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CHAPTER 1

Python {57 [l 245 11 (API) filif C Fl C++ R 7 A AT DATEZ N2 G L7 Python i RERS . 1% APLTE
Cor+ el A, G TR fedliid, e R Ry Python/C APL. i /] Python/C APL A7~ BEAS I 2 «
BRI THRE HY TS & At sk B2 Y & Python RS I RERY C Bibk. X AEI2 e

WEBE 5. 5 A E i 2 Ff Python JAE S ALY I AU ZELAT S5 X33 5 Wk R AE— A L i
embedding Python.,

9 S AR S RN R UL 5 TRRAR, WIDAE “3GE” MR G R T A A —
SERERE B S X —d A . IR ANTE AR ] Fif A Python RUBIA R CA 2, {Hisk A Python i FE%
ARG Y RAELGAFETT B E -

W2 APL BRAEAR R A BGE Y Python X AR 5 NEREE L HEE I 5 BLAh, KAk A Python 1M ]
FEFPAR A EHR ML A YR, AR AR S bR B H A Python Z BTSSRI 5 IV 1% &2 M 12

JTh O

1.1 RS baif

WARARAE 24 S ] 175 T CPython 1) C AURY, R BAUEIETE PEP 7 g ORI M AIARIE . X245 S
JEUUSE AR AR BT 2 A Python HUAS . TR SR F T RS =I5 I AR AT DA 46 B X 2L ALY,
B ARIRIE A AE H 517 Python TTikIX LERLER

1.2 W&k

{1} Python/C AP Tl BEAYATRRR £, EZUHN 0 SCRT il N AT 1A & BRI AU Z

#define PY_SSIZE_T_CLEAN
#include <Python.h>

XERE AL FFRESL S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERAH).

{:: BT Python RJ RS L —LUREAEHLLE R G0 b 52 AR Sk SO TAL BRER E SC, PR IR A S ARl
W2 T, R 54/ 5e404 Python . h,
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W a2 7F Python.h §i%E L PY_SSIZE_T_CLEAN , BB AF G HEAT ¥ R T ZHE
ZNEE.

Python.h s SCAY AR Fa] WAAFR (Ph 38 SR ESK SCPRRTE LRIRAL ) BRI RIZR Py B0 _Py. DA
_Py kB B (it Python SCHLNFERGE IR, ARG a5 & (T o S5 A B 4 PRI DR B RTEHL

R PRI A RV E LA Py B _Py TR AR XM @E N, HE S0 AR xR
>k Python JUCAHI R RSN, X LERAS AT RE 2 5 VA B RT 2 —TT Sk i HAA R

S4B T 4 5 Python —2 4235 JFE Unix |, BT LA RN HR :prefix/include/pythonversion/
M exec_prefix/include/pythonversion/, HH prefix fl exec_prefix J& M [4] Python [1)
configure HIARME AN NS E X, 1 version W2k '%d.%d' % sys.version_info[:2]. 7F
Windows |, K1 %%T prefix/include, HW prefix @ RRBFIER L H .

BEALES S, RS H s (QERANIR) ESBCER T D gh e i S R IR D o 8 =R ACH A
WERBARRGMA #include <pythonX.Y/Python.h>; RRFHEML-FE4IEAITN, Hhprefix
T AR SRR TR A exec_prefix THEEFGHILI .

C++ PN TER, R APL@SE (il C g i, (K SCPFIE Ry A D S W extern "C,
I APLYE C+ Hfili I i APT AN PR Rk AL B

1.3 4TI

Python 3k SCHFHRUE LT — 284 HIY % 1T 2 R AE S E A9 F i3 Iy s SCRY (Bl 40 py_RETURN_NONE),
A g3 Y 0 SO L. X LB R R AN R — S A 3R

Py_UNREACHABLE ()
XA ATEARAE — A B ICE R RS B AR . Blan, 24—~ switch i&A)H Fra e
WEARE B case FAHJER 1, B HAAE default: P . SARIEF AL E—
assert (0) Bf abort () &AL ATPAHXA .

TE release BN, T B AL, HlEfe i AN AT BSR4 . fildn, #E GCC 1y
release #N, %2 _ _builtin_unreachable () L.

Py_UNREACHABLE () f— A HZEZ A — MRS E, (HAE A A _Py_NO_RETURN Y%L
ZEO

WR— MR AN KT RE R IE# RS, (EAEERRE O R AT ARIL , SEAREME %22 . Bilan, 7E(%
WA, BCE— ARG R B AU R, Easeds, RS S . i
TER RIS AR E, APy _FatalError() o

3.7 BRI HE.

Py_ABS (X)
R[] x 2N .

3.3 Hge.

Py_MIN (Xx,y)
R x Fy MR IMAE .

3.3 B fE.

Py_MAX (X,y)

R[] Flly 24 RO
3.3 BRI HE.

Py_STRINGIFY (X)
B x F40oh C 45 . A0 Py_STRINGIFY (123) &[] "123",

3.4 B

4 Chapter 1. #itik
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Py_MEMBER_SIZE (type, member)
R E5H#) (type) member A/, PAFATER.
3.6 Frh e

Py_CHARMASK (c)

SRR [-128, 127] 5 [0, 2551 3 Bl I FAF SR B . iXAN 220 ¢ 9 il §6 458 unsigned
char ik,

0

Py_GETENV (s)
5 getenvi(s) M, HRERUWEG ST LEHT -, WRME v (IR EET

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)

JH T 5 K7 SC P o B E 0 2 5, AT B B 4% 28 % 4. B int func(int a, int
Py_UNUSED (b)) { return a; }.,

3.4 B fE.

Py_DEPRECATED (version)
FEAEW . REUA BT T Z PR -

vl

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

e 3.8 R EC: %S T MSVC 37

PyDoc_STRVAR (name, Str)
g%~4‘ﬂ%ﬁiﬁ?ﬁ% RN, 2558 name [FAS & . WIERASAI SCRY A4 B — 2 14 2 Python,
LRGSR

Wi PEP 7 firik, (i PyDoc STRVARAVENICHFATH: , PASCREAHISCR 7 4F Hf— i H Python )

T
ANCE
PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");
static PyMethodDef deque_methods[] = {
/).
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VY2

PyDoc_STR (str)
R E R FAPER AR SO AT, B Y SO AR A B, A E A
W PEP 7 ik, fiflpyDoc STR 48 SR FAFH, PASCREASMISCRY F4F 5B — i ¥ @ Python 1)1
s

R

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

bi

1.3. HHNE 5
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1.4 X% . s I 8

ZH Python/C APT — A ENSH, PAK—A~Pyobject * RAIRuIH . X AR5 R L7 Python
MR EN LI FE 5. T Python X G RAAE R UG UL T #F#k Python 5 th A ) Y 77 X dk
(BN, WUE, RSN, MSEEE) , HIereqm B C RMRRAFid. JLFFTA Python
X RAFAESE: ARANREF I — AN pyobject Y HBNBTHSNA R, AREFRIRR N Pyobject *
g%ﬁommﬁ%%%ﬁ%%%,ﬁ%?ﬂﬁ@ﬁ%ﬁﬁﬁ,%%EMEﬁ%ﬁﬁ%ﬂﬁmwmaxﬁ

Jiif5 Python %% (% Python #%) #34—A> type Fl— reference count . %5 A2 B & 2 A 4258
PIXT S (GIANEEE. H1FRH P R i 5 2%, 4 types HITIAR ) o X 4REAS AR PT TR AN 2884, #5A—
DTN ERT GG B TRREL G, 24 (HAY) a Frfgnix) 52 Python 51) A} PyList_Check (a)
HEL

141 5K

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

BB EAES I H . BRI E R M ZZPy INCREF () R — X2 m5 it g, 8
FPy DECREF () Ky — X5 Hit4. %Py _DECREF () WAk HITE2ENE, RF
WXL AR, BB L incref 72 74152 . BEAYE M ERT G B G5 0 P 1) R AR 6. 0
RGN GA (FIang) %), WIZEEER (RIS T 5T 8 6 B 7E X 4 i) Ao 2 095 |
B, IPATIIRR AL, sIEHECR SR, 20 H 5 ERINAE TR E N E —FEZ2 B0 T RS
FHit% (B sizeof (Py_ssize_t) >= sizeof (void*) ). HIt, 5IHTHGENE A0 HEAEAE.

B BN AN SR I ST B SR e B 5 TR BIE b, YR B mXTR Iy, X
ST RTTESE N 1, AR LR, RGN 1. (B, XWEAEAGE, PrAsdss]
VBT S o S5 TR e — BT P2 R BRI A R e, e mT DAR)S LR RGO, A
HAGE 5 A RS G AT | A7 I 8] 2D AEA T 2SR, B R 3 5 | T4
— BRI e, XERAE NS Python Fi A& B 43 8 T A 4™ JRASLH ) C eR SRS, IR I BIL ] 2 PRI
TEVE A B A S 8005 1 -

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

— AN R AM B EE (K FRPL PyObject_ , PyNumber_ , PySequence_ I{
PyMapping_ JFSLAURR%L) o X BEHRAVE M2 E TR B X R A5 8. X ikE ) #H ST A
RIGLE RIS Py DECREF () o )X Fhy 2UAR faj 8.

5V gean i

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

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

6 Chapter 1. #itik



The Python/C API, %1 3.9.18

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

PyObject *t;

3);

t, 0, PyLong_FromLong(lL));

t, 1, PyLong_FromLong(2L));

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

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem

(
(
(
PyTuple_SetItem(

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

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

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

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

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

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

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

}

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

— N T R B A TR A A e BGR [ 15 L BT AR TR AT Y R R - oA (VRS

1.4. X%, RES I 7
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WAL LRI X R ARAY) R H R #oh | L, WRARME PyList_GetTtem () M—AFFHRIL
FH, WHASIAET I — HRURIR ] PySequence_Get Item () (EMRHIZZEEMFAMSED
A AP FERBURRER 25 H ARSI — 0 B [ 3 2951 -

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

HPyList_GetItem(), MA—EMHPySequence GetItem(),

long

sum_list (PyObject *list)

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

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

}

return total;

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

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

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

value = PyLong_AsLong (item);

Py_DECREF (item) ;

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

total += wvalue;

}
else {

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

}

return total;

8 Chapter 1. #itik
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1.4.2 kM

1€ Python/C APT 4y yiif 5 22 £ 0 i FOM IO 2R BUAR D R Z B C 288440 int, long, double F
char*, f—LZERIYYE A RAIA H T B T 0 ) pR B EE S S T RT R R B SSR, 86—
SER AU I RRAZBE . XSS5 AL 5 B AT R THE .
Py_ssize_t
—/Mfif sizeof (Py_ssize_t) == sizeof(size_t) WELESRBELA, C9 A HIEE
SGX B ARV (size_t 2 —DTOFF5 AR o 24 PEP 353 Tf#ifMy. PY_SSIZE_T_MAX
KePy_ssize_t REPWHAKIEFIA.

1.5 i

Python 2 )7 i1 A 2L IS & R AL B HHR 2 RALBRRY o & B alfe i i &, RIS R IE5 T
BRI, KIS, BRI IEIA TR R, TR R EN TR 4 1 7 A RS el )

IR, XT CREFP GORYL, SR ALUE 2 A THY . Python/C APT AR i BT A bR 40T W] DAG | K S35
R AR R RO SO T S AN . —BORUE, PR BB R, ESRE R, EFEn
WAHREATSRGI, FFR Bl — DR R . AERBECA UGS SCR, X AR NULL 8 -1, B
PRHBORT R IR B 2K, A A R iR o] — AN R ARG AYE, P R R AR AT %L
B B DR 8O A AR IR IBHE, HHRE M pyErr_Occurred () RtAT AWM. X
LS R SRS A SR

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

SEREIY SRS = AR R AR (B oNERRT DAY NULL): 522880, MM FHE, AR EIEE . X
X5 L5 Python H sys.exc_info () WEERMFE; AWM, EMEARR—FER): Python Xf R FEH
Python try ... except A FTALI )G —A 525, 1 C EHRWFEIRS RIS HE L AR C Bk
TET A2 ()4 3 i A7 7E B 2 H 33k Python F T IS AR RESR ) EF VG0, ZF MRS TR

sys.exc_info () &4k,

THTER A Python 1.5 JF4R, A Python AURS T M) 5 FOR A B 2B #Y . LA 224z i 05 22 I B AR sys
exc_info (), EXfik[u] Python fUR I /M AR HARLS . BUOL, X PRSI S HAR A 7 UG SRR A
AT AR PR TR R ) S 1) B BSCRE DR A 1 R LA ) S B RS AR B R O 0 S IR S . IR 1
S AT SRR RAR TO S Y eR B . 1 IETE AL B S i B LA R R T AE ]
AR M5 | AR R AEAEA B EE R R

YER— g B, — AN 59— B BOR P T AT 55 1 B O 24 4G 2R 08 T O BB 551 & T =
HAES | KR EE R IRSE RS R . BN Y EFE A AT 25, FR Bl — bR
N, HE RERER R - BESEBRNE RS, IR R E R EEE S .

— ARG S A B AT B 1T BRI FFE BRI sum_sequence () BT HET TR . XA A EE
K B R AN TR B P AT AT 5 . R Gl R EGE RS T — RS B E. B, T m
YR¥E7R Python L%, FRATTEAR T 464417 Python 4415

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

TR AN BRSO ER) C A

int
incr_item (PyObject *dict, PyObject *key)

Q)
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(£ L£50)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

}

XA FARET CHEFFH goto A — Fh 3 BN R B IR B W W T T
M PyErr ExceptionMatches () HMIPyErr Clear() 3 4t PR ¥ & W B &, DA K 0 fa] i
M Py _XDECREF () K Ab¥ AT AEH NULL W B A5 GEEAM TR 'X'; Py _DECREF () 7Ei 3
NULL 5| PR £ i) « BB — SE T HOR AT B A 51 7S B 20 ia 16k NULL A g &5 ;
b, AR ME BRI IR R -1 (R H B R TER AP TR G A 2 o ) .

1.6 itk A Python

A Python fERESRAUIRATT (R T A EH ) A FHEHLON T EMLS 2 EMPate, nThE
EHERREA. RASHIRZ BN e LA eSO G b2 J5 A RER B

HARNWIIRCR R Py _Tnitialize (). SLERECRAIIRILE INEBAEE, FFOIEE A builtins,
_main__ Ml sys. BEibLFUIHRMBEEE R (sys.path).

Py_Initialize() R MASHINER (sys.argv). WHFE 5 R 2 AT H Python {1 7
B, W MAEW Py _Initialize () Z J5# it #l ] PySys_SetArgvEx (argc, argv,
updatepath) FEXHIZEE .

TERZE ARG L (Rl Unix 1 Windows, BIATEANTY EAFIARE), Py _Tnitialize () FRIER R

10 Chapter 1. #itik
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1 Python fRRERT WP T SO R AL B I SR FEAS MR T R 6 4%, I Python JE W ZEAH XS T Python
FRRERS T AT SOOI [ 2 0 8 B 3RE . i, TR FHE shell iy 8RR GAiAS & PATH) b4
#1444 python MR HAT S ITFEAC H SR &4 40 1ib/pythonX. ¥ i H 5%

26 K8, TIR Python ] $fT 30 T /usr/local/bin/python, B¥HREFENT /usr/local/
lib/pythonX.Y. (SEFs L, XAMFREBAEERN “BHR” 8, SFEY4JC¥ETE PATH PB4 N
python W PATSCHERFRE B ) A P AT DA 0 1% B A5 A8 | PYTHONHOME , il i 1% B PYTHONPATH
AERRUE AR 2 T AN H SR A 55 AT N .

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

HiE L)

A, 8 FF X Python #E4T “KewItGib” o BN, MO AR T RE AR E A 8 B (R
MPy_Initialize ()) BEE N HFEFXT Python [ I O 4 58 T AHZLREL Python T 73 BLI) N AF. 3X W]
PGB Py _FinalizeEx () FSEP. U 45 Python 4T EWEIEMARSN Py _TsInitialized ()
PRAICRR [P EE . A Ik L s B 25 B FEZ G B P 45l . WPy _FinalizeEx () RERE
YA B Python fERERS T /0 BLA AR, BB 4 BT 43 B ) N AT B A N 2R .

1.7 il

Python RJ DAPR 3 2872 54 4 138 DA L XHERE S ALY BRI B ME AL . XS4 2 2> 2ia A T IR IR Rt
ST R ENTBOAR S o

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

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

B T AT AT T ROR 2 A, eI T A T B M A -
o BUOMEARFES N X 5 BL s -

TR LRSS I B ARAT e A 20 1 o
o oA N TSI [ 4 BB 1] SRR AR TR B
s FZWE PR mB IR G I . Ji5h, RAEMNRHFE test_c_api () Tiks
© EASE SR AR N B 2L B R
o BN E M TCRAA R AR TEGE , DA RAIR AR 5 1 -
o INIRZIRERANVES N S A A 2 R BLAs A TI
oINS A F) arena NAFSEEL.
o USRS AR 2 AR

X LT BEBCA R B B M R A

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

HRELZFMEE, 5257 Python JF AL Misc/SpecialBuilds.txt

1.7. il 11
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CHAPTER 2

Tl . R e 0 3% 1

f4¢ b, Python () C APLFFREREMRA T AL AL . KRLHCEUH-S IR AE, WH REm APL A2
BT APT BB APL (U SE28: 1 2 i S ARG TN ER ) o

ASER IS, APLAREIERAY B Bt RIARA 1 (ABL) . J PN 2R 445 SRS, (eI HLAS I
Bl 7 BB AT BEA 2 BEA APL, [HRIRES MR ABL. [, 43> Python JRUAHN T SEF B i i
b (B A AT M2 32 DA B0 R, Unix BB TRES HBLRH ). K41, ¥ Windows I, §”
JRELER S5 K pythonXY.dll BE8% , T2 HH %1% 4 HE-5HT1Y pythonXY.dll HEH% .

M Python3.2 2, ELZFEHI T4~ AP T4, DABREAM ABL LA UL APT (bl “S2 B
APD’) [y} R B 3 “Py_LIMITED_API. ¥ ZARREASAr i A B Bt e Sk, ZEAEfT
3xHA (x>=2) - HIH B R  B  4

TERIER T, FERMNEEECRY B E R ABL, 7 2 A X 283 APL [ 9 J 45 e 55 22 4%
Py_LIMITED_APT % & {148 3% % 3 i) % {ik Python R Z<HY) PY_VERSION_HEX {H (fi#1: Python
3.3 4 0x03030000) (ZUWAPI 4= ABI i A5 72 ) o IWIASHOREE AT g J5 4k Python HiiAS , {HICYEYE
IHRCAS Fma (AR ) .

M Python 3.2 JF#fy, 22K API Al iy ek A {0 SAE PEP 384 . 7£ C API SR, AJE T2 API fi) API
TCEARICH “ANET 2R AP,

13


https://www.python.org/dev/peps/pep-0384

The Python/C API, %1 3.9.18

14 Chapter 2. F ity kil 0



CHAPTER 3

W E % AP

AEETT ) PR BCRE U VR P THE SCE s 2 o X A 48E A Python JEARTS, (H BT SO IFRFE B0 LRy 7
NGB,

KR A IL N ERIFEN B B IEENSIENES. M5 A Py_eval_input,
Py_file_input PAJ Py_single_input. X455 STEHZ EANIENIE S0 05O H m PATE
M.

B EX R A LA DA Z FILE* IS, B AT 2/ A PR R ) U2 £ AR TR C Y
FILE Z5f K 0] GE2 A HH AT BA AR .. (2452) 78 Windows H, B8R0 A W RES M AR
FIIE,  JIT DALY, 24 % 3 o A TR 2 X 2K bR 5502 H Python 5z 47 s i A A B4 A0 5] 19 PRI A 1% 00 T A
FILE* TESE4TEA].

int Py_Main (int arge, wchar_t **argv)

FEXTARERRERERR I EARST o fik AT Python fRE 75 nI 6 FI AR 7 o B fiEY arge Tl argv TS24
ey CRFH main O BREIESAHIE CRARIE P RS S KGR ) . — D EE TR FI
RSHHIRTRS BN (HSEF)EP TR IR R NEASSPEN) . R AR EREIRE
(RPRG K 5a) MR EMERE R 0, AnSRMRE G | L SRR R Wk A 1, s aRIE S5 F A6
FERA R Python fir 24T NER ] 2.

WY ERNRG | &K T —MEHANIS G RPN systemExit, MRECRASIRE 1, ThiiR gk
2, H¥E Py _InspectFlag b RUIE.

int Py_BytesMain (int argc, char **argv)
KT py_Main () {H argy 22— ML FATHR AL
3.8 FrihfE.
int PyRun_AnyFile (FILE *fp, const char *filename)
PAREI X R PyRun_AnyFileExFlags () WITRMEIGE 1D, 1§ closeit %4 O TiXF flags %A NULL,
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
KRN N PyRun_AnyFileExFlags () WIFELIREE D, FF closeit ZH0H 0.
int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
XRAEX R PyRun_AnyFileExFlags () WEEIED, ¥ flags B H NULL,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
W fp Fam— A KBE A2 Bk (E 6 G a4 um A B0 Unix fh % 0g) 03, R
[lPyRun_InteractiveLoop () WMH, &R PyRun_SimpleFile () HI4EH . filename i
- 25 HitdHsa (sys.get filesystemencoding ()) EfENS . UM filename Sfy NULL, It

15
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RESMR "2 VBN U4 . TSR closeit NEAH, XF4SHFE PyRun_SimpleFileExFlags ()
AR 1] 2 P4 % A o
int PyRun_SimpleString (const char *command)

XN R PyRun_SimpleStringFlags () WIALIREE D, $fPyCompilerFlags* ZEBEN
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
WA flags ZHy, #£ __main__ BB IAT Python YU . #NSR __main_ MAAFAE, BEXRFHAY
. R 0, ARG KR E WR I -1, QR AAGE R, MR TRERAG R E AR R . X T flags
&, ST .
HERENRG IR T —MEHMIA G RPN systemExit, MWERECH AR -1, TRk
f, R Py_InspectFlag ibRHIE .

int PyRun_SimpleFile (FILE *fp, const char *filename)
XA R N RIPyRun_SimpleFileExFlags () WRLIIE D, ¥ closeit B¢h O Tk flags B¢ h
NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XX R PyRun_SimpleFileExFlags () MR D, +F flags XN NULL,

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

{Ef: 7 Windows [, fp W24 PA — 3t HIAEFTIF (RP fopen (filename, "rb")). 7MJ, Python
N[ REJCYE IE WAL BRAE Fl LF £745 a4 A4 A% S

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

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys .ps1 and sys.ps?2. filename is decoded from the filesystem
encoding (sys.getfilesystemencoding()).

L AR I AT R[] 0, QIR 5| & S MR m] -1, S0 A0 A TR AR AT A A AR [ 5k E 1R
Ay Python [ 4 34> & Ai ) errcode.h W3 AL RIS . (W ¥ERE errcode.h IR #H
Python.h Frfff, FILHIRFFEM AT L AL, )

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

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys.ps1 and sys.ps?2. filename is decoded from the filesystem encoding (sys .
getfilesystemencoding () ). Returns 0 at EOF or a negative number upon failure.

int (*PyOS_InputHook) (void)
AR FR [ — MR, int func (void) MEREL. ZEKNECKTE Python 1) REER 42 A5F HILRE
ZSPRFF SRR A B AR T o R MBS 20 . B 50X T AT R R AR RS Y B R AT
e E HABFAFERR T, 8 Python i3 Modules/_tkinter.c FrAgREE.

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE *, const char *)
B AR A8 I — RN char *func (FILE *stdin, FILE *stdout, char *prompt)
PIREL, EEY AR ESURBES PR I — A T4 ARTER BRI E. % R B U0 R MR A5 £ prompt
ANh NULL g e, AR e AT AL m ARl fay A SCHF e — AT A, HF R IG5 RS 7R B,
readline BIHCRFX AN T E IR U T o0 E A tab BN ST RE .

IR — AN PyMem_RawMalloc () B(PyMem_RawRealloc () AFECHI AT, BUEMR K
AR AR RIS NULL,
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IE 3.4 RE e 45 R UM PyMem RawMalloc () B{PyMem RawRealloc () 4B, T A&
HPyMem_Malloc () B{PyMem_Realloc () 4 HBC.

struct _node* PyParser_SimpleParseString (const char *str, int start)
This is a simplified interface to PyParser_SimpleParseStringFlagsFilename () below, leaving
filename set to NULL and flags set to 0.

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

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

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

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

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

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

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

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

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

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 % F I PyRun_StringFlags () WfaibiRE D, K flags ¥R
NULL,

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
Return value: New reference. 1 X4 globals 1 locals 55 W)_ N LR AT B str 7 Python J5ACHS
FHRIVA flags 16 5E WS iF AR hR . globals W/l @— 5 locals T DARATA SE L T BRI X
Ko B2 start $33€ T 2405 R IEACRD AR IGTE AT -

AR [AFFAUAS 12 Python MR AT, B ARG | % 1 574 Wik [7] NULL.

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. 3X24F%} FIHiPyRun_FileExFlags () WTRILIRIE T, ¥ closeit &k O
H-Kf flags B H NULL.

PyObject* PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
int closeit)
Return value: New reference. X 24t X F I PyRun_FileExFlags () WfaifbiRIzE O, ¥ flags &K
NULL,

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, PyCompilerFlags *flags)
Return value: New reference. X241 %} FIfiPyRun_FileExFlags () BIfaifbiRIE O, ¥ closeit 3K
0,

PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyOb-
Ject *locals, int closeit, PyCompilerFlags *flags)
Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read
from fp instead of an in-memory string. filename should be the name of the file, it is decoded from the

17
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filesystem encoding (sys.getfilesystemencoding ()). If closeit is true, the file is closed before
PyRun_FileExFlags () returns.

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

Return value: New reference. X241 % FHIPy_CompileStringFlags () WITALIREE T, ¥ flags X
5 NULL,

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

Return value: New reference. X 241 % NPy _CompileStringExFlags () WIfEALIRIE D, ¥
optimize 0 -1

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

Flags *flags, int optimize)

Return value: New reference. f#AfTH 4% str H () Python JEAUHS, 1R BIZERACHE R G, JHIGIEAT
Hi start 25t 3 AT o IR T 0 G 6 1) AURS FF EL. 2l Py_eval input, Py_file_ input
Py_single_input. Hi filename $§7E i) SCIH44 205 R A3 AU RS X SR I RT RE Hh BLLE ] 45 L B
SyntaxError TR . R AR JC A AT B 4 135 DU G BR B0RF 3 0] NUTLL.

HERY optimize $ 5E HiFAsBICALIN; [ -1 FREBES —o PRIUMIR AR A . S
0 (aflfe; __debug_ NEfH). 1 BTHHHEE, __debug_ SMIR(H) B 2 CORFAFHR B ER
B3

3.4 BN RE.

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

3.2 B RE.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. X251 % PyEval_EvalCodeEx () WfaifbiidzE 0, KR CEXT%, PA
Rz JaM R As i . HA Sl NULL,
PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject
*const *args, int argcount, PyObject *const *kws, int kwcount, PyObject
*const *defs, int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. 3f— Mg R AT GORAE, N HORMES HRHE RIS . PRI h 4
BRI, RAVERIS, SH . XTI, (R AT SR BRI
IR TC B TC A AL
PyFrameObject
TR G C R EE MR . B 7 BT REFE AT A B gl 2z
PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Yt — A HHATWIRE. X 24X PyEval EvalFrameEx () Wbz
RS SEACIE oo
PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. iX ;2 Python fEREZAT AW B MIH R SIATI f AH CERA AR X 5
FFETT, IR R IR ST . BN throwflag T 2 HA T AR 2 B —— WARN
{8, WEFBECLAMLE —DRE XN T AN LRE throw () Jrk.
TE 3.4 CE N R EORTE L S — IS, T AR R S 2 50 sh i e

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
UL R Y BORE IR NS, FEAE IR M B, SRR A AR
int Py_eval_input
Python if A T IR AERIGTT S WA Py_Compilestring () fliJf].
int Py_file_input
Python 12 H 1 A SO B IR S 0 ) P S R R A5 BiLA Py CompileString () ffifi].
RIS FEAT KA Python JEAH I 2L I A5
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int Py_single_input
Python ifvAH 1) T BB RN IGFF5 5 Fof Py _CompileString () ffifl). X2 M T3 HA R
AR o
struct PyCompilerFlags
XS R AR AR 5 K o X T R i I 0L, EXRFEHN int flags f£A, T
XA PATIE DL, ERHEN PyCompilerFlags *flags & A. TEXMIELL T, from
__future__ import "] PAB I flags.
4 pyCompilerFlags *flags A NULL B}, cf_flags B4 /EEET 0 SAb, TMAEf] from
__future__ import FrREMBSH AW ETE.
int cf_flags
AR AT o
int cf_feature_version
of _feature_version 52 Python [{)/PRARS . BN 48541454k 8 PY_MINOR_VERSION,

WF BN 20, 24 BAUYTE of_flags 1 T PyCF_ONLY_AST AR E A B
TE 3.8 MREE M S8 T of _feature_version FE% .

int CO_FUTURE_DIVISION
XABRAENLATE flags s B MG BREBTAT / Wil PEP 238 FrRLER) “EIRE".
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cHAPTER 4

ST

AT LA 5 T4 2 Python XF 415 AL
void Py_ INCREF (PyObject *0)
S5 0BG TTEL. X GU BN NULL; AIRARANH & B AN NULL, "I Py_XINCREEF () .
void Py_XINCREF (PyObject *0)
HEMAR o 51 TR XFZAT AN NULL, R OL N IR AT ROR .
void Py_DECREF (PyObject *0)
XS o 5] TR XTRUBUR R NULL; QAR BN A NULL, A Py_XDECREF ()
MRS TR R, 5 AT X G T @ B REOR 4L (B AAS A NULL).

Bl R R BT S EUL L Python (UM GEIAN (I — DA __del O JyiARIZEsE
BIRTRE RN 2 ML) o AR MRS H ) S WA LR, B AT R (TS RERS B iy i T
Python 4528 & o X T BRFE AT A Al o 4 Jmy 2 B ARBUW X RAE P y_DECREEF () AR ) 2 Wil
BN AT SR RIS o BIAN, AN —AF) 3 o I 0k SR ) AR 7 24 6 U oo R B9 5 9 L 31—
A AR R, B RBARETH, AR RN AL SRR Py_DECREF () .

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

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

PAF B $0E T Python 1247 81 & #k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject

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

PA R BR BB AN W] 7E R RE g8 0 W AR F: _Py_Dealloc (), _Py_ForgetReference(),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER D

SR OE

AREE IR I R B AR AL BEAN il & Python 8. T fi#—4% Python 3 A BRI AN 2R ELM. B
) AR A fifg POSIX ) errno A8k (FANEAE) A RiERt Rl &R, Kz
B C API pREUR S AE I LT, (HATE R BEE TR R R R . 240 C AP pR AR 1]
—AERIERER . WERTAINVAZR B840, @R E NULL, 05 R ANEE, R [E] -1 (4
PyArg_* () HREUR IR IRIE] 1 1 2 IR [E] 0).

ELRHIDE, RGN IR A SR, RO, RIS 5. G R Rk
', ﬁ%?ﬁﬁ%ﬁ)ﬂ%% NULL (RS HAGMHEEE RN, filan, RSEEAE NULL , /RAREAE —1
4 NULL #1138 ) o

— KB T E R R R BRI AL R W, A SR EA R A BT RIS e
ZWETE. MERITAIE R RN, SR A A SRR B (X 58 s f2)
Be) o MUERAHERAL TSR, W RRAZIE R HARE: . AR W TN RIR ], T4 — i B 1 5 3%
ME 2B T AR, WREEIRBCA TS S B/ V024, X Python/C APT [ ¥ I T REAN & HAI 1
F10, FF BT RE S AR A ) 75 R I

WA SR RE AL sys.exc_info () BIRATER . BN BRI 2 (CRFereEfes), m
JEEAEPR R G REEAFE (R ORIk %) .

5.1 FTHEIRIGTRE

void PyErr_Clear ()
IR RIS WREARER R, WALEEN.

void PyErr_PrintEx (int set_sys_last_vars)
FEPRUERTATEN ] sys . stderr HIHRRAERIERAS . BRIFM1E SystemExit, EXMIFL T AL
FTENIIERE, H<xiRi Python #2, H IR SystemExit SEHIHEE MH RS .
HAATER BRI B A TFZE X R, 5 W5 2 30 1R !
m B set_sys_last vars A E, M| AF B sys.last_type, sys.last_value I sys.
last_traceback FF4rJIBCE AT EI R 2EAL, (EANE] 8 o

void PyErr_ Print ()
PyErr_PrintEx (1) M54
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void PyErr_WriteUnraisable (PyObject *obj)
15 1 24 B S5 F obj 2808 sys.unraisablehook () .

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

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

A JH L PR O L TR B S

5.2 Phili S

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

void PyErr_SetString (PyObject *type, const char *message)
R EHRAICRTE NN BN SHREERERI BAlFENEMRERE, Sl
PyExc_RuntimeError. MRATERMERNT NI £ AL HREE; E&2M 'utf-8"
FRA Y o

void PyErr_SetObject (PyObject *type, PyObject *value)
WM T PyErr_SetsString (), HRAFHRNFHEN A7 H5EEE—1 Python Xf4.

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X R30I & T — 45 R 18 n 25 9 FLiR [B] T NULL, exception HV
Y2 — > Python W) S K. formar FIBE G W IE Z 3 Ik AL X AR AE B B
Y5pyUnicode_FromFormat () B EMEIN S XFME. format &—4 ASCI gt i F 4 .

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. flPyErr Format () #[E], (HE#EZ—4 va_list BHWSET A
AR S .

3.5 B fE.

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

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

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X /& PyErr_SetNone (PyExc_MemoryError) fi5; TiR[F NULL
, DAY NAEREIR T, X R TELRET PAS return PyErr_NoMemory () ; o

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. X2 MEHERE, Y4 C ERBOR IR RE errno B, XPEHEEL
SR T . BHE- AT AX g, HE -T2 8 H(E errno, 5 UMM AERHEE (A
strerror () $KE), AR5 PyErr_SetObject (type, object). £ Unix |, X4 errnoff
se EINTR , HIFFIH) RGER MY, AWMUV PyEre CheckSignals () , WARBE THE R
fendn, MR E NIZE . ZRBOUKIEIR E] NULL , RIS REUH R IR, B2 R 500
MR IR LS % return PyErr_SetFromErrno (type) ;.

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-
Jject)
Return value: Always NULL. Z5{)|T-PyErr SetFromErrno () , MtINMIAT N2 UR filenameObject
AN NULL , ERAERE =S AL ELE ype KGR 8. 2540611, fE OSError RHE T,
filenameObject ¥4 3 7€ X 745521 £1lename JEIE.
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

Ject, PyObject *filenameObject2)
Return value: Always NULL. 25Dl T PyErr SetFromErrnoWithFilenameObject () , {HEZH

24 Chapter 5. S5 4bBg



The Python/C API, %1 3.9.18

A filename X%, T4 MEZWA filename [ pR IS MO il & A R
3.4 RN E.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Z5{DlFPyErr_SetFromErrnoWithFilenameObject () , {HXX{4%4
PACFEFFR LG . filename J2 M RG9S (os. £sdecode () ) filRhSH KA.

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX% 52 fil )% WindowsError [ #E K%L, R lerr S 0, WP H
P H GetLastError () i& [ 45 %M. B H Win32 iK% FormatMessage () R &R
ierr B GetLastError () %@ 8 R A Windows ik, A GEHE —mwdx %, H
T2 derr {H, £ UMM WA IRME S (M FormatMessage () 3KH) , ARFWH
PyErr_SetObject (PyExc_WindowsError, object) . ZHREUKILIRFA] NULL ,

u] F 4 Windows .,
PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr SetFromWindowsErr () , FAMNIS S & B fh k& 1 7
A S
RAL,
B] H 4 Windows .,
PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Z5{))F PyErr_SetFromWindowsErrWithFilenameObject () , {H

J2 filename J& DA C FAFHRIER A Y. filename R NSRG4 (os. fsdecode () ) fiffd ik
1.
B] H 4 Windows .,
PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-
Object *filename)
Return value: Always NULL. Z3{D)F PyErr_SetFromWindowsErrWithFilenameObject () , 4
SNSRI B A ) i R A
B] H M Windows .,
PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr,
PyObject *filename, PyOb-
Ject *filename2)

Return value: Always NULL. 25\ FPyErr SetExcFromWindowsErriWithFilenameObject () ,
{H2 455255 — > filename %4

B] H M Windows .,
3.4 B Tge.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const
char *filename)
Return value: Always NULL. Z5{Dl FPyErr_ SetFromWindowsErrWithFilename () , #i4NEE35

SEEM R S SR AL
B] F M Windows .,
PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. X 2filtk ImportError HIfEEERE. msg KW N BEIE BT
name Fl path , (FFATDASKH NULL ), ¥ H SR8 E ImportError XN F¥JEM name fl path.
3.3 B I RE.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. f1PyErr_SetImportError () BRI, HXEE AT E—
ImportError B FZEKMA .

3.6 BRI HE.

5.2. iR 25



The Python/C API, %1 3.9.18

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

3.4 B fE.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpyErr SyntaxLocationObiject () ), H2 filename & M AT R 5 4 (os . £sdecode ()

) SRR B — AT A
3.2 B fE.

void PyErr_SyntaxLocation (const char *filename, int lineno)
BT PyErr_SyntaxLocationEx (), {HEWE T col_offset parameter JE %5,

void PyErr_BadInternalCall ()
XJ& PyErr_SetString (PyExc_SystemError, message) W4EE, H message F/RHH T
RS RO R AT (10, Python/C AP %) . "B 2T NEREA .

5.3 KilvEL

XLERRFIOT AN C AR b 4 . BT T Python 53t warnings S AR LEpR AL EATIE
] sys.stderr FTHl— 385 5 448, AP WA A REC S48 @ RS 4L o iR, fEXMIEOLT, B
Pk i . WA R REH TS ILH L I8, (O R gl & R . AR R e, R IBIMECH O
WER A& e, RIEE -1, (oM E @G ST TESER, WiEe mimAmER. X2
ﬁi%ZﬂﬁZ%)ﬂﬂ%ﬁiﬁT%ﬁ, WA N R TIEEW REAE (Flan, Py_DECREF () A5 FFfR M
— PR °

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
K —MEEE R S5 category Z— A& (W NI 8 NULL ; message J&—> UTF-8 #ifi%
FIFER o stack_level sg— 45 AR WIS I IERG B SR AZARM P 2 Bl IEAE DA TRYARSAT A
stack_level 1 1 W)@ PyErr_WarnEx () K%L, 2 2 el BRYBREL, DA,

ALK B PyExc_Warning B2, PyExc_Warning f& PyExc_Exception fi12%; B
NI/ PyExc_RuntimeWarning . AiifE Python BERGIER A RAERH, i AR
AT EEE XS

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

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename,
int lineno, PyObject *module, PyObject *registry)
K — AR B A S JE AT B B S B X 2 fiL T Python B #{ warnings.
warn_explicit () AMNZW E AR WA F H O TN . module F1 registry Z: %] # %
N NULL PARG A 5 SOR It i BIA R, -
3.4 ChRE.
int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Similarto PyErr_WarnExplicitObject () exceptthat message and module are UTF-8 encoded strings,
and filename is decoded from the filesystem encoding (os . fsdecode () ).

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
R TPyErr_warnEx () WERE, (Bl PyUnicode FromFormat () KA ALY B, format
sefdi il ASCII 4w i 745 57

3.2 B RE.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
B FPyErr _WarnFormat () IR, 1H category 7& ResourceWarning I H ' 4% source 1%
#4 warnings.WarningMessage () .

3.6 BN RE.
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5.4 A MHTIRIRRE

PyObject* PyErr_Occurred ()
Return value: Borrowed reference. Rl /@ M T HiRIgndr. C I, WEREIRE type ((E4 5T
— RIS HEA PyErr_Set* () I PyErr_Restore () IIHARISE —NS50. ARBE, R
[ NULL. RIFAFAXHREMERSIH, BT EXEII TPy _DECREF (),

I R4 GIL

TR AR A 58 S W T R il PyErr_ExceptionMatches (), TR
. (FCBRARE S KM AT FREE R, SERER — LAl A2, s B 62w
K S — T 2E.)

int PyErr_ExceptionMatches (PyObject *exc)
ZEMF PyErr_GivenExceptionMatches (PyErr_Occurred(), exc). BCEREN 24 HAFsL
PR T S I AR L ARS8 T | A PR A A AR R AT )

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
s given 5 exe ) R B VR GR Bl A . AN2R exe 22— A4, W24 given j&—A>
TR LG R P B AR exc @2 —Icd, WHizocd (PARsEIERFood) Ha 58
RAUHRF AR R IATILIL

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
R R I R AT PR IR AR B I A i b bl . AR AR E A IR R A, PR = A B AR N
NULL. WURCWE, WERHIERR I HARRAS 200 I w3 551 . (AT B 4 n] LK
NULL RSB GOR R %S

?%:%@ﬁﬁﬁﬂﬁ%gﬁﬁﬁﬁ%ﬁ@ﬁ%?%ﬁ%ﬁﬁ%ﬁ%ﬁ%ﬁﬁ%ﬁ@%ﬁﬁ,W
f:

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

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

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
BT EAMRREHRE R R RSSO RE, BREEMHER. IR=1RN
NULL, RIEREFRAEE R o 6 A 248 A NULL RABURIE NULL {Eak [l SR gy 2 —43K,
THAEAE AT T B . (33 SOk SRR B 1 J 22 R ) IHCR] ) 2 38 %
RGN AR AT 2 AR SR A5 BAE ] Z G AR A X L85 . (i
PRI — 5, AN R I H 2 AT )

TEAR: PR B R I IR PR A AR S B R B - AT AR T (1 3B PyErr_Fetch ()
AR A IRIERAT -

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
TERFERL T, NHEiPyErr Fetch () FRRFIAER A2 “EIERMER”, Bl xexc g —PRAR
M *val AN —A KM LB, FEX P o0 T R BT AR A R LBl AT &2 IERLb
1, MABAEATRAE . SRR IE AL 2R TR THERE .

A MR R A BAHAE S B E _ traceback_ @M. AISRAR SIS M E A W], if
s L DA T I AR A B

5.4. IR 27
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if (tb != NULL) {
PyException_SetTraceback (val, tb);
}

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

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

K
BN o

TEMR: IR RGE H N & DR BB A UG BT B . R 39 AR A ARG 75 I PR A I
WE S HRSHIE. WM PyErr_SetExcInfo () KRR SIHHRF RS,

3.3 B .

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

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

Wi ILPREGE A S B S RIS BT A . e 5935 AR e D R IR R AT
WE SEFRSHR O .. W PyErr GetExcInfo () RiZEPSFHIRS.

3.3 B .

5.5 ' ibh

int PyErr_CheckSignals ()

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

void PyErr_SetInterrupt ()

Simulate the effect of a STGINT signal arriving. The next time PyErr_ CheckSignals () is called, the
Python signal handler for STGINT will be called.

A Python & B AL signal . SIGINT CRFE XN signal.SIG_DFL B signal.SIG_IGN), It
BRI ORI A 5

int PySignal_SetWakeupFd (int fd)

XA T H R E TR (E 5 R A AR A E U A 5205 19 H AR I S
TIRAT o fd AR ARPHIER o B FaR [ T — X R SRR -

BCEE -1 KA TR ARE SR IRIRES . X 4F T Python 1) signal.set_wakeup_fd (), {H
WAL MR . fd 20— A RSO RIATT o RO 24 A R AR -

TE 3.5 JRE R FE Windows I, I pREINAE M SZ R E AL B

28
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5.6 Exception 3%

PyObject* PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. XA~ T B RSB FH IR Ml — #1052, name ZEUI R S50
ZHR, B module.classname FERA) C FREE . base Fl dict ZHGEE N NULL, XE61 28— IR
4 H Exception ZEXT2 (78 C 1 a]PAiE T PyExc_Exception {]).
B __module_ JEMRFHA name ZEWRIE D (Ba— DR 201, MR
JEAoYy (Fea— A RTZ)5) o base ZHTHHRITE RIS BETLAZ e — ik
HLHITCH . dict ZHAT KA E — > th 2878 AN R AL e

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

Ject *dict)

Return value: New reference. flPyErr_ NewException () —F&, [T Al DARRIARMAS T i 25—
SCRYFAFER . WA doc JEMEAESS, B IES 2R SR 45 R
3.2 BRI EE.

5.7 MR

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. X 5 5 & H 5¢ Wk /Y [nl ¥ 48 S — /> B 51 2 (8], W] DA 3@ 3
__traceback__ 7F Python H1ijji] . QIARVEA T BRI, & [M] NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
H T R BB E A b o (] “Py_None“JEIEE
PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. -5 5 A IR 1R 30 (FEALRE ex WRI R 5 K19 5 — A F 37 5561

YER—AS8rg I R B, ATPAEST _ context_ £ Python Hrifjlal. ANARMEA TR LTR3¢, W
1% [7] NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
5 A IR R SCREN eove ) NULL RIEEE . A TRILR coc B— i Ll
BEG A . XRFET IR — AR e 1951 .

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. ¥ B2 S 1 B (— 5 52, 82 None, [ raise ... from
o BE) VER—ASE I AR E], WIAE Python HiE R __cause_ SRV,

void PyException_SetCause (PyObject *ex, PyObject *cause)
455 SR SLIBE00 B DH EEH cause. 1] NULL 258 o A AR cause J— A~ 535501
B None [RBKGA . DKRHEL— 810 cause 5] H .

__suppress_context__ &#ILRE R ML N True.

5.8 Unicode %%

TR TR AEEOk B C 1Y) Unicode 54 .

PyObject* PyUnicodeDecodeError_Create (const char  *encoding, const char *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,
const char *reason)
Return value: New reference. |7 —~ UnicodeDecodeError X & H M encoding, object, length,

start, end F reason Z£J@ k. encoding F1 reason “F) UTF-8 4mtd i F4FE0 .
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PyObject* PyUnicodeEncodeError_Create (const char *encoding, const Py _UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end, const
char *reason)
Return value: New reference. |7 —~ UnicodeEncodeError X & H M encoding, object, length,

start, end Fl reason. encoding F| reason H 32 VA UTF-8 4 F41 R .
33 MR 3.11

Py_UNICODE H Python3.3 2E#FFH .15 E PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)o,

PyObject* PyUnicodeTranslateError_Create (const Py UNICODE *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *rea-

son)
Return value: New reference. Gl —~ UnicodeTranslateError XJ R I object, length, start, end

F reason, reason J&—A~VA UTF-8 4ptd i #4550 .
3.3 WG E 8k 3.11

Py_UNICODE H Python3.3 2E#FH .11 TEH E PyObject_CallFunction (PyExc_UnicodeTranslateErrc
"Onns", ...).

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 1% [B| 45 € 5 X R 1) encoding JE1E

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 12 [B| 45 € 5 X A1) object J& 1k

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
RIS T8 SRS start JEHEIFREETN *start, start A4 NULL . EIEFRE] O, SR IKE R W]
— 1 o

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)
PRL B ARG start JEYEH start. BENITRE] O, IR [E] -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)
KU E R H X R end JEMFFRFITIA *end. end Wo/A,y NULL. BEEIEFIRIE] O, 2K WChs i [A]
— 1 o

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)
B E RS end JRIEBEN end . JEIHIFIRIE] 0, JIgmtiR[E] -1,

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. 1 [B| 25 7€ R X 2L reason & 1%

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

Pih R reason JE YLV reason. FEIIRFRE] 0, SRMHHR A 1,
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5.9 Pl

XA PR B T —MAE C BR B TR emBIHEHN X, OB S AR E . X4
BRI A—E 2 AR Python 1S (5% 4 H MR EFHBINRE) MHEMAEEN]. BT
1p_call SEIAAAR TOVEE R SRy ) 3 2 T st i I AL 2
int Py_EnterRecursiveCall (const char *where)
Frig—ANBIH 8 C JZ2 0 FH BIRF B B T A 6
W E LT USE_STACKCHECK, WIS EHPyOS CheckStack () KA EHAIER G HERZ
it FEXAMEILT, BRHEE— MemoryError HiR[FIHEE(E.

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

where [ Hj—~ UTF-8 #Ri% ) F AU " in instance check™, B4 fif IH %R E R K TS
M RecursionError JH BAHPEE.

15 3.9 BOE M BERRBOIAE th7E3Z B APT Hal ]

void Py_LeaveRecursiveCall (void)
iR —ANPy_EnterRecursiveCall (). Whi§t¥lPy_EnterRecursiveCall () B by
KRV BRI AT — A
T 3.9 RN R EORTEAEZ R APT Pl .

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

int Py_ReprEnter (PyObject *object)

Tt p_repr LRI KLAA I DRI AR -

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

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

void Py_ReprLeave (PyObject *object)
G5 —A~Py_ReprEnter (). WAE XA REIFWPy_ReprEnter () WY AR AN —
Ko

5.10 brifie5di

B A i Python s ifE 57 5 & nl HIE 4 Jm 28 |, H A ARy PyExc_ BRI Python % 44 K. X84 &
JePyObject * JAU; HRIRG. MR T 4R L8 AR R A

C #7% Python 4 #% R
PyExc_BaseException BaseException '
PyExc_Exception Exception I
PyExc_ArithmeticError ArithmeticError T
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError | ChildProcessError
PyExc_ConnectionAbortedErfonnectionAbortedError
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#1-2 b
C #7k Python £, % HRE
PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedE

r€onnectionRefusedError

PyExc_ConnectionResetErr

pfonnectionResetError

PyExc_EOFError

EOFError

PyExc_FileExistsError

FileExistsError

PyExc_FileNotFoundError

FileNotFoundError

PyExc_FloatingPointError

FloatingPointError

PyExc_GeneratorExit GeneratorExit
PyExc_TImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError | IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt | KeyboardInterrupt
PyExc_LookupError LookupError I
PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundErro

rModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedErro

rNotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError| ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration| StopAsynclIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError

PyExc_UnboundLocalError

UnboundLocalError

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErr&nicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

33 Ok I e PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,
PyExc_ProcessLookupError and PyExc_TimeoutError MHUI N PEP 3151.

3.5 #ifIfE: PyExc_StopAsyncIteration fll PyExc_RecursionError.
3.6 FRIEE: PyExc_ModuleNotFoundError.

R H AR R AR
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A4 PyExc_OSError:

C ##k

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

)

FE 3.3 R R 3K £R 51|44 e B Y S 26 A

W

511 bl &S

I AT BB Python 8452 IR AT DA 42 ey de b, A4 AR08 “PyExc_* BRI Python S 44 FR. X L8484
sePyObject * M HRAXIG . VANFI T A IR S A &
C #Fx Python 4 #% HERE
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning
3.2 FRIBE: PyExc_ResourceWarning
B
2 {4 Windows g s Kl 2757 ST WALFIRLF % MS_WINDOWS , DATEER4P IS oA .
3 R A bR A
5.1, bRdEE I 33
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CHAPTER O

Az R T A S TRAT S5, B3R C AU TS -F- & nI RS A, fE C HfiiiJi] Python ALk,
PABSEHT R B BT IR C F 9 (EH 8 Python HHAHA54E .

6.1 RS LH TR

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. 32 [0] path Y£ AT REFHFRTER . R IZLRRE—4 str 5{ bytes
X5, WEemsIHTER . 2R LI T os. . PathLike #10, WHEEZE—4 str
5 bytes XfRMRFRE] _ fspath (). FEHMEN TRTIK TypeError &[] NULL,

3.6 B

int Py_FdIsInteractive (FILE *fp, const char *filename)
w2k % FR R filename (4 AR #E VO SCAF fp 8% 8N S W A2 B W GR A (JE ®) fH.
isatty (fileno (fp)) NEERY CHIE T X IL . AR EJREARPy_InteractiveFlag
[jayg% VR ELAE filename $5% 4 NULL BUE HAFRSE T 45 "<stdin>' 8 '227" WfHFHR
void PyOS_BeforeFork ()
TEFERR 4> 2 B2 HE 28 Y ERIR S I e AL BRI B M AE VA fork () BUE RIS el 24 i
AR R A . REHTEXT fork () MAS.

B C fork () WH M Y4 KA main” % 42 (KL T main” ff £ %) W #E47. X T
PyOS_BeforeFork () it 2.

3.7 B RE.

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

Al C fork () ¥ M N %4 H HEmain” % 32 (fL T main” i # %) $ #4717, X+
PyOS_AfterFork_Parent () SEiith2untt.
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3.7 BRI fE

void PyOS_AfterFork_Child ()
AEIERE 73 X2 5 S N AR A RS Y BRI B BRI B ZIAE R ] £ork ( i@cﬁ*f&é’]ﬁ[‘%é‘lﬁﬁ
#EE’JIZ@IZFT? PERE R, IRV A P2 [ F) Python ﬁ@ﬁ%%ﬂ’hﬁc HEM T2 X
T fork () WAES

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

3.7 I hE
S

os.register_at_fork () 11, 7 Van biis T WiPyOS_BeforeFork (),
PyOS_AfterFork_Parent () MlPyOS_AfterFork_Child () JHAH H E X Python pKZEY.

void PyOS_AfterFork ()
FEHFR D X2 S R RS PUERIRAS A pR A AN SR AR SL 57 Python fFRERS I bR 500 4 76 BT i
R o AR R — TR AT P T SO A B AR o, MR TR0 IR K

3.7 G E G R EiPyos _AfterFork_Child () B,

int PyOS_CheckStack ()
RREAR AR S R R BRI B . %@ — AN EERIRR A, (BANFEE LT USE_STACKCHECK 1]
H (H#iHF Windows _F{#i f Mlcrosoft Visual C++ Z1%#%%) » USE_STACKCHECK ¥ A% 35 7
LR AZAEVR B O AR s e s

PyOS_sighandler_t PyOS_getsig (int i)
R EHTH TGRS | 5 S BN . X2 — X sigaction () B signal () AR, THA
PV IR AR PyoS_sighandler_t j&Xf T void (*) (int) E’J typedef HI|4 .

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
FHTES i WES O RN s &EHHESAREAR. X2&— DX sigaction () B
signal () Mg . A BRI K Pyos_sighandler_t @R T void
(*) (int) MY typedef 544,

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

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

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

* the current locale encoding.

1R B A8 A H B B S PAF AL FAFER R FREE, B PyMem RawFree () KFEHLNAE.
2 size AN NULL, WPHRFHERR T null R TEFEFEE B AS| *size

TEFRRD ES R 5 N A7 e R AR 9] NULL, ISR size AN°f NULL, W] *size RF7ENAFES IRITIE A
(size_t) -1 BfEMRIGERNIE N (size_t) -2,

RIS R RAXTAR N 2 A, AR C FEA TP A -
i Py _EncodeLocale () BREUCRIG AT g [ 375 .
ZUL:
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PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () BREL.
3.5 Bl Hag
TE 3.7 fR B ¥R The function now uses the UTF-8 encoding in the UTF-8 mode.

FE 3.8 FRE M PIAE W RAE Windows Py LegacyWindowsFSEncodingFlag K2 eRECR(f
F UTF-8 Zifidtg =X

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

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

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

* the current locale encoding.

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

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

G2k error_pos AN2A NULL, WIWZIH} 234 *error_pos WA (size_t) -1, BUEFE KL RIDH IR
WA TP R G
WPy _DecodeLocale () BREOINFFYERARHS [l th SEFAFALMUN 745 R o
S
PyUnicode_EncodeFSDefault () MlPyUnicode_ EncodeLocale () K%K,
3.5 B e
T 3.7 MU P The function now uses the UTF-8 encoding in the UTF-8 mode.

FE 3.8 R BAE AN SRAE Windows [Py LegacyWindowsFSEncodingFlag 25 & ek
H UTF-8 4 fidg .

6.2 Z4iiie

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

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. &[0k H sys BHAIXTG name 535 N EARAFAENR [F] NULL, I
HASBE RN .

int PySys_SetObject (const char *name, PyObject *v)
K5 sys B name B v RAE v 2 NULL, FERCIEILT name K5 sys B pliiR . mii iR
[l 0, KAEFEIRI R[] -

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

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

HE: H B s BOR AT AE CPython SEHLZ AME A, B B AAEPy Tnitialize () W)
warnings WP AZEIHIAN, (E@EFE1TH O W 1AL 2) 2 AR VEEIE Unicode X4 i 4
REM VR

void PySys_SetPath (const wchar_t *path)
H sys.path BN HTE path HHEIRYAZAURA S RN G, R SBOV N R E -6 IR R i1
SrBRAF (72 Unix 124 @, A Windows E2h ;) - FRIESARAYS 35

void PySys_WriteStdout (const char *format, ...)
4%‘57\format IR 5 1 AR B A sys. stdout. AXGIRALATRE, BIEERE THEE (WF
).
Jormar [ 240 ELRS AL B H A R ILECOR /BRI ZE 1000 15 AR - I 1000 “2745 ), i i o7
FFERLPEINT . R, X TERE A IR SZ BRI %os” #6205 BATTR 246 17 %. <N>s” S FR ] ,
Hopr <N> B — AU AT <N> 5 HA AR AL SR R R Z AR £t 1000 577751+t
HECT . IR %t, B RN AR AT B BOA T TR
WERAE TR, sys.stdout 2YE=, CARSLRITHERFWUE AR EIER (CJZH) stdout .

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

void PySys_FormatStdout (const char *format, ...)
KAl PySys_WriteStdout() i AR & (1 Py Unicode_FromFormatV () RAEAALIHEHF HA KK
HEEMREERE.
3.2 HrihRE.
void PySys_FormatStderr (const char *format, ...)
KpPySys_FormatStdout (), {BMCNBE AF| sys.stderr 8 stderr.
3.2 FihtE.
void PySys_AddXOption (const wchar_t *s)
5 s fEAT A — A X I H AR SR ENTRME PySys _GetxOptions () FriklnlHY 4 Hiik
WL WERERTAMEPy_Tnitialize () ZHIBIHM .
3.2 FihtE.
PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. I [0] 241 —X IR FH, T sys._xoptions., KAEFRE},
R[] NULL 38—
3.2 FrifE.
int PySys_Audit (const char *event, const char *format, ...)
G AT FAH BT AT AT S 0 8 5o By e o] 22 B 2 D ok ] AR 2R 1 A
o
WRCHE I TAEATE 5, R formar FHAL S BORM & — DAL AR TTH . BR N A,
fEpy_Buildvalue () PR FAFI AN . MR B EA Z—DIcd, BRI
—MEEITREICA T . (T N 2EFE— DG, (H2 i T BOA IR JIE M e B S HOR
HAE, PR E v eS80 .
THHEE # MR Y B R EPy_ssize t RALBE, TLiRRE N T PY_SSIZE_T_CLEAN,
sys.audit () 2T H Python FURDHY & B [ Y4841 .
3.8 B e
16 3.82 WU BRkPy ssize t HIT # #aUFAF. TEIZ AT, 251K — DTG5 &
int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
F5 AP X4 hook s B FEAE W VHF91 3% A6 RIS R Bl R MiAE R G R B EHE R . Wiz
IR EEERIR, B TER M E— N5 it it APT RN S X T TR T 2
BT RS DR
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userData G5 25 N T-oRE THT49 7 RACT RE AN R AT IR, %485 A Y B 4248 1)
Python JR7S.

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

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

HZ 1 PEP 578 [ A KA RAEIE . AEis T RIARRE 2 o S5 A TSR e B0 B L o
IR AN DL R A SR

WER RS T wowI i, BURRECR 5| K H TS F sys . addaudithook HARNMIFEMS 4. MR
HAEMIAE I F5 K T —MIRE A Exception WSFHE, HiHF RSN HIZ T 5 S 0E
B TG, SR ] BCE AT 100 441 E RS B AE b T e 42 Brfy B RO 8 1

3.8 BRI HE.

6.3 AT

void Py_FatalError (const char *message)
FTE— B Ui BRI . A PATAEATIEEL . 1 ok 500 214 (U7 A I 3 AT RE <-4k 2% ik 1)
Python ffRE SR AL FHE I A FINBORGE R AT; BIan, YXT A BLE SRR I . 7E Unix b, #5
ME C EpR %L abort () 2R I-RF e R 6074 —4> core IUF.

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

1E 3.9 BUEH: B BICRkeR 844 5 -

void Py_Exit (int status)
R Y FIHERE. XR APy _Finalizebx () RIGTFJHHMRUE C RS exit (status) . 1
WPy FinalizeEx () $nti, BHPRERR M 120,

1E 3.6 CE G ok H IR ZALHI B IR 2 20 .

int Py_AtExit (void (*func)())
HM—A WPy _FinalizeEx () WHREREREC. T8 HL R O A MBS 5 HA B R [E AT
il BRZATLATENE 32 AMEBRER AL MW, Py AcExic () FfaR[E] 05 RIS, BRFRE
1. fJa M IE R S e . B E R ECR 2 2 — K. BT Python 1) N
ZACRHEIE PR B HI 588, PRI Python APT R4 func PR A .

6.4 T ABU

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. IXJ& NPy Import_ImportModuleEx () HIfaiALIRIZE D, ¥ globals 1
locals Z4 % K NULL H-X§ level 14 0o 24 name ZH00 & —Api's (BMEE T UM 7B B,
fromlist ZHEPEWAHIFR [+ "1 XFER MHEREA B 5 B REHRTT ANAGAE FLA R 00 T B A0 Bt
2R . (OREMZ, XFE name SEFs F2 38 e — AT JE ARG — AN &l
ER: R __all_ AR EMFBIR S E . ) & DX S AR H T A, 802
TEF AR R A NULL HRE— D7 BHRS ARIGRBRA S A sys .modules H1,

AR B X AR T

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. R E2PyImport_ImportModule () H—#EFE M4 .

15 3.3 BUEH: 7 AR — SR AT R B S B R . (HE M Python 3.3 32, BU7 BAERZ
B DL TR UM R I, B AL BR AR IR T £ To b 2
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PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. ‘5 \—AMH . 15257 M B Python pR#( __ import__ () FREUSEFHIH
KA -
AR [ — R T S AR R R 2 AR HTT I, B AR S AR MO S NULL I 38—
Ho 5 __import__ () ML, iKMW FEERELR MEE R R R 2R, BRARGE T
— RS WY fromlist .,

FARMAFAE A SERAIBIXT G, B Py Import_ImportModule () HikE.

PyObject* PyImport_ImportModulelLevelObject (PyObject *name, PyObject *globals, PyOb-
Ject *locals, PyObject *fromlist, int level)
Return value: New reference. ‘7 A —PHLH. 5T I ok £ i FE UL B8 2 2% P & Python bR 4§
__import__ (), PAMARME __import_ () eRELS VI BLEREL.

IR & — A% T AR s B R AR S, BURTE AR I A NULL I — A
o 5 __import_ () ML, HiFRK RN FEEELR EMEHEE Dz = Z5E, BRIESE T
—NEZSH) fromlist .

3.3 B fE.

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

Return value: New reference. 25{\ TPy Import_ImportModuleLevelObject (), {HH %M A UTF-
8 S FFFHR T AN /2 Unicode Xf 4.
TE 3.3 UL H0: AP level Sy T4IUH.

PyObject* PyImport_Import (PyObject *name)
Return value: New reference. iX2— A T 48] “SAHTERE” WEBREREZED (BRIEE level
RO, FREXFA) . BRI M E A RERET _builtins_ Y __import__ () i
B X EMAE R 2 AR N AT AT R A TR A
ZRRBUR R X AR A

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. BE— 5L, R[]l — 38 g B EARB B 5 | H, 5878 2 GO 1]
NULL R E— A5 (TR MR A S A AE) «

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. 3% [B] %f W T FEAEH 2 PRI NT R . name S5 FE 0] AR

package.module. WIRAFTE modules FHLIN P SEK AL M, WIRILAT], WAIE—SHsEf
F5 HAT A 3 modules FFHL . FEARIMEHR B NULL Hig E— 55 .

MR SRR B SNBSS ERE ARG RGN, OR8] — SRR R . 5
MPyImport_ImportModule () BEMIENZMELARFALIL. name {7 552 FRIEES
PSR A AENA SR

3.3 B fE.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. 2{l TPy Import_AddModuleObject (), {HH.A MM UTF-8 4
T F 4R E A 2 Unicode %142 . object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. %45 7E— A TR (FIREN package .module JE) Fl— A\ Pyhon
TSSO N LR AL compile () ZREUAAUASRT R, IEGZEIH . IR [ X% B 5
ARSI, B0 R K A A R R 0] NULL B — i TE A EFRITE DL T name 2 M\
sys.modules g, BIE name fEPE APy Import_ExecCodeModule () WEAELET sys.
modules H, 7E sys.modules HREARFEEMIGAIIBIZGRA, PO ARXFERIBREA
INEFERHRA R EAL T —FARAR O TRAEL R B DR BT RE R EHUIRR) R
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BRI __spec_ Ml __loader  HIRMAVCEMGG, R E NG LHE. MY spec i hNEAS
(ARTBE) RSO __loader  MTEHAMREIL N SourceFileLoader LM,

By _ file_ JEMERBEE X RE co_filename. QRGN , __cached__ ik
H,

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

4R name F51m—MEAX N package .module WA S S HIAFR, WAL v A Q& QA5 TIA A
SO,

Hig &Py Import_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Z3{)) T Py Import_ExecCodeModule (), {HUNR pathname <>}y NULL
M SPBOABRRE _ file  EBYERAE.
é%ﬂPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
Return value: New reference. 25{l) T PyImport_ExecCodeModuleEx (), {BUNH: cpathname 4Ky
NULL WS PBOBR R __cached_ {H. TE=ERECH, X2 HEERA—1.

3.3 Hge.

PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const
char *pathname, const char *cpathname)
Return value: New reference. 25{)) T Py Import_ExecCodeModuleObject (), {H name, pathname Fl

cpathname “Aj UTF-8 il 4G R . WISR pathname 5% 5 NULL WA S22 AR 8 cpathname HEWT
HETEIE.

3.2 Fi e
TE 3.3 BOERC: AR R T 5 i AR ] imp . source_from_cache () SRITHEHEAE.

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

e 3.3 BOE M KRR e -1,

const char * PyImport_GetMagicTag ()
BEXF PEP 3147 #% 50 1Y Python 5% 35 f5 3C {4 44 1% o] JE R b5 25 5 £F 5. i iICfE1E sys.
implementation.cache_tag [A{EE N 2485 08 i ok 250 B8 AR (E -

3.2 B fe.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. 32 [0l TALHUS PR L (B sys.modules). 15 EIX 24 %4
R AL &

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. iR W25 E AFHIE AR . Q1SRRG AR S AR M) NULL (HOR 215
B WEREIRIIG R ] NULL H B AR

3.7 B fE.

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. iR [ 5 %} — 1~ sys.path/pkg.__path_ W4 H path W% 3 4%
X4, AR it sys.path_importer_cache FMRIKM. WRE M A EL, Wik
Ji sys.path_hooks H R F|—EEALFZ path 55 HWH 1. W0 AT H 09 81 05 1]
None; X Rf 45 H1E H Jypath based finder Tk % path 45 H B & #v. 45 R LA H sys.
path_importer_cache. &[] E AR ZATHEIH .

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. HN #5424 Frh name [ E R EEREER . BBhmfaR [B] 1, 40 5 2R 3k 2 AR e )
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R IE 0, GUSRATIRAL A MOR ] -1 N TR . B MBI ST R R AR,
HpyImport ImportModule (). (R IAMRA RS - WEAEHE 45 A MR FOR B2k
E.)

Bo

3.3 B e

TE3AEY: __file  JEYERFATIERIR LIE.
int PyImport_ImportFrozenModule (const char *name)

Rl FPyImport_ImportFrozenModuleObiject (), {HE A FA UTF-8 4t i) F 45 B A 2
Unicode %4,

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

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

bi

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

int PyImport_AppendInittab (const char *name, PyObject* (*initfunc)(void))
I AT Y A BRI I — BB . XX Py Import_ExtendInittab () (AR, WIRT
TRY RN -1 BBl (8 24 5K name KA, H B BRE initfunc A RAES— R
IR TR IR A R . BERREON 2 HEPy_Tnitialize () ZHTAM.

struct _inittab
IR N BB R i — NS H SR . SRR th T N A R ) SRR ) 44
FRABI UG AL BB 2 PR 2 — > ASCH 4t i F4F 5. iR A T Python FYFE /T A] DA I Z 4544 (4R 1Y
AR S5PyImport_ExtendInittab () MG ARRMEAIMO N BB . ZEEMIATE Include/
import .h FgiE LA

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

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
1N E BRI I —HABIH . newtab B W5 PA— 05 DA NULL AEH name “FECY i< I 4% H 45
W RBEIRAL KA RN R BRI 0 B0 QR TR A B R 08 AR 3 R
MR -1 MRAERIN, FEASUS IR B TR . MR A ErPy Initialize () ZHITHH.

W % Python B # £ Wk W M fk, WpeyImport AppendInittab()
B PyImport_ExtendInittab () WHAERIR Python #4642 B .

6.5 %dt marshal ¥ % F

XLEGIRE SV C AU AL LS marshal BT A R B SR PP IR G o Ho A L8 ek B50nT SR A4
WEG AP, 5 — LR B AT RS ORI s o 177 i marshal $dha it SCPFA DA —3E
HREITIT -

BOPHEAEAF AN SR AR OL T AT 3% -

BB S R AR AR - 58 O O T S iRAR, 55 1 WUAR 2578 SCH4FN marshal [z F7 314k H 3L S @A)
FAH )% 2 WUAR S ST S B — A% . Py_MARSHAL_VERSION F8HH T 2415 XA (2481
BUE RN 2),
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void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F— Long BE value DA marshal ¥R 5 A file. X6 HE A value FAKH) 32 i T ANL long
B JE QAT . version $8 B SCHAE A IRAS o

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

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
H—A~ Python X4 value DA marshal 185 A file, version &BH SRR 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)
Return value: New reference. i&[W]—A8 value [ marshal FER I FETEEXE . version $5H] 3044
Fa& X IIA o
PAF BRSO A A7t marshal 482X HI(E .
long PyMarshal_ReadLongFromFile (FILE *file)
MFTH T EEHU FILE* XS R R M —4> C long. i HeREU REELEL 32 (7 9fE, Toit
AHL Long BRI E Rl
KA GRS, RFIREE Y 55 (EOFError) Jfak[H -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MFTFE R T R ILE* XS AR R Ml —A> C short . (R % REEEHR 16 fifE, Joit
AHL short R EE A,
KA RE, R EE 4 55 (EOFError) JfikME -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. N\¥1 1 T 2B FILE* XT84 7R [l —> Python X4,
KA RE, BIREE 4R (EOFError, ValueError B TypeError) iR 5] NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. MATFF T 3EELHY FILE* B%F 5 P8 i 1 [5]— > Python %4, AN[A
T PyMarshal ReadObjectFromFile (), MWRREIRERAFFMZHEREZ X4, R
FESCA BRI ZRA NAE, PATE SO 21 At B 0T DATE P AT A 0 5000 b 45 10 AN 2 B R M S5
BT A A8 AN 2 FEA S U] 28 B R B K
KAFERE, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M 45 10] data 1) len A7 i 15 e vt DX B2 A8 0488 ¥t 2% 1] — 4>
Python X%,

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

6.6 fiEbr S WO AL

TEBIHAR A CRY R R ERIT A, XL BUe A Y. HERE EAEEGI A extending-index .

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

— TR T 0 lEE LI, —MRUERICHIARNIA —A Python X5 EillH 2 —1
FAFECE MG R RSO BT ABBISN, — RS 51 B R X ST BN Y X L8 PR
WEA B SR FERE FORAIA T, NG5 N RBFERIAIG; BES O MRt X 4>
RUEITHY Python XTG2EAY; J5fh5 [1 WAYZ LY C A2 (R REE) KA

FRFRHIZAFIX

X LA 3 TR G e B 2R 1 N A7 BB AT U 1) o AR BE b B4R AL AR 0] ) unicode F A7 B E F 1T XY
SRR B o

— R, YN FRIEBE DR AN b X, XA K] PAREAH Y (1 Python X545 B, F:
XA KA EE XA R AT . AT BRI AT 725 0] . BT iX 2 es, es#, et and
et#.

SR, Y—ApPy_buffer ZEHIRIIRIE, HESHZh XBA:, BT AVE FH B FERE S 6 XA~k X, R
ffifEPy BEGIN _ALLOW_THREADS Her, W DAiEG v] AR B R A HE /N el 4 1 5 it R 1) XSS
W, BAAVMPyBurfer Release () TEIRGE RBHE AL BRES (S TE 2 FiiAL ] b Wr =44 )

BRAER AU, S K EASAS RN

B 20 TR B H B2 Wbytes-like object, I B 5 B A 2 28 vb IX 45 #4. Ab AT 38 T A A X 5
WPyBufferProcs.bf_releasebuffer FE 2% A NULL R AVEIER , ZFERAARIF N bytearray
ALY AT AT SR

Wt A # FBNWAE (s#, v# 55, KESHIIRE BB FHPry ssize_t) #EALF Python.h
S Z B PY_SSIZE_T_CLEAN Y& XFEHl. WX EWE X, KERL APy _ssize t A
&4~ int. FEARRH Python A h &y, HSiFkry ssize ¢ MFSCFF int. flfF—HE X

PY_SSIZE_T_CLEAN X%,

s (str) [const char *] f—/> Unicode X REFFHLM— I FAFH C 38t —MNMREHR I E2A7
TER TR, ENFAFBRIEE IR LA FAHRH A R . C P 224K, Python FAFHA
BERL SR AR TR AU R ISR h, 4> ValueError EH &5 % . Unicode X R4 ALK
'ut£-8' ) C FAHH . WRFARKIL, —4> UnicodeError RHHHIK.

R XAFIR XA Zbytes-like objects, WIRARIBIEZ M REBALIEFEANTFEAL C F47H,
B o8 #iIEABL G PyUnicode _FSConverter () BN #1LR4 .

5 3.5 UM PART, 24 Python FAFH fpilE TR ARY null {5 &5 % TypeError .

s* (str or bytes-like object) [Py_buffer] X3R5z HEHE5% Unicode X2 228 BIN L . BN
WHESER Py _buffer Z5MIRME. XBERM C ERFR A S AR NUL 77, Unicode Xif
il 'ut£-8" ALY C FEAFER .

s# (str, Hifbytes-like object) [const char *, int or Py_ssize t] 4 s*, BT EANEZGTHINEL., 45
RAMEAEAS C A2 g, B—A2381m C ERFRIMTEE, B MR EMKE. FARREE Sk
AW null 75, Unicode XD 'ut £-8" RidiL bl C F4FH .

z (str or None) [const char *] 5 s 25{0), {H Python %4t n] 84 None, FEXFMEMNL T, CI84HkE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* 24{], {H Python %W fE-A None, FEIX A
N, Py_buffer Z5¥) buf R E N NULL,

z# (str, Hiftbytes-like object 8%, None) [const char *, int 5{Py_ssize_t] 5 s# 23{ll, {B Python X}t
AN None, FEXFMENL T, C 484 E N NULL,
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y (read-only bytes-like object) [const char *] iX K2R — AN LEATLRBS L5 — D5 17 FAFHR 1
C $8%1; ‘B AR$:3Z Unicode X% . FARAF R LA S AR null FH457; ARAE T null 77,
£8|k—A ValueError 4.,

16 3.5 MCEEE: VAR, 245 Zof KA E] 7 AR null 45 25| % TypeError .

y* (bytes-like object) [Py_buffer] s* f978=,, 57 Unicode X%, HiEZRphMlasa, X%
BEGIE IR A i ik

yv# (W ifibytes-like object) [const char *, int 8Py _ssize t] s# [HA5R,, F25% Unicode %5, Higszk

S (bytes) [PyBytesObject *] %K Python X}4: A bytes X4, NPT, MR ZITZE AN
bytes X} 4 45| % TypeError, C ARSI NPyobject * BRI,

Y (bytearray) [PyByteArrayObject *] %3k Python X4k bytearray X4, A2t i (L. 1
HAZN %R H bytearray W4 NSE| % TypeError, CABW AR Pyobject * 281,

u (str) [const Py_UNICODE *] }§—> Python Unicode X} % 54k i 45 ] — 1~ PAZS & 11 1) Unicode 4§ 2%
WX FRE . ARUIIE A—A~Py_UNICODE F{EME &bl , 6% T — 381 E 2474 Unicode
G IR o TR — N Py_UNICODE FEBYM AT 58 B IO T gmie I (16 {37553 32 i) Python
FAFR AN REAL S AR null A5 55 WA, 51%—4> ValueError S,

T 3.5 CSEEE: AR, 24 Python 4383 rpil 2 T ik ARy null fUR 5% TypeError .

Deprecated since version 3.3, will be removed in version 3.12: X 2 IHkEPy_UNTCODE APL; &%
FPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, int 8Py ssize t] u 2R, TEEMA C 25 &, FH— 8445 1m—
A~ Unicode HHHZATIX, £ A2 ENEKE. B null /555,

Deprecated since version 3.3, will be removed in version 3.12: X 2 |HkE=Py_UNTCODE APL; iE 1%
FPyUnicode_AsWideCharString().

Z (str 8 None) [const Py_UNICODE *] 5 u Z5{l, {H Python X} 4 1 W] fig &y None, FEiX F i L
NPy_UNICODE 3841i& & H NULL,

Deprecated since version 3.3, will be removed in version 3.12: X & |H kX Py_UNICODE APIL; i iF %
ZPyUnicode_AsWideCharString().

Z# (str 3¢ None) [const Py_UNICODE *, int 8Py _ssize t] 5 u# 2{), {H Python X4 th 0] fE >
None, FEXFMEIL NPy _UNICODE $841% B 5 NULL,

Deprecated since version 3.3, will be removed in version 3.12: X J& |H R FE X Py_UNTCODE APIL; i iF %
FPyUnicode AsWideCharString ().

U (str) [PyObject *] 3K Python X4 A Unicode Xf 5%, ANl ATATf 5440, WHFIZX A4 Unicode
W% M 45| % TypeError., CASRM U APyobject *,

w* (W[5 bytes-like object) [Py_buffer] XA~k A Z AT LB 55 G A7 KB XS 5 . B MRS
PEHE Py _burffer Z5MIRME. SEoP XV REAFAEIR AT null S35, 2428 XA 52 5 o8 FH 2 75 22
HPyBuffer Release().

es (str) [const char *encoding, char **buffer] s 25, B 44551 Unicode FHFENFIF X,
B HALBEEAT ik NUL #4519 2 g &8l .

W FEHANSE B MUAEB A, I HHN const char*, EF§[H—PA NUL 4%
HIFAFER ORI g X2 FR, BB b NULL, XFERMHH 'utf-8" i, WA Python &
EIR SR RIS R RN S5 R FH . B ASEIUN char**; B 5| H IR EHMER 5
HBEUARNENG MW X . USRS —DNSET 8 2 1 i s X2 T4 65 o
PyArg_ParseTuple () £4rEE—" RIS K/NZ R IX, K590t 5 A5 5 DLk A~ o X H
%E%@uﬁg%lﬂ%ﬁﬁ\%ﬁ%@ﬂﬁ@ WAEZS Al W HE A TALE G PyMem _Free () ZBIRE 4
SRR X

et (str,bytes or bytearray) [const char *encoding, char **buffer] fl es fH[F], & T A HERBEA
ARG . M, ERIEE ARSECE g G I AF R 28,
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es# (str) [const char *encoding, char **buffer, int B{Py_ssize_ t *buffer_length] s# 12, BE¥H
#h i) Unicode FAFAEATFAFE I . A es Rk, BEARFEAMNEBIGE S NUL F4F.

EFRLE=ASH H-DOUNERA, HHAUN const char*, B —MREHAAIR, £
N PA NUL 5 PR ol NULL, FEJ5— R OL RRFEE rut£-8" ihdikal. MR A4
PRICIERE Python I &5 K5 55 “ASBLUN char**; BTG R EHER B0
AZHOCARNER G X SCARFF VAR — D SR E A g ks XA T4 b5 . 28 =S R A h 1
] — M REROR RS BT BB s ki Hh e X i 1 4

A PR

U *buffer 4317 NULL 4551, W eRECRE 7> BOUTH R/ Zenh X, 5 20 1 ) B S ) 21 e b X, 5
BCE *buffer AT B M BCHIAEGE o RPN AT Pyidem_Free () DAERE ] SR BLR Zent X

MR *buffer $8IE NULL 851 (EEMNZERIX), WPyArg ParseTuple () ¥ H LA EAIER
e X, K *buffer_length WIRIIEIEARRE R vh K K/ BR)G, "B K15 S 5 i B 52 ) 21 g2 v X
HLIE. WREMXAEK, FFiE— VvalueError,

TEEXPABI1-77, *buffer_length H5E 4l J5 45 A NUL AR R B
et# (str,bytes 1 bytearray) [const char *encoding, char **buffer, int 5{Py_ssize_t *buffer_length]

est M, BTAMEMGDEAMTFHFENR. ML, BEREEANSEREMIENTIFHE
A,

&g
b (int) [unsigned char] —~E 6 1) Python BEARUALAY 1 — A TofF-5 IR, 76 7E— > Cunsigned
char ZEA,

B (int) [unsigned char] f — > Python & 7R % fi i — > G088 B R G 45 34k o )@, fE A — 1 C
unsigned char ZHids,

h (int) [short int] —> Python #&AI%EAY jfi— 1~ C short int JHI&7H,

H (int) [unsigned short int] ¢ —> Python & B % (L i, —~ C unsigned short int FLAFSHHEA,
FEAKG A Ui )
i (int) [int] $f—> Python FERIFLLL Y —> C int FEHL,

I (int) [unsigned int] ff—> Python &A%k )i — C unsigned int TLfFS A, HAK A% H W
B
AR

1 (int) [long int] 35— Python %154k ii—4 C long int KH&A,

k (int) [unsigned long] }f—> Python & Z4E4k ii—> C unsigned long int LS KIEEH ) HAK
A i 4 178

L (int) [long long] Kf—> Python BAULAY I —4> C long long KK,

K (int) [unsigned long long] ’f—> Python ##I5%4k i —~ Cunsigned long long TEAF5 K KA,
HAKE A ) A A

n (int) [Py_ssize_t] ¥—4> Python BFI%E4k i —/~ C Py_ssize_t Python JLR/NEFL,

c (bytes B # bytearray KJh 1) [char] Kf—> Python FH47 KA, W— MK R 1 1 bytes B
bytearray ¥4, #{b—" C char FfFRLL,

T 3.3 WU Ui bytearray RAXIL.

C(str KJEED 1) [int] > Python F4F, f1—MKJEHR 1) str FRFHRXTLR, FHAR—4 Cint #AL
KA,

£ (float) [float] Kf—> Python ¥ filt# b ill—4> C £loat ¥ L.

d (float) [double] #f—~ Python 3% s 544k —~ C double BUKEEF HEL.

D (complex) [Py_complex] Y— Python i $ 2B l— 1 C Py_complex Python &g 425,
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At} 52

O (object) [PyObject *] f Python X5t (RBEATIEAHEHR) feffe C X488+, Hit, CRFRKRCHE
BB SEFRXTA XERT TR 230, AR EH A2 NULL.

0! (object) [typeobject, PyObject *] f—~> Python Xt R /7 A—A~ C X[ 4484t . XEMUT o, HEEZHA
C 2% %A~/ Python ZEBIXT R gHibl, 8 — AR AFERT R85 C 2B 5 GBI Pyobject )
Fthl . 4nSR Python XN HA Fr ik 2By, W&5| % TypeError,

O& (object) [converter, anything] @ it—> converter FRELE— Python % G454 h—A> C & . HWEREHE
ZWNSEC BRI, AR CAR CREUER) MHbhE, 4k void * KA. converter
RRECRE AR T ki -

status = converter (object, address);

Hirr object 21555401 Python XV 4 M address A& 4iPyArg Parse* () B void* 4L, k[l
() status 240N 1 ARREES I A O AAFEEH R . 440 RGN, converter BN 45| K 75
H H&1L address 1 N RFF AR IBHORES

UL converter R[5 Py_CLEANUP_SUPPORTED , WIS SHMENTHR LRI, & rRES PRI %
PREL, MR A VLR E A B AT A7 ZESE AW, object Z80R A NULL ; I,
ZSEE R NULL s L, ZBECRN NULL , L, ZBECRN NULL (WISR{E) A NULL address
FR{E 55 SR AR v (R ]

1E 3.1 B i Py_CLEANUP_SUPPORTED #EUR o

p (bool) [int] i AE AMIMER TS R B (— AR FIR) I EAFE R AL XY C true/false HEU{E .
WRFAACHEE 1, BNE 0. B2 AETALR Python {H. S truth JHE L X T Python 4]
T BRE .

3.3 B fE.

(items) (tuple) [matching-items] %} 54007052 Python 741, ‘BRI items g N ocHE. C
BRI, items FEE— AT RE X BRTT. 78 P AT BER R E

i long” FEAY CREALY(EMET T 15 19 LONG_MAX BRI 2P RERY, SRIMNEA T8 4 E A I

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

KAV T B K AR L)

¥ XA AR ER PR — S A A B FRIRI I S X ST BRI N EAE TG S . BiTE:

| FEHITE Python 85| I N RIS EFHRE PR . C 4B FX Y ) w5 ST B I 10 A BRI (E
— MRS BTG ER, PyArg ParseTuple () ANEEVIAIFHMN Y C A8 & (RS HNE.

$ PyArg ParseTupleAndKeywords () only: FHITE Python Z:8 41 3K i~ 1Y S E50AR & ik i 5 St
S Yul, BTG L TSI R TSR, A R | AR S Rl
[
3.3 Bl e

: WEUERITHA RS R AR B S R R RN R B R B R (PyArg ParseTuple ()
PR R “RERME” 55

i RTINS RE R AR E . T SRR R RAE IR B BB R RIS R . - Al FHEHE
J¥o

VERAT AT f R R AL Python XT5 | HIE 15k a951 ;s AZLBWBENHS AL

1 156 45 K 2 bR B BRI S B 20T 2 A 2L A BB B i AR ZE B bt 5 X SR FH R ATl 3 A e ALY
Ao, Wb RS BT R TR, XS EAE N A EXAEL T, BTN
[UNCRE PR OY ) VA SO - S WE ST

RTINS, arg X5 DR RS SO HAS AR . BTG, PyArg Parse* () M%GRIH] true,
RZEARIE false I HG| K— A G@E T . UPyArg Parse* () MR A HE— g Boche b R
T TGRS, X6 7 ) A B Jig 5 i) A o B T bt Y A AR BN S 1 B A

&
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API %%

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
fEMT— R BN 28, RKikP I SBAES BN E AR & . R E] true; RIER[E]
false H H.5 | S AR 75 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () ], SR EHEZ > va_list BRI SELMA 2 AT B H R SHUE

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
IR B SO K B 7 SRR I 4o Sy A B R R AU S8 keywords S8 KT SHA TR
M) NULL Z 1 F 50 . 2S5 & FRFE R positional-only parameters, [ [E] true; & AR, BRI 9]
false F5 | A AH N 54 o

TE 3.6 IREEW: ¥ T positional-only parameters Y 3 £5.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format,
char *keywords[ ], va_list vargs)
MPyArg ParseTupleAndKeywords () R, SR EREZ—A> va_list BB H0M A =2 7] A5 5k
EINSHE.

int PyArg_ValidateKeywordArguments (PyObject *)

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

3.2 Fri ke,

int PyArg_Parse (PyObject *args, const char *format, ...)
PRBCHTI R “IRJRALY BN S8R —— X LE s 4 1) METE_OLDARGS ST /A E
M Python 3 SR . XAPHER TR AUS IS RUENT . H HAE R RS i K2 s E gz
e, EATHTZARN. EVAT T 0 MHALTA, SR RER XA~ H BIPEAREE R .

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

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

R SR BRG], BUE _weakre £ i BIBLH R I A TRAHD :

static PyObject *
weakref_ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

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

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

PyObject* Py_BuildValue (const char *format, ...)
Return value: New reference. 5T 2T PyArg Parse* () BRERY| N — RFE RS FAF 612
e A BT DR IR M B NULL; fIARIR W] NULL, KGR R .

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

NI RAT I BB PAS BOE A% 8 B SR A X Gy, s F s# MR8, &9 DR E R 4L
2. VI E L RN ORI A S Py _Buildvalue () BIERNTE KB H. WAEED, W
BRI A malloc () I HIF R WAL 8B4 Py _Buildvalue (), YREGASEEA 5T
{EAEPy_Buildvalue () IREIFFE free ()

e NIRRT, WG SR FREA Mg IT; RS O WY BITRH2HR Al Python X4
KA Jifhs [ W2 C 28 & (R RS 1R

FAFOIZEHS, B0, B RNE e UL AR e S 20 (R RIS MIT, 1 s). 3%
AT DAREAR KR A e LA S0 T

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

s# (str 5§ None) [const char *, int 8{Py_ssize t] ffiff] 'utf-8"' gt fF C F4Fa L H K Fi:
64 Python str Xf5:. W C FERFEEFREN N NULL, WK FEERG9E Z0% , FF3R [ None,

y (bytes) [const char *] 1XRf C FAF 44404 Python bytes X4, WK C FAFH 54 A NULL,
3R 8] None.,

y# (bytes) [const char *, int B{Py_ssize_t] X&Kf C FAFEE MK JE i —4> Python %4,
W% C PR 8% NULL, W3R [\ None,

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

u (str) [const wehar_t *] 254 [Ff#Y wchar_t [ Unicode (UTF-16 5§ UCS-4) ¥4 2% o [X % 3%
>4 Python Unicode %§42. %15 Unicode 2 X541/ NULL, Ni&[4] None.

u# (str) [const wehar_t *, int 3Py ssize t] ¥ Unicode (UTF-16 1§ UCS-4) %48 X MK
FEFE4%: >4 Python Unicode X§52. A4 Unicode ZZ i X 455128 NULL, WK BEXRF#E 208, I3 1]

None,
U (str 3§ None) [const char *] fl s —F£,
U# (str 3 None) [const char *, int 8{Py ssize t] Fll s# —FE,
i (int) [int] Ff—4> C int ALY Python BEAIRTR
b (int) [char] F§—> C char FAFAUFLILN Python BEAIX 52
h (int) [short int] —4> C short int $#&FIEEAk 5} Python &A% 4 .
1 (int) [long int] Kf—4> C long int KEERUELILRY Python BEAIXIA .
B (int) [unsigned char] ¥—/{> Cunsigned char L5 FfFAHAL I Python B AINT 4 .
H (int) [unsigned short int] ¥—{> C unsigned long JLAFS 4RI A Python FE TN 4 ,
I (int) [unsigned int] §— C unsigned long JLfF5 3 A444k i Python B A% 42
k (int) [unsigned long] ¥—/~ C unsigned long LTS K B&AIFEAL R Python BE A% 42
L (int) [long long] f—4> C long long K KIEEEALL Python BIEXT 4.

K (int) [unsigned long long] ¥ —/> C unsigned long long JofF5 K KIEAIEE AL Y Python %
EEPOE 8
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n (int) [Py_ssize_t] $f— C Py_ssize_t ZH4E{k >} Python &7,
c (bytes KJEH 1) [char] $f—4> C int BEAULRIFAFEAL A Python bytes KN 1 [HF4%}
%,

C(str KM D) [int] Kf—4> C int AL FIFEN Python str KEEN 1 IFRFHRXTE .
d (float) [double] $f—4> C double XU EEF MU 1L Python 7 MR AEF

£ (float) [float] Ff—/> C float HUKGJEVE MU AL A Python ¥ i B+ .

D (complex) [Py_complex *] —/~ C Py _complex JKFLETEAL )y Python 2 1257

O (object) [PyObject *] Xf Python X} A& ANAE (H5|HIHEERSN, %it8oh 1 #34) o g
ABIXT 52 NULL 4848, WME E X 2 A S50 & SLES R B s R .
b, py_Buildvalue () ¥fiR [ NULL, [HARSFIEFH. MR AT ERE, WKE
SystemError,

S (object) [PyObject *] F1 0 #H[i].
N (object) [PyObject *] 1 0 AH[H], SR EIHAEIMATZRE5] AT 24830 S 85 R it
SR SRR SE

0& (object) [converter, anything] @i converter FRAEF anything ¥4 h) Python S 4 . 1% eRECH FH i &
&N anything (.5 void* 75 1ENSHOF HIV 23R ] —4 iRy~ Python X4, Bi#E Y4k
A 4R R ] NULL,

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

[items] (1ist) [HIRIGITE] KA C AR FHI Al Python 1 ZF PREFAH Rl I TR B -

{items} (dict) [HISGMILHE] Kf— C AR PN Python it f—XHELERY C AL HXE
H—ATERAT A, 43R R M.

WA EAF R A%, W systemError FHEHf R[] NULL.

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. flPy_BuildvValue () fH[E], SRIME#EZ— va_list 2RI SEM A
AR KR SR .

6.7 ‘rAFH AL SR L

FH TR 5L AR A 245 5 1) BRI R
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

FR A 4% 0P A5 £ formar MR AN Z 8, i iR A #E L size A7 A7 5] stro 2 WL Unix T} 00 T
snprintf (3).

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
HRAEAS X FAF R formar FAE B S HIF va, i b A size NS5 8] sore 2 WL Unix M 00 18
vsnprintf (3),

PyOS_snprintf () MPyOS_vsnprintf () W3 CHREERE snprint £ () fl vsnprintf () . B
1189 B 2 PRIEER 5 L N 1 —A 728, ARE C R ENAR SR

RS TR str(size—-1] FERMIIAZ N '\0" . ENIMNARE AT size ~F3 (FEREM '\0")
B FI5ER . Wi REERER str != NULL, size > O fil format != NULL.

QIR 5 WA venprint £ () M H 28 vh XK /INTG 2230k % 8k W7 8t size 512 45 DAL, Python 2 PA—
APy _FatalError () ik,

IXLERRBI IR EME (rv ) R4 R DA T UL D

* M0 <= rv < size W, FHFABIRINIER: v DNFRE AR sor ONUFERE str[rv] (B
"\NO" ).
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e Y rv >= size i}, MR SWENIITAFTE NEE ov + 1 FWE I A BRI AT
TEMCRFILS strisize-11 S '\0 ',
e Mrv < OWf, "2 EAENGFHFE. "HEWHRT strlsize-1] 4 '\0", {Hsor By HRHAS
FEARE L. AR R R B T IR
PATF BRI L 515 5 FREE 0 X B4 JR B 3 4

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFAFHR s Feffeoly double 2RM, RIMINTG| % Python 534 HAZHYFAFERIYHE AR T4 Python
1) float () MIEREIEZHNTFRHBHNES, T s LDAAHI TR RSN . Fi i T2
HIHY X35
R endptr J& NULL , S8 FFH . 5]K ValueError I HiRW 1.0 WIRFHFREAZTE
b GRSV R STy v
Wk endptr A2 NULL , RO REZ AR TATH T4 *endpt r BEE NG S — DARFHI T4 -

AR F AR EI’J%JJ!Z“&TE{% REWA AR TT, B *endptr WENARRITAAHERITL, 51k
ValueError %%, FHikFH -1.0 .

MR s FR—DRKMAGEELIE— N EBPRE (WP, "le500" fEFEFE ERER—AF
FFER) SRS TN overflow_exception &2 NULL & [A] Py_HUGE_VAL (Hﬂiﬁ% A ) I HAR
WEARM . EHMIH, overflow_exception M5 [H—4> Python R4 5K F#H
FRE 1.0 . FEXFAEL T, #E *endptr IKAFEHMEZ JGHE — T4

URRAE S E) S AAT A AR R (LA PN R AR R ), BCEE 241 Python 54 HLak ]
-1.0,

3.1 B fE

char* PyOS_do e _to_string (double val, char format_code, int precision, 1nt flags, int e)
har* PyOS_double_to_ ing (doubl [, char fc de, int precision, int flags, int *ptyp
e double val —AMf [T format_code, precision Fl flags [ F4FER

7}%5\5{5,[4\5)?7 U\—F;H\:qug‘ 'e','E', 'f", lFl’lg|’lGlgz%Alrlo Xj—ﬂ:vrl’%,ﬁj{‘lﬂg%%};{iz\
"ot AR THRMEREL repr () #%3.
flags ™ Tu\jgijzz.‘,ﬁ\ﬁﬁ{*a‘ Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 B{ Py_DTSF_ALT B4 A&
* Py_DTSF_STGN F/R B TER BRI I —MNME 554, BIME val HIEGEL.
* Py_DTSF_ADD_DOT_0 F/Rififfik Ml A5 B B R A G 2 — 4L
* Py_DTSF_ALT F/R ™ BRI # A HN . MM AT TES M Pyos_snprintf () "#' &
PO CED
WM ptype A K NULL, &35 6] I {E B 9% %~ Py_DTST_FINITE, Py_DTST_INFINITE Bf
Py_DTST_NAN H1flj—A>, 53R val 2— N RRECT . ToBRECE s d-50r

R HE RS — 8 S 0 5 AT R 0 buffer (AFEET, WNSRERIRIIEN R NULL. 18 R 5T
HpyMem Free () RREHGR B F4FE o

3.1 BRI fE

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

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

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

TREAR D KNG . ZERBILFS strnemp O BT/ ME, R ER T RN,
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6.8 & 4

PyObject* PyEval_GetBuiltins (Void)
Return value: Borrowed reference. 1R[] 24 HIFAATITH S PR AR L, QAR A HIACAA WOEAE ST, W)
IR ] R FRR S RRER o

PyObject* PyEval_GetLocals (void)
Return value: Borrowed reference. 3 [7] 24 AT i b Jsy Fl AL S ) 0, Q0 SR04 224 1 $AUE 7 ) it D 22

NULL,

PyObject* PyEval_GetGlobals (Void)
Return value: Borrowed reference. iR A 24 Hi R4 T 4= AR S )-8 NSRS 24 R AT A It I 2%

NULL,

PyFrameObject* PyEval_GetFrame (Void)
Return value: Borrowed reference. & 8] 24 {2 FARTS M, W015R BEA 24 /i P47 RO TR [8] NULL,

iy S PyThreadState _GetFrame (),

PyFrameObject* PyFrame_GetBack (PyFrameObject *frame)

BRI frame Sy~ — AR

B El—A5EG ), A2R frame A SMHRUIR [B] NULL,
frame W/ A NULL,
3.9 BT fE

PyCodeObject* PyFrame_GetCode (PyFrameObject *frame)

IREL frame HACHY .

IRl —A5E5 | .

frame WAZFASR NULL. S55R (WD) AREH NULL,
3.9 BT fE

int PyFrame_GetLineNumber (PyFrameObject *frame)

R[] frame 4 BNEFEPATRIITS
frame WA NULL,

const char* PyEval_GetFuncName (PyObject *func)

R func JZeR%. FRECEHIN G, MEREIERZAFR, BRG] func FRIZERL R

const char* PyEval_GetFuncDesc (PyObject *func)
ARYE func 2R B AFERFE . 3R [W{EAASE R B YRR ()7, ” constructor”, ” instance” F1” object”.,
5pyEval GetFuncName () WZERER:, R func WHEER

6.9 Zfirah ds TS S R IyiE

int PyCodec_Register (PyObject *search_function)

TEMF— B ) G R T 2 1R 2R eR 2
TERRIFER, Hzlna encodings 4, WIRMARTEM, MR EHAL TR LWL —

fife

int PyCodec_KnownEncoding (const char *encoding)

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

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

Return value: New reference. 17 Bi2nfiRto 28 At AP,

object (¥ Fl 1 errors Ft & SUHAS IRAC BT AL 25 7€ encoding Wt A% . errors I PAA) NULL 3
TN R e T SO BRI TV . IR A B 4Bl £5] % LookupError.
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PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 BLnfiRtS 28 A RS AP,

object i [ A1 errors it & XA RACFE )T VAL 145 58 encoding WIRISZSEREL . errors W] PAoK NULL 3
TN R SR ARG RS I E SR ERIA T ¥R . AR A BN R 28 M 25| & LookupError,

6.9.1 Codec #r$k API

FERIIRRECT, encoding "y AT SAE LI FAN /NG FRHE, X 13 IO 2 4 g 0 s X5 s
ERRNEAGUR. MRARREUTAT RS AS . WKFE KeyError HiR[H] NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. "}y 45 €] encoding FREL—A~ 4wt aa R % -

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "% 5E 1) encoding $BL— > fiRAL 28 BREL .

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. " %5 € ) encoding Il —~ IncrementalEncoder X% .

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “Fj%5 € W encoding 3H{—-~ IncrementalDecoder %4,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E 1) encoding $BL—A~ St reamReader T.J K%L,

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “F %5 € W encoding 3RBl—~ StreamWriter T.J pR%K.

6.9.2 JiI T- Unicode %ifi b BRALEIF) TN API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEL ) name 2 B FEMHS IRAC BRI JE R error . 2 11 JH pRECRFAE — A G fRAD 2518 2] o35 g i 1) =
FETCIR S 0 715 Bt 7T B name 146 7€ 2 encode/decode b %4 i1 1) error 12 I 2% 4 i 4 oK
JHH .
Z M O R L& ¥ % — 4 UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError )35l Ik B L, Jooft & T A7 I M40 5 40 1 91 1
HAE UGPSR M RS B (S0 Unicode J+ 3 1 5 T fRFE UL AE B9 BB ) o 1 [0 e 2
WG| R TER S, SR R A S A T 51 SO R P A el AR Ao i
AR, BRI A AT 26 R S 44
R A 0%, S IR [m] -1

PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. X 3RAE name 2 N1 SR AL FR MR R B0 . VB4R ] PAE A NULL,
AESEE DL TR B X strict” FO A 15 A 35 o] ] R .

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc £ R B4 .

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 21 unicode 451%, Bk 45100 A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. ffiJf] ? 5f U+FFFD £t unicode 44t i% .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. i [f] XML F£75| %54 unicode Zifidsiz .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. {fi ]l SURHTHE LAF (\x, \u Fl \U) ##t unicode iR,
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PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. {iJ]] \N{ . . . } ¥ X £33 unicode Jmfdsti% .

3.5 B fE.
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MERXZRIZE

AFH KBS Python X AFH., TEICHEA, s AT ZRMNSAEA (Flan, FrafEssd, s
HIFHIEA) . 24l R 2R AN E R, A 12 74— Python 54,

XL PR FCRE A AT BE TR IERI AL T 52 1, — Nkt St pyList_New () B, (HHEARTH
BB B B — 9k “NULLf{H .

7.1 X4 PR

PyObject* Py_NotImplemented
NotImplemented BB, MFHMCHANRIEBAHIES ERBAAGHITLI.

Py_RETURN_NOTIMPLEMENTED
C BB RN IERAL TPy Not Tmplemented (iR ALERE (RPN Notlmplemented 115 1403+
RMEZ),

int PyObject_Print (PyObject *o, FILE *fp, int flags)

P50 B AR fpo WASHHRIE -1 o EFRSEON T8 AR e i ik mi . H aimE— SR
PEIE Py_PRINT_RAW; HIREL HIZEW, WP HAXMERH str () MAZ repr().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Wk o WA B atr_name, WR B 1, FHWRE 0. XA 24T Python F ik hasattr (o,
attr_name). IEREEZRI.

HE, 7ERH _getattr_ () fil _getattribute__ () H¥ER KA FHEREHHADG . 52K
R, W Pyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
MR o WA JEME atr_name, NWIRE] 1, HWRME 0, XFH24F Python ik hasattr (o,
attr_name). BEEEEEMIN.

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

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. X% o WitH44 R attr_name W)JEVE. BB BEMHAE, 503 ]
NULL, XAH24TF Python ik o.attr_name.
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PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. MFF 4 o P BL—A~4 N attr_name )@ V. WIHBHREJEHEAE, 2M)
JR[E] NULL. 3%X#H4F Python #£iAx o.attr_name.

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. i i) )@ IRBUREL, T IAZRBINI LM tp_getattro i, B
fERRFIp (LT AR MRO ) AFIEAIRLF, HAAENRY __dict hEKENE
PE. IEQN descriptors ik, BUERIAFFLIET SLBEME, TARBIRRAFFNIAILE. KM%k
AttributeError,

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXR 0 4N attr_name WEVEIEBCN v o RGNS R R FFIRIE —15 ENRHR A “0% o X AH2Y

F Python i&M] o.attr_name = v,

R v o NULL, ZE YRR R . BT hEgaE i pyobject_Delattr (), HHATL
e Al

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
FEXR o 2 H attr_name WERYEIEBCN v o RN GRS FFIRIE —15 MEHRHRIE “0% o X AH2Y
F Python i&/4] o.attr_name = v,
W v A NULL, %@ R, (R s se e i N PyOb ject_DelAttrString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
R BCE AR R, T IAREN R tp_setattro i, BIERMFMA (T4
1) MRO Ht) ArARECEIARR , AR, WRE e S 01 g i e b N5 S ek O Se A 7. A
WIBMEREXN R __dict  WREEMER. WPRSERFIRIE 0, H[IFF5% AttributeError
I m -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WIEERt 5 0 44K attr_name W) @M. FIEHHRIA] -1, XAH24T Python 4] del o.attr_name.

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

WG4 0 W44 M atr_name 1))@ M. RIGEHRE -1, XAH24TF Python i&/4] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ AR IRER B —Fhil FISE . DB &A= il

3.3 B fE

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

_dict_ fidTICE KB MBS X BN SRV R A
3.3 B IfE

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. i opid 35 E W EEVELLEE ol F1 02 {H, W& Py_LT . Py_LE . Py_EQ
. Py_NE ., Py_GT 8 Py_GE Z—, XN T “<=*, ==, =, >8( >=. XM T Python %Kik
X ol op o2, HH op @XIWT opid WHRIERF. IR A LR, MR [ NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
H opid 48 7E HIBRAE LR of F1 02 f{H, /12 Py_LT . Py_LE ., Py_EQ . Py_NE, Py_GT i
Py_GE Z—, AN T <. <=, == = > 8 >=, RN -1, E?*%jﬂfalseﬁu [ o,
IR M 1. XA 24T Python ik ol op o2, HH op @XFW.T 0pld HIBRAERT

R A0SR ol #1102 BR—/X4%, PyObject_RichCompareBool () N Py_EQ MRME 1, 5 Py_NE
NJ3[a] 0,

PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. frﬁﬁ F o W FAFER B RN IR M FAFER RN IR ] NULL, 3XAH
24T Python FRiAH repr (o) . HNEREL repr O WH.

e 3.4 BUE R R B S — R, AR ORAN S T 22 5 5 Bl )
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PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. S5PyObject_Repr () —FE, BN % o WEHFEIER, H
AEPyObject _Repr () ZMIAFAFH A \x. \u B\U e SCIE ASCIL 4. BORFAE LA~ 28
f2IF Python 2 1l PyOb ject _Repr () RIBIMFAFH: . HNERE ascii O T,

PyObject* PyObject_Str (PyObject *o)
Return value: New reference. VWA o W FAFHRIEA . IR I FAFH, RGN & W] NULL. j%AH
24T Python KA str (o) . HNEKE str O P, FHH print ( zfﬁwﬁﬂﬂ

e 3.4 BOE R R B S — RIS, AR DR AN S T 22 57 35 Sl )

PyObject* PyObject_Bytes (PyObject *0)
Return value: New reference. 115X 5 o (7 S‘UJZHT R[] NULL, B IR ] — A5 6
G0 AT o AREEEN Y Python Fik3 bytes (o) o 5 bytes (o) ARIKYZ, 24 o ZHEELIMN
ARHIIRA O BT ERXTR I, 2fil% TypeError.

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

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

IE4n PEP 3119 Jirik, 40 cls #7f __subclasscheck__ () ¥k, Rr8H H AR E 200K
e TN, W derived A B LS AL T, BMESTE cls.__mro__ 1, IPAEHE os B—4
?%

HAEXMGA 29N, Bl type o j‘ZY‘JL’EéE%'éE’\JiWHO SR, XA PAEA A _ pases_
)%fé (AR R TEH) R X —

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
R inst & cls ZEBCHLFIRAGSEH, WHRE 1, AR ZNER ] <0, AN B A5 R ] -1 s —

| =P
MR

W2 cls @i, WIRXT cls SEATBIAG I AR —JAR IR 1, S55808 1, HRIUREE 0.

IE4n PEP 3119 Jirik, 40k cls #7f __subclasscheck__ () ¥k, RrH H AR € 2000k
o BN, W derived J2 cls 135, IATHRE cls B— 561,

LB inst AfPA L __class_ J@PEAREHILITES.

K5 cls TPAE AT _ bases_ J@ME (WAUERRMICA) RES EREPOAMERIIRGS, MIHE
%,

Py_hash_t PyObject_Hash (PyObject *0)
THEHR IR R A E 0o RIGHTIRE] -1, iXAH24T Python ik hash (

£ 3.2 U BAERIR 012828452 Py_hash_t. iXjg— A R/NGPy_ssize t *H[ﬁllﬂ@ﬁﬁ%ﬁﬁo

Py_hash_t PyObject_HashNot Implemented (PyObject *0)
WHE—> TypeError £IR type (o) AAMGAR, HiRE -1 o ZREIRIFTE to_hash FE )
2B RIRRE, FOVF A AL R I U I B AR W

int PyObject_IsTrue (PyObject *0)
ARG 0 BN A2 true, MR 1, HIRE] 00 XA T Python FiARK not not o. RIEM
iBIE] -1 o

int PyObject_Not (PyObject *0)
WERXFR o BNy e true, WIR[E] 1, FHWGRE 0, XAH24T Python KiAK not not o. KM
ifg.lil -1 o

PyObject* PyObject_Type (PyObject *o)
Return value: New reference. 24 o AN°A) NULL B, iR[\—5%14 o Eﬁ%’@ﬁiﬁﬁﬂffﬂﬁ%ﬁ%ﬂf% BN
W), #F5]% systemError Hik[A] NULL. iX%[F T Python 3 k*c type (0) « ZHESHGIR
MIE RS RHE bR BB iR Ris X py TYPE () @Iﬁ'ﬁ@ﬂ% R, EAFR N
—/NPyTypeObject * KAUMIREN, BRAER TR 2 IgsmE | T8 .

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
MRG0 2y type ZEHLBK type 1)1 FEANR M EA . IS BELAEE NULL,
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Py_ssize_t PyObject_Size (PyObject *o)

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

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
R EIX SR o AT . EAES R M LR KB, RIEM __length_hint_ () #EATALIT,
I 5 R ) BRI AE B IR ] -1, X 4[] T Python #3A3{ operator.length_hint (o,

defaultvalue),
3.4 Frhi i he

PyObject* PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. IR [F] %42 key X}V o TG, BiAES BT R Al NULL, XZE[6F Python
#iki o[key],

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
FEXFR key WL EIME vo RIS A S HF R ] - 15 MEHIHRIE] 0. XAH24 T Python 1541 o [key]
= v. ZHRE R 5
int PyObject_DelItem (PyObject *o, PyObject *key)
MAER 0 HREERXTR key MWL, IR ] 1, 3XAH24 T Python if41] del olkey].
PyObject* PyObject_Dir (PyObject *0)
Return value: New reference. }124T Python 35 dir (o) y R —~ (A]RE 71?) AR RS
FAFRIIR, MR EGRIE NULL. WRSHCH NULL, 25l Python ) dir (), JR[H 247 locals
M4 SRR B E S RPATHESE, R M NULL, HPyErr Occurred () AHE R false.
PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. 2:[7] T Python HiER, iter (o) o MW ESHER Ml — S F BN LS, W
RENZEEE— DN, WRFEXEA L. ﬂH%XT?ﬁTﬁ%“Z #EMR, 251K TypeError , Ik

[H] NULL,
7.2 WX
CPython SCREPIFIAN R P - p_call TR SHH .

7.21 tp_call [pi%
WEtp call BZRASEBIARZ TR . RERLAAEA

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

— MR AT ER NV ESE, A dict £oR KRBT SE, T Python /15 HH i “callable(args,
**lwargs)“s Fargs® 5L AE T (e RIBH AR, S4ER —ATM), {2 IR R 4T ALK, thwargs®
T VA& *NULL,

EALEAHE *tp_call* ffiJf]: tp_new fltp_init WIXFALIBESEL.
B 5, Wi Pyobject_call () sigHABAYE A APL,
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7.2.2 Vectorcall X

3.9 Bl RE

vectorcall PpSUEFE PEP 590 %551 AR, ‘& &1 FH oh B0E A 2L B il .

VR G0 ), Q01 5w 8 AR 2 45 vectorcall, CPython 2% 5 fifi 7] T N ERVE A . KT, XIHEARE—A4
TEVERLE . BUAh, 2088 = P E I tp_call (MARMEHPyobject_call()). HIL, —A3FF

vectorcall [N LI tp_call, HAL, TLIRMERIBERIML, PTRXT ST A AU R . HEE
W R R tp_call B NPyVectorcall Call (). {HfS—EHE2:

el —/NSZHF Vectoreall f2E LS PL ELG METE XA tp_call,

W —AZE1 vectorcall L *tp_call* 18, FASN % S8 vectorcall. FilAN, AnSpk & 75 2 S 5d L0
args JLALFN kwargs dict, AR2 LI vectorcall BN H = .

K[ PAE S i Py TPFLAGS HAVE_VECTORCALL ﬁfgﬁ—ﬁtp vectorcall_offset WE W %LE

K5 H Y vectorcallfunc 1 offset S S vectorcall H . XE— 15 B A AT &4 00 RE 354t
PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)

* callable ;2 F5H R I IXT 42

o args A CIEEEAL, MAIESBAINING K8 TS HNE. WREA S8, XMEW AR
NULL .

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

o kwnames }E—WF A SRR ARNOCEL.  WATEDL, SR kwargs FHLAGEE, X EEZ TR T
Fre (str s HFIEMEG), HHENTLAEME—) . QREH @ FSE, A kwnames ]
PAJH NULL %5,
PY VECTORCALL_ ARGUMENTS_OFFSET

WIARAE vectorcall [ nargsf ZEUPCE T IbARE, W ALFRER I E GBI B args | E’Jﬁ /]
UL, args fEMAE MR FHSE 1 CRR20). RS 0IER B 2 Biif i args [-1]1 HIfH.

X}FPyoObject_VectorcallMethod () , XM AREMIMA B IKE “args[0]“ A]EEILAE T .

298 7wl PARA L A i 5 (BB AN N TE B AE) B 4 T v i A S
PY_VECTORCALL_ARGUMENTS_OFFSET. iXFEMRF fo i W46 & ik 2 2 vl Jf F R 5k
BRI T EiE A R EEE— R self 250 .

WM —ALART Vectorcall % G, 3§ B Avcall APL & B, w8 H: At AT R X 5 — K.
PyObject_Vectorcall () iBH iAW

:f:  FE CPython 3.8 1, vectorcall API Fl A 3¢ Y b8 B0 & DA JF 3k F &I 28 19 45 FR 4R fit
_PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod,
_PyVectorcall_Function, _PyObject_CallOneArq, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg, i1 4p, PyObject_VectorcallDict PA

_PyObject_FastCallDict WZHFEMHE. HAFRIIIRPE SCHAMN T RILKRIF 44 PR 514 -
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P
T p_call W, #F 1 H & A W 0% 20 CPython X F f H p_call ¥ 47 10 P H & (il

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

APRUERCR , X ONIE T vectorcall fA3# = 9l F 5 75 75 B .24 {1 ] Py_EnterRecursiveCall F1

Py_LeaveRecursiveCall ,

Vectorcall ¢ API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
25 7 —A> vectorcall nargsf 2%, RIS PR . HAETSERE T

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, WA PyVectorcall NARGS pREXDATERERY FE.
XA PR BN & limited API {—3R5
3.8 B fE.

vectorcallfunc PyVectorcall_Function (PyObject *op)
IR *op* RSZH vectorcall Hll (B4R R BN SRE, B0 BAREHIASHE) , &I
*NULL*, 0, R [EfFEAETE *op* HiY vectorcall BREFRST o 33X BRI BN Al A 57

XTERGEE op J2 15 S 1 vectorcall i A FAL, W PAE G PyVectorcall_Function (op) !=
NULL 3E32H .

XA EREAS B limited API —3R45
3.8 FriR e

PyObject* PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
P * IR R * vectorcall func, HAZESHOM KT SE HIATCAF dict XX 451 .

XMLl TwE, HHMRWR At call S 2MNT te_call (M. EAXK
Py TPFLAGS_HAVE_VECTORCALL kR HEASHEE tp_call,

AN BREA B limited AP {—3R4)
3.8 i e

7.2.3 X0 API
AN PR BT SR VR I Python %52, 45 B8 B0 ¥ S0 5 B0 8t g e VA 6T 5 7 SR (4 B 09T DA

tp_call B vectorcall. T /R A e HIIEA TR, G5 et 18 BRI A BiAs s R AL
NEESS T RIHRSIAE; SRS SO A TR B
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R a] %% (Callable) | args kwargs
PyObject_Call () PyObject * TG dict/NULL
PyObject_CallNoArgs () PyObject * -- ---
PyObject_CallOneArg /() PyObject * e -
PyObject_CallObject () PyObject * JCLH/NULL | ---
PyObject_CallFunction () PyObject * format -
PyObject_CallMethod () X% + char* format -
PyObject_CallFunctionObjArgs () | PyObject * ARSI -
PyObject_CallMethodObJjArgs () X+ &) R T -
PyObject_CallMethodNoArgs () X + &) - -
PyObject_CallMethodOneArg () XTE + &R 1 %5 -
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () ZH+ vectorcall vectorcall

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. W Fj—/> 7] 9 Jf i) Python X% callable, [t G4 args T4 I IIS4K,
DA SF i kwargs JIr4 th ) XA S8

args WA K NULL; QISR ESEOEHEH A2 0. MR AEE X280, W kwargs 7] A
*}j NULL,

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

PyObject* PyObject_CallNoArgs (PyObject *callable)
A —A>mIE Y Python %R callable FAMPATAT S EL. X @AW S Python R X4
{UECZERI TN

IR I ZE 2R AR At — A5 iR o] NULL.
3.9 B fE.

PyObject* PyObject_CallOneArg (PyObject *callable, PyObject *arg)
P —>lJE A Python X4 callable FHFA 1G4 1 AMEESEL arg WA KETZS4L

SR EI AR FEJ Wl — A R & [7] NULL.
X RO & limited API F—3B4) o
3.9 FrihfE.

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. & JJ—~A] & 1) Python %4 callable, B4 IcH args Firds S50,
RIS ABHL, W] args WA NULL.

BCHIIF IR RIS, AR 2R MOl ) — > S8 FF R 8] NULL.
XEEMT Python ik callable (*args) .

PyObject* PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. ¥ J1—-~0] & f i) Python %}42 callable, i o]7Z54i&m) C S8, XL
C Y py_Buildvalue () WASHIAE AL FAFERA A . format WTPASH NULL, FR3A 4
AT S4.

BN IG5 A e Ol — > 7 FF % 8] NULL.
XEEMT Python A callable (*args) .

HHEBEWMRIR G APyobject * &%, MPyobject_CallFunctionObjArgs () s PHEM)
Brize 8
TE 3.4 L XA format KRB M char * B,
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PyObject* PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. [T obj %t % H1 4% K name 1 7 ¥EF M 2S5 EM C 5. X C
7}‘j(EIE]Py_Bz,uldV&llue () *%f?fﬁi%;’é#‘ *#}JAJ:ZIHEJJ*Z*ATDQE

¥ A NULL , o RERBHEMT S5
BCEIF IR BIGER AR 2R MOl S — > e R 8] NULL.
X F1 Python %A=, “obj.name(argl, arg2, ...)“2E—FEf.

WHEEWMRIR AL APyobject * 2481, WPyobject _CallMethodObjArgs () &S HRHER %
.

TE 3.4 HiUHE PR The types of name and format were changed from char *.

PyObject* PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. i i —/~7] & F 1) Python X} % callable, P77 ]2 E M PyObject *
S IXRESHUE DA NULL 2 J5 v 280 e S ) I SR .

BRI R RIG55R  FE e IOl — > 7 3% 8] NULL.
X F Python 3iA53 “callable(argl, arg2, ...)“E—FEH .

PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. 1 f Python ¥f & obj FH)—A~ %, H EF'ﬁ{i%ﬁ( i name H11¥) Python
FAFERXT R4 . bﬁl‘ﬁﬂ?_f SR PyObject * ZEM . X EESHUE DA NULL 2 J5 7] 4%
B TE ST SR

BB R [ 2 4 f%&ﬁMﬁQAB%% [7] NULL.

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
1 Python X5 obj ") — N IT IR ARMIAAET S48, Kb Irik4a PRl name Wi Python 45 Hx)
Rept.

BRI 55 7 2 IOl 4 — A S5 9% [8] NULL .
A BREA B limited API F—3R45 o
3.9 Frihhe

PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
i ] Call a method of the Python X4 obj H i) — M J5 ¥k I Il AL E S H arg, Hoh k4 FR
name 1] Python “FAFER I R4

BCENER R G5 R 7 2e IOHl H— A 58 3% [8] NULL,
XA BRBUAS i limited API {)—3B4)
3.9 Bl Re

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwnames)
P — 0] 8 89 Python X% callable, [t )Z8 S vectorcall func f[E]. WIHE callable 37
¥vectorcall, W'E 4 BV FAEIAE callable F1 1) vectorcall pR%Y .

SR FI AR FEJ Wl — A R & [7] NULL.
X EREOA & limited API F—3B43 o
3.9 Frihhe

PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwdict)
P callable 3Ky GHEvecrorcall PRl e A58 AR AL E S5, H2 ERAF I kwdict JE
BN KBTS args KA RA S E S

TCVRAE N EREE AR NN, AR EAE A TSR TR, Ry 4 eI 7 B 2R 1 %
PSRN T, HECA A E SR T A B -

AN EREAS B limited API —3R45
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3.9 BRI HE.

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

i J] vectorcall ¥ A B K Vi — ANk o I ik FRPA Python “FAFHY name HTE 45 o 6 5 ¥
IXFGN args[0], T args B args[ 1] FFIRRIFR > M ARF NS L. WAt N2 D—MIE S
. nargsf A0HE args[0] TENHI AL B SBIECE, MR args [0 WMEAT BERI el 2 I 2 Fm L
PY_VECTORCALL_ARGUMENTS_OFFSET., XEFSE M NELEPyObject_Vectorcall () Hi—
FERLAE A
WRRXNRAA Py TPFLAGS METHOD_DESCRIPTOR Y, 1M R HCRF ] U I R 98 & i T i 4
FEFH o2 1 args vector fE RS HL.
HONEIRIEIZERL, fES IR Lt — S A IE ] NULL,
XA R B & limited API F—3B5 o

3.9 BRI HE.

7.2.4 P+ API

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

7.3 BrrbpiX

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

e 3.8 BUHE: AR 0 22— RG] 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. IR 0] ol . o2 #NNAIZER, AR LM, 1R\ NULL., 84T Python k=
ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[9] ol 1§75 02 HIZE R, TR LM, R[F] NULL. Z84F Python FEiA=
ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02 FHIFEMILER:, TR LM, 1&[H] NULL, 24T Python k=

ol * 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. i&[0] ol . o2 U FEFIEMZESR, WK, R[] NULL. 54T Python
kR 0l @ o2,

3.5 B fE.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 12[7] ol [&VA 02 [ FHECEHI(E, KGR A NULL, X% Python &
kol // o2,

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol DA 02 WIECH(E R EPRITOME, (R ] NULL. & [HH
" M Ao —HEE REOR Bt e M ] BE LA SRS i s i A SE 4. SR DA
TEAE AP B R[] —ANF S SRS T Python FikX o1 / 02,

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

Return value: New reference. IR [H] ol B:DA o2 83| 4%k, WL, iR[E NULL., 44T Python 3
ol % 02,
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PyObject* PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. Z:7%% N EHREL divmod () . WK, R[F] NULL., %4/T Python ik
K divmod (ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 125N E AL pow () o QZRKN, 1R[A] NULL. 48T Python Hii)3
KK pow (01, 02, 03), Hri o3 @Al WIREZM o3, WFHHLAry None fERHMRE (W0
RN NULL S RECRE NI o

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. 1&[8] o BIT{E, WNSRMG, iR\ NULL . 4+ Python Fik= -o.

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 12[A] o, WHJN, 1&[H] NULL . 4T Python k= +o.

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. iR 7] o FZEXTE, UKL, &M NULL. 84T Python 33k abs (o) .

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1218 o BI¥E AU JGROZE R, AR, &[] NULL. Z4rF Python 3%
B ~o,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol 7e#% 02 A HeARIGROZER , HRZeN, 1R[]l NULL. 24T Python
FkHK 01 << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 12[1] ol £5%% 02 I HAFIGHIZER , WM, &[] NULL . 44T Python
FiERX o1 >> o2,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. 1&18] ol Fl 02 “¥f75” MZER, WIR LN, &R[E NULL . 84T Python
FiER ol & 02,

PyObject* PyNumber_Xor (PyObject *0l, PyObject *02)
Return value: New reference. 1R8] ol Fll 02 “f#{RB” WILEE, R LK, &F NULL . 0T
Python ik o1 ~ 02,

PyObject* PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. IR [0 ol F1 02 “FZA7EY” BIZESR, WM, R\ NULL . 84T Python
kK ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. JR[8] ol . o2 FHAEEE, WL KM, 1R[F] NULL. Y4 ol £mt, XA
EEHBM A BTSSR . 0T Python if4] o1 += o2.

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. I8 [8] ol . 02 FHIAZE R, WHRLW, RE] NULL » 24 ol R, XA
R EEMHEMESER . F0T Python 4] ol -= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02* }Afeay25 R, 4o R k0, B W “NULL., % *ol ZIFH}, X
AEF M AR ST Python Hif o1 *= o2,

PyObject* PyNumber_ _InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 18 7] ol . o2 fi0E [Tyt Gy 4E 5, ey, 1R\ NULL . 24 of £
B, X EEEREHEMESAR . E0T Python if4] o1 @= o2.

3.5 B fE.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 18 [9] ol [&VA 02 5 FHBEEHISER, AR, &[H] NULL, 24 ol
B, XS R ML . ST Python ifEf] ol //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol DA 02 WIECH(E Y G PRITOME, (e R[] NULL. & [H1
27 ATME” B — R SR B R A UM s AN AT RE DA B RIRE B 2R I S8k IR 20T DA
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TEAG AP BRI IR ] — NP7 5B HB AR of SCREBME Sy B dT. MR T Python i
ol /= 02,

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. iR [8] ol [&VA 02 152 AI4%0, WSRAM, 1R\ NULL. 24 ol 30, X
MR HEHBEM N EMFLER . 50T Python iE/4] o1 %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 152 7] N B FRE pow () » TR, &[H] NULL, ﬂ:ﬁ ol I, X4z
HHBA MR . Y o3 2Py None I, {7 Python if4i] ol **= 02; HMAFMTHER
RALEMEAFLIRI pow (01, 02, 03) o WIREZNE 03, NIFE %‘/\Py_None (f£ A NULL £ 53
FEENAEVT) .

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol 1:% 02 AN AT IGIISSE S, WRKIN, 1R\ NULL. 24 of ¥R},
A BEEEE N A LR . ST Python if4] o1 <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [B] ol 55%% 02 ARG IS, TR &M, 1R F] NULL. 24 of ¥R},
X B HEE T SR . ST Python iE41) ol >>= 02,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. J{INWHR[E] ol F1 02 ” A 57 BILER., KMEHRE] NULL. fF ol Z35HY)
HIEE R ZEAER JRoeiAT. S35 Python i54] o1 &= o2,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. J{INIRIE] ol F1 02 ” #hi Fal 45 R, KIMBHR[E] NULL. 7E ol X
IR NIRRT ReedT. S5 Python iih] o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. W R [E] ol A1 02 7 #AVEY” FILES., KRIGEHRE] NULL, 7F ol SZ35HY
HIPE FIZBAERF B3 AT, 80T Python 4] ol |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. JIIW} IR [A] o $64 A BB G G ROZ5 R, RIGHT R [B] NULL. SET
Python FiA int (o) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. J{IHFIR A o B N iF ST E G 4S5, RIMBHR [E] NULL., 24T
Python F3iA= float (o) .

PyObject* PyNumber_Index (PyObject *o)
Return value: New reference ST IR ] 0 #5345k Python int 287U G R L5, G IR 7] NULL 5] &

TypeError #,% o

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. 112 M| 355 n %64 1% DA base "N BB FAFER G ZE R . XA base S5
W2, 8, 1083 16 . XTEE2, 8, 516, R HFAFHR 5 EEEHRH obr, ' 0o,
or '0x', IR n A2 Python H i REES ine 52, whICH PyNumber Tndex () FFE AR MUREEIE
A,

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

IR[m] -1

AR o HTVAREF: 5 Python 1] int fEHZE Py _ssize t HN&F| K OverflowError, N
exc ZHC/- NS KB 2K 8 B # N IndexError 8 OverflowError), M exc A NULL,
U5 5 2 I B I BAE 78 R (A B BN 9 359 2 PY_SSTZE_T_MIN ﬁﬁfﬁﬁﬁg&ﬁﬂﬁﬁﬁﬁ

PY_ SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
RE 1R 0 B—PRG L (FF nb_index fl{IEFEH] tp_as_number ZEHE), BUEAEH A
TEOLTFIRIE 0 IERER SR S BIIAT .
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4 JEAHR

int PySequence_Check (PyObject *0)
o e gt TR SBR[ 4, B WGRN 0. GIEREH ARG __getitem () JrikMY
Python KM 1, BRAFENTRZ dict E’J?%’é Ijﬂf DL JoVA G E X ﬁ%ii‘#ﬂﬂ[ﬁﬁ’%@%’éﬁ
BRI %%ﬁﬁjﬁﬁﬁo

Py_ssize_t PySequence_Size (PyObject *0)
Py_ssize_t PySequence_Length (PyObject *0)
FIWE AR MR [ 51 o FRORE R AGECE:, R IR ] -1, XA 24T Python %343 Len (o)

PyObject* PySequence_Concat (PyObject *0l, PyObject *02)
Return value: New reference. [N [E ol Fl 02 WIPHEE, IR [E] NULL, XZ4)F Python FEFik
H ol + 02,

PyObject* PySequence_Repeat (P)Object *0, Py_ssize_t count)
Return value: New reference. 2 [B] JF Xt 4 o B count IRIFLE S, Mgtk M) NULL, XZM4T
Python iAo * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference B IR A ol A1 02 BIHEEE, JRIGETIR ] NULL. £F of SZHEFHRE LT #
VERF Bk 5E . X5 T Python 3Rk ol += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1 [ JFF X 42 0 & count 1K
AR, RIGEHRE] NULL. 7E o SCRERUIE O FiZ4E S RaesE M. X4 T Python Fik o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. Ix[A] o FHSE i SIvEK, KIMEHR M NULL, X 4rF Python FEik=

o[i].

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. iR AP H X4 o 1) il 3| 2 WWY)J, KRR NULL, X484 Python
Tk o[i1:12].,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FEXG v RS o W56 i SICR . R &5 A R FTiR A -1; sEhEHRE 0, iXAHYT Python i
fjolil = v. MRREL REEUEXT v 5] H .

W2k v NULL, JTEKHMER, ERMRHEC S MmN Py Sequence Delltem ().
int PySequence_DelItem (PyObject *o, Py_. ssize ti )

MRS 0 95 i S ICR . RIGEFRE] -1, JXAH24T Python i541) del o[i].
int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)

FEFIIN G v (AL FFIR G o AN il 2] 2 P) . JXAH2S T Python i o [11:i2] = v,
int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)

IR F A S 0 BIM il B 2 Y] Fr o RIUsTIRIE] -1, 3XAH4T Python if54) del o[il1:12],
Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

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

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

Py_ssize_t PySequence_ Index (PyObject *o, PyObject *value)
RAIZE RG] *i*, K o[i] == value. 45}, iR “-17 . #H24TF Python ¥ “o.index(value)“&
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PyObject* PySequence_List (PyObject *0)
Return value: New reference. iR [Wl— A5 FXI5, HNAE S pH sl £ RS o M, R R
NULL. &[RRI R — DS . XS T Python %Kik 1ist (o) .

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. JR [l —Joxi %, HNA SIS ARG o MH, KIHHR
NULL. #2R o 7, WPRER B — A5, FEHARTE 0L R 60 4 N A i — oo X
LM Python IR tuple (o) o

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. B 55\ 58 1] BT E o {EHHAL PySequence_Fast* pREE AT %)
SR AR RA RTINS AT ERXT S, W5k TypeError 45 m VERIEE SCA . KRIMET

&[] NULL,

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

1§4 CPython [SEELANTT, Q15 o BERE—NTPINEF R, BRI E R E

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

PyObject* PySequence_Fast_GET__ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference JE o fiPySequence_Fast () #2[A H o A NULL, F#H id fEZR5|
JLE NP TR o B2 i 5 ICEK.

PyObject** PySequence_Fast_ITEMS (PyObject *o)
i [u] PyObject $54HHIR)JZ 4 . (RiX o HPySequence Fast () 3z H o A4 NULL,

T, WSS FEVREE AN, FF AT R RE 2 R E A7 items FRZH. PRI, (CFEP 1 VA B R TR S
SRR R T
PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1R 8] o W) 55 i A~ J0 & 5 7F 2< W W} 1% [B] NULL, It =X
tbPysequence _GetTtem() PR, BASKTE o FPySequence_Check () &K NE(H, th
AEX T HATIEE

7.5 WeSBp Y

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

int PyMapping_Check (PyObject *o)
TSRS G T WL SR SRR R R[] 1, AR W] 0. R E R A HA __getitem ()
J5 ¥ Python 23R M 1, PR R 7E 18 ﬁT?ﬁ{%ﬁﬁEﬂ%EﬁZ%E’J%*EA I BRI U S 2 Eh 3R
17

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
ST IR AR SR o ARt ECE:, RIRHR ] -1, XA 24T Python A3 1en (

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

Return value: New reference. 1&18] o X N T FAFER key (ITCER, B0 JS MR B NULL, iXAHY4 T
Python A= o [key]. HiES L also PyObject_GetItem().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXR o R A7 HR key WUFEIE ve MU IR -1, jXAH24 T Python ifih] o [key] = v. 7if
ZWpyObject_SetItem (). MCEEL RAIGMR v 15 1.

int PyMapping_DelItem (PyObject *o, PyObject *key)
MIFGE 0 HREBRI R key HYMREIS. RIGIFIR ] 1. XA 24 F Python ifi 4] del olkey]. iX

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

int PyMapping_HasKey (PyObject *o, PyObject *key)
R PR 5 B key WRIE] 1, AIRIE 0, XAH2 T Python ik key in oo IERELEE
ST
WYEBIE WA __getiten () J7 ¥ M) & A2 09 5 05 5 2 4 e k. R IO O i 9 I

FHPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TSRS 5 B B key MR [A] 1, FRNAR[A] 0. JXAH4 T Python ik key in o. MEERELE
SIS

WEBET N _getitem () Jy kWA % 42 B9 52 0 RF 2 000 M. AR IBURE R 4 59 K

FHPyMapping GetItemString().

PyObject* PyMapping_ Keys (PyObject *o)
Return value: New reference. {3}, 1R[FXFER o FRYEERIFFE. JIEEt, 12\ NULL,

TE 3.7 R R FEZ BRAH, BEeR R [ — 31 sl

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. I}, 1R [MXF4 o FMEIIFZE. JIEHt, IR [E] NULL,

16 3.7 M FEZ HICA T, B HGR Bl — 421 e -

PyObject* PyMapping_Items (PyObject *o0)
Return value: New reference. [}, RMINISR o FE&LH BN, HFPEANLHZE S HEENTH
JCH . AR}, R [E NULL,

TE 3.7 MR FEZ HICA T, BEeREGR [B]— 21 R soed -

7.6 AT

AR AR
int PyIter_Check (PyObject *0)
WX S o XFFERAF VORI EYE . IR B2 2 AT .
PyObject* PyIter_ Next (PyObject *0)
Return value: New reference. R [W A o I F—/ME. XTZ 002 HEAAY (XY i o 2 ok A

Wr) . GNSREA A FRME, WERE NULL H HARREFH5 . ﬁn%f%’ﬁv H I &4 T 455, 3R [E
NULL H HALZ#55 .

BOEREGERE — A DEER, C AU NI%E ARG

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

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

}

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

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

Py_DECREF (iterator);

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

}

7.7 Zzopbpil

TE Python H ] {ff Ji] — L0 G ok AR X IR 2 INAF R SRR 22 F Y7 ). LR G AL3E N B bytes Al
bytearray PAM—2l array. array AR LI, 55 =J7 R AT RE SN THRAR H BT E L E
ITA KA, BT E R PERIEE T4

FARXLEI R — R H OGS, (HENTRA t ] BRI A7 e IX SCRF I L FRAAE . A
BEREOLT, A B BT M G X T O RE RIS

Python PAZZ 7 #-i BTEATE C )2 AR IEXAERIIRE . BL M BI85 Thi:

o AEEERX I, BRI A A “Gh X0, AW ATTERIRZEZ X E R
W TR BAEZE F RA 28 ik —T

o AEWBE M, A LRIV TR X R a9 UG 2 B p st (BIan—InkmiE2) .

— LA I bytes Fl bytearray SUARINT WO ATFE NGNS, Wolfes I
MBI array . array BPATFHITERT DALS 1 H.

S B LR B B B — ) T2 SCPERF 400 write () D7k AR AT ARG g — B 50 7 A % 42 AT
PABEE AL BRI write () JriK R0 THE AT RAY R EAUR, HAbR 7%, W readinto ()
WERNER G ARR . Ze XE 1 A0 R 0] ARV A vF 2 B 5 U B8 X e 1

YT O RE AT S, AW 2ORIRE—A B BR S Zod:
o [ IEFSECRIIH Pyobject_GetBuffer () %L
s WHPyArg ParseTuple () (BHFIFHZ —) HAEA y*, wr or s* 44 X KA HFH—A,

TEXPIRSI T, UATREEGh XA PyBuffer Release () . MR MEMELRK, THESS:
SRR R, BN BT .

7.7.1 ZZohIX 4k

Geuh X5 (s ] AR N “buffers” ) XFFF5 B Bt M55 — AR ATF4: Python F2/7 S AR A -
EATE R CAAEZSE WG AL SR ENISIHATFIGE T, T AT 5 MR AT A Kcdli 22 9T 4 Python
FEIF . AR AR C 9 i — AR i AL, ton] DARAEAR 3 B AR e e 2 i T B A S
WA, B AT AR AL A DL N AR S S5 A i

5 Python AR AITHIR Z HEHRRIUAIE , Znp XA JgPyobject FREFTIE R B C 450, XMEAE
ITAT AR fey SR B @ AN S . MR E N enh X Eaz BRI, W RAGIE—A> i AL XK.
BRI g E I R RE U, S A h R 2. ERBRZEZ XX, HS

HlPyObject_GetBuffer ().,

Py_buffer

void *buf
F6 1) i 28 op X F B 1 2 5 45 M AR 38 4. X AT DA S H R IS 2 0 B DN A B o ) AT 4]
i, BN, fERAR) st rides {HATREFR R NAFHIPR R .

X Tcontiguous , SREE B, AEFE M NAFERAIF K.
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void *obj
XX EFGI . ZGIHAEHE TG, HHPyBurfer Release () BT IRE
A NULL. %5 B TARaTARIE C-APT pR LR [M1{H
VER—FR RIS, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
e temporary GEPIX, BB NULL, SlH, SH XS AEE I TE.

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

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

int readonly

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

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

const char *format
1E struct BB NUL F575 , ik AT a2y . a2 NULL, Rk "B ™
(EFFZF97) -
B PyBUF_FORMAT FRabdaiil .

int ndim
WHFRR A n R R, W2 “0%, bur R FRRAREENIH . EXMELT,
shape, strides fllsuboffsets P& “NULL",
% PyBUF_MAX_NDIM X KYEFEEBR G0 64, FHARF OGP X ANBR G, Z4Eg i X1
3 X RS AL P i % PyBUF_MAX_NDIM 4EfE.

Py_ssize_t *shape

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

Shape JEAR B ' U(E W PR EAE shape [n] >= 0. shape[n] == 0 X —{HEFHEEHIE
. BL2(E B Fcomplex arrays .

shape ZCZH X100 ) & K i H i

Py_ssize_t *strides
—MNRKEHPy_ssize t W ndim g5 BB B FATE AR BUCEEAS RO o & .
Stride 5 RECA FAGME AT DOAAR MBS X T A, IR R R, (H2 0 U2 fg
ISP strides[n] <= 0 WL . HE(EEHE Fcomplex arrays
strides £ 20X} HH Pkl 2 HIsEn

Py_ssize_t *suboffsets
— AN RJFE A ndim BRI Py ssize t . WIS suboffsets[n] >= 0, M n 4if7fif

245t suboffset (EEE T HEFRT I ZAATRE NN Z D551 % - suboffset Jy i fer, W]
PRGN (TEEE N #53)) .

WERFA TRt (RIZEHHGHTI ), M5 Bub iy NULL (BROAME) .«
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Python Imaging Library (PIL) H{f ffl T iX Fp 2B 52l 238 5 X W& [icomplex arrays K T fil
AT X AE— DB P TR TR

suboffsets 2 X0 FH & >k idd & A .
void *internal

Mt X G . Hean T BER S Ras AL — N, H T A — MR, ARPHTE SR o
R B 2 75 L URE ik shape.. strides F11 suboffsets $t2H . 22 X FH P RAHEIGZIE.

7.7.2 ZEpIX iR I

W, Wikryobject GetBuffer () WMfHXGR KiEZ M IXiEK, BIATHASZENIX . BT NFRZHE
GERE %, MRESAMRARESR, ol KM T flags 435 & Hap A PRI S op X HL{R LAY,

i Py_buffer FBIY i RISTAH & Lo

LR ICRM B

DR FBR Y flags W, 3 ELUAUS R IEMIGRIAT: obd, buf, len, itemsize, ndim,

Hi, A

PyBUF_WRITABLE
Pl readonly FEB. WRRE T, HHARF LRSS IX, BHRER
W BARE, WA T AR RS T S Z e X, (BT EE 1 A R o0 R AR
—F.
PyBUF_FORMAT
Pl format FB . MR E, WOAFIEFHIES L FE . HMFELT, BN
“NULL,
PyBUF_WRITABLE W PAFI R — 5 1 Br A #r & B¢ . B TryBUF_SIMPLE 3 LN 0, Jr
PAPyBUF_WRITABLE W DMER— ML HIbRE, TR — DR 5% X,
PyBUF_FORMAT A DA HIR T PyBUF_SIMPLE ZANIAEATHIRRS . JEH D AR T B (o 51y
) #%

JBAR, e, TR
P AT R SRR AL IR R s BT 51 . YR, RS S B T I A R .

HR ZNE
=] =] == n
PyBUF_INDIRECT = = MR I
= v NULL

PyBUF_STRIDES

PyBUF_ND =3 NULL | NULL

PyBUF_SIMPLE NULL | NULL | NULL
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PESE R

LA ISR C 2 Fortran it 22 , AMEAWALRER . HRALIRELR, Wb Xugi2 C-HELEH .

R IZENELER K ES

= = LL
PyBUF_C_CONTIGUOUS = = NU c

= = LL F
PyBUF_F_CONTIGUOUS = = NU

= = ab
PyBUF_ANY_ CONTIGUOUS = = NULL CHF
PyBUF_ND Sk NULL | NULL C

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

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

L ZNE: ME WL AU
PyBUF_FULL = o WARFFER | U 0 I
PyBUF_FULL_RO e R WERTGEENIG | U [ 1300 | &
PyBUF_RECORDS | e NULL U 0 =
PyBUF_RECORDS_RO | NULL U ERE
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO =R NULL U 15{0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 15 0 | NULL

7.7.3 SEHBA
NumPy-JUft: JBIRAIB R

NumPy XU 1B 445l itemsize . ndim . shape flstrides & X

Wk ndim == 0, buf FRMIMNFALERIRREN I/ N R itensize bR, XK, shape flstrides
#iH NULL,

Wk strides Jy NULL, WIEHARFGREREA— MRHER n 4 CIEFHEH. BN, JHRER T U
PERTRY Uik
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ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

W EFRE, buf A PARE I SEFR AR T AL ROL B B R AT DA T 3% o SRS A R i DX ) A R

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

imin = sum(strides[j]* (shape[j]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-JURS s AR, DR 1 s i

B T HEMIZ 4h, PIL KA IR IR P AL & dR 5L, WA R Bl X Sedg 41 A e B iR 4E L B —A~oe & . i
wn, W =4k CIESH4L char v([2] (2] [3] AIPABIER M8 2 A~ 45 2 4484 char
(*v[2])[2][3]. fTEFmMEERARY, X DIEE v AR ATEbuL FFL, 8PS ] DAL T N AFAT AR
¥ RY char x[21 (3] (4.

D2 EREL, M n ERGIITH 9 N-D A “NULL S KA T8 f i, Bk ol — -5t

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

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

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

}

return (void*)pointer;
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7.7.4 SEipIXHIG B

int PyObject_CheckBuffer (PyObject *obj)
W2 obj SERFZEP X B L, WLR[E] 1, FBIRE] 0. R[] 1 REARUEPYObject _GetBuffer () —
SET o AR R T A

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
6] 4 s 5 A2 ACIRTIOR, #5IR flags $8 € M INAIEIE view. QR i1 8 P A RESR LR A U Y 22
WX, sbMfihik PyExc_BufferError, WH view—>o0b3j A NULL Ffik[E -1,
ST, B view, K view—>obj BN exporter BIHTTIH], FFiRIE 0. MEEX G nh KERHERR T
FEEOREE 1B XRES, view—>o0bj AIPAG| HIZXTRITAIE exporter (5025 o X3 745 #).
PyObject_GetBuffer () Wi 5PyBuffer Release () [T, T malloc () Fl
free (). M, HHEBRETFHTEMNIX)G, PyBuffer Release () WhAURIERETEH—IK.

void PyBuffer_ Release (Py_buffer *view)
PR R X view F 3B view—>o0b] M5 T, %R AHE e vh KON P I B A RETR T, 45
IR BB A AR5 M o

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

Py_ssize_t PyBuffer_ SizeFromFormat (const char *format)
R itemsize PG format o QIARMEE, Sk IR -1,
3.9 B HE.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
R view 5 XHINTEE C K& (order 2fy 'C') B Fortran X% (order 2k 'F') contiguous 8{ Hif
— (order & "n"), WHRIE 1. FHWERIE 0. ZEREUE ST .

void* PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
FREUE E view NI indices FT¥R A NAEX I8, indices WhiliFg A —4 view—>ndim &5 |44

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf S HIESLH len AT view . fort A[PAE 'C B R (PN ¢ XMEEL Fortran X
BT ) o BEENEHRE] 0, gEiREFRE -1,

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre i len “EATE] buf |, WORTELLTFATRIIEX . order WPLZ 'Cr B Fr B AT (VT
C M#&. Fortran WASHINT S AERE—F) . MEOBHRE 0, HASHHRIE -1,

UL len = src->len W] M R HCRFAR AL o

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

45 58 AR contiguous FTEREUA (NS order F ' C ' WISk C KM%, U order >/ 'F' N4 Fortran
JRURE) HIEFE strides B2H , AFICE BA L E T

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

int flags)

A PR AR P B o DX R, R SRR AT R/INR len 19 buf , HARYE readonly 15 W] H 1.
bug WEREN — A TAT 5 A1
SR flags Fon i KINERL. ZRBUS 2L IR flag FRE M NEA view, BRAE buf ¥ i, FFH
flag i B T PyBUF_WRITABLE Ffi&.
LIS, K view—>0bi N exporter W51, Fi&[E 0. HN, 5| % PyExc_BufferError ,
¥ view—>o0bj o NULL, FfiR[HE -1,
SR MR E M gerbufferproc W—51, W exporter WhZiBE &R XSG, I HLAAAEARAE B i Ol
%1% flags. 5, exporter Whlizg NULL,
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7.8 [HZ: P

3.0 fiUs ERER.

X LR Python 2 H “IHZ P APL BIZLRES /. 7E Python 3 i, P CARAFAE, [HIXLEpR
BARE A FFLAERAE 2.x (ARG . BT AR 22 0F sl AR ERS, HEMIFAREZE PR
HH PR ) AR ARt T S R ) A i o 4
W, IR M Pyobject_GetBuffer () (MAMLGPyArg_ParseTuple () MEURMEM v* B w*
1% X)) KR — X RA K, ARG AT YO A PyBuf fer Release ().
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
AR [l —AN g ) o] AR TR0 A RS N AE L 85T . obf SRR B T A vz 11
ISR O, Kf buffer W NFFHIIETFFf buffer_len BN Gt XA . IR ] -1 B —A4>
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A [ —ANF a4 oA B AR 1) N i FR 5. ol SR SR LB AT BEGe i 1 o U
IR IE] O, Rf buffer B WAFHBIETE RS buffer_len By G KA. AR IR 1] -1 FFCE—4>
TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
W o TFF BB uh i IGR ] 1, FIGRE 0. MEREUEE S MIhIT.
T MR E S 22RO R — AR b X, I HAEVR X R R EIOM ) % A= 1) S s et . 24K
BUEAR RS M N S PyOb ject_GetBuffer (),
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR | —ANFE 1] W] H A FE B o obj SRR FABC AT Zenifie 1. IR ] 0, o buffer ¥ h
WAFHIAE TR buffer_len B IX KB . I R[] -1 FF X E—4> TypeError.,
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HARBIR R 2

A P 1 R BURR E T 28 Python X2, BRI S A EA AR — N B WREMN
Python FEJF AL E|— T4, (BAHE T B EHA IEFAEAL, M Se AT RA0 A Bilhn, 2K
TR G NTFH, A PyDict _Check (). AREMLEFIZAT Python XM “FKigh .

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 JEAXI S

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 Type X%

PyTypeObject
WG C 4544 H T4A built-in 2854,

PyTypeObject PyType_Type
BB T type XF4119 type object, ‘E7E Python JEA Al type EAHIFIIHE.

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

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

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

unsigned long PyType_GetFlags (PyTypeObject* type)
R type ) tp_flags M. WERECESRRC A Py_LIMITED_APL ({1 B R S 0 PRAE A
/> Python BATHUZ [AJPRFFRAE , (HXFcp_flags RYRITIFHFARZIR APL—& T

3.2 B fE.
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TE 3.4 HUEE: R PR AUIAE 2 unsigned long A2 long.

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

int PyType_HasFeature (PyTypeObject *o, int feature)
WEREAUNS G 0 BEE T HEME feature WIRHERAE . ZRAVRHE R B4 URH O AR R RN
int PyType_IS_GC (PyTypeObject *o)
USRI G AL X IR PRGN 25 ) SRR [ EE ;X SRR AR Py TPFLAGS_HAVE_GC.

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

R R AE LR 2R, XFEIWRE __subclasscheck_ () AXTE Db LW, 15
HPyobject_IsSubclass () FMATH issubclass () M FERE .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. 25T M tp_alloc FEAAE FHALFEAIHE . 58 ] Python BYERIA N
A3 FCAILIR A B — AN B SE B R T N AR 46 468 NULL,

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. 25BN 5 i)t p_new FEAL 8 A AL ARG . EF B tp_alloc fl
RS SE B

int PyType_Ready (PyTypeObject *type)
B BA—ARBNG . X BT A AR R AZE BT R Rt . R B Agi A—1 2R
R EIEAINE R R L. SRR E] 0, SURFE IR E] -1 &S — R

iR AR FLLEELR S T GC MO BT L B AR h R 4G Py TPFLAGS_HAVE_GC,
WRE B 30 A H AR S B GC P . AH o, SR e A0 A 2R AW AR ok
¥EPy_ TPFLAGS_HAVE_GC W'E &4 H CEid S cp traverse AR SZH GC i,

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

EZ W PyType_Slot.slot #F 1] H slot ZEUH.
An exception is raised if fype is not a heap type.
3.4 BRI HE.

PyObject* PyType_GetModule (PyTypeObject *type)
RIE S Py Type_FromModuleAndSpec () BIEIEHIR SR 45 H R AN 52 o
WAREAT RIRE 25 2 KRB, W E TypeError H4R M NULL.
I pR Bl O TR o T E M OB B W R X R,
PyType_GetModule (Py_TYPE (self)) A] e A & & 0] #i 1] i) 45 . Py_TYPE (self) HJ
i BHRERN A TX MTITEHFA-ELESH EREMEMBI P E LW, S
i PyCMethod T fEMMAI SR ¥4 8 TR o

3.9 B .

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

AR RBRE 24 0 B, Wi E TypeError JfiR[E] NULL.
W type A7 KIEHIEHUE IR NULL, WER NULL HOR G E 55 .
3.9 HriHige.
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G5t Sty e e 7Y

T R BN SR AT R B E L

PyObject* PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return  value: ~ New reference. Creates and returns a heap type object from the spec
(Py_TPFLAGS_ HEAPTYPE).

If bases is a tuple, the created heap type contains all types contained in it as base types.

If bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

module 2B 8 F Kl S 38 8 UHAE B . "B b 20— MR BR X 42 o NULL. SRR H
NULL, NZAE 2 B B 22 A e failiid Py Type GetModule () K3RHL. XA~ Bk
BRI TR BN MIEE.

MRS TEF R W Py Type_Ready (),

3.9 Fri e

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

3.3 Hge.

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

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

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

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

PyType_Slot
R A T RE RO AEHIGE L — ML 1D F— M4

int PyType_Slot.slot
flifiz ID,

iy ID 1 K K% B B 45 W KPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods HMPyAsyncMethods W F B 44

Ffin—A> Py_ HiZR. ZEBISKUL, fA:

* Py_tp_dealloc KB PyTypeObject.tp _dealloc

* Py_nb_add iX&PyNumberMethods.nb_add

e Py_sq _length X B PySequenceMethods.sq _length
TANFESGEETEM Py Type_Spec FlPyType_Slot FigH:

s tp_dict
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e tp_mro
* tp_cache
* tp_subclasses
* tp weaklist
* tp_vectorcall
e tp _weaklistoffset (Z:JLPyMemberDef)
e tp_dictoffset (& JL,PyMemberDef)
e tp_vectorcall_offset (&, PyMemberDef)
THNFBAEZIR APL N A Py Type_spec MPyType_Slot RBLHE:
* bf _getbuffer

e bf releasebuffer

WH Py_tp_bases B Py_tp_base fEH:LE-P- & FATREL A M. T k6 )2,
EMH PyType_FromSpecWithBases () HJ bases Z4{ .

TE 3.9 U k: PyBufferProcs WAL AT RS TEAZIR APT Hhiglis i

void *PyType_Slot .pfunc
AL TUIE . TERZEEI T, 52— m m B a4

May not be NULL.

8.1.2 None %%

LR, None [Py TypeObject A HAEAE Python/ C APL 130T, HIT None Jg £ fll, X RARA
(£ C il == ) WEM T. dTRFEMER, B PyNone_Check () 4L,
PyObject* Py_None

Python None X5, FIRERZ(H. XMMREAT L. EFHFZBRT LA BT AR R .

Py_RETURN_NONE

IEHRALBER F C BN Py_None iR i) (ALY, Wi None B3| HITHHHOFRIHIE. )

8.2 BfiX%

8.2.1 BN 4

JIr A R B B T DM B I KRB R R

A2 BB, K Z M PyLong As* APLIE[E GRIFIEM) -1, ¥k 5 M 47 K5 T k. Al
HPyErr Occurred() X4y,

PyLongObject
7R Python BRI R Pyobject THRA,
PyTypeObject PyLong_Type
XA PyTypeObject HSEBIZFIR Python R, 55 Python 1Y) int A,
int PyLong_Check (PyObject *p)
puES [:Eﬁf%éﬂlmPyLongObject B PyLongObject W) FRAINR M EAE. MR E 2 2 mh
175

int PyLong_CheckExact (PyObject *p)
ﬁﬂ%,\/éﬁl%?PyLongObject BARZPyLongObject W FRBNGRIN FEME. HREURIZE S
AT
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PyObject* PyLong_FromLong (long v)
Return value: New reference. } v & [Bl—AN#i Py LongObject N4, JMmR[H NULL .

L HIHY LA — BN REEH, 5 -5 M 256 Z T ARE R . AR — M T K
IR int B, SEPRAREIRR2 X EA R G5 .

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. 1] C unsigned long ZRELRE|— N PyLongObject X4, KIK
Ashi& A NULL

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. )\ C Py_ssize t 2EBLRE—NHIPyLongObject X4, WK

D3R /] NULL

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. M. C size_t i1k N PyLongObject XF4, 405 4% ) &
NULL ,

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. ). C long long iR —HiPyLongObject X4, R IR [H] NULL

o

PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)
Return value: New reference. ) C unsigned long long iR [E|—ANHiHjPyLongObject %4, 2
IR [B] NULL &

PyObject* PyLong_FromDouble (double v)
Return value: New reference. M v B3R 8]l — N PyLongObject X4, H1IR 4 )ik [5]
NULL

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. T31E sor F4FER{HIR Bl — PN PyLongObject , base & &E¥. W0
R pend A2 NULL , /*pend $¢4 1] str v 275 33X A B T 40 1) 5 T 1) 26— DA 4 2R base 2
0, str X5l [] integers 5& SORMERE; TEXFIHFAT, */I\EIF%E"Jﬂ“iEﬁ?‘J%IqJE'J HISFE251 K —4
ValueError . QIR base i 0, BAHILE 2 fl 36 Z[A], (3% 2 F1 36, FECULHAT G A B
ZIMHI S TR 20 . AR AECT, K5 K valueError.

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. - Unicode o7 51446~ Python B850(H .

Deprecated since version 3.3, will be removed in version 3.10: |Hf¥Py_UNICODE API f—3B4y; i 1E#%
FFf PyLong_FromUnicodeObject () o

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 54558 u W11 Unicode 0751554~ Python 380{H .

3.3 B fE

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. M\35%} p Bl @—> Python 3%, W PAFflPyLong _AsVoidPtr () iR[H
MIFaEHE -

long PyLong_AsLong (PyObject *obj)
& 18] obj 1) C long Kk . W obj N @PyLongobject BB, MM ER __index__ ()
B __int_ () H¥E (WRA) RHEE N PyLongObject o

s obj E‘Jﬁ?ﬁﬁﬂjT long L[, &5k OverflowError.
KAEERBHRE -1 . [ PyErr Occurred () gl L.
TE 3.8 U AR AT PR __index_ ().

38 URCBIR: _int__ () CHGHH.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
1R[] obj ) C long Fik . W obj RidPyLongObject BYSEH], SEMAEM __index_ ()
B __int__ () ik IRA) FHF N Py LongObject .
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W obj FIEKT LONG_MAX 5{/NT* LONG_MIN, WA *overflow 43 5 #H “1¢ 8 -1, Ha&[H] 1;
I, R *overflow Bh 0o WERAAFMRHE , WLHLHIIE *overflow B2y 0, FFiRIE] -1,

KAEEARBHRE] -1 o [l PyErr Occurred () FejHs L,
TE 3.8 MU B ansR T R __index_ ()
38 UGB __int_ () D¥FAH.

long long PyLong_AsLongLong (PyObject *obj)
Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongOb ject.

W obj {HABH 1long long , filik OverflowError
KAEEARIHRE] -1 . i PyErr_Occurred () i L.
16 3.8 U AR AT AR __index_ ().

38 URCERR: __int__ () B8

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Return a C 1long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or__int__ () method (if present) to convertittoa PyLongObject.

TR obj I{ER T LLONG_MAX Bi/NT* LLONG_MIN, NHEHHHKS *overflow 43 HIEH 1 B -1, FHikk
o] -1, W *overflow B R 0. GIARAM & HAM ST 5 “overflow E>H 0 Fa& [m] -1,

KAEFEARRHRE] -1 o il PyErr_Occurred () ik X,
3.2 BRI HE.

TE 3.8 B AR AT AR __index_ ().

38 MG __int_ () EWIFEA.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
R[] pylong ¥ CiEFE Py_ssize_ t JE. pylong Wilj&PyLongObject By,

WS pylong BB T Py_ssize t BYHTEFENISE| % OverflowError,
KAEFEGRINRE -1 o il pyErr Occurred () HRIHE L.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
i’ 8] pylong ) C unsigned long JER. pylong VWi Z&PyLongObject IS,

W pylong HEABL T unsigned long WE{ETEE N <% OverflowError,
H 48R (unsigned long) -1, WA PyErr_Occurred () FREUEAME L.

size_t PyLong_AsSize_t (PyObject *pylong)
1’ [\ pylong i) C 155 size_t B, pylong WIEPyLongObject 5L,

W pylong WEHMH T size_t MBETEREIN25| % OverflowError,
MR (size_t) -1, MM PyErr Occurred () RBUFEANE E .

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
&[4 pylong /) C &5 unsigned long long ER. pylong Wiis&PyLongObject HISEH.,

W pylong F{EAR Y T unsigned long long WEUEIGLFHINSE| % OverflowError,
H4ERHR[E (unsigned long long) -1, i PyErr Occurred () FREFEHMIE L.,
TE 3.1 JREE U BAE pylong RTES % OverflowError, MASE TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obyj)
R[] obj i) C unsigned long F/RENX. UK obj AigPyLongObject WISEBI, & SeiH A H:
__index__ () B{__int__ () ¥k (WCRARIE) $HFAPyLongobject,

A4 obj EMEH T unsigned long YER, MR [FEHZ{EXT ULONG_MAX + 1 KELAYZE(H.
HEERFRE] (unsigned long) -1, WHHHAPyErr_Occurred () ey E AL,

82 Chapter 8. Hikx %2



The Python/C API, %1 3.9.18

1E 3.8 CHE R W AT AR __index_ ().
38 MEERE: _int_ () EWHH.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
iR ] obj B) C unsigned long long FREI. WS obj NEPyLongObject B, N4
JAF: _index_ () B _int__ O ik (WRAWIE) R NPyLongObject.

s obj BMEHH T unsigned long long BYEH, WERENZ{EX] ULLONG_MAX + 1 RAHK)ZE
H.

HEERHRE] (unsigned long long) -1, A PyErr Occurred () R E A4 b H,
TE 3.8 RO B WA HRAE A __index_ ().
38 MUEEMER: __int__ () EFHFH.

double PyLong_AsDouble (PyObject *pylong)
R[] pylong ) C 15 F double B3, pylong Wbl PyLongObject HISLH.
R pylong B T double HHUEIEHIN L] % OverflowError,
HETIFIRIE 1.0 , R PyErr_Occurred () PERIEAA A,
void* PyLong_AsVoidPtr (PyObject *pylong)
i — A~ Python FEEU pylong ¥ 48 C 1B F W void 54, W pylong Joik55 ¥, 2 fil &

OverflowError, X HBIRIENPyLong FromVoidPtr () Bl2MMET A — &N void 35
£t

AR NULL, R PyErr Occurred () BEAIEART

8.2.2 fi/RX%

Python H A R(E A N BB T RLH . R Py_False il Py_True WM/RME. HIL, IEHEH
UM R REAE T T /R M. H2, FHEAA.
int PyBool_Check (PyObject *0)

WA 0 2ELN PyBool_Type NERMIE(H. M RELE R BIIAAT.
PyObject* Py_False

Python [] False XMREAIEMITEL, BFFEMHAXSR—FEE0HT ] T4
PyObject* Py_True

Python [ True X GEAEATI, BT EFHAXS G —HEEIE5 ] L
Py_RETURN_FALSE

MR BREl Py_False W, FHEIEIERTIHTTEL.
Py_RETURN_TRUE

MEHGRE] Py_True I, FREIGMERNTIHITEL.

PyObject* PyBool_FromLong (long v)
Return value: New reference. 1R v ISEPR(E, 1R[El—4> Py_True B{(F Py_False H#H5|H.

8.2.3 {FXES

PyFloatObject
XA CEAPryobject BTIAAEK—4> Python 7 il 42 .

PyTypeObject PyFloat_Type
RENET CRAPyTypeobject HIFK Python i SR SLH. 7E Python EHIHYRA float
K [d]— PR R .

int PyFloat_Check (PyObject *p)
IR ERNBHIE— A PyFloatObject F# PyFloatobject [ FRABNIRE FAE. Ik BUE 2
ST .
pay
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int PyFloat_CheckExact (PyObject *p)
IR ERSHE—PyFloatobject HARPyFloatObject I TIRAMR B EAE. IHAREUE
e MIINAT .
PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. 1RIEFFFER sor IEBE— A PyFloatObject, KB [E NULL,
PyObject* PyFloat_FromDouble (double v)
Return value: New reference. {34 v f|f#-—A~PyFloatObject X%, JMMtiR[H NULL,
double PyFloat_AsDouble (PyObject *pyfloat)
i 1] —4~ C double UK pyfloat BN %E. MR pyfloar A Jj& —A> Python I i B R H g B A
__float__ () Jrik, WIEFFE W, Ff pyfloar el li— MR R __float_ ()
RE XN ELR 2R index (). WIRKW, My ERRE -1.0, KU K H Y 245
M PyErr _Occurred () RMerikiz.
TE 3.8 U AR AT AR __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Bl —A~ pyfloat W) C double o, (HBA H AR .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. iR [i]—A> structseq SZf, FHor 545 3¢ float NS, S/ IME A KAE Y
FE. BRI float . h AR

double PyFloat_GetMax ()
3 [ 5 R AT R AT BRI % DBL_MAX 2}y C double .

double PyFloat_GetMin ()
1R 5] 5/ VAT R IH— AR IE V% S8 DBL_MIN “fj C double ,

8.2.4 LHNS

M CAPLE, Python [{5 B 4 A [l (9 7B 7 SE B : —~J& 7 Python F2/7{#1 1 1) Python X4, 7341
o — MR E IR B C g5k fk. APTHOL T s BCE FRIERE .

RSB C giktk

TR R X S S R AV E A SO U R g e 5, #e e “E A 25 HisE. 1t
FILNIE T2 APL

Py_complex
R — XY Python S B0 R YAE T C Z5MI A, 2 R 73 Ak BIAZ BAO0 5 1) e J30HT i S 2R )
SN R A BCE R, e T SO

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

REIPHAZ LA, ] CRBPy complex iR,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
R E AR 22, ) C2RAPy complex IR,

Py_complex _Py_c_neg (Py_complex num)
RS2 HL num W 5E, H] C Py_complex K.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REIPAEZE R, B C KR pPy complex F£n.
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Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R E AN BN TRT, H C2RAPy complex IR,
W divisor Rz, I ITTEIREIZEHKE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
IR B num ) exp K&, i C2EHBpy complex TR
A0SR num SR 75 H exp N2 IESER, XA AR5 errno iy EDOM,

58 Python X4

PyComplexObject
XA CRApyobject (1§ AM L —A Python HKA .

PyTypeObject PyComplex_Type
XEMNET CEAlpyTypeobject KRFE Python ZEZEAIF)SLHI . il Python JZH )2 complex
S [d]— PR R .

int PyComplex_Check (PyObject *p)
MR ERSBIR— N PyComplexObject B PyComplexObject FRANIR M EAE. HRKEL
o2 INIAT .

int PyComplex_CheckExact (PyObject *p)
IR EMSER—PyComplexObject ARZEPyComplexObject BT RANLR M FE. B
B 2 T

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. ¥4t C 2581Py_complex HIEAE K—1 A Python & 5% 4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 1R real Fl imag 12 [A]—/ N C 5B pyComplexObject R4 .

double PyComplex_RealAsDouble (PyObject *op)
PA C 2% double iR ] op [HISEHER.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 257 double ik [Al op B REF.

Py_complex PyComplex_AsCComplex (PyObject *op)
R E op W) C 2B Py complex {H.

Wk op ANjg—A> Python ZHA%, HIEHA __complex_ () bk, WHERELHMAM, ¥
op Fh—A~ Python BHO S, W1 __complex_ () A& XJFKFFEHRE _ float_ (), R
__float__ () REXNPEFELEEZE _ index_ (). WM, 7 ERRHRE] -1.0 fER5e%(E.

e 3.8 R AR AT IRFEE __index_ () .

8.3 JFHIX S

FPAIR G — B AE T — T e 445741 Python i 5 B IR E RN PSR A
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8.3.1 ‘it %

XL R B B P — AT RS E A T — MRS BRI 251 % TypeError,

PyBytesObject
Xfpyobject HTIAKR—> Python FATXIR
PyTypeObject PyBytes_Type
pyTypeObject KB R —1 Python F2EA, 7& Python EH'EYH bytes @HFXIR.

int PyBytes_Check (PyObject *0)
WXL 02— bytes MR E bytes JAURY AR SN NR M B . I pR B 2 2 BT .

int PyBytes_CheckExact (PyObject *0)

WARXTS 0 Z—A> bytes MR EAJZ bytes LAY T A S5 R B FLAE . 1R BUE 2 2 B
7.

PyObject* PyBytes_FromString (const char *v)
Return value: New reference. WIS IR [l —A>PAFAF R v BRI AR H 77 R4, R I 3 ol
NULL. JEZ v AW NULL; EASHRA.

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. I} iR [l —NPAEARFER v R A HAE B BE R len BB FA B4, 2R
kiR [] NULL. 403 v 2 NULL, WEARIIR AL 7T HR X G A

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 15—/~ Cprint £ () KA&H format AR AT BB, TTE 45
S Python 45 FR TG B RN IR B S EE A AL JG I T R 5. TR B i S8 i o C
R HAUE IS format “FAFER TP RS SRR R . SRV R AR AR

kA FEAF | R HRE

%% & L% FRF

$c int — AT, BN C il A

sd int MY T printf ("sd") .t

$u AR | M4 F printf ("su") .

$1d KRy MY T printf ("$1d").!

$1u A5 KA | 4T printf ("s1lu").!

$zd Py ssize t | #H¥MT printf ("%zd").!

$zu size_t MM T printf ("szu").!

%1 int MY T printf ("sim).t

$x int MM T printf ("sx").!

$s const char* PA null 52 1F5500 C FAF54 .

$p const void* —A CHREY T NHERI R R B . BASM T printf ("sp") (H
EEWAAATEE 0x 3k, NMERGET-E L print £ Mk H 2
75

TER R AR P & FEC T R T WA IR R R R SRR, I B A 24
IS8

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5PyBytes_FromFormat () 5e4FAE, BT EFEEHNZSE.

PyObject* PyBytes_FromObject (PyObject *o)

Return value: New reference. 112 [B| 537~ SEILZE ih X P SLII X 42 *0*,
Py_ssize_t PyBytes_Size (PyObject *o)

R ARG *o* AT
Py_ssize_t PyBytes_GET_SIZE (PyObject *o)

AR PyBytes_Size () {H@ AN AR o

PRTRBEAE (d, u, 1d, Lo, zd, zu, 0, x): SEYHOREEE, O BEARE A RN .
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char* PyBytes_AsString (PyObject *o)
RIS o Y NZS I FaEL . ZF8EHE M o MINERZPIX, HP & len (o) + 1MF1. X
WG N F RN, PEREAAEHAS TN . REIEA I EATE AR Bk, BRIEZH)
ffi[f] PyBytes_FromStringAndSize (NULL, size) B)EHZX%E. EAATHHEESE. WE o
RARNR—ADFATRERXR, MryBytes AsString () ¥k NULL H5| % TypeError.,

char* PyBytes_AS_STRING (PyObject *string)
AR PyBytes_AsString () (HEANHHE K

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
T AL H A B Duffer F1 length 3R 101 DA null Sy 28 IEAFHIRTR obj HYNE -

U2 length 23 NULL, F R GOl & AR 277 RS, WZRECRR I -1 51 %

ValueError,

R DXARI) obj ISR, BRREMES —MEMNIE T ORBEAE length 247 ) o 2B AT
IR RSB, BRIFRWI# ] PyBytes_FromStringAndSize (NULL, size) BJEHZXT
o BEANHHEHC. QIR obj AN R —DFATEREXNG, MPyBytes AsStringAndSize ()
Frig Ml -1 H5| % TypeError,

1E 3.5 BOEHE: DART, 2475 Rt g b i B AR 257 15| & TypeError.,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
TE *bytes PRVEFIFITERRS, HAWEEIE] bytes 1) newpart WINZS; W F-REHRAFH 05|
o X bytes JFAELRS I FPFFRI R . Q2R TCEAIERRT G, ) bytes BYIHG AR 55 H. *bytes i)
ERFE N NULL; PR I 41 53

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
g *Ibyteir ;;ﬁﬂi%?ﬁﬁﬁ‘] FAERGE, HAP WS ININE bytes ) newpart NEE . MIRAS 280 newpart
A5 TR

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
BUBFATER /N — O, R ORAIASX " oy AU TR By g
AT ERAE AR Y AR 23 C AU AT 75 2 AR A5 SRR R 5 U TR S — A
M MRECR A . 2 A— D BEFAT R R HAEAE R value (ETFRESHEEA), HAEAGENH
KA BRI, *bytes FEAFTIISUE R/ NGHIFATER XS RIFIRIE] 05 *bytes g ik ] BE-5 Hodg A M
Al QR IECRM, W *bytes 735 ER X RGBS AL, *bytes 2GRN NULL, [}

XHE MemoryError Hik[E -1,

8.3.2 “FHIBAINR

PyByteArrayObiject
XAPyobject B THBHKR—> Python FHr 4R R .

PyTypeObject PyByteArray_ Type
Python bytearray Z5FIZE /R NPy TypeObject MSLH]; X5 Python Z1E ) bytearray & 4H [ X
%.

PRI

int PyByteArray_Check (PyObject *o)
IR G 0 j&—> bytearray X G2l ¥ bytearray JEA () 1A i SR [0 FLAE . 0 pR ERLE 2 22
T

int PyByteArray_CheckExact (PyObject *0)
WA G 0 32— bytearray XFG{HAZ bytearray 281 IRy S IR [0 ELAE . U BRI 5L
ST -

i
Dl
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% APl i

PyObject* PyByteArray_FromObject (PyObject *o)
Return value: New reference. #RAFATATSEE T 2% o R0 BIRTS o, R Bl— A0 75 B AH X 42

PyObject* PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. 34 string It HAKCJE len B8 — 1) bytearray XF4., 24 2 Wit i (1]
NULL,

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. JEHEFT4E a F1 b FHR Ml — 58 G5 R T 5 804 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
TEAR A NULL 5341 ik 1] bytearray BR/]N.

char* PyByteArray_AsString (PyObject *bytearray)
TERLA NULL $541 53R 1 4F bytearray 3R [ 5 —ASFAF R o iR [l RO SR S I — BN =2
T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
FF bytearray 1] NFRZE M DX R/ NREE A len.

o‘:.

XL VA IBUERE , BN AR
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ PyByteArray AsString () WIZEMAS.

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C ¥ (PyByteArray Size () WA .

8.3.3 Unicode %} % MIZifirid 2%
Unicode %4

M python3.3 H1523] 7 PEP 393 PA3K, Unicode %475 Nl I & MdonIER, PAEAERI NIRRT
[F] ISP AL P 52 345 T ) Unicode T4 . X FiA AU S AR T 128, 256 BF 65536 [ F4FH:, A Ludhikls
By L ARAD ST 1114112 (X2 52 %817 Unicode JEH ) .

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

HiI T 1H APLHUHT APL Z [ 4, Unicode XI5 AR AR T IIMORES, X B T E AT A7 3
* “RIJE” Unicode %15 /& H13E 5 ) Unicode APT 6T A X5 . AT A SE3 T Fuv/r iy A A
TR
e "legacy” Unicode objects have been created through one of the deprecated APIs (typically

PyUnicode_FromUnicode ()) and only bear the Py UNICODE* representation; you will have to
call PyUnicode READY () on them before calling any other API.

{Ef#: 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 2371

PAF 52 3T Python " Unicode SZFH) E A% Unicode X4 25H

Py_UCs4

Py_UCS2

Py_UCS1
IXBEAY R TOAT S BRI B A ), HTEFE R AT AL 5 32 467, 16 fiFl 8 i fF. MUiREAL
P EAA Unicode 450, Wi Py_UCs4,
3.3 B EIHE.

Py_UNICODE
X2 wehar_t BRALUE L, HAEF-GRRFEE AT GER 16 72845 32 {72821,
TE 3.3 BUEMC ZERART A, X2 16 728 BUA 2 32 (288, X B P T 5 FE A0 i S R 1) )2

1Y =<}

757 ihSE “Sa” Unicode HUASHY) Python,

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
XX T Pyobject T REZEKIR T —4 Python Unicode ¥} 5. TEJLTFIARIET, BITANIZH
HAREM, PN ALRE Unicode X421 APT R ECHR L ZH R Bl Pyob ject KAMHRE .

3.3 B fE.

PyTypeObject PyUnicode_Type
XA4PyTypeObject SEffLFE Python Unicode 257, ‘EAEHN str A FF4 Python fLHY.

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *o)
WERXFS *o* /2 Unicode %425} Unicode F-2RAL LM, MR[E “H”. IEREIRZ .

int PyUnicode_CheckExact (PyObject *o)
WERXIGE *o* /2 Unicode X4, {HAR T-RANEH, MHRE] “E”. MEREILZ ).

int PyUnicode_READY (PyObject *0)
BPRTFAFERRIR *o* AL T B FnIBale FEfN NGB RET YT E 20, X RAH.
Returns 0 on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 B fE.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *o)
i& 7] Unicode FAFARICSE (DARRD RO EAAL) *o* bl “FIE” #ikJr b Unicode X5 (R
).

3.3 B .

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)

Py _UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *o0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_ KIND () to select the right macro. Make sure PyUnicode_READY () has been called be-
fore accessing this.

3.3 B fE.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
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PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
iR [B|PyUnicode KIND () ZHI{H.

3.3 FrhR e
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND L g5 .

unsigned int PyUnicode_KIND (PyObject *o)
iR [7]—~ PyUnicode ¢ (I 13C) , #57R1E Unicode Xif 52 I T 77l H B0 i B4 45 10 74 8
*ot AR “RIFE” kAT Unicode X% (RikHr).
3.3 FrhfE.

void* PyUnicode_DATA (PyObject *o)
iR 145 1] J5 4 Unicode ZEif X247 *o* A2 “HIYE” FKikJr=\rh i Unicode X4 (Rik).

3.3 Hge.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not
do any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point
value which should be written to that location.

3.3 BRI HE.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
MIRFEFR IR data (AR A PyUnicode DATA () BRI W — AL A RATHE 2 Bl 25
Mo

3.3 FrihfE.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *o0, Py_ssize_t index)
M Unicode %15 o B — A4, AT “BUE" Fom bk, WARARINTITE WL SR IS
B RHET PyUnicode _READ () .
3.3 B fE.

PyUnicode_MAX_CHAR_VALUE (0)
RPLE AT HET *o* QIS — DN PR R R RIS, AR OAHE e RE . X
Lol EHAEFATE FIEATEARL.

3.3 B fE.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: |[H=\, Unicode API [i#j—3%R4y, 17 3l
M PyUnicode_GET_LENGTH(),

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *o)
Return the size of the deprecated Py UNICODE representation in bytes. o has to be a Unicode object (not
checked).

Deprecated since version 3.3, will be removed in version 3.12: [HX; Unicode API f—#R4y, &A% 5
M PyUnicode_GET_LENGTH(),

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *0)

const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to
be truncated when used in most C functions. The AS_DATA form casts the pointer to const char *. The
o argument has to be a Unicode object (not checked).

JE 3.3 B ¥ 2: This macro is now inefficient -- because in many cases the Py UNICODE representa-
tion does not exist and needs to be created -- and can fail (return NULL with an exception set). Try to
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port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode_ WRITE () or
PyUnicode_READ ().

Deprecated since version 3.3, will be removed in version 3.12: [H3\, Unicode API f{)—3B4), &2l
Jil PyUnicode_nBYTE_DATA () .

int PyUnicode_IsIdentifier (PyObject *0)
R AR BRSSO SCR ATEMAR AT R A 1, 20 identifiers /ViY. 73R ME] O,

TE 3.9 JRE M A0SR AT ER M AR g W R B S Rl Py _FatalError ().

Unicode 745 )@k

Unicode $2HE THFZ AR AR . Bl 75 200 722 0] PAE X 28 223015, X 28 22 M4 Python g W5
) C s
int Py_UNICODE_ISSPACE (Py UCS4 ch)
HR¥E ch B N2 AR M 15 0,
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
T4 ch 2 A/ NG F4FRE 187 0.
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
WA ch 2 H M KEFRAHRE] 180
int Py_UNICODE_ISTITLE (Py_UCS4 ch)
T ch 2 AbrEb KNG [\ 188 0.
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
fdiE ch B AT R AT IR A 185 0.
int Py_UNICODE_ISDECIMAL (Py UCS4 ch)
T ch 2 - HaEHEE AR M 1 8 0,
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
FdiE ch B RES R FA4FR A 185 0.
int Py_UNICODE_ISNUMERIC (Py UCS4 ch)
Rl ch 2 B AR FAFRE 1 8 0.
int Py_UNICODE_ISALPHA (Py_UCS4 ch)
fdiE ch & R R FAFIR A 188 0.
int Py_UNICODE_ISALNUM (Py UCS4 ch)
Tl ch 20 RSP AFRT 1300
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)
R4 ch 25 A AT FT EDFAF R 1] 1 5 <0 RATHT Bl 4 2 $8 7E Unicode 74 £l i 2 b 4 2
“A”Other” Y "Separator” [/ <F4F, Bil4ME L2 ASCIL 25 4% (0x20) i 40-4 vl 4T EJE4F . (B AELL
B T AT AT R I U E A B R repr O BREAN B LER. EMNFMAEBA
sys.stdout B sys.stderr IrERALIETLX),
X8 APT R T PRt B A 4G -
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
R AR NE T X B FEAF che
3.3 UG TR R IRR A 7 BRI R N L
Py_UCS4 Py_UNICODE_TOUPPER (Py UCS4 ch)
R AR KR F TR X FAF che
3.3 WG CR R 1 pR I 1 B R NE L
Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4 ch)
1R A R AR R NG TE A AT che
3.3 UG R R I pR B T R R NG L
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int Py_UNICODE_TODECIMAL (Py UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py _UNICODE_TODIGIT (Py_UCS4 ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This macro does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.

X4 APT R 5 o B A 2L -

Py_UNICODE_IS_SURROGATE (ch)
Kl ch 25 UL (0xD800 <= ch <= 0xDFFF),

Py _UNICODE_IS_HIGH_SURROGATE (ch)
K ch 235 NE AAHHI (0xD800 <= ch <= 0xDBFF),

Py _UNICODE_IS_LOW_SURROGATE (ch)
K ch 285 MG ERT (0xDCO0 <= ch <= 0xDFFF),

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.

GBI FIin Unicode 2473

LAIE Unicode X R HEA S @M, 51X APL:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. Bl|7E— 1~ Unicode X} 4 ., maxchar .k 0] A 45 £ B S5 bR B K
o AER—ANERUE, BEWgm B ARFH] 127, 255, 65535, 1114111 42T H(E .

XA EL T Unicode SR IRHERE T2 o A8 I BR BRI 22 O % 5 8 AT 028 /)N
3.3 Hge.

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. DA %45 & W kind B 7 — 4~ # ¥ Unicode *f 4 (W] fiE i &
*NPyUnicode_ 1BYTE_KIND %, BlPyUnicode KIND () FriR[EWIMHE) o buffer W75 5 11 B I
SRR, DML 1, 2 8 4 FA5 BRI size K/DIELA

3.3 B

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as
being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value
might be a shared object, i.e. modification of the data is not allowed.

If u is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. ¥4t UTF-8 #itid i) DA S (B 45 K i F A7 01 X u Al @ — Unicode %4 .

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it.
The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClII-encoded string. The following format characters are allowed:
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eSS R

%% i€ ) LF % FAF o

e int PAFERF, Rk Cihs E ELE

5d int MM F printf ("sd").t

Su unsigned int FYT printf ("su").!

$1d KA H%4F printf ("s1d").

$1i KA LT printf ("s1i") .

$1u unsigned long MX4T printf ("s1u").!

$11d long long FHYSTF printf("$11d dmy T

$11i long long M4 T printf("s11im).]

$11lu unsigned long long M4 T printf("s11u").!

$zd Py_ssize_t MX4T printf ("szd").!

$zi Py_ssize_t MY T printf ("szim).T

$zu size_t MX4T printf ("szu").!

$i int MY T printf("sim).t

$x int YT printf ("sx") !

$s const char* PA null 52 FAFH) C 455504 .

$p const void* —A~ C o5 TSR R E R . EASN T
printf ("sp") (HESHRATHE 0x 3k, RERS
P& b print £ R4

SA PyObject* ascii () JEHMKSERE.

U PyObject* —A~ Unlcode RER

SV PyObject*, const char* | —~ Unicode X} 4 (7] Pk NULL) F1—PPAZS(ESE R C F
FBATERE S (R —ESh NULL, 554
TESRE) -

%S PyObject* T HPyobject_Str() BILER.

%R PyObject* P PyObject_Repr () HZEE.

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.

{Ef#:  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 "S$A", "$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

TE 3.2 MR EH0 7XF "s11d Al " ellut AR,

e 3.3 JCE T B X e
e 34 R ST e

imome 114 e zit S
s" "O/A" ll/U" no V" no S" noRmn E/JJLA,_\_‘* *EEJ‘“*%T Zj“i?_ro

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 2|6 T-PyUnicode _FromFormat () {HBE¥HEZIE TR NS5,

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. — A~ ImfS 1% 4 obj ffRS 4 Unicode X142 .,

bytes, bytearray FIHAMF 5 &3t % FF45 BZE € W) encoding K RS- FH B errors & SCI SR

AFET R, WE N NULL B L O R A (G
£1$5 Unicode Xf %, #SFFSEAE TypeError,
A RA NS ARG E SOLARiEN

FirAr HAt X 42
% APL R [H] NULL,

LUESEe)

AT B STk

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

& 18] Unicode X G {7 K B .

3.3 B IhfE

BN F % i

% TR ) o

! For integer specifiers (d, u, 1d, i, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.

3. JFIINER
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Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

3.3 B .

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
i — BT AR . O fill_char B A unicode [start:start+length].,

MR fill_char (R T AR IR FAFE, BEEWEPRTFAFERA 1 ARSI HIRF AT R I
IS AT, SETEN BHER —1 95| %5
3.3 B IhE.
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
A FIS ABI T . FHMGE PyUni code_New () 8. T Unicode /e 2 J&
AUARH), AT A REROL S, BUR G A
R BCRHG AT unicode j2 754 Unicode X%, R EAMBI, H HWGEE WP (H
HEI W —) .
3.3 FihRE.
Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Read a character from a string. This function checks that unicode is a Unicode object and the index is not out
of bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 B fE.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. 1&|0] str {i—/>THr, MWFAFERT| start (BLF5) B FAFRTG] end (A ALHH).
ASHFRRT
3.3 B HE.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
FEFAFE u 35 D F|—A> UCS4 Zenfr X, @F— DS F 07, WEPRECE T copy_null {3% . IR 0]
NULL HARE—A 3 (Rl buflen /NT u K BERS, SystemError RRE ). MIIHTHE A
buffer,
3.3 B e

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
PR u B 0B PyMem Malloc () ArECAYHT UCSA ZZof X . WAL AT R, &[] NULL
i E MemoryError. iR [EI[HZE M DORFEE I I— NN 2T A7 o

3.3 B fE.

Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 3.12.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using
them, as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and
memory hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u
may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data.
The buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when  is NULL.
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If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before
using any of the access macros such as PyUnicode KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), or
PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py, UNICODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 BRI HE.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem Free () to free
the buffer). Note that the resulting Py UNICODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 Fi e
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.
Py_ssize_t PyUnicode_GetSize (PyObject *unicode)

Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units).

Deprecated since version 3.3, will be removed in version 3.12: |[H=z{ Unicode API {{)—#B4y, i85 {i
HPyUnicode GET _LENGTH() .

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary.
If obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

[t Unicode sl H 2B X5/ 580 TypeError,
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5 X IR R X

T DRI A AR R R R R ok B B R SR SUAS

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)

Return value: New reference. iS5 4FERAE Android A1 VxWorks i [fl UTF-8, YEHAhF& b i{#
PG E K iig . SRR "strict" fl "surrogateescape" (PEP 383).
MR errors 2y NULL WIERSEAF ] "strict SEERALIRAING . sor oA DA—> 28 FAFEE sRAER /]
A P2y S
AR 2 AT
Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

The Py_DecodeLocale () FREL.

3.3 B fE.

13,7 UG LB ROIAE B2 H surrogateescape HERALTIAHT G %4 Hi ik o KA H 2L
45 Android A8k, 762 A, Py_Decoderocale () i/ T surrogateescape, i
4 o AR AT R T strict.

PyObject* PyUnicode_DecodelLocale (const char *str, const char *errors)

Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 BRI HE.

PyObject* PyUnicode_EncodelLocale (PyObject *unicode, const char *errors)

Return value: New reference. %t Unicode ¥4 ¥E Android 1 VxWorks i [J UTF-8, fEIAF& I
o M mnE S I A% 0. SRR A IRAL BRI A "strict™ Hil "surrogateescape" (PEP
383), N5 errors > NULL N 45 il ] "strict " &8R4 ARG . iR [A]l—/ bytes X4 . unicode
AL E R A 2 FAE -

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
S

Py_EncodeLocale () B4k

3.3 B IIHE.

76 3.7 WOH JEREOUAE 2 surrogateescape SIRALTARHEF %4311 & XA L
{H¥E Android _Ef4b. FEZ HIA T, Py _EncodeLocale () ¥#{Hl T surrogateescape, [
PG E I g T strict,

S ZBe iR X

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be
used, passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)

ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesOb ject * which must be released when it is no longer used.

3.1 B RE.
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T 3.6 MUHE IR 3252 —~path-like object ,
SAESRURHTINEARF SO 2 RS R str, R "os" Felfeds, & APyUnicode _Fsbecoder () fE
A PR
int PyUnicode_FSDecoder (PyObject* obj, void* result)

ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.

PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeObject * which must be released when it is no longer used.

3.2 iR IIse.
TE 3.6 RS 52— path-like object ,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

S W
The Py_DecodeLocale () FREL.
FE 3.6 fRHE P Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated stringusing Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
JE 3.6 fREE L Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding 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
Py_EncodeLocale () B4k
3.2 B ge.

JE 3.6 fJRE L Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t %

TE3Z S -6 L 50Ff wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. 1RYBZ5 7€ size i) wehar_t ZZip X w All##—> Unicode X} 5., £ A -1 {E
) size FrnZREAE ] weslen AT MK K . RIBISRHR [F] NULL,

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied
or —1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is
the responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required
by the application. Also, note that the wchar_t * string might contain null characters, which would cause the
string to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If
size is not NULL, write the number of wide characters (excluding the trailing null termination character) into
*size. Note that the resulting wchar_t string might contain null characters, which would cause the string
to be truncated when used with most C functions. If size is NULL and the wchar_t* string contains null
characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem Free () to free it) on success. On error,
returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 B .

TE 3.7 iU P Raises a ValueError if size is NULL and the wchar_t * string contains null characters.
g

M EL RS A

Python 421t 7" —ZH DA C 45 AR U A T34 BE A N EL S IR A i o BT T 25 24 ARG 88 32 W ek 471 o B
-

41 APLK#$%52 encoding Fil errors PIANZH, EATEA SHENE str () FAFRXT GG R4 S5
HHTFT AT S o

Setting encoding to NULL causes the default encoding to be used which is UTF-8.  The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-

tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

HHRAL T 3 errors BEEH HLAR W] DAl NULL SRon (i 1 A 2 A i e o2 SCROBRIAAL BT 20 Bl A
2 AR A AR RN B R AL B 5 30 Vstriet” (&5 % ValueError),

G AR AR B SR RA e o O TR B U 5 TR 92 UG AR A 1) 2257 A AT SRAE SR
{Z MG h 2

PATR 292 B G A i Y APLL:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. 18 1 flbH5 O 9m ABE 455 s 1 size NFE TR — Unicode %4 . encoding
Fl errors A5 str () WEREHFEA LSRR S L. B )4 S8R 1] Python 4 fi#h
AN . W RIS ER 51 & T 7% Wk [F] NULL.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. #ft%—-~ Unicode %4 45 AEH Python 788 % %1% [\ . encoding
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I errors HA7 5 Unicode encode () J7 ik A AL S & Lo B A2 IS 4545 B Python
GRS FOR AR . MR AR AR T | A 1 59 IR [9] NULL,

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer s of the given size and return a Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using PyUnicode AsEncodedString ().

UTF-8 Zifi# i

PATR 32 UTF-8 %if# it APL:

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 8313 ffihy UTF-8 4 tEpy 70 8 s By size T~F T A7 — Unicode %4,
MR GRS AR5 & T S8 MR ] NULL,

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. {15 consumed }j NULL, W4T 2 F PyUnicode_DecodeUTFS8 ().

2R consumed Ak NULL, WIEREEMASERE UTF-8 “FH5 PR AP B R . X EEFATREA 4
fh I BLC WS A 757 BCRH A AR AE consumed ..

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. i/l UTF-8 45fi% Unicode %t 42 145 A A Python ST ERRF R iR ], 45
DAL HT KO strict”. QIR ARMILAS T | A 7 5 WIKFaR 8] NULL,

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
&[]~ ] Unicode Xf 42 i) UTF-8 #fih i Al iy Fa5t, HRHC iy R/ (DA
i) AFRETE size B0 size ZHTLAH NULL; FERCIEOL T EAEA KNS AR o 3R Im] 1 28 ofr DXL
KIRIN—DEIMY T ONMIFELE size 1), oI RRAAFLEAAT A 255567 .
ERAFRTEIL T, R ] NULL By 38— I A 76 size {H.
XRFZEAT Unicode X R =FAFH3 i) UTF-8 £nTEX, FF ELUGZE R TRFR [ 45 1) 7] — ZAF X 148
P T A A TRENCZ G X . R X £ Unicode X G2 WAE S 8% [ml i i BB -6 45 1) & 1 45
B
3.3 FiihfE.
FE 3.7 BRE U IR ZRBIIAE R const char * [ AJg char *,

const char* PyUnicode_AsUTF8 (PyObject *unicode)
R F-PyUnicode AsUTFS8AndSize (), {BEARSIE#ER/IME.
3.3 FrihRE.
FE 3.7 BRE W R ZEBIIAE R const char * [ A2 char *,

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)

Return value: New reference. Encode the Py_UNICODE buffer s of the given size using UTF-8 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString ().
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UTF-32 4ifRnd %

PATR 2 UTE-32 %ff i APL

PyObject* PyUnicode_DecodeUTF 32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. N UTF-32 4 h5 (1) 28 ih R BE FRRD size A5 1% [0 AH B 11 Unicode X5}
G errors (MR NULL) 7 T S5 BRALHT 2. BRIA S strict”,

IR byteorder A~ NULL, f#i5 28058 F 45 5 00735 e 204 T A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WAk *byteorder N2, HA AL I I70 T PARC (BOM), WIS xR U A 1%
I H BOM FEAR i DU S52R Unicode FAFH . WI2R *byteorder 2 -1 80 1, NWF4/7
PR B DR

TESERMG, *byteorder AR NEHE A BN 4 I F45F
NS byteorder i NULL, #ifBiS a4k FH ASHLF A5 )7 -
WR IR R 285 | K T S5 MR 9] NULL,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. TN consumed >}y NULL, W NI T PyUnicode_DecodeUTF32 ().
W consumed 7~"A) NULL, W|PyUnicode_DecodeUTF32Staterful () FAEEREMA 7 UTF-
32 FHANFH (AF BN AT DU B ) WO AR R . X B RS 2 A T HLE A 1 25 4L
KEAEREAE consumed 1 .

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. & [ {# Ffl UTF-32 4gfi#% X AMLFEA7 719 Python 47 H . 7 fF A 2
PA BOM FRicHT 3k SHiRALI =R strict” . WIRGRARID AR5 & T 55 Wik [7] NULL.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.

USRS AR AR5 2 1 57 AR [B] NULL,

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode_AsUTF32String () or PyUnicode_AsEncodedString().

100 Chapter 8. Hi&kxi 4 )2



The Python/C API, %1 3.9.18

UTF-16 4/l as

PATR 2 UTF-16 #fi#ft 4t APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. N UTF-16 4 h5 (1) 28 ih K BE fRRD size A5 1% [0 AH B 1) Unicode X5}
G errors (MR NULL) 7 T S5 BRALHT 2. BRIA S strict”,

IR byteorder A~ NULL, f#i5 28058 F 45 5 00735 e 204 T A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WA *byteorder N2, HAALHEIHIP 70 T PR (BOM), WIS xR A 1%
I H BOM FAR i D452 Unicode F4FH . WI2R *byteorder 2y -1 80 1, NWF4/7
PRC s DS P (B2 4 \ufeff B \ufffe ¥,

ESEME, *byteorder FFAEH ARIENI A RBY  LHFI
SR byteorder iy NULL, #ifB a4k FH ASHLF A5 )7 -
WR IR RIS E | % T S5 MR [B] NULL,

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return value: New reference. TN consumed >}y NULL, W NI T PyUnicode_DecodeUTF16 (),
W consumed ~"A) NULL, W|PyUnicode_DecodeUTF16Staterful () FAEEREWA 7 UTF-
16 FA5JP5) (WA A BT SO R AT ORISR X SE 5 R R s o H.C g
T HCRAFHAE consumed 1.

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. & [ {# ffl UTF-16 4fid#% X AP FA7 719 Python FE47H . A7 FF a2
DA BOM #RiCFT3k . 5RAC PR R strict”, WIS Smfiigees | & 17 55 WHR 9] NULL,

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is defined, a single Py_ UNTCODE value may get represented as a surrogate pair. If
it is not defined, each Py UNICODE values is interpreted as a UCS-2 character.

RIS 4751 % 1 5% MR 5] NULL.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNTCODE API; please
migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().
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UTF-7 Sufi#idas

PATR & UTF-7 Zif#i ¢t APL

PyObject* PyUnicode_DecodeUTF 7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i3 fith5 UTE-7 45f5 )25 5 s 1) size PF 358 H—4 Unicode %} 4.
R Gm S5 A T 8 Wik [n] NULL,

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Y15 consumed “}j NULL, W47 53 F PyUnicode_DecodeUTF7 (),
IR consumed A~ h NULL, NIREMASEEE UTF-7 base-64 #/-RE AN iR . XA S
PEfERDH H O RS 1) 5 BCRA AT consumed

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py ssize_ t size, int base64SetO,
int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a

Python bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, ”"Set O” (punctuation that has no otherwise special meaning) will be encoded in
base-64. If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the
Python utf-7” codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using PyUnicode_AsEncodedString ().

Unicode-Escape #ifitid %

PAF 42" Unicode Escape” 4 fi#t il # 1) APL:

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. &3 fifth Unicode-Escape 25 )78 s 1Y size T 61— Unicode
MR QRIS AR 5| & T 5 Wk 1] NULL.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {ifi il Unicode-Escape 4%% Unicode Xf 4 H- ¥ 45 AR T B Xf 2R 6] .
BEERAL BTy SN strict” o USRS IS AR5 % 1 5 H WAFR 9] NULL.,

PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode_AsUnicodeEscapeString ().

Raw-Unicode-Escape #ifitit}ss

PAF 42 Raw Unicode Escape” # fift i £517) API:

PyObject* PyUnicode_DecodeRawUnicodeEscape (constchar *s, Py_ssize_t size, const char *errors)
Return value: New reference. i i fifth% Raw-Unicode-Escape 4 i% (1575 EB s 1Y size A>T 0 @ —A>
Unicode XI5 . AIRGMIGAST % T 55 MR A NULL,

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {fi [} Raw-Unicode-Escape 4if% Unicode X5 H- 45 AR N F 8 S 2k
], B ERAL BTy AR strict”. AR RIS AR T & T S5 WAFR 9] NULL,

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 45fptnt 23

PAR 2 Latin-1 i f i 251 APL: Latin-1 Xt §i 256 4~ Unicode it (v H. 4 it 25 7 2 i 1 [11] H 42 523 2645
L
PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i1 Y Latin-1 4 (2T ER s 1Y) size N7 61— Unicode X4 .
MR G S5 A T 54 Wk o] NUL L.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. {#Jf] Latin-1 4gf5 Unicode X} 42 H- 525 AF 4 Python F= 7R X 4k 1] . 45
BRALFR T AN strict” . AR GmFRS SR 51 & T 58 W& [F] NULL,

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode AsEncodedString().

ASCII 5ifiz 7%

PAF 42 ASCII 4 i a3y APL, 3552 7 i ASCIL %tdfs . AT 4] HoAth 45 B ) B K-S 5l i

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. {13 it ASCIL 4r ) 75 88 s 1 size PF A —1> Unicode %4 . 10
RIS ARG & T S5 W ] NULL,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)

Return value: New reference. fiiJf] ASCII #ft Unicode X} 42 H- K45 HL/E >k Python FFHTER X4k 0], 4
BRALF T O strict”. QIR SRS AT | & T 9 WK% 8] NULL,

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode AsASCIIString () or PyUnicode AsEncodedString ().

TR RS

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode
and decode characters. The mapping objects provided must support the __getitem__ () mapping interface;
dictionaries and sequences work well.

PATR 2 WIS 2 A 4% 1Y) AP

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. 84 Fl 45 %€ 1Y) mapping St 42 fRH0 O Jii0 737 58 s 1Y size P76 8
Unicode %5, WRAmfEILER5] 4 T 54 Wik | NULL,

IR mapping 7 NULL, WRFRY A Latin-1 Z5A54% XK. 75 0] mapping w675 k5355 E (0 £ 25511
FEl PR3 40) %) Unicode “FAFHR FOMLET. #E40 (¥F@f# 24 Unicode fi507) =X None, ARBLHTHIEL
PEFAT - XA EHERF F3L LookupError, PAKBEMLTE] None [W4HE, OxFFFE B '\ufffe',
BN AR S SRR I S R4
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PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. i [} 45 £ 1) mapping %t % 4t Unicode K 42 34545 RAE M F T E N 4R
], B ERAL BT AR strict”. USRS RIS AR T K T S WAFR 9] NULL,

mapping Xt LIS EERL Unicode B AU 2 AT ERXTAR . 0 5 255 JUF N AYEEREL None . RIS
W PR AL (758X LookupError HIBHE) PARMLGTE] None HIBIRRFBI AR e SCHIBLSH”
A

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_ AsEncodedString().

DL IR G D 22 API 22 Unicode Bt¥} % Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. 3t 7 Ji AP F P 5= FFAR M A6, Unicode W42, WIAARiMR
s A 7 S H Wik [A] NUL L,

TFAFHRGT 2 ATURFHE %L Unicode (7 BRI 21|24, Unicode #5{37K None GCRFMHIFRAH R F4F) -

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors BAT TS as I 153 3o BRI AN NULL R 6 BROA B A AL BT 50

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-
ping, const char *errors)
Return value: New reference. Translate a Py_ UNICODE buffer of the given size by applying a character
mapping table to it and return the resulting Unicode object. Return NULL when an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API

Windows i} MBCS 4ifitid 2y

PA R & MBCS 4afi#i#s ) APL, HHIEAXAE Windows H1R] i F (5 ] Win32 MBCS #5425 2% 52 I 4% 4 o
I YER MBCS (2 DBCS) 2 —24uidtg=, mIERA—1. Hirgwhidig=Ue Hastr g iples -
[ P S
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i -1 it MBCS il T ER s 11 size S F 7813 —> Unicode X142 . 1l
RIS | T S R [A] NULL.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. {13 consumed }j NULL, W4T H2{F PyUnicode_DecodeMBCS () .
W consumed /~K) NULL, W|PyUnicode DecodeMBCSStateful () ARG K B FHK
FATH B E RS 1 AT R AR TR consumed 17

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. f§iJi] MBCS #4#fi% Unicode Xt %2 H- 45 54 A Python S5 ER S 4R [A] . 45
BRAL PRI A Ny strict” . RIS K T 7 H WIKFR 9] NULL,

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python

bytes object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS
encoder.

3.3 Hrge.
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PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNTCODE buffer of the given size using MBCS and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API,; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

JiTERRS AL

Jiik 5 R R

PATR APL 0] DLAR B4 A1) Unicode X RANFAFH (FEfifiid P FATARHAFAFHR) IR 1913 24 1) Unicode
X AR A

WA %A R H T A TERRFR [F] NULL 8¢ -1,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. BFHEWA PR R 158]— #7111 Unicode P45 ER .

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Y545y —F 4155 — Unicode FFE M) FE . WS sep S NULL, N
PR A RAT TG T4 . B, CRARIEHE & W TR . 250k maxsplit. 1
RPUE, WA BRE . RS RY R .

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. FRIBF74F K354 Unicode F4FE, & [H]—-) Unicode F4FH: 51 35 .
CRLF A — 04T Q2R keepend g O, WIAT4y BRAF A AERAES R IR b

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. i [Tl 45 & i) separator 53— F4FEE ) FEH 1R A1 45 5 Unicode FRFE .

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,
int direction) B B
A0 substr TE 25 7€ W Ui a5 (direction == -1 FR Al B VEHL, direction == 1 R JGHILHED) 5
str[start:end] MHVCECIGRE 1, ABWERE] 00 WA AR AR INGRE] -1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
IR [ {8 ] 45 52 1) direction (direction == 1 FRuEi R &, direction == -1 FinJ5 B R) I substr {F
stristart:end] HERBIMAE. RIEENECTRARTS: HY -1 FoRRLE LR,
-2 MFRE AR R RE T 75 .
Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
iR B 45 € WY direction (direction == 1 FE/RB[IMIE 2, direction == -1 FiR G HER) BHFE ch 1F
strstart:end] FEUIAOIE . REMEHEATCEE RG] S HR -1 FoR R EN LR,
-2 WFoR BRI RE T 7.
33 BRI e,
FE 3.7 BRE W IUAE start 1 end PR S strstart :end] RUMITH.

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
iR [H] substr £ str[start:end] HAESHIFIRE R EERERENERE -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-
count)

Return value: New reference. i str W[ substr 15353k replstr %2 maxcount YK I 1% [H] 45 5 Unicode X}
%, maxcount == —1 FRETREH .,

int PyUnicode_Compare (PyObject *left, PyObject *right)
HRPAS AR IFIR ] -1, 0, 1 735/ SFTHIRT .

BERR BRI T R MR ] -1, PRBEN M4 F PyErr Occurred () KA HT IR,
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int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Ff Unicode Xf 4 uni 5 string #EA7 IR F] -1, 0, 1 3R/ NF . SETFMRT. &iFHEA
ASCI 4t i) 7 A5, AE AR A A E A0 5 Al ASCIT 45 I b bR A 2 Ho A 1SO-8859-1 i ok
2
MR BN 25 | K

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. X Wj-{~ Unicode FFFa PATE L H- 1R [0 DA R EZ —:

* NULL 51 % 7 SRR oL
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PxObject *args)
Return value: New reference. TiHE format # args IR M — NI FERF RIS, XZEFET format %
args,

int PyUnicode_Contains (PyObject *container, PyObject *element)

KA element 25651 container W AH IV 1% [v] BAE BRAE -
element W58 %% i — PRI E Unicode FA4FHR . AR A AR AR MR ] -1

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a
Python Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode_FromString () MPyUnicode_InternInPlace () [J
HAEHNE, BB NFARH Unicode FAFHXTS, BC— M8 ] BA M FHE R A L 745
EXTRIE (CHIAR”) 5.

8.3.4 el N %t

PyTupleObject

XA pPyobject T IBMNFE—> Python FTCHRR .
PyTypeObject PyTuple_Type

PyTypeObject LB F—1 Python ST AL, X5 Python JZTH Y tuple A FEIHXIE
int PyTuple_Check (PyObject *p)

Wk p 22—~ tuple Xl‘%iz%‘ tuple 2RI AUAY S B AR M ELAEL . e e IR 2 & AT

int PyTuple_CheckExact (PyObject *p)
R p 22— tuple M RAEARZ tuple AU T2 AU S B R B EAE . MR AR 2 2 kAT .

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. [SEHHR Bl — TGN %, KJE N len, TR [E] “NULLY,
PyObject* PyTuple_Pack (Py_ssize_t n, ...)
Return value: New reference. J{{H W12 Bl — NG X 2, K/ANK n o, 2 MBI [
NULL. JCAE W46 617 Python Xf W J5%% n 4~ C Z4(. PyTuple_Pack(2, a, b)
Py_Buildvalue (" (00)", a, b) %,

Py_ssize_t PyTuple_Size (PyObject *p)
PRIR TR GRS, IR IHZITHRI R,
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Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RETCH p VNN, BN HE NULL F HAgm— Il A IATHT A A
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 12 8] p Fr¥g MG, T pos AT E . N pos BH AR, R
[ NULL, H#iH— IndexError JF¥H.

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. J3M T PyTuple GetItem(), {HAKEHSE.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. 12 0] p Fir4g1a] I TCL Y] v, A5 low FI high 2 [8], B35 2% MURF & [m]
NULL. X% [T Python #ikx p[low:high] . ALFEMIIFRKRRERT].
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
TE p F810 I TCLIY pos S EIRAXI XS o 51 . BIIEHRE] 05 415 pos B, WIHRIE -1, Ff4il

H—> IndexError BH& .

Hff: SRS BT XF o M1, FEEFER T P EAEZ P AR A H G

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
FTFryTuple_setItem (), {HAMATHGE, HHNMIZ R g RETEEHTCd.

R EANES “fiE” — DX o5, H5PyTuple SetItem() A, B ~E&EFXMEAM
BRI S| H s e P OLT pos (LB HIATARS | FERREB I o

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
AT IRBE TR KN . newsize X2 TRAHRBKE . HTCH HON A RS, BT A A TE
ML —AGI B, ANZEHE. QUERTHT Z AR AER s Frg |, 3 AN Z0H .
JUE R G B SR B i/ IR EEERMBIHTTA I aE Ao, RawaR. MymhR
Bl 0 o &R ARE *p BYERAER -5 18 T IR 8w AR . Q2R T *p 51 BT
4, WIFARRY *p FREUE 8. RO, RIE] -1, f *p BEN NULL, H5|% MemoryError o

SystemError,

8.3.5 ZikyrHixt 4

G P IR E N T namedtuple () B CXFR, Hl—AFa), Hoiyz A BT AEE EEi . %
BIREEHIF A, AR Se B E 45 A4 PP 21 6 8L

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. #R4J5 desc i) B di B d — DB R 5 M Fp 91 26284, A0°F rid. AT PAfE
M PystructSequence_New () Bl 45T IST K SE 4 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc ABAIIRAL LS 7 51 2R 2 type o

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 PyStructSequence_InitType FE, ({HEIEHRE] 0, ZRIGFHRE -1

3.4 BN RE.

PyStructSequence_Desc
(e il IR Bl I IR RS
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I, C B

name const char * LER BB 24 B

doc const char * Fi ) B W R B[P SORY A AP R Bl NULL (3R %)

fields PyStructSequence_Field J4[a] Pk NULL 45 R IEAI 85, HFEAWK
* A

n_in_sequenceint Python fIll o] WL F B8k (A F/E )

PyStructSequence_Field
RGP 0 — AT B MEH P II PR BN SCA RS, BT B KB ZPyob ject %,
fEPyStructSequence_Desc i) fields ¥ MRS [HE T 4545 TR 2 WA BL .

W, | Ckm =X

name const FBOW A PR EL NULL , A EAS W a4 F B AR, R E
char * “HPyStructSequence_UnnamedField DIMEEE R4 7B

doc | const LRI 7 BOUR 77 B NULL

char *

const char * const PyStruct Sequence_UnnamedField
T B W RR IR R R R i 22 RS
16 3.9 BOEH: XAEBEM char * K.
PyObject* PyStruct Sequence_New (PyTypeObject *type)

Return value: New reference. B8 type [RSEH1, ZSEH LBl PySt ruct Sequence_NewType ()
A,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 320 p FTf8 18] L5 R F 2T pos AEIRTER . ANFEEHFTIHH
fix

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WZEMAS.

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
FFE5H 751 p KT pos AW F BEX B NfE 0. HSPyTuple SET_ITEM() —kf, ENI%}
FEAFIY LB

in|

T

/-

M XARE I TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

T XARREC BT TR o A5

8.3.6 F|Fkt5

PyListObject
XA CEAryobject HTIAAEK—> Python F X R .
PyTypeObject PyList_Type
X2 NET Py Typeobject HYF Python 5 RAA A SLH . & Python EHIFILA 1ist Z[]—4
xR
int PyList_Check (PyObject *p)
MR p 22— list WP GRElE Tist ZEAUAY 2R AR S R Ml Al . IR B R R S AT
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int PyList_CheckExact (PyObject *p)
MR p @ —A> list XFGAHAE list KRB T2RA L BINLR I EAE . MR BUR & 2 T

PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. J§EBR Bl — KR len B35, SRR [E] NULL,

WA 24 len KT EB, kPR R X200 H 8% B NULL. B AR GEH KL C &
¥ pysequence_SetItem() % API 8i# M C lR¥PyList_SetItem() fHF)fﬁIﬁEWE
BLELSEXT G HiR Python A% A FF X 14 .

Py_ssize_t PyList_Size (PyObject *list)
R[] list PHNFX R SE . XETAETFRIZR A Len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)
WA C kB pyList_Size () , LA
PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 1% [9] list fir 35 [0 4 38 H index (Vi B _F X% . L EEH AN AET
i Tfiﬁ/ﬂ\ﬂ%%ﬂi% HATZRE]. MR index # H 1% (<0 or >=len(list)), 1% [A] NULL 1% &

IndexError JH,
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. T2 C BREPyList_GetItem() , ARG,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
FHIR PRGN index WIUN item. ISR 0. QISR index i H 3 FI R ] -1 I 5E

IndexError JiH,

TEfd: W “fE” — AR item BSIIFEFE— MR P22 WAL E LR EA AR H G

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *o)
AR ER A Py List_SetTtem (). XiEH JPH TH51 R D2 BA WA AL E T
3.

i ZES k" — X item 51 H, (H5PyList_SetItem() AT REEFIHEM
WO BIGIH  FE list 09 i 75 RATATS | ARl 5

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K45 H item ST AT K list R51*5 index Z HIHIALE . AERIPRFRE] 05 AR WR A -1 FF
WE—INRYE. 4T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
PEXSG item TS IMENZ) 3% list WIARJE . NS AIRFRE] 05 QISRAS I WER ] -1 I E— .
BT list.append(item).,

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. EIE*/I\XUL%!? 2%, A5 list 40T low Rl high Z 1A X 5. QISRAN
SN IR [E] NULL H% B S 4. H4TF list [low:high]. REFEMIIEKEIITET],

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
- list 249 low 5 high 2 [R|Y] i K itemlist I INZY . FH24T list [low:high] = itemlisto
itemlist P Ak NULL, FoRMREA— 2508 (WD) . BhEhRE o, KK iR o IXH
TS'Z%M@J%%X%& TR

int PyList_Sort (PyObject *list)

X list "% H AT IEHIHER . IR M 0, SRIK R o XM T list.sort ().
int PyList_Reverse (PyObject *list)
X list HPAY A H BT ISR o IR ] 0, SR IK R o XENT list.reverse ().
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PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 12 Bl —ANE e %, HAES list NE: T tuple (list) .

8.4 WAMR

8.4.1 ‘Fli}4

PyDictObject
XA pPyobject BT-RAMA K Python FHXTR
PyTypeObject PyDict_Type
Python “FIMBERIFIR K Py Typeobject LM, X5 Python 2T dict @AM XA,
int PyDict_Check (PyObject *p)
WA p @A~ dict RREE dict A4 TR AU 5L R B EAE . R EUE 2 2 BT .
int PyDict_CheckExact (PyObject *p)
WER p J2—A> dict SRR dict 2841 12BN SBR[ E . R EUR R S BT .
PyObject* PyDict_New ()
Return value: New reference. 1R[]l — AN 2S 2L, SRR [9] NULL.
PyObject* PyDictProxy_New (PyObject *mapping)
Return value New reference. IR 8] types .MappingProxyType X4, FT 5% 34T HisedT A e
e SXIE TR E AR 1B AR sh AR S
void PyDict_Clear (PyObject *p)
25 A SR T B
int PyDict_Contains (PyObject *p, PyObject *key)
i key m%@ﬁﬁﬁ'— p e AR key IEEC b p WRE—T0, WWaR[E] 1, AMWGRIE 0 o & -1 3%
. XA[FT Python ik key in p .
PyObject* PyDict_Copy (PyObject *n)
Return value: New reference. 1 IEI 5 p A5 AH R A R
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
i key VERBERE val SEANFH po key WG Rhashable; QNAAIE, W5 % TypeError. BIIHY
I 0, SRR —1. LERAL R AMAAT val 95

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
) key fF hy 8 A5 val 48 A B F M po key 244 const char*. B Xl 4 2 il A
PyUnicode_FromString (key) 'J@E’J JCHIEF IR A O, RMETIR E] -1, UMLK BT R A I
Xt val (51 H

int PyDict_DelItem (PyObject *p, PyObject *key)

Rl i p i key FIZCH o key AAZ52 AT G A 1Y 5 ﬂﬂ%?m, ﬂ"JAé'Iii TypeError, IRl
EP&ﬁkey, W 5| % KeyError. MIIHFRME 0, KR

int PyDict_DelItemString (PyObject *p, const char *key)
BT p R AT key SREMERI A H o WERTFIAEA key, WGk KeyError. M
AR[E] O, SR e —

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. ML p H1iR B DA key HEEIRT S . QNS key NIFAE(H A X
B W ] NULL

FEFEMWLE, WH _hash. () Ml _eq () HFETFEWMEEASH W BE. X
HPyDict_GetItemWithError () i miiE .,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () (A, BASHEMSEE. M5E L4
iR NULL Jf B — a4 AEREAAAENGR ] NULL Jf HAZRE— R
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PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. ;X 5 PyDict_GetItem () —Ft, (B2 key ${F5E N const char*,
MARPyObject *,

TETENE, WH _hash__ () . __eq__ () FERGIE— AR FAF R G 7E A i
ARewihd . wHPyDict_GetItemWithError () IRFBEHRIRL,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX R Python JZH ¥ dict .setdefault () —kE. IR key 1275,
BIRMIAEFH p X E. WEREEARAEAE, B XA defaultobj —iEiH AFF1& 0] defaultobj . iX
A BRECR IR key WIS Ay BRAL—IK, TN R AE A FRFIE AR 35

3.4 BRI HE.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. iR [A|— A& i Frg S{H i Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 1R [Al—A~0 & 7 M TG 8 (keys) BPyListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1R[] — A& FrG {H (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
REFH AP H AL, ST X p T 1en (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p AP BN . AR SR — VU ) R BT BRIXACZ BT, Hh ppos BT Py _ssize t
WARARIIRAE A O 2R ALK 7 i A AN S (E R [P B, — BB BBEDA A A 52 SR IR 1]
fEfEL. &2 pkey Fil pvalue [ 244816 PyOb ject * Atk AR B A BEEAMEDR I, BiE W
A PA NULL. G BAT TR B AR5 | I E 2 RS  . ppos TER AR W E . B ERR N
R IEE R R A &, T ol T a5 R BT, I s TR

Fn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

}

U p N AZAES Dy B A AR O o A D, OB R A, EAUR TR E AR
KA. BIn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;
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int PyDict_Merge (PyObject *a, PyObject *b, int override)
XF GRS b R AT R A, CRE B E W TR O B F M e bW AR — A, SR AT 32
HiPyMapping Keys () MPyObject_GetItem() WIXIS%., WE override B AE, WKL b
HARBAH R B @ b CAFTER A I B AEDO R e, 5 WNSRAE a rPrscAR [ 1 g ) 2 s
{EX o 2R IE] O B 25| A S ik ] -1

int PyDict_Update (PyObject *a, PyObject *b)
X5 C W) pyDict_Merge(a, b, 1) —#f, WZE{IT Python 1¥) a.update (b), 2 HIFE
TryDict_Update () JE5 “ANBHBA keys” JETERA & LR ENERERXT A P51 . 24 82
AR [E] O B 25| A SR I AR [A] -

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 "R SEMEDN BORTE G HF BT a. seq2 WA AE AR JBEA 2 1 AR BR(EDAS Y T 3R 1 AT kA0
Ko BIAEREERGER, Q2R override EAENE /5 BRI o 2R M) 0 B 451 K
WPk -1, SEHEY Python ALY (R IEEERSE)

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

8.4.2 NS

XN T X set fl frozenset XRIYAIL APL, AR KAE T 5 H 1Dy g fe d i FH 44
SR (BFEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue(), PyObject_Print () DA KPyObject_GetIter())
B FE W2 B FE I (8 FPyNumber And(), PyNumber Subtract (), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber__InPlaceSubtract (),
PyNumber_InPlaceOr () [/‘]\&PyNumberiInPlaceXor ())o

PySetObject
X A~Pyobject B T I B K R A7 set M frozenset X G i Wi Ko di. & XA
T ryDictobject WIHLTTAET /N R 46 65 5 Ut B i 5 K /INY (?E@fl:éﬂlﬁ‘]ﬁﬁ%‘ﬁiﬁ) i
X A IR RO B A T B R4 ) BB ] A8 KNI A7 B (RGN Rk 20 o EES Ik
() BN A F BT RE R A o TR D7 MR 24 38 5 & B A SRS APT EEfF_F ﬁ'ﬁTT
T BRI G R (.
PyTypeObject PySet_Type
X Ig—PyTypeObject S, Fx Python set A,
PyTypeObject PyFrozenSet_Type
XZ— A PyTypeObject 5Efj|, /N Python frozenset 57,
AN B 7 TE TR AR & Python X RIHEET. FERIM, X L i R Kt 1 1 T AT R AU
Python X4,
int PySet_Check (PyObject *p)
IR p A set APRIHRIT I SHINGEFIELE . HORECE R 2 AT
int PyFrozenSet_Check (PyObject *p)
WA p f2—1 frozenset XT%&%%%?%EE’J*W I3 o] LA R AR R 2 AT

int PyAnySet_Check (PyObject *p)
W pJE2—> set X4, frozenset XMREFEH IR LHINR P EE . HREUE 2 M)
AT

int PyAnySet CheckExact (PyObject *p)

Wi p &> set B frozenset X]‘?ME'T%E?%@E’J%WJW B, SRR RS T
7o

int PyFrozenSet_CheckExact (PyObject *p)
R p Z—4> frozenset MR{ERE E?*EAE’J*WJD’U MIEAE. HRELE RS I IT.
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PyObject* PySet_New (PyObject *iterable)
Return value: New reference. 12 [0l —/ M) set , FA AL iterable FIT iR B %42 . iterable 1] PA A NULL
FRRIE- NSRS REIEHR TS, RIGEHR ] NULL. W2R iterable SE 5 FANE W]k
RXFZ MG % TypeError, ZM G H T WLER (c=set (s)),

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. J& 8] — /i) frozenset, HAHE iterable TR [H] R4 . iterable W]
PAH NULL R — i S g5 6. IR O R a5 4, R R ] NULL, iR
iterable S5 P AR ERXF R NG| & TypeError,

AN RO 2238 T set 3 frozenset BYSEHIEGE LR AL LG .

Py_ssize_t PySet_Size (PyObject *anyset)
iRH set B frozenset MR KE . M T len (anyset) . IR anyset N2 set, frozenset
ﬁﬁ%é@ﬂﬂ@iﬁﬂﬂﬂ%é‘lk PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
TR Pyset_Size (), RNfiHEzaN .

int PySet_Contains (PyObject *anyset, PyObject *key)
WERARFRIE] 1, AARARIRFRIE 0, ARIERFERNGRIE -1, A[ET Python __contains_ ()
Tk, BCRREOR & B 3R T A i 2R A R A S T I R R S5 AR . AR key iR AT IS Ay
XM 5|k TypeError, WIH anyset A& set, frozenset EH A B 5L W £ 5] %
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
NI key B —A~ set 3LHl, AT frozenset 3L (5PyTuple _SetItem() MIZRMIZALZEE
LRI K R AT RS 4R A AHE A TT 45 HABAURD 2 BT SR A B ME) « SIS R [a] O 1 2 i E a2z [
—L1o QR key HATIGAHEXIRM 5% TypeError. HIREAM KSR &5]% MemoryError,
W2 set ANJ2 set BUHTRALBIN L5 % systemError,

THNRECE T set B TRBM LB, HATHT frozenset B TRAIAYSLHI.

int PySet_Discard (PyObject *set, PyObject *key)
WEARAR BN BRIR A 1, ARARE] (ToHE) &I o, QREBIETRMGRE] -1 X AR
AEE| K KeyError, U key AT EHE X Z N &E| % TypeError, AT Python discard ()
Tk, WEREA S BTG A R AN RS R A . R set g set BUHT2AU
N4 E| K% PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 321 set PATZXTZRBIHEIH, HM set FAEERIZIT S . J TR [B] NULL,
WRE A AN AT K KeyError. W set g set BUH TRBMLHIN 5] % systemError,

int PySet_Clear (PyObject *set)

T 25 B 7 UL B A BT

8.5 PRENR

8.5.1 FEN%

AL 2 F Python BRELH B
PyFunctionObject

T R B C Z5H 1A

PyTypeObject PyFunction_Type
X E—~PyTypeObject SEHBIIfFR Python pREIEAY . E/EA types.FunctionType [1] Python
P AT

int PyFunction_Check (PyObject *0)
MR 0 B—MEREN G CREC PyFunction Type) WHRIEIEAR. JESWAMIA N NULL. IR HE
R MIINAT o

8.5. HHNG 113



The Python/C API, %1 3.9.18

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. R[] 5RIE N5 code BRIV BN 5. globals A R—A~F M, %MK
R AT ) 4 ey e

ST PSR E A SRR A, modude__ £ glbals 2. S defat, anno-
tations FI1 closure %A NULL. __ qualname__ 1% k5 BB FRAH R AR

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. Z5{Y\PyFunction_New (), iR R VFXERETRI _ _qualname_
J@ . qualname .24 J& unicode Xf 4 B NULL; #lI5J/& NULL U _ EHEhEHE
__name__ JEMEHFIE.

3.3 B hfE

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 12|75 BB S op FERIIACID AT .

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 12|75 BB *op* A £ BRAY & R T

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. 32 [0 BREUNT S op 1 __module_ J&1, W N— A8 T R4 R
PFAFE, (R PA IS Python FURS A iR B AT BEXT 42 o

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 2[5 BT % op WIS EEAME . XA AR—PSH0c4 8 NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
NEREIR G op BCESHEIME. defaults W75 Py_None 5 —~Jc4l.

RIMEE| & SystemError B IFRME] -1,

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 12 [0 BRI BN 4 op WAL . X F] PASZ NULL BY, cell 3T I04 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B B BRECT S op BIFHEL. closure o3>k Py_None 8{ cell X4 1RG4 .

RIS % systemError iR E -

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 327 BT A op WIARTE . X ] PAE— 1] A8 el NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BCE BB SR op BIFRE . annotations WL H—A>7 Bl Py_None.

LKIWG] % systemError S HIRM -1 o

8.5.2 BT IEX %
SBIJTikRPyCrunction AR, MR RfryCrunction 8 FIFM G —FHi . BEA TR

SR PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XA~PyTypeobject SLBIfF Python SLBiI A AL, "EFFAX] Python FfF A TF.
int PyInstanceMethod_Check (PyObject *o)

ME o B— NI FYEXE B fpyInstanceMethod_Type) MR [ BEAE., S LT AN
NULL. BCRRECE ST,

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. 1R 8l—/NHr ) SEBI 0%, fune NoATE RTINS . func REAESLHB)
T3 VA Y I Ay e e D

PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 32 8] 3¢ BER SR ¥ im R BRECA 4
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PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 7RI Py InstanceMethod_Function (), B&Z T ERMEM.

8.5.3 Jjikixt%

TR ERREOS R . RS RSWIER — DN A 8 RSB . RIEIE (FE2—Km
i) CANEA .
PyTypeObject PyMethod_Type

XA PyTypeobject SLHIAEE Python J7ikRA., EAEN types.MethodType [f] Python F& /724

int PyMethod_Check (PyObject *0)
W 0 R — D HEXG GRBUhpyMethod_Type) WEREIEAE. JESUMA N NULL, BLeRELE 2
ST .

PyObject* PyMethod_New (PyObject *func, PyObject *self )
Return value: New reference. 3R [nl— AN TTIER R, fune WAL ATTIHIXG G, self iz Ik 48
SERISE B o AETTIRPEIR IS func F5AE AR EBRI - self AL J NULL.

PyObject* PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. 32 |7] JeBER 715 meth W BR BT .

PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. J2ASH I PyMet hod_Function (), W&Z% T E5RAE .

PyObject* PyMethod_Self£ (PyObject *meth)
Return value: Borrowed reference. 32 |7] JCEER 515 meth )52 .

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. J2RASH I PyMet hod_Self (), W& T 451RAG .

8.5.4 Cell X4t

“Cell” XFGNT LB ZAE G RS . XT R DX AR, —A “Cell” XG0 T fA(EIN
PR 51 IR A A S HE R A g A o) 5 [ AR i E‘E’JX]‘&PM’EH%EEE’J “Cell” 5. Vil
WM, RO “Cell” HALEAYET AR RICHEXT QAL . XA “Cell” MR KK T T
SCRPAE S s DI AR 2 H S RIRX L8N ET . “Cell” X QAL HA 7 AT BEA KA H

PyCellObject

HT Cell XF411) C Z5H1K
PyTypeObject PyCell_Type

5 Cell XTZ XM ZEANS £,
int PyCell_Check (ob)

MR ob J2—A> cell XZ MR E FLAE ; ob WA A NULL, BRALE U 2 AT
PyObject* PyCell_New (PyObject *ob)

Return value: New reference. )| H:1% [0l —/ ML (H ob M3 cell X4, TJEZS 0] PAN NULL.
PyObject* PyCell_Get (PyObject *cell)

Return value: New reference. 12 [0] cell %4 cell HNES .

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 12 [0] cell %4 cell (NZ, (B2 cell 24 4E NULL I H h—A4>
cell X452,

int PyCell_Set (PyObject *cell, PyObject *value)
K cell MR cell FYNEBN value. TEFFREHAEATHT cell IR Y HINZEHIGIH - value W] PA2 NULL.,
cell WAAFRAE NULL; WAV EAR —A cell ST MAHRIE —1. QSR 3E s HRH 0.
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void PyCell_SET (PyObject *cell, PyObject *value)

Bt cell X4 cell WE N value, ANTHEES TS, T HASIATKEM PARIE L 425 cell W20 M AE
NULL 3 H A~ cell 3§42,

8.5.5 1Rnx}4

x5 CPython SEILMRIZZAN Y. MUK —Be i R0 2] s &0 B T AT RS
PyCodeObject

ATHBCTER RIR R C 4514 . 7 Bl B

PyTypeObject PyCode_Type

X PyTypeObject S, HFIR Python [f) code A,

int PyCode_Check (PyObject *co)

W co Jg—A code XIGMR T FEAE . HREUE 22 AT

int PyCode_GetNumFree (PyCodeObject *co)

&1\ co W) B A AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-

Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, Py-

Object *freevars, PyObject *cellvars, PyObject *filename, PyObject *name,

int firstlineno, PyObject *Inotab)
Return value: New reference. &l —SFiYAATIX R . WERARTE Z— MU SR A 8 — AU
Wi, MM PyCode_NewEmpty (). WPyCode_New () E# 0] VASRE £ HER Y Python fit4s,
NI E LA A

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,

int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *var-
names, PyObject *freevars, PyObject *cellvars, PyOb-
Ject *filename, PyObject *name, int firstlineno, PyOb-
Ject *Inotab)
Return value: New reference. J3{l) T PyCode_New (), {BH7H —A~%i 4y posonlyargcount” FF{ [
(VAT =8

3.8 BRI HE.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. 1R |8 HLAG 878 U144 « BRELA FNEE—A 15 T AR AT 4L . KT exec ()
5 eval () AW XTG2IRER o

8.6 IiAthxf5%

8.6.1 x4

XL APT 20 A B SCPFRF 4L Python 2 C APL YSR/IME L, "B KUY C i 2ot /O (FILE*)
SCFf. 7 Python 3 v, SCPFFINAGE I BIY 1o Bk, ZAHIERAERGRIIRER LGt VO 2 FE LT L
ANZE . PR R ECR XX LR AP RERE C WAeds, RN TR BT DR s I
=I5 RS ECAT 1o APL

PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. RIGEFT I 304 fd 1 SCAHE AR A5 —> Python SUEEXTS . B4 name,
encoding, errors F newline W] DA°A NULL FEn {8 I BRINE ;s buffering B] PAK -1 FEn{di I BRINE . name
%g%%fi%%’)ﬂ?ﬁ?%ﬁo RIGHFR [F] NULL, A XSEWE LT, 20 io.open ()
BRI Y
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i T Python it A HE WS Z, HILHENTS OS SO HIAFTHE & &7 LA Bl
(BB AT ) -

FE 3.2 BRE L Z0& name Jg M

int PyObject_AsFileDescriptor (PyObject *p)
F5 p RERH SCAHA SRR B, int o WUERXSGO28EEL, MR HAR . WEREA, WA SRR
fileno () F¥E (WIRAFTE) 5 & EAAUR Bl —NREEL, BEBUE R U A SBR[ . K E 5
IR R 1] -1,

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. )T p.readline ([n]) , XPNEREMNZE p PEEE—FT. p LA
A REAA readline () FERAEMXS . QR nE 0, MICIBIZATIR BT, #EEE
—ATo W 2 KT 0, WM RN n AT W AR AT — 5. FEXPIFEOLT,
WRSTEP B SCER R, MR SRR . (HE, AR n /T 0, NIJGIBK EE Q&R Be i —77
B ANSRAZ RIS R SR R, 5% EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
HE io.open_code () WIEHATH, FFHIE S i b A FEFE 7 kA2 1% .
AEPRRR T 2 — 25 PyObject * (*) (PyObject *path, void *userData) HJEREZEL, H
W path Waff A PyUnicodeObject.,

userData 85T WG AN T RE. T8 T RET e AR s TEHRH , R385 AN B 1)
Python JR7.

BTN T LI IHE S ARG, 3R o AT B 26 T 3 ABE, BRIEE BT A
ZERSELE - BFE sys.modules HH[ .

—HETHRE, TR, ZaXtPyFile _SetOpenCodeHook () [TRFIHREA
W, AR APIIRIL, RECRHRE -1 HFBRE

VR BT A APy _Tnitialize () ZHITAH.

5% —A> #iitZE} setopencodehook, APFAFEAMSEL.

3.8 B Hfe.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXSR obj GAMRAR p o flags ME— L FpRYARE 2 Py_PRINT_RAW; WREE, WHARRM
str () MAR repr () o IR 0, RIGHHERIE] -1 KFCEE A BI5

int PyFile_WriteString (const char *s, PyObject *p)
PR s GASUERR po ERE] 0 RWER ] —1; RE5E M B 45 .

8.6.2 B4t

PyTypeObject PyModule_Type
XAPyTypeObject [ SLHIAL3K Python Bk KA, E DL types.ModuleType [JE X 555 45
Python 2% .
int PyModule_Check (PyObject *p)
2 p NBHSERNTG, SURBH R AN SRR B . R EOK A R ]
int PyModule_CheckExact (PyObject *p)
24 p PG HA @ PyModule Type RT2REAIX G IR M EAE . %8R HUKIZA R [T{H .

PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. 1R [ F Rt %&, HIEME _ name_ K name . FBR )X L8 )FE 1k
__name_ , _ doc__,_ package_ ,and _ loader__ (FrABEHET __name_ HSWEIX N
“None“). JEHR 4384 file_ J@ik.

3.3 B RE.
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TE 3.4 JOEMG: J@PE _ package_ Fll _ loader_ #iXA “None“,

PyObject* PyModule_New (const char *name)
Return value: New reference. iXJ3MF PyModule_NewObject (), {HILZFR N UTF-8 4t i) A ea
A4 Unicode %4,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. iR 8] 23 module Wiy 44 23 6] i F BL0F 225 et & S5
) __dict_ JEYEMFE. W15 module & — BTG (SRR THRE) |, W5k

SystemError iR [H] NULL,

UL A Hifth PyModule_* () and PyObject_* () pRELINAZ EERIBI __dict
PyObject* PyModule_GetNameObject (PyObject *module)

Return value: New reference. iR |8 module () __name_  {H. WURBHCRIEMZE, SR BEALAE

— TR, W45 % systemError HiR[E NULL.

3.3 B

const char* PyModule_GetName (PyObject *module)
KT PryModule _GetNameObject () {HiR[E] "ut £-8" FitG K4 FK .

void* PyModule_GetState (PyObject *module)
R ORE”, WU, RIS AR G IN  BCR N AE R RS, 8% NULL. 2
WLPyModuleDef.m size,

PyModuleDef* PyModule_GetDef (PyObject *module)
IR B AR I B B PyModuleDe £ G5FIR R a5, BCE QRS 2 (8 450 14 LA
(3R 8] NULL.

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. iR R Ffl module ) __file_  JEVERTINZRM A3 04 . R IEE
AE L, BHEWMPEEARZE A Unicode FAFH:, W51% systemError Fik[H| NULL; FEHARE
IR 1R 8] — A48 ] Unicode X415 .

3.2 B fE.

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule_GetFilenameObject () but return the filename encoded to "utf-8’.

32 G E G PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_ GetFilenameObject () instead.

#iGaAE C Bk

Modules objects are usually created from extension modules (shared libraries which export an initialization function),
or compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually
only one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name

PR A 44 PR o

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.
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Py _ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in
multiple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initializa-
tion.

%4 PEP 3121 TRl .

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDe f values. Can be NULL if no
functions are present.

PyModuleDef Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When
using single-phase initialization, m_slots must be NULL.

TE 3.5 R H E: Prior to version 3.5, this member was always set to NULL, and was defined as:
inquirym_reload

tfraverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_s1ize is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 fH 2 No longer called before the module state is allocated.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_size is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

Like PyTypeObject. tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used, the cyclic
garbage collector is not involved and m_ free is called directly.

7 3.9 Mt H P No longer called before the module state is allocated.

[freefunc m_free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_s1ize is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 B H ¥ No longer called before the module state is allocated.
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Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-
phase initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def’)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_CreateZ () with module_api_version set to PYTHON_API_VERSTION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the
API version module_api_version. If that version does not match the version of the running interpreter, a
Runt imeWarning is emitted.

{Efi#: Most uses of this function should be using PyModule_ Create () instead; only use this if you are
sure you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule_ AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is cre-
ated, and the execution phase, when it is populated. The distinction is similartothe __new__ () and __init__ ()

methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()), or its contents (such as the module’s __dict__ orindividual
classes created with Py Type_ FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that
correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 Fri e
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 B RE.
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The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynam-
ically adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_ Type. Any type can be
used, as long as it supports setting and getting import-related attributes. However, only PyModule_Type
instances may be returned if the PyModuleDef has non-NULL m_traverse,m_clear, m_free; non-
zero m__size; or slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in module and the Mod-
uleSpec spec. This behaves like PyModule_ FromDefAndSpecZ2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 B fE.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef — *def,  PyObject  *spec, int mod-
ule_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

{Ef#: Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this
if you are sure you need it.

3.5 B fE.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Process any execution slots (Py_mod_exec) given in def.
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3.5 BRI HE.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BRI HE.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMet hodDe £ doc-
umentation for details on individual entries (due to the lack of a shared module namespace, module level
“functions” implemented in C typically receive the module as their first parameter, making them similar to
instance methods on Python classes). This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 B fE.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution
slot (if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initial-
ization function. This steals a reference to value on success. Return —1 on error, O on success.

{Ef#:  Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on
error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initial-
ization function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Add a type object to module. The type object is finalized by calling internally Py Type_Ready (). The name
of the type object is taken from the last component of tp_name after dot. Return —1 on error, O on success.

3.9 BRI HE.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can
be created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def')
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not
been attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_ FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls PyState_FindModule. The function is mainly intended for implementing alternative
import mechanisms (either by calling it directly, or by referring to its implementation for details of the required
state updates).

MR AT GIL.
Return 0 on success or -1 on failure.
3.3 FrhR I EE.

int PyState_RemoveModule (PyModuleDef *def )
Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

WP AT AT GIL.
33 BRI,

8.6.3 KA MH

Python 2 (it TNl AR L. B D2FHERE, BEHASHE __getitem () HEMEETF
G o B AN AT IR R AN —A sentinel {81, S48 o ARSI T T IXESR, FFAER A sentinel {4
IR A
PyTypeObject PySeqIlter_Type

PySegIter New () IRPIEAAXT G RBNS RANE T RN E KA iter O WEHRSHIE.

int PySeqIter_Check (op)
MR op AN PySegTter Type MIRMIE(E. BERECE R 2 MIHAT.

PyObject* PySeqIter_New (PyObject *seq)

Return value: New reference. & [n]—~ 558 FLF 510 G — il 1 k088 seq. 4T HT F#RAET | &
IndexError B, EMREEH,

PyTypeObject PyCallIter_Type
His$Pycalliter New () fl iter () WEREIMSEOLA R B LR IRT RERI L

int PyCallIter_ Check (0p)
Wk op KRBy pycalliter Type MERBIF(E. HREURRZSMIIIT.

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. J& [l — i ERE8. 55— 135U callable T] DA B AT 7] DAXE IR 54
(15 O8N IR 1Y Python AT AIRFSR s AR UCIR AR 1Z0R A A 1) —IH o 24 callable 127155
T sentinel WER}, ECHZIE.
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8.6.4 filihAFFM %

‘L}—H‘

ARF” SEIAR GBI R . ENAAE TR R 7l

PyTypeObject PyProperty_Type

B IAFT IR 42

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)

Return value: New reference.

PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)

Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )

Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )

Return value: New reference.

int PyDescr_IsData (PyObject *descr)

WSR2 descr HEABIREME, WERE true; WHEHGA Y, WR[E] false., descr WA HEA
FIXTS s A E IR

PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 V%%

PyTypeObject PySlice_Type

DIRAMGHZEAXT R . ©5 Python JRII Y s1ice EMFRIMIXIER .

int PySlice_Check (PyObject *ob)

TSR ob &> slice XF R NIR [ EAH; ob WA N NULL, BHEREUR 22 I AT

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. & |8|—A~ B 45 EEAHT VI X4 . start, slop 1 step 529 FAVE slice
XF G AH Y. 44 BRI S PR A ﬁﬁbﬁ*ﬁﬁﬁ17~/\%‘f$_fldxﬁ NULL, FERXAMEILTRHEH None {25
XF I BB . QR FTRT R IG5 B3R [B] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)
M) N5 slice $H start, stop 1 step RE |5, K FFHHE NN length. KT length 17554548 24
VERE IR
BRI O, HAASEHR I -1 3 HARE RE (RIEEADFIS5A K None HIGEGEI A EEEL,
TEXFRE O N 2R M -1 I HikE — 155 ) .
PRATREAN AT R %k
TE 3.2 WUE M 211 slice T 2SR PySliceObject *,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice_GetIndices () WA & MU N5 slice $EHL start, stop il step 5[5, ¥FHK
T;Mﬁ length , I Ri9) IR BERAEAE slicelength T, BB EI RS [5-2L5EEY) h—20n 7=k
HATE Y]

SR ] O, IR ] -1 I HAN BB R

W RO TR A KN F AR UL N LA . X R N PySsTice_Unpack ()
MpPyslice AdjustIndices () G, Hp
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if (PySlice_GetIndicesEx(slice, length, é&start, &stop, &step, &slicelength) <o
—0) A
// return error

}

KPR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

JE 32 R Z Hi slice B SIHE PySliceObject *,

JE 3.6.1 M U5 py_LIMITED_API REEIIXE N 0x03050400 5 0x03060000 2 [A]HY
B (AFgEBR) 8 0x03060100 BUH KN PySlice_GetIndicesEx () £x#fsiIlh—4Mdi
PySlice_Unpack () #l PySlice_AdjustIndices () %E. Z4X start, stop Kl step S WK
fH.

361 RIGER%: WH py_LIMITED_API & B N/NTF 0x03050400 B 003060000 5
0x03060100 Z[A)MME (NEIEBFAR) W PySlice_GetIndicesEx () NEF KL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MAT % G 8 start, stop i1 step Z0H i L HE CH C B4k, S #RERMIRF KT PY_SSIZE_T_MAX
BYE I8 /Nh PY_SSIZE_T_MAX, #ER#h¥¥/NT PY_SSIZE_T_MIN [ start F stop {B 3 KK
PY_SSIZE_T_MIN, FH¥ERMNE/NT -PY_SSIZE_T_MAX H step {HIM KN -PY_SSIZE_T_MAX,

AR -1, AR [E] 0
3.6.1 I E.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize t *stop,
Py_ssize_t step

)
¥ start/end Y] )5 K5 'SR E R P I AT . B HTTEE RG] S S ASEE Y — 20Ty

XHEATH Y]
R . AR R 2. A& Python RS,
3.6.1 R Eh e,

8.6.6 Ellipsis %} %

PyObject *Py_Ellipsis
Python ] E11ipsis X, SAREAEMITE. EMPAS AT H A G —FERY 7 BE065] 1
. E5Py_None —HET HBIN 4

8.6.7 MemoryView %} %

—/>memoryview X5 CHHIM L R4 7 Fegh N — 0] PABAT AT H AT 52— 21 i) Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MAZREZE i X422 11 AR 2 A1) 48 memoryview X5, 1R obj 1] 5 G
XS, W memoryview Xf SR T AR /S, A WE R 2 H iy, Warble Shas BIroeE
BE,

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. {§iJT] mem {F K2 2% #h X A 2 —> memoryview %% . flags 7] A2
PyBUF_READ B{3# PyBUF_WRITE & —.

3.3 B RE.
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PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. f1)7#— MM & 45 € Zeif X 4544 view 1Y) memoryview XF 4. T f B
WHEMIX, PyMemoryView FromMemory () &M PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M g LGP X 3% 0 X541 B —A~ memoryview X G2 contiguous PIF7H
(#£°C 8 ’Fortran order #1) . W1 N2 SN, W memoryview XF 4R35 A R IANAF. S0, &2 HlH
H. memoryview F8[i] 1) bytes %4,

int PyMemoryV1ew Check (PyObject *obj)
AR obj ;2 —> memoryview X NLR [ EAH. HAIA SLIFANE memoryview (7. ILERELE
S IR AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R [l 48 7] memoryview [1)5: H 2 KL B AR HRE . mview #%5&—A> memoryview SEfi; iX 4~
A ERRA, RAE CAA, A AR T 7 T5t KUK -

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
& [ memoryview fif T a5 b X & 09 8 £, 30 & W R memoryview ) [ OpR
if(PyMemoryViewﬁFromMemory () ﬁPyMemoryViewﬁFromBuffer () ﬁIJ e l)_llj ¥ 8] NULL.,
mview # I SE—1~ memoryview SZ5]

8.6.8 X%

Python 3ZH5 “5595| 17 M0 —IR . BMARUL, AWM EZLIFTIHXTSR. H—Mpt2 i e s
FXEGE, H MU AT REAE A R R AU

int PyWeakref_Check (ob)
MR ob 2 — A5 H B CEA SR M A . ek s 2 2 BT

int PyWeakref_CheckRef (ob)
W ob 22— A5 XTSRRI B . EeREE 2 2 AT .

int PyWeakref_CheckProxy (ob)
2R ob 22— AT R NER BB . ILeREUE 2 2 YT

PyObject* PyWeakref_ NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. 1IRIMIXF 5 ob ()—A555| X5t AL G Sk M — A5 1, AR
ERE—DH NG EATRER I — ARG IXR . 5 _ATE 2 callback y— AT XA,
BERTE ob WAF B BIRHIGER BV iZEZ M RMIES, BISSS R A Y . callback #
A PAA None B NULL. 3R ob A2 — 5551 X4, ﬁ%ﬁﬂ% callback N2 v X4, None
B NULL, ZHEECERE] NULL 7 HE| & TypeError,

PyObject* PyWeakref_ NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. 1R [FIX} 52 ob ¥—555 | FIAABEXT G . % eRECR SR Bl —N85 A,
(EAGHIERE— N HXT S BERTRER B — A RS . 5= TES callback J—A~7] i
X4, EaTE ob WiE itk MR BHEZIGE A BN iZEZ— N RMIES, 55| XS A G,
callback AT PA°K None 8f NULL., 1R ob NE—N555 X4, BE R Callback BT
4 None BY, NULL, ZKRFCEERE NULL 3+ HE5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. & |0 555 | FI X142 ref (5| XIS . WRM S| XN 2 A THAELE, W

iR [A] Py_None,

s ZRBOR IS XA —A kA5 * . X IR B AR IRAR I REAE AR F D )X A
WG AT BRGS0 AR A IR SR W Py INCREF ()

PyObject* PyWeakref GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. 25{l\Pyeakref_GetObject (), {HIEM H— A BIAG LT

Ve =d

/)
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8.6.9 Capsule %%

A RAR FX BERT R 5 2215 75 S ) using-capsules..

3.1 %ﬁﬂﬁiﬁ HB

PyCapsule
XA Pyobject MFIBMRE—AFRmIME, &M T FF 2R RBE (1Eh void #54t) i@ id Python
PR 1 36 21 HiAt C AURS Y C 4 BB . B R E PRI E— MBI 7 S C s8R S AR
Perpra] i, SRR RT DA A AL R U7 ) ZE s A # i b e S C APIL

PyCapsule_Destructor

Capsule [ATHAE IR & AR :

typedef void (*PyCapsule_Destructor) (PyObject *);

Z i PyCapsule New () F¥3RHL PyCapsule_Destructor 1% [Al{H [ 1E

int PyCapsule_CheckExact (PyObject *p)
WARSHGE— A PyCapsule MR lilﬁﬁ LR U 2 U AT

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. f)|— A 5% T pointer [{jPyCapsule. pointer 27 0] DA K NULL.

TE R WO B — A S5 4R M) NULL,

FAFER name W] PAJE NULL 8@ — M8 A R0 C FAFER RS . QRA S NULL, 245 5 b
ML capsule K (B ARVFALE destructor FREICE . )

IR destructor ZH0A ) NULL, W24 & 9l 5 B RRE BT capsule VE S HCERTEHH -
St capsule Rf gE AR AE N — A BLHAE M, W name [V Y4 B F5 2 A modulename.
attributename. X¥F AFHAMMBIYF T PyCcapsule Import () 5 AN capsule,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAEAE capsule W) pointer, HER W5 & A5 1% 7] NULL,

name J&Z: WM 5 RAFAE capsule WY PRI TR LU . WIERERAFAE capsule Hf¥ 44754 NULL, W
15 AHY name W05 NULL., Python 2x{fiff] C iK% strcmp () 3K H% capsule & F5 .

PyCapsule Destructor PyCapsule_GetDestructor (PyObject *capsule)

R B PRAFAE capsule H Y BINTAORS o 76 SR MORHE B — N 78 IR [B] NULL.,

capsule H. 45 NULL #7 # &% & & % M. X & (15 NULL R [ A A 4 X 3 i
HPycapsule IsValid() B{PyErr Occurred () FJHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFALE capsule HHRY 4T SCo TR IBUR BB —> 57 I & 0] NULL,

capsule H A NULL | F 32 &K K. X & 45 NULL 0& [0 14 L G 3
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule HH 4 BT FR . 7E I M BB — AR 8 H4& [F] NULL,

capsule H 7 NULL % % 2 & & M. X & 15 NULL & [ 8 F 2 i G 5 il
HPyCapsule Isvalid() 8{PyErr_Occurred () JEJEEE L.

void* PyCapsule_Import (const char *name, int no_block)
M— LAY capsule J& T A$E W) C X R T8 4. name TS WV 445 E BHN BB AR, 5
module.attribute H—3. FRIEFE capsule T name Wi 55 4 LR 40 o TR no_block
SHEAE, WIPATCPHZER K ALY (f Py Import_ImportModuleNoBlock ()). U no_block
MR, WIPAMEGR S AR ([ Py Import_ImportModule ().

IR [F] capsule [ PYHED 484t . TR M B — R IR M NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
14 5E capsule 215 =— A - AR capsule WM A A NULL, f£i# PyCapsule CheckExact (),
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I — A Ay NULL s, HFHH N A RS name JE S M ITE. (W&
M PyCapsule_GetPointer () T UM%} capsule & AT A X5 H..)

BemiEL, MR PyCapsule Isvalid() iREIEME, WAETXTiH#E (DA PyCapsule_Get () JF
SRR EL) VR FHERARIE 25 1)
WX G A ROF B VCEAE A2 FRNGER I HESE . BNLRE 0. MLERE—EA R,

int PyCapsule_SetContext (PyObject *capsule, void *context)

K capsule WHSH) LR SCHRETHCH context .
JETI IR ] 00 SRS i [l E A I BB —
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Y- capsule WERINTHY#SE A destructor .
IR 00 SRIKHGR [ ARG FF B — R .
int PyCapsule_SetName (PyObject *capsule, const char *name)

B capsule WHHIZFRIEHR name. WA A NULL, WIAFRAFAE AL capsule B . 1AL B
PRAFAE capsule H [ name A NULL, WIAS22RERE

SR 00 SRIKIGR [ IEBAE T BB — R .

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
K capsule WS 247 EH BN pointer . $7EF ATl NULL,
IR 00 SRIKIG R [T SEBAEFHF BB — >

8.6.10 ’Epkgsxl %
A 4 52 Python S SEIIA: FRBRE AR 4 . BEATTE B A 2 PR I R BCR A, T2

LR PyGen_New () B{PyGen_NewWithQualName (),

PyGenObject

T A AR AT R ) C ZE5H 1A
PyTypeObject PyGen_Type
SRS R o UE SUIATIE RO
int PyGen_Check (PyObject *ob)
2R ob ;2 —> generator Xf G NRFIE(H; ob WA N NULL, BLERELE @2 AT«

int PyGen_CheckExact (PyObject *ob)
WA ob R EZE PyGen_ Type WIRBIE(E; ob MAUARN NULL. BLRREUEE 22 EIHAT .
PyObject* PyGen_New (PyFrameObject *frame)

Return value: New reference. 3T frame St A 1R Ml — B oA RSx4 . LRSS BGE — %t
frame {5 . SR NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. J:T frame Yt LG R Ml — A H A g4, Hd _ _name_
__qualname__ %} name Fl qualname. BCeREBGE—AXF frame BI5|1 1 . frame ZH LR H
NULL,
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8.6.11 [hrext4

3.5 Fri e
X GR E] async JEHES P Y pREIGR 811 .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
W2 ob KA ZE PyCoro_Type WIRRIE(E; ob WA NULL. BLRREUEE 2 AT .

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. £ frame X} 5 AN & I 1% [l — N H A REXT %, H _ name_ Al
__qualname__ XN name 1 qualname. WREIEHAG—XT frame 5. frame ZEHIAR R
NULL,

8.6.12 L FICBHEMNR

TEMR: 75 3.7.10 R AE Python 3.7.1 Py ETRSCEE R C APL A 1 WBUCHE ] Pyob ject $7EH

MAEPyContext, PyContextVar P\ PyContext Token, fFlUl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

THZ [ bpo-34762 T RN .

3.7 B ge.
FTRANG T contextvars fE R H C AP,

PyContext
F T3/~ contextvars.Context X4 C Z5HA,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C MK,

PyContextToken
TR contextvars. Token XJRA) C Z5HK,

PyTypeObject PyContext_Type
PR context BRI RAINT G

PyTypeObject PyContextVar_Type
FEIR context variable ZER I ZRTIN 52

PyTypeObject PyContextToken_Type
278 context variable token JST ISR 42

FRG AT -
int PyContext_CheckExact (PyObject *o)
W o WA R pyContext_Type WEREIEAH . o AR A NULL, BLRREUE &SR AT.

int PyContextVar_CheckExact (PyObject *o)
W 0 KA PyContext Var_ Type MR E(H. o IIAN NULL. HHELE R 2 MEHAAT.
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int PyContextToken_CheckExact (PyObject *o0)
R o WREL N PyContext Token Type MR E(H. o WAURA NULL. HREUR 2 BMIIPAT

RSO R R A

PyObject *PyContext_New (void)
Return value: New reference. Bl — )25 1R OSSR kA #5 W)3R [9] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BT % A cox bR SONGIAEHE DL, WS 4 AR 4515 3R 8] NULL.

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. |24 HT&AE N SCHIEFE Vo 2R & A AR NI W] NULL,

int PyContext_Enter (PyObject *ctx)
B coe PO BIZARI A H] R 3 PR E 0, SR E] -1,

int PyContext_Exit (PyObject *ctx)
WOHHE cox ETFSOFRZ BIRY_EF ST ) 24 BT RAR R 24750 7R 3Ce SRR [e] o, R[]
-1,

o &S

PyObject *PyContextVar_New (const char *name, PyObject *def’)
Return value: New reference. B|3E—/ N1 ContextVar X% ., Z name FT BIFAE X H B .
&% def L F L EAREBINME, 800 NULL R EBONME. MR A AR, XA R Es iz 1]

NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
Xftfﬂgigiﬁraﬂﬁﬁ ARAE AR PR, IR -10, WERECH KRR, Tite Rk
A, #RRE0

WERARH| B3R R, value ¥ 48 M ERIHEE . W B SUER A K, value K45 m :
o default_value, {NF-AE “NULL®;
o var BFIERIME, WIERAZ NULL;
e NULL

B 7k [E] NULL, XA~ eR el ml— A 51 A -

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 1541 b SCHRF var %54 value. 3R IA15H X B BB FEdE Rt 4, B3
TR A AR A R 3% [8] NULL

int PyContextVar_Reset (PyObject *var, PyObject *token)
f{TJ:_FjCﬁr & var RS EE N EAEIRE token [ PyContextVar Set () #AMZ BIPIRE .
BRI IR [E] O, A I R [E] -1

8.6.13 DateTime %%

datetime BLHEHE T A Fh H BRI B RN S . AR AR A3k S8 R B 2 1, W AP AR B YRAS Hh A 3k S
14 datetlme h (EHEEN XA REETE python.h H1), 3 H % PyDateTime_IMPORT WhZH A&
I, R BRI R B — 5 . XD R R E MRS C a5 A — S AL &
PyDateTlmeAPI H, Bl N .

Z1Jj1A UTC HAf):
PyObject* PyDateTime_TimeZone_UTC

Rl FER UTC gBf XS], 5 datetime.timezone.utc H[FE—X4.
3.7 Bl g
RARG AT
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int PyDate_Check (PyObject *ob)
5 ob K PyDateTime_DateType ZAlnl PyDateTime_DateType MFEAT2AN)IR [0 BH.
ob NREN NULL. ILeRECE 22 AT

int PyDate_CheckExact (PyObject *ob)
W ob 2 PyDateTime_DateType KRNI Ef. ob ANEEHN NULL. BLpRECE &2 BIIHAT .

int PyDateTime_Check (PyObject *ob)
W5 ob k) PyDateTime_DateTimeType KA al PyDateTime_DateTimeType M3/ T2 A
N3R B B . ob ANFEN NULL. JMERECE 22 EhT.

int PyDateTime_CheckExact (PyObject *ob)
AR ob y PyDateTime_DateTimeType KRAINLRFIEA. ob ANfEN NULL. BLpRELE &2 )
AT

int PyTime_Check (PyObject *ob)
R ob B2 AIE PyDateTime_TimeType B & PyDateTime_TimeType BTSN B HAH.
ob WA NULL, ILEREUE &2 AT

int PyTime_CheckExact (PyObject *ob)
IR ob S PyDateTime_TimeType KAEINRE|B(H. ob ANEEN NULL, HEREES RS MIIHAT.

int PyDelta_Check (PyObject *ob)
IR ob ) PyDateTime_DeltaType K Ef PyDateTime_DeltaType HYFATZEI MR ] E
. ob NHEHN NULL. MERECERESBINIAT.

int PyDelta_CheckExact (PyObject *ob)
W ob ky PyDateTime_DeltaType AR [EIEAH . ob NAE M NULL. bR &2 BEIHAT .

int PyTZInfo_Check (PyObject *ob)
MR ob KA R PyDateTime_TZInfoType B2 PyDateTime_TzZInfoType T2 N3 [A]
BE{H. ob WK NULL. MEREEES BT .

int PyTZInfo_CheckExact (PyObject *ob)
IR ob k) PyDateTime_TZInfoType KM NR [ EH. ob ANEEN NULL. HEREE 24T
175
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PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. IR[|38E4H. A. HM) datetime.date X4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. 12 8| A 35 7€ year, month, day, hour, minute, second £/ microsecond J&{4: 1)

datetime.datetime X4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 1% || A 87 year, month, day, hour, minute, second, microsecond #/ fold J&
Py datetime.datetime %4,

3.6 HIgE.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond )
Return value: New reference. 1% W] .45 $5 %€ hour, minute, second and microsecond J& 41 datetime.

time X4,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 12 [0] H.75 8 %€ hour, minute, second, microsecond Al fold J&4:#Y) datet ime.

time XH.
3.6 B TIRE.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. [z [\ fARZ5 &K . FPAIHAPENY) datetime. timedelta X4, KT
IEAAARAE AR SR A AP AL TE datet ime . timedelta XFRIYSCRIFEHIIY X RIZ 4 .
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PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. 12 []—/> datetime.timezone X}4, ZW S EG VA offset ZHFRIN
R A 44 [ 5 I 22
3.7 B HE.
PyObject* PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. 12 [H]—-/~ datetime.timezone X}%, %N HEAG VA offset ZHFHRN
[F] 7 IF 25 F I X 44 B name .,
3.7 BRI HE.
— LB R date XF R PR BUT BLRY R, S A2 PyDateTime_Date 4 H -3¢ (5l
PyDateTime_DateTime) HJSEfil, ZHMMAN NULL, FHIBAY A A
int PyDateTime_GET_YEAR (PyDateTime_Date *o0)
PAIEREE I 2R [l 4E (3
int PyDateTime_GET_ MONTH (PyDateTime_Date *0)
REH, M0 B 12 AL,
int PyDateTime_GET_ DAY (PyDateTime_Date *0)
AREH, A0 2 31 R
—LEJR M datetime Xf G PRI BN R . SEULE PyDateTime_DateTime fIFH THAYLH. 2
B AR NULL, H HEBUR P A
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o0)
AR[ENEE, A0 2 23 YRR
int PyDateTime_ DATE_GET_MINUTE (PyDateTime_DateTime *0)
IR [E 7, MO B 59 YRR
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
IREFE, MO B 59 (RS
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *o)
REHED, M O ] 999999 4.

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.

3.6 B fE.
—LEJTR M time X G PRV B L . SELLAUE PyDateTime _Time WEH TRALN] . SHULH
AR NULL, FF HRBUR Sk
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
IR[EVZINEE, A0 B 23 [ REEL
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
AR g INNVE IRCR ki3 &
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *o)
WREED, A0 F 59 AL
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
IR EED MO F] 999999 FEE%L.
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.
3.6 B fE.
—SEHOR M timedelta X 52 PR BUT B R . SHULJUE PyDateTime_Delta ffFH RIS . Z4L
WA K NULL, Ff HERUR XA A

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
IR A REL, M-999999999 FI| 999999999 (L%
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3.3 B Hhhe

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o)
RIEFREL, A O 3] 86399 AL
3.3 e

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
AR ERDE, A O F] 999999 FHEAL
3.3 B Hhae

— TR S DB API 7

PyObject* PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. |31k Bl — P45 ETCHSEN P datetime.datetime X4,
{4 datetime.datetime. fromtimestamp () .

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. B8R M — N4 ETCHSEH datetime.date W4, WEHIEY
datetime.date.fromtimestamp (),

8.6.14 RRITEMFRI 5

Python 241t " ZHRh N BRI TRAEAM, (HHA GenericAlias #5547 T C.

PyObject* Py_GenericAlias (PyObject *origin, PyObject *args)
B 7t — GenericAlias Xt . 1124 T % Python 25 types.GenericAlias . S origin Fil args
SR E GenericAlias’s__origin_ J@MEM __args_ JEME. origin NiZ% @ PyTypeObject *
KA, args W PAEPyTupleObject * B3R FHAF & PyObject * *iﬂ WMRAL B args A E—1
JCAH, WA E—A 1 oo, HKF __args__ EHR (args,) o XISEHT TF/J\FEVEG$J
2, RS origin N2, RS KT . GenericAlias [ _parameters_ JE
__args__ HINER . ARSI, K R AR ] NULL

TR AN R B T

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS,
—"See PEP 585"}

}

B
BARBAI ¥ _ class_getitem () .
3.9 i Yihe

PyTypeObject Py_GenericAliasType
Py _GenericAlias () FriRMIAgXTERA) C 258, Z544T Python 1) types.GenericAlias .

3.9 i Hhe
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CHAPTER 9

Witatl, LR

152 R Python 45 LELE

9.1 1£ Python ¥4k Z Hii

E—MEA T Python BN HIFEFH, Py_Initialize () BRECLATEALATHAL Python/C APL b4 i
BRI BIANR AR BN & o e 5

TERIGAL Python Z i, R PAZ: A sy JH DA eR &K
o FLE L
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py_SetProgramName ()
— Py _SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
o [EE AL
— Py _IsInitialized()
— PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()

Py _GetCompiler ()

Py GetCopyright ()
— Py _GetPlatform()
— Py_GetVersion()
« TH
— Py DecodeLocale ()
© AT Bl
— PyMem RawMalloc ()

— PyMem RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

i O 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 4rJmic AL

Python A7 7 544 i 4 JRyC B AP OR P RPE AT I AL B o X BEARTE BRI fir 4T85

A RIBE AR, IR AECRE 2 B E I IR AL Bilt, -b &kfPy BytesWarningFlag
WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag
L4 bytes B bytearray 5 str WKEFH R bytes 5 int RN LM EL. WRATHT 2
DA 5 o

H b PELEE .

int Py_DebugFlag
FrEfgtra i (LR, MO T i) .

i —d L3 1 PYTHONDEBUG MBS ERE .

int Py_DontWriteBytecodeFlag

WRWE NAEE, Python AAAEF AR ZXEGA . pye X
i1 —B ¥ETi A PYTHONDONTWRITEBY TECODE FRJ5AF HH5 i o

int Py_FrozenFlag

MAEPy GetPath () "PUTERBIHIE R AR RHE .
i _freeze_importlib fll frozenmain #2708 AL A TERR .

int Py_HashRandomizationFlag
WA PYTHONHASHSEED MSAR B B A AE S AR RN 1.

AR ZIEAR A AEZ(E, WEEEL PYTHONHASHSEED IREEAS BRI AL =2 # Fp o

int Py_IgnoreEnvironmentFlag
ZIWEFTA PYTHON* PRIEAR G, B4, B 'E A PYTHONPATH A PYTHONHOME,

t -E Fll - T ST E .
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int Py_InspectFlag
AF AN R BN S AT AR T —c TRy, MSTEPITZMA 8y 25 #EA ST HAL,
BIEALE sys . stdin FFdE—DARumftL2 ik

M —1 ¥EIFI PYTHONINSPECT FfBEAS BRI b .
int Py_InteractiveFlag
i -1 PRI
int Py_ IsolatedFlag
PARG B T Python. ZERRESBIENT sys . path $AEL & BIAR Y H SRl P site-packages H 5.
T —T eI E .
3.4 i Yihe

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

1 PYTHONLEGACYWINDOWSF SENCODING FRBEAS B s R AL 2 FAF R M Hy 1.
WEZ NS PEP 529,
] H#E: Windows.,

int Py_LegacyWindowsStdioFlag
WM ERR N IEBE, NESHH] io.FilelO AR WindowsConsoleIO YEHN sys BIFRTETR -

42 PYTHONLEGACYWINDOWSSTDIO ¥FHEAR B e AR AT R A 1.
HXEZHAER, HSH PEP 528,
] {1 Windows,

int Py_NoSiteFlag
B site KR A NP RO BT 05 X sys . path MI#RAE. WIR site 2AERIEH AT
AWM EE X LA (SRR A B A BT site.main ().

H —S PETIREE .

int Py_NoUserSiteDirectory
ANER P site-packages HIEHME| sys.path.

i —s fll -1 &I PA X PYTHONNOUSERSITE HFfda s ik B .

int Py_OptimizeFlag
H -0 ¥EIifl PYTHONOPTIMIZE FRIEAs Frisk .

int Py_QuietFlag

B E AL BT A B R BRI A R o
HI —o IS E .
3.2 BRI fE

int Py_UnbufferedStdioFlag
5% 1 stdout F1 stderr Ji A v .

i —u &I A PYTHONUNBUFFERED B Bk E .

int Py_VerboseFlag
TR WIEACBREH T — 4058, R B 6 (U s B8RSR ) . R R TE%T 2,
U 4R R BRI A A A A ST B — 25T R o B NE RAEIR IR AR B B

Hy —v LESFHI PYTHONVERBOSE FRAEAS G5 &

9.2, )it 137


https://www.python.org/dev/peps/pep-0529
https://www.python.org/dev/peps/pep-0528

The Python/C API, %1 3.9.18

9.3 PG LR A ALIRBESS

void Py_Initialize ()

WI4H1E Python RS . TEHRA Python [FI N R H, B W 247E [ AT HiAth Python/C API p&i%i 2
HIBE s S Python s w2 8T T /BB AME L .

KR 0] G AL B AR R (sys.modules), I A]EHE AR builtins, __main__ Al
sys. EXRSWIHRABIIE REKRE (sys.path), EASKE sys.argv; WA % 2 G
MPySys_SetArgvEx (). 4B _WIHMHE FERFEFH Py _Finalizebx () MIFRT) A
SPATAEAMEENE . BWAREE: WRAIIE RN 2 kA Sz .

JEfii: 7E Windows b, R GBI O_TEXT ¥k O_BINARY, XiRRFEmafEH C stk
Python 4% & (] «

void Py_InitializeEx (int initsigs)

W initsigs 5 1 WHZRE TAE R 5Py _Initialize () 25, TN initsigs K 0, BFEkdE
AR GR AN, SXAERRA Python B A BESRA AL .

intPy_IsInitialized()

A2 Python fEREZR C A4, MR EAE (EF); HMLRIERAE (). FTEW M Py_FinalizeEx ()
ZJa, WRBF R B BE R Py _Tnitialize () PRI

int Py_FinalizeEx ()

WPy _Inicialize () FE ) BT A ) 46 4k #: 1E Fil J5 22 % Python/C APT bR $ i fiff B, IF
B H bW Py _Initialize() PARABIEHEM KM B AE FMES (BT
X Py _NewInterpreter () —77). TEIAIFI T, X 2Rk Python fRERs 4 Bl i BT A N A7
L T IH N (FERFWRIAH Py _Initialize () IET), XEAPITITTENE. ERER
FIREMER 0. WERAERZAL (R ZehEdE) AR B BaT R, Whagm -1,

SO R B I NG R 2 o A AR P BT RE Ay 82 5T /5 8 Python, T AN a0 58T JE 21 B A )
AL MEhESH m#k % (5 DLL) fi#k Python AR Y B 1A H] e Ay S 7 1 8k DLL 2 HiRF L
Python 7} FLH BT A N A7 TERR R AT WA AR, JF AN SURT REA BEAEIR th Y AR 2
HiFEHL Python S BLHY B A AT -

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Tnitialize () and Py _FinalizeEx () more than once.

5| k—A> #Hi1EE: cpython._PySys_ClearAuditHooks, AN E{Z4L.
3.6 FrilHI6E.

void Py_Finalize ()

R MAFIER AR Py_FinalizeEx () W FAREMA
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9.4 BB

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WARERZREL, W4T EPy Tnitialize () ZHAH. BHEE THrME 10 680 dn s A
AP, HAS S str.encode () HIRHHIE .

B H5 7 PYTHONIOENCODING ffH, I fif i AAUHE PAEAE SRS AR A AR H i ] 10 gafdas
iV

encoding FI/EY, errors W] PAK NULL PA{#i f} PYTHONIOENCODING FlI/a BRIME (BT HAl i ) .

HHERLEREAIRE (SUEMHMEE), sys.stderr #& il backslashreplace” H iz AL B
GILLE

WRWMH TPy _FinalizeEx (), WFEBEHRFEMZEEPAER X Py _Tnitialize () W)E5E
WH
IR 0, HASHHREHESME (FIAn7EfEREs B i 5 R A )
3.4 Bl IgE.

void Py_SetProgramName (const wchar_t *name)
AR B R R, N STE R Py _Initialize () ZHITHHE. BREIFBESTETH
main () BREN argv[0] SEMME (B8N TEFART) . Py_GetPath () FITFTH A A LLHAh R 5 2>
1 B A T AR 2 0 A7 B A 4% T HAT SCFAY) Python i2 7R E. BRIAfESE 'python'. &%
I3 24 48 1) B SAT A T I — D AR EES R TEEA4 5, HNAFER P ST AR 2 & £ A8 . Python
RRERS P AT A ARG ER A 2 AR R AT ) N 25

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
R py_setProgramName () WEIIREFFAFR, BEERINRIZ PR, 1R HF4F 6 55 10 S A
P B A BAE CHAA

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python', the prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the prefix variable in
the top-level Makefile and the ——prefix argument to the configure script at build time. The value is
available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py _GetExecPrefix ()
IR [FEF X 252 1 AR T F- 5 SRV exec-prefix. X @il H T il py_setProgramName () %
BRI 24 PR B SE PRI AR 5 IR AR 10— R AN B A FUNRAG 1 2GR UL, WERFE T2 '/
usr/local/bin/python', N exec-prefix & ' /usr/local'., %[\ F4FE K48 B SE1E
AT ARSI, oM B TR E Make £11e Y exec,_prefix A5 R\ S 7Ef PET 2
configure HANH] ——exec-prefix ZH. ZHFFLA sys.exec_prefix Hj%FriL Python 1LHY
. BAGEH T Unix,

Tt U T FE RS (AT SCAERE SR ) &4 TR H SRy o (1 i) 468 exec-prefix
FFARIFT prefix. FESLBUATLERd, T 5 1 U AT BB 3T the /usr/local/plat fH
SRS RS T 5 B SO T RE L% T /usr/local,

MMEZ, Fa& 4R IR AL A, FIUFTA 21T Solaris 2.x #:4E RS Sparc Hlas 2

ARG, (Hiz4T Solaris 2.x [¥) Intel ML 25 —Fi-F-F&, 1MizfT Linux [¥) Intel HL4E 25—

FioT-& o AHEHERAE RGN F) 3238 4 A OB 5t A BUR -6 - Unix BER SRR A

JIATA] s X FEFRGE b2 SR 22 51| B R R I prefix FT exec-prefix /@A 2 X, HARHR N 2

?HE;T; . )%?EE%?E‘&W%B‘J Python “FA5 i 2 ML T A K (EHA S FE 14012 1 A %) Python
|

RS H DURE 0 il & mount 5{ automount ¥ PAYE -SRI HLEE /usr/local il /usr/
local/plat BCHEXIAE-EMAE SRS
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wchar_t* Py_GetProgramFullPath ()
iR 5] Python I HRAT SO S8 FEFR P 245 s iX AV E WARYERR 7 44 8% (th ik Py_setProgramName ()
WHE) IRAEBRABHE R B AR P S AR Y o R B AR R R T B S A7 T AN
B, %A sys . executable [ Frfi Python RS .

wchar_t* Py_GetPath ()
R P ERIAE I R A XRIRIERFZFK (H_Likpy_setpProgramiame () #E ) I LEIFEE
TR R FER R B — R AT 6 2 B AF 2 H SR B PR . o B AFE
Unix Fll macOS |28 '« ' TWi#E Windows 28 ' ' o R Bl FAF B REH ) B ASAEAE . TR 7 AN B A& el
HAH. 5% sys.path RAEMRRES SN FZERPI M1 BT AFERI GBS (9 HAm &L
SHAEE) DA AR 8 R Bk AR

void Py_SetPath (const wchar_t *)
BCEEOAMBR I RS, WRIREEPy_Tnitialize () ZHIPHM, WPy _Getpath () ¥f
Ao AN R R Ol SRR 42 . X3S T H—AN 58 A FIR T A AL i 7
[ AR T Hedir A Python (R DL BEARLLIEN 24 |1 F- & L B/ BEAFR 2B, £ Unix F macOS |-
& v TAE Windows I ',
XK F8L sys.executable i HRRIFHISEE IR (B WPy _GetProgramFullPath ()) 1
sys.prefix Ml sys.exec_prefix A NZSEH., MR Py Initialize () ZJGHFFENIMN
I R B EA],

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
BEARSBAE NG W, AR A 5 T A A 45 R S R E
TE 3.8 U E: BAE sys.executable R HERF I EEEAR, A SRET CH4 -

const char* Py_GetVersion ()

i ] Python MRS IUAS . 30KF S A TR 20 4 e

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

A (RIS —REAT A IER) & 24 AT Python BUAS s HITTHI A P49 /2 LA LS 0 i) 2 2RI
BAST o SR FAF AR ESAT i AT ANABSCHAR . R (ERFLA sys . version BYZFK
it Python RS {1 .

const char* Py_GetPlatform ()
RPPYHE SR GAREAF. 78 Unix b, REARIERGN B AFRAHEM, #Hh/N5TE
2, BN EERAS s Fan, % Solaris 2.x, B{HE SunOS 5.x, iZ{H¥ N 'sunos5'., ¥E macOS |,
BRH "darwin'. fF Windows FEXFH "win' o IR FAFER I EASIERS VTRV 1B L
HAH. Python [ H[3# 4 sys.plat form FREUZIE.

const char* Py_GetCopyright ()
R [A] 24 1] Python A 7 BRLFAF, 4

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

AR [ AT AR 1 ST R A RAESCHAE . Python fUFWlId sys . copyright FRUZ
{H.

const char* Py_GetCompiler ()

A [0 2 15 24 5T Python A ik fed <, Wi r i S mEs, Bl

"[GCC 2.7.2.2]"

IR L AT R AR ) RS AEAE : TH B R B A . Python fCISA] DA AE & sys . version HIgk
BOZfE.
const char* Py_GetBuildInfo ()

AR [0 45 5% 24 Hif Python fRREASSEBIRY 791 5 FAey 2 H AN ) (5 8., Bl

"#67, Aug 1 1997, 22:34:28"

IR L) FAF R AR ) RS A T E R B A . Python fUIS A DA AZ & sys . version Hijk
BUZAE.-

140 Chapter 9. #Jiffk, ZegiRIZER:



The Python/C API, %1 3.9.18

void PySys_SetArgvEx (int argc, wchar_t **argvy, int updatepath)
HHE arge Tl argy & sys . argv. LB H5EHFTFH main () KA, KAITETH T
25 1) BT R BIAS SCIFTITAS J& Python SEERERNS IV 1Y FTHAAT SCHF . WSREAT BB ATRYBIAS , ) argy
YR — IR A 2SR ER . AR R TEIA MR AL sys . argv, WM Py _FatalError ()
K E TGS S .
W2 updatepath %5, CRRECR 58 ARAE . AR updatepath AEZAE, WL EGERFHRBE LA R 3RA
B sys .path:

* WERAE argv (0] R A—ABUA A, WA BHE H SR i 240 AR R 2] sys . path
Tk o

o AEHARFIT (WALZUEL, IR arge 5 0 8 argv [0 RIGMIALIF4), WAKFE sys . path
AT SRR — A2 P AR, XM TN IS BT TAEHE % ()

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

TR U T AT A BIA LAMEG B 1k A Python fERESS (K. AR AE A 0 4Eh updatepath
HAFFEEREH sys.path &K E, S0 CVE-2008-5983,

TE3.1.3 ZHip A, AR LB PySys_SetArgv () ZIGTFEH % —1 sys.path Jo
=, Flnfif:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 Bl hE.
void PySys_SetArgv (int argc, wchar_t **argv)
BER B Y TPy Sys_SetArgvEx () WHE T updatepath 2y 1 [ python R 4R 5 3l I AT T

-1,
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

T 3.4 BUE M updatepath AEME T -1,

void Py_SetPythonHome (const wchar_t *home)
BCEERIAN " home” H 5%, gk @ hnif Python FEFTTEMALE . 152 PYTHONHOME | LS ETFAT
R L
BESHERY 45 S AF il — D CAEETR PR, N AAERE P AT )RR F5 A28 . Python
FRE R P B AR A 2 B R A i P Y R

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()
iR 1] BRI B home” , B2 B Z B X Py_SetPythonHome () WIH BT EME, BUEERE T
PYTHONHOME FAH5AR B I N % A48 B i

9.5 ZRFEIR AL R RS B

Python WERFZE AR5 2 A L4, 5T SR SRR Python B, BT — 208, Fililobal
interpreter lock SGIL, 4 AR AR 2 Jo A B9 4 071 Python W%, WURIACAE, I
S R ML B U T A SRR R o S BUA, 4 A2R2 I I X  y3 1  H
51 TR R FLRN T YT A

P, BLINZESK SR FERGIL 12 B BEAE Python %45 13153 Python/C APT AL 4T i)
FEEPAT, RS E WU &AE (B sys . setswitchinterval (). PBATERES ]
Bl ML ERY VO BRAIHRERL, ATEHLAl Python Zef ] bARIIHZAT .

Python RS A1E /M4, Py Threadst at e WAURAEHIE T RTE AR RINER 58 . B4 4
AR RIS HI Py ThreadState: BERLAH PyThreadState_Get () KIRHL.
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9.5.1 Iy ek 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_sSaveThread();
. 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 -

MR RS VO B RERL GIL Y WO, (HEAETH AT 251 Python X R EGKMz ATt
S0, HCInET X A Zeh XA TR AR Y e 40 O R A AT AR o 28BSk, X B AT e i s
A BRAERRHE z11ib Al hashlib BHGRSREIL GIL.

9.5.2 l Python @& i 2k i

41 L1 THY Python AP (#ll threading Bibk) QIEARER, & [ REK—DERAREH M L 2w
MR RIER. E2, MRLRZN C A (Flinh A B CMAREBISE =7 REIE), e
AFFA GIL BB R WA KRR L 1

URAR T ZE X LU AR TR ] Python AR (X il 2 & LR35 =I5 RS2 it [l i APT B9 —3BJ3 ), Rab
A Yol i QSRR S EIR A (R m R I s 2, ARSI GIL, et eI &RBRE
85T, XA RETT IR (1] Python/C APL, SEiDA EAPIRSG , AR Y HEARRESSGE, Bk GIL, #&
JE R ARSI A

PyGILState_Ensure () MIPyGILState_Release () B¥I& ABISEM LRI A #:4E. M C LA
] Python fySLAS Ty CUTF:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);
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Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py _TInitialize ()).Pythonsupports the creation of additional interpreters (using Py NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 4y fork() i 32 J5 i

A REFEN 7 — A FHEE BN ELE NS EAERX C fork O JAHBATH. FERZHCEFF fork ()
MARGH, AP PEREIAT fork ZJRs AT A fork RYLRARAFAE . 1077 ZEAN{l b B ATDA K CPython 1)
IBATI N TR AR SR A S TR R S0 o

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python
solves this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending
or embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into
Python) may result in a deadlock by one of Python’s internal locks being held by a thread that is defunct after the
fork. PyOS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

JIT A A 2 R K 45 R G — SR SC L Bk 35 CPython (135 47 B AR S A Z 335 L, os. fork () Hl
XM, XEWERELMHET YRR it G HAthpyThreadstate XF 4 A K B f5
HipyTnterpreterState X4 . HTik— &AM main” A4 % BUERIRTER, fork () B 24 H7E %
BRI main” LY, 1 CPython 42 Jaiz T e Wt R B R KRR T RIIR k). HA Y exec () 1
i J5 S7 RIS E FH 1 Ol fE— 1 91 b

9.5.4 il API

XA C 9 AU ST E R A Python fFREAS N5 A 22U A R 4L

PyInterpreterState
AR RS A GRS RS . R T i) — AR A LR R 2 S R A 1 DA B At
—HNERRE . AT A E AH

IRV JE T A A AR AR I AR A S AT AR PG, (HIERRPES ] AT T SO 45 45
ERob. RS Bt 2 A eIt s, TORENTAE TR -

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()

APATAEAT BN E 5 eR AR

1t Python 3.6 S HUEMAA T, BLEREIAAE GIL AFAER QIR E

T 3.9 BN R EOAEA A TR T84T

15 3.7 UG R BIAE R Py_Tnitialize () W, HIARTEHEREFTHME.
TE 3.2 R R E A EPy_Tnitialize () ZHITH.

Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
ﬁ[l%PyEvaliIni tThreads () E.&#EH I)_]\UJB[EHEE{EO ﬁt@ﬁmﬁx*%ﬁ GIL E‘J'I‘jﬁaﬁ?%ﬂﬁ%
H, PR AT R S AE PR AR RS A T APT 9 o

TE 3.7 WUE M BFEGIL ¥ Py_Initialize () ZEWITEL.
Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState* PyEval_SaveThread ()
R R R B (IR E B8 R AR T Ey NULL, R [0 2 /i A & AR O NULL),
MR E g, Y A AR ELARIE E .
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void PyEval_RestoreThread (PyThreadState *tstate)
BRI SR RS Bl (2R C B FHRFERARIRZS BN tstate, "EALHUR N NULL. AISRGIC P,
I RARDAH AIRIE , & WPR A AR TR

W 4IB1TH IEAE i Z AL M AN ARV L s RO A 51% 268, RV AR AN 2 iy Python 41
o ARATATET MR E 2 i/ _Py_TsFinalizing () B sys.is_finalizing () K%
FRRERS R 5 IBAE T B A AL TR v DA G AN WA B ) 22 25

PyThreadState* PyThreadState_Get ()
R Y HTAARRES . AR RS B IR . 7R ADIRASS NULL B, 3ORF A — A i iR
GXFEYR 5k JC ARG 2 152 NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
S B RIS S S8 sstate (AT HEN NULL) 45 R RADIRES . &R iR B 9 A7 HoR
BRI

TNA BB R A A, R BRI R -

PyGILState_STATE PyGILState_Ensure ()
il PR 24 i 26 A2 T E #5479/ ] Python C API 1] AN 4 Python B 4% J&) fi Be s B 09 24wtk S ], A
BRI HA S5PyGILState _Release () AR AH VT EC 5L AT DA i Ze A2 8 F BL R B R 2
Wo —Mekih, HEELBREWE 2 Release() Z Hil MRS B W ATEPYGILState_Ensure ()
MpyGILState Release () W z Al i i JoAth 5 L A2 A 56 /9 APL, fil 4, WJ DA IE %
M Py_BEGIN_ALLOW_THREADS flPy_END_ALLOW_THREADS %%,

RIEIER— Y PyGILState_Ensure () YR LRSI ANGER] “4gtn”, I HnJighfeis
Y5pyGILState_Release () AR Python &b THHFRPIRAS . B AR ARVFIBIHTA A, (ELX SEA04A R Ak
g IR PyGILState_Ensure () WM HES M TURIFHI PyGILState_Release ()
(A FE B DA

YZRRBOR A, AT GIL HRERS TR LT Python fUR . AT RICR- S B an L 5% .

Wi 2B T IEAE Fe ZAB I A R ) I pR B R 5% 46 R, B ZRFE AR /2 i Python 6]
o ARATAFEW I IL R B I ) _Py_IsFinalizing() 8 sys.is_finalizing() Rf#
AR R T IBA T R AT R P DB G AN B Y 24848

void PyGILState_Release (PyGILState_STATE)
Rz AR ARATT 55« ZESLT A Z )5, Python [RPIRARE 5 HAEXAM Y. PyGILState_Ensure ()
W Z B —#E ((F2 305 MRS X R Ui 2 AR A0, X GILState AP ()i F 2 fnit) .

XPyGILstate Ensure () BRERIEFHARLA N S HE R — & L X PyGILState_Release () ]
VA AH PR

PyThreadState* PyGILState_GetThisThreadState ()
RIBO R 2 B R FRRES . WA i e BVCA )i GILState APT W] PAIR [A] NULL. 3§ VERE
FARLERA X NERRRE, IIMESATE LR BT B S RBRRSET . XFES—1
B W R K

int PyGILState_Check ()
MR YT RAR A GIL R[] 1 AN E] 0 ek E0T PARE IS MEATE AT . HA 4B 1Y Python
ARECEW I B4 HIFA GIL INE A 2R 0 1. X FZ— MBS £ BlanfEm
PR e AR LR AP AR AL, 245058 GIL B8 s T DA S i4e V8 O S0 T RUsR i 45
e EHARSE L R A AT -

3.4 H e
PATR B R I Pl AR AR 355 T TE Python JEAURD %11 40 T A2 R 75 B IV
Py_BEGIN_ALLOW_THREADS
WE4Y EK { PyThreadState *_save; _save = PyEval_SaveThread();. HHFEE
WE NIRRT EXHS S Py_END_ALLOW_THREADS FVEHE. 4 RULAHHE— 0t
WiFZH 3.
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Py _END_ALLOW_THREADS
LY A PyEval_RestoreThread (_save); }. WRBEEEGE MLAHEIES: BOH52ZH
{)Py_BEGIN_ALLOW_THREADS VLR, §Z [ b CPA#E—Eiib ez .

Py_BLOCK_THREADS

X A ¥ & A PyEval RestoreThread(_save);: E % M T & A X MW & F 5
WPy END_ALLOW_THREADS,

Py_UNBLOCK_THREADS

XANEY EK _save = PyEval_SaveThread();: BN THA I IHIETE ST E R
WPy _BEGIN_ALLOW_THREADS,

9.5.5 )i)Z4, API

THNTA R AAEPy_Initialize () ZJGHH
TE 3.7 R Py_Tnitialize () BAFSAIIGILGIL,

PylInterpreterState* PyInterpreterState_New ()
el @~/\f§ IIRRERIRS X G . ATRESFA SRR B, (BN L0 BE7 91 AT 1 o iy i 1 )
Al ey

5| k% —A~ #Hi1E: cpython.PyInterpreterState_New, AN E{]ZS4L.,

void PyInterpreterState_Clear (P)InterpreterState *interp)

HEMARSIRENRTTAER . DA 2R AR
B & —A #1134} cpython.PyInterpreterState_Clear, AMHATTSEL.

void PyInterpreterState_Delete (P\InterpreteiSfate *interp)

HEMBERRSN . AFEFAERMBESY. BEHZRESL MM Z
XtPyInterpreterState Clear () I EEE.

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
OIE R T2 E R N R BB AR G 2 R PR BN T 2L ORE , (FLAN SRR 27 91 A0 e bR
BT AL, AT PAGRE .

void PyThreadState_Clear (PyThreadState *tstate)

HEAFDRSHZ P ITEEE . DA R

1E 3.9 JE ik IR BONAES ] PyThreadState.on_delete [, FEZ BIMAH, HIR/ER
KEAEPyThreadState_Delete () H.

void PyThreadState Delete (PyThreadState *tstate)
HEALAERESENEZ AFERALR MBS ABERSL I MHEHZH
Xﬂ‘PyThreadState_Clear () B’Jﬂ)ﬂﬂéiﬁ

void PyThreadState_DeleteCurrent (void)
A ARRR ST R SRR 8. HPyThreadState Delete () KB, ATGEHFH SR
kel SRRSO Z AIX Py ThreadState_Clear () PR REE.

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
FRHX Python AR tstate 124 Hi o

Return a strong reference. Return NULL if no frame is currently executing.
HiEZHPyEval GetFrame ().

tstate WhJi /N "A) NULL.,

3.9 FrihfE.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
$HL Python R FRARTS state A ME—ZRFRIRSHRIBAT

fstate Wh4I/N K NULL,

3.9 B fE
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PylInterpreterState* PyThreadState_GetInterpreter (PyThreadState *tstate)

FRUL Python ZRFARZS tstate Xt [ 1) fRRERR -
tstate Wr/fi AN A NULL,
3.9 Bl ae

PylInterpreterState* PyInterpreterState_Get (void)

BRI T AR -

TR 722 24 1) Python SRR A A7 45 24 1 AR 28 DU 42 h SUA QAL . RETRiR )
NULL,

TH F iy GIL.
3.9 ¥ sk

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
IR [l R A ME— ID . WER AT AR T A AR R Rk o] — 1 RSB A %

T s 2851 GIL,
3.7 B fE

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
IR — RS & R AR 0 . R R B0 (0] NULL WA A S e | & B O 1
A RRERS L B I AT

XAJePyModule GetState () B, I MU BRI EMRES CIRAPIRELE B
3.8 HrhwHhE

PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)

WTPPA e K 2628
throwflag T2 th /L AR throw () RO W0AERAE, WAL P4 1 575
1E 3.9 R B EORAE [ 3252 —A> 1state JE 5

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
BRIl R %8
1525 PEP 523 ”Adding a frame evaluation API to CPython”,

3.9 il Hhhe
void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunc-
tion eval_frame)
BCE WA R AL
125 PEP 523 ”Adding a frame evaluation API to CPython”,
3.9 B g

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. 12 [nl—A~4" @] DATE P AR € BIRSE BN FiL., B0y F
FRR 4 — kA ) B R AE 1% T SO AR DR S o TR P 1 24 1 e R R A Bt W] AT )
Eﬁg WA R HGR B NULL, AR {ﬁﬁﬁﬁ T | A LI 77 B 4 M8 1A w24 2

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you
must write your own C extension to call this. Must be called with the GIL held. Returns the number of thread
states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending
exception (if any) for the thread is cleared. This raises no exceptions.

F£ 3.7 UE PR The type of the id parameter changed from 1ong to unsigned long.
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void PyEval_AcquireThread (PyThreadState *tstate)
BRIP4 SRy AR BT 24 BT ARSIV N 1state, "EALHIAK NULL. BRI Z AICHEIE. W
RGLAET I, W2 R AT

TR BT IEAE S ZAB I A RV ] I s B A 2512 282, BRI AR )2 i Python A1)
Mo YRA]AFETH R EZ Bl _Py_IsFinalizing() BY sys.is_finalizing() RKK#E
FRRERS TR IRA T i Al R v DARE G AN WD LR 22 2

¥E 3.8 MR B gt #H N H5pPyEval_ RestoreThread (), Py END_ALLOW_THREADS ()
MpyGILState_Ensure () fREF—3, WIRTEMPRERS IEAE S A AL BTG ) > 445 4 B Zefe .
PyEval_RestoreThread () j&—NMGRZAI K (BRI M KVIIHRL) T EZo k.

void PyEval_ReleaseThread (PyThreadState *tstate)
524 BRI E B NULL F R R R 8. 7E L2 A B AN gl B HALZ 24 i 26
FEFTRIA o tstate ZHULAUR A NULL, ZSHUHN TRAE B RFU I LRS- WRAR,
W A — A g B R
PyEval_SaveThread () J&—MAAT K (EIMELEEMANIAL) Eim)Z2H k%

void PyEval_AcquirelLock ()

R SRR B DULATELZ A g d . AURZEREC LA, W2 Bt .

32 MG E Bk HMEEAEH YA LBRSE. W & MpyEval RestoreThread()
B{PyEval_AcquireThread().

T MBI IETE fe Z AR AN SRR L R BORF 2 2% 2R, RS 2 Fy Python 41
e ARATATE MR E 2 B/ _Py_IsFinalizing () B sys.is_finalizing () Rk %
FRRESEAE BAL T It ZAL AT RE H DABE G AN DA B A 45

JE 3.8 R E ¥ B W W ¥ N 5PyEval _RestoreThread(), Py _END_ALLOW_THREADS ()
MPyGILState Ensure () fREF—3, WIRFEMERERS IEXE S 2 AV I > A 454 i R

void PyEval_ReleaseLock ()
RE A R fl R . BB b2 BT E A 28

32 MECHE: HEBATER YA LERS F % MpPyEval_saveThread ()
B{PyEval_ReleaseThread().

9.6 T PEey L HE

BIERZHABIT, ARERA SR AUl Python filReas , HAL L3 LG BURAE R — b RE oL 22 )
— LR RIEZ AR RS . TR BRI R — K.

CET R TIIR A B S — RS . B e — D HER T ME— 1Y Python fiERESR. 5
TR A, EAPREA HATME— 1 AR 2 R oe A L AE S AL PSR . BB A STAEIZ AT IN I A6 AL 0 Ta) (1 T
it L ik g ia T i ZAL W R 5 Sh iR &R . PyInterpreterState Main () pRECIFIRM—Mi
o) HORAS i85t

ﬁﬂ%\ﬁﬂ? PyThreadState_Swap () BREHET MRS Z BT . VR AT DA T 20 eR B0OK A 78 A

IXI_E: |] :

PyThreadState* Py_NewInterpreter ()
Frd— TRy . X ULF) 584k ey Python RS HATIREE . Fe ISR, By T/
PR A ST AR E 0 . M iA, AR AB builtins, _main_ Fll sys .
OB (sys .modules) AR R (sys . path) R EM. FIMREA sys.argy
At BHAHIFRE VO Ji X% sys.stdin, sys.stdout fll sys.stderr (AiliX X4
FRFE 11 AH ] RS2 SO AR AT o
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The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’t be a current thread state on entry.)

PIRBHCR AU e (1) iRk k=

o WU 2 B B R AL, Bl PyModule FromDefAndSpec (), F§NEREREAR QI
IR BB S . FAT C RIS I 4 R B AR AE X SR . 2 [T 3t 2.

o MR BB BRI LR, BllPyModule_Create (), MFFEY EIEH K EAR, €
FEROEFRIIAML, F S ORAF B LR —A> (B0 0L Y [H—9 BB —1> (1) kT
A, RSO B E %S DU A s R init BRECAN SBR[ B F
PR R A SR (7) RS ITIL S, XA BE S B Z SMAAT N (2 0L F S Bugs and

caveats) ,

EREXAFETHERMMAPYy _FinalizeEx () flPy_Initialize () SEAEHVIEILIER I
I:TE'F/\T}L%HTE?Z‘KEE’J 0L XPTARFPE L, §RE initmodule PR A FRRIAH. 52
Bl fe—FE, XEWE A C 2SI 45728 8 Rk Lt 7 ) L=,

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL.
All thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before
calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters
that haven’t been explicitly destroyed at that point.

9.6.1 HiAHIEN

T T AR (DA AR B2 ) — bR Y ?Eﬁij[%‘ EANZ A B EPIRASHFARSE 3R - 2R,
B2 FA SRR os . close ( ET iIAraE oS eCE ) U EN14 BITITRI . BT (7)
fpREaR < IRy R ok, By ﬁﬁf ETCYEIE® AR e B p By i e sl () 4xJm2E Bt
ji_?j{ﬁuﬁt mﬁg"?ﬁ#ﬁ%&*ﬁﬂ@%ﬁ G T REREBAEN 75— () MRERR a2 25 B s XA 0 B
4 T AR

8 224 45 S T e E AR Z A P B R . SEBIEE, RN X SR R AT
;T%VE;JI?E?g%ﬂﬁ%ﬁmE’JEbﬂ%ﬂai‘%ﬁ%ﬂﬁ (F) R L, AR B — 5 \%TL P Bl e Gy
T ] X

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

9.7 5Ll

Sefit 7 — b i) AR AR LR AR S P RO AILAR] o X ZEE MR R eR R A 2 R SR E

int Py_AddPendingCall (int (*func)(void *), void *arg)
FE— DB A LR RART N AT RIE S . B, RRIRIE] O FFKF fune INAEERL 32 221
MSEREAS o RN, Rkl -1 (EAR S EAL 5

HIEIIA BRI, fune X 4P SEL arg YL MRREARARE . XTT IR #1247 Python {U#Y
KULERF PR, (BRI 2 AT P 25

o (T bytecode W FE I
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o FERFREFA global interpreter lock (R I func V] DA 522511 C API),

func WLIFAEIRINISIR ] 0, SRR R ] -1 HBE N RHEES . func AP ITAREIH LA
i — A, (HAR A R R s R U & 5 il g T AT e 2R -

BB T AR 2 AT RRIRA, AT S R REas 9l

FIAEF AR R R A, VR AR GIL. A0, eREL func W] BB S LHEA BRI R RE#R R
P

B XRMUZHRE, RAEAEREIRR I A . ABEARIE func RRBERA . 2R
FLBC T IIT AN RGN, fune FEASAER G TR Z HIHIRAN . MR BGER AE A
L5 C AR ] Python U5, MR, E (I PYGILStateAPI,

TE 3.9 fCHE R AR R X TR P, R fune KERCLHEAE TERES R, A2
TE LR PR . BUERA TR A SRR 91 3.

3.1 B RE.

9.8 JrHrHIEtES

Python fF#RE & A MNP E /AT MIAA TR B T HAR AL T SRR G SCRF . T BN TR,
MEE T TH.

XA C e 1 SRV RE S A SR i AR 28 5 3 FH) Python J2= 2% 1 T FI N SRA7OREOITEY , EREE AT C
BRI . TR A EA RS AL XA O R VPR R N R LA R R AR, T L o R o AT
A EEA ST 5 Z HIRAS ) Python JZ 2% R ok K0 15 1 FHAFATTA] o

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace ().
The first parameter is the object passed to the registration function as obyj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what #1E arg 15 X

PyTrace_CALL mEPy None.

PyTrace_EXCEPTION sys.exc_info () IR REER.

PyTrace_LINE BEPy None.

PyTrace_RETURN RGP IE, BCE AR i 5 S 30 R 7] NULL,
PyTrace_C_CALL TEAEYE FH RO 42

PyTrace_C_EXCEPTION | iF7EVaH BREOTE .

PyTrace_C_RETURN EAE R RO 4 .

PyTrace_OPCODE M E Py None.

int PyTrace_CALL
2450 —A> R R AR B AR A, s i — A R B A H NS 45 Pyt race func K
() what TEZHIH . WE B A S s IR AR 00 B DU 2 B i PR TEAR B A it o B8
Ii] Python “7F5 I RS 1 AL -

int PyTrace_EXCEPTION
MG KN Pyt race func R what TESHIME .. TEALPRSEAEAT 515192 R
what FER PR R, TR M2 F5 1% 53 3 0 S PO EAE IETE AT MR o X ROR & 24 e
4% 2 Python FRJEIFIN i FH A4 1] 8] R B5CRF 6 S 5 (448 [l 206 Aot AT BR B R AA 4
WEIX e PERE TSI AT EA .

int PyTrace_LINE
The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
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line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
AN I R BN 45 Pyt race func pRALH) what TEZHIME.

int PyTrace_C_CALL

Y~ C R RIRFBIR I L 45 Py_t race func BRELY what JEZHI{H.

int PyTrace_C_EXCEPTION
YA C B KRR L4 py_trace func N what XS 1H.

int PyTrace_C_RETURN
W—As C BBUR RGPyt racefunc BRELH) what TEZ1ME.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

JA O AR GIL o

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_ SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

AT A GIL

9.9 RN L Hr

X2 R H Bt v P TR
PylnterpreterState* PyInterpreterState_Head ()

AR X SR [0 3 BTy e R AL 1R ATk

Pylnterp; eterState* PyInterpreterState_Main ()

AR [ ERRREARIR S R

PyInterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M IR S X R AL 51 R R 0] interp 2 JGHY R — 1.

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

A SRR interp R IR ZAR LAY 2 PR Bl 1) 55—~ Py ThreadState MR AYHRE

PyThreadState* PyThreadState_Next (PyThreadState *tstate)

MHRT APy Tnterpreterstate MG AALRAS AT L ALK IIFI R state 2 G F—
.
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9.10 ZEFAHLAFfifi S HF

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

R X R R AR GIL; BATSARMEH TR BIHLH .
THYERE Python. h HAELHE TLS APL I, RG2S pythread. h Ml LA A i -

{Ef#: None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject *, these functions don’t do
refcount operations on them either.

9.10.1 ZkRi L mAitik (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 B Be

W

”A New C-API for Thread-Local Storage in CPython” (PEP 539)
Py_tss_t

BARSTFOR AR RAPIR, HoE SCTREHOT T 219 TLS 28, I e — M oRighinie
AREHI T B REHR PAAE A H B

Mg X Py _LIMITED_API B, foFfPy tss NEEDS_ INTT HUATH KB GHS L.

Py_tss_NEEDS_INIT
A B TRy tsst ASRIIALIL . WERIX SRS Py _LIMITED_API #5E 3L,

Bl

Py_tss_t HEIEHTE, T@Fﬁfﬁ UMITED APL S 3 AR B Fp g ARG, AR Ik SEAE R - 2R 2
(189 S BAE 128 I AN 325 I 1 PR G A ] BTS20 T

Py_tss_t* PyThread_tss_alloc ()
B —A5 Py _tss NEEDS_ INIT WAL RRSH RIMIE, 505 2480 2570 B 28 O )R

[f] NULL,

void PyThread_tss_free (Py_iss_t *key)
Free the given key allocated by PyThread tss_alloc(), after first calling
PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

{ifi#: A freed key becomes a dangling pointer. You should reset the key to NULL.
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Jiid;

XL B LS key AR NULL. IFH., WRBER Py _tss_t ibRK¥iPyThread tss_create () ¥]
IafklPy Thread tss_set () MlPyThread tss_get () AT EARE LI,

int PyThread_tss_is_created (Py_iss_t *key)
TR EM Py tss_t CLiiid has been initialized by PyThread tss_create () ¥ EAL IR 1]
AR
MEEAE,

int PyThread_tss_create (Py_fss_t *key)
NI AL — > TSS SEIPRFR B B8 . WIR key ZEIHR I BIE AP Py_tss_NEEDS_TNIT 4]
WACHAT @ A E Y o MR BT FEAH (R A BB B A H -- ZEC W0k 58 VR B R A ST
ARATT 4RI 7 BB IR 1]

void PyThread_tss_delete (Py_fss_t *key)
HE—A~ TSS S PASEAE i A7 4 P Bt 5 i A SRR AE, TR O R (RSO AR A B L
1. DA DAld Py Thread tss_create () PRI . HBRERT DATE R — M4
SV - (BAE— D E B i B 2 o .

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread.
Each thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_tss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is
associated with the key in the current thread.

9.10.2 AL HiAEfi% (TLS) API
37 BUSE RS KR B APT ELBE 42 5 5 /b (T5S) APL IR

A XA APTUARAS SCRE IR TLS R ] JCIAREL AR int I E 7T NV 6 o X1
ik, PyThread create_key () FFrRIREI—RMCRES, I HHAL TLS sAHEXFER)F- & L AR
TeRL

BT RSB A R, S AR A 6 AR Y APT
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_value (int key, void *value)

void* PyThread_get_key_value (int key)

void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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3.8 B fE.

&k

PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()
PyStatus_IsError()
PyStatus_IsExit ()

PyStatus_NoMemory ()
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e PyStatus_0Ok ()

e PyWideStringList_Append()

e PywWideStringList_Insert ()

e Py ExitStatusException()

e Py InitializeFromConfig/()

e Py PreInitialize()

* Py PrelInitializeFromArgs ()

* Py PrelInitializeFromBytesArgs()
* Py RunMain ()

* Py GetArgcArgv ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

Z: W Initialization, Finalization, and Threads.
S
PEP 587 "Python ¥J 4G4k &

10.1 PyWideStringList

PyWideStringList

1 wehar_t* AP
WIS length JYAEEAH, W) items WAZHAN S NULL F HLBFA FAFH U0 NULL.
Tk
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item TN list
Python W25 AT 46 A LASE IR FHT L PR

PyStatus PyWideStringList_Insert (PyWideStringList  *list,  Py_ssize_t index,  const
wchar_t *item)

Y item A B list W) index 5[ 8L .
NS index KTEET list WK JE, WIKF item FSIME list o
index must be greater than or equal to 0.
Python WA T 46 A DA T8 1 L B 45
SR B
Py_ssize_t length
List K JF .

wchar_t** items

FIETH -
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10.2 PyStatus

PyStatus
FAAERIIR R BCIRAS Bl B IR EGR IS5 A

XTGBT DM E B R C B2 FR .
SRR B
int exitcode
B, L4 exit () IISEL

const char *err_msg

HiRER
const char *funec

T LRI BB A PR, FTRACH NULL,

BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

HHERIR LA IR .
PyStatus PyStatus_NoMemory (void)

WAFECRI (AR ) -

PyStatus PyStatus_Exit (int exitcode)

PAFE 2 BB A SIR Y Python,
AR PRSI R AL

int PyStatus_Exception (PyStatus status)
RS O BB R R T WO ELE, SR L AT WA B 61 it

H Py ExitStatusException ().

N

int PyStatus_IsError (PyStatus status)

SRR ?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)
WA status 218 H A5 W E exit (exitcode) o WA status j2— P TRAS W] EVES IR T
HIFRE— N IEZR MRS . B PyStatus Exception (status) NIAEE(EHM A
ot
BER A

1Eff: (ENTEE, Python KFff i E PysStatus. func K%, MAIENMRSHIEEIN 24 func B4 NULL,

Il

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}
return PyStatus_O0Ok();

}

int main(int argc, char **argv)

{
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void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0O;

10.3 PyPreConfig

PyPreConfig
Structure used to preinitialize Python:

* Set the Python memory allocator

¢ Configure the LC_CTYPE locale

* 5E o UTF-8 i
TG AL T ST B R A

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
WL Python B2 5 SRAINUHAV T JEBL E o

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
WAL B A ORWIIR TSGR E .

SEr AT B

int allocator
Name of the memory allocator:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)

e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBRUG are not sup-
ported if Python is configured using ——without-pymalloc

Z: I, Memory Management.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and
coerce_c_locale_warntoO.

int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be
coerced.

int coerce_c_locale_warn

WoAARZAE, WSAE C B I flF et & 5

int dev_mode
2 PyConfig.dev_mode.
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int isolated
%N PyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error
handler to replace.

{X4E Windows F . #ifdef MS_WINDOWS W[ #% FH T Windows & &S .

int parse_argv
W HEZE(E, Py_PrelnitializeFromArgs () fllPy_PrelInitializeFromBytesArgs ()
FF LA H A Python AT Ay AT S BRI T U H argy 280 2L tn 17340

int use_environment
%N PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

FH T 1% . Python [ B4

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
T4k preconfig THIC E K 1AL Python.,

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *

const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

T EARMHPyStatus_Exception () flPy_ExitStatusException () AR H (FERa
B

For Python Configuration (PyPreConfig_InitPythonConfig ()),if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the ~X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () W] Py _Prelnitialize() Z J§. Py_InitializeFromConfig/()
Z HI BN AR A E LW FF Ay B A N RPyPreConfig.allocator # K A
PYMEM_ALLOCATOR_NOT_SET W A[¥EPy _Prelnitialize () Z HitiHH .

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directlymalloc () and free () isalwayssafe. Py_DecodeLocale () mustnot be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PreInitialize (&preconfigqg);

if (PyStatus_Exception(status)) |
Py_ExitStatusException (status);

}

/* at this point, Python will speak UTF-8 */

(N gkzs)
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Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
A5 7RIS T RCE Python HYTESHYLEHIK
ZER AT

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)

Y- Se FFER str ¥ DI & *config str.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const

) char *str) )
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t * const *argv)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list,

Py_ssize_t length, wchar_t **items)
Y Te FAFER A 3 list BN length Fil items .

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
BT Python i

E AR B IR .
Preinitialize Python if needed.

void PyConfig_Clear (PyConfig *config)
TR THCC A A

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configu-
ration in based on the PyConfig. If configuration fields which are in common with PyPreConfig are
tuned, they must be set before calling a Py Conig method:

* dev_mode
e isolated
® parse_argv

* use_environment
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Moreover, if PyConfig _SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called first, before other methods, since the preinitialization configuration depends on command line arguments
(if parse_argv is non-zero).

X TR IR PyStatus_Exception () il Py_ExitStatusException ()
ARPRSE (FHREGR ) .

git A B

PyWideStringList axrgv
Command line arguments, sys.argv. See parse_argv to parse argv the same way the regular
Python parses Python command line arguments. If argv is empty, an empty string is added to ensure
that sys.argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._base_executable: __ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

wchar_t* platlibdir

sys.platlibdir: platform library directory name, set at configure time by
-—-with-platlibdir, overrideable by the PYTHONPLATLIBDIR environment variable.
3.9 B fE.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.
stdin J52¢ AR ECET

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control  the validation behavior of hash-based .pyc files (see PEP 552):
——check-hash-based-pycs command line option value.

Valid values: always, never and default.
BRIAE N default.

int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode
to O_BINARY on Windows.

int dev_mode

WRAEZAE, WS Python T AL,

int dump_refs

WS AAESAE, WAL A 7ER B BSR4
Py_TRACE_REFS macro must be defined in build.

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
R -NAEEE, WHERESIHEA faulthandler.enable (),
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wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed

BEAILAL G A PR AR £
If use_hash_seed s zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python F H %.

Initialized from PYTHONHOME environment variable value by default.

int import_time

WHAEZAA, WX AR A THERE 2T -
int inspect

TEPAT A B Ay & 2 S R AL B
int install_signal_handlers

Install signal handlers?

int interactive
T HE
int isolated

If greater than 0, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current direc-
tory) nor the user’s site-packages directory.

* Python REPL ¥ A5 A readline tWATERZ HAR/REFH B FHBRIARY readline il & .
e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout
and sys.stderr.

XAE Windows Fr] . #ifdef MS_WINDOWS Zn]#% T Windows % &K CHY .

intmalloc_stats

AR E, WAEIR B S Python pymalloc 1 5B 2 IGE TR
The option is ignored if Python is built using ——without-pymalloc.

wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os .path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

int module_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module_search_paths is
overridden by the function calculating the Path Configuration.

int optimization_level
RN -
 0: Peephole optimizer (and __debug___isset to True)

¢ 1: Remove assertions, set ___debug__ to False

* 2: Strip docstrings
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int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python
arguments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to O, suppress warnings when calculating the Path Configuration (Unix only, Windows does not
log any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

RH NULL, N sys.pycache_prefix ¥4fi% A None.,

int quiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py RunMain ().

int show_ref_ count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.
Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJEBI A site BIbR?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

RN IEE(E, WHEBsIET tracemalloc. start ()

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest
priority.
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warnings A& 3 DA A S B A F US I sys.warnoptions: #x J§ — NPyConfig.
warnoptions 2k H¥$ A warnings.filters [ — 4 HIF R REHAE (R
).

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItaib write bytecode BUGHIHE.

PyWideStringList xoptions
sys._xoptions.

int _use_peg_parser
Enable PEG parser? Default: 1.

Setto 0 by -X oldparser and PYTHONOLDPARSER.
Z 1l PEP 617,
Deprecated since version 3.9, will be removed in version 3.10.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

JE 3.9 JiREL: show_alloc_count FERE RS

10.6 fii}il PyConfig w4t

FFH1164E Python (1) R L :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
MR config WL B AR WG4 Python.

A BT PyStatus_Exception () flPy_ExitStatusException () RALFEEH (FERE)
B,

(1] R {ii H T PyImport_FrozenModules (), PyImport_AppendInittab ()
i PyImport_ExtendInittab (), W,Z5AE Python FiR)#a{L 2 )5 . Python ¥IUG4k 2 s & ol ] &
filo Ung Python 2 RHIIAAL, WL AAERF RAI 4R 1L Python Z Hiif ] Py Import_AppendInittab ()
B{PyImport_ExtendInittab ().

BCEAR AR 7R Bil:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) A

goto fail;
}
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);

(F D)
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return;

fail:

PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-

eters:

PySt
{

atus init_python (const char *program_name)
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception (status)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) A
goto done;

status = Py_InitializeFromConfig(&confiqg);

done:

PyConfig_Clear (&configqg);
return status;

10.6.
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10.7 FRhic

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig () HREESA|E—
Jic E R AT Python 5 R GEFG 2K . AN, KF Python i A AN HFEFT .

RHC R 20 A R E AT PSSR ar A TE M (PyConfig. argv FEANSHARHT) Aok m H SR
C ARifEdL (BN stdout) Il LC_CTYPE i 5 KRR FFAAL . (5 S AL BRAIRIRF AN S BE2E%E

Configuration files are still used with this configuration. Set the Path Configuration (output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.8 Python it

PyPreConfig InitPythonConfig () MlPyConfig InitPythonConfig() B SA|E—EE
ety @ — 7R 55 B Python AH[F () H & X Python,

IS BN A TS ECR BN THCE Python,, 14 Jay e 748 B R 5 2005

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

7€ il #) Python Y7 il 52 2 PARR SRz AT

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) A

goto fail;
}
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException(status);

164 Chapter 10. Python #ji&{bMd &



https://www.python.org/dev/peps/pep-0538
https://www.python.org/dev/peps/pep-0540

The Python/C API, %1 3.9.18

10.9 PRAEHCHE

PyConfig &2 T AN E W FE:
o MARHCE A

PyConfig.home

— PyConfig.platlibdir

— PyConfig.pathconfig _warnings

— PyConfig.program_name

— PyConfig.pythonpath_env

- MEITAER SR T3RRGO AR

- PATH MBS A T IR PRS2 842 ORH PyConfig. program_name)
— _ PYVENV_LAUNCHER__ FEAS &

— ({Z i Windows only) ¥ JJ} % HKEY_CURRENT USER #I HKEY_LOCAL_MACHINE
i4)”SoftwarePythonPythonCoreX.YPythonPath” I | 4 i AR 7 H 3% (A X.Y 25 Python i 4~ ) .

o PRARICE A TR
— PyConfig.base_exec_prefix
— PyConfig.base_executable
— PyConfig.base_prefix
— PyConfig.exec_prefix
— PyConfig.executable
— PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case, path
configuration input fields are ignored as well.

Set pathconfig warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

M base_prefix Bbase_exec_prefix FEEREE, BT HMprefix fllexec_prefix #kiK

ﬁﬁc
Py_RunMain () MlPy_Main () ¥EH sys.path:

o M run_filename BB HE—ME __main_ .py HAKHS, WES¥run filename
WnE sys.path Fk.

e YN isolated HZ:

- WA T run_module, WIAFYMFTHRAME sys.path BTk, WERITCIRBERCY AT H 5%
WAL A

- WRBE T run_filename, WIKFSCPRA M H SRESIE] sys . path KTk,
- EHARER T, WA PRI NE] sys . path BTk,
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M site_import HIEE(E, W sys.path Al site FE. B user_site_directory i
JEZ{E HHH 1 site-package HSRAFELE, M site BIRESREH 1Y site-package HSEFINE| sys.path.

AR G 2 Ol DA S S A
* pyvenv.cfg
e python._pth (¥ Windows)
* pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER_ _ ¥fIEA5 Bk f Tk EPyConfig.base_executable

10.10 Py_RunMain()

int Py_RunMain (void)
AT TE oy AT B B b 4 & 1Y iy & (PyConfig. run_command). Ml A (PyConfig.
run_filename) i (PyConfig. run_module),

BTG O T ARG 1 -1 2657, Wis4T REPL.
5, 4L Python HaRk [nl— a4y exit () PRALATIR HVIRA.
S Python B % A FH—MEM Py_RunMain () 1ERG BT IR 249247 H E X Python (7R 6.

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
1t Python B S IR i LA TSR, RBGXLESAL

1012 Z G Bewlia b RAT e API

RN AT EE APLGIA T ZHrBcliatl, B PEP 432 A% DRtk
o “RLT WIIRAEET B, “H/IMERIEEAS Python”:
- AL
- WERHES
- BT RE R
- sys BHALER T RIIRAL (Fl0: sys.path MANFEAE)
o 7 BB WIRIERT B, Python HiSE I HALL :
- ZHIAIE importlib;
- Wk R E
— LR T AR
- SEM sys BiIIRME (Bl4n: A7 sys. stdout Ml sys.path);
- JBH faulthandler fll tracemalloc &R 3EIIHE;

- B A site fRidi;
- &4
A GBS APL:
e PyConfig._init_main:ifsetto0, Py _TnitializeFromConfig () stops atthe ”Core” initializa-
tion phase.
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e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
HEA “FHE WAk BL, 5¢)K Python FJ4RAL .

1E ML FrEA X AR, ASBCE inport Lib M yii2m & HaAe “ 8 PrEdWE Ny .
XA g AL VFFE Python 15 i Python DAZE 35 s34 1282 &, W] iES %% H & L) sys .meta_path
FARE R T
It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main
phase, which is one of the PEP 432 motivation.

Rl B BB e B E L TEIX— W Bt 2 A% T A A A% T VRS R AR . % APL #idnic
NAAFIRER: eyt APL ] DAREI S8 Mo 2 98 I B B0 & A 2 3% APL,

TE Rl M FE PIsielr Bz [a)iz 4T Python fUR 7= f1:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

}

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('"Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) {
exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);
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cHAPTER 11

WA T

11.1 ik

1& Python /1, NTEEFEM K B]— U5 Frf Python S AIEIR S B FL A HE (heap) . X/NALE HERYAE
T RS Python M 5% 32 %% (Python memory manager) {#iE. Python PNTEATHLERA A ] 1 ZH 4 e b 2
AN SAERAEE IR A, b=, L B E AT .

AR, — AR 24 BT 5 BT R E M AT RS T, ST HE o R 23 A b
FA7 53 Python HIZEHOCHE. 7650 NAFAMALARHOSER |, JLAXE S8 1 RS R o st , FEAR
e AR 4 T O SR 0 O A B W . DL, RO SAE N AT B X R ) T . e
AU, RO R o 7 R AL S 2 BB . DAL, Python OSBRSS — B T 4}
RUAA G SRS, (R & A R e T Az T«

Python i 774 I th ARG R ANAT , T PO BB IAL, BI85 S5 A0 i i e PN AL B0
GREE, BT P EE R Python XFGUNIHA AR v DX 14 3k 23 18] 23 B2 i Python PP PRLAR% 7R
LA 51 i) Python/C APT eR BUEAT I -

J T B NAERER BRI G W AZ AR ) C RS Y BR BICR KT Python X 42 HEAT A, ix st
PRELfIFE: malloc (), calloc(), realloc () fil free (). IXFFFE C HiEsAl Python INTEASHLER
ERE, BIEMEGR, XM T eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;

XA, VO Gp K NAFTT K2l C RIS AL PR . Python WAFE B S R 215 T /M FCAE A 45
HIR PR G

SR, AERZHNGOLY, HHE TN Python e ML NAT, PIoA A4 i Python A7 BG4I . Ik,
LR R T C HRHN RIS, UK. (1] Python ek 55 — AN e 7 B2 * Gl *
Python P78 BiLas ¢ T EATHL A AFaR Ko BIEEE I KA A7 U0 T i . m BER s 1 H Y
FEFTA I INAFE K A2 45 Python NAFAS BRR RELEARE GG L AT o5 ) B A DA S HE A 1) T f . NI,
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TEHCLENEULT , Python NAFAEBR AR W] RE M A SO A 1 M i 48, AsraR i, A7 Hs i sl LA 15y
PR, TR, S RG] T PR C M TCAR . 8 VO Geih KAL) AT 58 45 Python
NS HA

S U
A5 AF B PYTHONMALLOC W] 4% FH SR Hic # Python 8 ] A8 INAF 43 EiL 2

457 7 PYTHONMALLOCSTATS ] A HI SKAEAE UK A A 5 FAIHN 1) pymalloc % 5 KIS AT Bl pymalloc 7
Ao HBEE.

11.2 JURNALFZ N

PANBRESE S T ARG lilds . X ERBUR AL LN, NFRERA & B idFs 2240,

default raw memory allocator i FlIX25pR%L: malloc (). calloc (). realloc () fil free(); HHEZRF
TP malloc (1) (8% calloc (1, 1))

3.4 B gE.

void* PyMem_RawMalloc (size_t n)

SMHC n AT R N R ECR N AR voidx RS, ARER AR E] NULL,

TR T T AR (] — A MAFAY IE NULD 455, SRR T PyMem_RawMalloc (1) —#f, {HR
WA 2 DMEAT T X sa AL -

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SYBE nelem DI0%, FATCEIIKING elsize 747, FRFIFR A ECH NAFERT void> RKABFRE, W
WK R [B] NULL. AR B0 ia ik 2 .

TR REIR o] — R Al NULL $56E, stRIA T PyMem_RawCalloc (1, 1) —#
3.5 B fE.

void* PyMem_RawRealloc (void *p, size_t n)

B p A5 TH NAFBINRFEE n 735 DURTIHINAFBR N R i/ IMECRTE , R AR FFAAE

WA p 2 NULL , WAY T PyMem_RawMalloc (n) 5 {15 n 2T 0, WNAFHI NS,
HR 29 RE, 1R IHE NULL 541 .

MdE p & NULL , BB M2 2 al# HpyMem_RawMalloc () . PyMem_RawRealloc ()
B{PyMem RawCalloc () iR

WK KM, PyMem_RawRealloc () iR[E| NULL , p {/58R2F8 A1 JE i A7 XIS A 2064l -

void PyMem_RawFree (void *p)
B p 18I N AFE IR p W22 2 B Hl PyMem_RawMalloc () . PyMem_RawRealloc ()
B,PyMem_RawCalloc () TR MTREF. BN, BifE PyMem_RawFree (p) Z HIE £ H oWy
BT, REXIT e KA.
2R p 2 NULL, IR At 2 8 E A 2 AT

11.3 JffEEN

PAF BRI, D7 ANSIC AnifE, JR48E THPRFFIIAYAT N, "HT A Python 7 BLAIREL N AF -
BRINN G5B s il T pymalloc W 5 5B .

B R EO, WA 2 B A S 40 (GIL)

T 3.6 i BAERRIAR 7L i pymalloc i JE R L malloc () .
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void* PyMem_Malloc (size_t n)

SrBC n AT R N R BN voidr RARE, ARIER AR [E] NULL,

K 2507 BEIR Bl — M RRY AR NULL 484, BN T PyMem_Malloc (1) —H#E. {HRENFFE
AN DMEAT 7 AR 1Rk

void* PyMem_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, B NICRIKNA elsize 77, IR MG 3 FLH AR void* RAUFRER, W
WK MR [B] NULL, AR BE0I a2 .

TWREFAT A RRR [P — Y AR NULL 484, #BEA T PyMem_Calloc (1, 1) —#F.
3.5 FrhR I EE.

void* PyMem_Realloc (void *p, size_t n)

B p A7 E NAFHRINFEEA n 735 DURTIHAAFER N R i/ IMECR TE, o A RFFANAE

WM p & NULL , WAL T PyMem_Malloc (n) 5 Q3 n %51 0, WNFEHA/NEHERE, H
ALY, RI0HE NULL 54t

% p R NULL | W B @6 AR 2 I Mpyiem Malloc() . PyMem Realloc ()
B PyMem_Calloc () BTik[EIH).

W R KW, PyMem Realloc () JR[H] NULL , p /58RI +8 ) SCHil AT IRV A 506 5] «

void PyMem_Free (void *p)
BT p 48 10 B9 N AFE B p A0 A2 2 BT PyMem Malloc () | PyMem Realloc ()
B pyMem_Calloc () FriREfa4t. HM, AL PyMem_Free (p) ZHIC AWM SR T,
KE ST RS R
W p & NULL, AR 2 2B F A S AT

PAR T R 2B [ 72 A 7 (B3R k. 38 TYPE W DAFEAEA] C 231,

TYPE* PyMem_New (TYPE, size_t n)
EpyMem Malloc () #H[, AL4rHL (n * sizeof (TYPE)) FATWWNAF. R[] — kN
TYPE* BF8%F. WAERA S MERT X9 ih k.

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
SpyMem Realloc () FE, BNESPI/NEEEN (n * sizeof (TYPE)) Fi. R[E—4
il TYPE* KAUMIHRES . IRWIET, p R A48 muH AR R84, AR G 0)5% Ml NULL .

g4 C A, p MR BRI H0RAT p BRIA(E, PABEGRAE AR RN R NAT.

void PyMem_Del (void *p)
YpyMem_Free () ]

BEAh, FAATAARME T LA 25 M T E R Python WAF A lideds, miA & LIS C APT s%l. H2
R, eI ARELRILE Python A —dEflAeA e, THILAEY FBLH T«

¢ PyMem MALLOC (size)

e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

* PyMem_DEL (ptr)
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11.4 MR RS

PATeREREE, 78 ANSIC ARifE, FH48E T RZBFIAAT R, 7R T M Python 34 FL ARSI M 77«
RN ZoBe 2% i pymalloc N 55 25

Bl TEREX R BNy, AAURAT 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_tn)
AL n AR Bl AN FE 1R BL I A void> ZEBIFRER, WA R NR [F] NULL.,

TR AT AR R B — AR 3 NULL 354, BB T PyObject_Malloc (1) —Ff. {HiE
WAFA S DMEAT 5 w1 R Ak -

void* PyObject_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, BWNICRIKNA elsize 77, IR MG R FLH AR void> RBUFEr,
LSRR [B] NULL. ARSI b,

TR B AT REIR B — kR AE NULL $5%F, st T PyObject_Calloc (1, 1) —Ff.
3.5 iR EE.

void* PyObject_Realloc (void *p, size_t n)
B p F8 B AFHANREE R n 3T . DUBRIH N NP Bt/ ME i, e AR ARNAR
s *#p* J& “NULL®, JWIFHY4 T PyObject_Malloc (n) ; WHER n & 0, WNFFHA /N2
PR, (EASPRERC, RIEHE NULL $5%t.
Bk p 2 NULL , 5 0B W92 2 8l HlPyobject_Malloc ()
B{PyObject_Calloc () AR
WRFER LM, Pyobject_Realloc () R[] NULL , p {/8RZG 1A el WA KA R84

void PyObject_Free (void *p)
B p fam ) WAE . p W2 Z Hil i i PyObject_Malloc () . PyObject_Realloc ()
i pyobject_Calloc() FrikmA$E4. 0, AL PyObject Free(p) ZHIC&WTLH
TR, R ATHEREAE.
W p & NULL, B A A ERR 23T

. PyObject_Realloc ()

11.5 BRINAF AL ds

NNA e

B 2 FR PyMem_RawMallocPyMem_Malloc | PyOb-
ject_Malloc

KA A "pymalloc" malloc pymalloc pymalloc

e "pymalloc_debug"malloc +debug | pymalloc+de- | pymalloc +de-

bug bug

%A pymalloc ) %7 | "malloc" malloc malloc malloc

Ji A

%A pymalloc FJJHiX | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug

i

BERA:

o SR MIEAr B PYTHONMALLOC FAH.
e malloc: ¥ H CFEER RS /AL, C BKEimalloc (), calloc (), realloc () and free ()
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» pymalloc: pymalloc N 7% e %%
e "+ debug”: FH PyMem SetupDebugHooks () 3R T

11.6 A LA B as

3.4 B fE.

PyMemAllocatorEx
TR WA BCER R Z5 M A . S5 R T8 7 B

I, X

void *ctx YENE NS AP L
T

void* malloc (void *ctx, size_t size) rEi— AN A

void* calloc(void *ctx, size_t nelem, size_t SEE— A TEEA R O B AR

elsize)

void* realloc(void *ctx, void *ptr, size_t A EE— S AR BR Bl R R RN

new_size)

void free(void *ctx, void *ptr) R N A7

£ 3.5 fR B 2: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

PyMemAllocatorDomain
FRAR G Fe A s 2 . i
PYMEM_DOMAIN_RAW
PRIAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()

PYMEM_DOMAIN_MEM
PRAL
* PyMem Malloc(),
* PyMem Realloc()
* PyMem_Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
PREL
e PyObject_Malloc ()
* PyObject_Realloc ()
* PyObject_Calloc()
e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARIBURS AE 1 A7 B 2 LA o
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEE TS E I NAFH LA -
MR EBFATHE, HR e gs R Bl — ANl 9E NULL $8 4t

XFPYMEM DOMATN RAW I, Z3Fles bW e AR 24 YO BCaSiR R, ANE 45 i %
4 o

WA LA A2 T ORI Z W iids ) . ARl PyMem_SetupDebugHooks () PR
AEHT 7 e e b R 2 I 1

void PyMem_SetupDebugHooks (void)

BCE AN Python A7) B bR P AR BRI 441

B ECRI AR 5 0xCD ( CLEANBYTE ) 37, BRI P75 0xDD ( DEADBYTE ) 7.
FEHup 2 115245 40 (FORBIDDENBYTE : 277 OxED ).

BT A -
o Kt APT Ryt Sz, Bltn: X PyMem Malloc () ARG IXIHH PyOobject_Free() o
o R G KRB ACERINE A (G X T i) .
o BMZrp XL LN EEHEA (i) .

o K 2498 i PYMEM_DOMAIN_OBJ (Ull: PyObject_Malloc ()) MPYMEM_DOMATIN_MEM ({I:
PyMem_Malloc ()) 5 FLas R A GIL AR ET .

TEHEE, I tracemalloc FRHOE I A AFHB A ECAHI (I E . HA 24 tracemalloc
IEAE B S Python WFA AL, I HNAFHRBHBERS, A& B EH,

3R Python EXERARE N IMIFERY, X4y T Zinstalled by default . 54T H PYTHONMALLOC A
PAHIRAE AT 4131 Python b 228618044 7~
TE 3.6 MU MG XA bR B AE B3 H T AR B 4 16 19 Python. 76 3 A I, il 4 1 BRAE il

i tracemalloc & [u] ] Y 77 B4l 20 B i 0 B PR B F IUFE G & 24 PYMEM _DOMATN_OBJ
M PYMEM _DOMAIN_MEM 3 REC R B, 2R REeR B S0 A -

TE 3.8 IR M FAT A, 0xCB (CLEANBYTE), 0xDB (DEADBYTE) Al OxFB (FORBIDDENBYTE)
¥ 0xCD . 0xDD F1 0xFD X LA# ] 5 Windows CRT i malloc () fl free () FAFEMME.

11.7 pymalloc ;fil7s

Python A N B A% A BRI/ S UNTEEET 512 F37) 4kl pymalloc 4y Fids . &8 B g KD
A 256 KiB [ FR A "arenas” (Y INFABLT . X RT S12 FATHY AL, BRI PyMem _RawMalloc ()
M PyMem RawRealloc () .

pymalloc J&PYMEM _DOMAIN_MEM (ff] 4:  PyMem Malloc()) APYMEM _DOMAIN_OBJ (il Un:
PyObject_Malloc ()) I ZKIASEZE .

arena ) liC Al F DA %K

e Windows [ VirtualAlloc () #l VirtualFree () ,

* mmap () Fl munmap () , GERAH,
o BN, malloc () l free() .
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11.7.1 Hx X pymalloc Arena 4filZs

3.4 FIEE.
PyObjectArenaAllocator

JAt R —~ arena S BCAS I HI IR . IXANEEIRAE = AP B

void *ctx YERE NS AMH P BT
B

void* alloc (void *ctx, size_t size) AEe—H size FT Y DX I

void free(void *ctx, void *ptr, size_t RER— B Xk

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRHL arena 7L #R

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
% B arena ) fii s

11.8 tracemalloc C API

3.7 B fE.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

1£ tracemalloc fE P IR EE— AT A BCH NS
BRI 0, HASEHR ] -1 ok B AR AR BRE B . WI2RZEEH T tracemalloc 3R 1] -2,
RN R B, W A PR S

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1E tracemalloc BIHHHUHRER— N BCH NS . Q1R AESRBR R WA PA T A AT 454
AR tracemalloc g AR F LR ] -2, FIUER[E 0.

11.9 74

PATR IR H L NI R G, 2 B PAGE VO G X2 ad il 55— e AR M Python e rp 7L fiy:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) SRS 28 o R 4 A 7] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

Q3
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(£ L£50)

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

TEEEAEA BRI BI, Gop KBSl 8 T RIS s BOR B . FL b, W TN RENN
PP AR R A APL I, DAGE AR &5 A ) 20 TE g 14 AR Dol A5 ek AT AR P 2 4 25 I AL
B, H— AR fatal RN EIRE T IFFEA FIHE LBV AN R 2 Bods -

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —— should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

BT B AEAL IR H Python i) J5 4 N A7 B (1) iR E 2 Ab, Python H X G 2 il ik PyObject New (),
PyObject_NewVar () flPyObject_Del () 4B MRS -

X BERFEAT KANTLE C 7 S BUR X R AR T — = P JHi .
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PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. i /3 LIS op WIUGALERIZEBUAT] . IR MBI AR (LS AR R o
TR type FRUTXASXI R S SIRIABLIAG I , IR 2IEA R R A I BESIRAG I R R b XA
R HARTFBA LY.

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'R REM PyObject_Init () —F, FH HRIGEALAS &K /INRIRT SR
R EE

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. ffi ] C 254255 TYPE F1 Python 2RI 4 type 43 i —~ #7119 Python X}
ZRo RAEZ Python X5k g U F BRI MR E5 I IITHECR R —. WA ECR/ N
type XM tp_basicsize FEHRME o

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i JT] C MR 4544255 TYPE F1 Python [ ZREINT A type 23 Be—4~ 8119
Python Xf 4. Python Xf 5k U A & L) FBOR SR IR L. W BCHY NAF 2SRl T | TYPE
LERNN type MR tp_itemsize TFEARMEN size FEAYE . O T SEAUTCAIX FHREBTEAY 1
WPeE B ORISR RS o R B B AL i A B R 3 A7 23 BC v Rl A2 N A7 43 B 1Y
UB, X T WA BCIIRCE .

void PyObject_Del (void *op)
Rt Pyobject_New () 8{(# PyObject _NewVar () PHCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - P8 IEXABEEAJG op X5 iy 7 BOAR AN o] AR 517
MR LR N AF 25 [H] E R R — AN 2401 Python X4 .
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PyObject _Py_NoneStruct
4 None —H£RY Python XF R . XX GALA VA Py_None 5], XA BUSHR XA XR 1
a5t

S
PyModule_Create () /3B NAFAGI @Y B,

12.2 X %45

K E L5 H A F T3 S Python [FXT R . 3xX— 5k 13X S 45 AR B AT T 08 1 s

12.2.1 LA R I

it A5 1 Python Xif G2 #[AE X G N AFE R m W IF MR St = b B Z B, X7 B fpyobject
i Pyvarobject JBRFIR, XEERA Nl —20 5258 S, X L6524l JR] B T A HoAth Python
G E Lo

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyOb ject *. Access to the members must be done by using the macros
Py _REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyOb ject that adds the ob_size field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done
by using the macros Py REFCNT, Py_TYPE,and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

Z W L Pyvarobject 3CFY.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

(((PyObject*) (o)) ->ob_type)

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.
3.9 FrihfE.

void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.

3.9 HRTgE.
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Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

(((PyObject*) (0))->ob_refcnt)

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 B fE.

Py_SIZE (0)
This macro is used to access the ob__size member of a Python object. It expands to:

(((PyVarObject™) (o)) -—>ob_size)

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.
3.9 FrhfE.

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1/ typel

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new Py VarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 Implementing functions and methods

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two
PyObject * parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python.
The function must return a new reference.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);
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_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 B fE.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

Ik C %Al X

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though
PyCFunct ion defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunct i on. The function expects
two PyObject * values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject *
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.
3.7 Hi e

METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALIL supporting also keyword arguments, with methods of type
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_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.
3.7 BRI HE.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS
with defining_class argument added after self.

3.9 FRTgE.

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is
used to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to
create static methods, similar to what is created when using the stat icmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

12.2.3 Accessing attributes of extension types

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

Ik C %Al X

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring
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type can be one of many T_ macros corresponding to various C types. When the member is accessed in
Python, it will be converted to the equivalent Python type.

Macro name C Fpzk#l
T_SHORT short

T_INT int

T_LONG KA
T_FLOAT float
T_DOUBLE double

T _STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR FF

T_BYTE B2
T_UBYTE unsigned char
T_UINT oA R
T_USHORT unsigned short
T_ULONG TeAF e KR
T_BOOL =/
T_LONGLONG long long
T_ULONGLONG | Ji£§%5 long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and

T_OBJECT_EX raises an AttributeError.

Try to use T_OBJECT_EX over T_OBJECT because

T_OBJECT_EX handles use of the de1 statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX mem-
bers can be deleted. (They are set to NULL).

Heap allocated types (created using PyType FromSpec ()

contain definitions for the special members __dictoffset_ ,

_ _vectorcalloffset_ ,

corresponding to tp_dictoffset,

or similar),

tp_weaklistoffset and

PyMemberDef may
weaklistoffset__ and

tp_vectorcall_offset in type objects. These must be defined with T_PYSSIZET and READONLY,

for example:

bi

T_PYSSIZET,

static PyMemberDef spam_type_members]|]
{"__dictoffset__",
{NULL} /* Sentinel */

{

offsetof (Spam_object,

dict), READONLY},

PyObject* PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *o)

Set an attribute belonging to the object at address obj_addr to object o. The attribute to set is described by
PyMemberDef m. Returns 0 if successful and a negative value on failure.

PyGetSetDef

Structure to define property-like access for a type. See also description of the Py TypeObject.tp _getset
slot.
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ok C %Al BX

name const char * | attribute name

get getter C function to get the attribute

set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc constchar * | optional docstring

clo- void * optional function pointer, providing additional data for getter and setter

sure

The get function takes one PyOb ject * parameter (the instance) and a function pointer (the associated

closure):

typedef PyObject * (*getter) (PyObject *, wvoid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer

(the associated closure):

typedef int

(*setter) (PyObject *,

PyObject *, void *);

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with

a set exception on failure.

12.3 R4

HiF Python X5 R 40 i A5 2 — /@ R TURYLEN: Py Typeobject 45, ARG n] DA
AT PyObject_* () o PyType_* () BRECKALHEL, (HANREFRAL K ZH Python [ HIFE 7 BT B BRI
2. XU R TR AT R AR, FrPA BT AR AR B BT AT SE BB 2R AR B AR o F B

GRZBARERTALL, KRG K X AR EPFR AR R T RERE, Ke C
PREGRET, ARSI T RBUINRERY —/ NI . AR R IR R BN R T B, X T BRI E

IAESSEH P BRI BEA Tl -

BT REARES S, )T N TG TPy Typeobject B SCRUARIBIT.

12.3.1 iz

"tp_ ity
PyTypeObject ' Type Frsk I e 52
QT DI
<R> tp_name const char * __name___ X X
tp_basicsize Py _ssize t X X X
tp_itemsize Py_ssize_ t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, __ delattr__ (€
tp_as_async PyAsyncMethods * F et (FiEk) %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * Tkt (7 ikR) 9%
tp_as_sequence PySequenceMethods * FHiEE (FiER) %
tp_as_mapping PyMappingMethods * Tkt (k) 9
T 4ks;
12.3. R4 183



The Python/C API, %1 3.9.18

F1-4 L
PyTypeObject ' Type e Rl fa
)51

OT |
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _Sstr_ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, __ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X €
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le , _eq _,_ne_,| X (€

_gt_,_ge__

tp_weaklistoffset Py _ssize_t X ?
tp_iter getiterfunc iter, X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__
tp_dict PyObject * _dict__
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set ., delete_ X
tp_dictoffset Py _ssize t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__
<tp_mro> PyObject * __mro__
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses___
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

VMES RIS FORTE (P E) CFE M. RIRS P RRIZSA g . DR S R AR AR . <R (T
iéﬁ‘z)z%%mi%?é%%ﬂ‘é%?ﬁﬁ (W2 A null),
-
»()”’: PyBaseObject_Type WX E
T PyType_ Type Wk

"DP: Bk (7RI y NULL)

X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? - PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
i g é[*]?(
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TIitkR (JitkiR)

iR Type FEIATIE
am_awailt unaryfunc __await__
am_aiter unaryfunc __ aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc __jadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc _mod__ _ rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__
__rdivmod__
nb_power ternaryfunc __pow__ __rpow__
nb_inplace_power ternaryfunc __mow__
nb_negative unaryfunc __neg_
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ _ rlshift__
nb_inplace_1lshift binaryfunc __ilshift__
nb_rshift binaryfunc __rshift__
_rrshift__
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ __rand__
nb_inplace_and binaryfunc __jand__
nb_xor binaryfunc __XOr__ _ rXxor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc __jor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index__

>

oe

oo

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots;
- it's complicated; see the slot's description

R, A TR R R A R A AR I -

see the slot's description

12.3. RAR
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FK2-5FW

T R Type Rk
nb_matrix_multiply binaryfunc __matmul__

__rmatmul__
nb_inplace_matrix_multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

__delitem___
sq_length lenfunc __len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sg_item ssizeargfunc __getitem___
sg_ass_item ssizeobjargproc __setitem___

__delitem__
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc __dadd__
sqg_inplace_repeat ssizeargfunc _imul__

bf _getbuffer

getbufferproc()

bf_releasebuffer

releasebufferproc/()

186
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R{ typedef
typedef SRR e ST
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *

%k

12.3. RAR

Dz = +
L_YUAJJC\/L

PyObject *
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WEREE K tpedef PHEZTEAFELE

12.3.2 PyTypeObject 5 X

X

PyTypeObject MZEHIE X ATPATE Include/object .h HEk |, N T HES%E, WEERTHPME

typedef struct _typeobject {

PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

F

7t

~

IRZE)
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(£ L£50)

struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObiject;

12.3.3 PyObject Fiifv;

KA R LMY R T Pyvarobject 451, ob size %&Hﬂﬂ:&ﬂuxﬁé(ﬁﬂ type_new ( B, R
BRI ). HEPyType Type OLRB) &4kt _itemsize, XEWKREE E’J;&W (Bp2EAL %}
2 LI EA ob_size FEL.

PyObject* PyObject ._ob_next

PyObject* PyObject . _ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined. Their initialization to NULL
is taken care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always
remain NULL. For dynamically allocated objects, these two fields are used to link the object into a doubly-linked
list of all live objects on the heap. This could be used for various debugging purposes; currently the only use is
to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF' S
is set.

ok :
SoF BN SRR
Py_ssize_l PyObject.ob_refcnt
ARBTG5 8L, Hh PyObject _HEAD_INIT ZEHIUGIEN 1. W ERX TS B2

EXT%! (WG ob_type H7 1) T RPOMAT TR (EXT SIS BRI 5, L6 #
KEWEAESI

Aok :
TRAARYK T
PyTypeObject* PyObject . ob_type
KRR, WA E U2 TR, BHliIK PyObject HEAD_INIT WS HORMANIAIL, E
B IE LT 2 sPyType _Type o W0 T AP i 2 /07 Windows EAIJ,

P S M X R — AT BRI Iatk . R 4 BRI B #4 3% NULL 45 %% PyObject _HEAD_INIT Jf
HAEAR IR B b5 1k R B 4 B LA T A B E 2 BRI U Ak i /\%Exo Ay XA :
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Foo_Type.ob_type = &PyType_Type;

X VARAER R B AL LB 2 BISE . PyType_Ready () Kifx ob_type &% A NULL, U
&, WAEEM ob_type FEHIARILTE . WRIZFEIEE, MpyType Ready () NEHHE .

MoK :
BT Bl R AAK

12.3.4 PyVarObject ffifi;

Py_ssize_t PyVarObject .ob_size

For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects,
this field has a special internal meaning.

Aok :
TREAGIR I T B -

12.3.5 PyTypeObject ki

B MECIHA — DI R R R X R . WPy Type _Ready () SFE%TBOA NULL B EERIHE, 8
2WH A “BRN #84r. (FER, 7E PyBaseObject_Type fllPyType Type W BINVFZ T B
P b st 2 BAE. )

const char* PyTypeObject . tp_name

F5%F, FRPA NULL 45 R 3R BB A PRI FEAFER o X 0] DME ISR 42 A s A 28y, =7
FRER Y e SE RIS, G5, FREIREAAL . TN E R, PR R R4 .
W AR, WSE B4 2 se B A i —3 2. BN, & p 7 Q AYEH: M
HE ZRBL T i tp_name WiZMIIRIE N "P.Q. M. T",

For dynamically allocated type objects, this should just be the type name, and the module name explicitly
stored in the type dict as the value for key ' __module__ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module___ attribute, and everything after the last dot is made accessible as the
___name___ attribute.

WA RS, WA tp_name FEAFAERN __name_ JEYETVFI, T __module__ J& MWK
RAREXN (BAEE T B E, 0 ESOing) . XEWE R AL AT pickle. It
4b, F pydoc GBI SCRY R 251 %R AL

T BORT[ O NULL, BERPyTypeObject () HME—IHFE (B THENtp_itemsize DA
Hh) .

Aok :
TRBAGIR I T B

Py_ssize_t PyTypeObject .tp_basicsize
Py _ssize_t PyTypeObject .tp_itemsize

A X 28 BT DAV SR A S DA D AL RN

FEAEPIRNRAL: BT E KZ PR H tp_itemsize FRNE; HA WA BB 2R 4
Htp itemsize FEANE. MTHAREEKELGIMER, g SLolm /N, BEAAEK/N
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_s1ize field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the "length” of the object. The value of
N is typically stored in the instance’s ob_s1ize field. There are exceptions: for example, ints use a negative
ob_size toindicate a negative number, and Nis abs (ob_size) there. Also, the presence of an ob_size
field in the instance layout doesn’t mean that the instance structure is variable-length (for example, the structure
for the list type has fixed-length instances, yet those instances have a meaningful ob_size field).
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The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

KX FERI UL - QRAR R A% B TR ERE IR 5F, WINGEE tp_basicsize WEREH. Billn: 41

PEHARASLIL T —4 double $4l. tp_itemsize & sizeof (double) . FEFF A HATH

fRtp_basicsize J& sizeof (double) HIfFEr (fR¥EX 2 double BN FFEK).

M TFAAT RA AR S BIR ZEAL, % F Bl NULL,

Yok :

IXBEE BORE i T Ak K . MR EEAR KA — N ERWtp itemsize, MBATETRA P

fitp_itemsize WEAAFMWAEBEET RALEN (X TR AR AR .
destructor PyTypeObject .tp_dealloc

5 1) SR R R i 6T B AR PRUESR LAY S BIGEA BRI IR R BINTR None Ml ELLipsis
HREE) A WALZFE SGX AR BB AT -

’void tp_dealloc (PyObject *self);

LEIHECh 08}, Py _DECREF () flPy_XDECREF () ZZVR FNTHIBREL. DLAT, SEBIARGAE, H
CAA TXEMTIH . Hrid kB aZ R0z LA T A5 I, BERO% S HIA 1T NAF%
X (I 23 HE AT S KRR TR B0 ), VR % B t p_ £ ree PR ISR AUR T 1284k (3%
B EPy TPFLAGS BASETYPE AREAL), WAV BBV 0RE L, N tp_free.
X5 HIRE T RN 1% 5 A B eR O Y. - MR PyObject_New () B PyObject_varNew () 4
fii, W NPyObject_Del (); WM Pyobject_GC _New () B PyObject_GC_NewVar () 4y
ft, ¥ NPyObject_GC_Del ().

WARAZ B S R B i (BEE T Py _TPFLAGS_HAVE_GC FRfr) , MrAass M iz e i BRATAn) % 51
FERZHEHPyObject_GC_UnTrack ().

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

}

e, WAHSZKBEAENE EATRRY (Py_TPFLAGS_HEAPTYPE), REMaR N RAE 2SRRI )G
=V PO Vi RaE S R i S S a aUES Rk

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

}

Aok :
BT RBAK .
Py_ssize_ t PyTypeObject .tp_vectorcall_offset

— AR RS H vectorcall w330 52 B X G 19 552 1) 2% R K0 7T 358 1O i 7% B, X — b LU ] B2
Mtp_call HARMEAESE.

This field is only used if the flag Py TPFLAGS HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcall func pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.
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FAii% & T Py_TPFLAGS_HAVE_VECTORCALL PR MMk E tp_call HHftHATHE vector-
callfunc BRE—3. XA] VAW p_call $&FPyVectorcall Call () L.

g M Tt is not recommended for heap types to implement the vectorcall protocol. When a user sets
__call__ inPython code, only tp_call is updated, likely making it inconsistent with the vectorcall func-
tion.

{#f#: The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized
in Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

T 3.8 MU A 3.8 UL AT, XA AIEA4 o tp_print. FE Python 2.x Hr, ‘BRI TITEIEIC
o AE Python 3.0 % 3.7 Hr, BEEATHMA -

Aok :

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflag is 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 heap types (including subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr
— AR IR EUE AT S R R TR

BRI . HEPE X, Wixflitp_getattro fRAFE—A I, (HiEZ—4 C PR SH
FOREMES , A2 Python “FAFHRXTSE

ok :
S tp_getattr, tp_getattro

ETBEWTEMep_getattro figkik: M TFHRAM tp getattr fitp_getattro Y NULL
IHZ T MR R BEBIE N K tp_getattr Mltp_getattro,

setattrfunc PyTypeObject .tp_setattr
/I 1) R R DA 18 R I 53 e P R

ZTBEF M. MERGE N, MiZfltp_setattro fg [ — %L, HEZ—4 CFRHSI
FOREMES , A2 Python “FAFHRXTSE

Mok :
Sy tp_setattr, tp_setattro

REBESP T LB Mtp_setattro kR : KT KA W tp setattr fltp_setattro ¥H
NULL FHZ FRALE R BRI K cp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
FE I — ML S C )2 LM awaitable Flasynchronous iterator HpS ARG AH 5 55 B =7 B At B
gikatk. WSS AT Rk TR

3.5 FRINEE: FEZ HIREFRN tp_compare fil tp_reserved,
Pk :
tp_as_async FERASHAK, (B ST B MR K.

reprfunc PyTypeObject . tp_repr
—ASEIT N E R repr () BYRREUWFTEREL

%E# 5Pyobject_Repr () WHHHE:

PyObject *tp_repr (PyObject *self);

R ECA AR [l — A FAFER E Unicode XF4¢. FEBRAENGOL T, % BREY 2R [ — AP E, 29055
ey eval () i, HEHFENIREL, Mok bl RAMEER R WA, WY
R —APA T< TERHFLA > ZER A AT RAEWT X SR R BAE R AR
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ok :
BT Bt R BAK
BN

WK BLEZ T B, WRE] <3s object at %p> W TR, Ho s KEH N EBLTE,
Sp RPN G ) A HLE o

PyNumberMethods* PyTypeObject .tp_as number
R — A A AR AR, o A S AT R PR S i B TR S
WA 2 B AR

Aok :
tp_as_number FERAXYWMWR, HITLEHTBEBRMAPTK .
PySequenceMethods* PyTypeObject .tp_as_sequence

e — A mES AR FaEr, Hrh & RS AT P ISR G A 7B . X85 By SCR L 7
33} R s Mtk
Aok :

tp_as_sequence FEIRSHIAA, (HIML & T B9 AghK .

PyMappingMethods* PyTypeObject .tp_as mapp:.ng
R — MM EE R RFEET, o A E KA PTG S 7 B o X 87 BOrl) SRS ke
ST RgE Mk

oK :
tp_as_mapping FRARUEK, (AP0 7BRSPHMAR.

hashfunc PyTypeObject .tp_hash
—NEISCIL T A E PR hash () B RRE AT kSR AL

HEX 5pyobject_Hash () [HH[HE:

Py_hash_t tp_hash (PyObject *);

—L AR IEH IR EERGR 0] TSRS A (B R v AR AR RIS, sRBOV IR — S IR

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyOb ject_HashNotImplemented ().

B g B hPyobject_HashNot Implemented () VABH I M AC R BIGKIK M 7 5 5. AF
Python ZH X ¥ RN __hash_ = None WY, {#75 isinstance (o, collections.
Hashable) IEffiR[A] False.. R RMZ A : 7E Python ZTH & E— KM __hash__
= None &f{§if8 tp_hash f{\ g% B NPyObject_HashNotImplemented ().

Yok :
Group: tp_hash, tp_richcompare

ZFES TR RE tp_richcompare —{EgkHK: MR tp _richcompare fltp_hash 1y
N NULL B F2RAL RN 4k & t p_richcompare fMltp_hash.

ternaryfunc PyTypeObject .tp_call

— AN A SE P SR B HE ] BRI R AR . QSR XTSRS B TR X S W NULL, HA 4
Hpyobject_call () [AHEIHE:

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

Aok :
BT Be e TR AAK

reprfunc PyTypeObject .tp_str
— AR SEINE str () BAERREIOIRE . (IR str BIER— DA, str (O 2%
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BRI RS . Z GRS RFR Pyobject_str () PATERREEIE, MPyobject_str () ¥ H
AL PRI . )

HEM Spyobject_str () WHIFE:

PyObject *tp_str (PyObject *self);

R B IR 0] — PP B Unicode X4, BN 24— “AH" FIXRTFRERRNER, BA
Xt EAE print () BB S5 HABN A — BRI R ER.

Bk :

BBt TR IARK

AN

YRBCE LB, R Pyobject _Repr () SRiRBl—NFAFERFIRIE

getattrofunc PyTypeObject . tp_getattro
— R RIBUR M AT R R R TR

H& 4 5pyobject_GetAttr () HFHE):

PyObject *tp_getattro(PyObject *self, PyObject *attr);

DA IR IZ F BN PyObject_GenericGetAttr (), BT AHX G @R I =
4ok :
A3eH: tp_getattr, tp_getattro

ZFBESW T RFtp_getattr —B4hK: U1K cp_getattr fltp_getattro Ay NULL
B FRBDE R gk K cp_getattr flltp_getattro,

BRik:
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc PyTypeObject . tp_setattro
/I [ R KA U R e S Pk A P EHE £

HA & Epyobject_SetAttr () HHFE:

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

B A, 3 Ab S HE R value ¥ K NULL O M R JE Ve @ R AT DA Oy (8 MR % o Bk
“hHPyObject_GenericSetAttr (), BEEM TGN ZEEREE .

Mok :
A tp_setattr, tp_setattro

ZFERESW TEBE cp _setattr —EYEEK: B TREBMWtp setattr fMtp_setattro ¥ H
NULL I T2RADE RN 4K tp_setattr fltp_setattro,

BRik:
PyBaseObject_Type @)ﬂ PyObject_GenericSetAttr ().
PyBufferProcs* PyTypeObject .tp_as_buffer
i 1 — A S S G X 11 RN GAH O 1) 2 B IR G5 A AR R HR B o IX B8 B SO 2 I 2%
NAESS R 2 AL NN
ok :
tp_as_buffer FERASHMRK, HITLEWTERBEAMMEK.
unsigned long PyTypeObject.tp_flags
BRI Z A AR RS . FELEARFE W ) TR E S ST 35 95— SUHETAR U T 45
HKAINT S (Wit tp_as_number, tp_as_sequence, tp_as_mapping fltp_as_buffer 5|
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WL ) TR E TR, EAHEDT R PR BRARG MR AR AL G I, e Y
PREPE L7 B AN AT 07 ) HLb AR BAT 58 NULL i

ok :

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py_ TPFLAGS_HAVE_ GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

2Rik:
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
frfERS:

H Al e SCT AN AR WA | s SR BN 24T OR i H AR itp_flags T Bt E’J{Ec
PyType HasFeature () $Z—NEAM—DEIME p F1 f, A tp—>tp_flags & £
A AREAE
Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_t ype field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when

an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREF’ed).

K
277
Py_TPFLAGS_BASETYPE
2 PR A A A S — A SR R R A I LR O B WSRAZ HURR g I, ks
R TR 28U (ST Java Hiff) final” 35) .
K :
277
Py_TPFLAGS READY
MW G E L Py Type Ready () {564 S BIAETZ HU AR 7 R0
kR :
277
Py_TPFLAGS_READYING
MpyType Ready () ATERIIEAL LIS TUNT G i A b P2 U A 6 R
kR :
277
Py_TPFLAGS_HAVE_GC
24 6 G2 57 By B (0] S0 B 2 B AR R R R R, ISR REE TR B R L, ) S 0 2
H%PyObJect GC_New () EE@JL%{%H%IPyObJect GC_Del () FKtHE. L5 B WL %

A I GF PRI DI — o % R IR R 5 R R P A GC M X B tp_traverse
%I] tp_clear,

Pk :
ﬁéﬂ: Py TPFLAGS_HAVE_ GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverse and tp_clear
fields, i.e. if the Py TPFLAGS_HAVE_ GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.
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Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION, Py_TPFLAGS_HAVE_VERSION_TAG.
Aok :

777

Py_TPFLAGS_METHOD_DESCRIPTOR

AR AR G AT AT R G8 8 v
N type (meth) BWHE TZiElR, HRA:

e meth._ get_ (obj, cls) (*args, **kwds) (H 9 obj A& None) 7 &£ 4 T
meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) & 2 % #ff T meth(*args,
**kwds) .

Bt obj .meth () XARAILALT AT B AL EXRFEEGN ob] . meth A I Y
“HETTET MR

3.8 B HE.
Mok :

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get
is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

KRB Py Long. Check () SFpREUHRPLEf & — N RELE A N E R A 25, XHEW
LR iz Ak anpyob ject_IsInstance () BEHHRE., K HNERBWHE LE
BN Y E R B Hoep flags, 1505 RER) A PEAT A8 TR AR HE R I (el F ) 63 0 o 2
1 B R AAT A

Py_TPFLAGS_HAVE_FINALIZE

HRBLM AT AEtp_finalize FEALIN S EX AN LR
3.4 B HE.

38 MG C B HWIEAC A 2L ER, R MRS E R mikh b 2r
fEtp_finalize fl{v.

Py_TPFLAGS_HAVE_VECTORCALL

WSS T vectorcall Y3l ISR BEIXA AR, & fltp_vectorcall_offset | fREG.
ok :

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL

3.9 B HE.

const char* PyTypeObject . tp_doc

—NATRERR 4 ) 4 SR IR G SR P AT R I LA NUL S55R C AT IR . IR ER
REMAEHLH B __doc_ Jati.
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ok :
EATFE AR RAGK.
traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector.  This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

£ 5% Python B3 IS 5 L1 B (5 I FE Aot 2 £ ) & A in el — R E R .

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_t raverse function simply calls Py VISIT () on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:

static int
local_traverse(localobject *self, visitproc visit, woid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0;

}

lﬁﬂi Py VISIT () ICRETE W] AS IEERG | L BRI . BARIEAFAE—> self—>key i
b, {H'E G NULL B Python 45 5 PRI TS BE M B ERS | I —H 4«

e —J7 Eﬂ@ﬂ?ﬁ%ﬂiﬁ%/ﬁﬁiﬁﬂkﬁﬁﬁ‘“ﬁ‘i‘?ﬂﬁﬁﬂgUﬂEI’J g, AR A B VR 7598 W] AR

BB R g A get_referents () HRECHSOIEE.

% M. When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

1%& Py_VISIT() BisRAEY local_traverse () [ visit Fll arg B S EH G EWSATR; AE|E

Heap-allocated types (Py_TPFLAGS_HEAPTYPE, such as those created with PyType FromSpec ()
and similar APIs) hold a reference to their type. Their traversal function must therefore either visit
Py TYPE (self), or delegate this responsibility by calling tp_t raverse of another heap-allocated type
(such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

TE 3.9 WU A RCSE ALY M j ] tp_traverse I Py _TYPE (self) . FER LAY Python it
Hr, T bug 40217, SRR BE S B S P R AR it

ok :
Ay8: Py_TPFLAGS_HAVE_GC,tp_traverse,tp_clear

This field is inherited by subtypes together with tp_clear and the Py_ TPFLAGS_HAVE_GC flag bit: the
flaghbit, tp_traverse,and tp_clear areall inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear
An optional pointer to a clear function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_clear (PyObject *);
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tp_clear ﬁfu\@%ﬁ%ﬂiﬂ%%TTEﬁiﬂiEW%%Tﬁﬂﬁﬂ*&?ﬂ'J§IJE’J?IﬁfﬁlH%o Bk, &% H
T to_clear BB E]—HE AFTRE TG 51 FAEER. XA R a8, I Hn {54 5¢
MR B cp_clear gL, Bi4N, méﬂ*ﬁf%%fjutp_clearkﬁ%l, R kA Al BEIE I 5842
TCHRA SRS T . B HAMET Y to_clear pRETDAA L PAFTREAT ] 62 5 T AL I TR ER .
AR B RERIAY, I HAR DS ARG tp_clear BG4 .

tp_clear WSEBLRY 24 25 77 SC O ) Ho b1 A AT RES Python XFRAYTI, FHRFHG 1) X L2 57 1 4
B NULL, 0N BB

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return 0;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be decremented until after the pointer to the contained object is set to NULL. This is
because decrementing the reference count may cause the contained object to become trash, triggering a chain
of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks,
associated with the contained object). If it’s possible for such code to reference self again, it’s important that
the pointer to the contained object be NULL at that time, so that self knows the contained object can no longer
be used. The Py_ CLEAR () macro performs the operations in a safe order.

R tp_clear IR & RAESLBIGIRGH 7 BeZ BIBOR . BIAN, 2451 BUL AR E X A
BRI, WA Sy RARPR LI UGS e B tp_dealloc,

W Hhtp_clear WA B W 2FTBAGERG I, B AR 75 235 B BT 64 9 5% %2 4 Python ??ﬁ‘%j
Python 3%, BA1ILES S5MEHRGI M. 5 — M, ERIME S 4E8 Python X4, 453
Htp_dealloc RECREHEIAMH tp_clear IR H.

H % Python 173 [ R 2 (5 BT HE 1 AT 28 A SR A ar s el — I h & R
ok :
ﬁz}‘éﬂz Py _TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject . tp_richcompare

— AR 1 B R R B R R, R AR A

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

F—MESRLRIE NPy Typeobject g IR SLH] .

Z% PR 2431 0] L 25 5 GE# M Py_True 3{ Py_False). WHRAE LHEZEE, BUHER
Py _NotImplemented, HlIM &4 T HAWEE RN & AAHR ] NULL HK &4~ 781 &0

A H B E L HVEtp_richcompare fllPyObject_RichCompare () [E =145

o Xt i
Py LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=
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E LA e T iR S 4 i LA R A

Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
MZBREUR ] Py_True 3 Py_False, ST ISR . VAL_A fIl VAL_B W75 52 Al it
i C WRBAATHATHERR B (B, BT AR C BEEGF S8 .« =S EAEIITERY
iB8%, H5Pyobject_RichCompare () HEE—FE.

The return value’s reference count is properly incremented.
KA, FBEE R %R EOR 8] NULL.
3.7 FrihtE.

Aok :

Group: tp_hash, tp_richcompare

ZFE S TR tp_hash —H 4K : K TRAWtp_richcompare fMltp_hash ¥J5 NULL
IRV R gk K c p_richcompare Mltp_hash,

BRiM:
PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-

ever, if only tp_hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py_ssize_t PyTypeObject .tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_* () functions. The instance structure needs
to include a field of type Py Ob ject * which is initialized to NULL.

RNERZTB S tp_weaklist IR & 2R LA LR ST RS2k .
Aok :
BTBRWTRBER, BEESFT SN . TR AE R W R XEWRE TR

R TR ST 51K mTHIFSkBREEd tp_weaklistof fset fRFIM, FrlAX
I AZAN I ) i
When a type defined by a class statement has no __slots___ declaration, and none of its base types are

weakly referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the
instance layout and setting the tp_weaklistoffset of 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
tp_weaklistoffset from its base type.

, the type inherits its

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

WIS 5Pyobject_GetIter () BIFIE:

PyObject *tp_iter (PyObject *self);

oK :
BT B T 2RRAK

iternextfunc PyTypeObject . tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);
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YZIE PGS, BRI NULL; StopIteration R nREXIREWATREARE. Mk
AT — AR DRI, BRI NULL. BRI R S bR @ ik U -

%?;c;;%z@ﬁﬂzr”é‘uEti_lter PREL, I HAZPREUY 23R Bl B R AR LB A S (A H LR
S

PR B 24 Py Tter Next () BIAHIA
Aok :
WP BT RBAK .
struct PyMethodDef* PyTypeObject . tp_methods
%gﬂﬁE@TﬁﬁPyMethodDef SER AR DA NULL S5 3R SEEHmTeEr, BRI T IR
E?iﬁi&éﬂﬂlﬂ EE—I0, #2 AT (BN tp_dict) BIn— S iRk E 1 4%

Aok :
BFBAL T RAFrR (O g2l A F R HLH R GER T ) .

struct PyMemberDef* PyTypeObject . tp_members
— ARG ) PyMembe rDe £ Z5MIPRRDA NULL S5 sS R AL 165t, ©FE M 1 R R) H
Bl ot (Bl ) .
TR PR —I0, FRS 10 2R P (BN p_di o) Ssi— & O AR S 4%
H.
ok :
BT BT RAFTAR (858 A [ R HL R 2K ) .

struct PyGetSetDef* PyTypeObject .tp_getset
— AT i1 Py Got Set De £ S5HIIRRYDA NULL SRR TEE, S W] T AR S
BT R I -
PR 4T, AL RIS T co_dico) I ML S HA R i 4
H.
Aok :
BFBALW TR R (POt 5 R MR A F LR R AR ) o

PyTypeObject* PyTypeObject .tp_base
— AT ) 2 AU AE SR PRI AR B 2R R H8 5. TEXAD R, HOCR AR, 2 EMKTH
T I TR B B S A R AN R

TEfR: AL AT SRR R ih A 42 R AE B Rl . €99 %Y%ﬂﬁ“%%&jﬂ “Hihbi R R
IR B BE /R 8 Py Type_GenericNew () HRI2ARLH C99 HuhkHE

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type () is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers
are strictly standard conforming in this particular behavior.

WL, WS AEY R I s R St B e p_base,

Aok :
BTBASH T RABK (BR).
LN

ZFEERIN N ePyBaseObject_Type (Xf Python )3 R ULE] object 2KAY),

PyObject* PyTypeObject .tp_dict
R FHNRF i Py Type_Ready () FPif#]ix B
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This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__()).

ok :

T BASH TR MR ((HAEX B S @ M E A [R] AL R 4k K ) .
2Rik:

W% FBON NULL, PyType Ready () R ERE— 7 H

wer SE M C-APL il PyDict_SetItem () Bt dict BARNE4AW,

descrgetfunc PyTypeObject .tp_descr_get

AT “REIASRRIC R R
PRENAY R4 0

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Aok :
T BA TR

descrsetfunc PyTypeObject . tp_descr_set

— R 1 TS E AN R RS E R s R I £
PRAAYZE 4 0

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

¥ value ZH% A NULL DASHERZAE
gk :
WP B Ao TR

Py_ssize_ t PyTypeObject .tp_dictoffset

WRZ B S BB — & LB B, W Bkt AR R 43 15 1% 52 )28 B L)
KRGS %W PyObject _GenericGetAttr () ffif.

ANERFZ T B tp_dict {RiF; & 2B A B i TR PR B 7 4t

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsize and tp_dictoffset are taken from the type object, and
ob_size is taken from the instance. The absolute value is taken because ints use the sign of ob_size
to store the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

B
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This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via tp_dictoffset, this should not be a problem.

When a type defined by a class statement has no __slots___ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’s offset.

When a type defined by a class statement has a ___slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe _ slots__ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref___ though.)

BRIA:

This slot has no default. For static types, if the field is NULL thenno ___dict___ gets created for instances.

initproc PyTypeObject .tp_init

— AT 1) 52 B U6 AR R R 5T

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

PR 244

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

tp_init RECINSRA A NULL, 7 8 A 2280w A e i mtgii i, BIERBA tp_new
PRAIGR [ —MZ R LB . SR co_new PREGR ] T —ANAN 2 R G S ) 1230 1 HA 2 AL 1y
S, Wep init RS o _new BB T —AN GBI R BH) L6, W1
KW tp_init KA.

WINHHRE 0, & AEREEEENR ] -1 FHAERS 5 ik E— 5% . and sets an exception on error.
ok :
WF B TR AAK

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

5 1) — S 73 B R RO T e
PRENAY 540

PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

Bk :

RTBRAPHESTRBGR, EARWEE TR Gl class iIFRAIHERN TRA) 40K,
MTFHE TR, RFBERRYI APy Type_GenericAlloc (), VAR RLFHFRIER) e BLsE
[

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

—/IN AT A i 1) S5 B PR A FR T
B GORSZ R
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PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SR B BN G 12555 args Fl kwds 228035 V8 FH 25 B S A7 58 F 56 4 2 S5k
WYL subtype RN I2 Wb S5 800H I t p_new pRERTIEIZRBHAN; B DUSIZRB 288 (H
RNEERFERTLRMER),

tp_new RV 4] subtype->tp_alloc (subtype, nitems) JRXFRAEANN, REH
PATHE XA BRI IR AR . AT DA% 4 1 20 B A AR B A AR B Ui tp_dnd t Ab
FRAT . — AN AR T AT AR AR, A I R ERRN 24 HE tp_new HR/E, 1M
XPFATAR AL FH AR ARV R M IR B e p_ind t BT .

MoK :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

LN

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called
to create new instances; presumably there is some other way to create instances, like a factory function.

Jreefunc PyTypeObject .tp_free
— TR [ SE BRI R B F . BRI 2R 8

void tp_free(void *self);

—RERELIRIRLAR R PyObject_Free (),

Bk :

BRFB2PEHS TERREIK, HAXPEE TR (W class iBAEIEN THRE) 405K

BRik:

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

STFESTZA, pyBaseObject_Type f# ] PyObject_Del.

inquiry PyTypeObject .tp_is_gc
] AR ) A2 3R [mS gks Fiv 1 R K 4T

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s tp_flags field, and check the Py TPFLAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, PyType_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Aok :

WP BT RBAK .

Rl

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject* PyTypeObject .tp_bases

R T .

This is set for types created by a class statement. It should be NULL for statically defined types.

Aok :

EAFBA SRR .
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PyObject* PyTypeObject .tp_mro
BRI AR T, DARBUA B I IRTF A obJect Mg, A1 5 MM T «

Aok :
RAFEASPIR; Rl Py Type _Ready () IHHRHIHY.

PyObject* PyTypeObject .tp_cache
AR o ACHE TR EE ] o

Aok :
R FBASPIR.

PyObject* PyTypeObject .tp_subclasses
H6 280 555 | AL g% . AL FREE A .«

Aok :
X FBASPIK.

PyObject* PyTypeObject .tp_weaklist
5, AT HRIMIZEAN LM 5I . Aawdik. [URNFREH .

Aok :
R FBASPIK.

destructor PyTypeObiject .tp_del
WFBRCHF . Wl tp_finalize,

unsigned int PyTypeObject .tp_version_tag

TR BIEGA RN .
Mok :
R TFEA SR .

destructor PyTypeObject .tp_finalize
—AN AT A ) S B S 2R R B 4T . BRI A4

’void tp_finalize (PyObject *self);

WARRE T tp_finalize, fRREARRITE S 2SR E SE BN E— . &R i Bk g
(RSO B ERG | ) —FB0 ) BORTEXT SR migi . AR, ey E
SAEZI ARG | Z B, AR PR E BB A T IEFRAS

tp_finalize RV HBUVEYHIRERS: W, WREIEREAGRNIEEEEEIT:
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

VA V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

For this field to be taken into account (even through inheritance), you must also set the
Py_TPFLAGS_HAVE_FINALIZE flags bit.

FHNATTELRE, AL SR L) Python 1, £p_dealloc I PAMAT L Python ZEREGI ,
AR BIEZ X R IR (AR R B 5| T EAERR R —5), WHZAEER ] BT ZefE b
A SSE3 TSR AR BT R ) « X4 Python APL A FISRUEAZ AL, X tp_dealloc i I I LR AEF
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A& RfReest (GIL). (B2, fnSulay S x 4 X% 1ok B Hofth C B C++ FERYRTS, W
LN HPRAE T H tp_dealloc 2R AR T4 B8 X BE X G AN 2 B IR IX L6 22 ) AT Ar] B 15

ok :

I F B TR TIK

3.4 e

S

T ARG I ZAL” (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call__. If tp_vectorcall is NULL, the default call implementation using __new___ and
_init_ isused.

MoK -
X FBASPIK.
3.9 Fihae: XT38 BEIAAE, (2 3.9 THIRHLAR)

12.3.6 Hi:Jl
TE%S b, 1E C RIS E XHRRER R A0y, WatiRit, PyTypeobject EMALEACHS B E X
H APy Type_Ready () KHIH1L
Xt FECT 57E Python H g SR ZRTRAH SE B 11 70 FR i -
o BRI H BRI A WAEYL, MR RERE 2 YK

o HESRAXIS (FIFAREMTRYSEH]) AR R, ARHETE Python sl &t B R 1) &
P

o KRB REES T A S T8, HILEATA Y AR TR L B aRES.

Also, since Py TypeOb ject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type_FromSpecWithBases ().

12.4 By ek

PyNumberMethods
REE R PR AT H 14500 5 T o S BB SO R B T . B> BRI 5 P sl — T g s
Xof I 44 PRI B BT

SERA A E AT

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

(N 4kER)
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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;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_1lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

Hfi: BH = H e B A A H A B E R R 2R B, P LB i (208 — A R1E
B g SRR SEE]) o ISR B T g ) B VE R e CERAE, DB E A= H R Z TR (5]
Py_NotImplemented, 5% LT HAMAS RN EATAHGR A NULL H3EE — 7 E .

M The nb_reserved field should always be NULL. It was previously called nb_1ong, and was re-
named in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add
binaryfunc PyNumberMethods .nb_subtract
binaryfunc PyNumberMethods .nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod
ternaryfunc PyNumberMethods . nb_power
unaryfunc PyNumberMethods .nb_negative
unaryfunc PyNumberMethods .nb_positive
unaryfunc PyNumberMethods . nb_absolute
inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert

206 Chapter 12. X} R 980 % $¥



The Python/C API, %1 3.9.18

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .

nb_1lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
ternaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide

nb_inplace_true_divide

unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .

12.5 Wbt 4 h ki

PyMappingMethods

nb_matrix_multiply

nb_inplace_matrix_multiply

R AR 8 150 G T S UG S B AR R 5. B =Dl
lenfunc PyMappingMethods .mp_length

BB PyMapping Size () MlPyObject Size () flif), HAGMEINZES . WRNLREH
S8 S B2 DU H A (2 T 95 NULL.

binaryfunc PyMappingMethods .mp_subscript
Z R B ¥ gipyobject_GetItem() HMPySequence GetSlice() i Hl, #H# H F 5
PyObject_GetItem() A [l HY % 4. MM 7 00 20 9 3 58 DA i PyMapping Check () B4
R 1, FHIMERPACH NULL,

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(),
PyObject_SetSlice() and PyObject_DelSlice(). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.
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12.6 Jp AR G a5 kA

PySequenceMethods

SERIURFRAT HE 0 R T SE BT S MUY R B H 5L

lenfunc PySequenceMethods.sq_length
ﬁt@%&%ﬁpySequence Size () Mpyobject_size () Frilif], HRAHENMANES. Eik
BT sq itemMsq_ass_item ARG ERT] .

binaryfunc PySequenceMethods.sq concat
PPy Sequence_Concat () B AAMIFEMES . TSR nb_add fEAIATEUHE
MMZ G ERSWMT + 5585457

ssizeargfunc PySequenceMethods . sq_repeat
R Py Sequence_Repeat () Bl lIFF RA ML . el nb_multiply MR
TR G ERLXPN T ~ BT

ssizeargfunc PySequenceMethods.sq_item
It o B Py Sequence_Get Ttem () B IF HAMFIH 25 4. 4255l idmp_subscript
AL IAT T AR B AR Z )5 B i 2 WM TPyobject_GetItem(). %M {7 &b 75 8 5 5 DA
TﬁPySequence Check () FREGRIE 1, BB RPASH NULL,

Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sgq_item. If sg_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
I & #L Yipysequence setTtem() fr ff 3 H A M F 8 & 4. 2=l @
imp_ass_subscript AT BRI EEZ G bﬂ_%%}j‘z}ﬂ?PyObJect SetTtem()
FPyobject_DelTtem (). BIARXFGA SCIRA H HMMERMZAE (L 7T DAPRFF A NULL.

objobjproc PySequenceMethods.sq_contains
ZHRE TPy Sequence_Contains () EHIFHAMFERZ4 . WAEALAT AGREE A NULL, TEIL
5L PySequence_Contains () HF5l %7 B 2R — S VLid.

binaryfunc PySequenceMethods.sq_inplace_concat
BB Py Sequence_InPlaceConcat () B HAMFEKZES . BN YBERERH
PER, IR HGR A i%%&ﬂ%%hﬁ NULL, fEMEHEUE T PySequence_InPlaceConcat H
ERF|PySequence Concat (). TEZ2RE I nb_inplace_add R IATEF EHAR N Z )5
BTSRRI AT +=.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
BB Py Sequence_InPlaceRepeat () FrEMFFAAMEKES . BN UBRERNHE
VB, FE15HAR B %A AT AR R NULL, TEMIE LN PySequence_InPlaceRepeat () Hf
BB #|PySequence_Repeat ()., FEZ2iRiEdnb_inplace multiply FE{ih4 ﬁ[%ﬁi’dﬂ‘ﬁi
ZJE B M T R EZ AT *=.

12.7 b X6 S 55k 1Ak

PyBufferProcs
SERPRASRA TR 22 0 D0 BT S BB TR BT AR M BUE SCT S 1 D7 R G AT 1] 3% 5 %
%ﬂ%%ﬁﬂﬂiﬁﬁﬁ

getbufferproc PyBufferProcs .bf_getbuffer

JLATSE I GRS A

int (PyObject *exporter, Py_buffer *view, int flags);

QPR A2 exporter (T SKRIETE flags BTG ER) view, BREE (3) MAh, BLRREHSEBLLAHATLA T 22
B
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(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0bj to NULL and
return —1.

(2) IR T B
(3) JEIG T ORA-T OB N BT s
(4) Set view->o0bj to exporter and increment view—>0bj.
(5) i&lAl 0.
MR exporter j2 G XA ATy 1) X SO BU S5 A g — TR 43, U] DAGE TP AD 22207 % -

* Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>ob3j will be a
new reference to the root object.

view AN BAHIIA S LA ¥ 45 4 1 — 15, SR T AR R 24 T SR 2 W22 o
KA 7,

P AEPy_buf fer FEMA BT H) AAFARE T-5 007 H AR A RO B A A AT 9807

format, shape, strides, suboffsets flinternal 3T 14372 HEEH .

PyBuffer FillInfo () AT P2k fR 6 a7 S o X ] IR IE A A B BT A 1 oK 28 B4 1) f 15 0y
K

PyObject_GetBuffer () yf X3 kg 9% 8 1 .

releasebufferproc PyBufferProcs .bf_releasebuffer

VLR B A5 4 A

void (PyObject *exporter, Py_buffer *view);

Ab BB R ob XKW VR W TE R 0 R OR R OB B AT T W W, WlpyBufferprocs.
bf_releasebuffer W] DA NULL, FEHAME LT, 1ok £ A0 bR o 58 308 AT AT B ml 3 45
IR

(1) 38 T PRAF- HR BB RS e -
(2) RN 0, WIREHHTA KERE] view B NTF

ST internal FEAIUREMN X CIRIISTE . R T BRI ORERE , T0H 907 Wl Gers
JR R AN view ZHULN

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release () yEfTXIMd%e MR BRIHE 2 e 1.

12.8 bRl L4tk

3.5 B EIfE.
PyAsyncMethods
B EE R R 358 38 ) 552 Sk s Blawaitable Flasynchronous iterator 352 BREUI 54T .

SRR E SR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;
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unaryfunc PyAsyncMethods.am_await

LATSE I GO

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () mustreturn 1 for it.
QR — X R A R awaitable W RS P 9% A NULL,

unaryfunc PyAsyncMethods.am_aiter

LR B 254 A

PyObject *am_aiter (PyObject *self);

WA Bl —A~asynchronous iterator 5. %R __anext__ () THEFEE.
SRR S 572 A A 7 AT 935 NULL,

unaryfunc PyAsyncMethods . am_anext

LR EUN 25400

’PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

12.9 K7 typedef

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp itemsize is non-
zero, the object’s ob_s1i ze field should be initialized to nitems and the length of the allocated memory block
shouldbe tp_basicsize + nitems*tp_itemsize,rounded uptoamultiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

BERR BN Y AT AT A SE Bl an fe i, B 0 BB AP AN BLAAT s IR i ep_new 3k
e

void (*destructor) (PyObject *)

void (*£reefunc) (void *)
Z N tp_free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Zltp _new,

int (*initproc) (PyObject *, PyObject *, PyObject *)
ZNtp_init,

PyObject * (*reprfunc) (PyObject *)
Zltp_repr,
PyObject * (*getattrfunc) (PyObject *self, char *attr)
IR L R F R TR
int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
NMGBCESGE R K value ZHN NULL KN ER % 1 -
PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
IR L R F G TR

Z W tp_getattro,
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int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
M RBCETRERIERE . K value ZECN NULL RN ERZ R 1 -
Z W tp_setattro,

PyObject * (*descrgetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrget.

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
2l tp_hash,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
Z W tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
ZWtp_iter,

PyObject * (*iternextfunc) (PyObject *)
Z W tp_iternext,

Py_ssize_t (*1lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)
PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 fil1

N 228 Python JEAYTE U TR ER /RG] H AP SRR AT BES BB R 5 vk . AR T AR
Pt ZORBUEZ RHI. SLBAE S LAKEAE, 762 defining-new-types FI new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

VRATREIE A B A SE BRI A (Eas B IR (3512 7% CPython AU JAEH)

12.10. fir
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static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT (NULL, O0)
"mymod.MyObject",
sizeof (MyObject),

{

/*
J*
Vad
/*
J*
J*
/*
J*
Vad
/x—
J*
J*
/x—
J*
J*
/x—
J*
J*
/*
Vad
J*
/*
J*
/*
/*
J*
/*
/*
J*
/*
/*
Vad
/*
/*
J*
/*
/*

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall offset
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */
tp_richcompare */
tp_weaklistoffset
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */
tp_dict */
tp_descr_get
tp_descr_set
tp_dictoffset
tp_init */
tp_alloc */
tp_new */

~

destructor)myobj_dealloc,

~ 0~

~

Ko~

eprfunc)myobj_repr,

N S SN S S S~ S~ 0~

~

O O O O OO OO0 O ~0O OO O  ~O0O

4

PyDoc_STR ("My objects"),

~

~

~

*/

~

~

~

~

~

~

~

~

*/
*/
*/

~ 0~ 0~ N

O O O O O O OO OO oo oo oo

~

myobj_new,

bi

*/

—ANSCFRETIH . S TIRIG AE R R AL

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;
static PyTypeObject MyObject_Type =
PyVarObject_HEAD_INIT (NULL, 0)

{

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),

.tp_weaklistoffset offsetof (MyObject, weakreflist),
.tp_dictoffset offsetof (MyObject, inst_dict),

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE |
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,

.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

Py_TPFLAGS_HAVE_GC,

(FOAkED)
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(8L 7))
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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12171 i I S R AL Y ik

Python X EFAG | HIRELIRAGIN 5 I REEE “2ids” WRFAM SR, HRBWAR MR D e HE
ARG ARAF R GG RRE, s RO 268 (7 s F /e ) IS ITRREL, A
it 2 A AR I B S HF o

HEAUE-DHERE, BN R Wtp_flags FE MM FPy_TPFLAGS_HAVE_GC I $Efit —
M tp_traverse ACHSEEL . NSRRI BIR LB 2 0T AR ), BFREL M tp_clear o

Py_TPFLAGS_HAVE_GC
W T ARG B RAAIAT A AL TSR o A R WL, R S SERT R PR A 252 %)
%.

FARRA A 15 R BT A AR

1. WAl PyObject_GC_New () BiPyObject_GC_NewVar () RikEsi g Bl NAE-

2. WAL T A T RE AL S HA AR S I FBUE , BRI PyObject GC_Track () .
[FIRERY, XTGR BRI AT A 2L R -

L fER| I BRI FBR ST, WA PyObject _GC_UnTrack () .

2. WAMd I Pyobject _GC_Del () FEBOMNZINAF

aeas AR T Py_TPFLAGS_HAVE_GC, WI'E s2 /AL %/ b—4tp_traverse
AR E R AR ok B H— AN s AN 2 AR .

Y W HMPyType_Ready() 8 # APL i K 28 o % ¥ A © EI’J A (T
MPyType_FromSpecWithBases () B{PyType_FromSpec () Hj‘ BB A 3hHE
Fitp_flags, tp_traverse fltp_clear FB, MR ZKEZ 4K B 58 T 37 3% 0] Uk
At HiZ 128 IR A 4E Py TPFLAGS HAVE_GC JEFRITE .

TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
K FPyobject_New() , W TWE T Py_TPFLAGS_HAVE_GC WS ARIT L

TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
R TF-Pyobject_NewVar () , WG TIRE T Py_TPFLAGS_HAVE_GC FREMIZIENTE .

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
NPyObject_NewVar () J 7Pk G B R BE R/ 3 [0l 8] 2 /N i 4 %0 G A 2% I 3k
NULL. op b7 i ARSI g B B o

void PyObject_GC_Track (PyObject *op)
XI5 op A BN B3R IS R R AR G T o P R AE A (Rl R R B A R R, R ]
WS AT BETEAT A B R H 19847 FEtp_traverse ACPREI G FBUE ARG, W0 H R
%, i n%?’fansﬁ*’]l_zﬁ*%mﬂ%

int PyObject_IS_GC (PyObject *obj)
PUESOE Sy g Ee 137 S QIR IEIE| === Wy 1 R4 VS

AR B RREGR 8] O MRS R ICTEA IR Bl 3B 25 -

int PyObject_GC_IsTracked (PyObject *op)
MR op RGBS T GC YRS H. op H BIIEGSIR AR B ER MR ] 1, 503z (5 0.,

X2 F Python %X gc.is_tracked() .
3.9 %ﬁﬁﬁmﬁh

int PyObject_GC_IsFinalized (PyObject *op)
AR op RZINEBLSLIL T GC ¥ H. op C AR i 245 Mz (1] 1, 2503z [a] 0,

X2 F Python BE%{ gc.is_finalized ().
3.9 Hrhix Yihe
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void PyObject_GC_Del (void *op)
FEBOS R NAE, ZX R ERT PyObject _GC_New () B{PyObject_GC_NewVar () 43HECH
1Fo

void PyObject_GC_UnTrack (void *op)
ME B ER AR ZEGT BB op XL, W= DAE X% & FH R
HMPyObject _GC_Track () PARFH MBI ) 7 #R B0 R . BEIAR (tp_dealloc AijfR) V.24
TEtp_ traverse T I AEAT 7 BOR R Hil ot G T ek £

TE 3.8 JiRH P: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMAH CAPI H 4.

tp_traverse ALBREI AN LA KL S

int (*visitproc) (PyObject *object, void *arg)
st _traverse AbPREYVL N pRELZEAL . object A4 H BRI — %, F=1TES
XN T tp_traverse A3 arg . Python %0 FH 2 A5 1715 eRECSE BUEIAS | FH W B3 as i, A
TEH P B AT 3 R AL

tp_traverse AR DA 2

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
FT2 B RGBT . ENGIBLUIUN self 115 0 Ay G ST visic i, visit (19755
RIS X GG 25 A IRAR Y arg {EL. visit BRECA AN AT B NULL XM S50 A2 visit 1R
MIAEZRAE, ZEY 2497 Rk ]

NT fiftp_traverse RLBASEEL, Python $Efit T —Ary vISIT() K. EHEMEHXAE, B

Wep traverse IZEA4 N visit Fl arg .

void Py_VISIT (PyObject *o)
WK o A NULL, W visit [0 e 8, M S8 o T arge Q2R visit 3z o] —ANEZR{E, R[]
WAH. MR Z)G, tp_traverse AEFAEFRYIZAT:

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AbPRRRF AN inquiry FE8L, WISRXI G R A AE N)2A NULL,

int (*inquiry) (PyObject *self)
EFPHEMAGI G . NN RAFEFEYIOE, POV TR B a5 . &
YRR, XRAERH NI B R A2 A 380 CRREXN S Py _DECREF () J57ik) . 4
B AR A B A SAE TGRS | I Py, IR SR -
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API #1 ABI iR 445 1

PY_VERSION_HEX J& Python HJAS A EIE K.

BN, i pY_VERSION_HEX #§'# & 0x030401a2, HALE W HAE B v AE T PAR 7 2R HAE B —
A 32 B RAL PR :

¥ g Ok | B

W I T
J7)

1 1-8 PY_MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 Hffj4)

3 17-24 PY _MICRO_VERSION (3.4.1a2Hffj1)

4 25-28 PY_RELEASE_LEVEL (0xA 42 alpha fiUAS, 0xB 2 beta it A%, 0xC & Al

BRAEUAS T H. OxF R ZMUA), FEXABI T X M HUA /2 alpha HiUAS .

29-32 PY_RELEASE_SERIAL (3.4.1a2 12, mZ&MA 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
A 3207 2280 & XAE Include/patchlevel.h,
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o

AR R

-
2

Al

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
- AR A X
o A2 AL b ARPRACES AT I BRIARY Python $27RFF, AU6E: ZEbrgAaddl, BO0 - FafF
ZW (B3ES. ks, ES8=E5), s MRz )E.
* Ellipsis NEHFE.
2to3 #t! Python 2.x Ui 4% 45> Python 3.x AASHY T H., @ MENTIRAD , ik [y ARAFTARS , AL 34 oK 22 %5k Tl
BRI

2t03 AL EFEARHEE T, B 1ib2to3s At THSL A M AN Tools/scripts/2to3. L
2to3-reference ,

abstract base class -- IR AR MRIAEFFK ABC, J&Xtduck-typing AL, EHRAL T —FhiE S DR HT
FR, A T HAE I G0 hasattr () B TRMECERUISHIR (IR BEA ). ABC
FIATHELT2E, XAITFARGR B A, (HAMIAERL isinstance () Ml issubclass () Ak
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp) . 5 (78 numbers B U (FE 1o Bk ) S AZH SRS (7E import1ib.abe
B ) . ARATDAREHT abe BiboRA1E B 219 ABC,

annotation -- b7k KIKP|IRAALE . KJEM. RBUESHORMMERRE, BB LA REM.
SRS B AR AT I AN AT DT, HA AR B S Jm MR BR B AR TE 2 70 AR . 2 Bk L
M __annotations__ 4FikJEMEH.
2 Wvariable annotation . function annotation, PEP 484 F1 PEP 526, %t WINHEHH N

argument -- 5 7EVE ) BREAHME L function  (Bmethod ) WH. S84 FWifh:

o RHEF A TERREOR I P T A AR AT (B0 name=) SUFAE NS TERTTAA ** 15
JRHLAEM A 250K, 3 FI 5 AEPA TR XY complex () B Y@ T Kt 7S

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

s EE A AET RETFSHSEC MESEOTH T SHON RIS AL S8 wia
WA * Witerable RRITTRGAE A . 20IRUL, 3 F1 5 LA M P BT B SEC

complex (3, 5)
complex (* (3, 5))
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SR RRAEL L5 PREAR 6 B 1 JE iR As e A CRAELRR N 2 I, calls —5 . ARMEIETS, AR5
FRA] PR FR— S8 A A I SRS % . 1 RS i
Tz Wparameter AEFZZH , HILEH SEEE S X HIPA L PEP 362,
asynchronous context manager -- 525 | FSC8FPRZS 0L AP XF 4 il i F X __aenter_ () M
__aexit__ () FYERX; async with {50 R TIEE . B PEP 492 5] A
asynchronous generator -- 53542 K 2% iR [ {B ~asynchronous generator iterator W R, B 5 async
def & X PEEREARFALL, ANRZAHETFEAS yield b PA=E— RS WHE async for
PEA T A1
WARIEE 245 70 4 g AL, (AR RS B0 R ] GEJ2 48 o+ &
R BRI AR ARG
— N AR RO BB await KA E#H asyne for PAN async with 4],
asynchronous generator iterator -- 525 2 g5 028 asynchronous generator eRELFT IR R A .
WX S JE T asynchronous iterator, 4R __anext__ () JEy &R AN 0] SR Sk 00T
S AR R RIS B R T — yield £ibx,
A yield SIS EE, (CfEY4 R0 B TRS (1 RERAS m R try 154). 241% 5
FAEMREEREGHM __anext_ () REIWFTERFRRARUKZNS, B MEFFALE LT T .
Z: i, PEP 492 F1 PEP 525,

asynchronous iterable -- 5 B[ IXfRM R W E async for i A) o gk 6 H 09 X S b 0 B W
__aiter_ () FEREl—"Aasynchronous iterator, B PEP 492 5] A,

asynchronous iterator -- 5330S LI T _ aiter () Ml__anext_ () HIEMIXIER. _ anext_
WLAR Bl —A~awaitable 34¢ . async for LAFLR LR __anext__ () FiAFrR I A5
fixts, HFHD| % —1 StopAsyncIteration B . H PEP 492 5] A,

attribute -- JEPE HKE]— W RAVE, LA RS2kl KA FoRG . B, aR— R o
HA @M a, BT A o.a REIHE.

awaitable -- A 25 R0 R GETE await FRPHEHXTER . WA coroutine B2 HA __await__ ()
IR . S0, PEP 492,

BDFL “&5{-ZZM#E" W45, HI Guido van Rossum, Python A1) .

binary file -- —3FHISCIE file object REMG RS F 7 Kb o R SCHR B R A BRI (Teb,
"wb' or "rb+") FTHE M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSEHI.,
TS Wiext file T REEMSIES st MR SRS,

bytes-like object -- ‘FYHiRINf R L H4% b WL I RS H C-contiguous B N4 . XAIEFA bytes.
bytearray fll array.array %%, VAKIFLEE memoryview ¥4, FI RN RAIIEL
PERIEARERAE P XS E AR R . AT B S A Rl i B i Ak 5 .
SRV E TR BN AS I O . XN RAE SO T AR AT TSR . A ARG pokt
SBIFAU4E bytearray A} bytearray i memoryview, HAWHEAEZR i HIEHR AT A
AIARRT G R BRE) s XA 0636 bytes DA bytes X4 [ memoryview,

bytecode -- ‘¥ {ifith Python US4 4 it 751, Rl CPython fifeds 7 Python F& 7 (1) A .
TR ZAFAE cpyc SUHH, IRFEEE IR A TR —SCHFB BB SR (AT DA G 250 5 558 2 13
SR, R I AR S IR DRIt machine 2 1. 59 BT
Python AL LA —E#l A, tA—EBE7EAH Python liAS 345 .
FATIHE 25T ATE dis BEHP) SR h AR A .

callback -- [ —ERSE L A U DATE AR B9 A1 209808 FH 1) 1Bl R iR £

class FIRAE A FE OMSIIB. 2 SGEH L %8 SE R T E R e .

class variable -- J8A8 & 7R AR, I HAURTESRMZ I B (MAS LR L H P IE 20 .

9
9

SR E. WPRFEIERE

9
!
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coercion -- JFISRIEEHE 60 S AR R 2R B S B RAE T, —FhR AU SE 0 R U 40k o —Fh 2R
B, BN, int (3.15) @XFIETF SR REAEL 3, BAE 3+4.5 1, SRR IR—3 (—4>
J2 int, —A>g float) , PHEWAEARAH R B GEAHM, A IAF5 % TypeError. WEREA
%%%Tﬁﬂ%ﬂ, TP BRI W AR S B — M A R 2R AL, BN S Y float (3) +4.5 1
AN 3+4.5,

complex number -- 525 XL RGP R, Hd g BUEEEER R A SRR A R AL
EECEERCANL (-1 FPPIR) MSEREE, EEAERARE N 1, TR EN 5. Python P&
TXER SR, R TREZEC TG BEEE— 3 B2, Fl 3+15. WARFEZ math Bk
DI GE%F B EZ BOR AR, M cmath, EAEIM & — R R BRI EAE . SRR 1%
HbsE, ZMEATHE IR S T

context manager -- |- FICHPIEY TE with i) P, EdE X __enter_ () fl _exit__ () F¥&
K= HIAFARSHIN G . S0, PEP 343,

context variable -- |- F 305 —FRIEH B LR SCAT ARA AFRIPER B . XRUTFAELR R
PR PATERE T AR A ANFEP AR A, W ETFCEERY, — M Tdfdngis
HZA TR, BT  RE ARSI KRS AR TiEE:. 20 contextvars.

contiguous -- ¥E8; — NEp IR R C #4218 Forran % 5t SW0A R HELEN . F4EZ /2 C Al Fortran
LN . FE—4EB T, Frf 2 B U AE AR TP I AE S HESY SRS LR s =5 0T
TEZ 4k C-IESEA Y, 244 AR HES I B — AR5 V5 A 4% B i fe i . {H2 7E Fortran
LR NE ARG etk

coroutine -- Pt T BIRERYE— BB . IR AT AER — Rt ATFAE S — GBI AT pA
TEVFZ AR EREA L BIAKSE . EATAEE asyne def AR, 2L PEP 492,

coroutine function -- PPpFRERREL 1R [B]—coroutine ST HIREL. IMERERTET asyne def {BA]2RE X,
HA] el await. async for fl async with K@, XE4ERH PEP 492 5] A K.

CPython Python #ifiE = HHITESZI, #F python.org b % 7. "CPython” —ii] [ T b B4 I S B 5
S PLAG14n Jython B IronPython AH X jjl .

decorator -- 2E4MH%Y IR [ R — N EREUI R AL, EEMH ewrapper EVATE AR TREUS e . 20
#RE ILA F4JFE classmethod () fll staticmethod ().

AR U —FEIRNE, DA AR SR S Ese %

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

FURFAOBL IR T, MR ILFHGET . A7 XARGERIS TR T 5L S S 000
.

descriptor -- ik 3y (FTEXT __get_ (),__set_ () B __delete_ () FERNL. B—1HKE
PRSI, EMEIRE E T S R A R il . EEIE T, B a.b SRR, BE
SMER— AN BT SHE a 2RI AR FRN b XS, (BUR b 22— R, WS TE XY
HTRR R T . BRI A o8 O &2 B IR 2 YR FRAR Python i 5658, [RUORIX B4 2 SRR A BL AT
GIERE. . @M. . ESEASOT IS | &S

B XA L T ERE 25 E, 15257 descriptors BY ffiiA #5708 H 57

dictionary -- ‘y 8t — N SEPELAL, HAP T B BEA ST B A Y A . BT DLRATATHA __hash__ () A0l
__eq__ () HYERXTSR. 7E Perl 155 H#1H hash.

dictionary comprehension -- “y2lLifi: 35X Ab A>T RGBT A B0 43 JT R I R B 45 R L —
MEESY, results = {n: n ** 2 for n in range (10) } HHH—1HEn F{E n **
2 BRSSP FL . Z: I, comprehensions
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dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fl dict.items () 1R EIRIXTEYEFR A
FHAE . BN TFIZE DN EISHE, XERE L FHRSER, WEESHHN A, 2
R R s L Ao BOE RS 2%, WA 1ist (dictview) . 2/ dict-views.,

docstring -- SR AR (098, BB 2 ISR — D Rb U R A7 B P . EAE RS IAT
I 2m, (HoPRERT R BIF A FIESR . sREEREE) __doc__ @tk . T En TN
B PNAE PR R G SR PR LT (o

duck-typing -- 181289 J5—FPgafE KAS , BIFAMKEERE SR SR B0k e K2R/ A I\ D, m
T EEFA SR (CRERGN T, WEREGN T, IRaEERENT.”) BT
SRR O AR E 2R, B R RS AT A R 2 SRR T R G M. Y12 AR g0 (il )
type () B isinstance () ¥ill. ((HEEH NSRRI 0] DUEE A 46 508 % fERAb S, ) SR
i hasattr () KB EEAFP JRft.

EAFP KGR ICRIFRTER D) TESCHES . X Fh Python # F AU 2 B RS 2 M5 E T 75 1 Bt sl S A7
T, e E A RIS . DXFR S P KUAS 1 st @ Kz try Al except iB4]. T
AT 2 BT LBYL WA, 35 0T C FiF 2 HAhig & .

expression -- kX T PUK HEAMERTEERIC. a5, —NFERAG R RB RGN mE. 4
R BT EEASEREOR LR, EARAH SR ME. S HMES AR, IFE
A G S AR R RR . EA R HER B statement , BN while, WREWEJE TiE4]
[IE|= 525

extension module -- JJEE DA C 5 C++ i S AUFE, f ] Python ) C API K 51E 540 DA AR
AT A2 H

f-string -- f-F4Fp VA £ B0 F BIR I EAT R I EE R e B AR S AR R T
{HIY RIS . 2. PEP 498,

file object -- SCPEXF S X} AR LT 7] S APT DAMHF T2 HEIXN S (A read () 3 write () iXAE
) o ARIEHATE T XEAFE, SCERTG ] DAL B BLSE G #50F, X HA 2R AU 6, a2 Xt
Eiﬂ?‘%é’ﬂi)‘il‘tﬂ (BlanbriEs A/t . WA IX . BT, SE%%). SUENSRMpRRh
;ECXT}— E‘ ‘/‘Iﬁo
SEBn b SRR R SCERT S SR IE = Bt A S, ek — i) U DA LR . BT O E
SOAE o B, B SO SR HITE 5 U2 open () BRER

file-like object -- SCPFHRIRF G file object {[H] SLin] .

finder -- Ry —Fh 22l AR T AL loader IXTS

M Python 3.3 2 fFAE PP ALAY A R 8% T3k 12 & 4% il A sys.meta_path fififfl, PAKpath eniry
finders Bl & sys .path_hooks ffiff].

LT 5 0 PEP 302, PEP 420 1 PEP 451,

floor division -- [ FICIEBRIL [N 8 A BB BB BA BRI . ) N HCRBRARIZFAT2 // o B
an, k1L /7 A WTHESERE 2, TS 2@ S A EIERRTAR ] 2. 75 o HER (-11)
// 4 2R -3 FIRkGE -2.75 @ TR ARGBIEER . L PEP 238 .

function -- FREL T DAV I35 3R ]SS AMEL — 25 4] o i8] DA AL ABASE 2> 240 HFAE R BUA I T
i . 59 Wparameter, method 1 function 277,

function annotation -- FEchr: B EX B EE 280K [l {E i annotation .
PREFRYE I T £ 2042 7« FInpA T B Z A int SEOFHIER A4 int {H:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

BRI EAR TR R TEAR I function —7
&% & variable annotation #11 PEP 484 % LT G4

_ future__ future 4], from __ future__ import <feature> J§/niiFae(di I FH7E Ak K/ Python
B AT B E B BRSOk i Y pi R . future_ BIHSCRYICSE TR AERY feature B
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{EL. I P A BB HASRORAE, AR AT LA BRI R A E AT I O OB ZIE 5 AR E
¥ (HE) T EIA:

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L3[Rl FEHOR FAL 6T A9 A5 RIS #E . Python S 45 | AR —A e ke
WANFTAEERS | F PRI LS R A TR Iy o T DA g AR e fs sl 430 (el e 2%
generator -- /)% 8% 1% [B]—A>generator iterator IR EL . ‘EHERFMBGIFERE, A SETHAE yvield
PR DA = — R AIME LS for- IR BUZ T next () BREGE—KIEL.
W BTG AR, BB S T TR 248 AR B E KR E . WERFEFH LSS L, iF
{6 2 FR DARE G IEE S
generator iterator -- 2l R ESERES generator BB EIINTS .
A yield SIGHFEMEARE, A M EPAPIRGS (BRI RSN wy 15A)). M4i% 4
AR R BT, B METFOCERE AT (X580 AR MO T 6 ) 538 bR E 22 HIAR )
generator expression -- /E R3S RIE R IR [B—MERINERIEX . EHEREBGEE LR EHHH E X
T—MEHA R, JERER for 74), PA—DAIER 1 78], PUFEAHRRX S HIMNZ R 5
— AR AIH:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function -- {ZZRIpR %L R [R] 114 2 L SR [R] A 1 224 ek B0 AL B0I) R AR . 0 T T IS 2 Hhy 1 32
SEYE A 2 WA (50 FH IR S R
Y52 Wsingle dispatch RiEFES<H . functools.singledispatch () HEfigeA K& PEP 443,

generic type -- {Z® T[Sk irype; WHE N List o dict XFER ek, TR AT =/,
WEMT SN Z R4 2%, PEP 483, PEP 484, PEP 585 fil typing ik,

GIL Z: W global interpreter lock

global interpreter lock -- 2 Jaifi BEAYHE CPyrhon fifREds IR A B —FILH], B0 PR [F) — I 20 A — A4
FEAEPAT Python byrecode, WAL T B EXF QAR (GUFF dict SFEZINERA) XTI AT
FI ka4 42 a1k T CPython SEE. 25 BEAMRRERIN BN (E AR 2 AEa AT 3, AR T2 4
YT HEZ b PEAS R AT
Ak, FESERUE B =5 PR 8T R AR R T e AT AR 4 AT 55 T 4 R A BRI
GIL. A5, TEAT VO BRI EE 25RE GIL.
Bl (PATEASAR R B e 8dim ) < B &R MRS MR IARIS), Bix e
PR A R A PR L R RE o HE v IR PP B 1) A 4 R S B ARG A 2, TR
MEDAZES

hash-based pyc - 35 TWs Ay pyc. 01475 302510 7 7 A 5 e T S R 745
GAECANE . 2, pyc-invalidation

hashable -- W57y — /N XFG2 [1 0G Fi (BL A0 SR AE FLAE i B 0 N 4R e As . gkl Too4 (BEREEA
__hash__ () F¥), 0 ARHMA LTI (ERERA _eq () H¥E). WAL
O BAG R R P A (B U S5 SR A 2 A ]
A A PE AR AT SRR P IR B AR A R T, DR A 3k SRS 5 A8 A PN T A A (L
KZ %L Python H AN R4S N B X R0 v A i) AIARZE RS (Blang) ek =) ARG A: A
AARZEAE (IANTCALA frozenset) (4TI TCEI MG A I A R ATEAE . 1P L2561
ML AR .. ENFERRE—E& A HE (BRIERSACHE), BT A S &
TEAM id() .

IDLE Python [{) IDE, “SEJIF K 52 IEL” LT . 42 Python ARt A AT PR 1 B A S o 248 11
fERERR IR .

223


https://www.python.org/dev/peps/pep-0443
https://www.python.org/dev/peps/pep-0483
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0585

The Python/C API, %1 3.9.18

immutable -- AN G BAREEEFNR . AN RUELT . FAPHAICA. KRR GO GER
AL o ANAALITAFAH— DAFIE, WL ETHET AR G o BN TER 2R R A (E A T R 2
TERL, BUAnfEA F J i i

import path -- S A HZAME (B 2458 ) AMNPNE, SPRIMIpath based finder i A $,
SAHW. TESAR, WAESFEEEKRE sys.path, HXFREARBELATHEREH EHEH
__path__ J@.

importing -- F A 4—MEH ) Python AU AE 73— MEEH ) Python AUAS T 6 A 72 .
importer -- A} AR MBRIEIR G WX RIEET finder g T loader

interactive -- 28 . Python 747 — B AMRREAR , RIR AT ATEARREAR S /75 e i AT Rk, S Rp
PATHERHLGIR . AFAWSEMIEE) python fiyd (R ATEARIY TS HLIT IR B v e A0
ISR EAT) o RN OB AR B SR DR G B IR X Ay SN AR (A help () ).

interpreted -- fiFFE%! Python — @ MRREALET, SZMMARHIFALET, BRI DO d 1577
TS G i B AP AE T 2 A7 TSR] o 3K R WR A YR S ] DA L B A7 i A 4 2 s B 2 T A T SRz
Fro FPREIE T R B A AE S AR IT AR R Y, HR AR PR iEf e EE. &

Dinteractive.,

interpreter shutdown -- fRFEZT CPH PRI, Python MR &e-RE A —MEFIRIZTT B BOT 2 2R
BUTTH E M BEGTIR, B AR P NS 45 . EIR S BRI A DI 35 . XSl
S ATH AR B 5 | I P A AT o T8 R PP Be AT AR T RE B 2 A A5, RO TR
B BHRCATA R (F RGBT AR s LS5 ) -

FEREAS 5 2R P R A __main_ AEBREETIETT I AR B 58 kAT -

iterable -- nEAUR R AEAS 1B —IR M H AL A TR G2 . WTIAAR R B BT A8 B A e 102628 (Bilan 1ist,
str fil tuple) DAL EEARFHZRAIBIAN dict, ST & PAKE X T __iter_ () H¥EoEsesl
T2 X __getitem () IARIER HE LRMR.

AR T for JEFRLA K2 AT E—DFIIRMTT (2ip O L map () ..)o H{—AH]
BRGNS EALLNERE iter O B, BRREZMGAIENAL . X AEE T E
EAR AR A ARG, REEAF R iter () 80 3 CAHEARXTS
for iR MR A S AL BRAR LA, BIEE— NG H R iy 44 248 5 DORTETR S R R AF ik g . 2

Diterator sequence [)j\ &genemmro

iterator -- R3S FRF R —IEREIRRAATS . ERRAERIIN _next_ () FE (BFHAELN
HEMRE next () ) RREARERH A 2484 5 T 5] & StopIteration J# . FiX
BB R P BIETE AR, SERMH _ next_ () H¥EHRSAHIKE| X StopIteration
S BEREMAEA __iter_ () FEHRBRENZERZINS A S, HILEAR L E B2 E
RXFG, g T HAL B S 3E R 6. — A E BN & 2 R EE 5 IR AL
TS . a5 (B0 1ist) FEMRERRMHEAZ A iter () REECETE for MEERH (& IR
SRR AR IE AR . ANARAE R O AR 1 2% A I 2 1R R AE 2 Fi kAt A e gl A R (]
—EREN S, ARG S DR
25 B EF typeiter.

key function -- B pR%L R B FREE PR R 2L, = REWS IR o] T HE R s HEN OB i v R R &, i,
locale.strxfrm() A T4 — P ke e KIHE R 202 i HE R &
Python W5 122 T. HEB o4 FH B sk Bk ¥ Hl e R HEM 84 4 50, P46 min (), max (),

sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA
M itertools.groupby () .

AN NMEERECE Z R . BN, str.lower () HYETTAHVEZBS KNG HEF ISR S, 75
Ab, SERAB T E T lambda FAAEAIE, il lambda r: (r[0], r[2]). i H operator
PR AL T =AM R A& #8 © attrgetter (). itemgetter () Mlmethodcaller (). HEE
AT HE 7 PASRERB AN A5 8 o 50 7 9

keyword argument -- G355 2 Wargument,

lambda >t flexpression ¥ U4 NIRRT, FRX AR IS POR(E. 4 lambda pEUIN FITA

N lambda [parameters]: expression
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LBYL “Je&FJFEbER” I CHEE . XA 50 S KUbS e dE4 TR F a2 4k 2w S A Zr i 25 14
W RAE 5 EAFP J=G B0 b, RS KB 1 £ 154,
L LY, LBYL i FE “BF” M “BkK” Zm kAKX . flan, AR
if key in mapping: return mappinglkey] W REH TIE/EBAEZ )G HAMLFEM mapping
ARSI T key T B o 1K A] SR A A sl EAFP 5 SOk fi v

list Python P & [} —Ffisequence. BIRA AN, (HEFRMITHAWE T P m s %, WATin
TCERMIE B A2 R O(1),

list comprehension -- BIAEHE SR 45— 51 41 B A7 S 4 76 26 45l 45 SR T2 ) — P SR S0
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥HHK—
A0 3 255 JEE S EEREEOT AR (0x.) MR, Hdr if FAZATERT, QA gl
range (256) FHITH TR AL,

loader -- JIEZT 7153 MBS L. BELHE L4 K load_module () WYy ¥E. MR EH H —
A finder 128, IS PEP 302, XfT-abstract base class W] Z:Jl, importlib.abc.Loader,

magic method -- FEAR J51: special method f)AEIE =R XA .

mapping -- Wt —Fp SRR R A R OIF SE B T Mapping 3 MutableMapping 52 528 1 ir i E
FERERNS., RN RH T4% dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JCRRIERIRES sys.meta_path B R BT IR 8] W finder. TG AR 3 28 Spath entry
finders FFAE KIPAHH A .

JE#F importlib.abc.MetaPathFinder T ffICEARET A8 A SCEl M 1.

metaclass -- JLR —F T RIHERMIE, KE LW TRY . KPHMBEILR. JORNTHERZ Lk =4
ZHOFRTEMIV IS KB R R I HRAETE T HR 2 H D BUASCEL. Python (AR5 ALYET
AR EE OOT . RERH POKIE A TR XA T, (HSFRE B, JeIEnT S Bsm AT (e
E?ﬁ%ﬁ%%ﬁmE%}iﬂ%?iﬂ%)ﬁﬁiﬁlﬂEI?EH WSMERE L ANE . IREARTRONE . SLIHRH], UK
HALVFZAEST .

T £ 13152 I, metaclasses.

method -- Jjik TEAS TP W BREL WA R LR — N @R, R R IR B 5
Ve WS — A argument GRE 844N self). &I function fnested scope.

method resolution order -- JiIEfFHTAIE 7 A AT I il e A6 2 14 B 57 IR FR 3R A TR i JHT 44 51 S I -
THAA Python 2.3 JyAMENTI T T f#H 2.3 MUE Python fFHT &8 it FIAH X STIE M T -

module %14 /2 Python A% —FhZH LU AN, FABTHEA MO v 44 25 18], WAL (£ Python X4,
W] 38 i importing BEAEREIN 23] Python

55 Wpackage.

module spec -- BEYRUAE — a4 2], Hop a5 T I AR B A A X A B J& importlib.
machinery.ModuleSpec HJSEH.

MRO Z: iLmethod resolution order ,
mutable -- WEXF G TSR R AT DATEH id () PRFrEE RO TSR IBE. 5316 S Wimmutable.,

named tuple -- B4 e8] ARif “HAool” ol fI LMo 5 oo, HHHEAH Rl RG]0k sl 4
PRIBHER T B AR S B m] eI A AR

AENERMETAAICH, 04 time. localtime () Mlos.stat () KEREI{E. H—B1T %

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
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HLEAZTCALR N EER (Bl B sl 1) o sk, RS JTdlR il MR E UM tuple 4k
RIS PR Bi O 2Ok ATE . XS AT T95, s [ T) K% collections.
namedtuple () Q. JF—MIrsGL LU IN— T TS SN B AL ST T EsN ik

namespace -- iy 443 ] 44 25 AR BRI P . i S A R £ RAMNER, 832 PmE
A (FEEZ ). s 25 A B 1k a4 0P 98 K SCRpSEqb . 4N, R builtins.open
5 os.open () Wil B R 2SR XA o 144 2 () o B A A S S BB pR A5O3 Bl
PR AT E A T e PE . B3, random.seed () B{ itertools.islice () XFEYEIH T X
R B random 5 itertools FEHL BISZIIRY .

namespace package -- iy 472 W4 PEP 420 fr5| A0 —M X VE M A A Hpackage, fin44 25 [0 A 0]
PAEA SR IR, HAiA T X Sregular package RIF), FREANTEA __init__.py X
B[ % Wmodule,

nested scope -- iR BRI 7E— A SGERING ARG T, Blan, 75 —RECZ g LIF R PA
51 RIE AR & ET IR EVEAIERIA B X5 A SOn RS TR RihAs s s 5882 IR T i
WIZEREL. RO, &RAERFESNERT 2R %50, @i nonlocal KEF] TG
NINZE .

new-style class -- Fi X X} T H @& 8 T A BX LRI W IHFRIE . 765551 Python hit 4%
v, BB AR (1 A Python 3 (4 38 RIGHr Ik, Bl __slots__. #iAFF. FRAEJE M.
__getattribute_ (). EKHEMBSHESE,

object -- X AT HAIRGS (JEMESE) PALTE AT (5¥E) W%dE. object H2 LA new-style class
H e 2 HL 24

£, —FP RIS TR B T S B ) Python module, MR Fik, BREMA _ _path_ JBHH
Python 53,

%2 W regular package Flnamespace package.

parameter -- JE5 funciion (S7¥%) & PSR, BHEE KA DA Z I —Aargument (BEHR:
LIS, 2A40%E). AIMES:

* positional-or-keyword: B BT, 8 — 0 DAER AL F 20 A2 AT DA 5 42 A4
BARSES . EREARES KR, BIANHR foo Al bar:

’def func (foo, bar=None): ... ‘

* positional-only: {URAIE, $8E— A REBEL M EEANSE RAEES Ll T e m e
XS INRFPENZIFEE—A / FFREL, BT posonlyl Hl posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only: {{FRXHET, F8&— N HEGHEM XL ANSE. (R AT LSl TE
PRECE LB SN F R & AT AN B S AL AN AN EES 2 i1 * RE X,
B0 R E ) kw_onlyl £ kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: WIAZRE, € AT AR — MEREE R AL E SHA B TS (e A
BZEEZMMESHZ)GE). BMESWEETEES AR = KE L, IR HEE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZ KGR, H55E A DMRIUE R R TS (MIIEHAES S 20 K
RYSHLIG). ZFESEEAEILSAREINS ~* RE 3, BIA LR kwargs.

JEZ Al PARIIN 35 5 AT MG RE SR, tha] DA R el e SR e BRI E -

5% Wargument RiEFEELH . S ESHX P HE ILE S, inspect .Parameter 2%, function
45D\ % PEP 362,

path entry - BAE A 11 import path WRI—ANERMAL L, Stipath based finder IR B P AR
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path entry finder -- ¥4 A A ES AT — 7] 8 I X % ] sys.path_hooks (Bipath entry hook) & [f]
[ finder , RIS RETE L path entry g iFREHL o

5% importlib.abc.PathEntryFinder DA T #BKIEA BRI LIS T

path entry hook -- BFEA LVEy¥ —Fhal 8 05, FER038 AT & 4R e path entry TR LA 1K DL T BE
%[l sys.path_hook ¥R [E]—"path entry finder.

path based finder -- J£ TP FRMIAE IR ES BRAM—Fp Uik 12 &3R5, AIHE—Nimport path AT FATS

path-like object - JEIRRRX R NFE DU REHENX L. BELXNZT IR — RN ERER str
BH bytes XA, B[ PAR— TP T os.PathLike MPINAIR . — 1 H+F os.PathLike
PR R AT E S os . fspath () RGN str B3 bytes RAEW LM RGEFE; os.
fsdecode () fll os.fsencode () AIHE 5 RIMLRIRAT str B bytes HRBPLIL . XI5 2
i PEP 519 2| A1,

PEP “Python iR U" MHEHHE . —> PEP L@ (it S0, JHKia Python #LIXFRAEMER, 2l
TR~ Python {3tk M Hlk BE Bk BAEE . PEP 1 2448 BORS i 0 F52 A KRS A1 T4 BURF 1 A S FR
ip
PEP [ A i ) RO R U WA OGRS S DR S 15 DA S R b 20U A Python ALV B3R
9SSRI AL . PEP A4S A STUEAEAL X RS IR, IR R R S AT A SOR .

%10 PEP 1.

portion -- 5y 4 BNy 44 23 AL BAAS H SR SCHH R A (BT REAFICT —A> zip SCUE) , Bk X
i, PEP 420,

positional argument -- i & %5 S Wargument.

provisional API -- #5¢ APT ¥ 5¢ APL 2 $545A R HERRTE AR UE P 1Y 1) )5 2 1 PRALE 2 AN I ) SR 2 1
IR Dl E AP ERUCE, HREHMAMC S &, il BB DT B 1 & A A0 B
TN HEAT R G (LR ZEED ) . WAEBOF A X BEREIET - AUE AP N
N RIS FEH ) ™ B BL A P G B 0 BRI AT BB 2o ik AL
B2 X APTSRUL, 15 AR BB il “ SRR 587 —— A A I
R R AT R SE SR B —Fh ] S5 A T R T R
AL B AR SR VAR HE PERF SN BT B, N 2= TR0 MR KR MBSO BRI T . TR L PEP
411,

provisional package -- 8¢ {U, Z: Il provisional API,

Python 3000 Python 3.x A RMMERR (X4 FHERAS 3 1 KA IEEE T R 2B 1) o A
HBAEE N “Py3k”,

Pythonic 35— Lol — B AURD S 25208 T Python 1555 S JH 00 KU FIBES: 1 AS 2 ) i 5
AR AR SE BT . BN, Python [y I A2 B £or TEAIFER A Py — A m] & AU SR
WA TCR . W2 HAE F B XRS5, IR 2428 Python ) AAT I & e 1 — N7t
K

for i in range(len(food)):
print (food[i])

TR ¥ B 15735 5 Pythonic (77 4 /& X FEY:

for piece in food:
print (piece)

qualified name -- FUE AR —A-PAUS S0 FRZFR, Tm MBEH )4 R E k8 2t v g A2
BRI YA “BRART, MOEE XL PEP 3155, XFi i EHRI R B2, FREZFRSX 54—
2

>>> class C:
class D:
def meth (self):

(P oUgkzh)

227


https://www.python.org/dev/peps/pep-0519
https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-3155

The Python/C API, %1 3.9.18

pass

>>> C._ _qgualname_

L} C L}

>>> C.D.__qgqualname___

'Cc.D'

>>> C.D.meth._qualname_
'C.D.meth'

R TG AR, R IR S AR AR R AR DS A B B A AR, e S A
ACHL, U email .mime. text:

>>> import email.mime.text
>>> email.mime.text._ name_
'email .mime.text'

reference count -- 5[50 X EFE XS 0951 AR . 24— NZ 05 % 2B, Bra B 9 TR
BORERC. 51 IO Python A5 Sk Uil & @ AW LAY, H'E & CPython SEL— D X4EICE . sys
HE LT —A> getrefcount () BREL, R 51TV F B R [MIRFE XTS5 | AL

regular package -- W Ml L5 M package, BIINALEA—4 __init__.py SUFRTHR.
%2 W namespace package.

_slots__ —FEFEIS NIRRT R, Gl FSE PR W SO JE A S X R I R R S B MR AT N A . AR
BRGAT, (BAE A ARY), Sl AR B DU R, B AE A A7 A 1 1 AR
Fe, HF HH A& KRS,

sequence —ffirerable, ‘B FHE __getitem () FRIKI AR A BEERT | BT R ICR YT, IF
FESLT —AREFFIRERN __len_ () Jrik. WEMFIIFMA List, str. tuple flibytes.
R A dict H¥H _ getitem () Ml _len_ (), (HEFIINETHSMAEFES, HAE
FEARIN LR immutable ST AEHEEL .

collections.abc.Sequence IR ELEN T —NTEEEWED, BIfE __getitem__ ()
_len_ () ZANXEINT count (), index (), __contains__ () fl __reversed_ (). LI
W R AR DARE I register () SRR

set comprehension -- A4 X Ab B —ASALEAR XIS A e B A U BRI IR I 45 AR G — Bk
EY¥E, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} BN FEFEE
& {'r', 'd'}. & comprehensions,

single dispatch -- Y5}k —Fhgeneric function 73JRIL, HELHEET BASHIZERIREREN -
slice -- Y)Jy @ 75 AL T & sequence f—T IR G U1 R 2l (8 AR CoR A=Y, £ [1

BRI AE B4 nEiT, il variable_name[1:3:5], H¥EE (Fhn) FRicfENFRHEH
slice X%,

special method -- $¢5% Jj ik —F' i Python [R=XiH 0 5 vk, HIRXT AN SR PAT R BRAE B QnAH fn &5
& XMOTEM TR E RECIRUN L . FEIR AR SRS L specialnames .

statement -- {54y 15 RFEFEL (—AMUE “H) ARSI, — B AT AR — A expression BHEANT
B RAEFRIZER, Bl if, while 8 for.

text encoding -- LA HIS#E I, 7E Python H, — PF£F 872 —H Unicode 0% & (FEH SN U+0000--
U+10FFFF), N TAFEEUES— N FArH, BEFREHTIMeh—R51y.
R —DFERFRITFINCH— N FAF N b, TNFA 790 h B B @ AT R iRy R
7,
AEFAFE ST gy, ENTGIRA” XA ghag =",

text file - SCASCHE —FURENS T st r AP I file object, B — A SCASCAFS R U I — AT 1015247

R T A Ak ext encoding. SCARSCAFI B F ARG ASCAB ("o 5k "w') FTIHFAY S0
sys.stdin, sys.stdout PAf io.StringIO M.
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7S Fbinary file T FREW LT F 9 AT 2 BSCHEXTR

triple-quoted string -- = 5|'5FfF R B RAW = NELENG]S (7)) HEHEE]S () MTFEAE. EANED
e LS5 E RS H A5 SN PR R A ANE, (A ZRL. ENRVFRETFRNE
BARGH URG SRONE 5, I Bl DS AT Joi B AT, 29 S SCRY T4 EB B R B
i

type 21 E —> Python X5 & T4 M2 BAXTSAREA —Fh2EAL. BUNTEXT S AT, AT AT A
T __class__ J@tt, si@iliid type (obj) KIKHL.

type alias -- RMU$4 — R E SO, A1 X2 BIRE 5455 2 AR IHRAT o
A2 BOE R 2 TR 2 A= A% filan:

def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
LA HEETG T B
Color = tuplel[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

Z W, typing Hl PEP 484, H AR HINRERITEAIAGIA -
type hint -- JORIEfR annotation AR FJBIE . AL S BOR I 1 E UG 2R 2L

TPEARIE T AT, Python RERAYE, HHAT RS AT TR, I7 Hph IDE 923
ey 27

SRR RV R KRB T AT typing.get_type_hints () KiJH, [HHA
B PA.

Z)L typing fll PEP 484, HAA7 Xt LI RERY HEAN il i4: o

universal newlines -- il JH#A7 —FPRE L SCARA T2, R AR ITA A AR IR BN TES AR . Unix (1947
LZER Y05 '\n' . Windows (25 "\r\n"' DL IHMK Macintosh [Z5%E '\r', Z I, PEP 278 1 PEP
3116 fl bytes.splitlines () THEHEZL HEH.

variable annotation -- bRl WA E BB M annotation .

TEARHEAL T AP , 6] ek HOR A

class C:
field: 'annotation'

AR AR RPN AR R 27 BIANPA R AR R A2 int R (E:

’count: int = 0

AR AR ETE VAR AN fRRE I annassign —37 .
S5 function annotation, PEP 484 Fl PEP 526, Hrpxf I fes it .
virtual environment -- MEfIEABE — R VMR B ROIZATINBREE,  FevF Python PRI, YRR P AE 223
T+ Python 43 KA S THLEN R — R G Hisf iy HAD Python I IR HIATH -
HZ venv,

virtual machine -- JEIPL — & 56 40 1 B4 € LA THEAL. Python [ S AT AT =7 45 b 4 3 e FIr A2 7l
) bytecode

Zen of Python - Python il 51111 Python Vi N S, A B TR S Mo AL RhiE 27, 677 HLILIK
N FEAZ BRI R A" import this”,
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SCREERA

IXBESCRYAE A H reStructured Text JJE3CRY, | Sphinx  (—~% 724 Python SCRY 5 Y SCRY A s ) BIEE.

AR SCRARIE I L FUBEROTF 552 4 R A S 52 AMAY , T Python 42 &5 —HF. MRS Sk, 5
1% reporting-bugs T AN Z: 5 . FATRR UGB i) 5 A !

FEHE st
* Fred L. Drake, Jr., @& T J .10 Python SURYHY T HAE, PARIRE TIEH 2301
e Docutils #{4-4 TiH , 17 T reStructuredText SCAAE AT Docutils #4144
* Fredrik Lundh [/ Alternative Python Reference i | , Sphinx M H{5-3| T i £ {F i AE V.

B.1 Python SCFYwiik#

AIRZ % Python 1575, Python FnifE A Python SCEAA GTRRAY N, B Python YA A A Misc/ACKS 3¢
PESIH T3 DTk -

T Python X By ARITEAR, Python 474 T MM GBY SORY - S !
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g S AR F R IR

C.1 ZEk IRy

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4E 1. H , Guido A1 Python #%.0>J & ] A %% %] BeOpen.com {2 ## T BeOpen PythonLabs [#{BA . [A]4F
+ A, PythonLabs [#] pA\ %% | Digital Creations (¥{ >}y Zope Corporation; [, https://www.zope.org/), 2001 4|
Python # {34 2% (PSF, Ul https://www.python.org/psf/) B, % &% R34 Python AH & H1TH AT
Az dEE FlZH4E . Zope Corporation FFE 2 PSF Rl L5

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

KARA | EA AEfy R GPL %7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2=
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 7,5
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF 2
2.1.1 2.1+2.0.1 | 2001 PSF =2
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 REE | 201 2001 %% | PSF =

{Efit: GPL A A EWRE Python #£ GPL R &1 . 5 GPL AJA|, Frf Python ¥ nJEAR SRR A4 K AG R
JaBIIAS, T TR IR T R . GPL )V n]E 45 Python W PAS H B e GPL R A& ff YAk 45
EER; B HENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRINsKLAILAl 5 AL Python 5k Mz 1

Python A SCRS ) I V7 AT 3BT PSF 4 T #7350

M Python 3.8.6 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

H2e 0 S 7E Python FRAR @ BT AR VAT . XEEVFal S MV Z TR —FF . A Kk
VAT R SEBE 51 48 S RO Fe Ak PR ey 35 TG 5o 33t

C.2.1 I J- PYTHON 3.9.18 1y PSF ¥ n] [lpi%

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.18 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.9.18 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.9.18 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.9.18.

4. PSF is making Python 3.9.18 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 3.9.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.18
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.18, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—or any

third party.

8. By copying, installing or otherwise using Python 3.9.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 Ji] - PYTHON 2.0 1} BEOPEN.COM - wv] bpiX
BEOPEN PYTHON FFJi4 A M3 &5 1 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(R
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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 JII'T- PYTHON 1.6.1 [¥] CNRI ¥ v Bpi)l

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark

(N oiaRs:)
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sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 J}] - PYTHON 0.9.0 £ 1.2 /j CWI ¥ n[ B

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.18 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 WMORERAFI U Uk i

A58 Python Z A7 SR I 50 =7 FPFRVF TIOR8, %0 B AN se B BRI R 19
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ 2 /)
1. AR 2RI eI (F)

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 £y

socket #H{# [l getaddrinfo () il getnameinfo () EREL, XLEREFE IS WIDE Wi H  (http:
/Iwww.wide.ad.jp/) R EESE SC R,

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

(FgkzE)

238 Appendix C. JJj ¥RV nfiik



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html
http://www.wide.ad.jp/
http://www.wide.ad.jp/

The Python/C API, %1 3.9.18

notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 &tk riiss

asynchat fll asyncore fHE & A R EH:

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 &8

http.cookies FizRal4 DA H:

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 Piritaks

trace BHALE AT A

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 45 UUdecode pfi%

uu AL DA R

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.

(CFgkzs)

240 Appendix C. JJj ¥RV nfiik




The Python/C API, %1 3.9.18

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 it #E i

xmlrpc.client fEHEE DA FHEH:

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_epoll MR F AT AEI:

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 BERIKT kqueue [ AL AR FHEIH:

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 {47 Marek Majkowski’ %] Dan Bernstein [} SipHash24 2 ¥ERISEH . EREPAT
—=
FEH:

<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

Q)
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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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #il dtoa

Python/dtoa.c XML T CIEF MY dtoa Fil strtod pREL, HIT-KF C 1B F WP BRI FAF R 1 TG
iy David M. Gay 19 [q) 4% SCEFIRAETNSE, %0424 5 m] M http://www.netlib.org/fp/ F#%. 2009 4F 3 H 16 H
For 2R 3 1 J 1 SO B AR BSOBCRIA W] e B

/‘k*‘k*‘k*‘k*********‘k*‘k***********‘k*********************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

***************************************************************/

C.3.12 OpenSSL

WERBEAERGEN ], W hashlib, posix, ssl, crypt BBR{ii/f] OpenSSL R mPERE. BLAh, &M
-+ Python [j Windows Fl macoS 2427 nl g {7 OpenSSL FEi#5 UL, B AESLAR 1] T OpenSSL ¥
FIUERFE DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/*
* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

*

Q)
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

* % ok X % ok %

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

Q)
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This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

BRIEBEN ——with-system—expat BB THE, T pyexpat AR M5 expat YR DG

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

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.
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C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL 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)

(N gksr)
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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

AR ——with-system—libmpdec Bl E THZEE, &N _decimal FEHERE F A4S libmpdec JE H#2
DURE 7Y

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.3.18 W3C C14N i £ 14

test LAY CI4N 2.0 iR 4E (Lib/test/xmltestdata/cl14n—-20/) $E2HLEH W3C Mk https:/www.
w3.org/TR/xml-c14n2-testcases/ FHARYE 3 55 BSD 4 Wik & 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

Q3]

248 Appendix C. JJj ¥RV nfiik



https://www.w3.org/TR/xml-c14n2-testcases/
https://www.w3.org/TR/xml-c14n2-testcases/

The Python/C API, %1 3.9.18

"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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Python 53 SCHY:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RSEBM VALV, 200 L AeF Tk,
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..., 219

2to03,219

>>> 219

__all__ (package variable), 39
__dict__ (module attribute), 118
__doc__ (module attribute), 117

_ file_  (module attribute), 117, 118
_ future_ ,222

__import_

(E)E pR 4L, 40
_ loader__ (module attribute), 117
__main___

ik, 10, 138, 147
__name___ (module attribute), 117, 118
__package__ (module attribute), 117
_ slots_ ,228
_frozen (C (&), 42
_inittab (C £7A),42
_Py_c_diff (C &%), 84
_Py_c_neqg (C k), 84
_Py_c_pow (C H%), 85
_Py_c_prod (C &%), 84
_Py_c_quot (C &), 84
_Py_c_sum (C FH#), 84
_Py_InitializeMain (C &%), 167
_Py_NoneStruct (C £&), 177
_PyBytes_Resize (C &%), 87
_PyCFunctionFast (C k&), 179

_PyCFunctionFastWithKeywords (C % &),

179
_PyFrameEvalFunction (C £7), 146
_PyInterpreterState_GetEvalFrameFunc
(C #H4), 146
_PyInterpreterState_SetEvalFrameFunc
(C &%), 146
_PyObject_New (C &%), 177
_PyObject_NewVar (C & #), 177
_PyTuple_Resize (C &%), 107
_thread
Bidk, 143
IS
exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 136
PYTHONCOERCECLOCALE, 164
PYTHONDEBRUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 189
PYTHONHASHSEED, 136
PYTHONHOME, 11, 136, 141, 160
PYTHONINSPECT, 137
PYTHONIOENCODING, 139
PYTHONLEGACYWINDOWSFSENCODING, 137
PYTHONLEGACYWINDOWSSTDIO, 137
PYTHONMALLOC, 170, 172, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137
PYTHONOLDPARSER, 162
PYTHONOPTIMIZE, 137
PYTHONPATH, 11, 136, 160
PYTHONUNBUFFERED, 137
PYTHONUTFS, 164
PYTHONVERBOSE, 137

A
abort (), 39
abs

[FIE PR, 64

abstract base class -- HiZHE, 219
allocfunc (C £#), 210

annotation —- FR¥E, 219

argument -- Z%§, 219

argv (in module sys), 141

ascii
() R 5L 57

asynchronous context manager —— %
R SCERIER, 220

asynchronous generator —- % # 4 i 2%,
220

asynchronous generator iterator -- 5
WA AR A, 220

asynchronous iterable —-- | 7] % 8 X}
% 220

asynchronous iterator —-- FH#EMEE, 220

attribute -- JE¥, 220
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awaitable —— F[EEMENT4R, 220

B

BDFL, 220
binary file -- 3EHISCH:, 220
binaryfunc (C %), 211
buffer interface
(see buffer protocol), 69
buffer object
(see buffer protocol), 69
buffer protocol, 69
builtins
Fidk, 10, 138, 147
bytearray
AR, 87
bytecode —- FI5hY, 220
bytes
[EVE R L, 57
X4, 86
bytes—-like object -- FArHINfZ, 220

C

callback -- [H]7, 220
calloc (), 169
Capsule

X, 127
C-contiguous, 71,221
class, 220
class variable —- ZRARE, 220
classmethod

[E)E R4, 181
cleanup functions, 39
close () (in module os), 148
CO_FUTURE_DIVISION (C & &), 19
code object, 116
coercion —- BRilFEAIE AR, 221
compile

() R £R, 40
complex number

4, 84
complex number —— &F%f, 221
context manager —— _FRICEFRSE, 221

context variable -- |RIARHE, 221
contiguous, 71

contiguous -- J#%4E, 221

copyright (in module sys), 140
coroutine -- P, 221

coroutine function -— PHMEEKEL, 221

CPython, 221
create_module (C FH4%), 121

D

decorator —-— ZEifigs, 221
descrgetfunc (C %®), 211
descriptor —- Hidse, 221
descrset func (C (&), 211
destructor (C (), 210
dictionary

R4, 110
dictionary -- T4, 221
dictionary comprehension —- FHIfESH,
221

dictionary view —- FHLK, 222
divmod

() R4, 04
docstring —— CRYFELFER, 222
duck-typing —-- H§FIEAY, 222

E

EAFP, 222

EOFError (built-in exception), 117
exc_info () (in module sys), 9
exec_module (C &%), 121
exec_prefix,4

executable (in module sys), 140

exit (), 39

expression —- Fik{, 222
extension module -- ¥ @R, 222

F
f-string —- f-Ff4FER, 222
file
X4, 116
file object —— IUFX}4, 222
file-like object —- C{FAIXf%, 222
finder —- #Ikes, 222
float
() MR K, 65
floating point
X4, 83
floor division —- [ FEUEERRYE, 222
Fortran contiguous, 71,221
free (), 169
freefunc (C £#),210
freeze utility,42
frozenset
PG, 112
function
X%, 113
function —-- pR%L, 222
function annotation —- REURE, 222

G

garbage collection —- XAk, 223

generator, 223

generator —— gy, 223

generator expression, 223

generator expression —— 4 i #% % ik X,
223

generator iterator —- AERiZREMAY, 223

generic function -- {ZHUpE%L, 223

generic type —-— 1z, 223

getattrfunc (C %), 210

getattrofunc (C £&), 210

getbufferproc (C £A), 211

getiterfunc (C £#), 211
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GIL, 223
global interpreter lock, 141

global interpreter lock —-- 4 J& fif FF o%
1, 223

F{

hash
[EE %5, 57, 193
hash-based pyc —— ETMBHEMN pyc, 223
hashable -- HB]MG7, 223
hashfunc (C £7), 211

IDLE, 223

immutable —— RWAJASXT4, 224
import path —-- AR, 224
importer —-- A%, 224
importing ——- §A, 224
incr_item(),9, 10

initproc (C %4, 210
inquiry (C £#), 215
instancemethod

Xt4R, 114
[FIE R L, 65

integer
X4, 80
interactive
interpreted
interpreter
interpreter
iterable —-

int

-— XH, 224

-— RS, 224

lock, 141

shutdown —-- ﬁ@*%%%?él‘?ﬂﬂﬂ
ATEAXT S, 224

iterator —-- LR, 224

iternextfunc (C £4), 211

K

key function -- #HEpR%L, 224
KeyboardInterrupt (built-in exception), 28
keyword argument --— KEEFEHH 224

L

lambda, 224
LBYL, 225
len
[FIE %L, 58, 66, 67,109, 111, 113
lenfunc (C £A), 211
list, 225
4, 108
list comprehension -- L, 225
loader —— Jmzk#s, 225
lock, interpreter, 141
long integer
X4, 80

LONG_MAX, 81

M
magic
method, 225

magic method -- FEARITE, 225
main (), 139, 141
malloc (), 169
mapping

X4, 110
mapping -- WG, 225
memoryview

PG, 125
meta path finder -- JUH{EEFEAR, 225
metaclass —-- J0Z5, 225
METH_CLASS (B % &), 181
METH_COEXIST (B & % %), 18]
METH_FASTCALL (E % % &), 180
METH_NOARGS ([E|E % %), 181
METH_O (B & %), 181
METH_STATIC (EJE %), 181
METH_VARARGS ([Fl% % £), 180
method

magic, 225

special, 228

42, 115
method —-- ¥, 225
method resolution order -- 75 ¥ f# # )i

J¥, 225

MethodType (in module types), 113, 115
module, 225

search path, 10, 138, 140

X, 117
module spec —— FiHLEKE, 225
modules (in module sys), 39, 138
ModuleType (in module types), 117
MRO, 225
mutable —— WJASXT4, 225

N

named tuple -- HALIGH, 225
namespace -- fiif4 %3], 226
namespace package -- 4% %3[A4H, 226
nested scope -- #WEVEME, 226
new-style class -- =35, 226
newfunc (C £#), 210
None

42, 80

numeric

%%, 80
O

object

code, 116
object —— X4, 226
objobjargproc (C £ A), 211
objobjproc (C £A), 211
OverflowError (built-in exception), 81, 82

package variable
_all_ .39
parameter —- JEZ, 226
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PATH, 11
path

module search, 10, 138, 140
path (in module sys), 10, 138, 140

path based finder —-- E T 1% W & 3 &,
227

path entry -- FERAILL, 226

path entry finder -- MEA DAL, 227

path entry hook -- HEA T, 227

path-like object —— PRI, 227
PEP, 227

platform (in module sys), 140

portion —-- #4227

positional argument -- {iEZ%, 227
pow

[EIE R %L, 64, 65
prefix, 4
provisional API -- ¥ API, 227
provisional package —- %ﬁi@,, 227

Py_ABS (C %), 4

Py_AddPendingCall (C &%), 148
Py_AddPendingCall (), 148
Py_AtExit (C &%), 39
Py_BEGIN_ALLOW_THREADS, 142
Py_BEGIN_ALLOW_THREADS (o 9‘;), 144
Py_BLOCK_THREADS (C frZ), 145
Py_buffer (C £#), 69
Py_buffer.buf (C & ), 69
Py_buffer.format (C i i), 70

Py _buffer.internal (C s R), 71

Py buffer.itemsize (Cm i), 70
Py_buffer.len (C & X), 70
Py_buffer.ndim (C & i), 70
Py_buffer.obj (C R R ), 69
Py_buffer.readonly (C m& i), 70
Py_buffer.shape (C & R), 70
Py_buffer.strides (C & i), 70
Py_buffer.suboffsets (C i), 70
Py_Buildvalue (C &%), 49
Py_BytesMain (C &%), 15
Py_BytesWarningFlag (C &), 136
Py_CHARMASK (C %), 5

Py_CLEAR (C &%), 21
Py_CompileString (C &%), 18
Py_CompileString(), 18,19
Py_CompileStringExFlags (C &), 18
Py_CompileStringFlags (C k), 18
Py_CompileStringObject (C &%), 18
Py_complex (C (7)), 84
Py_DebugFlag (C £ &), 136
Py_DecodeLocale (C & 4k), 36
Py_DECREF (C &%), 21

Py_DECREF (), 0

Py_DEPRECATED (C %), 5
Py_DontWriteBytecodeFlag (C &), 136
Py_Ellipsis (C % &), 125
Py_EncodeLocale (C &4%), 37
Py_END_ALLOW_THREADS, 142

Py_END_ALLOW_THREADS (C )"rZ), 145
Py_EndInterpreter (C &%), 148
Py_EnterRecursiveCall (C &%), 31
Py_eval_input (C &%), 18
Py_Exit (C H4%), 39
Py_ExitStatusException (C F4%), 155
Py_False (C % ¥),83
Py_FatalError (C &%), 39
Py_FatalError (), 141
Py_FdIsInteractive (C %%%), 35
Py_file_input (C &%), 18
Py_Finalize (C &), 138
Py_FinalizeEx (C &%), 138
Py_FinalizeEx (), 39, 138, 148
Py_FrozenFlag (C & &), 136
Py_GenericAlias (C &%), 133
Py_GenericAliasType (C &), 133
Py_GetArgcArgv (C FH#%), 166
Py_GetBuildInfo (C &%), 140
Py_GetCompiler (C &%), 140
Py_GetCopyright (C &%), 140
Py_GETENV (C %), 5
Py_GetExecPrefix (C $%4%), 139
Py_GetExecPrefix (), 11
Py_GetPath (C &), 140
Py_GetPath (), 11,139, 140
Py_GetPlatform (C H4%), 140
Py_GetPrefix (C H4%), 139
Py_GetPrefix (), 11
Py_GetProgramFullPath (C &), 139
Py_GetProgramFullPath (), 11
Py_GetProgramName (C %), 139
Py_GetPythonHome (C FH4%), 141
Py_GetVersion (C &%), 140
Py_HashRandomizationFlag (C &%), 136
Py_IgnoreEnvironmentFlag (C &%), 136
Py_INCREF (C k), 21
Py_INCREF (), 6
Py_Initialize (C &), 138
Py_Initialize (), 10,139, 148
Py_InitializeEx (C &#k), 138
Py_InitializeFromConfig (C &%), 162
Py_InspectFlag (C L&), 136
Py_InteractiveFlag (C &%), 137
Py_IS_TYPE (C &%%), 178
Py_IsInitialized (C &%), 138
Py_IsInitialized(), Il
Py_IsolatedFlag (C T ¥), 137
Py_LeaveRecursiveCall (C &), 31
Py_LegacyWindowsFSEncodingFlag (C & &),
137
Py_LegacyWindowsStdioFlag (C & &), 137
Py_Main (C &%), 15
Py_MAX (C'R), 4
Py_MEMBER_SIZE (C %), 4
Py_MIN(C %), 4
Py_mod_create (C %), 121
Py_mod_exec (C %), 121
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Py_NewInterpreter (C &), 147

Py_None (C &), 80

Py_NoSiteFlag (C % &), 137

Py_NotImplemented (C & &), 55

Py_NoUserSiteDirectory (C & &), 137

Py_OptimizeFlag (C &%), 137

Py_PreInitialize (C &%), 157

Py_PrelInitializeFromArgs (C i), 157

Py_PrelnitializeFromBytesArgs (C & %),
157

Py_PRINT_RAW, 117

Py_QuietFlag (C T %), 137

Py_REFCNT (C %), 178

Py_ReprEnter (C &), 31

Py_ReprLeave (C k), 31

Py_RETURN_FALSE (C %), 83

Py_RETURN_NONE (C %), 80

Py_RETURN_NOTIMPLEMENTED (C &), 55

Py_RETURN_RICHCOMPARE (C %), 199

Py_RETURN_TRUE (C %), 83

Py_RunMain (C %), 166

Py_SET_REFCNT (C #%k), 179

Py_SET_SIZE (C s%k), 179

Py_SET_TYPE (C F%k), 178

Py_SetPath (C F#), 140

Py_SetPath (), 140

Py_SetProgramName (C &), 139

Py_SetProgramName (), 11, 138140

Py_SetPythonHome (C &%), 141

Py_SetStandardStreamEncoding (C & %),
139

Py_single_input (C £ %), 18

Py_SIZE (C %), 179

Py_ssize_t (C £%) 9

PY_SSIZE_T_MAX, 82

Py_STRINGIFY (C %), 4

Py_TPFLAGS_BASE_EXC_SUBCLASS (& & ¥),
196

Py_TPFLAGS_BASETYPE (FJE % ), 195

Py_TPFLAGS_BYTES_SUBCLASS (HJE % ), 196

Py_TPFLAGS_DEFAULT (F % &%), 195

Py_TPFLAGS_DICT_SUBCLASS (F|E % %), 196

Py_TPFLAGS_HAVE_FINALIZE (Bl % %), 196

Py_TPFLAGS_HAVE_GC ()& % %), 195

Py_TPFLAGS_HAVE_VECTORCALL ([F] & & %),
196

Py_TPFLAGS_HEAPTYPE (E]% % %), 195

Py_TPFLAGS_LIST_SUBCLASS (FJE % %), 196

Py_TPFLAGS_LONG_SUBCLASS ([Fl % % %), 196

Py_TPFLAGS_METHOD_DESCRIPTOR (H| % % &),
196

Py_TPFLAGS_READY ([F] & % &), 195

Py_TPFLAGS_READYING (] % ), 195

Py_TPFLAGS_TUPLE_SUBCLASS (FJE % ), 196

Py_TPFLAGS_TYPE_SUBCLASS (BJ% &%), 196

Py_TPFLAGS_UNICODE_SUBCLASS ([F ¥ & &),
196

Py_tracefunc (C £#), 149

Py_True (C &%), 83
Py_tss_NEEDS_INIT (C %), 151
Py_tss_t (C %), 151
Py_TYPE (C %), 178
Py_UCS1 (C £A)), 89
Py_UCS2 (C (7)), 89
Py_UCS4 (C (7)), 89
Py_UNBLOCK_THREADS (C %), 145
Py_UnbufferedStdioFlag (C & &), 137
Py_UNICODE (C (7)), 89
Py_UNICODE_IS_HIGH_SURROGATE (C %), 92
Py_UNICODE_IS_LOW_SURROGATE (C %), 92
Py_UNICODE_IS_SURROGATE (C %), 92
Py_UNICODE_ISALNUM (C &%%%), 91
Py_UNICODE_ISALPHA (C &%%%), 91
Py_UNICODE_ISDECIMAL (C &%), 91
Py_UNICODE_ISDIGIT (C 4%), 91
Py_UNICODE_ISLINEBREAK (C %#%), 91
Py_UNICODE_ISLOWER (C &%), 91
Py_UNICODE_ISNUMERIC (C %), 91
Py_UNICODE_ISPRINTABLE (C #3%), 91
Py_UNICODE_ISSPACE (C H4%), 91
Py_UNICODE_ISTITLE (C &%%%), 91
Py_UNICODE_ISUPPER (C &%), 91
Py_UNICODE_JOIN_SURROGATES (C %
Py_UNICODE_TODECIMAL (C &% %%), 92
Py_UNICODE_TODIGIT (C %), 92
Py_UNICODE_TOLOWER (C % 4%), 91
Py_UNICODE_TONUMERIC (C %4%), 92
Py_UNICODE_TOTITLE (C &%4%), 91
Py_UNICODE_TOUPPER (C &% %%), 91
Py_UNREACHABLE (C %), 4
Py_UNUSED (C %), 5
Py_VaBuildvalue (C ), 50
PY_VECTORCALL_ARGUMENTS_OFFSET (C %), 59
Py_VerboseFlag (C &%), 137
Py_VISIT (C #h#k), 215
Py_XDECREF (C & 4%), 21
Py_XDECREF (), 10
Py_XINCREF (C & 4%), 21
PyAnySet_Check (C H#k), 112
PyAnySet_CheckExact (C &), 112
PyArg_Parse (C &%), 48
PyArg_ParseTuple (C FH4k), 48
PyArg_ParseTupleAndKeywords (C &
PyArg_UnpackTuple (C #%%), 48
PyArg_ValidateKeywordArguments (C & #),
48
PyArg_VaParse (C &), 48
PyArg_VaParseTupleAndKeywords (C & ),
48
PyASCIIObject (C £M), 89
PyAsyncMethods (C £#), 209
PyAsyncMethods.am_aiter (C A i), 210
PyAsyncMethods.am_anext (C s R ), 210
PyAsyncMethods.am_await (C & X ), 209
PyBool_Check (C ##%), 83
PyBool_FromLong (C &%), 83
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PyBUF_ANY_CONTIGUOUS (C 92), 72
PyBUF_C_CONTIGUOUS (C %), 72
PyBUF_CONTIG (C £), 72
PyBUF_CONTIG_RO (C %), 72
PyBUF_F_CONTIGUOUS (C Z), 72
PyBUF_FORMAT (C %), 71
PyBUF_FULL (C %), 72
PyBUF_FULL_RO (C %), 72
PyBUF_INDIRECT (C %), 71
PyBUF_ND (C %), 71
PyBUF_RECORDS (C %), 72
PyBUF_RECORDS_RO (C %), 72
PyBUF_SIMPLE (C %), 71
PyBUF_STRIDED (C %), 72
PyBUF_STRIDED_RO (C f), 72
PyBUF_STRIDES (C %), 71
PyBUF_WRITABLE (C &), 71
PyBuffer_FillContiguousStrides (C &%),
74
PyBuffer_FillInfo (C &), 74
PyBuffer_FromContiguous (C &%), 74
PyBuffer_GetPointer (C H#), 74
PyBuffer_IsContiguous (C &%), 74
PyBuffer_Release (C &), 74
PyBuffer_SizeFromFormat (C &%), 74
PyBuffer_ToContiguous (C k), 74
PyBufferProcs, 69
PyBufferProcs (C £#), 208
PyBufferProcs.bf_getbuffer (Cm i), 208
PyBufferProcs.bf_releasebuffer (C s i),
209
PyByteArray_AS_STRING (C F %), 88
PyByteArray_AsString (C F4%), 88
PyByteArray_Check (C &%), 87
PyByteArray_CheckExact (C F#g), 87
PyByteArray_Concat (C &%), 88
PyByteArray_FromObject (C k), 88
PyByteArray_FromStringAndSize (C & %),
88
PyByteArray_GET_SIZE (C %), 88
PyByteArray_Resize (C %%), 88
PyByteArray_Size (C %), 838
PyByteArray_Type (C T &), 87
PyByteArrayObject (C £A), 87
PyBytes_AS_STRING (C #3%), 87
PyBytes_AsString (C &%), 86
PyBytes_AsStringAndSize (C &4%), 87
PyBytes_Check (C &%), 86
PyBytes_CheckExact (C FH4k), 86
PyBytes_Concat (C k), 87
PyBytes_ConcatAndDel (C %), 87
PyBytes_FromFormat (C #4%), 86
PyBytes_FromFormatV (C &%), 86
PyBytes_FromObject (C FH4%), 86
PyBytes_FromString (C F#4%), 86
PyBytes_FromStringAndSize (C &#), 86
PyBytes_GET_SIZE (C &%), 86
PyBytes_Size (C &%), 86

PyBytes_Type (C & &), 86
PyBytesObject (C £ %), 86
PyCallable_Check (C &%), 63
PyCallIter_Check (C &%), 123
PyCallIter_New (C F%), 123
PyCallIter_Type (CE %), 123
PyCapsule (C %), 127
PyCapsule_CheckExact (C &), 127
PyCapsule_Destructor (C £#&), 127
PyCapsule_GetContext (C &), 127
PyCapsule_GetDestructor (C &), 127
PyCapsule_GetName (C &), 127
PyCapsule_GetPointer (C &), 127
PyCapsule_Import (C &%), 127
PyCapsule_TsValid (C &%), 127
PyCapsule_New (C FH4%), 127
PyCapsule_SetContext (C &), 128
PyCapsule_SetDestructor (C H4%), 128
PyCapsule_SetName (C F ), 128
PyCapsule_SetPointer (C &), 128
PyCell_Check (C &%), 115
PyCell_GET (C &%), 115
PyCell_Get (C k), 115
PyCell_New (C &%), 115
PyCell_SET (C &%), 115
PyCell_set (C &%), 115
PyCell_ Type (C L&), 115
PyCellObject (C £ &), 115
PyCFunction (C £#&), 179
PyCFunctionWithKeywords (C %), 179
PyCMethod (C £#), 180
PyCode_Check (C %), 116
PyCode_GetNumFree (C &%), 116
PyCode_New (C %%%), 116
PyCode_NewEmpty (C k), 116
PyCode_NewWithPosOnlyArgs (C %#k), 116
PyCode_Type (C T &), 116
PyCodec_BackslashReplaceErrors (C &%),
53
PyCodec_Decode (C &), 52
PyCodec_Decoder (C &%), 53
PyCodec_Encode (C &), 52
PyCodec_Encoder (C #4%), 53
PyCodec_IgnoreErrors (C %4), 53
PyCodec_IncrementalDecoder (C #4%), 53
PyCodec_IncrementalEncoder (C #4%), 53
PyCodec_KnownEncoding (C #4%), 52
PyCodec_LookupError (C %), 53
PyCodec_NameReplaceErrors (C H#), 53
PyCodec_Register (C &), 52
PyCodec_RegisterError (C F#k), 53
PyCodec_ReplaceErrors (C &%), 53
PyCodec_StreamReader (C %), 53
PyCodec_StreamWriter (C &%), 53
PyCodec_StrictErrors (C k), 53
PyCodec_XMLCharRefReplaceErrors (C &
#), 53
PyCodeObiject (C £#), 116
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PyCompactUnicodeObject (C £ %), 89
PyCompilerFlags (C &%), 19
PyCompilerFlags.cf_feature_version (C
), 19
PyCompilerFlags.cf_flags (C&R), 19
PyComplex_AsCComplex (C #4%), 85
PyComplex_Check (C &%), 85
PyComplex_CheckExact (C %), 85
PyComplex_FromCComplex (C &%), 85
PyComplex_FromDoubles (C &%), 85
PyComplex_ImagAsDouble (C FH4k), 85
PyComplex_RealAsDouble (C F#k), 85
PyComplex_Type (C T &), 85
PyComplexObject (C £, 85
PyConfig (C £#A), 158
PyConfig Clear (C &%), 158
PyConfig InitIsolatedConfig (C &%), 158
PyConfig_InitPythonConfig (C &), 158
PyConfig_Read (C FH#k), 158
PyConfig_SetArgv (C F#%), 158
PyConfig_SetBytesArgv (C F&#), 158
PyConfig_SetBytesString (C &%#), 158
PyConfig_SetString (C &%), 158
PyConfig_SetWideStringList (C &%), 158
PyConfig._use_peg_parser (C &R ), 162
PyConfig.argv (C A& i), 159
PyConfig.base_exec_prefix (Cr. i), 159
PyConfig.base_executable (C & i), 159
PyConfig.base_prefix (Cm i), 159
PyConfig.buffered_stdio (C A& i), 159
PyConfig.bytes_warning (C m& i), 159
PyConfig.check_hash_pycs_mode (C & i),
159
PyConfig.configure_c_stdio (C A 1), 159
PyConfig.dev_mode (C m 1), 159
PyConfig.dump_refs (C i i), 159
PyConfig.exec_prefix (Cm i), 159
PyConfig.executable (C i), 159
PyConfig.faulthandler (C A& i), 159
PyConfig.filesystem_encoding (C m R),
159
PyConfig.filesystem_errors (C & 1), 160
PyConfig.hash_seed (C & i), 160
PyConfig.home (C & i), 160
PyConfig.import_time (Cm i), 160
PyConfig.inspect (C & it ), 160
PyConfig.install_signal_handlers (C &
®), 160
PyConfig.interactive (C s 1), 160
PyConfig.isolated (C m 1), 160
PyConfig.legacy_windows_stdio (C m R),
160
PyConfig.malloc_stats (C A& i), 160
PyConfig.module_search_paths (C m R),
160
PyConfig.module_search_paths_set (C
®), 160
PyConfig.optimization_level (C m i), 160

PyConfig.parse_argv (C it ), 160
PyConfig.parser_debug (C & i), 161
PyConfig.pathconfig_warnings (C m R),
161
PyConfig.platlibdir (C m i), 159
PyConfig.prefix (C s 1), 161
PyConfig.program_name (C & 1), 161
PyConfig.pycache_prefix (C s i), 161
PyConfig.pythonpath_env (C 5 i), 160
PyConfig.quiet (C & %), 161
PyConfig.run_command (C & ), 161
PyConfig.run_filename (C & RR), 161
PyConfig.run_module (C s i), 161
PyConfig.show_ref_count (C & i), 161
PyConfig.site_import (C & i), 161
PyConfig.skip_source_first_line (C xx
R), 161
PyConfig.stdio_encoding (C m i), 161
PyConfig.stdio_errors (C & i), 161
PyConfig.tracemalloc (C m i), 161
PyConfig.use_environment (C m i), 161
PyConfig.use_hash_seed (C s i), 160
PyConfig.user_site_directory (C m R),
161
PyConfig.verbose (C i i), 161
PyConfig.warnoptions (C & i), 161
PyConfig.write_bytecode (C A& N), 162
PyConfig.xoptions (Cm 1), 162
PyContext (C %), 129
PyContext_CheckExact (C FHk), 129
PyContext_Copy (C FH#k), 130
PyContext_CopyCurrent (C &%), 130
PyContext_Enter (C &%), 130
PyContext_Exit (C FH#k), 130
PyContext_New (C &%), 130
PyContext_Type (C &%), 129
PyContextToken (C £#), 129
PyContextToken_CheckExact (C &%), 129
PyContextToken_Type (C & &), 129
PyContextVar (C £7A), 129
PyContextVar_CheckExact (C &), 129
PyContextVar_Get (C %), 130
PyContextVar_New (C &%), 130
PyContextVar_Reset (C %), 130
PyContextVar_Set (C %), 130
PyContextVar_Type (C L&), 129
PyCoro_CheckExact (C &#), 129
PyCoro_New (C %), 129
PyCoro_Type (C &), 129
PyCoroObiject (C &), 129
PyDate_Check (C F%k), 130
PyDate_CheckExact (C &#), 131
PyDate_FromDate (C &%), 131
PyDate_FromTimestamp (C F4%), 133
PyDateTime_Check (C F %), 131
PyDateTime_CheckExact (C &%), 131
PyDateTime_DATE_GET_FOLD (C F##k), 132
PyDateTime_DATE_GET_HOUR (C %%k), 132
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PyDateTime_DATE_GET_MICROSECOND (C &
%), 132
PyDateTime_DATE_GET_MINUTE (C %), 132
PyDateTime_DATE_GET_SECOND (C F##%), 132
PyDateTime_DELTA_GET_DAYS (C &%), 132
PyDateTime_DELTA_GET_MICROSECONDS (C &

#), 133
PyDateTime_DELTA_GET_SECONDS (C & %),
133

PyDateTime_FromDateAndTime (C FH#%k), 131
PyDateTime_FromDateAndTimeAndFold (C
#0), 131
PyDateTime_FromTimestamp (C %), 133
PyDateTime_GET_DAY (C & 4%), 132
PyDateTime_GET_MONTH (C #&%%), 132
PyDateTime_ GET_YEAR (C &%), 132
PyDateTime_TIME_GET_FOLD (C %4%), 132
PyDateTime_TIME_GET_HOUR (C & #%), 132
PyDateTime_TIME_GET_MICROSECOND (C &
#0), 132
PyDateTime_TIME_GET_MINUTE (C &%), 132
PyDateTime_TIME_GET_SECOND (C #4%), 132
PyDateTime_TimeZone_UTC (C & &), 130
PyDelta_Check (C & #k), 131
PyDelta_CheckExact (C FH#), 131
PyDelta_FromDSU (C F#k), 131
PyDescr_IsData (C H4%), 124
PyDescr_NewClassMethod (C &%), 124
PyDescr_NewGetSet (C &%), 124
PyDescr_NewMember (C &%), 124
PyDescr_NewMethod (C & 4%), 124
PyDescr_NewWrapper (C #4%), 124
PyDict_Check (C F#k), 110
PyDict_CheckExact (C &%), 110
PyDict_Clear (C &%), 110
PyDict_Contains (C &%), 110
PyDict_Copy (C k), 110
PyDict_DelItem (C FH#k), 110
PyDict_DelItemString (C k), 110
PyDict_GetItem (C &), 110
PyDict_GetItemString (C H#k), 110
PyDict_GetItemWithError (C &%), 110
PyDict_Items (C &%), 111
PyDict_Keys (C &%), 111
PyDict_Merge (C FHk), 111
PyDict_MergeFromSeq2 (C F3%k), 112
PyDict_New (C $4%), 110
PyDict_Next (C &%), 111
PyDict_SetDefault (C &%), 111
PyDict_SetItem (C &), 110
PyDict_SetTItemString (C &%), 110
PyDict_Size (C &), 111
PyDict_Type (C T &), 110
PyDict_Update (C &%), 112
PyDict_values (C F#k), 111
PyDictObject (C £#), 110
PyDictProxy_New (C F#), 110
PyDoc_STR (C %), 5

PyDoc_STRVAR (C %), 5
PyErr_BadArgument (C k), 24
PyErr_BadInternalCall (C &%), 26
PyErr_CheckSignals (C F#), 28
PyErr_Clear (C ¥h#%), 23
PyErr_Clear (), 9,10
PyErr_ExceptionMatches (C &%), 27
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C &%), 27
PyErr_Format (C k), 24
PyErr_FormatV (C &%), 24
PyErr_GetExcInfo (C FHk), 28
PyErr_GivenExceptionMatches (C &%), 27
PyErr_NewException (C #4%), 29
PyErr_NewExceptionWithDoc (C ##k), 29
PyErr_NoMemory (C &%), 24
PyErr_NormalizeException (C FHik), 27
PyErr_Occurred (C FH k), 27
PyErr_Occurred(),9
PyErr_Print (C &%), 23
PyErr_PrintEx (C H4%), 23
PyErr_ResourceWarning (C &%), 26
PyErr_Restore (C ), 27
PyErr_SetExcFromWindowsErr (C ##k), 25
PyErr_SetExcFromWindowsErrWithFilename
(C &%), 25
PyErr_SetExcFromWindowsErrWithFilenameObject
(C &H%), 25
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C &%), 25
PyErr_SetExcInfo (C Fk), 28
PyErr_SetFromErrno (C FH4), 24
PyErr_SetFromErrnoWithFilename (C &%),
25
PyErr_SetFromErrnoWithFilenameObject
(C &%), 24
PyErr_SetFromErrnoWithFilenameObjects
(C &), 24
PyErr_SetFromWindowsErr (C &3), 25
PyErr_SetFromWindowsErrWithFilename (C
FH0), 25
PyErr_SetImportError (C %), 25
PyErr_SetImportErrorSubclass (C #4%), 25
PyErr_SetInterrupt (C FHi%), 28
PyErr_SetNone (C &), 24
PyErr_SetObject (C &), 24
PyErr_SetString (C Hk), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C k), 26
PyErr_SyntaxLocationEx (C &%), 26
PyErr_SyntaxLocationObject (C &%), 25
PyErr_WarnEx (C $k), 26
PyErr_WarnExplicit (C FH4%), 26
PyErr_WarnExplicitObject (C FHk), 26
PyErr_WarnFormat (C F#%), 26
PyErr_WriteUnraisable (C &#), 23
PyEval_AcquireLock (C &%), 147
PyEval_AcquireThread (C &%), 146
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PyEval_AcquireThread(), 143 PyExc_NameError, 31
PyEval_EvalCode (C &%), 18 PyExc_NotADirectoryError, 31
PyEval_EvalCodeEx (C &%#), 18 PyExc_NotImplementedError, 31
PyEval_EvalFrame (C &%), 18 PyExc_OSError, 31
PyEval_EvalFrameEx (C &%), 18 PyExc_OverflowError, 31
PyEval_GetBuiltins (C FH4k), 52 PyExc_PendingDeprecationWarning, 33
PyEval_GetFrame (C &%), 52 PyExc_PermissionError, 31
PyEval_GetFuncDesc (C H#%), 52 PyExc_ProcessLookupError, 31
PyEval_GetFuncName (C F#%), 52 PyExc_RecursionError, 31
PyEval_GetGlobals (C &%), 52 PyExc_ReferenceError, 31
PyEval_GetLocals (C FH4k), 52 PyExc_ResourceWarning, 33
PyEval_InitThreads (C FH#k), 143 PyExc_RuntimeError, 31
PyEval_InitThreads (), 138 PyExc_RuntimeWarning, 33
PyEval_MergeCompilerFlags (C &%), 18 PyExc_StopAsyncIteration, 31
PyEval_ReleaseLock (C FH#), 147 PyExc_StopIteration, 31
PyEval_ReleaseThread (C FH#k), 147 PyExc_SyntaxError, 31
PyEval_ReleaseThread(), 143 PyExc_SyntaxWarning, 33
PyEval_RestoreThread (C %#%), 144 PyExc_SystemError, 31
PyEval_RestoreThread (), 142, 143 PyExc_SystemExit, 31
PyEval_SaveThread (C &%), 143 PyExc_TabError, 31
PyEval_SaveThread (), 142, 143 PyExc_TimeoutError, 31
PyEval_SetProfile (C &%), 150 PyExc_TypeError, 31
PyEval_SetTrace (C &%), 150 PyExc_UnboundLocalError, 31
PyEval_ThreadsInitialized (C &%), 143 PyExc_UnicodeDecodeError, 31
PyExc_ArithmeticError, 31 PyExc_UnicodeEncodeError, 31
PyExc_AssertionError, 31 PyExc_UnicodeError, 31
PyExc_AttributeError, 31 PyExc_UnicodeTranslateError, 31
PyExc_BaseException, 31 PyExc_UnicodeWarning, 33
PyExc_BlockingIOError, 31 PyExc_UserWarning, 33
PyExc_BrokenPipeError, 31 PyExc_ValueError, 31
PyExc_BufferError, 31 PyExc_Warning, 33
PyExc_BytesWarning, 33 PyExc_WindowsError, 33
PyExc_ChildProcessError, 31 PyExc_ZeroDivisionError, 31
PyExc_ConnectionAbortedError, 31 PyException_GetCause (C %), 29
PyExc_ConnectionError, 31 PyException_GetContext (C %), 29
PyExc_ConnectionRefusedError, 31 PyException_GetTraceback (C FH#), 29
PyExc_ConnectionResetError, 31 PyException_SetCause (C k), 29
PyExc_DeprecationWarning, 33 PyException_SetContext (C %), 29
PyExc_EnvironmentError, 33 PyException_SetTraceback (C FH#k), 29
PyExc_EOFError, 31 PyFile_FromFd (C &%), 116
PyExc_Exception, 31 PyFile_GetLine (C %), 117
PyExc_FileExistsError, 31 PyFile_SetOpenCodeHook (C &), 117
PyExc_FileNotFoundError, 31 PyFile_WriteObject (C FHk), 117
PyExc_FloatingPointError, 31 PyFile_WriteString (C FH#%), 117
PyExc_FutureWarning, 33 PyFloat_AS_DOUBLE (C &%), 84
PyExc_GeneratorExit, 31 PyFloat_AsDouble (C FH#k), 84
PyExc_ImportError, 31 PyFloat_Check (C &%), 83
PyExc_ImportWarning, 33 PyFloat_CheckExact (C FH4%), 84
PyExc_IndentationError, 31 PyFloat_FromDouble (C F4%), 84
PyExc_IndexError, 31 PyFloat_FromString (C FH#%), 84
PyExc_InterruptedError, 31 PyFloat_GetInfo (C &), 84
PyExc_IOError, 33 PyFloat_GetMax (C FH ), 84
PyExc_IsADirectoryError, 31 PyFloat_GetMin (C FH#), 84
PyExc_KeyboardInterrupt, 31 PyFloat_Type (C £ ¥), 83
PyExc_KeyError, 31 PyFloatObiject (C £7), 83
PyExc_LookupError, 31 PyFrame_GetBack (C &%), 52
PyExc_MemoryError, 31 PyFrame_GetCode (C &%), 52
PyExc_ModuleNotFoundError, 31 PyFrame_GetLineNumber (C #4%), 52
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PyFrameObject (C £ #), 18
PyFrozenSet_Check (C &%%), 112
PyFrozenSet_CheckExact (C &%), 112
PyFrozenSet_New (C &%), 113
PyFrozenSet_Type (C L&), 112
PyFunction_Check (C FH4%), 113
PyFunction_GetAnnotations (C &%), 114
PyFunction_GetClosure (C &%), 114
PyFunction_GetCode (C &%), 114
PyFunction_GetDefaults (C &%), 114
PyFunction_GetGlobals (C &), 114
PyFunction_GetModule (C &), 114
PyFunction_New (C F#g), 113
PyFunction_NewWithQualName (C F#g), 114
PyFunction_SetAnnotations (C &), 114
PyFunction_SetClosure (C &), 114
PyFunction_SetDefaults (C &%), 114
PyFunction_Type (C &%), 113
PyFunctionObject (C &), 113
PyGen_Check (C &%), 128
PyGen_CheckExact (C &%), 128
PyGen_New (C &), 128
PyGen_NewWithQualName (C F%k), 128
PyGen_Type (C T &), 128
PyGenObject (C £#), 128
PyGetSetDef (C £7A), 182
PyGILState_Check (C &%), 144
PyGILState_Ensure (C &#), 144
PyGILState_GetThisThreadState (C & %),
144
PyGILState_Release (C &%), 144
PyImport_AddModule (C &%), 40
PyImport_AddModuleObiject (C F#k), 40
PyImport_AppendInittab (C &), 42
PyImport_ExecCodeModule (C H%%), 40
PyImport_ExecCodeModuleEx (C &%), 41
PyImport_ExecCodeModuleObject (C & %),
41
PyImport_ExecCodeModuleWithPathnames
(C & 3), 41
PyImport_ExtendInittab (C F#g), 42
PyImport_FrozenModules (C &%), 42
PyImport_GetImporter (C FHik), 41
PyImport_GetMagicNumber (C &3), 41
PyImport_GetMagicTag (C k), 41
PyImport_GetModule (C &%), 41
PyImport_GetModuleDict (C &%), 41
PyImport_Import (C &), 40
PyImport_ImportFrozenModule (C FH#%), 42
PyImport_ImportFrozenModuleObject (C &
£), 41
PyImport_ImportModule (C &%), 39
PyImport_ImportModuleEx (C F#k), 39
PyImport_ImportModulelLevel (C &%), 40
PyImport_ImportModuleLevelObject (C &
#), 40
PyImport_ImportModuleNoBlock (C &#k), 39
PyImport_ReloadModule (C &%), 40

PyIndex_Check (C H#4%), 65
PyInstanceMethod_Check (C &%), 114
PyInstanceMethod_Function (C &%4%), 114
PyInstanceMethod_GET_FUNCTION (C & %),
114
PyInstanceMethod_New (C &%), 114
PyInstanceMethod_Type (C E &), 114
PyInterpreterState (C &%), 143
PyInterpreterState_Clear (C %H#), 145
PyInterpreterState_Delete (C %), 145
PyInterpreterState_Get (C FHk), 146
PyInterpreterState_GetDict (C &#), 146
PyInterpreterState_GetID (C &%), 146
PyInterpreterState_Head (C &%), 150
PyInterpreterState_Main (C &%), 150
PyInterpreterState_New (C F4%), 145
PyInterpreterState_Next (C &), 150
PyInterpreterState_ThreadHead (C & %),
150
PyIter_Check (C ##k), 68
PyIter_Next (C &), 68
PyList_Append (C &%), 109
PyList_AsTuple (C FH#k), 109
PyList_Check (C &%), 108
PyList_CheckExact (C &%), 108
PyList_GET_ITEM (C &%), 109
PyList_GET_SIZE (C &%), 109
PyList_GetItem (C &%), 109
PyList_GetItem(), 8
PyList_GetSlice (C &%), 109
PyList_TInsert (C &%), 109
PyList_New (C &%), 109
PyList_Reverse (C F4%), 109
PyList_SET_ITEM (C &4%), 109
PyList_SetItem (C &%), 109
PyList_SetItem(),6
PyList_SetSlice (C &%), 109
PyList_Size (C &%), 109
PyList_Sort (C H#k), 109
PyList_Type (C £ &), 108
PyListObject (C £#), 108
PyLong_AsDouble (C F#k), 83
PyLong_AsLong (C #4%), 81
PyLong_AsLongAndOverflow (C F4%), 81
PyLong_AsLongLong (C %), 82
PyLong_AsLongLongAndOverflow (C &), 82
PyLong_AsSize_t (C &%), 82
PyLong_AsSsize_t (C &%), 82
PyLong_AsUnsignedLong (C &%), 82
PyLong_AsUnsignedLongLong (C ##g), 82
PyLong_AsUnsignedLongLongMask (C & %),
83
PyLong_AsUnsignedLongMask (C &%), 82
PyLong_AsVoidPtr (C H4%), 83
PyLong_Check (C &%), 80
PyLong_CheckExact (C ##k), 80
PyLong_FromDouble (C &%), 81
PyLong_FromLong (C &%), 80
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PyLong_FromLongLong (C &#%), 81
PyLong_FromSize_t (C %4%), 81
PyLong_FromSsize_t (C H#), 81
PyLong_FromString (C &#%), 81
PyLong_FromUnicode (C &%), 81
PyLong_FromUnicodeObject (C #4%), 81
PyLong_FromUnsignedLong (C #4%), 81
PyLong_FromUnsignedLongLong (C &%), 81
PyLong_FromVoidPtr (C #4%), 81
PyLong_Type (C &), 80
PyLongObject (C &), 80
PyMapping_Check (C $#4%), 67
PyMapping_DelItem (C &#k), 67
PyMapping_DelItemString (C k), 67
PyMapping_GetItemString (C &%), 67
PyMapping_HasKey (C &#%), 68
PyMapping_HasKeyString (C k), 68
PyMapping_Items (C FH%%), 68
PyMapping_Keys (C & 4%), 68
PyMapping_Length (C &%), 67
PyMapping_SetItemString (C F#k), 67
PyMapping_Size (C FH#k), 67
PyMapping_Values (C #%#k), 68
PyMappingMethods (C £#), 207
PyMappingMethods.mp_ass_subscript (C s
R), 207
PyMappingMethods.mp_length (C & i), 207
PyMappingMethods.mp_subscript (C & R),
207
PyMarshal_ReadLastObjectFromFile (C &
%), 43
PyMarshal_ReadLongFromFile (C &%), 43
PyMarshal_ReadObjectFromFile (C &%), 43
PyMarshal_ ReadObjectFromString (C %),
43
PyMarshal ReadShortFromFile (C &%), 43
PyMarshal_WriteLongToFile (C &%), 42
PyMarshal_WriteObjectToFile (C H##%), 43
PyMarshal_WriteObjectToString (C & %),
43
PyMem_Calloc (C &%), 171
PyMem_Del (C %), 171
PYMEM_DOMAIN_MEM (C f), 173
PYMEM_DOMAIN_OBJ (C 9‘2:), 173
PYMEM_DOMAIN_RAW (C %), 173
PyMem_Free (C &4k), 171
PyMem_GetAllocator (C %%%), 173
PyMem_Malloc (C &%), 170
PyMem_New (C &%), 171
PyMem_RawCalloc (C F&#), 170
PyMem_RawFree (C $4%), 170
PyMem_RawMalloc (C &%), 170
PyMem_RawRealloc (C F#k), 170
PyMem_Realloc (C &%), 171
PyMem_Resize (C &%), 171
PyMem_SetAllocator (C &%%), 173
PyMem_SetupDebugHooks (C %), 174
PyMemAllocatorDomain (C (%), 173

PyMemAllocatorEx (C £ A), 173
PyMember_GetOne (C k), 182
PyMember_SetOne (C ##%), 182
PyMemberDef (C £#), 181
PyMemoryView_Check (C FH4%), 126
PyMemoryView_FromBuffer (C &%), 125
PyMemoryView_FromMemory (C %#), 125
PyMemoryView_FromObject (C F#k), 125
PyMemoryView_GET_BASE (C &%), 126
PyMemoryView_GET_BUFFER (C % 4%), 126
PyMemoryView_GetContiguous (C &%), 126
PyMethod_Check (C &%), 115
PyMethod_Function (C &%), 115
PyMethod_GET_FUNCTION (C &%), 115
PyMethod_GET_SELF (C &), 115
PyMethod_New (C &%), 115
PyMethod_Self (C #4%), 115
PyMethod_Type (C £ &), 115
PyMethodDef (C £#), 180
PyModule_AddFunctions (C &%), 122
PyModule_AddIntConstant (C &%), 122
PyModule_AddIntMacro (C FH#k), 122
PyModule_AddObiject (C &%), 122
PyModule_AddStringConstant (C &), 122
PyModule_AddStringMacro (C &%), 122
PyModule_AddType (C F#k), 122
PyModule_Check (C #4%), 117
PyModule_CheckExact (C &%), 117
PyModule_Create (C FH#), 120
PyModule_Create?2 (C &%), 120
PyModule_ExecDef (C FH#k), 121
PyModule_FromDefAndSpec (C &%), 121
PyModule_FromDefAndSpec?2 (C H4%), 121
PyModule_GetDef (C k), 118
PyModule_GetDict (C &%), 118
PyModule_GetFilename (C &%), 118
PyModule_GetFilenameObject (C H#%), 118
PyModule_GetName (C % 4%), 118
PyModule_GetNameObject (C F%k), 118
PyModule_GetState (C k), 118
PyModule_New (C &%), 118
PyModule_NewObject (C &%), 117
PyModule_SetDocString (C &), 122
PyModule_Type (C &%), 117
PyModuleDef (C £ %), 118
PyModuleDef_Init (C &), 120
PyModuleDef_Slot (C £7), 120
PyModuleDef_Slot.slot (C i), 120
PyModuleDef_Slot.value (C & %), 120
PyModuleDef.m_base (C i i), 118
PyModuleDef.m_clear (C s i), 119
PyModuleDef .m_doc (C i R ), 118
PyModuleDef.m_free (C 5 i), 119
PyModuleDef .m_methods (C s i), 119
PyModuleDef .m_name (C & i), 118
PyModuleDef.m_reload (C & i), 119
PyModuleDef.m_size (C A& i), 118
PyModuleDef.m_slots (C A& i), 119
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PyModuleDef.m_traverse (Ca. ), 119
PyNumber_Absolute (C Hk), 64
PyNumber_Add (C &%), 63
PyNumber_And (C #4%), 64
PyNumber_AsSsize_t (C &%), 65
PyNumber_Check (C &%), 63
PyNumber_Divmod (C $4%), 63
PyNumber_Float (C &%), 65
PyNumber_FloorDivide (C &%), 63
PyNumber_Index (C F4%), 65
PyNumber_InPlaceAdd (C &%), 64
PyNumber_InPlaceAnd (C &#), 65
PyNumber_InPlaceFloorDivide (C &%), 64
PyNumber_InPlaceLshift (C &%), 65

PyNumber_InPlaceMatrixMultiply (C &),

64
PyNumber_InPlaceMultiply (C &%), 64
PyNumber_InPlaceOr (C &4%), 65
PyNumber_InPlacePower (C &#), 65
PyNumber_InPlaceRemainder (C ##k), 65
PyNumber_InPlaceRshift (C &), 65
PyNumber_InPlaceSubtract (C #4%), 64
PyNumber_InPlaceTrueDivide (C F#k), 64
PyNumber_InPlaceXor (C &%), 65
PyNumber_Invert (C &%), 64
PyNumber_Long (C #%k), 65
PyNumber_Lshift (C &%), 64
PyNumber_MatrixMultiply (C &%), 63
PyNumber_Multiply (C &#), 63
PyNumber_Negative (C &%), 64
PyNumber_Or (C Fk), 64
PyNumber_Positive (C ##), 64
PyNumber_Power (C &%), 64
PyNumber_Remainder (C %), 63
PyNumber_Rshift (C &), 64
PyNumber_Subtract (C &%), 63
PyNumber_ToBase (C &4%), 65
PyNumber_ TrueDivide (C &), 63
PyNumber_Xor (C F4%), 64

PyNumberMethods.nb_inplace_matrix_multiply
(C W), 207

PyNumberMethods.nb_inplace_multiply (C
AR ), 207
PyNumberMethods.nb_inplace_or (C & i),
207
PyNumberMethods.nb_inplace_power (C %
R), 207
PyNumberMethods.nb_inplace_remainder
(C A B), 207
PyNumberMethods.nb_inplace_rshift (C s
R), 207
PyNumberMethods.nb_inplace_subtract (C
B3R, 207
PyNumberMethods.nb_inplace_true_divide
(C A B), 207
PyNumberMethods.nb_inplace_xor (C 5 R),
207
PyNumberMethods.nb_int (C % it ), 207
PyNumberMethods.nb_invert (C % it ), 206
PyNumberMethods.nb_lshift (C i), 206
PyNumberMethods.nb_matrix_multiply (C
AR, 207
PyNumberMethods.nb_multiply (C & Rt ), 206
PyNumberMethods.nb_negative (C & R ), 206
PyNumberMethods.nb_or (C & 1), 207
PyNumberMethods.nb_positive (C & i), 206
PyNumberMethods .nb_power (C 5& it ), 206
PyNumberMethods.nb_remainder (C m R),
206
PyNumberMethods.nb_reserved (C s i), 207
PyNumberMethods.nb_rshift (C & i), 207
PyNumberMethods.nb_subtract (C & R ), 206
PyNumberMethods.nb_true_divide (C 5 R),
207
PyNumberMethods .nb_xor (C & it ), 207

PyObject (C £#), 178
PyObject_AsCharBuffer (C &), 75

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
n), 207
PyNumberMethods
PyNumberMethods
207
PyNumberMethods
207
PyNumberMethods

PyNumberMethods
%), 207

(C £7A), 205

.nb_absolute (C & 1), 206
.nb_add (C s i), 206
.nb_and (C & 1), 207
.nb_bool (C m. ), 206
.nb_divmod (C m& i), 206
.nb_float (C . Rn), 207
.nb_floor_divide (C &

.nb_index (C m&, 1), 207
.nb_inplace_add (C & i),

.nb_inplace_and (C & i),

PyObject_ASCII (C &#k), 56
PyObject_AsFileDescriptor (C k), 117
PyObject_AsReadBuffer (C FH#%), 75
PyObject_AsWriteBuffer (C &), 75
PyObject_Bytes (C FHk), 57
PyObject_Call (C &%), 61
PyObject_CallFunction (C &), 61
PyObject_CallFunctionObjArgs (C k), 62
PyObject_CallMethod (C &%), 61
PyObject_CallMethodNoArgs (C &), 62
PyObject_CallMethodObjArgs (C &), 62
PyObject_CallMethodOneArqg (C &%), 62
PyObject_CallNoArgs (C &4%), 61
PyObject_CallObject (C &%), 61
PyObject_Calloc (C &%), 172

.nb_inplace_floor_dividePyObject_CallOneArg (C %), 61
(C . R), 207

.nb_inplace_lshift (C &

PyObject_CheckBuffer (C H4%), 74
PyObject_CheckReadBuffer (C %H4k), 75
PyObject_Del (C FHk), 177
PyObject_DelAttr (C Fk), 56
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PyObject_DelAttrString (C &%), 56
PyObject_DelItem (C FH#k), 58
PyObject_Dir (C k), 58
PyObject_Free (C &), 172
PyObject_GC_Del (C &), 214
PyObject_GC_IsFinalized (C &%), 214
PyObject_GC_IsTracked (C &%), 214
PyObject_GC_New (C &%), 214
PyObject_GC_NewVar (C &%), 214
PyObject_GC_Resize (C &%), 214
PyObject_GC_Track (C &%), 214
PyObject_GC_UnTrack (C &%), 215
PyObject_GenericGetAttr (C F4%), 56
PyObject_GenericGetDict (C &), 56
PyObject_GenericSetAttr (C F4%), 56
PyObject_GenericSetDict (C &%), 56
PyObject_GetArenaAllocator (C ), 175
PyObject_GetAttr (C &%), 55
PyObject_GetAttrString (C H4%), 55
PyObject_GetBuffer (C &%), 74
PyObject_GetItem (C F%k), 58
PyObject_GetIter (C H#%), 58
PyObject_HasAttr (C H#), 55
PyObject_HasAttrString (C &4%), 55
PyObject_Hash (C &%), 57
PyObject_HashNotImplemented (C k), 57
PyObject_HEAD (C %), 178
PyObject_HEAD_INIT (C &), 179
PyObject_Init (C &), 177
PyObject_InitVar (C &%), 177
PyObject_IS_GC (C &%), 214
PyObject_IsInstance (C k), 57
PyObject_IsSubclass (C &), 57
PyObject_IsTrue (C H#k), 57
PyObject_Length (C &%), 57
PyObject_LengthHint (C &%), 58
PyObject_Malloc (C &%), 172
PyObiject_New (C F4%), 177
PyObject_NewVar (C &%), 177
PyObject_Not (C &), 57
PyObject._ob_next (C & ), 189
PyObject._ob_prev (C i R ), 189
PyObject_Print (C #4%), 55
PyObject_Realloc (C &), 172
PyObject_Repr (C H#k), 56
PyObject_RichCompare (C &%), 56
PyObject_RichCompareBool (C FH4%k), 56
PyObject_SetArenaAllocator (C FH), 175
PyObject_SetAttr (C Hk), 56
PyObject_SetAttrString (C k), 56
PyObject_SetItem (C &%), 58
PyObject_Size (C H%k), 57
PyObject_Str (C &), 57
PyObject_Type (C &%), 57
PyObject_TypeCheck (C &%), 57
PyObject_VAR_HEAD (C %), 178
PyObject_Vectorcall (C &), 62
PyObject_VectorcallDict (C &%), 62

PyObject_VectorcallMethod (C &), 63
PyObjectArenaAllocator (C £&), 175
PyObject.ob_refcnt (C i i), 189
PyObject.ob_type (C i R ), 189
PyOS_AfterFork (C &%), 36
PyOS_AfterFork_Child (C &%), 36
PyOS_AfterFork_Parent (C &%), 35
PyOS_BeforeFork (C &%), 35
PyOS_CheckStack (C &%), 36
PyOS_double_to_string (C &), 51
PyOS_FSPath (C &), 35
PyOS_getsig (C &%), 36
PyOS_InputHook (C & &), 16
PyOS_ReadlineFunctionPointer (C £ %), 16
PyOS_setsig (C &), 36
PyOS_snprintf (C &%), 50
PyOS_stricmp (C FH%), 51
PyOS_string_to_double (C &), 51
PyOS_strnicmp (C &#), 51
PyOS_vsnprintf (C &%#k), 50
PyParser_SimpleParseFile (C H4), 17
PyParser_SimpleParseFileFlags (C & %),
17
PyParser_SimpleParseString (C FH#k), 17
PyParser_SimpleParseStringFlags (C &
), 17
PyParser_SimpleParseStringFlagsFilename
(C &%), 17
PyPreConfig (C £#&), 156
PyPreConfig InitIsolatedConfig (C &%),
156
PyPreConfig_InitPythonConfig (C & %),
156
PyPreConfig.allocator (C & i), 156
PyPreConfig.coerce_c_locale (Cm i), 156
PyPreConfig.coerce_c_locale_warn (C A
R), 156
PyPreConfig.configure_locale (C m R),
156
PyPreConfig.dev_mode (C & i), 156
PyPreConfig.isolated (C & i), 156
PyPreConfig.legacy_windows_fs_encoding
(C R R), 157
PyPreConfig.parse_argv (Cr ), 157
PyPreConfig.use_environment (C g i), 157
PyPreConfig.utf8_mode (C & i), 157
PyProperty_Type (C T &), 124
PyRun_AnyFile (C H4%), 15
PyRun_AnyFileEx (C &%), 15
PyRun_AnyFileExFlags (C &%), 15
PyRun_AnyFileFlags (C #4%), 15
PyRun_File (C &%), 17
PyRun_FileEx (C F#k), 17
PyRun_FileExFlags (C &#), 17
PyRun_FileFlags (C F&#), 17
PyRun_InteractiveLoop (C k), 16
PyRun_InteractiveLoopFlags (C &%), 16
PyRun_InteractiveOne (C &%), 16
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PyRun_InteractiveOneFlags (C &%), 16

PyRun_SimpleFile (C &%), 16
PyRun_SimpleFileEx (C K4%), 16

PyRun_SimpleFileExFlags (C &%), 16

PyRun_SimpleString (C F#%), 16

PyRun_SimpleStringFlags (C &%), 16

PyRun_String (C &%), 17
PyRun_StringFlags (C &%%), 17
PySeqIter_Check (C &%), 123
PySeqIter_New (C #%), 123
PySeglter_Type (C L&), 123
PySequence_Check (C FH4%), 66
PySequence_Concat (C &), 66
PySequence_Contains (C &%), 66
PySequence_Count (C &%), 66
PySequence_DelItem (C &%), 66
PySequence_DelSlice (C H#), 66
PySequence_Fast (C &), 67

PySetObject (C %), 112
PySignal_SetWakeupFd (C &%), 28
PySlice_AdjustIndices (C H%k), 125
PySlice_Check (C &%), 124
PySlice_GetIndices (C H4%), 124
PySlice_GetIndicesEx (C &), 124
PySlice_New (C FH%k), 124
PySlice_Type (C T &), 124
PySlice_Unpack (C &%), 125
PyState_AddModule (C F#k), 123
PyState_FindModule (C &%), 123
PyState_RemoveModule (C FH4%), 123
PyStatus (C £#), 155
PyStatus_Error (C %), 155
PyStatus_Exception (C FH#k), 155
PyStatus_Exit (C F#k), 155
PyStatus_IsError (C FHk), 155
PyStatus_IsExit (C k), 155

PySequence_Fast_GET_ITEM (C &%), 67
PySequence_Fast_GET_SIZE (C F%%), 67
PySequence_Fast_ITEMS (C k), 67
PySequence_GetItem (C FH4k), 66
PySequence_GetItem(), 8
PySequence_GetSlice (C &%), 66
PySequence_Index (C &), 66
PySequence_InPlaceConcat (C &), 66
PySequence_InPlaceRepeat (C FH4%k), 66
PySequence_ITEM (C FH4%), 67
PySequence_Length (C &%), 66
PySequence_List (C &), 66
PySequence_Repeat (C &%), 66
PySequence_SetItem (C &), 66

PyStatus_NoMemory (C &#), 155
PyStatus_Ok (C &%), 155
PyStatus.err_msqg (C A ), 155
PyStatus.exitcode (Cm. 1), 155
PyStatus.func (C & R), 155
PyStructSequence_Desc (C £A), 107
PyStructSequence_Field (C %), 108
PyStructSequence_GET_ITEM (C & #), 108
PyStructSequence_GetItem (C &%), 108
PyStructSequence_InitType (C &#), 107
PyStructSequence_InitType2 (C %), 107
PyStructSequence_New (C FH#%), 108
PyStructSequence_NewType (C %), 107
PyStructSequence_SET_ITEM (C &%), 108
PySequence_SetSlice (C &), 66 PyStructSequence_SetItem (C &%), 108
PySequence_Size (C H3), 66 PyStructSequence_UnnamedField (C % &),
PySequence_Tuple (C FH#k), 67 108
PySequenceMethods (C £ #), 208 PySys_AddAuditHook (C &%), 38
PySequenceMethods.sqg_ass_item (C & R), PySys_AddWarnOption (C k), 37

208 PySys_AddWarnOptionUnicode (C &%), 37
PySequenceMethods.sq _concat (Cr Bt ), 208 PySys_AddxOption (C &), 38
PySequenceMethods.sq contains (C » R), PySys_Audit (C &%), 38

208 PySys_FormatStderr (C &), 38
PySequenceMethods.sq_inplace_concat (C PySys_FormatStdout (C &%), 38

R, 208 PySys_GetObject (C &%), 37
PySequenceMethods.sq _inplace_repeat (C PySys_GetXOptions (C H%), 38

AT, 208 PySys_ResetWarnOptions (C &%), 37
PySequenceMethods.sq _item (C p% i), 208 PySys_SetArgv (C FH4%), 141
PySequenceMethods.sq_length (C s i), 208 PySys_SetArgv (), 138
PySequenceMethods.sq_repeat (C i R ), 208 PySys_SetArgvEx (C &), 141
PySet_Add (C &%), 113 PySys_SetArgvEx (), 10, 138
PySet_Check (C H%k), 112 PySys_SetObject (C k), 37
PySet_Clear (C H%k), 113 PySys_SetPath (C F%k), 38
PySet_Contains (C %), 113 PySys_WriteStderr (C &%), 38
PySet_Discard (C FH4%), 113 PySys_WriteStdout (C H#k), 38
PySet_GET_SIZE (C F#), 113 Python 3000, 227
PySet_New (C &%), 112 Python EEEWN
PySet_Pop (C &%), 113 PEP 1,227
PySet_Size (C &%), 113 PEP 7,3,5
PySet_Type (C T &), 112 PEP 238, 19,222
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PEP 278,229

PEP 302,222,225

PEP 343,221

PEP 353,9

PEP 362,220, 226

PEP 383,96

PEP 384,13

PEP 393, 88,94

PEP 411,227

PEP 420, 222,226,227

PEP 432,166, 167

PEP 442,205

PEP 443,223

PEP 451,121,222

PEP 483,223

PEP 484,219, 222,223,229

PEP 489,121

PEP 492,220,221

PEP 498,222

PEP 519,227

PEP 523,146

PEP 525,220

PEP 526,219,229

PEP 528, 137

PEP 529,96, 137

PEP 538, 164

PEP 539,151

PEP 540, 164

PEP 552,159

PEP 578,39

PEP 585,223

PEP 587,154

PEP 590, 59

PEP 617,162

PEP 623,88

PEP 3116,229

PEP 3119, 57

PEP 3121,119

PEP 3147,41

PEP 3151,32

PEP 3155,227
PYTHON*, 136
PYTHONCOERCECLOCALE, 164
PYTHONDEBUG, 136
PYTHONDONTWRITEBYTECODE, 136
PYTHONDUMPREF'S, 189
PYTHONHASHSEED, 136
PYTHONHOME, 11, 136, 141, 160
Pythonic, 227
PYTHONINSPECT, 137
PYTHONIOENCODING, 139
PYTHONLEGACYWINDOWSFSENCODING, 137
PYTHONLEGACYWINDOWSSTDIO, 137
PYTHONMALLOC, 170, 172, 174
PYTHONMALLOCSTATS, 170
PYTHONNOUSERSITE, 137
PYTHONOLDPARSER, 162
PYTHONOPTIMIZE, 137

PYTHONPATH, 11, 136, 160
PYTHONUNBUFFERED, 137
PYTHONUTFE8, 164
PYTHONVERBOSE, 137
PyThread_create_key (C &%), 152
PyThread_delete_key (C &%), 152
PyThread_delete_key_value (C &%), 152
PyThread_get_key_value (C F#k), 152
PyThread_ReInitTLS (C &%), 152
PyThread_set_key_value (C FH%k), 152
PyThread_tss_alloc (C &%), 151
PyThread_tss_create (C &), 152
PyThread_tss_delete (C &), 152
PyThread_tss_free (C &%), 151
PyThread_tss_get (C &%), 152
PyThread_tss_is_created (C &%), 152
PyThread_tss_set (C &%), 152
PyThreadState, 141
PyThreadState (C £7#), 143
PyThreadState_Clear (C k), 145
PyThreadState_Delete (C %), 145
PyThreadState_DeleteCurrent (C &%), 145
PyThreadState_Get (C &%), 144
PyThreadState_GetDict (C %K), 146
PyThreadState_GetFrame (C &), 145
PyThreadState_GetID (C &#), 145
PyThreadState_GetInterpreter (C & %),
146
PyThreadState_New (C ##k), 145
PyThreadState_Next (C &%), 150
PyThreadState_SetAsyncExc (C &), 146
PyThreadState_Swap (C FH4%), 144
PyTime_Check (C & 4%), 131
PyTime_CheckExact (C &%), 131
PyTime_FromTime (C &%), 131
PyTime_ FromTimeAndFold (C &%), 131
PyTimeZone_FromOffset (C FH4%), 131
PyTimeZone_FromOffsetAndName (C & #),
132
PyTrace_C_CALL (C & &), 150
PyTrace_C_EXCEPTION (C % &), 150
PyTrace_C_RETURN (C £ &), 150
PyTrace_CALL (C £ &), 149
PyTrace_EXCEPTION (C &%), 149
PyTrace_LINE (C % &), 149
PyTrace_OPCODE (C & &), 150
PyTrace_RETURN (C & &), 150
PyTraceMalloc_Track (C &%), 175
PyTraceMalloc_Untrack (C FH4%), 175
PyTuple_Check (C F%k), 106
PyTuple_CheckExact (C &%), 106
PyTuple_GET_ITEM (C &%), 107
PyTuple_GET_SIZE (C &%), 106
PyTuple_GetItem (C &%), 107
PyTuple_GetSlice (C H%), 107
PyTuple_New (C %), 106
PyTuple_Pack (C &), 106
PyTuple_SET_ITEM (C &%), 107
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PyTuple_SetItem (C %4k), 107

PyTuple_SetItem(),6
PyTuple_Size (C &), 106
PyTuple_Type (C &%), 106
PyTupleObject (C £ &), 106
PyType_Check (C &%), 77
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