEE
PyThreadState *PyThreadState_Next (PyThreadState *tstate)

MHBTR—"1PyInterpreterState X4 LTRSS G AT 5 R PR ] sstate Z J5H) R —
i ,

9.10 L EFMFHZIH

Python ffEREGRPE AL T R AR AR (TLS) MAINZ MR, EXF N EMIRAE TLS ST T3 A HE
Python |22 [{) & FE AR A7 fif API (threading.local)., CPython [t} C 24 API 5 pthreads fl Windows
FTHRHER AL (] — R R R BOR N RS AR KB void* fH.

L X LB AR GIL: BTt 5 gL .
YRR Python . h HAELHE TLS APLAYFEH], /R ZALHG pythread. h M LA A ML i

fiks B8 APLERSCAR 20 voi.d s FYALILI 1A IR (iR 32 T A RLRURBCE M. AR void»
ERESS Jy Pyobject s, SHSEALHR LA TG SR
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9.10.1 & ZELE7fi& (TSS) API

51 TSSAPI J22 1 HUf{ CPython i REas i BLA TLS APL RG] % APL M — iRy _tss t M
A int RFTRAFLH

1E 3.7 ATIA.

%W

”A New C-API for Thread-Local Storage in CPython” (PEP 539)

type Py_tss_t
AR TR KRR APIRES, HoE SO RERCHIT T )20 TLS 28, I HEAR — I Foniviai
RERNEBT B ZEEMA AR A D
MRE L Py_LIMITED_API W}, fi¥ffiPy_tss_NEEDS_INIT PATIHCRILAHS D .
Py _tss_NEEDS_INIT
XY N Py_tss_t AARIPIIRER . WHHRX AN Py_LIMITED_API 7€ o

HMESE

Py_tss_t WEAHEL, FEMHPy_LIMITED _API 9qif i3 JRAFE 2 A0 1 , FEiX Sep bR T I e B
A SIS A G 196 s A 275 B 7 IR LG B R T e R S 0 i o
Py_tss_t *PyThread_tss_alloc ()
& FHaE ABL g 3.7 e i&El— A5 Py_tss NEEDS_INTT HIUGAHMARIRSHIRIFME, B
F MBS EE ARG R ] NUL L,
void PyThread_tss_free (Py_1ss_t *key)

BT faE ABL f 3.7 pete. SEE KA Py Thread tss_delete () PATIARATAFE 3¢ BR A L A2 S5l
A B U WA 2 S B i Py Thread tss_alloc () BB I4 B0 key. MR key B8N
NULL TR TCAT A 24

ik WORENC) key T8 — BT . (RBZ4AF key FFLH NULL,

Bk

XL IE S key A0 NULL. - H, WIRGEN Py _tss_t ibRK#@PyThread_tss_create () ¥
Wtk Py Thread tss_set () MlPyThread tss_get () T HEEARE L.

int PyThread_tss_is_created (Py_sss_t *key)

B TiaE ABL A 37 mAe  WCR 4 E WPy _tss t U i id has been initialized by
PyThread_tss_create () HAIEHALIER B —ASJEEAE

int PyThread_tss_create (Py_tss_t *key)
& FFasE ABL B 3.7 Bz, 4 HIia Ak —A TSS B [0 A5 . WIS key Z BT 4 ) A (E R

WPy _tss_NEEDS_INIT FIEANIILAT AR A e ). MR BTEAH R 5 R - FEC )
TR B IR RN AT AR A A E I S RS 3 ]

void PyThread_tss_delete (Py_tss_t *key)
B FROE ABL B 3.7 meAs. 55— TSS 8 DAEAE T 4 i it e SR B IR IUME, FF R R
VAR S BRI IR . TS 04T DAl Py Thread tss_create () PRI, 1L
PREL AT ATE [R]— A8 B R WA - (HAE— ATl S i B FRF2 ok

int PyThread_tss_set (Py_1ss_t *key, void *value)
B FReE ABL B 3.7 pete. R I AR FR IR —A> voidr (5 M ETLAEH ) TSS SAH KR
AEREESAE — R void* {HAY M7 BT,
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void *PyThread_tss_get (Py_tss_t *key)

B T HRUE ABL B 3.7 it IR LA 5 —A> TSS SAH KRIKAY voidx fH. AR Y FILAE
A 5 SR E IR ] NULL,

9.10.2 L I2A 7 fiE (TLS) API
1 3.7 KA B APT CL 4542 + Jf, 75 b4 (TSS) API B

Frik: XA APLRAA SCRp R AL TLS BER IR L e o ine YR E O N6 X FRET-
ik, PyThread create_key () FFILRIIR A —ANRMOIRAS, I HHAD TLS sRAAEXFEF- & L AT
TeRL

1T TR 2 B AA R, N BAE B AR 6 AR | AP
int PyThread_create_key ()
B FHE ABL
void PyThread_delete_key (int key)
& THaE ABL
int PyThread_set_key_value (int key, void *value)
B FRUE ABL
void *PyThread_get_key_value (int key)
B FRUE ABL
void PyThread_delete_key_value (int key)
& THaE ABL
void PyThread_ReInitTLS ()
& THaE ABL
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Python #I3&{LEL &

1F 3.8 fATNA.

Python W] DA ffi flPy InitializeFromConfig() MPyConfig %5 ¥ W& % #1 4f 1k B W DA
Py PreInitialize () MIPyPreConfiqg MR IE4

A PRI 5 5

FrZ 4T T HCE Python.

* Python T 3 W FAIHE—ANE il Y Python, HAT N5 # KL Python Sl B4, PRI R A6y <

o I e . TR T Python A IR FATRF. 4% Python 5 RLRIEIFA. (N, IFEUASRHFHE

20, LC_CTYPE i 7 KIS E AR5 AL T HAR S MHE TS b s
Py_RunMain () pREC B K45 € il Python F2) .
2 W.iInitialization, Finalization, and Threads.

2 W

PEP 587 "Python 454 ALE.

10.1 ;=61

5 il 1Y) Python [ 7R 152 2 ARG Az 1T

int main(int argc, char **argv)

{

PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception (status)) {
goto exception;

}

*/
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status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&config);

return Py_RunMain () ;

exception:
PyConfig_Clear (&configqg);
if (PyStatus_IsExit (status)) {
return status.exitcode;

}

(B L)

/* Display the error message and exit the process with

non-zero exit code */
Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
il wehar_t* FRFERABMSER.

U2 length yARZEAE, W items WU NULL F HETA FAFH 2 AR 4 NULL,

Jrik

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)

¥ item FRINE list
Python WA 25194 A 46 Ak DA S FH JtE bR 45

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)

Y item 3 AF| list 1] index i & |
NS index KT4ET list WK JE, WIXKF item YSINE] list o
index W K T4T 0,
Python WA T 46 A DASE 4 JH] IE eR £
St IR B
Py_ssize_t length
List KB,
wchar_t **items

SIETIH -
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10.3 PyStatus

type PyStatus
BRI PR AR s . AR EGR H A Z5H 1R
XFTRTR, BN DMERE AT RN C BB R .
St IR B
int exitcode
B, B4 exit O WS
const char *err_msg
BHRAEE
const char *func
T AR R A A4 R, ATRASH NULL.
AIERS R KA
PyStatus PyStatus_Ok (void)
FEI.
PyStatus PyStatus_Error (const char *err_msg)
QR RSNIDEI R A7 P
err_msg ANV A NULL,
PyStatus PyStatus_NoMemory (void)
WA LRI (AR ) o
PyStatus PyStatus_Exit (int exitcode)
PAFE A2 BB H A ASIR Y Python,
AL TR ZS 1Y BRI AR

int PyStatus_Exception (PyStatus status)

RS R e B WY Wy HAE, W R R L A g B B R

HPy_ExitStatusException(),

N

int PyStatus_IsError (PyStatus status)
BERBEIRL?

int PyStatus_IsExit (PyStatus status)
ERRETIRI?

void Py_ExitStatusException (PyStatus status)

N status J&— B EIE NP exit (exitcode) . ISR status & — 4R FT EI &5 T
BHEE— N EEEREEERLY . WLE PyStatus_Exceptlon (status) jxjilli%i{ﬁlﬁzf‘
REREEH o

i fENER, Python ¥ X & PyStatus. func 7%, MAIEMRSHIREN ¥ func - NULL,

I

PyStatus alloc (void **ptr, size_t size)
{
*ptr = PyMem_ RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}
Gy
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(B L)

return PyStatus_Ok();

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;

10.4 PyPreConfig

type PyPreConfig
M Wik tR1L Python AYZEHI A
TR TS EBC B R L
void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
WL Python B2 & SR G A0 TSERLE -
void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
SCIBURICEE U B ) U (DLW

LERE R B
int allocator
Python PFE4) itk 44 Fi:

PYMEM_ALLOCATOR_NOT_SET (0): ANekZs NI/ iiss (fdi FHERIA)
PYMEM_ALLOCATOR_DEFAULT (1): AN A0t % .
PYMEM_ALLOCATOR_DEBUG (2): Zik M 45 % [ 8K 4T
PYMEM_ALLOCATOR_MALLOC (3): f#if] C i) malloc () .
PYMEM_ALLOCATOR_MALLOC_DEBUG (4): 5 HI{fi f§ malloc () Fi#FiEX 4T .
PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc 1 #4412 % .

PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc 19 44t 22 [fH7 89X 4T .

R Python 2 # l ——without-pymalloc #4TH &N PYMEM_ALLOCATOR_PYMALLOC
Fl PYMEM_ALLOCATOR_PYMALLOC_DEBUG ¥ At 7 .

Z: 1. Memory Management.

BRiAME: PYMEM_ALLOCATOR_NOT_SET.,

int configure_locale
Ff LC_CTYPE i 5 I ik iy i 5 K.
WRET 0, NW¥fcoerce c locale Mlcoerce c_locale warn R A 0.

Z: Wlocale encoding .

BRIAME: 7£ Python LN 1, FEREBBCE N 0.
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int coerce_c_locale
WEREET 2, A C s X,
WEREET 1, NI LC_CTYPE 1 5 XIOR A A H@ 5 R 24 48 i e 46«
% Wllocale encoding .
BRIAMHE: 1E Python it E N -1, TERRESHCEH A 0.
int coerce_c_locale_warn
WENAERAE, WSAE C il 5 Ao il a4 i) A 5 .
BRIME: 72 Python FiL B Wl -1, TERRBSECE A 0.
int dev_mode
Python JF A8 2. PyConfig.dev_mode,
BRIAE: 1E Python Bl -1, FERR BRI 0,
int isolated
sl W PyConfig.isolated,
BRINE: 7E Python BixCroh 0, FERRBIRUHR 1,
int legacy_windows_fs_encoding
W AEEE:

e WHBPyPreConfig.utf8 mode N 0,

e NEPyConfig.filesystem encoding A "mbcs",

o NHEPyConfig.filesystem errors A "replace™".
WG4 | PYTHONLEGACYWINDOWSFSENCODING (AR B{H .
{#E Windows T[], #ifdef MS_WINDOWS ZZH[#%HF Windows % g 1thd .,
BOAA: 0.

int parse_argv

WNIEETAE,Py_PrelnitializeFromArgs () MlPy_PreInitializeFromBytesArgs ()
5 PAS H AL Python f@#AfT 6y AT SR ] 7 sUBMT . argv 240 200 17240

FRINMH: 7 Python BLELHl 1, FEREEMCEH A 0.

int use_environment
{Fi ] R4S E? W PyConfig. use_environment,

BRVE: 7E Python Ji ¥ H >k 1 MIZERR BBCE H R 0.
int ut £8_mode
WhAEZAE, WJE ] Python UTF-8 5.
Wit -X ut£8 Ml TIEWH PYTHONUTE 8 FpBEAS 5k 0 8% 1.,
AR LC_CTYPE ifi 5 XHHCH C 8L POSTX APl 1.
BRIAMH: 7E Python JiC & ok -1 TITERR BSRCE H ol 0.
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10.5 {#fH PyPreConfig fi#)&1t Python

Python KT AG1L:
o X H Python NfZ4BiLgs (PyPreConfig.allocator)
o Bt LC_CTYPE 155 X1 (locale encoding)
o %8 Python UTF-8 #iz{ (PyPreConfig.ut f8_mode)
M HIA T E (PyPreConfig KA fAfEFE _PyRuntime.preconfig i,
T vl a1k Python ) pRK:
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
WA preconfig THC &K 15 #] 454 Python.
preconfig ANB] >k NULL,

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const *argv)

T4k preconfig HC &K HI 46 4L Python.
W2 preconfig (parse_argv HAETEMENT argy G oATSH (FITER).
preconfig ANT] Shj NULL,
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
4 preconfig Tillit &K W] 4f 4k Python,
W preconfig fparse_argv HAEBAENIMENT argy G750 (TEFHFER) .
preconfig INA] Shj NULL.,

P EARMHPyStatus_Exception () flPy_ExitStatusException () RANFEEH (FERE
B,

Xt F-Python fit. & (PyPreConfig InitPythonConfig()), L% Python 21180115401y, IR
2AEWRI IR Python BHBABAZ G 4TS48, BB gmidig NG TRt e~ B, i, -x
ut £8 Ay 4TI J= H Python UTF-8 5=,

PyMem_SetAllocator () W] fEPy_PrelInitialize() Z J5. Py_ InitializeFromConfig()

Z HI B O AR H o XN BE A W RPyPreConfig.allocator ff W N
PYMEM_ALLOCATOR_NOT_SET )\JTZ';EPyiPreInltlallZG () Z BB

B PyMem RawMalloc () iXFER) Python P74 BL BR £0A BEFE Python T#] 464k 2 i fH, T B84
malloc () Ml free () MRS RE 4N . Py_DecodeLocale () NAETE Python FiwI G4k 2 HI#EIE H o

{2 P40 4 A o 5 T Python UTF-8 KL 11

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PreInitialize (&preconfigqg);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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10.6 PyConfig

type PyConfig

& T RE T BCE. Python B S 451 (K .
TESEING , WA PyContig Clear () MBORREIMICE NATF
SRRTTIA:
void PyConfig InitPythonConfig (PyConfig *config)
Wt Python Bz & KW IRAEC B .
void PyConfig InitIsolatedConfig (PyConfig *config)
STIBURIGE N R/ ) A [T RS
PyStatus PyConfig SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
e F TR str ¥ D1 8 *config str,
TEBLIFA 4745 14 Python.,
PyStatus PyConfig SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
ffifipy_DecodeLocale () X str #ATIRAGH I L5 R EF| *config_str,
TV LI FA 4745 1€ Python.,
PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
MRS TFAF B2 argy BB T 1754 (config Hargv 1.
TE BT 444 1 Python.,
PyStatus PyConfig SetBytesArgv (PyConfig *config, int argc, char *const *argv)

MRIET 5% argy BE A LTTB R (config Hargv H1). filPy_DecodeLocale () X7
TR TR .

TEFLIFA 4745 14 Python.,

PyStatus PyConfig SetWideStringList (PyConfig *config, PyWideStringList *list, Py_ssize_t
length, wchar_t **items)

FEIEFAFER AN list BLEN length Hl items
TEW LI FA 4745 10 Python
PyStatus PyConfig_Read (PyConfig *config)
BT A Python i’
E AL B R .
E R B AR TR S BB SO T34 282 & (5B, W1 Python 3.11 HBFE.

PyConfig_Read () ¥R #TPyConfig. argv B8—IRK AESEENT5E G , PyConfig.
parse_argv Y%A 2. BT Python BHUEMPyConrig. argv HHER, FILMENT S5
IR 2515 5 F AR 726 501 i A7 >4 Python 3553 .

TE LT FAA744 1 Python

TE 3.10 A K AT PyConfig.argy ZAMTE RSB MEAT— IR, TES T 58 UG,
PyConfig.parse_argv ¥gi%h 2, RBFMPyConfig.parse_argv T 1 Bt A ST

Z—E3 1 A KA PyConfig Read () ARMITHETA M, BIAEPython 5128 K
T F R REAS B EN AR Py _InitializeFromConfig () $EEMH .

void PyConfig_Clear (PyConfig *config)
TETIIC & A A
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WA LK LZE PyConfig Jyykff &7 4044 14 Python, FEXFE LR, Python Fi#) i 1k Bt &
(PyPreConfig) ¥fPAPyConfig Fyk:fii. WRBIHESryrPreconfig MFEMECETFE, B
WAEVHH PyConfig JrikZ Higk L e

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e PyConfig.use_environment

WAN, Wi T PyConfig SetArgv () B{PyConfig SetBytesArgv (), WWAMAEYEHHA
VEZ IR, RO s i BB T 738 (W parse_argv HAEE(E).

XS VE IR F B ] PyStatus_Exception () fl Py_ExitStatusException ()
PR (R IREGRE ) .

gErR T B
PyWideStringList axgv
IS4 sys.argv.

Ffparse_argv B 1 FFLA5 0 Python f# 4 Python fir 47 S 40 [ Y 77 X f#bTarov FF
Margv 1] Ef Python Z4L.

WRargv =, WSTRM— D2 FRFER AR sys . argv IREAFAET HIKEA R Z
BRAE: NULL.
FiEZHorig_argv M.
int safe_path
WARSETE, Py_RunMain () RFERZNNE sys . path JFRGI—ATREAN L 1AL
« Mfargv/0] %F L"-m" (python -m module), WIZRMIETTA:H %,
o WERZIZFTHIZAR (python script.py), WHEIAARHF. WA THE, WM

VRS
o EHAREL T (python —c code Hl python), RHRII—DZFHFH, XAR 271 TAF
H%.

it - TR A PYTHONSAFEPATH FRIEAS BN BN 1.
ERINE: Python LB Wk 0, FREECEH N 1.
16 3.11 BUASTA.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
BRA{E: NULL.
Python 3%42B0 5 H—FR57
wchar_t *base_executable
Python B AR AT/ sys._base_executable.
i _ PYVENV_LAUNCHER__ FfBEAR G55 .
1k NULL WM PyConfig.executable ¥ H .
BRIA(H: NULL.
Python 354280 % W)—#84) o
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wchar_t *base_prefix

sys.base_prefix.
BRiA{H: NULL.
Python 35128 & H—HB5 .
int buffered_stdio
WREFT 0 Heonfigure c_stdio NAEFAE, WA C Bl stdout Fl stderr 20t
W —u A FTEEWIA PYTHONUNBUFFERED FRIEAF B Eh 0,
stdin 452 PAZ P REFTIT .
BOAMA: 1.
int bytes_warning

WERSET 1, WK bytes 3 bytearray 5 str #{7HE, 5 bytes 5 int H#fTHK
& 4

WRKTET 2, WHEXLEFR TS| K BytesWarning 4.
H —b M TR T o
ERIMH: 0.

int warn_default_encoding

WNAREAE, WHE 1o. Text I0Wrapper fEAIERIAHADH% 3N % i EncodingWarning %,

PEI 12 io-encoding-warning .,
BRIMHE: 0.
1E 3.10 AT

int code_debug_ranges
?g%%? 0, WESHAEA R R AR RATAIFIRGT . FH HLASTERRE DR AT B [l 9145
5o
i1 PYTHONNODEBUGRANGES #5485l -X no_debug_ranges Ay 47180 B M 0.
BROAE: 1.
1E 3.11 BARTA.
wchar_t *check_hash_pycs_mode
FERBEET AR . pyc SUFRYSEIESTA: ——check-hash-based-pycs fir 4TI HI{E.
AR :
* L"always": Joi’check source’ JHARMIE R A& AR SCAFHEA TG A Bk o
* L"never": RERTMAEN pyc tHE AR -
e L"default": BT {EAY pyc H ¥ 'check_source’ AR E 275 F Uk TLAL -
BHAME: L"default",
Z: i, PEP 552 "Deterministic pycs”.
int configure_c_stdio
WA, WIECE: C FriEin:
o JF Windows 1, ¥F stdin, stdout I stderr _F % B — #HI#E= (O_BINARY),
o« MR burfered stdio T2, NZEH stdin, stdout FI stderr Jiif S,
o W interactive HIEE(E, WIS FH stdin 1 stdout | ¥ 2ok (Windows FH{Y i stdout ),
BRINME: 72 Python LB N 1, TERRBSHCE A 0,
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int dev_mode
WA R AERAE, WJE A Python F AAR .
J#id -X dev #ETi I PYTHONDEVMODE AN BB N 1,
BRAMA: £ Python bl -1, FERR B2 0.
int dump_refs
i fi# Python 5| ] 7
WARAETAE, WA T A 7ER A S XA

i PYTHONDUMPREFS AN BN 1.

% 3 ¥ X T Py_TRACE_REFS % HJ $% Jk Python % i% ii: % W configure
—--with-trace-refs #M.

BRINH: 0.
wchar_t *exec_prefix
HMAT V-5 1) Python SUIFHY3 5 % JB H SR sys.exec_prefix,
BRiA{H: NULL.
Python 35128 & —HB4 .
wchar_t *executable
Python e AT AT —2EHI SRR 4EXT B4R sys . executable,
PRINME: NULL.
Python 3% 4Z2B 5 1—H855
int faulthandler
J& Fi faulthandler?

MR- IEEAE, NHEBEsITEH faulthandler.enable (),
i —X faulthandler 1 PYTHONFAULTHANDLER M3EAN %R 1.
BRIAE: 7E Python BixUrholy -1, FERs sl 0.
wchar_t *filesystem_encoding
A Gt A4 X sys.getfilesystemencoding () .
FE macOS, Android ] VxWorks | : BRIAfHH "ut£-8",

£ Windows  F: ER A ffi A rutf-8", @ FH W Rpypreconfig
Wjlegacy windows_fs_encoding NAEZEENMEH "mbes".

TEHAF- 5 _E Ry BRI geidag =X :
e MM PyPreConfig.utf8_mode JNAEZ(ENIHH "ut£-8",

o YR Python #5ill%] n1_langinfo (CODESET) fEH% ASCII A& =, 1M mbstowces ()
e AR g i s U ffhS (GBS °h Latinl ) WA "asciin.

o {15 nl_langinfo (CODESET) iR [HZ5 45 HR M "ut £-8",
o TEHAMSEILE, ¥ fllocale encoding: n1_langinfo (CODESET) {455,

1 Python JE 2}, Zmhas X 44 Fr e FLE 6k Python 45 il 45 24 FK. 101, "ANSI_X3.4-1968"
Rrpi iy "ascii”,

Z Nl filesystem _errors I .
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wchar_t *filesystem_errors
LA 4514072 % sys.getfilesystemencodeerrors ().

£ Windows F: 2t A ffi I "surrogatepass", B # W HPyPreConfig
W legacy windows_fs_encoding NAEE(EHNFE ] "replace”,

TEHABT-E F: BHAIH "surrogateescape”.
SCRPRYAR IR AL PR -

e "strict"

e "surrogateescape"

e "surrogatepass" (Y UTF-8 g
Z N filesystem encoding B .

unsigned long hash_seed

int use_hash_seed
BENLALH S A R EORD -
% use _hash_seed %, NIAE Python FJEIINFEHLIER— AP T, HZMhash_seed,
FH PYTHONHASHSEED MEAS RN E .
BRINIY use_hash_seed {E: 7 Python B2 -1, FEREATR A 0.
wchar_t *home
Python 3 H 3%.
W Py_SetPythonHome () BRI, W2HSHA N NULL R E .
H PYTHONHOME M BEA5 Rri%
BRA{E: NULL.
Python 341280 & g AB—3B5 .
int import_time
WERAEZAE, XS A BRI TR RE 2347 -
@) -X importtime EIAN PYTHONPROFILEIMPORTTIME MABEAR K E N 1,
BOAA: 0.
int inspect
TEPAT A B Ay & 2 S AL B A

WERKTF 0, WS AHANENE NS A T -c Iy, fERATIIA< sar
LIRIALZHA, RIHTE sys . stdin BRI DR umif 2 ik,

WAL -1 A AT TSN . W2R PYTHONINSPECT MBS RN AEAE A 1.
BRIAE: 0.
int install_signal_handlers
L4 Python 5540 Hil4R?
BOAAE: A& Python #3020 1, TERG BT R 0.

int interactive

WERAKT 0, WM EALL (REPL),
HI -1 A AT T Y
BRAE: .
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int isolated
HISRAT 0, R R B

« ffsafe_path BWHEN 11 ANZAE Python JH I RHETEM A L AR BB M sys.
path,

o ¥fuse_environment M 0,
o ffuser_site_directory WoH 0: NERFH G0 sl H RIS NE] sys.path,
o Python REPL ¥$ RS A readline M ARTEAZ HHL/RAFH I HBRIAY readline Fit ..
I -1 A AT A 1.
BRINE: 7E Python BixCrhoy 0, FERR BRI R 1,
HiiZ L PyPreConfig. isolated ,

int legacy_windows_stdio

WHAEE(E, WMEH io.FileIo fA# io._WindowsConsoleIO fEH sys.stdin, sys.
stdout fl sys.stderr,

% PYTHONLEGACYWINDOWSSTDIO Ml Ar ik AR S FAFEE il 1.
{LAE Windows [ H., #ifdef MS_WINDOWS %n[ 4% FF Windows % J@HUftHT .
BRIME: 0.
731§% 74 PEP 528 (1 Windows 4% il &5 4 i 4% U UTE-8).
intmalloc_stats
WRARRAE, WIHEIR I i Python pymalloc W 454 B2 25 WIGEVTHEE -
Ff PYTHONMALLOCSTATS AR iR BN 1,
2 Python J& £ fl ——without-pymalloc &3 4T B B MILEITOR 4 205 -
BRIAMA: 0.
wchar_t *platlibdir
SEEFEH SRR sys.platlibdir,
i PYTHONPLATLIBDIR MfIEAF i E .

BRAE: B configure ——with-platlibdir #%FiE M PLATLIBDIR %2 M{H (BRIAMH:
"1ib", ¥F Windows | NJ°5 "DLLs"),

Python 3% {2t & i AM—5
1 3.9 BAAIA.

TE 3.11 ifA A2 A AR 8 H HijE Windows 2848 H i R N T € AR e 9 AR, il s 7 T
{Dalgs To Add, MTAHENEEIE, WEREALAT AR R IR A BRI RS T, 2%
BRF1 2

wchar_t *pythonpath_env
B R AT (sys.path) H—4 | DELIM (os.pathsep) I FRFE .

i PYTHONPATH MIEAr i & .
BRA{E: NULL.
Python 34128 & $i AB—F5>

PyWideStringList module_search_paths

198 Chapter 10. Python #)i&{tE=E


https://peps.python.org/pep-0528/

The Python/C API, Z1THa4 3.11.13

intmodule_search_paths_set
B R PEFE: sys . path.

i Bmodule search_paths_set % F 0, Py _InitializeFromConfig() ¥ %
module_search_paths H¥fmodule search_paths_set &R 1.

BRAME: 2513 (module_search_paths) fil 0 (module_search_paths_set),
Python §542BeE —H50 .
int optimization_level
AL -
« 0: Peephole fiifbsy, #F __debug__ &k True.
e 1: 0%, BEWE, B __debug__ ¥ N False,
o 20 19, EKEBRIUETATH.
AL -0 A AATIE Y . KE N PYTHONOPTIMI ZE FRARAR ffH .
BRIAHE: 0.
PyWideStringList oxrig_argwv
%45 Python AJ PUTHREIF I JF IR A 21 TS50 3% sys.orig_argv,

WMHorig argv Y|FNEIH Hargv Ng— N RUGE PRV, PyConfig Read()
BB argy ZHiftargy Wl R orig _argv (W parse_argv ASNHE).

RS Hargv WAMPY_GetArgcArgv () K%
NN
1E 3.10 fiATIA.
int parse_argv
BT i AT B4

WARET 1, WPASHEHL Python AT ty 4TS EMH R X fEdrargv, HMargv F3]E
Python 24§,

PyConfig Read () REIRfENTPyConfig. argv 8 —IR AESEfENT 52 )5 , PyConfig.
parse_argv RN 2. H1T Python ZeMPyConfig. argv WRIEHY, FILENTSEL
PRI S8 . HI AR 7 36 U A A4y Python 357 .

BRAME: e Python BEXTR ol 1, fERR BRI N 0.

TE 3.10 fRAS B AEASTE: MAE LA ¥ PyConfig. parse_argv 2T 1 Bt A& f@PyCconfig.
argv Z5.

int parser_debug
MR IR ERRT 0, WIFTIFMRbras i it ((UEXTL K, Bk T it i) .
i -a AT . BE N PYTHONDEBUG FREAS R (H .
NN H

int pathconfig_warnings

WA, W ARV S BRAR IC B DU B 50 SR B stderr o WISRAET 0, MUHfx £L %%
He

BOAME: 7E Python #4300 1, ZERG BRI R 0.
Python 34128 5 i AR—H5>
TE 311 A K AR AR o BRI A T Windows,
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wchar_t *prefix
HAMT V-5 1) Python SUHFRYH L J8 H KA sys.prefix.
ERIA{E: NULL.
Python 341280 & B—3B5 .
wchar_t *program_name
M Tk executable FIFE Python ) 4R 3 ] FL 4016 1 2 b (T O AR P 24 9
o Q5 Py_SetProgramName () SR, RFHIELSE.
o ¥£ macOS I, fIE%E T PYTHONEXECUTABLE Hdas & & fdi Fl 2.

o MR E X T WITH_NEXT_FRAMEWORK %%, 4% T _ PYVENV_LAUNCHER_ _ FfIEASE

PR EHE.
o WRargv iy argv (0] AIHFHFHANEEHUSEHE.
« A0, f£ Windows EfFf L python", FEHAMF-G EXFEEA] L python3 ™.
BRA{E: NULL.
Python $4 128 F Hi ARI—343
wchar_t *pycache_prefix
ZAT7 .pyc XMWE AR HR: sys.pycache_prefix,
Wil -X pycache_prefix=PATH {71 Ml PYTHONPYCACHEPREF IX FFBSAS FR i & .
K NULL, W sys.pycache_prefix J#{i% A None.
BRA{E: NULL.
int quiet
L WRAT 0, WHEAZ H AT JH ) Python WA 7 FUSUAIBAS o
HI —q Ay AT I TR -
BRINME: o.
wchar_t *run_command
—c A AT (.-
M Py _RunMain () i
BRiA{E: NULL.
wchar_t *run_filename

}%J‘iﬁ*ﬁé‘ﬁ%/\é’ﬂi@%i AMLE -c B -m WIS T 28 B Py _RunMain () K%L
i -

Bign, XT 4T python3 script.py arg BRiXHN script.py.
BiE&PyConfig. skip_source_first_line %W,
BRA{E: NULL.
wchar_t *run_module
-m Ay AT I -
HPy_RunMain () .
BRAE: NULL.
int show_ref_count
TER I SR T | S
il —X showrefcount AFFTIEIIRE N 1.
T 2% Python P41 (WA E L Py_REF_DEBUG %%).
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RRIMH: 0.
int site_import
TERBIEFA site fiR?
WERETE, WA IR, RS A AL f 8L A 1 5 5 R Y sys . path #4E,

WMRPAGE BN A site bt 225 H X S B 4E (A0SR AR A B2 Ml 3k SR B84, 1508
site.main () %)

I - Ay TR E N 0.
sys.flags.no_site &k Nsite_import BUGHIE.
ARIAE: 1.
int skip_source_first_line
WoAEZAE, Wk PyConfig. run_filename JEHIH—1T.
BV A AE Unix 28 ! emd. X 241%F DOS %@ B i
I —x A A TR A 1.
BRIAH: 0.

wchar_t *stdio_encoding

wchar_t *stdio_errors

sys.stdin, sys.stdout fll sys.stderr FIZBta g idig 4% (H sys.stderr
PHAEAMH "backslashreplace" 45iRACFRES) .

M Py SetStandardStreamEncoding () E¥FIEA , W24H error 1 errors Z4(A > NULL
PR AT

4N’k PYTHONIOENCODING MbgArEAEZ M & i &
ARA G A%
o W PyPreconfig.utf8_mode JAEZE(HMFE ] "UTF-8",
o YEHAMSEOLE, {#locale encoding.
OB IR AL LA -
o 7F Windows I {#iff] "surrogateescape”,

e WIRPyPreContig. ut£8_mode AR B, H# W H LC_CTYPE i & b i C”
5 "POSIX” M{fi | "surrogateescape".

o TEHAES R "strict",
int tracemalloc
J& F tracemalloc?

ME-HAEZE, WAEEBhEH tracemalloc.start () .
Wil -X tracemalloc=N fip&f7EWI Al PYTHONTRACEMALLOC ¥RBEAR 15 o
BRIAE: 7E Python B0k -1, FERR BRSO,
int use_environment
il BRIRAE 17
WRETF, W2 A,
o -E FREAERE N 0.
BRINH: & Python FiLE H N 1 WIAERR BIRCE H M 0.
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intuser_site_directory
WESRNAERAR, TRl s H SRS 3] sys . path,
Wid —s Fl - Ay AT E N 0,
Fff PYTHONNOUSERSITE ¥HfdEAs % B H 0,
BONE: 7E Python #55Ro 1, FERR BRI 0.
int verbose

PRAIBE. WRAT 0, MRS ABRINERSAT Bl — 0 E, Btk i E (S04
BN B .

If greater or equal to 2, print a message for each file that is checked for when searching for a module.
Also provides information on module cleanup at exit.

Hi —v Gy QAT I T I .
Set to the PYTHONVERBOSE environment variable value.
BRAMA: 0.
PyWideStringList warnoptions
warnings BTSSR H0ETT, SR RMKE]S: sys . warnoptions.,

warnings M 3 DA A I B9 W P U I sys.warnoptions: Hy J§ — NPyConfig.
warnoptions 4k H ¥ A warnings.filters 5 —P K H IR E (Rl
Hg) .

W A QAT SR HAL S B warnoptions W, ER AR R .

PYTHONWARNINGS M35 A8 5 th nl 4 ] T U A8 45-356 0 . mT DAFS i 24N, I PAES (/) 4

NNIRIEET I
intwrite_bytecode
WRZET 0, Python FfALZALEFABBIINEG A . pyc .
3T B iy 4TI PYTHONDONTWRI TEBY TECODE M8 R -4 0.
sys.dont_write_bytecode XWHIIRI Hwrite bytecode BURJGHIHE.
BRIME: 1.
PyWideStringList xoptions
X AT AY{E: sys._xoptions,
BN : =5k,

WiRkparse_argv HAERME, Wargv S5 AS HHL Python fEHT iy 4TS 80 [F (%) 7 g fd i, I
Margv i3] Python 24,

xoptions IR DA B HAWBET : 20 -X Ay 4T3
JE 3.9 A K HEAST: show_alloc_count FEC#HE%.

O
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10.7 {£f PyConfig #1151t

HT914R 4k Python [ pR %Y :
PyStaius Py_InitializeFromConfig (const PyConfig *config)
T4 config FLE KW 471t Python,

AR PyStatus_Exception () MlPy_ExitStatusException () FRANFEEH (FERng
B,

ﬁﬂ ﬂ% ﬁﬁ H T PyImport_FrozenModules (). PyImport_AppendInittab ()
B Py Tmport_ExtendInittab (), WWAMAE Python FiH ka2 J5. Python H] 4G4k 2 wil i B B A A &
file GN2R Python YEZ RHIGAL , WIALAHAEARE W] 44k Python Z B i Py Import_AppendInittab ()
B{PyImport_ExtendInittab().

MHIECE (PyConfig KA R1EFE PyInterpreterState.config 1,

BEAR A AR R Bil:

void init_python (void)

{

0

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 exception;

}

status = Py_InitializeFromConfig (&config);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
PyConfig_Clear (&configqg);
Py_ExitStatusException(status);

}

HRRARPISBUEOACE, SPE, REEEEESH. WERE 3.1 U, WESBIENh
2RISR, I TR B EA AR B . FETR AT aR 2 i B E A AL AT AR A 2 Bl iR
P Btk 2

PyStatus init_python (const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;

(BT

10.7. {Ef PyConfig #Jig1t 203



The Python/C API, Z1THa4 3.11.13

(% L 50)
if (PyStatus_Exception(status)) {
goto done;

}

/* Read all configuration at once */

status = PyConfig_ Read (&config);

if (PyStatus_Exception (status)) {
goto done;

}

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) A
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception (status)) {
goto done;

}

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) A
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.8 FRESEE

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig() HRESA|E—
fic kR Python 5 RGE R B K. Bilan, HF Python i A ZHANNY HFRF

R 20 LA i PSR TSR (PyConfig. argy KEARSSRHT) MU ok sl H SR
CARUERR (BN stdout) Ml LC_CTYPE i 5 KU FFRIF AL . 7S AL BEERF A 224

TR EATIIR 2 O FH SR SR i 8 AR e R I B A2 . B IR T8 2 T PyConfig. home PRSI FEERIAN
HAERCE .
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10.9 Python fif &

PyPreConfiqg_InitPythonConfig() MlPyConfig InitPythonConfig () BRI SA|E— T E
ety —M7h 55 A Python A [F] i) H & X Python,

I AL R G AT SACRT T IO Python, T4 Jay T 748 e FF 200

R BCE R LC_CTYPE {25 X8, PYTHONUTFS8 fl PYTHONCOERCECLOCALE MIEAF B EH CiEE
X ik il #645. (PEP 538) #11 Python UTF-8 %=, (PEP 540),

10.10 Python (BT HIE

PyConfig & Z AT IR E W 7B
. BABERA
- PyConfig.home
- PyConfig.platlibdir
- PyConfig.pathconfig warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- YETTAEA S T IREEE R AR
- PATH ML R TP PR S B BAR OR A PyConfig. program _name)
__ PYVENV_LAUNCHER__ 3575 &

- (11 FR  Windows only) ¥t It % HKEY_CURRENT_USER #1 HKEY_LOCAL_MACHINE
H4)”SoftwarePythonPythonCoreX. YPythonPath” I | {4 i A2 F H 5% (A X.Y 25 Python fii4~) .

o BN E S B

- PyConfig.base_exec_prefix

- PyConfig.base_executable

- PyConfig.base_prefix

- PyConfig.exec_prefix

- PyConfig.executable

- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

mER=ELH A Rl BT K 8, Python g2 i BB R AL B Ok B R K
W F B. W R module search_paths_set 2 F 0, NMmodule search_paths ¥ #f 7
Hmodule_search_paths_set ¥k E N 1.

T S A B IR I B AR I B A o Bon] DASE & 2 M R BRA B AR B B R A B ERF R AN A
WS HERE . W module_search_paths_set #§i% 4 1 ll module_search_paths &Ml
HERE. FEXMENT, module_search_paths ¥ A& b {E .

¥fpathconfig warnings #%H 0 DAMEAETTE SR EL E #1245 ([ FR Unix, Windows £ if (T
st )

M base_prefix Bbase exec prefix FERAKE, BN HMprefix fllexec_prefix 48K

HAH.

Py_RunMain () MlPy_Main () ¥EH sys.path:

y

B8
% 3

M\

10.9. Python Et& 205


https://peps.python.org/pep-0538/
https://peps.python.org/pep-0540/

The Python/C API, Z{THR# 3.11.13

e MMM run_filename BREHFHRE—ME __main_ .py HAKWHZ, WE&¥run filename
#nE] sys.path k.

e YR isolated HZE:

- WA T run_module, NIXFYFIHFIRME] sys.path BIF k. AR TCIE LR A H 5%
WA PRATAE T #R44

- WRBE T run_filename, WAFSCIFZRYHSRENIME] sys . path 9FFk.
- AEHAROS, WP AR A NS sys . path Ik,

M site import NIEZ(H, W sys.path AT site BB, W user site_directoryf
R HT P11 site-package HSEA7AE, W) site BAHLAKEIH FUY site-package H ¢ INE] sys . path,

PR A T B 2 DA T S
e pyvenv.cfg
o ._pth I (B4 python. _pth)
« pybuilddir.txt ({{ Unix)
WRAFAE . _pth O
e ¥isolatedi® N 1.
e Rfuse_environment K 0.
e ¥Wsite_import K 0.
e ¥safe pathi’ M 1.
__ PYVENV_LAUNCHER___ SR 9 H TR EPyConfig. base_executable

10.11 Py_RunMain()

int Py_ RunMain (void)

AT AE fir 4 7 SURL b R SE 19 fr & (PyConfig.run_command). M A (PyConfig.
run_filename) L (PyConfig. run_module),

TEBRATE L TR 7 -1 €50, Wiz4T REPL,

hh, 4454k Python H [l — AL 4y exit () BREIR HIRES.

W Python e 5 AHE—MEM Py_RunMain () 1R BT IR 245247 B E X Python HI7R .

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
1 Python el 5 G AT 4TS E /I, FREUX LE S0
HigZPyConfig.orig _argv i{i .
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10.13 SHhrEMintFAREE API

RN HRRAEE APLGIA T ZH BAIini, B2 PEP 432 (R L
o BT WRtERT B, “E/MERIEEA Python”:
- NEER
- WERHS
- WEMC R
- sys BRI RIIGM (BIAN: sys . path MAFETLE) .«
o 7 BB YRkl Be, Python #5E &Rtk :
- ZRITEE importlib;
- N AR R E
- LRAE T AL PSS
- SEAE sys BHIIARIE (F1N: B sys.stdout fl sys.path);
- JAJf faulthandler fl tracemalloc ZEn[ I EE;
- FA site B
- F
AAT I APL:
e PyConfig._init_main: YR N 0, Py _InitializeFromConfig () ¥HE “IZ%0" FIEACHT
Bef k.
e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.
PyStatus _Py_InitializeMain (void)
PEA CEE WIREBTEE, 52K Python HIHR1L
TE B0 BrBA 2 R AMEMEER, ASHCE import 1ib fid: g4 280 % HAAE “ 27 [rBIWa A .
X A] HE SRVEAE Python H 5 il Python DAZE TS ui sk 280 5, RIS L3 HE LY sys.meta_path
FAGE P 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.

Bl BrBOt B SERRIE S AR B BU A% R A AR BT AR R AE ] . 1% APT RIS
WAL ER) gl Ui APT A] ARG IE e R R bk BB BT G I 2 3k APLL

T “A%n” R 2 WIRAHT BEZ 181517 Python (UR 71 Bil:

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);

}

(B30

10.13. SHEMIBLFLAFEE API 207



https://peps.python.org/pep-0432/
https://peps.python.org/pep-0432/

The Python/C API, Z1THa4 3.11.13

(B L)
/* Use sys.stderr because sys.stdout is only created
by _Py_ InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py InitializeMain',

n

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);
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cHAPTER 11

11.1 #hid

1r Python H, WIEEFEH K —A 8 B Python T2 FIBHRE T FLA HE (heap) . 1% NFLA HER R
T RS Python M %% 72 %% (Python memory manager) 1#iE. Python PNTEAFHES A A [] 1 ZH 4 e b 2
AN ERAE IR A, b=, L B E AT .

TERRIR , — AR TEA LRSI i 5 AR R GEHG I A R T, WSRO0 2 )R A7 A
FiA7 5 Python HIXAOHCHE. 7ERUAIAEA BRI RERI L, JUAGHQ R 004 BB I — e 1357, IR
U Pl 2 2R O S BRI PO A B . D1, RO QA M4 B2 R ) 248 . T
SBR[ R B [ F it ok AU 5525 1 MO RUA. [, Python P74 BRARKE— L6 T 4
RELAAT QA SRS . (LRI 1R AT He O SEA T«

Python Hfi: A7 B2 th ARRER R AT, TP OW BB HE iR, BIVOE A 283 B A1 48 o) i A N A7 By
Gt PR — T 2. Python MR ANHA A S o IX AYHEZS (8] 73 o i i Python PNAFA AR
ARS8 i) Python/C APT s EIEATIH -

J T B NAERER BRI G W AZ R ) C R S Y BR SR KT Python Sf 42 HEAT A, ix s
PRECfIFE: malloc (), calloc(), realloc () fil free (). XFFFE C HHEiEsAI Python INTEASHLER
ERE, BIAMEGR, XRHT eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/O */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString (buf);
free(buf); /* malloc'ed */
return res;

XA, VO Gap IKENAFT K2l C RIS AL PR . Python WAFE B A R 215 T /M FCAE A 45
HIR I FATR G

IR, AERZHAFOLT, #@BL JHT Python HEXRMECAAT, PN 1 Python P77 A5 BRZ 4l
. BN, LEREEREN C 945 MHNx SR I T I A UL AEML . i Python ey 7 — A Bl 2
5 24 i 4o Python P74 BILASAT KA FEBLEI N A7aR K o RIERTIR R A7 4l T AR e B2
SERIE B, R BTA  AFAIR R 2247 Python INFEAE B g RELE AR REAS X LA o T R B IR IR DA S HERAY 17
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fik. L, fEFFETEMT, Python AR LSS Al BE S fil & B fil i 24 i/, it mllle . IR 4E
s AR TR PR . i A w1 TR R A C LSS, N VO B X4 Bt il N 52 4
3% Python PAFAE BRI o

S0
FAI5AF B PYTHONMALLOC W] 4% FH SR Hic # Python I8 I i) INAF43 L

5 Bt PYTHONMALT.OCSTATS ] DA JE 45 Y B 2 il 36 B A pymalloc St 42 KIEN4T Bl pymalioc 11
Ao 2 G A .

11.2 SrECERE

B IR BEE T = AR O EieIE” 2 — (WPyMemAllocatorDomain) » iXSEIMRFE T
ANE 4> FLRW, AR H 34T T 004 B A3 4077 43 FC P A7 0 A3 308 T R 28 iy 5 o 50174 L
RN BOA R LB, 2T H A, TAfE A B — 3K AL i k. 5 R M R
J& T 45 2 3 A TC BRESGR 1B NAE, AU TR n i B IR (B 2 IEFERIME) o flan, /ReTeA
FfpyMem RawMalloc () iR[BIFNAEH T4 BC Python Xf4:, B KFPyobject_Malloc () R HNIF
FAEGE X

AN BLE S e

o SR T oA NAF e XA, R LA * BB R S8 o g T HL 2y AR T ALE B
A GIL WIFOL B 7. WAFEIETE KA RS,

« "Mem” 5:  J]F A Python Z&ft DA IE ] N A7 2o X3 FL AT, Ay BCIS A ARFA GIL. WAFIE T
Python #4745 H.

o MG T RET Python X NAE. WAFHE T Python FAA7 Mk,

R T 40 R S 23 R RS T 2 FE R A S a5 RS I RS R K. BN, PyMem Free ()
BEtPyMem _Malloc () 4rBiHY NAF.

11.3 RigAFEO

PAF KB B T ARG BLes . XL REUR AR LA, NHFESFA & 5 iHiF 5 4t
BN JR AN B i 2 FHPA I RS malloc (), calloc (), realloc () fl free () ; MiERENFEF
B JE B malloc (1) (8 calloc (1, 1)).
1E 3.4 JRANA.
void *PyMem_RawMalloc (size_tn)
GRBE n AT HF AR I — AN 1 B4 B A AFRY void* RAURER, AHE R AOIR M] NULL,

TR T T A AEIR [ — MR IF NULL $54t, SR T PyMem RawMalloc (1) —ff, {HRE
WA 2 DMEAT T KB 4a AL -

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

JrBC nelem AICE, FENICERIIRI/NN elsize A7, FaR & [ Pr 7 B AT void* JEUHRET,
AN SRR [B] NULL, INFES PRI N .

WREF AT REIR [l — R A NULL $56F, sRIR T PyMem_RawCalloc (1, 1) —#,
TE 3.5 RATIA.

void *PyMem_RawRealloc (void *p, size_t n)
X p R NAFIRNIEE S n 4T DUBTIHNAFSRIO N P i R MBI HE, Hh NAORERAE

WF p 2 NULL , WY T PyMem_RawMalloc (n) 5 Q1% n 25T 0, NWPLEHRA/NESYRE
ARSI, &I HE NULL $54T .
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FrdE p & NULL , & WE 2052 2 |l # il PyMem_RawMalloc () . PyMem_RawRealloc ()
B{PyMem_RawCalloc () FriR[EH.

R R KW, PyMem RawRealloc () R[E] NULL , p /58R& 48 m] JGHiT AT KIS 206 5T

void PyMem_RawFree (void *p)

B p 8 NfESR., p W2 2 w8 flPyMem_RawMalloc () . PyMem_RawRealloc ()
B PyMem RawCalloc () FriREI$845r. BN, S(7E PyMem_RawFree (p) ZHIE 4 H LK
BN, K XFThe kit

W p J& NULL, IBAf A BN 23617

1.4 AfFEO

PATRESE, IR ANSIC ArifE, H480E T REZBFATEIATH, W HT A Python 32 FCRIRERL I FE -
2NN BB B HH T pymalloc M 4 B 2.

B TEGEX SRR BN, AAURAT 2 5 e 25 4 (GIL)

1E 3.6 WA AR AR o IAE BRI A il # 2 pymalloc MiFE RSN malloc () .
void *PyMem_Malloc (size_tn)

B T ReE ABL ZrC n AT TR [ AN P 2 BL AT void* JEBUARER, QISR R U o]

NULL,
T K 250 7] BRI [l — A RERY R NULL 484, B T PyMem _Malloc (1) —H#. {HREWNFE
NS DMEA 7 X 1h ik

void *PyMem_Calloc (size_t nelem, size_t elsize)

2 FHE ABL B 3.7 pie. 41 nelem ANI0E, FANITCEKIINN elsize ASFAT, IR BIHE 1] T4 Hd
B NFER) void* ZRAUFRER, WG RAIG MR ] NULL, WNAFSHVIIRE NS .

TRE A REIR o] — R Al NULL $56, stRJR T PyMem_Calloc (1, 1) —Ff
1E 3.5 fATIA.

void *PyMem_Realloc (void *p, size_t n)

B TR ABL 1 p S8R EIC NI n 5. ABHIE PYAFSI N i BN lE , oty
R,

W p 2 NULL , A4 T PyMem Malloc (n) 5 WIS n Z5F 0, WNFEHA/ SRR, (2
ANSHORER, R MHE NULL $84f.

B J p & NULL . W E & AR 2 B W fiPyten Malloc () . PyMem Realloc ()
W PyMem Calloc () Fr&IEIAY .

WERAER R, PyMem_Realloc () iR[E| NULL , p 58K $8 1] JC BT AT IR A R £

void PyMem_Free (void *p)
& T ABL B p FRIIMIINAFER . p AR Z B PyMem_Malloc () . PyMem_Realloc ()
B pyMem_Calloc () FriRElAfast. HW, BfE PyMem_Free (p) ZRICARMMEHELT, K
AT IR KA .
W p J& NULL, IBAf A ER 23T

PAR T [ 224 1 72 (R Rk . 38 TYPE Wl DAFEATA C 2431,

PyMem_New (TYPE, n)

HpryMem Malloc () MilA], (H&4EL (n * sizeof (TYPE)) FATAINAF. & —A4i0 K
TYPE* ({35841 . WEAS DM 5 i ii 1k -
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PyMem_Resize (p, TYPE, n)

HpyMem _Realloc () Kk, (HNFFREGK/MEIHEE R (n * sizeof (TYPE)) NMFEYT. &MH—
e R TYPE* BYFEEF. FERIBIEY, p $f&— N8R NI T84T, 3CE a7 2 0 A

NULL,

Xie—A C HbIE, p BRWEFIIE. WHORAF p B9EHAME, DARESAEAL BRI 25 R N AF
void PyMem_Del (void *p)

SHpyMem Free () F[F]

BEoh, FATAGRME T AN ZE M T B i Python A7 M Ficds , miAM K& Eisl i) C AP s%. (H2
TR, SN ENIFARERIER Python BUAR) —REMIHeZtE, HILEY A .

e PyMem_ MALLOC (size)

e PyMem_ NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_ DEL (ptr)

11.5 RS B2E

PATBREER, D58 ANSIC ApifE, FH4RE THRFFAIINAT R, W T Python HE7- FLHIREL AT«

ik il A 7 LN Ao i s BRI RO R S TCRR B TeIAPRIEIX 4L 2y O AR 2R 0] Y
AT AR E) 4G i Python X 5%

2N £ e 2 il pymalloc 1N G4t 2.

B MR B, WA 2 R A S 40 (GIL)

void *PyObject_Malloc (size_tn)
& T HUE ABL Z3BE n AFHTIFR I — N1 BT B AR voidx JEAUERES, MR KRR ]

NULL,

TR AT A AR R Bl — AR 9 NULL 38 45F, BB IEH T PyObject_Malloc (1) —#f., {H2
WAFA S MEAT 5 w1 a1k -

void *PyObject_Calloc (size_t nelem, size_t elsize)

2 FHE ABL A 3.7 peie. 41D nelem A~T0%,, BANITCEIKIINN elsize ASFAT, IR B8 1] BT 4L
B NFER) void* ZEAUFRER, WG RAIGNR ] NULL, WNAFSVIIRE N .

TRELAT A BRI [ — NIRRT HE NULL 484, BB EA T PyObject_Calloc (1, 1) —F,
TE 3.5 AT

void *PyObject_Realloc (void *p, size_t n)
& T HsE ABL S p 8RB N AFSRI MR n o775 DUBTIH INAESRR/ N 1 f/ IMER T, oy
BIRFEAAE,
W2k *p* & NULL, WA T PyObject_Malloc (n) ; WR n ST 0, MINAFHRI/N B
B, (HASWREL, RIA9E NULL 454t
MdE p B NULL , SNBELIE2Z ] HPyobject_Malloc() . PyObject_Realloc ()
W PyObject_Calloc () FFRIEIM .
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MR REMW, Pyobject_Realloc () i

void PyObject_Free (void *p)

B Thi & ABL

BT p 15 1B N AF B p A6 0

B[] NULL |, p 58K 38 n] SE il A7 DI A e £t

2 Z 8 HpPyobject_Malloc()

. PyObjectfRealloc () ®BiPyObject_calloc() Jfr & [ W 8 4. F W, = fF
PyObject_Free (p) ZHICAWMHEMIHEL T, KEXITHXKE.
Wk p & NULL, %B/A\H/A\E@{’E@K ST,
11.6 EIARFESECRE
NNAR e
= E4 5 PyMem_RawMallc PyMem_Malloc  PyOb-
ject_Malloc
A A "pymalloc" malloc pymalloc pymalloc
e R Ak "pymalloc_debuc malloc +debug pymalloc+de- pymalloc +de-
bug bug
%A pymalloc Y % fi "malloc" malloc malloc malloc
A
%A pymalloc i, "malloc_debug" malloc+debug malloc+debug malloc + debug
ks
A
o #4FR: PYTHONMALLOC ¥fB575 R I{H .
e malloc: KA CHiEFER RS RS, C A malloc (). calloc (), realloc () fll free ().
e pymalloc: pymalloc 1 55 %%.
o "+ debug”: PffHFPython M 745t 25 64 3084X 4 1.
o Pkt E PSR Y Python 147
11.7 BENLAESEC2E
TE 3.4 AT
type PyMemAllocatorEx
TR NP g 50 . S5 T8 7 B
45} Y-

void *ctx

void* malloc (void *ctx,
void* calloc (void *ctx,
elsize)

void* realloc(void *ctx, void *ptr,

new_size)

size_t size)
size_t nelem,

void free(void *ctx, void *ptr)

size_t

size_t

e — S HEARN T L

X

SrBL— AR
SR DIERACA O #Y N FEER

Bl AR BRI R R
RER— N NAFER

JE 3.5 A KA ASH: PyMemAllocator L5 # B Ay 44 N PyMemAllocatorEx FE i 7 —

calloc FEt,

11.6.

BIAAF AR
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type PyMemAllocatorDomain
FASH A Bl AR M2 . JalAy
PYMEM_DOMAIN RAW
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()
PYMEM DOMAIN_MEM
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free/()
PYMEM_ DOMAIN_OBJ
e PyObject_Malloc ()
e PyObject_Realloc ()
e PyObject_Calloc()
e PyObject_Free()
void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
ARE S S A BRI T -
void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
VCEAR E B AL AR o
MIERE T, HT A AR Bl — AR Al NULL 84
XFPYMEM _DOMAIN_RAW I, 7FCasibAU@ SRR LA YT as il 1IN A F GIL

WARFH B A28 T ORI Z BTN BCHS) . AR Pyen_SetupDebugHooks () BAK
TEHT 3 B EORT 2B R 1

HiEZPyPreConfig.allocator M Preinitialize Python with PyPreConfig.

e PyMem SetAllocator () WAHPATFEY):

e MPA\fEPy PrelInitialize() ZJGPy_InitializeFromConfig () Z Bilil [ & Fk%
% H 8 L NAE D TLRR o X T IT 236 0 4 Fe s b 173k i 0 PAS NS AT At B ) (512
Raw Domain 70 P/MERFAERHER GIL MOMIL TR ) . B 5 4 i 2 5 3 ok
TR .

o WRAE Python B W51k )5 (BiPy_InitializeFromConfig() #RAMZG) #
YA B o ey must DAL I Y BeAs o RFIUA 7 Be A B 4 A i oAt 7 Tid
e N2 X FE .

void PyMem_ SetupDebugHooks (void)
BB Python 1 74 B 25 098X 4T DARZIN A7
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11.8 Python R#&E S EC2RRY AR #9-F

24 Python FEERL S, P, PyMem SetupDebugHooks () PREIAEPython Fa4145 10 BT, PAYE
Python PNA74)Hiiss b B VRS T DA I N A4 1%

PYTHONMALLOC ¥f 5§ 748 & W] 9 J T 7E DA & 47 8% =X K 45 % 19 Python | 22 %% i i ) 7~ (9 4n:
PYTHONMALLOC=debug).

PyMem_SetupDebugHooks () BRERIHE I THEH T PyMem_SetAllocator () Z )Gk BT .

X T AR IR AT HE A A U S B A A BB AR B B4 BE R N AE T 0xCD
(PYMEM_CLEANBYTE ) 3H7E, BN 0xdbD (PYMEM_DEADBYTE ) JH7E. NIEHR#IE T
TS 0xFD (PYMEM_FORBIDDENBYTE ) ff) “FRIEF47” AFH. X LEFA7 R A KA & ATE il
7 EEL ASCIL £ 17 i

BT
o KRS APL (. Biln: ApilXfpyiem Malloc () MEEHKNAFHEAN Pyobject _Free ().
o KR DRI EBI G A (S X ) -
o KRl XL E R G A (S ) .

o K& M 24 E HPYMEM_DOMAIN_OBJ (Wl: PyObject_Malloc()) FMIPYMEM DOMAIN_MEM (Yf:
PyMem_Malloc ()) i) Fods eR B R B FrA GIL.

TSR, R T tracemalloc A EM N B E . BAY tracemalloc IEFE
1B Python NAZAIL, I HINFHBHEER, A2 BoREl.

ik S=sizeof (size_t) . I 2*s MEIIRMEI G NHHE KN N FATBIRIA PG . NAFRIT =R 2
XFE, Hie p AR5 malloc 521 realloc 11 pR TR B hE (o [1:3] FRM * (p+i) ZEMIFFUR
B * (p+3) ZEMIERFEBIEY R EEE MRS [ S AP Python Y] F2AHF) -

pl-2*s:-S]
BRI BRI R XA size_t, WRIF (5 THENFRE M) .
pl-s]

APLAREAF (ASCIL F4F)
e 'r' FIRNPYMEM DOMAIN_RAW,
e 'm' FIRPYMEM DOMAIN_MEM,
e '0' FIRPYMEM DOMAIN_OBJ,

p[—-S+1:0]
PYMEM_FORBIDDENBYTE [#El74. H Tk T2 S AR EEE.

pl[O0:N]
JriE Ky NFE, H PYMEM_CLEANBYTE (R4S 72, TP AW N5 . 2418 H
realloc 7 FE1 R EICK G K BRI N AEEE, BUAMETIS ) 735 th 2 i PYMEM_CLEANBYTE RJi 7.
A free 2 KRR, XLEF 72l PYMEM_DEADBYTE R #%, DMBHON RN AR5
Yo 247 [ realloc Z 211 BRER I SK B/ INW N AR, 2RI IHF 15 £ il PYMEM_DEADBYTE
HKIHFE

pIN:N+S]
PYMEM_FORBIDDENBYTE HE|4<. TR S AR

PI[N+S:N+2*S]
{0245 LT PYMEM_DEBUG_SERIALNO ZZHf&#i A (ERIATEOL FRAE L) .

—NFHS, BRI malloc 5% realloc 2 ZE pRELI #2838 1. Kim/p ) size_t. WSR2 ER
WE] T “BWERNAE", PS80t T — MR F B RAE T UG Tif & b s, DAR
%N IR Yk E] . obmalloc.c H1 RS R%L bumpserialno() J& ME—2x 38 515 1 BREL, EH
FFAELEAR AT DA 15 B RE A P T 5
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—A~ realloc 7 2% free 22 2500 PR S Sk A i i) PYMEM_FORBIDDENBYTE 45 & 74 52 1. W&
T2 T, WSR2 Wi 1S A S| stderr, I HARJP X514 Py_FatalError() M ik, 5 —7f 32 B 2k AR
A2 YRR B AP R 0 PR AR 3 P o L A ik el ik e N AR 1 . A SR AR B RP AR 8 O
EEHEZNS, RRRESEF'E L 58S WIE 7 PYMEM_DEADBYTE (it M EUREU WAEB L ) 5k
PYMEM_CLEANBYTE (&M R WIIR BN A9 D)

AE 3.6 WA B AR PyMem SetupDebugHooks () PREUPIAE M BETE ] % ik X 4w 3% 1) Python | T
1o AR, M FIRAESMH tracemalloc KR B ARG E . 12
FERSHEPYMEM DOMAIN _OBJ FIPYMEM DOMAIN_ MEM VE FEIEM BB ECe R F i & 2 A5 3+ GIL.,

TE 3.8 MRAR KA E: F47 i 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) #I 0xFB
(PYMEM_FORBIDDENBYTE) & #f 0xCD . 0xDD i 0xFD #{t PA{#i i 55 Windows CRT i malloc ()
Ml free () FHIFIMIME.

11.9 pymalloc 4 Epse

Python A — ANt AE M RIS UNFEESET 512 F197) 47 THALR pymalloc 43 Ticgs . B4 H
£ K “arena” WINAEBLSS, FE 32 & LBEE K/ 256 KiB, TE 64 (-5 _ERYREE KA 1 MiB.
ST RF 512 F4R0 e, BB hPyMem_RawMalloc () MlPyMem_RawRealloc ().

pymalloc J&PYMEM DOMAIN_MEM (fl 4ll:  PyMem Malloc()) AFIPYMEM DOMAIN_OBJ (il un:
PyObject_Malloc ()) IHIZKIAHBL %,

arena 43Pt 7 FH AR pR K
o Windows 1) VirtualAlloc () fil VirtualFree (),

e mmap () Fl munmap (), AR HRE,
o BN, malloc () fl free() .

2k Python il # T ——without-pymalloc &M, ARA M4rHl#sKF 9k 45 M.t n] DAYE i 17 i)
PYTHONMALLOC' (ff#w: * PYTHONMALLOC=malloc' ) FIEASE B,

11.9.1 H3%E X pymalloc Arena 43 it 2§
1E 3.4 A A

type PyObjectArenaAllocator
HKAliiR—A~ arena Jp FLas EE IR . XL IRA = AP B

1, eE

void *ctx ERE—TSHEANMHF LT
X

void* alloc(void *ctx, size_t size) Ay EE—H size ST X,

void free(void *ctx, void *ptr, size_t RE— e X 3k

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
ARHL arena 73 ALet

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
T arena 73 fic gy
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11.10 tracemalloc C API

1 3.7 RASIA.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
1E tracemalloc IR EBE—AN B4 HC A N 7B
JEEIR ] 0, IR E] -1 ek B WAER AR AR ) WEREE T tracemalloc JJ3& ] -
MR NAFHRE s, WA IR R

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1F tracemalloc B HUH IR EE— AT BCA A A0SR AR AR R B WA BRA AR AT H A
N5 tracemalloc #FZEF Nk [E] -2, FWRME] 0,

11.11 5|5

PATR oK H L ANTTIR G, Gl B PAGE VO G X 2 25— A~ s &8 M Python M b BiLY:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T i) RS2 R R 4 A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THTERAEA BRI R O, Zop X B i -8 T R R BOR I . FL b, XTI EENN
FEHL B A R B I AF APL I, PATEGERHE & A [l 7 e ol 1) WU 22 A i DA AU 91 A0 5 AL B
R, HAi—EARCHN fatal PO EIRA T PIFITEAR [ ERAERAR ) 2 s

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 () x/

Bk T T 4k B ok B Python M 9 I 4f PN A7 B 19 B8 %k, Python H [ X 42 i il &k PyObject_New,
PyObject_NewVar flPyObject_Del () 474 FIRENL .

XBERFTEA KAMAITE C rh e SCRISE BT SR T —F h iH.
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MR LI

ARFAIE T SIS RARTU Fr 6l B ek . AR

121 7 F B EEMR

PyObject *_PyObject_New (PyTypeObject *type)
BEME: #aggl A
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
BEME: #aggl A
PyObject *PyObiject_Init (PyObject *op, PyTypeObject *type)
BEME: AR BT EUE ABL FIERZEBFWIGRS | FRAIR AT 3 4 opo AR IEI W46

FBRIRT S . SR type BIZAT G S SOGARERA A, WPRFS MBS g8 g0 R 4E . X
HAF-BEAZ R o

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
BEE: BATIR . BT RE ABL BIWHIRERIPyObject_Tnit () —Ff, I HEWIRILARK
UNSE SR NEX IS

PyObject_New (TYPE, typeobj)
i ]l C 45192881 TYPE HI Python 2RHUX G typeobj (PyTypeObject *) J3Hi— > Python Xf4¢. f
KAE% Python X h5k i LI FBEA SR MGk . TR 7 A Xz 2 mE—5 1 (BP5]
THECR A 1) o PAE TR/ NI R tp_basicsize FEHIE .

PyObject_NewVar (TYPE, typeobj, size)
i1} C 454927 TYPE F1 Python ZEZUXS 42 rypeobj (PyTypeObject *) 4pFl— M Python Xf 4.
KTE % Python X A5k i 8 LW FBA SR IRIL. B0 BL W WA s TYPE 25891 typeobj
M tp_itemsize FEITE I size (Py_ssize_t) NFEL. XAT 5L L TCH I FE BEAETE AL 38 Fif
1 KNI SR AR o R BB i A B AH [ 4) NAE 2 BE R A2 B IR B, X
TSR

void PyObject_Del (void *op)
BEUE Pyobject _New B{PyObject NewVar SrBiés—MXTRIYNIE. X0 BTERT R AYREY
HHEE R to_dealloc AR RI o FE I Z J5 1260 52 1 B BEAS B - 1 10 BRL Sk JE A 1) 1Y)
FOARFRZ— AR Python Xf 4.
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PyObject _Py_NoneStruct
XA None —FE Python X4 B AT Py_None i), A EEHE mIZXT L1
faE.

%W

PyModule_Create ()

SYECNAF AR AR

12.2 AAMREIF

KB AR T 7 S Python X RERL . X— il TX LR 25 (AR E T 6 ik

12.2.1 BEFRMMREZFOE

Jit & 1) Python X} R #AEXS R NAF R R IF R =L BN F B, XEFEE HPyobject

W PyVarObject KRARFIR, XSORA N 80700 L, 3% 80 7 i $2 5k (R B2 40 H T i oAt Python

KGR E o

type PyObject
B T2 APL (U2 i R B T48E ABL, ) ARG RBE S IEAWY R, X2 MET
Python KX 5 85 4 VEXT SOR AL BT TR 05 SR AL, fE— 5l kAT it , EX
AL G5 RO 8 ) X B R B R ) F8 5. WA AT 2K R L bR N Pyobject, {HAF
A5 1) Python X 2 H8 41 PT AR 640k PyObject o WS TS M L AGE S i Py_REFCNT
Mpy_TYPE BRI

type PyVarObject
BT 2 APL (X4 2 M R & TA22 ABL,) XN T ob_size FEHPyObject Y. B
T HA KL KEFRCHATS . WRBIF AL HTE Python/C APT H i B, X 1 53 1R 5 ) 06 20 36
W{#i Py _REFCNT, Py_TYPE MPy_SIZE 58 .

PyObject_HEAD
XA NEFE B e T ] AR K BT S 1 A U I 1 22 . PyObject HEAD 7244 g hy:

[PyObject ob_base; }

Z W L PyObject I3RS,
PyObject_VAR_HEAD

X —ANE R B R AR SE LA T AR K BN S T 1 %% . PyObject_VAR_HEAD 744" J&&
H:

[PyVarObject ob_base; }

S Liipyvarobject H3CH.

int Py_ Is (PyObject *x, PyObject *y)
B FAE ABL B 3.0 pioe. Il x 2754 y X4, 5 Python iy x is y M.
18 3.10 JRASTA.

int Py_ IsNone (PyObject *x)
& T RUE ABL B 3.10 pae. IHK—XIZIET N None #ff], 55 Python H1i) x is None #[d.
1E 3.10 RAIA.

int Py_IsTrue (PyObject *X)
B TRUE ABL B 3.10 pae. IHK—XIGUEA N True $f], 5 Python 1 x is True [,
e 3.10 FRAIA.
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int Py_IsFalse (PyObject *X)
BT HUE ABL B 3.10 paAe. MiX— X502 N False Hiffl, 5 Python H1) x is False Hiffl.
1E 3.10 JRASTA.
PyTypeObject *Py_TYPE (PyObject *0)
FHL Python X142 o By,
1R [l —A~borrowed reference.
Py _SET_TYPE () BRECRBCE —MXRIEAR.

TE 311 A KA Py TYPE() BMCH —NWEE SR . ESHE A Z const
PyObject*,

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
WX 0 (ZRALUN type MR A AERAE ., BNHREIER. %4T: Py_TYPE (0) == type.
1E 3.9 AT
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
FERR o FZRBUBEN type.
1 3.9 AT
Py_ssize_t Py_REFCNT ( PyObject *0)
R Python X4 o HY5| 14K
il Py _SET_REFCNT () BRBORBEE — X5 4L
16 311 RAKAEAT: LS RAURNFZE const PyObject*,
e 3.10 A K AASH: Py REFCNT () N RS BRI 2L -
void Py_SET_ REFCNT (PyObject *o, Py_ssize_t refcnt)
FEXR o W5 TR BN refent .
TE 3.9 JUATIA.
Py_ssize_t Py_SIZE (PyVarObject *0)
I Python X4 o HR/N.
Py _SET_STZE () MECRBLE— IR,
e 301 A B AR Py STZE() B — P NEKBESHEE. B LA EZ const

PyVarObject*,
void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
FERR 0 W R/NBEN size.
TE 3.9 BUAIA.
PyObject_HEAD_INIT (type)
Ko — A Pyob ject RAY RANIALIAR L . REY Teh:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
Koag— A Pyvarobject KUY FEYIIGLER L, Wifiob_size FB. RS N:

_PyObject_EXTRA_INIT
1, type, size,
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12.2.2 e RHFTE

type PyCFunction
& TR ABL I THE C s 81K £ %k Python 1] F X 42 1 pR AR BY . % R B iR BCHE 2 RS
PyObject* JEZH R Al — X FERME. WRIREME N NULL, WPRFEE — 5. QA A NULL,
D302 5] (R A2 A Python 22 88 B BRALAYIR [P . LU R B ZTTR [l —AS 8T RS 5 T H

PR 244

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords
& T ABL I THAE C sC B METH_VARARGS | METH_KEYWORDS %542 1) Python B] 1 i %
FRINRECRAL. RS2 N

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast
FHFHE C S A METH _FASTCALL 2544 1 Python RJ U F X4 A s AT . RN 2544 M

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords
FTFAE C Sz A METH _FASTCALL | METH_KEYWORDS %544 1) Python W] & Fil %42 114 s B 2e 54
PRI 24

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod
HTFAE C el B METH_METHOD | METH _FASTCALL | METH_KEYWORDS %54 1] Python A] ¥ [
TR REEEL, MBI EA N

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

T 3.9 AT
type PyMethodDef
BT RUE ABL (A AAR) - T HA— N B IER SR . A A5 B
const char *m1l_name
TIERI TR
PyCFunction m1_meth
g C 55 LI HEE
intml_flags
R P 224 Qo A S A AR A
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const char *m1_doc
TR0 SR AT R N2

ml_meth g—4> C lkEdaEr . LRI LURARFZRAL, ([HEARFSIZRE Pyobject* . WIHZEEA
@ T PyCrunction, MR BRTE AR DI TR . 4G Pycrunction FE—NSH0E LR
PyObject*, {HZITERYSLBMA] self MRAFE C REMARFEIL.
ml_flags FBH@ DAL E AR HEARI L7 B o BN IHERR 7R — A8 PG B s 40 e 15451
e VG B T ik 28
METH_VARARGS

X MBI RG], K OrEmM KB Py Crunct ion. KEREFEZ WA~ Pyobject* {H. 5—
ST IER self X4 XTHHRE, BREMBHNS .. B ANTES (FEima o args) zs*/\ﬁ
%ﬁﬁ%ﬁﬂ@ﬁ?ﬂXﬁ%o 12%572‘@%%@% PyArg_ParseTuple () jZPyArg_UnpackTuple ()
HRALEER .

METH_KEYWORDS

HAE T [R) HC AT T S S B 4 & METH _VARARGS | METH _KEYWORDS, METH FASTCALL |
METH_KEYWORDS FMIMETH_METHOD | METH_FASTCALL | METH_KEYWORDS ,

METH VARARGS | METH_KEYWORDS
A XL ERR A TV N Py CFunct ionWit hKeywords 288, %K% =MES: self, args,
kwargs HoHt kwargs j&— M0 BT KA SE0W 8L Q0 SR S B0 T DK NULL, 33X
W SEE M PyArg ParseTupleAndKeywords () AL .

METH_FASTCALL
PR r ISR E SR X R R A, PyCFunctionfast. F—NIESH self, 5
TS RIMFRSEN pyobject * (HAMMAN R =ML S 2 S B8R (BEmMKE).
1 3.7 A A
FE 3.10 A B A4S : METH_FASTCALL IIAEE42 % ABI (J—3B4y .

METH FASTCALL | METH KEYWORDS
METH_FASTCALL fAY Bt LI XS5, BHRAN PyCFunctionFastWithKeywords
Mﬁ% KAEF SR L 1587 K G vectorcall HrasC MR . BFFERAMEEIUAS Pyobject* £
B, BRAREXEESHEH (BRI FRRER) I, B0 QR EA K0T Ak
NML KPS ROMEAT A args B, EAIESHZIE.

TE 3.7 AT
METH_METHOD
N e 5 H bR 4 &1 f: METH_METHOD | METH _FASTCALL | METH_KEYWORDS .,

METH METHOD | METH FASTCALL | METH KEYWORDS
METH_FASTCALL | METH_KEYWORDS [ JEsCHf 2 LR R, i@ SN EmE, @ Lk
A PAR Py_TYPE (self) B,

% ¥k b A hPyCMethod KB, S5 ¥E self Z JF U M T defining_class &1
METH_FASTCALL | METH_KEYWORDS ##

£ 3.9 BATA.
METH_NOARGS

R METH _NOARGS ﬁﬁhﬁUtHT%éﬁul&ﬁ WS BB RELGA L TS BN0Nm

HPyCFunction 8B, B NESHER LN self HRFREA P BOT S LB 51 H . LEIrE

TH N —AESHERR A NULL,

ZREAIE 2 MES . TS - DNESASYMN, Py_UNUSED AR KRB L gniFde 25
METH_O

HA AR SE ] METH_O FRSH, A UM PyArg ParseTuple ()

Horot B BB PyCFunction, WA self 1%, PARRFZ MBI Pyobject*

2,
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X AN AN S e SR A W S T R ZE G A& 2R iR B IR IS0 . BRSO TR e X

IREL . NP TARA 25 58 7 ki Sl bn i 2 Ao B = —A4~.

METH_CLASS
WITER R R BN R M A R LB LBV — eSS BN T £7%, LUTHH
classmethod () HEREIAIEIIEER

METH_STATIC
WITIER 2 NULL A R R LOINE R — NS . Byl T #4575 %, KUTHEM
staticmethod () WEKEFTEIELER.

TR IR R AR AR R BAHFE IR 7 —AE L.

METH_COEXIST
TR A AR A 5 o WSRIEA METH_COEXIST , BBk B2 1y s o th TS 6
BAFRTEN LR WM E, BN AFAE sq_contains FELLIN , R —144H __contains_ ()
A7 VAT L IE i 2K [7] 44 i AH B PyCFunction. #1SRE SCT BLIEEAR, PyCFunction KF 9 il DARE
RIALRE R S I SRl IEAE. R PyCFunction 13 FHRH B R 5 2 %) 5 3 11 B A 1A i DAIX
SR B .

PyObject *PyCMethod_New ( PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)
WA #eh3) A . BT ABL g 3.9 geie. ¥F ml k> Python callable %14 . V85 /i
PR ml AR Feallable, 5E%, ml 285% h—NHSEE,
self TEZRAEMGRINAE N m1->ml_meth H C Y self ZHUE N . self FPA NULL.
callable S50 __module_  JEM W] DARIEZS E W module Z33E 1% E . module [ "})— Python
e, BRI ERECE OTTEBR A TR, WA, BXFPHH None B NULL,
ZUL:

function._ _module_

cls R R C BN defining_class ZEUEN . WRAE ml->ml_flags FiXE [ METH METHOD
ML EZIE 2
1E 3.9 A A
PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
BEME: #a95l 8. BT T ABL 4T PyCMethod_New (ml, self, module, NULL).
PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

BREME: #FHag5l A, B TR ABL g 3.4 Az, %4 T PyCMethod_New (ml, self, NULL,
NULL) ,

12.2.3 ipiaf RIERMRH

type PyMemberDef

& TRE ABL (S48 R ) . i SRS C G AR s BRI B ) 2 IR P S5 R 1. By
BeA:

1, C%al ==

name const char * R R4 HR

type int C Zhkb A i A iR e 8

offset Py_ssize_t B GATESSBIRT S 4504 1A o Irde (6 B 1 AT 2R i A%
flags int FRUHZ B 5 N oA H s sk n] 5 [ TR o

doc const char * R [A SRS FEFER I N

type WL 58 R C RAFEXS . FZE T_ B —A>. 247E Python Hijj i ilT, BX59HE
R %A1 Python K7,
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AR (OF it}
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 char

T BYTE char

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T BOOL char
T_LONGLONG long long
T_ULONGLONG unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT Ml T_OBJECT_EX [ X HI¥E T T_OBJECT iR [H] None &/~ H K 7 & NULL 7 H
T_OBJECT_EX 5| & T AttributeError. iF2i{fff Hl T_OBJECT_EX H(ft T_OBJECT [HH
T_OBJECT_EX AbFRYEEME L] del iB4)LL T_OBJECT HIEHf.

flags AJPACH 0 FI/REE i A8 READONLY FKx HiEvib. ] T_STRING fEh type FIR
READONLY, T_STRING Z(IE ot f#ic iy UTF-8 4uidtg . HG T_OBJECT Al T_OBJECT_EX j§
TR AR G . (eS8 NULL),

Yy PR (fE Py Type Fromspec () B3Pl ek £ ) ), PyMemberDef W] DAL & K¢ IR G
__dictoffset_ ,_ weaklistoffset__ fll _ _vectorcalloffset__ HE X, K NIEH%t
S tp_dictoffset, tp_weaklistoffset flltp_vectorcall offset, BEAfTH i H
T_PYSSIZET Al READONLY f5E X, fFilfn:

static PyMemberDef spam_type_members[] = {

{"__dictoffset_ ",
{NULL} /*
bi

T_PYSSIZET, offsetof (Spam_object, dict), READONLY},

Sentinel */

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
FEHUE T HbdE Get an attribute belonging to the object at address obj_addr FIN S HIFEA B %@k
VA PyMemberDef m KAk, AR A NULL,

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Y58 T T Hihk: obj_addr HIX 5 BB IR R 0. BB EYER PyMemberDef m fiik. A
Himf R[] 0 1 2 Mo 3 1] 50

type PyGetSetDef

B THoE ABL (&38R A AR ) - T & SCE RS KRB e @ M S U ) 250K . 15
[ PyTypeObject.tp_getset R IR .

1 (OF it} |E

name const char *  J&MH: 44 K

get getter MTHRIE R C K%L

set setter AT BB R Rk C K%, AnSRAE I SR e o L e
doc const char *  B] & [1 SCRY FAFER

closure void * optional user data pointer, providing additional data for getter and setter

12.2. ARMREBE
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The get function takes one PyObject* parameter (the instance) and a user data pointer (the associated

closure):

[typedef PyObject * (*getter) (PyObject *, void *);

BN TE BRI (8] — AN 8 | SR 2 IR AR 8] NULL H- 35574

set functions take two PyObject* parameters (the instance and the value to be set) and a user data pointer

(the associated closure):

[typedef int (*setter) (PyObject *, PyObject *, woid *);

)

XF T BV EERM BRI DL 55 — A SR NULL. I VR[] O SR 2R IO R 0] -1 -3 s

12.3 FBIR

Python X4 240 " i B B 1) — A IR R 8 SO BS54 1K Py TypeObject SEMIMR ., FEBUNT4
] DA ATAT] PyObject_* B{ PyType_* PRECRACEE, {HIfRIRMEK L E Python [ FHFEF
AR, XN G ERT R AT AR, DA BN IR A AT AT S A b R B R o T

SRZEARERTA L, KRG K X AR RF RIS R T RERE, e C
PBRECREE, BRI RE S TN RE ) —/NER A . AR AR B R IO T B X T BLRE IR E

IAESSH P BRI ATl

BTN HRES % BT NRAL T POE TPy Typeobject M SCRIUTIERIHI T

12.3.1 BRESE

AN =AY
F

R

tp A"
PyTypeObject #&{i"« /! HKE Rk T i/ B =
I%Page 227,2
CTDI

<R> tp_name const char * __name__ X X

tp_basicsize Py_ssize_t X X X
tp_itemsize Py ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py _ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr__,  delattr__ G
tp_as_async PyAsyncMethods * FAEAE %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * Fiis %
tp_as_sequence PySequenceMethods * TH1z Y%
tp_as_mapping PyMappingMethods * FiEix %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc __str__ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__,  delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * _doc__ X X

tp_traverse traverseproc X G
tp_clear inquiry X G

HETm
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F1-ELEW
PyTypeObiject f& s e 227 | E 3l TR B &
g’

CTDI

tp_richcompare richcmpfunc e, _le , _eq ,_ne , X G
gt ,_ge

tp_weaklistoffset Py _ssize_t X ?
tp_iter getiterfunc _iter X
tp_iternext lternextfunc _ 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 7 ?
tp_new newfunc _ nNew__ X X ??
tp_free freefunc X X?7?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ bases__ ~
<tp_mro> PyObject * _ mro___ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses___
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del_ X
tp_vectorcall vectorcallfunc

~ — PyType_Ready always sets this wvalue

D0 S A ARIOR (SR L) B
<> RIFS WKL FRTERIIRIN VA NULL FH9 e s .

[: Jr 4= WA PR BE AR -

<R> (TENFIS) FRTFBORLTFHEN (REEZ NULL),

25

»(0”: ¥F PyBaseObject_Type i¥HE

YT fEPyType_Type FiXE

"D BROABCE (AT A B o NULL)
X - PyType_Ready sets this value if it is NULL

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").

<

oe

Q)

i 8 %E{

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value

— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots;
see the slot's description

- it's complicated;

R, A A R R A R A AR -

see the slot's description

1
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FHE(L

L

%7

FERTT i

am_await
am_ailter
am_anext
am_send

nb_add
nb_inplace_add
nb_subtract
nb_inplace_subtract
nb_multiply
nb_inplace_multiply
nb_remainder
nb_inplace_remainder
nb_divmod

nb_power
nb_inplace_power
nb_negative
nb_positive
nb_absolute
nb_bool

nb_invert
nb_1lshift
nb_inplace_lshift
nb_rshift

nb_inplace_rshift
nb_and

nb_inplace_and

nb_xor

nb_inplace_xor

nb_or

nb_inplace_or

nb_int

nb_reserved

nb_float
nb_floor_divide
nb_inplace_floor_divide
nb_true_divide
nb_inplace_true_divide
nb_index
nb_matrix_multiply

nb_inplace matrix multiply

mp_length
mp_subscript
mp_ass_subscript

sq_length
sq_concat
Sqg_repeat

unaryfunc
unaryfunc
unaryfunc
sendfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

ternaryfunc
ternaryfunc
unaryfunc
unaryfunc
unaryfunc
inquiry
unaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
unaryfunc
void *
unaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc
unaryfunc
binaryfunc

binaryfunc

lenfunc
binaryfunc
objobjargproc

lenfunc
binaryfunc
ssizeargfunc

__await___
__aiter__
__anext__

_add__ _ radd__
_ dadd__

_sub__ rsub_
__isub__

_mul__ _ rmul__
__imul__

_mod__ __rmod__
__imod__
__divmod___
__rdivmod___
__pOW__ __Tpow__
__ipow__

_neg

__pos__

__abs__

__bool__

__invert__

_ lIshift_ _ rlshift
_ ilshift__
__rshift__
__rrshift_
__irshift__

_and__ _ rand__
__dand__

__XOr__ __ IXOr__
__ixor__

_or___ ror__
_dor__
_int_

_ float_

_ floordiv___
__ifloordiv__
__truediv__
__itruediv__
__index
__matmul__
_ rmatmul__
__imatmul__

__len_

__getitem__
__setitem__,
_ delitem___

__len_
_add__
_ mul__

ZTn
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R2-BIEW
L e/t ¥R 7 i
sg_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___

_ delitem___

sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc __dadd__
sg_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc ()
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I typedef
typedef el IR[E| A
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
PyObject *
230 P Chapter 12. W&RINTH
PyObject *
hashfunc PyObject * Py_hash_t
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WESREEZ KR typedef BHHEZTEAFELE .

12.3.2 PyTypeObiject

PyTypeObject MZEHIE X ATVATE Include/object .h HEkE|., N T HES%E, WEERTHPME
e

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 */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;
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(% L 50)

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

12.3.3 PyObiject ##{ii

KA R EEMIRY B T Pyvarobject G5k, ob_size FBMAT SRR (H type_new () A, i@
T class IBHJT ). W E Py Tvpe Type (JuRA) Wik cp _itemsize, XEWEEILHF (B
KA ) LB AFob_size FE,

Py_ssize_t PyObject .ob_refecnt

BT HE ABL SXCRAERIX R3] TT4L, i Pyobject HEAD_INIT RIS 1. iiHERX
TabAaas R 2, FRWIH] (Fob_type IEHIANIE) FREITATIH. X T
Apmeay KA 5, B 2T AT

MoK :
TRBURIIR I T B

PyTypeObject *PyObject .ob_type

BB THE ABL X @2 KA RA, m vl 2 oA, Bl % PyObject _HEAD_INIT )2
BRI, BERE— RO T2 sPyType_Type o AN TS A R 2D
TE Windows b 0] H, Zmifas S MssiX 2 — DA HwI etk [N e B0 0 % 35 NULL 25 7%
PyObject_HEAD_INIT JH HAERIHHIH] 4R Ak o £ i B LA AR AT 45 2 Jip0 af fbax > B . i
U R X R -

[Foo_Type.ob_type = &PyType_Type;

)

X PR R B R SE B Z BiSE . PyType_Ready () &fifiob_type @7 A NULL, IR
&, NWPRFHAIIR IR ob_t ype FB . WIHRARFEBONIESEN Py Type Ready () FALHK
.

gk :

WP B AW TR .
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PyObject *PyOb ject ._ob_next

PyObject ¥*PyObject ._ob_prewv
XL BV AEE LT %% Py_TRACE_REFS B fE#E (& configure —--with-trace-refs
option)o
H PyObject _HEAD_INIT ZMTTRFENIRIRI A NULL o Xf T34 o feag s %, XA F B4
A NULL o W25 o deadad 2, XA B TR S a5 8 3B r s sl S s R
EMATHTAMEEE. BHRiME—HiEE sys.getobjects () K%L, 7ERE THEL &
PYTHONDUMPREF'S [, fTEHIBATE o I ATIIRTE BRITRT A -
ok :
PE e N o N i e AL 1 8

12.3.4 PyVarObject $#&{iz

Py _ssize_t PyVarObject .ob_size
B TRE ABL XA 0 muay 430 %, BRZEIIRILN 0. XITF#) Ao Beay X2 2, %7 BA
AHRFIREI A o
Aok :
TRARNIR I TFEL.

12.3.5 PyTypeObject &

FEAEALERA — A/ DRI IR R X R . WIRPyType_Ready () W PATEF BN NULL W5 & —4
B AR EH—A “BRIN” /N7, (W EAE PyBaseObject _Type flPyType Type BREMIFLF
BESbr bt BiAE. )
const char *PyTypeObject .tp_name
RIS KBTI LA NUL &5 B AR a5 . XTI e 4 R 288 % P47 e .
RS SRR RS, RIEFEINRBIAER; MBS, B R RAIARR. R
Hog WA W) 4 2 R e B ) e 24 ) —30 4. Bilan, ZE4 P B9F Q HH Akt M g
X4 T WRBY M B tp_name ¥JIRAR "P.Q. M. T",

X7 Ao feay KA %, XBOHRBMAFR, MAERAFRIEER ' __module ' HEAY(HZ LR
ARSI

XFE S g ey KRS 2, tp_name PR AW T AT Ba RS Z RN A AR
N __module_ JEMEVIM, MfG— A ri5Z G NERAEN __name_ BV .

WERAGFAE RS, WEEAtp_name FBAFEN __name_ JEYEVSIN, 1l __module_ J&ENINF
AR E X (BRAFE T Mo RO &, 0 ESCng) o X EWRE IR T AT pickle. it
51, JH pydoc BIEFIRLH SR A A 281 %R

;?E)?E&Kﬁfﬂy NULL. ‘Ej&PyTypeObject () HMi—RUIEFE (B TAEN tp_itemsize DA
ok :
TRAURYK T
Py_ssize_t PyTypeObject .tp_basicsize
Py _ssize_t PyTypeObject.tp_itemsize
T X 28 BT PATH R A S B S AT R BRI RN

AAEWFPEA: HARERKRELGINEHtp itemsize FECNE; HAA AR B A2 A
Hep itemsize FEANE. XTHAMEEKELGIMIRE, g Lolm R/ NEHRE, BN
Htp_basicsize #5H,
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YT RA AR EESLHIREL, BB —ob_size FE, EHIR/NAtp_basicsize il k
N3fPhtp_itemsize, Hi N @ZXWLH “KAE”. N PEEFEAMESLIob_size FEH, H
WAGISN: 2B, BHCRBEH i ob_size RFRIEL, NFEXHE abs (ob_size).
WA, LG R AR ob_size FRIIFABWE LHIG 2 22K ER (Blin, 338045
FAARAT ] 5 K B S, (X BE S A & — N T L ob_s i ze FE)

FEARK/NIFEH FPyObject _HEAD {PyObject VAR _HEAD (DAFT 7 BH S 4544 1) 7 R 1)
P B2 P E B, WRAEAE_ob_prev Fl_ob_next “FBENIHH R A 35X BeF B . X 25k
#FHNtp_basicsize REPIMGACARRME— R 2206 T R IR SL U7 SR 450 L sizeof
BAERF . EAK/PAFE GC A3kt K/,

KT RFERIULEA - AN SRR R4 H R R N5, MM tp_basicsize WIERAAHL. Biltn: i
IR T —4 double 4. tp_itemsize HiE sizeof (double) . FEF RA LW
fftp_basicsize j& sizeof (double) FfFEL (RX42 double E{’JXﬂ‘??%j?)

XA A W AR BESCBIRAL, %P BRI NULL,
MoK :

XL B T AR R B AR — N p_itemsize, AL TR H
Frep_itemsize WEAANFBARFREE R RA LN (R TZEEAR LR RSB .

destructor Py TypeObject .tp_dealloc

T8 1] ST AA SR A R o B AR PRAE SR LA S BRI A SR GRRIBERBIXNSR None Ml E1lipsis
HREE), TRALZIE SGXA PR KBTI -

[void tp_dealloc (PyObject *self); ]

2055 Hit A = EE, Py _DECREF () flPy_XDECREF () <XV AT R &L LR, SEBI4)
SRAFHE, HE XA TX TG . A ek E0N 24 B HO% LB A BT A 51 A, RS2 51 30
HWFTA WA X (5 2 BE 28 vb X B BT 20 B R 250RE o 7 A R i ek 450) I R I 2%
Btp free RE. MR ZEB AT TREY (KiK' EPy TPFLAGS BASETYPE JEARNL)
I Ao 3 R R S R RS T R i i tp. free. KGR RE L 2§ I A 4 I S5 T
MR RSB R M pyobject_New #{PyObject_NewVar 4rFCLHY, WIREHASE %
“HPyObject_Del (); WIHLHIZ{i HPyobject_GC_New B{PyObject_GC_NewVar 4yHiH],
MRS A PyObject _GC_Del ().

WIFRAZ KRB SRR P (B8 T Py _TPFLAGS_HAVE_GC FEFRQL) , WIRTAL 2R N AE I BRAT AT 8 51
FEZ B Pyobject_GC_UnTrack ().

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR(self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);
I3

e, WPRRRBRMED BN (Py_TPFLAGS_HEAPTYPE), WIHEW M IARE ), REaas R
WO HRBS R P 5| (Wid Py_DECREF (). A T ilfpaas 164, BAYSEBIr T

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

I3

Aok :
BT BRI

Py _ssize t PyTypeObject .tp_vectorcall_offset

— AR RS G H vectorcall #3352 B X G 19 52 1) 2% R 200 T 38 1) i % B, X — b B 1] B2
Mtp_call FARMEAESE.
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ST BEBLE T Py_TPFLAGS_HAVE_VECTORCALL AR . FEBUAEOLT, BUAN—
frvectorcall func FEEFSLBIH A RS B IE AL

vectorcallfunc 385 M) BB NULL, FEX MG N SEBIFT Nt Py TPFLAGS _HAVE_VECTORCALL
WA E ﬁﬁﬁ;&@ﬁkﬂgA@ B&tp call,

FAi% & T Py_TPFLAGS_HAVE_VECTORCALL Rk E tp_call HHfEHATHE vector-
callfunc BRE—3. XA] VAL p_call % KPyVectorcall Call () HSZF.

g e Tt is not recommended for mutable heap types to implement the vectorcall protocol. When a user
sets __call__ in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall
function.

TE 3.8 MUA B AEAS T #E 3.8 U2 H, X MBI 84N tp_print. FE Python 2.x H, E#HT4T
FIEI 4. AE Python 3.0 2 3.7 1, E¥A B .

Aok :

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflagis not always inherited.
If it’s not, then the subclass won't use vectorcall, except when PyVectorcall_Call () isexplicitly called.
This is in particular the case for types without the Py TPFLAGS IMMUTABLETYPE flag set (including
subclasses defined in Python).

getattrfunc Py TypeObject .tp_getattr

— R BRIUBE T R R B TR A

BRI . HEPCE XN, Mizfltp_getattro fRIAFE—A BRI, (H#EZ—4 C PR SH
FOREMES, A2 Python “FAFHRXTSE

Aok :
4eH: tp_getattr, tp_getattro

REBESW T Mt _getattro figkiK: ¥ TRAWtp_getattr Mltp_getattro ¥k NULL
IHZ TR MR R BBE N R tp_getattr fltp_getattro,

setattrfunc PyTypeObject .tp_setattr
/I [1) R R DA 5 R A 5 S P e PT  HiE

RO M. BEoE X, Wizfltp_setattro FgmE-—"1REL, (HIEFEZ—4 C FRHRESE
FoRIEMEA , A Z Python “FAFER T4

Mok :
M tp_setattr, tp_setattro

BT TR MR cp_setattro figkik: B TRA W tp setattr fltp_setattro ¥JH
NULL BHZ TRELR RN E R ERTIg K tp_setattr fitp_setattro,

PyAsyncMethods *PyTypeObject .tp_as_async

1 — ML S TE C R L Bawaitable Masynchronous iterator YR GAR S 5 Beit B i
ERR . WS FT A IR TR .

TE 3.5 lASHIA: FEZ BiFR N tp_compare fil tp_reserved,

Aok :

tp_as_async FERAXWAMK, EIEH 7B PERMAK .
reprfunc Py TypeObject .tp_repr

— R T NE R repr () MIRREIY LGRS

%A HPyobject_Repr () KIAH:

[PyObject *tp_repr (PyObject *self);
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R BRI — A PRI Unicode X5, fEBIARIGOUT , %R AN Mk o] — N FAFER, 2400
ey eval () I, HEAFERIEE, SR bl —NRAMEERINR. MR AAT, WERY
R E—APA < FFIRFFRA 1> SRR R AR HE R A R AT R

Aok :

T BT RBGR.

BRIA:

WURAR B BB, IR <35 object at wp> BaXIFAH, Hil vs HHHONRIL T,
Sp RERHIA XS G N FEHBAIL .
PyNumberMethods *Py TypeObject .tp_as_number
fa ) — AR AR EE, HP S RS PATECF IR R R T B XS B SO S
AT 2 F k.
Aok :
tp_as_number FEASHEARK, (HIFEEHTFEREMEPMIK.
PySequenceMethods *Py TypeObject .tp_as_sequence
?‘iﬂ?;ﬁ;iﬁ?ﬁ%%ﬁiﬂﬁ feet, Hh s RS HAT A GAH R 7 B X 287 By SO UL /7
D\ 3 R 4E AR,
ok :
tp_as_sequence FEARSPMAK, HITE T B RMAMRK.
PyMappingMethods *PyTypeObject .tp_as_mapping
R — A mE A R RHeEr, Hh A& RS PATH B SR A 7 B X 87 Berl) SORS ke
G 3F R MR
Aok :
tp_as_mapping FEAXYK, HFHIENTERPERMIK,
hashfunc PyTypeObject .tp_hash
—ANESEEL T N E R hash () Y BREUW AT e FE 4T
HE# 5 Pyobject_Hash () HIMIF:

[Py_hash_t tp_hash (PyObject *); J

—1 ARAERIEE R EHE R B AT G A B AR T A R AR, B IR E— N IR R -1,
MiZF B (AFotp_richcompare) #ARWHE, AN L HG A 25| K TypeError, X 5K
W NPyObject_HashNotImplemented () FH[E .

B9 B Ui pyobject _HashNot Implemented () DAPH IR AC B Gk AR I Ay 5 V. T
Python ZH X ¥ RN __hash__ = None WY, {45 isinstance (o, collections.
Hashable) IEffiR[A] False.. HHEREOIRMZ A : 7E Python ETH & E— KM __hash__
= None &1{§if8 tp_hash f{\i g% B NPyObject_HashNot Implemented ().

4ok :
44H: tp_hash, tp_richcompare

ZFEBESW TR AN tp_richcompare —#E4kiK: Y TRA M tp richcompare Mltp_hash
"N NULL BB R4k K t p_richcompare fMltp_hash,

ternaryfunc PyTypeObject .tp_call

— AR BE A SE BN S VR 0 48 1] R B R 5T o QSR XS A TR X S (L A NULL, HAE 4
Ypyobject_call () BFIE:

[Pyobject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); }
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Aok :
BT RBAK .
reprfunc PyTypeObject .tp_str

—ANAER LN E st () BAERREINTEEN . (EHEE str BFER—PDRAL, str() BFEAX
KA ERS . ZMELS I Pyobject_str () PATEBRERVE, MiPyobject_str () ¥FIHH
ZALTRES )

HEE 5Pyobject_Str () WAHFE:

[PyObject *tp_str (PyObject *self); }

R AR [ — AP AP E Unicode XPR . B2 — “AH” BINRFHFRHZRIEA, Wl
RO EAE print () BRECH 5 HAN A —EE A FRREA.

Aok :

WP B TR BAK .

BRiN:

YR EZ B, FFRMPyobject_Repr () iRl FAFERERIEN,
getattrofunc PyTypeObject .tp_getattro

— AN AR EUE M AT HR R R T

HA &2 5pyobject_GetAttr () HIAHFE:

[PyObject *tp_getattro (PyObject *self, PyObject *attr); }

B AT Z F B N PyObject_GenericGetAttr (), BSEMl THERN S EHAEE .
ok :
H: tp_getattr, tp_getattro

BTB W PR tp_getattr —EYK: B FRAY tp_getattr fltp_getattro¥h NULL
I RA R AR co_getattr flltp_getattro,

BRik:

PyBaseObject_Type [fiflPyObject_GenericGetAttr ().,
setattrofunc PyTypeObject .tp_setattro

/I I R R DA S U R e S e P iR

HA & 5pyobject_SetAttr () HIFHE:

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value); ]

U Ab, Ib b 0 SCFE S value ¥y NULL oK M B JE ME. 8 E AT DA J7 R i P BOR
MPyObject_GenericSetAttr (), XM TIXANELEMLREE .

ok :
H: tp_setattr, tp_setattro

RS FRMFEtp_setattr —RYPK: MR tp_setattr Mltp_setattro ¥H
NULL 28K R 46K tp_setattr flitp_setattro.

BN

PyBaseObject_Type {fifflPyObject_GenericSetAttr ().,
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PyBufferProcs *Py TypeObject .tp_as_buffer

P 1) — A K S LB G b DX TR G 7 B IR ZE A AR o axX 28 By SOR 2 L2
R LR
Aok :

tp_as_buffer FBIARYAMEK, (HEF 507 BSPHMAR.

unsigned long Py TypeOb ject .tp_£flags

BT BORE R Z AR AR . SELEIEERR AR A TR S R A TE S o5 — SRR U ] TR
KA (siiid tp_as_number, tp_as_sequence, tp_as mapping Mtp_as_bufferg|H
Y TREEHR) HRREE R, BAFED S FHFARRARG MR AR AL WY, e
PRI S B Bl AN AT B 7 10 5 HLAL R R AT B8 NULL fA.

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_traverseand tp_clear fields in the subtype exist and have NULL values.

ENT
PyBaseObject_Type ffifj Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
(DA{ AT

HuiE LT AN aTAMER | s 545X 19647 OR BH B itp flags —?FFXE’J{E
FPyType_HasFeature () #%— R —AHEAME p f1 f, HHE tp->tp_flags & f &
R AERIE.

Py TPFLAGS_HEAPTYPE

YRR QA D AERE EPI T SBLEXAHRAL, BN, Py Type_Fromspec () 75
QAR EREILE, HSOIRob_type FRISBMNIRIIRERI G AT, MRS
FEE— TS Bl 0 8 AT INCREF, 1854 61l # B9 5 AT DECREF (XA & B 1
KAL) A LB ob_type 75| 1920 2317 INCREF 5 DECREF).

Aok :

777

Py TPFLAGS_BASETYPE
214 W I AT A 5 — ST R R P HU AR O R B A% U s e, k26
R TCVE PR (2T Java FP ) final” 28),

ok :
277
Py_TPFLAGS_READY
MBI G Py Type Ready () 584 LB AZ LA R0 B
ok :
277
Py TPFLAGS_READYING
MpyType_Ready () AMFERIARAL MBI G 3 R v % HU A 0 RO BE L
ok :

777
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Py_TPFLAGS_HAVE_GC
24 5% G S HE S IR ] 0 B 2 1 X A AR 2. A0SR B B T X AN 7, 0SS i b il
M Pyobject_GC_New KB @I flpyobject_GC _Del () KA. HEXIFE S Wkt
ZORA I AFMRIR IR, XA IR 2R KRB R R EAE GC Ml X FBitp_traverse
Mtp _clear,
Pk :

ﬁéﬂ: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

Py TPFLAGS_HAVE_GC JFpfii& Htp_ traverse filtp_clear FE—mprdhk, Wyt
Ui, WRPy TPFLAGS HAVE_GC JEARAETRB Mg =9 H R8P tp_traverse
Mtp_clear FBAFEI-HA NULL {HHIE.

Py_TPFLAGS_DEFAULT
X NETRB G S R A AR T L RS . H AT, BaEANRAL

Py_TPFLAGS_HAVE_STACKLESS_EXTENSION,
Hhok :
277

Py_TPFLAGS_METHOD DESCRIPTOR
XALFR AR R TR RO TR E 5
WK type (meth) WHE TIZER, HA:

e meth._ get_ (obj, cls) (*args, **kwds) (H 9 obj A N None) % 4 T
meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) & M % #ff T meth(*args,
**kwds) ,

BEARN obj .meth () LRI A A S UM EF5EE9 obj . meth B 1
CHETTIRT MR

15 3.8 AA.
Aok

VAR AN 0% A W B Py TPFLAGS_IMMUTABLETYPE JEFRIGZRBIr K., X TP @K
A, Ytp descr get HAKRRTE M AR,

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
XTI Py Long._Check () % BB R PR — AL B NN E BB 1285 XFEN
LK iz A AN PyOb ject _TsInstance () P, R H N ERBR H E LK
BUN M IERHE B H tp flags, 7505 XRERG AL ST A2 B A AR PR T (5 %) G ) Ao 28
1A E TR
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Py_TPFLAGS_HAVE_FINALIZE
URBEMA T AEtp_finalize FEALIN S EX AN LA
1E 3.4 JRAIA.
H 3.8 A5 i B AR A P2 2, NN iR A & B KB E5 4 1A b 2 AT

IEtp_finalize fl{v,

Py TPFLAGS_HAVE_VECTORCALL
WAL T vectorcall W3 Bt B XA HE L. S tp_vectorcall_offset | B
ok :

This bit is inherited for types with the Py TPFLAGS TMMUTABLETYPE flagset, if tp_call isalso
inherited.

TE 3.9 HUAIA.
Py TPFLAGS_IMMUTABLETYPE
AR R BR R BB R AR TR s B M«
PyType_Ready () & HBlX[# A &4 W HIXANHER.
Aok :
AR A AR IK o
e 3.10 FA A
Py TPFLAGS_DISALLOW_ INSTANTIATION
AAVFRB IR LB Kftp_new AN NULL H HAXTERBFAF A __new_ §#.

XA S AAECEZ LR G E, MAREZE. Gl &0 07 %28
M PyType _Ready () ZEIHIXHE

N cp_base iy NULL 8{# &PyBaseObject_Type fltp_new A NULL NiZiER A+

Aok :

AR PR B2, TREAEPEEGIL, BRIFENFRUE T A% NULL ftp_new
X HAgiE L C APTSCED).

~

il AR R A RSO — N RE ARV B 128 (BIANXS Fabstract base class), 7))
BeiEhR . BACRIMOEE , iktp new HX TR .

1 3.10 iRAS A
Py_TPFLAGS_MAPPING

XA PR $5 I 1% 25 19 520 W DATE B B AE match fCAd e B AR B DU e g A =0, B & FF
WM 7254k collections.abc.Mapping B H 3R E, HAEHN collections.abc.
Sequence W HEUHIXE -

1. Py _TPFLAGS_MAPPING MIPy_TPFLAGS_SEQUENCE ZH %W ; [aHHE - iEsRe
FEARE .

Hok :

XA M AR B Py TPFLAGS_SEQUENCE 2B kK .
UL

PEP 634 ——£5 (L5 : B

1 3.10 RATIA.
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Py_TPFLAGS_SEQUENCE
XA B A7 75 B 25 109 S0 0] DAKE B FIAVE match SRS ) H AR SR e o=, & &
ek 72840 collections.abc.Sequence Bt HEIRE, HFEEN collections. abe.
Mapping HRIBUHECE

#1¥: Py TPFLAGS _MAPPING HIPy_TPFLAGS_SEQUENCE EHJFI; [FHFEFH HiAERE
FER

ok :

XA RGN A B Py TPFLAGS_MAPPING MBI 4kiK
Z U

PEP 634 — &5 IThE :

1E 3.10 HUAA.

const char *PyTypeObject .tp_doc

— ARG ) 25 HIZ BN R SRS AR B A NUL 55017 C FAFR I 4a5t. 12485 g iz h
RARRASLH) ) doc_ JEME.

Mok :
XAFB R TRBK

traverseproc PyTypeObject.tp_traverse

—/N AT R A T BT X A [ A2 F ik ) R A AR SR . IR SR M S HE IR T Py TPFLAGS_HAVE_GC
TERROLI B . RS

[int tp_traverse (PyObject *self, visitproc visit, void *arg); J

A % Python B3R Bl M B 245 B AT AE A % 8 2 S A AR el — 45 PR

tp_traverse FREFBEEIIR MIIAS FHRRPEIA G| H . to_traverse pREH) LAY SII 2 AE S 7
(15 J8 T 1% S 100 e A 17 Python X G ) b2 B faj i il py_visTT (). Bilfm, PATFE%KHA
_thread ¥ BRI KL local_traverse ():

static int

local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py _VISIT (self->args);

Py _VISIT (self-—>kw);

Py _VISIT (self->dict);

return O;

}

(. J

R Py _VISIT () AUREEW DA GRS | R B . BARIEAFAE— self—>key hi
7, B HAEN NULL 8 Python =743 53 BRI T AN BB BUAIEERS | FH ) —3 47

AE — T, BRI TS KA 2 OIS | I —5543, AE AR 4 B AR5 9% 7T AEAR
EYiRITE R gc B get_referents () MANFSWIGE.

Bl YW cep traverse by, HASLBIFT WA MG R AR EN % 7| ) A 7w
Vi 28R, AR — Rl cp_weaklist RN CREFTIH, AR ASGRFER (tp_weaklist
I RBIXR) BFREH SRR I X S B A BRI 16 1 B S 555 1 (355151 8501
Eﬁéﬁ‘%%lﬂ%m%ﬂ, HSEHIBA TR [ AL R ASRG U, P B SE BLE A E AT fe ik
ﬂﬂ‘l /\)0

THHEE Py VISIT () FoRfEYS local_traverse () W visit #1 arg TEZH B EN B, NERE
a4 EA,
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e pme £ PR BSRA A H R RS . B OICE 00 7 R 5L B 4 1
WPy TYPE (self), B HHHMMENEZRE (Flan— P HenBlE3E) W) tp_traverse ¥
WAL BT & WERBAA XA, ZB 5 0] REAS 2wt ml Ui

TE 3.9 fAS K AEAS T HE/rBe S BN 24 1)50) tp_traverse H{ Py_TYPE (self) . FE8H1Y Python
WA H, T bug 40217, XA GBS T BAE A SE Hh A AR R 5t -

Mok
4y#H: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

%Y B Htp_clear MlPy_TPFLAGS_HAVE_GC JHARM — 8 TR BT gk : R R AL,
tp_traverse fltp_clear {E T R TN T A THREE MBS TG

inquiry PyTypeObject .tp_clear

— AT 1) BT SEAR [ s i 7 BB B FE B AR LA AE A T Py TPFLAGS_HAVE_GC
1R AR A R 4l S ISR €S A

[int tp_clear (PyObject *); }

tp_clear G BRECHN RAT B MBS AER PRI A I B AR5 T . BRI, REEH
WA to_clear BB G E]—EUATTHITA 5 RN X MR r i, J HArg (L5
AT ESe it tp_clear L. BIN, JCHRMAR LI tp_clear AL, POAA T REIER]5E 4 1]
TR AN A ARG . AR tp_clear BB VATTBAT A 6 &5 JCAL I A 3E -
XA BTN, I BRI tp_clear HIE XM .

tp_clear WSEPLR 24 ZF 75526148 7] H A 2 AT fE Sk Python XTRIKS] T, K4 1813 L8 A% B4 1K) 38
£ A NULL, U0F T i 55 Frs:

( 2
static int

local_clear (localobject *self)

{

Py_CLEAR (self-—>key);
Py_CLEAR (self->args);
Py_CLEAR(self->kw) ;
Py_CLEAR (self->dict);
return 0;

}

WS Py _CLEAR () 7%, PUMEHRGUTRRBMH: 81t &3 55 | L A7E 15 m et &
XFR AR BN NULL 2 J5 A BEBOREIL (Il Py_DECREF (). X2 NG | Al fE &2
AT IR GRAL ISR, ARG B, Hod T RE A S MGE AT Python fURY (i R BKEIHE
BN GI AL R 5 ) o AR ARG AU A W] BEFRRT I self , AR ATX g [ # t S04
AR NULL gl AR A, Xk self sAIE RO S RA AR . Py _CLEAR () J2HFPA
LA AT BB

R tp_clear IR & RAESLBIGIBGH 7 BeZ BIBER AT BIAN, 2451 T BUL AR E X A
BRI, WA b R ARERLLIR e 2 E AR tp_dealloc,

B htp_clear AW B ETTHAGERT I, B DA TS 205 R e 60 & X 4 40 Python “E 4% HR B
Python #4455, BEAMILES SWEAGI M. 7—J5H, HRIL S 4EE Python X[ %, I gEHRA
Mtp_dealloc FRECKEMEtp clear AR FIE,

£ 5% Python B3 IS R 25 B FE 1Lt 258 L3RR el — TP a A,

ok :

ﬁﬁ‘?ﬂ: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ZFB e Htp traverse fllPy_ TPFLAGS_HAVE_GC JEFR—E 8 FIRBUT R : WA AR,
tp_traverse fltp_clear fET-IRBIH I TN EATHRRF MBI .

richcmpfunc Py TypeObject .tp_richcompare

— ARG ) AR R R, R B4
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[Pyobject *tp_richcompare (PyObject *self, PyObject *other, int op);

B MESRRIUL Py TypeObject g LIMARB LA .

PR 23R 8] LA 455 GEE N Py_True B{ Py_False). WISRAKE LIWKEHE, BhHiRE
Py _NotImplemented, WIHREA T HAhEE RN E AR [E NULL I E—H &1

PN H B E Y HVEtp_richcompare fllPyObject_RichCompare () [E =14

FE XPER

Py _EQ

Py_NE

Py_GT

Py _GE

FE X PN F SRR T Wi -5 i LR ek 5
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)

ML LR Py_True 8 Py_False, XHURT HRMEA . VAL_A fl VAL_B i /Ji 2 il i
i C WRGEFATHATHT Y (B0, BT AR C AR A4 . 28 =S8 PG K
B85, 5Pyobject_RichCompare () WEE—F.

iR e — S F i strong reference .
KAERTGENT, RFRCE R LR EIUR [B] NULL,
TE 3.7 AN

4ok :

AeH: tp_hash, tp_richcompare

YT BREWTRME tp_hash —E4K: LB TFRAYtp richcompare fltp_hash ¥Jj NULL
I 2RADE R N 48K c p_richcompare fltp_hash,

BRik:
PyBaseObject_Type $&fit | —Atp_richcompare MSEHL, ER[ABARK, (Hid, W E L
T tp_hash, WA HBERKE RECT HAZRB LB TR S I AT HLR -

Py_ssize_t PyTypeObject.tp_weaklistoffset

WIRIE AR S BRI 5 B, WHE 7 BOR R T F IR S 78 555 | 51) 35 3k 10 S5 1) 45 44 14
T AL (208 GC 3k, WIRAFFERTE) BB B Hipvobject_ClearWeakRefs () Hl
PyWeakref_* pREUHH . SLHILEHIATEAEE 4 Pyobject* BB FEIF VML A NULL,

RNERFZ T B tp_weaklist {RiF; & 2R R A SR 55 HRFI#k .
Aok :
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RFBAP T RBOR, BEESH T EIIH AN 7B A S I A i XERE TR
P A T RERBR S5 N8R, BTl tp_weaklistoffset FNR, FrbAixX
IV AZAN

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
reference list head for instances of the type, and the slot’s offset is stored in the type’s t p_weaklistoffset.

When a type’s __slots__ declaration does not contain a slot named ___weakref__, the type inherits its
tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter

— NI HE 1] BB AR ST, KR BGR [BIX 8 iterator . EHIAFAEIE H RIS LB Riterable
RYE FPBIAE AT BERR 1 DL T AT e AT AT 0) o

B4 S5 Pyobject_GetIter () WM

[PyObject *tp_iter (PyObject *self); ]

Aok :
BT B e T 2RAAK

iternextfunc Py TypeObject .tp_iternext

—ANRIER A R BN AR, LR EGR iterator W —3T, HAEA N

[PyObject *tp_iternext (PyObject *self);

BZEAFEIN, BRI NULL; StopIteration i alAESBIE WM ATREARE. Mk
A AR, B GR F] NULL. B A R R S 2 1102

%ﬁ)%ﬁﬁﬂﬁlﬂ\?“:ﬁﬁiltp,iter BRE, I HAZBREUY iR A A L BIA L (A2 H LA AR
LBi) o

WERE %4, S Py Tter_Next () WIAHIA .
Hhok :
B ol F R BK

struct PyMethodDef *Py TypeObject .tp_methods

— ARG [ PyMet hodDe £ 5K ATDA NULL 5 BSR4 E, BRI T SRR H AL
Tk

X ZEA TR —I, ARS RIS R to_dict) TM— &I kb de i 4
H.

Aok :
BTFBARPTRATR (O k@il AR HLH SRR ) .

struct PyMemberDef *Py TypeObject .tp_members

—ANA G [ Py Membe rDe £ G5 IR DA NULL S5 s aS B 464, B T R B R A
Bl it (7B ) .

T BRI, AR 2RI SR to_dict) IIM— DS IR SR 4
H.

Aok :

HTFBASYT IR (@l A LR R ) -
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struct PyGetSetDef *PyTypeObject .tp_getset

—/NH[ERYFE R Py Get SetDef G5 DA NULL 45 R i ESEAL TS, BRI T 22U i) 554
R R R M

XA I, AR I G IR to_dict) IIN— M SR E AR A
He

Aok :
ZTBALY T RBIR (BT R B MRl A F LG R 4K ) o

PyTypeObject ¥*PyTypeObject .tp_base

— AT 1) SEAURFAE SR R B AR B 2R A 5. TERXDNZH L, RSO RgR; ZEPKT
pSibon bl side s el FE e SLiEhU e

i AN IA LT BRI I e A R A R AL . C99 ERPIIRIkash “HuhbE R . R
RFGE R BE R AR W Py Type_GenericNew () #2501 C99 HuhkH & .

{HJ2, A bt s S AT EN H T IEE S4B PyBaseObject _Type WL HZHEAF& . HilF
%;fﬁéfi%ﬁi@ﬁﬁ (ln gee), {HMSVC WIARSZHF. XA anfEiX —FrE 4T b AR 2 AR AT
EARIERT .

I, N4TEY BB RIIR LR B i & tp_base.

Aok :
BTBALH TR (BR).
BN

BRIl «PyBaseObject Type (A} Python #2/7 51K LRI object 2A).,
PyObject *PyTypeObject .tp_dict
FRP)FIRH Py Type Ready () fEAEFIX .

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__()).

ok :

T BN FRBroR (e B S a2 8 A S [ A AL i Sk kA A )
2Rik:

WHRZFEBCN NULL, PyType Ready () ¥ ESH— 1 H 7ML,

el WM C-APLffiflPyDict_SetItem() BBl tp_dict BANLEW.

descrgetfunc PyTypeObject .tp_descr_get
— AR AR KA RS
SR GRS R

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Aok :
BT B 2R AAK
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descrsetfunc PyTypeObject .tp_descr_set

/I 1 T B BRI At g FELY o R T T A -
PR 2244

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

¥ value ZH5%h NULL DABHIR % (H .
ok :
M B S T TN

Py _ssize_t PyTypeObject.tp_dictoffset

QAR B LB B A — A S e A R, D BRE R R B I % S 91 A2 e
REEGIN M R MR Pyobject_GenericGetAttr () ffiff.

ANERZTBS tp_dict IR Jad 2 BN A B iy TR PR i 7 4t

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

tp_dictoffset WM A2 HEen). ARSI Pyobject _GenericGetDict ()
4. W Pyobject GenericGetDict () WAERGEN TN, WML IXTR LY
JEMERHH Pyobject _GetAttr () AIREL AR,

Aok :

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via tp_dictoffset, this should not be a problem.

When a type defined by a class statement has no ___slots___ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’s offset.

When a type defined by a class statement has a _ slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe _ slots__ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref  though.)

BRik:
XS BONA . W THAERE, WERIETFBON NULL WAL N SEfIBIE _ dict_ .

initproc PyTypeObject .tp_init

— AT [ L B AR AL s R i 6

BTN T2 init_ () . Ml __dinit_ () —FE, QVESCEIRERREAE _ init_ ()
RAWRER, I HE S ERIER AR init () FEHHEIOGH RS RN

R4

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

)

self S RFERIIRLHI LB args Fl kwds ZEURFFA __init_ () BHE AR ER TS
tp_init ERECANSRA N NULL, REPe ol 8 H 2240 5 ) L sep i ), RIS cp_new
PREIGR o] —MZ BB SEGII . MR cp_new BREGR] T — A @ RAGZE AL T2 80 i HAh R AL )
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B, Wep_init PRSP WR o new iRl T — AR TR L, Wi%T
KA tp_init KPP

B R E] 0, K AAE RN R A -1 FEAEs R EiRE— N R% . and sets an exception on error.
Mok :
PP B TR K .
BRIA:
X S A SR UL T BB BOAE.
allocfunc PyTypeObject .tp_alloc
i i) — >S9 23T o R TR
PRANAY 2544 h:

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }

ok :
FTBEWHEHSTRBMK, EASHIS TR GE class IBHEIHK THE) 40K,
2Rik:

SHFEISTFRE, HFBR RS NPy Type_GenericAlloc (), VAR FARERHES Bl
W«

YT HS TR, pyBaseObject _Type $ffifllPyType_GenericAlloc (). Xl T HrA#
B R HERHH -
newfunc Py TypeObject .tp_new
— ST R F ) S0 R A AR
BRI 24

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); }

subtype Z BB AN HII AT ST args F kwds 2853 m 8 I 28T BH5 A0 007 BN S B 2 S 80
TR subtype A e S WM M) tp_new BT BARBAR; BRI IREAE 7RE (H
AR TERTTRIYER).

tp_new BREUV 4HH subtype->tp_alloc (subtype, nitems) /M AEIESE, KREH
PATLNA BRI W IR A E . W DAZE 4l 22 W 55 FE A IR R A BV E Y M i E cp_init Ab
PRAS . AN KREEA RN X TR AR UL, T A MR B AR N M AE c p_new A, TR
TAARRA SR PIARERA R, MR B cp_init F4AT.

N E Py TPFLAGS_DISALLOW_INSTANTIATION JEFRVAZE [FFE Python Hr A1z 2 B 5241
Pk :

BT BB TR AR, PISMEN R EA X itp _base ) NULL #{ sPyBaseObject_Type
e 2 FrdkK.

BRIN:

Xt A R 2 T BB EOAME . X RV WSS (L8 0E O NULL, I JCyk i ] 2R 2Ok 6
D ENE R VA=Y ¢ 82 L) vy ol e Sl IETI U IV

Jfreefunc PyTypeObject .tp_free
—/N AR ) SR R R ST . BRBAE 44 R

[void tp_free(void *self); }

— AR REA NI AR 2 PyObject_Free ().
Bk :
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BFBAWHS TRAMK, HARWEETEA (Gl class IFAEIERY TRE) 40K
BRIA

EHSTRHEP, ZBFESHE BN N EH SPyType GenericAlloc() DA
K Py TPFLAGS_HAVE_GC JEFMIFEAHVCEL IR AS o

ST #5728, PyBaseObject_Type FHfiflPyobject_Del (),
inquiry PyTypeObject .tp_is_gec
CIpzhE A mbeva AL eI OIS GO =g o

T % [ AL 25 5 BRI RN E PO S 2 15 AT AR R FE— BN LR , Br i i 7R A A
xT%;%@B’Jtp_flags%Ex PAJ Py TPFLAGS_HAVE_GC Fnif i BRI KW (2 — Jk@éﬁg
FEHR G & TESHSIS B LR, HrpE SO TR SEBIUR R % B I iE . ARk 54
Tﬁ(ﬂﬁ'ﬁmﬁ‘ AT A SE 5], AR BRI 43R [m] 1 5 b F R AR RS SE I, AR PR
JV 24 3R o BREUNZA N

[int tp_is_gc (PyObject *self); }

(MR ME—REBI R RA G . JURM Py Type Type 5 3L T BREORIX SR #) & 4 fuah &

A,)

ok

I F Bl TR IR .

BRIA:

BB A BONE . A% 7 BOh NULL, WS Py TPFLAGS HAVE_ GCAENAHEIZHREREAL.
PyObject *PyTypeObject .tp_bases

FRA e .

UL B Mk NULL FEg o HisE. Python REAEZRAL A7 4 L BT JHAEE

XTSI E#FE, A Py_tp_bases # L KB Py Type FromSpecwithBases ()
bases Z4 . M HSHOEA.

i ZHEARAEGHSE LA, WRIRFF tp_bases BEN—IC4l, Python FFALT]
FAR, (HRBER AR N — R AR

Aok :
AP BRI .
PyObject *PyTypeObject .tp_mro
AR RN T, ARBABIFIRH VA obect MENEEW, MM I N IHUT .
B B MR NULL FER o k. Python REAESRA A7 46 (LI JHFEE
BEK:
XANFERASHIMK; R Py Type Ready () THHAGEIN)
PyObject *Py TypeObject .tp_cache
WA o AXHETREE T .
ok :
AP B SAHIRK .
PyObject *PyTypeObject .tp_subclasses
280 5855 | LB o AL FRaE T .
Aok :
XA BN SRR .
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PyObject *PyTypeObject .tp_weaklist
BEI MRS, W RIIZEA LS5 . Aatdk. ERNTRE .
Aok :
EATFEASHIK.
destructor PyTypeObject .tp_del
WFBRCHF . Wl tp_finalize,

unsigned int Py TypeObject.tp_version_tag

MTRGI BIEEA . URNFREE .
ok :
EAFBA SRR .
destructor PyTypeObject .tp_£finalize
/NI ) SE B R A AL R A HR B . SRS 4R

[void tp_finalize (PyObject *self); }

WRE T tp_finalize, fRREARRITE S 2 ALK E SE B I E— K. &Rt B i
(RSO B AGERG | ) —FB0 ) BORTEXT SR migai . AR, ey E
SAEZ I THARRG | HZ BT A, AR PR E BB G A T IR HARAS .

tp_finalize AW HZASMAIFHARE: B, MEARREALSSIIERMIAIT:

static void
local_finalize (PyObject *self)
{

-

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/% oo W/

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

TS E TR, FEN A BIR EIHL ) Python H, tp_dealloc nlVAMATIE Python ZEREH I i,
AU BIBAZXT R LA (USRI R BT TR — ), WHZAGEAT RE S BT AT 4efe b
A LLIR T CARAE T ) o X% Python APT i FISRUIAZ M, [ tp_dealloc i I BT 7E I L AEKF
FrA 2Rl (GIL). H2, AR SRR GO 8 T ok B HA C 50 C++ BRIIXSS, W
M/NOERRAETA ] tp_dealloc [ ZRAR A SR IX LEXF G S BRI L8 AL AT B U5

Hok :
I FBEa 1 T RBILK
TE 3.4 AT

TE 3.8 WA KA AR T AE 3.8 UL B B Py TPFLAGS_HAVE_FINALIZE JHARA BELIIZ T B
. IAEE AR EIX A .

S YL:
? GAN G IR AAL” (PEP 442)

vectorcallfunc PyTypeOb ject .tp_vectorcall

FHF BB 4 )18 FH 1 vectorcall pRAL . #ATE UL, BB RSEH type . __call_ iveciorcall,
W tp_vectorcall A NULL, ERINVEAHSEIRHER __new__ () 3FH __init_ () RFgfEH.

MoK :
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X FBASIK.
TE 3.9 HUAIA:  (EAFBO 3.8 EIFAAE, HRM 3.9 FFIRB M)

12.3.6 §pAKE
TE%S b, 1F C RIS E XHRRERE A0y, WatiRit, PyTypeobject ZEMATLEACHS B B E X
Hi APy Type_Ready () KWIH1L.
Xt FECT 57E Python H g S ZEIRAH SE R S 70 FR 1 -
o HSRAHREINAE A AR, MR RERE 2 EYRK .

o HESRATS (FEIFAREMTRYSEH]) AN R . ARBETE Python N s &t B R 1) &
P

o HSKADGRIEES T A S L8, HILEA AN AR TR L BaRES.

WAL, T PyTypeobject HBVENANBEHEERIE 2 % APL—355453, P IATAr] (i F B S 2R A 9 At
HUER BT X RFE B9 Python IR UAS A T4m15

12.3.7 HEKRY
— PSR B B AR, o WK ERE, B 5 Python iy class iEA)AIE K%
St . HERBE TPy TPFLAGS HEAPTYPE JFf.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_FromModuleAndSpec ().

12.4 HFMREHaF

type PyNumberMethods

RGP R 5 1 RO G R S BUECT PSR B BR84S s BRI T #0339 LRI
X 44 FRA R EOIT 8

SERA A E SLANTT

-

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;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;

(BF )
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binaryfunc
binaryfunc
binaryfunc

nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

} PyNumberMethods;

ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix multiply;
binaryfunc nb_inplace_matrix_multiply;

(% L 50)

ik WH M= H R RS A T SR RO 2R A, P SE s R (R A ERE
BRI A SEBI) o WA R A gy B B ERCE SCHERVE, IAUH A= H e B0 R 1]
Py_NotImplemented, IR %EAE T HANAS R EATLHGR A NULL FH5EE — 58 .

il nb_reserved FEN MIAZ A NULL. 7EZ BIRAS I AZ H7 M nb_long, F7F Python 3.0.1

T4

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods

nb_add
nb_subtract
nb_multiply
nb_remainder

nb_divmod

.nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_lshift
nb_rshift
nb_and
nb_xor

nb_or

12.4. BFMRELEF
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unaryfunc PyNumberMethods.nb_int

void ¥*PyNumberMet hods.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

binaryfunc PyNumberMet hods.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 BRI XIR G E

type PyMappingMethods
AR 5 R T S2 U e B FR B . B =

lenfunc PyMappingMethods .mp_length
KB Py Mapping _Size () MlpyObject_Size () (i}, HFAAMFEMLES . WRIREAH
S8 S B2 DU H A (2 T 95 NULL.

binaryfunc PyMappingMethods.mp_subscript
% OB K Wipyobject_GetItem() HPySequence GetSlice() i, H H H 5
PyObject_GetItem() #H[6] (25 2. I AE {7 06 200 9 38 58 DA i PyMapping_ Check () MR 4K
iRM 1, FHWERPASH NULL,

objobjargproc PyMappingMethods.mp_ass_subscript
Z R gipyobject_SetItem(), PyObject_DelItem(), PySequence_SetSlice/()
frysequence_DelSlice () ffiff. BHEE PyObject_SetItem () MFEMIZE4, {H v Al DA
i NULL DAIBR— 4 H o« AR IR NULL, JUISF SR S2 R 2% H IRAE AR o
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12.6 FFIIXREHIF

type PySequenceMethods
SERURFEAT HE T R T S B S MUY eR B i L

lenfunc PySequenceMethods.sq_length

jﬂﬁ]_[ij(?ﬁPySequence Size () flPyObject_size () Fiffill, HEASEMMEMNESL. B
W T sg item flsq_ass_item N RAPNRE] 5.

binaryfunc PySequenceMethods.sq_concat

Wi Py Sequence_Concat () B EAMENES . FE22iR@ 1 nb_add fEAFTHUE
MMz G ERSW AT + B85

ssizeargfunc PySequenceMethods.sq_repeat

B EBE Py Sequence_Repeat () Bl I RAMIFMLESY . TEZlildnb_multiply f{ALHA
FTRMEMRZ FEL BT ~ 185847

ssizeargfunc PySequenceMethods.sq_item

MR B Wiy Sequence_GetItem () B HEHEGMFENE %L, 223 dmp_subscript
AL RAT T BEZ B EXL S8 Tryobject_GetItem(). %R &b 7 8% 3 58 DA
ffirySequence_Check () BREGRE] 1, FHNER PN NULL,

ARG SR T AR AR sq_Tength MRICWERTE, ERFEOR I [T P IR AT
AIMIERG S sq_item, IR sq_length 4 NULL, R5ISHFEREM L I RAL

ssizeobjargproc PySequenceMethods.sq_ass_item

I R # #iPySequence_setitem() Jr i M I A ﬁ g eI O A = W 1]
dmp_ass_subscript fi AT B REMMGREEZ GE %ﬁﬁﬁ{FPyObject SetItem()
ﬁﬂﬂmekalﬁaM),w%ﬁ%fi%%ﬁﬂWW%&ﬂﬁuTM%%ﬁNML

objobjproc PySequenceMethods.sq_contains

B fikpySequence Contains () A HAMFEKES . HHEAA PAGREF N NULL, TR
LN PySequence_Contains () RFFM %7 HI HE k2 — 4> PLhc.

binaryfunc PySequenceMethods.sq_inplace_concat
W Ei Py Sequence_InPlaceConcat () Bl RAMEIRAES . BN S IEBE R —1 4
PE%, IR ORI . A AL AT DALREE N NULL, FEMLHDL T PySequence_InPlaceConcat | 4%
mBF|PySequence Concat (). FEZREdnb_inplace_add {4 @Z%}E‘iﬂﬂ*ﬁﬁﬂz
bt TR IR B BT +=.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
W BB Py Sequence InPlaceRepeat () Bl {13 AAMIFEMES . EN 4 BSERH—
PEEL, 1R . ﬁffﬁuTM%hjﬂ NULL, TEME DL T PySequence_TInPlaceRepeat () ff

[iE#|PySequence_Repeat ()., TEZ2iRilidnb_inplace multiply FE{;i 4 @(?ﬁﬂﬁ*ﬁi
Z GBS TR EE AT =,

12.7 EpRX R E

type PyBufferProcs

SRR B 22 o D0 BT B R B R BT AR MM BUE SCT S D7 R G AT 1] 3 3% 05 %
?&%%EW%?&%‘E

getbufferproc PyBufferProcs.bf_getbuffer

SR A GRS 5k

[int (PyObject *exporter, Py_buffer *view, int flags);
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AP A2 exporter W SRARIETE flags BTG ER view. [R5 (3) Ah, BLRREH SEBLLATHATLA T 22

W

(1) KK 2 ERER L . WIRABE, W&FIk BufferError, ¥ view—>obj ¥4 NULL Jf
i’ZE] _10

(2) WA RWT B
(3) 3G TR R B N BT
4) B view—>obj &N exporter I iEI view—>obi,
(5) [H] 0,
MR exporter ;2 Geh KBy 1 BE B BL G A (1) —T0 43, AT DARE A £ 2 % :
o HRH WGBS B X RIF R view—>0b3 BONNH B BRIHTT I

o HUER G KIERAHE E W B USRS R . TEBL, view—>obi R ARG HT
EILIE

view SRR S WAL b [ 25 4tk 35, Sty Xt TR TR 24 0 B R 2 L% o 5 7%

REL —,

PriAEPy_buffer FEMA RS ) AP E T 5 07 H R A R B A A AT 9807

format, shape, strides, suboffsets fllinternal %} T ki E HiEEM.

PyBuffer FillInfo () $RfLT —Fhaa i By 1y Zeuh DX [m] I I A AL B0 A 5 R I IU Y g 677
o

PyObject_GetBuffer () ;e X3 R B TE 9% i 3% 1 o

releasebufferproc PyBufferProcs.bf_releasebuffer

JLATEE I GRS

[void (PyObject *exporter, Py buffer *view); }

Ab BB B 2R of IXOBE YR B WS oK. a0 RN 75 B ORE AT T ¥E YR, WlpyBufferProcs.
bf_releasebuffer T DL NULL. FEHABE LT, 10 ok 500 bk E 55 0K 047 AR B mT 8 25
oE:

(1) 3880 T PRAT-5: R S NS e -
(2) R R 0, MR A KERE] view I AT

ST internal FEARILREM X LRI . R T B OREE , 17H 9% 07 Wl G
JE IR G vh XA view ZEUEA .

SRR AT B view->oby, PHINXEfEPyBuffer Release () FHENZEMM (LT SEMT
FTRAEFRGIH) -

PyBuffer Release () yEEIXIM%E BB T H4E 1.

12.8 FiEMREHHF

TE 3.5 AT

type PyAsyncMethods
ISR AR 4 8 1) 75 52 1 Sk s Mawaitable Fllasynchronous iterator %40 BRI F5 4T .
SER A E SCANTR:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;

(T
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(750
sendfunc am_send;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

ASSE I GO

[PyObject *am_await (PyObject *self);

IR [B] FRI %) S Wi Ayiterator, B EAATPy Iter Check () WoAIR[E] 1,
TR RAR R awaitable W) JEFEA W #7115 A NULL,

unaryfunc PyAsyncMethods.am_aiter

LR R 2548

[PyObject *am_aiter (PyObject *self);

WMGR [B]—A~asynchronous iterator ¥4, W __anext__ () T#F.
TR — XS G LB A8 XA SO A 7] B 5 NULL.
unaryfunc PyAsyncMethods.am_anext

JLATSE S GO A

[PyObject *am_anext (PyObject *self);

AR Bl —>awaitable X5 WS __anext () THEFEN . WA TP NULL,
sendfunc PyAsyncMethods.am_send

UK B 2E 4 A

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

W WryIter Send () [ f#ER. AN APk NULL,
TE 3.10 A

12.9 ISR typedef

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)
& T IE0E ABL BLeR BRI H AR5 A7 BC -5 WAFRI IR AL HEA T 70 5 < B IV 24 0R [ — i 0] /2 i 25
NSEBIREE , 12055, FHERIRA A BRI NAFIRIFREE, (Hffob_refent Bl 1 HHfob_type H
type 4. MRLH Wt itemsize NAERH, WXIRIob_size FEIV UYPHIIRAN nitems T
ST R A tp_basicsize + nitems*tp_itemsize, & AF| sizeof (void*)
MREG TEHABIEDL T, nitems $6 R PE T AFARIGKEN A tp_basicsize.
IR BN AT AR HAR SE BRI IR A A, RPRR A RN N AF A AT TR 24 e p_new 2k
FEI o

typedef void (*destructor)(PyObject*)
& T 1€ ABL

typedef void (*£reefunc)(void*)
Zltp free,

typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
& T e ABL ZLtp_new,
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typedef int (*initproc)(PyObject*, PyObject*, PyObject™*)
& FHaE ABL Z0ltp_init,
typedef PyObject *(*reprfunc)(PyObject*)
& THUE ABL 2l tp_repr.,
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
& T HE ABL IR [EIX G )45 € IR P {E .
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)
& T HE ABL R RUCETRE RIERE. K value ZHBCH NULL REAH ERZ R 1 -
typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
B THE ABL R BN 48 & B P {E .
Z: W tp_getattro,
typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)
& T e ABL X RUCETRE RIERE. K value ZHBCH NULL RN ERZ R 1 -
Z N tp_setattro,
typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject™*)
& T FaiE ABL 2l tp_descr get,
typedef int (*descrset func)(PyObject*, PyObject*, PyObject*)
BT ABL &l tp_descr_set,
typedef Py_hash_t (*hashfunc)(PyObject*)
J& F 15 ABL &) tp_hash,
typedef PyObject *(*richemp£func)(PyObject*, PyObject*, int)
J&F a5 ABL &)L tp_richcompare,
typedef PyObject *(*getiterfunec)(PyObject*)
B FFaE ABL Zltp_iter,
typedef PyObject *(*iternextfunc)(PyObject*)
J& T faE ABL &l tp_iternext,
typedef Py_ssize_t (*lenfunc)(PyObject*)
B FHaE ABL
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
typedef PyObject *(*unaryfunc)(PyObject*)
& T 1€ ABL
typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
B FHaE ABL
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
ZLam_send,
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
& T HaE ABL
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
& T 1€ ABL
typedef int (¥*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
& THaE ABL
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typedef int (*objobjproc)(PyObject*, PyObject*)

& T 1eE ABL

typedef int (*fobjobjargproc)(PyObject*, PyObject*, PyObject*)

& T 1eE ABL

12.10 f¥

“Nfi /22 Python SR CHYTRIEAR Bl A AR IR AT BE BRI Bl 7 vk . A LEUR T NN A2
Prfisol . ZRHUEZ R0, SSBAE S LA SRR, 72 1d defining-new-types 7/l new-types-topics.

— MRS R

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type
PyVarObject_ HEAD_INIT (NULL, O0)

{

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

YRAT BB B B A S E BRI (s i IR (R @7 CPython AU )

static PyTypeObject MyObject_Type
PyVarObject_ HEAD_INIT (NULL, O0)
"mymod.MyObject",
sizeof (MyObject),

’
destructor)myobj_dealloc,

’
reprfunc)myobj_repr,

PyDoc_STR("My objects"),

~ N~ 0~

~

~

~

O O O O O O o o
~

~

{

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset */
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */

tp traverse */
tp_clear */
tp_richcompare */
tp _weaklistoffset */
tp_iter */
tp_iternext */
tp_methods */
tp_members */
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(B LEm)
op /* 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

ARG L ORI A s B S

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

J

— AR T AL HARE SR DA Py TPFLAGS DITSALLOW_INSTANTTATION JERREIZEESLH] (1)
AR B )RR 1 st T

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,

bi

e fA] PP ] R R B S i 5

typedef struct {
PyObject_HEAD
} MyObject;
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(B L)

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

H (R B B A T 2R K S A 2 L

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 {EXRIEB TFRBEI LR B

Python X JEFRG | A LESRAGIN 55 I 75 2 “78s” XPRRIMAY SR, BLIAURZRas x5 ] Re &5 0L
BEMR . AMFHEXRMTIIRRA, 8o U TR (Eer s A e ) 5 Imgea,
2 R A AR R S

TAHE - DNREHRE, BN LR Wep_flags F B W W 8 $§Py_TPFLAGS_HAVE_GC Jf # fit —
Atp_traverse ACPRESHISEIL . AN Z BRI SLBIZ ALY, NEAUR M cp clear LR,

Py TPFLAGS_HAVE_GC
WHE T WARE AL ZEBUR QAT A A ISR« SR AR L, 1 SCHE I SE R R AR 22kt
%

XA JE AL B AL 3 bR B AR S R -

L. XN Pyobject _GC_New B{PyObject_GC_NewVar HArHt.

2. WAL T A T e & AL ARSI I I F B, B Pyobject _GC_Track() .
[FIRER), X5 RS WO AT 5 S L) A )

L FESI I EAAS F BB, WA Pyobject _GC_UnTrack () .

2. W Pyobject_GC_Del () BRI AT

B
S

s IIR—ANZERTIN T Py_TPFLAGS_HAVE_GC, ‘¢ &/MEEME/b—"tp_traverse
AR B A A R B AN 2 AR A

Y HMPyType Ready() B # H 2 [ £ W H &% & %% 1 APl
Py Type_ FromSpecWithBases () B{PyType_ FromSpec () W fif ¥ 28 ¥ B zh H
Ftp_flags, tp_traverse flltp _clear F B, MR ZBEH 24K G LI T b7 3% [ 1k
ARSI Hag 738 R Wdi Py_TPFLAGS_HAVE_GC JhRHITE .

PyObject_GC_New (TYPE, typeobj)

Kl T ryobject_New HEHTWE T Py _TPFLAGS_HAVE_GC JEARIIZARXT G -
PyObject_GC_NewVar (TYPE, typeobj, size)

Spryobject_NewvVar 2{MEE HTIXE T Py_TPFLAGS HAVE_GC JEFRIIBRERT S,
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PyObject_GC_Resize (TYPE, op, newsize)
HHREEPyOb ject_NewVar BroyFEXRIIR N . IR B R/ NEHIFA N TYPE* BRI (4514
R C A BifE R IR Al NULL.
op WA PyVarobject* KRB HRNREC B MIILES ITiB B . newsize ol Py_ssize_t ZRAI,
void PyObject_GC_Track (PyObject *op)
& FFaE ABL JEXTSR op A EIS % [BICEF IR BR800 G2 b o PR AE 0l (R AL 8 R s Db T AR
R, PRI AT REXEAL I ARTT 4R12 1T, fEtp_traverse AR ITA FBAN ARG, &
JVER PR, G AR M) i pR AOR RE A
int PyObject_IS_GC (PyObject *obj)
TR RS T DR s R [ HEZAE, 5 [ 0.
TSR MR EIGR ] O TR 5 Te ik b I 2 5
int PyObject_GC_IsTracked (PyObject *op)
& THE ABL B 3.9 pae. AR op XMGRAYZRMSIIL T GC WM H. op B Hil IE AR [T e 18 5 ik
[l 1, A E o,
XFEPL T Python fR%( gc.is_tracked().
1 3.9 AT
int PyObject_GC_IsFinalized (PyObject *op)

B THE ABL g 3.9 mte. W2R op XMPRIYZRBISEIL T GC MU H. op T 2 hr I ] Wi 28 45 0 35z 1]
1, IR [E O,

2T Python K%K gc.is_finalized().

?:E 3.9 fRASIA.
void PyObject_GC_Del (void *op)

B FHasE ABL [fifflPyobject _GC_New B PyObject GC_NewVar FEUAMECAM L IINAE .
void PyObject_GC_UnTrack (void *op)

2 TRE ABL MR #F ER BRI S 4R 0T REE G TR B op X 4. H TR W DATE X 4 B R
FPyobject_GC_Track () DAY HIN ] 2] 4 IR B0t R 4E 6. BEilEs (tp_dealloc AJHH) V.24
TEtp_traverse MR IHE F AT B R B2 BT AR5 08 F ek £k
TE 3.8 A A=A H: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMAH C API
I o

tp_traverse AR A N RB R ETE S o
typedef int (*visitproc)(PyObject *object, void *arg)

B THE ABL A4y tp_traverse AbFRETT M BRI AL, object i 7 75 LA J) Y — %
g, HEANESMNT tp_traverse B arg o Python AZ.UoH ) Z2 A5 1) 2 R S A ER 5 1)
FIRIIRAGI , AN 2 Eﬁ;&f)ﬂﬁltﬂ%@?&

tp_traverse ACFRUIZPA R

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

B TR ABL H T 228X 103 T B B SE BRI self Fr EL A& X SR visit bR
B, visit 17 ﬁ?ﬁﬁ@?@"ﬁ%%ﬂ%é‘\iﬂﬁ? [ arg {H. visit AR FH R TP NULL X546 RS
B s visie IR HESAE, WHZAERY 2498 37 Bk 4] .

KT R tp_traverse JEPAYSLIL, Python $&ML T —Ary vISIT() . FHEMAXAE, LA
Wep traverse [EEAL K visit Fl arg .
void Py_VISIT (PyObject *0)

WA o A NULL, DR visit [0 JE R KL, MEAFSE 0 T arg. AR visit 3R [0l —ANERAE, MR (]
WM. SEHWEZ)S, tp_traverse ALMRRFHYEAIT:
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static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py _VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

L

to_clear JPRRIF AN inquiry A, WIRXFGAAIAZ N NULL.
typedef int (*inquiry)(PyObject *self)

B T HUE ABL ZFFEGRERT U BIGIH « ARI AR QNG E VA, PO ABATA AT A L
TEGIH « TR, XRAEV IO RS2 A R CRBEX S| K Py_DECREF ()
Tk o BRI I B RAEARERT | I RS, 53R SR A

12.11.1 =GR B RS R

XA C-APTFAE T AR sR R T4 il B3R R 1517
Py_ssize_t PyGC_Collect (void)

B TR ABL PATSE R BIR I, ARESR AR TR IS . (R gc.collect ) &7
FIPHIITE.)

SR 2 T + Tk T AR T TR S R o SR T i 8 P S 2 2B IR, 07
I 0, FEROR NI % A AR A (54 sys .unraisablehook. HEEORET|% R,

int PyGC_Enable (void)

& T HaE ABL B 3.10 wee. JEERMIE:: KT ge.enable () o REIZHRPRES, 0 WEEH
[URWSI=ViE R

1 3.10 AT
int PyGC_Disable (void)

B THE ABL B 3.10 maAe. EEMIBIRIALAS . 26T ge. disable () o REIZATHPRES, 0 WEEH
[IRWSI=1i B

1E 3.10 HRAIA.

int PyGC_IsEnabled (void)

B FAEE ABL B 3.10 pae. EWIAIR MLER AR : KT ge. isenabled () o RIS FTHPRE,
0 SR 1 A/ -

1E 3.10 AT

1211, EX R TIFIRTGI R B 261
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cHAPTER 13

API #0 ABI hR AR & 18

CPython 7£ 41| 7 th B fg HRAS- . 1RO T gabE - RS, TTASE i@ fri i A .
WS C API #9357 v BRI APT AT ABI B2
PY_MAJOR_VERSION
3(3.4.1a2 HRIE—ED.
PY_MINOR_VERSION
4(3.4.1a2 PRYE D).
PY_MICRO_VERSION
1(3.4.1a2 PEE=BIHEEF).
PY_RELEASE_LEVEL

a(3.4.1a2 58 3 BRI FHE) . W HEN 0xA B alpha, 0xB B[l beta, 0xC HJl release candidate 5§ 0xF HfI
final ,

PY_RELEASE_SERIAL
2 (3.4.1a2 WYREBEEFE) . FHEREL KM
PY_VERSION_HEX
Hht Ry RS REEOE 2 Python HUAS:-.
TS JZ B AR B AT T 5 # AR 5 ORI 1 32 LRI B - AL FE R AR B

FHE B (KFEETF) &= 3.4.1a2 YA
1 1-8 PY_MAJOR VERSION  0x03
2 9-16 PY_MINOR VERSION  0x04
3 17-24 PY MICRO_VERSION 0x01
4 25-28 PY RELEASE_LEVEL O0xA
29-32 PY RELEASE SERIAL 0x2

XRE3.4.1a2 Bl SR A SR 0x030401a2 T 3.10.0 BI-Fosb A2 0x030a00£0,
TR L, 540 #1f PY_VERSION_HEX >= ...,
AL AE AT 5 Py_Version 3REL.
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const unsigned long Py_Version

& THLE ABL g 3.1 A2 Python iz A7 I A 5 4 i 7E — > B B0 & b, B il A& X
5 PY_VERSTON_HEX MR . XA THES AT 1) Python fftA .

1E 311 A A
FI A 25 1 2280 AE Include/patchlevel.h,
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APPENDIX A

RIEXFERE

>>>

Python % FAEA R ABRIAPL /R FT o Gl T ATE REAE AR PP S BT AR s B R B 5

HAAT AL

2to3

o M AFAIER SIS, ARAE—XIILIR 22 e (6. s . RIESEH=515)
W, SRR E R MR 2 J5 . 2 Python [ ERIASR/RAT

e« Ellipsis NEFE.
X — 22 Python 2.x fURS %4464 Python 3.x MG T H , @i A6 A RS Rk I AT A+ > Ab
PRAER AN e )
2t03 IFRUEIFE N 1ib2to3; ML A SN Tools/scripts/2to3, £ 2to3-reference.

abstract base class -- fili% k%

G ELLFHR ABC, @Xduck-typing BIANFE, BHEME T e S N H =0, M N HABR TS
N hasattr () ST FRMECE MR (FIAEH BA ). ABCHIATELTI, X
HIt ek 5 HABZE, (HAWIRER isinstance () Al issubclass () FFIAR; 0L abe FibC
#4. Python HHF 7L MER ABC I TSLBIEIESSH (F£ collections.abe i) . #F (¥
numbers B ) . i (7E io i), S AL AIMESS (F£ importlib.abe Bidd). K
ATPAME A abe BiHORAIE 5 C.iY ABC.

annotation -- Fxil:

KERBEIHEAN T RENE. REUES SR IBME IR, B2 e Ve R 5 20 2/ SR
JartB AL e bR AR A T AN A ), He R R R B AR £ 2 IO . SRR K
B __annotations_ k@,

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XTI AENH. BiES I
annotations-howto T B FARVE RS HESE 2

W

argument -- 5§

TEYH FH BR BN % 4 function (imethod ) WM{E. ZHor Wik

o RAEF A TERREOR I P T A AR AT (B0 name=) SUFEAME N WS TERTTE A ~* 195
PCHLER A 25BRUE, 3 F1 5 EPAFXF complex () WM @ T X ETSEC

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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o EEAH AET RETFSHSE MESEOTH BT 2RO RKIT K VAL 85 A i i
WA * Witerable FITCRBAL A . 2501KUL, 3 F1 5 LA R BT B S 4

complex (3, 5)
complex (* (3, 5))

S LR B PP B A B, 7 SRR 2 L calls — 45 BRI, BTk
SR IR AR — B RO 2 OB XA R 2 Bt

7% Wparameter REFZLH , H W ZHGESHIX AL PEP 362,

asynchronous context manager -- 535 | N 3p8 7S
AT E X aenter () fl__aexit_ () FYEERT async with )P IREE HEAT
il PEP 492 5| A,

asynchronous generator -- 525 1 ik 7%
1R [BIE Aasynchronous generator iterator A ERE. E-5H async def FXMERBARALL, &
FZATETEAE yield KB PAFE—RIIWHE asyne for JRERHEAE.
PEARTE T 5 2 1 P A N as e B, (HAESE RGO N W] BE 24 o+ F A R B R R E . WRFEEE
FER R S, T AFRRARE S S

AR AT RE L await RikRE#H asyne for L async with i,

asynchronous generator iterator -- 5335 2 ik 2% %03
asynchronous generator pRELIT R IRTS o

WERE IR Fasynchronous iterator, 4 __anext__ () J7 ¥ 2R /AT SR KT
A S B RO BB BB T A yield ikt

5 yield SFEAHLEL, 2ASmIGEH S (R AR RAERNY uy i6). %%
F AR B EREEDL __anext__ () PRk HAD T SRR A RIKE R, BN ETFAL B SE
5. 21 PEP 492 #1 PEP 525,

asynchronous iterable -- 5325 n] ZE{CRF %
— A0 PAFE async for B X L. LAETEMN __aiter_ () FIERME —
A~asynchronous iterator, H PEP 492 5| A,

asynchronous iterator -- 5325 %5028
— NPT aiter. () Ml __anext_ () FYERIXNE. _ anext_ () MR [El—Aawaitable

X5, async for AR EALRN __anext__ () FIEIHREI TSRS BB G| K —4
StopAsyncIteration F% . B PEP 492 5] A,

attribute -- B
KB AAFRAGE, RO A B A A BT . 2R, MRS o HATRPE @ 7]
A 0.a KGIHE.
WX R FVE, RERBEE LN identifiers Y AEARIE A BRI VE— RSB VAL Z AT LAY, (5 40 fd 1)
setattr (). XFERBIERTCEM T A5 Rk =0k Vi), M2t getattr () RIREL
awaitable -- n[Z5REX 4
—ANAIAE await FIRX AP HAIXISR . Al AR coroutine B2 B __await__ () FEMRXISR. S
I, PEP 492,
BDFL
CR BT ZEMBRE WP SC4EE, Bl Guido van Rossum, Python )65 % .
binary file -- —JEHISCAk:
Jfile object REMEEES F 5 AT G0 ZHERSCPFI BT AR A JERBIN (' xb, twb B rb+ ) TIF
B4, sys.stdin.buffer., sys.stdout.buffer PAJ i0.BytesIO fl gzip.GzipFile
L

TS Wext file TIRREWSIET str WRAYSIFXE

borrowed reference -- f& A 5|

7E Python f) C APT H, {5 ISR —FXI RG], (EAHZX R HAFFAZT U st
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SRS R A RS FR . BN, B3R RS T AR SR AT R B Je 1 strong reference
R E .

WetFAEborrowed reference FH I Py_INCREF () DAYGEHJF N N strong reference, AR 241%%1 %
TEETEMEA G G — IR Z B g a8 . Py_NewRef () MAELRT AR I R BIEE— i strong

reference.,

bytes-like object -- ‘i %%} 4
SCFERE o I HBE S C-contiguous R4 . X WA bytes, bytearray fl array.
array X%, PAKIVFZ I memoryview X5, FATRXS G i fE 2 M iE GBI B E R A X
PR RE R AE  PRATE N 2R SCPF DA Sl i B R iR A

SRV E TR BN AS I O . XN RAE SO TR AR RIS TSR . A ARG okt
ZIBI 45 bytearray PAJ bytearray [ memoryview. HAEAEER —#EHIBE T A
AIARRT G (C R R—RTE) s XA ZR B0 138 bytes DA bytes X4 memoryview,

bytecode -- ‘7= 515
Python YRS 29 415 71705, Bl CPython ff s i 37K Python F2JF I ALY . Fariifsx
AR cpyc SO, BXORESE R TR — SO R R (W] DA AR IR T e N T )
LA R B AR R TR AL g B i virtual machine 27 1. AN Python Rl
Bl BRI A —E @A, WA —E REFEA [H] Python JiiA b 3%,

FATIL G AF T DALE dis BT SCRY 2

callable -- W] {& FI %} 4
AL G2 T AT E X 4, T RERTHY — S8 (B Wargumenr), i DAF

[callable(argumentl, argument?2, argumentN) }

function, SBR[ JEF|method &5, WIFT MM R . LHT __call () JEMFRMELHIHET
AR IR -

callback -- [n] )4

—MERS BRI PATE AR B9 A 209808 FH ) 1B RE R 4
class

RGN P SO SR ABR . 28 8 SCE R S X% R SL B T ER O e o
class variable -- 2375 i

TR E AR, I HLAURAEZERZ S BB B A Z2AE2ER L0 R IE 0 -

complex number -- £ %}
PSR G YR, o e BEER R S — A SRR — A R A . B AR (-1
WP AR) BOSEREER, BHEAEREFPE R 1, £ 1RSSR 5. Python W& T X EM LR, R
F TAREARIO 2 B A — 5 58, BN 3+15. ANREEE math FUHL YT 4 15 N 5 B
A, M cmath, BEEEHH DR ERIIEEE R E . RAREBSE A 2, AR EANTH
JUTARSH AR )

context manager -- |- F SC55 PSS
T with B4 EE Y _ _enter () Al __exit_ () FEEEEHIHREDRSHIN 4. 51 PEP
343,

context variable -- |- F {255
—FpAR L T S ) B R SR AR AN TR A8 o X D THE LR R R A7 i P B A AT e RE ]
PAHAANEPAS R A, M RSBk, —MUTEETRSa 24N LT3, mETF
SR BRI K AT S A R TR . 2L contextvars,

contiguous -- 5%
— AR AARE C & 45 Forran % SO S TSN . T4t o E C Al Fortran #E4E1) . 75—
HeEH T, Prf 2 H D AHE AF PO AR SR HOHESY . R B IRIE IS R 5 Iy . fE24E C-iE
LR, AR HES B e — R 5 U5 5% H B et . B2 7E Fortran fESEE2H
M S — ARG metke

coroutine -- fJpF¢

R T OIS — BB T BRI AT AR — R AR — KGR o PV AT DAYEF 2 A8 [ Y
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g B ABEAKE . EATEN asyne def iHAPRSLHL. 20 PEP 492,

coroutine function -- PpFE %L
R 8] —A~coroutine TR, IRER BT T asyne def iEARE X, HFATREEH await,
async for fll async with 45, XEEMEH PEP 492 5] AKY.

CPython
Python 4R 15 5 MIALYESE L, HE python.org | %A, "CPython” — i F T~ 7F 05 BLRKF 1 52 B 5 At
SEFEIGN Jython BY, IronPython £H X %I,

decorator -- 2E1Hi 7S
IR AR 55— AR R AL, B @wrapper EATE ORI T REAS e . e 1M i & L1911
35 classmethod () fll staticmethod ().
BEMAREE 2 —FiEvRRE, DUT A RS SUFETE X 2 2%

def f (arg):

f = staticmethod (f)

@staticmethod
def f (arqg):

L

Eﬁlﬁ‘]’f%ﬁiﬁiﬁﬂ%?%, {HIEF B DX . A R TS 0 s EOE SO 2858 L SC
descriptor -- {{fiiA%3%

EfELT __get__ (), __set_ () B _delete_ () HEMXE. U— K@U AR,
ERIRI T SR EE Rl A . EEEOT, M a.b RIRE. E SR —AE
BfTE a B FHIAER AT b BIXTE, B b 22— iR, WS X b e k.
PRAFR AR MRS 2 TE 2 IR Python [ 588, KR @07 2 S BLERIERG BLAY, AAEREL. 7
A FHEEME. A BSEASOE ARG 445

B AR E T ERE L5 B, 1557 descriptors BY, b a3 H 6 7

dictionary -- it
— A RIREA, A R AR B R (e BT URAEAT A __hash_ () Ml _eq_ ()
TERINTS . 75 Perl KA hash,

dictionary comprehension -- 7> i Hi: 5 5,
b P — AT E A G W T B e R IR M G R ) — R B E H k. results = {n:
n ** 2 for n in range (10) } FFAM—PHE n BH 0 ** 2 PR RPN F . S0

comprehensions.

dictionary view -- ‘2 HiL ¥ [
M dict.keys (),dict.values () flldict.items () REIFXI RPN FHME . EAHRMET
FMSLHW— DS E, X ERE Y F IS, O Ak R B As . SR s & 5 ity
BEIEMAIZ, AI{#if] 1ist (dictview) ., & dict-views,

docstring -- SCFf P AFH
TERIE . BRAEHLZ WIS D RIB B P AF S I BB T S 8am, Ha
WA AP BB __doc_ J@IEH . T e AT RENE, HitEfsr
TBOWS G 1) SRS PR R 07 B

duck-typing -- 51387
fa—FPgRFE RS, EH A KEE A HON R AR & Ho2 A B A TR R O, T2 B He ) s 0 1
Tk R (BRGNS T, RIS T A A S RN 1) B TR AR e R, %
TR R R fe i 2 8B AR IR T R 3G PE . 19 F2RA0EH T type ) B isinstance ()
Egﬂ o ((HZEYE RGBT DURE T 46 28 & AR S ) TAEAESSR ] hasattr () flEEEAFP
Yt

EAFP
ORIFEDHORVFATER D) BSOS o XA Python 3 AU 4 5 KUkE 2 B0 B al i) B U MEAFTE
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HAEARE SR B R T X R P KA AR @ Kz i try il except if4). THAH
XTI FE LBYL XAg , & LT C 47 2 HABIE S .
expression -- Fik R,
AT RASK S FAME R TEE BT e A)ihie, — 3R AT RO E . A%, JEMEvim .
EAEATERREOR LR, EAREESRE—ME. SIFZHMES AR, HAIAE SR
RFRBA . AR ERE K Wystatement, BN while, WR(EWE)E T A AEFRLA.
extension module -- §" JE
PA C 8 C++ 4Byt , i ] Python (1) C API R 515 F .0 AR RIS 3EA T 22 B,
f-string -- f-2{F
i ST A A A ETTE U o S S TN BTG 2 i Mg S v i SR | e s o G S I =R TS
I, PEP 498,
file object -- 3L %
K NA TR SCAER) APL (A read () B write () 2505 k) DA T 2RISR . RiEHA
B RART], SCHRTG AT DAAC BT BSR4 LA R B A B0 A5 e A i T ) (3 s e
B AWK, BT FIES) . USRIy R 25 R,
SC b AR SCEERT G SRR =20 ) SO, SR — i ) S PASCUR SR BT L E
U do gk, GRS REYTE )T 2 M open () B
file-like object -- UM%} 5
file object 1) [R] XiR] .
filesystem encoding and error handler -- Sk 2G4 h k% X 5T iR AL BI 2%
Python JH ok MERVE R GEMRAD 747 BR AN ] #VE R 58 i Unicode 1 4 i =0 SE ERAL FRAS -

S R G AR T A A A ARAIE RE AU AS A BEAE 128 DA BITA Fd . AR S R G gm i s X 0
VAL ARIE, W API pRERFTfE£S S| & UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREAI#HE H ¥k

RO R G5 R AL PR

filesystem encoding and error handler J&1F Python JE sl ifiif PyConfig Read () MREUERECEN): 1
ZflPyConfig jfilesystem _encoding flfilesystem errors G,

5 Wlocale encoding .
finder -- k2%
— AR A R T AR loader X4

M Python 3.3 #2FEAEM IR AT Foo%: T34 12 54X % lilE sys.meta_path i, PAKpath entry
finders it & sys .path_hooks ffiff.

2P ] 200 PEP 302, PEP 420 1 PEP 451,

floor division -- [i] | BUEER
] T A B e i BB B s . ) U IRE I AT /7 . B, a1 /7 4l
WHREHRRZ 2, M52 RN F S EERZRE 2.75 o {E (-11) // 4 2k&E -3 Fh
g -2.75 @ FHAGRIWER. UL PEP 238 ,

function -- PR
AJ DA A R B B AME R — 4B R 0] DA HAZ ABAS B A S A HAE R BRI T P A
55 Wparameter, method A function 57,

function annotation -- P& bRT:
BIEF X s B0 2 8aR [BIME A annotation

PREPREE R T 2047 BIANRAR R BIE Z 4> int SHOFHUR 1> int {H:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

PREPR TR PR I function —7 .
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https://peps.python.org/pep-0451/
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% W variable annotation F1 PEP 484, H iR T ILPIfE. %5142 7 annotations-howto DA T i F A5
B B

__future__
future 15/7], from _ future_  import <feature> ¥8/NgiSas i I RH1E A ) Python & il
R R U BB N SOk i 4w, future_ BIHSCRHICSE T RN feature B .
1A AT HAR BRAE, VR AT AR SRR AR AT I 1 O B 5 A KB R (5%
©) eI B BRI

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- : J% [A] Ui
FEHON BT 1 N A 25 (Rl i #E . Python S il i 5 | I THECRT — > REAE A6 I AN TG 345 | 1 9 7
IRBIR B R RA TSR B . ATRAGEIT g bRz il S Bl licds «

generator -- 4 k7%
MR [n|—A>generator iterator WIpKEL . ERERMG L EREL, AR SETHAE yield FikzLPAME
FEAE— R INERLS for-IEFRMEE BRI next () ERELZE—TRHL.
MR AR R AL, (HAERE LSO M T RE e £ B2 R E . WRFEIHERBAKE XL,
fdi I PR DAsESBE S
generator iterator -- K 235 {CH%
generator IZI%UE)? BIEERIXT S
B> yield LGRS, ICAEYRIAC BRI TR (365 AR Y try 5A]) . 4% £
A3 REWEN, B METF AU EARSEAT (X558 U AR 46 0383 R AR 22 AR ) .
generator expression -- Zf: 5% #¢35k A
RPIERLFNRE BREERG —DEERLX, FEEE 1 keyword:! for T4], &L T—4
TEFAE R JEEA—DATkR) keyword:/if 4], PAR IR GFRIXAS N INZ BB — R IE:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function -- Z %I pR %%
SRS TR 2 B S BRAH [R] $1E 19 22 1 eR BT 01 RS o V1 st 2 ey 90808 030365 ST it 5 7 2% (1 P WA
AL
Wi 2 Wsingle dispatch R1EFS<H . functools.singledispatch () Hfigs A & PEP 443,

generic type -- {Z %1
A2 ype; A 1ist B dict KRR 482K, T R 247 FlEft,

LM 2R 427 . PEP 483, PEP 484, PEP 585 fil typing fitk,

GIL
2 W.global interpreter lock .

global interpreter lock -- 4 i FR 2% i
CPython f@REas IR I —FHLE], BHORE — i 2 A — N AAE AT Python byrecode. AL
WS BCE R ([ dict SFEENERA) HXIH L iR 24 ® L T CPython L3,
AR I B AR 2 AR AT E I, AU A T e 2 AL PR E R FFA T
i, BESORR I A BCER =5 R T AR BT S R AT T 05 A AT 55 0 4 BN A P RE A
GIL. MAbh, TEHAT VO #HAEm s 2R GIL.
PMERIBIZESE L “2ef 3 i AfiRess (REDASEANRRLRE BIUE 3L 280R) 9% 1A, WoMTE
% WL AL BRAS Th R RE S Z B . FATIACKY, JeRMERE M i S I AR AR S A 2, AT 3
INAES A

hash-based pyc -- K W71 pyc
5 R IS 98 SC AP Y Wy oA I AT A e S A IR [) 2 Al R HC AT RO 9 RS R AE SCF. S WL pye-

invalidation,
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hashable -- W[5 7
— RGP AR AE NSRS AE (BEFREA __hash__ () H¥E), FEATRARH Al
MEBFTHE (EREA _ea__ () J¥k) SN TTooA X4 . WA R G0 B A FH R g
FAH LRGSR A SME .

TG A AR SRRSO P SR AR B I A BT, PR DAk S B 2 A A PRS0 s A fE

KZHL Python HANH]AS A EAT G2 AT IS A ATAEZEAs (BIns) R i) FORTIIGAS A
AR (BIANTCAA frozenset) (M EAIRTCRI N AT A )2 ATWG A . I LR SLHl
XGRS AT A . ENTEREI —E AR (FRARRS5 A ), NS A EmE e 5
TEM id 0.

IDLE
Python YR K522 #1858 . idle J2 Python FRifi AT HLF 7 B A i MR AR P15 o

immutable -- A~ [ 28 %} 4
HAREMEAAG . AR . FAFERMIcH. XA RARERRAS . GR i
;/I\KEJB@{E, MR A EFIINT S . B FETR S S A (A R E HEAER, GIanfEh T8
Ay

import path -- S A ¥
HEMIE (B4 125 0 ) dUmMaNR, U parh based finder FIEER ST AH bR TEFRANRT,
WA EYRIEH R E sys.path, [EXRHFAEHRFTRER A F9RER __path_ J&@k.

importing -- § A
A ) Python (URSE A 55— MELH ) Python AR e T i) i 72«

importer -- S A 7%
A MBI S WS RBEE T finder XJ& T loader .

interactive -- 33 1.
Python 5 — a2 HAMFRERY , X EWE VR W] DATE MRS EE R AT T i BRI Rk, AR5 B
PATHAERLR . AFERASEIIEN FE5) python (MERA I, & AMNHEALR 335
T E R EOREE) o MR AR A B A RN AR A ) — R AEE A R T 2 G T R
“help(x)*) »

interpreted -- fiE Y
Python —@FfEREAUE T, SZMXMEMIFINET , BAMWE DA h T i g a8 A T
DA TR . X M RSO RT DAE RS T AR B M @ v AT SO s T RRAE E
HA Wi B0E 5 H R 2R, (R R P AEAs T8 18 . S Winteractive,,

interpreter shutdown -- fiEFZS G M4
LR AR, Python fRRERFRIEA— MRS TT I BOF BAL RERUIT A O A BT R, Bl s Al
BAh S NTREEN L . ERSZ WML S o X ek P E X gs e 555 | el s ag 4L
TEBPAT . AE KA BT RIS il e B B & A R, ORI RO R A FRE R (5 WL i
T PR AL SE) .

FRREAR T Z I RN main_ BOREERIE AT A E 58 AT«

iterable -- W[ ECH %
—FhRENS B AR [\ H B R I X 5 o ARBTG5 g P 4238 (W 1ist, str fil tuple
) PARHEEERFP IR dict, AT 5 DARARATE LT __iter () F{EBSEEL T sequence
WX __getitem_ () LRI HE KL,

ARG AT T for PRFRPA K2 HALR B EAIBI Y5 (zip (), map (), )0 H—A 0TI
KM GAER SRR NERE iter O I, BERREZMGRENS. XM AEE T 0E
AWk y . AEME TR AR G, ARERE AT iter () 8 H CAPEARXT S
for ifih) & BB N VRAEBRARLEIRAT, BIEE— AR )R fir 44 28 7 HDORTETR IR SRAF A R AR . Z

Witerator, sequence Flgenerator ,

iterator -- YE{C%%
HRFR—ERHEROT S, EREFHERLEN _next_ () Ik GCRFHAL 25 N & AL
next ()) KRB MR BRI 248G 5] ARG % StopIteration . FXAfEMN
PG P BRI R, GRS next_ () HYERSFIRE|% StopIteration, #Eft
MUHEA _ iter_ () HEAKRRFIZERINZH S, HtEARLE B2 EAXS, o]
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BT HABTTEAX R E AWK I — D EENFIINEIRLE S 2R ER U5 R .
ZRERRTG (BN 1ist) FEARBRIR G HALZ A iter () BRELEURAE for THFR MBS & 7= A — N
FERER . QIARTE U 0L T AR 2R 25 2R ) 2 1 HE 2 BB A A e R ] — 5 AR X 42
EHERERG S TSR

W25 B & typeiter.

CPython J:BIAIYi: CPython V& 54— HIEMRAE X __iter () MR,

key function -- §t pR %l
SR PR RN PRRE R R AL, 2 BEAS IR [ ] THE P BCHEOZ A E R PR AT 4. BT, locale. strxfrm ()
AT M G DT 29 & 1 HER B
Python 2 T A fuif B s HORERIT R A 80 7 Ko K a4E min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

H L R 2] DR EE— N R AR B, str. lower () 5T DAIAEZ0E K/ NG HEF ) dE R L. B
R IE T 1anbda FAAKRAEBIN lambda r: (r[0], r([2]). s, operator.
attrgetter (), operator.itemgetter () fll operator.methodcaller () ZHERET =1

AT THER HEPHET RPN EICE ] i e s Bl

keyword argument -- JeHE =55
Z: Wargument

lambda
HI—A i pltexpression KR IE 44 WERBREL, RIXA AR N HORME. B lambda 501 )4 N
lambda [parameters]: expression

LBYL

SERFIEPER WIS . XU S KAg ST TR B0 R A A A m R A
WIS 5 EAFP Jy s o b, HRp @ KREMH 1€ 154
TEZ SRR, LBYL FX&FE “EF” M “BRR ZBIARA M54 0. Bilan, DA
if key in mapping: return mappinglkey] A HEH FEMEEIED 5 HMLFE N mapping
HASER T key T H B o SR RN AT 3 2o e sk 4 ) EAFP 7 R ff ok o

list
—f Python [ Bsequence, BIRZ MH)FR, HEBERMTHAE S P mIEeEER, BT IT
RIBIRE AR O(1),

list comprehension -- 51| i 55X
SEBR—ANFEB) HA T A BRr TT R IR I E5 5P R — PP BB k. result = ['{:#04x}"'.
format (x) for x in range (256) if x & 2 == 0] JFAE—1 0 B 255 JLFE N+ 753k
HIEREOT Y FEAFE (0x..) M. Hop if FAJR TR, WIRAIEN range (256) HHHTA T
RE AL I

loader -- J#E 35
TR LR . BWAE X444 load_module () W, MNEESE T H—Afinder 1z17]
e S0 PEP 302, ST abstract base class ] 2=, importlib.abc.Loader,

locale encoding -- i % X RS R

7E Unix I, Ej& LC_CTYPE i& 5 XK gmtdtg =\, B Al locale.setlocale (locale.
LC_CTYPE, new_locale) F&KHE.

7 Windows |, 42 ANSI fAHS T (W1: "cp1252™).,

1 Android #1 VxWorks |, Python ffiff] "ut £-8" /EMiE S Kikgmidig=.
locale.getencoding () A SRR & X i A% 2 .

515 2[5l filesystem encoding and error handler

magic method -- A Jj 7k
special method W)AEIE 2[R XiH] .
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mapping -- It}
— M X HEEEREAER LI T collections.abc.Mapping B{ collections.abc.
MutableMapping IR HERTHIE HEMARAT SR . RIS T35 dict, collections.

defaultdict, collections.OrderedDict PAS collections.Counter,

meta path finder -- JCER A $k 7%
sys.meta_path B RETIR B finder. TCREIRA AR AR Spath entry finders fEHE KIRAEF A o

I importlib.abc.MetaPathFinder T ffICEAZRET HR48 A SCEl i 1.

metaclass -- JtJR
—FATRIERME . How VAL BFIELRYR, TTRNTTEZ R =ASH0F 0
IR KERAT T )0 R ) G 5 AR Pt — N BRIASE B . Python YRR 5 Z ALTE T 7T LAGI 2 H &
Mot R A PKEATREXAN TR, HYFEL I, JoS A SR sn A OUHE ) ey %2 .
EAEHH TICREUin H . WMt IREN R a0E . SO, AR5 .
L5 S I metaclasses.

method -- Jj i
TEAS TR LI RREL . WNSRAE R S — A SR TR A, s S R B R G R 2 —
Aargument GBI AN 44°H self). £ function Fnested scope.

method resolution order -- J5 i)
J7 I SERATT I 50 A 2 3 D I R AR 2R [ S SR I« 28 Python 2.3 Jy AT I 7
THEE 2.3 [ Python fig b i A S S A0 HEN

module
X5 & Python (AR —FPeH 2Ll . AR B AL ) A 4% 25 10), AT F {15 Python Xf 4. i
BenT i importing BEVERIN 2L E] Python H1,

Y Wpackage.
module spec -- Bl Bl

— e, HbhausHTmM&EBEEWHEESEAEE,. & importlib.machinery.
ModuleSpec LB,

MRO
2 Wmethod resolution order
mutable -- [ 35X} 4t
APASRFGATDATESE 10O BRFE RORL PO ORI 33 75 Wimmuiable,
named tuple -- H %504
AR “HATTH” AT TAEMAR B oo, IF B AT 25 T I8 RE R 4 FRIm ok 15 R i 2 2
S, R ST WA JALA
FLNERMET AL ICH, 035 time. localtime () Ml os.stat () WEREMH. 5H—AFT2

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

HLe AT RN EZRE (B Bisl+) . sbsh, BTt 5 2 e XM tuple 4k
HIH 2 A E AR B ORI . XFER AT AF Lo, s inT DLl 4K typing.
NamedTuple, B{E M L) K%l collections.namedtuple () A&, JF—MFRESTM
— T T4 5N B B4 JeH A Ao i

namespace -- iy 7 %3 7]
A B RS R A . A2 EA R ERFNER, AN mEmL 2w (FEh
YEZ W) . fin s a5 [RE R B 1k A4 i 58 ok SCReEE b . 140, pRi%k builtins.open 5 os.open ()
AL 4% H W 44 25 AR DX Ay o i 44 25 (8] 340 3 Ao FF A R A A ke S B I8 A o 500K 355 B 4% g m sk
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4. Bilf, random.seed () B{ itertools.islice () XFEYEIM T XL HEEH
random 5 itertools B4 BISZHLA

namespace package -- fiy %45 [ {0
PEP 420 fr5 | AR—M A AR TR 28 ipackage , fin4a 2318140 0] DA SEAAZR Y, HAlid Ty
X Hregular package ANF), FRRBEATERA __init__.py X

B[ % Wmodule,

nested scope -- iR E1EH] 1
TE—AE GER NG A RIEE 1. BN, 55— RECZ e W R BT A T AR & . 57
BB VE AN X5 A RO IR TC AL R i s S &2 B T 2 E A . 5L,
éFJ FEIEEE WHE R T4 man 4 2510 . ilid nonlocal KEFW AT E ASNZEHE.

new-style class -- J AR
X H BIE Y T S 2 B RIE M IHFRIE . 728 -1 Python fiiA /\ﬁ%fjﬂé el il
Python F#f ) RIGFK, 41 __slots__ . ks, FHE/EME. __getattribute_ (). EHE
MBS TR

object -- Xf %
Eg igﬁﬁf (BMEeE) PAKTUE TR () WEdE. object @ fEAnew-style class 1) Ti
EEREY .

(0
— PRl AR e I M A &L Python module, MAEAR Lk, B2 HA __path_ BHEMW
Python Hi .,

2 Wregular package Flnamespace package .

parameter -- J£ 5
function (SITE) 5 IR, CHGE BECT DB —argument (SATRERT,
TS HHHES:
« positional-or-keyword: RiTHUCHET: | HisE—ARIAME R 1 5 52 e ARTDATEN % 55
fe AM%S . RIS HI, G RTE foo A bar:

[def func (foo, bar=None): ... ]

« positional-only: {USROZE, F8E—HAEHL A EE ANS (WRMELS il 1E R HoE
MESINRAPENZIGEE A/ FAPRESL, BIANTTRTER) posonlyl FI posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o keyword-only: {UBRCEETE, F5&— 1 HEGH M K FE AR SE (R EF RSl A
PREE LITESH) R & AW A B S sUEE 2 AN AL BIE S Z Bi—A * e X,
BIUN AT kw_onlyl Fl1 kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o var-positional: TSN E, 15 ] DARAEH— AME BRI AL E S EH B 0 (BT HeAth
ESEHZMNESEZ)G). XMESTEEEESAREIME > ke X, Bl N args:

[def func (*args, **kwargs): ... J

o var-keyword: FIAZSCHET, 5 5E AT DARRBME R MR X T S AL (MEINTEHMTE 2 E 321 %
BYSHLIG). RFES Wl S AREIN ** RS, BIAETRER kwargs.

FEZ T VA8 E AT ie S8, AT A S SE T e S 40008 T BRI -

W& Wargument RiIEFELH . SHEESH X BIFHE LA S, inspect .Parameter 25, function
—I35PA K PEP 362,

path entry -- J&fE A Il
import path W —ANEEMANLE, SWlipath based finder [ SR IRIL S A RIS,
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path entry finder -- #5145 A N A58
F—RJJE MR sys.path_hooks (Bipath entry hook) 12 B[] finder , HARSt 42 GEi i<k path entry
o FE NI
152 importlib.abc.PathEntryFinder DA T AR A B2 IS IR 1 .

path entry hook -- #&4% A L1#)F
—FRE RS, EAERIE A A RS E path entry BB OU T BERE G sys . path_hooks
B FER [0]— path entry finder .

path based finder -- J& T ¥4 1207 TR 5%
BRAN—FP T34 12 & 48 %5, WIHE—ANimport path WA HEAR B

path-like object -- Z{FR IR} 4
RFE— DX RGNS BRI E A DL — D ERBERN) str 8 bytes X%, if
A AR — N EI T os.PathLike YMIIXTE . — AL Ff os.PathLike P X} 5 0] i i 1]
Hl os.fspath () EREFE# N str BH bytes KM RBLIKIE: os. £sdecode () Ml os.
fsencode () A B RILRIRAS str o bytes BBILER . XI5 2 PEP 519 5] A1

PEP
“Python 2" AYPELHTE . —A> PEP gije— (Bl S0k, IR Python A IARALEE,, ol
7R~ Python [ I S b BE B AR . PEP [ 24 H (O A 1 B2 AR HURS R T SR SR P 1) S P 356
i

PEP [ {48 th BB R P, WAL DO R DR S 153 LA B R A6 25T A Python B3] HRLSfE
G5 SR ENLE . PEP IS A STAEAEAE I TR L1, I CREAS [ B WARIC A SR o

%10, PEP 1.

portion -- {54y
FA I — A 24 23 A ) BRAS H S N SO A (W AT BB T —A> zip ST ), BAkE UL PEP
420,

positional argument -- {3/ & 23 %
2 Wargument ,

provisional API -- #]%¢ API
B APL 238 00A B HEBRAEARE P 1 n) J5 A AR UE Z AR I T g 11 . BRIl A R
STAERUAE, B HZEHYARONE E, T REFERL OIT A B i A BT #7105 A
W (HEAFERERZEE D). M SO AN SR IET - U APT BN Z Bl &2 &3] 1) ™
LA P B 1 K B AS A ] R S X R

B2 5 APLRUL, ]S A ARA R L el “ I m iRRJr 587 —— AT M) RE A A I
FRJL AT BB SE SRR B — b i) S5 ARA B AR T 5

DAL B AR SR VAR PR R SN WL, A TR MR I R BT B BT IR . 31 L PEP
411,

provisional package -- ¥ {0
Z: W provisional API

Python 3000
Python 3.x ZTAFKLMIMEFR (XA FAERA 3 (1 &L AR T e T ) . A B4
'5'?\] “PySk” .

Pythonic

TR — B AURS S04 1 Python 15 5 fei 1A KUREFIBIL ,  T0AS e (1) HoAt i v
AR RSB . Bildn, Python B AR R B £or TRAIAPRA M P — >l ik AU R H i By
AR WEHAEFBCAEXAEREG, LA Python Y AAT I S e — U7 T Rt

for i in range(len (food)):
print (food[i])

TR I Y B 515t B Pythonic #7352 X FERY:
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for piece in food:
print (piece)

P 5 P

qualified name --

—MUARCS TR PR, R SR 4 J VB A s U6 e Bl JA Y B

27, M5 X PEP 3155, W5 B9 sksoms,

BR 5 24 B X 52 4 Pk —

>>> class C:
class D:
def meth (self):
pass
>>> C._ _qualname_
] C ]
>>> C.D.__gualname
'C.D'
>>> C.D.meth. qualname
'C.D.meth'

.

J

BT 5B, 75 R G AR AR R AR5 R A A, Hoh g i

A, Bl email .mime. text:

BrA

>>> import email.mime.text
>>> email .mime.text.
'email .mime.text'

name

5 V5

reference count --

XFHEAREG)5 | BERCR:  4—S X R 51 805 R0, BRI 51 14506 Python AR >k
PO A WL, (HIX 2 CPython SR —A 4R .. FRF RATPA A sys . getrefcount ()

BRCR IR [l e X S 5 | 8
regular package -- 5 L1

g B package, HIANELEH —A~ _init__ .py XM H R,

%2 Jnamespace package .

__slots__

—FNETESE AR A, JE e TS 7 S 0 P S X S R B S 1) AT 4 AT
AT, HEEMGATEARS, St AR DBIE LT R, BIAIRFE N A7 T

HH A8 R RS

sequence
—Fhiterable, "B L _ getitem
)\(T#/I\igi@}?ﬂfigﬁ/ﬂ __len_
THER R dict H3HF _ getitem () fl__len

5 FAT B immutable BT AN R BEHCRE R ITTE .

collections.abc.Sequence %%%;@ESLTﬂ/\EﬂirbB’ﬁ% M, Bff _ _getitem

_len__ () Z4, I™WINT count (
P 2 0 W 2 BT DAGE register
HZ 5 R

set comprehension -- 4255,
A 3 — S W] IR AR SR A B BT B0 3 T R I IR [

for ¢ in 'abracadabra' if c not in
comprehensions.

single dispatch -- Y15} Jk

,index (),

GUREGN MR ET k.

'abc!

IRy
P

) BRER R R R S | T R TR ),
() ﬁfﬁ WEFHEIA list, str, tuple fll bytes 5.

O, (HEGIHICFBS AR, HoAE

) Al
()%ﬂ <> 5L

__contains___ reversed___

) RS BRI S P51 7 A 1 5 22 308

results

{c

PR ECE AT RS A d'r. B

A} A}
ry

—Rhgeneric function 73R, HELBUREET BASRIIEBORERN -

slice -- ’dj}%‘
1 H LS T REE sequence B—4 BN S, Yl 2

S AR CR AR, TE 1] T
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ANPAE S FREECE, Bl variable name[1:3:51. H55 (FAR) FRiCfENREH slice
pOE

special method -- 575 Jj ik
— iy Python F=Ui AT B 73, HIORRIEASRALA TR E AR DI WA IS5 45 . XA B 24 ARy
T RACHACTRIZ . FFIATT IR OIS DL specialnames .

statement -- %41
EARFTE (— AR “H) MR — BN DLUE— A expression B HEANHA BT
ZERY, AN if, while B for,

static type checker -- i 2K iy 2%
eI Python RS I #EAT 404, PAE IR WS GNP 545 IR M ANF T H. RS mE 2 =27 LK
typing FiH,

strong reference -- 55 5| Hi
T£ Python ) C API 1, 55| @48 A5 H B i Bt g5 1 . FEQIES | B el
WM Py_INCREF () ARARBGRG | AL B aliiid Py DECREF () RBEINE .

Py_NewRef () BRETHE A TAIE— X SARE | H . WE, AR BRG] A VE
Z5E5 | F A Py DECREF () BREL, VARESE| A .

5% R borrowed reference,

text encoding -- AL HE
7 Python 1, — A5 fFef g —H3 Unicode UL (JEFE) U+0000--U+L10FFFF ), K T AFAH B {44
—NFLRER, BEFRERT MR

B DFRFRIFIUCH— AT INRARA “Hihd”, TG 79 P S B A B iRl i
6%”0

ARFAFE RSO FFIE Fifdds, BN ARG

text file -- SCA Lk
— MRS LS str XTGR M file object 3 H— A SCA SRS B A2 Vi 0] — AN T ) 1 A i o B
Bl Ak HHrext encoding, SCASCAFHI B FRIEACARB (e 3 'wr) FTFFR . sys.stdin,
sys.stdout PAM io.StringIO HYSLH.

7S Fbinary file T FREW LT F 9 2T 2 BSCEXTR

triple-quoted string -- — 5|2 £FHh
HREAW AEENG]S (7) S H51S C) WFE/FS. eENEDR LS RSN 515nE
P FRFR A AR, BEa 2. BNTATFRETA R NS RS LR BG5S FE|
2, HH AT B 2 AT o R [ AT, EM S SR AT R IR B A .

type
R Y E—> Python X5 J& TAH AR WARTREREA MR, BHLEEX RBYZEE, TRATS
HEM __class__ J@M, S2#d type (obj) HKIKEL.

type alias -- J3%Y3j]
—ANRAI R S, B SR HE R AR 25 R AR R4
R R R AL 2 2 2. il
def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

AT DACRE g L

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

Z )L typing fil PEP 484, H A3}t Ih BER AL .
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type hint -- J8%47:fi
annotation AF g . FJEME. BREVIE S B0R [MEFS E TR 2,

RAPLIR S M T A 2 Python BRI EEK , HEATRE S £ 26 & 2 WAL, BALERET )
IDE SEE AL M4 5 F

AR, RIEEREE BB AE A typing.get_type_hints () Kihn, (HEHAE
BT A,

Z L typing fll PEP 484, H o5 s R RGN 4 .

universal newlines -- jifi 4 7
— PR SCA R S, RFA N T A fE SRR AT A AR . Unix BT ZYE "\n' . Win-
dows 2% '\r\n"' PAMIAMRK Macintosh 2 %€ "\r'. Z i, PEP 278 il PEP 3116 fl bytes.
splitlines () THFHEZ MLV,

variable annotation -- 25 & bRl
X AR B 2R B i annotation
TEVRYEAR SR SRR, I T RERR A (A

{class C:

field: 'annotation'

A EAREE PO R 23 BIANA N AR B2 int JERAY(H:

[count: int = 0 J

AR AR TR B TR AR L annassign —7 .
Z: W function annotation, PEP 484 1 PEP 526, H. 9 4R T lkThEE. 5145 |7 annotations-howto DL T
FR s AR ) A SR R

virtual environment -- J ] 555
— R HITE B B 0s 1T BREE,  foiF Python A1 R P22 A THEL Python 43 & LA
TR Rl — RS _Fisf T HAlL Python [V HFEF AT A .

HZ, venv,

virtual machine -- JE{J L
— &GSt A T R TR, Python FEAUAL AT PA T 15 B 4 i T 2B JU byrecode

Zen of Python -- Python 2 #ifi
F1|H Python AR N 5372, B TR SHHXMIEST . &5 HEERNEEL EERR
b A import this”,
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APPENDIX B

i AA

XY Z H Sphinx M reStructuredText JFAEJRIY), Sphinx j&—A~% A ALBE Python SCRY I 4 5 1) SURS AE
T

AT REEZ I e, EWAETEIEE 2557, A0 Python AR o AR AR MUt TTmk, 5 P
reporting-bugs AFANMT S5 . FATHE R B ) 6 S |

RN it -
o Fred L. Drake, Jr., JR4f Python 3R T HAEZ G, RE R AEE
o T A% reStructuredText I Docutils Z4:[¥] Docutils i H ;
« Fredrik Lundh #J Alternative Python Reference i | , >/ Sphinx 242 /) 5T

B.1 Python IC#48Y kL

AHARZ X} Python 157, Python AR F Al Python SUHAT TR, [ Python JACAS /) % F) Misc/ACKS 3¢
PFAIH T3 Tk -

AT Python #E X (i AFNTTHR, Python A4 7 Mt €1 SORS——HHAMRATT!
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appeENDIX G

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 2 # AT EAHL R 5T 4 (CWI, L, https://www.cwi.nl/ ) [#) Guido van Rossum J* 1990 4f
KW, YER—TTM ABC FiE & A . /48 Python A5 T2 ok B HA ATk, Guido {752
HETEE.

1995 4, Guido 7& ## B W BY B R B wFsE 2+ 5 (CNRI, I https://www.cnri.reston.va.us/ ) k% fhyE
Python F/)TAE, FHHEARHE LA T2 A

2000 4 H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com 207 T BeOpen PythonLabs [#{A . [&]4E+
H, PythonLabs [#] A\ %%%] Digital Creations (&) Zope 7] ; U, https://www.zope.org/), 2001 4, Python %R
{45425 (PSF, I https://www.python.org/pst/) B37., X% AHF Python A 51 F= R A & i 3k
EFIHZ, Zope 1~ HAE e Python FR{FE G Ly BEBI ML I o

A 1 Python HUAHRIETFIRRY (A KITYRAYE L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL A1 TREL TR MRAE I

RRA  RE Fn A& GPL 3% 7

09.0 % 1.2 n/a 1991-1995 CWI Pt
132152 1.2 1995-1999 CNRI =
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 o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF pe
212 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 BHE 2.1 2001 &4 PSF B

%1k GPL Y0 R EVE#% Python 76 GPL R 7. 5 GPL AR, JIF4 Python ¥ i EAS fLvF () % 5
JRHIREA, TG TFURF I T . GPL eV T E 1% Python T A5 ILEAE GPL R A Bk 45
BT (EE VR4
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S ARZAE Guido 55 R TARRSMNESE IS, (XL A N AT BE .

C.2 FRERs{ LAE 5 A Python BYZRFRF0ZFRMF

Python AT SCRS ) 1 V7 RT3 BT PSF 4 7T 1350

M. Python 3.8.6 JFH, ST IIZRH. HlEds SREA AT R EGE PSF VEITHIUAIE 4 % BSD # T 19
L AT

FE 4 EAE Python HEHFRAERET AR F AT X LBV AT & SRR VAT 2 N AU — 5 H . A RV
AR SE RS RS TN T A a9 78T 57530,

C.2.1 FF PYTHON 3.11.13 &Y PSF #F o] tipil

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.13 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 3.11.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.11.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—~This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—or any

third party.

8. By copying, installing or otherwise using Python 3.11.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 g BEOPEN.COM F o] tipiX
BEOPEN PYTHON FFJ5 4 A #3045 1 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at

(ZF 30
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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] il

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

Cawy
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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 3.11.13 DOCU-
MENTATION

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.

C.3 WrREkfFa91F o] 50535

A58 Python R AT AR IR 5 =7 PR VF T RIEOANE B, 10 B AN e 3 BRI R 19
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C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 EfEx

socket ffifl T getaddrinfo () 1 getnameinfo () WIDE Hi H iG] VR SC44:H: hitps://www.wide.ad.
o/

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

Gy
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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. 1IN 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.

C33 REEEFRS

The asynchat and asyncore modules contain the following notice:

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.

C.3.4 Cookie &1

http.cookies FilhalS DA FEH:

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
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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 HITIEER

trace FRHALE DU FEHA:
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.

C.3.6 UUencode 5 UUdecode & #§

uu AL DA

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

Cawy
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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 & 2iE A A

xmlrpc.client BEHEE DA R FEEH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test.test_epoll B PATULHH:

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
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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 LT kqueue 3 L5 DA T R IA:

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {452 Marek Majkowski’ %} Dan Bernstein ) SipHash24 ZB¥ERSEH . B EEGPAT
P

<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

(BT ID
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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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c X4 MLT C e %L dtoa il strtod, 7T C BURG FEBUE M 47 5 2 B I 4, Bk
4 B 1 David M. Gay 455 1[5 44 08 . B HiliZ S0 FTAE https://web.archive.org/web/20220517033456/http:
//www .netlib.org/fp/dtoa.c 35 . FE 2009 4E 3 H 16 H R B A JFIE ST 8 DA R BRACRIE v] 7 HE:

/*********~k***********~k****k*******~k******************************

*

* The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.
*

E

***************************************************************/

C.3.12 OpenSSL

MR BAERGERML T, M) hashlib, posix, ssl, crypt fIRSH ] OpenSSL ki EERE. LA,
Python ) Windows FI macOS 224 #% 7 1] fE < 4% OpenSSL R EIA, Fr AT ATTHAE L (935 — 17 OpenSSL
VFRUEREIAS . % OpenSSL 3.0 Jit X F AT A, #MHiFH Apache VFA[IIE v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
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other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,

EF 0
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use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat M AU 51 expat JRRIA R AR, BRIEBLE T ——with-system-expat:

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,
Cay
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EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1ibffi:

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 EAR PR 21ib BARIFTEk N TH 8, W a5 2lib JEACR 75 DR 2110 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.
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Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {#i W F 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

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
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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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

(B L)

C.3.18 W3C C14N X EH

test fHH) C14N 2.0 M3 4E (Lib/test/xmltestdata/c14n-20/) $EHUH W3C Mu} https://www.

w3.org/TR/xml-c14n2-testcases/ FHHHg 3 £k BSD 4] iIF & 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 following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 audioop

audioop FIELE H T SoX Ti H ) g771.c A EREATS . https://sourceforge.net/projects/sox/files/sox/12.
17.7/s0x-12.17.7 .tar.gz

B /2 Sun Microsystems, Inc. 7™ i AT JCFR B HLOE T i P T DAFS DLl 8 el e AR
Hy i FEA A} B o

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

AR Sun JEACHDAS BT B AR 32359 H. Sun Microsystems, Inc. WA L& Pl HAFH . HEAS .
ko .

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

TEALAHH AL T Sun Microsystems, Inc. 35 AT A A BRI 451 2% BOHAREF IR . (B HE RS
i E 15T, EIE Sun SR AT BE A AR IR .

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio BERAPLERR R H uvloop 0.16, ‘EiEET MIT V¥ [k RATH):

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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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APPENDIX D

RRILER B

Python 53k (3 3CkY
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., & B FIr A AUH] o

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .

A RSEBM VALV, 200 L AeF Tk,
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IEF
...,265
2to03, 265
>>> 265
_all__(a% %) 62
__dict__ (3B M), 146
__doc__ (323 B M), 146
__file_ (##3&/EMH), 146
_ future_ , 270
__import_
WE &, 62
_ loader_  (FH/E M), 146
__main___
module, 11, 170, 181
_ _name__ (FE¥/E M), 146
__package__ (#&3/E 1), 146
_ PYVENV_LAUNCHER_ , 194,200
__slots_ ,276
_frozen (C struct) ,65
_inittab.initfunc (C member) ,65
_inittab.name (C member) ,65
_inittab (C struct) ,65
_Py_c_diff (C function) , 112
_Py_c_neg (C function) , 112
_Py_c_pow (C function) , 112
_Py_c_prod (C function) , 112
_Py_c_quot (C function) ,112
_Py_c_sum (C function) , 112
_Py_InitializeMain (C function) ,207
_Py_NoneStruct (C var) ,219
_PyBytes_Resize (C function) , 115
_PyCFunctionFastWithKeywords (C type),
222
_PyCFunctionFast (C type) ,222
_PyFrameEvalFunction (C type) , 179
_PyInterpreterState_GetEvalFrameFunc
(c function) , 179
_PyInterpreterState_SetEvalFrameFunc
(c function) , 180
_PyObject_GetDictPtr (C function) , 80
_PyObject_NewVar (C function) ,219
_PyObject_New (C function) ,219
_PyTuple_Resize (C function) , 133

_thread
module, 176

REx %, 143

ek
method —-- F ¥, 277

AR
__PYVENV_LAUNCHER
PATH, 11
PYTHONCOERCECLOCALE, 205
PYTHONDEBUG, 168, 199
PYTHONDEVMODE, 196
PYTHONDONTWRITEBYTECODE, 168, 202
PYTHONDUMPREF'S, 196, 233
PYTHONEXECUTABLE, 200
PYTHONFAULTHANDLER, 196
PYTHONHASHSEED, 168, 197
PYTHONHOME, 11, 168, 174, 197
PYTHONINSPECT, 169, 197
PYTHONIOENCODING, 171,201
PYTHONLEGACYWINDOWSFSENCODING,

191
PYTHONLEGACYWINDOWSSTDIO, 169, 198
PYTHONMALLOC, 210, 213, 215
PYTHONMALLOC" (| 4
' *PYTHONMALLOC=malloc', 216

PYTHONMALLOCSTATS, 198, 210
PYTHONNODEBUGRANGES, 195
PYTHONNOUSERSITE, 169, 202
PYTHONOPTIMIZE, 169, 199
PYTHONPATH, 11, 168, 198
PYTHONPLATLIBDIR, 198
PYTHONPROFILEIMPORTTIME, 197
PYTHONPYCACHEPREFIX, 200
PYTHONSAFEPATH, 194
PYTHONTRACEMALLOC, 201
PYTHONUNBUFFERED, 169, 195
PYTHONUTFS, 191, 205
PYTHONVERBOSE, 169, 202
PYTHONWARNINGS, 202

K&k
W& %, 224

Z o, 94

Zu xR
(B RZ AP, 94

, 194, 200

169,
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ZobgEn
(&A1), 94
Y
WE &%, 63
A B4, 174
o, B, 174

KEA

object —- X%, 107
BRI

WE B, 224
BEA

method -- F &, 272
A
abort (C F##%), 62
abs

built-in function, 88
abstract base class —— HZ A K, 265
allocfunc (C type) ,255
annotation -- A7y, 265
argument -- %, 265
argv (J£ sys #23F), 173

ascii
WE B, 8l
asynchronous context manager —- 7 %/F
ET X EE A, 266
asynchronous generator -- = ¥ 4 & &,
266
asynchronous generator iterator -- =3
F A AR R A, 266
asynchronous iterable -- F ¥ ¥ #% X %t
%, 266
asynchronous iterator —-- R #H#& R E, 266
attribute —— B, 266
awaitable —— F&#x4£, 266
B
BDFL, 266
binary file —— Z#t#| XfF, 266
binaryfunc (C type) ,256
borrowed reference —-- f&NF| A, 266
built-in function
abs, 88
divmod, 88
float, 90
int, 90
len, 135
pow, 88, 89
tuple, 136
builtins
module, 11, 170, 181
bytearray
object, 115
bytecode —-- F¥HH, 267
bytes—like object —— FHFAX L, 267
C

C #4,97,267

callable —— T4, 267
callback —- [, 267
calloc (C FH#), 209

Capsule

object —— Xft#£, 157
class, 267
class variable —- %% &, 267

close (f£ os 23 P), 181
CO_FUTURE_DIVISION (C var) ,42
complex number —- £

object —— X&,112
complex number —— £ #,267
context manager —— T X&HEE, 267
context variable —-- FTXZE&,267
contiguous —— # %, 97
contiguous —-- #4267
copyright (f£ sys 23 F), 173
coroutine -- {4, 267
coroutine function -- &%, 268
CPython, 268

D

decorator —— ¥4, 268
descrgetfunc (C type) ,256
descriptor —- #HR &, 268
descrsetfunc (C type) ,256
destructor (C type) ,255

dictionary —-- ?;ﬁ\l
object —— X#%,136
dictionary -—- ?ﬁ7268
dictionary comprehension —- FHIES R,
268
dictionary view —-- FHALE, 268
divmod

built-in function, 88

docstring —- XAHEFESFE, 268
duck-typing —- ¥-F %A, 268

E

EAFP, 268

EOFError (K EF%), 145

exc_info (F£ sys 23 %), 10
executable (f£ sys 23 F), 172

exit (C &%), 62

expression —-- Fik=R, 269
extension module -- ¥ ERH, 269

F

f-string ——- f-F4 %, 269

file object -- X%, 269

file-like object —-- XHA £, 269

filesystem encoding and error
handler — X Z A % & #H X 5
B iR AL TR 25, 269

finder —- #&#H &, 269

float

built-in function, 90
floating point
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object, 110
floor division —-- i FEER %, 269
Fortran #4L, 97,267
free (C %), 209
freefunc (C type) ,255

frozenset
object —- X%, 139
function -- E¥

object —— X4, 141
function —- &%, 269

function annotation -- EARIE, 269

G

garbage collection —— I [E K, 270

generator —-- 4 R, 270

generator —— 4 &4, 270

generator expression —- 4 & 28 % % &,
270

generator expression -- 4 @k £ X # R,
270

generator iterator —- 4 g EE#&% R E, 270

generic function —-- %A E#, 270

generic type -- R A&, 270

getattrfunc (C type) ,256
getattrofunc (C type) , 256
getbufferproc (C type) ,256
getiterfunc (C type) , 256

GIL, 270

global interpreter lock —— 4 & @ B &
B, 174

global interpreter lock —- & B @B %
4, 270

H

hash

W E &%, 82,236

hash-based pyc —-- ET%%HH pyc, 270
hashable —-- T, 271
hashfunc (C type) ,256

IDLE, 271
immutable -- FH L L, 271
import path —-- B AEAZ, 271
importer —-- & A4, 271
importing —— & A, 271
incr_item(), 10, 11
initproc (C type) ,255
inquiry (C type) , 261
instancemethod

object —- XT&, 142

int
built-in function, 90
integer
object —-- X%, 107
interactive —— X F,271
interpreted —— @EA, 271
interpreter shutdown —- F#B & %[, 271

iterable —- T#HRX£, 271
iterator -- %R %, 271
iternextfunc (C type) ,256

K

key function -- # &%, 272
KeyboardInterrupt (R &EF%),51
keyword argument —-- X#EFHH, 272

L

lambda, 272
LBYL, 272
len
built-in function, 135
A E B % 82, 90, 92, 138, 140
lenfunc (C type) ,256
list, 272
object, 135
list comprehension -- F|XK#HEHER, 272
loader -— Ju# #,272
locale encoding -- EE R E4HEA R, 272
LONG_MAX (C %), 108

M

magic method —-- JEARF %, 272
main (), 171,173
malloc (C &%), 209

mapping

object, 136
mapping —- Bt&t, 273
memoryview

object —— X#,155
meta path finder -- TTERZFEHKE, 273
metaclass —— 5,273
METH_CLASS (C macro) ,224
METH_COEXIST (C macro) ,224
METH_FASTCALL (C macro) ,223
METH_KEYWORDS (C macro) ,223
METH_METHOD (C macro) , 223
METH_NOARGS (C macro) , 223
METH_O (C macro) ,223
METH_STATIC (C macro) ,224
METH_VARARGS (C macro) ,223
method ——- ¥ &

object —— X%, 142

HEER, 277

A, 272
method —-- ¥, 273
method resolution order -- ¥ ¥ & #1 I

5,273

MethodType (fypes }£3), 141, 142
module, 273

__main__, 11,170, 181

_thread, 176

builtins, 11,170, 181

object —— X%, 146

signal, 51

sys, 11,170, 181

gL ]
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¥ % path, 11, 170, 172
module spec -- #EHHAE, 273
modules (f£ sys #2¥+), 62, 170
ModuleType (f& types 33 +), 146
MRO, 273
mutable —— T &L, 273

N

named tuple -- B4 54,273
namespace —- 4 X, 273

namespace package —— & X4, 274

nested scope —-— #&E/EHH, 274
new-style class -- #H A%, 274
newfunc (C type) ,255
None

object —- X%, 107
numeric

object, 107

O

object
bytearray, 115
floating point, 110
list, 135
mapping, 136
numeric, 107
sequence, 113
object —- X&
Capsule, 157

code, 143
complex number —— ¥, 112
dictionary -- FH#, 136

frozenset, 139

function —- %, 141

instancemethod, 142

integer, 107

memoryview, 155

method —-- ¥, 142

module, 146

None, 107

set, 139

type, 6, 103

TG4, 133

FH e, 113

A, 145

KEA, 107
object —— Xt#%,274
objobjargproc (C type) ,257
objobjproc (C type) ,256
OverflowError (N & 5%), 108, 109

parameter -- H%,274
PATH, 11
path

module # %, 11, 170, 172
path (f& sys 23 ¥), 11, 170, 172

path based finder —-- 2 T B & o & & &,
275

path entry —— BHEAO,274
path entry finder —-- BZA D& E, 275
path entry hook -- BEHENB#T,275
path-like object —-- B#ZEX%,275
PEP, 275
platform (f& sys 3 P), 173
portion —— #4275
positional argument —- L &S ¥, 275
pow

built-in function, 88, 89
provisional API -- #¥ % API,275
provisional package -- #F#4,275
Py_ABS (C macro) ,4
Py_AddPendingCall (C function) , 182
Py_ALWAYS_INLINE (C macro) ,4
Py_AtExit (C function) ,62
Py_AuditHookFunction (C type) ,6l
Py_BEGIN_ALLOW_THREADS (C %), 175
Py_BEGIN_ALLOW_THREADS (C macro) , 178
Py_BLOCK_THREADS (C macro) , 178
Py_buffer.buf (C member) ,95
Py_buffer.format (C member) ,95
Py_buffer.internal (C member) ,96
Py_buffer.itemsize (C member) ,95
Py_buffer.len (C member) , 95
Py_buffer.ndim (C member) ,95
Py_buffer.obj (C member) ,95
Py_buffer.readonly (C member) ,95
Py_buffer.shape (C member) ,95
Py_buffer.strides (C member) ,96
Py_buffer.suboffsets (C member) ,96
Py _buffer (C type) ,95
Py_Buildvalue (C function) ,72
Py_BytesMain (C function) ,39
Py_BytesWarningFlag (C var) , 168
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Py_CLEAR (C function) ,44
Py_CompileString (C FH#k), 42
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41
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Py_DecodeLocale (C function) ,58
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Py_DEPRECATED (C macro) ,5
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Py_END_ALLOW_THREADS (C %), 175
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Py_eval_input (C var) ,42
Py_ExitStatusException(C function), 189
Py_Exit (C function) ,62
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Py_GetBuildInfo (C function) , 173
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Py_GetPath (), 171,172
Py_GetPath (C function) , 172
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Py_GetProgramName (C function) , 171
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Py_HashRandomizationFlag (C var) , 168
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Py_NoUserSiteDirectory (C var) , 169
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Py_PrelInitialize (C function) , 192
Py_PRINT_RAW (C %), 145
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Py_REFCNT (C function) , 221
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PY_SSIZE_T_MAX (C %), 109

Py_ssize_t (C type) ,9

Py_STRINGIFY (C macro) ,5

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro)
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Py_UnbufferedStdioFlag (C var) , 169
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Py_VaBuildvalue (C function) ,74
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Py_XNewRef (C function) ,43
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PyAsyncMethods (C type) ,254
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function) , 100
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PyBuffer_FromContiguous (C function) ,
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PyBuffer_SizeFromFormat (C function) ,
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PyBytes_FromFormat (C function) , 114
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, 114
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PyBytesObject (C type) , 113
PyCallable_Check (C function) , 87
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PyCallIter_New (C function) , 153
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PyCapsule_CheckExact (C function) , 157

PyCapsule_Destructor (C type) , 157

PyCapsule_GetContext (C function) , 157

PyCapsule_GetDestructor (C function) ,
157

PyCapsule_GetName (C function) , 157

PyCapsule_GetPointer (C function) , 157

PyCapsule_Import (C function) , 157

PyCapsule_IsValid (C function) , 157

PyCapsule_New (C function) , 157

PyCapsule_SetContext (C function),158

PyCapsule_SetDestructor (C function) ,
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PyCapsule_SetName (C function) , 158

PyCapsule_SetPointer (C function) , 158
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PyCell GET (C function) , 143

PyCell_Get (C function) , 143
PyCell_New (C function) , 143
PyCell_SET (C function) , 143
PyCell_Set (C function) , 143
PyCell_Type (C var) ,143

PyCellObject (C type) , 143
PyCFunction_NewEx (C function) ,224
PyCFunction_New (C function) ,224
PyCFunctionWithKeywords (C type) ,222
PyCFunction (C type) ,222
PyCMethod_New (C function) ,224
PyCMethod (C type) ,222
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PyCode_Addr2Location (C function) , 144
PyCode_Check (C function) , 143
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PyCode_GetCode (C function) , 144
PyCode_GetFreevars (C function) , 144
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PyCode_NewEmpty (C function) , 144
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PyCode_New (C function) , 143
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PyCodec_Encoder (C function) ,78
PyCodec_Encode (C function) ,77
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PyCodec_RegisterError (C function) ,78
PyCodec_Register (C function) ,77
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PyCodec_StreamReader (C function) ,78
PyCodec_StreamWriter (C function) ,78
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PyComplex_Check (C function) , 113
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PyComplexObject (C type) , 113
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193
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function) , 193
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194
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PyConfig.buffered_stdio(C member),195
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PyConfig.exec_prefix (C member) , 196
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196
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PyConfig.legacy_windows_stdio (C
member) , 198
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member) , 198
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PyConfig.run_command (C member) , 200
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PyConfig.use_environment (C member),?201
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PyConfig.user_site_directory (C
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PyDate_FromDate (C function) , 163
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function),164
PyDateTime_DATE_GET_SECOND (C
function),164
PyDateTime_DATE_GET_TZINFO (C
function) , 164
PyDateTime_DateTimeType (C var) , 162
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PyDateTime_Time (C type) , 162
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PyDict_GetItemString (C function) , 137
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PyExc_OSError (C &), 54
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PyExc_PendingDeprecationWarning (C %
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PyExc_ ReferenceError(CTiéé)54
PyExc_ ResourceWarnlng(C *7), 56
PyExc_RuntimeError ( §§)54
PyExc_RuntimeWarning (C & %), 56
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PyExc_ SystemError(C * ), 54
PyExc_SystemExit (C &%), 54
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PyExc_TimeoutError (C &%), 54
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PyExc_UnboundLocalError (C % §)54
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PyExc_ UnlcodeTranslateError(C'm"L54
PyExc_UnicodeWarning (C &%), 56
PyExc_UserWarning (C & &), 56
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PyException_GetTraceback (C function),
52
PyException_SetCause (C function) ,52
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PyException_SetTraceback (C function),
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PyFile_GetLine (C function) , 145
PyFile_SetOpenCodeHook(C function), 145
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PyFloat_AS_DOUBLE (C function) , 111
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PyFloat_CheckExact (C function) , 110
PyFloat_Check (C function) , 110
PyFloat_FromDouble (C function) , 110
PyFloat_FromString (C function) , 110
PyFloat_GetInfo (C function) , 111
PyFloat_GetMax (C function) , 111
PyFloat_GetMin (C function) , 11
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PyFloat_Pack4 (C function) , 111
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PyFloat_Unpack2 (C function) , 112
PyFloat_Unpack4 (C function) , 112
PyFloat_Unpack8 (C function) , 112
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PyFrame_GetBack (C function) , 158
PyFrame_GetBuiltins (C function) , 158

PyFrame_GetCode (C function) , 158
PyFrame_GetGenerator (C function) , 159
PyFrame_GetGlobals (C function) , 159

PyFrame_GetLasti (C function) , 159
PyFrame_GetLineNumber (C function), 159
PyFrame_GetLocals (C function) , 159
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PyFrameObject (C type) , 158
PyFrozenSet_CheckExact(C function),139
PyFrozenSet_Check (C function) , 139
PyFrozenSet_New (C function) , 140
PyFrozenSet_Type (C wvar) , 139
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PyFunction_GetAnnotations (C function)
, 141
PyFunction_GetClosure (C function), 141
PyFunction_GetCode (C function) , 141
PyFunction_GetDefaults(C function), 141
PyFunction_GetGlobals (C function), 141
PyFunction_GetModule (C function) , 141
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function) , 141
PyFunction_New (C function) , 141
PyFunction_SetAnnotations (C function)
, 141
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PyFunction_SetDefaults(C function), 141
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PyGC_Collect (C function) , 261
PyGC_Disable (C function) , 26l
PyGC_Enable (C function) , 261

PyGC_IsEnabled (C function) ,261
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PyGenObject (C type) , 159
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PyGetSetDef (C type) ,225
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PyGILState_Ensure (C function) , 177
PyGILState_GetThisThreadState (C
function),177
PyGILState_Release (C function) , 177
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PyHash_FuncDef (C type) ,76
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PyImport_ExecCodeModule (C function) ,
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PyImport_GetImporter (C function) , 64
PyImport_GetMagicNumber (C function),
64
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PyImport_GetModule (C function) ,64
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function),64
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function) , 64
PyImport_ImportModuleEx (C function) ,
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function) , 62
PyImport_ImportModuleLevel (C
function) , 63
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function),62
PyImport_ImportModule (C function) ,62
PyImport_Import (C function) ,63
PyImport_ReloadModule (C function) , 63
PyIndex_Check (C function) ,90
PyInstanceMethod_Check(C function), 142
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, 142
PyInstanceMethod_GET_FUNCTION (C
function) , 142
PyInstanceMethod_New (C function) , 142
PyInstanceMethod_Type (C var) , 142
PyInterpreterState_Clear (C function),
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PyInterpreterState_Delete (C function)
, 178
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function) , 179
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179
PyInterpreterState_Get(C function),179
PyInterpreterState_Head (C function) ,
184
PyInterpreterState_Main (C function) ,
184
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184
PyInterpreterState_ThreadHead (C
function) , 184
PyInterpreterState (C type) ,176
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PyIter_Send (C function) , 94
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PyList_AsTuple (C function) , 136
PyList_CheckExact (C function) , 135
PyList_Check (C function) , 135
PyList_GET_ITEM (C function) , 135
PyList_GET_SIZE (C function) , 135
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PyList_SetItem (C &%), 7
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PyLong_AsLongAndOverflow (C function),
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function),108
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PyLong_AsLong (C function) , 108
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PyLong_AsSsize_t (C function) , 109
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PyLong_FromLongLong (C function) , 107
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PyLong_FromString (C function) , 108
PyLongﬁFromUnicodeObject(C function),
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function) , 107
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PyLongObject (C type) , 107
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PyMapping_DelItemString (C function),
92
PyMapping DelItem (C function) ,92
PyMapping_GetItemString (C function) ,
92
PyMapping_HasKeyString (C function),92
PyMapping_HasKey (C function) ,92
PyMapping_Items (C function) ,93
PyMapping_Keys (C function) ,93
PyMapping_Length (C function) ,92
PyMapping_SetItemString (C function) ,
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PyMapping_Size (C function) ,92
PyMapping_Values (C function) ,93
PyMappingMethods.mp_ass_subscript (C
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PyMappingMethods.mp_length(C member),
252
PyMappingMethods.mp_subscript (C
member) , 252
PyMappingMethods (C type) , 252
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PyMarshal_ReadLongFromFile (C
function) , 66
PyMarshal_ReadObjectFromFile (C
function) , 66
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function),66
PyMarshal_ReadShortFromFile (C
function) , 66
PyMarshal_ WriteLongToFile (C function)
, 65
PyMarshal_WriteObjectToFile (C
function) , 66
PyMarshal_WriteObjectToString (C
function) , 66
PyMem_Calloc (C function) , 211
PyMem_Del (C function) ,212
PYMEM_DOMAIN_MEM (C macro) ,214
PYMEM_DOMAIN_OBJ (C macro) ,214
PYMEM_DOMAIN_RAW (C macro) ,214
PyMem_Free (C function) , 211

PyMem_GetAllocator (C function) ,214
PyMem_Malloc (C function) ,2l1
PyMem_New (C macro) ,211
PyMem_RawCalloc (C function) ,210
PyMem_RawFree (C function) , 211
PyMem_RawMalloc (C function) ,210
PyMem_RawRealloc (C function) ,210
PyMem_Realloc (C function) ,211
PyMem_Resize (C macro) ,211
PyMem_SetAllocator (C function) ,214
PyMem_SetupDebugHooks (C function),214
PyMemAllocatorDomain (C type) ,213
PyMemAllocatorEx (C type) ,213
PyMember_GetOne (C function) ,225
PyMember_SetOne (C function) ,225
PyMemberDef (C type) ,224
PyMemoryView_Check (C function) , 155
PyMemoryView_FromBuffer (C function) ,
155
PyMemoryView_FromMemory (C function) ,
155
PyMemoryView_FromObject (C function),
155
PyMemoryView_GET_BASE (C function), 155
PyMemoryView_GET_BUFFER (C function) ,
155
PyMemoryView_GetContiguous (C
function) , 155
PyMethod_Check (C function) , 142
PyMethod_Function (C function) , 142
PyMethod_GET_FUNCTION (C function), 142
PyMethod_GET_SELF (C function) , 142
PyMethod_New (C function) , 142
PyMethod_Self (C function) , 142
PyMethod_Type (C wvar) , 142
PyMethodDef.ml_doc (C member) ,222
PyMethodDef.ml_flags (C member) ,222
PyMethodDef.ml_meth (C member) ,222
PyMethodDef.ml_name (C member) ,222
PyMethodDef (C type) ,222
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PyModule_AddIntConstant (C function),
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PyModule_AddObjectRef (C function), 150
PyModule_AddObject (C function) , 151
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function),lSl
PyModule_AddStringMacro (C macro) , 152
PyModule_AddType (C function) , 152
PyModule_CheckExact (C function) , 146
PyModule_Check (C function) , 146
PyModule_Create2 (C function) , 148
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PyModule_ExecDef (C function) , 150
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PyModule_FromDefAndSpec (C function) ,
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PyModule_GetDef (C function) , 146
PyModule_GetDict (C function) , 146
PyModule_GetFilenameObject (C
function),146
PyModule_GetFilename (C function) , 146
PyModule_GetNameObject(C function), 146
PyModule_GetName (C function) , 146
PyModule_GetState (C function) , 146
PyModule_NewObject (C function),l46
PyModule_New (C function) , 146
PyModule_SetDocString (C function), 150
PyModule_Type (C wvar) , 146
PyModuleDef_Init (C function) , 148
PyModuleDef_Slot.slot (C member),l49
PyModuleDef_Slot.value (C member) , 149
PyModuleDef_Slot (C type) , 149
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PyModuleDef.m_clear (C member) , 147
PyModuleDef.m_doc (C member) , 147
PyModuleDef.m_free (C member) , 148
PyModuleDef.m_methods (C member) , 147
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PyModuleDef.m_size (C member) , 147
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PyNumber_FloorDivide (C function) , 88
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PyNumber_InPlaceAdd (C function) , 89
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function) , 89
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, 89
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PyNumber_Or (C function) , 89
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PyNumber_Power (C function) , 88
PyNumber_Remainder (C function),88
PyNumber_Rshift (C function) , 88
PyNumber_Subtract (C function) , 87
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PyNumber_TrueDivide (C function) , 88
PyNumber_Xor (C function),88
PyNumberMethods.nb_absolute (C member)
, 251
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
251
PyNumberMethods.nb_float(C member),252
PyNumberMethods.nb_floor_divide (C
member) , 252
PyNumberMethods.nb_index(c memberL252
PyNumberMethods.nb_inplace_add (C
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member) , 252
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PyNumberMethods.nb_matrix_multiply (C
member) , 252
PyNumberMethods.nb_multiply (C member)
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,251
PyNumberMethods.nb_or (C member) , 251
PyNumberMethods.nb_positive (C member)
,251
PyNumberMethods .nb_power(C member),251

PyNumberMethods.nb_remainder (C
member),251
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251
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, 251
PyNumberMethods.nb_true_divide (C
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PyObject_ASCII (C function) , 8l
PyObject_AsFileDescriptor (C function)
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PyObject_AsReadBuffer(C function),lOO
PyObject_AsWriteBuffer(C function), 10l
PyObject_Bytes (C function) , 8l
PyObject_CallFunctionObjArgs (C
function) , 86
PyObject_CallFunction (C function) , 86
PyObjecthallMethodNoArgs(C function)
, 86
PyObject_CallMethodObjArgs (C
function) , 86
PyObject_CallMethodOneArg (C function)
, 86
PyObject_CallMethod (C function) , 86
PyObject_CallNoArgs (C function) , 85
PyObject_CallObject (C function) , 86
PyObject_Calloc (C function) ,212
PyObject_CallOneArg (C function) , 85
PyObject_Call (C function) ,85
PyObject_CheckBuffer (C function) ,99
PyObject_CheckReadBuffer (C function),
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PyObject_CopyData (C function) , 100
PyObject_DelAttrString (C function), 80
PyObject_DelAttr (C function) , 80
PyObject_DelItem (C function) , 82
PyObject_Del (C function) ,219
PyObject_Dir (C function) ,83
PyObject_Format (C function) , 8l
PyObject_Free (C function) ,213
PyObject_GC_Del (C function) ,260
PyObject_GC_IsFinalized (C function) ,

260
PyObject_GC_IsTracked (C function), 260
PyObject_GC_NewVar (C macro) , 259
PyObject_GC_New (C macro) ,259
PyObject_GC_Resize (C macro) ,259
PyObject_GC_Track (C function) , 260
PyObject_GC_UnTrack (C function) , 260
PyObject_GenericGetAttr (C function) ,
80
PyObject_GenericGetDict (C function) ,
80
PyObject_GenericSetAttr (C function) ,
80
PyObject_GenericSetDict (C function) ,
80
PyObject_GetAlter (C function),83
PyObject_GetArenaAllocator (C
function),216
PyObject_GetAttrString (C function), 80
PyObject_GetAttr (C function) ,80
PyObject_GetBuffer (C function) ,99
PyObject_GetItem (C function) ,82
PyObject_GetIter (C function) , 83
PyObject_HasAttrString (C function),79
PyObject_HasAttr (C function) ,79
PyObject_HashNotImplemented (C
function),82
PyObject_Hash (C function) ,82
PyObject_HEAD_INIT (C macro) ,221
PyObject_HEAD (C macro) , 220
PyObject_Initvar (C function) ,219
PyObject_Init (C function) ,219
PyObject_IS_GC (C function) , 260
PyObject_IsInstance (C function) , 8l
PyObject_IsSubclass (C function) , 81
PyObject_IsTrue (C function) ,82
PyObject_LengthHint (C function) , 82
PyObject_Length (C function) ,82
PyObject_Malloc (C function) ,212
PyObject_NewVar (C macro) ,219
PyObject_New (C macro) ,219
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PyObject_Print (C function) ,79
PyObject_Realloc (C function) ,212
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PyObject_VAR_HEAD (C macro) , 220
PyObject_VectorcallDict (C function) ,
87
PyObject_VectorcallMethod (C function)
, 87
PyObject_Vectorcall (C function) , 87
PyObjectArenaAllocator (C type) ,216
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PyObject.ob_type (C member) ,232
PyObject (C type) , 220
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PyPreConfig.coerce_c_locale (C member)
, 190
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PyPreConfig.dev_mode (C member),l91
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PyRun_FileEx (C function) ,4l1

PyRun_FileFlags (C function) ,4l
PyRun_File (C function) , 4l
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PyRun_InteractiveLoop (C function) ,40
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PyRun_SimpleFileEx (C function),40
PyRun_SimpleFile (C function) ,40
PyRun_SimpleStringFlags (C function) ,
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PyRun_SimpleString (C function) ,40
PyRun_StringFlags (C function) ,4l
PyRun_String (C function) ,4l
PySendResult (C type) , 94
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PySequence_Fast (C function) ,9I
PySequence_GetItem (C FH#k), 8
PySequence_GetItem (C function) ,91
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