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DR =a 7T, EREY 2 —A%EFE WD Python £ Y X7V XET7 7V r— a VITHEDIAALLD L
W C/Ct++ TurI=HHTES APL IZOW TR TWE T, extending-index IFLIREY 2 —L %2 EF RO
—RIRE D T2 IOV TEHABRLTWETH, API OFMETIFHEALTVARVWDT, ZOFFa XY bHF

FlEickh £95,







ONE

L ®HIC

Python O 7 7V 5 —>a>vr7/urI~<HA4 &7 2 —X (Application Programmer’s Interface, APT) I,
Python £ X 7V RIZHTBHARLNALTDT7 7R ZAFERE CR C++ o7 r o< i gL tuvnxd, =
D APLI3#E C++ 26 b2 AU LS ICHHATE 20 TTH, BRRFFEOHIZT 57012 Python/C APT &
HOFONTVET, WAWICER 2 Z2OHNA S, Python/C API SHWVWSLNE T, k. REEAZRD i
BREZ a—IL (extension module) . FT7%HH Python £ ¥ &7V Z&iiiks 2 C THEINLEY 2 — L %Z5b
T3, WO HNTT, HBUX. X hKHEAR Y 7V 7 —2 2 VAT Python 2#KEZE (component) ¥ L TH
MAT2L0W5HNTT; 2727 =y 27i&k —RINTIEZT 7V r—2 a3 A0 Python DDIAAL (embedding)
RPN E T,

JEIRE Y 2 — VOERI LN D2 D T W at 2T, 7 F5|#F (cookbook)” V727 70 —F T & { HB
TEET, FE2HAEEITHIMELTLNEY AL WL O0HD xS, —hH, 7TV r—> arAD
Python OHiAAIL, Python 23 TE T LBV HTONTEE LD, IHIREY 2 —LOIERICEENR S
LT,

%< @ API B¥&. Python OIDIAARTH 2 DILIRTH 2 0ICElH S FTHRILE FT; i3V A, Python 2%
AATVBIEEAEDT Y r—>a vid, FARICBEOINREY 2 — VBT 2 0EPET 2 Z IR 5T
L5556, Python ZEICT 7V r— a VITHDAATAHBENHIREY 2 —LOEFEZFIFHLLR-TEH
KDFENEZLZEBVET,

1.1 J—70 >V J8%

CPython IZ&® % C a—FEEVTWAHEE, PEP 7 Oh 4 Ko 4 v e HE#IiEbRIIIUT BD EFEA
COHARFA4 0, a> Y Ea— bARO Python DN—2 g VICBRESEAINET, HEDOH — Fot—
TA4—DEY 2 —LTlE, FREWVOH Python IZa>y b Pa—1+§503 0 TRIFNUI. ZOBEE IS L
Z3HDH FEEA


https://www.python.org/dev/peps/pep-0007
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1.2 4> N—FT 71

Python/C API %f#i 5 7= a8k, B ABLUS I/ B2 TOEREA V70— FT 5. ITOfT:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

Y —A2—RIZEEABR L FET, ZOITEERT % & A v X <stdio.h>, <string.h>, <errno.h>, <limits.
h>, <assert.h>, <stdlib.h> % (FIHTZHL) 1 > 7 L—FL X,

FAR: Python &, YRAT AR Ko TIEEANY XOEBERICHET L2587 oty HEREIT-o-TVWBED
T, Python.h ZW\WIFNDEHEAY XX D JAENICA V7 —F BRIEED FHA

Python.h %4 > Z)L— K3 BHIC, HIC PY_SSIZE_T_CLEAN %/EHKT 2 Z e BRI NE T, 2O~/ v
FUCOWVWTIE 5IBDBIREEDBE 2SR TSV,

Pythonh CEBENTVS, 2—FhbRA 3LHRT (Pythonh 234 ¥ 27 b— F LTV BEEEA » £ 02 i
R = F ) i BECFY Py £7203 _Py MM E$£3F, _Py THE 524013 Python EETHEMHEHT 2%
DDLHTT, IEIREY 2 — LOEFEE > TE R D TR A, BEERD X AN CETFHEADEELTINEH D
Ao

AR API 02 —H13, Py ®® Py THEA AU ERT 23— FZHNCHFWTIEIRD FEA. BrHa—F
PHONERELZE/ZD, FHED Python DN—Y a Y TRICAFIBEREIN T, 2—FDEWZa— Foal#f
MWzfEs < F5ARMRH D 5,

ANy X7 7 A NVEHTEE Python ¥ Y 2+ =& %3, Unix TIX prefiz/include/pythonversion/
B LU ezec_prefiz/include/pythonversion/ ICENPNE T, prefix & exec_prefix (& Python ZE L F
T BFED configure A7V F MITE X7 8T X ZITHIE L. version 1 '%d.%d" % sys.version_info[:2]
WG L £ 5, Windows Tld, ~v XX prefiz/include ICEPNFE T, prefix &4 VA M —JIZHHEL 724
VA=A T 4L FUTT,

ANy REAL VIV —=RFTBHIE ENY XDA-7T4 L7 MY (BlaDT 4 L7 M)DBEEFHS) &2, 3284
IHBA Y IN—=RIT 7 ANERKRT 21D DRRCANET, BT 4 L7 MY Z2Y—F RRIZANT, #include
<pythonX.Y/Python.h> D X5 ICLTE BOD FHA ; prefix ND T T v F 7 4 — LITKRFEL R~ » KU,
exec_prefix B 77 v M7 4 = LMRIFONY XA V7V —FLTWEDT, DK REEELRITS LHEBOD
T b7 A —LTOEIRBTERLRZDET,

C++ users should note that although the API is defined entirely using C, the header files properly declare
the entry points to be extern "C". As a result, there is no need to do anything special to use the API from

C++.

4 £ 1EFLOIC
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1.3 EFa<o0

Python Oy X —7 7 A MZIIMEFZ <7 0P WL OPERINTVET, 2LDOvrmld, ZOBFRIIIDOE
25 (BlZIE. Py_RETURN_NONE) DELWCEBRNBH D ET, LD —Bkfbhdrizdsfio~rrnidzhs
DAY X =T 7 A NIERSINTOVET, L. TITERFIEINTVS LIFRD TEA,

Py_UNREACHABLE ()
Use this when you have a code path that cannot be reached by design. For example, in the default:
clause in a switch statement for which all possible values are covered in case statements. Use this in

places where you might be tempted to put an assert(0) or abort () call.

In release mode, the macro helps the compiler to optimize the code, and avoids a warning about
unreachable code. For example, the macro is implemented with __builtin_unreachable() on GCC

in release mode.

A use for Py_UNREACHABLE() is following a call a function that never returns but that is not declared
_Py_NO_RETURN.

If a code path is very unlikely code but can be reached under exceptional case, this macro must not be
used. For example, under low memory condition or if a system call returns a value out of the expected
range. In this case, it’s better to report the error to the caller. If the error cannot be reported to

caller, Py_FatalError() can be used.
N—a ¥ 3.7 TBE.

Py_ABS (x)
x OMOHMEZIR L £,

N—a v 3.3 TEM.

Py_MIN(x, y)
x &y ORMEREL T,

N—3 g v 3.3 TEM.

Py_MAX(X, y)
x ¥y DRAMEZERLET,

N— g v 3.3 TEM.

Py_STRINGIFY (x)
x % C XFHNEHLE T, Hlx12. Py_STRINGIFY(123) & "123" #KEL 3,

N— g v 3.4 TEM.

Py_MEMBER_SIZE(type, member)
(type) HEARD member DY 4 X% NA FHATIRL 3,

1.3. EFRlz<o0O 5
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N—a v 3.6 Tl

Py_CHARMASK(C)
BIRESCT A, [-128, 127] 53 W0 [0, 255 OEFIOEHTRFAUIRD A, COTr HIE BEHL
NEZCF¥y ALz BRLET,

Py_GETENV (s)
getenv (s) I TWVWETH, av Y FF7 4 VT -ENEINLESE (DF D Py_IgnoreEnvironmentFlag
HEE SN HE) NULL iR L £ 5,

Py_UNUSED (arg)
Use this for unused arguments in a function definition to silence compiler warnings. Example: int

func(int a, int Py_UNUSED(b)) { return a; }.
N— g v 3.4 TEM.

Py_DEPRECATED (version)

Use this for deprecated declarations. The macro must be placed before the symbol name.

T 7ar s 58Ty

Py_DEPRECATED(3.8) PyAPI_FUNC(int) Py_0ldFunction(void);

N—ar 3.8 TEHE: MSVC K- rhEMEINE LT,

PyDoc_STRVAR (name, str)
Creates a variable with name name that can be used in docstrings. If Python is built without docstrings,

the value will be empty.

Use PyDoc_STRVAR for docstrings to support building Python without docstrings, as specified in PEP
7.

VN> =E7 0 N /MG

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

static PyMethodDef deque_methods[] = {
/7
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
/7

PyDoc_STR(str)

Creates a docstring for the given input string or an empty string if docstrings are disabled.

Use PyDoc_STR in specifying docstrings to support building Python without docstrings, as specified
in PEP 7.

6 £ 1EFLOIC
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IV N7 i= 870 N | G

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

};

1.4 T2z k. BELUERAVV L

Most Python/C API functions have one or more arguments as well as a return value of type PyObjectx*.
This type is a pointer to an opaque data type representing an arbitrary Python object. Since all Python
object types are treated the same way by the Python language in most situations (e.g., assignments, scope
rules, and argument passing), it is only fitting that they should be represented by a single C type. Almost
all Python objects live on the heap: you never declare an automatic or static variable of type PyObject, only
pointer variables of type PyObject* can be declared. The sole exception are the type objects; since these

must never be deallocated, they are typically static PyTypeObject objects.

2T Python A 7Y =27 MZld (Python BEHITT 5) B (type) L ZWA TV >+ (reference count) H3dH D %
o HE2AT7T 27 ORI, ZOXTI 7 WAL OMBOF T 27 v (BRI, VA M, Z-VE
B Y ZOMBEICOVTIE types THHALTWET) Z2IRELE T, X<AISATVREIZOWTIE,
BARIZUPFELT, 547227 VBRZORPE S p#ARLET; Hl 21X, PyList_Check(a) &, a T
RENIATY 27 23 Python YR MDD & (h0oZ2D e ZICRD) BEZRLE TS,

1.41 2RAV >V ~E

SHOFEKIERD (LIXRULIEIER IR ONTE) XEVH AL X LR RZWOT, 2RIV Y MIEERZEEST
T, BRIV NI HEATI 27 MR L TBRET o TV A5GIMMAEN D 2 022 2ETT, BH%E
fToTWaGFTEE, HOA TS v Tholeh, Za— ULk (H2WVIEEINGR) C ERTHo72D, fsh
D CHBNCHZa—INREREZE TV LET, 24727 vOBBAIV Y v hE¥uichde, 2047
V7 MEIRREINET, TOA TV 27 MDA TV 27 bADBEDBA > TWIUE, O+ TV 27 +D
SOV PETZ7VRAYPEINET, T7VRX Y MORER OA T 27 bOBEAT Y b RICKRDS L,
SEEZOATI 27 bORREND, EV o BEGICUBRREET, (EX2FETHRL. AVWEZHLHESI AT
V7 MZOVWTHED DD 5 BT, IR " b Lgw T3, )

ZHRH Y > NI, WICHRNZRRL D FTEEINE T, @EDHIETIE, Py_INCREF() Y27 R TAT7 =27 bD
%2 142 VURXY ML, Py DECREF() 7R T 172U XY LET, Py DECREF() =7 uid, incref XD
LR DEMETT, WS DI, Py_DECREF 27 0l3ZAh vy L RICR oY SRR T, Kol
LRI A 7Y =7 P OXE Y BRI (deallocator) ZFEUH SR TAUIR HIRWA LTS, XEY RHEKE
B, ATV =7 PORBERL TV IMERNICDH 2 B--AD KA > &2 T, MERDX €V RRERZ. 204
PEEA 7Y =27 b (compound object) B THIHEIIIE, ATV =7 PAOHDATD =7 MTT 25D

14, TV BEIUEBRAIVH 7
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UYNETIURYITREIOREMB L DT, ZOMORBERT > 4 F T4 X (finalize) MIEFITL 55
SRAT Y IR —NT70—F 23 EHYERA; EW0H0D, KAEXEY ZEMICIE, (sizeof (Py_ssize_t)
>= sizeof (void*) IRELGH) PR BRIV Y PoREEbOh Iy VEFELEZFDOXEY L
DNBRDHZ0HTT, HoT, BBAT Y bDA 7 U XY MIHMABRIECRD 3,

ATI 27 PADRA YEBPA> TN B —ANVBERETIIOWT, A 7V27 OBV Y bbb A v
VAV PLRTNUIREIZVDITEDY FEA, B LIZ, A7V =27 OZBAV MR ATV =7 b
FEURTERDER SNz 2T 1 PRI, ZOEBDPRa—ThrolTTo 2B 1 B Ihxd, Lol
oG, ZODBRERAEWICHERT 2D T, MRS YV MIZELLERA, ZRAT Y M 25 HOE
B FRELEOMLLPOEBDPA 727 PRI LTOARIEA TV 7 M3 7 707 — b ENRVEIICT
2R HNFET, AT7Y =7 MTHLUT, =2 TRHIOBHMMTONTNT, ZOZEFHH DL L [F U
RSN 205, ZRAY Y b2 —RHEPLTHEID D ¥ A, BRI Y ¥ MMEOREMESTFEE DI
ZEZIRHE & 1E. Python 26O ENLMIREY 2 —VAD C IV =7 P25 e LTHET L X
TY; MOH LA A= 0E, BN LOMETO5 18I T 2SR E2RAEL 35,

LoLaDNs, KLM3#EbE LT, 2A 727 b2V RAMLOH{LEEXIC, BRIV ML VIV XY
FEFTILEL Mo TELEWVWIDBH DT, MOBEXA 77 b2V A M2LRELTLEY., SR
AV EIMT VAV FENTT 77— ENTLES ZEREIONTE T, RYIHERLZDIX, Fo/ &
EESWCAZZHEN, LLOEMEES SR I TMS2D Python 2 — REMUHL2RZVE WS Z 2 TT;
Py_DECREF() 262 —PAHlfHEZRE2 &5 a— RRZABFET 2720, 1T A2 TOREPBEMER
ZixotrZeIiZhh T,

REWZBRAY Y b eET 27 e —Fik. WHOEME (B840 PyObject _, PyNumber_, PySequence_, &
X Of PyMapping_ THAE 2B%) OFAHTT, ZHLDBEIEICEDEL L2 AT 27 VOSBRIV Y V2
AV RYPLET, 2—HFIRIEREDEBPAREICK 5725 Py _DECREF() Z#MABIIRINTHET; 23w
Z. TR ZOEBREIHNLSTL x5,

SRAU Y FOFH

Python/C APl O&MBICB T 2B A > F OIR 3 H . $T 21013, BROFEIE (ownership of
references) LW FSETH) ELFMATE LT, AMEHIISRBICNT2DT, 7227 MIXT2HDTIEDH
DERA (F7Y =2 MNIHIZHFAEINT, HITHAINTWET), 2 "ZROMA” 3. ZDOSMEHBKETL
{7207l T Py DECREF ZWFUHTHEIZIHS e 2 BR L E 9, FTAMHIEETE, H5a— FHEEKC
Ko THTAHERGZ L. SEIEZDa— FBZRDPNERR 72 o TBITHRHINC Py_DECREF () X° Py_XDECREF ()
ZIOHLT, Z2RAY V2% 1 DG ITERENZHVET — H20IE. 20HKEE (BFEEZa— N2 LE
TCIZ) RUELET. H2HED, BBOMTH LA L TSROFAHEZE ST & O LA #Fifcs 2R
(new reference) Z21§%. ¥ EWVWE 3, FrAMENESINRWGE, FOE LANEZEZ ED % (borrow) W\
T EDABRUTHLTE, M T 20EIHD FHA,

WIS, HIEBECHLT, 23479227 P AOSREEZMECH XN 2 BEEICE TEICIE. ZoDuEeM:: B
FTY 27 MAOBIE BHIB (steal) AL, ZITRVEAELR DD T, BREZEBC k. BcsiE
ELZ &I, Z2ROMEENZOBBICK 72 IREL., BBORSHE LITIQEFTEELR 2 R22WnWS 2k

8 £ 1EFLOIC
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T

SR BAMBBEIIFZEAEDD FRA; ISt LTELHISNAT WS DIE. PyList_SetItem() ¥
PyTuple_SetItem() T, ZNBHEY =7 Y RARKANZERIINT 2SR BAMD T (LHr L, EHREOA
B2HEDXTNRY X DSRIIEAMD EEA!), THHDEUE. VR M I VOFIHIER AT
V7 b ANTOKBORENZEEZHZLL T T5401C. ZREBAMD XSRS TOET; iz
. (1, 2, "three") EWHO XTI EART 22— FEUTOLIICRDET (LD HZAFTHIUED Z LI
NTBEET; boL IVEEHERTRLET):

PyObject *t;

t = PyTuple_New(3);

PyTuple_SetItem(t, O, PyLong_FromLong(iL));
PyTuple_SetItem(t, 1, PyLong_FromLong(2L));
PyTuple_SetItem(t, 2, PyUnicode_FromString("three"));

Z Z°C. PyLong_FromLong () 3FHLWBRRZIR L. F I PyTuple_SetItem() KHENF T, ZRIPEEN
7% DA TV 27 bEFALLZVWESIE. SRECEBEMECH RIS, Py_INCREF() 2FHALTH 5—>
DBMZRIF L TR E W,

HRAIZ, PyTuple_SetItem() WE X T NIfEE Y N T 2700 W—D HFIETT; X T NVIEEERRER T — X
B}z DT, PySequence_SetItem() % PyObject_SetItem() %{HES ¥ LOBIEIEREINTLEVE T, HS
TR TINVDEZANTVLS DD DS, PyTuple_SetItem() 72T LHZER A,

BT, VA MIMEEANTNL a— N PyList_New() ¥ PyList_SetItem() TEIFF T,

L2 LEBRICIE, 27000 2 M ZERL TEZ AN BRI, L0 LI BRARKIFEAEHOERTA, KDL
RO D 288, Py_BuildValue() BWHH LAY DEBERATI =7 V27 4+ —< v FXXFH| format string
DIFEWRESNT C DEPSERTEE T, X, Lo“fEoa—rF7ny 27k, UMTOLSCEEHZ S
NEFT (Z7—Fzv 7 HEELTVET):

PyObject *tuple, *list;

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

HEOBBICETSIHD & 512, HICBHEEMGD 272 0ERICH L TX, Pylbject_SetItem() ¥ Z D%
5 DI —RNTT, ZOHE. BRIV b EA V7 VXY MT2R0ENRL, SRES I EERS (7
SRERAWMSELNE") OT, SHAITY MCHET2EEILIVE2ICRZD T, Hlz3 UToEBIES %
LNEER Y X MOETOEZEDHEICEY FLET:

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

Py_ssize_t i, n;

KDR=1%i <)

14, TV BEIUEBRAIVH 9
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HIDR— % 5D E)

n = PyObject_Length(target);
if (n < 0)
return -1;
for (i = 0; i < n; i++) {
PyObject *index = PyLong_FromSsize_t(i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;

return -1;

}

Py_DECREF (index) ;
}
return O;

BBDOREDEDGEIE. REFDLEZD £3, ZFL ALY VLTI, ZREZELTH ZOSRICNT
BFTEWNZEDLZ ZERRN—FT, 233727 MINT22RERET X 572% < 0L, RIS 2
FIAHEZFCHE LANCS 2 £ 5, BHEMHETT: 2B, BRI A 7Y =27 MEZODHT (on the fly)
RIS, FOHE LIPS ZRIERESNA 7S 27 MTHT 2HE— 2RI 2056 TT, ito T,
PyObject_GetItem() X PySequence_GetItem() DX DT, A 7Y =7 MM T 2SR % R TILHDBEKIX.
WICH B2 B L5 (WO LRIDSROFE#E LD £7).

EBELZDIZ. BERISROMAELZR T2 20k, COBEBERSIH T 2 k3, eHERETIZ L
TY — B RE LD S8#D (BBuCsE e LTHELLA 7Y 22 FOR) 3 COMEICIIEGRHD FEA!
€- T, PyList_GetItem() ZffioTVY R NNOELEZB/LGHEICIE. ZROMAEZFIIIRDETA — 5, FL
HEZF LTV R 25 PySequence_GetItem() (KM5HFH ZOBBIIESFULIIBEZE D %F) 2o T H
T, BENLA T 27 MIRT2BREBET,

UM, B 522 ) A MR L TREROEGR 2R T 2Bz 0 L5 1L THE T 2202 RLEAITT; —
DI PyList_GetItem() ZffioTWT, b5 —DIX PySequence_GetItem() %o TWVWET,

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 */

(RDR=I12Fi <)
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(AIDR=I 25 DfE X))

if (!PyLong_Check(item)) continue; /* Skip non-integers */
value = PyLong_AsLong(item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;

total += value;

}
return total;
}
long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length(sequence);
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, i);
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 im a C long, batil out */
return -1;
total += value;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}
return total;
}

14, TV BEIUEBRAIVH
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142 #

There are few other data types that play a significant role in the Python/C API; most are simple C types
such as int, long, double and charx. A few structure types are used to describe static tables used to list
the functions exported by a module or the data attributes of a new object type, and another is used to

describe the value of a complex number. These will be discussed together with the functions that use them.

Py_ssize_t
A signed integral type such that sizeof (Py_ssize_t) == sizeof(size_t). C99 doesn’t define such
a thing directly (size_t is an unsigned integral type). See PEP 353 for details. PY_SSIZE_T_MAX is

the largest positive value of type Py_ssize_t.

1.5 #5

Python 70277 <3, REDT S —UEBNTER ¥ 20T LARINEIRS BDEIEZH D ERA; WL b - 724
AE. MO UHEL, ZOEREEHLAL 2 nwoBEHI2, Py FLRALDA & 7Y XEETHENIZER
BLEST, AR FVREF. AR T FL—ANy 2 E&bBTHNZ Z—FITHEL T,

EIAM, CTurI<ogE. LI —F =y ZIZEICHRNIATORAIZED £ A, Python/C API D2 TO
BIRGE. BIRD F & 2 X > M CHIREICERAD 2 WIR D BN 2 AT 2 AlREME DS D D £ 9, —RIVAFEE LT, 5
BRI o057 — BT 5 &, BBUIIHINZREL T, BBNICB T 22 ROMAMEZ 2 THEL, *7—
fE (error indicator) ZIRL ¥ 3, FFa Xy MZEIOATRVES, 2O 7 —(HIBEBORE D EORIZ X 5T,
NULL 2> -1 DEB LK D T, W OO TIE 7 —VRITH/BERL, BErs—%2RLET, TODHT
DEOBIBTIIAMER = 7 — 2 RE BP0/ D DVEVWRREDEZIEL/2D 2D T, PyErr_Occurred()
THRNICZ S =T A M 2T RER DD £3, ZHLDBIIHIFEITHRINIC FF 2 X MEEh x5,

BIAMRE D IRRENEH (exception state) 1&. AL v FHEMICHE X W25 BRI (per-thread storage) W TEH X
F9 (ZOREEBIZ. ALy FEFEDRVWT 7V —2 a2y Tl a— LR EEBEFRILTY), —2D 2R
Ly FIZZo0REBOESE 50 BISDBIEAE LU, ERFELTOWRWA, 2 D F5, B PyErr_Occurred ()
25 b, ZOREZRHARNLNTT: ZORBIIBIINDFE L BT ZOINEA 72 = 7 M ITHS 2B
(borrowed reference) ZiE L. £ 95 TRWVE Z2iE NULL 2R L ¥ 3, BISMREBLRET 2BBEIBZ<IHD E
9. PyErr_SetString() b o b XLAOLNTVWS (B, bo bWHMED W) BISNEZERE T 572D DR
T, PyErr_Clear () \ZHIFMRREERZH L X 2 BT,

TRZHIGLRERHRIE, 3 204 7Y =7 b HIHDEL, FINOHE, ZLTFL—ANy 7 HoERDET (D
A7V =2 bd NULL ZERDEET), 245 DERIE. Python O sys.exc_info() DGR AU EKEZFFS &
35 23wz, C & Python OFPMREERITESFICTIED D £V A: Python KB 2454472 = 7 M.
Python @ try ... except X CHROME L7247 Y =7 b 2ERT—TF. C LULOFIMREEIRDFENL T 2 DI,
EXNFIIMERE sys.exc_info() ZDMUCHELET 2 L5 DFEHS 5 Python DAL ba—FRA XY 2D
A4 N—TIHET 2 £ T, HINPBEBOBTRIEL STV LIHZETTY,

12 B1EFLHIC
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Python 1.5 22 51d. Python THE»h7za— P oHSMRERERICT 7 X555k LT, #RREhATWTX
Ly RE—T7RAEE sys.exc_info() IR ->TWVWADTHERLTLEZ WV, ZOMEIE Python 2 — FDZET
ENTVDE ALy FIZBT 2HMREERZE L $3, £/, 2hs OFSMREERICNS 27 7 AFEIZ, Wi
Fie HEKRDT (semantics) EE I N, HLBBHNZHIET 2 8. ZOBBEEITLTWE AL Y FOH
SURRBTE SR Z IR17 L T MO Lo BISMREETE IR 2 MR 32 X512 D kL, TOEHEIZX 5T, BEZSIC
RZZBBDBBER > T 20104 % LEZT2 T ERIEINS, M- FTESBETWLANTE
WMELTWET; £/, PL—ZRNY IZHADRR Y 7 7L —LTBRENTWE ATV 27 B LIELIERRNEI
HMEKOZTVEDOERL LTVET,

—RHRIEE E LT, &5 BEB R OBBEIFCH L TR S 2OF(Z X85 & &, IO LEDBIAHIs 2%
HLUTORWRFARZ L TIEZRSS, b LEH LTV, 2 ORISMRREFRIZIF O H LANCE S R 3 Ul D
FHEA, MOHLITOBMBIZA 7Y =7 P SROMAEMEZ TN THEL, =7 —BEZREIRITIRD FEA
D, RENTHINZRET 20 BODFEA — ZARI L ZTHUE, Lo FEHEINLEND OIS Z LFE
FLTLEV, 27 —DFRZOB DT 2HEEREREKRD ZLIThD 7,

FIAZ M L TEIHNE. ED sum_sequence() T/RLTWET, HBARICH., ZOHITIET I —2KH L7z
MESBREBERT Z2HENDHD FRA. UTOBEBOHITIE, =7 1T 2RERICOVTRLTVET, £
3. €5 LT Python TEL DOPFEHPBOHLTDH S 57012, Fffi7s Python 2— FZ/RLE S

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

P sa— Rz C TREICENLEDLDOTT:

int
incr_item(PyObject *dict, PyObject *key)
{
/% Objects all initialized to NULL for Py_XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;

int rv = -1; /* Return value initialized to -1 (failure) */

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

goto error;

/* Clear the error and use zero: */
PyErr_Clear();

item = PyLong_FromLong(OL) ;

if (item == NULL)

goto error;

(Ko<= 1%i)
1.5. s 13
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(AIDR=I 25 DfE X))

}
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 */

/* 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 */

A ZOHlE C T goto X&ES BEIDOHEEFTRLTVETR! ZOFITIE. FFEDHINZNET 2720
IZ PyErr_EzceptionMatches() BX U PyErr_Clear() ZE I 0ZRLTWET, £/ AL T
WA ST, fHA NULL IZR 205 LRV DEIET S 7012 Py_XDECREF() I bRLTVWET
(BB "X PPV TWS Z 2 IERE L TL ZX W, Py_DECREF() 1% NULL ZfICH DT Iy a2l ¥
F)o ELLKINESE 27012, FTAHEZFOSIRE AR 270 DZER %2 NULL THILS 2 Z L BEHEETT;
FRRIC. Do DR EZERT 2BRCIEEZ -1 (REK) TUHHEL THW T, REOBEBIFOHL TS £<
Wo ZBEICDAH 0 (M) ITREL X5,

1.6 Python DiE&HAH

Python 4 ¥ & 7V X DMDAAEITIN (WDIRIEIREY 2 — L OHF EZFORM) 5UCH T2 TR RS20
HER XA 271E, Python 4 & 7)) ZOFFA{LALE (initialization), & L TEZ 5 1 T (finalization)
TTo A VXTYVRDIFE AL DHEREF, A 27V ZOEEIHRLMMELERA,

BRI AR 21T 5 BB Py_Initialize() TF, ZOBBIET— FEADEI 2 —AhoR 3T —7
NEER L, TAEKR2EY 2—)L builtins, __main__, BX U sys ZERLF T, /. TY 2 —LBRE AR
(sys.path) DFIHHLHITVE T,

) -

Py_Initialize() O TE, 7 A7V T FAODO5I Y A+ (script argument list, sys.argv @ Z &)

14 B1EFLHIC
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EFRELEVA. COEEMPHRICEITEINS Python a— NHETRER S, Py Initialize() DK T
PySys_SetArgvEx(argc, argv, updatepath) ZFECCHI U THA/RIVIZERE LARITIUTR D £R A,

FEAEDY AT L TiE (F1C Unix & Windows (&, FEHIDOTHLICEBRDIZL ETD), Py_Initialize() 1X
EHED Python 4 ¥ & 7V X ETEROGFNTN T 2#HERRICEDWT, Python D F 4 77 U A Python 4
Y RTY) RETERD L O ASZATROD 2 L WS RED FITEY 2 —MRBARZFHELE T, e hbIFZo
BT, Yzla~vy FIREASR (BREZH PATH) LICR D% 57 python WO ARIDEITT 7 A LD EH
NTWVWE7T4 L7 bVDOBT 4 L2 Y 2SOMENT, 1ib/pythonX. Y E WO HFIDOT 4 L7 bV EHELE T,

il 21X, Python EfTERD /usr/local/bin/python TROMN -7 T2 L, Py Initialize() &T7 475
B3 /usr/local/lib/pythonX.Y iIZH 2 bDEREL 5, (FEBITIE. TD SR 7 74—y 7 (fallback)”
DI74 77 VAETHDHD., python ¥ PATH hIZHEWGE b E S, ) = —3 PYTHONHOME Z&KET 5
ETIDEEZ A — T4 FL72D | PYTHONPATH 2 & E L TEMOD T 4 L2 b ) ZEHEE Y 2 — R 2 DRl
WHALZLDTEXT,

BWOAAEITD T TV r—2a YT Py_Initialize() ZWFFOHT RIS Py_SetProgramName (file) ZM:U}
My ZeT, LEoMRERETEET, ZOMDIALT TV r— a Y TOREIIMKA L LT PYTHONHOME T
F—=NF A PTE, SFEDEY 2 — VK SZDHTNIIZLLRT & LT PYTHONPATH 23 A SN2 D THERL TS
W 7TV =2 a YTEY 2 —URB AR ERICHIE L7\ D72 & MEIZ Py_GetPath(), Py_GetPrefiz(),
Py_GetEzecPrefiz (), B XU Py_GetProgramFullPath() OFEREZRMEL RIFNUIRD EFEA (ZhdiFLET
Modules/getpath.c TERINTWVET ),

72 %12, Python ZFIHLFETOIRREICD L7z e b h 3, FIZX. 277V r—> a3 Y TRETEEY
PHRDRBL (start over) ¥ 2 (Py_Initialize() Zd 5 —EMPIEHEEZ) KoL d LAFEEA,
HBWE, 7TV 5= a v Python Z—BHHEWIK X T, Python SR L7z X TV 2@REEZ0HhD LAE
B Ao Py _FinalizeEz() {5 & 25 LIAUEEZFEHTEE T, £/, B Py_IsInitialized() iX. Python
DB E AORBIZH 2HEICEZRLET, ZOAHDBBICOVWTOE HR2HERIE. BROETHHAL %
9, Py_FinalizeEz() % Python £ ¥ 2 7)) RICHEREINETOXEY 2 BT 3DITTIFHRV ZITHER
LTLEZ WV, FIZIE, HHREY 2 — M Ko THERENZXEV I, BIED L ZAMINT 2HNTEEEA,

1.7 Ny JhREJL K (Debugging Builds)

AVRTYVREWIREY 2 — VN L TOBMF = v 72T 270D 0L 2hrD~ 7 a2 HHZL T Python %
EARTEIEeDTEET, ZhHDF v 73, FITRRCRERY —N—Ay FELEUZEANDD £F, KD
T, 774V FTIFEMTENTOER A,

Python 7Ny ZhRENL FOR2TORED Y X b 23, Python ¥ — ZAEifi (source distribution) OH1 D Misc/
SpecialBuilds.txt KH D ET, BBITVV FD L =R, XEV 7T —XDT NI, A VX TVEXDRA
V=T ORERLRLTa T 7 A4 Y IPHAFRET T, X fEbNs L FIZOWTDA, ZOHIDED DT
ML £9,

A4 YR R% Py_DEBUG Y ZREHMIL Ty 453, — BRI TF Ny ZEIL R 2 Wwhbild Python
P TEFF, Unix TIE, ./configure 2 < ¥ FiZ ——with-pydebug %813 % Z ¥ T, Py DEBUG DVEXNIAK
1.7. NNy ZIREIL K (Debugging Builds) 15
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DEJ, ZDHE. BEERIVIZ Python BHTIE7%\ _DEBUG »HMZ4 D £3, Unix ¥V FTIX, Py_DEBUG %%
BHMRGE, Y4 7 OREEHIENCZD 3,

HrTHHT ISR T Y b TNy Zoftuc, UTOEMF =y 7 b EMRD £3:
o object allocator IZX3 2 8MF = v 7,
o N—F—Yay A JINTEMF=Y 7,
o HHIERDZZDIZ, KEVWRDLSNIVEINDOX Y U F v A MIHT 525 = v 7,

o HEE (dict) LS (set) DEEIIINTZ, WL DD D assertion DBEM, MAT, BEEA TV =27 MIZ
test_c_api() XY v FBIMINFE T,

o 7L —LERERTIRD, 5IOEEETF =y 7,

o LI TVRWVEIIHT 22T 27012, BROZ ML —IPREDZ YL TRV X — VT
e x9,

o KLUV L= EBMBIANF = v 725 VM runtime IEMEI N E T,

e XEY 7Y —7 (memory arena) DFIHITHT 2EBMF = v 7,

o thread £ 2 —/WZXF BT N v ZHEEE.
CITERINTVWARVENF =y Z7HHS5TL D,

Py_TRACE_REFS #ES T2 k. Z ML —2AREMTLD ET, 2TD Pylbject ICZDOD 7 4 —)L KEBIT
52T, HAPDOATY 27 b OIER_EE#EAEY A MO EHEINET, £ TOEID YT (allocation) A3 b L — 2R
TNET, HTHIZ, BTOESTWEA TV 27 MBERRENET, A VEF7 T4 7E—FTIE A&7V
R BXDFEITOIPCERREINET) Py TRACE_REFS (& Py_DEBUG IZ & » THEERIICHEINCR D £,

X DFLWEHRIZOWTIE, Python @Y — XA (source distribution) DH'd Misc/SpecialBuilds.txt %
SILTLEEW,
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TWO

ZE ABI (STABLE APPLICTION BINARY INTERFACE)

BFERIZ Python @ C APT I3V YV —RBIZEEINE T, ZLOLEHEIY — X A#H#EZR > TV T, BIfFD API
EEBELLDBMDBRVWAED T2 3HDFEEA (L. WO0D APL 13, —HIFHER L fE S Bz,
Bl EnET),

oz 23 s APT O HIEMEIZANA F ) LV EE (ABI) £ CWEHEA I ER A, ZOMEEEFIC, MiE
74— FOFHBEMPROLEEICE > T, 22z APL 3#h2< TH ABlZEATLES LT, Z
DR E LT, #REY 2 —/L% Python OV VUV —RBICHIA X A LT 206 H D £F (Unix TZDHE
BRI VR =T 2 A ZABMEA I TORWEERGIN»D LAFEAD), /. Windows TiE, 520
pythonXY.dll £V Y27 LTWAINREY 2 —E, Hay AL LRIZHLVW AL V7 LETHRERD D
9,

Python 3.2 LI TIX, && ABI 2{RiE 357200 API 7ty FHBESEIATVET, HRES 2 —1LTID
APT ("limited API” &M XA E ) 2f# 5121 Py_LIMITED_API ZEFK L TL 2 XV, LRIREY 2 — L OMIEE
BAEDRERE N, RbYICHa Yy IR LIIN=Ya Yy 3x (x>=2) LTEHIK EY 2 — DL RFINET,

WL ODPDT — AT, ZE ABI ZH LV TINRT 20 ENH D T, ZNOHOHFH LW APT ZHH L2 Wik
REY 2 —U&, Py_LIMITED_API ¥R — b L7z WE/ND Python /N—3 2 > @ PY_VERSION_HEX O (API
EABIDN—23 =27 2Z2R) ZiELTLEE W, (FlZ21F Python3.3 7 5 0x03030000), €Y 2 —LidHk
BDFTRTD Python VY —RATHENELETH, (¥ YRADPFEELRND) HOY Y —ATEEMEL ¥ A

Python 3.2 2> 5% limited API & PEP 384 IZXXELENTVWET, C API @ FF 2 X ¥ b Tid, limited API
—#T W API X, "Not part of the limited API” ¥ v —27 3N TWVWET,

17
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THREE

BEKELTY

COBEOEBEMFSI L 77 ANEREANY 7 7IXH D Python Y —2a— FEETTEETH, X hiEMLzeh
MOZEAVRTVZETEZEITTEROTL & 9,

IS DD WL D05 H e UTSHEDHIRRL S 232 D £ 3, i TZ 2450513 Py_eval_input &
Py_file_input . Py_single_input T3, B S OHINI NS 2518 L THZBMORIZH D $3,

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

created by the same library that the Python runtime is using.

int Py_Main(int argc, wchar _t **argv)
UL VR TPV RDI=DDRX A > TS5 A, Python AR 70275 A0 Zhz2HHATE 3 X
L TVET, arge & argy 518% C 702 F 4D main() B (=2—FDwr — - T wehar_t
WEHINET) ANEINL2DDE F oK FECIMERTRNETT, 518V R MEEINLARENEDDH 5
VIO RICHERT S ZIERETY, (LU, 5IBYURAMPEL TV XFIHONBRIIEEINEEA)
RO EEA > &2 T) 225 (BIsbe & Tida ) Fmick T LR 0 1c, fiIsbcT Lz Zicik 1 ic, 5l
BYURXIPIELWY Python a< Y R4 UESNLhro/z 23 2 128D X T,

Py_InspectFlag DB XN TWRWEE, RUHED SystemExit FIANFEAET 2. ZOBEEIE 1 2R
TDTIRARL LR % exit T2 2 EICKAZDITTLIRIW,

int Py_BytesMain(int argc, char **argv)

Similar to Py_Main () but argv is an array of bytes strings.
N— a ¥ 3.8 TBEM.

int PyRun_AnyFile (FILE *fp, const char *filename)
TFED PyRun_AnyFileEzFlags () @ closeit % 012, flags % NULL I L CHf{b L7zA ¥ X —T7 2 — R

T

19
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int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
TEED PyRun_AnyFileEzFlags() @ closeit % 0 \Z L CTHM{L LA ¥ X —T7 2 — R T,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
TEED PyRun_AnyFileEzFlags() @ flags % NULL \Z L CTHfL L 724 V& —7 2 — X T,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or
Unix pseudo-terminal), return the value of PyRun_InteractiveLoop(), otherwise return the
result of PyRun_SimpleFile(). filename is decoded from the filesystem encoding (sys.
getfilesystemencoding()). If filename is NULL, this function uses "??7" as the filename. If closeit

is true, the file is closed before PyRun_SimpleFileExFlags() returns.

int PyRun_SimpleString(const char *command)
This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the PyCompilerFlags*
argument set to NULL.

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
__main__ EY 2 —LDHT flags IZHE>T command & FN 23 Python V—Ra—FEFETLET,
__main__ ELFELRVEEIMEREINE T, EERTOHER 0 2R L., FLBANBIFEELLHE
F -1 ZBLET, T7-DHoTH, fMEREZHRZHEEIDD £ AL flags DEKRIZONWTIE, %k
LEJ,

Py_InspectFlag DX E XN TWRWEGE, RIULHED SystemExit HIANFHEET 2., ZOBAIZ 1 2R
TDTIRARL TER% exit T2 2 LICKAZDITTLIRIW,

int PyRun_SimpleFile (FILE *fp, const char *filename)
TFRED PyRun_SimpleFileEzFlags () @ closeit % 012, flags % NULL IZ L CTHi{b L/zAf VX —T7 = —
ATT,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
TFLD PyRun_SimpleFileExFlags() D flags % NULL IC L CTHAL L7724 ¥ X —7 =z — A TT,

int PyRun_SimpleFileExFlags(FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
PyRun_SimpleStringFlags () £ MlTWE T2, Python Y — 22— K% X EVNOLFEHTIERL
fo POFAIAAET, filename ZZFDT7 7 A NDEHHETHRINE LSS, 774V AT LDV
a—7 4 V7 (sys.getfilesystemencoding()) T7 a2 — FENE T, closeit ICEZIE LHGEIR
PyRun_ SimpleFileExFlags 23U RSHICT 7 A VE AU £ 3,

AR Windows T, fp 134 FVE—- FTHIRNETY (MR fopen(filename, "rb")), Z5 L
RWEBEX, Python 137K LF DR 7V F I EZELLFARNTL & 5,

int PyRun_InteractiveOne (FILE *fp, const char *filename)
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TEED PyRun_InteractiveOneFlags() @ flags % NULL IZ L CHf{L L7z A > X —T7 2 — A TT,

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
NEEII TN A BRI STz 7 7 4 v B XX e — Dt AAA, flags WS> TEITLET, sys.psl &
sys.ps2 Zffio T, 2—HF B Y I 2R RLE T, filename 37 7 ANVZ AT LDLYA=FT 4 V7
(sys.getfilesystemencoding()) T7a— FEhFT,

ANPBIEFEICFITINEZIE 0 ZRLETS, INBRELLHEE -1 ZIRLET, $—RALT7—-0DF;
1% Python O—#f e LTHMAEINTWVWS errcode.h £ Y IV —FRI7 7 AN HZLT7—a—FERLE
$, (Python.h I¥ errcode.h 21 ¥ 27/ — FLE¥ A, o T, BRELFHIZOHEAS 27— F LI
FUIR SRV B IFERELTLES W, )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
TEED PyRun_InteractiveLoopFlags() @ flags % NULL IC L CTHALL /24 > X —T7 2 — AT,

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
MEENT N4 ZICBHETIT 6T 7 A 25 EOF ITET 2 £ T EHAAAFITLET, sys.psl &
sys.ps2 2ffio T, =¥ a T M 2RRLET, filename 37 7 ANV AT LD YA—=FT 4 V7
(sys.getfilesystemencoding()) T7a2— FENE T, EOFILET L 0 2RI, KWLAEHED
BreiRL£7,

int (*Py0S_InputHook) (void)
int func(void) W5 7B M XA TOEBADRSL Y EADPHRETETET, ZOEEI. Python DA >~
RTVEADTOY T BT A4 FAREBICED X =3I FA0oDL—FDANEZREOL I TR o/ b FITH
CHENFET, BYEZEHEINEST, 207y 2% L#EHEEXT 222 T, Python DV —Xa— RKOHT
Modules/_tkinter.c 23R > TWA L5, A VX TFNVZXDTa >y T e DA Ry PL—TE2HAETE
9,

char* (¥Py0S_ReadlineFunctionPointer) (FILE * FILE * const char *)
char *func(FILE *stdin, FILE *stdout, char *prompt) ¥\ 5 70 b XA FOEBADKRAL v &
DRETE, 774NV OBBELEXT A2 TA YR TVZOT0 Y T MANDANE 1 TR THDE
T ZOEEIK. XFF prompt 25 NULL TRWEEE prompt ZHITI L. SR ONTAEEAT 7 7 4 )V
B AN % 1 1ToiA, RO TFINEIRT E WOSBENPHRENTWE T, flRIE readline €Y 2 —/UI
D7y 7 aiE LT, ITHREKIES X 7HeMiEZ Rt L Tu k3,

IR D {EI PyMem RawMalloc() ¥721% PyMem RawRealloc() TXEVHEMFELZXFH, HH0ET T —
A Z 7B EITIE NULL TRUITAUIZRD £8 A

N—a v 3.4 TEHE: RDEIE, PyMem_Malloc () % PyMem_Realloc() TId72 <. PyMem_RawMalloc ()
% 721X PyMem_RawRealloc() TAEVHERLZZDBDTRITINEAZD £ A,

struct _node* PyParser_SimpleParseString(const char *str, int start)
TED PyParser_SimpleParseStringFlagsFilename() @D filename % NULL 12, flags % 0 IZLTH
MbL7ed ¥ X =7 2 =TT,
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Deprecated since version 3.9, will be removed in version 3.10.

struct _ node* PyParser_SimpleParseStringFlags (const char *str, int start, int flags)
TE D PyParser_SimpleParseStringFlagsFilename() @ filename % NULL 2 L CHAI{LL /=1 >
R—T 2 —RATT,

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

struct _node* PyParser_SimpleParseStringFlagsFilename (const char *str, const char *filename,

int start, int flags)
BAlh b — 27 > start 2o T str & EN 5 Python Y — 23— F% flags 518U > T =R L E T,

BIRINCFMERIRER A — F ATV 7 P 2ET 2 DI EOMREMS BN TEET, 2 — FIfTF
A D M L2 AR R SR VWIEES IR E £, filename W E 7 7 ANV AT AT A—T 4 VT
(sys.getfilesystemencoding()) T7a— RENE T,

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

struct _node* PyParser_SimpleParseFile (FILE *fp, const char *filename, int start)
TFD PyRun_SimpleParseFileFlags() ® flags % 0 ICL CTHM{L L7z ¥ X —T7 = — 2T,

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)
PyParser_SimpleParseStringFlagsFilename () 2L TWE A, Python Y —ZAa—FZ2XEVYAD
XFHN TR fp D ORAIAAE T, filename X Z D7 7 A LVDLATTRIIN R D TR A,

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. TaC® PyRun_StringFlags() @ flags % NULL & L CHHM{L L7z A >~
52 — 7 X ""ij‘o

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, Py-

CompilerFlags *flags)
Return value: New reference. 7Y =27 b D globals & locals THHEZNZ Y TFAMT, T34

27970 flags BRXE LTIRBET, str 13 Python Y — 23— FEETLE T, globals [ FFETRIT
IR D EVA; locals 1Z~vvy BV 7 7abaleRELA 7Y 27 PROMTHHENER A, 515 start
3 =23 =R R—R T 27DIHONLINEHB N —27 Y REELE T,

a— FZ2ETLEAREZ Python A 79 =27 P LTRLE T, $7E FISNDHEAEL 751 NULL 23K
L&,

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. FiC®D PyRun_FileEzFlags () D closeit % 012 L. flags % NULL \Z LT
Bt L7 ¥ X =7 2 =R TT,

PyObject* PyRun_FileEx(FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals_int closeit)

22 EIREBRKELTY
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Return value: New reference. TEE®D PyRun_FileEzFlags() @ flags % NULL & L CHH{L L /=1 >~
&""71""XVGTO

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyOb-

ject *locals, PyCompilerFlags *flags)
Return value: New reference. Fat® PyRun_FileExFlags() @ closeit & 0 2L CHALL /=4 > & —

71““XVC\‘T0

PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyOb-

ject *locals, int closeit, PyCompilerFlags *flags)
Return value: New reference. PyRun_StringFlags() EITWE 325, Python Y —RXa—FZXEY

NDOXFHNTIEI L fp DBt AIAABE T, filename EF D7 7 A VDELRITTRITINUIRSL T, 7741
AT LDLYA—T 4 V7 (sys.getfilesystemencoding()) T7 I — FINET, b L closeit ZEIZ
$ 5., PyRun_FileEzFlags () P ZRIHICT 7 A VZFAL %3,

PyObject* Py_CompileString(const char *str, const char *filename, int start)
Return value: New reference. TRe® Py_CompileStringFlags() ® flags % NULL IZ L CHA{L L 724
M 51 e 7 I ""X’C\‘j_o

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

Flags *flags)
Return value: New reference. TELD Py_CompileStringEzFlags() @ optimize % -1 1L THHLL

oA VR —T 2 — AT,

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

Flags *flags, int optimize)
Return value: New reference. str W® Python Y —X2a—RFZ,X—XLTary{LL, fEbhiza—

FATY 27 bRIBELET, BIA =2 V1 start KXo THEZONE T, ZAE IV A VA[RERa— K
ZHIRT 272015 Z A TE, Py_eval_input ., Py_file_input & L < & Py_single_input TH
BZNRETT, filename TIHEZINZ 77 ANVZEFa— ATV 27 P EHET -0 flibh, PL—2X
Ny 7 HBWIE SyntaxError BIA X v 2= TL 2R[REEDSH D £F, a— FHEA—RATERP o7
DAy A NTERPoRD LIHEIT, ZHIE NULL ZEL 9,

B optimize 13, AV A TORBILLRAVEZEELEST; -1k A Y2V 2D -0 4TS arThHZ
5NZDLFCRELL NV EREE T, BFRNZ LWL, 0 (FREfb7 L, __debug__ IXE). 1 (assert
WELD BRA . __debug__ 134%). 2 (docstring B ELD R 41%) TT,

N—a v 3.4 Tl

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

Flags *flags, int optimize)
Return value: New reference. Py_CompileStringObject () EBITWETH, filename &7 7 4 L R

TLDIYA—=T 4 ¥ TT7 32— N (os.fsdecode()) /N4 FXFFHITT,

N—a ¥ 3.2 TEM.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
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Return value: New reference. PyEval_EvalCodeEx() D> Y TNKA VR —T7 2 —RAT, Aa—FX 7
YxZ b, Fu—rOVZRe v —IVERTE T ZRZTID 5, o58ITIE NULL A S A E T,

PyObject* PyEval_EvalCodeEx(PyObject *co, PyObject *globals, PyObject *locals, PyObject
*const *args, int argcount, PyObject *const *kws, int kwcount, PyOb-

ject *const *defs, int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. 52 bNTZFHEDRE T, a Y 4 AV FEADA— AT 27 M ZFHME L

T3, CORBIIZ — IV EHOEEL, =NV E-O~v Y 74727 b, 5IBOBS]. F—
V—FReF 74V ME, F—TU—FEHSIBDFT 7+ MEDFEE YL, 21D/ 0— v X )L THRE
nNEJ,

PyFrameObject
TV =LA TV bV ERRTZ-DIFbN23 A7V 7 b CHER, ZORD T 4 —L RiZWDT
HEBXNEET,

PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. EfT7 L — L% dHiL £ 3, ZHU PyEval_EvalFrameEz () IZH3 5>
YINIEA YR —=T 2= AT, RITABED 7DD DTT,

PyObject* PyEval_EvalFrameEx (PylFrameObject *f, int throwflag)
Return value: New reference. Python 4 ¥ X —7 VY XD FEix, BHENZEKTT, Ff1771v—24 f
CHEEMTbNa— A7V b 2FEITLET, N ba—FZ2ERL T, BEWSC TR L ZE
fTLET, BIMD throwflag 5IBIXIZE AERTEE I, - DL true 25, FTHMNEREXEET,
ZREFI 2 AL =R AT 27 PO throw() XYV v FTHHINE T,

N=Pay 34 TEHE: 7774 THRHINEBR > THE TRV & 2REET 2 DWfEFZ X 512, 2o
TN ZT7H =2 arEELLICKRD E L,

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
BAEDFHI 7 L — D7 7 7R EBLE T, RIL7D true 2, KELZS false ZIEL X7,

int Py_eval_input
B IZHF % Python SHEDRAHRELS T, Py_CompileString () & —#EITMHWE T,

int Py_file_input
T7ANDZVEMDY — A0 SHEARAENT XD KX T % Python Xk D BAtA L 5 T.
Py_CompileString () & —#EIHVWE T, ZHIIMEREDEZ D Python Y —Ra—F2ary {L§
5L EIMHSFELSTT,

int Py_single_input
B—D3IIX$ % Python XIEDBAEFES T, Py_CompileString () & —fEICHWE T, ZAUIXFERD
AYRTVEN—TDIzDDELFTT,

struct PyCompilerFlags
AVRAL 575 7% WD TELDOMERTT, a—F2ar M AT 320055, ZOMERD int
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9

-

flags ¥ LT EINET, 32— F2FETT 258113 PyCompilerFlags *flags & LTHEEINE T, Z

DG, from __future__ import X flags DNBEEEHTEE T,

PyCompilerFlags *flags %% NULL O¥5&. cf_flags & 0 & L THbA., from __future__ import

WX AZEHEImAINE T,

int cf_flags
aAVRAT 757,

int cf_feature_version

cf _feature wversion is the minor Python version. It should be initialized to PY_MINOR_VERSION.
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in ¢f flags.
N—=Ya Yy 3.8 TEH: Added cf feature wversion field.

int CO_FUTURE_DIVISION
ZOEy +%& flags Iy b o, BREHET /13 PEP 238 12X% [EDFRHE (true division)] &

THbh T,

L

25
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ZOfio~1id Python 7 7Y =227 VY OBRAY > 2 EHT 201 libET,

void Py_INCREF (PyObject *o0)
AT b o TN TEIBRATVY I e—DHEPLET, A7V 2P FHNULL THo TIWITFEE A,
Z4D3 NULL TR W EFENR TR WA BIE, Py_XINCREF() %o T 7Z&E W,

void Py_XINCREF ( PyObject *o)
ATIx27 b o CHFTEBMAT Y =P LET, ATV FHNILL THoTH LK, 205
G773 MoFEDEZEE A

void Py_DECREF ( PyObject *0)

ATz b o TN TEIBRAVY I 2—DROLET, A7 T =F FHNULL THo TEIWITEE Ao
Z M NULL TRV HEEIRF TR WA BIR, Py_XDECREF() %#ffio T XV, BRA Y > b2¥nIC
Boleb, A7 =27 FORDXEY RN (NULL TH - TR 578W) IR E T,

=a.

ZE: (PIRIR __del__ O XYY RZBDITAL VARV APAEVRREI NIz ZIZ) XEVMR
REAEUIERE D Python 2 — FEMFOHT Z DA TEE T, ZOL5Ka— FTIIHFNIEEL 2E
AD, FEIFENTT— FIZTRTO Python 270 — A "AZEHICHBIC? 7B RATE %5, ZALNEKT
% DI, Py_DECREF() BM-UHE N2 X DFITIE, 70— VAR SLEFERREREARY T 2 7
PO —BLERBICHIRNETHZEWVWI ZETT, BlZIE. VAL T 27 F2HIBRT 22—
RIZHIR T 24 7Y =7 bADOBBE—REHICaY—1L, VAT —XEEZEHRL. 2000 —K
ZHUTHT LT Py_DECREF() ZWUHITRETT,

void Py_XDECREF ( PyObject *o0)

FTT 2T 0o NOBRIV I E—OBOLLET, A7V MINULL THIDREWVWERAD, 20D

B3 MoZELERZEEA, ENLANDOHE, FRIE Py_DECREF() RUTY, £/, FEINRE
ZeBFELTT,

void Py_CLEAR(PyObject *o)

0 DBBAT VRO LET, A7V 227 FMINULL Td L. ZOBREZO 703 fAIdiTVERA,
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F 7Y =7 B NULL TRFHZE, 518% NULL 2 L7 Py DECREF() YFRUIREZd/-61LET, ZD
~oniF—REREF T, BBAYY 2T 27U XY M ARNICEEE NULL 12ty F LTS NBDT,
Py_DECREF() IZffi5 £ ZDEHELZ LT LR TTAE T,

HR=TaLr7ya yHICEWENIABEODHZ2 AT 27 VOSBRI T U FDT VXY M EITIL
X, 2o 7uRfES508XWTL x5,

(@]

LT OB Py_IncRef (PyObject *o), Py_DecRef (PyObject *o), iX. EfTRFDEINZ: Python HhiAA T
ODNBZETT, o pBBuIZENEN Py_XINCREF() B XU\ Py _XDECREF() T2 AK— 1+ L7272 T,

T oME#~2 1. _Py_Dealloc(), Py_ForgetReference(), _Py_NewReference() i, £ ¥ X7V XD
7 ONEFIZBWTOAEHT 22DDbDTT, £ /' —rULEE _Py_RefTotal HFETT,

28 BA4EBRAVVE



FIVE

IS LR

COETHAT 2B %2 M5 &, Python OIS DUHPHINDKEHATE S X 51272 D £, Python OFIFHL
HOEAEP WL S0 T 2 2 BKRUITT, FlIAE POSIX errno Z2HUC00M - MrER RA- L3 B4AEL
HTRBHILVWTS =D (ALY RED) 70 —NLRA I 7 =205 D 3, FITITRILEEZze
ACD CAPIEENB ZNE 7V 7 LERAD, KRLZE ZIKEZ I —DREEZRTZDICRELET, IFLA
YD CAPI BIBIZ TS —4 P —XBIR L, WBHIEBEBDARA VX 2BT 2 8iliko TWa 581 NULL TH
D, BRI E 5513 -1 T, (BI5t: PyArg_ (O BIRUIETICHI Lz 212 1 ZIRL, KLz &
120 BELET).

BARNCIE, =59 —A4 P r—&iE, ISR, FINDOME, PL—ANy I AT D3 0D T2 bR
AR THREINET, ThHDRA VRIFENTSH, BEZINLZWESIE NULL 22D 23 (7L, WD

DHAEDLREIEFZILXINTED., flzI1E, fIsois NULL O5E1E. FL—2 Ny Z713JE NULL OfEICR D %
BFA)

B B BRI O U 72 BRSNS ORI L 727912, Z DB RIL 2 e oian e &, — RN Z —
AV —RERELEEA, MO LEBEBATTITRELTWES, =720 LTHNEZ V7T 2
HB2WE (A7 =227 PBRELZBAEVEHDLETOLSR) ZADBROEALY Y — A WMD FRWARITK 2 %
DELLH—HETIEENDD $F, 72U T 2%EfHZ L TniRiFiud, HaEickily 2RETE HDF
HA, T7-DRDITRZGEIF. L7 —MPRESINTND Xﬂ%:UHjLTEL%Dfo%% EMRYITY, =7 —HL
HEIATWRWEE LR TEEAONA TV HEITIE, Python/C APLOZ SR 3O LIEBZENLAED
BRI VATREMED D D . AAELRIE TR 2008 LOLEE A,

SEIR: 15 —#AITIE sys.exc_info() DR TIEHD FRA. 5 —HATIXEEHIRSI L TLEVLEL (L
P o TEREHLET) IS LTV 2 DI L. sys.exc_info() OREFIIIIE SN BOBISEELET (L
FhioTH S EELEEA).
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51 HheoV7

void PyErr_Clear ()
I A I =R 7VTLET, T7—A VI —EPRESNTVRWELIE, FIRIEZDHD FEA,

void PyErr_PrintEx(int set sys last_vars)
BHED b L — ANy 7 % sys.stderr KL, Z7—A VI Fr =227V 7 L%ET, EL. =T5—
A3 SystemExit THBIHFEZRWVWT T, 2OHA. PL—2ANy ZdH1E 0T, Python mt 2RI
SystemExit 4 YA XY ATIEEEINZTIF—a—FRTHRTLETD,

II7—AYIT = EPRESIN TV L ZIZ EF. ZOBBZIFCHLTIEZEW, 2hbBltosa, &
MR — 25 ZEIFTTL & D!

set_sys_last_vars D3I B THHUL, sys.last_type, sys.last_value, sys.last_traceback Z¥
B, RINZHND XA T, fH, FL—ANy ZZRZFRICKBMEINE T,

void PyErr_Print ()
PyErr_PrintEx(1) OxTA U7X TT,

void PyErr_WriteUnraisable (PyObject *obj)
BEDHII L obj 5IET sys.unraisablehook() ZFEUMH L £35

FISNDREZINT VBN A XS ZIPERIHINEREZ LB TERVEEZIIC, ZO2—T4 Y
T4 BBITEE X v —U% sys.stderr "NHALFE T, BIZIE. BISD __del__ (O XY v FTHAEL
7z ZIfEDLNE T,

FEXBLNRVHINDPEEZa Y TF A MEIBLURTHE—DFIH obj THBDMOHINE T, ATRER
BEE. obj O repr XTFHINEE X v DI EhET,

COBBEMNUH T 212id, fistsity PSR TORITAUEZRD $8 A

5.2 FISDxH

T o, HEDAL Y FOZI—A I r—XORELHIHL T, AEHEDED, ZhsDBEBDWL D
PE. return X TCHIHATE 2 X5 I2HIZ NULL R4 Y2 E2RLE T,

void PyErr_SetString(PyObject *type, const char *message)
This is the most common way to set the error indicator. The first argument specifies the exception
type; it is normally one of the standard exceptions, e.g. PyExc_RuntimeError. You need not increment

its reference count. The second argument is an error message; it is decoded from 'utf-8'.
void PyErr_SetObject (PyObject *type, PyObject *value)

Z DOBENE PyErr_SetString () WEITTWE S HIFD 7 fE (value)” & L TEED Python A 7Y = 7
FMEEETAHIENTEET,

30 % 5 & fSuE
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PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. ZOBBII LS —A4 O r—X%ZFEL NULL 23R L E 3, exception
% Python fI#4 2 5 R TH B NETTF, format LLIEDFIHITLI — X v —I%E27200d DT,
PyUnicode_FromFormat () D5 FUEWEZEE > TWE T, format & ASCIT =¥ a— K XN/
T,

PyObject* PyErr_FormatV(PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. PyErr_Format () ¥ EUTT A, AIZRSIBORODIC va_list 51#%
ZUED 55,

N—a v 3.5 Tl

void PyErr_SetNone (PyObject *type)
Z U PyErr_SetObject (type, Py_None) ZHMEL72dDTT,

int PyErr_BadArgument ()
ZUX PyErr_SetString(PyExc_TypeError, message) ZEMEL72d DT, T Z T message \FHAA
AIREPAIERG B THOHENIZ WS T 2R LTVWE T, ERNETHEMAT 2720050 T,

PyObject* PyErr_NoMemory ()
Return wvalue: Always NULL. Z #1l% PyErr_SetNone(PyExc_MemoryError) % HHE L 723 O T,
NULL 2 B L E T, L7 oT, XEVARRRZRoZEE, A7 =27 VEID L THEIX return
PyErr_NoMemory(); £ EL Z LB TEET,

PyObject* PyErr_SetFromErrno (PyObject *type)

Return wvalue: Always NULL. C 54 77 VAN T 7 —%REL T C £ errno ZREL 2 L
I, PN REZSE LD IERLRBEK T, B ERENEE errno HT. H_EHED
(strerror() 2H/{OLNE) MIETE2LI—X vt =Y THI2EXATINA T VMR LET, £
22 5. PyErr_SetObject(type, object) ZFFUFHIL £3, Unix Tid. errno fl2S EINTR TH 2 &
X, TRODBEDIAENLS AT La— %2R LTWVWE X, ZHUE PyErr_CheckSignals () ZWFUH
L. ZRADRLT —A P —ReRELLLARRESNLET R L TEEE T, BRIXHEIC NULL 2K
LET, LEDoT, YRATLIA—NHRIT—2RLLLE YRATLa3—1D7 v —FHIX return
PyErr_SetFromErrno(type); £ EL TN TEET,

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. PyErr_SetFromErrno () WZLTTWE FTH, filenameObject 75 NULL T\
BET, type DAVA T 7 RICEZFIRE LTETEWVWI 32 FVNEMINTWVWE T, 0SError 5t
DEE T, filenameObject DI A ¥ AKX >V A D filename JBIEZEFRT 2 DIHEHILE T,

PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,

PyObject *filenameObject2)
Return value: Always NULL. PyErr_SetFromErrnolithFilenameObject () W TETH, 7741

% 2 OWMBBBMP KRB L7 L 2IThINZEH T 272012, 22O0HDO 7 7 A NVHA TS =7 b 2RZITHD
iTO
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N— g v 3.4 TEM.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)

Return value: Always NULL. PyErr_SetFromErrnoWithFilenameObject () WMTWE T, 774
#iF CxEHle LTHERBNE T, filename 137 7 AN AT LADIYA—F 4 7 (os.fsdecode())
T7a—FEhx7d,

PyObject* PyErr_SetFromWindowsErr (int derr)

Return value: Always NULL. Z 4% WindowsError # FHEX B 272D I CHEFLEEK TS, 0 ®
ierr ¥ ¥ I X755, GetlastError() 2R T =7 —a— KRR Db g 3, derr
H B W0IE GetLastError() Lo THEAHMN BT T —a—FD Windows HOFHHZI D 579
12, Win32 Bi%( FormatMessage() ZM-UH L £F, 2006, B —EED derr [HTH ZEEHN
(FormatMessage() 226/ HN5) WIEFTDZ2LIT—X vt —ITH2EXTNVF TV =7 P EHHL %
9, Z L T. PyErr_SetObject (PyExc_WindowsError, object) ZM-UH L 3, Z OBIBUIHEIZ NULL
ZIRL £,

A RE 22 B335 Windows o

PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Return value: Always NULL. PyErr_SetFromiWindowsErr () WZALTWETH, EHT 2HIM DI EIEE
TH5EAEMENTVWET,

FIFFTREZ2 BRYE: Windows ,

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

Return value: Always NULL. PyErr_SetFromWindowsErrWithFilenameObject () Tl T W % 323,
77 ANMEKIE C XFHE L TERLNE T, filename 37 7 ANV AT LDy A =T 4 7 (o0s.
fsdecode()) TFa— FEINE T,

FIF AT BE 2 BREH: Windows o

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyOb-

ject *filename)
Return value: Always NULL. PyErr_SetFromWindowsErrWithFilenameObject () 2TV E 325, X

3 2P DRI ZHEE S 2 5 [ BABMENTVE T,

A AT RE 72 BT Windows o

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects(PyObject *type, int ierr, Py-

Object *filename, PyObject *file-

nameg2)
Return value: Always NULL. PyErr_SetEzcFromiindowsErriithEilenameObject () IZLTE A, 2

SDHD 7 7 ANKF TV 27 M EZIFTELD £,
M e]gE 72 315 Windows o

N— a ¥ 3.4 TEM.
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PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *file-

name)
Return value: Always NULL. PyErr_SetFromiindowsErriithFilename () WZAITWETH, EHT 3

BN DT ZIEE T 25 EBBMENTVET,
FMF R RE 2 3R Windows o

PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. ImportError ZfHIZIXH T 270 DBET T, msg 1ZHD R v 12—
IXFHe LTy PENET, name & path l3¥H6H NULL IZLTEL. ZREN ImportError ©
name J&1E Y path @Ik LTy hEhFET,

N—ar 3.3 TEM.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,

PyObject *path)
Return value: Always NULL. PyErr_SetImportError() ¥ K ITWE T, Z DREEIIEL T 5615

¥ LT, ImportError D% 77 7 RAZHEETEE T,
N—a > 3.6 THE.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col offset)
BEOHIND 7 7 4, 1T, 71y bOIEREELY b LET, BEDOHIND SyntaxError TRWEHH
i, BINERRT B9 7S AT L5, D SyntaxError TH2 L BZ 2 L5 CEMEEBML 3,

N—= a v 3.4 Tl

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col offset)
PyErr_SyntazLocationObject () LT WETH, filename &7 7 ANV AT LADITY A =T 4 YT
73— KX/ (os.fsdecode()) A FXFHITT,

N—a v 3.2 Tl

void PyErr_SyntaxLocation(const char *filename, int lineno)

Like PyErr_SyntazLocationEz (), but the col offset parameter is omitted.

void PyErr_BadInternalCall()
PyErr_SetString(PyExc_SystemError, message) ZEHMEL DD TT, I I T message [FHNHHRE
(Bl 21X, Python/C API BI%) S AIERGIE L & IS I Nz WS 2 2R LTOVET, FICHER
THMAT22DDbDTT,
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5.3

il

==}
=

YT o zMw, C a—-F o285 2ME L £3, Python @ warnings €Y 2 — L TRAMENTWVWSIFHE
HOBEE I MTET, ZhosBITEFEEEX v —I% sys.stderr NEHLE T, 2—IhELET
NAEETLEORIEET 2 B TE, Z05ER, BN EEHL £3, EEHMELI S OMED 0
%@Eﬁﬁ(#ﬁﬂ%ﬁﬂj?’% EWVWHZEHHEH/ET, FISIEHINRVEEIED EI 0 T, fstaEHEH
Kiz'% X -1 T3, (BEXvE—IDEBICHIZINE . BXEZDHNDRED M2 ONTITHNT = %
Ay TRRENNIR D OTT, ) ISR SN GE. O Ltid@E o LB 2Tuws 3 (Bl &R
%th\f:’éﬁﬁt:iﬁb Py_DECREF() %A1\, 7 —{HZKELE7T),

*message, Py _ssize_t stack_level)

BEX -V EFITUE T, category 5IEUIEE D 73V (LT 2SH) 2 £ 721 NULL T. message 5l
Bl UTF-8 = a— FEINEXFEHNTY, stacklevel lZRAX Y 7 7L —ADEERTEDRE TS, B
BZEDARY 7 7L —LOHFDFEITLTWRITLHIITEINE T, stacklevel B3 1 72 PyErr_WarnEz ()
FIEOCHLTOWREED, 2 722 20 LB Warning DRITICICKED 5,

int PyErr_WarnEx (PyObject *category, const char

BEHE W7 3V IE PyExc_Warning O ¥ 7 7 53 A THRITINILXR D £¥ A, PyExc_Warning &

PyExc_Exception %727 7 A T3, 77 4 bDEEDH T IV IX PyExc_RuntimeWarning T3,

D Python B A 73V BEESHTIY THEMDFIEINTWS 7 m— UL UTHAR
E"C‘a_o

BEYaY MR —AT5DDFRICOVTIE, wvarnings EV 2 — LD RFaXrF—yaryravwr R
FGAY - FFaXryT—2arvD -WA7yaryz2RLTEIV, BEartue—107dHo C API
ZHD FEEA

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

int lineno, PyObject *module, PyObject *registry)
Issue a warning message with explicit control over all warning attributes. This is a straightforward

wrapper around the Python function warnings.warn_explicit(); see there for more information.

The module and registry arguments may be set to NULL to get the default effect described there.
N— g 3.4 TEM.

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,

const char *module, PyObject *registry)
PyErr_WarnEzplicitObject () IZITWE T D, message ¥ module 73 UTF-8 =¥ a— K3 h/=XF

FITHBE ZAMBERD., filename &7 7 AV AT LADILYA—TF 4 ¥ (os.fsdecode()) TT I —
FENET,

int PyErr_WarnFormat ( PyObject *category, Py ssize t stack level, const char *format, ...)
PyErr_WarnEzx () Wl X5 BRBEBTIN, EHE X vt -V %7+ -y T 20K
PyUnicode_FromFormat () ML £7, format 13 ASCII IZT Y a— F SN FHITT,

N—a v 3.2 Tl
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int PyErr_ResourceWarning (PyObject *source, Py _ssize_t stack_level, const char *format, ...)

PyErr_WarnFormat () WZB7zBET T D5, category I& ResourceWarning 1272 D, source I warnings.
WarningMessage () ICEINF T,

N— ar 3.6 TEM.

54 I5—A I Tr—20BVEDHE

PyObject* PyErr_0Occurred()

Return value: Borrowed reference. T7—A VI 7 —XDPFEINTWVWEIDPTAMLET, RHEZINTWV
BEEE. Hsto B (PyErr_Set* () BIOD—2®H % \Wid PyErr Restore() "D HFH LW LIC
M 2HE—F) ZRLET, RESNTORWEEIE NULL 2R LET, HRILIZEDEANDOSEER -
TWEHADT, FHIZ Py DECREF() §3REEH D £H A

FEOH LN GIL 28155 2 08 035 D $5

AR EDHEEFEOHNE LR NT L 72X W, 2D D2, TITRT PyErr_EzceptionMatches ()
2o TLZE W, (HERIIEHHRICKMTE2TL x5, BRERSL, NIZ FATIERIA VAR A0S
LIz l, H20WE. 7 7 AP 0GE 3RS N0I0DY 727 5 ZAhd LAKRWR5TT, )

int PyErr_ExceptionMatches (PyObject *exc)

PyErr_GivenExceptionMatches(PyErr_Occurred(), exc) XA U, IS EBICEREI NIz FiT/2
U INERFETHIETRETT, fIAPREL TORVWESIE, XAEBV 77 RAERDPEEZSETL & 5,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

BIst given ¥ exc OFIN L BEE T 2HEICELRRLE T, exc BV FAX TV 27 bV THIHED.
given WY 77 FGADA VARV ATHD L ZIWXHZRLET, exc BETINVDHEF. TNV HD (B
XCZDH TR INVICHIFNCH ) TXTOFNEDEES T 2rARLNE T,

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

I A VI —& %7 RLRAZET =ZDDZEHOP MO ELET, =7 —A VI r—XBREETNT
WRWEEIE, =0T RTOLERE NULL IKRELE T, TI7—A VI TFr—XBREZINTVWEIHEIETY
7a3N, DRIZEIMYHEIN 22N ZNDA T =27 MADBREROZ TR DET, AT =7 b8
NULL THRWE ETXZ, FOfHE PL—ANy 74 7Y 27 MEINULL 22d LILER A,

IR EE. COBBBHINERIETAREDOD B a— R, 5 —A U IFr—XE—FNTREL THE
LT BANEDDH S a— FTOAMVET,

PyObject *type, *value, *traceback;

(RDR=I12%i <)

5.4.
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(AIDR=I 25 DfE X))

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)

EODFA TV IPOET—A VI T REBRELES, T —A VI —EPTTRIRESNTWVEY;
Bl BINCZVT7INET, ATI 27 FHNILL RHE, 7 —A YO r =027 ) 7 ENET, NULL
D type & IE NULL O value H % W& traceback Z#E L TIWITER A, BISOH (type) 137 FATH S
NETT, EIHRHINDE (type) H 5 WVIHE (value) ZIHEL TTWITERA, (IS DHRIZH2 &% T
S ZFWCCVHEDOREREE 7225 TL &5, ) TOMUHLEZAZADA 7Y =27 PADBREM D FRE %
T DRI CHLOFNIZENENDA TV = 7 PANDSREFR LR ITNIRLRVOTH Y, LY
HLOBIZIZHIEFRINLDEREZF > TV EF A, (ZHZHEMEL TVRWEEE. ZoBKEM-> T
WiTEHA, FRELTEBEEY, )

AR: BE. COBBIEEZI A P22 —RNCRELETT 2M0EDH 52— RTOAFVET,
BEDTS—A4 VI r —REHIFT 2720DI120& PyErr_Fetch() 2o TLEE W,

void PyErr_NormalizeException(PyObject **exc, PyObject **val, PyObject **tb)
HBIRMTIE. LT D PyErr_Fetch() PRI 7 EFRfbxnTwiw alfEErndH £3, 2D,
xexc 37 I AA TV 27 M ED xval BAILZ 5 ADA Y AR Y ATREVE WS EIKTT, ZORKIZ
ZDESBRBETEDI FRAEA VAR LT 20 fEbN T, ZOEAST TIIERLEhTVSEY
BRMHETFETA, BEERIEZAAT - R EWET L2DICFHEINTVET,

AR ZOBEBIIHIMEICREERNIC _ traceback_ JEMEERE LEHA . L —2ANy 7 2@
ETZ2ENRD ZLGE . ROBIMD a2 — KPR ETT:

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

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
sys.exc_info() THELNZFIMERZIELET, 2 BUCHER: AIAEZSRT 2 DT, ikl
EMENTPINNDBIRIIFHF > TVERA, HTLWVW3 DDA TI 27 bADSRERLETH, ZOHIC
& NULL 235 25 d LIt A, ZOBEUIIFISIMEROREZZEL £¥ A,
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AR o, @FEEANEHRS a- FTIRFHAIAEEA., EICES &, ZhEHINDIRELZ—
REICIRE L. LR T REDNDH 52— R THHT 2 2B TEE T, fINOREZITICEST. LY
V7§ 312l& PyErr_SetExcInfo() o TL 72X W,

N—ar 3.3 TEM.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
sys.exc_info() THLNAZHSMERZHREL £T. ZhiE BHCHERT: fINEZSRT 20T,
TRWCEREINTZHNANDZRITFEF> TOVER A, ZOBBUISIBANDSREEAE T, HINDIREEZ Y
U7 L7WBER 3 D2 TO5IHIC NULL 2 L TLZE W, 3 DD5EUTOWT ORIV HANK,
PyErr_Restore() Z#ZML TLZE W,

AR o, EEEAINAERS - FTREAILEEA, ERICES &, 2B 0 RE
ZoRNCRFEL. LRI BENDH 23— FTHEHAT 2 A TEET, IS ORELZEEGES 212
PyErr_GetEzcInfo() 2> T ZE W,

N— a3 v 3.3 THEm.

55 U F NNV T

int PyErr_CheckSignals()
Z OBI%IE Python O ZF VLB D D T2 2R TEE T, ST FANZD T B ANE LN H
ESF v, EHORBIIMNIETESTFANY RIZFEH L EF, signal £ 2 — ¥ KR—1
ETNTVBHEZ. ZHUE Python TELNZS 7 F ANy RS ERUHBE T, TRTOEE T, SIGINT
DT 7 b+ DRIRIE KeyboardInterrupt fISt 2 FHAEZE 2 Z e TY, ISR ELLLE. =7—4
VI —EZPRESIN, BT -1 BRLET, 25 TR, BBZ 0 IRLET, =7 —A VI o —
EHBLANCHE SN TV EHEIE. ZODI7 ) T7EINDEHDE I 0D 5,

void PyErr_SetInterrupt()
SIGINT ¥ 7 FADEFELLMREEZ S I 2L — ML ET, RIT PyErr_CheckSignals () DSFEEINz L &,
SIGINT FHH® Python O 7 F ANy R I BFEFH IR E T,

SIGINT 2% Python IZMMLX N7z - 7z (signal.SIG_DFL ¥ 721X signal.SIG_IGN IZFEINTWiZ)
BE. ZoBEBUIMD LER A

int PySignal_SetWakeupFd (int fd)
ZDI—T 4 VT4 BEIE. VT FNEZIIM o/ BTV T FNEFESEANAL P LTEZAL T 7 4 Vil
BFERELET, fdlZ/ 7 vy X7 TRhRINERD F¥A. ZOBKIZ. 1 DHiD 7 7 L Lidib 7%
BLUET,
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-1 2ETe. COMREZEICLET;, TAXNMPKRETT, ZDBEIE Python @ signal.
set_wakeup_fd() XEFETTH, YARZI—F v 7 dfTVERA, fd I 3EWNR T 7 A LEERFTH
LZRETT, ZOBEBIEAL ALYy FRLDARIHINZIRETT,

N—ar 3.5 TEH: Windows T. TOBEEIIY 7y FAY RALZHR—FTE2E51CkDFEL,

56 fINISR

PyObject* PyErr_NewException(const char *name, PyObject *base, PyObject *dict)
Return value: New reference. TD1—7 4V 7 4 BBUIH L WHIS 2 7 22 E L TRL %5, name 5l
BUEH L WIS O 44T, module.classname JERD C XFHITHRIFIUIR S0, base ¥ dict 51EULHE
# NULL T3, ZHUITRTOHNDIDDNL— T+, #lAIAAH Exception (C TlE PyExc_Exception
ELTCT77EAARE) ZA— b LTIRELRZ A7V =27 P 2ERL £55,

FLWr 220D __module__ JEMIE name 5IEDHIEED (REBED Fy MET) IHEIN, 77 X4
BT (RED Ky bOK) ICHREINE T, base 5IBIIROY DR—R 7 FAZHET 5D 2 %
T, —DDITATH, VIADRTILTHEMNER A, dict 58U 7 AT XV v ROFFERIEET
7DITMHRET,

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

ject *dict)
Return value: New reference. PyErr_NewEzception() YIEIER LTI, FHLWHEIA S o 2 icfiHic

docstring #FETEE T, doc % NULL THEEWIGE, 200347 5 2D docstring 1274 D 3,

N— a3 v 3.2 @M.

57 IAA T U b

PyObject* PyException_GetTraceback(PyObject *er)
Return value: New reference. Python T __traceback__ BWNL7 72 A TE233DEHEL. A
B3 2% traceback DFTLWHBHREIRL £3, BfRT % traceback WG EIX, NULL 2R L F35,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
ZDHIAHZEI T % traceback 12 th 2ty FLET, 7V 73 %12 Py_None ZHH L TL72& W,

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. Python T __context__ EMENS7 7€ ATE 25D L., HIFMCEET
2327 FAL (ex PEHEI N T L THRORI A > A Z VX)) OFILVWEBRERLES, M
%I 2ar7TFAHENGEF NULL ZIEL X5,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
BIsh S 2 a7 ¥ A M ctr 2y PLET, 27V 7T 21 NULL 2L T E W, ctz H3BI5F
AVRARYADE S RO 28F 2 v 7 I3TbNERA. ZHiE cle ~OBREEBET,

38 % 5 & FIN0IE
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PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Python T __cause__ EWH» 577 ATE2dD R, HSMCET S
JRK (raise ... from ... IZ&Xo Tty FENZHIHA XX B LLIE None) DHF LWSREIK
l./ ij—o

void PyException_SetCause (PyObject *ex, PyObject *cause)
BIAMCBIMR T 2 IRENC cause Bty P LET, 7V 75 5Iid NULL 2L T E W, cause D3FIF
A VAR AD None DEELELDTHS Z e ZMEIDITF = v 7I3fTbNERA, ZHUE cause ~DS
WERAET,

Z DREFUT & - THEBRIVIZ __suppress_context__ IZ True 2ty F XN 5,

5.8 Unicode fIAA T o

T oB#E C E385 5 Unicode BN EE- 7= DBIE LD T 27=DICFHALET,

*encoding, const  char *object,

PyObject* PyUnicodeDecodeError_Create(const  char
Py ssize_t length, Py _ssize_t start, Py ssize t end,

const char *reason)

Return wvalue:  New reference. encoding, object, length, start, end, reason B % b - 72
UnicodeDecodeError 4 7Y =7 b ZEM L 9, encoding B XU reason & UTF-8 =¥ a—F&
NI XFHNTE,

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 wvalue: New reference.  encoding, object, length, start, end, reason J& 1 % ¥ - 7=
UnicodeEncodeError * 7Y =7 b E{EM L £ 3, encoding B & reason & UTF-8§ => a2 — K&
N XFHTY,

N— a v 3.3 TIEHESE: 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to
PyObject_CallFunction(PyExc_UnicodeEncodeError, "sOnns", ...).

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. object, length, start, end, reason B % - 72 UnicodeTranslateError

F 727 N EERLET, reason & UTF-8 = a— R XN FHTI,
N— a v 3.3 TIEHERE: 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to
PyObject_CallFunction(PyExc_UnicodeTranslateError, "Onns", ...).
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PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 52 6NN F 7T =7 + D encoding EIHEZIEL %3,

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 52 HN7HINA TP =7 b D object BIEERL 3,

int PyUnicodeDecodeError_GetStart (PyObject *exe, Py ssize t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py ssize t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py _ssize_t *start)
EXNTBINA T =27 b5 start BYEZIUS LT *start WL £ 3, start & NULL THoTERD
FHA. BIL7D 0 %2, KREMLES -1 ZIBRLETS,

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py ssize t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py _ssize 1 start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py ssize t start)
BENPINA TS =7 D start J@MEZ start ITRELET, BIHLES 02, KKELES -1 Z2IKL
9,

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)
NN A T2 05 end BEEZBIF LT *end 1ML 3, end & NULL THoTiIRD F
Hho BIIL7S 0%, KMLEDL -1 ZIRLET,

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)
BENTBIINA TS 27 +D end JBYZ end CEELE T, LS 0 %2, KRLES -1 ZIRLET,

PyObject* PyUnicodeDecodeError_GetReason(PyObject *exc)
PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject* PyUnicodeTranslateError_GetReason(PyObject *exc)
Return value: New reference. JEIN1FINA 7T =7 D reason BHEZIRL £73,

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

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

int PyUnicodeTranslateError_SetReason(PyObject *exc, const char *reason)
BINBNA TP 227 b D reason JEYEE reason ITRELET, BIILIH 0 &2, KBLES -1 iR
LEd,
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5.9 BlrDEE

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

call protocol takes care of recursion handling.

int Py_EnterRecursiveCall(const char *where)

CLRLVOBFHSHLZLES ELTWD E ZAICHIZNITET,

USE_STACKCHECK MER SN TWVWEHE, OS DR Xy IR F —N—Tu—RNLEhr¥EIh%
Py0S_CheckStack() #ffioTFzv 7 LET, bLA—N"N=78B—-LTWVWEHK 5, MemoryError %
ty PLEBTRWEZRLET,

Rz ZOBEBLIEIFO LRIGEL TWiWhEF v 7 LET, ERIGEL TW35E, RecursionError
Pty PLEOTRWMEEZRLET, 29 TRVWESRZRYeRRLET,

where X " in instance check" ® Lk >57 UTF-8 = a— F‘c"ﬂf:)'(?ﬁ” LT, HFOERS DRI
ELEZ Y TEHEN S RecursionError DX v —JICHEETE L XS ICTRETT,

N— g 3.9 TZH: This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
Py_EnterRecursiveCall () ## T X® ¥ 3, Py_EnterRecursiveCall() @ RIHL 7 FEUTH LT L
1 EFHEZRTAERD 8 A

N— g 3.9 TZH: This function is now also available in the limited API.

a Y7 FENIN U tp_repr ZHEYNCHEIET 2121X, FHRLZEBOUEIKRDOLNE T, XX v 7 ORGEICIAZ.
tp_repr FERLEEL BT 272047V 27 bR TOWBERD D T, KD 2 DOREBUIZF DEER A
L ET, EHMITIZ., TN 513 reprlib.recursive_repr() SR C OEETT,

int Py_ReprEnter (PyObject *object)
THERALI 2 MRFN S 2 72912, tp_repr DFEIEDLBETHIH L ET,

ZOATY 7 FDBOCIE XN D o756, ZOBBIIIEORBEEZRL 3, TDHE. tp_repr
DFEEZ, ERERIXFINA T 27 bRIBRTARETT, HIZIE dict A7 =27 ME {...} ZiRLE
Tl list A7V =27 ME [...] ZIRLE T,

FHiREEo FRIGEL 2581, ZOBBIXEOBEERLEST, ZDEE. tp_repr OEZEZ—KNIC
¥ NULL ZiR§RETT,

ZhLALDGEEIE. BEEZEaZR L., tp_repr OFEITEF EB YN ZHET THrEVER A,

void Py_ReprLeave (PyObject *object)
Py _ReprEnter() T X¥ %3, 0 iR L7 Py_ReprEnter() OFEH LI L 1 BIMEEZRTAUIRD
EFE A
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The Python/C API, U1 —2X 3.9.19

5.10 ZEHHN

All standard Python exceptions are available as global variables whose names are PyExc_ followed by the

Python exception name. These have the type PyObject*; they are all class objects. For completeness, here

are all the variables:

C# Python % AR
PyExc_BaseException BaseException 1
PyExc_Exception Exception *1
PyExc_ArithmeticError ArithmeticError *1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError

PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError

PyExc_ConnectionAbortedError

ConnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedError

ConnectionRefusedError

PyExc_ConnectionResetError

ConnectionResetError

PyExc_EOFError

EOQOFError

PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError *1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError

PyExc_NotImplementedError

NotImplementedError

ROR—=TITHL
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R 1-FIOR—IH5DHKESE

C% Python % AR
PyExc_0SError OSError *1
PyExc_0OverflowError OverflowError
PyExc_PermissionError PermissionError

PyExc_ProcessLookupError

ProcessLookupError

PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError

UnicodeDecodeError

PyExc_UnicodeEncodeError

UnicodeEncodeError

PyExc_UnicodeError

UnicodeError

PyExc_UnicodeTranslateError

UnicodeTranslateError

PyExc_ValueError

ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

N—3 a3 ¥ 3.3 TiEM: PyExc_BlockingIOError . PyExc_BrokenPipeError . PyExc_ChildProcessError

. PyExc_ConnectionError

N PyExc_ConnectionResetError

N PyExc_InterruptedError

PyExc_ConnectionAbortedError

N PyExc_FileExistsError N

PyExc_IsADirectoryError

. PyExc_ConnectionRefusedError

PyExc_FileNotFoundError

. PyExc_NotADirectoryError .

PyExc_PermissionError . PyExc_ProcessLookupError . PyExc_TimeoutError (¥ PEP 3151 Z &

DEAXNE LT,

N— a ¥ 3.5 TiEN: PyExc_StopAsynclteration ¥ XU PyExc_RecursionError ,

N— a ¥ 3.6 TBI: PyExc_ModuleNotFoundError.

INBEHESMEDH B PyExc_0SError DX Y7 A TF

_ *l CAIRIOEEGIN DD DR—R 2 5 2T

5.10. FEHH
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C#% AR

PyExc_EnvironmentError

PyExc_IOError

*2

PyExc_WindowsError

N—=Pay 33 TEH: oD Y 7 RIFNOFEEEZ T3 =01 ffbE T,

HER:

5.11 FEEZHTIY

All standard Python warning categories are available as global variables whose names are PyExc_ followed by
the Python exception name. These have the type PyObject*; they are all class objects. For completeness,

here are all the variables:

C# Python %4 AR
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

N— a ¥ 3.2 TiEN: PyExc_ResourceWarning.

TR

*2 Windows TOAEZEINTWET, 7V Fat v+~ 0 MS_WINDOWS DEZREINTVWEINTAIFEI LT, chzffisa— %
fREELTL XV,
*3  ZAARIOEMEELE 5 T ) DD DR—=R Y 5 RATE
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COEOBEEIZ. C TErNEa—FE TS5y b7+ —LABTAMEDODH 2B DICT B ETEID2DBDH, C
75 Python €Y a— %25 b0, 2L THEEBOFIEEMBRLZD. C OfEd 5 Python DEEZHEET 2D
T, ARI—T 4 VT ANERRATZZITVWET,

6.1 AXRL—FT 1 VI RATLEEDI—T1 )T«

PyObject* Py0S_FSPath(PyObject *path)
Return value: New reference. path D7 7 A VI AT LARBEZRLET, 7T =27 bW str 2 bytes
DEGER. ZOBRAT O RHBA 7 VAY PENET, 7P =27 bd os.PathLike f Y X —7 = —2X
BHRELTWAEE, __fspath__ (O 2 Eh, ZOHEED str D bytes THIUZZ DHEIRINE
T THRITIUI, TypeError A Eh, NULL 2NRENE T,

N—a v 3.6 Tl

int Py_FdIsInteractive (FILE *fp, const char *filename)
filename &\~ ZRTOIERE 1/O 7 7 4 )V fp HIXEERY (interactive) TH 2 e EZ 6N 25EICH (JE

¥nr) ZIRLET, T4 isatty(fileno(fp)) DEIKKREZ 7 7 A VDBFETT, 70—V R7 57

Py_InteractiveFlag BEDEEICIL, filename KA > &P NULL 2, FARID '<stdin>' F7zid 17277
DWITNPICFELWGEICOEZIRLET,

void Py0S_BeforeFork()
TR AT +— 27 F BHNT. WL O DONERIREEZ HE(R S 2 72D ORI TS, fork() RHMED 1t X
ZHEET 2 Z OO OBEEUE O THIIC 2 OB U7 72 U D 8 A, fork() DIERS
NTVWBESRATFLTOAFHTEE S,

ZE&: The C fork() call should only be made from the “main” thread (of the "main” interpreter).

The same is true for Py0S_BeforeFork().

N—Ya ¥ 3.7 TENM.
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void Py0S_AfterFork_Parent ()
Tav AT 4 — 7 LIBRICHEIREEZ EH T 270D TT, fork() . HED TR X2 EHHT 2
ZOMOFELIDBERZ MU L2 IC, TaXOERBBI LIS 0 2rrbb 3, BIatxns
COBIBEMUOH X2 UILD A, fork() DERSINTVWEI AT ATOAFHTE LT,

ZE&: The C fork() call should only be made from the “main” thread (of the "main” interpreter).

The same is true for Py0OS_AfterFork_Parent ().

N— a ¥ 3.7 TENM.

void Py0S_AfterFork_Child ()
Function to update internal interpreter state after a process fork. This must be called from the child
process after calling fork(), or any similar function that clones the current process, if there is any
chance the process will call back into the Python interpreter. Only available on systems where fork ()

is defined.

E&: The Cfork() call should only be made from the “main” thread (of the "main” interpreter).

The same is true for Py0S_AfterFork_Child().

N—3 g v 3.7 TEM.
BE.:

os.register_at_fork() % F H 3 % ¥  Py0S_BeforeFork(). PyOS_AfterFork_Parent ()
Py0S_AfterFork_Child () I & o TR E NS A AKX LD Python B ZHHRTE £ 3,

void Py0S_AfterFork()
Tut AW fork L7-BOWNEIKEEZ EH3 2720 DT, fork % Python £ > &% 7V X Z Wil %
B, Wilzia 7 ne ANT Z OB SRR D /A Hikcia T nt 2L FE TR 2 v —
FF 25556, ZOBBZHOHTHERZDD XA

N—a v 3.7 TIEHERE: Z DBIBU PyoS_AfterFork Child() &> TEEHMIONE LT,

int Py0S_CheckStack()
AVRTYRPAR Y ZZEMEFAR L ZBIREZRLET, 2O0F = v ZEBIIIEEEIH D £F
%3, USE_STACKCHECK DSER XN TV AHE (BUKTIX Microsoft Visual C++ 2> %4 STEL R L7
Windows i) 12 U2 FIFIT& £+ A . USE_STACKCHECK [ZFHEINICER I NE T; HATDI— KR TIDE
BEELBEL IR FHA,

PyOS__sighandler_t Py0S_getsig(int )
STFN RN TRIBEDS T FANY R I RIELET, ZOBEUT sigaction() F7213 signal()
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DVFTHHPIZHT BN T v =TT, sigaction() % signal() ZEHEMIHL TRERD FEA!
Py0S_sighandler_t (& void (*) (int) @ typedef I X 23T,

PyOS_sighandler_t Py0S_setsig(int i, PyOS_sighandler_t h)

SITFN TN TRIBEDS T FANY FS% W ITHRELETS; MDY 7F ANy FS2EKELET,
Z DOBFIE sigaction() 7213 signal() OWVITAPIIHN T EHE T v =T, sigaction() %
signal () ZEZEMUHL TIEA D £HA! Py0S_sighandler_t i void () (int) @ typedef i & 23l
#HTY,

wchar t* Py_DecodeLocale(const char* arg, size_t *size)

surrogateescape T — NV R J BffioT, B — LTy a—F4 V7D, b XFEHEFa—FLET:
Fa— RKTERWVAA ME U+DC80 25 U4+DCFF £TOHHOXFL L TTFa—REINET, N4 b
g esr — v XFe LT7ra— RIh2EEE. 2O0FET 23— FT2DTiEA < surrogateescape T
TNV RITZffio TN, MR Fr—TLET,

Ira—74 Y7 (BREOEVIE,S) -
e UTF-8 on macOS, Android, and VxWorks;
o UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
o UTF-8 Python UTF-8 £— FEMRGE

e ASCII if the LC_CTYPE locale is "C", nl1_langinfo(CODESET) returns the ASCII encoding (or an

alias), and mbstowcs () and westombs () functions uses the IS0-8859-1 encoding.
e DU —zyva—74 7

MU XEBVERENLZVA FFXF Y 77 R—LFHINDRA VR ZRBLET, TDXEY ZINT 5DIT
PyMem_RawFree () Z{fio T 72& W, 5l size 75 NULL THRWEEIX, null XFLSHOY A FFv T2
X — D% *size "NHFZAALE T,

FaA—FH L BXEVHETZS -2 E 3 L NULL 23R LE T, size 25 NULL THRWESIZ, XEV
7—DY XX (size_t)-1 %, 7aA—FTODII7—DY =X (size_t)-2 % *size WKHELZET,

C o477V —RATHLEVRD, 7a—FTOZI7—-FRIDZFEA,

Xy 77 R—XFHNEANL PXFINRTI2IE Py_EncodeLocale () B¥UE# > TL 72X W,
BE:

PyUnicode_DecodeFSDefaultAndSize () B &' PyUnicode_DecodeLocaledndSize () B¥K,
N— a ¥ 3.5 TEM.

N—Tar 3.7 TEE: ZoBI. UTF8E—FTR UTF8 =ra—F4 Y 72T 2512k
L7

6.1.

ARL—FT VI AT LEEDI—T 1 T+ 47



The Python/C API, U1 —2X 3.9.19

N—Y ayv 38 TZHE: The function now uses the UTF-8 encoding on Windows if

Py_LegacyWindowsFSEncodingFlag is zero;

char*® Py_EncodeLocale (const wchar_t *text, size_t *error_pos)
surrogateescape T7 — NV FJ ZffioT, VA4 ¥ v 77X —FHenr—Nzra—74 7T
Ya—FL%79: U+DC80 7225 U+DCFF £ TO#HFHD Y 15— b 3Fid 0x80 225 0xFF £TO/NA b
WEHEI N T,

rra—74 v (BEREOSVIERPS)
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
« UTF-8 Python UTF-8 £— FHEMRIGE

o ASCIT if the LC_CTYPE locale is "C", nl_langinfo (CODESET) returns the ASCII encoding (or an

alias), and mbstowcs () and westombs () functions uses the IS0-8859-1 encoding.
« HEOUFr—NTYya—F 4
Z OBBUE. Python UTF-8 £E— FTIWX UTF8 > a—7 4 Y &2 HVET,

Return a pointer to a newly allocated byte string, use PyMem_Free () to free the memory. Return NULL

on encoding error or memory allocation error.

If error_ pos is not NULL, *error_pos is set to (size_t)-1 on success, or set to the index of the invalid

character on encoding error.

NA MXFAN 2T A FF v 57 X—FINIRTITIE Py_DecodeLocale () BAE o T 72& W,
BE:

PyUnicode_EncodeFSDefault () 3B XU PyUnicode_EncodeLocale () BAHL

N—= a ¥ 3.5 TEM.

N—=Yav 3.7 TEHE: ZoB#Z, UTF8E—RTWRUTF8zya—74 Y7 %AET A X512k
¥ L7,

N—Y a ¥y 38 TZEH: The function now uses the UTF-8 encoding on Windows if

Py_LegacyWindowsFSEncodingFlag is zero.
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6.2 X7 LA

sys BV 2 — R LTV AHKEEIC COa— 7567 7 X520 TT, IRNTOBMBBEDS > &7
RALy FD sys Y 2 —LVOFEIIH L TIHELET, ZOFFFIATDORL v MREMERITERS LT
9,

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. sys £ 22—V D name 7Y =7 F &R T H. 1FELRITIUIHIS
ZIEEETIC NULL 2R L £3,

int PySys_Set0Object (const char *name, PyObject *v)
v A% NULL TIEWIGE, sys Y 2—LD name 2 v ZRELE T, v 2 NULL 25, sys TS 2 —h 5
name ZHIFRLEF, BUIL7H 0 %2, =7 —KF -1 ZIRLE T,

void PySys_ResetWarnOptions ()

Reset sys.warnoptions to an empty list. This function may be called prior to Py_Initialize().

void PySys_AddWarnOption(const wchar_t *s)
Append s to sys.warnoptions. This function must be called prior to Py_Initialize() in order to

affect the warnings filter list.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
sys.warnoptions I unicode ZBMU E 5,

Note: this function is not currently usable from outside the CPython implementation, as it must be
called prior to the implicit import of warnings in Py_Initialize() to be effective, but can’t be called

until enough of the runtime has been initialized to permit the creation of Unicode objects.

void PySys_SetPath(const wchar_t *path)
sys.path % path ICEENDZAD, VAMEF TV 22 MIRELET, path 77 v + 7+ — L DHRER
N7 2 & (Unix Tl :, Windows Tl ;) TREYISN/ZRRD Y R M TRIFIUIRD £H A

void PySys_WriteStdout (const char *format, ...)
format THE SN XFH % sys.stdout ITHN L E T, UIDEEDHIRZ o a2 ED. FlsMHI—
TIRAEL FEA (D),

format ¥, 7+ —~<v MEOHILFHND F — XL DKEX%F 1000 N4 FLIF I Z 2 X&E T, -- 1000
NA MO IISCEINITI D EE S b E T, RS, BIRDRN "%s” T4 —< v PRI NETIEIDHD F
Fho "%.<N>s” DESIZLT N IZ 10 EBDEZFEEL. <N> + ZOMO 7 +—< v MEORKY A
1000 ZHEABRVESICEETEINETT, AL "% dR eI 2HEXHD F5, IFHIC
REVWEIEIN LT, BEOTFZHI T 28NN D D 5,

FIREDFEAE L 72D, sys.stdout BREINTVARDLIGE. 74 =7y MROX v —=JI3ARYD (C
LALD) stdout IZHITENET,
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void PySys_WriteStderr (const char *format, ...)
PySys_WriteStdout () MU TTH, sys.stderr b L & stderr \ICHAILE T,

void PySys_FormatStdout (const char *format, ...)
PySys_ WriteStdout() (27 BI%T 323, PyUnicode_ FromFormatV() ZffoTA vt =% 7+ —<v
FL. X b=V Z2EREORIYINFHEDLDIEILER A

N—a v 3.2 THEM.

void PySys_FormatStderr (const char *format, ...)
PySys_FormatStdout () LR U T, sys.stderr d L <X stderr ITHAILET,

N—a v 3.2 Tl

void PySys_AddXOption(const wchar t *s)
Parse s as a set of -X options and add them to the current options mapping as returned by

PySys_GetXOptions (). This function may be called prior to Py_Initialize().
N—Pa ¥ 3.2 TEMM.

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. sys._xoptions &bk, -X 7Y a VOBEOHELRLET, =
7 —EE % &, NULL 23R &, fiskhity S s,

N—a v 3.2 TEM.

*event, const char *format, ...)

int PySys_Audit (const char
Raise an auditing event with any active hooks. Return zero for success and non-zero with an exception

set on failure.

If any hooks have been added, format and other arguments will be used to construct a tuple to pass.
Apart from N, the same format characters as used in Py_BuildValue () are available. If the built value
is not a tuple, it will be added into a single-element tuple. (The N format option consumes a reference,
but since there is no way to know whether arguments to this function will be consumed, using it may

cause reference leaks.)

Note that # format characters should always be treated as Py_ssize_t, regardless of whether

PY_SSIZE_T_CLEAN was defined.
sys.audit () performs the same function from Python code.
N— a ¥ 3.8 TE.

N— a v 382 TEH: Require Py_ssize_t for # format characters. Previously, an unavoidable

deprecation warning was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero
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on failure. If the runtime has been initialized, also set an error on failure. Hooks added through this

API are called for all interpreters created by the runtime.

userData KA > 2E7 v ZEABIZEINE T, 7y 7R V24 200U XA 0d LA
WDT, ZDRA ¥ RIZEE Python DREESBINETIED D VA

This function is safe to call before Py_Initialize(). When called after runtime initialization, existing
audit hooks are notified and may silently abort the operation by raising an error subclassed from

Exception (other errors will not be silenced).

The hook function is of type int (*) (const char *event, PyObject *args, void *userData),
where args is guaranteed to be a PyTupleObject. The hook function is always called with the GIL
held by the Python interpreter that raised the event.

See PEP 578 for a detailed description of auditing. Functions in the runtime and standard library

that raise events are listed in the audit events table. Details are in each function’s documentation.
SIBUEL T BE# A XV b sys.addaudithook ZEH L 3,

N— a v 3.8 TEM.

6.3 7O+t XFIH

void Py_FatalError (const char *message)
Bani T 7 — X v+t —2 (fatal error message) ZHH L T7 X2 @& T (kill) L% 3, RIAARLI
MThbNERA, ZOBEIE. Python 4 ¥ & 7Y X HWil) 2 ODEMRTH % & 5 RIRSBRH X 7z
LEFIZIFX, ATY 7 MEHPREL TV L EDNS L ZIZDA U ENS K5I LTz
DEHA, Unix T 15 C 74 77 VB abort () ZM-UHI LT core ZEML L5 LA E T,

The Py_FatalError() function is replaced with a macro which logs automatically the name of the

current function, unless the Py_LIMITED_API macro is defined.
N— a ¥ 3.9 TEH: Log the function name automatically.

void Py_Exit (int status)
BFHEDO 7t R%ET LE T Py_FinalizeEz () EMUH LB EEC T4 77 VEHBOD exit (status)
PO L E T, Py FinalizeEx() WL T —IZRo/GE. BT AT —XAF 120 ITRHESNE T,

N—Tar 36 TEHE: RTUHOL T —I3EFEZ LB L,

int Py_AtExit (void (*func)())
Py_FinalizeEz () 7» SO X2 AR 21T 5 BARL (cleanup function) Z 8@k L %3, RIARE
51U TP, 2R EEA. KT 32 ORIGRUHBEIK 2 B CE £ 9, BRICHINT
Y. Py AtEzit ()13 0 ZRLET; KT 2L -1 ZIRL 3, RRICER L BRERUHEEIE A &%

6.3. FOt &% 51
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WHEOHINE T, FEBEEEA—EL2rHOH I E R A, Python ORNEN A& T LI 2 aaR LIRS
BE DL T LTWA DT, fune 5 51EWA7 % Python APT SIEGH LTIE7% D $4 A,

6.4 EZa—-ILDOAVER—-F

PyObject* PyImport_ImportModule (const char *name)

Return value: New reference. Z DFAEUI T TN PyImport_ ImportModuleEx() % Bt L7zA >~
R —7 2 — AT, globals B X locals 51#(% NULL O F FIZL. level & 01T L72dDTF, name 518
WRy MDBEENDIHE (B2 v r =YDV TEY 2a—LEBELTVIIEA). fromlist 518230 A
MUl cEmER, RYENES 2280y TLNL Ry =Y TRESAHIDEEY 2 — b
(named module) 1272 X 51T LE T, IR S Z DD HIKIE, name DERIEY TEY 2 -1 T
B IR —URIBELTVWREE, v r—Y0 __all__ ZEIHEEEINTWEY TEY 2 —Lh
B—RXNTLES EVIHEEADRDDET, ) A VR-FENLET 2 —NAANDFLBRBREZERELET,
KL 7HmEwidpistzty M L. NULL 23R L E 3, A4 Y AR— MIKRBLZEY 2 =13 sys.modules
IR T Ao

Z OB E K 4 o R— N RFHLE T,

PyObject* PyImport_ImportModuleNoBlock (const char *name)

Return value: New reference. T DBE¥IX, PyImport_ImportModule() DBEILFEDTA VT A TT,

N—Yar 33 TEHE: ZOBEII. ERIIADRAL Yy FIZkoTA Y R—1ta vy Z2fTbhTwigGEiR
HIFRICRIL Tk L7z, L2 L Python 3.3 Tid. KD OHWN TR Y JAF—ANET 2 -1 T LD
By 7T LD T, ZOBKDORHIZZIR 2 FHNEBITPLETIIHD FE A,

PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-

ject *fromlist)
Return value: New reference. €Y 2 —NV% A4 Y R—=FLET, TV 2—1DA VK= MZOWVWTIHHA

iAAD Python B __import__() ZFitre K< b bhET,

ROEEZ. £ VER—FENEZET 2= by LRy T —=IADHFH LS, KB 725813605
ZRELTNULL 2R LUEF, __import__() YR XS v =YY TEY a2 —ADERS N
L EE, ZETRY fromlist ZIEZINTRLINE. by LDy =V RIRLET,

A VR= IR L 725EE. PyImport_ImportModule () E[AMRICATRIRES 2 —NDL 7T =2 b
ZHIFRL £9,

PyObject* PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *lo-

cals, PyObject *fromlist, int level)
Return value: New reference. €Y 2 —L %A Y R—bLET, TV 2—1DA VKR—PMZOWTIIHHA

AAHD Python BAEK __import__ () Z#HL e K< A2V ET, W50 d, fHHED __import__() 1FZ
DR ZEHIF S L T35 56 T3,

RO, A VR—FENEET 2= by LNy =T ADEF L WS, LB L 7581354
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FELTNULL 23 BRLE T, __import__() EELX21C, Ry =YW TEY 2 —AHERI NI
L EE, ZETRY fromlist ZIEZINTRLINE, by LDy r—IRIRLET,

N— g v 3.3 TIE.

PyObject* PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, Py-

Object *fromlist, int level)
Return value: New reference. PyImport_ImportModuleLevelObject() &L TW % 325, name 3

Unicode # 7Y =27 b Tld% < UTF-8 Ty a— RENELFITH B HTELED T3,
N—V gy 3.3 TEH: level ICIEXDIFPADEIIFHTEEEA,

PyObject* PyImport_Import (PyObject *name)
Return value: New reference. FTED 7 4 ¥ R— 7 v ZHE” ZFFCH T /2D DEKED S VX —T = —
A TF (level 120 ZBHRT B &, I 4 Y KR—F2EKRLET), ZOBKIIHRTED 70— VEREEEN
@ __builtins__ 25 __import__() BIKZEMIHLET, ThbH, BEDRKEIZS VA F—1LEIT
WBA YR= 7y I fHioTA VR FEITVET,

Z OB E K4 R— N RFHLE T,

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. €Y 2 —L%ZHu—F (reload) LE¥, ROHEEHI—-FLALEY2—L
Dby TRy =IO RBINTHD £, KRLHEE @IS 21y b L, NULL 2R L %
T (ZDOHAETH, Y 2 —WIEREIN TV IEELDHD 7).

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. €3 2 —VAWIET2ES 2 —VF 7P =27 bERLET, name
51803 package.module DTEATHDNFVEEA, FTEYV 2 —AHFEFERXHKYTIET 2—ADBH DY
IMFANR, BRINEF7RED 2 -V EERLTEY 2 —LEFHEBCHALE T, KBLEGE M E
v b LT NULL 2B L ¥,

AR: ZOBBIEEY 21 DA VER=FIRa—-F2ITVELA; TV a— AP EEe— FENTWRY
R, EDES 2—NF 7T 27 be1§DZLICKD %T, PyImport_ImportModule() % DHlEH %
FoTEY2—N%AYKR=PFLTLEZ WV, Fy MR THE LR name BEELRWGE, Ry r—
UHERERE T EA,

N—Y a ¥ 3.3 TEM.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. PyImport_AddModuleObject () AL TWE 4%, name 5 UTF-8
Ty a— RFEIN7=LFHTIER% L Unicode 7 7Y =2 M EFHATZHTREZD 5,

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. &Y 2 —)L% (package.module JEXTHHWERA) B XU Python @
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NA P A= R 7 7 A VA HRBER compile() THONAI—FA TV 27 PETIKEY 2 -k —
FLET, EVa2—AAT =7 bAOHLAZRERLET, KBLEHE QRS ZE Y b L, NULL
ZIRLET, 722 X PyImport_EzecCodeModule () DMFRIZA - 72 name 2% sys.modules IZA -
TVW2LThH, AV R=PIEBRLEZEY 2 —L1id sys.modules IZFR D £H A, LD RTELIZE
Y a—)L% sys.modules ICHKTDIIBEMRTHD, ZOLXIREY 2—N%EAVKR=FFTEa—-FIZLoT
. BV 2 VDREDR O SRV (BY 2 — UEEDERD HANENIZIRED2 D LAKRWV) 25T,

EYa2—)D __spec__ ¥ __loader__ ﬁ)itaxﬁéﬁfb\faiﬁhbi YR EZINF T, spec
D B—X—=F EY2—10D __loader__ » (b LRESINTVII) ZHIHRES N, 5 TRITFNUI
SourceFileLoader DA ¥ AR ¥ AIZ§ ﬁé‘ ﬂi‘?‘o

EVa2—LD __file BHEFI—FFTV 7 +D co_filename "\FHEINFT T, d LEVIRIBEEIZ
__cached__ "bHEINFET,

OB, TTRA VER=—PINTVEEY 2 —LOBEIFHe— FETVET, BENWICEY 2—L
DHET— F%1T5 7T PyImport_ReloadModule() B L TL EE W,

name %3 package.module JERD F v MK TH o HE. RSN TVIRV Sy F— ISR Z
DERINBOEFICRD 5,

PyImport_EzecCodeModuleExz() ¥ PyImport_EzecCodeModuleWithPathnames() ZRL T 2 &
W,

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)

Return value: New reference. PyImport_EzecCodeModule () EALTTWETH, pathname » NULL TR
WIBBICEY 2=V A7 Y27 b __file__ BMIZ pathname DREEZI N2 PR ZD £3,

PyImport_EzecCodeModulelWithPathnames () HBHL T ZE W,

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,

PyObject* PyImport_ExecCodeModuleWithPathnames(const char *name, PyObject

PyObject *cpathname)
Return value: New reference. PyImport_EzecCodeModuleEx() ¥ lTWE 323, cpathname 75 NULL

TRWHEBIKEY 2—NVA 7P 22 +D __cached__ JEMHIC cpathname BREINZ mPERDET, Z
o0 3 ODEBDI L, ZOMBOBHIEE LVTT,

N— a v 3.3 TEM.

*co, const

char *pathname, const char *cpathname)
Return value: New reference. PyImport_EzecCodeModuleObject () M TWE T D, name & path-

name. cpathname 7 UTF-8 TL Y a— RENLXFHITH 20058 D £, b L pathname 23 NULL
DFE. cpathname 75, pathname €D X 5 BB EZNEPEZHIZHADREINE T,

N—a v 3.2 TEM.

N=T 3y 33 TEE: N[ +a—ROAAZRDBEZLNGEICDA imp.source_from_cache() 23 —
ANRZADFTHEICHERINE T,
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long PyImport_GetMagicNumber ()
Python X4 ba—FZ7 > AL (% .pyc 774N) DT v 7 F U N=2RLET, ¥T v 7 F U=
WAL PIA=F 77 A NDERIID 434 MIZ, UMLIZYT 47 UNA A =X —THNEZRETT, T
7 —D%EE -1 ZIRLET,

N—Tar 3.3 TEH: RBLAGEER -1 OEERLE T,

const char * PyImport_GetMagicTag()
<Py 7 RIXFH)E Python N4 ba—K7 >4 LD PEP 3147 74 —~<v FTIRLE T, sys.
implementation.cache_tag DENEHTE, 220 ZOMBORDLDIMHEHINETH S Z e 2 FIcmL
FL &S,

N—a v 3.2 TEM.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. €Y 2 —VEH D7D OFFE (\WbHW 5 sys.modules) ZiIRL 7,
COHERAVETVRILIZ—DRI DL ERBDOTHERL T LI W,

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. 52 bNT=ZHIDEICA VR — FMEADEY 2 —LEZRLET, TV a—
ADA Y HR= P ENTWIRP o781 NULL ZIRLE 32, =7 -3ty PLERA, EV 21— 10OM
RICKBL7HEIR NULL 2R L, =5 —%+tvy PLET,

N—Ya ¥ 3.7 TENM.

PyObject* PyImport_GetImporter (PyObject *path)

Return value: New reference. sys.path b L { 1% pkg.__path__ QEHETH 3 path ZAFF 270D
F7027  EERLET, BEICE > TiE sys.path_importer_cache HFENSLEE T2 ddH 0 F
T BLERLA TV bR F v v ¥ a SN TVRY -GG, path BRE2RRZ 7 v 7#%@%35 ¥
T sys.path_hooks #EAELE T, £D7 v 7% path BEELRZA R WVIEEI None ZIRLET; 24U
Y. path based finder 732 D path BEERMF 272004 7T =27 bDFOLNRIo72Z 8 %@Uﬂ:’:b
TLWRR ET, RENELNIA TP 2 % sys.path_importer_cache "F¥ vy v > al, A7V =
7 I NOFT B ZREELE T,

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. name W EZHID 7V —X (freeze) SNET 2 — L%k a—FLET,
BNT2E 1%, EYa—ADEODLRPoGEICE 0 &2, LA KRBL5E 230N 2 Y
FLT-1%Z2BLET, B—FIREINLIZEY 2= 7 78R T 5121E PyImport_ ImportModuZe() %
fioTLZE W, (Note ZDBBIINE X HDRMZIBAHTT — ZOBBIZEY 2 — A3 TiTA
—FENTW/2HYBR—RLTLEVET, )

N— ar 3.3 TEM.
N—=Tay 34 TEH: __file__  BHEEDIEI 2 -1ty PEINFERA,

int PyImport_ImportFrozenModule (const char *name)
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PyImport_ImportFrozenModuleObject () ¥ TWETH, name & UTF-8 TT Y a— K I/ XFF|
DR DT, Unicode A 7Y =7 b HEHT2RBERD T,

struct _frozen

freeze 1—T A VT ADPERTE2 L5 T7V—RMLEI 2 — LT RZ ) T RXROMERMERTT,
(Python ¥V — ZAECAAYID Tools/freeze/ #BML T ZE\WV) Z DMEEIRDERIL Include/import.h
KHH, LTDEI IR >THET:

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

};

const struct _ frozen* PyImport_FrozenModules

ZDRA Y RIE struct _frozen DL A — R0 D, HIEHOEZLED X VA NULL ERIZR > T3
IO R EET IOt EnE T, 7V —XENEET2a—LEAL VR-ITHEE, ZOT—TL%E
BMRLET, y— FR=FT 4 -Da— Fh 6 ZORS Y RIEHT Z#E LT, BiicERIhz7 Y — XMk
EV2-NVOEEGERMT LI TEET,

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

HFEOHAAAES 2 — VT —TNICHE—DEY 22— LEBMLET, ZOBBIFIELEEZENE L
PyImport_EzxtendInittab() D7 v X—BT, 7—7ADPBRTERVE F1E -1 ZRLE T, ¥k
REY 2—UE name TA Y KR—FTE, mINA VKR — P EIRAZIBIFOCH I 2% LT nitfunc
PHWET, Py_Initialize() & D DANCHIH I RFIUIRD FHA,

struct _inittab

HAAAEY 2 =LY X FHNO—DDLY M) 2k L TWARHEART T, VA FADEMERITIE, 1~
X7 ZNHHABIAEN TNV B EY 2 — VO & PR EE SN TWE T, Python AL &
ShkIur T rE, ZOREIRDES| Y PyImport_ExtendInittab () ZHAEOE T, BIDHAAA
TV a2 ERRHTEE T, HIEAKIE Include/import . h TUTD X S IKERINTVET:

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

};

int PyImport_ExtendInittab(struct inittab *newtab)

MHARAAES 2 =D T — TN —BHOEI 2 —LEBMLET, B newtab & name 7 4 —IL K23
NULL {2722 TW 3t ¥ FFI)b (sentinel) T b U THIGZ N TWIRITNUIZRD R A, LY FHXVEERS
ZABNBPoRHEITERAEVERIIERIDPD LNERTA, BT 5L 0%, AT -7V 2k 20D
WA RBRAEY ZHRTERD - BEIE -1 ZIRLE T, BEPEBLGE. Y 2 —WE—YINEL
T MTBMENER A, Py Initialize() & D DAHCEIHE RIFIRD FH A,

Python 2EREIWIHIL X N 23585, Pylmport AppendInittab () F721& PyImport EztendInittab()
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. 22RO LORNCF O SN2 BEH D $5,

6.5 7—4%%{t (data marshalling) O HR— k

TN —F Y BiE, marshal Y 2 — Ve RILEREH - B A 7P 27 bk Ca— Rz k51
LS, BINLEA T — &2 2ZE 2B IBBUCIZ T, T—XE2RARTHERDI D 3, BIllbanr5—x%
AT B 7 7 A NEIANAL F U E— FTHLAOTOWRIFNUIZD 8 A,

BUEIZ B ITDFEIT K B X5 IS £ T,

CDEY2—=NTIE, 320DN=Ya D7 —ZFREeHR—FLTVWET, X=Ta ¥y 03RO H DT, N—
Yary 1l interm (SN FHNZET7 7 A NVHNTHEL, #Hiv—> v fLoRicdEAINL LS5 1CLE T,
N—=Ta v 2& FE/NGSEBICHLTANLF Y 7 —<y b EFFALE T, Py_MARSHAL_VERSION (ZIHTED
N=Pay (N—Yar2) BRLET,

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
long BIDEHUE value % file NEFL L F5, ZOBEIE value DTHT 32 By M EFHXALZITTT,
24T 4 7D long Y 4 RITIBEHI L EH Ao version 1 $7 7 AV 7 +—<v bERLET,

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)
Python 7Y =2 b value % file NBHHL L £ 3, version &7 7 A V74 —<v bERLET,

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. value DFEHFULRIIM A 07234 FA TS =7 b &R LUE T, version I
T77ANT =<y PERLET,

DUTF 0Bz S v BIL SN fEZ FARE X7,

long PyMarshal_ReadLongFromFile (FILE *file)
Return a C long from the data stream in a FILE* opened for reading. Only a 32-bit value can be

read in using this function, regardless of the native size of long.
T 7 —DWE, WY EIS (EOFError) Z&EL -1 ZRLE T,

int PyMarshal_ReadShortFromFile (FILE *file)
Return a C short from the data stream in a FILE* opened for reading. Only a 16-bit value can be

read in using this function, regardless of the native size of short.

T —DWE, WY EIS (EOFError) 2 EL -1 ZERELE T,
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PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for

reading.
T —DHAE, #Y)7fS (EOFError, ValueError, exc: TypeError) % #%E L NULL %R L £73,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for
reading. Unlike PyMarshal_ReadObjectFromFile (), this function assumes that no further objects will
be read from the file, allowing it to aggressively load file data into memory so that the de-serialization
can operate from data in memory rather than reading a byte at a time from the file. Only use these

variant if you are certain that you won’t be reading anything else from the file.
T —DHAE, #Y)2F5 (EOFError, ValueError, exc: TypeError) %% E L NULL %R L £73,

PyObject* PyMarshal_ReadObjectFromString(const char *data, Py ssize t len)
Return value: New reference. data 233673 len XA bDAAL RN 77 NDTF =R X MY =405
Python A7 =27 F2IRL £7,

7 —DHAE, #Y)2FA (EOFError, ValueError, exc: TypeError) % &% E L NULL %R L £73,

6.6 5NN EIEDIBE

Ih o DBBIZME OIIREY 2 —VHOBKP XY v F2fFRT 2 BICEA T3, 3 LWIFRS AN
extending-index IZH D £,

ROUIWCHET 2 3 oMM Pydrg ParseTuple(), PyArg_ParseTupleAndKeywords(), B X O
Pydrg_Parse() ZW3ihd BRXXFEY (format string) ZHENE T, FRXCFINE, BEIZ IS ET
DI T 2 THIMERZ2DICHVWSONE T, WTAORBICE T 2 FE A FHD, RLERZE>TVE T,

6.6.1 5|B =93

EFHNE, EufFEizidznll bo 7 FHRXEAL (format unit)” 25K D LHF 3, 1 DOFXHEE 1 2D
Python A 7Y =27 2R L F9; @HIZE DXy, HFXEMD 5725 TN EHIITH - 72 D% h £75,
st e LT, FRINTHODA TWARWERBN SCFIBHE—DO 7 F L AGBUTHIGT 2 HBER WL 20H D £3, MU
TOFHMATE, FIHFOOWEERIIE RN TS () FHINTH - 2873 EFXBATHISS 5 Python O A 7
Yz MITT; (A #ENIMEEZ 7 FLRELTABICHS C oZBITT,
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XFEH Ny T 7

UTD7 4 ==y NEA TPz MTEHBLIZXEVF ¥ 27 LTT7 7R TH20DDbDTT, RENSD
unicode % bytes D7zDICEDRA ML —YEHAET 2RI D A,

—RIZ, 7A=Y MR T IZRA VR EEY FTERE. FONY 7 73X % Python 7Y =7 b
WEDBHIN, Ny 7732047027 DA 7R 0% HEFLET, HOHETXEY 2T 208X
HHERA, ZOHIFNI., es, es#, et, et# I TT,

7272 L. Py buffer MERICHKMHINTNYy 77y —ldny 23T, MOHLEIEZZD NNy 77 —%
Py_BEGIN_ALLOW_ THREADS 7R v 7N T%, mutable K7 — ZBWEINTD VAL XS TEY RS
BLICHHT 22N TEET, Z20O2DDIT, 207 —XIINT UKD - 755 (B L LR IcH
Wi L7-358) 12id 9 PyBuffer Release() ZFHIRITIUIRD 8 A,

FRICEREINTORWES, Ny 77 —13 NUL BIEX A TOWER A,

W ODPD T =<y MIFAABERD bytes-like T b ZREE L. Ny 7 7 BEEORb D icKRA
Rty FLET, ThHIE A TP =P MD PyBufferProcs.bf_releasebuffer 7 4 —/L KA NULL TH
5Zr%kF v LTEIEET, ZHi bytearray REDEFEAREL 7V = 7 2L L F T,

AR 2To#BOT7r—<v b (s#, y#, RE) WBWT, length 518 DE (int % Py_ssize_t) i Python.
h % include ¥ 2 Hi{iC PY_SSIZE_T_CLEAN ¥ 7 0% EHRIT 2L THIML X3, 7 adERINTVWEE
A length (& int BTIEMR < Py_ssize t BT D $F, ZOZEEHIRKD Python N— a Y TEEI N,
Py _ssize_t DAPYR—FEINT int WGP R—- b IR BRBTL x5, HIZ PY_SSIZE_T_CLEAN ZE#HKL
72IESDBRWTT,

s (str) [const char *] Unicode # 7Y =2 &, ¥ ¥ 727 XAXFH%ed C DKRA Y RITEMLE T, ¥ 7
7 ZBRA Y REROT FLAZET &, TTIRIHEL TV B XTFIINDHRA ¥ X% Z DERUTAIRL X
Fo C XFFE NUL THRIFX N TWE S, Python ODXFHANZ, null 22— FRA ¥ FRHFICHEDAE
NTWTERED FEA; d LEDATATONIL ValueError A %% L E 3, Unicode £ 7Y =2 +
3 'utf-8' EffioT C FINEMEINE T, ZHUTKMT 2 £ UnicodeError ZiAMH L £3,

AR: ZD 7+ —<v M bytes-like objects W HR—bPLEVA, 77 A NI AT LNRAZRZIFE->T C
BEBOXFINIEB L 72 0WIBEE, 08 7+ —< v b, converter I PyUnicode_FSConverter() Z18/E
LTHIHT 2t BRWTT,

N— a ¥y 3.5 TEE: METE Python XFFNZ null 2 —FRA ¥ M BEDAFATWARE 22
TypeError ZXHH L TWE L7,

s* (str F7:Id bytes-like object) [Py_buffer] Z®dD 7 —~<v M& Unicode 7Y =7 + & bytes-like object
BT MU LT, SNz Py buffer MEHRIMEZML £3, RO C XFFE NUL
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NA T 2ELhH LNERA, Unicode £ 7Y 22 M 'utf-8' =T a—7 4 ¥ 27T C XFEINTEHX
nxd,

s# (str, Hia LER® bytes-like object) [const char *, int or Py_ssize_t] s* &[AU T3 A%, mutable 724
TVl MEZTWMD A, HRIZ2 00 CEBIHENENE T, 1 2BIX C XFHADKRA ¥ X —T,
2O0HIEZFDREITY, ZUTM-7FFNE null N4 F2EL2H LAER A, Unicode 7Y =7 M
lutf-8' T a—7 4 Y7 RAMMLT C XIS N E T,

z (str F¥7cId None) [const char *¥] s IZBITWEF2, Python 72 = 2 Md None T K< ZDHFEITIE
C DFRA Y ZIZNULL ity P ENET,

* (str, bytes-like object &Tcl& None) [Py_buffer] sx X[A U T3 A, Python ® None 7> =7 +&3ZITH
B5ZEMWTEET, ZOBE. Py_buffer BEHRD buf X ¥ 8N—IF NULL 122D £3,

z# (str, S LERAD bytes-like object F71zId None) [const char *, int or Py_ssize_t] s# BTV E T
A3, Python 472 x7 MiE None TH k<. ZOHAIWIE C DRA Y ZIE NULL Ity FXNET,

y (A LER® bytes-like object) [const char ¥]  Z® 7 + —< v hi& bytes-like object % ¥ ¥ 7 7 X 75
I3 C DORA Y RICEHL £F; Unicode 7Y 27 b EZIITITEH A, N4 b Ny 7 71F null N4
FEELRETIED D ¥ A; null N FE2EFLEEE ValueError FISb 2R L ¥ 9,

N—Ya v 3.5 TEH: L& bytes Ny 7 7 IZX U NA MHEDIAEN T W2 L FIZ TypeError % %EH

* (bytes-like object) [Py_buffer] sx OZE T, Unicode 7Y =7 + %13 F1F 3. bytes-like object O &A%
ZINTET, N FVT—R2E2Z2FFFTZENICIE. COT+—I v b 2FESC2HRELEXY,

# (A LERD bytes-like object) [const char *, int or Py_ssize_t] s# OZE T, Unicode 7Y =2 b
2T T, bytes-like object 72 B Z T £ 3,

S (bytes) [PyBytesObject *] Python 7Y x 27 b2 LT, bytes A 73 =7 bEERL, WhREZEHEHITH
FHA, A 7T =7 M bytes A 7Y =2 M TRIFAUI, TypeError ZiXH L %3, C 283 PyObject*
CEELTHHOEY A,

Y (bytearray) [PyByteArrayObject *] Python * 7Y =2 b & LT bytearray 73 =27 M2 ERL, L
RAEBEBBBIRVERA, LA T =7 MDY bytearray THIFIUZ, TypeError ZiEHL FF, C &
X PyOvject* ¥ LTES L THMVWER A

u (str) [const Py_UNICODE *] Python Unicode * 7Y = 2 + % NUL #4fi & 117z Unicode SLF Ny 7 7 A\D
KAV RICEWL F 3, Py UNICODE KA ¥V REBADT7 RLAEZEXRITNUERLT, ZO7 FLRK
1#1£ 3 % Unicode Ny 7 7 ANDRA ¥ XA I N E T, Py_UNICODE XF DA MElka v vt
V(16 2721232 By MDY B &) IfklET 5 & u:?‘feﬂ,f {723\, Python XFFiE null 2—

FRA VP EEATIERD FHA; null 2— FRA ¥ b 2ELEE. ValueError A EH XN E T,

N— a ¥ 3.5 TEHE: MUETE Python XFFNZ null 2= FRA ¥ M EDAFATVWARE 22
TypeError ZXHH L TWE L7,
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Deprecated since version 3.3, will be removed in version 3.12: WA X A )LD Py UNICODE API ®—
H8C¥, PyUnicode_AsWideCharString () BT 2 L5 TBITL T E W,

u# (str) [const Py_UNICODE *, int £7zl& Py_ssize_t] AU u ODNY T —> 3 ¥ T, {HE ZDODEEICH
BLET, —2HOZEHKIX Unicode 7—Z NNy 7 7 ADKRA X T, ZOHIFZDODEEXTT, ZO7 +—
<y MEnull a-FRA VI EELIePTEET,

Deprecated since version 3.3, will be removed in version 3.12: WA X A )LD Py UNICODE API ®—
BB T3, PyUnicode_AsWideCharString () ZfH$ 2 K5 TBITLTLZE W,

Z (str F£7:I3 None) [const Py_UNICODE *] u il TWE 35, Python #7372 MJ None TH K<, %
DELFEZIE Py_UNICODE KA > R NULL 2ty P ENFE T,

Deprecated since version 3.3, will be removed in version 3.12: #iW\WRA X A )LD Py UNICODE API O—
#8 T3, PyUnicode_AsWideCharString() ZMHT 2 X5 ITBITL T Z W,

Z# (str £7clF None) [const Py_UNICODE *, int ¥7cl& Py_ssize_t] u# IZBITWE T, Python A 7 =
27 F& None T3 K<, ZDHFEITIE Py_UNICODE HEA ¥R NULL ity hEAET,

Deprecated since version 3.3, will be removed in version 3.12: WA X A )LD Py UNICODE API ®—
#8 T3 PyUnicode_AsWideCharString() ZMHT 2 X5 ITBITL T X W,

U (str) [PyObject *] Python * 7> =27 + & LT Unicode # 7Y =27 bRERL, WRIEWMBITOEEA,
A7 =7 +» Unicode 7Y =7 P TRERWEE, TypeError 2N ENE T, C AR PyObject*
ELTESLTHHOERA,

wk (FAZIAIBER bytes-like object) [Py_buffer] Zd 7 +—<v M, #iAaZEZA[HER buffer interface %%
LA 7O bR T ET, MU LT, XNz Py_buffer BEHRICMEZIEML £, Ny
77 null N FEEL2H LT, MEHLITENY 7 7 Z0i&bD 572 & PyBuffer Release() %
MECH X Ui h 28 A,

es (str) [const char *encoding, char **buffer] Z#Ud s DZ(LIET. Unicode & ¥ ¥ 7 7 XNy 7 7122
A= FF27DICHVENET, NUL N MDA FNTORWT =X TOLEEL 7,

ZOFEARWEZOD5I BBV ETT, —2BHIERANCOAHAVWSH, NUL THImIh oy a— FHALF
H|%$63 const charx B FE 71X, 'utf-8' AfHbNE I HRT NULL THRITIINUIRD ¥ A, fHEL
o> a— F&% Python DEFTERWHEIIFINZEZHL £9, F_05180E char** TRIFHIL
BROFERA; ZOFEDPBRLTVE RS Y XOMHEIE, SIEIIEELZTFAMDABB ATy 7 7
DERA VRIZKRDET, 7TFAMIBRWOFIEHEE Lk ya—- AR Ty a - FENET,

Pydrg_ParseTuple() Z{fi5 & BERY A XDy 77 MR L, ZONy 77y a— REDT—
Xz abt—LT, *buffer B2 ORI N REHEBZIET I OICEE LT, PO LANRZIE, T
RaENny 7 7 BV 5 721812 PyMem_Free() TS 2 BENHH 5,

et (str, bytes 7zl bytearray) [const char *encoding, char **buffer] es ERIUTT, 7272 L. NA M XF
HIATY 27 bexya— FLESFTIELET, 2obD, BETENS P XFHNA T =27 b3R5
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AR LIy a—FEFoTW2EHDEREL 7,

es# (str) [const char *encoding, char **buffer, int &7zl Py_ssize_t *buffer_length] s# OZALE T, Uni-
code X ¥ 77 XNy 77122 a=FF5DICHOLNET, es HFXiE-T. ZOZEFIIAA T
PHDAEFNTOTHIDLEVEE A,

ZOERCBE =205 PV ETT, —2HBANCOAHWSA, NUL TSRz a— REXXF
Y% 463 const char* f7% NULL THRIFIUIR D £ A, NULL DA 'utf-8' ZHVE T, fHEL
o> a— F4&% Python DEFTERWHEIIFINZEHL £9, FZ05180E char*x TRIFHUI
BROFERA; ZOFEDPSBRLTVE RS Y XOMEIE, SIBIEELZTFAMDABB ATz Ny 7 7
DRA Y RIZKRDET, 7FAMIBRMOGIFIHEE Lz ya—- AR T ya—-FEnEd, =05l
BUIBHAD KA YR TRHRITNUIRD FHRA; KA YV EBPSBIRLU TV EBBOEIEZH Iy 7 7 ADNAL b
Bizty hEhET,

ZOERONMHEIZIZZODE— FBHH F3:

*huffer A5 NULL KA ¥ REELTWBIGEA, BRIIBERY A XDy 7 7 RHERL, ZONy 7 71T
Ya—REDT—R%EaV— LT, *buffer BT ORI NZEEEBRERETLOIEEL T,
CH LRI, BRI NNy 7 7 20D o 721812 PyMem_Free() TR 2BEDRH D F3,

*buffer 23IE NULL DR A ¥ & (TTRAEVHERFEADO NNy 7 7) L TV 35 A,
PyArg_ParseTuple() IZZ DX EVHMBEZE Ny 7 7 & LTHW, *buffer_length OHIAEZ Ny 7 7
HFA X LTHWETS, PyArg ParseTuple 1IR3 — READT—XE Ny 77122 —1L T,
NUL T L 9, Ny 77 ORZFZIED RIFHUS ValueError 23ty P E T,

EELOHBED. *buffer length 13D NUL N4 b2 EERVWT Y- FEAT—XDOEZIZEY b
INET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, int £7=I& Py_ssize_t *buffer_length]
es# LAILTT, 7L, N MFHNA TV 27 b2 ya—FLESTRELEY, 2ofbb, 5
TREANA PXFINA TS 27 IPNRTGARZE Ly a— FEfoT0W2HDERELET,

#®
b (int) [unsigned char] Python OIFEDEEE %, C D unsigned char BO/NX RFFEMUBEICENL £3,

B (int) [unsigned char] Python 0¥ %, & —NI7n—F =z v 7%2iTHFIZ. C ® unsigned char D/
RRRIERMUE T,

h (int) [short int] Python O¥%%Z, C ® short int BUTEHL £7,

H (int) [unsigned short int] Python OBz, A —~"70—F v 7 %{THFIZ. C D unsigned short int
BNCZEBUE T,

i (int) [int] Python 0¥ %, C @ int BUTEHL £7,
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I (int) [unsigned int] Python O %, +—n"T70—F v 727D T, C ® unsigned int BUTEHL
S

1 (int) [long int] Python ¥ %, C @ long int ANIZEIRL %5,

k (int) [unsigned long] Python Oz, A —"T7n—F v 7 %1T7HFIZ. C D unsigned long BUIZH
LE9,

L (int) [long long] Python @ int % C long long ~ZH13 %,

K (int) [unsigned long long] Python ® int % C unsigned long long N4 — N—7 B —OHiR% & 3£ #
ERS

n (int) [Py_ssize_t] Python O % C D Py_ssize t BIIEHL 7,

c (RE 1 D, bytes £zl bytearray) [char] £& 1 O bytes ¥£71d bytearray 7 7 =7 & LTHH
XN T3 Python N4 +% C @ char BUZEHL £5,

N—Y a v 3.3 TEHE: bytearray U132 L5k D F L7

C(RT 1D str)fint] BT 1DstrA7Yz27 e LTREEINTWS Python ¥ ¥ 727 %% C O int BUC
ZHLE T,

f (float) [float] Python OFEI/NMIFA%Z, C D float BUTEHL 5,
d (float) [double] Python OEFEI/NERIZ, C D double BUTZEHL £7,

D (complex) [Py_complex] Python O#EZREI %, C O Py_complex MEMRICEIL $7,

ZOMOF I o b

0 (object) [PyObject *] Python A7 =2 b % (—YIE#HZITHIIZ) C D Python 7Y =2 MRS V&
WRELET, ZHhICED, Coul 03 EEDA T2 bV EZFELINET, A 7227 bOS|
AT NI ERA. REINDIRA VXM NULL IHRZZ2EH D FHA,

0! (object) [typeobject, PyObject *] Python 7Y =2 +% C @ Python A 7Y =7 MIRA V ZIREFEL %
Fo 0 KBTWETH, Z2oD C D58Er h E3: —oHD5HUX Python OBIA TV 227 bADT ¥
VAT, ZOHDOFHBEBA T 27 PADRA VAP RIFEINT VWS (PyObject* D) C DEKADT K
L AT3, Python A 7Y =2 FHHEE LBITIERWES. TypeError ZiEH L E T,

0& (object) [converter, anything] Python * 7> =2 t% converter BT LT C DEBUCEIR L £5, —
D05 %3 —OHBEEKT., ZoHE (FEOED) C ZHADT FL A% void * BUIZEHL
b DTT, converter IZATD XL THUIHEINET:

status = converter(object, address);
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Z 2T object W 3ZEHIRD Python 7Y =7 T, address 1& PyArg_Parse*() I L7z void* BD
ST, RO status EEHUTEII L2 1, RIRL 72581213 0 12k ) £3, Bk L 7254,
converter BIEUIE address DINEZZE RS ITHMN 2R L L2 TERD FH A

% L converter 5% Py_CLEANUP_SUPPORTED %3R3 ¥, IO =AM KRB LBRIZ, arN—&k—%3
S—EMUH L, T TREDYTAEXAEYEHMT2F vy A% 52 %3, ZEHOMUH LTI object
5180 NULL 1272 D, address 3RO L R UEICR D £5,

N—Y a ¥ 3.1 TZH: Py_CLEANUP_SUPPORTED DB/,

p (bool) [int] EME2RD 5N 5T (a boolean predicate) I XN ifEHZHIE L. £ DOREREE(Z C O
true/false BEEMEICEIL L T, & LRADPERS int 11 1 25, Bkd 0 BPREINET, ZOBEEKIIT
BEOFR Python EZ 32T £ 3, Python BMEDEMZ £ D X 5I1HE T 2 02 H D /213U, truth
ZZRLUTIEE W,

N— ar 3.3 TEM.

(items) (tuple) [matching-items| # 7Y =2 MJ items IZA > T3 EHERFN OEZ T D E X %2F5D Python
D= YATRITRIFUIRD £8A, & C51EUE items NOH &2 OFXHAL ST 221U
DEEA, =7 Y AOEFERBAIFIANTFHEICTE LT,

PR BE (7T P 74— 240 LONG_MAX A 2EORE) ZETDEARETT; Ly LA 6, B ER
Fryv ZI3EoRAITONERA — HEZZUIWMB72DD 7 4 =L K2, HETEZRTWIIINETE 548,
kHfovy MEIEROS bV EEDonE T (EEOL A, 20wy T4 7 RE COXYYF X AT
(downcast) 2 HHMAL TVWET - ZORBIRIAZNEZNLS LILEEAD),

Zofth, EXXFINCBVWTEREZROXFPNL D05 D 3, 25 DXXFIEFEIMNC X 2 AN FICIIE R %
HA, UTEIX7FERLET:

| Python 518tV 2 T, ZOXFLUEDSIEMNA TS a > THE I ERLET, 7Y a »O51HITx
535 C OERBIIT 7 40 FOETHHIL L TEPRIFIUIR D FHA - AT a Y O5HPERKRI I
7o, PyArg_ParseTuple() 3AIGT 2 C ZHONEZFEZMAEE A,

$ PyArg_ParseTupleAndKeywords () TODALHAIRE: #%#tD Python 5[EH» ¥ -V - NYEfTHLZ L %
ALET, BUIE, IRTOF—V— FEHFEBMEREDTIBTRINIRS T, 2070 7+—<v M
FHHD | 1FFEIZ $ X DANCHRESINRITNUIRD F¥ A,

N—ar 3.3 TEM.

COXFnH B e, ERBMOLRIZZ I TEROD £9; an Y DEOXFINE, £7—Xvt—JiTBl
% BAE (PyArg_ParseTuple () H3EHIS 2 B8t 7 fHEMHE (associated value)”) & L TbIE T,

; COXFNH B, EXRBPMOGLNIZZ I TROD T, LI anYREOFINE, 77+ 15—
Avt—U% BERRAD 27— Avt—Yr L THDOAET, : & ; BHALCHMONFTT,

U LANCR SN 23 7Y 2 7 PAOZBIIZTRT f8A S (borrowed reference) 12720 $3; ThodF
T2 YDOBWAY Y T 7YX PLTIERD FEA!
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PUT o BEEz I 3 #iBh 518 (additional argument) (&, HRXFHNDLHREENBZBIAND T F L ATRIFIR
DEVA; fPEIBUCHEE LT FLRIE, ATA0H ANNENTAG2RET 272DV ES, LoFLHAMLD
VA MTHALZ LS, MBEEz AJEE LTES BEP WL 225D £7; 205G, MibT 2 FHXHEMAO
BETAHERUHES K LRITFIUIRD FEA,

ZHZIEL AT DI, arg A7V =7 PREFALFI—BLRITNUIR ST 2 0oF AN FHAL

WETEPASZ X LRITIUIRD FRA. BMINT 5 L. Pydrg Parsex() FBRIIEZIRL £, ZhllHo

BEIMBER L, WY REINEEHL £3, HEREMO E L OEEKBUT X D Pydrg_Parsex () KR 72
e, RBUZERBASHET 27 FLRE ZhDED 7 RLAONBFREEI N E R A,

API| Ba%

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
MELIEBDAZLBITL 2D T X R BN LT, O —ANVRBREBIZEHRLES, KNT2HEIRL
F9, KM 2 e BeiR L., WEYREISZEL LT,

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)

PyArg_ParseTuple() LEUCTIH, AIEROGIETIER L va_list Z51EUCE D £3,

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

words|], ...)
ES B % —v— F5BOMEZ 2 EED5 1 MEBRL £3. keywords 5% NULL THIigS iz

F—U— FHOEHTT, ZOHANE MEFHSIH 2/ RLET, BILEGE. ERRLET, KMLE
BB ER L, EYIREANEEHL T,

N—Yar 3.6 TEH: (MEFRSIE ZEIL =,

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

words[], va_list vargs)
PyArg_ParseTupleAndKeywords () ¥R TT D, AIERDGIETIZZ < va_list Z5[Eize D £,

int PyArg_ValidateKeywordArguments (PyObject *)
FoU VPGB MLAEHEFEOX - XFINTHE2 I 2HRLETI. ZOMKR
PyArg_ParseTupledndKeywords () ZEA LR WVWE ZIZOAMET, ZOHEMHIZEBRE OBEKIEFEED
F v 7 RFEMT 27D TT,

N—a v 3.2 TEM.

int PyArg_Parse (PyObject *args, const char *format, ...)
THRZ AL OBIBICET 251500 2 M 2T 270N 3BT — IHRA XA L OBEEIE, 5l
BRI F7%12. Python 3 THIFR X #7= METH_OLDARGS ZfHWE ¥, HiIcELNL I — FTDORTI XX
R Z OB DO EHIIRED 5 d | DA Y X TV XICBF 213 A LD a— KRS58 RD
eI Z OB HDIRNE S ICEEFATT, ZOBKMZELTWLDIE, ZOBIBAMMKRA L LToIEIL
NDORTNVEFHT 2 ETEFE2HTTD. ZOENCBWTIIREEL b0 20 LOLERA,
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int PyArg_UnpackTuple (PyObject *args, const char

*name, Py _ssize t min, Py ssize t maz, ...)

T X —ZEF R EHIC LB T, 5O RIEET 2 HE TN EHVEL A, X7 X XDEIRFIZZD
FiEEMESBEEE. BREST— 7., £2E3XY v FEST—7VINT METH _VARARGS ¥ LTEE L%
FAUIR D FV A EEIBDA 72X TNIE args ITELET; 2OXRTINVEIARED XTI TRIFIIRD
FHA RTNOEZIDHRL LD min T, maz ZBIATERD FXA; min & mar PFELLTIHhE
WERA, fiBEIEEBERICE I RITNUIR 5T, BRBEIELE Pyobjectx BEADKRA ¥ 2 TRIFIUI
hFHA; 0o OMMBIGIEICIE, args DEBRAD £F; HOSRIXMEASIRTIT, A 7> a2 D87 R
ZITHIET BERD S B, args ITHEE L TVWRWDDIZIZEAAD THA; FFOH LEANZZH S D ZHIH
LLTBIPRINIRD FHA, ZOBBUIRINT 2 L EZR L. args D3R TILTRWEECRHIE - 728
DEEPA>TOVEHAIBEERLET; MAorORBMES GE N ELY FLET,

ZOBEBOFERBIZETICORLET, 20X, 59BBD7ZHD _weakref fiI€Y 2 —lDY —Ra—
FroHEokdbDTT:

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;

Z DB B Pydrg_UnpackTuple () PR LI, Pydrg_ParseTuple() 2o 72 ATOMUHL &
AT

PyArg_ParseTuple(args, "0|0:ref", &object, &callback)

6.6.2 {EDIER

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

Return value: New reference. PyArg_Parsex() 7 7 IV OBBDZITES O 2 M7-TEROE X FEIIEB
K OMEFNCHDNT, FlBEEERLET, FRLEEEZRLET, T7—DEEICIE NULL 2R L ¥ 7,
NULL ZR§85a. Bt zeXtt 35Tl x5,

Py_BuildValue () WEHICX TNVEERT 2 LIIRD A, ZOBEBBE I VEERT 2D1E, HEXF
N oD EOEXHAAA > TWVWB e ERFTT, HFRLFEIIHZEDEE None %R L F3; FHAHALA
B —D72 T Ao TR IE, EXEMNTHEESNTWAAIL2DOA TV 27 NAZIRLE T, 4 X
AEER 1 DX INERT & 55T 212, FIcHEbAZERA XTI 2 VE T,
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HHRE s R st DHEDLSIC, ATV 27 FeMETIRRCT -2 2 MG T 27D XEY NNy 7 7%
NRIAR LTETHRIE, #BELLT—Xidav—EhET, Py_BuildValue() DVER LA T =
7 ME, BMUHUHAIDRE LNy 77 2R U TSR LUERA, AIOFVAZTHUL mallocO) ZFEUH
LTXEY ZMRL. Z0% Py _BuildValue() WK L5HE. 2 — FNT Py_BuildValue() iR o 7
%T free() ZMUHMITHENDHZ VWS Z 2 TT,

DI o TiE. sIAfFo D WERIFEXRMTT; (1) ?ﬁ%ﬂlf‘of:%ﬁ%bi%ﬁiﬁiﬁﬂ? Python @
F7Y =7 MUTT; (] FHINIBERICE S EHD C 2T

HXLFFNINTIE, (s#t DL BRERBMZHRVT) A=, &7, aunrBifarvidEHsni s,
oD TS b, ROWERTFINEDL ko L EFHAR T TEET,

s (str 7zl& None) [const char *] null i 7z C XFFN %, 'utf-8' Ty a—7 4 ¥ 7 2HWT,
Python str #7227 MIEMLE T, dL C XFFIRA ¥ X5 NULL DA, None 127D F3,

s# (str 7zl None) [const char *, int £7zld Py_ssize_t] C XFHe ZDEI% 'utf-8' = a—
T4 ¥ 7 %ffioT Python str #7327 MIEWL 3, C XFHIKRA ¥ &H NULL DG, K
R X4, None 1272 D £55

y (bytes) [const char ¥] C XXF%% Python bytes A 7Y =27 MIEFLE T, b L C XFHIKRA V&
A3 NULL 72572355, None ZIBL %9,

y# (bytes) [const char *, int £7zl& Py_ssize_t] Zﬂ&i C XFHe ZDEEH 5 Python A 7Y =2
MIZEHBLE T, CXFHIRA ¥ &H NULL OGS, RSIIMH S None 122D £3,

z (str F7=I3 None) [const char *] s X[RAUTT,
z# (str X7cI3 None) [const char *, int £7cld Py_ssize_t] s# LRUTT,

u (str) [const wchar_t *] null #4f X417z Unicode (UTF-16 ¥ 7z1% UCS-4) 7 — & ® wchar_t Ny
7 7 75 Python Unicode 7Y =7 MZEH¥LL £F, Unicode Ny 7 7 R4 > XA NULL DIFA.
None 272D (9,

u# (str) [const wechar_t *, int &7zld Py_ssize_t] Unicode (UTF-16 % 7:1& UCS-4) 77— X DN v
7 7 ZDEZ 5 Python Unicode 7Y =27 MIZEH#EL £9, Unicode 2Ny 7 7 5K 4 > &% NULL
A BEXIIEA XN None 1272 D £55,

U (str F7cl& None) [const char *] s &R U TY,

U# (str F7cl& None) [const char *, int ¥7cld Py_ssize_t] s# LFE LTI,

i (int) [int] @EH D C @ int % Python OBEA 7V = 7 MTEBL £ 7,

b (int) [char] EH D C @ char % Python OFEA TV = 7 MIEHL £F,

h (int) [short int] HHED C @ short int % Python O A 7Y =7 MTEHL %7,

1 (int) [long int] C @ long int % Python O ATV = 7 MTEWL £5,

6.6.
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B (int) [unsigned char] C ® unsigned char % Python O A 7Y = 7 MTEWL £73,

H (int) [unsigned short int] C @ unsigned short int % Python QA 7Y = MIZEHL %5,
I (int) [unsigned int] C @ unsigned int % Python OB 7Y = 7 MIEHL £5,

k (int) [unsigned long] C @ unsigned long % Python O A 7P =27 MTEHL £,

L (int) [long long] C long long % Python @ int + 7Y = 7 bAZHT 3,

K (int) [unsigned long long] C unsigned long long % Python @ int 7Y =7 bAZLH#ET 2,

n (int) [Py_ssize_t] C D Py_ssize_t % Python OB A 7T = 7 MZEHL 7,

c (REH 1 D bytes) [char] NA FZ2ERTHED C D int Z. KX 1 ® Python ® bytes # 7> = 7
MTEBLE T,

C(RT 10D str) [int] XFZERTEHD C O int . £X 1 ® Python ® str A 7Y =7 MIEHL
S

d (float) [double] C @ double % Python OFBI/NIHRBICERL 75,
f (float) [float] C @ float % Python DIFEI/NERENCEML £7,
D (complex) [Py_complex *] C @ Py_complex Wi&fk% Python OEHRBANENL 5,

0 (object) [PyObject ¥] Python A 7> =2 b2FE2MATIKHELET (L L. ZRAIV > PE1 A
YIZURXYMLET), LA TV A NULL RA Y RDOGE, ZO5IBEERT 2 DIffio
7S PDOMETH UYL 2R 7DOMBRETH 2 IRELT, fitzLy FLET, MoTZD
¥ & Py BuildValue() I& NULL 2R L £ 3DHMIEH L E/ A, Bl Z EEH L T0RIFIUE
SystemError 2ty F L%,

S (object) [PyObject *] 0 [RU T,

N (object) [PyObject ¥] 0 &R TT, %2/l A7V =7 FOBRAV Y 2 A 7YXV FLERA,
ATz PPV AMNNDOE T2 bav R VI 7 RZRMUHLICE > TERIN TV ERIFEI
BT,

0& (object) [converter, anything] anything % converter %/t LT Python 7Y = 7 MIEHL ¥
T, ZOBEBUL anything (voidx ¥ HHIOBITRIFIUIRD FEA) Z5BIC L THEEHZ A, 7 ik
B ATY 2 M RIRT I RLZHEICIE NULL 23R T X5 LR 8 A,

(items) (tuple) [matching-items] C DfED 57555 %, [F U EEHZFD Python DX 7 N2
LEd,

[items] (1ist) [matching-items] C OED 7% 285%, [F CEELZ D Python ® VU R MIZEHL
9,
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{items} (dict) [matching-items] C DfE72>5 75 5FEH% Python OFFFICERL £, —HDRT 15
%% C OfER, ZhzhF—BIMMEL 2o THFICENE N E T,

HAXFINCETE2 L5 -2 % &, SystemError fl4t %+t » LT NULL 2R L £3,

PyObject* Py_VaBuildValue (const char *format, va_ list vargs)
Return value: New reference. Py_BuildValue() 2R U T, AIEREF DR D DIC va_list 2521
D %75,

6.7 XFFDEHRLENL

ezt e . HRXCTII A O 72 O BIEEE .

int Py0S_snprintf (char *str, size_t size, const char *format, ...)
FHISCFF format LBIMDGIED 5. size N4 2RI TN % str 1)) L %9, Unix man page
D snprintf(3) ZZMLTILI W,

int Py0S_vsnprintf (char *str, size_t size, const char *format, va_ list va)
EBRFH format L AIZERFIEY X b va 225, size NA P EREZRWFSE str i L EF, Unix
man page @ vsnprintf(3) ZZML T EE W,

Py0S_snprintf() & Py0S_vsnprintf() (3FHE C 5475V @ snprintf() & vsnprintf() Bz v 7
LET, ZOo0BBOBEMIE, CEES A 77 UMNRIEL TRV —F—F —XTOEELRIET 2 2 &
T,

The wrappers ensure that str[size-1] is always '\0' upon return. They never write more than size bytes
(including the trailing '\0") into str. Both functions require that str != NULL, size > 0 and format !=
NULL.

® L vsnprintf () ORWT T v b7 4 — LT, YIDIETEET 272D ELRNY 7 7% 4 XD size & 512 N
4 PO REIBELTWIUL, Python & Py_FatalError() T abort L3,

CNODOEBORIME (LFTE o b LET) BZUTOEKERL T

¢ 0 <= rv < size D& ¥, ZIMHINIMINL T, (HED strlrv] IZH2 '\0' ZFRVT) ro XFD str
W E T,

e TV >= size DX E, BHHNRBYUIDFED LN TED, HINT372DI2F v + 1 N4 BB ESF S22
*ERLET, strisize-1] X '\0' T,

e TV < 0 DX XWX, MPENIELIRIoKFTT, ZDHAETD strisize-1] X '\0' TIT. str O
ZFHLANDHDEIRERTT, =7 —DOEMRFREKIZT I v b7 4 — L MKFTT,

DUT o BI#U locale JHEAF 7870 & BUBAN D ZEHR ZATIR WV E T
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double Py0S_string_to_double (const char

*s, char **endptr, PyObject *overflow__exception)

XFH| s % double IZAMIL £3, KL /7-¥ &iX Python OfIANEREXEE T, ZITANLNE T
Fi&, Python @ float() T Y R b F 7 XMZIFIT 2 X FHNTHEIL L £ 553, s DFEHHE REICEAX
FHRDHoTRBELBNE VWS EDVRLD $F, ZOEBBBEDOR 7 —LVIKEFL EE A,

endptr A% NULL O848, ZHUISCFHNEERITH L TITObNE T, XFHIDWIE L WIFE NS ORI
o TWRWEAIX -1.0 23R LT ValueError ZRAEXHF T,

endptr 2% NULL CHEEWES, X% I RER#IFH CEA#L L T, *endptr ICHRHIDEIL X iz - 723 FA
DRA Y RERHLE T, XFFNDOEIITIE U WIFEI NI R ORI D 5 7255, *endptr % XFF
DIFEHEICERE LT, ValueError ZH#4 X8, -1.0 21 RL 7,

s 75 float IZKEHI L YT R WIZE KR EWEZRBE L TWEE, (BIZ13, "1e500" 132 DFF v 7 4 —
LTRBITEZEHA) overflow_exception 73 NULL 7 5 Py_HUGE_VAL \ZHEYIRFFEE(TIF TGRL 3,
fDI5E 1L overflow_exception 1& Python OfISNA 7T =2 7 bADKRA Y EZTRIFNIRLT. 20
BISNERAEZET -1.0 R LET, E55DHEATDH,. *endptr IIEFEHMINMEDOERDRY] D LF
ANDKRA Y RDPBESNET,

ZFhHN DL T =N TRAE L7256 (Bl 21E out-of-memory = 7 —), 5#Y)7 Python OHIF %2 FEE
LT-1.0 ZRLET,

N—a v 3.1 Tl

char* Py0S_double_to_string(double val, char format_code, int precision, int flags, int *ptype)

double wval ZIFE XN format_code, precision, flags \ZFHDNWTXFINELLL 3,

format_codel¥ 'e', 'E', '£', 'F', 'g", 'G", 'r' DN TRIFNUUIRD A, 'v' DIFE. precision
X0 TRITRERS T, EEINET, 'r' Tr—<v b a— FIZEED repr() 74—~ v FEEEL
TL\ij—o

flags 1% 0 . Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O, Py_DTSF_ALT 7>, ZH 56D or M- DT
o Py_DTSF_SIGN (&, val BE T\ EHHIFEXFELREHICOTZ e T EKL T,

e Py_DTSF_ADD_DOT_O (I XFHIDBBHED XS ICHZAR VI e ZIREEL E5,

1

o Py_DTSF_ALT & 7alternate” 7 # —~ v ML — L Z@EMA T2 I 2 EKRL T 5, FMiX
Py0S_snprintf() @ '#' f8EZZRL TSIV,

ptype »3 NULL THEWHAE, val 2ERE. B NaN o ¥ hh 1 G H¥ T, Py_DIST_FINITE,
Py_DTST_INFINITE, Py_DTST_NAN OWINDIEREZINE T,

R D EIZ L O ST FHIDBENE Tz buffer ~NDRA > X, ZBEHEB L 725513 NULL T, FEOH
UNE, 3B &N F5 % PyMem_Free() o TS 2 BERH D 5,

N— g r 3.1 T
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int Py0S_stricmp (const char *sI, const char *s2)

R /NS 7 DI U 7 NSO, RTINS 2 B 2 DML stremp O ERICENEZ L5,

int Py0S_strnicmp (const char *sI, const char *s2, Py ssize_{ size)
RIF N2 KA U7 WA S, KT /N e A3 2 DAAHE. strnemp () E R UEIER L
£7,

6.8 VLY ar

PyObject* PyEval_GetBuiltins (void)
Return value: Borrowed reference. fEDFEIT7 L —LHNDE N A Y DOFEED, b LETHFDO 7L — A
DRFIUIAL » FIREBDA &2 TV ZDENL A U REEZIRLET,

PyObject* PyEval_GetLocals (void)
Return value: Borrowed reference. BIEDFEIT 7 L — L ND R — HNVERDEFEN, EITHDO 7L —20
UL NULL 2R L ¥ 7,

PyObject* PyEval_GetGlobals (void)
Return value: Borrowed reference. BIIEDFEIT 7 L — LAND 7B — NAVEROEE D, EfTHO 7L — L4
HIZT AU NULL 2R L %9

PyFrameQObject* PyEval_GetFrame (void)
Return value: Borrowed reference. BIIED AL v RIREED 7 L — %R LT, HEERTHO 7L —20
UL NULL 2R L E T,

See also PyThreadState_GetFrame().

PyFrameQObject* PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.

Return a strong reference, or NULL if frame has no outer frame.
frame must not be NULL.

N— a ¥ 3.9 TEM.

PyCodeObject* PyFrame_GetCode (PyFrameObject *frame)
Get the frame code.

Return a strong reference.
frame must not be NULL. The result (frame code) cannot be NULL.
N—Y a ¥ 3.9 TEM.

int PyFrame_GetLineNumber ( PyFrameObject *frame)
frame PEAEET L TO2THE 2R LET,
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The Python/C API, U1 —2X 3.9.19

frame must not be NULL.

const char* PyEval_GetFuncName ( PyObject *func)
func R, 7 IR A VAR VAFT T 27 bTHNEZEDHRTE. £ 5 TRIFIUL func DBIZRL
9,

const char® PyEval_GetFuncDesc(PyObject *func)
func OBNAKIFS 5. fRECFH (description string) iR L F3, R DI, BEE XY v Rz LT
”()”, ” constructor”, ” instance”, ” object” T3, PyEval_GetFuncName () & #AEXNIFER, func D
FREZIZ D £5,

6.9 codec L X M Y R— A

int PyCodec_Register (PyObject *search_ function)
HrLw codec MERBAEZ B L $9,

BWEA Y LT, ZOBBUI encodings 8y 7 — I DHEITHBREABDIETHICES X512, ¥Lvn—-FaNT
WRWEHIFr—-RFLET,

int PyCodec_KnownEncoding (const char *encoding)
encoding D7z DEFR X417z codec DFET A LEIPIIGLT 1 20 0 I BRLE T, Z OBEIBUIHE K
MLUES,

PyObject* PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. LD codec X— R D encode APIL

encoding WIECTROM o /ey a— KB LT object ZIELET, TT =AY FU YT XYy R
errors TIHE L E T, errors X NULL TH K<, ZDHEITZD codec DT 7 L DX Y v RHBF|HI
NFEFT, TVa—EBEROD SR - 728551, LookupError HAEXEE T,

PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. NAHD codec R—ZAD 7 a—F APL

encoding IZIG CTHRDODP o727 a—XBEBIZN LT object ZELET, TT—NY YTV v R
errors TIEEL ¥, errors I NULL T3 X<, ZDHFAEIEZD codec DT 7 4L b D XY v ROBF|HE
NET, TA—XBEOHD SR o725EIX LookupError #HAIEE T,
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6.9.1 J—7 v 713 API

ROBIETIE,. SCFFH encoding \F 2 TINIFICERT 2 2 T, MRS, KXFNXFERBALMRE L%
T =T v IHBROD SRS, KeyError ZFE LT NULL 2R L ¥£7,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. 5-Z 537z encoding DT> 2 —XBEBUERL ET,

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. 5% 587z encoding D7 2 — X Z R L £9,

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

Return value: New reference. 5 % 547z encoding @ IncrementalEncoder # 7Y =27 b ERLE T,

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

Return value: New reference. 5 % 547z encoding @ IncrementalDecoder 7Y =7 b EIRLE T,

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. 5-2 57z encoding @ StreamReader 7 7 7 b VA ZIR L 3,

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

Return value: New reference. 5-2 57z encoding @ StreamWriter 7 7 7 b VEAZRL 3,

6.9.2 Unicode T5—/\>>KRZHAL XM API

int PyCodec_RegisterError (const char *name, PyObject *error)
I =NV RADDD =Ny ZEE error % name THERLET, ZOa— "y ZEKIX a—
Ty IHLY A= FTERVWYF/TA—FTEROAAL MOEBELLERIC, 20Ty a—F/7a—FH
BOMULH LT name PMEESI LTV SR ENET,

a— 1N vy 7 1 o ®5 ¥ ¥ L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ¥NHhr DA YA XY XA EZIFTWMDET, ZDA VAR RAZIHED H
B3FHNRNA PHNCBT 2TEHE . ZDOIROXFAHFOLA 7y FERF o TV, (ZOEHREIUTS
3 72D DRI DOWTIE Unicode FINA Tz b 2SR TLZE WV, ) a—nNy ZiZEI st
EREXEZD, 2BEROX INVICHED Y — 4 > 2DRE L, encode/decode % FBT 2 7LD FHIHF D
A7ty P RIEBERHL TELET,

BIL7s 0 %2, =7 —HFX -1 ZRLET,

PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. name TEEREINIZT T =AY RY T a— Ny JEBEMREBELET,
FealZess& & LT, NULL 2SN BE, Tstrict” DL I — Y RY Y Za—uny ZERERL T,

PyObject* PyCodec_StrictErrors(PyObject *exc)
Return value: Always NULL. exc Zfiff e L TREZIHF T,
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PyObject* PyCodec_IgnoreErrors(PyObject *exc)
Return value: New reference. unicode =7 —%2MH L, MDA ZRAXy 7 LET,

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. unicode =7 —% ? %> U+FFFD TEZ#1X £,

PyObject* PyCodec_XMLCharRefReplaceErrors(PyObject *exc)
Return value: New reference. unicode encode =7 —% XML XFZRTE I 3,

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. unicode encode T —% NNy 725 v ¥ a LA —7 (\x, \u, \U) TE
Xz %9,

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. unicode encode =7 —% \N{...} TEE#{I FI,

N— a v 3.5 TEM.
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SEVEN

M%A TS 1Y L1+ (ABSTRACT OBJECTS LAYER)

COETHHAT I, A7V =27 FOANKIFLIZR W& 57 Python 7Y =7 b O, (BERI 2T,
=T AT Vo T) REPRBOF 7Y 2 7 MIHT 2IEETRVE T, BEEEANRTRVE T
Pz MZHLUTHE - 7235E, Python OFIASEHENZ Z ik %3,

e DBEEUK, PyList_New() TIERRE 72421 NULL A DEZRE XN TWARWVWY X D X 5 7%, WY
bEnTWRWA T2 7 ML THES Z I3 TEE R A

7.1 #72x- 70Ok 3JL (object protocol)

PyObject* Py_NotImplemented
BZoNTAT7T 27 b eXYy FOGIBOBDHAEHEDUNHPRFELETH ZHE LTHEDN S, KR
# (NotImplemented) ¥ > 7L b+,

Py_RETURN_NOTIMPLEMENTED
C B & Py _NotImplemented %R MM ZEYNIITWE T (7255, Notlmplemented > > 7L b
YOBWAY Y P EEP L, BAILEY),

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FTI2 b 0T 74N fpiTHNILET, KT 2L -1 ZIRLET, flags 51O 4+ 7
YarvERAEMCTIRICHECE T, BEIR—-FINTWEH—DA 7> a »Id Py_PRINT_RAW T Z
DATavEIEETD L., repr() DRODIT str() BFoTATI Y =27 b EEEZRAALFET,

int PyObject_HasAttr (PyObject *o, PyObject *attr _name)
o WEMW attr_name ZFOr 21T 1 . ZhHADE 212 0 ZIRLE T, ZOREEIX Python ®X
hasattr(o, attr_name) [ U T3, ZOBEKIIFEITHKINLET,

__getattr__() XY v FX __getattribute__() XY v FOMNUKH LAIZE Z 253 HfIchs Z &
WHEELTLEE W, 7 —2WEZXE 212, Kb DIZ PyOvject_Getdttr() Zffio T & W,

int PyObject_HasAttrString (PyObject *o, const char *atir_name)
o WIEME attr_name 2O X121 2, ZhUANDE =12 0 ZIBLET, ZDBEKIE Python @3k
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hasattr(o, attr_name) Y[R U T3, ZDOBEBIXEICHINIL T,

__getattr__() XY v KX __getattribute__() XV v NOMULH LR, —FFNRXFIA TS =
7 bOERHFITE Z 2HIAMIIHIE NS ZEIFERE LT EE WV, =7 —2WEIE212E. bbb
PyObject_GetAttrString () o T & W,

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. 372 =27 b o 5. &l attr_name OREZHELE T, KINT 5L
EBHEERZRLUERT 5 NULL 2R LET, ZOBEEIE Python R o.attr_name X [HUTT,

PyObject* PyObject_GetAttrString (PyObject *o, const char *attr name)
Return value: New reference. 7Y =2+ o 6, %l attr_name OEEZEIG L %3, KT 2L
B EZ R UKIS 5 NULL 23R L ¥, Z OBEIX Python D3 o.attr_name XA LTI,

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. TdA 7Y = 7 D tp_getattro Au vy MIENPND., BHELTEIET 2/
MBI T T, ZOBE. (B LEETIR) A7 =227 POREMYE __dict__ MR, A7 =2 b
D MRO IZH% 7 7 ADHECDHDT AV TR EHEL 3, descriptors ngﬁ BRENTWBED,
T—RDTFTRAYZ Y FREFA VAR ZADBELDESEEN, T -2 TR 27 ) FRB3RAEILICShET, R
35 67 - 7285551% AttributeError ZiEH L £3,

int PyObject_SetAttr (PyObject *o, PyObject *attr _name, PyObject *v)
AT 0D attr_name LWVIHOBHIC, H o ERELET, KRBT 2l eEHL -1 2K
LET; B35 0 RLET, ZOBEIE Python 0)4( o.attr_name = v XA LT,

If v is NULL, the attribute is deleted. = This behaviour is deprecated in favour of using
PyObject_DelAttr(), but there are currently no plans to remove it.

int PyObject_SetAttrString(PyObject *o, const char *attr _name, PyObject *v)
ATV 2T 0D attr_name EWVWISHDEIC, H v ZRELE T, KT 2 ehIMZEEL -1 iR
LET; I35 0%2RLET, ZOBEIX Python D3 o.attr_name = v E[A LTI,

If v is NULL, the attribute is deleted, but this feature is deprecated in favour of using
PyObject_DelAttrString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
BHEDORE L HIRRZIT S AN ZRELK T, AT 27 MO tp_setattro ARy MIEIPNET, 47
Pz bD MRO ZHBT7FADHEENSLT —XT 4 A7V TRXEHRL, Ao 7GEEA VAKX VR
DEFFICDH 2 BEORECHIFRE D B INE T, ZITRVEHERE, (B LEFEETIR) A7V =221+ 0
__dict__ WWEMEEZRED LIFHIBRL E T, BINT 22 0 2HRE A, £ 95 TRVWEAIL AttributeError
EHEN -1 RS NET,

int PyObject_DelAttr (PyObject *o, PyObject *attr name)
AT =22 b oD attr_name WS HOBHEHIFRL $F, KT 2L -1 2 BL %7, TR
Python DX del o.attr_name ¥ [R LU T3,
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int PyObject_DelAttrString (PyObject *o, const char *atir_name)

FT7P =27 b oD attr_name EWVWH HDOBEHEEHIRLE ST, KRNI 2L -1 ZRLET, Z OB
Python ®X del o.attr_name ¥[A LT3,

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ TR U T RD getter DM REETT, DERGEIX, &F
ERERLET,

N— g v 3.3 TEM.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
__dict__ TRZ Y T RD setter DIEFHILFEELTT, ZORETIHELZHIRT 2 Z L EFFSh T
A

N—Y a ¥ 3.3 TEM.

PyObject* PyObject_RichCompare (PyObject *o1, PyObject *02, int opid)
Return value: New reference. ol ¥ 02 % opid \[ZHEE L7{HEIZ X - THE L £F, opid X Py_LT,
Py_LE, Py_EQ, Py_NE, Py_GT, ¥£7zi& Py_GE, DWW I THRIFIIR ST, ZhLih < <= == 1= > 5
FU>= TG L £55, Z@Eﬁiﬁui Python @3k o1 op 02 ¥ [FUT. op &% opid IS T 2HAETFTI,
RIS % & HEFEROMEZIE LK Y % & NULL 2B L £,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
0l ¥ 02 % opid WCHEL/HBIZ L > THE L FF, opid & Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, ¥
721& Py_GE, DWITNNTRIFINUILS T, ZNZN < <=, == 1= > BIUP >= T L £7, HEKHER
PDELZLFX 1%, BROLF 02, 2 7-RETIL -1 ZRLET, 2O Python O o1 op
02 YFE LT, op A opid IZXET BHETTT,

AR ol & 02 BE—DA T =T MTHBYE. PyObject_RichCompareBool () & Py_EQ X L THIZ 1
%’: L/ Py NE k.;ﬁLL"C:%kO% I/ij—o

PyObject* PyObject_Repr (PyObject *o)
Return value: New reference. X 73 =7 b+ o OXNFHIRBEZHELE T, M7 5 & XFHRIEZIRL
KE$ % & NULL 23R L £3, Python 3 repr(o) ERU T, ZDBEEIIMEAAABEE repr O 0)5@@
THOHEET,

N—=ay 34 TEE: 7774 TN ERSTETROWI L 2 HAET 2 0@ L 512, 2o
TNy 7Y —arEagtrkoickh L,

PyObject* PyObject _ASCII(PyObject *o0)
Return value: New reference. PyObject_Repr() Y[Rk, A7 =2+ o OFHIRBZFHEL T35,
PyObject_Repr () 2 ko TRENLXFINZEFENZIE ASCIL X¥F%Z, TR —7XF \x. \u., \UT
I —7L %3, ZOBEIE Pythoh 2 @ PyObject_Repr() AR TXFHN e [ UXFHEERL 3,
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ascii() WXk THUHEINE T,

PyObject* PyObject_Str (PyObject *o)

Return value: New reference. 773 =27 b+ o OXFHNRBZFEL £, BT 2 & XFHNREZ K
L. KB3 % NULL %iR L ¥, Python I str(o) AU TS, ZDEBUIHAAABEE str(O <.
print () BROMETIFOHENE T,

N—=Tay 34 TEHE: 7774 THHNERS THETROWI L BHIET 2 D@ MR & 512, 2o
TR Z7H =y aveEELISITkhF L,

PyObject* PyObject_Bytes (PyObject *o0)

Return value: New reference. & 73 227 % o DA MIRHZFHEHLET, KWFT % & NULL ZiRL
IS 5L bytes 77927 bERLET, o WEKTHRVE 2D, Python X bytes(o) LTI,
bytes(o) Yi#o T, o VDL 212k, ¥uTHHLE N bytes £ 7Y =7 P RIBTDTIERA
TypeError 255 T E 5,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)

27 R derived 7 A cls ER—TH 20, TILHIRELEZIRATH35EIE 1 BZRL., Z9Th
WIEAIZ 0 BRLET, T —MEE5E1T -1 2 RLET,

cls MR TNVDIFE, cls DETOBRBIINLTFzv 7 LET, Db 1200F v 7T 1HR-T
CEMRIZ1LERY, 2RO E 01T D ET,

cls 12 __subclasscheck__ () XY v RRHBZEEE. T2 7 ADIKED PEP 3119 IZH2@ED LS
DEHETZ2DITENE T, 25 TRWVWE E derived 73 cls DTF27 7 A2 25 DIE, EHFEND 2 W IEHE
BT 9RATHE5E. 2FD cls._mro__ ICEENBZEHETT,

EEE, 7 IRF TV b, DOFD type DA VARV ADZE IHhBIRE LY T RZIHZ T AL Bk
ENET, UL, A7V 2 NCBM _ bases_ (ZAUIHIES 5 2D X FATRIFIUTR S BV 2
FHB LT EBEETEET,

int PyObject_IsInstance(PyObject *inst, PyObject *cls)

inst 77 cls LWL cls DFTZTRADA VARV ATHIHGEIC 1L ZIR L. ZITRHRWVWEAIZO0 &
BLEST, ZTo—MEEEd L -1 ZRLANERELET,

cls METNDFE., cls DETHDBEBIINLTF v 27 LET, PRed120F 2y 7T 1HRo
MRIE 1L b, 2o x 02k ET,

cls 12 __instancecheck__() XYV v FHH2HEE. T2 7 ADKED PEP 3119 H2Eh ¥ >
DEHETHDICMINT T, I TRVWE X inst D3 cls DA VARV AR BZDIE. ZDT T AN cls
DFIIATHIHBETT,

A VARV inst B _class BREEEBZILT. FOVSRALRARENLZ DR FEETEET,

FTI 2Tt s EEDHEKRT FANT TR BlkENs%E. B __bases__ (ZHFEES I XD X
THTRINIRLRV) 2Rl E2 e TLEEEXTEET,
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Py_hash_t PyObject_Hash(PyObject *o)
AT o DNy afHRHBELTGRLES, KT 5L -1 ZiRL %3, Python O3 hash(o) &
FLTT,

N—=Y a ¥ 3.2 TEH: The return type is now Py_hash_t. This is a signed integer the same size as

Py_ssize_t.

Py_hash_t PyObject_HashNotImplemented(PyObject *0)
type(o) D3Ny ¥ 2 RAJRETH 5 Z & #7/"T TypeError ZEL. -1 ZIRLF T, ZOBKIE tp_hash
A8y MR E NI e BRI E R, 20 type BNy S aRA[RETHE I 2L VR TV X
RIS R L E 55

int PyObject_IsTrue(PyObject *o)
o WEERTLAREIGAICIE 1 &2, Z5THRVE 212X 0 23R L £F, Python O3 not not o kA
CTY, Riltgze -1 ZRLET,

int PyObject_Not (PyObject *o)
o MERRITLAREZHEICIT 0 E, Z5THRVEEICE 1 ZRLET, Python DX not o XA LT
T KT B L -1 ZIRLE T,

PyObject* PyObject_Type (PyObject *o)
Return value: New reference. When o is non-NULL, returns a type object corresponding to the object
type of object o. On failure, raises SystemError and returns NULL. This is equivalent to the Python
expression type (o). This function increments the reference count of the return value. There’s really
no reason to use this function instead of the Py_TYPE() function, which returns a pointer of type

PyTypeObject*, except when the incremented reference count is needed.

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
FTI 2T b o, type D type DYV T RA T THBEEICEERLET, ¥55DF7 X X% NULL T
HoTIFRD FEA

Py ssize t PyObject_Size(PyObject *o)

Py _ssize_t PyObject_Length(PyObject *o)
0 DEIZRLET, RELATV=22 b oy —r Y RB7utaire~y FEI70 b a)LOfig &z
HLTVW2HE, =7 YR LTORIZELES, =704 TC 2L -1 ZiKL %7, Python O
len(o) ¥R L TY,

Py _ssize_t PyObject_LengthHint (PyObject *o, Py _ssize_t defaultvalue)
ATV 0o OMEDORIZELET, BRAICHEBEOREEZ 2, RIZ __length_hint__() %2ffioT
BMEORX %2, ZLTRERKT 7+ LVIDHELZERZS E LET, ZOBEIE Python D3 operator.
length_hint (o, defaultvalue) &R UT7T,

N— a v 3.4 TEM.

PyObject* PyObject_GetItem(PyObject *o, PyObject *key)
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Return value: New reference. &7 =2 b key WCHIET % 0o DEHEZRLEF, KT 5L NULL %K
L %79, Python @ olkey] ERILTT,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)
ATV b key ZAH v WHISMITE S, KT s, IS ZXHL -1 ZIRLE T, BT 5L 0 iR
L%¥7d, Z4UT Python DX olkey] = v E[AEFETT, OB v NDZ%Z BAHWMD FHA

int PyObject_DelItem(PyObject *o, PyObject *key)
FTT2T b 05 key T AMICMHIZHIRLE ST, KT 2L -1 ZIRLET, Python DX del
olkeyl EFILTY,

PyObject* PyObject_Dir (PyObject *o0)
Return value: New reference. Z DB Python DI dir(o) ¥R UT, A7V 27 F OELITED
BTTVBRLTHPSRDZVAL (EDHBEDHDET) ZIRLET., =7 —DHEICIE NULL ZIBL 7,
51#0% NULL 12§ % 2, Python B3 dir() Rk, BHEOR— ﬁ/vm%ﬁu%a_bi? Z DA,
7O T 4 TIREFTT7 L= LDRIFIUL NULL 23R L E 3, PyErr_Occurred () 13 A%EIRL £3,

PyObject* PyObject_GetIter (PyObject *o)
Return value: New reference. Python O iter(o) EUTT, 5lEICL o724 7P =7 MIHT 28T
T ATV =R, ATV 27 bBTTREATL—ROGEREA 7Y =2 FHFEZRLET, A 7527
+ D3 RABAIEAATRE T & » 1285 5121& TypeError ##H LT NULL #iRL £ 3,

7.2 Call Protocol

CPython supports two different calling protocols: tp_ call and vectorcall.

7.2.1 The tp_call Protocol

Instances of classes that set tp_call are callable. The signature of the slot is:

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

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly to
callable(*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there are no

arguments) but kwargs may be NULL if there are no keyword arguments.
This convention is not only used by tp_ call: tp_new and tp_init also pass arguments this way.

To call an object, use PyObject_Call () or another call API.
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N—a v 3.9 Tl

The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However,

this is not a hard rule. Additionally, some third-party extensions use tp_ call directly (rather than using

g

PyObject_Call()). Therefore, a class supporting vectorcall must also implement tp_call. Moreover, the

==
=-

callable must behave the same regardless of which protocol is used. The recommended way to achieve this
is by setting tp_call to PyVectorcall_Call(). This bears repeating:

A class supporting vectorcall must also implement ¢p_call with the same semantics.

A class should not implement vectorcall if that would be slower than ¢p call. For example, if the callee needs
vectorcall.

to convert the arguments to an args tuple and kwargs dict anyway, then there is no point in implementing

pointer to a function with the following signature:

Classes can implement the vectorcall protocol by enabling the Py_TPFLAGS HAVE_VECTORCALL flag and setting
tp_vectorcall_offset to the offset inside the object structure where a vectorcallfunc appears. This is a

ject *kwnames)

PyObject * (xvectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
e callable is the object being called.

args is a C array consisting of the positional arguments followed by the values of the keyword argu-
ments. This can be NULL if there are no arguments.

nargsf is the number of positional arguments plus possibly the PY_VECTORCALL_ARGUMENTS_OFFSET

flag. To get the actual number of positional arguments from nargsf, use PyVectorcall_NARGS().
kwnames is a tuple containing the names of the keyword arguments;

in other words, the keys of the
kwargs dict. These names must be strings (instances of str or a subclass) and they must be
unique. If there are no keyword arguments, then kwnames can instead be NULL.
PY_VECTORCALL_ARGUMENTS_OFFSET

value of args[-1] before returning.

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

7.2. Call Protocol

For PyObject_VectorcallMethod (), this flag means instead that args[0] may be changed.
Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
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PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make

their onward calls (which include a prepended self argument) very efficiently.

To call an object that implements vectorcall, use a call API function as with any other callable.

PyObject_Vectorcall () will usually be most efficient.

iz R In CPython 3.8, the vectorcall API and related functions were avail-
able  provisionally under names with a leading underscore: _Py0Object_Vectorcall,
_Py_TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod, _PyVectorcall_Function,

_PyObject_CallOneArg, _PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. Addition-
ally, PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are still

defined as aliases of the new, non-underscored names.

When using tp_ call, callees do not need to worry about recursion: CPython uses Py_EnterRecursiveCall ()

and Py_LeaveRecursiveCall () for calls made using tp_ call.

For efficiency, this is not the case for calls done using vectorcall: the callee should use Py EnterRecursiveCall

and Py_ LeaveRecursiveCall if needed.

Vectorcall Support API

Py ssize_ t PyVectorcall NARGS (size_t nargsf)

Given a vectorcall nargsf argument, return the actual number of arguments. Currently equivalent to:

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

However, the function PyVectorcall_NARGS should be used to allow for future extensions.
This function is not part of the limited API.
N— a ¥ 3.8 TEM.

vectorcallfunc PyVectorcall_Function(PyObject *op)
If op does not support the vectorcall protocol (either because the type does not or because the specific
instance does not), return NULL. Otherwise, return the vectorcall function pointer stored in op. This

function never raises an exception.

This is mostly useful to check whether or not op supports vectorcall, which can be done by checking

PyVectorcall_Function(op) != NULL.

This function is not part of the limited API.
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N—Y a ¥ 3.8 TEN.

PyObject* PyVectorcall_Call(PyObject *callable, PyObject *tuple, PyObject *dict)
Call callable’s vectorcallfunc with positional and keyword arguments given in a tuple and dict,

respectively.

This is a specialized function, intended to be put in the ¢p_call slot or be used in an implementation
of tp_call. It does not check the Py TPFLAGS_HAVE_VECTORCALL flag and it does not fall back to
tp_call.

This function is not part of the limited API.

N—Y a ¥ 3.8 TENM.

7.2.3 Object Calling API

Various functions are available for calling a Python object. Each converts its arguments to a convention
supported by the called object — either tp_ call or vectorcall. In order to do as little conversion as possible,

pick one that best fits the format of data you have available.

The following table summarizes the available functions; please see individual documentation for details.

BEEK callable args kwargs
PyObject_Call() PyObject * | tuple dict /NULL
PyObject_CallNoArgs () PyObject * | - -
PyObject_CallOneArg () PyObject * | 1 object -
PyObject_CallObject () PyObject * | tuple/NULL | ---
PyObject_CallFunction() PyObject * | format -
PyObject_CallMethod () obj + char* | format -

PyObject_CallFunctionObjArgs() | PyObject * | variadic -

PyObject_CallMethodObjArgs () obj + name | variadic -

PyObject_CallMethodNoArgs () obj + name | --- -
PyObject_CallMethodOneArg () obj + name | 1 object -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod () arg + name | vectorcall vectorcall

PyObject* PyObject_Call(PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. WEO'H LAJHEZR Python DA 72 = 7 b callable . XTIV args £ LT
520N 558 #EF kwargs £ LTEZ LN HBFMTZ58 e & ITTHLET,

args & NULL TH-> T3 53, 5IEMLEL LERVWESIZEDO X IV EM > TL X W, kwargs &
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NULL THHWEEA,
WAL L ofERZIE L. KL ZSHM 22X L NULL 28 L %5,
ZAUIRD Python D& [FFTF: callable(*args, **kwargs) o

PyObject* PyObject_CallNoArgs (PyObject *callable)
Call a callable Python object callable without any arguments. It is the most efficient way to call a

callable Python object without any argument.
RN L7 RO L ORERZIR L. KL 052X L NULL 28 L %5,
N— a v 3.9 TEM.

PyObject* PyObject_CallOneArg(PyObject *callable, PyObject *arg)
Call a callable Python object callable with exactly 1 positional argument arg and no keyword argu-

ments.

RN L7 PO L ORERZIR L, KL 602X L NULL 28 L %5,
This function is not part of the limited API.

N—a ¥ 3.9 TE.

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. WEO'H LAJHEZR Python DA 7Y = 7 b callable 2. X7V args £ LT
52605582 e bIMPUHL ET, 518D EREEE. args & NULL THWER A,

L7 bR L OAERZIE L. KL 62X L NULL 2R L %5,
ZAUIRD Python O & [FA5FTF: callable(*args) o

PyObject* PyObject_CallFunction(PyObject *callable, const char *format, ...)
Return value: New reference. WEUXH LATREZR Python 472 =27 b callable ZRIEEMED C 518t &
HIIMUH L E 3, C 5l Py_BuildValue() TERRD 7 + —< v M XXFH| 2o TR L £55,

BN L7 PO LORRZR L, KR L oM 2R L NULL 28U £3,

ZHUFRD Python DR & [FFFTT: callable(*args) o

Note that if you only pass PyObject * args, PyObject_CallFunctionObjArgs () is a faster alternative.
N—=Ya v 3.4 TEHE: format DBID char * POEHEINFE L7z,

PyObject* PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. 73 =27 b obj ® name L WSHBID XY v K&, W2hD C 5%
LEBITMIHLET, CHIBIEXIVEHNKT S Py_BuildValue() TERD 7 + —< v b XXFHITiLD
SNTVET,

format & NULL TH k<. 5I8MBEZ bW 2RLET,
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RN L7 L L ORERZIR L, KL 602Xt L NULL 28 L %5,

ZAUIXRD Python DX & RT3 : obj.name(argl, arg2, ...)

Note that if you only pass PyObject * args, PyObject_CallMethodObjArgs () is a faster alternative.
N—=Y a Y 3.4 TEH: name & format DTUDS char * POEHEINFE LTz,

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

B L7500 ERERL, KLU0 22X L NULL 21 BLE7,
ZAUIRD Python DX & [F5FTF: callable(argl, arg2, ...) o

PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Call a method of the Python object obj, where the name of the method is
given as a Python string object in name. It is called with a variable number of PyObject * arguments.

The arguments are provided as a variable number of parameters followed by NULL.

RN L7 SO L ORERZR L, KRR L oM 2R L NULL 28 L £3

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
Call a method of the Python object 0bj without arguments, where the name of the method is given

as a Python string object in name.

R L7 SR L DFERZIK L, KBL 726015 22X L NULL 2381 £3,
This function is not part of the limited API.

N—a v 3.9 Tl

PyObject* PyObject_CallMethodOneArg(PyObject *obj, PyObject *name, PyObject *arg)
Call a method of the Python object obj with a single positional argument arg, where the name of the

method is given as a Python string object in name.

AL PO L OAERZIE L. KL ofIA 2k L NULL 28 L %5,
This function is not part of the limited API.

N—=Y a3 ¥ 3.9 TEM.

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-

ject *kwnames)
Call a callable Python object callable. The arguments are the same as for vectorcall func. If callable

supports vectorcall, this directly calls the vectorcall function stored in callable.

B L7250 LOFEREPIRL, KLU0 22X L NULL 2RL ¥,
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This function is not part of the limited API.
N—a v 3.9 TEM.

PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, Py-

Object *kwdict)
Call callable with positional arguments passed exactly as in the vectorcall protocol, but with keyword

arguments passed as a dictionary kwdict. The args array contains only the positional arguments.

Regardless of which protocol is used internally, a conversion of arguments needs to be done. Therefore,
this function should only be used if the caller already has a dictionary ready to use for the keyword

arguments, but not a tuple for the positional arguments.
This function is not part of the limited API.
N— a ¥ 3.9 TEM.

PyObject* PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size t nargsf, Py-

Object *kwnames)
Call a method using the vectorcall calling convention. The name of the method is given as a Python

string name. The object whose method is called is args/0], and the args array starting at args/1]
represents the arguments of the call. There must be at least one positional argument. nargsf is
the number of positional arguments including args/0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if
the value of args[0] may temporarily be changed. Keyword arguments can be passed just like

in PyObject_Vectorcall ().

If the object has the Py_TPFLAGS METHOD_DESCRIPTOR feature, this will call the unbound method

object with the full args vector as arguments.
RN L7 RO L ORERZIR L. KL 2605 25X L NULL 28 L %3,
This function is not part of the limited API.

N—ar 3.9 TEM.

7.2.4 Call Support API

int PyCallable_Check(PyObject *o)
727 o BEUHLAIEEA 7V 2 7 b EIDHFANRNET, A7V 27 PN LATRETH B & =
W1 2Bl Z5TRVWEZFITIZ 0 ZIRLE T, ZOMBIFOH LIZEICHIL £,
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7.3 HEE O )L (number protocol)

int PyNumber_Check (PyObject *0)
A7 =227 b o HBEM T 0 b arzREL TWAHEIC 1 ZIBL, 25 ThVwE 3Bz ELET,
Z OBIBITFOH LIEEICERII L %9,

N—=Tay 38 TEH: o DA VT v 7 RABE o756, 1 ZIRLE T,

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. lII T3 & 01 ¥ 02 ZIMBELLEREZIRL, KT 2L NULL #iIEL %
3, Python @R o1l + 02 ERILTT,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. JRIIT 5 & 0l 75 02 ZHE LFERERL, KT 5 & NULL Z3RL ¥
3, Python ®X o1 - 02 ¥R LTI,

PyObject* PyNumber_Multiply(PyObject *ol, PyObject *02)
Return value: New reference. S 5L 0ol & 02 ERBLLMEREZRL, KK T 2L NULL #iRL ¥
3, Python @R ol * 02 R TT,

PyObject* PyNumber _MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. fRINT 2% o0l ¥ 02 BITHIRE L ZERER L, KT % & NULL 2RL
3, Python DX o1 @ 02 XFIL T,

N—a v 3.5 Tl

PyObject* PyNumber _FloorDivide (PyObject *ol1, PyObject *02)
Return value: New reference. Return the floor of of divided by 02, or NULL on failure. This is the
equivalent of the Python expression o1 // 02.

PyObject* PyNumber _TrueDivide (PyObject *o1, PyObject *02)
Return value: New reference. Return a reasonable approximation for the mathematical value of of
divided by 02, or NULL on failure. The return value is ”approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function
can return a floating point value when passed two integers. This is the equivalent of the Python

expression ol / 02.

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 5% & 0l % 02 THRELLEREZRL, KKT 2L NULL ZiIBL F
3, Python ®X ol % 02 ER LTI,

PyObject* PyNumber_Divmod ( PyObject *ol, PyObject *02)
Return value: New reference. #lAAABEE divmod() ZZIRLTL7Z2& W, KT 2 & NULL ZRL ¥
3, Python @3 divmod(ol, 02) &R LTI,
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PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. #lAAABIE pow() ZZML TS W, KT 5L NULL 2R L £7,
Python @3 pow(ol, 02, 03) EEULTT, 03 1d4 7> a v TF, 08 ZIMHAI BN S, Py_None %
ANTLZEW (03 I NULL 2T &, RIERXAEY 772 RA%G|ERIT DD ET),

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. J$ 2 & o DFFERIEZIRL, KWF 5 & NULL Z3& L %73, Python
@ﬁ -0 Z Iﬁ‘l UVC‘\TO

PyObject* PyNumber_Positive (PyObject *o)
Return value: New reference. 13 5% o iRL. KT 2 & NULL iR L %3, Python O +o &
RT3,

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. J{HT 2L o Dfsf{EZiER L. KT % & NULL 2R L %9, Python @
A abs(o) EF LTI,

PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. I3 2% o DY v FHAKIE (bitwise negation) iR L., KT 2 &
NULL #iRL £§, Python O3 ~o LR LT,

PyObject® PyNumber_Lshift (PyObject *o1, PyObject *02)
Return value: New reference. IS 2 & ol % 02 12> 7 M LIAERZIR L. KT % & NULL %R
L%73, Python DX ol << 02 R LTI,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. JRIIT 5 & ol % 02 FHHET 7 b LIMEREZR L, KB3T % 2 NULL %R
L ¥, Python D3 o1 >> 02 XFIL T,

PyObject* PyNumber _And ( PyObject *ol, PyObject *02)
Return value: New reference. FYI§ 22 01 ¥ 02 @ 7 ¥y +HAFHHEE (bitwise and)” 2R L., KK
¥ 5% NULL #i1BL %3, Python X o1 & 02 ¥E LT,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 8RS 2% ol & 02 @ 7 ¥y b HENHHERIEHELR] (bitwise exclusive or)”
BL. K$ 2% NULL 23R L %3, Python O o1l ~ 02 EFIL T,

PyObject* PyNumber_0r (PyObject *ol1, PyObject *02)
Return value: New reference. JEHT 2 & 01 ¥ 02 @ 7 ¥y MEAEHIEA (bitwise or)” ZIR LUK T 5
¥ NULL %R L %3, Python DR ol | 02 ¥R T,

PyObject* PyNumber_InPlaceAdd(PyObject *ol, PyObject *02)
Return value: New reference. 1T 5 & 01 & 02 RIMELIAEREZR L, KT 5 & NULL ZiRL £3,
ol 7% in-place HEEZ YV R— 3 254, in-place HEAZITWE T, Python DX ol += 02 X[H LTI,

PyObject* PyNumber _InPlaceSubtract (PyObject *ol, PyObject *02)
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Return value: New reference. 5 %% ol 15 02 ZWHA LR EZER L., KKT % & NULL ZiRL
F3, 0l B in-place HEZVK— b T 2H5, in-place HEZITWE T, Python DX ol -= 02 EFT
T3,

PyObject* PyNumber _InPlaceMultiply(PyObject *ol, PyObject *02)
Return value: New reference. 1T 5 & 0l & 02 ZRALAMERZIR L., KT % & NULL ZiIRL £7,
ol 2% in-place HEZVR— F T 35A. in-place HEZITVWE T, Python DX ol *= 02 XH LTI,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. JRIIT 3 & ol & 02 ZATHIRE L7FEREZIR L, KT % & NULL %2R L
5, ol B in-place HHE%Z VK- F 354, in-place HEEZITVWE T, Python DX ol @= 02 E[FL
T3,

N—a v 3.5 Tl

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. RT3 ¥ o0l % 02 THRELZUHETHEERL, KT 2 & NULL ZRL
F5, 0l 2 in-place HEZVR— T 355, in-place HEEZITVWE T, Python DX ol //= 02 kA
LT3,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Return a reasonable approximation for the mathematical value of of
divided by 02, or NULL on failure. The return value is "approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function
can return a floating point value when passed two integers. The operation is done in-place when o1

supports it. This is the equivalent of the Python statement ol /= o02.

PyObject* PyNumber_InPlaceRemainder (PyObject *ol1, PyObject *02)
Return value: New reference. S5 & o0l % 02 THRELFREZRL, , KT 2L NULL Z:RL ¥
To 01 B in-place HEZ Y R — T 254, in-place HEZITWE T, Python DX ol %= 02 X [EL
VC\\TO

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. #lAAABIE pow() ZZMML TS W, KT 5L NULL 2R L £7,
0l 2% in-place HEZ Y K— b T 284G, in-place HEZITWE T, ZOBIE 03 H° Py_None DHEIX
Python X o1 #**= 02 ¥[F U T, ZhLADEEIE pow(ol, 02, 03) D in-place lRTT, 03 ZHH X
BleW b, Py_None Z ANLTLZE W (08 I NULL 2T &, RNIERAEY 7 7R 25| ZRIT L
BHYET),

PyObject* PyNumber _InPlaceLshift (PyObject *ol1, PyObject *02)
Return value: New reference. W13 %Y ol & 02 723 ES 7 b UMRZIR L, KT 5 & NULL %K
LE3, ol B in-place EHE%EZVR— b T 254, in-place HEZITWE T, Python D o1 <<= 02 ¥
WL T3,

PyObject* PyNumber_InPlaceRshift (PyObject *ol1, PyObject *02)
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Return value: New reference. IS5 & ol & 02 120A> 7 F LEAMRZR L. KT % & NULL %R
LET. ol B in-place HEZ VR — b T 255, in-place HEZITWE T, Python DX o1 >>= 02 &
RT3,

PyObject* PyNumber _InPlaceAnd (PyObject *o1, PyObject *02)
Return value: New reference. JMIT %L ol ¥ 02 ® 7 ¥y MHAFHHEM (bitwise and)” iR L. KK
352 NULL 23R L ET, ol 2% in-place HEZVK— b T 255, in-place lHEZITWE T, Python @
X ol &= 02 X[HLTT,

PyObject* PyNumber _InPlaceXor (PyObject *o1, PyObject *02)
Return value: New reference. 815 %% ol & 02 @ 7 ¥y b ENHHERIEHELA] (bitwise exclusive or)”
BIRL, KT 5L NULL iR L ¥5, ol ?Y in-place HEZVK— b T 2855, in-place HEZITWE T,
Python @ o1 ~= 02 E LTI,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. 8135 & 0l £ 02 @ 7 ¥ v hHAFHIEM (bitwise or)” %R LKKT %
¥ NULL ZiBL %3, ol 2% in-place B %V K— T 354, in-place HEZITWVWE 3, Python DX ol
= 02 LR T,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IS 2 ¥ o BEEICEHL 72D %R L. KT 2 L NULL 2R L E3,
Python @3 int(o) ¥R LT3,

PyObject* PyNumber_Float (PyObject *o0)
Return value: New reference. 813 % & o ZiFBI/NIRBICEIR L 72b D %R L, KT 2L NULL %
IBLEF, Python D3 float(o) R LTI,

PyObject* PyNumber_Index (PyObject *o0)
Return value: New reference. o % Python @ int BIZEHAL, B L6 ZDMEZRLE T, KRLIZS
NULL A% X, TypeError IS5k a5,

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. base ¥EBUIEINTZBEH n B XXFH 2 U TGRLUE T, base 518U 2, 8,
10 £7213 16 DWW T A TRITFIUIR D E8 A, B 2. 8. 16 IZDOWT, REN B FHNDIFHITITEL
~—H— '0b' ., '00" Fid '0x' B EAEAMNESINZF T, H L n D Python @ int BTRIFAUI,
%3 PyNumber_Index() TEMINZFE T,

Py ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Returns o converted to a Py_ssize_t value if o can be interpreted as an integer. If the call fails, an

exception is raised and -1 is returned.

If o can be converted to a Python int but the attempt to convert to a Py_ssize_t value would
raise an OverflowError, then the ezc argument is the type of exception that will be raised (usually
IndexError or OverflowError). If exc is NULL, then the exception is cleared and the value is clipped
to PY_SSIZE_T_MIN for a negative integer or PY_SSIZE_T_MAX for a positive integer.
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int PyIndex_Check (PyObject *o0)
Returns 1 if o0 is an index integer (has the nb_index slot of the tp_as_number structure filled in), and

0 otherwise. This function always succeeds.

7.4 >—7>2Z2B7F0OKIJL (sequence protocol)

int PySequence_Check ( PyObject *o0)
Return 1 if the object provides the sequence protocol, and 0 otherwise. Note that it returns 1 for
Python classes with a __getitem__() method, unless they are dict subclasses, since in general it is

impossible to determine what type of keys the class supports. This function always succeeds.

Py ssize t PySequence_Size (PyObject *0)

Py ssize t PySequence_Length(PyObject *0)
BHT 2= YR o FDATY =7 POBEIBEL, KT 5L -1 ZIRLEF, 24U, Python &K
len(o) &FCIZZAD 7,

PyObject* PySequence_Concat ( PyObject *ol, PyObject *02)
Return value: New reference. FHI$ 3 ¥ ol & 02 DAY (concatenation) ZiR L., K3 % & NULL %
IBLEF, Python DX o1l + 02 XFIL T,

PyObject* PySequence_Repeat (PyObject *o, Py _ssize t count)
Return value: New reference. T2 A7 =22 b o D count MFEDIRLZIR L., KT % & NULL
iR L EF, Python DR o * count X[H LTI,

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. [E1F % & ol & 02 O (concatenation) iR L, KT % & NULL %
BRUET, ol 28 in-place HHEZ VK- 5 2355, in-place HEZITWE T, Python O ol += 02 &
FHLT3,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py _ssize 1 count)
Return value: New reference. I T 2 A7 =27 b o D count [MHEDIRLEIRL, KT % & NULL
IRLET, o in-place HEE Y R— T 258, in-place HEZITWE T, Python DX o *= count
ERLTY,

PyObject* PySequence_GetItem(PyObject *o, Py _ssize t 1)
Return value: New reference. 835 & o O i HFEDEERZIR L, KT % & NULL %3 L %3, Python
DX o[i] EFILTT,

PyObject* PySequence_GetSlice (PyObject *o, Py ssize t il, Py ssize t i2)
Return value: New reference. JRIIT 5 0o D il 5 i2 ETOMRDATA R %R, KT % & NULL
R LU E S, Python O o[i1:i2] ML TI,

int PySequence_SetItem(PyObject *o, Py ssize_t i, PyObject *v)
0o D i HFHOERIZ v ZRALEF, KT 2L, FIAZENL -1 Z2RLEF; fNdF2L 0 ZIRL X
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F, 24U Python X o[i] = v ¥ FAUTT, ZOBEBIX v NOZ%Z BARD FEA .

If v is NULL, the element is deleted, but this feature is deprecated in favour of using

PySequence_DelItem().

int PySequence_DelItem(PyObject *o, Py ssize t i)
oD i BHHOBERTHIFRLE T, KT 2L -1 ZIRLET, Python DX del ol[i] LML TI,

int PySequence_SetSlice(PyObject *o, Py ssize t il, Py ssize t i2, PyObject *v)
0D il HB 2 FTOMDRT A4 RIT v ZRAL T, Python DX o[il1:i2] = v E[A LT,

int PySequence_DelSlice(PyObject *o, Py ssize t il, Py ssize t i2)
=T VAKX TII N 0D il BB i2 $TOMDRATIAREHIRLE S, KT 2L -1 ZRLET,
Python @3 del o[il:i2] ¥R U T,

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
0 1283 value DHBIEIEL, 374205 olkey] == value /43 key DEEERLEFT, KT L -1
ZiRL ¥ T, Python O3 o.count(value) ¥ FU T,

int PySequence_Contains (PyObject *o, PyObject *value)
012 value A>TV EIDPHELE T, 0 DD BEHED value L (equal) 25X 1 2R L. bt
DEEWIE 0 BRLET, T7—0FAETSL -1 #iIBL FF, Python O3 value in o AU T,

Py_ssize_t PySequence_Index(PyObject *o, PyObject *value)
o[i] == value Y RABBMINCHOD /A VT IR i ZRLET, TI7-BFETIL -1 BIRLET,
Python D3 o.index(value) &R L TT,

PyObject* PySequence_List (PyObject *0)
Return value: New reference. =7 Y AbLIEFAT I TN 0o EMLABZROVAMNET TV =2V M2
BUET, KEBL/S NULL IR LE T, BENZ VA MIFHLIEON I Z e BMRAEXNTVET, Zh
¥ Python O3 1list (o) ¥ HHF T,

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. ¥ —o7 Y RABDBDWNIATITINTH 5 o LRI LNERROX I NA TS«
ZEERLET, KBLAZS NULL Z2RLE T, o BXTIVDIFE., Hile-hBRERLET, 2HlSNDOH
& HUIBHNERA -7 TV ERELTRL 3, Python R tuple(o) LFRFE T,

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. ¥ —o Y AF7IA T 5 70D o & “PySequence_Fast* 7 7 I U DB
BCHHATZ2A 727 Ve LTGRLES, A7V 27 MBS Y ATHA 77 TN THROVEGEEIR
Xwt—Y m EZFHD, :exec:‘TypeErrort ZEH L F3, KB LAS NULL 2B L F5,

PySequence_Fast* 7 7 I U ORAEIX, o A PyTupleObject ¥£721% PyListObject EREL. 0 DT —
X7 4 —)VRICHEET 7R T30, ZOX5AGMITONTVET,

CPython DFEZETIE, DL o B =7 U AR TV THNE. 0 ZDDDEIRLET,
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Py_ ssize_t PySequence_Fast_GET_SIZE(PyObject *o)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that o is not NULL.
The size can also be retrieved by calling PySequence_Size () on o, but PySequence_Fast_GET_SIZE()

is faster because it can assume o is a list or tuple.

PyObject* PySequence_Fast_GET_ITEM(PyObject *o, Py _ssize t i)
Return value: Borrowed reference. o 3 NULL T2 {. PySequence_Fast() DRL7A T =27 M TH
D, D i B4 YT 7 ZAOHEHAMNCH 2 EREL T, 0 D i HFHOERZELET,

PyObject** PySequence_Fast_ITEMS (PyObject *o)
PyObject R4 Y ZDERIZHZT LA ZIBRLET, ZOBETIE, o1 PySequence_Fast() DiRL7=F
7Y FTHD, NULL TRVHDLREL TVWET,

VAMDY A ZPEFEIND L E, X)) HEEPEROEY 2 HEBE ST 20d LAKRWI 2ITHEELT
{7BE WV, FDD, O—F Y ADEERHEELRVIAYTFF A NTOAERICHAEA VX E2HoTL 7
XV,

PyObject* PySequence_ITEM(PyObject *o, Py _ssize_t )
Return wvalue: New reference. o @ i RHOERZRL, KK T 2L NULL 2 RBL £ 7,
PySequence_GetItem() DEHIRTH D, PySequence_Check() T o BEZIRT Y 5 H DML,
HORAFOHRBEZITOEY Ao

7.5 ¥v 78770k 3JL (mapping protocol)

PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HHBHL T X\,

int PyMapping_Check (PyObject *o0)
Return 1 if the object provides the mapping protocol or supports slicing, and 0 otherwise. Note that
it returns 1 for Python classes with a __getitem__() method, since in general it is impossible to

determine what type of keys the class supports. This function always succeeds.

Py ssize t PyMapping_Size (PyObject *o0)

Py_ssize_t PyMapping_Length (PyObject *o)
BINTHeA T2 b o HOF—DEERL, KT 2L -1 ZRLET, 24U, Python DX len(o)
ERTIZRD T,

PyObject* PyMapping_GetItemString(PyObject *o, const char *key)
Return value: New reference. XFH| key BT 2 0o DEFRERLF T, KT 2L NULL ZiIBL F
F, Python O olkey]l ¥R UTT, PyObject_GetItem() HBEL T W,

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
AT b o LTXFH key Ml v \HIMTTE T, KT 2L -1 ZIRLE T, Python D o[key]
= v 2[AUTY, PyObject_SetItem() BB L TL LIV, ZOEEIE v NOZHEZEARD FH A,
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int PyMapping_DelItem(PyObject *o, PyObject *key)
ATI 2T b o, ATI b key AT AHIGHN T EZHIBRL £5, KT 2L -1 ZRL T,
Python @ del olkey] ELTT, ZDMEIE Pyobject_Delltem() DFHIFHTT,

int PyMapping_DelItemString(PyObject *o, const char *key)
FT7I 2T b o b, XFF key BT AT ZHIBRL £ 3, KT 2L -1 ZIBL$£3, Python @
X del olkey]l ¥R U T,

int PyMapping_HasKey (PyObject *o, PyObject *key)
~yvTBRF T2 b F— key BEOEEIC 1 BRL, 2O TRVEZIIZ 0 BIRLET, 24Uk,
Python O3 key in o &HMTY, T ORI LIFEICHINL £7,

__getitem__() XV v RO UHITE Z 2FIAMIMHIZ N2 Z 2 ICEREL TLZE W, =7 —%
XHB1iE, Kb D IT Pyobject_GetItem() %> TLIZE W,

int PyMapping_HasKeyString (PyObject *o, const char *key)
Ry TRATI 27 v 3% — key ZFOHEIC 1 ZIRL, £25TRVEZIZIZ 0 ZRLET, ZHU,
Python @3 key in o L &#liTF, Z DRARIFCH LIZEICHRIILE T,

__getitem__() XV v FOMUH LR, —RHYLXFHIA 7Y = 7 b OIERAISE Z 2 BIFH3I0H X
52 LWHERLTAEEIN, T7—2WMESIE2I12E. b DIT PyMapping_GetItemString () %o T
{72& W,

PyObject* PyMapping_Keys (PyObject *o0)
Return value: New reference. [RINT 2 XTIz 0o DXF—D0RZ2VAMNERLET, KT 5L
NULL 2B L £73,

N—ay 3.7 TEHE: DENE. BBV AR LABEXTIAVEZRLTVE L,

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. N3 28 A7+ o DEPSRZ VA MERLET, KT 5L
NULL ZiRL £,

N—ay 3.7 TEHE: DENE. BBV AR LABEXTIAVERLTVE L,

PyObject* PyMapping_Items(PyObject *0)
Return value: New reference. [RINT 2 X727 0o DEENOKRDZ VA MEIRL, FEZRITIF—L
EDRTBA ST B TN oTVWET, KT 5L NULL ZEL 5,

N—Tar 3.7 CEHE: DIAN. BBV A LB ERIAERLTWE L,
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7.6 1 7L—%70k21JL (iterator protocol)

ATV =W TDDEFDOREBEZ=2H D 7,

int PyIter_Check(PyObject *0)

Return true if the object o supports the iterator protocol. This function always succeeds.

PyObject* PyIter_Next (PyObject *o)
Return value: New reference. JRAGMER 0 IZBII 2 RXDEEZRLET, A7V =27 MIA 7L —XTRIF
NV FEA (T2 F 2y 7T 2D3MEH LMOEETT), EREBIMAHE o TOWRWIEGEIX, Hilst
2ty P ENTWIRWIREET NULL 2B L £5, HREZWMD HTHcT 7 -2 U813, NULL Z& L,
FAELBINZIXH L X5,

ATV —=RDBEFTERIIO > TREMEZITON—T2EL e, COa—-FRUTOX512k23133TT:

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

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

while ((item = PyIter_Next(iterator))) {
/* do something with item */
/* release reference when done */
Py_DECREF (item) ;

Py_DECREF (iterator) ;

if (PyErr_Occurred()) {

/* propagate error */

}
else {

/* continue doing useful work */
}

7.7 N7 770k 3JL (buffer Protocol)

Python THIFHREEZZ WL DDA TP =7 M, THEICH 2 XTVEH F 7213 buffer ~NDT7 7 R ERMHL %
o ZDXIRFATI 7 b2 LT, HlAIAAD bytes X bytearray . array.array D &K 572\ DHDILR
BT oNE T, y— FAN=T 4 DI A 75 VIFEGLHESBUERT O X 5 Rl B0z, 2h s
DIUZERT DI ENTEET,
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ZNEZNDRMIZNEHE DY T4 V7 A2HBE T, BEOLHREBRRXEIANY 77 1o 205 HED
FHEZzEAELET, W<O2ORUTEMNT2a—21T75 e RAEENY 77T 7R T2 EDEE
nEs,

Python & buffer protocol DT C LNV OMAAHAZRMEL 5, ZoF v ba i3 =ooflms»d b 3

o BT ZMTIE. BRI, ZDOA TV FOTECH SNy 7 7 BT 5 HRZRATE 2 "buffer A
VR=T 2= R BRI AR FTEHIENTEET, COA Y R—Tx2—RE Ny T 74T ME
& (buffer object structure) DEITHHAL 35

o FMATAHTIE, ATV bOTBIZHIZET —EZADRAL VX EBIZWL OO TERPFHATEET
(Fz 213XV v P15,

bytes % bytearray REDS Y INLA TV =7 ME, WEHD Ny 7 7 =% 4 OB TREL $3, A
MDA DR S FIHFTEET T, BRI, array.array BRHT 2 ERIZTLF AN, MEIZRZZEDRHH 5,

buffer £ ¥ % —7 2 —RADFHEZFED—HE, 77 ANATP 27 D write() XY v RTF: buffer £ > &% —
7z —ARBLTHDOANS MIZRETELZLARF T2 7 P TH I 7 ANKCHEZAD I D TEET,
write() &, ZO5IE LTHEINLA TP 27 PORNFERIINT25AM LERAT7 7t RDATREL LE
I, readinto() DEIRMD XY v FTIE, ZO5IHMONEIIHT 2HZAAT 7L ABMETT, buffer 4
YE=T7x—RZED, ATV 27 MEFAEEMST, AHLERNY 77 ADT 7L XA ZFHAIT o0 ERE D
HEET20ENT 2N TEFT,

buffer 4 ¥ X —7 = —ZDHFMAEIIE, NREBLDEF TS 22 b DAY 7 7 %2825 ZODTENHD T
e IELWEIBT PyObject_GetBuffer() ZFEUHIT;
o PyArg_ParseTuple() ((72FZDREIED VD) Z y* . wx F7II sx formal codes DWVWFT L B
IO S,

B 5D —ATH, buffer BN E L L 725 /2[RfIC PyBuffer_ Release() ZFEUHEZIIIUIRD TR A, Th
ZRLE. VYRV =D XD IkkA LB OB 2B/ H D $7,

7.7.1 buffer &S

Ny 7 7SR (F72IZEANIC “buffers”) EHIOA 7Y =27 DAL F U F—X% Python 7'u 2o ~<Icigfits
ZOIMERTY, ZAUdE, ¥rabt—R 74 7B LTHHATEE S, ZOXEYV 7Ry 7 %25HT
BIEHERMMIS 22T, YART—X T L THHHIC Python 7027 S<Ii2 ity 2 2 e A TE %5, XEVIE,
C IBROKEREANEB P D LNEFRAL, ARV =T 4 VI RATLATATZVRETHIOXEY TR0y 7 »
HbLNFHAL, BEILT 22X A T4 7DA Y AXAEVEAZFETOWIMEHIN 22 LOAEHA,

Python 4 ¥ 2 7V 2k o TIRMENZZ DT =X B IZER D, Nv 7 7% PyObject KA ¥ X TIFR AL,
Y TINTE CHERT S, 207, fERE a b —2IERICHICITX T, Ny 7 7 D—RINE T v R—23
Bip & =&, memoryview 7Y = 7 M IMEREINE T,
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IVAR=bENEA TP 27 b 2ELFEOROIIAIZIE, Buffer Object Structures SR L TL 72 E W,
Ny 77 BRIST 2121E, PyObject_GetBuffer() 2BIRL T W,

Py_buffer

void *buf
Ny 7774 =)V EBRRLTVIMEMHEDRHZIETRA VX, Ny 772} t72 479227 b
TEYEXE) 78y 7HOEDONMBEICS D 2 ET, FlZIE strides AL, ZOHIEXEY 7
0y ZORE»D LNERA

E A DBE ZOEEXEY 7ay ZOEHEERL X5,

void *obj
IJ7AR-—PERTWVWEATY 27 POHFLVWER, ZREIMEBFICL - THAE S,
PyBuffer_ Release() ICX-> THEIMNIZTZ VXY PENT NULL IKREINET, ZD7 4 —
L RIEEHERY 72 C-APT BIRIOR D {6 ¥ SFili T35,

PyMemoryView FromBuffer() F7:i& PyBuffer FillInfo() IZX->TT v F&N/z —RHIHR Ny
77 THDHFRART —ATE, ZO7 4 =L FIE NULL TS, KNI, =T/ AR—-+F7Vx7 Mg
ZOFREFHALTE R FEA.

Py ssize 1 len
product (shape) * itemsize, contiguous FC# T, THEDOXEV 7Ry 7ORIWXED £T, IF
contiguous BIHTIE, contiguous REIZ 2 ¥ — XN GAICHBEEN D OEX T,

((char *)buf) [0] 2*& ((char *)buf) [len-1] DHPAND 7 7t 2%, il (contiguity) %1
AT 2V TR ML THGENNY 77 L TOAHSNE T, ZLDHEI, ZDL57RY
2 T i PyBUF_SIMPLE ¥7-1% PyBUF_WRITABLE T,

int readonly
Ny 77 DitAHLHEHATH 2R LET, D7 4 —) RIiX PyBUF_WRITABLE 7 5 27" CHilfflT &
S

Py ssize t itemsize
BEHE D7D byte LD H A X, struct.calcsize() %IE NULL @ format fEHIZH L TH-ORH L7
MRrFEILTT,

EERHIAN: HBEED PyBUF_FORMAT 7 7 7 REET DI Ny 7 7 2ERLHE, format
13 NULL ICEREZXNFE T, L2 L itemsize ZTLD 7+ —< v M- EEREFELE T,

shape FIET 5854, product (shape) * itemsize == len OFXMF o, FIHEIX itemsize
% buffer ZHL7-DIHATEET,

PyBUF_SIMPLE % 7z1% PyBUF_WRITABLE TER LU 72#4ER,. shape 27 NULL TH iU, HEHIZ
itemsize B L T itemsize == 1 L RAIRIFNIRD THA,

7.7. /Ny 7770k 3JL (buffer Protocol) 97



The Python/C API, U1 —2X 3.9.19

const char *format

WE DG DNEERIEET 5., struct TV 2 — L AR A LVED, NUL X TH, ZDFEAL > XD
fEAY NULL 72 &, "B" (fFBfEL N4 b) & LTRbDNE T,

D7 4 =) RIi& PyBUF_FORMAT 7 5 72 & » CHlflI S E 3,

int ndim

Py

Py

Py

XEYM N RTHHNER L TOWBRORICE, 0 DEHE. buf ZADFEERT 1 DOEEREFELT
WET, ZOHE. shape, strides, suboffsets I& NULL TRIFIUIR D FE A,

PyBUF _MAX_NDIM It DI AME%E 64 IZHIR L TV E 3, $REHIE Z OFIR % BiE L iF iz b
FH A, ZXRICHFIDOMHEMIE PyBUF_MAX_NDIM JUTE CTEWZ B XS ICTHRETT,

ssize_t *shape
AEY LD NRXTEHANDOE 2T, £ED ndim TH % Py_ssize_t DELFITT, shape[0] * ...
% shape[ndim-1] * itemsize |X len ¥ FEL L RIFNUIRD FHA,

shape DfflX shape[n] >= 0 IZHIRX 1 F T, shapeln] == 0 DEFEICFHCEREDILETT, il
W& complex arrays ZBIRLUTLIZE W,

shepe (JZIR) ECANEHFIHIE 22 & 137 A H LEHATS,

ssize t *strides
BRITICBOTH LWEEZEZ720ICAF Yy 254 VIERT, BX ndim O Py_ssize_t @
B,

ANT4 FEZF, EEROBREZIHEETEET, FUEOEYTIE. A MF7 4 MGEETOWITIENTT,
L2 LAIFA#EIE, strides[n] <= 0 DF — AN T2 I e N TEIZXENH D FF, FHicoONT
& complex arrays B TLEE 0,

HEHIZL 5T, 2D strides EiFdFAH LEHATT,

ssize_t *suboffsets

Py_ssize_t BMOBERZHDOREE ndim DY, suboffsets[n] >= 0 DHEIF. n FHDOXILIZ
o THRIFSN TV AEIZAR A > & T, suboffset {HIZH R A ¥ X DB MR L 7 BRITAANA IR
UV ERLTVE T, suboffset DEBPEDBDIGEIZ. KA ¥ X OSIRBIIIAE (HkE L7
XEY 70y JNCEZERLEINNDS) LW 2R ET,

2 TO suboffset BWEBMDLGE (D% D BMBRNAE) LIFE. TO7 4 =L FIENULL (77 # L+
) ThRFERD A,

Z O DELSIERBE Python Imaging Library (PIL) THbHTWE T, DX 5 RESITERIZT
TR RFTBHFEITOVTESIZFEL Z 2 complex arrays 2SR L TL 7230,

HEHIZL o T, suboffsets ECHZFHAH LEHATY,

void *internal
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Ny 77 2RI 2MOA TV =7 Y BNERICHIH S 2 720 DZEETT, HlRIE, BN Z DR
WCEERR % X v 2 b LT, shape, strides, suboffsets ¥\ o 72E05 % Ny 7 7 R % ¥ ZICFARFIC
RINT BZRENEIDEEMTE 77 7SI N TEBTL LD, Ny 77 2ZITWBHNK, =D
EEZRUTEELTIRD EEA,

172 Ny IT7VI9IRDEAT

Ny 7 7B H. PyObject_GetBuffer() 5> 22T, TVAR—=PTEHA TV MInNy 77 )T}
ZED e TROLNET, XEY OMMINBHEOEMIEIZIIC O 5720, HBEX flags 518 Z2E->T. H
BPRZ BNy 77 OFBEEEEL LT

Py_buffer D7 4 =L Fid, VI TR FOFHIC K o TEKRI 2RI TITERSINET,

DOTAMIKEFELBWI =LK

TED7 14—V FiX flags DFEEZITITIC, FIRIELWETREINE T, : obj, buf, len, itemsize, ndim.

readonly, format

PyBUF _WRITABLE
readonly 74—V RZHIBILET, DLIDT7 7 I7DPREZINTVBIHA. exporter 1F, FHZAA
AJREZL Ny 7 7 AR 200, T RTIUIRNZHE LRI NERD £2A. 77 7BRES AT
WA, exporter 13, FtAH LEH L EZAAARERANY 7705 52 L THHBVEEAD,
EEHTRAET 2085 23R TOHEE I LT—HESRITIUIRD £8 A,

PyBUF _FORMAT
format 74—V FEHIELET, L7 7 7PRESNTVIUR. D7 4 =L FERIELEHDRIT
N DFEA, 77 7DBRESNTVRFIUE. TD7 41—V F%& NULL IZ&RELRTIRD X
A,

PyBUF_WRITABLE 3. RDEICHTL 28D 757 d | ZHo THEVWERA, PyBUF_SIMPLE ¥ 0 L EFRKX
NTWS DT, PyBUF_WRITABLE \FHMIREZAAFRER ANy 7 7 ZERTZ2HMD 7 7 7 LTHER T,

PyBUF_FORMAT \&. PyBUF_SIMPLE PAADE D757 d | ZMoThEVERA, BRED7F7 7 B (FER
LAA M) 7=~y bERBICHRLTVWE T,
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shape, strides, suboffsets

ZD7 5 7%, UFTEMEDSKEVIEICHARZXEY OMENZESEERELET, Mr0 7527038, ZRkb
TREBEINEZTZ I ZTOTRTOE Y b EELILIRFERLTLEI N,

V7 uy & o shape | strides | suboffsets
yes yes WIS

PyBUF _INDIRECT

PyBUF_STRIDES yes yes NULL

PYBUF_ND yes NULL | NULL

PYBUF_STMPLE NULL | NULL | NULL

BHEMEDU I TR

AT 4 FOEHRMD > THRLTH, C £/0d Fortran D EFE HBAMICERS NI AIEEERH D 5, X
P74 MERZLIC, Ny 7713 C EBHEL TV AREDRDH D 5,

DOITR b+ shape | strides | suboffsets | contig
yes yes NULL C

PyBUF _C_CONTIGUOUS

3 5 NULL F
PyBUF_F_CONTIGUOUS yes yes U

PyBUF_ANY_CONTIGUOUS yes | yes NULL C 2 F

PyBUF_ND yes NULL | NULL C

BEVIIXH

EHEZ2ETHY 7T MDOHIZ, FIOHTOT S 7DOMHAEDOETHENICERINTWE T, FF)7% X512,
Ny 77—=70 b a)VTCRBEBEIHERHINIHAGDEEZE—D 77 77 LTHRIELTE T,

RDT—=TND U ZHEHEPIRERTHE I 2R LET, FHAFIZ PyBuffer_IsContiguous() ZFFUHIL
THGELZHEST 2RBENHZTL & I,
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DOITR b shape | strides | suboffsets | contig | readonly | format
PyBUF_FULL yes | yes BELYE | U 0 yes
PyBUF_FULL_RO yes yes RERIGE | U 120 yes
PyBUF_RECORDS yes | yes NULL Y 0 yes
PyBUF_RECORDS_RO yes | yes NULL U 1720 | yes
PyBUF_STRIDED yes | yes NULL U 0 NULL
PyBUF_STRIDED_RO yes | yes NULL U 140 | NULL
PyBUF_CONTIG yes | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO yes | NULL | NULL C 120 | NULL

7.7.3 #EMRES

NumPy X4 )L: shape, strides
NumPy R & A )V OEH| OaHNHGE L itemsize, ndim, shape, strides TERINE T,

ndim == 0 OHFEIX. buf DIET X EY DHFTE. H 4 XD itemsize DAH FHE LTHRRENE T, 0%
AL shape ¥ strides DM F& % NULL T,

strides 7% NULL OHEE, BFNIEED n Xt C BFle LTHREINE T, 5 ThVWHEIE, FIAEIERD
X5 n IOt 7 7 2 L il b 8 A

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

item = *((typeof (item) *)ptr);

FRRD K, buf BXEV 70y ZJHNDOEDEFITHIET I EHARET T, =7 AR—X -3 OBBZEHHAY
5 &o TNy 77y DL RMERRERE T,

def verify_structure(memlen, itemsize, ndim, shape, strides, offset):

(KDR=212%i <)
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(AIDR=I 25 DfE X))

"""Verify that the parameters represent a walid 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
nn
if offset 7, itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):

return False

if ndim <= O:
return ndim == 0 and not shape and not strides
if O 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+imaxt+itemsize <= memlen

PIL XZ-JL: shape, strides, suboffsets

PIL 22 A VORI TREHEOEROMIZ, HERTDO ETROEREZMBFT 27-DI1WB R XERTE
T, Bz, BED 3 XT C BFl char v[2][2]1[3] &, 2 KITHEFIND 2 DDRA ¥ XD 572 B H0%] char
(xv[2])[2]1[3] L RZZ B TE T, suboffset RBITIE., TNHD 2 DDHRA XIE buf OIEFITHDA
D, XAEVDEY I THEETE 2 2 DD char x[2][3] EHIZIEL T,

RDFENZ, strides B suboffsets B NULL THRWEHED, N Kt VT v 7 A k> THRENTWS N RKITEF
HNOEZEADRA ¥ R EIRTEETT:

void *get_item_pointer(int ndim, void *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];

(RDR=212Hi <)
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HIDR— % 5D E)

return (void*)pointer;

7.7.4 )\ 7 7EEDREK

int PyObject_CheckBuffer (PyObject *obj)

obj buffer £ VX —7 2 —R%EHKRK—-—FLTWVWBEHEIEZ 1 BRL, 25 TRWVWESZ 0 ZRLET, 1
ZRLE LTd, PyObject_GetBuffer() 7bi‘ﬁJszJ3“/Z> CERREEENFE R A, ZOBBIIE IR L
9,

int PyObject_GetBuffer (PyObject *exporter, Py buffer *view, int flags)
exporter 1 flags THHE INT2J5IET view ZHDH 2 XS ICERLF T, d L exporter BHEEINZ B
DIy 7 7 ZRETER WIS, PyExc_BufferError %% L. view->obj % NULL ICFE L7z LT,
-1 ZREIRTFAIRD FH A

BRI L7zt Zid. view 23D, view->obj I exporter NDFLWEBREHREL, 0 ZRLET, F2 4V
KONy 77 TaNA XNV TR VER—DF TV 27 MUK A LY M T 557 —RXTlE, view->obj
& exporter DRODDICZDATY =227 F2ZRLET Ny T 7F T2 MEERK 22U TR
x0),

malloc() ¥ free() D Xk I IZ, OH LI L7 PyObject_GetBuffer() ¥ X2 %
PyBuffer_Release() DFMURH LA RITNZNIERD FR A, Mo T, Ny 77 DFANPFEALS
PyBuffer_Release() DEZIC 1 BIZZFFFOH IR TIUIR D 8 A

void PyBuffer_Release (Py buffer *view)
Ny 77 view ZfFR L, view—>o0bj DB ATV Y M2 1 OO LET, ZOBBIENy 7 72bN s
MR Ro e IO ERIFNIRZRST. 25 LARVEZROV IR DEFT,

PyObject_GetBuffer() Z@BLTHFLTWARWAY 7 710 LT Z OBBEIHT OEEMENTT,

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

Return the implied itemsize from format. On error, raise an exception and return -1.
N— a ¥ 3.9 TEM.

int PyBuffer_IsContiguous(Py buffer *view, char order)
view TERINTWVDIXEYD, C AKX A )L (order == 'C') D ¥ EH Fortran A X AL (order ==
F') Bt O 2, ZOVWTID (order == 'A') THIUFX 1 ZIRLE T, ZhLIOHEX 0 ZIRL
F5, ZOBEBIIEICHIILET,

void* PyBuffer_GetPointer (Py buffer *view, Py ssize t *indices)
B2 507z view WIZH 3 indices DIET X EVHEBEIIG L ET, indices 1¥ view->ndim [HDA > F v
I 2D BRAEHEEL TWRITUERD $8 A,
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int PyBuffer_FromContiguous(Py_ buffer *view, void *buf, Py_ssize_t len, char fort)
HE T 5 len N4 & buf 25 view IZaAV—LFET, fort 11 'C' 2 'F' RIEETEET (2 th
C BFEAR X AL Fortran A XA VONEFZRLET ), BIIRICIE 00 =5 -2 -1 ZIRL ¥,

int PyBuffer_ToContiguous (void *buf, Py buffer *src, Py ssize t len, char order)
sre 26 len NA b EREHRIT buf FICaE—LE T, order 13 'C' £721F 'F' £ A (CRXA
VIR & 721% Fortran A X A4 VIEF /3 E0LA) 24EETEES, L6 0 2HRD, =5-R5
-1 2NRD £,

len 1= sre->len DEFE. T OBEEIIFBRL 5,

void PyBuffer_FillContiguousStrides(int ndims, Py _ssize t *shape, Py_ssize t *strides,

int itemsize, char order)
strides LA % itemsize DK E Z DERHIANA MHRNLD, shape DIE% L7z &Ei% (order 23 'C' 725

C-style . 'F' 7 5 Fortran-style ®) ZXJthisl| & LTH®D %,

int PyBuffer_FillInfo(Py buffer *view, PyObject *exporter, void *buf, Py ssize t len, int read-

only, int flags)
B A XD len D buf % readonly W - 7FEZIAAF] /AR DFRETRHATEI N 77V 7T X M 2L

£9, buf IFFSHEL AL FDAIE LTI X,

flags BIBUIV 7 A MDD XA THRLET. TOBKIX buf DPHiAH LEREIEEZNTWVWT, flags I
PyBUF_WRITABLE HEEEZINTWARWVIRD ., 27 7 ZIHESINED I view ZHD F T,

B L 7z & Zid, view—>obj T exporter NDFLWEREHRE L, 0 ZIRLET, KRMLALL =&
PyExc_BufferError %i%H L. view->obj I NULL #&E L. -1 R L ¥ 7;

ZDBEEE getbufferproc D—HERE L THE S HEITIE, exporter 3TV AR—b T 547 =27 MERE
LARTHUER ST, 5T flags ZEFEETWICEIRITUIRD FHA, £ TRWVWEEE, exporter &
NULL TRIFUIZRD £E A

7.8 WAy T 77ORI)L

A= 3y 3.0 TIRHER,

e DB, Python 2 @ MWy 7> 7m b aji) API @—#T%, Python 3 Tld, 5207 mta
MEIFELEEAD, 2x DA —FZBHELL TV IS IZEBEAHEATHWES, FTLLWAAy T 77OR0IL &
AHEDH 2 7 v R—BBD XS ITREZFVETH, Ny 7y BT/ AR-FEND e ZIIHEENZY Y —R
DEFHIRZEH T2 Z L IETEEHR A

WoT, 25X Tz bDANY 77 a2 —%2HIET 572012, PyObject_GetBuffer() (b LIk y*¥ BX U
wk 74— v b1—F T Pydrg_ParseTuple() R ZOM) ZIFEH L, Ny 77 a— 2T 5 L 2T
PyBuffer_Release() ZWFUHIL %9,

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize t *buffer len)
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NFER=ZADANE LTHEZ2H5AL LHEHAXEY FOMEANDRAL VX Z2RLUET, obj 5/BITH—&
TRAYIMPORBIZNFNY T 74V R—=T 2 =R 2P R— b LTORITINVIRD ERA, KPIT2L 0%
B L. buffer & XEYDMBEIZ, buffer len ZNy 77 DRIWCHKELE T, T7—DFRICIE -1 ZiIBL.
TypeError 2ty F L X7,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py ssize_t *buffer_len)
EEOTFT -2 2 WD AN LEHADOXEY LOMENDRA VX 2R LUET, obj 5IEBIFHE—LI7 X b
MORBMAHLATREN Y 7 74 Y X =7 2 —RA%HR— P LTOWRITIUIZRD FHA, BT 2L 0 %
RU. buffer & XEV DMBEIZ. buffer len ZNy 7 7 DRIWCHRELET, T7—DFITIE -1 ZKL.
TypeError 2ty F LE T,

int PyObject_CheckReadBuffer (PyObject *o)
0 MHE—E T XY M BRIFAM LAY 774 VR —=T7 2 =2 H K= LTWVWBHEIC 1 ZEKL
£9, ZNLBOGEIIE 0 2R L ET, ZORBUIHEIIEIIL 5,

ORI LIc Ny 7 7 OHUS L IR ITV. 22 IE T 2 B OO LA 2 2 ISl <
NBZZLRFEBRLTLEIN, 7 —2HEXEBI121E. PyObject_GetBuffer() ZRbDIZH-TL 7
2\,

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
HXIALARER X EY FOMENDKRA YRR L ET, obj 5IEIEHE—E TR Y PP BREILFNY 77
AVER=—T 2 —REPR-—PLTVRIFNIRD FRA, BNT2E 0 ZIRL. buffer #XE) DMEIZ,
buffer_len 2Ny 7 7 DERZWCHRELE T, =7 —DFICIE -1 &R L., TypeError *t v FLE T,
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EIGHT

BEfR+7S x4 b (CONCRETE OBJECT) L1+

ZDETIE. FED Python 4 7Y = 7 MIEGOBEBICOWTIBRRTWE T, TS DBEBICHEE > =R DA 7
V7 FEEITDIREVWEZITIESD FHA; Python 7077 2000560047V b EZIFM o728 &,
ZFOATI 27 PWELVWHEIZR o TV EDHERLZ S TRVODRL, $TH-F v 7 2THLRITNUIZD EEA;
BlZIE, DDA TY 22 P DBHERNTANSB I, PyDict_Check() ZfiVE T, ZDFEIX Python DA 7Y =
7 FENZBT B T R o TSN TVWE T,

&5 ZOETHERTVIHELNT. EXh7A 727 POREZFEREFESF v 7 LIETE2500D, 24D
BEBIXEINIAF 70 =7 MYEMR NULL RODPEMBRA T 27 b DhrEF v 7 LERA, 205
DORFUC NULL Z2EXETLES &, BEXTY 727 2ERERILT, 4 YR 7 REMEICK T X8
TLESEFTTI,

8.1 XA 721V bk (fundamental object)

Z DTk, Python OMA 7Y =7 b > 70 b ¥ (singleton) + 7Y =2  None IZDWTIHANE T,

8.1.1 BATIT Uk

PyTypeObject
HAAABMZ LR T 2BICHWO NS, A7 =227 b 2RT CMERTT,

PyTypeObject PyType_Type
A7 227 VEGOHA T 227 T Python LA YIZBIF 3 type LRI LA T =7 M T,

int PyType_Check (PyObject *o)
Return non-zero if the object o is a type object, including instances of types derived from the standard

type object. Return 0 in all other cases. This function always succeeds.
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int PyType_CheckExact (PyObject *o0)
Return non-zero if the object o is a type object, but not a subtype of the standard type object. Return

0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()
WEDMEF v v 2227V 7 LET, BHEON—Ya v X7 ZRLET,

unsigned long PyType_GetFlags (PyTypeObject® type)
type DR Y N—TH 3 tp_flags ZIRLEF, TOEBIIEARNIZ Py LIMITED _API ZEFEL TS
ZrEREELTWET, ZRZFND 7 5 27E python DRELZ VY —ATERELTWS Z e BHFIEXIHATY
F9H. tp_flags BIRIREZ N APIO—ETIEH D FEA,

N—Ya ¥ 3.2 TEM.
N—=Yar 34 TEHE: RDEDHA long TIE7 < unsigned long IZ72H ¥ L7z,

void PyType_Modified (PyTypeObject *type)
NEDOMKF v v a%, ZD type EITXRTOV T XA L TEINNCLET, ZOBEEIZ type DJE
MBS 7 RFN BB L 75 L ICFHTHROH S R ITFUIRD TH A,

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

flags.

int PyType_IS_GC(PyTypeObject *o)
BA 7227 bH o BDFERZBEBEEZY R—FLTWAEEICERZELET; ZOBBIIRIKEEY 5 2
Py_TPFLAGS_HAVE_GC DFENREEF = v 7 LE T,

int PyType_IsSubtype(PyTypeObject *a, PyTypeObject *b)
a b DY TR TOERICHEZERLET,

ZOBBIIEBRDOY TSR EF 2y 7T B2 TT, DFE D, __subclasscheck__() & b iIxt LR
NFEXA, issubclass() YRILF = v 7% F 3121 PyObject_IsSubclass() ZFEATL &V,

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py _ssize_l nitems)
Return value: New reference. BiA 79 27 V@D tp_alloc MNT BT =4V v 712 FF T, Python
DFT7FNIDRXEY 7O = XAADZZALZ[oTHLVA Y AR 22707 — L, IRXTONEE
NULL CTHIEHMEL %5

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. 1A 72 27 b D tp_new X TBV 2RV v IV FITY, o
tp_alloc ARy EHoTHLWVWA VAR Y ARERL T,

int PyType_Ready (PyTypeObject *type)
ATz DT 7A4F 74 REITVET, COBBELTOA T 27 b TUHLETR T T 572012
CHEINRL TR EHA, 2O, REZ SRAB PR LzZAny b2EA 7Y 27 MBS
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void*

KEHBHD 9o WNLEGETIX 0 ZREL, =7 —DHEITIE -1 ZIR L THMERZREL 5,

FARR: If some of the base classes implements the GC protocol and the provided type does not include
the Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from
its parents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_GC in its flags
then it must implement the GC protocol itself by at least implementing the tp_traverse handle.

PyType_GetSlot (PyTypeObject *type, int slot)

Gzohlezmy MTHEHENTWSBEBERA > 22 B L $9, EDED NULL OB &I, Ay 53
NULL 72>, BIBAARIEZRGIETHEINL Z L 2R L E T, @, O LANGE D ED R A > X % @Y7 B
BENZEF X R LET,

See PyType_Slot.slot for possible values of the slot argument.
An exception is raised if type is not a heap type.

N— g v 3.4 TEM.

PyObject* PyType_GetModule (PyTypeObject *type)

void*

Return the module object associated with the given type when the type was created using

PyType_FromModuleAndSpec ().
If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that in such a
method, PyType_GetModule (Py_TYPE(self)) may not return the intended result. Py_TYPE(self)
may be a subclass of the intended class, and subclasses are not necessarily defined in the same module

as their superclass. See PyCMethod to get the class that defines the method.
N— a v 3.9 TEM.

PyType_GetModuleState (PyTypeObject *type)
Return the state of the module object associated with the given type. This is a shortcut for calling
PyModule_GetState() on the result of PyType_GetModule ().

If no module is associated with the given type, sets TypeError and returns NULL.
If the type has an associated module but its state is NULL, returns NULL without setting an exception.

N—a v 3.9 TEM.

8.1.
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Creating Heap-Allocated Types

The following functions and structs are used to create heap types.

PyObject* PyType_FromModuleAndSpec(PyObject *module, PyType_Spec *spec, PyObject *bases)

Return wvalue:  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.

The module argument can be used to record the module in which the new class is defined. It must be
a module object or NULL. If not NULL, the module is associated with the new type and can later be
retrieved with PyType_GetModule (). The associated module is not inherited by subclasses; it must

be specified for each class individually.
This function calls PyType_Ready () on the new type.

N—3 g v 3.9 TEM.

PyObject* PyType_FromSpecWithBases (PyType Spec *spec, PyObject *bases)

Return value: New reference. Equivalent to PyType_FromModuleAndSpec (NULL, spec, bases).

N— a ¥ 3.3 TEM.

PyObject* PyType_FromSpec (PyType_ Spec *spec)

Return value: New reference. Equivalent to PyType_FromSpecWithBases (spec, NULL).

PyType_Spec

Structure defining a type’s behavior.

const char® PyType_Spec.name

Name of the type, used to set PyTypeObject. tp_name.
int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set PyTypeObject.tp_basicsize and PyTypelObject.

tp_titemsize.

int PyType_Spec.flags
Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpecWithBases () sets it automatically.

PyType__Slot *PyType_Spec.slots
Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.
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PyType_Slot

Structure defining optional functionality of a type, containing a slot ID and a value pointer.
int PyType_Slot.slot
A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject, PyllumberMethods,
PySequenceMethods, PyMappingMethods and PyAsyncMethods with an added Py_ prefix. For

example, use:

e Py_tp_dealloc to set PyTypeObject.tp_dealloc

e Py_nb_add to set PyNumberMethods.nb_add

e Py_sq_length to set PySequenceMethods.sq_length
The following fields cannot be set at all using PyType_Spec and PyType_Slot:

o tp_dict

e tp_mro

e tp_cache

e tp_subclasses

e tp_weaklist

e tp_vectorcall

e tp_weaklistoffset (see PyMemberDef)

e tp_dictoffset (see PyMemberDef)

o tp_vectorcall_offset (see PyMemberDef)

The following fields cannot be set using PyType_Spec and PyType_Slot under the limited
APIL:

e bf_getbuffer
e bf releasebuffer

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues,

use the bases argument of PyType_FromSpecWithBases() instead.
N— a3 3.9 TEHE: Slots in PyBufferProcs may be set in the unlimited API.

void *PyType_Slot.pfunc

The desired value of the slot. In most cases, this is a pointer to a function.
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May not be NULL.

8.1.2 None #7>xV bk

None IZX3 % PyTypeObject &, Python/C APl TIREEAMEINTORVDTHERL TLLEZ W, None I35
T (singleton) ZDT, A7 =22 POFE—MHTZA b+ (C Tld ==) 2H 52 THAE2STY, RUHEHHD
5. PyNone_Check() BAEIIH D £E A,

PyObject* Py_None
Python {281} % None A 7Y =7 hT, fHRRVWILERLET, ZDOA TV 27 MNIWEXY v DD
FHA, BIEAV Y MZOVWTIE, Z0AT7Y 22 P MDA T 27 b EFEBICRS BERDH D T,

Py_RETURN_NONE
C BA%H & D Py_None DBHIZ BN WE T, (Z4UE None DBRAV Y b A Y27 U XY FLTE
LET, )

8.2 HERA T U b (numeric object)

8.2.1 BBEA T U I (integer object)

FTARTOEBIIMEEOREZ R DD "long” By L TEREXNTT,

Io7—EEZ¥r, 1L A YD Pylong_As* AP IX (return type)-1 ZiRL E 32, ZAUIBUEE B33+
XFHA. RPTEMIZ720121& PyErr_Occurred() %o TLEE W,

PyLongObject
Z D PyObject DY 7 XA FIIBFINE RT3,

PyTypeObject PyLong_Type
Z D PyTypeObject DA ¥ AR ¥ AX Python BEH 2RI L £3, Z4ud Python L' A ¥IiZBI} % int
ERCATY =2 MTT,

int PyLong_Check (PyObject *p)
518AY PyLongObject 2» PyLongObject DY 7 XA FTH2 L ZITEZIRLET, ZOBBUIEICHIIL
£9,

int PyLong_CheckExact (PyObject *p)
518A3 PyLongObject T&H %75 PyLongObject DV 7T XA T TRV ZICEZIRLE T, ZOBITHEIC
ML F 5,

PyObject* PyLong_FromLong (long v)
Return value: New reference. v 7> &H1727% PyLongObject A 7Y =7 M EER L TRLET, KBk
FITIX NULL 2R L £,
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The current implementation keeps an array of integer objects for all integers between -5 and 256.

When you create an int in that range you actually just get back a reference to the existing object.

PyObject* PyLong_FromUnsignedLong(unsigned long v)
Return value: New reference. C @ unsigned long 75 #17z7% PyLongObject A 7Y =7 M EREMLT
KU EF, KL BITIE NULL 2R L £3,

PyObject* PyLong_FromSsize_t (Py ssize t v)
Return value: New reference. C D Py_ssize_t B H¥i772 PyLongObject X 7Y =27 b ZAEMRL T
RLUET, KKODE 2123 NULL 2R L £5,

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. C @ size_t BUh #7272 PyLongObject A 7Y =7 AR L TGRL
T, RO L FITE NULL ZIRL ¥5,

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. C @ long long Zii» H#17272 PyLongObject A 7Y =7 M ZAEMRL TR
LES, KDL 121 NULL 2B L %3

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. C @ unsigned long long MHB#i772 PyLongObject X 7Y =7 b
AL TGELE S, KDL ZITIE NULL ZIRL £,

PyObject* PyLong_FromDouble (double v)
Return value: New reference. v DFERE D #7272 PyLongObject A 7Y =7 P EAEML GRLE T,
KDL Z12Id NULL 2R L £79,

PyObject* PyLong_FromString(const char *str, char **pend, int base)
Return value: New reference. str DX FHUEICFESNT, Hi/=72 PyLongObject ELET, ZDL X
base BRI U TXFHNEMIRL £3, pend 75 NULL THRWEEIE, *pend I str FTEDRBFEI ATV
BEFUBEDFEL T D7 FLRAZIELTWE T, base 3 0 DIFAEIE. str 1 integers DEFHZ i - THE
a3, ZOFPAETIX, LHEHIZ 02D 3 0 THROVTHERIE ValueError Z2%H L %3, base 75 0 TX
FAUL, base 1& 2 KL 36 LT OB TRITINUILD $HA, SLHOZEH, EROIEEORLYETOMICH
PH—D7 X —Ra7 3 EHINET, HFEHELRWVIEA, ValueError BAH I N E T,

PyObject* PyLong_FromUnicode(Py_UNICODE *u, Py _ssize_t length, int base)

Return value: New reference. Convert a sequence of Unicode digits to a Python integer value.

Deprecated since version 3.3, will be removed in version 3.10: &f\WR X A )LD Py UNICODE API ®—
8G9 PyLong_FromUnicodeObject () T 2 X5 ITBITLTL1Z& W,

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. Convert a sequence of Unicode digits in the string u to a Python integer

value.

N— g v 3.3 TEM.
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PyObject* PyLong_FromVoidPtr (void *p)
Return wvalue: New reference. KA X p 7» 5 Python BEMEEZAERL T, K4 ¥ RXOHEIX
PyLong_AsVoidPtr() %@ L MR- LEGF ST T,

long PyLong_AsLong (PyObject *obj)
obj WEFT, C D long REALIKLET, b L obj & PyLongObject DA Y ARV ATRIFIUL, FT.
Z® __index__() XY v FHZWE __int__(O) XV v F% (b LHEIAR) MEHLT, A7 b %
PyLongObject WAL £73,

b L obj OffiDS long OEIFSTHAUL, OverflowError XML £3,

I —PRELL ZIWZ -1 ZIBRLET, Ao 2MT 27401213 PyErr_Occurred() Zffio TLZE W,
N—=Y a3y 3.8 TEHE: AJRETHIUL __index__() ZfS> K51 H L,

N—ar 3.8 TIEHERE: __int__ (O OAIZIEHERETT,

long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)
obj 73K 3T, C D long BIERLET, L obj  PyLonglbject DA Y ARV ATRIFNIE, £,
Zd __index__ () AV v FHBHWIE __int__ O XV vy FZ (b LHIX) MUHL T, A7Y=7 %
PyLongObject WAL £3,

H L. obj DfEA LONG_MAX X D KZ=\W\A, LONG_MIN X h/NXiFHuE. *overflow &, Thzh 1 2 -1
C;‘:ﬁi‘éﬂ -1 BIRL T, 3 RFAUE foverflow 13 0 ICRESINE T, d L. IrOFNRFEL -
FEE foverflow 25 0 IZREZXN -1 ZIRLET,

I7—DRELLZIC -1 ZRLET, AT EMNT272DI121E PyErr_Occurred() Zffio T 72& W,
N—a v 3.8 TEH: AJRETHIUL __index_ () ZMHS XS5k XL
N—Yar 3.8 TIEHERE:  int (O OEFIFIEHERTT,

long long PyLong_AsLongLong (PyObject *obj)
obj 73T, C D long long HIAZIRLET, b L obj 2% PyLongObject DA ¥ AR ¥ ATRIFIUL, £
D __index__ () XYy FH2ZWE __int__ O XYy F& (B LHAIL) MIHLT, 7Y =7
b % PyLongObject WZZHMAL £9,

b L obj DD long long DEIFASNTHAUK, OverflowError XXM L £3,

I —PREE 2 -1 ZIRLET, RPUZNT 2702 PyErr_Occurred() Zffio TL72E W,
N—Ya v 3.8 TEH: AJEETHIUL __index__() 25> X5k E L/

N—Yar 3.8 TIEMHESE: __int__ O OMFAIZIEHERETT,

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)
0bj LT, C D long long RIERLF T, dL obj  PyLongObject DA ¥ AX Y ATRIFIE, F
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. ZD __index__ ) XYy FHBHWE __int__ O XYV v FZ (3 LHIL) MOHLT, A7 =2
b % PyLongObject WML £3,

% L. obj DfEA LLONG_MAX & D KZ\WA, LLONG_MIN & H/NXiFiuE, *overflow &, T Z2h 1 5 -1
BREIN, -1 ZRLET; 2dRFNUE Foverflow 1X 0 ICEREINE T, d L. EZLOHINNRRELT-
FEE Foverflow 23 0 ICRUESN -1 ZIRLF 3,

II—DEEE ZFIC -1 ZRLET, RAT2MI 27201213 PyErr_Occurred() Zffio T ZE W,
N— a v 3.2 TEM.

N—a v 3.8 TAH: A[RETHIUL __index__ () 2SI XS5k XL

N—=Pa v 3.8 TIHERE: __int__ () OMEAEIEHEIRETT,

Py _ssize t PyLong_AsSsize_t (PyObject *pylong)
pylong #3KT C @ Py_ssize_t IR L F 3, pylong & PyLongObject DA ¥ AR Y ATRIFNIIARD
¥ A

b LU pylong DAL Py_ssize_t OHIPASNTH UL, OverflowError XM L E T,
I7—DPRELE X -1 ZRLET, AT E2MNT272DI121E PyErr_Occurred() Zfio T 72& W,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
pylong #3F C D unsigned long %KL %73, pylong i& PyLongObject DA ¥ AR Y A TIRIF UL
DEHEA

b LU pylong Ol unsigned long DH#IPHAITH AU, OverflowError ZiEMH L £3,

IT7 - X/ ZIT (unsigned long)-1 ZIRLE T, AT Z2MT 572012k PyErr_Occurred() %
fHoTIRE W,

size_t PyLong_AsSize_t (PyObject *pylong)
pylong 2R3 C D size_t IR L F T, pylong & PyLongObject DA ¥ AR Y A TRIFIUIRD T8 A,

b L pylong DIED size_t DHFHITHIUL, OverflowError ZEH L 7,

I —HRELL ZIT (size_t)-1 ZIRLF T, RO 2T 279D121& PyErr_Occurred() ZffioT
<f:éb\o

unsigned long long PyLong_AsUnsignedLongLong(PyObject *pylong)
pylong K3 C O unsigned long long ZiRL £, pylong & PyLongObject DA ¥ AR Y AT}
IR D R A

% L pylong DfEDS unsigned long long DH#iPHA TH UL, OverflowError ZiXH L £73,

T 77— &E /e ¥ (unsigned long long)-1 R L E T, AT 220X
PyErr_Occurred() 2o T I W,
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>

N—=a v 3.1 TEHE: i pylong ZHEE L /2FEIZ TypeError Tid7 <. OverflowError XM 3 5 L5
&:z’oc D i l./f:o

unsigned long PyLong_AsUnsignedLongMask ( PyObject *obj)
obj 73K F. C D unsigned long KIZIRLE T, dL obj #% PyLongObject DA ¥ ARV ATIRITIH
. 3. 2D __index__ () XY v FHZWE __int__ () XYV v FZ (HLHIUL) MOHELT, 47
Yz % PyLongObject WML £9,

obj DfEA unsigned long DHIPHD AN TWAIHEIX, ULONG_MAX + 1 Zike LEFIRZRL X5,

I =P E /- ZIZ (unsigned long)-1 ZIRL %3, R 2T 27012d PyErr_Occurred ) %
fioT7Z& W,

N—=Ya v 3.8 TEHE: AJRETHIUSE __index__ () ZfFS> XSk E Lz
N— g 3.8 CIEHERE: int (O OfIFIEHER TS,

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)
obj 7383 . C D unsigned long long RIAZIRLET, b L obj 2 PyLongObject DA Y A XV AT
X £3. FD __index__ () AV v FHBZWI __int__ O XV vy F%& (b LHAUR) FEH LT,
F 72 b%& PyLongObject WAL £7,

obj D% unsigned long long DHIFHD HAN TV 25 E X, ULLONG_MAX + 1 Zike L7RIRZIRL
9,

T 7 -2 &/ ¥ (unsigned long long)-1 R L EF, AT 220X
PyErr_Occurred() 2o T I W,

N—Ya Yy 3.8 TEH: A[RETHIUL __index__() M5 X5k F L

N—Yar 3.8 TIEHERE:  int (O OEFIFIEHERTT,

double PyLong_AsDouble (PyObject *pylong)
pylong %23 C @ double IR L ¥3, pylong & PyLongObject DA Y AR ¥ A TRIFIUIIZD FEA,

& L pylong DIED double DHEIFSN THIUX, OverflowError ZiEH L £,
Io—PRELE X -1.0 ZRLET, RO EMT 270121 PyErr_Occurred () o T 7ZE W,

void* PyLong_AsVoidPtr (PyObject *pylong)
Python QKA EIET pylong . C @ void RA ¥ RIZEHL £ 3, pylong B EHT = 2L
OverflowError ZXH L ¥ ¥, ZDBEKUE PyLong FromVoidPtr() TEZEAEMRT 2 & 12> L5 7k
void A ¥ ZMUBARTE 57213 TT,

IR E/ZE I NULL 2R L E T, RO 2T 5729121 PyErr_Occurred() - T 7ZE W,
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8.2.2 Boolean #7>x7 b

Python @ Bool BUIEEH DV 77 72 LTHEINTVWET, 7—LEODfHEIZ, Py_False £ Py_True d 2
DOLDHDFERA, o T, BEDERHIBREBIL T -V ENZIEHTIEED FRA, ITVWZ, LTo~wran
FIHTE X3,

int PyBool_Check (PyObject *o)
0 73 PyBool_Type HOLHICEZIEL ¥3, ZOBBIIEICHKINIL £7,

PyObject* Py_False
Python 1281} % False 7Yz b TF, ZDATI =27 MIXAY v FEFRLEEEA, BRIV D
RTRE oA 7Y =2 b e RIS BEBDH D 5,

PyObject* Py_True
Python iIZH1F% True A 73 =27 F T3, TDAT7T =27 MIXY v F2HRbEEEA, ZRAIV Y PO
TlE, oA 7Y =7 b L AR S BEDH D £F,

Py_RETURN_FALSE
Py_False (SHYIRBIAI TV v DA V7 VXY F2fT-oT, BB ORI DO TT,

Py_RETURN_TRUE
Py_True IHUIBSBEBAV Y F DA V7 VAV b E[ToT, D SRTDDT I BT,

PyObject* PyBool_FromLong (long v)
Return value: New reference. v DfEIZIG LT Py_True £7:13 Py_False "OFH LW B ZIEL £,

8.2.3 FHF/MSB AT U b+ (floating point object)

PyFloatObject
2D PyObject DY 7 XA Fid Python FEIV/NIURA 7Y = 7 P 2RI %9,

PyTypeObject PyFloat_Type
Z D PyTypeObject DA ¥ A&X ¥ AiZ Python HEIV/NIRAIZREIL $5, Z4UX Python L A ¥iZH)
% float E[MILA 7Y =2 F T,

int PyFloat_Check (PyObject *p)
51823 PyFloatObject » PyFloatObject DV T XA T THD L TICERBRLET, ZOBBIIHITHK
HLEs,

int PyFloat_CheckExact (PyObject *p)
51823 PyFloatObject TH B M PyFloatObject DY T XA FTTRHRVWE EICEEZRLET, ZOBKIX
IR L £5,

PyObject* PyFloat_FromString(PyObject *str)
Return value: New reference. str DX FHIE%Z D LT PyFloatObject A 7V =7 M EER L FT, K
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3% NULL #IRL ¥,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. v 2% PyFloatObject ¥ 79 =27 VAR L TRLET, KT 2L
NULL 2B L £,

double PyFloat_AsDouble (PyObject *pyfloat)
Return a C double representation of the contents of pyfloat. If pyfloat is not a Python floating point
object but has a __float__() method, this method will first be called to convert pyfioat into a float.
If __float__() is not defined then it falls back to __index__(). This method returns -1.0 upon

failure, so one should call PyErr_Occurred () to check for errors.
N—Yar 3.8 TEH: AJRETHIUEX __index_ () 2S5 XS5k F L

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIEFTE%Z. C D double BRI TIRLETH, TF7—-F v 7 ETVEE A,

PyObject* PyFloat_GetInfo (void)
Return value: New reference. float DFEE, F/MB, RAMEICEE T 2 HW % & structseq 4 ¥ XX ¥ A
ZIRLET, ZHUI float.h 77 A LDV T v =T,

double PyFloat_GetMax ()
float DRI T = 2 AMRME DBL MAX % C @ double BITIRL £,

double PyFloat_GetMin()
float DIEF L X N/=F/ N NDIEDE DBL MIN % C @ double I TIRL £,

8.2.4 BEHA T2 U b (complex number object)

Python OEFA 7Y 227 ME. CAPI 5 R 2 —opfifEof y LtHEEXNTWET: —/51& Python
Tu 77 2 L TRBENTWS Python A4 7Y =2 T, A IZEBOEREBEZRITT 2 C OEERT
3. API TR, Zhe A5 BEEERELTVET,

C &k L TORER

BWHRBO C MRz e LTRMLED, ROEE LTRLZED 3288 KA Y XELZ2{T5 DTS
fEEL 275D THERELTILIV, ZAUX API 24Z2@E L T—HLTWE T,

Py_complex
Python R A 7Y =7 F DEDTRDITIET 2 C OEBERTST, BEBA 7V =7 FERSIFLAY
DOREENE. ZOROBEREZSEIIGUTANRHE e LTHEVE T, BERIEIUTO LS ICEREIATY
%9
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typedef struct {
double real;
double imag;

} Py_complex;

Py complex _Py_c_sum(Py_complex left, Py complex right)
ZODEFERDOM%E C D Py_compler BITIRL E7,

Py compler _Py_c_diff (Py complex left, Py complex right)
ZODEFERDER C D Py_compler BITIRL ETF,

Py complexr _Py_c_neg(Py _complex num)
BRE num ODFFEREE C O Py_complex BITIRL £,

Py complexr _Py_c_prod(Py complex left, Py complex right)
ZODEFEHDIEE C D Py_compler BITIRL £,

Py complexr _Py_c_quot (Py_complex dividend, Py complex divisor)
ZODEERDEE C D Py_compler BITIRL £,

divisor 23 null DFEZ, ZDXY v Rlg¥r %R L., errno 2 EDOM 2t v b LE T,

Py_complexr _Py_c_pow(Py_complex num, Py_complex exp)
88 exp D num Fxk C D Py_complex B TIRL £3,

num 2 null T exp DIEDEBTHRVWEHEIE, ZOXY v Fig¥e%iRL, errno IZ EDOM 2t v F L
S

Python #7217 b2 L TOERKE

PyComplexObject
2D PyObject DY 7 XA 7id Python OERBIZ LRI L 75,

PyTypeObject PyComplex_Type
Z D PyTypeObject DA ¥ A X A% Python DEHRBIZ LI L 9, Python L' 4 ¥ D complex ¥ I[Al
CATYx7 FTY,

int PyComplex_Check (PyObject *p)
51805 PyComplexObject »> PyComplexObject DY TR A T ThH2 L XICEERLET, ZOBEBUIHE
WL LT,

int PyComplex_CheckExact (PyObject *p)
51803 PyComplexzObject T&H % PyComplexObject DY T XA FTTRHRVWE ZICEZIRLEST, ZOM
BUIH TN £,
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PyObject* PyComplex_FromCComplex (P _compler v)
Return value: New reference. C @ Py_complex T & Python OEHREBUEEZEK L £3

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. ¥1727% PyComplezObject 7 7Y =7 v % real ¥ imag 2 SHEKL 55

double PyComplex_RealAsDouble (PyObject *op)
op DEEFE % C D double B TRL FTF,

double PyComplex_ ImagAsDouble(PyObjﬁ(‘f *op)
op DEEE % C D double BITIRL E T,

Py__compler PyComplex_AsCComplex (PyObject *op)
BHEFUE op 25 Py_complex BUZRAERL F 3,

op 7 Python ODEEHA 7V =7 FTlER WA, __complex__ () XYV v REF->TWEEE, DX
Vv FBBRAINTIFEIN, op 25 Python OEHRA 7V = 7 MEW X 35, __complex__() WERX
NTVRVWEEIX, __float__ () W74+ —ANy Z7EINET, __float__ () BERINTOVARVWEHEIE.
_mwx()k7¢wwnj7éhi?omﬂﬁiﬁbt% F. ZOXYy FIEEHD -1.0 2K
S

N—Yay 3.8 TLH: A[fETHIUT __index_ () ZHIS X5k FEL =
8.3 >—7>YRAFTT 1V b (sequence object)

— TV RF T 27 MTHT B — RN REREICOVWTIIERIOE T T TR E L7z, ZOHITIX, Python &
K%Z%Xﬁbofb%%i@yw7yxﬁ7yl7bmomfmm§?0

T
o

831 NI +ATDxU

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

PyBytesObject
2D PyObject D7 XA Fi&, Python XA v ATV 27 b ERLET,

PyTypeObject PyBytes_Type
Z D PyTypeObject DA ¥ AKX > A, Python N4 F%FL £5; Python L 4 ¥ bytes LR U A
7Y =2 FTT,

int PyBytes_Check (PyObject *o0)
FTI 2T b oM bytes AT 27 b bytes OV T XA TDA VARV RATHZGEECERRLE
T, ZORBEEICHIIL T,
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int PyBytes_CheckExact (PyObject *o0)
F 7Tz b oW bytes A TY =7 MED bytes OB T XA TDA VARV RATROWBEICEZRLE
T ZOMBIIEITHIIL £,

PyObject* PyBytes_FromString(const char *v)
Return value: New reference. FINRHIC, XFH| v Dab—%fHE THHL WAL bA TV 27 FEIRL,
SR NULL 23R L E T, 518 v X NULL TH o TR D F8A; 20F = v 73 TbhERA,

PyObject* PyBytes_FromStringAndSize (const char *v, Py _ssize t len)
Return value: New reference. JEMIRFIZ, XFH) v DAV —Z2HE TE2EE len DFIL WAL bAF TV
7+ &IBEL, KEUFIZ NULL 2B L £ 3, 518 v 25 NULL O5E. N4 bATY =7 b OB IEFHILS
NTVWEE A,

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. C BAE(®D printf () A XA LD format XFH L AIEEDSIEZERD ., &
BD Python XA + A7V 27 v DY A XEFHEL, HEHRELLZERNC LB TEBRLEZANAL b ET
P27 ERLET, AIERDFIEIE C OF —ZAEITRITINER ST, format XFHNFDT7 +—< v b X
FrREEICEEMNT S TR D $HA, TRD 7+ —~< vy NXFEMERTEET:

sEEEXF | B &

%h n/a V7LD % LF

e int C OBEFARITHRIAI N H—D NS b,

%d int printf ("%d") ¥ [FA%, *!

%u unsigned int | printf("%u") ¥ [, *!

%1d long printf ("%1d") ¥ [[%,*!

%1lu unsigned long | printf("%lu") ¥ [A%,*!

%zd Py_ssize_t printf ("%zd") ¥ [A%F*!

Y%zu size_t printf ("%zu") ¥ [H%ZF*!

%i int printf ("%i") ¥ [FI%,*!

%x int printf ("%x") ¥ [E%*!

%s const char* null TR X7z C DXFEF,

%p const void* C KA v &2dD 16 #RFL, printf(")p") LIFLALRLTTA, 7
Zv b7 4 =283 printf ODERICED D R IEFHICY 771
ox B EFT,

AT ERWERIBEL TR D o 1A, R OFAXFINBZDEEMROA 7Y =7 Micav—Eh,
D o5 ER SN X T,

PyObject* PyBytes_FromFormatV (const char *format, va_ list vargs)
Return value: New reference. b x 5 ¥ 2 DD51 8% 5 Z & ZFR\\WT, PyBytes_FromFormat () LFLT
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T

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. N 7 7 70 baANEFETEZF T2t 0 DAL FPRIAZIRL ET,

Py ssize_t PyBytes_Size (PyObject *o)
NAPIEATI2T b 0 DL FHRADEEZIRLET,

Py ssize_t PyBytes_GET_SIZE(PyObject *0)
PyBytes_Size() &~ RTHRELLZDBDT, TI7—F v 72TV ERA,

char* PyBytes_AsString(PyObject *0)
0 DHHEANDKRAL Y RZEZRUET, A UK len(o) + 1 N M2 HR2E 0o DNEINY 77 2B L
9, M null DN FBDHEZNEIDITHPDLT. Ny T 7 ORBEDAA MIAT null 128D X5,
PyBytes_FromStringAndSize(NULL, size) THMINLHZAEZRVT, 7—XZBIEL TERD £¥
Ao FTeRA VR 2R (deallocated) LTIEARD FEA, L. 0D bytes £ 7Y =27 FTRIFAUL
PyBytes_AsString () & NULL %3R L TypeError ZiXH L %7,

char* PyBytes_AS_STRING(PyObject *string)
PyBytes_AsString() #<7 B THEELLD DT, TI7-Fzv 7 ZITVEEA,

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py ssize t *length)
obj ® null XNz H %2, HIOHDOZEE buffer ¥ length ZNH L TGRLE T,

length DIEDS NULL DIFE, N4 b4 7P =227 22 null N1 b EEFRVWABEEDLH D 3, ZDIFA.
BEE -1 IR L. ValueError #3EH L 3,

buffer 1% obj DWEB Ny 7 7 B L TVWT, ZAUAUIKRED null N4 FHEFATOVET (28X length
WIEBABNERA), £ 7Y 22 M PyBytes_FromStringAndSize (NULL, size) THEMIN/HE
ZEROT, AIBH o THT—XEZWEL TIWITERA, 7Y 27 M EFEN (deallocate) L THWITER
Ao obj B3 bytes A 7Y = 7 N T o 78E1%. PyBytes_AsStringAndSize () 1% -1 %38 L TypeError
ZEHLET,

N—a v 3.5 TEH: LIHNE bytes 7 7Y 227 MZXNAANA FDBEDAEN TV L EIZ TypeError %
EHLTVE L,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
newpart DNE%E bytes DERAITHFE L2 L WAL AT 27 b % Fbytes \ITER L FT, FEOH LHI
W LWSBHREFAELE T, bytes DEWEHOZIIIBENE T, dLHTL VATV =7 MBERTERL
BE. W bytes OBIRIIMEERZ N, Fbytes DfEIE NULL WCEEINFE T BYIRBIADFRESNE T,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
newpart DNE% bytes DEAITHFEL /2 LWL AT 27 b % *bytes IERL F37; Z OBEEUL.
newpart DBWAHT Y V2T 7 VX FLET,

int _PyBytes_Resize (PyObject **bytes, Py ssize 1 mnewsize)
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AR 7 ZHEAARE (immutable)” 72N AT Y 27 bR VYA XTBHIETT, ERSNERD DA
AMATT 27 PZDAZNZL LD LTLEEW; fida— FTTTREHIN TV S AMREED H 2 34
ATV 27 PERHLTEVWTEEA, ANENTAL A TY 27 bOBIAY Y b3 1 TROBA,
ORI TS 12 k5, FilEE LTHET % (Oi DEZABARER) N P ATV =7 DT F
VRZZITID, LS A4 X8R ET, BRI Fbytes BV ¥4 XSS P AT =2 b
ZREFL. 0 PRSI NF T, Fbytes DT F I/Xbif\jjéﬂtlg?O)T FLRAL R0 LOAEEA, FHEH
DT (reallocation) 2RI L 735G, *bytes BITLAEL T LINA b AT T = 7 F2ERL. *bytes &
NULL (Z8%E L. MemoryError Z&EL. ZL T -1 2EINE T,

8.3.2 bytearray 77>V k

PyByteArrayObject
Z D PyObject DY 7 XA & Python @ bytearray 7Y =2 b E2RLET,

PyTypeObject PyByteArray_Type
Z D PyTypeObject DA ¥ AR A%, Python bytearray Z% /R L £3, Python L £ ¥ T®D bytearray
ERTATY =2 MTT,

BFrvyovonO

int PyByteArray_Check(PyObject *0)
F 7P =7 b oD bytearray * 7Y =7 b b bytearray OV TR A T DA VAR ATHBGEICEY
BUET, ZOBBIIEITHRILET,

int PyByteArray_CheckExact (PyObject *o0)
F TPV b oD bytearray * 7Y =7 R 72 bytearray BLD Y TR A TDA VARV A TRWGEIZE
ZIRLET, ZOBBIIEICKIILE T,

A1L 2~ API B

PyObject* PyByteArray_FromObject (PyObject *o)
Return value: New reference. buffer protocol Z#RIELIAEEDA T =7 b o 26, H LW bytearray
AT PRERL. BLE T,

PyObject* PyByteArray_FromStringAndSize (const char *string, Py _ssize t len)
Return value: New reference. string ¥ ZDEX len 225 LW bytearray A 7Y =7 b EIRLET, &
ML 75813 NULL 23R L £5,

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. bytearray a & b % i#fs L 7R ZH LW bytearray £ L'TRUE S,

Py ssize t PyByteArray_Size(PyObject *bytearray)
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NULL KA ¥ &R F = v 7 DIRIT bytearray DI A X%RLET,

char* PyByteArray_AsString(PyObject *bytearray)
NULL KA ¥ X F = v 7 DIRIT bytearray DA% char BLFlY L TRLU £ 3, BXNAEHTNTIE. HITR
537 null NA PAGEIMXNE T,

int PyByteArray_Resize (PyObject *bytearray, Py _ssize_t len)
bytearray DWERNY 7 7% len NUH A XA LET,

<70
UTFo=270ld, B4V ZDF v 22 LBV I ZelrEtIc L TAY— FRBRELTVWET,

char®™ PyByteArray_AS_STRING(PyObject *bytearray)
PyByteArray_AsString() D7 AN—= 3 v,

Py ssize_t PyByteArray_GET_SIZE(PyObject *bytearray)
PyByteArray_Size() D7 ON—T a v,

8.3.3 Unicode # 7T ¥ b & codec

Unicode #7727 b

Python3.3 ® PEP 393 FE&E» 5, XEVMEBLHERL 2275 Unicode XFDRLREMEHRZ 5 & 512,
Unicode & 7Y = 27 FIWNHWICEHARBEEREZHVTOVE T, IXTOa— REAL > bA 128, 256 /-1
65536 LT OSCFHNTH U TR 7 — ZADFAEL £ 325, ZHLACIlEa— FARA ¥ M3 1114112 BUF (240U
FARTD Unicode HPTF) THRIFIUILD $EA,

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

HWAPLI 2258 LW API ANDOBATOKE T, Unicode A 72 =7 FONEDREIZ 2D H D £3, ZhidA
7Vl POELRTITX o TIRED X5,

o 7 IEHE7” Unicode * 7Y = 7 Mi&. JEHERETIZ7 W Unicode API TE XNz TR TOA TP 27 + T
T INODATI 27 VEIEENHFITHNLEDRDINEORVWREEREMHEL 3,

o 7legacy” 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.

AM:  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 #!

LUF i Python @ Unicode FEZEICHW SN TW S HEA Unicode & 7Y = 7 MITT:

Py_UCS4

Py_UCS2

Py_UCS1
IhoflE, zhzh, 328y b, 16y b, ZL T8y POXFEREFT 2DITHS onFaa’zi’hO?zf
B L OB O typedef TT o Hi—d Unicode XFEW I FHEEZ. Py_UCS, BHWTL X0,

N— a3 v 3.3 TEM.

Py_UNICODE
ZHUX, wchar_t @ typedef T, I v b7 3 —2AIFELTI6EY b2 32y BRI D £5,

N=Ya¥ 3.3 TEHE: DIEITON—Y 3 ¥ Tld, Python ZE L F L7 "narrow” F721% "wide”
Unicode N—=2a YDELLZFIRLLPICEL-T, 16 By 2328y FOEBE LD ->TVE
L7,

PyASCIIObject

PyCompactUnicodeObject

PyUnicodeObject
ZNSD PyObject DY 7 X4 7k Python Unicode # 7Y =7 bR L 3, Unicode 77 =7 b
252 TD API BIUE PyObject ~NDKRA ¥ X %Z2ZIFH 5 T PyObject NDKRA ¥ X %2iRT DT, 1F
EAEDHE. TNODORZERMES NETEDD $HE A,

N—a v 3.3 Tl

PyTypeObject PyUnicode_Type
Z D PyTypeObject DA ¥ AKX A%, Python Unicode %R L £3, Z4UE. Python 22— FiZ str
LLTHEHShE T,

LITo API 13EBICIX C 27 1T, Unicode 7Y =27 FNEHOFHARD EHF—XICHTI23F v 7972
t R EEHRIITVWE T

int PyUnicode_Check (PyObject *o0)
F 7Y =2+ oM Unicode 7Y =27 b Unicode MOV 7 XA TDA VARV ATHBGEICEERIR
LES, ZOBBIIEICHKINL %9,

int PyUnicode_CheckExact (PyObject *o)
F7Y =22 b oA Unicode 773 =27 MEDPVTRA TDA VARV ATRWIEBICEERLET, 20D
BRI E IR L £9,

int PyUnicode_READY (PyObject *o0)
XFHNA TS b o7 BB REAWATHL 2 RIELET, Zo~r ik, TTHALTWS
D7 7R r0effior 2 bHELIRD T,
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BHIDE 212l 0 2B L, KD & 2ICIHIANZEREL -1 ZIRLE T, BEFE. X VHERICKK Lz
EICRICEERTWVWTT,

N—Ya ¥ 3.3 TEM.

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 *o0)
Unicode XFHNDA—FREA Y FTORIZRLET, ol 7 IEfR” REJERXD Unicode A 7Y = 7 b
TRITNUIBRDFRA (FELF =y Z7IELEEA)

N—Y a ¥ 3.3 TEM.

Py UCST* PyUnicode_1BYTE_DATA(PyObject *0)

Py UCS2* PyUnicode_2BYTE_DATA (PyObject *o0)

Py UCS/* PyUnicode_4BYTE_DATA (PyObject *o)
NFIEET 72 AT 572912, UCS1, UCS2, UCS4 DWIT DB F v X b SN/ IEM BRI
RAANDRA VEZIRLET, EMBRIADPBEERLFH A RCR TV EIDEIPDF v ZIZLERA;
PyUnicode_KIND() Z{foTIEL WS ZRZEATLZE WV, ZOATTV 27 M7 7E2RXT BRI, B
NI PyUnicode READY() ZWMFUHHLTL 20,

N—3 g v 3.3 TEM.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() =27 R DiEDETT,

N— a ¥ 3.3 THEM.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is deprecated.

unsigned int PyUnicode_XKIND(PyObject *o)
Z @ Unicode 37 =X ZLRIFFT 2 DIZ 1 XFHT DAL MEioTWBH%RF PyUnicode Al DEE
(EZFMATLEZV) D55 12%RLET, old 7 EHZ” RIFEAD Unicode 7Y =7 b TRITFN
B FERA (RELF=v 73 LERA)

N—a v 3.3 Tl

void* PyUnicode_DATA(PyObject *o0)
Return a void pointer to the raw Unicode buffer. o has to be a Unicode object in the "canonical”

representation (not checked).

N—Y a ¥ 3.3 TENM.
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void PyUnicode_WRITE(int kind, void *data, Py _ssize_t index, Py _UCS/ value)
IERBRRBIER e 725 TW5b (PyUnicode DATA() THUSL7z) data IZEEZAAET, ZO~ 7 vIFIEHR
HOF zv 7 2—YTbRV, V—TTHOLNZ7DDHDTT, O LANE, o~ v Z2H LT
B L7 kind AL data KA YR X v v 23T RETT, index EZXFHND (0HEDD) A T v 7R
T\ value 3 ZDBPFNCEEIAENE L IZRZH LWV I — FKRAL Y FOETT,

N—ar 3.3 TEM.

Py_UCS/ PyUnicode_READ(int kind, void *data, Py _ssize_t index)
IEREBHEAR L 725 TW0W3 (PyUnicode_DATA() THUSL7Z) data 262 — KKRA ¥ M Z2FHAID £,
F v ZRHAER O~ 7 ol LId—8UTbh 2 A,

N—Ta v 3.3 TEM.

Py_UCS/ PyUnicode_READ_CHAR(PyObject *o, Py_ssize_t index)
Unicode 7Y 22 b 0 »OEXFEHAND £F, Z® Unicode A 7Y =7 M 7 IEFiR” REFRA TR
T b A MEDER L THANBZHEICIE. 2D~ vl PyUnicode READ() X D b IEXNFEMN
‘/C\\\j—o

N—3 g v 3.3 TEM.

PyUnicode_MAX_CHAR_VALUE (o)
0 WEDWTHOXFHNEELDICHE LTI AKDa—FKRAL V2 BLET, T Unicode A7 =7 b
7 ERRT REREXTRINIRD A, ZOEITFEICHEMETIT S, XFEINEERERHRS XD bEHR
T3,

N—T a v 3.3 TEM.

Py_ssize_t PyUnicode_GET_SIZE(PyObject *o)
JEHERED Py _UNICODE RIEADY A X2 a— FHRATRLET (Pusr— 72220 LT0WET),
013 Unicode 7 7Y =227 FTRIFNERD FEA (AL LFzv Z7IELEEA)

Deprecated since version 3.3, will be removed in version 3.12: #\A X A )LD Unicode API O—#B7%
DT, PyUnicode_GET_LENGTH() T 2 X5 ITBITL T X W,

Py ssize t PyUnicode_GET_DATA_SIZE(PyObject *o0)
IEHESED Py UNICODE RBUIEAK DY A X% N4 FHAITEL £7, o1& Unicode 7Y =2 TR
BOFERA (RELFzy 73 LEEA)

Deprecated since version 3.3, will be removed in version 3.12: #\WA X £ LD Unicode API ®—#7x
DT, PyUnicode_GET_LENGTH() ZfHET 2 X5 ITHITL T W,

Py_UNICODE* PyUnicode_AS_UNICODE(PyObject *o0)

const char® PyUnicode_AS_DATA(PyObject *o0)
520N ATY =2 bD Py_UNICODE REFERADERA Y RERLE T, BEINDE NNy 7 7 IXH 1K
WZnull 2= FRA 2 R 1 ORDIMOTHET, ZREIFHID null 2 — KRS 2 b33Ny 771G EN
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222550 LNFHAD, 20T0D CEHETIEZDI I BXFINITIDHED SN TLESTL &
5o AS_DATA DFiXKA X% const char * IF ¥ A P LTWET, 5|8 01X Unicode A 72 =7 b
TRUIIRD EEA (BELF v ZIELEEA),

N—Yay 33 TEE: Zox7n@5TRIIENRLDIDIIARDELL, EW0nI Db, Z2LDF—
AT Py_UNICODE RIAJEALEHZE T, fFlEhd. ZLTRBRLAXT (PIs2aEL T NULL %
KLETF). 72— KFEMEIEL T, PyUnicode_nBYTE_DATA() ~ 27 B % {5 » PyUnicode WRITE() %
PyUnicode_READ() %ZfH5 K 5I1T LTS W,

Deprecated since version 3.3, will be removed in version 3.12: #\WA X £ LD Unicode API ®—#7x
DT, PyUnicode_nBYTE_DATA() RO~ 7R ZffHT 2 X5 WTBITL T &,

int PyUnicode_IsIdentifier (PyObject *o)
SCFHNA, identifiers BIDFFEEFRICB I 2 HMLHAFCHIE 1 ZRLE T, ZhlloLEld o &
EKLET,

N—= a ¥ 3.9 TEHE: The function does not call Py_FatalError() anymore if the string is not ready.

Unicode XZF70O/NT«

Unicode 138(Z D& 2 XF 7 10837 4 (character property) ZE#tL TV E T, XL fHibhzxF 78
F 413, UTFTo~7oTHHTEZS, ZhbD~2 aid Python OFREIISL T, &4 C OBEBIIHIET S
nTVET,

int Py_UNICODE_ISSPACE(Py UCS/ ch)
ch WZEAXLFENEIDIILLET 1 £/ 0 2RLET,

int Py_UNICODE_ISLOWER(Py UCS/ ch)
ch D/INLFEPEIPITEUT 1 £723 0 B RLE T,

int Py_UNICODE_ISUPPER(Py UCS/ ch)
ch DRXFNPEILIBLCT 1 F230 B RLET,

int Py_UNICODE_ISTITLE(Py UCS/ ch)
ch W& A bV —ZAF (titlecase character) 22E 5 2IZJE LT 1 £7213 0 ZIRL E3,

int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)
ch EATLFEDLE I I T 1 £k 0 2RLET,

int Py_UNICODE ISDECIMAL(P’U/ UCS4 ch)
ch 7 decimal XFEME SIS CT 1 72130 2RLET,

int Py_UNICODE_ISDIGIT(Py UCS/ ch)
ch ZP dlglt Y%ﬁ)t ‘DZ’PG\JT:\LVC 1 if_ﬂi 0 % L‘ij‘o

128 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.9.19

int Py_UNICODE_ISNUMERIC(Py UCS/ ch)
ch 85 (numeric) XFHEIPIIECT 1 $7213 0 ZIRL XTI,

int Py_UNICODE_ISALPHA(Py UCS4 ch)
ch 7N 7Ry bXFPESIPITIGCT 1 E/213 0 ZRLUET,

int Py_UNICODE_ISALNUM(Py UCS/ ch)
ch DHEELENPE D PITIHCT 1 £/213 0 2RLET,

int Py_UNICODE_ISPRINTABLE(Py UCS4 ch)
ch ﬁli%ﬁlEﬂ%TﬁEﬁf{%?ﬁ)K IDITHEDVWT 1 71 0 ZIRL £, FEFIFATRESCF1E. Unicode X
7 — X X— AT "Other” £721% "Separator” ¥ EZINTWVWHXFD, HIFAfEL Axxh b ASCII
space (0x20) BADBDTT, (BB, ZOXMRTOHFATREFlE. XFFNT repr() MHIFUHE N5 &
FWZIRT =T ITRETROVLFEDI L TT, 4L sys.stdout % sys.stderr IZHF ZAEN 5 XFF
DEIELIIBGRD D A, )

DUTF o APL &, mIiCER T AR ZIT S b s

Py UCS/ Py_UNICODE_TOLOWER(Py UCS/ ch)
ch Z/INLFICEBLLIZbDERLET,

N— a ¥y 3.3 TIFHESE: Z oBBUIEMA KT/ NN TFER 2 FH-oTET,

Py _UCS/ Py_UNICODE_TQUPPER(Py UCS/ ch)
ch ZRKXFIEBLLI-bDERLET,

N—a > 3.3 TIFHERE: T OBIRUI B RS/ N T e > T T,

Py UCS/ Py_UNICODE_TOTITLE(Py UCS/ ch)
ch 224 MV —ALFREBRLIZDDERLET,

N—a > 3.3 TIFHERE: T OBIRUIEMIA RS 7 N TR 2 > TH T,

int Py_UNICODE_TODECIMAL(Py UCS/ ch)
ch % 10 EDIEOBBUCZIRL 12 D ZR L LT, FPAMRERSIE -1 ZRLE T, ZO~7 midfilstz ikt
LEHEA,

int Py_UNICODE_TODIGIT(Py UCS} ch)
ch Z2—HiD 2 ERBCER LD ZRLET, FAHERLIE -1 ZIRLET., 2O~ 27 ni3fistziEh
LEHA

double Py_UNICODE_TONUMERIC(Py UCS4 ch)
ch % double AL DZEKRLE T, TAREZSIX -1.0 ZIRLE T, 2o~ 7 al3fistzEtL %
A

56D API 3V usr— b iz £3:
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Py_UNICODE_IS_SURROGATE(ch)

ch 3% as— b1 5% (0xD800 <= ch <= OxDFFF) *F v 27 L¥ 7T,

Py_UNICODE_IS_HIGH_SURROGATE(ch)

ch LA as— k2 55 (0xD800 <= ch <= 0xDBFF) #F v 7 LET,

Py_UNICODE_IS_LOW_SURROGATE(ch)

ch B’ i¥ a5 — bd ¥ 5% (0xDCO0 <= ch <= 0xDFFF) 2F =z v 7 LE7T,

Py_UNICODE_JOIN_SURROGATES (high, low)

200H 0 S — FLFEEMAASHETH—® Py UCS4 %R L 5, high ¥ low ZZhZh4as —
7 DD e BFETTT,

Unicode XZFFDERE 771X

Unicode #7227 b 24 LD, Unicode D> —47 VA2 LTOREANLZ T RT 412772 ALEDTS
IZiE. BUTFD API 2o TL 72 &0

PyObject* PyUnicode_New ( Py ssize t size, Py_UCS/ maxchar)

Return value: New reference. #1 L\ Unicode A 7Y =27 24K L %5, mazchar 1EXFFNM R 2B
T— FEA4 Y FOELVEAEICTRETT, 2O LT 127, 255, 65535, 1114111 O —&f
WEIZYI D By eong T,

ZHEH LW Unicode A 7Y =27 b EAERTZHBINTHFETT, ZOBBEMF > TERINA T
Pzl MEIY A XEHIIAARETT,

N—a v 3.3 Tl

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py ssize t size)

Return wvalue: New reference. 5 2 b7 kind (BUD 15 % fEX PyUnicode_1BYTE_KIND 7% ¥ O
PyUnicode_KIND() 2R F{ETTF) @ Unicode A 7Y =7 PR L ET, buffer 3. R o607
kind IZfE->T 1 XFH1D 1,2, 4 N4 POWThhZHE LT, BX size DEFINDKRA ¥ X TRT
UL D FEA,

N— ar 3.3 TE.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py ssize t size)

Return value: New reference. char B1Nv 7 7 4 2% Unicode & 7Y =7 FEERL T, u DAFIE
UTF-8 TZYa—FENTWVWEHDE LET, Ny 77 DRI TV Mzat—-—ahEd,
Ny 7 73 NULL THRWES, RDEEREINLAT O 27 MCh2 2D £, 2%, ZOBK
RS Unicode A 7Y =7 POEBEIFFINTVERA,

If w 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.
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PyObject *PyUnicode_FromString(const char *u)
Return value: New reference. UTF-8 > 2 — K E 7z null #¥idD char BNy 7 7 o 25 Unicode 7
TV VRERLUET,

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

Return value: New reference.

Take a C printf ()-style format string and a variable number of

arguments, calculate the size of the resulting Python Unicode string and return a string with the

values formatted into it. The variable arguments must be C types and must correspond exactly to the

format characters in the format ASCII-encoded string. The following format characters are allowed:

EEEXF | B =53

Yy n/a VFILD % LF

he int C OEBAITREIN 2 H—DF,

%d int printf("%d") &A%, !

%u unsigned int printf ("%u") ¥ [H%%,*!

%1d long printf ("%1d") ¥ [F%%*!

%1i long printf ("%1i") ¥ [FI%,*!

%1lu unsigned long printf ("%1lu") ¥ [F%,*!

%11d long long printf ("%11d") ¥ [F%,*!

%11i long long printf ("%11i") ¥ R, *!

%11lu unsigned long long printf ("%11lu") & F%%,*!

%zd Py_ssize_t printf ("%zd") ¥ [A%F*!

%zi Py_ssize_t printf ("%zi") ¥ [A%E*!

%zu size_t printf ("%zu") ¥R, *!

%i int printf ("%i") ¥ [E%*!

%x int printf ("%x") ¥ [H%Z,*!

%s const char* null THER X N7z C DXFH,

%p const void* C KA 2D 16 #ERKFL, printf(")p") LIFLALHT
TEH, 779 b7+ =228 % printf ODERICED
Dz {FEBHIZY 790 0x DT EF T,

%A PyObject™* ascii() DR fl,

%U PyObject* Unicode 7Y =2 b,

YAl PyObject*®, const char®* | A Unicode object (which may be NULL) and a
null-terminated C character array as a second parameter
(which will be used, if the first parameter is NULL).

%S PyObject* PyObject_Str() DR fH,

%R PyObject* PyObject_Repr() DR DA,

*1 For integer specifiers (d, u, 1d, li, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is

given
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AAITERVWERIEEX TR D - 1 HE, B OFAXTINIZ DT FHAXFINCar -, kD D5l
Bz hg s,

AMR: The width formatter unit is number of characters rather than bytes. The precision formatter
unit is number of bytes for "%s" and "%V" (if the PyObject* argument is NULL), and a number of
characters for "%A", "%U", "%S", "%R" and "%V" (if the PyObject* argument is not NULL).

N— gy 3.2 TEHE: "11d", "%11u" OFKR— FBBMENZE LI,
N—=T a3y 3.3 TEH: "1i", "%11i", "%zi" OV R— B EMI N E L,

)“""?\/\\E v 34 "C\\%E "%S", ||%Au7 "%U", ||%Vl|7 n%sn7 II%RII ’GO)IIIEEE77]“"7‘7§Z£J:U}{%§77]“—‘7‘)
ZDYKR— FBEIMENE L,

PyObject* PyUnicode_FromFormatV(const char *format, va_ list vargs)

Return value: New reference.  x 9 ¥ 2 DD5|8% W3 Z ¥ ZFR\W\T. PyUnicode_FromFormat () & [F
CTY,

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

Return value: New reference. T3 —F XN TW5 obj % Unicode A7 =2 MZF7a—FL%S,

bytes X bytearray MDD bytes-like objects 1&. 5 2 b7z encoding \ZHe->TFT a— R &N, errors
TEHRSINLL I =AY P IHPEORET, TNHDF 8IS & S NULL ICTE, ZDHAETD API
B7 74 MEZEWET FEL Z 2id #AAH codec (built-in codec) ZZRUTLIEE W),

Z DD Unicode 7Y =7 b2 &L A 7Y =7 Mid TypeError FIAZEIZI L E T,

ZD APL I, =5 —PEU/2L2 TG NULL 2R L FF, MOH LENGRE N4 7Y 27 M LSIR
Ho &% 1OWMBT (decref) T2EMENH D 5,

Py _ssize t PyUnicode_GetLength (PyObject *unicode)
Unicode #7327 bOEXZa—FKRA VI TRLET,

N— ar 3.3 TEM.

Py_ ssize_t PyUnicode_CopyCharacters(PyObject *to, Py ssize_t to_start, PyObject *from,

Py ssize_t from__start, Py_ssize 1 how_many)
% Unicode A 73 =7 b OMAXFEZ AL —LFT, ZOBEBUINER L XITXFEHEITV., AR

7235603 memepy ) NAELRLET, KDL 2123 -1 ZRL., BINEZREL T, Z5 TRVWEEIR,
AL TFHERLET,

N—ar 3.3 TEM.

Py _ssize_t PyUnicode_Fill(PyObject  *unicode, Py ssize_t  start, Py ssize t  length,

Py _UCSY fill_char)
XFHN %X FTHD EF: unicode [start:start+length] T fill _char Z¥DZZ I D T,
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fill_char DXFANDRAXT LD DREVEGEER, XFH| 2 DU EOBIBEZR > THEITRML 3,
EXAALENTFRER T, RBROr 2123 -1 BRLEANEZEEL 5,
N—ar 3.3 TEM.

int PyUnicode_WriteChar (PyObject *unicode, Py _ssize_t index, Py UCS/ character)
XTI FHBEZAAE T, XTFHNE PyUnicode_New() TIERR L &R IFIUIR D £H A, Unicode 3XF
FNIAZE L IR TVWARDT, ZOXFIEHEEIN TV, ZNFTIIAY Y afbER TV TIEWIT F
A,

Z DBBUZ unicode 73 Unicode A 7P 27 FTHBZ . A VT v ZADBFEANTHE 8, A 7020
FNIREBCEETES (DOFOWBRBAITV VIR 1THD) 22 Fzv 7 LET,

N—a v 3.3 Tl

Py UCS/ PyUnicode_ReadChar (PyObject *unicode, Py ssize t index)
XFH P SEXFETARD £F, 27 0D PyUnicode READ_CHAR() ¥ IIXHRINC, T DBIBUZ unicode
2 Unicode #7327 v ThHBZ8, ATy 7 ADHEANTHE2 2T =zv 7 LET,

N—3 g v 3.3 TEM.

PyObject* PyUnicode_Substring (PyObject *str, Py ssize t start, Py ssize t end)
Return value: New reference. str DSLFA YT v 7 R start (imE &) HOXFA VT v 7 A end (M
RZ2&%7) $TOEANFINZELET, ADA VT v 7 A3 R— SN TVEE A,

N— a v 3.3 Tl

Py UCS/* PyUnicode_AsUCS4(PyObject *u, Py UCS/ *buffer, Py ssize t buflen, int copy null)
XFH u % UCS4 DNy 7 7ANab—LET, copy_null PREINTVWEREHEEIE. XIVXFHEDE
T TI—HREL L ZiE, NULL 23R L. PN ZEREL £T (buflen 25 u DR XD ED o 5EITOW
T3, SystemError DSiXEINF T ), WMLz ZlX buffer ZIEL %9,

N— a v 3.3 TEM.

Py UCS/* PyUnicode_AsUCS4Copy ( PyObject *u)
XFH| u % PyMem_Malloc() TAXEVHERINZH LWL UCSL BlD ANy 7 7i2a—1LFET, IOk
ML 725&13. NULL %238 U MemoryError 2ty P LE S, IBRE NNy 7 713063 null 2— FARA >~ b
PEBIMENTVET,

N—a v 3.3 Tl
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BELEFED Py_UNICODE API 3

Deprecated since version 3.3, will be removed in version 3.12.

Zh e API BiEUE PEP 393 OEEIC X D FEIEFETT, Python 3.x TIRHIBRX AR W, IHREY 2 —
MEIZHhSOBES eI ETH. ChOOBBMOERIE A7 -V A XYV IHENDH LI LER
FHICEWT L 2 &,

PyObject* PyUnicode_FromUnicode (const Py UNICODE *u, Py_ssize_t size)
Return value: New reference. size THEEIN/zRE X %D Py UNICODE BNy 7 7 u 205 Unicode
A7z bERLET, u % NULL IZL T3 &L, ZDHEF T 227 FONERIRERTT . Ny
7 7 ICREREREED L DIZL—FOEMETT, Ny 77 DNERHLLATY 27 Micabv—&h
9,

Ny 7 75 NULL TRWEE., ROVEEREEINZF T2 VCR22e2HDET, EoT. TOBEK
PR3 Unicode A 7Y 27 b Z2ZEHLTIWVDIX v 23 NULL O L 27513 T9,

Ny 7 723 NULL DG, XFHONEED S 7278 PyUnicode KIND() DX 5K 7 7EA~wra%k
i 5 HiIC PyUnicode_READY () ZWM-OH X RIFIUERD FH A,

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)
Unicode 7Y =2 @ Py_UNICODE BIOWHN Y 7 7 ANO#HAH LEHDORA VX E2RTH KB
YEIENULL #IRLET, A 7Y =22 D Py_UNICODEx RIFBFGRPE NG EITIIERL T, RO
Py_UNICODE X FHNZIE null 2— FRA Y EREFENTVWEILAHD, ZZ0TWwo C BT, 20
XOBRXFHNIYIDFED SN TLED ZLIHERLTLEE W,

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar() or

similar new APIs.
Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII(Py UNICODE *s, Py ssize t size)
Return value: New reference. 5 2 b NIz R size ZF§D Py_UNICODE BAID N 7 7 12HBHETD
decimal digit Z. ZN5D 10 EDEIHET S 0 225 9 £TO ASCIL FFICE 241 %2 72 Unicode + 7
a7 bPERLET, FISHIEEE 5B NULL 238 L 375

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)
PyUnicode_AsUnicode () WZRITETH. X512 GEMOD null ¥+ ZR\72) Py_UNICODE() FiHIDF
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% size WIRTEL X T, MERD Py UNICODE XFHNTIE null 2— FRA ¥V FHRBENRTNEZE03H D,
Z0TWO C BT, 2O X5 BXFINRYIDFED SN TLE S ZEIERLTILEE W,

N—Ya ¥ 3.3 TEM.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or

similar new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
U null 2 — FARA > FMIIME 7z Unicode XFHND A —Z2ER L £F, XEVRRICER L
%3 NULL %3R U MemoryError fISAZ A L E T, £ TRV E ZIIH LI X E VBRIV ANy 77 %
BLUET (ZDONY 7 7 ZEINT % & 2121 PyMem_Free() ZffioTLEEW), #HRD Py UNICODE X
FANE null 2= RFRA YV IBEENTVEIEHHD, 720T0D C BT, 2D X533 FHNIY]
DFEDOLNTLED ZEIWCHERLTLIEI W,

N— g ¥ 3.2 TE.
PyUnicode_AsUCS/Copy () RFLIDHF L\ API ZFH T2 X5 WTBITLTL 2 &0,

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
JEHERED Py UNICODE RIIEADY A X2 a— FHEMATERLET (Pur— X722 LTVWET),

Deprecated since version 3.3, will be removed in version 3.12: H\WR X A )LD Unicode API O—#7z
DT, PyUnicode_GET_LENGTH() %R T2 X5 ITBITLTL 12X W,

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Unicode D% 7 XA DA VARV A%, BERBEEAYD Unicode 7
TV MZa¥—LE3, obj 2 (7 XA STIERY) BUZAEYD Unicode 7Y =7 V2o GE
. BRIV M 1 OB LR ERLET,

Unicode R ZDH 7 XA TUINDA 7Y = 7 b Tld TypeError 5| R Z XN E T,
[ B ated | Ve s b B 274

REOR S —NTrya—F4 VB3 ARV—T 4 VI TATLADTFA 2T a—F523DIMEIET,

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py ssize t len, const char *errors)
Return value: New reference. Decode a string from UTF-8 on Android and VxWorks, or from
the current locale encoding on other platforms. The supported error handlers are "strict" and
"surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors is NULL. str

must end with a null character but cannot contain embedded null characters.

PyUnicode_DecodeFSDefaultAndSize () %Zfio T (Python OEFFICHAAENZ B — LTy a—
74 > 27 D) Py_FileSystemDefaultEncoding DX FH| %7 a— R LET,
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Z OFEUE Python @ UTF-8 £— REMHEL £,
BE:

Py_DecodeLocale() FA%K,

N— a ¥ 3.3 TEM.

N—a v 37 TEH: ZoBEIE, Android UMATRBEOR Sy — Lz rya—F 41 v
% surrogateescape TJ7 — NV R I Tfi5 k5127 F L 7%, DLATIEX. Py DecodelLocale() 743
surrogateescape Tffibil, HEDO O — LTy a—F 4 ¥ 2 strict TbLATVE LT,

*errors)

PyObject* PyUnicode_DecodeLocale (const char *str, const char
Return value: New reference. PyUnicode_DecodeLocaleAndSize() Ml TETH, strlen() %o T

NFINDEXZFHAELET,
N— ar 3.3 TEM.

PyObject* PyUnicode_EncodeLocale(PyObject *unicode, const char *errors)
Return value: New reference. Encode a Unicode object to UTF-8 on Android and VxWorks, or
to the current locale encoding on other platforms. The supported error handlers are "strict" and
"surrogateescape" (PEP 383). The encoder uses "strict" error handler if errors is NULL. Return

a bytes object. unicode cannot contain embedded null characters.

PyUnicode_EncodeFSDefault () %ffioT (Python OEFFICHAAEN IO — LTy aA—FT 4 V7
@) Py_FileSystemDefaultEncoding O XFHIANTLYa— KL%,

Z DRI Python @ UTF-8 £— FEHEHEL F T,
BE:

Py_EncodeLocale () BA%L,

N— a3 v 3.3 TEM.

N—=Yay 37 TEHE: ZoBEEIE Androidd UATREHEORFr—NV T Y a—FT 4 V7
% surrogateescape L7 — NV FZ TS5 X512 D £ L%, LUATIE. Py_EncodeLocale() %3
surrogateescape Tffibil, BHIEDR S — LTy a—F 4 ¥ 7 strict THELATHE L,

T7AINSRTFLIYA—T1 Y

7 7 ANBRMOBRBE X FH DLy a— K7 a— F%1T512id, Py_FileSystemDefaultEncoding % T >
a—7 4 7 LT, Py_FileSystemDefaultEncodeErrors # L7 — Y R LTS RXETT (PEP
383 BXU PEP 529), 5IBOMEHTHICT 7 A L% bytes (T a— R 512&, "0&" av N N—X—%
fifiv PyUnicode_FSConverter() ZZHiBI Y L TEIRETT:

136 F8E BRATZ Uk (concrete object) L1V


https://www.python.org/dev/peps/pep-0383
https://www.python.org/dev/peps/pep-0383
https://www.python.org/dev/peps/pep-0383
https://www.python.org/dev/peps/pep-0529

The Python/C API, JJ—2X 3.9.19

int PyUnicode_FSConverter (PyObject* obj, void* result)

ParseTuple 2 > )N— & —: PyUnicode_EncodeFSDefault () Zffivy - EHH 53 os.PathLike 1 ¥
R—T 2 —RAEBLTHE L - str #7227 b% bytes NTL>a—FLET; bytes A 7= M
ZOFEEHNEINE T, result 1 PyBytesObject* TRIFIUIZ 5T, b oy EITIIMAME
NI FH] Ao

N—a v 3.1 TEM.

N—= a ¥ 3.6 TEH: path-like object #ZFAND X DHITiDFE L=,

SHERDORESURNTHIC T 7 A VE% st 87 a3 — F§ 21203, "0&" 2 ¥ N—X—%ffiv, PyUnicode_FSDecoder ()
AR e LTET O KNTT:

int PyUnicode_FSDecoder ( PyObject* obj, void* result)

ParseTuple 22 > N—& —: PyUnicode_DecodeFSDefaultAndSize () ZfH\ — EIZEMN D 5 VIR
os.PathLike f ¥ X —7 2z —ZA%BELTHHB L - bytes A7V b % str AT >va—FLE T,
bytes A 7V 27 MIZDFEFHMHEINE T, result & PyUnicodelbject* TRIFIIR ST, btk
{07t BRI NIZT IR D £E A,

N—a v 3.2 Tl

N— a v 3.6 TEHE: path-like object ZZIFAND X 51Xk bE L,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py ssize ( size)

Return value: New reference. Py_FileSystemDefaultEncoding &

Py_FileSystemDefaultEncodeErrors T5 — Y R I Zffiv, XFFET7a—-FLET,

Py_FileSystemDefaultEncoding 2SiE SN TWVWRWEHIE, By —lTya—7 4 Y ZITHELREIN
9,

Py_FileSystemDefaultEncoding @Bl Icnr — Lz >a—F 4 7 TOifb 3, 2RI
AHTZEEVA, Bliour—lzra—54 Y7 TXFHNeT7a— P T 20END 55513,
PyUnicode_DecodeLocaledAndSize() #ffioTL7Z& W,

BE:
Py_DecodeLocale() FA%K,

N—Ya v 3.6 TEH: Py_FileSystemDefaultEncodeErrors =7 — Y K725 X512k D £ L7,

PyObject* PyUnicode_DecodeFSDefault (const char *s)

Return value: New reference. Py_FileSystemDefaultEncoding &
Py_FileSystemDefaultEncodeErrors T 7 — N> F J Zffiwv, null B X F¥ %2 Fa— FL
\i\j—o

Py_FileSystemDefaultEncoding ZREINTWVWARWEEE, Br— LIz rya—74 Y JIZELRESh
\i\j—o
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XEHNDRED I35 TV BEEX. PyUnicode_DecodeFSDefaultAndSize () %o T 72& W,
N—Y a Yy 3.6 TEH: Py_FileSystemDefaultEncodeErrors T7— Y RI7 %25 X512k D F L7,

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Py_FileSystemDefaultEncoding L J — "> K5 T Unicode 7 =
27 M % Py_FileSystemDefaultEncoding ICTZ> 32— F L, bytes ZiRL %3, IREN 2 bytes # 7P =
Z ME null X FPEEATVLE2D LAKVWI EIZHERL TSN,

Py_FileSystemDefaultEncoding ZSRRE SN TVWAEWEEIE, B — I rya—7 1 Y JIELES N
£9,

Py_FileSystemDefaultEncoding (FEEFRIcn r -y a—7 4 Y I THLE N, 2R
ZHTEFEA, BEOU Sy — LT ya—F4 Y TXFHELYI—-FTI2RHEDND 355G
PyUnicode_EncodeLocale() o T 7ZE W,

2E:
Py_EncodeLocale () FA%,
N—a ¥ 3.2 THEM.

N—Ya Y 3.6 TEH: Py_FileSystemDefaultEncodeErrors T7— Y K725 X512k D F L7,

wchar_t #7R— bk

wchar_t 2% K=+ T35 + 7+ —LTOD wchar t ¥K—b:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py _ssize t size)
Return value: New reference. size @ wchar_t Nv 77 w 55 Unicode 7Y =7 bEAEKL FT,
size £ LT -1 2T Z LT, weslen ZHOHBTRIZERELRFAIR SRV L 2BRICERL %
¥, KT 5L NULL ZIBL £,

Py ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py _ ssize t size)
Unicode # 7Y =2 F DNAE% wchar_t Ny 77 wiZabt— LT, KT size D wchar_t XF%
(RE® null #IiHXFZ2RNT) a—L%Ed, a2t — L% wchar_t XFOMEEZEL 3, =5 — 0Dk
1243 -1 23R L ¥ 9, wchar_t XFFNE null ImX N TV EEHEED. SNTVRWEED DD £3, BEHD
MOHLAIOBET, 77V —> a YOBEIZIE U T wchar_t XF4% null LT X W, Fiz,
FER D wehar_t*x XFHNIIXFFNOBRAICD null XEREENTWEZehdh, 2V Tund C B
Tld. ZO LI BXFHNIYIDEDSLNTLED ZICFERELTLIZE W,

wchar_ t* PyUnicode_AsWideCharString (PyObject *unicode, Py _ssize 1 *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 ter-

mination character) into *size. Note that the resulting wchar_t string might contain null characters,
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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.
N—a v 3.2 Tl

N—=Ya ¥ 3.7 TEHE: size 7’ NULL 2»D wchar_t* XFH2 null XF%&A TW25E, ValueError
ZREHLET,

#HAH codec (built-in codec)

Python (2%, MEHE R ED 272012 C TEhNT= codec BHZATHH FF, TNSHLTD codec 1ELTDES
BENLTEENHATEET,

LIT®D API D% < 2, encoding & errors W5 ZOD5|8E L D ET, ZhHD I X—XF, HAAAD
FHAVANI I RTHS str() WBIIFALDNRRTXA—XFAIUEKEZRES T,

encoding & NULL IC$ 22, F74N0 2y a—54 7 TH3 UTF-8 2HVET, 774 LT A7 LICHT
ZEBMOMUIHLTIE. 77 A VAINTEya—F 1 278 LT PyUnicode_FSConverter() Zfibiald7
DEHA, THUINETER Py_FileSystemDefaultEncoding ZHHA L TWVWE T, ZOZEHAL LEHD
ZHEe L THORIEIRD ERA: ZOEBIE, HDT AT LICE - TUIENRSLFINCH T E2RA VX THo 7=
D, ERADOSRT LTI, (7 7V 7= a ) setlocale ZREAIZL ZiR X)) BEbo7D b LET,

errors CHEET 27 — L F/-, NULL 2f5ETE E I, NULL 2f5E T 5 &, codec TERINTWVWET 7 #
NV MUEOEHZERL 23, 2TOMARAA codec T, 77 4 DL Z —ILEIZ "strict” (ValueError %iX
H32) IikoTVET,

The codecs all use a similar interface. Only deviations from the following generic ones are documented for

simplicity.

AF codec

MTIXINA codec @ API T7F:

PyObject* PyUnicode_Decode (const char *s, Py ssize t size, const char *encoding, const char *er-

rors)
Return value: New reference. size X4 DTy a— K& N/XFH| s 57 a— F LT Unicode A 7Y =

7 b ERERLET, encoding & errors 1. HAAABEK str) DREZLDATA—X e EULEKEREL F
Jo #HT % codec DRI, Python ® codec LI X bV o TITWE T, codec D3flst 2Kt L 7=
BAIIE NULL 2R L E55

PyObject* PyUnicode_AsEncodedString(PyObject *unicode, const char *encoding, const char *er-

TOTS)
Return value: New reference. Unicode A 7Y =7 v x> a— KL, ZD4ER% Python @ bytes 7
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P P LTRLET, encoding B XU errors I& Unicode 2D encode() XY v RiZ5 X 3D
TRA—REFEULEKREZRFLET, T2 codec DMFKIEZ, Python @ codec LI A bV Zffio TITWE
Fo codec MBS ZIRM L 75E1CI1E NULL 2R L £9

PyObject* PyUnicode_Encode (const Py UNICODE *s, Py ssize t size, const char *encoding, const

char *errors)
Return value: New reference. size TIREZNT=H A XD Py UNICODE Ny 77 s ®L>a— KL

Python @ bytes 7Y =27 FZIRULE T, encoding B XU errors & Unicode #D encode() XY v ¥
WCEZBRHADNIA-Z R UEKRZRDE T, AT % codec DFEIL, Python ® codec LY R b
V&2 fiio TITWE S, codec AIF4 2 A L7 5E121E NULL 238 L £35

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
ECF; PyUnicode_AsEncodedString () 2T 2 X5 WTHBITL T W,

UTF-8 Codecs

MITE UTF-8 codec ® API T3

PyObject* PyUnicode_DecodeUTF8(const char *s, Py _ssize t size, const char *errors)
Return value: New reference. UTF-8 TL Y a— F &7z size N4 b DXFEF s 2»5 Unicode 7Y =
7 PEEML T, codec D3IS A L 7255121 NULL 2R L £°5,

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py ssize t size, const char *errors,

Py ssize_t *consumed)
Return value: New reference. consumed 3 NULL D&, PyUnicode_DecodeUTF8() LR & 5 \ZEIfE

L %73, consumed %3 NULL THRWEE, PyUnicode_DecodeUTF8Stateful () I RBD ALY UTF-8
NA ML T - BRLEEA, TOUHDONAL Ml TFa—FId, Fa— Ik Pz
consumed IZIRL %3,

PyObject* PyUnicode_AsUTF8String(PyObject *unicode)
Return value: New reference. UTF-8 T Unicode # 7Y =7 b2z >a—RL, #R% Python A b
A 70227 e LGRLET, 5 —MHIZ "strict” T3, codec 2342 EH L 7285E121% NULL %3K
LET,

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py _ssize_t *size)
Unicode A 7Y 227 % UTF-8 TZYaA—FLEbDADRA YEXEZRL, TYa— FEINREFK
TOHA X (N1 ML) & size ITHIAL £, size 51803 NULL THHWEEA; ZOHEETH A X3
MENFHA, BENDZ Ny 7712, null 3a—FRA D ERH 205 0IBEbST, HEIZ null N4 b
DI INE N TN E T (ZAUT size WWIIHESNLEEA).

I =R E G EE. NULL 2B L. BIAZEE L. size I DL £8 A,

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will
return a pointer to the same buffer. The caller is not responsible for deallocating the buffer. The

buffer is deallocated and pointers to it become invalid when the Unicode object is garbage collected.
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N— 3 v 3.3 TEM.
N—T gy 3.7 TEH: RYEDOAN char * TIZ7% < const char * 1% H F L7~

const char* PyUnicode_AsUTF8(PyObject *unicode)
PyUnicode_AsUTF8AndSize() LIXIZF LTI A, + A4 XML £E A

N— 3 v 3.3 TEM.
N—T gy 3.7 TEH: RDEDEID char * TIE7 { const char * I D F L=,

PyObject* PyUnicode_EncodeUTF8(const Py UNICODE *s, Py ssize 1 size, const char *errors)
Return value: New reference. 5 Z b /z% 4 XD Py UNICODE Ny 77 s % UTF-8 TT>a—FL
T. Python @ bytes 2 7Y =27 b2 LTIRL £3, codec 23FIANEZFEX Bz 21d NULL 2R L ET,

Deprecated since version 3.3, will be removed in version 3.11: WA X 4 LD Py UNICODE API D—#R
T'§; PyUnicode_AsUTF8String (), PyUnicode_AsUTF8AndSize (), PyUnicode_AsEncodedString()
DWITNDZEMT 2 LSBT LTILEE W,

UTF-32 Codecs

LUTiX UTF-32 codec API T3

PyObject* PyUnicode_DecodeUTF32(const char *s, Py ssize t size, const char *errors, int *byte-

order)
Return value: New reference. UTF-32 T a— RE NNy 7 7 XFFIM S size N4 b TFa—FK

L. Unicode # 7Y =227 2 L TGRLE T, errors & (NULL TRWARS) TI7— NV FIZEELETS, 7
7 4V ME Vstrict” TS,

byteorder 73 NULL THRWHK, 7a—XIFZ5 26NN, b A —X—T7a— FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder 2% 0 T. AJIT—XDE\MHID 4 N4 A3 byte order mark (BOM) & HIE, 7a—KEZD
NA PF=Z 12D EZ. BOM 3R D Unicode LFFNCa ¥ — N EH A, *xbyteorder A -1 %
721 1 72513, 2T byte order mark X icav—ahxd,

TaA— FPET L. AT —XDEENTR IR TDONAL b A —X—% *byteorder 12y P LET,
byteorder 7% NULL D ¥ ¥, codec & native order £— FTHIHEL 3,
codec 2MFIANE FAE X B2 2 =i NULL Z R L E5,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py ssize t size, const char *errors,

int *byteorder, Py_ ssize_t *consumed)
Return value: New reference. consumed 25 NULL @ & ¥, PyUnicode_DecodeUTF32() ¥ HU & 5 ITHR

8.3. = YRATT 1Y I (sequence object) 141



The Python/C API, U1 —2X 3.9.19

5280 E T, consumed B3 NULL THRW\WY ¥, PyUnicode_DecodeUTF32Stateful () \IREDTTER (4
THIDUINIZWREZ DAL MR D) UTF-32 N4 Mz 25— L TRV EEA. RERORTERLRANA
MlETFa—FEnd, 7a— R4 MBS consumed IZHINE N E T,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. 24 7 4 74 b A —&—T UTF-32 =>a—7 1 7 Z N7z Python N
A MR LET, XFINIHEIZ BOM =2 THED T, TF7— 12 FFI3 "strict” TF, codec
DS e SEE S BT L FIE NULL 2B L £9,

PyObject* PyUnicode_EncodeUTF32(const Py UNICODE *s, Py ssize t size, const char *errors,

int byteorder)
Return value: New reference. s @ Unicode 7—& % UTF-32 IZ>a—F L., ZDf% Python ®

bytes # 7Y =7 ML TEL 5, HNEUTOANL b A =X —Tt> THE2NET:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: big endian

byteorder 2% 0 @ & &, H1XFFNNEHIZ Unicode BOM ~v—72 (U+FEFF) Ti#HE D £5, £hlSo
2 ODF— FTIX, JEHHIC BOM ~— 23 hch g8 A,

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
codec 23FIANE FAE X B2 2 =i NULL 2R L £5,

Deprecated since version 3.3, will be removed in version 3.11: #f{WRA X A )LD Py UNICODE API O—
#BCT3; PyUnicode_AsUTF32String () %7z1% PyUnicode_AsEncodedString() % T % X 5 12BAT
LTS,

UTF-16 Codecs

MUTX UTF-16 codec ® API T3

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py ssize t size, const char *errors, int *byte-

order)
Return value: New reference. UTF-16 TZ>a— RE NN 757 s D size N4 MEFTFa—FRL

T, #iH% Unicode £ 7Y =27 P TIRLE T, errors 1& (NULL TRWEHS) =7 —UWHEGEERERL &
o T 7 4L MEIE Vstrict” TI,

byteorder 73 NULL TRV, Ta—XZG5Z 6NN, b A —X—T7a—FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: mnative order
*byteorder == 1: big endian

*byteorder A 0 T, AT — XD 2 N4 bHAL b A=K —v—2 (BOM) Eo7Ha, Fa—
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ZiZ BOM DRI AL A =X =12 X, 20 BOM ZHRD Unicode XFFNZa—LEHA,
*byteorder 2% -1 2 1 2o 72iHAE. $RTO BOM i3 h~Nav—3h 7 (KTl \ufeff 7 \ufffe
DEBLLPITKRBTLED )

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 73 NULL ® ¥ %, codec & native order £— FTHIIHEL £ 3,

codec DAL B FAE XL =13 NULL ZIRL £ 3,

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py ssize t size, const char *errors,

int *byteorder, Py _ssize_t *consumed)
Return value: New reference. consumed 3 NULL D&, PyUnicode_DecodeUTF16() LRU Xk 51

EIfEL £ 3, consumed H NULL THRWIEE, PylUnicode_DecodeUTF16Stateful () EREBDRERR
UTF-16 N4 M| (FRED AL MR EEN Y a s —bRT7) 27— AR LETA, TNAHDN
A METa—-FEh3, Ta—FIh=4 MR consumed IRLE T,

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. 24 7 4 734 b+ —X—T UTF-16 > a—7 1 ~ 27 EH 7z Python N
A PXFHNERLUET, XFFNIFEIZ BOM v =27 THED £, T7—Y FJIX "strict” T3, codec
DN EFE S/ F13 NULL ZIRL¥5,

PyObject* PyUnicode_EncodeUTF16 (const Py UNICODE *s, Py_ssize t size, const char *errors,

int byteorder)
Return value: New reference. s @ Unicode 7— &% UTF-16 iIC=>a—F L, ZDfE% Python @

bytes 7Y =7 ML TELET, HARUTOANAL P A —K =it THPNET:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
1:

byteorder == big endian

byteorder 25 0 ® & &, HIISCFFNIHIC Unicode BOM v—72 (U+FEFF) TlaE b £3, Z2h LSO
2 O0F— FTIE, JEHHIC BOM v— 273t hEh €A,

If Py_UNICODE_WIDE is defined, a single Py_UNICODE value may get represented as a surrogate pair. If
it is not defined, each Py_UNICODE values is interpreted as a UCS-2 character.

codec DAL 2 A X/ 21X NULL IR L %3,

Deprecated since version 3.3, will be removed in version 3.11: H WA X A )LD Py UNICODE API ®—
H#BCT3; PyUnicode_AsUTF16String () %7z1% PyUnicode_AsEncodedString() T % X 512817
LTLEZEW,

8.3. = YRATT 1Y I (sequence object) 143



The Python/C API, U1 —2X 3.9.19

UTF-7 Codecs

MU T E UTF-7 codec ® API T3

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py ssize t size, const char *errors)
Return value: New reference. UTF-7 TxZ > a— KX N7z size N4 FDXFF s 53— K LT Unicode
FT7T 27 M fER L T, codec MBI EFHEAE X ZIX NULL 2B L £3,

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py ssize t size, const char *errors,

Py _ssize_t *consumed)
Return value: New reference. consumed % NULL @ & ¥, PyUnicode_DecodeUTF7() ¥ FU & 5 IZEIE

LE3, consumed 73 NULL THRW\WE &, KEDAELK UTF-7 base-64 fn%2 L7 —r LEHA, N5E
BT DNAL FHNETa— FEFIZ, Ta— FL7=AA MR consumed 1KLL £5,

PyObject* PyUnicode_EncodeUTFT7 (const Py UNICODE *s, Py ssize t size, int base64SetO,

int base6/ WhiteSpace, const char *errors)
Return value: New reference. 52 bz A XD Py_UNICODE v 7 7% UTF-7 TZ>a— FLT,

Python @ bytes #7227 +¥ L TIRL 9, codec IS EFAE X/ 21X NULL 23R L 35,

base64SetO HIE O TRNE Z, "Set O XF (DL E I S KAl EIR 2 Fi 7 I W AIHiR) % base-64
I a— R LZET, baseb64 WhiteSpace 3L B ThHWE &, ZBHXF% base-64 => a2 — K L EJ, Python
D "utf-7” codec Tl&k, WA & bERICREINTVET,

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
BRT3; PyUnicode_AsEncodedString () ZMHT 2 X 2ITBITL T2 & W,

Unicode-Escape Codecs

LI T& "Unicode Escape” codec ® API T3

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize t size, const char *errors)
Return value: New reference. Unicode-Escape TI Y a— F &7z size N4 F DT s 725 Unicode
ATV 27 PRERL T, codec DIF 2RI L7 EITIE NULL 23R L £9,

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Unicode-Escape Zf#\> Unicode 7Y =z b2z >va—FL, #R%
bytes 7Y =227+ L TGRLET, =7 —UHIX "strict” T, codec 2344 % 2EH U 728545121 NULL
ZIRLE T,

PyObject* PyUnicode_EncodeUnicodeEscape (const Py UNICODE *s, Py ssize 1 size)
Return value: New reference. Unicode-Escape &\ size THHE SN/ RK X %KD Py_UNICODE BNy
77%ITyA—FL, bytes 77V x7 MZLUTRLET, codec 23IF4 &% L725EICIE NULL 23R L
9,

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
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#B8TF; PyUnicode_AsUnicodeEscapeString() ZHT 2 X5 IWTBITL T E W,

Raw-Unicode-Escape Codecs

LITiX "Raw Unicode Escape” codec @ API T3

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py ssize t size, const char *errors)
Return value: New reference. Raw-Unicode-Escape T 32— K XNz size X4 bDXFH| s 25
Unicode & 73227 M ZAERL 3, codec DN EEH LGS NULL 23R L £,

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Raw-Unicode-Escape %\ Unicode # 7Y =7 b2 > a— KL, &
R%Z bytes A 79227 b L GRLET, 77— "strict” T, codec 234 % EH L7z HEIiE
NULL ZiRL £73,

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py UNICODE *s, Py _ssize_t size)
Return value: New reference. Raw-Unicode-Escape %\ size TIEE XNz KX 2D Py_UNICODE
BNy 77%T>a—FL, bytes A 7Y 227 ML TELET, codec 234225 L 72855 121& NULL
ZIBRLET,

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
ERT§; PyUnicode_AsRawUnicodeEscapeString () ¥7:1% PyUnicode_AsEncodedString() Z{HHT
% EXITHITLTLEE W,

Latin-1 Codecs

LUF X Latin-1 codec ® API T3 Latin-1 1%, Unicode BFEDBHEFID 256 HICHE L. T a— FERIZIZZ D
256 72 2L 5,

PyObject* PyUnicode_DecodeLatinl (const char *s, Py ssize i size, const char *errors)
Return value: New reference. Latin-1 TL Y a2 — K &7 size XA b DXFH| s 206 Unicode 7Y =
7 M ERERLETS, codec 23SV EEM L235EICIE NULL IR L £ 3,

PyObject* PyUnicode_AsLatiniString(PyObject *unicode)
Return value: New reference. Latin-1 T Unicode 7Y =7 b%Z x> a— F L., ##R% Python bytes
ATV b LTRLET, 7 "strict” T, codec DM % EH L72HEICIE NULL 2R L
9,

PyObject* PyUnicode_EncodeLatinl (const Py UNICODE *s, Py ssize t size, const char *errors)
Return value: New reference. size THEE XN/ R S ZFFD Py_UNICODE BNy 7 7 % Latin-1 TZ ¥
2 — K L. Python bytes A 7Y =2 ML TRLE T, codec DBIFZEH L7HEITIE NULL 2R L
9,

Deprecated since version 3.3, will be removed in version 3.11: H WA X A )LD Py UNICODE API ®—
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#B8TF; PyUnicode_AsLatiniString () £7:1& PyUnicode_AsEncodedString () Z{HR T % X 512847
LTS,

ASCII Codecs

PUTE ASCII codec @ APITS, 7y D ASCIL 77— &7 %2ZML £, Zofioa— NI I -2z
9,

PyObject* PyUnicode_DecodeASCII(const char *s, Py ssize t size, const char *errors)
Return value: New reference. ASCII TxZ> a— K &7z size N4 b DXFFH| s 25 Unicode & 7Y =
7 M ERERLET, codec 23SV EM L25EITIE NULL IR L £ 7,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. ASCII T Unicode 7Y =2 &Ly a— KL, #iR% Python bytes &
TV b LTRLETS, 77— "strict” TF, codec 23 %26 H L 72HE121% NULL 23R L
9,

PyObject* PyUnicode_EncodeASCII(const Py UNICODE *s, Py ssize t size, const char *errors)
Return value: New reference. size TIRE I N/=RE %D Py_UNICODE BNy 7 7% ASCH TV
2— R L. Python bytes A 7Y =2 MIULTERLE T, codec BIHZIEH LHEITIE NULL 2R L
9,

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
#B8CT3; PyUnicode_AsASCIIString() %(7z1& PyUnicode_AsEncodedString() T % X 512817
LTS,

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was
done to obtain most of the standard codecs included in the encodings package). The codec uses mappings
to encode and decode characters. The mapping objects provided must support the __getitem__() mapping

interface; dictionaries and sequences work well.
T mapping codec @ API T3

PyObject* PyUnicode_DecodeCharmap (const char *data, Py _ssize t size, PyObject *mapping, const

char *errors)
Return value: New reference. 52 &7z mapping A 7Y =7 M 2o T, size N{ PO >a—FEh

72 XFH] s 72— F LT Unicode A 7Y =27 b EMEKRL ET, codec BHF %2 FE X722 1T NULL
PRLET,

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers

in the range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals)
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or None. Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped

to None, OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.

PyObject* PyUnicode_AsCharmapString(PyObject *unicode, PyObject *mapping)

Return value: New reference. Unicode 4 7Y = 7 b % mapping CIEEEN/A TP =7 b 2ffioTx
Ya—FL., MR% bytes A 7P 227 P2 LTRLUET, =7 —UEIX “strict” T3, codec D5} % 2%
H U 72358121 NULL 2R L ¥5,

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0
to 255 or None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped

to None are treated as "undefined mapping” and cause an error.

PyObject* PyUnicode_EncodeCharmap(const Py UNICODE *s, Py ssize t size, PyObject *map-

ping, const char *errors)
Return value: New reference. Encode the Py_UNICODE buffer of the given size using the given mapping

object and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
E#8C3; PyUnicode_AsCharmapString () ¥ 7z1& PyUnicode_AsEncodedString() Z{HH T % L 512
fTLTLZE W,

M T ? codec API i Unicode #* 5 Unicode NDRIMTIF 21T 5 Fiikin b D Td,

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)

Return value: New reference. XFHNI X FMIGZ table Z WA L TEM L, 2R % Unicode 47
=7 PTERLET, codec 2G5 2 FE1T L 7235E121E NULL ZEL £95,

HJSFIE, Unicode F#%2 R 8L % Unicode %2 R THE E 7213 None (ZDXXFZHIFRS 2) ITHS
IR FHUIRD TE A

SHSRDIBEET 2EDH B XY v Mk __getitem__ () 4 ¥ X —T7 = — A2 TT; o T, FHEPY
FUABEEoTH S FLEMEL FF, MIOAHT 21T o TWiRW (LookupError Zi#E Z 3 X 5 7%) XFF
oL Tid, BH3TO3. 2o Far—-1%7,

errors & codecs THFEMEHLNZ2D LR UEHKZRFB T, errors I NULL IZLTH XL, 774+ b
7 —MHEOFEHAEZEKL EI,

PyObject* PyUnicode_TranslateCharmap(const Py UNICODE *s, Py ssize t size, PyOb-

ject *mapping, const char *errors)
Return value: New reference. Translate a Py_UNICODE buffer of the given size by applying a character

mapping table to it and return the resulting Unicode object. Return NULL when an exception was

raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: WA X A )LD Py UNICODE API ®—
H#8C3; PyUnicode_Translate(). E721X D codec N—AD API ZHHT 2 X5ITBITLTLRZ
SIS
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Windows FH®D MBCS codec

BUTF & MBCS codec @ APL T3, ZD codec IZHIED YL 25, Windows L2 THIATE, Z#pSEEIZIE
Win32 MBCS ZE#at#E (Win32 MBCS converter) Zfi-> T3, MBCS (%7213 DBCS) i3> a—Fi=K
DFH (class) ZRITEET, B2 a—FHREZRTODI TRBVOTHERLTLES W, AHEs Y
a— KA (target encoding) &, codec ZEMESE TV B YV FOZ—FRETERINTVET,

PyObject* PyUnicode_DecodeMBCS (const char *s, Py ssize t size, const char *errors)
Return value: New reference. MBCS TxI Y a— K&z size N4 b DXFF| s 2>5 Unicode & 7Y =
7 P EEML T, codec D3IS 2 A L2 H5E121E NULL 2R L £°5,

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py ssize t size, const char *errors,

Py ssize_t *consumed)
Return value: New reference. consumed 25 NULL D ¥ ¥, PyUnicode_DecodeMBCS() ¥ R UEIWEL L ¥

¥ consumed HS NULL TR\ ¥, PyUnicode_DecodeMBCSStateful () X FHNDIRIKRITH %< LF N
A4 PXFORPEAL b 2T a— RT3, consumed 1273 — F L7 MERML 3,

PyObject® PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. MBCS T Unicode & 7Y =27 bex>a— KL, fR% Python N1 b
AT 27 b LTGRLE T, 7 B "strict” T, codec 2MIAEEH U 7285E121& NULL %K
L%,

PyObject* PyUnicode_EncodeCodePage (int code page, PyObject *unicode, const char *errors)
Return value: New reference. FEE I N7z — FR=I %W Unicode A 7Y =27 b2z a—FL,
Python bytes # 72 = 7 b %R L ¥ 3, codec H3FIF %X U 7=5E121E NULL 23R L E§, CP_ACP 2 —
FR=Y %N MBCS =Y a—X2HELTLZE W,

N— ar 3.3 TEM.

PyObject* PyUnicode_EncodeMBCS (const Py UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. size THEE X NT-R X %D Py_UNICODE BNy 7 7% MBCS TV
2 — K L. Python bytes # 7Y =2 MZLUTRLE T, codec 23S 2 X H L /25EICIE NULL 2R L
\i\j—o

Deprecated since version 3.3, will be removed in version 4.0: WA X £ )LD Py_UNICODE API O—#R
TY; PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage (), PyUnicode_AsEncodedString ()
DWTNLZMHT 2 X5 ITBITLTLEZ W,
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XYy RreZXOv k

XYy RHELTROY K (slot function)

LXTOD API iZ Unicode 7Y =27 b BXUOXFHNZAINCED (FIHATIE, ¥5LHXFHERELLTVET),
B2 UT Unicode 7Y =7 F BB IR THEER o T VW E T,

NSRRI ST, BINDBFELZEGEICIE NULL £k -1 2 RLE T,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. —DDXFH|&HE LT, #7272 Unicode XFHNZER L E T,

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py ssize t maxsplit)
Return value: New reference. Unicode XFFNID Y R + % 573E| LT, Unicode XFH» 5745 1) A M &iR
LET, sep 28 NULL DIFHE. 2 TOEAXTFEMH o THEIZITVWET, ZANDEE, fEEXIN-XF
PHETHEEITWE T, AT mazsplit lETORENEITOE T, mazsplit AT S I X5 EIRNCHIRE %
FITFELTA. DHIERD Y X P SEICTFIIEAER A

PyObject* PyUnicode_Splitlines(PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings.
CRLF is considered to be one line break. If keepend is 0, the line break characters are not included in

the resulting strings.

PyObject* PyUnicode_Join(PyObject *separator, PyObject *seq)
Return value: New reference. $8E L7z separator TXFHIN 5% > —& ¥ A% HEAE (join) L. HEASH
R% Unicode 3XFHITERL E T,

Py_ssize_t PyUnicode_Tailmatch(PyObject  *str, PyObject  *substr, Py ssize_ t  start,

Py ssize_t end, int direction)
substr 2 strlstart:end] DR (direction == -1 IFFEF—. direction == 1 3IRE—K) T~<v

FIBHEIC 1L ZRL, ZhHOHEITE 0 ZRLET, T —0RELLRE -1 ZIRLET,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py _ssize_t start, Py_ssize_t end,

int direction)

strstart:end] HIC substr RANCHIBT 25 2R L EF. 0L ZHE I NMEFA direction
(direction == 1 \INEF MR, direction == -1 ZWHFBR) THRLET, EDEIEINCY Y F2°
RO oD A > 7y 72T, ROE -1 By FRRONLLro/ I8 2R, -2 BT T -5
ELTHIMERDFHE SN TVWE I ERLE T,

Py ssize_t PyUnicode_FindChar (PyObject *str, Py UCS4 ch, Py ssize t start, Py ssize t end,

int direction)

strstart:end] HIIXF ch DEBRANCHEIT 25 2R L 3, 20L& FHEESINLMERITIA direction
(direction == 1 1ZINESFTRER, direction == -1 ZH S ARR) TRELE T, BEYEERIIC< Yy 753
HOD oGO A Ty 7 ATT; BDE -1 37y FRRODPOLRP oI EEZRL, 2 13T 7 —2H
AL THSMERMIREINTVE I ERLET,
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N— a ¥ 3.3 TEM.
N—=a ¥ 3.7 TEH: start and end are now adjusted to behave like str[start:end].

Py_ssize_t PyUnicode_Count ( PyObject *str, PyObject *substr, Py _ssize_t start, Py _ssize_t end)
strlstart:end] I substr PEHETZZ e R HHTA2EHERLET, =7 —-BHELLEEICE -1
ZIBRLET,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py ssize_t maz-

count)
Return value: New reference. str FIZHIRT 3 substr Z KT mazcount 1 replstr \ZEHL, B

HBTH2 Unicode 7P =27 b EIRLET, mazcount == -1 152 &, XFEHNFICHNZETOD substr
PEBRLET,

int PyUnicode_Compare (PyObject *left, PyObject *right)
ZOoDXFHN R LT, ESIBPE51E & D/ NI VGG, EASIBBEMOGE. L5l ETIE X DK
FVHEEICH LT, 2heh -1,0,1 ZIELE T,

ZOBBUK, KLz FiZ -1 ZIRT DT, PyErr_Occurred() ZMUH LT, T7—%F v 7 TNE
T3,

int PyUnicode_CompareWithASCIIString(PyObject *uni, const char *string)
Unicode 7Y =2 b uni & string ZHE LT, E5lBPASIE LD/ NIWGE, EG5IBNEMD S
as EIlBDAGIBE D REVWEEICH LT, Zheh -1,0,1 ZIBL %3, ASCII =>a— FEh/kX
FHRFZ2EST OPRD BOTTH, ASSCFINTIE ASCIT XFEAEFN TV SHEIX ISO-8859-1 £ L
THRL £79,

OB RINZEE L EE A,

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. —2® Unicode XFHNEZHB LT, TOSHD—2%RLET:

o NULL %, flS538E L7 2ITRL £ 9,
e Py_True » L <! Py_False %, IEL K LR TEZFHITRL 755

o Py_NotImplemented %. left & right D5 ST % PyUnicode_ FromObject () BRE LIz
IR LU E 3, (J3: in case the type combination is unknown)

op AN SN BMHIX, Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE ® ¥ T3,

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. iz XFHNA T =7 + & format BX O args 2HEK L TRLET;
ZDXY v Fid format % args DL SR HDTT,

int PyUnicode_Contains (PyObject *container, PyObject *element)
element 2% container WIZ®H 2 X, ZORERIGCTHEELIIBERELET,
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element [ ZHHEED Unicode XFITHBHITERITINUIRD XA, =7 —DELEECIE -1 BIRL
%7,

void PyUnicode_InternInPlace(PyObject **string)

518 *string A4 ¥ 7L —ATINE (intern) LE T, 5803 Python Unicode XFFA 7Y =7 h 25T
KA VEERO7 FURTRINUIRD R A, fstring LFLWV, TTRINEEADLFINDFET 55
BElE. Fstring TEOXFINERELET (2 LT, TOEINLXTFINA T 27 VOSBRIV Y VT
VXYL, TTRINEBEADLTFINA TS 27 bOBBAT Y v 2 A Y7V XY FLET), 29 TRV
BEE. Ffstring 3AEEET, TOFEFNAELES (ZLT 2RIV M EA VI URX Y MLET), (MR
ZHA T Y MOV TEIRILFA L TR E Lz, ZOBIESIA Y » HISL (reference-count-neutral )
EEZTLEIV; ZOBBEFOH L7RICAH 7Y =7 FOFEEZF > TV 2 DI, BIEUE O 3l
W TIATAEHZFR > TWRBEPDOZDGEITRD £3, )

PyObject* PyUnicode_InternFromString(const char *v)
Return value: New reference. PyUnicode_FromString() & PyUnicode_InternInPlace() ZfAAED
B2 DT, WEEADOHIIZXFINA T 227 M 2iRE o, FCEZFEOINEFEAD Unicode SLFFIF
7Yl NI T T (O EEDD 7)) ZREIELET,

8.3.4 7N AFTZ ¥ bk (tuple object)

PyTupleObject
Z D PyObject DH 7T XA 71E Python DX TNA T =27 b eRIHALET,

PyTypeObject PyTuple_Type
Z D PyTypeObject DA ¥ AR ¥ A% Python DX SRR RE L £7; Python L' A4 ¥IiZBIF % tuple
ERLATI =7 T,

int PyTuple_Check ( PyObject *p)
PWRINETI 27 bR INBDY TR TDA VAR A THIGBECEZRLET, ZOBEBULE
WML %3,

int PyTuple_CheckExact (PyObject *p)
pBRINF T 27 NEBRTINANBDS T RA TDA VAR ATRWGEICEEZRLET, OB
WIZHIL £ 9

PyObject® PyTuple_New(Py ssize t len)
Return value: New reference. ¥4 X3 len DTzl X2 INA TP 27 V2R UET, KT % & NULL
RLUET,

PyObject* PyTuple_Pack(Py_ssize_t m, ...)
Return value: New reference. 34 X3 n OFiizie R INA T 27 VR BRLE T, KT 5L NULL %
BLET, RIVOMEIEEGED n D Python + 7Y =2 b %&#T C 518Uk D £9, PyTuple_Pack(2,
a, b) X Py_BuildValue("(00)", a, b) &R LTI,
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Py_ssize_t PyTuple_Size (PyObject *p)
RINE T 27 bADRAL Y REFIEICE D, ZORXRTIAVDY A X2RLET,

Py_ssize_t PyTuple_GET_SIZE(PyObject *p)
RT) p DY A RXZRLETH, p idIE NULL TR TERLT, XA 7Y =7 bREELTVRITN
B FERA; 2O —F 2 v 7 EITVER A,

PyObject* PyTuple_GetItem(PyObject *p, Py ssize T pos)
Return value: Borrowed reference. Return the object at position pos in the tuple pointed to by p. If

pos is out of bounds, return NULL and set an IndexError exception.

PyObject* PyTuple_GET_ITEM(PyObject *p, Py _ssize_t pos)
Return value: Borrowed reference. PyTuple_GetItem() WZTWE T, 518U T 25 —F v
ZITWER A

PyObject* PyTuple_GetSlice (PyObject *p, Py ssize t low, Py ssize t high)
Return value: New reference. XI5 2 & p D low 25 high ETOMERURT XTI VDAT A4 A %R
L. K352 NULL #3KL £F, Python @ p[low:high]l X[M U T3, VR FDHEIENLDA Ty
JAFHR=PENTVERA,

int PyTuple_SetItem(PyObject *p, Py ssize t pos, PyObject *0)
p DT ERINA TS 27 VAD, il pos THDIATY =27 bADBIRE ANE T, HIITHIE 0 iR
LET, pos BHEIFZBITWA5E, -1 23RL T IndexError st 2ty b LET,

AR ZoOBBUE o NDOBEE T IBARD? £F, £l BEEDAL VT AT TIRADERN A - T
WEIGE, TOBEBIINTISBEBEL T,

void PyTuple_SET_ITEM(PyObject *p, Py ssize t pos, PyObject *o0)
PyTuple_SetItem() I TWVWETH, TI7—F =y 7 2iTHT. HikhZIViEzZ ANz L& MUSIC
IEE->TIEED FEA

FAM:  This macro "steals” a reference to o, and, unlike PyTuple_SetItem(), does not discard a

reference to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py ssize 1 newsize)
RINE)H A XTBEIMEZE T newsize 1ZX TN HBEITT, RINVIEERERA TV 27
P EVWSZEIZE-STWS OT, ZOBKIIZDOATY =7 ML TRE—D LSRR VRIS
BfE-> TR FHEA, ZIADa— FHOMOEDI T TIZBRINTWLHEIE,. ZOBKE €2
TIFBRDFERBA . XTNVIIEIHEYA XOKRBETHHELE T, RIILZHETIE 0 ZRLET, 77
A7y ba—RE xp OEPFIHELATERTCIZR2 AR LTI R D F8 A, »p DE IR 5175
By AVTIFNLD +p FHEESINET, KT 2L -1 ZIRL. *p & NULL IZ8&E L T, MemoryError %
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721X SystemError ZiEH L £35,

8.3.5 Struct Sequence 77> ¥ k

struct sequence 4 7Y £ 7 M namedtuple() A7V =2 e Effi C ATV VT, DF D, FOESE
WEMEEL T 78R TEIENTERZY—F 2V ATT, struct sequence 24K T 2121E. T FRED struct
sequence B2 ERR L RIFAUZR D EH A,

PyTypeObject* PyStructSequence_NewType ( PyStructSequence Desc *desc)
Return value: New reference. %iR®D desc HD T — X 5 HHT LW struct sequence B Z AR L £5, R
N3O A AR 2RI PyStructSequence_New() THRTEET,

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence Desc *desc)
struct sequence B TH % type & desc &b L ITF DG THHLL 3,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence Desc *desc)
PyStructSequence_InitType LRI TE D, I LAHAEIIE 0 2. RWLA5GEICIE -1 ZIRL T,

N— a v 3.4 Tl

PyStructSequence_Desc

ER T 5 struct sequence BD X X F— X B RFLE T,

Z4—ILF C oB =3

name const char * £ E % struct sequence E D]

doc const char * AT 3D docstring NDRA V&R, FFEMKT 25
A1% NULL

fields PyStructSequence_Field#i L WAID 7 1+ —)L FHZ &M L 72 NULL #¥5 & 7z Eio)

* NDRA V&

n_in_sequendeint Python fI TRl 27 4 =L RO (b LEXTLE LT

FHT 255)

PyStructSequence_Field
Describes a field of a struct sequence. As a struct sequence is modeled as a tuple, all fields are typed

as PyObject*. The index in the fields array of the PyStructSequence_Desc determines which field

of the struct sequence is described.
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7 C 0% | &bk
£ -
ILE

name | const | 74—/ FDHRHL, b LARIOFEINLT7 4+ — L FDY R FOKEERTHEX
char NULL, #RID 7 WE FI2T 285 A81E. PyStructSequence_UnnamedField % FE L

* E3a
doc const | 74 —JL KD docstring, AT 2551 NULL
char

const char * const PyStructSequence_UnnamedField

7 4 =) RAELHD RN E ET 2 72D DR,
N—T g 39 TEH: BI char * OZEHINFE L,

PyObject* PyStructSequence_New (PyTypeObject *type)
Return  wvalue: New reference. type D A4 ¥ AR YR EEBRL F T, type &
PyStructSequence_NewType () 1 & o THANIER L TORITIUIRD £ A,

PyObject* PyStructSequence_GetItem(PyObject *p, Py ssize 1 pos)
Return value: Borrowed reference. p MFET struct sequence WD, A& pos ICHBA 7 =7 FEIKRL
£3, BARAF =z v 7 RITVERA

PyObject* PyStructSequence_GET_ITEM(PyObject *p, Py _ssize t pos)
Return value: Borrowed reference. PyStructSequence_GetItem() L [AEFED~7 0TI,

void PyStructSequence_SetItem(PyObject *p, Py _ssize_t pos, PyObject *o0)
struct sequence p @ pos DNEIWCH S 7 4 —IL FIZfE 0o BBREL F T PyTuple SET ITEM() DX DI,
ARLTETDA VAR Y A L TOAEHATNETT,

AR ZOBEIE o NOZRE T BARD” £7,

void PyStructSequence_SET_ITEM(PyObject *p, Py_ssize_t *pos, PyObject *o)
PyStructSequence_SetItem() L FFED~ T v,

AR ZoOBEE o NOZRE 7 BAWD” £7,
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8.3.6 VXKATZ IV

PyListObject
ZD PyObject DY 7 XA FF Python DYV R AT 27 P eRBLET,

PyTypeObject PyList_Type
Z D PyTypeObject DA ¥ AR Y A% Python DV A MUIERHHL £3, Z4Ud Python L4 ¥IiZBIT 3
list &M LCA T =2 T,

int PyList_Check (PyObject *p)
pBVANF TS 27 bV A MDY TRA TDL VAR VATHIHBECELZRLET, ZOBBIIE
WL E T,

int PyList_CheckExact (PyObject *p)
pBVRAMNETI 27 bEBWYRA MDY T XA TDA VAR ATROWHEICEZRLET, Z OB
IR L E5

PyObject* PyList_New(Py_ssize t len)
Return value: New reference. ¥4 X205 len 7z VA AT =7 b ERLE T, KT 5 & NULL %
BLUET,

ER: len V0 XD REVEE REINDZVRAMEFTY 27 POEZFEII NULL 2ty PERTVET, &
DT, PyList_SetItem() TAYIIATY 227 bEty b T2 ETIWE, Python a—FIZZD4 7Y =2
W L7z, PySequence_SetItem() DX SRR API ZHHL TIWITER A,

Py_ssize_t PyList_Size(PyObject *list)
VIAMATIx T b list DESZERLET; YVAME 7Y 27 MZBIT S len(list) R T,

Py_ssize_t PyList_GET_SIZE(PyObject *list)
~7afXTTEX PyList_Size() T, T7—Fzv 7% LEHA,

PyObject* PyList_GetItem(PyObject *list, Py _ssize_t index)
Return value: Borrowed reference. list DT VA AT 27 FAD, Nl index I2HB AT =0
FRIRLET, MEBIFIFATHIMBENDHD., VA MUGLLDA VT v 7 AP R-F SN TVER A,
index D3HEIFZ X TWAIFA. NULL %238 LT IndexError fiftZty F LE T,

PyObject* PyList_GET_ITEM(PyObject *list, Py _ssize_t i)
Return value: Borrowed reference. %27 0y TT &/ PyList_GetItem() T. TI7—Fzv % L%k
Ao

int PyList_SetItem(PyObject *list, Py ssize t index, PyObject *item)
VIXMATO =27 PADME index 12, A7 =2 b item ZHALE T, RINLHEIIX 0 2R LE
T, index DYEIPFHZEBZ TWBIESA, -1 2IBL T IndexError 2ty b LE T,
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AR BB item NDOBME T HAMD” £F, e, BHELEDA VT 7 RITTTIHIOEZRNA -
TWaHE, ZOERAINT2SMEBEL £,

void PyList_SET_ITEM(PyObject *list, Py _ssize t i, PyObject *o0)
PyList_SetItem() Z#< 7 HICKBEET, TI7—F v 7 2{TVERTA, TO7RIE, #HRY R b
DEREFZ AN L DRWIEICEREZ ANDS & ZICOAENET,

AR Zo~rniditem NOBRE T BAWMD” £F, F/z. Pylist_SetItem() LiE- T, BHREODE
ZPZDPECTHEEIMIAONE T TV 27 PANOBREME LERA ; ZOMR, list POfiE i TS
BXNTWEA T2 bBRAEYVY =T RF[ZRILET,

int PyList_Insert (PyObject *list, Py ssize t index, PyObject *item)
BR item BV A list DA VT v 7 X indexr DENIHALET, BT 2L 0 2 RLET, Kftd s
-1 ZRL. fiMNEELy FLET, list.insert(index, item) I[ZEAMPIL 7-HRET T,

int PyList_Append (PyObject *list, PyObject *item)
ATY b item & list ORBIEMLE T, BIT5L 0 ZIRLET; kT 5L -1 2iRL. stz
vy FL%¥7J, list.append(item) IZFEBIL 72ARET T,

PyObject* PyList_GetSlice (PyObject *list, Py ssize t low, Py _ssize t high)
Return value: New reference. list D, low 55 high FTD A7 27 b6k 2VANERLET,
K3 5L NULL ZiR L, s %E+ELy b LET, list[low:high] ML MRETY, 7=72L, VR b
DREDPBDA VT v 7 RAFPR—FERTVERA,

int PyList_SetSlice(PyObject *list, Py ssize t low, Py ssize t high, PyObject *itemlist)
low & high £TD list DA F A4 A% itemlist DNEFIZ L E3, list[low:high] = itemlist & A
DIERET S, dtemlist 13 NULL TH X<, 2=V R PDORA (FEER 74 ZADHIFR) <72 b ¥3, mIHIL7H
BIZE 0 2, KRLZHAEIKE -1 ZIBRLET, 7L, VALORELHDA VT v 7 RA3HKR—-bSh
TWVWEHEA,

int PyList_Sort (PyObject *list)
list DINEEA YTV —RXTY— b LET, BILEERIIZ 0 2, KWLZGEAICIE -1 2IRLE T,
list.sort() R TT,

int PyList_Reverse (PyObject *list)
list DEF"RA YTV —ATRIELET, RIHILEHEIIE 0 2, KBLAEBEIKE -1 ZRBLET,
list.reverse() [FUTY,

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. list DNBEDB A0 iz X INA T =7 M 2R L ¥ F; tuple(list)
LHELTT,
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8.4 Container 77TV k

8.4.1 #EA T2 ¥ b (dictionary object)

PyDictObject
Z®D PyObject DY 7 XA FiE Python OFFEFEA TP 27 b2REHLET,

PyTypeObject PyDict_Type
Z®D PyTypeObject DA ¥ AKX ¥ AX Python OFFFHEZRBL 3, 2047 =2 Md. Python L4
YIZBIF S dict EALA TP 22 F TS,

int PyDict_Check (PyObject *p)
p BFEEL TV 2 N ORERDY TRXA TDA VARV ATHIHBECEERLET, ZOBBITHEICHK
NLET,

int PyDict_CheckExact (PyObject *p)
p DBHEF T2 7 VEDPHERDY T RA TDA VAR ATHEWESIZEZRLES, ZOBEITEIC
L E3,

PyObject* PyDict_New()
Return value: New reference. 25D 72EFEFE LR L F T, KT 2L NULL ZiRL £73,

PyObject* PyDictProxy_New(PyObject *mapping)
Return value: New reference. 23~y 7L 7Y =7 Mz LT, #tAH LERICHIB X N7z types.
MappingProxyType 7> =7 FZIRL %3, M. ZOBKIIEIN TRV 5 28 (non-dynamic class
type) D7 FAHEPLEBINL VISR 22T 2 Difbh E 3,

void PyDict_Clear (PyObject *p)
BERHHFICASTVERETOFXF - lHORT ZBRELTHICLET,

int PyDict_Contains(PyObjec’t *p, PyObject *key)
FEE p T key DA TOVEDPHELE T, p DERD key IC—HLHEIX 1 BRL, ThLBOHEK
XO0ZRLET, T7—DFAE -1 ZRLET, ZOKIX Python D key in p X FfliTI,

PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. p LA U F—HORT WA o Tzl RFEEEZRLE T,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)
FE p T, key ¥ —2 LT val ZHALE T, key 13w ¥ 2R (hashable) TRIFIUIRD £8 A
Ny ¥ aARETR WA, TypeError ZiXH L9, BIILHEICIE 0 2. KR LHEIKIE -1 2K
LET. ZOBKIE val NOSZHBEHEARD £FH A

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)
Insert wal into the dictionary p using key as a key. key should be a const char*. The key object is
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created using PyUnicode_FromString(key). Return O on success or -1 on failure. This function does

not steal a reference to val.

int PyDict_DelItem(PyObject *p, PyObject *key)
Remove the entry in dictionary p with key key. key must be hashable; if it isn’t, TypeError is raised.

If key is not in the dictionary, KeyError is raised. Return 0 on success or -1 on failure.

int PyDict_DelItemString(PyObject *p, const char *key)
HEpPoXXFH key #F— T2 MV RRELET, key BRFFICRIFIUR. KeyError ik L
F9, BINL7HAIE 0 2, KRLHAEIE -1 ZERLET,

PyObject* PyDict_GetItem(PyObject *p, PyObject *key)
Return value: Borrowed reference. ¥ p NT key ¥ —2 32377 bR RLET, F— key B
FAEL WS EICIE NULL 2B L £ 923, filstety b LEEA.

__hash__ () XY v R __eq O AV y FOMUFHLHICEZ 2HMIMHIENE Z 2 ICFERELTLE
XV, TI—EREXEZIE, RO DIC PyDict_GetItemWithError() %o T & W,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem() DEMTHINZRL XA, BINDBFEL 255
Al stz y b LIeLETNULL 2R LE T, F—DRFELRD - 5EE. fistz+y » €92 NULL
ZIRLUET,

PyObject* PyDict_GetItemString(PyObject *p, const char *key)
Return value: Borrowed reference. This is the same as PyDict_GetItem(), but key is specified as a

const char*, rather than a PyObject*.

_hash__ O XY v F® __eq O XV y ROMUHLHFR, —RNERXFIA T =27 b DFE
AR ZHMEIMEI N2 2 ICHERLTLEI L, =7 —%2@HEIEIICE. KbbDic
PyDict_GetItemWithError() o T Z&E W,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. Z U Python L X)L ® dict.setdefault() ¥[FH LTS, d LHN
X, HE p 2D key KHICT2MHEZRELET, F—2FFICRIFII, E defaultobj ZHA L defaultobj
PRLUET, ORI, key Dy Y 2 BEZRBEIHAZ LA 2 WS 2 D TE R, —EZ T Ly
Il L E 8 A

N— a ¥ 3.4 TEM.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. FEENDETDERIMA 72 PyListObject iBL EF,

PyObject* PyDict_Keys(PyObject *p)
Return value: New reference. FFENDETDF — A o7z PyListObject ZiRL F T,

PyObject* PyDict_Values (PyObject *p)
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Return value: New reference. #3E p NOETDMENBA -7z PyListObject ZIRLE T,

Py ssize t PyDict_Size(PyObject *p)
THHNOEZOHZRL T, FFEHICH LT len(p) ZETIT LD LR T,

int PyDict_Next (PyObject *p, Py ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by ppos must be
initialized to O prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey
and pvalue should either point to PyObject* variables that will be filled in with each key and value,
respectively, or may be NULL. Any references returned through them are borrowed. ppos should not
be altered during iteration. Its value represents offsets within the internal dictionary structure, and

since the structure is sparse, the offsets are not consecutive.

Bl 213

PyObject *key, *value;

Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the values... */

SRAGIEEAICEEE p ZEELTRARD $HA, HEZRELHET 20, F— IS0 2 EHZLELTY
RLKIZED E LD, F—DRGEEELLVI EDEHETT, UTIHZRL£7:

PyObject *key, *value;

Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Ry TMATI 27 b b DETOERIIDE> T, KENCF —/[EORT ZHE o IEML £3, b 13FF
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Eh. PyMapping_ Keys () £721 PyObject_GetItem() ZHR—FFT2MLPLDF T2 MITEE
T, override BERHIE, a DF - —HT2F -2 b IH IR, BHFEORTEE I T, 2hlS
DFEE, b DF—IZ—HTE2F =D a TRV ZOABMETVWE T, R LEEIIE 0 ZBL, #i
ADEHENTGEIE -1 ZRLET,

int PyDict_Update (PyObject *a, PyObject *b)
C THEIL PyDict_Merge(a, b, 1) LR U T, %7 Python @ a.update(b) ¥ BITWE T2
PyDict_Update () 135 2582 "keys” BYHZR LR VWHEXXF—/ERT7 DY —Fr Y A2 RKIET %
I HYFERA BILIGEITE 0 ZIR L., BISAEHENIGEITE -1 ZBLET,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
seq?2 NDFx — [fERT 2o T, #E o« DNEZEHLLEDMELLD LE T, seq2 1. F—/fHORT &
AREDZEX 2 ORIEAREL 7Y = 7 b (iterable object) R4 T 2 RIEAIREA 72 = 7 b TRIFNUIR
DERA, BETZ2F-DEET 2HE. override DERHIXFICHBH L7z —%2 v, 25 TRWIEE
WRICHBE L3 — %20 E T, RN LEEICE 0 2R, FIASEHINIEEIE -1 ZIRLUE T,
(R b ELSMNI) Effi7e Python 2 —F2FEL e, LT X512k %73

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkey] = value

8.42 Set A7V bk

This section details the public API for set and frozenset objects. Any functionality not listed
below is best accessed using either the abstract object protocol (including PyObject_CallMethod(),
PyObject_RichCompareBool (), PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(),
PyObject_Print(), and PyObject_GetIter()) or the abstract number protocol (including
PyNumber_And (), PyNumber_Subtract(), PyNumber_Or(), PyNumber_Xor(), PyNumber_InPlaceAnd(),
PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr(), and PyNumber_InPlaceXor()).

PySetObject
This subtype of PyObject is used to hold the internal data for both set and frozenset objects. It
is like a PyDictObject in that it is a fixed size for small sets (much like tuple storage) and will point
to a separate, variable sized block of memory for medium and large sized sets (much like list storage).
None of the fields of this structure should be considered public and all are subject to change. All
access should be done through the documented API rather than by manipulating the values in the

structure.

PyTypeObject PySet_Type
Z D PyTypeObject DA ¥ A XY A%, Python @ set BERLET,

PyTypeObject PyFrozenSet_Type
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Z D PyTypeObject DA ¥ A XY A%, Python @ frozenset BE&L £7,

VDR F = v 727 0iZTNTOD Python 7Y =27 MIHFTEKRA VXL TEEL £, kT, a2
2 FNZ 7 RETXNTDA 7L — FAJHEZR Python A 7Y =7 MW LU TEMEL £ 3,

int PySet_Check ( PyObject *p)
P set PEDY T RATDATI 2 b THDEZIT true ZIRLET, ZOBEBUIEICHINIL £3,

int PyFrozenSet_Check (PyObject *p)
p 23 frozenset MZDY T RA TDATI 27 bV THBE ZIT true ZIRLFET, ZOBEBIXEICHIIL
£9,

int PyAnySet_Check (PyObject *p)
p B set B frozenset . HAVEZDY T XA DA TV =7 FTHIR, true ZRLFET, Z DMK
FEICHII L ET,

int PyAnySet_CheckExact ( PyObject *p)
p 7 set D frozenset DELLPDA T =27 b THDL L ZIWZ true BIRLET, Y744 FDA TP =
7 NIEAERA, ZOBBIIEICHEIILETS,

int PyFrozenSet_CheckExact (PyObject *p)
p A frozenset A 7V 7 FENH T EAL TDA VARV ATHWBEIERZRLE T, ZOMEBIIEIC
BRHL £,

PyObject* PySet_New(PyObject *iterable)
Return value: New reference. iterable SR T A7 27 bR ETLH LW set IR L FF, iterable 23
NULL O & Zid, 22D set ZIRLE T, I L7ZHH LW set &, KL 725 NULL %R L ¥ 3, iterable 23
4 7L — MARETR WAL, TypeError ZEH L Ed, TODIA VR 77 Xid set Zab—3 5L X
2 ET (c=set(s))o

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. iterable RS A 7Y = 7 N2 ELH L\ frozenset TR L £3, iterable
23 NULL D & Z13, ZED frozenset 2R L 5, MIRFITIZH LW set &2, KIFFIZIE NULL 2R L %5,
iterable 234 7 L — FRIRE TR WA, TypeError ZiEHI L 9,

DIBOBEe~ 27 1ld, set ¥ frozenset ¥ ZDY T RA TDA VAR AWK L THHETEE S,

Py ssize t PySet_Size(PyObject *anyset)
set X frozenset DA 7Y =27 FOREX%ZIEL £7, len(anyset) LR LU TF, anyset B set .
frozenset BXUZDV 7 XA DA TY =7 M TRWVWIGAEIX, PyExc_SystemError ZiXH L £,

Py ssize_t PySet_GET_SIZE(PyObject *anyset)
I —F v 7 EITDLRV, PySet_Size() D~ nfE,

int PySet_Contains (PyObject *anyset, PyObject *key)
Hovolet 1 &, ROo»ohdroktd 0%, T5—-PRELLEEIE -1 ZIBL £ T, Python ®
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__contains__() XV v RE-T, ZOBKIIIENY & 2 set & —RHY7% frozenset [CHEITEHL £
BAo key D3Ny ¥ aAJRE TV S, TypeError ZiXH L ¥ 3, anyset 53 set, frozenset KU Z DY
TRATDATY =7 M THROEGEX PyExc_SystemError ZiEH L E 3,

int PySet_Add (PyObject *set, PyObject *key)
Add key to a set instance. Also works with frozenset instances (like PyTuple_SetItem() it can be
used to fill in the values of brand new frozensets before they are exposed to other code). Return 0 on
success or -1 on failure. Raise a TypeError if the key is unhashable. Raise a MemoryError if there is

no room to grow. Raise a SystemError if set is not an instance of set or its subtype.
DR DRI, set & 2D T XA ST U THIHAIRET I, frozenset £ ZDY 7 X4 FITEHHTE TH A,

int PySet_Discard (PyObject *set, PyObject *key)
key BROD o T, HZHIFRLES 1 ZBLET, RobokhroZd (MBEIIC) 0 ZELES, =
T —DRELEGEE -1 ZIRLUET, key DL TH KeyError ZiXH L ER A, key D3Ny & 2A[HET
WA TypeError 23 L £ 3, Python @ discard() XY v Fri#E- T, ZOBEIIIENY > 2
set & —KEY 7R frozenset ICEFLL 8 Ao set B3 set DEDY T XA TDA VARV ATRHRVE T,
PyExc_SystemError %% L £73,

PyObject* PySet_Pop(PyObject *set)
Return value: New reference. set DHDBEZD ENPIIHT EHMLVWBRERL, 204727 v i
set POHIRLET, KMLASH NULL ZiIRL ¥ 7, set BWZEDHEICIE KeyError ZEH L E T, set B3
set LZDH T RATDA VAR Y ATRWEEIL, SystemError &M L E T,

int PySet_Clear (PyObject *set)
set ZZ2IZ L ¥ T,

8.5 Function 77> x7 +

8.5.1 Function A7 x o

Function + 7Y = 7 MEHOEBUIHTHTT,

PyFunctionObject
ERucfEbn s C ofEdk,

PyTypeObject PyFunction_Type
PyTypeObject BdD 4 ' A2 2 AT, Python ORI ZE L $3, ZHid Python 71 2'F AT types.
FunctionType & L TABIEHTVWET,

int PyFunction_Check(PyObject *0)
o HBEAEA 7Y = 7 & (PyFunction_ Type BTH ) HAICHZIRLE T, /XF XA —XII NULL IZTE X
HFA, ZOBBIIEITHINIL 5,

162 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.9.19

PyObject* PyFunction_New(PyObject *code, PyObject *globals)
Return value: New reference. 23— KA 7V =7 b code ICBEMT SN L WBEBA 7Y =7 P EIRL
5, globals ZZDOBEEN LT 7 EATE 270 - IUVEROFETRIIIZD £E A,

D RF 2 XY MPXFFNeAANE—FA T2 7 P2 0B ENE T, module 1% globals 7> HEX
BENET, 5IBDOT 7V MERTY /T —>ay, 78—V v NULL KRESINE T, qualname_
FBEIBA U EICRESNE T,

PyObject* PyFunction_NewWithQualName ( PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. PyFunction_New() IZBITWE T2, BA 7Y =2 bD __qualname__
BHCHEEYLy bTEE T, qualname 132 =a—F4 7Y =2 b NULL THL TERD £H A, NULL
72072358, __qualname__ BHICIX __name__ B R UHENE Y FENFET,

N—a v 3.3 Tl

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. FABA 72 =7+ op IWHEMNITONTza—- AT =27 MRIRL
i \j—o

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. B4 72 = 7 b op WZBHHfTT 507 globals BEEZIRL 3,

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. BIA 7 =27 b op @ _ module_ JBWHERRLET, ZHuldHE
BIXEY 2 —VADLFFHIMA > TWETH, Python Ia— R sioA 7Y =2 b ety bENRZ LD
HHET,

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. FA 7 =7 ™ op DEIBDT 7 4+ )V MEZIRLE T, 518X T
JU7r NULL 1272 D 55

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
A 7227 op DEIBOT 7 # 0 MEZREL £ 3, defaults 1 Py_None 75X )L TRIFIURNT
FE A

KL 7=Ff&, SystemError ZFHAEXH, -1 ZIRLE I,

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. A 7Y =7 b op ICEREIN27 v —Y v 2B L 3§, NULL 2
cel ¥ 73227 bDRINVTE,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BA 727 b opl227 0=V ZBELET, closure ¥, Py_None H L<Iidcell F 7Y =7 DX T
LTI UIIR D FR A

B L 72HFl, SystemError 2 HAEIE, -1 ZIRL £,
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PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. (A 7 =7 op @7/ 7= a Y EiIBL FT, RO HEIKBIER
REZRfFE D NULL 1272 D £9,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BA T2 op D7 ) 7= a v ERELET . annotations [ FEFEE D, Py_None TRIFIUIXZD ¥
A

KU 7-RRX, SystemError ZHAEXH, -1 ZRLET,

852 A1VRAVAXY Y RAT T TV b (Instance Method Objects)

AVRARYARXY v Rl PyCFunction DTz DZ v X—=TH Y. PyCFunction 7 7 AX T =7 MINA
YREBD0H LV AFTT, ZHELETD PyMethod_New(func, NULL, class) OFFUH L 2B E#Z
x93,

PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ AR Y A& Python DA Y ARV AXY v FOBRIERFLEF, Z4Ud Python ®
Ta 77 MRS ER AL

int PyInstanceMethod_Check ( PyObject *0)
0MWA VARV ARY v KA TV 27 b (PyInstanceMethod_Type T TH 2) FHICHEIRLE T, 87
A—ZRF NULL I TE £t A, ZOBBIIHICHRINILET,

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. Return a new instance method object, with func being any callable

object. func is the function that will be called when the instance method is called.

PyObject* PyInstanceMethod_Function(PyObject *im)
Return value: Borrowed reference. 4 Y A XY AXY v K im IZHEEMIT SNEHA 77 v EIRL
£9,

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. PyInstanceMethod_Function() O~ 7 BfRT, T5—F =z v %
TVWEHE A

164 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.9.19

8.5.3 XYy RFITZx U+

XYy RERBEA 7Y 27 MCEBEINTOVET, XV Yy FRIBERXHZ22—F—EFRD I ZAZH BTV
DTT, FEMENTVWRNVWAY v R (FFRF TV MCHEENTZXY v R)IEFHTZ2 Z e TEERA,

PyTypeObject PyMethod_Type
Z D PyTypeObject DA Y AR YA E Python DX Y v FRIZRELET, ZOF 7T =7 M. types.
MethodType ¥ L C Python 71029 AIZABE A TVE T,

int PyMethod_Check (PyObject *o)
0 MAXY vy XTI =l b (PyMethod_Type B TH %) ZAEWCEHERLET, 8T X =&KX NULL ITTZ
FHA. ZOBBIIFEICHINIL $3,

PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. fEEDMUOH LATEEA 7 =2 b func & XY v ROEREINZNE L >~
ARV R self BESTHTRRAYy RATI 27 b EBLET. B func &, XV v RBFFEUH I A
FRCPECH XN A 7Y =27 b TT, self 1Z NULL ICTEEH A,

PyObject* PyMethod_Function(PyObject *meth)
Return value: Borrowed reference. XY v ¥ meth W[CBEEMIT SN TWAEBA T2 P ERLE T,

PyObject* PyMethod_GET_FUNCTION ( PyObject *meth)
Return value: Borrowed reference. PyMethod_Function() D F BT, T7—F = v 7 BTV ER A,

PyObject* PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. XY v ¥ meth IZBETT SN/l Y AX Y ARIRLET,

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. PyMethod_Self() D27 BIRT, TI7—F = v 72TV ERA,

8.5.4 ILFTZ ¥ bk (cell object)

TR (cell)) ATV 2T ME BBORA-THh o ZREINIERHEFET DD ET, LLIEIRE
BUzOWTERE N, BR4DEZEELET; COHEEZZRILZERAX Yy 7 7L —2I2BT 50— A VERITE,
ZDRAR Y 7 7L —LDHMITRCEEZSBL TR EICHTZ2SBBAD 25, EALTREINHEICT 2
252 L, vA TV 27 FEEORD D A NDEREDNE S, CORLFTY 27 2o MBI
(dereference) X, 4 ¥ X TV XIZ Lo TEMES NN, Fa— FATHR- PSRN T0IRHERH D £T; kL
A7V M7 7 AL, BEIMCHEESRIGEZ D ¥8 A, LA DOIRAETIE, ATV 27 ME
BT 7TV T,

PyCellObject
LA TT 27 MiEDN S CEEART T,
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PyTypeObject PyCell_Type
AT 27 NS 2MMA T 27 P T

int PyCell_Check(ob)
b WENF T 27 FDOBECEERLET; ob 13 NULL THoTI D TXA. TORBBIIEICERIIL
£7,

PyObject* PyCell_New(PyObject *ob)
Return value: New reference. fH ob D Ao 7=HilziztN 472 =7 b 2ERLTRLE T, 5/8% NULL
WLTHDREVEEA,

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. cell DNEEEL E 5,

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. cell DINEZIR L E T2, cell H3IE NULL 220 F TP =27 b TH
BIPEIDIEF v I LERAS

int PyCell_Set (PyObject *cell, PyObject *value)
AT T 2Tt cell DNEZ value ITRELET . ZOBBIITHEDLLOETORNEIIHNT 22K %
FRILL £ 3, value 1 NULL TH 2 FEWVWER Ao cell 1&IE NULL TRIFAUIRD VA, cell DT T
Vxl bPTRHRWEE, -1 BIRLET, BT 2L 0 RIELET,

void PyCell_SET(PyObject *cell, PyObject *value)
AT 2T b cell DIEZE value TRELE T, ZHATV Y MIWHT2EH TR, KRDDDF = v
3B ITVER Ao cell 1ZIE NULL TRUIFNIR ST, oA 7Y =7 bTRIFIUIRD A,

8.5.56 A—FATDxU

a—FA 7Y 22 b (Code objects) i& CPython EZEDKL )V RFMEEDTT, 4 7Y =7 MIBEBICHE
SNTWARVWFETA[REa— FOBZRBIL TV ET,

PyCodeObject
A-RNATO =27 KRBT 2D HHENS C G, ZOBD7 4 —L NI THEEIIEG
S

PyTypeObject PyCode_Type
Z AU Python @ code B%RIIT 5 PyTypelbject DA Y ARV A TT,

int PyCode_Check (PyObject *co)
co H’ code ¥ 7V =7 FOFEWCERIRLET, ZOBBUIEICHENILET,

int PyCode_GetNumFree (PyCodeObject *co)
co N EHMHZEE (free variables) O EIR L %3,
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PyCodeObject* PyCode_New(int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags,
PyObject *code, PyObject *consts, PyObject *names, PyObject *var-
names, PyObject *freevars, PyObject *cellvars, PyObject *filename, Py-

Object *name, int firstlineno, PyObject *Inotab)
Return value: New reference. il WA —RRF 7027 V2R LET, 7L —LZERT 27201283 —

DaA—=FF T =7 " PREREGEX, b DT PyCode_NewEmpty () ZFIHLTLEE W, N ba—
FI3SHBICEE SN S 720, PyCode_New() ZEHEFUHF &, Python OFFfiN—Y a VITKFLTLZE
STLeHDET,

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 *lnotab)
Return value: New reference. PyCode_New () WZITWETH, MEEHFIE D= D "posonlyargcount”

EMEhTNET,
N—Ya ¥ 3.8 TENM.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. L \WZEDaA— KA T7T 27 Ve, feESINLT 7 4 v, B4, HE
TEEBTHERLET, BENZa—FA 7227 MIHLTD exec() ® eval ) WEHFINTUVERA,

8.6 ZDMDATT I b

8.6.1 J7MIATIxU

ZN5D AP, Python 2 DARAAD 7 7 ANA T =27 D CAPI ZHRER LTI 2L -+ F572003 D
T3, 2Bl BHEC A4 77V THR- IR TWE Ny 7 7{F& 1/0 (FILE*) IZfHZ 72D Icflibi g 3,
Python 3 Tld. 77 A L2 A MY —AEH LW io BV 2a— B FHIN. 2212 0S DL ANy 7 7 ff
Z1/0 D LEICW O DOENERSINTVE T, FTHHIATWIEBIE. 2D LW API offifl7z C
FZ9NR=ThHH, A X TYXTONFNRLT —BHANFANTVET; H— =7 4 —Da—FiFEbdic
io @ API 25 Z e RN E T,

PyObject* PyFile_FromFd(int fd, const char *name, const char *mode, int buffering, const char *en-

coding, const char *errors, const char *newline, int closefd)
Return value: New reference. BEIZBADPNTWE 7 740 fd DT 7 A VFT 4 A2V T X5 Python d

T7ANT T2 b RERLE T, 518 name . encoding . errors . newline IZi&. 77 # Vs DfEE
LT NULL 25X 3, buffering \2i% -1 #IEELTT 74V b OMHEEMES 2 B TEF T, name FHEH
ENZDTITD, BHAEHFEDDITHEINTVET, KT 22 NULL ZRLET, & DoHFENR5IEHD
fREIE. io.open() BABD FXa X Y FEZSRLTLIIZX W,
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E&: Python A NV —2BHBONY 77 ) V7@ RDRD, 77 A NELBRFD OS LLDN Y
77V 7T 5. A LME (PHlERT—XIE) REeglEEILET,

N—Ta v 3.2 TEH: name BHEOHER,

int PyObject_AsFileDescriptor (PyObject *p)

p KEEDTIHND 77 ANT 4 A2 ) FR% int L LTRLET, A7V =7 MHREZ L. Z0ER
BLUET, BETHRWGS, #7922 M fileno() XYV v FRHAUINIHLET; 2OXY v FOK
DI, 77 A vidbFofie L TGRENZEBTRINERD F8A, KT 2 e eEL T -1 &
BLUET,

PyObject* PyFile_GetLine (PyObject *p, int n)

Return value: New reference. p.readline([n]) 2RIU T, ZOBKEA T =2 b p ODKITEHAH
LET, pld7 740 F 7Y 27 bd, readline() XYV v REFOMSLDA TV 27 P THhEVER
Ao n D30 DG, ITORIWCEFRRCIEMIC 1L ITRZFHARLE T n 20 XKDRZFIUX n XA P
LOF—REHAHLEFEA; o T, TO—HPEIPBRINZGERHDET, ¥ELDHATDH, itk
HLBETQIIT 7 A VORI EE L5813 T2 BRLE T, n 28 0 Kh/hEFhud, Rk
HbHT 17T % AR LETA, TI7 7 4 VOKIMEE L7255 121 EOFError Zi%H L £ 9,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)

io.open_code() DEHDIRLHWZ LEZL T, ZORFX—X—2 RNV FITELET,

N Y K 7 1% PyObject *(*)(PyObject *path, void *userData) %! @ B # T. path &
PyUnicodeObject TH 2 I L DMRIEENTVE T,

userData KA VY RWE7 v Z7BARBIZEINE T, 7v 7RIS V24 2050 EIN S 00d Lk
WDT, ZDRA ¥ XIZEH Python DIREESHINETED D THA

ZD7 v ZBEEA VR=-RIEDLRS e EERLTWS 20, EY 2 —UH frozen BEY 2 —LT
H %7 sys.modules IZH AFHAIRERES 2=V ThH 5 Z DT> TWVWEEELZRWTIX. 7 v 7B
DEFHICHLVES 2 =% 4 VY R—FTEDEFBHITTLEZ W,

Wo 2 A7y VEBDPEREIN S, HIRSPEEII D TES, B 5D PyFile SetOpenCodeHook ()
DOFFCHUIEEBRLE T, ZOBBPERLIZE i, 4 2=V 2pgfifbahCniga, -1 218
LThHINZEEY P LET,

ZOMEE Py_Initialize() K DANCFEIH L THEETT,
FIE®L T BEE A X b setopencodehook ZiEHIL 7,

N—3 g v 3.8 TEM.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

AT 2T b obj BRI 7 ANA TS 27 b p TEEZAAET, flags WY KR—1+F 2777
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Py_PRINT_RAW /23 CF; ZOI7 I 7%2ETHE, 7T MZ repr() TWEHL str() %2EH
LR E 7 7 ANMICEEHLE T, RINLEEAICE 0 2B L, KT 22 -1 2R L CHEYIZEI4 %
vy PLET,

int PyFile_WriteString(const char *s, PyObject *p)
XFH s 77 ANATI 27 b p THEHLET, LB EIEF 0 ZRL, KRBT sL -1 2K
THEYIRFINEEY P LET,

8.6.2 EXa—I/LAT2 ¥ k (module object)

PyTypeObject PyModule_Type
Z D PyTypeObject DA ¥ ARV AE Python DEY 2= 4727 MUIEPRBLET, 2047V
7 MiE. Python 7B 27 A2l types.ModuleType ¥ L TABENTWVWET,

int PyModule_Check (PyObject *p)
PVET 2= NATI 2T PPET2—NFA T2 FDF TR, T THHEZIWZHERLET, ZOBK
EHEIZEINL %3,

int PyModule_CheckExact (PyObject *p)
pMEY2—LEF TV 22 b T, D PyModule Type DY 7 RA T THRVWE EICHEZIRLET, DB
FHEIZHILE T,

PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. __name__ JBIIZ name DR EINLHLVWEI 2 — LA TP =7 b
ZIRLET, EY2—/LD __name__, __doc__, __package__, __loader__ BHEICEIPA->TVWET
(__name__ DIHMIART None TT); __file__ EHIEZ ANZ DU LAOEBERETT,

N—Ya v 3.3 TEM.
N—T a3 34 CTEHE: __package__ ¥ __loader__ | None WKFREZINZE T,

PyObject* PyModule_New (const char *name)
Return value: New reference. PyModule_NewObject () IZBlTWE FA3, name & Unicode 7Y = 7
FTd7% < UTF-8 TT Y a— FENFHITT,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. module D% H{ZEM % HET 2HEA TV 27 P RIRLET; 2DA
T2 ME B2 A TP D __dict__ BELFEULDDTT, module WES 2 —N1F TPz
F(BLEEY 2TV 27 FOYTEAT) THROVIEEIX, SystemError A3 XL NULL 23K
EhET,

REY 2=V Tld, EY 2 -1 D __dict__ HEE®EET 2 XD b, PyModule *x() B XU
PyObject_»() PAEZ S AR £ 7,
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PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. module @ __name__ OEZRLE T, EV 2 — BN ZOEEEREL T
WHRWEERXFHNEI TR WIS, SystemError #H LT NULL Z3RL 3,

N— ar 3.3 TEM.

const char* PyModule_GetName (PyObject *module)
PyModule_GetNameObject () WZBITWE T A, 'utf-8' TL Y2 — FE N/ name ZIRL E T,

void* PyModule_GetState (PyObject *module)
EY 2 —LD Tstate”(EY a2 =V EER LKA I VI THIRINZ XEY 7Ry JADKRL Y X =) D
7203 3UX NULL 23R U ¥ 3, PyModuleDef.m_size B L TLZE W,

PyModuleDef* PyModule_GetDef (PyObject *module)
EY a2 —NAIMESNZICL 7R o Tz PyModuleDef MEERNDRA Y X ZIRLET, EY 2 —AHERICE -
TEBNTWARD 575813 NULL 2R L %3,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. module @ __file__ JEME%Z d £ IT module B — R EN/zbr D7 7 4
NEERLET, L7 7 A VAPERSINTORWVWEESR, Unicode XFHITIE R WA, SystemError
BFAEXET NULL ZRLE T, Z0LILDEEE Unicode 7Y 27 "ADSBIRERL 3,

N— g v 3.2 TEM.

const char® PyModule_GetFilename (PyObject *module)
PyModule_GetFilenameObject () LITWVWE TV, "utf-8 TTYa—RNENT7 7 A VHEZRLET,

N—= a v 3.2 TIHSE: PyModule_GetFilename() IF LY A — RTERVWT 7 £ LZHITH LTI
UnicodeEncodeError ZiXH L ET, ZHDRD DIZ PyModule_GetFilenameObject () %A L TK
7ZEW,

C 2 a—ILOYHAL

WH, BV 24TV MIEREY 2 -V (PR ZZ 7 AR—- P LTWAHEI A 75 V) 72134
HIAENTEY 22—V (PyImport_AppendInittab () %z THIHULERABDSBME N T WS EY 2 —IL) 2 HAF
LNET, FMICOWVWTIX building %721% extending-with-embedding % BT 72& W,

FIHERIRUE, Y 2 —LERDA Y AR Y A% PyModule_Create() WL THK EDRo/EY 2 —1F T
Pz FERBRLTHEVTI L, LA REREERZODD TR ZEBUHNL” 2EZRLTHHOER A,

PyModuleDef
EY 2 VERMERIIEY 2 - A 7027 bRAERT 2DITBELRTXTOHERERFEFLE T, @E
3 ZNZENDEY 2 — 0 T EITHINSHIINE SN/ ZORDZERD 1 DR FFEL £,

PyModuleDef Base m_base
DR Y N—THIZ PyModuleDef HEAD_INIT THIHHLL TL X,
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const char *m_name

HLWEY 2 — LD,

const char *m_doc
EY 2 —AD docstring, 72\ T docstring 1& PyDoc_STRVAR % FIFH L TEBINE T,

Py ssize 1 m_size
EY 2 — VORI, FR 7 1a — LRI TR  PyModule_GetState() THUSTEZEY 2 —
NZEDAEVHEBRICRFFEINTWE ZeDADHD T, TR E->TEY 2 —VEIEBDI 7 - 4 v &
TV R —TREMZET,
ZOXEVEBIE m_size KHDWTEY 2 — WERRFICHERZ N, TV 2 -1 A4 7Y =7 FHWEE
ENB L EIZ, m_free B HIUTZNDIFIN R THEIREINE T,

m_size 1T -1 ZHRET L. ZOEY a—NEF 70— "L RERFEOEDIIY T - 4 &2 —FY
A—"HR—PFLTVEREVEWVWS ZXIZRED T,

m_size ZIFAEDHEIHKET 2L, BV 2 —IIFEILTE, ZORED-DITHEL 12 581D X
FEVEEHEETEZ22 WV LI ET, IEAD n_size ZZEMUIIHLTOREICKRD £3,

S PEP 3121 #5018,

PyMethodDef* m_methods
PyMethodDef TERINE, TY 2 — VL VEBODT — T AADRA ¥ X —, BEDITFE LBV
A NULL Z23ET 5 2 L H3A]HE,

PyModuleDef _Slot* m_slots
ZEBEILD7zd D21y FMEFRDHAHIT, {0, NULLY HEIKIEE 2D 3, —BREHILZ
5 ¥ ZE. m_slots 1¥ NULL TRIFAUIRD 8 A,

N—=Pay 35 TEE: N—Yary 35 XDElE. TOX Y NEEIZ NULL KRESNTWT, RDD
DL LTEREINTVE L=
inquiry m_reload
/J"(MJEZT’S(?])TOC m_traverse

GCAEBNEY 2 —NF TV =7 P 2EET BT SN2 EERE, BERWEEIX NULL.

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_ezec
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.
N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

1nquiry m_clear

GCHIDEI2a—NATTV=27 27V T7—F 2RI INE 7Y 7 -, HELRVWEGEE.
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NULL.

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_ezec
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.
N—a ¥ 3.9 TEH: No longer called before the module state is allocated.

freefunc m_free
GCOBIDEI 2a—NF TVl M 2fRINT 5L TIPS 288 SHERNE1E NULL.

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_ezec
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.

N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

—ERREANHATL

EY 2 —LOPHHLBEBAEHZEY 2 — LA 7027 FRER L TR ITIGELRD D £, ZHIE” —BEgHAL”
LRI, RD2ODEY 2a—NVERBEHOE S 50 1 D& FNE T

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. def TOERIMKE > THLWEY a— ATV =27 bPEEKLET, Zh
¥ PyModule_Create2() @ module_api_version | PYTHON_API_VERSION ZE L= XD X 5I12iR
2H|NET,

PyObject* PyModule_Create2(PyModuleDef *def, int module_api_wversion)
Return value: New reference. API N—3 a >% module_api_version ¥ LT def TOEFRITHE > TH
LWEY 2= ATV PERLET, b LIEEINAN=—Ta VPE[TLTVWESL VX —=T Y X—D
N— a v Bz 258513, RuntimeWarning A X HE T,

AR B AYOHE. ZOBETIER S PyModule_ Create() ZFAT A2RNETT, ZOBEEZ. 20D
B D BEN R B L TWVWa & JITIZIAAL T ZE W,

EYa—F 7Y = POFIILEEE D SR X N B ENT, 720 TWE PyModule_AddObject () 72 ¥ OBIEUE -
TEYVa2a—NA TPz MIAUNEFEIEET,
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ZERPEVIRATE

TERZEEERT 285 120D 7d, 7 ZEFEIIL” 22K T 2 KT, ZONETHESNIINREY 2 —
E. &b Python BY 2 — WIEWIRZ FEWE LET: ML, €22 -1 47 27 b RERT S £/
EBPE ¥ XU NEFIRIE % RITERME chdlahEd, ZOXNEZ 72D __new__() XY v Ke __init__Q)
XYy R TwEd,

—RFEHETAER I N EY 2 — L e EN, ZRETIECTEREINLES 2 —VET Y IV TEHD %
B A: sys.modules DTV b —=DHIRZINEY 2 —VPEA VK- EINLHBE HILLVEY 21T TPy
FORERZN, HOVEY 22— Python €Y 2 — LML K KHEDOHAR—YaL 7y a Yy TUBEERS 2
CIZBDET, 774N TR AUEBRDPOIELNILBERDOES 2 —NVIIMVTHEIRETT: HEIA VARV
AWZMAFEFFHNDA VAR RACHE L EEA, . (BRI PyModule_GetState() %o THUST
%x2) ZTORER, (EY2—D __dict__ % PyType_FromSpec() THERENIMEALADI FADXS572) €
Va— VBT 2bDE, FEDEY 2 — ATV 27 MVFEDDDTHEIREL WS Z LTI,

LY 2o TAEREINEZRETOEY 2 NVE BT AV ETUE— 2B R T2 ROLNFE
T, BEROES 2= M LTWAEZ e ZRETEZDITE. 20V TWEZOHE— 25323 THSTT,

LBV 2 ER T 2 72912, FIILEIE (PyInit. modulename) 1% TR m_slots #FfD PyModuleDef
FRLET, ThEIRETHIC, PyModuleDef A ¥ A X ¥ ZIZRDETHHAL Iz TdWIT EHA:

PyObject* PyModuleDef_Init(PyModuleDef *def)
Return value: Borrowed reference. €Y 2 —VERIHME SR AD v M RIELSHET 5. BUICyHt
SNz Python A7 =227 b THEZZRAEL £,

PyObject* IC¥ ¥ A M &Nz def ZIBL ETF, =7 —0R4E LG NULL ZiIR L £5,
N— ar 3.5 TEM.
EBY 2= VERD m_slots X > \F PyModuleDef_Slot MHE{ADELY| % X R IFIUER D R A

PyModuleDef_Slot

int slot

Zuy b ID T, IR TS ATV 2 FI AR (Eh H 3N £ 3,

void* value
20y FOET, BHiZZey b ID ITRELET,

N— a3 v 3.5 TEM.
m__slots BEEFNZ ID 0 DX\ vy b THEXATWRITIUIRD TR A.
FHAHEER Ay s OBIILIT T

Py_mod_create
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ED 2N T2l VEBEERT E7DICMEINIBEBEEELE T, 20Xy MO value KA >
ZIRDY T3 F v R OB EHE L TO0RLTUEWITERA:

PyObject* create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEHK SN 7z ModuleSpec 4 Y AR Y AL, Y a— VEREZITIMAEKTT, ZHUIHL
WEY 2= A7V MBI, 7 —%FEL T NULL ZIRITRETT,

COBBIIRNRICED THELIRNETT, FIERED Python 2— FZIFRHEITRXETIERL, FALE
Ta—nEZAVKR-—PLEIET D EMEREAL—-TITMHBTL & 5,

B D Py_mod_create ARy & 1 DDEY 2 — VERICRELRZWVABLNTT,

Py_mod_create DFEINTWVARWIEEHIEX, 4 ¥ KR— MEMIE PyModule_ New() Zffio GAFDEY 22—
NATI 27 VeERLET, Y 2 —VOZANIERTIZZ L spec 22 HBIF I, ZHUT & » THLR
EY 2 AP EY 2 —VEECBF 2 MEZHETELD, SRV vy 27V 7 2@BLTH—DE
Va2 VEREEZHLELOOHOARITA Y R—-FTELDLET,

BENBZ AT =7 MY PyModule_Type DA VARV ATHIRLEZH N EFXA, 1 ¥ F— Mz
TEEMOHRELBRENTEZRIIE,. CARTTHMZ T, Lo L. PyModuleDef A5 NULL T\
m_traverse, m_clear, m_free . H L ¥ TH WV m_size . H L <1 Py_mod_create DIFtD R 1 v
k2O A1X, PyModule_Type 4 Y AR Y ADADREINETL & 9,

Py_mod_exec

TV a—l% RITTS & 2N BB ERELET, 24X Python €Y 2 —1Da— F2ETT 3
DYFETT: ZOBBEEVWTWEIZ IR EREEY 2 —1MICLET, OB 71 F v 3T
T3

int exec_module (PyObject* module)

BHD Py_mod_exec A1 v FDFTEZINTWGEK. m_slots EEANCHNZIEICUEZI ATV E £,

ZEREIHHEIZOWT I DL K& PEP 489 2R T X W,

BEKEED 2 — ILIERBEK

DU oBfud. LB EZMES & 2 ICEAICPOHENE T, FIZIEEY 2 -1 AT =7 b ZERNCTAERT
Y EIL, IS DM EEREM X £ 3, PyModule_FromDefAndSpec 3 & (f PyModule_ExecDef D ¥'5H 5 b,
PEONH L 72 RICIEE Y 2 — AT A TuRITIUER D 28 A,

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference. module ¥ ModuleSpec 73 =7 D spec TEZRSI NI BHIZ
FLWES 2 -V A 727 bEERLET, 20K PyModule FromDefAndSpec2() BI¥L D
module__api_version I PYTHON_API_VERSION Z{§E LR BR U LHICSHBE2FVE T,

N— ar 3.5 TEM.
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PyObject * PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module_api_ver-

ston)
Return value: New reference. API N—3a ¥ % module__api_version & LT, module £ ModuleSpec

F TPV bD spec TEREINTZLBOIZHILWE S 2a— A 7227 bREKRLET, dLIEEXNT
N=VaVPRETLTVWEA Y R—T Y R—DNN—= 2 > ¥ Bz 255X, RuntineWarning 2 HAE X ¥
ESa

AR: ZrAYODGA. ZOBEBTIER L PyModule_FromDefAndSpec() ZFIHTZNETT, ZDH
Bz, ZOBEBOREREREREL TWS L ZZEFAAL T ZE W,

N—=a v 3.5 THEM.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
def THZONIAEBEDFEITRAT Y + (Py_mod_ezec) #FITLET,

N—a > 3.5 TEM.

int PyModule_SetDocString (PyObject *module, const char *docstring)
module ® docstring % docstring \ZEEL £ T, ZDBEEUI. PyModuleDef 7°5 PyModule_Create b
L { 1Z PyModule_FromDefAndSpec #ffio TEY 2 — L EART 2 & TICHBNIIMHUOHINE T,

N— g r 3.5 TEM.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
#&URAY NULL 1272 o TW 3 functions BLFNC b 2 BAE% module 1ZBM L %3, PyMethodDef MEERD
il % D> b VIZDONWTIE PyMethodDef DFiZ S L T Z S W (£Y 2 — L OLHIZEMBIAF S
TVRVWOT, C TEEINLEY 2L~ 7B 30 T0WEY2a—L2 1 DHDHE LT
ZWELD . Python 7 7 ADA Y ARV AXY v RIZBZBICLET), OB, PyModuleDef 25
PyModule_Create % L { I PyModule_FromDefAndSpec Z{fio> TEY 2 — V24K T % & ZICHEIMIC
MU EhEd,

N—ar 3.5 TEM.
H#K— N
£V 2~ LOUIHEII (—BIEIILEES BE) . B5VEES 2— LOETAT y b SIFOHIS 3 B

(B ZE S 5E) BROBEBEM-S . £Y 2 —10 state DFIHLZHRICTE XS

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s

initialization function. This steals a reference to value on success. Return -1 on error, 0 on success.

AM:  Unlike other functions that steal references, PyModule_AddObject () only decrements the
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reference count of value on success.

This means that its return value must be checked, and calling code must Py_DECREF () value manually

on error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject(module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
module I[ZBEUER T name ¥ L TEMLET, ZOFEEBEBIZEY 2 — L OWIHLEED SFFHEh T
$9, L7 XWT -1 &, BIHLZT 0 ZERLET,

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
module WCXFHNERE name & L TEIML 5, ZOFEHBEBIIEY 2 — L OWHHLER» SFHEI T
WE T, FH value 13X NULL SIS M TOWRITFAUIRD FHA, T7-DrZIE -1 2, FJhHL &
1230 ZIRL 9,

int PyModule_AddIntMacro(PyObject *module, macro)

module 12 int EEZEBMUL E I, HAETEMEIE macro 2 65 WHE I F T, il 2 1E
PyModule_AddIntMacro(module, AF_INET) ¥ ¥ % &, AF INET WS £4Hi® int HEK %
AF _INET OfET module \ZBML 3, =72 -1 &, BIIRHICIE 0 IBRLE T,

int PyModule_AddStringMacro (PyObject *module, macro)
XFHNERE module BN £,

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Add a type object to module. The type object is finalized by calling internally PyType_Ready (). The
name of the type object is taken from the last component of tp_name after dot. Return -1 on error,

0 on success.

N—Y a ¥ 3.9 TEM.

ESa—IILEBER

—EREE L. BEDA YR TV RXDaAYTHFA N LORELS VANV DEY 2 —ABERLE T, 2
FoT. BB EI 2 —NEBANOSBRBETITES 2 - ATV 27 b PEBTEE T,

ZEBRPEIRAL 2 S Y BE— D EHEDI SEBOEY 2 — UDBERTE 2D T, 25 DI Z BRI % # -
TERENEEY 2 —MIZIMFZ EH Ao

PyObject* PyState_FindModule (PyModuleDef *def)
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Return value: Borrowed reference. FMED A ¥ R TV XD def DOELNIZES 2a—AA T =27 2R
LET, ZOXY v FORHESEMFY LT, #id > T PyState_AddModule() TA ¥ X 7Y RD state IZFE
Va—NF TV AL TBL I 2B RLET, METREY2a—NF TP =7 FBRAMNN SR
W, B LIEHERNCA Y27 XD state ISEHAE XN TWRWEEIE, NULL 2KL £,

int PyState_AddModule (PyObject *module, PyModuleDef *def)
BIBUCHEINEY 2= ATV 27 b, A VX T XD state IHEE L ET, ZOBKEM-ES 28T
PyState_FindModule() WHET 2 —NA T 27 MIT7 V7 EATESLX51TKD %,

—BRFETIAL 2 o TIER SN EY 2 —MITDAETT,

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but
harmless) to call it from module initialization code. An explicit call is needed only if the module’s own
init code subsequently 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).
PR LANE GIL 2183 2 050D D £5
LS 02, RLZES -1 ZRL %D,
N—Y a ¥ 3.3 TEM.

int PyState_RemoveModule ( PyModuleDef *def)
def POMELNTZED 2=V A T2 T b A X TY X state 2OHHIFRLE S, BIIL7ZS 0 2. KK
L7266 -1 ZIRL %,

O LIENG GIL 2155 2 0803 H D £5

N—a v 3.3 TEM.

8.6.3 1T7L—2AT2x ¥k (iterator object)

Python TR EEIA T L -2 A7V 27 b 2EHELTVWET, —2HEY -7 Y XA 71 —&T,
__getitem__ () XYV v FEYR—- I TZ3TEDOS—7r Y 22WMOPVET, ZOoHEFFUOHLAJRELS 7Y =
7 bt F A HE (sentinel value) ZIW, O —F Y ANDOBERZ L IKMUEH LAJREL 7 =27 S Z2EUH L
T, BV FAOVENRI N & TICRKIBNEEZKT LET,

PyTypeObject PySeqlter_Type
PySeqIter_New() %, fHHRAHS —7 ¥ ZHNTH LT 1 51 BEXOMAALBEE iter O ZIFTH L
LEIGREND, ATVL—EF 7T FORI TV M TT,

int PySeqIter_Check(op)
op DD PySeqlter_Type HMOLGEICHEZIRL 3, ZOBBIIEICHILET,
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PyObject* PySeqlter_New(PyObject *seq)
Return value: New reference. —fRINIZS — 7 Y AF T 27 b seq #WHIATL—XERLET, KB
WX, > — 7 ¥ ADPRTIEEREDORRIZ IndexError 2R L7 TR TLE T,

PyTypeObject PyCalllter_Type
PyCalllter_New() %°. #HARAHBEE iter() @ 2 5IHIEADPETA TL - AT =27 FORIF TS =
7 T,

int PyCallIter_Check(op)
op DBIN PyCalllter Type BUIDHECEZIRELF T, ZOBBIIEICHIL FT,

PyObject* PyCallIter_New(PyObject *callable, PyObject *sentinel)
Return value: New reference. #7284 71V —XRERLET, mHID T XX callable 13587 L THEY
¥ 2 Python O LATREA 70 = 7 PR OGIRATHEDPEVERA; callable 13, MOHEN 572
RORIGWIBNRA 72 = 7 PR RITNIR D E8 A, BRI N4 T L —XiId. callable B3 sentinel
WWELWEZ RS & I 2T LE T,

8.6.4 TRXUVTAATZ 1Y I (descriptor object)

7 FAZ Y T (descriptor)” 1E. HEATI 27 POV OpDREEICOVWTHAR LA TV 27 PTT, TR
JVTRATO 27 PERA T =7 FPOFRENIIHD 5,

PyTypeObject PyProperty_Type
HABIAAT ZAZ ) T RO I 7 =27 +TT,

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference.

PyObject* PyDescr_NewMember ( Py TypeObject *type, struct PyMemberDef *meth)

Return value: New reference.

PyObject* PyDescr_NewMethod ( Py TypeObject *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 ( Py TypeObject *type, PyMethodDef *method)

Return value: New reference.

int PyDescr_IsData(PyObject *descr)
TAZVTRATY 22 b deser BT —RBHEDT A2V TRDEEIEEE, XYy FTRAZYTFED
BEWCIIMBERLET, descr TRV T RA T =27 bTRIFNUIRD FVA; =7 —F = v 71370
¥ A
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PyObject* PyWrapper_New(PyObject * PyObject *)

Return value: New reference.

8.6.5 XA XA TV k (slice object)

PyTypeObject PySlice_Type
AFGARZ TS 27 FPORA T 27 M TF, ZHUE. Python L4 ¥iZBIF 5 slice LHLA TV =2
]\Tj—o

int PySlice_Check (PyObject *ob)
0b WATZARLT T 27 bDFEWCEZIRLET; ob I NULL THoTIERD F¥A. Z OBEBIIHE K
WL,

PyObject* PySlice_New(PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Y6 LT2MHD LR ATARA T 27 vV RIBLE T, 287 X X start,
stop, BE U step IATA AL TV =7 MBI 3A%OEREE LTHOWANET, TOLHDEITVTR
b NULL (CTE, MIET BMHICIE None DMEDONE T, FihA 7Y =2 b e7nsr—2ayTERVEE
12 NULL 238 L %9,

int PySlice_GetIndices(PyObject *slice, Py ssize t length, Py ssize 1 *start, Py ssize t *stop,

Py ssize_t *step)
ATGARFXTI 27 b slice \CBIY B start, stop, BE step DA VT 7 AEZBRELET, ZDr &> —

rUADRE % length IRELE T, length KD DRERA VT 7RI RKRZ LT LTIHRWVWET,

RO Z2iE 0 %2, =7 -0 23 ety bEFIC -1 BRLET (L. BEA VT Z7ADWN
T —D0 None Tl . POBPUCEIITE R o5 EZREE T, ZOHE. -1 2R L THIS
Zty PLEF).

BLHL, DRIFIOBEBZEMENTZRNVTL £ 9,
N—ay 3.2 TEHE: AN, slice 513 DEINE PySlicelbject* T L7,

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 () DR TT, slice I2BIVF 5. start, stop BX U step DA > 577 Z{HEEL

BELET, >—F VY ADEX%E length . A7 4 ADEX% slicelength WAL £5, BANDAL VT2
ZFEHEDASGA R —B LEHETZ Yy FENE T,

I =23 0%, =o5—D 23N zEty PLT -1 ZIRLE T,

AMR: This function is considered not safe for resizable sequences. Its invocation should be replaced

by a combination of PySlice_Unpack() and PySlice_AdjustIndices() where
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if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {

// return error

is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—=Ta v 3.2 TEHE: MHNE. slice 518 DAE PySliceObject* T L7z,

N—Y a3 3.6.1 TEHE: If Py_LIMITED_API is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx() is implemented as a
macro using PySlice_Unpack() and PySlice_AdjustIndices(). Arguments start, stop and step are

evaluated more than once.

N— a ¥ 3.6.1 TIEHELE: If Py_LIMITED_API is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx() is a deprecated function.

int PySlice_Unpack(PyObject *slice, Py ssize t *start, Py ssize t *stop, Py ssize t *step)

Extract the start, stop and step data members from a slice object as C integers. Silently reduce values
larger than PY_SSIZE_T_MAX to PY_SSIZE_T_MAX, silently boost the start and stop values less than
PY_SSIZE_T_MIN to PY_SSIZE_T_MIN, and silently boost the step values less than -PY_SSIZE_T_MAX
to -PY_SSIZE_T_MAX.

Return -1 on error, O on success.

N—a v 3.6.1 TEM.

Py_ssize_t PySlice_AdjustIndices(Py_ssize_t length, Py_ssize t *start, Py_ssize_t *stop,

Py ssize_t step)
Adjust start/end slice indices assuming a sequence of the specified length. Out of bounds indices are

clipped in a manner consistent with the handling of normal slices.
Return the length of the slice. Always successful. Doesn’t call Python code.

N—a v 3.6.1 THEM.
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8.6.6 Ellipsis #7717 k

PyObject *Py_Ellipsis
Python 281} % Ellipsis A 7Yz 27 b T3, TOA TV 27 MIXY v FERbEEA, ZHAV Vb
DT, MDA 7Y =2 b RIS BREDRD D £F, Py_None DX, Thdb> VIt 7
=7 T,

8.6.7 memoryview 77V b

memoryview A 7Y 7 NI, MDA T2/ bR XS1ZHZ S Python £ 7Y =2 bOEE L7z C FFEL
VD Ny T7DAE—TT—R TT,

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. " 774 Y X—7 2 — A& T 2472 = 7 b2 5 memoryview 7
TV bR LET. BL obj DEZABAGBERNY 77 DI AR—- 2P R- T3R5, Z0D
memoryview A 7Y 2 7 MIFAZFEEZARET T, 25 TRIFINEHHLOAILREHh, TI7AR-—2—0D
AN e DN THEAEEMAREL 2 D 9

PyObject *PyMemoryView_FromMemory (char *mem, Py ssize t size, int flags)
Return value: New reference. mem ZELT DNy 7 7 £ LT memoryview 3 72 =27 M 2ER L £75,
flags 1% PyBUF_READ 2» PyBUF_WRITE O &% 5012k D £35,

N—3 g v 3.3 TEM.

PyObject *PyMemoryView_FromBuffer (Py buffer *view)
Return value: New reference. view ¥ L TH X by 7 7 &% 7 v 73 % memoryview 7Y =
7 PERERLET, HRBE A PNy 7 7 [T PyMemoryView_FromMemory () DIF 5 WEE L\
T,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. buffer 4 ¥ X—7 2 —ZXZERHLTWEA 722 b6 ('C’ 22 'Fortran
D order T) BfiLTc XEVF ¥ ¥ 7D memoryview 7Y =7 bRED T, XEVERKL TV
2%E, memoryview 3 7Y 27 MITLO XV RZRLET, TS OHE. XEVFar—3nT,
memoryview A 7Y =7 MIFT LW bytes A 727 SR LET,

int PyMemoryView_Check (PyObject *obj)
obj ¥ memoryview ¥ 7Y =2 FDGEICEZRLET, BIEDL 25, memoryview DY 77 5 ADAE
B XN TVER A, ZOBEBUIEICHKIIL £55

Py_ buffer *PyMemoryView_GET_BUFFER (PyObject *muview)
ExLEXNEZANY 77— memoryview DT T4 RX—b+ a¥—IZ, KA VYEZ—%RLET, mview 1
memoryview £ Y AR Y ATRHRINEBD ERA; 2O~/ uldleF 2 v 7 LEVWOTHRMTHEF = v
ZLRFNERLT, ZRERZ2L 7T 92T 23BN HYET,
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Py__buffer *PyMemoryView_GET_BASE(PyObject *muiew)
memoryview # L7 AR —=bPLTWVWEF T I 27 PADKA Y Z %KL % T, memoryview 753
PyMemoryView_FromMemory() 7»* PyMemoryView_ FromBuffer() ®¥H L TEMI N TWIGHHA,
NULL 2B L £,

8.6.8 B[/FEWATIT I b+

Python 1 §§88 2t 7Y = 7 b (first-class object) ¥ LTHR—-MLET, SR EHEFEET 2
HoOBEADOA 7Y =7 MURDHH T, BRBHEMRBRA 7Y =227 M C FERBZA VI FLDA TV =27 MITH
LTHAIRERIRD ¥ > e LTIRES A7V =7 T,

int PyWeakref_Check(ob)

Return true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (ob)

Return true if ob is a proxy object. This function always succeeds.

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)

Return value: New reference. ob [T 2555 A 7 =7 b 2R EF, ZOBKIIXEICHZRSHRE
BUETH, BDFTLIFRA Tl V2EARAEEDH D FVA; BIFOSRA 7Y 2 7 PRSI S Z
LD ET, H_D T XK callback IO LATREL 7P = 7 M T, ob BSH—RY AL 7> ary&
NBRIEHMEZTED £57; callback 355 A TV 27 PEEEZE—DORI XX LTZIFED 3,
callback 1% None % NULL ICLTHDPFEWVER A 0b BB TERVWA T I =7 FDFERR. callback
D LAJREA 7Y = 7 b None . NULL DWW N THRWVWIEHIE, NULL %K L T TypeError % ik
L&D,

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)

Return value: New reference. ob IZM$ 28BS aFx> 47227 b2 RLE9, ZOBEEBIIEICH
BBREZRLE T, BT LHLRA T 27 P22 REEDD $¥ A, BMFO 0 XA T2
PIREINDZZLdHHFET, H DT XK callback ZFUH LAJREA 72 =7 M T, ob B —RPaL

7 ay INEBITEMZZITID £3, callback 3FH5BMRA 7S =7 FEHEZH—D 5 X 2 LTRIT

D £9, callback 1& None ° NULL ICLTCH 2 EWVERA, ob BFHBWTERVA TV = 7 b DEER.

callback DWEH LATREA 7Y = 2 B, None . NULL OWFHTHRWVWIEHEIE, NULL %#3iR LT TypeError

REHLUET,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 352 ref WBRLTWE A7V 27 b ERLET, SR A T =
7 E BT TIRIFH L TR WS, Py_None ZiRL 3,
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AR ZoBKIISRELS T O EDYOBR TIRLET, £0kD, 204727 bEFAL
TWAMZEDF 7Y 27 HEWEI NN L3> TWBIGEERE, #IC Py_INCREF() ZMUH TN
%‘/C\‘TO

PyObject* PyWeakref _GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. PyWeakref GetObject() WTWE T, v/ uTHEEINTY
T, ZT7—F v 7 2ITVEE A

8.6.9 h7EIL

using-capsules LT DA T2 = 7 + % 5 J5IEIZ DWW T using-capsules S L TL Z&E W,

N—a v 3.1 TE.

PyCapsule

2D PyObject DY 77X A4 Fid, EEOMEEZRL. CHIREY 2 — 5 Python 2— FEFEH L THOD

SBDA— FIEEDMER (voidx KA Y XDET) EIMENHZ L ZICHEHTT, H2EY 2—1LH
TEREEINTVWS C FBEBOERAL V2%, HOEY 22— VIELTEILLMUHEZ X523 5720
WL fbnEd, ZAUuckh, BN — RFEINZ3EY 2—1OFHD C APL IZEH O import #i#% &
LTC7 7R TEHIENTEEXT,

PyCapsule_Destructor

BTN T ETFRA NS 7R A= ANy 78 XD XS IZEBINET

typedef void (#PyCapsule_Destructor) (PyObject *);

PyCapsule_ Destructor 2 — Ny 7 QDEHEIZOWTIX PyCapsule_New() BBIRLTL 12X W,

int PyCapsule_CheckExact (PyObject *p)

PyObject* PyCapsule_New(void *pointer, const char

S80S PyCapsule DHFEWCEZIEL T, ZOBBIIEICHINIL £7,

*name, PyCapsule Destructor destructor)

Return value: New reference. pointer ZI&# 3 % PyCapsule Z1E L ¥ 3, pointer 518X NULL T
HoTIFRDELA,

KL 756, BIA2&E LT NULL ZEL £,

name XFHNE NULL 2, HRI72 C XFFINDEA ¥ X2 TT, NULL THROWGE, ZOXFHNEIARL D
ATV EDRIAEFTZIREND D $F, (destructor OPTHNT 2 Z LIFFFAISNTVET)

destructor 73 NULL THEEWGES, 2 ADHEIRINDZ L ZIFDH L E58 e U TRHROHINE T,

CDHTENAMES 2a—NLDOENEE L TIREZINSGE. name X modulename.attributename ¥ {57E

8.6.
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ENBIRETT, 2592, MDEI 2—NDBEDH T N% PyCapsule_Import() TAVKR—1F 3
ZEMTEXT,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

A T MRFEINT WS pointer TEXD L F3, KELZBEIIHNEREL T NULL 2R L E3,

name 518UEH TR NMHREIN TV 2401 EREIC—RLRTAERD 8 A, b LI FIeICHiNEh
T\ name A NULL 25, ZOMEKD name 513HFE L NULL TRIFIUIR D £H¥ A, Python i C
SiED stremp() 2> TIZ D name ZHEB L F 3,

PyCapsule Destructor PyCapsule_GetDestructor (PyObject *capsule)
A TEVRESINTWBBIEDTA M7 72 2B LET, KBLEBE, BIAZEREL T NULL 2K L
3

HTEMENILL 2T AT 7R LTHRHOZENTEES, E-oT, RDED NULL 2325 — 25 L Tk
WATEEEDY S D £F, PyCapsule_IsValid() 2 PyErr_Occurred() ZF|IH L THEFE L T ZE W,

void* PyCapsule_GetContext (PyObject *capsule)
BT ENMRIEEIN TV REED Y T F A b (context) IR L 5., KL 5GE. HIS%3E LT NULL
ZIRLE T,

ATEMEINUILL %2V TF AP LTHOZIEHNTEET, toT. RHED NULL A= —%4EL Tk
WAJEEMEDS S D ¥, PyCapsule_IsValid() & PyErr_Occurred() ZFIH L THEEEEL T ZE W,

const char®* PyCapsule_GetName (PyObject *capsule)
AT ENVRFEN TV BEIED name ZIRL 9. KBL GG, BIses0E LT NULL 2B L 35

7172 ME NULL % name & LTHROZENTEET, o T. EDMED NULL AL 7 — 2 L THRWA]
REMED D D £3, PyCapsule_IsValid() » PyErr_Occurred() ZHMH LU THEFEL T 72X W,

void* PyCapsule_Import (const char *name, int no_ block)
BV a2 NDATEVEEDPS CATI 27 PANDRA VXA YK=L ET, name 5183 %
DEMDFE 2% % module.attribute O XD ITHEE LR ITNIERD FEA, I TRV IAII T
W3 name X ZDXFINCIEMII—H LR ITNERD FH A, no_block PEDK;, £V a2—%
(PyImport_ImportModuleNoBlock() - T) 7m v 78 T4 ¥ H—+rLE T, no_block B’ED
Fi. €Y 2= (PyImport_ImportModule() ZffioT) MEDHFIETA Y R—-1rEhET,

B LGE. 72 LOWE R V2 BRLET, KRLGE, BIAEHRELTNULL Z2RL %73,

int PyCapsule_IsValid(PyObject *capsule, const char *name)
capsule WEN H TV THE20EI30%2F v 7 LET, BEXMA capsule &, IE NULL T,
PyCapsule_CheckEzact () % >SA L. IE NULL 22K 4 ¥ X ZHAL TV T, WNELD name 2358 name &
~vFLET, (name OLLITIEIZDOWTIX PyCapsule_GetPointer() % ZHR)

SWHER 3 & PyCapsule_IsValid() HEZIRTHE., RTDT 7+t v¥ (PyCapsule_Get() Thik 2
ETORR) P 2 Z e RIS NE T,

184 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.9.19

F 7Y 27 WERT name S~ v F LGEIWCIE 0 2, 2L O5EIZ 0 2R L 35, Z ORI
SHIEM L FH A,

int PyCapsule_SetContext (PyObject *capsule, void *context)
capsule RERD A > TF X b RA >V R%E context \ICRELE T,

BIL7s 0 &2, RML7=6HI8ZRELTIE 0 ZIRLET,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
capsule REBDT A N 7 7 X% destructor ICEREL E T,

RIHL7=6 0 &2, KREBMLZSH2R0ELTIE 0 ZIBL 5,

int PyCapsule_SetName (PyObject *capsule, const char *name)
capsule PNERD name % name WCREL F T, name HIE NULL D ¥ &, ZIUX capsule & H dEVWEHEm
PEORENDHD FT, LT TIT capsule IZIE NULL @ name DIRIFEZINTWGE, ZUIHT 2R
BifThbh A,

L5 0 &2, RML 7B ZRELTIE 0 ZIRLET,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
capsule REBD R A > X% pointer WZEEL E T pointer 1 NULL TH > TIIiR D 8 A,

L5 0 &2, RRL 76BN ZRELTIE 0 ZIRL X7,

8.6.10 oz RL—RATxU

VAL —=&FA 7Tz MIE Python P 2 px L —XA T L =R Z2HET Do TWVWEA T =r T,
AL —RFTY =T MIEFE. PyGen_New() R PyGen_NewWithQualName () ORIV LTidi <.
fE% yield $2B8DA T —>a itk bEREINE T,

PyGenObject
VAL —RATT = MDA TWS C SR TT,

PyTypeObject PyGen_Type
VAL —RATT =7 MIIHIBT AT =27 P T,

int PyGen_Check (PyObject *ob)
b WY 2 AV —RATT 27 FPOBEWCEHZIRET, ob 13 NULL THo TR D FHA, ZOBRIIHEIC
BRI L E S,

int PyGen_CheckExact (PyObject *ob)
0b 23 PyGen_Type DFHFICEZIRLE T, 0 lE NULL TH-o TER D FHA, ZOBEBUIFEICHKINIL £3,

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. frame 7 =7 MZEISWTH R I 2 AL —X ATV =27 MEAEML
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TRLET, ZOBKIE frame NOBREBAE T, 51505 NULL TH > TIIRD £ A,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame X 73 =7 b ORI 2 AL —X ATV =7 P EERKL,
__name__ ¥ __qualname__ % name ¥ qualname IZFREL TGRLE T, ZOBEIE frame ~DBR%
RAET, frame 5I1HUX NULL TH-oTide b THA,

8.6.11 JIL—F>FT>xo b+

N— a v 3.5 TEM.
AN—=F U ATI 27 MI async F—T— F2fio TERLBEKIET ATV =7 P TT,

PyCoroObject
AN—FUF TVl bDTDD C R,

PyTypeObject PyCoro_Type
AN—F ATV MIHIETREA T =T b,

int PyCoro_CheckExact (PyObject *ob)
ob B PyCoro_Type DEEIWCEZKELE T, ob E NULL TH->TEARD A, ZOMEBUIHITKIIL
9,

PyObject* PyCoro_New(PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame A 73 =7 b oFLVWal—F o473 =7 M EAERL T,
__name__ ¥ __qualname__ % name ¥ qualname WZFZEL TRELE T, OB frame ~NDSR%E
BWET, frame 51E0E NULL TH - Tidih £HA,

8.6.12 OVTFAMEHATS I+

AR N—Y =2 3.7.1 TEH: Python3.7.1 TR2TOIYTF A VEHD C API DY 7" F ¥ &, PyContext,
PyContextVar, PyContextToken DA DIT PyObject RA VX %2fES X512 BE ShF L, fHlzid:

// in 3.7.0:
PyContext *PyContext_New(void);

// in 3.7.1+:
PyObject *PyContext_New(void) ;

FEAE bpo-34762 SRR L TL 72XV,

N— g v 3.7 TEM.
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Z DOHITIX, contextvars EY 2 —/LDNF C API OFEICOWTEHAL £ 3,

PyContext
contextvars.Context & 7P =7 M ERIHT 272D C HiER,

PyContextVar
contextvars.ContextVar A 7> =7 FERHT 27200 C G,

PyContextToken
contextvars.Token A 7Y =7 F 2RI T 27-HD C WiER,

PyTypeObject PyContext_Type
AVTHRAN RERBT A T2 b,

PyTypeObject PyContextVar_Type
AVTHFRAMER M2RBTMA T2 b,

PyTypeObject PyContextToken_Type
AVTHRANEBE—O Y BIeRBT 2T T2 b,

BFzyr<rn:

int PyContext_CheckExact (PyObject *0)
o B3 PyContext_Type DHHIWCEZRLE T, 03 NULL TH-oTERD FHA, ZOBEBIXEITHRIL

\i \3—0

int PyContextVar_CheckExact(PyObj(J(*f *0)
0 B PyConteztVar_ Type DH{EFIWCEZIELET, 0 ld NULL THo TIRD FH A, Z DREEIIEITHK
HLET,

int PyContextToken_CheckExact (PyObject *o0)
o B3 PyContextToken_Type DHEICEZIRLE T, 013 NULL TH-o TIERD EFEA, ZOBEIIFEII
RIIL £ 7

AVTFFANATI 27 FEREUD S B

PyObject *PyContext_New (void)
Return value: New reference. FiLWZED AV TFXFRAMNA T 27 P RERLE T, =7 —BEX15E
& NULL 23R L £7,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. XNz ctx AV TFA LT T2 7 POERVAV—2ERKLET, =
7 — MR EF 75513 NULL 23K L %9,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. IIEEQ A Y7 F XA ATV 27 bOERVIAE—Z/ERLET, =7 —2E
7B NULL 238 L £95
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int PyContext_Enter (PyObject *ctr)
ctr ZBED ALy FOBEDA Y 7XFAMIRELE T, HHLES 0 &2, KBLES -1 ZIRLET,

int PyContext_Exit (PyObject *ctz)
ctr AVTFALEMMINCL, 1 DHIOAYTFRAPEBREDRA Ly FOBIED Y 7F X METL ¥
To BIIL72H 0%, RMLES -1 ZIRL XS,

aYTEF A NEROBER:

PyObject *PyContextVar_New(const char *name, PyObject *def)
Return value: New reference. # L\ “ContextVar“4 7Y = 7 b2 XL BWVWL E T, name 518UIAEE
BTNy JOENTHEONE T, def 518V TFRAVERDT 7 4V MEZIEET 20, 7741 b
WV EIE “NULLY T3, =7 —REEL5451F, BT “NULL“ZR L ¥3,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
AVTFAMNEBOEERELES, WEHICZ I —EELGEE -1 2, EIRA2-oTH A2 R
THT T —DEERDSTHEF 0 ZRLET,

VT EFANERD RN o 7255, value l3FNEI/TRA Y RICHR->TVWET, aryTF 2 MNERHIRA
25 Bhofc HEZ, value PHETHDIEIRD LS I ->TVWET:

o (NULL TR IFHUI) default _value
o (NULL TRIFAUIX) var DT 7 L MHA
 NULL
“NULL“ZFRRIFIE. ZoBIIH LWSREZIRL X5,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. BAED A ¥ 57 F 2 MZBWT var D% value 12y FLET, ZOEHE
WKEBHLWE =04 T2 b, 7= 5755 “NULL“ZIR L 5,

int PyContextVar_Reset (PyObject *var, PyObject *token)
var AV 7T XA MERDOIREEZ VLY b L. token %R L7z PyConteztVar Set () HWMEEN 2 HTDIREIC
RLET, ZOBBIIEIILEZS 00 RBLES -1 ZIRLET,

8.6.13 DateTime #7>x 7 k

datetime €Y 2 — LT, HRARHNA 7Y 27 FRRAIA 7Y =7 PERBELTHET, UTIORTHEEE
F5HEIE. HoHPLDNY X7 7 4 )L datetime.h % Y —RIZ include L (Python.h 3T D7 7 A L%
include L ¥#A). PyDateTime_IMPORT ¥ 7 1%, #EIZEY 2 — AU &, EEH L TBBEHDD
E3, 2O U TO~ 7 aTHEON2FHNEE PyDateTimeAPI 12 C fEERAND KA ¥ X2 ANET,

UTC Y Y I N b7 7 RATERHDY I A:
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PyObject* PyDateTime_TimeZone_ UTC
UTC XA LY =Y T B U IN MU RIBLET, 24U datetime.timezon.utc R A7 =
7+ T3,

N—a v 3.7 TIE.
MFzyr<rn:

int PyDate_Check (PyObject *ob)
Return true if 0b is of type PyDateTime_DateType or a subtype of PyDateTime_DateType. ob must

not be NULL. This function always succeeds.

int PyDate_CheckExact (PyObject *ob)
ob »% PyDateTime_DateType DHEICEZIEL $3, ob Id NULL THo TR D FEA, ZOEKITHE
WL £,

int PyDateTime_Check ( PyObject *ob)
ob 73 PyDateTime_DateTimeType %% PyDateTime_DateTimeType BDH¥ 7 X4 FDA T =7 + D
BWCEZELET; 0b & NULL THo TIEARD FHA, ZOBKIEICHIL 3,

int PyDateTime_CheckExact (PyObject *ob)
ob %’ PyDateTime_DateTimeType DHAICEHZIK L £F, 0b 1Z NULL THo TIFRD FHA. ZORKK
FHEITHA L LT,

int PyTime_Check (PyObject *o0b)
ob 75 PyDateTime_TimeType %% PyDateTime_TimeType HLDHY T XA 7D ATV =7 F DYEHICER
BLUET; ob IX NULL THoTIERD FEA. TOBKIIFEITHIILET,

int PyTime_CheckExact (PyObject *ob)
ob »% PyDateTime_TimeType DHEIWCEZIEL £, ob Id NULL THo TR D FEA, ZOREKIIHE
(527 U= S

int PyDelta_Check (PyObject *ob)
ob 7% PyDateTime_DeltaType %!7» PyDateTime_DeltaType DY 7 XA T DA T I =7 s DGHICE
ZBRLUET; 0b 13 NULL THoTRAED FHA, ZOBBIIFHITHIIL £7,

int PyDelta_CheckExact (PyObject *ob)
ob 7% PyDateTime_DeltaType DHEICHEZIKE L £F, ob ld NULL TH o TIdRD FHA. ZOBKIIHE
WL £,

int PyTZInfo_Check(PyObject *ob)
ob 75 PyDateTime_TZInfoType %% PyDateTime_TZInfoType HDY 7R A 7D A7V 22 FDEFEI
HEZRLET; ob 3 NULL THo TIRD A, TORBUIFEICHKIIL 7,

int PyTZInfo_CheckExact (PyObject *ob)
ob % PyDateTime_TZInfoType DHEICEHZIRL X3, 0b 1& NULL THoTIERD FHA. ZOREEIZ
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I L ET,
UTRATY =27 b 2IERT 320D~ 20T

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. $87E L7z, A. H® datetime.date A 7Y =7 FZIRL ET,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int sec-

ond, int usecond)
Return value: New reference. 18 L7, H. H. K. 7. B, ¥4 7 8fD datetime.datetime A

7Y b RIBLET,

PyObject* PyDateTime_FromDateAndTimeAndFold(int year, int month, int day, int hour, int minute,

int second, int usecond, int fold)
Return value: New reference. 8B SN2, A, HL R 730 B, w4 7 0, fold @ datetime.datetime

F T2 P ERIRLET,
N— ar 3.6 TEM.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. ¥8& &Nz, 7. ¥, ¥4 7 vfD datetime.time A 7P =7 + 2K
LET,

PyObject* PyTime_FromTimeAndFold(int hour, int minute, int second, int usecond, int fold)
Return value: New reference. ¥8E SN, 77 B, ~4 70, fold @ datetime.time F 7Y =7
FRIRL E5,

N— g v 3.6 TIEM.

PyObject* PyDelta_FromDSU(int days, int seconds, int useconds)
Return value: New reference. 18EENzH, ¥, ~4 70D datetime.timedelta A 7Pz %
BLET, v 270D datetime.timedelta 7Y =7 b TERIN TV AHPAIZA S X 5ICIEH
LTV Ed,

PyObject* PyTimeZone_FromOffset (PyDateTime DeltaType* offset)
Return value: New reference. offset 5I1BTHELBEA 7€y b Z2FED, ARTOR W datetime.
timezone A 7YV P EIKLET,

N—Ya ¥ 3.7 TEM.

PyObject* PyTimeZone_From0ffsetAndName (PyDateTime_ DeltaType* offset, PyUnicode* name)
Return value: New reference. offset* 5|8 TIRELEEEDZ 7ty b, *name DX A LY = %% F
D datetime.timezone 7 =7 FEIRL E T,

N—Ya ¥ 3.7 TENM.

To~wrulddate 27927 b7 4 =L FEZIWROHITZDDDHDTT, 518X PyDateTime_Date %7
FZ20H 7275 A (flZX PyDateTime_DateTime) D A Y A X Y ATRIFIUIRD £ A, 518% NULL I2L T
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32563, BT =y 73TV EE A

int PyDateTime_GET_YEAR(PyDateTime_Date *0)
FRIEOBBTRLET,

int PyDateTime_GET_MONTH(PyDateTime_ Date *0)
A% 125 12 OMOBETRELET,

int PyDateTime_GET_DAY (PyDateTime_Date *0)
H%Z 1256 31 OOBBTIELET,

MTo~x27nmlid datetime £ 73 =27 P26 74—V FEZMOBTZDDbDTT, 518X
PyDateTime_DateTime £7/23ZDH T2V 5 ZADA VAR ATRIFINERD $¥ A, 518% NULL 12 LT
Fa 53, BF oy ZIHTVERA:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o0)
Kz 0 5 23 OO TIRL %3,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *o)
3% 025 59 ORI TRL %7,

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *o0)
Bz 0256 59 OMOEHTRELET,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime DateTime *o0)
~A47uE 025 999999 ORIOEEMTIRL 3.

int PyDateTime_DATE_GET_FOLD (PyDateTime DateTime *o0)
Return the fold, as an int from 0 through 1.

N— ar 3.6 TEM.

MTo<rnid time A 7322 b»567 4 =V FMEZIDHT72DDHDTT, 5183 PyDateTime_Time F
FREDOH T 75 ZADA VAR Y ATRITAIERD £ A, 518 NULL I2L TR 67, BF v 213 fTuE
HFA:

int PyDateTime_TIME_GET_HOUR(PyDateTime Time *0)
Rz 0 225 23 OEOBKTIRLETS,

int PyDateTime_TIME_GET_MINUTE(PyDateTime Time *o0)
D% 025 59 OMOBETRLETS,

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *o0)
% 055 59 OROBHTRLUET,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *o0)
<A 7ua%E 0215 999999 DRI TIRL £3,
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int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from 0 through 1.

N—Ta ¥ 3.6 TENM.

UTo=7nuid timedelta 7 7Y =227 bHo7 4 =L MR E DZT 20D DT, 5153 PyDateTime_Delta
PEDYT I FTADA Y AR Y ATRIFIUIZD T8 A 518%Z NULL LT3R5 T, lF = v 73TV ERA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime_ Delta *o0)
HEU% -999999999 7° 5 999999999 DD TIRL 7,

N—Y a ¥ 3.3 TEM.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_ Delta *o0)
W¥EE 0 205 86399 DRDEMTIEL 3,

N—a v 3.3 Tl

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime Delta *o0)
~A47uME 015 999999 ORI TRL £3,

N—Ta v 3.3 CHEM.
IFo~27ual3 DB API 253323 FTOMEHMAT:

PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. dateitme.datetime.fromtimestamp() (ZIETDIZHE L 72518 &X 7L H
L#1727% datetime.datetime A 7V 2V FEAERL TGRLFE T,

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. dateitme.date.fromtimestamp() IZJE T DITHE L2518 KX b &%
7273 datetime.date 7Y =7 FERAER L TRLET,

8.6.14 B> DDA TT U+

Various built-in types for type hinting are provided. Only GenericAlias is exposed to C.

PyObject* Py_GenericAlias(PyObject *origin, PyObject *args)
Create a GenericAlias object. Equivalent to calling the Python class types.GenericAlias. The origin
and args arguments set the GenericAlias’s __origin__ and __args__ attributes respectively. origin
should be a PyTypeObject*, and args can be a PyTupleObject* or any PyObject*. If args passed is
not a tuple, a 1-tuple is automatically constructed and __args__ is set to (args,). Minimal checking
is done for the arguments, so the function will succeed even if origin is not a type. The GenericAlias’s
__parameters__ attribute is constructed lazily from __args__. On failure, an exception is raised and

NULL is returned.

192 F8E BRATZ Uk (concrete object) L1V
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DUF3EROB 2 Y = 2 ) v 7123 561 TF,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

BE:
T—RETNAY v F __class_getitem__Q ,
N—a > 3.9 TEM.

PyTypeObject Py_GenericAliasType
Py _GenericAlias() WX DREINZ CDEIA TP =22 M TF, Python ® types.GenericAlias ¥ [A%
‘t\\\j—o

N— g v 3.9 TEM.
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NINE

#IHA1L (INITIALIZATION). #8740 (FINALIZATION), XL v K

Python #IEALRRE SBML T E W,

9.1 Python #IEA{LLLEI
Python 28AENT WS 7 7V o — a > Tk, fthd Python/C API BI¥ZE 5 Rl Py_Initialize() B
BozMERFUER D 8 A, ZHUTIfste LT W o200 JO0—-NILEHREZH BHD £3,
ROBIENZ Python OFIHHLOHIT B Z2IFFOHIE X3
o ARERSEL:
— PyImport_AppendInittadb ()
— PyImport_EztendInittadb ()
— PyInitFrozenExtensions ()
— PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenadAllocator()
— Py_SetPath()
— Py_SetProgramName ()
— Py_SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption()

— PySys_ResetWarnOptions ()
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o THHEG OB
— Py_IsInitialized()
— PyMem_GetAllocator()

— PyObject_GetArenaAllocator()

Py_GetBuildInfo()

Py _GetCompiler()
— Py_GetCopyright ()
— Py_GetPlatform()
— Py_GetVersion()

o I—T 4 UT 4:
— Py_DecodeLocale()

o XEYTHBT—X:

— PyMem_RawMalloc ()

PyMem_RawRealloc()

PyMem_RawCalloc ()

PyMem_RawFree ()

xR RO BB Py Initialize() KX DA MUHBHITARE TEHDEFHA
Py_EncodeLocale(), Py_GetPath(), Py_GetPrefiz (), Py_GetEzecPrefiz (), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName (), PyEval_InitThreads() .

9.2 JO—NILGEEER

Python (Zid. BR& RHERER A 7> a Y 2 HilHlT 2 70— NARBRBEDTDDERBDIDH D £F, 7 7 41 T,
INBEDI7I7NF avr R4y ATy ay THIIZNE T,

F T avTII UMy bEND L, 77 7DEREDA TS aryyty PENLERICRY 5, BRI -b
Tl Py_BytesWarningFlag 7% 1 ICRE X 4L, -bb Tl Py_BytesWarningFlag 25 2 ICREINE T,

int Py_BytesWarningFlag
bytes ¥7:13 bytearray % str LML 725HE. £7213, bytes % int LHRLHEICES2RAES
HET. 2 M EOEZFRELTVLHEEIR, L7 —2FLEXEH T,

196 5% 9 & #JHAME (initialization). ¥ THHE (finalization). XL v F
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b A ST arTHRELET,

int Py_DebugFlag
NP —DF Ny ZHNEEMLET. (FMREHTT, v {47 a Y ITkELET).

-d * 7> a > ¥ PYTHONDEBUG BRIBZM TEREL £,

int Py_DontWriteBytecodeFlag
JEE BICEEE L1254, Python 13Y —RAEY 22— DA ¥ H— FREIZ .pyc 7 7 A VOIERZRAZ A

-B 47> 3 >¥ PYTHONDONTWRITEBYTECODE FRIZZI CHEL £3,

int Py_FrozenFlag
Py_GetPath() OFTEY 2 —MRBAZZEHDHLTVWEILEDLI—X v —IZHHIL £7,

_freeze_importlib B 2'5 L ¥ frozemmain 7'u 27 AMBMERT 2IERNFT 7 TF,

int Py_HashRandomizationFlag
PYTHONHASHSEED BRSEARAZE TRV TINCRE S NGB, 1 BRESNE T,

7 2 7 a Th\\WE, PYTHONHASHSEED BRIEAM EHAS —T7 Ly by a2y — REFALLL 3,

int Py_IgnoreEnvironmentFlag
2T PYTHON* BREAFZ MM L £ 3, 21X, PYTHONPATH X° PYTHONHOME 7% ¥ T3,

“EFFrare -1 A7 aTRELET,

int Py_InspectFlag
BOIDSIBUCAZ V) 7 FPEEIN L & —c 7> a YRS NZBRIC, sys.stdin AR — I F LI
HAOZhBRWEETH-TdD, A7V T bpavy REFEFLERIA Y EZ T 7T 4 TE—-FIZAD £7,

-i 7> 3 ¥ PYTHONINSPECT BRIBEZMCTHREL 7,

int Py_InteractiveFlag
i AT a VTRELET,

int Py_IsolatedFlag
Python ZRBEE— FCEITLET, RBEEE— F T sys.path 3IRAZ VDT 4 L7 MU SL—F DY
A IR0 =074 L7 M) EEAER A

I F S aryTCHRELET,
N— g v 3.4 TE.

int Py_LegacyWindowsFSEncodingFlag
77 7BERTRVEREZ. 77AVS AT ALY a—F 4 Y2 UTF-8 v a—F5 4 ¥ Z7ofbhic
mbcs TV IA—F 4 Y IBEONE T,

PYTHONLEGACYWINDOWSFSENCODING BRIRZMZE TR WX FINIHRESIN-HEIT. 1 TRESINET,

9.2. JO—-NILGHREEH 197
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X DOFEHLLIX PEP 529 2L TL &0,
FIF AT BE 22 BREH: Windows o

int Py_LegacyWindowsStdioFlag
77 7B TRWEA, WindowsConsoleI0 DO DIC io.FilelO % sys OFHER MY —L 2 LTHH
WEF,

PYTHONLEGACYWINDOWSSTDIO FRIBZEIMZE TR W FINIEREZINEHEIC. 1 KERESINET,
X DL IE PEP 528 #ZR L TL &V,
FIHPIREZ2 BRIE: Windows o

int Py_NoSiteFlag
site Y 2 —/L® import &, ZDEY 2 —NADITR o Tz site Z & D sys.path NDOIEIEL R
ICLET, T site ZHI/RIIZ import LTH., IO DEIEFETEINERTA (EITLLZVEEIR
site.main() ZFEFHLTLZE W),

S A S aryTRELET,

int Py_NoUserSiteDirectory
A—YOHA Ny T—2DT LI ) % sys.path ITBIL F8 A

-s #7733, -I . PYTHONNOUSERSITE BRIEZHCHREL F9,

int Py_OptimizeFlag
-0 #* 7> 3 > ¢ PYTHONOPTIMIZE FRIEZHCHREL 7,

int Py_QuietFlag
AYRT 7T 4 7TE—FTH copyright £NX—=TarDAXvE—I%RRLERA,

-q A7 arTRELET,
N— g v 3.2 TEM.

int Py_UnbufferedStdioFlag
BN LS — 2Ny 77 D 7 LRV S IEH L £9,
-u %47 3 » ¥ PYTHONUNBUFFERED BEZAMTHREL £7,
int Py_VerboseFlag
BV 2 ADPIHEE NN vy =YL, ZRDET (ZF7ANVERPEL I, VEY 2—0)
PHR—REINZOPERRLET, HHN 2 ULOBEIE, T2 - LE2BRKRT I ECFzv I L

T7ANT XAy —URHILET, £/ RTROEY 2 -2 ) —27 v FICET3IERDBIBML
%9,

-v 4+ 7> 3 >~ ¥ PYTHONVERBOSE BRIEZCTHREL £7,

198 5% 9 & #IHAML (initialization). #&7HIE (finalization). XL v K
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9.3 122 —71) 2D#EAL & T NIE

void Py_Initialize()

Python 4 & — 7V X% ¥t L £ 3, Python ODMDIAAERITHI 7 7V r—> a »Tidk, thobsw3
Python/C API Z{HH 32 & D HENC Z OB Z O I RIIIIRD T8 A, WL D22DHIMNIDONWT
W& Python #HA{LMART 2B L T 1Z2& W,

OB - FEAEY 2—LDT— ) (sys.modules) ZHHIL L., HMEr 2T 2 — LB
__,sys ZAERLET, £/, Y 2 —VHRE VX (sys.path) dHHALL 3,
sys.argy OREIIITVER A, RET 5121E. PySys_SetdrguEz() o T ZE W, ZOEKT
(Py_FinalizeEz() ZMHITIZ) BEMFIEHLTHMBITVEEA, RDHEIZD D A, FIHHLIREST
R, 2B mNR T —Td,

builtins, __main

SEIR: Windows Tld 0_TEXT 7°5 0_BINARY NI VY —LE— RRZLHINFTH, ZHEFZD C T~
RA LEF-oTWEar Y — L TO Python DB OHETICHHEEL MIILET,

void Py_InitializeEx(int initsigs)

initsigs 12 1 RIEE L725E. ZOBBUE Py_Initialize() 2RU XS WCEIMEL £, initsigs I 0 %
BELGE, THHERD S 7 F AN RIDBEREAF Yy TT 52D TE, ZUX Python OEDHIA
ATEMTL & 5,

int Py_IsInitialized()

Python £ ¥ X 7V XMHHLFEATHIIE GE¥n) 2, T2 TEMH (Er) 2ZIRL F3,
Py_FinalizeEz() %W L7IX, Py_Initialize() ZHUMUOHTE T, ZOBBEBEIRL
9,

int Py_FinalizeEx()

Py_Initialize() & ZNLUHD Python/C API B TIT o 22 TOMMLAEZERDIE L. &i&
D Py Initialize() PEOH LLIRIC Python 4 Y X TV XBERLZE2TOHF T4 X TV X
(sub-interpreter, TELD Py NewInterpreter() ZZMR) ZHEL ET, HEMNZIRKWTIE. Z0H
¥z X o T Python £ & 7V ZDMHRLIXEV IR TRREINET, ZOBKE (Py_Initialize()
ZMIETIC) BEMCHELTHMITVEEA, BEITEDHEEZ 0 T, TP (Ny 771 7R
72T —ROEFEZHL) O 7 —DBH-75E1F -1 HERENET,

ZOBEBPRER IR TV EEEIZWL 22H D £F, Python DEDRAAEIT->TNWE7 SV r—2a >y T
W, 7V =2 a v EBHEHT S Z 2% Python ZHEH LI-WIeRHY ET, £/ IR —F
AlREA 72V (H5WiE DLL) 25 Python 4 ¥ 27V 2%&a— K357 7V —>a>Tid DLL 27
vu— F3 %I Python DR LIZXEV 22 THRMLIZWEEZEZ 20 L0 ERA, 77V =3
HTEETWEXEY V-7 2BIT 28I, FFREEIX Python BHRLIZXEVEZ7 SV r—2ay
DTN E BTV B LA DD ET,

NTEHELPEERFIR: V2 INREY 2 HNOF TV 27 MEIT VX ARIEETHIBRINEST, 207

9.3.
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D, oA 727 b (AT PO EAET) REYV 2 —NMKETETA M7 & (__del__0O
AV R)BPEBMLTLES ZePHDET, BINIKE—FINZLICHRo TVARIREY 2 —uh
Python iZk>Tu— FENTWHA, 7Y — FEINEEA, Python DHERLIZXEY DT HRAH
LS N VDD LNERA (AEVY =7 Z2HEALLL, E5PMELTIEI V), A7V =7 M
DIERSBINTHR EN TV I XA EVIIRREINLNI DD D 5, THREY 2 —LHHFERL 7o X € VIR
BEINBNZERDDET, IHRED 22—k oTE, #HHbLr—F 2% 2 BU EMUHT2ELLE)
ELBVWZ DD FF, 25 LRIIE, Py_Initialize() X Py_FinalizeEx() % 2 FELL EIEOH
TelRIbEET,

IR LT BEE A X b cpython._PySys_ClearAuditHooks % #EHI L %3,

N—Y a ¥ 3.6 TENM.

void Py_Finalize()

ZDOBRE Py_FinalizeEz () DBTHEMEAN—T a T, REDENIDHD £X A,

9.4 JOECRTARDNFA—2

int Py_SetStandardStreamEncoding(const char *encoding, const char *errors)

b L Py_Initialize() BMINS% 5, ZOMIEZ ORI RITNIRD £HA, HHED 10 128
W, YOy a—T4 Y IBIUOYART S —IEEM S 0%, str.encode() L AEDEKTIEE L
3

ZhE. BREBEDME A 72 W PYTHONIOENCODING OfEi% FEX L, HHAAI—FBA [0 =y a—
F4 oAy b —LTESX51CLET,

encoding ¥ errors ¥ H 5P EIEW % NULL 129 % Z ¥ T, PYTHONIOENCODING ¥ 77 # /L MAD
CHELPEREMAEMES D TEET (MMORERKEFELET),

CDFIE (B3 WVIIMOFE) 12BbH 5T sys.stderr IXH T "backslashreplace” =7 — N> R Z %5
CEWRHERLTIEE W,

Py_FinalizeEz () ZWEOH L2 EE, Py Initialize() ZMUOHTANC, ZOBBEFENUOHTL
EXHBHTLx D,

RN 0 %, T5—0HAEE 0 THAWARELET (FlRIE. 4 > &7V Xpob s nskic, =
DEEAEO X N E),

N— 3 v 3.4 TEM.

void Py_SetProgramName (const wchar t *name)

COBEBENOHETRS, BN Py_Initialize() ZFFOCHT XD SENSFFCH X 2T UER D T8 A,
COBBIEA 2TV RICTB ST LD nain() BRICHEE L7z argv[0] SIBDMEZHZAET (VA K
¥y 7V RICEMINET), ZOFIEMHEIZ. Py_GetPath() . LLTICRT ZOMOEED, 4 &7
2 DFEITA[REE KD & Python 7Y XA L T4 757 VAOHMASRZHET LD HbhEd, 77+

200
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)V b OffIX 'python' TT, 5IEIIELRKIHRINIZT A R ¥ ¥ 77 ZCFHIT, $ERGEFEBICA > TW»
RUIFNERST, ZORNEEXT0 T LOFETHICEEL TIERD F¥ A, Python £ X7V XD a—
FTC. ZOREERONELELET2HDIE—VHD XA,

NA MXFFH)E wechar_* XFFNCT 2 — KT 3121 Py_DecodeLocale() - TL7Z& W,

wchar* Py_GetProgramName ()
Py_SetProgramlame () TRESINT VT Z 24D T7 402D 7075 24 %IRLET, AT
FHNRA ¥ ZFER LRI ZIR L £, BROFOHLANZZDEZZEETE EEA,

wchar  t* Py_GetPrefix ()

T b7 x—LIEEIFD T 7 A NVEEDBA VAP =L ENTWBIGEITH S prefix ZIBLF T, ZDEIZ
Py_SetProgramlame () Tt v b EIN7zT 07T LAV D OREZERZ b 1T, Bk DM
SEHINFET, HIZIE. TrF T L% ' /usr/local/bin/python' DA, prefix i ' /usr/local’
1220 59, BABSIR T XXFANIRA ¥ ZIFFHVRELIEERZ IR U 3 BB LA Z OfEZZE T
FEHA, ZOMEIE T Y L NLD Makefile ITHRE SN TV S EH prefix ®. L/l FfHIZ configure
A7) 7 MHRE LTz —-prefix 5IBUSMIG L TWVWE S, ZDfEIE Python 2 — F2 513 sys.prefix &
LTHATEE S, A3 Unix TOAEMATY, RICHAT MBS TILI W,

wchar t* Py_GetExecPrefix()

TS9N TA—LEE DT 7 ANDBA VAL =N ENTWVWBIEFHITH S exec-preficr ®BELET, TD
fEild Py_SetProgramName() Ty M EN/2T70 T T LHARCHNL DL DIRFEEME S 21T, i OEM
TR SEHENE T, HlRIE. T a7 F 4405 ' /usr/local/bin/python' DA, exec-prefix &
"/usr/local' 1T/ D £F, BIKINR T CFHIR A ¥ ZITERN R R BAEER IR U 35 BSOS H L
BZDMEEEETEEA, ZOfHIE N Yy FLLOD Makefile ITHRE I N TV B LR exec_prefix .
PV RfEIZ configure A2 VU 7 MZHEE L7z ——exec-prefix FIBUTMIELTWVWE T, ZDfEiE Python
I— FH»5id sys.exec_prefix ¥ LTHHTE £ 3, Unix DATHHTTI,

Hi: 799 b 74— KEFOT7 740 (FITEARPEEGEI4T770) BHloT4 1L 27 UV Y —HIZ
A VA= NVERNTWBIEA, exec-prefix & prefix ¥ B bh T3, HANR A VA F—LEETIE, 7
Z9 F 74— LIHMKIED 7 7 A VA Jusr/local IKNDOLNZ—F, TI7v 74— LKEFED T 7 4 VX
/usr/local/plat 7V VU —ZIND LN E T,

—NT, I R T A= E N R 2TV T V2T 77 I UDHASLEEIEL T, HlZIZ.
Solaris 2.x ZEMEXETW2 Sparc ¥ YEETHRIL STy b7+ —L4TH5 AR LETH. Solaris
2x ZEMEXETWVWS Intel v VIEES T Iy b7+ =2k D EFTL, U Intel v T Linux
FEIEIETVEIRLERLFNDTT Y b7+ —L4TF, KK, HLARL =T 4 YT RT LT
b, AV —VETarvOEIDDIIRREZ TSIy I+ —LTT, ¥ Unix DARLV—T 4 VIV RT
LDGAFFEIELHTT; JE Unix DT RATFATIE, 4 YA M= AFERZETHERLZ > TWT, prefix ®
exec-prefix IZIXEERD R, HXFHDPREEINTVET, 224 VFEAD Python N4 ba— Rz
79 b7 = LIMKFELBRVDOTHERLTLEIW (L, EDONN=Y a3 YD Python Tay 4 LXh
TePITREEL £3)),

A7 LEHEF L, mount X automount S0V ARffioT. KT T v b7 4+ —LHD /usr/local/plat

9.4. 7OERTAFDNFA—%& 201
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ERBZ ST 7 AN AT ARBE, 799 F 74+ —A[T /usr/local £ EF T 3 -DDHKEHER
%DOVCL\é"GL/J: 50

wchar_t* Py_GetProgramFullPath()

Python ETRIREIEROFER TR I 2 H/ZBRLET; ZOMHEIEZT 7 4V FDEY 2 — VR AR % (i
RD Py_SetProgramlame () THESINT) a7 J 24h HEM T 2BRICEWERAMICEHEZ N E S, M
BN S SCFHIR A > 23R IR 2 B U %5 B LAEZOEZZEETEEEA, 2D
fElX Python 22— K253 sys.executable & L THIATE ¥,

wchar t* Py_GetPath()

Return the default module search path; this is computed from the program name (set by
Py_SetProgramliame () above) and some environment variables. The returned string consists of a
series of directory names separated by a platform dependent delimiter character. The delimiter char-
acter is ':' on Unix and macOS, ';' on Windows. The returned string points into static storage;
the caller should not modify its value. The list sys.path is initialized with this value on interpreter

startup; it can be (and usually is) modified later to change the search path for loading modules.

void Py_SetPath(const wchar t *)

Set the default module search path. If this function is called before Py Initialize(), then
Py_GetPath() won’t attempt to compute a default search path but uses the one provided instead.
This is useful if Python is embedded by an application that has full knowledge of the location of all
modules. The path components should be separated by the platform dependent delimiter character,

which is ':' on Unix and macOS, ';' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if

required after calling Py_Initialize().
NA P XFH)%E wchar_* XFHNZT a2 — K 3§ 5121 Py_DecodeLocale() ZffioTL 72X\,
NAGIBUINETat —ShE T, Lo T, MO LZETRISHOH LTR5 I BEERTtE %7,

N=ay 3.8 TEH: 7ul 7 r0HFIRDL-T, FarT LD 7N 8Z%:data: sys. executable 12
bbb LIk EL,

const char* Py_GetVersion()

Python £ Y27V ZDN=Ta Y ZBRLET, N—=Yarvid, RO XS RIEROXFHITT

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first characters are
the major and minor version separated by a period. The returned string points into static storage;

the caller should not modify its value. The value is available to Python code as sys.version.

const char* Py_GetPlatform()

202
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Return the platform identifier for the current platform. On Unix, this is formed from the ”official”
name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is 'sunos5'. On macOS, it is 'darwin'.
On Windows, it is 'win'. The returned string points into static storage; the caller should not modify

its value. The value is available to Python code as sys.platform.

const char® Py_GetCopyright ()

BUED Python N— 2 YN 2 NROEMFMERRLTINZEL T, HIZIE
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BIEANR § SCFHIRA ¥ ZIIHHY R FL 2 R L 3 B U LANEZ 02 AETEEH A,
DfElX Python 2 — F» 51X sys.copyright ¥ LTHIHTE 3,

const char* Py_GetCompiler ()

BREMF->TVWBE A=Y 3 D Python ZE LRI 3ICHWZa Y 84 ZRRTXFHE, AEFEIRTH-
TeXFH R LFE T, FlRiE:

"[GcCc 2.7.2.2]"

BEBDNIR 3 SCFANARA ¥ ZIIFRRELIEEEZ IR L 3 BBOMOH LAZ ZOEZEETEEEA,
DMl Python 22— F» 513 sys.version O—#ix LTI HE £,

const char® Py_GetBuildInfo()

BEMf->TWS Python £ YR TV XA VARV AD, ¥—r Y AFEEL YL FARKRICHET 2E®REEREL
$9, Bl

"#67, Aug 1 1997, 22:34:28"

BIRHNR § SCFHI R A > ZIIE R RR B2 R L 3 B OO LIANZ C D2 ZEHTE A,
DX Python 2 — K5 51% sys.version O—# ¥ LTI HEF T,

void PySys_SetArgvEx (int arge, wchar_t **argv, int updatepath)

argc BEY argy IZHEDWT sys.argy ZRELE T, ZALD5HIET0 27 LD main() 12 L 75|
BTV E T, BRYIDEED Python 1 Y X7V XDEEL IR > TV B ETEAOLHEITIERL, 5
T2 227V 7 2B LRTNRRSBVENENWE T, EITT2R2 Y T EHRBRWES, argy D
BADBERIZELTFINCLTHPFEVER A, ZOBED sys.argy DMK L 7256, BaH
5 —% Py _FatalError() THIGEE T,

updatepath 73 0 DEE. T ZETOEEN ZDEBN T2 Z 8 DL TTT, updatepath 75 0 THRWIGA,
Z ORI sys.path ZUATDO7 LT X LICESWTEIELES:

o BHETZRAZ VT FDATHID argv[0] WEINLHZE, TORT VT D 25O 2%
sys.path OFEFIZEML 3,

o ZTHLADGE (arge 230 725720 argv[0] BFET 2 7 7 A LV ZF L TWIRWEE), sys.path

9.4.
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DRFNZEDLFHN BN E T, SABBIEOEEF 4 L2 Y (") ZAFICENT 30 L AL
<7,

NA MXFFHN % wchar_* XFHNIT 23— K 512id Py_DecodeLocale() o T 7ZE W,

AR B2V 2EITTI3UADHEHNT Python £ ¥ X 7Y X EHDAATWSE Y Y r— g
> T, updatepath 12 0 ZIEL T, HELRGEIIENT sys.path EHT 222 BT THLET,
CVE-2008-5983 &L TL 72 &\,

3.1.3 X DD N—= a ¥ Tld. PySys_SetArgu() O ULHTET L7ARIC sys.path OEEHDOER %
WOHT T, ACHMRBIELAET, HIZEZID XS IV ET:

PyRun_SimpleString("import sys; sys.path.pop(0)\n");

N—a v 3.1.3 THEM.

void PySys_SetArgv(int argc, wchar_t **arguv)
ZORBUE, python 4 ¥ X TV X -1 A 7> a U ETEITSNTVEGEZIRE PySys_SetArguEz ()
D updatepath 12 1 ZFHELZDO LRI XS WKHEL F T,

NA M XFFHN % uchar _* XFHNZT a3 — K§312i& Py_Decodelocale() o T X W,
N—a v 3.4 TEHE: updatepath DEEX -1 7> a VITKEFELE T,

void Py_SetPythonHome (const wchar_t *home)
Python OIZHES 4 75 UDH 2, T 7 4L bD "home” T4 L7 MU EHREL F T, 58O THNOEK
IZOWTId PYTHONHOME Z 2L TL & W,

FIBUEHZZA P L= IREIPN TR Y7 AFTRICEHEESMZI SN WK S B 0IEDOXFHITH 5
NETY, Python £ Y X7V RXRIEZZDA L —VONEEZEEL ¥ A,

NA MXFFHN % wchar_* XFHNIT 23— R§512id Py_DecodeLocale() o T 7ZE W,

w__char* Py_GetPythonHome ()
BBl Py_SetPythonHome () WEUHI L THRIEZI NI T 7 4L D "home” %>, PYTHONHOME BRIEZA A
BEZINTVIEZDEZRL ET,
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9.5 XL w RIKHEE (thread state) £/ O—NIL1>2FU20Ov Y (global

interpreter lock)

Python £ ¥ &7V ZIIFZEIIIFAL Y RE—TTEHH FEA, YLF ALy FD Python 707 L% HK—
FFR0i, JO—NILA VA TVEOYY H25WE GIL EEh 3 Za—ootkay ZBFELTWT, B
EDOAL v R Python 7Y =7 MTREBIZT 72 AT HHNCHT Ry 72 BEELRTIR SR> TW»
F5, By ZHEENRITIUE, BMRRETI X, SV F ALy RIS AOFETICHER S| & 2 3 aeMn
HDET, e ZE ZODALy RWBEILA TS 27 VOSBRIV Y MEFEIFICA Y7V X VT 5, KRN
WA Y Y MEZETRL —EEZT LA Y7V XY bERRVHL D LILER A

2O, GIL ¥R L7z AL vy R1232 Python A7 =2 F#{EL72 D, Python/C API BIZ IO L
D TEZEWVIL—A2H D EF, WTUHEELI 2L — bT 272010, 4270 ZIEMICE v 7 %2 RIK
L7DERLAD LET, (sys.setswitchinterval() ZZM) Zomy Zid7my 72D 5 % 1/0 #ED
FET IR - EXA, 1/0 2ERT 2 ALy R I/0 BIEDRET /O, oA L vy RAFETE 2 LS
LTWVWETD,

Python 4 X 7Y RZA L v K Z L IZERERE PyThreadState ¥ MEIN S 7 — ZEEEDOFITHEEL £55
ZLTrZR—rVERE UTHED PyThreadState RIETHRA VX% 1 DFHET, 2070 — ULEHIE
PyThreadState_Get () ZfHo> THEBTEE T,

9.5.1 #i3k 01— FAT GIL Z#EKT %

GIL ZHEST B3 AL Da— Fid, RO XD R BEZMEICRD 5

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/0 operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

ZOREEIZIEE IR DT, FEZBEMICT 3D 20027 updHEINTVET:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW THREADS ~ 7 mig#izk7my 7 2L, BLuo -2 1 ZHEZESL X T,
Py END_ALLOW_ THREADS 37w v 7 %ZEAU %7,

Fo7uy Z23RDa— RIZEBREINET:

PyThreadState *_save;

(Ko<= 1%i)
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HIDR— % 5D E)

_save = PyEval_SaveThread();
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save) ;

NS DOBEMOEELZHAL EF, GIL IZBHEDAL v MIREEIETRA VA2 RET LD ET, vy
JERBMLTAL y RIREEZIER T 208, vy 72T 20ICHED AL v FIREER A X 2EIF L TE»RT
IR FEA (DR Ly FAFTZERy 72 HBELT, BODR Ly FIREZ 70— OV ZERICREFELTL
FODDBLOARVLLTT), W2, By 72 EBLTAL Yy FIREZERT 2RI, 20— LZHICRAL v
FIREERA VX Z2RET ZENCH y 72 BE L TEIPRIFIIR D £H A,

AR: GIL 2T 2DNZL AT AT LD 1/0 BBZTIHTRTI N, XEUNy 7 7120F 2 EHE
EELD & 512, Python DA 7Y =27 M7 7 A LR WERE 22 25BN EZREOH T 2 28 GIL 2K
FTARZIFERTT, HZIE, z1ib % hashlib EY 2 —VIIEFEC v & 25FEORNIZ GIL 2L E9,

9.5.2 Python AATIESNIAL W R

Python API Z@ L TESN/ AL v § (threading EY 2 —/L4&Y) TIHXHBICAL v FIREXHI D Y TS
T, LRROa—FRIELKEHEET, LhL, (HFTALy REREEFI IO A 75V RLICED)C S/E
TALy FZERLEBE, ZOAL Y FIZid GIL 2374, ALy FIREF —ZEAD RN LITERT 54
EhDHhHET,

ZDOXI%AL Yy K55 Python 2 — REMUHTREND 255 O A4 7730 hro6a— LNy 753
API 2N &K H2HITF). Python/C API ZFFOH RIS, ALy MIREEF — XMk 2R L, GIL 2
L. ALy FIREERA VX 2RIFET D 28T ALy REA VXY ZERLRTFUIRD EEA, ALY R
PEHEERKZ T2, ALy FIREBRA VX% VU+Ey LT, vy Z2@HL. BERICAL Yy RIREEF — X iEAD
AEY ZRRLURFIUIRD 8 A

PyGILState_Ensure() ¥ PyGILState_Release() 1ZZ D% HEIWI/TWE T, C DAL v K25 Python
ZIEOH 3 A 22 IEIZ T O e BH T

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);

PyGILState_x() BI#I. (Py_Initialize) KXo THEIIKMELND) 70— LA Y X TY X 1 DRTH
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FET 2 L RET 2 HICKRE 2T T T EW, Python & (Py_NewInterpreter() ZffioT) BMOA X TV &
EETERZZLIKEDDIEDD TRAD, A VX7V XL PyGILState_x() API ZREETHS Z 2134
R=FENTVERA,

9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork() call. On most
systems with fork (), after a process forks only the thread that issued the fork will exist. This has a concrete

impact both on how locks must be handled and on all stored state in CPython’s runtime.

The fact that only the ”"current” thread remains means any locks held by other threads will never be released.
Python solves this for os.fork() by acquiring the locks it uses internally before the fork, and releasing them
afterwards. In addition, it resets any lock-objects in the child. When extending or embedding Python,
there is no way to inform Python of additional (non-Python) locks that need to be acquired before or reset
after a fork. OS facilities such as pthread_atfork() would need to be used to accomplish the same thing.
Additionally, when extending or embedding Python, calling fork () directly rather than through os.fork()
(and returning to or calling into Python) may result in a deadlock by one of Python’s internal locks being
held by a thread that is defunct after the fork. Py0S_AfterFork_Child() tries to reset the necessary locks,

but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up
properly, which os.fork() does. This means finalizing all other PyThreadState objects belonging to the
current interpreter and all other PyInterpreterState objects. Due to this and the special nature of the
“main” interpreter, fork() should only be called in that interpreter’s "main” thread, where the CPython

global runtime was originally initialized. The only exception is if exec() will be called immediately after.

9.5.4 5L AXJLAPI

CHRRZFH WD Python 4 ¥ 2 7)) X Z28iAT & TR S —RIVNICHE LN 2 TPEBIIRD LB D TT:

PyInterpreterState
D7 —ZERE. HREET 22DV y FRITHAEZIN TV INEZREL X5, LA 2TV
RIET 2 ALy FIZEY 2 — VERERSPZ O v < o0 NN ERZ A L T Ed, ZOMiEk
WZIE8F (public) DX Y NIZHH FX A,

BR2A4AV2TVRETEA Ly REITIE, FIAARERZ X EY, PN TVWE 77 A NT R Y FREY
YWVozT ot ZREERWT, HIPRETEADEFEXRTVWERA, GIL /=, ALy RFREDA
VETYVRIZBLTVWENIEDOLLTIRTORAL y FTHEINTVWE T,

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.
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void PyEval_InitThreads()

Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.
N— a ¥ 3.9 TAH: The function now does nothing.

N—Ta ¥y 37 TEH: ZOBBIZ Py_Initialize() DHMFEHEINS L5124 D, DIDOIMUHT
WEFH SIS LD E L,

N—Yar 32 TEHE: ZOBBIL Py_Initialize() KVFICMECHT I TERLZDE LT
Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
PyEval_InitThreads() Z 3 TRIFUEHL TWEIHEIEFE GEEe) 2R LET, 2O, GIL 2%
BEFCHOCHET A TEZTOT, SV ZLALy FTEFTLTVWAEEIIZR v Z7B#D API MU
HLZBET 2715 2B TEET,

N—=Yay 3.7 TEH: GIL P Py_Initialize() THHHLINZ X512k D F L7
Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState® PyEval_SaveThread()
(GIL MR XN TWAEE) GIL 2@ LT, ALy FOIKEER NULL 1L, DETO AL v KiKEE (NULL
WD EEA) ZIRLE T, By 7RI TIRERIATVWEHE, BITEOAL Yy Rhiny 7 Z2EHRLTYL
RUIFAUIRD R A,

void PyEval_RestoreThread (PyThreadState *tstate)
(GIL MERE N TV B5E) GIL 21815 LT, BIED AL v FIREE% tstate ICRE L £F, tstate 1% NULL
THoTIRD FHA, GIL ERZINTVT, ZOBBEHEOCH LAV Yy KRBT TIcuny 72 EEL
TWaHE, Ty ¥y ZZib £3,

AR FURALDPKETUHEEZLTWSEEIC, ALy F2ALIOMBEFUCHTE, ZOAL Y F
5 Python IZ X o THEMENZb D TIE R o722 LTHKRTXESLNET, _Py_IsFinalizing() %
sys.is_finalizing() 25 &, ZORAKEMOHTENCA &7V X T SN2 BEDORBRHIZDD
ERTE, FERVAL Yy ROKRTHEITONE T,

PyThreadState* PyThreadState_Get ()
BUEDA L v FIREEZIEL ¥, GIL ZREL TWARITHERD 8 A, BUEO AL v FIKEEA NULL 7%
5. (FFUHULMD NULL F 2 v 72 LA TTLIII) ZOBBIEEGNZ I -2 EZFTX51CkoT
WE 9,

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
BIEDAL v FIREE%R tstate ICHRE LT AL v NIRBEE ANZE R $9, tstate 1 NULL OHEHDH D 7,
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GIL 2L TuwRIThE s 3., ML A,
MToOBBIEZAL Yy FE—ALA L —URHALTWT, 374 027U R OHEEERD D FHA:

PyGILState_ STATE PyGILState_Ensure()
Python DIKEE® GIL b 53T, EITH XL v FT Python C API OM-UH LAA[REE 72 % &
SWRCLET, ZOBBBAL Y FNTHETHHIHETIENTEFTIN LT ETOMHIHL
WHIS LT PyGILState Release() ZM-UHMTHEN DD x5, @BH. PyGILState Ensure() W
O L & PyGILState_Release() MU L OB TIHMAND AL v NBE APl 2fFH ST 2 Z 2
T Z X932, Release() DHIICA L v FIREBIIETLIATVRITINEIRD FHA, fIZIE #@ED
Py_BEGIN_ ALLOW THREADS ~727 W ¥ Py END_ALLOW THREADS \3fER$2Z YN TEET,

R b X PyGILState_Ensure() CHLKRORAL Yy FIREZEMLZZ N> KA T,
PyGILState_Release() Z{% L T Python # R UIREEICRZ R NIEX R D £¥ A, FEFOHL B A]
HECTH, NV RALEHETZZiE TEEXRA - #h2ND PyGILState_Ensure() MO LTAY R
NERIFE L, WSS % PyGILState_Release() MENHH L THELTL &V,

BRro@im Lzt &, RITHD ALy FIZGIL ZFA L TWT, fEE® Python 2 — FZ2ETTE XTI,
W DRI B @RI 72 = 5 —TF,

AR TURALPKRTUEEZLTVWEEEIC, ALy F256 Z0BBENUHTE, ZOAL Y R
53 Python QX o TR ENZb D TIE R o722 LTHHRTEESHNE T, _Py_IsFinalizing() %
sys.is_finalizing() 25 &, ZOKEZNOHTHICA & TV BT SN2 BERORPZDH
MRTE, EERVAL Yy FOKRTHIETOLNET,

void PyGILState_Release (PyGILState STATE)
BRLAEIRTOYV Y —R2MBRLET, ZOMBEZFIHT L. Python ORBIENIET 2
PyGILState_Ensure() ZM U I EFELC LR FF (@E. ZORBEIMIELITLTEEDL,ID %
HADT, GILState API ZFIHF 2 K51 LTS W),

PyGILState_Ensure() ZFMEOHFTIHEX. BT FE—A Ly FATHIET % PyGILState Release() %
MEOH LT 72E W0,

PyThreadState* PyGILState_GetThisThreadState ()
DALy FOBIEDORA Ly FOKREZIIG L 3., TAFTHREDAL v FT GILState API Z{fio 7
DN AIE. NULL 25D 3, X4 Y ALy FTHHDRAL v FIRBBICET 2HUOHLEZ L LR
WELTH, XA YAy FIZEIRAL Yy FREDERZF o TV ZEIFEELTEI WV, T957%5T
W2 HIEFIIALHERED L  IEEZWIBRED 72 T3,

int PyGILState_Check()
BEDAL Yy RH GIL 2R LT0EAR6IE 1 2. 25 TRIFIE 0 ZBRLET, ZOMBIEVOTY
YDORALy FRLTHMUOET I N TEE T, Python ALy FOIREXSTH{LXhTE Y., BHE GIL
PRELTVRHEEICOA 1 ZRLET, ZUIEIIAL—/ZAOBEKTT, 2ok FlziE
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=Ny Z7DAYTHFAILAEVED Y THETERTL 2 5, BE¥RS, GIL BAry Z2XhATW3
CHIo TV, MEOH LITIE sensitive RITEIZEITT A Z N TE, 25 TRIINEERR 2D 22T
REAES LD TELIMBHTT,

N— g v 3.4 TEM.
DTowrmid, @ERRBICE I an Y23 IfvEd; Python Y — ABAAYINOFERFIE R TLEX W,

Py_BEGIN_ALLOW_THREADS
ZoOxr7uzEd 5 { PyThreadState *_save; _save = PyEval_SaveThread(); IZRD ¥3, <
I IZBERIEIS A > TW2 Z 2 ICERLTL XV ZOWE$EINIE T Py_END_ALLOW_THREADS <7
0SB XBRITIUIRD THA, 27OV TOFHELVEMI ERRESRL T XN,

Py_END_ALLOW_THREADS
D~ u%E T %t PyEval_RestoreThread(_save); } IZ&R D FF, ~ 7 viZh XM A - T
W3 ZYIERLTL X, ZORIEIMNIHERTD Py BEGIN ALLOW THREADS < 7 1 ¥ XfJi5 L T\Wigl)
IR D FEA, 7 BIZOVTOF LV R 2SR L T ZE W,

Py_BLOCK_THREADS
o~ u%ER$ % PyEval_RestoreThread(_save); IZK D £3: BFAUEHFHIMD LW
Py_END_ALLOW_THREADS ¥*FUTT,

Py_UNBLOCK_THREADS
o~ u% BT 32 _save = PyEval_SaveThread(); XA H £3: B EZHEHFIMD v
Py_BEGIN_ALLOW_THREADS ¥[EUTF,

9.5.5 {EL-~NJL API

RDOETOBIIZL Py_Initialize() DRI I ZFAUIRD TE A
N—=ar 3.7 TEHE: Py Initialize() & GIL ZWIHLT 2 X512 h x L7,

PylnterpreterState® PyInterpreterState_New()
LA YR TYRIREA TS 27 P RERLET, GIL ZRFEFL TBLEIID D FHAD, DR
ERZCFRHTBEND 2HE IR L THBVRIEI B EVTL & 5,

IR LT BEE A N> b cpython.PyInterpreterState_New % iEHI L ¥£3,

void PyInterpreterState_Clear (PylnterpreterState *interp)
AVRTYZREA T 27 PHNOETOBEREZY Y FLET, GIL 2L TWRIFIRD 8 A

FIEIEL T BE&E A X b cpython.PyInterpreterState_Clear %A L ¥73,

void PyInterpreterState_Delete (PylnterpreterState *interp)
AVERTYVXREA T2 7 VR LET, GIL ZRFLTBDEEIDHD EEA, 41 X7 XiKEE
& PyInterpreterState_Clear() THHLPUH VY FLTELRIFIUIRD FEA,
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The Python/C API, JJ—2X 3.9.19

PyThreadState* PyThreadState_New (PylnterpreterState *interp)
FELAYRTVRA T =7 MBS 287 ALy FIREBA 7Y =27 P RAERL £9. GIL 2R
LTBLIREZDHD FEAN, ZOBBERLITFOHTHEND 2HBEITIRFE L TBWIEI B I NT
Lx 9o

void PyThreadState_Clear (PyThreadState *tstate)
ALy FIREEAT7Y =27 FAORTOEHREZ VY FLET, GIL 2L TWARFIUIRD S8 A,

N—= a ¥ 3.9 TEZHE: This function now calls the PyThreadState.on_delete callback. Previously,
that happened in PyThreadState_Delete().

void PyThreadState_Delete (PyThreadState *tstate)
ALy FIRKEA 727 P RWBLET, GIL 2FFHT2L0HEDD A, ALy FIREIX
PyThreadState_Clear() THHPUBH VLY ML TEPRITNUIZD 8 A,

void PyThreadState_DeleteCurrent (void)
Destroy the current thread state and release the global interpreter lock. Like
PyThreadState_Delete(), the global interpreter lock need not be held. The thread state

must have been reset with a previous call to PyThreadState_Clear().

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
Get the current frame of the Python thread state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_GetFrame().

tstate must not be NULL.

N—a v 3.9 TEM.

uint64_ t PyThreadState_GetID(PyThreadState *tstate)
Get the unique thread state identifier of the Python thread state tstate.

tstate must not be NULL.
N— 3 v 3.9 TEM.

PylnterpreterState® PyThreadState_GetInterpreter (PyThreadState *tstate)
Get the interpreter of the Python thread state tstate.

tstate must not be NULL.
N—ar 3.9 TEM.

PylnterpreterState* PyInterpreterState_Get (void)

Get the current interpreter.
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Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return
NULL.

MO LENE GIL 2855 2088 H D 5
N—a v 3.9 TEM.

int64_t PyInterpreterState_GetID(PylnterpreterState *interp)
AVRTVEZDO—ERID ZRLET, WHHAICAL 7 =25 E720, -1 2RI, =72ty b
nE9,

FEOH LN GIL 2S5 2 0 E3H D £5
N—a v 3.7 TEM.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
AYRTYVREGDT -2 RELTWLHEZEL XY, IO NULL ZIRLHE1R, 2T
THSHIEE A TE ST, R LANEA > &2 7Y ZEFHOFRERIFHATERVWEEZRTFIRD
A

Z DX PyModule_GetState() ZEEINZ 2D TR L, IREY 2 — 4 ¥ &2 7Y XEHDIR
REEREBNT 2DIHEIREDBDTT,

N—3 g v 3.8 TEM.

PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)

Type of a frame evaluation function.

The throwflag parameter is used by the throw() method of generators: if non-zero, handle the current

exception.
N— a ¥ 3.9 TEH: The function now takes a tstate parameter.

_ PyFrameFEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
N—a ¥ 3.9 TEM.

void _PyInterpreterState_SetEvalFrameFunc(PylnterpreterState  *interp, _ PyFrameEvalFunc-

tion eval__frame)
Set the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
N— a v 3.9 TEM.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. fE3REY 2 — WAL v FEHOIREEREZRETE 3 L5 RiFER
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BLET, F&4DIIREY 2 —AHEFEICREEREREST 2203 —oF —2Fbiyhd i g4
Ao BIED R L v RIREERRWRICZ OBBERCH L Td T 0ERA, OB NULL 2i1R3HA.
BT E o 72 EHENT, BOH UEANIFRED R L vy RIREXRFIFHTE R W EZ RITNEXR D T8 A,

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
ALy FATIRFEFINCHINZEE L 3, id 5183 X7y P22 ALy FOARLy Fid TT; exc
WREHT 200472 27 2T, ZOBEUT exc 1T 222 —UIRARD F¥ A, KERMEENE
Bz, ZOBERMECHTIIMAI CHBREY 2 —A2FE0RITIUIRD XA GIL 2HRFF L
RETHEIHEIRFNIRD FEA, REPEEINLAL Yy FORZELET; @EIX 1 TIDH, ALy
FORRNDRS LD o758 012352 dHDET, exc 3 NULL DHFER. ZOAL Y FORZEHES
NTVRVWEBNE (IThh) HESNE T, ZOHERANEZEL L EEA,

N—=a ¥ 3.7 TEHE: id 5/8DHD long 75 unsigned long NEHEINZF L7z,

void PyEval_AcquireThread (PyThreadState *tstate)
GIL 25 L. BHED AL v MIKE% tstate ICREL T, tstate iX NULL TH->TIIRD FHA, v
ZREBHOP DRI N TORTNRARD A, COMBENCHLEAL Y FRTTIZr Y 27 2EEL
TWaHE. 7y Fry ZiZfb £93,

AR FURALPKRTUEEZLTVWREEIC, ALy F2HZOMBEIFSHTE, ZORXL Y K
2 Python IZX o TEREINZd D TE R o722 LTHRTIESLNE T, _Py_IsFinalizing() %
sys.is_finalizing() 25 &, ZOKEZMNOHTHICA &7V BT S 2 BERORPIZDD
MWRTE, EERVWAL Yy FOKTHRITIONET,

N—=Y a ¥y 38 TZH: Updated to be consistent with PyEval_RestoreThread(),
Py END_ALLOW_THREADS(), and PyGILState_ Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

PyEval_RestoreThread() I3W\WDOTH (AL v FAFHHLEI Nz nignwe ETH) FAHRTRER S L ~LE]
wes,

void PyEval_ReleaseThread (PyThreadState *tstate)
BHEDOA L v FIREE%Z Yty FLTNULL IZL. GIL 2L EF, vy Z73H 560 UDIEREIATOVR
AU ST 2OBIED AL v RHARFEL TORIFAUIRD S8/ A, tstate 1E NULL THoTIRD ¥
AD, ZOMEPBHED AL v RIREBERIIL TV A0 E I DEFANZ DI HEbNET - D LEDT
TR, BT — PG SN E T,

PyEval_SaveThread () IZ X D@L VLB TEIC (AL y FAPHLEATOWIRWE ETY) FIHTE
£9,

void PyEval_AcquireLock()
GIL ZEBL %3, By ZI3HidH o THERSIATWRTIUIZAZD F¥A, ZOBKEFOHLZAL Y F
HETICRYy 7 Z2EELTWEHE. 7y Fry 22 £35,
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N—=Yar 32 CTIHHMHE ZOoBMPBEIHAEORL Yy FOREZEHRMLIEFEA. RbDIC
PyEval_RestoreThread() ¥ L { & PyEval_AcquireThread() ZfEAL T Z&E W,

AR SURALPKRTUEEZLTVWREEIC, ALy FHHZOMBEIFIHTE, ZOXL Y F

2 Python IZX o TEREINZZd DT R o722 LTHRTIELNET, _Py_IsFinalizing() %

sys.is_finalizing() 25 &, ZOKEZMNUOHTHICA V&7V BT S 2 BERORF DD
RATE, FEROVRAL Y FOKTHBITONE T,

N—=Y a ¥y 38 TZH: Updated to be consistent with PyEval_RestoreThread(),
Py END_ALLOW_THREADS(), and PyGILState_Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

void PyEval_ReleaseLock()
GIL 2L E3, By ZIEHid o TER I TWARITIUIR D T8 A,

N—Yay 32 TH#HE ZoOoBMBEBEEDODAL Yy FOREBZEHLIEA DD
PyEval_SaveThread() b L & PyEval_ReleaseThread() ZfHA L T 7Z&E W\,

9.6 Y7122 T) XY K-+

FL ALY DBEIFEDIAL Python 4 ¥ X 7Y ZiZ 1 DR IFTTH, W O0DBERFA—~T ot 2H, H30n
BFERI—RA Ly RNT, BBOMY LA VX)) R T 2DENDD T, INEAREICT 2008074 V&
7Y RTT,

TRAVT ARV REF TYRA LD EIT o7 8 BICEINHER I NI VXV EZDZ TS, ¥
TAVRTNVREEN, XA VA VR TV RIS T FANY RY) Y ZDES %, Tk AR THE—LREBLDH
DET, XA VA VRTYRIZET Y Z A LOYHULFHOIIEET e WS BED DD, WHIET V24 LOK T
HRIZEHWTWE S Y R4 L THHDET, PylnterpreterState_Main() BEIZ. X4 VA4 &7V ZDIREE
ANDKRAL Y REIRLET,

P74 RTY XREYIDEZD PyThreadState_Swap () BIBITTEE S, RO > TH I &2 T Y X
DIERL L BIFRAMT A %5

PyThreadState* Py_NewInterpreter ()
Ly 74 &7 Y X (sub-interpreter) ZAEML 5, 74y &7V xeid (IZFX7ERKQ) BEHNC
DE|E 7z Python 22— FOFEITRETTS, Frc. il 74 > 2 7Y X, import ENBHEY 2 —
AETIZOWTHEBDON=Y a v 2D, ZAIEESB R 2EY 2 —) L builtins, __main__ BX L
sys BEENFET, B—FFEADEI 2 —AHh 5857 — 7/ (sys.modules) BXLEY 2 —/LIREK SR
(sys.path) ¥ 74 Y& 7Y XBIHUED S DI D 5, Fikhd 74 X7 XTI sys.argy
BEREDBHDERA, o ¥ T A4 VX TVY RIIH = EHE /O A U — L sys.stdin, sys.stdout,
sys.stderr ZHHFT (LldWVWA. TAHDRA MY —LRBRECHIFEL 7 7 A Vb FE2SRL TV
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£9),

RO EE, #Fily T4 2TV XDERLIZAL v FIKEE (thread state) F 72 =27 D55, RAID
BOEELTVWET, ZOALy NRESBED AL v FIREE (current thread state) 1272 D 3, FEED
ALy RPERSINZDITIERVOTHERELTLEIWV; FTiloRA Ly FIREEIZET 2wz 2R L TL
WV, Filela A V2TV ROERICEKRBT 2, NULL 2R L £7; HlIAREZE Yy PR FHAN, 2
NEBIIREDIRED AL v FIREBIIRFEENE Z 21Xk TWT, BIEDZA L v FIREER 3 b DWTETE
LBV DD E06TT, (i Python/C API B8O X 512, Z OBIKCE MO RTICIE GIL 23R
ENTVRFNER ST, BB Z R L ZBRICHREI N EEITRDETS,; L L, D Python/C
API B2 358V, BB LR 72 EOBED AL v FIREDSBERICAZ L L FH U L IXRLRVWDT
HELTLEXN, )

Extension modules are shared between (sub-)interpreters as follows:

e For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec (), a separate mod-
ule object is created and initialized for each interpreter. Only C-level static and global variables

are shared between these module objects.

o For modules using single-phase initialization, e.g. PyModule_Create (), the first time a particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary
is squirreled away. When the same extension is imported by another (sub-)interpreter, a new
module is initialized and filled with the contents of this copy; the extension’s init function is not
called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters, which

might cause unwanted behavior (see Bugs and caveals below).

Note that this is different from what happens when an extension is imported after the interpreter
has been completely re-initialized by calling Py FinalizeEz() and Py_Initialize(); in that
case, the extension’s initmodule function is called again. As with multi-phase initialization, this

means that only C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)
FEEINIZA L v RIREE tstate TRIIND (V7)) 4 VX TV REHKEL T, tstate lFHEDRAL v K
RETRIFIRD $8A, TRRORALy FIRBIZB T 23 MLz S L T2V, BB LIRS 72
L&, BEDORAL vy FIREEIE NULL IR > TWET, 204 Y& 7Y XBHEAT sz TORL v RIK
BIHKHE SN E T, (ZOBBEMCHTHNCIE GIL 2R FF L TE2rRTER ST, vy ZIZBEEIRK -
T EHMREEINTVET, ) Py_FinalizeEz() &, ZORRTHRMICHKHEE ATV RLWRETOY 74
VRTVRERHLET,
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9.6.1 NJ X FEXEIE

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them
isn’t perfect --- for example, using low-level file operations like os.close() they can (accidentally or mali-
ciously) affect each other’s open files. Because of the way extensions are shared between (sub-)interpreters,
some extensions may not work properly; this is especially likely when using single-phase initialization or
(static) global variables. It is possible to insert objects created in one sub-interpreter into a namespace of

another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between
sub-interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s
dictionary of loaded modules. It is equally important to avoid sharing objects from which the above are

reachable.

H 74 X TY X% PyGILState_*x() API LHABDLEZ2ODPHEL VI LIZHFE L TLZZ WV, 206D API
X Python DAL v FIREEE OS LAV ALy FA 1IN 1 THIELTWS ZEZHHEICLTWT, 74 &7
) ZBFHET DL ZORHRRHAN S 25T, MiET 2 PyGILState_Ensure() ¥ PyGILState_Release() O
ML ORT7 DM T, 374X TV ZOUIDFZ2TORVI e RMHRELE T, 51T, (ctypes D X
572) D API {5 T Python DA CTESNZ AL v K5 Python 23— REFEIFTLTWBIRREY 22—
NEFTA R TY) XS LEND AL D D 5,

9.7 FEEHAE

AVRTYVRDAAL Y ALy RIZIEFAZER 21T 5 72D IR SN TV AEHAT S, Zh o O@EANIBIER
4 v & void KA Y RGIRE VS TFEZID £7,

int Py_AddPendingCall (int ( *func)(void *), void *arg)
AVRTYVEDRXAL ALy R SEBDPFECHEINZ FEERMEAE T, RINT 2L 0 IED. func 1&X
AYALy FOMUHLF 2 —IZ@ED0ET, KT 2L, izt y FESIC -1 29RD 9,

R 2 —RZFEDOLND L. func T WODNEBT A VX TV EZDRAL VALY K25, arg Z5I8 2 L
THUHERE T, ZoBBuE. BHDOETHD Python a— Figk U TIHERIICFCHE IR Z T, X
D DEMFITER LU 2P OHI A ET:

o bytecode S FITW2B & &,

o XA VAL v KW global interpreter lock Z#FRFFELTWS (TH8DBE func BETD C API ZFEUH
®3) &,

BIIU725 func id 0 BRI RER ST, KRLRZS -1 ZRLEAAZEY b LERTIUZDVT FEA. func
Z, OIEFEHHEHZITS 72012, XHWKEIDIAFNZ Z 3D D EHAN, Z7ua—rULf X T)Zay
I DRRENIIGEF. ALy FOYIDBFRIC Ko TEHIDAEN AN K> TV T,
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COBBBFEITT2DIBEDAL y FIREEZHBE L BT, 70—V Af 27V 2ay 78 LE
A,

To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function func

can be scheduled to be called from the wrong interpreter.

ZE: ik IFECRIRGEICOARELD, KL AULRBEET S, func 25ATREZRRR b B RECNHY
SNBBFEEEDH D FHA AL VALY RBY AT LaA—VEETT23DIICLWIEAIE. func 13>
AT LA=NHPROTL 2ETHIHINLWTL &5, ZOBBE—EIvIZ, 8D C ALy R
25 Python 2— FZMEUHTOWRIE MEEFEA . Z2hofRbbiz, PyGILState API Z{#H L T
7EEW,

N—=Y a3 ¥ 3.9 TEHE: If this function is called in a subinterpreter, the function func is now sched-
uled to be called from the subinterpreter, rather than being called from the main interpreter. Each

subinterpreter now has its own list of scheduled calls.

N— g 3.1 TEM.

9.8 7O771J)L¥ kL —X (profiling and tracing)

Python £ ¥ &Z 7V Xk, v 77 A1: 7#7 (profile) REITD F L —R: BEf (trace) &\ o 72EREZ M AIA T
TeDIBKEDY R— 2L T0E T, 2OV KR—-MI. TrT7 74T Ny 7 EHEPFHDHT (coverage
analysis) ¥V =L Wb E T,

CDOCAYE=T7z—=RE. TB7741% kL —2AEERIC, Python L~ULOWEH LATREA 7Y = 7 b3
MOHEN2 22tk d— Ay N2, B C BEITCHLMTRAZ L5 ILTVWET, Farr e
FL— ZREDAREIRFFEEZE Do TVERA; A VX —T7 2 —ZATE ML —ABERAL Yy RZTRIZA VR
F—=ATE, FL—RBBUTHE SN ZHEAAL XY b (basic event) IZBHTD N— 3 XIZBWT Python L~L
DL — A THEIN TV DD R LT,

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
PyEval_SetProfile() B XU PyEval_SetTrace() ZfHio TEERTE % + L — RO T, HAD
NEIRXRBFATY =7 MT FHRBEBUZ obj & LTESNE T, frame ZAXRY FDBBELTWEETIL—
LA TY =7 T, what 137EE PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE, PyTrace_RETURN,
PyTrace_C_CALL, PyTrace_C_RETURN, PyTrace_OPCODE DWW 3 DT, arg & what DEIZ X > TYUT
DESWCHRLEDFT:
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what D& arg DE

PyTrace_CALL #IZ Py_Nome o

PyTrace_EXCEPTION | sys.exc_info() DRI HIIMERT T,

PyTrace_LINE HIZ Py_Nome .

PyTrace_RETURN MO LRNGR X N 2 TEDED. BISC &k o TREEUR KT 235613 NULL
T,

PyTrace_C_CALL MUOHINZEBA T =7 b,

PyTrace_C_EXCEPTION| FEUCH I N BB A 7Y = 7 b,

PyTrace_C_RETURN MU SN 7Y =7 b,

PyTrace_0PCODE #IZ Py_Nome o

int PyTrace_CALL
BIERA Y v RTINS N, Y22 L =20y P OMBIC A 572 Z e ZWRET 5
D, Py_tracefunc @ what DETT, 4 7L =&Y =2 L —XEKROERIE, WIET2 7L —20H
@ Python /N4 k a2 — RIZHIHIDOZEE (control transfer) 25 Z HR W2 DHE IR VO THEREL TL
7ZE W,

int PyTrace_EXCEPTION
BIADEH S NTBRD Py_tracefunc @ what DIETT, FEFITSNATVE 7L —ATHAN LY b &
. fAISLDNAL b a— RHPWEEX NI, what 122 DEDE v b XNIZIREETa—L Ny 7 BEAHIE
cHEnET, TR, HIADEBICE 5T Python SO L ARy 272 HRED T3, £71—
LD HIFEDR S Zila—A Ny JEBBHUOHEIhET, LRI R IS DA RV 22T
WO ET; 7774 73 Z0FDANRY M ERBEr LERA,

int PyTrace_LINE
THERSARY P2WMET DL XL, (I 7 7 A VERTIEZ L) Py_tracefunc BARIC what 5% LT
TES(ETY, f_trace lines A’ 0 WRESINZT7 L —ATIREMMLEINTWEZdH D FT,

int PyTrace_RETURN
MEH LANR 5 & 212 Py_tracefunc BABUC what 518 LCTETETT,

int PyTrace_C_CALL
C BE MU ST IERTIC Py_tracefunc FAED what 518 L THEIETT,

int PyTrace_C_EXCEPTION
C BB 2L LTz 8 BIZ Py_tracefunc BED what 51Ee L TEITETS,

int PyTrace_C_RETURN
CRBD»BERE2 & ZIZ Py_tracefunc BAELD what 518 L TEIETT,

int PyTrace_OPCODE
FL W opcode BIFETEIND & 22, (Fu 7 7 A VK TIZR ) Py_tracefunc BAEIZ what 51k L
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TEITETT, 774V FTEARY MIFEKLEEA, 7L —24 1T f_trace_lines & 1 IZ&EL T,
HIRINCERE L2 U3 b 8 A,

void PyEval_SetProfile(Py_tracefunc func, PyObject *obj)
TR 77 A VEEE func KERELE T, obf 7 XA XZBEROE 51 LTHEINZ DT, M50
@ Python A 79 =2 b®H2WE NULL TY, 707 7 A VEED AL v MIREZHER T 2 0 H 377
b, BXDAL v FIZHERS obj 25T, REZEEL TBIEMNMTRAL Yy F2—T G2
MTEET, TuT7 A =X I TWEA XY D55, PyTrace_LINE PyTrace_OPCODE,
PyTrace_EXCEPTION ZfR 2 TDA XY MW LTI ENE T,

FEOH LN GIL 2 L 20 udeh 8 A

void PyEval_SetTrace(Py tracefunc func, PyObject *obj)
b —ZBBE func CRELE T, ZOBEUX PyEval_SetProfile() AU TTH, b L — AKX
THEEARY P BEXU opcode £ R b EZITED, FFUHIN C BEBA T =7 b BRT HLE
DARY P EZITWMERNWE ZAPERL > TWET, PyEval_SetTrace() THEERI Nz b L — XL,
what 5#(DfE ¥ LT PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN % ZJH(D ¥ A

FEOH LANG GIL 2 L2 0ude b 8 A

9.9 SE%T/\vHHYR—b (advanced debugger support)

UToBMIZEERT ANy 7Y — )L TOHEHDEHEITOHDTT,

PylnterpreterState® PyInterpreterState_Head ()
AVERTYVEREA TS =27 b RIZVAIDI B, LHIIHLDDEERLET,

PylnterpreterState* PyInterpreterState_Main()
AAVAVETVZDOREL T =7 M EIRLET,

PylInterpreterState® PyInterpreterState_Next (PylnterpreterState *interp)
AVRT)RIKEF T2 7 b2V RA DB, interp DRIZHZHDERL F T,

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)
A YR TU R interp WHETIT SN TVWEAL Yy F2LRZVAMDSE, HBHICH S PyThreadState
FT7I 2 bERIRLETD,

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
tstate ¥ AU PyInterpreterState A 7Y =7 MIJBLTWA ALy FIRKEEA 7Y =227 bD S5, tstate
DRIZHHHDERLET,
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9.10 ALy FO—AILAFL—PDHHR—F

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.

API THEDLN 2R ZTSRE 213, GIL ZIE T 245X HDFEA . BEBESOD Yy 703 K—FShTwn
9,

Python.h |& TLS API ®EF % include 3, AL v Ru—HLX L —I %5121 pythread.h % include
FTERENRDH DI LICERLTLIEE W,

AMR: 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 XL v FEHB R kL — (Thread Specific Storage, TSS) API

TSS API 1%, CPython 4 ¥ X 7V XIZEFNTWAEFD TLS APl ZE XX 27-DICBAIhFELE, Z
D API X, ALy FF—DRIUZC int DO DIH L WAL Py_tss_t BEVET,

N— a ¥ 3.7 TE.
BE:
"CPython DAL v KR —A)L A ML =Y DD LW C API” (PEP 539)

Py_tss_t
ZOT—AMEERIFIAL y FXFr—DREZRHEL TVWET, ZOMEKRDERIZ. RED TLS FEREITRE
L. ¥—OWHHLIREEZRIT2NE 7 4 — L F 2B E3, ZOMEMHRICIZAR (public) DX ¥ NidH
DEHA

Py LIMITED API MEFRINTWRWE XX, ZOREID Py_tss_ NEEDS INIT IZ X 2 EHIIX E Y fiff
MTEET,

Py_tss_NEEDS_INIT
DV nik Py tss_t BROMELTICEAINE ST, ZD~rnik Py LIMITED API %3¢ %
BERINEH A
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A E VR

B Py_tss_t DX EVHERIE Py LIMITED API TENL RENIEREY 2 — L TREICRD T2,
DI FRAICRBEIHR 72912, OB DOENZ X £ ) HEFREAATEET T,

Py tss t* PyThread_tss_alloc()
Return a value which is the same state as a value initialized with Py_tss_NEEDS INIT, or NULL in the

case of dynamic allocation failure.

void PyThread_tss_free(Py tss t *key)
Free the given key allocated by PyThread_tss_alloc(), after first calling PyThread_tss_delete()
to ensure any associated thread locals have been unassigned. This is a no-op if the key argument is
NULL.

FMR: A freed key becomes a dangling pointer. You should reset the key to NULL.

XYy R

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread_tss_set ()
and PyThread_tss_get() are undefined if the given Py tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created(Py_tss ¢ *key)

Return a non-zero value if the given Py_tss_t has been initialized by PyThread_tss_create().

int PyThread_tss_create(Py tss | *key)
Return a zero value on successful initialization of a T'SS key. The behavior is undefined if the value
pointed to by the key argument is not initialized by Py_tss_NEEDS_INIT. This function can be called
repeatedly on the same key -- calling it on an already initialized key is a no-op and immediately returns

success.

void PyThread_tss_delete(Py tss © *key)
Destroy a TSS key to forget the values associated with the key across all threads, and change
the key’s initialization state to uninitialized. A destroyed key is able to be initialized again by
PyThread_tss_create(). This function can be called repeatedly on the same key -- calling it on

an already destroyed key is a no-op.

int PyThread_tss_set (Py_tss ¢ *key, void *value)
Return a zero value to indicate successfully associating a void* value with a T'SS key in the current

thread. Each thread has a distinct mapping of the key to a voidx value.

void* PyThread_tss_get (Py tss t *key)

Return the void* value associated with a T'SS key in the current thread. This returns NULL if no value
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is associated with the key in the current thread.

9.10.2 XL KO—AJLR L— (TLS) API

N—= a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

EM: This version of the API does not support platforms where the native TLS key is defined in a way that
cannot be safely cast to int. On such platforms, PyThread_create_key () will return immediately with a

failure status, and the other TLS functions will all be no-ops on such platforms.

ARRD EHEOREIC LI D, ZON=2 2D APLIEHHOa— R THHAITARETED D 8 A,
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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e 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()

PYTHON #JHA{LERRE
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e PyStatus_Ezit()

o PyStatus_IsError()

o PyStatus_IsEzit()

e PyStatus_NoMemory ()

e PyStatus_0Ok()

e PyWideStringList_Append()
e PyWideStringList_Insert()
o Py ExitStatusException()
o Py_InitializeFromConfig()
e Py PreInitialize()

e Py PrelnitializeFromirgs()
e Py PreInitializeFromBytesArgs()
o Py_RunMain()

o Py_GetArgcArgu()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfig type) is stored in PyInterpreterState.config.

Initialization, Finalization, and Threads SRR LT ZE W,
BE:

PEP 587 "Python #IHH{LEE”

10.1 PyWideStringList

PyWideStringList
wchar_t* XFHID Y R b,
length 233X B DYEIE. items 1ZIE NULL 220 TN TOLFHNIIE NULL TRIFAUIR D T8 A
XYV v R:

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item % list \ZBEMUET,

Python must be preinitialized to call this function.
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PyStatus PyWideStringList_Insert (PyWideStringList — *list,  Py_ssize_t index, const
wchar _t *item)
item % list O index OMBICHEAL F75,
index 23 list DRI LDBGE, item % list OREITEMU F 5,
inder 1. 0 IETRIFNUIRD A,
Python must be preinitialized to call this function.

Mg 7 4 — L F

Py ssize_t length
VA FORE,

wchar t** items

U2 hOEZE,

10.2 PyStatus

PyStatus
PIHEBIR D R 7 — 2 2 (P, =5 —. #&7T) 28T 2 MERT T,
T —Ficld,. =7 —%4ER L% CEBOLRIZEMTE £T,
WHER7 4 = F

int exitcode

BT a—F, exit() OFE LTEINET,

const char *err_msg

:]:‘5“_){ VJZ—:VO

const char *func

I =R L 7-BEMOBHETT, NULL I D 2 £3,
2T — R ARERT 5 B

PyStatus PyStatus_0k (void)
B

PyStatus PyStatus_Error (const char *err msg)

AXyt—=IL bl —ZHILL 5,

PyStatus PyStatus_NoMemory (void)
AEVED L TORK (XEVRE),
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PyStatus PyStatus_Exit (int exitcode)

FBELEK T a— R T Python 28T LE 35,

AT — & A%k 5 B

int PyStatus_Exception(PyStatus status)

Is the status an error or an exit?

If true, the exception must be handled; by -calling

Py_EzitStatusEzception() for example.

int PyStatus_IsError (PyStatus status)

Is the result an error?

int PyStatus_IsExit (PyStatus status)

Is the result an exit?

void Py_ExitStatusException(PyStatus status)

Call exit(exitcode) if status is an exit. Print the error message and exit with a non-zero exit

code if status is an error. Must only be called if PyStatus_Exception(status) is non-zero.

AR

Internally, Python uses macros which set PyStatus.func, whereas functions to create a status set

func to NULL.

IV N> A=E PN G

PyStatus alloc(void **ptr, size_t size)

{

*ptr = PyMem_RawMalloc(size);
if (#ptr == NULL) {

}

return PyStatus_NoMemory() ;

return PyStatus_0k();

int main(int argc, char **argv)

{
void *ptr;
PyStatus status = alloc(&ptr, 16);
if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
}
PyMem_Free(ptr) ;
return O;
}
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10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
e Set the Python memory allocator
e Configure the LC__CTYPE locale
e Set the UTF-8 mode
Function to initialize a preconfiguration:

void PyPreConfig_InitPythonConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Isolated Configuration.
MHEAR 7 14—V 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
o PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks
o PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc()
o PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks
o PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using —-without-pymalloc

See 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_warn to 0.
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int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC__CTYPE locale to decide if it should

be coerced.

int coerce_c_locale_warn

If non-zero, emit a warning if the C locale is coerced.

int dev_mode

See PyConfig.dev_mode.

int isolated

See 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.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

int parse_argv
If non-zero, Py_PreInitializeFromArgs () and Py_PrelInitializeFromBytesArgs () parse their
argv argument the same way the regular Python parses command line arguments: see Command

Line Arguments.

int use_environment

See PyConfig.use_environment.

int ut£8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)

Preinitialize Python from preconfig preconfiguration.

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 arge, wchar_t * const

* argu)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).
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The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusException().

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 utf8 command line option enables the
UTF-8 Mode.

PyMem_SetAllocator() can be called after Py_PreInitialize() and before Py_InitializeFromConfig()
to install a custom memory allocator. It can be called before Py_PreInitialize() if PyPreConfig.

allocator is set to PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_RawMalloc () must not be used before Python preinitializa-
tion, whereas calling directly malloc() and free() is always safe. Py DecodeLocale() must not be called

before the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig(&preconfig);

preconfig.utf8_mode = 1;

status = Py_Prelnitialize(&preconfig);

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* at this point, Python will speak UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig

Structure containing most parameters to configure Python.
Structure methods:

void PyConfig_InitPythonConfig(PyConfig *config)

Initialize configuration with Python Configuration.
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void PyConfig_InitIsolatedConfig(PyConfig *config)

Initialize configuration with Isolated Configuration.
PyStatus PyConfig_SetString(PyConfig *config, wchar_t * const *config_str, const
wchar _t *str)
Copy the wide character string str into *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 arge, 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_ 1 length, wchar_t **items)

Set the list of wide strings list to length and items.
Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.

Fields which are already initialized are left unchanged.
Preinitialize Python if needed.

void PyConfig_Clear(PyConfig *config)

Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization
configuration in based on the PyConfig. If configuration fields which are in common with PyPreConfig

are tuned, they must be set before calling a PyConfig method:
e dev_mode
e isolated

e parse_argv
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e use_environment

Moreover, if PyConfig_SetArgu () or PyConfig_SetBytesArgu () is used, this method must be called
first, before other methods, since the preinitialization configuration depends on command line argu-

ments (if parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using

PyStatus_Exception() and Py_ExitStatusException().
WA 7 4 — L K

PyWideStringList argv
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.executabdble.

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.

N—a v 3.9 TEM.

int buffered_stdio

If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.
stdin is always opened in buffered mode.

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes

with int. If equal or greater to 2, raise a BytesWarning exception.

wchar t* check_hash_pycs_mode
Control  the validation behavior of hash-based .pyc files (see PEP  552):

—--check-hash-based-pycs command line option value.
Valid values: always, never and default.

The default value is: default.
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int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode

to 0_BINARY on Windows.

int dev_mode

If non-zero, enable the Python Development Mode.

int dump_refs

If non-zero, dump all objects which are still alive at exit.
Py_TRACE_REFS macro must be defined in build.

wchar_t* exec_prefix

sys.exec_prefix.

wchar t* executable

sys.executable.

int faulthandler

If non-zero, call faulthandler.enable() at startup.

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

Randomized hash function seed.
If use_hash_seed is zero, a seed is chosen randomly at Pythonstartup, and hash_seed is ignored.

wchar t* home

Python home directory.
Initialized from PYTHONHOME environment variable value by default.

int import_time

If non-zero, profile import time.

int inspect

Enter interactive mode after executing a script or a command.

int install_signal_handlers

Install signal handlers?
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int interactive

Interactive mode.

int isolated

If greater than 0, enable isolated mode:

e sys.path contains neither the script’s directory (computed from argv[0] or the current

directory) nor the user’s site-packages directory.

e Python REPL doesn’t import readline nor enable default readline configuration on interac-

tive prompts.
o Set use_environment and user_site_directory to 0.

int legacy_windows_stdio
If non-zero, use io.FileIO instead of io.WindowsConsoleIO for sys.stdin, sys.stdout and

sys.stderr.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

int malloc_stats

If non-zero, dump statistics on Python pymalloc memory allocator at exit.
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

Compilation optimization level:
e 0: Peephole optimizer (and __debug__ is set to True)
o 1: Remove assertions, set __debug__ to False
e 2: Strip docstrings

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.
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int parser_debug

If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to 0, suppress warnings when calculating the Path Configuration (Unix only, Windows

does not log any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix

sys.prefix.

wchar__t* program_name

Program name. Used to initialize ezecutable, and in early error messages.

wchar_t* pycache_prefix

sys.pycache_prefix: .pyc cache prefix.
If NULL, sys.pycache_prefix is set to 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?
Set to 1 by -X showrefcount command line option.
Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import

Import the site module at startup?

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.
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int tracemalloc

If non-zero, call tracemalloc.start() at startup.

int use_environment

If greater than 0, use environment variables.

int user_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.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.

warnoptions item becomes the first item of warnings.filters which is checked first (highest

priority).

int write_bytecode

If non-zero, write .pyc files.

sys.dont_write_bytecode is initialized to the inverted value of write_bytecode.

PyWideStringList xoptions

sys._xoptions.

int _use_peg_parser
Enable PEG parser? Default: 1.

Set to 0 by -X oldparser and PYTHONOLDPARSER.
See also 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.

N— g 3.9 TZH: The show_alloc_count field has been removed.
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10.6 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig(const PyConfig *config)

Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusEzception().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExztendInittab () are used, they
must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, PyImport_AppendInittadb () or PyImport_EztendInittab () must be called before

each Python initialization.

Example setting the program name:

void init_python(void)

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);
/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {
goto fail;
}
status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto fail;
}
PyConfig_Clear(&config);
return;
fail:
PyConfig_Clear(&config);
Py_ExitStatusException(status);
}

More complete example modifying the default configuration, read the configuration, and then override some

parameters:
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PyStatus init_python(const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name before reading the configuration

(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {

goto done;

/* Read all configuration at once */
status = PyConfig_Read(&config) ;
if (PyStatus_Exception(status)) {

goto done;

/* Append our custom search path to sys.path */

status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/more/modules") ;

if (PyStatus_Exception(status)) {

goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,

L"/path/to/my_executable");
if (PyStatus_Exception(status)) {

goto done;

status = Py_InitializeFromConfig(&config) ;

done:

PyConfig_Clear (&config);
return status;

10.6. Initialization with PyConfig
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10.7 Isolated Configuration
PyPreConfig_InitIsolatedConfig() and PyConfig InitIsolatedConfig() functions create a configura-
tion to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration (Poutput fields”) to

ignore these configuration files and avoid the function computing the default path configuration.

10.8 Python Configuration
PyPreConfig_InitPythonConfig() and PyConfig InitPythonConfig() functions create a configuration
to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global config-

uration variables are ignored.

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the
LC_CTYPE locale, PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) {

goto fail;

status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto fail;
}
PyConfig_Clear(&config);

KDR=12%E <)
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(AIDR=I 5 DREE)

return Py_RunMain();

fail:
PyConfig_Clear(&config);
if (PyStatus_IsExit(status)) {
return status.exitcode;
}
/* Display the error message and exzit the process with
non-zero exit code */

Py_ExitStatusException(status);

10.9 Path Configuration

PyConfig contains multiple fields for the path configuration:
o Path configuration inputs:

— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig_warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths
— PATH environment variable to get the program full path (from PyConfig.program_name)
— __PYVENV_LAUNCHER__ environment variable

— (Windows only) Application paths in the registry under ”SoftwarePythonPythonCoreX.YPython-
Path” of HKEY CURRENT_ USER and HKEY LOCAL_MACHINE (where X.Y is the Python

version).
o Path configuration output fields:
— PyConfig.base_exzec_prefiz

— PyConfig.base_executable

PyConfig.base_prefiz

PyConfig.exec_prefix
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— PyConfig.executable
— PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefiz

If at least one “output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly
all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as 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,

Windows does not log any warning).

If base_prefiz or base_ezec_prefiz fields are not set, they inherit their value from prefiz and

ezec_prefiz respectively.
Py_RunMain () and Py_Main () modify sys.path:

e If run_filename is set and is a directory which contains a __main__.py script, prepend run_filename

to sys.path.
o If isolated is zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current

directory cannot be read.
— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sys.path.

If site_import is non-zero, sys.path can be modified by the site module. If user_site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package

directory to sys.path.

The following configuration files are used by the path configuration:
e pyvenv.cfg
o python._pth (Windows only)
e pybuilddir.txt (Unix only)

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable
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10.10 Py__RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), the script (PyConfig.run_filename) or the module

(PyConfig.run_module) specified on the command line or in the configuration.
By default and when if -i option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using

Py_RunMain().

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)

Get the original command line arguments, before Python modified them.

10.12 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

e 7Core” initialization phase, "bare minimum Python”:

— Builtin types;

— Builtin exceptions;

— Builtin and frozen modules;

— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).
e ”"Main” initialization phase, Python is fully initialized:

— Install and configure importlib;

— Apply the Path Configuration;

— Install signal handlers;

— Finish sys module initialization (ex: create sys.stdout and sys.path);

— Enable optional features like faulthandler and tracemalloc;

— Import the site module;

— etc.
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Private provisional API:

e PyConfig._init_main: if set to 0, Py_InitializeFromConfig() stops at the "Core” initialization

phase.
e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain(void)

Move to the "Main” initialization phase, finish the Python initialization.

No module is imported during the "Core” phase and the importlib module is not configured: the Path
Configuration is only applied during the ”"Main” phase. It may allow to customize Python in Python to
override or tune the Path Configuration, maybe install a custom sys.meta_path importer or an import
hook, etc.

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.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase
is not specified yet. The API is marked as private and provisional: the API can be modified or even be

removed anytime until a proper public API is designed.

Example running Python code between "Core” and "Main” initialization phases:

void init_python(void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

config._init_main = O;

/* ... customize 'config' configuration ... */

status = Py_InitializeFromConfig(&config);

PyConfig_Clear(&config);

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);

TKDR=1Z%E <)

242 % 10 E Python #HALERTE



https://www.python.org/dev/peps/pep-0432

The Python/C API, JJ—2X 3.9.19

HIDR— % 5D E)

}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
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PyObject *res;
char *buf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory();
...Do some I/0 operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */

return res;
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BRIEZ L PYTHONMALLOCSTATS 2 LT, #H7=A 70227 b7V —FBERINZRL., vy PR U
2 pymalloc AEV 7O7—42 OFMGHERERRTEF T,

11.2 EXEVAEZ—T 11—
UToOBBE IS RATL070r—2 %27y 7 LET, TNHOBEBEALY FEv—7 T, GIL 2HFFHLTWi
KTHMUPHT e TEE T,

TI7ANED EAEYTOT—2— EROBEEBEFAL 3 malloc(), calloc(), realloc(), free() 0 N
4 PRERSINE 13 malloc(1) (HBWIE calloc(l, 1)) ZMNE T,

N— g v 3.4 TEM.

void* PyMem_RawMalloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request

fails.
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0NA M ZZRT 2L, PyMem_RawMalloc(1l) MEIIN/E 2R U &k 512, AJREZR S NULL THRWIL=—
IIRHRAVEEBRLET, RSN XEY —1ZiZ0Whr 20 bbb ifTbii A,
void* PyMem_RawCalloc(size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the
allocated memory, or NULL if the request fails. The memory is initialized to zeros.

FLT &S5, 2=—27% NULL THRWRA VEZEZIRLET,

BRI BEROY A XHT0 N4 P OERICH L TId, AIREZL & PyMem_RawCalloc(1l, 1) 23FEINzD &
N—ar 3.5 TEM.

void* PyMem_RawRealloc (void *p, size_t n)

p PHETXEYV TR Y 7% n AL PZYVPAXLET, H0I A XEHF LI A XDNZI VT ETONE
BEEINEE A

p A% NULL O35ERUH Lid PyMem_RawMalloc(n) L3ffiTd, £ 5 TR, n AERIZFELWEE, X
NULL TR W b, p

EV TRy 73V A XEINETHMUINERTA, BEINTZRA > XIZIE NULL T,
p W

FZF 0 X DAl D PyMem RawMalloc(),
PyMem_RawCalloc() OFFUFHILIT X DIREARITFIUIRD FEA,

PyMem_RawRealloc (),
DEETT,

BRDKEU L 7235E PyMem_RawRealloc() 1& NULL ZiBL., p WXATOXEY U 72 I THEMBARAL V&
void PyMem_RawFree (void *p)

p DBHETAEY 70y 72BN LU ET, p IZLEIMEOH U PyMem_RawMalloc (), PyMem_RawRealloc (),

PyMem_RawCalloc() MR LIAAETRITIUIRD THA, ZALINDEER PyMem_RawFree(p) # MU
L7720 12356, REROBIFICKED 5,
p 53 NULL OFEMS LER A,

113 XEVA>2—T1x—2R

UT BRI LT Python E =1L TXEYRHAELZDBBLZDHKE ST, 200 DBIHIE ANSI
CHEEIZH> TETMEERTVETE, 0 N FZ2ERLZBOFEICOVWTHEBELTVWET:

The default memory allocator uses the pymalloc memory allocator.

g4,
El=K

IO ORI 2123, GIL ZIRF L TBALERH D £7,

N=ary 3.6 TEH: 7741 D77 —ENT AT LD malloc() 5 pymalloc 127D F Lz,
11.3. XEUA>YH—T1—2R
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void* PyMem_Malloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request

fails.

0 N4 bPRERT 22, PyMem_Malloc(l) 2SN/ Z AU & H1C, AJREAR S NULL TRV =—7
BARAVRERLET, WERINIZAEY =TV R 2P ITDOREE Ao

void* PyMem_Calloc(size_t nelem, size_t elsize)
Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the

allocated memory, or NULL if the request fails. The memory is initialized to zeros.

BEEBDBEZDOY A X0 34 FOERITH L TIE, AIAE/R & PyMem_Calloc(l, 1) AMHINT=DLFL
X512, 227 NULL THWEL Y X EEL T,

N—Ya ¥ 3.5 TEM.

void* PyMem_Realloc (void *p, size_t n)
p BPEITXEY IRy 7% n AN MZVH A XLET, HOIHAXEH LV A XD/NXWHFETORNE
BEHEXNZEA,

p 5 NULL O5EMH UIX PyMem_Malloc(n) EEfliT3, 25 TR, n BERIZFELVWEE, XEY
Ty 73V YA XENETHRREINERA, BEINZKA ¥ ZIFIE NULL T,

p A3 NULL THRWERD ., p ldZFH X DEID PyMem_Malloc(), PyMem Realloc () F7z1& PyMem_Calloc()
DOHH LI K DIBENZTNUIRD ¥ A

BRI L 725G PyMem_Realloc() W& NULL ZiR L. p YHIOXEV TV 72 X THEMBRRL VXD E
T,

void PyMem_Free (void *p)
p BT XEV TRy ZEMHBLE T, p IXLEIFECH U PyMem_Malloc (). PyMem_Realloc(). F7z
& PyMem_Calloc() DR L7ETHRIFIUIRD EHA, TR DOEHES PyMen_Free(p) ZIMUH L7
Bl o HE. RERDEEITKRD $3,

p 3 NULL OBEMS LER A
LTI 28R o~ 2 03 fEEO 701 M X Tnw3 3D TF, TYPE BEFED C oMERLET,

TYPE* PyMem_New(TYPE, size_t n)
Same as PyMem_Malloc(), but allocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer

cast to TYPE*. The memory will not have been initialized in any way.

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
Same as PyMem_Realloc(), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns
a pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event

of failure.
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ZHE C ) ety d=ruTY, p ZIEICHRAINE T, =7 —HFHIXEY Z2ES5 D2EIT 3
121 p DILDMEERFEL TL ZE W,

void PyMem_Del (void *p)
PyMem_Free() &R LTS,

EEwiz T, C API ¥ N3 % Z 274 < Python X &V REENEZEENUH T ZHDLUTO~7aty b
PRI TV T, 7L, ZhbD <7 vl Python N—Y a YETOANAL F V) BHEEERETST, 2z
WCHEREY 2 — L TCREEINTVAEDTERLTL I,

e PyMem_MALLOC(size)

o PyMem_NEW(type, size)

e PyMem_REALLOC(ptr, size)

o PyMem_RESIZE(ptr, type, size)
e PyMem_FREE(ptr)

e PyMem_DEL (ptr)

114 #7>xo 707 —%

LT o EDSHAL T Python =71 L TXE Y ZHER LD BRLIZD HkET, Zh s ofEEid ANSI
C I > TETMEEINTOETA, 0 N FZERLEZBOBECOVWTHERLTVET

The default object allocator uses the pymalloc memory allocator.

ZE: ZhSOBEBEERE 212, GIL 2R L TBDERD D 5,

void* PyObject_Malloc(size t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request

fails.

04 FZERT S L, PyObject_Malloc(1) 2MEN/- T [E L & 512, AlAEAR S NULL TR\ =—
TIRHRAVEERLET, MEINZXTY —ZidWhr 208tk diTbii A,

void* PyObject_Calloc(size t nelem, size_t elsize)
Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the

allocated memory, or NULL if the request fails. The memory is initialized to zeros.

BHERDELZDT A4 X030 4 P ORI LTI, AJ8E%4 S PyObject_Calloc(l, 1) MFHIN/zD Y
FIC X912, 2=—277% NULL THRWARA VX EBRLET,
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N—a v 3.5 Tl

void* PyObject_Realloc (void *p, size_t n)
p BHEIXEV I Y 7% n N PCUVHFAXALET, GV A XeHLVT A XD/NZWTETONE
BEHEINEE A

p 23 NULL OGN Lid PyObject_Malloc(n) &5fHiTF, 5T n BERIZHFELWVWHE, X
BV TR 23V A REINETHRIREINERA, RENTRA ¥ 2IFIE NULL TF,

p A NULL THRWVWRD, p 3FN X DATD PyObject_Malloc(), PyObject_Realloc() % 7z 1%
PyObject_Calloc() OFEFHILIC X DRI NRIFIUIR D £RA,

BRMEM L 72358 PyObject_Realloc() & NULL 3B L. p IFRIDX BV Y 72 X THMERAL V&
DEEXTYT,

void PyObject_Free (void *p)
pHHETXEY TRy 72 fRIRL F 3. p GLEIFFCH U7z PyObject_Malloc (). PyObject_Realloc ().
F721% PyObject_Calloc() DR L7METHRIFIUIZ D £V A, ZHLIHNDEHES PylObject_Free(p) %
FEOH L7 o 728 E. REROEFICLD $9,

p 3 NULL OBEMS LER A

11.5 Default Memory Allocators

Default memory allocators:

Configuration BT PyMem_Raw- PyMem_Malloc PyObject_Mal-
Malloc loc

YUY —XEINLEF "pymalloc" malloc pymalloc pymalloc

TNy ZJEILR "pymalloc_debug"malloc + debug | pymalloc + de- | pymalloc + de-

bug bug

pymalloc fEL DV Y —X ¥ | "malloc" malloc malloc malloc

LR

pymalloc &L D7 Ny 7' | "malloc_debug" | malloc + debug | malloc + debug | malloc + debug

N

ETLER
o #Hi: PYTHONMALLOC BREEAR O fE
e malloc: B#EC S A4 77 VD RATa7ur—&, C BB malloc(), calloc(), realloc(), free()

o pymalloc: pymalloc XEY7OT—4
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e "+ debug”: PyMem_SetupDebugHooks () THREINDZTNv 77 v 7 DflAEHLE

11.6 XEV7O7—R2%Z2HRXAEIA1XTS

N— a ¥ 3.4 TEM.

PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

Z14—IJLE

U S

void *ctx

Bl L THEINZ2—FarTF
2 b

void* malloc(void *ctx, size_t size)

XEY) 70y 7EEHYTET

elsize)

void* calloc(void *ctx, size_t nelem, size_t

0 cHifbahXEY 7y 7 2EID Y
TEY

new_size)

void* realloc(void *ctx, void *ptr, size_t

XEV TRy 7REDETENYI AL
3

void free(void *ctx, void *ptr)

XEY) 70y 7 RERT 3

N—Y a3 3.5 TEMH: PyMemAllocator HiE{RAY PyMemdllocatorEz W2V 3 — A& NJz T calloc

74—V EEMXNE L,

PyMemAllocatorDomain

TR =X FRXA REET 5D DHERTT,

PYMEM_DOMAIN_RAW
RE%K:

e PyMem_RawMalloc()
o PyMem_RawRealloc()
e PyMem_RawCalloc()
o PyMem_RawFree()

PYMEM_DOMAIN_MEM
R

o PyMem_Malloc(),
e PyMem _Realloc()

o PyMem_Calloc()

FXA i

11.6. XEV7OT—RZHZXEIA1XTS
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e PyMem Free()

PYMEM_DOMAIN_OBJ
RE%K:

e PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()
o PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
TBESNZRXAL YOXEY TRy 270y —RERRLET,

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
BEINLERRXAL VDAY TRy 770y —XEZHELET,

Mliwnwryar—&iE 081 PRERSI N E2=— 272 NULL TRWVWARA Y X E2IRIRFIRD %
A,

PYMEM DOMAIN RAW F XA YT, 707 —RFALy FE—7TRIFNUIRD FXA: 7ar7—XHIE
UCHENzr & GIL 3RFEERTVERA,

MLwrar =227y 7T (128D 7 vl — X 2O S 720 &, PyMem_SetupDebugHooks ()
BB ZIFOH LT, ilnwr s =20 RicF Ny 77y 7 2 BERE LRITIUIRD 8 A,

void PyMem_SetupDebugHooks (void)
Python X €V 70 s —XBEBONT 2B T 572007 v 7 2R ELET,

Newly allocated memory is filled with the byte 0xCD (CLEANBYTE), freed memory is filled with the byte
0xDD (DEADBYTE). Memory blocks are surrounded by "forbidden bytes” (FORBIDDENBYTE: byte 0xFD).

FATRF = v 7

o APIERZMHHL X3, Bil: PyMem Malloc () D3EID HTHNy 7 71K LT PyObject_Free() %
WECNT2 LTz,

o Ny 77 DBIBHIOEEZIAA (N 777y X —Tn—) BRI LET
e N7 7HTHROFZAA (N 774 —nN=—on—) ZHHELET

o Check that the GIL is held when allocator functions of PYMEM DOMAIN_OBJ (ex:
PyObject_Malloc()) and PYMEM_DOMAIN_MEM (ex: PyMem_Malloc()) domains are called

On error, the debug hooks use the tracemalloc module to get the traceback where a memory block
was allocated. The traceback is only displayed if tracemalloc is tracing Python memory allocations

and the memory block was traced.
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These hooks are installed by default if Python is compiled in debug mode. The PYTHONMALLOC envi-

ronment variable can be used to install debug hooks on a Python compiled in release mode.

N—Y a ¥ 3.6 TAH: This function now also works on Python compiled in release mode. On
error, the debug hooks now use tracemalloc to get the traceback where a memory block was allo-
cated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMAIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

N—3 = 3.8 TLH: Byte patterns 0xCB (CLEANBYTE), 0xDB (DEADBYTE) and 0xFB (FORBIDDENBYTE)
have been replaced with 0xCD, 0xDD and OxFD to use the same values than Windows CRT debug
malloc() and free().

11.7 pymalloc 7A%7 —%

Python 1Z1%. HFMOEWD/NEIRR (512 84 FUAT D) A 7Y = 7 Micki#{b XNz pymalloc 707 — X035 Y
F 3, pymalloc 1%, 256 KiB OEEV A XD 7 7V —=F7 LU ZXEY Ty Y72 HNET, 512 81 b
XD B RELRED Y TTIX, PyMem_RawMalloc() & PyMem_RawRealloc() 17 #—Nv 7 L%,

pymalloc V&, PYMEM_DOMAIN_MEM (ex: PyMem_ Malloc()) & PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc())
FXA v BBEDT7OT—4% T3,

7V —F7usr—&iE ROBEEEMHFNET:
e Windows Tl VirtualAlloc() & VirtualFree().
o FIAHTE2%5E, mmap() £ munmap().

o ZFNLHANDIGEIX malloc() ¥ free(),

11.7.1 pymalloc 7)—7+707—32DHRAZIA X

N—a v 3.4 Tl

PyObjectArenaAllocator
7V —FT7ur =R ELNT L 72DDWMIERTT, 30074 — A FERBET

Z4—LF =

void *ctx Tl LTEINSZI—FarTFX
void* alloc(void *ctx, size_t size) size N4 DTV —FERH DL TET
void free(void *ctx, void *ptr, size_t size) | 7V —F%2MHL T

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
Z7V)—=F7uar—RPEELET,
11.7. pymalloc 7O —% 253
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void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
TV—=FT7ur—RERELET,

11.8 tracemalloc C API

N—Ya ¥ 3.7 TEM.

int PyTraceMalloc_Track(unsigned int domain, uintptr_t ptr, size_t size)

Track an allocated memory block in the tracemalloc module.

Return 0 on success, return -1 on error (failed to allocate memory to store the trace). Return -2 if

tracemalloc is disabled.
If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack(unsigned int domain, uintptr_t ptr)
Untrack an allocated memory block in the tracemalloc module. Do nothing if the block was not

tracked.

Return -2 if tracemalloc is disabled, otherwise return 0.

11.9 ERAH

BANTBARTBIRE v b 2> T, BZ Hiof|% Python £ =712 [/O Ny 7 7 2 XEVRERT 2 & 5 I1cH &
ATZbDELUTITRLES:

PyObject *res;
char *buf = (char *) PyMem_Malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory();
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf);
PyMem_Free(buf); /* allocated with PyMem_Malloc */

return res;

FLa— F2RNROBEKtEy P TENZBOEZUTIORL %

PyObject *res;
char *buf = PyMem_New(char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory();

/* ...Do some I/0 operation involving buf... */

(KDR=12%i <)
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(AIDR=I 25 DfE X))

res = PyBytes_FromString(buf);
PyMem_Del(buf); /* allocated with PyMem New */

return res;

FOZoDBITIE. Ny 7 72 EICECEBE Yy MET2BMTREL TS ZITFERE LTS W, FR
HBERXEV 70y 7T IR B2 ATV IREEHEZIREAT 2EMREZES T72012, MELXEY API
77 IV EFS5TTI ZEBRBETT, UTOa—-FIRIZZD2DZIT—0BHDH, ZO55D—DIZ3B K2 —7
PREET 2000 X VIRERBEEZRE- L TW2 0T B&BH (Futal) £ 5L F %2 LTOVET,

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() */

FOXEY 70 v 7% Python b —7 L THRIEST 2BEITINZR. PyObject_New() . PyObject_NewVar() . B
XU Pyovject_Del () Zffi5 &, Python B34 7 =7 b2 XEVHRLIZDBRLZD TEE T,

IHRSDBEEICOWTIE. RED CIEX3HML WA TV 27 MMUIDEFPLELEICHE T 20RO THAL £ 3,
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%

TWELVE

F72 U FEREHYR—+ (OBJECT IMPLEMENTATION SUPPORT)

COETIE, LA TP 27 FOMZERT IHEHEONLBE. B, BLUE~70iZOoWTHAL £7,

121 #T2x 0 b2E—TLICXEVERT S

PyObject* _Py0bject_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. $7ziC XA EVHEREINIA T 27 b op 1T L. Bl HIEIRETD
28 (initial reference) ZHHAL L £ 3, LI N/A T 27 FRIRLE S, type HHZDAT I = 7
FERZBA R - OKREZ AT 256, BMHEEHEIERANRE T 247027 F oty MBI
NEFT, 7927 OO T 4 — L RITIZEEERIZL F8 A,

PyVarObject™ PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize t size)
Return value: Borrowed reference. PyObject_Init() OETOMEZITV, AJIEIA XL TV =27 +D
BEICEESIHEROIPLL X5,

TYPE* PyObject_New(TYPE, PyTypeObject *type)
Return value: New reference. C ¥iigA® TYPE ¥ Python B4 72 =7 b type BT, HLw
Python #7227 b2 XEY EICHRELET, Python A 79 27 PAY X TERINTVWEREWT 4 —)L
FEIFEHLESNERA; A7V 27 bOBRAT Y ME 1 KRV ET, HRT 2 XEV OV A4 XFHA T
Yz MD tp_basicsize 74—V RTHREDET,

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py _ssize t size)
Return value: New reference. C HiE{A%! TYPE ¥ Python BA 7Y =7 b+ type Zffio TH LW
Python #7227 b XEY EICHAELE T, Python A7 27 bAY X TERINTVWEREWT 4 —)L
Rt ER A, ERINZZXEVIX, TYPE BERITINZ., type D tp_itemsize 7 4 —)L KT
BEEINTVWEY A X% size AT OREZI LM TEET, ZOBEBUL. BIZIZX IO & 5 IR
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A XEBRETEZA TV 2 P eRETZBITEMNTT, —HOERD7 4+ — L ROXEVE Y LB TE—
ETToZeTrusr—a YEEERS L. XEVEHOMEN M LEL FI,

void PyObject_Del (void *op)
PyObject_New() X PyObject_NewVar() T HELR L7z X EV 2R L $9, @K, ZOBEBIEA 7Y =2
FOBRUZHEEEINT WS tp_dealloc NV FILOMUIHEINET, ZOBMENOELRIZ. XEY
FEIHIE D ERE R Python A7V =227 FERFELTVWRVWDT, A7V 7 +D7 4 =LK IZHLTT
AL TIERD £H A

PyObject _Py_NoneStruct
Python 22513 None ICRZ 2347V 22 T, ZOENDT7 7L RIEF, ZDF T 27 FADKRA V&R
ZiHEiS %5 Py_None ~ 7 R ffibilFiuIiz b £8 A,

BE.:

PyModule_Create() HIREY 2 —1D7 w7 — b XM,

12.2 £38D AT U FMEEE (common object structure)

Python Tid, A7 =7 MUZERT 5 LTHZ S OMERIEDNE T, ZOHITR=>DMEEL ZDHH
HHEZDOWTEHAL 5,

12.2.1 Base object types and macros

2TD Python 2 7Y =27 M, #7227 FDOXEYRNREDEHEDITH 2DVED 7 4 —V RET2ICHE
LTVWES, ZD7 14—V Fid PyObject B X PyVarObject M TRIHEINET, Zho0My F, ftho
2TOD Python 7Y =7 FOERTHEEZ IFHENEODATWE v 702 ffio TERINTVET,

PyObject
BTOATY =27 MR OREIIRL7ZHDTS, ZORICE, 2647V FRIETRA V&% F
7Yz b2 LT Python 255 DICHBERIEBRBA>TVET, BED " VY —X” LA RTIE, Z
DOEBRICEIA TS 27 VOSBRIV b AT 027 MTWHIET2RA T 27 MEFDBA-TVET,
FEBITIE PyObject THZHZLIZESEINTOERAN, £2TD Python #7227 bADEA > RIiZ
PyObject* NF X A MNTEE T, AYNICT VLA T5ITE Py_REFCNT ~Z7m ¥ Py TYPE =7 a%ffi
ORRTFNIRY FE A

PyVarObject
PyObject ZHEIR LC. ob_size 74—V FZEML7ZDDTT, ZOMERII. BT (length) D&%
oA 27 PEFIIMLUTHEWES, 208 Python/C API TEbI 2 Z 2 IXFrAEH D EH
Ao XVNIZT 7R RFT BIZIE Py_REFCNT ~Z 0, Py _TYPE ~7 R, Py SIZE <7 kbl iz
DEHE A

258 B 12E 72U bREYER— b (object implementation support)



The Python/C API, JJ—2X 3.9.19

PyObject_HEAD
AAEREIERTERVWAI T2 7 v ERBFATIHLVWEEZES T2 21cffis v/ e T3, PyOb-
ject_ HEAD =27 ni3XD k5 Il ET:

PyObject ob_base;

Lic®H 3 Pyovject D FF a2 XY bESRLTLEE W,

PyObject_VAR_HEAD
AVARVAZ B A REEFOA T2 7 M ERBETIHLWEEZES T2 215~/ n T,
PyObject VAR__HEAD ~Z mi3 XD & S ICEB SN E T

PyVarObject ob_base;

Lic®H % PyVarOvject D FF a2 X b E2BIRLTLIIZE W,

Py_TYPE (0)
Python A 7Y =2 D ob_type X N7 7L RAT2DIfE5~2rvTT, THUIRD XS ICEMEH
EJE

(((PyObject*) (0))->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.

N—a ¥ 3.9 TEM.

void Py_SET_TYPE(PyObject *o, PyTypeObject *type)
Set the object o type to type.

N—a v 3.9 TE.

Py_REFCNT (0)
Python 72 =2 F® ob_refcnt XY NIT7 7R AT 2DICMS5 <27 mTT, TAUIRD XS ITEMS
nE7d:

(((PyObject*) (o)) ->ob_refcnt)

void Py_SET_REFCNT (PyObject *o, Py ssize t refent)

Set the object o reference counter to refent.
N— a ¥ 3.9 TE.

Py_SIZE(0)
Python 7Y =2 D ob_size X N7 72 RAT2DIfE>5~2r0 T, THUIRD XS ICEBHEH
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S

(((PyVarObject*) (o)) ->ob_size)

void Py_SET_SIZE(PyVarObject *o, Py _ssize_t size)

Set the object o size to size.
N— a v 3.9 TEM.

PyObject_HEAD_INIT (type)
LW PyObject BD 7D DFIHHAIZEM T 2~ T3, 2O 73RO IS EHINAET,

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
FL W, ob_size 7 4 —JL F%& &Y PylVarObject BD 7= OFIHEICEMT 2~/ TT, 2D~/
B3RO XS ICEMENE T,

_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.

BT 72 F v 3 ROEBHTT

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
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Type of the functions used to implement Python callables in C with signature METH FASTCALL. The

function signature is:

PyObject *_PyCFunctionFast(PyObject *self,
PyObject *const *args,

Py_ssize_t nargs);

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |

METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords(PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |

METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,

Py_ssize_t nargs,

PyObject *kwnames)

N—Ya ¥ 3.9 TEM.

PyMethodDef
JEERAID X Y v REFTRT 2BICHW I HER TS, ZOMEERIIE 4 2D7 4 — L R3S D T T

Z14—=)IF | COB F=U3

ml_name const char * XYy R4

ml_meth PyCFunction | C EHEADKRA > &

ml_flags | int P LZED XS AT %R T 7727y b
ml_doc const char * | docstring DNAEZIET KA > &

The m1_meth is a C function pointer. The functions may be of different types, but they always return
PyObject*. If the function is not of the PyCFunction, the compiler will require a cast in the method
table. Even though PyCFunction defines the first parameter as PyObject*, it is common that the method
implementation uses the specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a

calling convention or a binding convention.
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There are these calling conventions:

METH_VARARGS

This is the typical calling convention, where the methods have the type PyCFunction. 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 argu-

ments. This parameter is typically processed using PyArg_ParseTuple () or PyArg_UnpackTuple().

METH_VARARGS | METH_KEYWORDS

Methods with these flags must be of type PyCFunctionlithKeywords. The function expects three
parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or pos-
sibly 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.

N—Ya ¥ 3.7 TENM.

METH_FASTCALL | METH_KEYWORDS

Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth Py0Object* 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.

N—=a ¥ 3.7 THEM.

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.

N—a v 3.9 TEM.

METH_NOARGS
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FIBDINR Y RIX, METH_NOARGS 7 2 7%k D3 758, BERIIBPEEEIN TV ErEF v 7L
BBV ET, TILAY Y Nid PyCFunction BITR TIRD EB A, H—DRF X XIZ self 1277
D, BV 2= A0F TVl M VARV ANDSIRZRFET 2 212D 3, WU X B
Z X X NULL 127 D 3,

METH_0
Methods with a single object argument can be listed with the METH 0 flag, instead of invoking
PyArg_ParseTuple() with a "0" argument. They have the type PyCFunction, with the self pa-

rameter, and a PyObject* parameter representing the single argument.

HUTOZo0EE,. MOHLENEZRTIDOTIERL, Z27ADXY vy Fe LTHESEBROFEHRNERTDHDT
T, BV 2= VI L TERINBEHTHOTERD EBA. XYy RIIHL TR, KT—2LhZD7 57
vy FPTEFEFHA,

METH_CLASS
XYy FOBRFOGIEE, BDA VARV ATRBAATY =7 bHEINET, 207 7 73 AA
HBIE classmethod ) Zfio THEMT 2D LR 53 XAXY W R (class method) 2 £ T % 7= 12D
nEI,

METH_STATIC
XYy FOBRMOGIEITE, MO Y22 ATELRL NLL B EINET, 20777
staticmethod() Zflio THEKRT 2D LR L BHXY v R (static method) ZHEKT 27D ITflibi
ij—o

B —ODERIE, HEXAY v FNEFADHDRY v NERLBEMZ 20 502HIHIL £3,

METH_COEXIST
AV NeHFOERCEEZMZ 3 Tu— RN L %9, METH _COEXIST Z8ELRFII, 77 11
FOBEIIC LTeh o T, ERPEELBVWEISAF Yy FLET, A0y b7y —@XYy FF—7L XD
HETICE— FXNDZDT, FlZIX sq contains Ay MEF v FLTWA XY v K __contains__() %4
L. 4% ® PyCFunction ®u— RZ[HIELE S, 20757 %2EFH#KT 5 . PyCFunction &7 v %—
FT7P =2 VEEERZZETrR— NI, Ary b 2#E L E T, PyCFunctions DFFH LI T v 8—
FT702 7 POMUHL LD bFRELINTVWEDT, 5 LIAEMNERICKRD £3,

12.2.3 Accessing attributes of extension types

PyMemberDef
type @ C fEEERD X N LTHRHEN TV, H2TBIOBEMELRIEERTT, ZOMERD 7 4 —L
PR TorEHTY:
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Za14—ILF | COHE I=(S

name const char * | X ¥ \%

type int C HEHRDOHD X N

offset Py ssize t | ZDX D type object L&A DIFATD offset /N4 + X
flags int 74—V RPHAL LEAPEAAFRRDOPZRT Y F 757
doc const char * | docstring DNAEEFETHRA V&

type 372K TAD COREEKTZ T_ 278D 5D 1DTT, X0 Python 267 7 A& 3
LE, ZFORXAYANEMNIET S Python ORI XN FE T,

Yo0% C DR

T SHORT short

T_INT int

T_LONG long
T_FLOAT B MUK
T DOUBLE double

T STRING const char *
T_OBJECT PyObject *
T_OBJECT EX | PyObject *
T CHAR char

T BYTE char

T UBYTE unsigned char
T_UINT unsigned int
T USHORT unsigned short
T_ULONG unsigned long
T BOOL char

T _LONGLONG long long

T ULONGLONG

unsigned long long

T_PYSSIZET

Py_ssize_t

T_OBJECT ¥ T_OBJECT_EX 23E7M - TW3 DX, T_OBJECT I X >\ NULL 72 5 7= & %12 None %KY
DXL, T_OBJECT_EX I AttributeError #iXHi 3 % s T3, T_OBJECT_EX !& T_OBJECT X B
$19 3 del XZIELL HDHS DT, TEAUX T_0BIECT Tld7 < T_OBJECT _EX o TLFF &\,

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using PyType_FromSpec () or similar)

, PyMemberDef may contain defi-
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corresponding to tp_dictoffset, tp_weaklistoffset and tp_vectorcall_offset in type objects.
These must be defined with T_PYSSIZET and READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__dictoffset__", T_PYSSIZET, offsetof(Spam_object, dict), READONLY},

{NULL} /* Sentinel */
};

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 *o0)
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
BMoTaXT 4 DEIRT7 7 LRAEERT 27-DDOHERTT, c:member: PyTypeObject.tp_getset A
oy FOHIABZIL T ZE W,

Z14—JL | COE =
ke
name const char | JEBMH#
*
get getter C function to get the attribute
®a setter B2ty /HIRT 2EED C 53888, BB E. BIEEHARD
HHICRD 9,
doc const char | fEED KF¥ a2 X7 —3 a Y7
*
closure void * getter & setter BT — X 2R MT 2, + 7> a Y OBRA ¥ &,

The get function takes one PyObject* parameter (the instance) and a function pointer (the associated

closure):

typedef PyObject *(*getter)(PyObject *, void *);

R F 73 RMURFIC NULL e St REICE NI e E@3FHLWBRZEL £9,

set functions take two PyObject* parameters (the instance and the value to be set) and a function

pointer (the associated closure):

typedef int (xsetter) (PyObject *, PyObject *, void *);
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BHEZHIBRS 2583, 2 BHD NS X —XIZ NULL ZH8ELE3. BN LHEE 0 2, KL 5E1E

-1 2fste LTRL £,

123 8A Tk

AR ANDR R ERT ZMEM: PyTypeObject MiiEAIZ. Z 5 Python A 7Y =27 A7 LOHTH
SEERERD 1 DOTL x5, BA 7Y 27 I PyObject_*x() FR% PyType_*x() RO TIRZ T2, 1F
EAYD Python 77V 75 —>a il >T, ELTHHADD ZEEBERELERA, ATV 27 MNIA T
Pz IDEDEIRRES D ERDIZEBTT IO, 4 VX T XARSH LB EERT ZIREY 2 -1

TIRIFHICEERFETT,

BA 7Yz MIFHEDR (standard type) IZHANRZ &7 D KRERERTT, FHA TV 27 MIZLOHE
ZREFLTED, 20 AYE C BHBADERA Y& T, Zh2hoBEIZZ DBIOREED/ NS WEIT 2 FEREL
TVET, ZOfiTE, ATV 27 bOFET7 4 =L RIZOWTEHMEFHL £, &7 1 —L Fidk fEEERANT

HE T 3 IEFRICHAINLTVE T,

LIFDZ74 v 20771y RMAT, EAR HiTlE PyTypeObject DEIKE /5% —H CHET X 2§ % #

HFTWE T,

12.3.1 24y o0 T77L >R

tp RO b+
PyTypeObject 2B k*! B BHXY v R /ASHEN Info*2
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____
(tp_setattr) setattrfunc _ setattr ,  delattr G
tp_as_async PyAsyncMethods * sub-slots
tp_repr reprfunc ___repr___ X X X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %

IRDOR—TIHEL
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R 1-FIOR—IHS5DHEE

PyTypeObject 2Oy k*! B BWHAY Y R /SHREY Info*2
QT DI
tp_hash hashfunc _hash___ X G
tp_call ternaryfunc __call___ X X
tp_str reprfunc _str X X
tp_getattro getattrofunc __ getattribute__, X X G
_ getattr_
tp_setattro setattrofunc _setattr |, delattr X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc___ X X
tp_traverse traverseproc X G
tp_clear InquUITY X G
tp_richcompare richemp func It | le eq  , | X G
__ne gt ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc _ iter X
tp_titernext 1ternext func __next_ X
tp_methods PyMethodDef || X X
tp_members PyMemberDef || X
tp_getset PyGetSetDef || X X
tp_base PyTypeObject * ___base X
tp_dict PyObject * _diet___ ?
tp_descr_get descrget func _get X
tp_descr_set descrset func _ set_,  delete X
tp_dictoffset Py_ssize_t X ?
tp_intt initproc ~init X X X
tp_alloc allocfunc X 70 ?
tp_new newfunc _ new__ XX 77
tp_free freefunc XX 7?7
tp_is_gc inqQuUiTY 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

RDOR=JHE<
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R 1-FIOR—IHS5DHEE

PyTypeObject 2Oy k*! B BWHAY Y R /SHREY Info*2

QT DI
tp_finalize destructor o X
tp_vectorcall vectorcall func

sub-slots
Slot B FHAY YR
am_awatt unaryfunc __await_
am_aiter unaryfunc _aiter
am_anext unaryfunc ~_anext
nb_add binaryfunc _ add_
___radd____
nb_inplace_add binaryfunc _dadd___
nb_subtract binaryfunc ___sub_
__rsub_
nb_inplace_subtract binaryfunc _ disub_
nb_multiply binaryfunc __mul___
~ rmul
nb_inplace_multiply binaryfunc _imul_

ROR—TIZHL

L AFEICTHEbATW S Ay MAE, 20 (REWR) FEHERTHZ e ZRLTVET, IHENTHbIRTWS 21y M,
AHLERE LTbhaRETT, AfEITHLATVW R0y ME,. NETOAEbONE T, (HEEEEE LToD) "<R>7 1.
DT 4=V EFPREATHZ 2 (NULL THRWI L) ZERLET,
*2 7

”0O”: set on PyBaseObject_Type

”T”: set on PyType_Type

"D default (if slot is set to 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”: inheritance

the slots of the sub-struct are inherited individually

it's complicated; see the slot's description

type slot is inherited via *PyType_Ready* if defined with a *NULL* value

inherited, but only in combination with other slots; see the slot's description

Note t] | fectively inherited throueh | attribute lookun chai
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R 2-HIOR—IHS5DHEE

Slot B FHAY YR
nb_remainder binaryfunc __mod___
___rmod____
nb_inplace_remainder binaryfunc __imod
nb_divmod binaryfunc __divmod____
~ rdivmod__
nb_power ternaryfunc ___pow____
___TIpow___
nb_inplace_power ternaryfunc ___ipow_
nb_negative unary func __neg
nb_positive unaryfunc ___pos____
nb_absolute unaryfunc ~__abs_
nb_bool INQUITY ~_bool
nb_invert unaryfunc _invert
nb_lshift binaryfunc _ Ishift _ rl-
shift
nb_inplace_lshift binaryfunc _ ilshift
nb_rshift binaryfunc _ rshift
_rrshift
nb_inplace_rshift binaryfunc _ irshift_
nb_and binaryfunc _and
__rand
nb_inplace_and binaryfunc _ dand___
nb_xor binaryfunc _ Xor_
__rxor___
nb_inplace_zor binaryfunc _ixor__
nb_or binaryfunc _or___ ___ror_
nb_inplace_or binaryfunc _dor____
nb_int unaryfunc _int_
nb_reserved void *
nb_float unaryfunc ~ float_
nb_floor_divide binaryfunc _ floordiv___
nb_inplace_floor_divide binaryfunc _ifloordiv____
nb_true_divide binaryfunc __truediv____
nb_inplace_true_divide binaryfunc _ itruediv__
nb_index unaryfunc __index_
nb_matriz_multiply binaryfunc _ matmul
__rmatmul
RDR—=T I

12.3. BFT>z I b
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R 2-HIOR—IHS5DHEE

Slot B BHXYV Y R
nb_inplace_matriz_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_
sq_1item ssizeargfunc _ getitem
sq_ass_titem ssizeobjargproc _setitem_
_ delitem_
sq_contains objobjproc ____contains____
sq_inplace_concat binaryfunc _dadd___
sq_inplace_repeat ssizeargfunc __imul_
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc()
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A0y FDEHRE (typedef)

E&E (typedef) 5183 BOER
allocfunc PyObject *
PyTypeObject *
Py _ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visttproc
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 *
) PyUbject ™
12.3. 84T+ 271
PyObject *
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See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject E%&

PyTypeObject DIEEMAREFRIE Include/object.h TROFHN 23T TT, B

WFERZRDIELET:

DOFMEEEL DT, 22

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 suttes 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;

(KDR=12%i <)
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(AIDR=I 5 DREE)

/* 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 */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */

unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObject;

12.3. BFJoz ok
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12.3.3 PyObject XO0vw ~

The type object structure extends the PyVar0Object structure. The ob_size field is used for dynamic types

(created by type_new(), usually called from a class statement). Note that PyType_Type (the metatype)

initializes tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

PyObject* PyObject._ob_next

PyObject* PyObject._ob_prev

INBHD7 4 =)L RiE~v 20 Py TRACEREFS ERINTWVWEIHADAFEL T 3,
PyObject_HEAD_INIT v Zu%kffi5 &, 7 4+ —/L K% NULL (WML L ¥5, BIICXEVRERI N
TW3A 727 bTlE, TRHDT7 4 =L RIZHEICNULL OFFETT, BT AEVEREINSZ AT =
ZrDEHBE, INHTODT7 4=V RiE, e—T LD 2TO #RHOA T 27 Mo RBZZEY VI
ANTATI 27 b)Y 7T ONET, 2O 3kc BTNy ZJHWCHHATE £5; BT
(k. BRIEZHL PYTHONDUMPREFS 25 EXINT WS & ZZ, 07T ADOETHRTRATHERL TS 47
Yz VT 20— RFITT,

by 8

Y TRAFEZDT 4 — L EFEHELEEA,

Py_ssize_t PyObject.ob_refcnt

BA 7027 FDBEAH > b T, PyObject _HEAD_INIT (X ZDfE%E 1 [CHIHHMEL 3, EICX TV HE
RN A T 27 T BDA VARV R (ob_type %43 2HEIEL TVWE AT 27 b) I3
BEHY Y P T 2HRICE BDFRA . BINICXEVEEINZBA TV 227 bDBFE, 4 VARV X
ZIRAY Y P ORI BOET ,

R

Y TRATEZDT 4 =L FEHELZEA,

PyTypeObject* PyObject.ob_type

HEEOR, AIOFWAET 58 XXX AT TF, PyObject_HEAD_INIT ~ 7 v Tt X h, @&
3 &PyType_Type 72D %3, L2 L., (2% < ¥t d) Windows THHTZ 28w — FA[RERILIR
BV 2T, ary4L AR TE RV XZDFET, 22T, #obLe LT,
PyObject_HEAD_INIT IZid NULL %2 L CHIEML L TH E, OBRIEZITSHNCEY 2 — L OWIHLEIRL
THRINICZD 7 4 =V REIIET 2 221> TVET, ZOHMEILITO X5 TwET:

Foo_Type.ob_type = &PyType_Type;

FoBER B TI3HO0LREIAL VAR AERLID DAL TEL2RTNIERD 28 A,
PyType_Ready () & ob_type %% NULL % ¥ 5 2N, NULL DEEICIIILES 5 2D ob_type 7 4 —IL
FTHIHIE L £ 3, ob_type 7 4 —/L R23E B TRWEE, PyType_Ready() \ZZ D7 4 —LREEHEL
EH A

R

274

B 12E 72U bREYER— b (object implementation support)




The Python/C API, JJ—2X 3.9.19

B TRALFSIZZDT7 4 — L FEHEL T,

12.3.4 PyVarObject XOvw

Py__ssize_t PyVarObject.ob_size
HINCA B VRSN TWRRA TV 227 bOBFE, 2074+ — L FidEnigiftasn gy, B
VRSN TV HA 7Y =27 FDBE, ZD7 4 —L FENEEH SN2 RHhRRERZHD £9,

kR

P TRALAZZDT7 4 =V FEHEAL T A,

12.3.5 PyTypeObject XOw k

Each slot has a section describing inheritance. If PyType_Ready () may set a value when the field is set to
NULL then there will also be a ”"Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_Type effectively act as defaults.)

const char* PyTypeObject.tp_name
BOAHIMBA > TWd NUL IS N7 L FHINDERA Y RTF, TV 2a—1D7a— VAR LT
IR ATELHOBGE, ZOXFINIFTEREY a—NVFA, Ky b, ZLTHOAR e Fi XFEFNTHED &
T MHAABBIDEE, R ORDERITTT, TV a—ABHEy F =YDV TEY 2 —LDEE, L
BRI —PHPERBREY 2 —NZBD— TR ->TVET, HIZIE vy —Y P NDHFTES 22—
QRASDTWVWREY 22—l M ATERSINTWVWS T, tp_name & "P.Q.M.T" WZHHLL 5

Nz X B VR EINA BT T2 7 FOEE, 207 4 — L FIZBEICBIOLENCR D, Y 2 — 14138
DFEFENTHF— '__module__' IIXT2EE U THRIMNMRIFEINE T,

BICA B VRSN ZEIA 7Y 27 FOBE, tp_name 7 4 — L RIZWE Ry FBEENATVWRIETT
T, RED Ny b & BENCDH 5585 Y?§U@1$Ci _module__ B2 LT, ¥2Fy XD BRAICH
58533 _ _name  J@MEr L Tr27tATEZET,

Fy b Ao TOWRWES, tp_name 7 4 —)L RONELTH __name__ BHIZ/Z D, __module__ B
P (BA0 & 5 1B OB BN THRIIC Ly F LEVWAED) RERICRD EF, Cokd, 2o
pickle (L TERNWZ EIZKRDET, 51T, pydoc BERTEET 2 — L FF a2 XY FPDYRMIHHEDS
7D ET,

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
i

Y TRATNEXZDT 4 =L FERELEHEA,
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Py ssize t PyTypeObject.tp_basicsize

Py_ssize_t PyTypeObject.tp_itemsize

IHREDT 44— R, BV RARADAL P YA RXEBFHETESE51CLET,

B3 Zo0ERH D FT: BERA VRAX Y ADTIZ, tp_itemsize 7 4 —L FBE¥ 0T, AIZEEA
VARYADHIE tp_itemsize 74— FAIEXODMEICH D £, EEREA VAKX Y ADHDIGE,
TDA VARV AFELL tp_basicsize THEZBNH A XD ET,

AIERA VARV ADBDEE, £V AZ 2 AI2E ob_size 7 4 — L EWRLTILRLT. / VAR VR
DVAREINELXTI =27 bD "RE” 2 LT, tp_basicsize ¥ tp_itemsize D NfEERELZHDIC
2D ET, N OEIZEE, {1 VAKXV AD ob_size 7 4 — /L FICEEREINE T, =L LHEKNDI VWL O0H
DET: FIZIE. BERTIZADEE ob_size IXflio T, A VRAXVRADRITMENATHZ %KL, N
HiAIZ abs(ob_size) 272D FEF, £/, ob_size 74—V EBHI0HLWVWoT, BT LB VARY
ADHERTHZ e EEKRLERA (FIZIX, VA MIOERIIEERDA Y RAX ¥ 2R 212500
Do3, A VARV RAZIIb R AL EKER 57 ob_size 74—/ FHHD EF),

HARY A 12, PyObject HEAD <% 7 R E£721% PyObject_VAR_HEAD %7 R (4 Y AR ¥ Atk EES
TE2DIME -/ 60D778) TEEEINTWVWE 7 4 —LEBAoTVET, THIT, _ob_prev BLT
_ob_next 74 =V ERHBZGE, INOHDT 41—V FdH A XMEINET, - T, tp_basicsize
DELWHHHLEE2B 212, A VAR VAT —RZDLA 7Y 2EST 2DIE S &R LT
sizeof HETFZM5 LorH D FEA., BEART A 2E, GC ANy ZH AL XEA>TVEEA,

774 YA MCHETLIER ZROBERZEET 2BRICHEDT 74 Y X " PRBEL R 25E,
tp_basicsize DHIZRZ DT RIFIUIR D £X¥ A, Bl: H 28D double DEFIZEELTWB L
£ 3, tp_itemsize \& sizeof(double) TTF, tp_basicsize M sizeof(double) (Z ZTWEIh%
double D7 74 Y XY FPHERFT 2V 4 XRET 2) DEBA OV A4 X2 E51F501d 7075
SDEMETT,

For any type with variable-length instances, this field must not be NULL.
ok

INOEDT 4 =V RIEY TR IR LIRS NE T, HEX A TDH 0 TRV tp_itemsize BFio T
WBE, HEX A TOFEEKRF L ET0, — RIS 724 FTHlD 0 TEWER tp_itemsize IT
WETZ2DIRETIEDD FHA

destructor PyTypeObject.tp_dealloc

AVARYADT AL Z 7 ZEBANDKRA VX TF, ZOBEIZ (FET None % Ellipsis DHED XS
W) A VAR YANPRLUTRAEYFERENROETROBYBFTERLRZTIERD EEA, 72 F 2
RDHEYTT:

void tp_dealloc(PyObject #*self);

FRA LT 7 REBUE. BB YV N DFT2ICE 0T - 728 Py_DECREF() % Py_XDECREF() <271
PHERRHEENET, MOHEINEFEETIE A VRZVRARBELEITLTLETH, 4 Y RAX Y RIIHT

276

B 12E 72U bREYER— b (object implementation support)




The Python/C API, JJ—2X 3.9.19

2RI BVIRETT, AN 7 ZBBEA VAR AR LTV E2 2 TOSRBEMRML, A
VAR VADPHRLTOVEZRTOREY Ny 7 7% (Ny 7 7 OWMRRRICHE - 7B HIE T 2 X €Y
FRTNBIE 2 - C) MR L. ZOHD tp_free ABZMUIHLE T, DBV T XA FHAERKT Z7%2
W (Py_TPFLAGS_BASETYPE 7 2 Z7'Wt vy F I TWVWRW) HE, tp_free DRODICATI =7 FDX
£V MRARBRL (deallocator) ZEEMOH L THDEVERA, A7V =2 DX E Y BREEE, A
VARVADRAEVHEREATO BRI o BEBICHIE L2 DTRIFINERD EFVA; A VARV A%
PyObject_New() % PyObject_VarNew() TXEV HELRLIHEICIE. E PyObject_Del () ZfEW,
PyObject_GC_New() % PyObject_GC_NewVar () THERL 7=8E121& PyObject_GC Del () ZfEVE T,

If the type supports garbage collection (has the Py_TPFLAGS_HAVE_GC flag bit set), the destructor
should call PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc(foo_object *self) {
PyObject_GC_UnTrack(self) ;
Py_CLEAR(self->ref);
Py_TYPE(self)->tp_free((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should decrement the
reference count for its type object after calling the type deallocator. In order to avoid dangling pointers,

the recommended way to achieve this is:

static void foo_dealloc(foo_object *self) {
PyTypeObject *tp = Py_TYPE(self);
// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp) ;

-
Y TRATEZDT 4 — L REHEL T,

Py_ssize_t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the wvectorcall

protocol, a more efficient alternative of the simpler tp_call.

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 wectorcallfunc 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.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its be-
haviour is consistent with the wectorcallfunc function. This can be done by setting ¢p_call to

PyVectorcall_Call().

12.3. BFJoz ok 277



The Python/C API, U1 —2X 3.9.19

E&: It is not recommended for heap types to implement the vectorcall protocol. When a user
sets __call__ in Python code, only ¢p call is updated, likely making it inconsistent with the

vectorcall function.

AMR: 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.

N— a v 3.8 TEHE: Before version 3.8, this slot was named tp_print. In Python 2.x, it was used

for printing to a file. In Python 3.0 to 3.7, it was unused.
i

This field is always inherited. However, the Py_TPFLAGS HAVE_VECTORCALL flag is not always inherited.
If it’s not, then the subclass won’t use wvectorcall, except when PyVectorcall_Call() is explicitly

called. This is in particular the case for heap types (including subclasses defined in Python).

getattrfunc PyTypeObject.tp_getattr

F 7> avDRA Y RT, get-attribute-string 2175 B EIEL £ 35

ZD7 4=V RIFIEHEIRTT, ZDO7 4 =V RZERT DL 2L, tp_getattro BIBERU L5 ITEIEL.
BRI Python XFH| A 7Y =22 b Tid# C XFHTIRET 2 Lo RBHEERET I LTl
EhEEA,

ik
Group: tp_getattr, tp_getattro

ZDT7 4=V RiX tp_getattro Y T XA FICHEINET: bbb, ¥ T7XATD tp_getattr
BXU tp_getattro BT NULL DIGE. 7214 FIIEIEX A T 6 tp_getatir ¥ tp_getattro
ZHTE HMAL X,

setattrfunc PyTypeObject.tp_setattr

AT arDRA Y RT, BEDORE L HIFRZT S B EIHL £3

ZDT7 4=V RIZIHERTT, TOT7 4 =L FEZERT S & XL, tp_setattro B EFIU X 5 CEIfEL.
JEEHE Python XTI 7Y = 7 b T3 C XFHITHRET % & 5 Rz T LS5zt
ZhEEA,

ek
Group: tp_setattr, tp_setattro

ZD7 4 =)L RIX tp_setattro LIV TRA IR INET: Thbb, ¥ T7XATD tp_setattr
BEUYU tp_setattro BHIZ NULL DIFE, 7 XA FIFHIEX AL THh 5 tp_setattr ¥ tp_setattro
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T DAL T

PyAsyncMethods* PyTypeObject.tp_as_async
BMOMEREZIET R VX TT, ZoOMERIZ. C LT awaitable 7’0 b 2Lk asynchronous
iterator 70 N ANVEREETEF T 27 MEFICHEFRTE 74—V FERFELEE T, FLWVI 2T async
FTT TV MEER 2BRLTLIZE W,

N—a ¥ 3.5 TENM: YA tp_compare X tp_reserved ¥ L THIGNTWVWE L7,
o
tp_as_async 7 4 =)V RIFRSINERAD, THUEENDS 7 4 — L FDMEFNCHRER SN E T,

reprfunc PyTypeObject.tp_repr
FTavDRA Y RT, HAABBEE repr) ZFHEL TWIEEERELE T,

The signature is the same as for PyObject_Repr():

PyObject *tp_repr(PyObject *self);

ORI FINA 7Y = 7 F2» Unicode A 7Y =7 FRIRERSRITIUILD FE A, BAENIE, Z0H
BoniB 335 HE, YIRS T eval O WEL7GE. RCEZFOA 7Y 27 MTind &5 35
TRIFNERD A, FARELREEICE, A 7927 PO EN LB LENED Ao <! hoin
FoT "> TROLXFHNZREI R TUIRD T8 A

-
Y TRATIIZDT 4 — L REHELET,
FI7#ILE

ZDT7 4 =L EBREINTVIRWEA, <ls object at %p> DIER % & 2 XFFIWRINE T, %s I&
ROELAN, fp EA TV 27 FDRXEY 7 FLRARKEBEERZONE T,

PyNumberMethods* PyTypeObject.tp_as_number
BiE7 o b alz2RE L BMOBEREZIET RS VX TS, ZhoDT7 4 =N FIZOWTIE BfEA T
T hMESE THHEA TV T,

.
tp_as_number 7 4 =)L RIFRINFERAD, ZZDEENS 7 4 =L FAESNHEAE I NE T,

PySequenceMethods* PyTypeObject.tp_as_sequence
=T YA70 har IR LBMOMEREZIE TR, Y X TS, ZAH6DT7 4 = FIZOWTIE &—
TYAF TV MEER THHSA TV T,

by

tp_as_sequence 74—V FIFHARINERAD, THICEENDE 7 1+ —V RBMERFICHA SN E T,
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PyMappingMethods* PyTypeObject.tp_as_mapping
~vbErr7n b alEIERLIGEMOMERZIET RS Y X TY, ThHDT7 4 =L FiZOWTIE T
TAT2 U MMEER THHIATVWETS,

r:
tp_as_mapping 74—V FIZHRIHERAD, ZHCEEND 7 4 — L RBEFICHERE N E T,

hashfunc PyTypeObject.tp_hash
T ayDRA Y RT, HAHAHEE hash) ZREL TV 2K ZIEL $3

The signature is the same as for PyObject_Hash():

Py_hash_t tp_hash(PyObject *);

ZOBEIZ C ® long BOEZR ST FHA, BERICE -1 ZREDEICLTERD FEA; Ny
YafEDF AR S = U GE, BEEAIN Yy LT -1 2 BERRRD FEA,

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object
raises TypeError. This is the same as setting it to PyObject_HashNotImplemented().

Z D7 4=V RIZBARINIZ PyObject_HashNotImplemented () WCEET S I & T, i type HD Ny
SaXYy ROMAE IOy 735 2B TEET, Z4UX Python L XJLTD __hash__ = None k[
IR X, isinstance(o, collections.Hashable) 231EL { False %K TJ:?kiKD 9, WiHE
JRJRETH B Z 2 ICHERE L TL 72X W - Python L NJLT __hash__ = None Z#EF 5 Z ¥ T tp_hash
Znvy M PyObject_HashNotImplemented() WZFEINE T,

e
Group: tp_hash, tp_richcompare

D7 4=V R tp_richcompare LHIZH T XA FIHKEINET: Thbb, v T4 T
D tp_richcompare B XU tp_hash W& dH NULL D& &, 724 TEEEEXAL T 5
tp_richcompare ¥ tp_hash ZWF L DAL E5,

ternaryfunc PyTypeObject.tp_call
AT avDRAYRT, AT 27 FOMPHLZHEL TOLBEBZELET, A 7222 FHCH
LAJRE TR WISEICIE NULL I LRI AUIR D E¥ A, ¥ 73 F v PyObject_Call() ERULTT,

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

-
Y ITRATEZDT 4 — L REHELET,

reprfunc PyTypeObject.tp_str
AT ayDRART, MABAADER str() ZFEEL TV IEBEIEL £, (str RO —DIZ-
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o7z, str() W str DAVRA NI/ X EMUHT I IHERLTEE N, ZOa YR M7 7 XITERE
DI E(TS ET PyObject_Str() W L. X 51T PyObject_Str() I DAY K7 2HUHT Z
LD ET, )

The signature is the same as for PyObject_Str():

PyObject *tp_str(PyObject *self);

Z ORI FEINA 7Y = 7 D Unicode 7Y =7 M RERITUIRD FRA, ZRUIA T =2 b
T 7 b3 (friendly)” BIHLZXFITRINERD FRA, 2WVWI DI, ZOXFHNZE hbit
print ) BAETHEDLN S Z IR BRSO TS,

A
B TERALFZZDT7 4 — NV FEHEALE T,
FI7FILE

ZD7 4 =L EPFRESINTORWEE, LFHIERBZIRTDIZIE PyObject_Repr() BFFIHIEH
9,

getattrofunc PyTypeObject.tp_getattro
F 7T a DKL VX T, get-attribute ZFEEL TWEEKEELET,

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

WEHEOBEMBEIIEL TS PyObject_GenericGetdttr() I DT 4 =L RIZRELTEL &2\ T
VOBERERN T,

.
Group: tp_getattr, tp_getattro

DT 4= Fi& tp_getattr &HITH T XA FITHRSNET: $RDE, ¥ 77X 4 TFD tp_getattr
BIU tp_getattro BHIT NULL DIFGE. ¥ 7214 FIZEIEX A T 6 tp_getatir ¥ tp_getattro
2T HMAL T,

T4 b
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT arDRA Y RT, BEDORE LHIBRZIT S BBZIEL 35

The signature is the same as for PyObject_SetAttr():
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int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

51T, value 2 NULL ZH5E L CTEBMUZHIBRTZ 2 X5 I LARTNUILD A, BEDOA T =7 ME
MREZ R L TWDS PyObject_GenericSetAtir() ZZ D7 4 — N FIZREL THEL LV TWDHE
EFTT,

o
Group: tp_setattr, tp_setattro

ZD7 4=V FIX tp_setattr EHIZH T R4 SR EINET: TRhbDE, 724 TD tp_setattr
BIU tp_setattro BT NULL DBHE., 7 XL FIEHEX A T o tp_setattr ¥ tp_setattro
T DRRL 9,

F7A4ILE

PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs* PyTypeObject.tp_as_buffer

Ny 774 VR =T 2 —RARELTVEA TV 27 MCOAMEHET 2, —#HD 7 4 — L REDPA - 72
BOWEREIETRA VR TT, MERNOE 7 4 —ARE Ny T 7Z T2 0 MEERE (buffer object
structure) TRHAL £3

by S

tp_as_buffer 7 4 =L FARITMEINERTADL, ZHUTEENE 7 4 — L FIXEINCHR SN E T,

unsigned long PyTypeObject.tp_flags

CD74—=NVFRREART ZTHEREEY PRRAIZTT, W OHhD7 7 7F, FEDKRRITEBWT
ZHINR <Y T4 ZADBEHASINZE I 2RLETS, 207773, BA 7022+ (D20
tp_as_number . tp_as_sequence . tp_as_mapping « B X tp_as_buffer MBI L TV 2 ILIRERE
HHER) ORED 7 4 =V RD S B, MEPSLHEETT o LIFEL TV O TIERWD DEMITR -
TWVWB I ERTEDIMEONET; 7577y b7 Y 7ENTOIRR, 777 RELTVWE 7 4 —L
FIZIE7 72 A LB WO DI, ZOfEIZE e NULL 18725 TV e AR I RIFIUIRD £/ A,

kR

ZDT 4=V RFOMKIZTIABA > TVET, IFLALD7 7 73 AMCHRERENET, Thbb, BEE
RATDI7 778y PHPRESINT WL, ¥ TXATOT77 78y b ZNes| SHEF T, IIRK
REMEERD AR S N 2 5B E . JREEEMGEARICBRT 2 77 7y MAREE ICHAR SN E T, T4
b, BKXATDT7 578y bOEIE RREREMERANDKRA > 2 ez, 4724 Ficav—anx
9, Py_TPFLAGS_HAVE_GC 72 Z7¥ v NI tp_traverse 7 4 —)L K ¥ tp_clear 7 4 —)L K& HIZHk
RKEINFET, ThbB, 37X A4 FICBWT, Py_TPFLAGS_HAVE_GC 75 27'Ey v 37 ) 7ENTWVWT,
tp_traverse 7 4 —)V R ¥ tp_clear 7 4 —/L FDMFEL NULL IZ/2 > TV AGHITHERINE T,

F7AILE
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PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

UTIBIT2y bR ZIEBHEERINTVWER DTS, 7770 | HETFCTmEMEZE-> T tp_flags
74— VEDEEERTE 3, PyType_HasFeature() ~Z7 0B 77, tp BLXU f 2 b,
tp->tp_flags & f MIEEL B L S DIFNE T,

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dy-
namically using PyType_FromSpec (). In this case, the ob_type field of its instances is considered
a reference to the type, and the type object is INCREF’ed when a new instance is created, and
DECREF’ed when an instance is destroyed (this does not apply to instances of subtypes; only the
type referenced by the instance’s ob_ type gets INCREF’ed or DECREF’ed).

e
777
Py_TPFLAGS_BASETYPE
E2ROROEEX AL T LTHR 5By PERBE Yy P T3, 2Oy MRZVUTRLIE Z
ORDY T 24 FIIERTEERA (Java \ZBIF 3 "inal” 7 5 Rz 7 7 A2 D £75),
i
777
Py_TPFLAGS_READY
BA TP 27 WD PyType_Ready () THREWXFHLIh2 ety FENBZEY b TT,
e
777

Py_TPFLAGS_READYING
PyType_Ready () W2 X238 A 7Y =7 s oHELLIEHICE Yy PXNZE Y FTT,

R

777

Py_TPFLAGS_HAVE_GC
ATV M HBAR=—YaAL s ay (GC) Y E—FFEHEKCEY PENZE Y PTT,
IOy FBEYy PEATWBREHA, 4 Y AKXV R PyObject_GC New() % > THER L.
PyObject_GC Del() o THELARTNIER D FH¥A, FLWEHERIE BREBEAR—2OL0
ooarvEYR—b93% 1ZHDFET, 2Oy bMI, GCIKE#ET 27 4 —IL K tp_traverse B&
U tp_clear BRIF T 27 PICHEET 22 HRLTVET,
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.
Group: 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.

Py_TPFLAGS_DEFAULT

B 7927 PBIXUBREREEBEEROREDO 7 — L FOGFHEOEBICHE T 2 £
TOE Y "6 2EY PRI TT, WIRKTWE, ZOE Yy PR ZIZEMUTOE v b
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION 3 % O¥ Py_TPFLAGS_HAVE_VERSION_TAG 725 A - T\
£9,

kR

777

Py_TPFLAGS_METHOD_DESCRIPTOR

This bit indicates that objects behave like unbound methods.
If this flag is set for type (meth), then:

e meth.__get__(obj, cls)(*args, **kwds) (with obj not None) must be equivalent to
meth(obj, *args, *xkwds).

e meth.__get__(None, cls) (xargs, **kwds) must be equivalent to meth(*xargs, **kwds).

This flag enables an optimization for typical method calls like obj.meth(): it avoids creating a

temporary "bound method” object for obj.meth.
N— a v 3.8 TEN.
R

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
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Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
ZNBHDT7 T 7N PyLong_Check() @ X 572D, BN B HMMAABBIDY 70 5 A0 5 0%
FEHT 20N ET; COHEHDF = v 7% PyObject_IsInstance() ® X 5 RILHANR
FryZ7 XD bEETT, HAAAMEZHMKLIEDOR T tp_flags ZHEYNIHRETRET, £
S LRV ZDORPEDL 23— FTIE. CART = v 7 DFEPHEON LI Ko TIRZ EWHRZR 5
TLESTL& D,

Py_TPFLAGS_HAVE_FINALIZE
BIRGERIC tp_finalize ARy FPFELTWVWSHE XLy hENBE Y T,

N— g v 3.4 TEM.

N— a v 3.8 TIHLE This flag isn’t necessary anymore, as the interpreter assumes the

tp_finalize slot is always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL
This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset for

details.
R

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL.

N—Ya ¥ 3.9 TEM.

const char* PyTypeObject.tp_doc
FTavDRAVET, ZOHRATY 27 bD docstring 5 %% NUL #imE iz C OXXFH| %L
9, COMEAA T2 bAIDA VYRR Y ARB TS __doc__ BMEL LTRBAINE T,

-
B ITRLAFZZDT7 4 — N FEHE LEEA

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, void *arg);

Python DAR—yaL 7> a Y OAHAIIOWTOFNL, BREBEAR—JOL I3 EYR—FT
2IZHHET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-

mentation of a tp_traverse function simply calls Py_VISIT() on each of the instance’s members that
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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, void *arg)

{
Py_VISIT(self->args);
Py_VISIT(self->kw);
Py_VISIT(self->dict);
return 0O;

}

Py_VISIT() DPERBBICRIZBNDDH 2 X NZEIMFUPHINTWE ZEREFEAHLTL I W,
self->key X U N\bH D FTH, Z4IU NULL % Python XFH|DT, fEERSBO—HICK2 Z2dd
DEHA

=T AUADERSBO—HIcZ D BRVEH > TWTH, Ay ZHINTEEIL2WEELH 205 L
NIRVD T, gc EY 2—/LD get_referents() BIFIITERSIRICRDBERVA U ANBELE T,

ZE&: 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 tp_ 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).

Py_VISIT() % local_traverse() 2% visit £ arg LWORE AR DF I eR>Z e R ERLET,

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_traverse of another heap-allocated type
(such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

N—a v 3.9 TEHE: Heap-allocated types are expected to visit Py_TYPE(self) in tp_traverse. In

earlier versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.
o
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ZDT7 4=V R tp_clear BEU Py_TPFLAGS_HAVE_ GC 75 7'Ew b 2 HITH 7R A4 STk h %
T Thbb, YT RATD tp_traverse BXU tp_clear BT L bR DGE, 7 X4 FFHEX
A T?E tp_traverse ¥ tp_clear ZMJTE AL I,
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inquiry PyTypeObject.tp_clear
AT avDRAVRT, AR=YaAL 7 RIZET 2HEEBEE (clear function) % # L % 3,
Py_TPFLAGS_HAVE_GC 23t v P EINTWAHEICDAFOLIE T, 732 F v IERDMEH T

int tp_clear(PyObject *);

tp_clear X Y NEFUE GC SBH LAZERL TV 2 I DERSREE T LDOICHVONE T, BEN
BERTERZSZ L, AT LANDERTD tp_clear FEDEEEL T, 2 TOMERSRZHIE LRI UIR
DERFA, BRIE: HETD tp_clear ZEELLRS THRTOBERSUPBETE 20 THIUTEE LR
CTHRV) ZHEETHWMT, LA LTOIRNENRETDD 2D THIUI, tp_clear BAEBZIRMET
BZNETT, FlZIE, ZFME tp_clear ZEELEVA, BRERDS, ZTNIZTTHRE NGRS
MADOWPBZLIFEND LTS, o T, XTALNDEID tp_clear BEIZII T, XTI NEEL Y AR
THIRSBODIWIETES Z I D FF, ZAIBRICH 2 Z 2 TIE L, tp_clear DFHEERBHITZIR
WHHIZ®D > 72I2H D £H A

ROFNZH 2 X DIT, tp_clear DFEHEE, A VARV A S Python A7V =7 W2 Bbhid X VoA
DBWMEIL. ZREDRX U ANDRA Y RITNULL 2ty P FRETT:

static int
local_clear(localobject *self)
{
Py_CLEAR(self->key);
Py_CLEAR(self->args);
Py_CLEAR(self->kw) ;
Py_CLEAR(self->dict);
return 0O;
}

SO 7Y 737V 5 — beDT, Py CLEAR) <7 %25 RETYT: R4 VX% NULL Ity FT 5%
T, ZDA T2 VOB AT Y 2T 27V RX Y FLTEWIERA, BRIV PDT VAV MT B
E. FDA TV 27 WHWEINIZ LD LT, (FOATY 27 VICHENT NI A F I AP 5
SO - Ny 712X D) EED Python 2— FOFETEECHA T UENFEITINS 0 LK WD
BTT, dLEZIVoZa—RHEY sef Z2RT2Ze2bE, TTREF--TWEATI 27 bAD
RA Y RIE NULL I 5> TWBDT, self 3AMELTWeAT7 Y27 b SHHTERNZ L R2FTMTE
%3, Py_CLEAR() %7 Rl3Z DFH 22 RERIEFTIEITLE T,

Note that tp_clear is not always called before an instance 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 tp_dealloc is called directly.

tp_clear BBOBEMNISEA Y ¥ M Z2H#ET 2 Z 2 2D T, Python XF4IX° Python B8 D X 5 &, &
BBRIZEOCILDTERWAT I 27 Ve VT3 20EIHYERA, —J7. TS 22 TD Python
FTPz I eI UTTEEIICL, ZOBID tp_dealloc B tp_clear FAEFITT AL H12T 2
CFRIENEIIKRDETL x5,
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Python DA R—=YaL 7Y a YOAEHACOWTOFME, BREBAR—-AL IO avEYR—FT
3WZHHET,

i
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ZDT 4 =KX tp_traverse BX U Py TPFLAGS HAVE_GC 72 Z7'E v b HIZH T XA FITHES
NET: Thbb, YT XA TD tp_traverse BIUY tp_clear DM TE dELRDEFE, 7 X4 FidH
JEX A4 TS tp_traverse ¥ tp_clear R L DAL ET,

richecmpfunc PyTypeObject.tp_richcompare

AT aryDRAZT, JRRHEBEHZIELE T, 272 F v I3XDOED TT:

PyObject *tp_richcompare(PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by PyTypeObject.

2oL, HBFEREZIRITANETT, (Fi#Hld Py_True »» Py_False TT, ) LLEAKRERDHEIE.
Py_NotImplemented %, ZNLND LTI —DFA L HEITEIHSMREZ Y LT NULL ZIRERiTh
372D 8 Ao

tp_richcompare 3B X U8 PyObject_RichCompare() BAEIDEHE =518 S 72 DEK L LTI T 25%E
BINTVET:

¥ | k&
Py LT | <
Py_LE | <=
Py _EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

PRAR EEBLBAEL (rich comparison functions) ZfiHICEAR T 2 7DD 7 B ERINTVET:

Py_RETURN_RICHCOMPARE(VAL A, VAL B, op)
s U 7258512 U T “Py_True* 2> Py False 23 RLE 3, VAL_A ¥ VAL_B & C OLt#gHE
W Ko TIEFPAIATRECRIFAUIR D $HA BIRIFX N5 C FFEOBEDTFE/ NIRRT
Lx3) ZHBHDFIEITIE PyObject_RichCompare() L RFRICERINI-HELZIEEL 3,

BOMEOSEA Y Y MIBEUNCA Y7 )X P ERFET,
7 —RRIEBIANEERE LT, B#¥H» S NULL TY X—>Y L ET,

N—a ¥ 3.7 Tl
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.
Group: tp_hash, tp_richcompare

D7 4 =N FE tp_hash EHIZH TR A FITHESINET: bbb, ¥ 7 XA 7D tp_richcompare
BXU tp_hash DSHFEH NULL D& &, 7 X4 FIIRIEX A TS tp_richcompare ¥ tp_hash %
Wi bMAL T,

TI7#ILbE

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However,
if only tp_hash is defined, not even the inherited function is used and instances of the type will not

be able to participate in any comparisons.

Py ssize_t PyTypeObject.tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the
offset in the instance structure of the weak reference list head (ignoring the GC header, if present);
this offset is used by PyObject_ClearWeakRefs() and the PyWeakref_ *() functions. The instance
structure needs to include a field of type PyObject* which is initialized to NULL.

ZD7 4 =K% tp weaklist LIRFALBEVWESICLTLEIW; ZHIEFHA 7Y 227 FHEADFHSIR
M55 A NDEFHETT,

R

D7 4 =V FIZY T RA FITHRSNETH, LUTFOBAIZFHATLLEE W, ¥ TR FEZDF Ty
ME%ZA—=NFA RFTEZZDHDET; [EoT, 744 FTIEFSRY X M DEEIEKRL 4 T ITE
RBGEVDHD ET, VR NDEEITEIZ tp_weaklistoffset THDBIETHRDT, TDI IFfEIIC
3R 50T TT,

=

class X CEHEINZHUZ __slots__ BEEBEL L, 2OEEXA ITHFHSEAIRETRVWIGE, 208
ZESEBAREIC T 2 ISRV A FOREHERT AR Y b EA VARV AT —X LA 77 MEEKIZE
L. 2y bDA 7ty b% tp_weaklistoffset WICFHKE L E T

B __slots__ DEFIT __weakref__ X WIHHAHDRA Ty PBEENRTVWE L E, Xuy MIZOD
MDA AR ARXBTB9ZRY A FOREEKRT A0y MZRD, Ay A7y bHARD
tp_weaklistoffset WA D EF,

B __slots__ HED __weakref__ YWHHKHIDAR Y hEFATOVRVWE X, ZORIEEX A T
5 tp_weaklistoffset RHFAL ET,

getiterfunc PyTypeObject.tp_iter
FTaYDERT, ZDATI 27 v DA T L —RZRTEBANDKRA X2 TT, ZOENFET LI L
. BEZOBOA VARV ARA T L PARETH DI ERLTVET (L2l =7 Y RIZZ0M
75 {Tb4 7L — bAJHETY),

OB PyObject_GetIter() ERULY 73 F ¥ 2fioTVE !
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PyObject *tp_iter(PyObject *self);

HEE:
Y ITRAL FEZDT 4 — L FBREELE T,

iternextfunc PyTypeObject.tp_iternext
FTaYDRAYRT, ATV —RX—DROERZRIBEBZIELE T, 72 F vIFXOED T

PyObject *tp_iternext(PyObject #*self);

ATV —ROEREP KRB, ZTOBEBIE NULL 2R X R F4UEi D £8 A, StopIteration BIFMIER
FELTHLAERLSTHRVWTT, ZOMOLTS —MRAELL 2, NULL 2RI RIFNUIRD EF-A, 2O
T4—=NVERHEZE, TORDA VARVANRATL—ETHE I ZRLET,

A 7L —=2BTIE, tp_iter BB ERINTORITIIR ST, ZOBKIE ikl T L -4V AX
YATREL) ATV —RA YRR ZAEFRZIRSARLD $H A

ZOBBDT 2T ¥ & Pylter Next() XFEIU T,
kR
Y ITRATEZDT7 4 =V REHAELFET,

struct PyMethodDef* PyTypeObject.tp_methods
AT ayDRAVRT, ZORDIEM (regular) DX Y v F2ES L TW5% PyMethodDef gAY &7
%, NULL T S BRI 2 L £ 3,

BADEERI LI, XYy FTRZ YT RD A7, BEPBOTEE (LD tp_dict Z) [TBMS
nEI,

.
PTRAAEZDT 4 =V REMEKLELA (XY v RIZIMEDO X = X A THRRESIATOET),

struct PyMemberDef* PyTypeObject.tp_members
F T arDRA Y ZT, BMOIER (regular) DT — XX YN (74 =V FBLUFRB Yy b)) ZEFLTW
% PyMemberDef R&ERD 5725, NULL TG X N7 FHNZES 2T L 3,

BADOBERI LI, AYNTRAZ VT RDA - BREHPRIOEEE (T tp_dict ) 1CBEMI N
3

k.
BT RALAEZDT7 4 =V RERELEEA (X ANFFHEDO X H =X L THREINTOET),

struct PyGetSetDef* PyTypeObject.tp_getset
AT avDRA VET, A VAR ZAOEMEME (computed attribute) ZEHF L TW5 PyGetSetDef
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MR D & 7% 2 NULL TR S N HR R 246 L £ 9

BCA DB EZR Z L1, getter/setter TRAZ VT XD A o7, BHEIOEHE (T tp_dict ZH) 1B
mahgEd,

k-
YT RALFEZDT7 4 =N FEMEALFEA (BHBEMHEEAMED X =X LA THREAIATVET),

PyTypeObject* PyTypeObject.tp_base
AT avDRA T, BT 2 T a7 4 ZRKT RIRXA TE2IELET, TOT7 14— FOLAR
TR, Bk (single inheritance) 72323 R— F R TWEF; ZEMPRIEIX XX A4 TOFIHE LICE
LI 7Y 2 7 P OERELEE LET,

FAFR:  Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to
be ”address constants”. Function designators like PyType_GenericNew(), with implicit conversion to

a pointer, are valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type() is not
required to produce an address constant. Compilers may support this (gcc does), MSVC does not.

Both compilers are strictly standard conforming in this particular behavior.

Consequently, tp_base should be set in the extension module’s init function.

R
(U7 DFITTD) BT R4 FEZDT 4 —L FRWEL FH A,
FT7A4ILE

D74 —=—NVFDF 74+ MHEIE (Python 1 27 5 <& object B L THI o TW 3)
&PyBaseObject_Type 24D 3,

PyObject* PyTypeObject.tp_dict
BlOFEEIE PyType_Ready() 2L ->TIZIDT7 4 =L RIZDSNFE T,

D7 4 =N FE@HE. PyType_Ready () ZFFOHFHIIC NULL (L L THELRTFIUIRD FEA; D
ZW0WE, BoPEEDA - HFETHLL TBVWT 2 EVER A, PyType Ready() DTE V& 72
CWIHALs 2 2. BofFl-REE 2 ZO0FHFITBMTE 2013, BYED (__add__ O ©&k57%) A—~v—
FRBEETRVWE 2T,

by g

PTRAAEZDT 4 — LV REMELEEA (D, ZOHBNTERINTVIBEERLZ XD =XLT
MR ET),
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T7#ILE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

B tp_dict I PyDict_SetItem() #ffio7=b., #FE C-APl TRETZ2DILETEHDD E
A

descrgetfunc PyTypeObject.tp_descr_get
F T avDRAVET, TARAZYTED get BEBERLET,

B DY 72 F v 3RO B TT

PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type);

A
P ITRATEXIDT 4 — L REHKLET,

descrsetfunc PyTypeObject.tp_descr_set
AT avDEAYRT, TARAZ Y T XRDEDBGE L HIFRZAT 5 B ZIR L £55

B DS 72 F 2 3RDEBHTT

int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value);

% HIBRS 2121, value 518U NULL ZRELE T,
Hh:
P TRALTIZZDT7 4 — NV FEHELFT,

Py ssize t PyTypeObject.tp_dictoffset
DA YRR AL VAR ZABERD A TREERD 255G, 2D 74—V FiFEErDfEicizb, o
A VARV AT = ZBRIIB T 4 Y AR AZRFENDF 7Ly MBAD ET; 2OA 71y M
PyObject_GenericGetAttr() DMEVE T,

TD7 4=V R% tp dict LIREILEVEIIKLTLEZIY; ZHEEA 7Y =27 FHEORBEOERE
T,

D7 4 =L FOEDEE XD REFIUE, HIZA Y RAZ ABEROFEE,ISD 71y PERLET,
EAE R XD/NZTR, A YRRV AMERD KB 26047ty 2R L ET, ADA 7y M2l
5 AR MIEE K DK DTy 4 Y AR Y AMERICAIZERED DD 2 L EOAFESRNETY, HlZIF
str X tuple DY 7 XA 24 Y ARV AEROFFEZBINT 258121 AOF 7€y FEHVWET,
COHE. REAMEDERDA T 27 P AT T PIZEFATWARLTSH, tp_basicsize 74—V F
FEMENLFHELZERICOARITNIR LRV EITERL T EE W, KA Y EF A XD 4 N4 bO
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AT AT, BERORBEICHENESEINTVWE I BRI HE. tp_dictoffset & -4 1Z LY
I h FE A,

HD tp_dictoffset o, A VAR VATOEBEDOA 7y AT LI TOLSICLFT:

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*):

round up to sizeof (voidx)

Z ZT. tp_basicsize, tp_itemsize B K tp_dictoffset FHMA T =7 P HED H X h,
ob_size FA YRAXVAPLMO P EINET, MHMEZR-> TS50, BREIKFEZEET
DIZ ob_size DFEZMH 72D TT, (ZOHBELTHDTITOILBIXE - HH EVA; FTHEIX
_PyObject_GetDictPtr() 23> T NET, )

kR

D74 =N FEY TR FITHEEINET T, LUTORRIZHATL LSV, 3724 320+ 71y
MEZA—NTA RTEZEDBHDET; MoT, HT7 XA T TEHEOA 7Ly "IRERA T IXRR
BGENRDHH T, HEDL Ty MIWIT tp_dictoffset THMPBETHRDT, ZDZ L IFREICIER
5RWIETTY,

class X CEFRINZENT __slots__ HENKL, POEEXAL TORTITA VARV AEHEEN
RWGA, BEDOZA0 Yy PEA VAR VAT XL A7 U MEERICEBINL, ARy v DA TRy b E
tp_dictoffset WEELE T,

class X CERINIINC __slots__ EENDHIGE. ZOTNIRIEX A T5 tp_dictoffset ThR&
LE5,

(__dict__ EWIHHAHIOZB Yy M2 __slots__ HEIEML TS, BB oFRIIFELNT, HITE
Bzt 23 9, idvA, JAUIRK __weakref__ DX SITEMENZIEFTY, )

TI7#ILbE

This slot has no default. For static types, if the field is NULL then no __dict__ gets created for

instances.

initproc PyTypeObject.tp_init
F T avDRAYRT, 4 VAR GBI R L £ 3,

ZOBBIZ Y 2 RIBT S __dinit__ ) XYV v RIS LET, __init__() AR __init__() %
CHE I, Y RZ V22BN TE £, £/, __init__ ) ZHEMNCHLTAL Y22 20HIHL D
TE%E9,

B DY 72 F v 3 ROEBHTT

int tp_init(PyObject *self, PyObject *args, PyObject *kwds);
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self 5IEUIEL T 24 VARV AT args BEX Y kwds 5180E, __init__ O ZFFUOCHITEONMES XK
BIUF—v— 58T,

tp_init BAED 7 4 — ¥ NULL TRWGE, BHEOMEZIEIH T HED A ¥ AL v RERITEWT,
BD tp_new BAEDA Y ARV AZIBLRIFOEINE T, tp_new HTTOHOY 7 X 4 FTinjlD
BIZRTHE, tp_init ERLPECHINERA; tp_new BITTOBDY T XA TDA VARV A %IRRT
G, YT RATD tp_init BEUHINET,

IO L ZiTZ 0 &, =I5 —HcEfINZ2Ly LT -1 ZIRLET,
HE:

YT RALFEZDT 4= FEMALET,

FTIAI b

For static types this field does not have a default.

allocfunc PyTypeObject.tp_alloc

FFLavDEALVRT, A VAR ZADAE Y HEMRBEKEZIE L ET,

B DS 732 F 2 3RDEBHTY

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

R

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class

statement).
777k

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard heap

allocation strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc(). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new

F T avDELVRT, A VAR RAERBEBRIELE T,

B DS 72 F 2 I3RDEBHTT

PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIAERT 247 =7 bOBITT; args BL U kwds 5180%, HEFFUOHT 2DOMESIHEB
FUF—T— F5IETT, subtype 1 tp_new BAEZMUH T 2 5B R U TH 2HBEFRNI LI
FERLTLEZE Y 20MO (BEAKRTIERV) B 724 TOoZedbdHD £T,
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tp_new BAEUE subtype->tp_alloc(subtype, nitems) ZFFUHILTA 7 =7 DX E V) HIBZHER
L. #IEMETHENCRE e SN M2 2TV E T, BRLADEEDIELZD L THRED LR WHIH L
HIZ tp_dnit NV R IPNCHE LZFUIRD THA. PWRWOHRE LTI, ZEARRERETIZIM
L2 T tp_new TITWV, —F., ZHEARELETIXIE A DHHHLE tp_init WCEITRNETT,

R

PITRALTIEZDT 4 =V FEMALET, FlSte LT, tp_base H NULL % &PyBaseObject_Type IZ
2o T\ B EHYZIITIIRA L 8 A,

F7#ILE

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be
called to create new instances; presumably there is some other way to create instances, like a factory

function.

freefunc PyTypeObject.tp_free
AT avYDRAYRT, A VARV ADAE Y RBBERERLE S, 72 F v ZUTO@ED TY:

void tp_free(void *self);

DT AF % L BN O D 2 WHULTFIE PyOvject_Free() T,
i

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class

statement)
T7#II b

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc() and
the value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_ Del.

inquiry PyTypeObject.tp_is_gc
AT aYDRAVRT, HR=Y AL I XhSRRH SN SBEMEHRLET,

HR=TaLr7xiF, A7 27 bEEIRLTROWHE S 2 2 08 NH D £, @FEIZ, A7V =27 b
OBD tp_flags 7 4 —N K% FT, Py_TPFLAGS_HAVE GC 77 7Y v s BHNZZFTHATT, L
L. »2HTIEEHNICAEVERINTA VAR AN B VRS NIZA VAR Y ZAREL > T
WT, BIICAEVIEREIN/ZA VAR RAEEITEFR A, 25 LEAETIE, BBEERLRFER
D EEA; BBIZA Y RAZ Y ZAPENNATREDHZEICIE 1 2. EIFEEDHEICIE 0 ZRX IR D FH A
TR F

int tp_is_gc(PyObject *self);
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(LR XS BBDINZ, AT =7 FEKTT, XZ XA T PyType_Type &, D XY WERDERIY
PENIDEXBIT 2720 ZOBBEERLTVET, )

.

YITRATIIDT 4 =V AL £,

T4 b

This slot has no default. If this field is NULL, Py_TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject.tp_bases
KR53 2 TVTT,

class XTHERINTZZ F5RADBEZIDT7 4 — L Faiky FENET, HNICERIN TV AROEAIC
. 2D7 4 —)L R NULL iI272 D £3,

HEA:
ZDT7 4= FIFMERINEE A,

PyObject* PyTypeObject.tp_mro
BIEX A THEZEMLEEED Ao TVE XTI LTT, £EIEIZLET2HAKD2SIE U XD, object THK
DO FET, XYy FIRFEIEF (Method Resolution Order) 12> Tl ATWE T,

o
ZDT 4= RIFHERINFERTA; 74— FOEIE PyType_Ready () THEFIEINE T,

PyObject* PyTypeObject.tp_cache
REHD T 4 =V FTF, NESTOARHAINE T,

HEA:
ZDT7 4= FRIFMERINEE A,

PyObject* PyTypeObject.tp_subclasses
V77 FANDESWD» 582V AN TT, NETHERT 27072308 DTY,

-
ZD7 4= iR TR A,

PyObject* PyTypeObject.tp_weaklist
COMITY =27 MTHT 25920572210 X+ DSEHTT,

by 8

ZDT7 4 =L FIFMERIRERA,
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destructor PyTypeObject.tp_del
ZDT 4= RIRBEIEXINE L7, tp_finalize 2D DICFIHL T E W,

unsigned int PyTypeObject.tp_version_tag
AV FFrydanddy7Fyr7Re LTEbLRET, WEMEHZ T DD DB TT,

b7 8
ZDT 4 =L RIFERE TR A,

destructor PyTypeObject.tp_finalize
FTa v DEAYRT, A VAR AR TR ZIRL LT, 742 F v TOED TY:

void tp_finalize(PyObject *self);

tp_finalize BREINTVBIHE, A VAR VAR T 74 FTARXTHL I AVRTIVENZOH
B 1EMOHLET, AR—TaL 2 & (204 Y AR Y ADIAL L ERSIBO 1 - 72858) 4
TV MOWEINIEFNICD ZOBBIIMECHENET, EEL05ATH, BRSREBEL LS &
TARNCFOH E NS Z ARSI N TN T, R T =7 PDBIEERZREICH S X5 LT,

tp_finalize XHEDFIMNREBEEETIRETED D FRA; o T, BMITRVT 74 F 574 EEL
I RO FEPHERINE T

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);
VAT V4
/* Restore the saved exzception. */
PyErr_Restore(error_type, error_value, error_traceback);
}

D74 =N F% (MELEGEDEDT) BERP SO IR WEX 512, Py_TPFLAGS_HAVE FINALIZE 7
78y FHFELRFIIRD R A,

F 7z, Python DA R—=YalL 7> ayTid tp_dealloc ZMUHTDIEA T 7 VAR LIZAL v
FITIE% L. EED Python ALy b LAKVWEWVWS HIKHTERLTEFI W, (AT7Y 27 b8
BRZRO—HO%E. EEDAL Yy ROAR=—YaALr7ya iZloTRRENATLES b LOLEE
A)s Python API I & &AUZ, tp dealloc ZFFOHFTAL vy NidZm—oLg 2 7Y &ay 7 (GIL:
Global Interpreter Lock) 21§32 DT, ZHIMETE DD $H A, LLADL, HIFREh LS L
TWBF 7227 bAE2D CR CH+ FAT7VHRKRDA TS =7 M ZHIBRT 2858, tp_dealloc %
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MUOHTAL Y FOF TV v REIBRT 228 T, 94 77 VDIREL TV A S DIRMNIEN LW
X2 R2MIT2RERDD T35,

o

BT RALFEZDT 4 = REMEALET,
N—a > 3.4 TE.

BE:

"X TY 2l b ORI TILVE (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

__dinit__ is used.
Mk
DT 4=V FRIFIRL TR ERA,

N—=Tary 39 TEM: (ZO7 4 -V FE380OFMELELEAD, 3IUBETLIMHETEEEA)

12.3.6 Heap Types
Traditionally, types defined in C code are static, that is, a static PyTypeObject structure is defined directly
in code and initialized using PyType_Ready ().
This results in types that are limited relative to types defined in Python:
e Static types are limited to one base, i.e. they cannot use multiple inheritance.

 Static type objects (but not necessarily their instances) are immutable. It is not possible to add or

modify the type object’s attributes from Python.

e Static type objects are shared across sub-interpreters, so they should not include any

subinterpreter-specific state.

Also, since PyTypeObject 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 PyType_Spec structure and calling PyType_FromSpecWithBases ().
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12.4 BEX T =0 MEER

PyNumberMethods
C OMEMRIZEUER 70 b a2 EET 27D IEON L BBHANDORA VX2 R/ L TWE T, LTz
NENOBEEIE BUERL T O )L (number protocol) THERZ N TV SR ARIOBEB» HHMHEINE T,

UM 3SR DOER TS :

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;

binaryfunc nb_inplace_or;
binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix_multiply;

(Ko<= 1%i)
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HIDR— % 5D E)

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

AR CHEHBEK: SHBEEZ, SARNTOART Y RFOREF 2 v 7 LRITER ST, HEREHE 523
LARBRIERD EEA (TR EDBART Y FO—DIERLTVAEDA Y 2 XY ATF). b LEA
LN ART Y FITR L TREER S R ITIUR, ZIHEIE L =THBI%E Py_NotImplemented % iR &
RIIUIR ST O T =2 oG, NULL 2R L TRIAVEREE LR iude b 8 A,

EM: nb_reserved 7 4 — L RIEZHIZ NULL THRIFIUIR D FHA. LUE nb_long & FEHEN TV T,
Python 3.0.1 THHIPEEINE L7,

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
tnquiry PyNumberMethods.nb_bool
unaryfunc PyNumberMethods.nb_invert
binaryfunc PyNumberMethods.nb_lshift
binaryfunc PyNumberMethods .nb_rshift
binaryfunc PyNumberMethods .nb_and
binaryfunc PyNumberMethods .nb_xor
binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods .nb_int
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void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

nb_float
.nb_inplace_add
.nb_inplace_subtract
.nb_inplace_multiply

.nb_inplace_remainder

ternaryfunc PyNumberMethods.nb_inplace_power

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
unaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

.nb_inplace_1lshift
.nb_inplace_rshift
.nb_inplace_and
.nb_inplace_xor
.nb_inplace_or
.nb_floor_divide
.nb_true_divide
.nb_inplace_floor_divide
.nb_inplace_true_divide
nb_index
.nb_matrix_multiply

.nb_inplace_matrix_multiply

12.5 I 7A Tz MMEER

PyMappingMethods

ZofERIZ~ Yy TR0 b arBRETZ-DIHEONZEBEEANDORAL X EREELTWET, LITD
3ODX U N EF>TVWET:

lenfunc PyMappingMethods.mp_length
Z DB PyMapping_Size() R PyObject_Size() PHRHAIN., ZRH RS 72 F ¥ 2HioT
WET, ATV 27 PHAERSNLERSZRLBZWEGEIX, 2OABy MINULL ISRESND I ehdHD

£75,

12.5. Ry FF T o MEER
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binaryfunc PyMappingMethods .mp_subscript
Z O B B E PyObject_GetItem() B Kk U PySequence_GetSlice() » & F| A X .
PySequence_GetSlice() YU 72 F ¥ ZFioTWVWET, ZDAB Y M PyMapping_Check() 25 1
IR ST DITIFRET, £ 5 TRIFNUL NULL OEERDH D £3,

objobjargproc PyMappingMethods.mp_ass_subscript
Z @O B ¥ & PyObject_SetItem(). PyObject_DelItem(). PyObject_SetSlice() ¥ Xk U
PyObject_DelSlice() % & FIfl X L £ J, PyObject_SetItem() Y MU A F v 2 Fb T T
2, v I NULL 2% E L CEROHIFRDTEE T, ZDR1y bH NULL OHFHIE, TOF TV 27 M7
47 LORALHIFRET R—PLEEA,

12.6 >—7YRF T 10 MMEER

PySequenceMethods
OSBRI — 7 v 2T 1 b AV e RS 57Dl BIBEAD R A Y X2 REL TV E T,

lenfunc PySequenceMethods.sq_length
This function is used by PySequence_Size() and PyObject_Size(), and has the same signature. It

is also used for handling negative indices via the sq_ <tem and the sq_ass_iten slots.

binaryfunc PySequenceMethods.sq_concat
Z OBEUE PySequence_Concat () THIHEN, ALY 72 F xZ2RoTWVWET, £/ + HEFTH,
nb_add 20y MK BBEMRZA L 2RICHH ST,

ssizeargfunc PySequenceMethods.sq_repeat
Z DRIE PySequence_Repeat () THIH I, ML 732 F ¥ Z2foTWE T, $/, * HETYH,
nb_multiply ARy MIX2BUERFEZH LD ICHHSNET,

ssizeargfunc PySequenceMethods.sq_item
This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

BDA YTy 7 ZERD IS INET: sq_length Ay MDA THIUE, ZREMEIHL
TY—F YRADREINHIEDA YT v 7 R%5HH L, sq_item 1T L %3, sq_length 2% NULL D&,
ATy 7 A3 ZDEFE OBBICEINET,

ssizeobjargproc PySequenceMethods.sq_ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem(), after trying the item assignment and deletion via the
mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment

and deletion.

objobjproc PySequenceMethods.sq_contains
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Z OBEUT PySequence_Contains () HAHEI N, ML 72 F v 2FHFoTVET, TDRAB Y MI
NULL DEEHNH D, % DIF PySequence_Contains() I Y INIR v F T34 7027 v 2RO 3
FTI—Fr v RAERKEILET,

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat () will fall back to PySequence_Concat (). It is also used by the aug-

mented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_InPlaceRepeat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
mented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply
slot.

12.7 Ny T 74T x 0 MEERK (buffer object structure)

PyBufferProcs
Z OFGERIT buffer 7O R DERT ZEBEANDRA VX ERFLTVET, £O7m band, =
JAR—R—=F T =7 "IN LT, ZONET—E %2222 -4 727 PCETPEERL
£75,

getbufferproc PyBufferProcs.bf_getbuffer
COBBD> 7 AF v ZLL T D@D T

int (PyObject *exporter, Py_buffer *view, int flags);

flags THIE SN ITHET view ZHDTIZLWVE WD exporter IR T 2ERZMHL 3, 27 v 7 (3)
ZERNT, COBBOFEETIILUTORT v F2iThbRIFIUIRD FEA:

(1) VZZRAMDERT 20 L FT. R LRWEGE. PyExc_BufferError Z ik L. view->obj
W2 NULL ZREL -1 ZIRLE3

(2) EoRENFT 4 —L REHEDET,

(3) =7 RAKR— b LEBE T oWNEAY 224 27V X P LET,
(4) view->obj IT exporter ZFE L. view->obj A 27 UX Y FLET,
(5) 0 BELET,

exporter D3Ny 7 7 TONA XDF 2 A4 Y V) —D—ETHIUL, 200 FELFRPIEHTE I
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e HIJRAR=F: V)V —DREENIIAR—-IEINEA T2 b LTIRAHFHF V., BEAANDH LW
Z% view->obj Nty FLET,

e VXAV b Ny Z7HRKBVY)—DL— AT MV EAL I FENET, 2T,
view->obj N — ATV 2 bAOHF LWBRICKED £5,

view DERID 7 1+ —n Fid Ny 7 71EER OFITHHZINTED, =7 AR - FHREDERICH L &
SHB LIRTFIURL BT Hh ORI, Ny T 7ERDEZAT OHICH Y £,

Py_buffer EROFNHLZBML TV IR TOREVFIZI/AR-XIEL, avya—<hPnikik?
EFTHMTRLTIERD £ A, format . shape . strides . suboffsets. internal I¥A¥ > a2 —=<
o EEAt LEHTT,

PyBuffer FillInfo() ¥, & TOV I T A MXA TEIELLTS BT, Bl A b Nw 7 7 2 RBT 5
i T e R L £ 97,

PyObject_GetBuffer(D . COBBEIy F52arya—<MA}DA VX -7 2 —ATT,

releasebufferproc PyBufferProcs.bf_releasebuffer
COMBDOY T AF v ZFO@ED T

void (PyObject *exporter, Py_buffer *view);

Ny 770V —RAZMRTL2ERZUELES, DLHARTILEDDH LV Y —ANRLKWVIEHA.,
PyBufferProcs.bf_releasebuffer I NULL ICL THMOVWERA, £33 TRVEHEAIZ., ZOBEKD
EHERY 72 524803, IT DER OMITFNE (optional step) ZITWVWE T

(1) =7 RAR— P LEEBZRFT2NEA Y 22T 7V X FLET,
(2) AT &0 DHEE. view ZHEMNIT SN2 TOXEY ZEHRLET,

IV AR=REF, Ny 7 7BEEDV Y —REEHLUHT 272012 internal 7 4 —)b FZ2FbFU
DEVA, TO74—NLKZ, arya—<PB view 5IELTHIIFILONYy 770ab—%ELTWV
5THA AW, BOOHRWI eBRIEEINTVET,

Z OB, view->0bj T VXY PLTREWITERA. BER S ZNUL PyBuffer Release() TH
BT ONn 23206 TF (ZOARNEIZROERZY C OICHEHATT),

PyBuffer_Release() &, ZOMK%E I v 73520y a—<AIDA YR —T7 2 —RA T,

304 B 12E 72U bREYER— b (object implementation support)



The Python/C API, JJ—2X 3.9.19

12.8 async 77 7 MBEK

N—a v 3.5 Tl

PyAsyncMethods
Z DREERIE awaitable A 7Y =27 ™ & asynchronous iterator & 7Y = 7 b R FEEET 2 DITHE IR BIEL
ANDRA VY RERFELTOVET,

UM I3RS DER TS :

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

COBEDY 7 HF % ZUL T D@ TF:

PyObject *am_await(PyObject *self);

BENDZA T2 P3ATL—XRTRIINEBRDEEA, 2FEDZDATI =227 P IIMLT
PyIter Check() 7% 1 ZiRZRIFAUIRD ¥ A,

FTT 27 b awaitable TRWGES., ZDOATy % NULL ICERELE T,

unaryfunc PyAsyncMethods.am_aiter

OO IAF ¥ I TOHED T

PyObject *am_aiter(PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.
A7 =7 PHERARENHEO 71 s a Lz L TWiRWEE, 20Xy % NULL ISREL £7,

unaryfunc PyAsyncMethods.am_anext
COBBDY 72 F 2 I Z T @D TS

PyObject *am_anext(PyObject #*self);

awaitable A 7Y 27 P RRERITUEED FHA, F#FLWVWI 2IE __anext_ () ZBRLTLEXWV, Z
DAB Y MINULL IZREINTVWEIdH D ET,

12.8. async #7721V MEEHR 305



The Python/C API, U1 —2X 3.9.19

12.9 Slot Type typedefs

PyObject *(¥allocfunc) (PyTypeObject *cls, Py _ssize t nitems)

COBBOHENIZ. XEVHEEEZAT VL2 0T 2 2 212D D £, ZOBBIE 4 RAX XA
DIIREZR Y A X, Y87 74 Y X2 b i X 29HEA 72 S 41, ob_refent % 112, ob_type 25|
# (type argument) IZt v FLA2XEY 70y ZJADKRAL Y X ZIRERITRD FEA, BD tp_itemsize
MR TRWGE, 7Y 227 FD ob_size 7 4 —J/L RiZ nitems WAL E ., ERENZXEY T
0y 27 DK XX tp_basicsize + nitems*tp_itemsize % sizeof (voidx) DEFEUTYID LIF7-fHIZ7R
2133 TT; 2NN DEA. nitems DIEIZHEDLNT, XEY 780y 7ORXIE tp_basicsize TR 51
3TI,

OB TIEMEOWDRE 4 VAR AL BT o TR D TR A, BIMDOXEVE DU TITSBIT-T
WFRDEEA, 2D KD BIUHIX tp_new TITHONBEIRNETT,

void (*destructor) (PyObject *)

void (*freefunc) (void *)

tp_free ZBML T W,

PyObject * (xnewfunc) (PyObject *, PyObject *, PyObject *)
tp_new ZBML TIZE W,

int (*initproc) (PyObject *, PyObject * PyObject *)
tp_init ZBML T E W,

PyObject * (xreprfunc) (PyObject *)
tp_repr ZZHLTLIZZ W,

PyObject * (xgetattrfunc) (PyObject *self, char *attr)
F7Y 227 ORMEDMEZEL X,

int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
ATV POBHICEEZREL 5. BHELZHIBRS 21213, value (52) 51502 NULL Z3&EL ¥£73,

PyObject * (xgetattrofunc) (PyObject *self, PyObject *attr)
A7V 27 PORBHEDEEZRL X5,

tp_getattro ZBMML T IV,

int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
ATV PORBEICEEZREL £5, BHEZHIBRT 21213, value (52) 51802 NULL Z3&E L $73,

tp_setattro ZBML T E W,

PyObject * (xdescrgetfunc) (PyObject *, PyObject *, PyObject *)
tp_descrget S L T E W,
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int (*descrsetfunc) (PyObject *, PyObject * PyObject *)
tp_descrset ZZMWL T ZE W,

Py_hash_t (*hashfunc) (PyObject *)
tp_hash ZZRLTLIEZ W,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
tp_richcompare ZZRRL T I W,

PyObject * (xgetiterfunc) (PyObject *)
tp_iter ZBWLTILI W,

PyObject * (*iternextfunc) (PyObject *)
tp_iternezt ZBWL TIEI W,

Py_ssize_t (*lenfunc) (PyObject *)

int (xgetbufferproc) (PyObject *, Py _buffer * int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject * PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)
PyObject * (xssizeargfunc) (PyObject *, Py _ssize_t)

int (xssizeobjargproc) (PyObject *, Py ssize t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 fERAH

Z 2T Python ORUERDEELHIZ WL ODBFET, T o OBNIED 77 h3 858 T 2 Hod iy 72 F F 5 2
BATVET, WOLDFITE MY v F—RIA—F—F—REFHELTVET, XDZL OFIPEENLIER,
Fa— U TAPRERS, defining-new-types % new-types-topics ZHH L T X W,

B 72 FRRL:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

KDR=12%e <)
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(AIDR=I 5 DREE)

static PyTypeObject MyObject_Type =
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize =

PyDoc_STR("My objects

.tp_new = myobj_new,

sizeof (MyObject
.tp_doc =

.tp_dealloc =
.tp_repr = (reprfunc)myobj_repr
3

{

),
n)’

B

(destructor)myobj_dealloc,

IO AERYEFEZRAVEE w2 — % (82 CPython ® 32— FRR—XHT) A3 2 223555 Ltk

TA:

static PyTypeObject MyObject_Type =
PyVarObject _HEAD_INIT(NULL, 0)
"mymod.MyObject",
sizeof (MyObject),
0,
(destructor)myobj_dealloc,

(reprfunc)myobj_repr,

O O O O O O © O © o

PyDoc_STR("My objects"),

O O O O O © O O © O ©

{

/*
/%
/%
/%
/%
/%
/*
/%
/*
/*
/*
/*
/%
/%
/%
/*

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset */
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */
tp_richcompare */
tp_weaklistoffset */
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */
tp_dict */

(RDR=I12HKi )

308

®12E 772U bREYE—bF (object implementation support)




The Python/C API, JJ—2X 3.9.19

HIDR— % 5D E)

0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */

0, /* tp_alloc */
myobj_new, /* tp_new */

};

FIBIRRA VARV ATEE, Ny Y a kY R—- T

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof(MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,
.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,
.tp_alloc = PyType_GenericNew,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash

(hashfunc)myobj_hash,
.tp_richcompare = PyBaseObject_Type.tp_richcompare,
};

Y77 7 2 EFRET, A YRRV RAEERT ZOIFFECHEERY (0FD, Blo7 727 b —

REDH D) str DY 75

BRI

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject _HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyStr",

.tp_basicsize = sizeof (MyStr),

(Ko<= 1%i)
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HIDR— % 5D E)

.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,
};

b o HHEMAHNE (EEEDL VAZXVR)

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",

};

b ok HEHILEE (AERA VARV R)

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject _HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof(MyObject) - sizeof (char *),
.tp_itemsize = sizeof(char *),

};

12.11 BIREBBAR—-2OL I a3V R—-FT3

Python 2MERSBE ELHIR—Y DM aL 7y a vy EFR—- b3 2F, oA 7V =7 Maxts2 " av
FF MOF T T =2 MDY FF B EAET) LARSF T2 s M X B FABETE, o
AT 27 MIHTRZRELELLRVA T =27 Mo, (BUERXXFAD X S572) 7 b 4% (atomic type) ~D
ST EEZET 2 LO5RHTIE, IR—YaLrya YIZBLTRIIZAE Wo 720 R— 245 2 1E8IZ
HHEEA

ayFFREESZIE AT 27 VD tp_flags 7 4 —Iv RIZ Py_TPFLAGS_HAVE_GC 7 7> TED,
tp_traverse NV KT OEEEZRM L RFNERD FRA, BEETIHDA VAKX Y ANEHEARERIGA X,
tp_clear OFEHEBRALRITIRD T8 A
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Py_TPFLAGS_HAVE_GC
D75 7%y PLEROF T 27 M. TOENISHRRZHANCGEE LRITIUIR D FXRA, fHHEO7
D, DTS5 0%y FLEEOA T2 v EAYTFATI 2L PR E T,

ayFFRHOary A7 7 ZFLUTOZODHANGES LUz b 28 A:

1. #7927 bDRAEVIZE PyObject_GC_New() F7/21& PyObject_GC NewVar() THERLZZIFIUERD F
A

2o aryrFFAODSHERBIALIZILPDI LRV 4 =V X2 THHLEINLL, T
PyObject_GC_Track() ZPMNHERITHIZD £ A,

FfIC, A 7227 bDOXE ) BHEKS LT DO ZSORANEE LR iudeh T8 A:

1. fioary7FE2BRLTVWE 7 4 = REEHLT 2011, PyObject_GC_ UnTrack() ZFEUH X RIFH
72D ¥ A

2. A7V FDRXEVIX PyObject_GC Del () TR LTI THA,

Z&: If a type adds the Py TPFLAGS_HAVE_ GC, then it must implement at least a

tp_traverse handler or explicitly use one from its subclass or subclasses.

When calling PyType_Ready() or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec() the interpreter will automatically popu-
late the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that imple-
ments the garbage collector protocol and the child class does not include the Py_TPFLAGS_HAVE_GC
flag.

TYPE* PyObject_GC_New(TYPE, PyTypeObject *type)
PyObject_New() Wl TWETH, Py TPFLAGS_HAVE_GC Dty b &NaYyT7FA 7Y =7 VAT,

TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py ssize t size)
PyObject_NewVar() WML TWE TA, Py TPFLAGS_HAVE_GC Dty FENfarsFFrA7Y 227 v A
‘/C\\\j—o

TYPE* PyObject_GC_Resize(TYPE, PyVarObject *op, Py_ssize_t newsize)
PyObject_NewVar() DHHRL7zA 7P 27 FDAXAEVZYVHAXLET, VA REINLA T v 2
BLET, RETZE NULL ZIELE T, op ldalL 7 ZITEMEINTOTIERD TR A,

void PyObject_GC_Track (PyObject *op)
ATz b op . ALIZRIZEXoTEBEINLZ ATV 27 FOEFITEMLET, 3L 7 X A[E
B OPRETRETERVDT, BIFEATVERHIEA 7Y 27 MRIELWIREBTOWRIFIUIRD £ A
tp_traverse DMREIRZETDT7 4 — IV FDBIELWVIREEICZ 5 TF I, Z0TWEay A M52 X0
REMET, WOHIRETT,
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int PyObject_IS_GC(PyObject *obj)

Returns non-zero if the object implements the garbage collector protocol, otherwise returns 0.
The object cannot be tracked by the garbage collector if this function returns 0.

int PyObject_GC_IsTracked(PyObject *op)
Returns 1 if the object type of op implements the GC protocol and op is being currently tracked by

the garbage collector and 0 otherwise.
This is analogous to the Python function gc.is_tracked().
N—a v 3.9 Tl

int PyObject_GC_IsFinalized (PyObject *op)
Returns 1 if the object type of op implements the GC protocol and op has been already finalized by

the garbage collector and 0 otherwise.
This is analogous to the Python function gc.is_finalized().
N— ar 3.9 TE.

void PyObject_GC_Del (void *op)
PyObject_GC_New() % PyObject_GC_NewVar() %ffio THEREINT=XEV ML FT,

void PyObject_GC_UnTrack(void *op)
ATVl b op kR, ALIRRZEISTERNZINEZ AT VOEGPLRELET, 20TV
7 MIZR LT PyObject_GC_Track() ZHREMUIH LT, B34+ 77 POEFIIRET I LD
AJRET T, tp_traverse NV RIDWRE 27 4 — L FRPEL L RWIREICRZ BRI, 7707 —X&
(tp_dealloc NY RZ) 3 A7V =2 ML T, ZOBEMERIHEITRNETT,

N—Yar 3.8 TEH: PylObject_GC_TRACK() ¥ u¥ _PyObject_GC_UNTRACK() ~7Z mix/nfi C API 2
LAXNE L,

tp_traverse NY RIIEZDBRIDBEENRT X —REZITRD £3:

int (*visitproc) (PyObject *object, void *arg)
tp_traverse NV KN 5B LY X —FE (visitor function) OBITT, ZOREII. FRIT 247
Pz 7 & object ¥ LT, tp_traverse N¥ KT DH 3 5/8% arg ¥ LTHUIHL FF, Python ®a
TV 2O Y XM Ho T, DI RoLBERSBEMRHT 2HHAZEEL £5; 2—¥HH
0Dz X - eELLERE TS 8E3RWTL & D,

tp_traverse NY F ZIIROFZFE-> TWRIFIUIR D £HA:

int (xtraverseproc) (PyObject *self, visitproc visit, void *arg)
AVTFEATI LT P DD I T N—P LB (traversal function) TF, FEEETIE, self WCEBEA->T
WBEL T 7 MU T visit BRI Z R TFNERD EEA, ZOY E, visit NDIYT X XIZ
AVTFRALSTVERELFT T b, ZONY RIWZEINT: arg DIETT, visit B%IE NULL 4 7

312 B 12E 72U bREYER— b (object implementation support)



The Python/C API, JJ—2X 3.9.19

P FEGIBICELTIHEH L TREZRD 8 A, visit BIEL0OEZRETHE, =7 —-0%EL. KD
EZZDFEFRTLSICLARTFUIRD FEA,

tp_traverse N¥ F I Z2ERICE L /2DIZ, Py_VISITO) =7 upitEhTnES, Zoxruzffis ol
iE. tp_traverse DEIEEBOTIBIF. —XFHEDT visit & arg TRIFNUIRD EVA:

void Py_VISIT(PyObject *o)

0 23 NULL TZIFAUZE, o ¥ arg ZFIBUT LT visit a—NANy ZE2FOHLE T, visit DL THRWEE
BLEHE. ZOEZELES, 2oxruazflis b, tp_traverse Ny FIZERD ISR DET:

static int

my_traverse(Noddy *self, visitproc visit, void *arg)

{
Py_VISIT(self->foo0);
Py_VISIT(self->bar);
return O;

}

tp_clear NV R Z1& dnquiry M TH 20, 7Y =27 FHAZ (immutable) 7235E 1 NULL TRIFAUZRD
EHA.

int (*inquiry) (PyObject *self)

EIRSIZIER L T2 e BIZ L EZRFLMEL 3, ZEARARERA 7Y = 7 P 3TERSR 2 EHPK
TEHIZEHRLTRVOT, ZOMBZERTIVLEEIDD FHEA, TOXYy FRZIFOHELAEEZRTH AT
V7 MIEWREFTRINERSBRVDOTERL TL XV (BBICH LT Py_DECREF() %R
WLRWTLEEW), AIR=YalLr7xE, 7727 PHBEERSBEZERLTWD Z e 2B LB
DAYy FEMUHLET,

12.11.
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%

THIRTEEN

APl £ ABl O/)N\—> 3=

PY_VERSION_HEX (. Python O N—3 a VBB EH—DBEIHELLIZDDTT,

i 2. 1¥. PY_VERSION_HEX IZ 0x030401a2 AT XN TWIUX, ZDEZE TN LSIZ32y bDfEE LTHK

S3ZE T, N=YaVEMmEBRIeNTEET:

byteg Ew b (EvJ I | B
TAT T —
o)
1 1-8 PY_MAJOR_VERSION (3.4.1a2 1 3)
2 9-16 PY_MINOR_VERSION (3.4.1a2 1 4)
3 17-24 PY_MICRO_VERSION (3.4.1a2 1 1)
4 25-28 PY_RELEASE_LEVEL (7 /L7 7 iR Tl 0xA, N—XhTlX 0xB, VU U — A {%&
iR T 0xC. 2 UL THRAMIIE 0xF). ZORITE 7 L7 7 iREEKL T
%9,
29-32 PY_RELEASE_SERIAL (3.4.1a2 D 2, ®&#&V U —X Tl 0)

ft->T, 3.4.1a2 I hexversion T 0x030401a2 T3,

Zhen~<2 vl Include/patchlevel.h TEREINTVE T,
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1%

>>>

2to3

B

AVRIIT 4Tz NIBITAST 741D Python 70> 7 b T, A VRTVRTA VY RITT 4
ZWCETEINSa— FHTESHTERT,

RDHDDVEZHLNFT:

o AVERIITATVINMEZBVWT, ATV IEINTza—FTay s, MET2EHDRXY]D XFOM
ChfggN. AEan, HFEN. == A/ oA, 731 -2 -z, a— R2ANT3BICERREh
577 %)L @ Python 70> 7 MTT,

o HHAAALDER Ellipsis

Python 2.x ®a— F#% Python 3.x D3 — NIZE#]T Y — L TT, V—Ra— Rzt L TZ DR
ZE (traverse) 372 Z & THHAITE 5, RO 2L £7,

2t03 IFHEZ 4 77V D 1ib2to3 & LTHHTEL Y, HkDOY —n e LTHR 2 A2 Y 7 7 Tools/
scripts/2to3 & L TR N TV E T, 2to3-reference ZBMML T E W,

abstract base class (IRELES 7 R) MREIE S T R duck-lyping EHTET % b DT, hasattr() R DI

DT 7=y 7 TEMEHFTH o7 D WIPIZERS (B Z1F magic methods DHE) HAEICA VX —T = —
AR ERTD2HERRERML 3, ABC 3R (virtual) ¥ 727 7 2A2BALET, IR 7 A0 5
AL EBAD, ZNTH isinstance() X issubclass() WKERHENET; abc TV 2 — LD FFa
XY P EBRLUTLZE W, Python 123, ZL DflAAA ABC 2RI A TWE T, DX,
(collections.abc EY 2 —/LT) 77— XHi&, (numbers £ 2 —LTC) #, (io EY 22—/ T) A VU —
2. (importlib.abc EY 2 —LT) 4 Y R—=1+ 774 Y EZRIB =X —T7F, abc EYV 2 —LZHHLT

HMED ABC Z1ERTZ £3,

annotation (7 ./ 7—YaY) B 77 A@EMH. BBOD T X — 2R D EICBEGRT 2 7T, BElicKD

type hint £ L THEDONTVWET,

Q—ANVEBDOT ) T—a VIFFETRICIE 7 7 X TEERAD. Zu—rOLZH 7 7A@ B
7 T=YavidEnEhEeY a2, 7R, BBD __annotations__ FHEMICRREATVE T,

BEREDFIADS B % variable annotation, function annotation, PEP 484, PEP 526 &ML T Z&X W,
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argument (E5|E) BIBR MO TEIC, BB (F203 XV Y ) KEITHETT, ESluid2@Es D £75:

o F—TU—F3IE: BBTOH L OB I BORNIEAF 23O Wb D (fl: name=) %2, ** ITHLlT 7= EE
EoHoEr LTEINZF1BL FlZIRX. RD complex() DMUH LTI, 3 & 5 23F%F—7— K5
T3

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 53})

o fIESIH: ¥—7— NEEHLANDGIR, (ESIRUIGIEY R P DEFICE L ZEMNTE, £ * ITHlT
7o iterable DERE LTEST ZEMNTEET, HIRIIE. ROBITIE 3 & 5 3T HMET TS

complex (3, 5)
complex(*(3, 5))

FEIBUIBBDOERIC BN THEIN EOr — A AZBICE D B Tohkd, DL T2IT 5 HANTOWTIE
calls ZBL TR E WV, YRy ZRARXBVWTHGIBERTLDIZHoWHHEES T KT T,
il 7 fEIR e — A VZERSEHID 4 Toh T,

R51% . FAQ @ FEIBERGIBOENIMTIR? . PEP 362 2L T T W,

asynchronous context manager (JERIFAZ > 7F A b~ —Y %) __aenter__() & __aexit__() XY v F%
FEFKTSHZ LT async with XNORBELZEH T 247222 T3, PEP 492 TEAZINE LT

asynchronous generator (JERIHAY = % L — &) asynchronous generator iterator %3R3 B TF, async def
TERINTZarL—F VEABIZHTOE T, yield REFFOHATRELD £3, yield X async for
N—TTHEHTE2EDOUM S EAERT 2 DIFHINE T,

HEIIEFAY = 2L — ZBBERLE T2, RISk -> TR RS XL —21TL—& 2838556
BHD ET, BHNSNEERPHAL P TRWEGE, PR DI e 2 BiE2EHL £ 5,

JEFHAY = 2 L — XBAEITIE, async for XX async with X772 TR avait Rdb D22 H D
3

asynchronous generator iterator (JEFIAY = L — & 4 7L — &) asynchronous generator B THEK XN %
F 7Tl MTT,

ZAUE, __anext__ () XYV v FEMo TR X7z X2 awaitable A 72 = 7 b %ZiRT asynchronous
iterator T3, Z D awaitable & 72 =7 ME. XD yield ANE TOIEFIAY = 2 L — X B DO AME T
TLED,

yield I2< 3702, ZOMBETORIFRE (1 —HAZH L RERED try ) MIZ—F 1S h %

T, __anext_ () TERINZMD awaitable iI2 & > T RIS T RL—F 1T L—4 BERICHBIA
e &, P LEM ARG L £ 9, PEP 492 8X U PEP 525 22 L T3,

asynchronous iterable (JEFEIA A 7 Z 7)) async for XOFTHHTES2 A7 227 T3, HHOD
__aiter__ (O AY v Ed» 5 asynchronous iterator 2RI IR F¥ A, PEP 492 TEHAX
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NEx L7z

asynchronous iterator (JEMEMH A 7L — &) __aiter__() & __anext__ () XY v FEFERELLATY
=27 T3, __anext__ & awaitable X 7Y =7 P 2RI RFNIEX7Z D £E A, async for &
StopAsyncIteration fISV 2k 32 £ T, IEAMA 7L —&X D __anext__() XYV v K2HRT awaitable
ZRIRLE T, PEP 492 TEHAIIE L7,

attribute  (B1E) 7Y =7 McBEM T SN, Fy PRERC X > THRBITERINZETT, flREF 47
Pzl b o DEN a ERo TR E, FORERMIE 0.a THRINZF T,

awaitable (fFH&FTRE) await R CTHAT 2 Z e R Z AT =27 b TT, coroutine 2> __await__() XV v
KRHZATI 27 FTT, PEP 492 2B L TLEE W,

BDFL &ARIE =& EMEE#E (Benevolent Dictator For Life) OBS T3, Python OfF#E. Guido van Rossum @
Z&T9,

binary file (N4 5V 7 7 A V) bytes-like ZT TV b DiARAABIVEZRALNTES TJ7MILATox
Tk TS, XM FVT7A0DHNE N FVE—TF ('rb', 'wb' or 'rb+') TN T 7 £ 1,
sys.stdin.buffer . sys.stdout.buffer . io.BytesIO ¥ gzip.GzipFile. DA Y A XV ATY,

Str A7V 2V FPOMABHENTEL 7 7 ANATT =27 MIZOWTIR, text file BZRLTLZE W,

bytes-like object /\w 7 70Ok 3JL (buffer Protocol) Z%K— L TWT, C SEDELKT ##E L 7z con-
tiguous Ny 7 7> —ZRMEEA[REIR A 7 = 7 T, bytes, bytearray, array.array . %< O—#ki7%
memoryview 7Y = 7 M Z AT H D £F, bytes-like 7P =7 MI, T—XEM. N4 FV T A
ANDRIE. V7o PR LERERYE N FUTFT—X2ERT 20 0WAREICHHT 2 Z e HT
EE3

BODPDBRETREINAF VT — X2 ZHTZRERDD T, ZORMEOFF 2 XV FTIREL "HAEE
A[REZR bytes-like 7727 M7 KEKRLTWE T, ZHEARERNY 77 —F 7Y =7 M, bytearray
¢ bytearray @ memoryview REDVEHFENE T, /o, OB ODLDIREETIIALELRA T =7 PO
AFVTF—& (" HALLEHAD bytes-like A 7327 1) ZRELET, £4U2IE bytes & bytes D
memoryview * 7Y = 7 FEENE T,

bytecode (/XA b2 —F) Python @Y —Z 32— Kid, Python 125 40 CPython 4 > & 71 X DNEREH
THBENA FPaA—FAay 4 LENET, N FPa—F& .pyc 7740 F v v adf, A7 7>
ANP_EHICETEINZ L ZREDEHRICARDET (V=R = F26, ba— FAOBEDa 4
NMEEEINET), 20 " HHEEEE (intermediate language)” 1, %% DA b a2 — FITHET 2 FEMGE
ZFEITTL RETDY TEFETIEVWAE T, HELREEL LT, N Fa— FiZRZ 2 Python A~
SURBITENES 2 Z 2%, Python VY —RABTHRETH 2 Z e 3 AFIRTVE A,

N4 ba-Foma—EiX dis EY 2V ZHD ET,
callback (T—=ANv 27) FROD ZHFRTIEITINS 12DIHIE L LTHEX N2 B

class (7 7R) =Y —ERA T2 VEMERT27DDT7 > T =TT, 7IRAERIEE. 2DV IR
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DA VARV ALOBEERTEAY v FOERZEAET,

class variable (27 7 2AZH) 7 7 A FICERIN, 7 FALNRLT (DFED, VIRADA VAR YA ETIERL
W) EESND e 2 HNE LTWREKTT,

coercion (BUi&id) MURD 2 518z S HAEDRPIITON S, HIHDA VA XY ZADH|DBINDIGFERDZ
T3, BlZIE, int (3.15) XIFBVNBUEE B 3 1AL £, Lo L 3+4.5 Tl #5818
High (—o 3B, — o FE/ NS A% 3 2 ICF CRICE# T 2720 UL TypeError 4443
BFoh g3, HEHDRL o0, TRTOFEIE, e ZHEEBEITH > TdH, HUC 3+4.5 TE# L
float(3)+4.5 WS k5, Fu 7 I <=2 UEICESRLLZFUIVIT EEA,

complex number (BHFEE) L<HONTWVWLFERENMIRL72H DT, IRTORUIFEH L EHOME LTERX
NET, BEEEEEAL (-1 OFHIR) EHREHIT 0T, —RIEFTIE 1 eEFE2L. T¥TIE j
LEPNE T, Python BEELICHAAALTHIEL, BEORILZM-oTVWET, EHIREIC j 20
JTEZFET, HlRL 3+1j TF, math Y 2 —)LOEREBIRERIAH T 2121%, cmath 2V E T, HE
BOMERE2 2D BELBFE O TS, HEEZE TR, IZEEEVZEELTLE>TLWT
Lx9

context manager (I 7 XA MY Xx—T %) __enter__() & __exit__() XYV v FEERTS I LT with X
NOREZEMT 24727 M T3, PEP 343 2ZRL T 230,

context variable (2> 7FX MER) a7 F R MKFEL TRRZEZFOZEH. ThUd. D 2ERDMEHIR 4
DFEIFTAL Y RTEZDEZAL Yy FRE—=ALZA L=V TVET, LrLay7 ¥R MEKTIE 1
DOEITAL Yy FIZWL D20 aY 73 A MAH DG, ay7* 2 M EBOELR I 2IEFRM X 2 2
DEB DB T, contextvars ZBML TL X W,

contiguous  (BE#%. i) v 7 7 HBEEIC C-EHL 7213 Fortran &t TH2HEIT. ZONy 7 7138k L
TWVWBEARBREET, LaXTAy 7713 C #EETH D Fortran HH T, —XTOESITIE. ZDEER
BT REY ETBHET 2 XS CEESN, RFAER2SME DI T EF TR E 3, 2XLOD
C-ERt 2 BLATIE, XEY 7 FLRIEIRER 2K 2 FHICIRR DI T RANTLED 5 DITxf L, Fortran
RS TR O A FHRNCEN 2 £5,

coroutine (IN—F ) AN—FVFYTN—F 2D ID —RZEXTT, 71 —F ITERD 5N
HHAD. Blokd s Mmoo HE T, aL—F L CEZL OkARHIE2 O A, 15, BT
EDTEET, 2)V—F VId async def L THETEXZFT, PEP 492 2ZRL TSI W,

coroutine function (Z—F YBEE) coroutine A 7Y = 7 b RIRFTBITY, ar—F VBIIE async def X
THEEXN, avait, async for, BX U async with ¥F—V— FEFOZ e BHEKE T, Zhoik PEP
492 THAINE L,

CPython python.org TEAF XA TWS, Python 7025 I >V SiE0EERNLFEETT, "CPython” ¥\ 5
BAERIX, Z %% Jython % IronPython &\ o 7-AthiDFEE L XG5 2 BENE B IGEICHHINE T,

decorator (731 L — %) HIOBEEE T BECT, M4, Cwrapper M CHIMZMRE LTENSNET, FaL—
&2 D— xR K ABZ. classmethod() ¥ staticmethod() T3,
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FaAL—RDFREFI VR VRS 2aH—TF, XD 2 OOEBERIIEHRNICFE LD DTT:

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FUBEA 7 7 RCHFELE T, D DEDIFEEA, TAL—XIZOWTELIZ, BEUER B &
L IIRERDFFaXY b EBRLTIIZE N,

descriptor (FARAZVUTX) XYV v F __get__(), __set__Q), H5WVIIE __delete__() ZERZLTWVELF T
I ITT, BB FRABUENT RV TR TH 2 &, BHEHERICK - T, LTV 2 RAIRBIEHE
CHENF T, @H. getset,delete D7zDIT a.b EL Y, a DI ITRAFHENTA IO =7 b b ERREL
FID. b BT AV TR THEEZNZNDTRAZ Y FEXY y FORRUCHENET, TRAZ7 VU FXOH
flx, Python 2 HERT 2 L THEeZDET, 2WVWIDIE, TARAZVTRZED, B XYy R, 7
ORT 4, ZIAAY v R, BIXY v R, ZLTR=NZ 7 2ADBE Vo2 OREEORE 05
T3,

FRZYTFEDRXY v FIZBE L TOFEMIZ. descriptors % Descriptor How To Guide &L TL 72
20,

dictionary (%) EE O ¥ — Z I 28R TF, __hash__() XY v F¥ __eq () XV v FEHE
ELEEDA TV 227 b 2F—IZTEET, Perl Tl Ny 22 (hash) EFHIRTVWE T,

dictionary comprehension (FFEHWNEKGD) iterable NORTH 2 WIE—FOBEZRZME L T, ZOMEI LK D
HETRT a7 MrEZH T, results = {n: n ** 2 for n in range(10)} &35, ¥—n
A n owx 2 1I0BNT 2EEFE R AR L T, comprehensions 28 L T 72 & W0,

dictionary view (##&HE 2 —) dict.keys(). dict.values(). dict.items() PR FTA T =7 bTT, &H
DEHHOH A 2 —2RHUL X, ThbL, HEFLEINL L 2 — 32N Z ML 25, §FF
Yo —RREIINCERR Y A MICT 3121 list (dictview) AL T 230, dict-views 2B LT
(AR-Y AN

docstring 77 R, B EYV 2 - LVDEMOATH B2 XTIV TINVTT, ZDAA — b DETRITIIIHA X
NFTH, a4 o TlAIEN, 207 TR, B £V 2—1D __doc__ EBIEE LTRES N
FT, AV FRARTZ Y a v TES RiE: BHEELTSRTES) OT, A7V bDRFa XU %
F EEERN RGBT TS,

duck-typing H2F TP 27 PPELWA YR =T 2 =A% Fo> TVAPERETL2DICA T =27 FOBRIR R
BRNWTRTIIVITRARANTT, bbbz, BiicA 7927 DXV v RPBHELINZ D b7z
DLET, (Z7ELDEIIKARZT, 7eLDESRBITE, ZRET AL THS.1) A Y R—T 2 —R%
BEIDEMETZI T, EFRL TS vyEhiza—RE RVE=7 14 v 7 RRELFF L TRRER A EX
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BET, Xy 7 XA type() X isinstance () WK ZHIEZ BT E T, (772, Xy x4V
T% MREREIZRA THTETZIdTEET, ) 20ob D, HAIC hasattr () HES FAFP 71
7o Iv7ERHALED,

EAFP T[G8r]%2 & 2 X DEFL %G55 /DA S (easier to ask for forgiveness than permission, ~—7 4 — DIk
HI)) OBETS, Z® Python TIAK LN TVWEa—T 1 YT RAXANVTIE, BEFENRF —EED
FIET2DHDEREL. ZDRENB S TWGEIHs 2HIEL £ 5, COMRTFRLETS 371
YT RARANMIZIE, try XB LS except XK SADHZDHRHTS, 2O77=v 2713, CDLD
REETILI LN TWS LBYL ZAX A4 N MBI DT,

expression (R) I OMELFMEND. —F & F D DL (a piece of syntax) TF, Wiz 2L, Keldy
77, il BT 22X HEFPHEBMOCH LAY, E2ETKOEROMAERTT, lOZLD
SrELEV, Python TR EFHEDOETOMRERSRL WIS DI TEHD FHA, while DL, Re L
TREAZNX DD FT, RABRTRERLINXTT,

extension module (#EREY 2 —I1) C % C++ TEPNLEY 2 —/L T, Python @ C API ZF|H L T Python
aA7er—Y—a—-FeehebLET,

f-string 'f' R 'F' LIV XFHN Y T T Lk Mestring” PRI, T T4 —< v FEAXTFEHIY
7 7 OFEEDOHIMTT, PEP 498 S L T2 &0,

file object (77 ANFTI 227 b)) FHDOY Y —ZAAD 7 7 4 )VFEIA API (read() % write() XYV v R%&Ff
DHD) ERHLTWAATI 27 bTT, 7740 F 7Y 27 ME MEEINFRICK 5T, EEOD
TFTAAZLEDT 7400, ZOMDEA TDOR ML —IRERETNA 2 (BIZF, EEAHRS, 4V XEY
Ny T 7 Ty by NATFE)ANDT 7 RREZHENTEET, 77 ANFTT 27 MR file-like objects
X streams & BIHINF T,

T3 AN T2 MIQWEEBI3IEEIVET: Lo NAF V=T 704)L. N7 7Ehi= N F
=T 7). ZLTTFFRACT 70 TFo A VX —T7 24 RF 10 EY 2 — L TERINTVET,
T 7 ANF T 27 b BAEBIERENIL T 1EZ open () RS Z 2 T,

file-like object file object ¥ [AFE T,
finder (774 X)) A YER=PEINTVWBEI 2—1D loader DERERITTE2A TS 27 F T,

Python 3.3 YIETIX 2 BEO 7 > 4 VX 0D D £F, sys.meta_path THEHIN D meta path finder
¢. sys.path_hooks T XN 3 path entry finder TF,

Nz OWTIE PEP 302, PEP 420 BX U PEP 451 2B LT & W,

floor division (Y] D& TRRE) — &L WERICY) D 5T 2 HUAMRE, YD B TREEE T // T3, HlzE
11 // 413 212k D, 2RI FCEE/ NS ROBEDORETIX 2.75 2V iB-oTE %3, (-11) // 4
X -2.75 2 IZNEWAIZ A5 FRIE: ADEERAOADZEITI) DT -3 1485 I ITERLTLIEX
W, PEP 238 ZZHLTLZE W,

function (BI%) MO LENCMEZ RS —HOXD Z & TF, BIRICIZ 0 U Lo E518 2T Z L3R E T,
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FEEDRITRH T B2 RS2 e ik E 5, R5IE. XYV v F., function ZBL T X,
function annotation (BI#(7 /77— a ¥) BIRD T X =X RRDED annotation TF,

By ) 7—rarid, BEREEEYE bbbz d: flziX, oKX 2 20 int Bo5[5
PSS, £/ int BIORDEZEO LIS TOVETS,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /7 57— a > DOXEIE function OEI TR SN TVE T,
HERED AN B 2 variable annotation ¥ PEP 484 ZZHR 1L TL 72 & W,

_ future__ A future statement, from __future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python.
The __future__ module documents the possible values of feature. By importing this module and
evaluating its variables, you can see when a new feature was first added to the language and when it

will (or did) become the default:

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (A R—yYaL 7> ay) ZALE#bDIZ ZDRVWAEY ZENT 208 T3, Python
F. ZRAY Y e, BERSREZHH LB T 2ERAR—YaL 7 22 lioThHR—YaL s> a v &2fT
WET, FRN—YaLrXikge TV a— L %EFo THRIETEZ T,

generator (¥ = L — &) generator iterator 2R FBI TS, BEOBBUIBTWE M, yield XzHioO R
THRZLD £7, yield R, for L —FTHHATERLD, next() B THEZ 1 DFOWMHE LD TE S,
DN %2R T 2 DI E T,

BHEEY AL —XBEBEZRLETY, XRICL>s TR PR —F1TL—4 ZHEITHERDH D 5,
BEREN7ERPH S THRWEGE, BLO o2 B2 AL £,

generator iterator (¥ = 3L —X A T L —2X) generator BABTERINDE AT =27 FTT,

yield D7 NZJRHFIFATIREE (JHFTEBRARLIED try X ¥ 2aty) 2L T, WHIE—KIIC ks
NET, VxRL—FA4T7L—& HfHcNL . T LEMNEZREL X3 (@FOBEBNETOLTR
WZHT L WIRED S Fila 5 2 D & AR T9),

generator expression (¥ = HL—XH) 4 7L —X2RITATT, H@EONXIZ, V—TEREZERT S for i,
HiFH, Z L CHBSATRER if HiBOOVW TV R XS ICRAET, 25 LT E. SMllo B
JTEEZAERL ET:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285
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generic function (¥ =3V v Z7BI#) 228U LRI C1#EZ 5 2 BBE D S MRS L 2 BET 3, FEHL
FHCE DEEZ WD RIET 4 ANy F7ATYVXLCEDRESHET,

single dispatch, functools.singledispatch() 7L —x, PEP 443 ZZML T Z&X W,

generic type A type that can be parameterized; typically a container class such as list or dict. Used for

type hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.
GIL  global interpreter lock B L TL IZ&E W,

global interpreter lock (Z'B— LA Y X T Y ZB v 7)) CPython 4 ¥ X7V ZPFIFA LTV, —EIZ Python
DNAEI=F 2ETTE2ALy FIF—D2RE3TH2 2 RiET 2EMATT, kD (dict
BREDEERMAAAIEEL) 7Y 227 NEFADRART 71 20230 U THRNICE RIS DT,
CPython OFEENS TR DET, A VXSV AR ERY 7 $T 52T, wAF T Ry
HAET ZMINLD TR G| MR, 4 V&2 T XREMRIIILF ALy FETE2 X512k D £7,

7272 Uy BEHED 2 0B D WL DD DIERE Y 2 — Uik, iy & 25t BR C O RO E W% 3
%X X2 GIL 2R T 2 X5 ICRGEI SN TWE T, %7, [/O0 Lz 3 2556 GIL 3EICHREh T,

MR HHASAVF ALy ME” Ld 2 7Y & (2R 7T — 22l vkETr vy 75 2) H5
HKINF LD, — BRI IATaty bOBEDRT =< Y ADEDP D THINLERATL
Joo TORT =3V ADOMBEEHRRL LS T2, EENIDEMICHRVRTFIX FBEMT 2 E 2
LRTVWET,

hash-based pyc (/N > 2= pyc 7 7 A ) IESHEZHHIT 27012, MET 2 Y =R 7 7 4 L ORMEERH
FEZIClE R Ny Y2 fBE2HHT 24 ba—FDF ¥y v a7 74 L TT,

hashable (/v ¥ 2 F[RE) Nw 2 adgE ATV =27 beid, EFHBTZEDO RNy Y2 fliZHD
(_hash__ () AV v FABE). O+ 7V =2 b LHEBATES (_eq O AV v FABE) +7
P MCTF, FMERANY S af[fEA 7Y 27 MEBTRIC Y & 2 @2 ORERDH D 5,

Ny Y ab[RERA TV 2 7 MIFEDF —REEDA N LTHZET, H#ECEGOT — iGN
Ty v affzflioTndh6TT,

Python @4 2 2 =X 7T NVRMABIAALT TS =27 NI AR Ny P 2A[RETT, (VA MPHIFOK
572) T a—=RINIRAYTFENY Y 2 RAJRET T, (X TN frozenset DX H7R) 4 I a—& T )Niga
YTFIE BERNY Y ARETH I L EDHNY Y aA[RETT, TP —EEDI FADA VARV AT
HBEOIBATI I MEF T AL Ty Y 20fETT, ZRHEAT (HEERWT) HERRIZIES
flicH b, »y > afliid idO) XDELNET,

IDLE Python D#i&EBFERSE (Integrated DeveLopment Environment) T3, IDLE & Python OEHERYRAD
IZFE STV 2 BEANIBEEED T T 4 R 4 ¥ X T) R TY,

immutable (£ 22— 7)) BAEDEEFE-/A TP 27 b T, 4 I 2a—XTNRITY =7 MITE. A,
X, BIRERTIARENRDHDET, ThoDF 7Y =7 MIMEZZEZONFH A, HOEZIESES
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B3, ¥ A 79 =7 PR LETNEZRD FH8A, 4 32 —F TN EATY 27 M BED Y
YA @R 7 2NN CEHEREE 2R LT, BHEDOXF—BZOHITT,

import path path based finder %3 import 3 2 €Y 2 —VZ2REKT 251 (£7213 path entry) DY A b, import
H, 2OV R MIEE sys.path 25RETH, H TR0 F—YOHBEEHE v r—2 D __path__ B
"o HRET,

importing »%%EY 2 —/L® Python 2— FMF|IDEY 2 —LD Python 2 — R THEX 23 X 5ICT 3UHETT,
importer TV 2 — A ELTH—-FFT 24 T7I 27 b, finder & loader DEEBHTHHE24ATI =7 b,

interactive  (Xf&GHY) Python ITIZXEEHIA > X 7Y XH3H D, XPRE2A 2TV E2O Ty T MTANT S
CRBICEITINTRHERE RS e TEEJ, python D5 ELS X TICETLTLEZ W, (av
Ea—ZDXA YA =a—7»5 Python DNGENA ¥ & 7Y X ZEETE S0 LOLEE A, ) MEEHIA >~
XTIV RE FILWTATT7ZHLTALED, EY 2=y r—YDOHZIHWTAS (help(x) ZHZ
TBWTLEZW) DI IHEF LY —LTT,

interpreted Python (&4 > X 7Y XJEADEFETH D, a2 4 SEFOMNMIMEBELE T, (N ba—-—Fay
RATHBH B0, ZOXPNIEHKTTD, ) TITOAL Y RFYXFFELIZ, Y—Ra—FD7 74l
. ETFETARERRICL ThrSETIE2 L Vo BER LIS, BEFITTEL I REKRLET, 1
27 XBAOEFFETERE. a2 4 FJBRDEF/LD DA TNy Z7OH A 7 V3 NbOD, Trs
7 LDFATIF—RITENT T, WEH BB TS W,

interpreter shutdown Python £ X =7V X =¥ v v PR YV REFEINLFIZ, TP 2RI RTDY
VT 4 IIVENEREE L R YD, TNTOMRLZY Y — R ZEECERT 5, Bl 7 2 — AL
o ZO7x—RXF AN=JAL IR 2EBENTHLET, CARED -V —ERDTA 77 X —
% weakref I— Ny IPELHENE ZeBHDET, Yy v PRV YT 2 —AHFICHE[TFENEa—F
. ENPMKET DV Y — AR T TIEELRWV (XL H201XF7 4 75V —FEY 2 —/L% warning HfE
TF) 7=DIThRA 2 BISMNCER L £ 3,

AVER—FYERT Yy bR YT EREHIZ  main EYV a2 —AREFTEINTVWSEZAZY T FDHE
I3 T LI TF,

iterable (RIERATREA 7V =7 b)) BEE—EIC 1 DOFTOREEZ A7V 27 FTF, KEAREA 7Y 27 FDfilic
3. (list, str, tuple ¥ W oZk) RTOY =7 Y AP, dict R T7AINFATITIF tvok&ED
MO = Y RBL B B0 Sequence BMEmZEHE L7z __iter__ () XYV v Fh __getitem__() X
Yy REFOEEDI FADA VARV ANEENET,

KAGRTREA 7Y = 7 M for —THNRZOMEBL D> =7 V2 ((RiFE: 22 TOY—r YR, ¥—7
YARBITIER S T2 DF e S ER) AIRE L 72 5K (zip (), map(), ...) CRIATE ¥, KIEATHE

TV x 0 M AABBEE iter ) DEIBELTET L, ATV MM T 24T -2 2RLET, Z
DA T L —RF—HDEZ 5 FHETEIMHEN TS, BEIRIEAGEL 7Y =7 b2 BRITE, iterO %
FARDATL =R A7 27 b2 HATIERMET 20EEID D $H A, for XTI Z DRFEZ HBINAT
W, RS OERMEER L TL—F2EILTWARBA T L — R E2HFHLES, 17L—42 ., o—7
VATVl —2 ZRLTLIIEE W,
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iterator (A 7L —%&) T —ROMNERET 24727 FTT, A 7L —KD __next__() XV v F’Z’ﬁﬁ%b
UM OIS (%7385 5B next O 1CIET) &, FAOTOERE—oFORLET, 7—XH%K
{iz3t, b HIZ StopIteration fISf XL L £ T, ZORKT, A 7L —FF 7P =7 b Gi)i'%f
BY., LI __next__ () 2M[EMATD Stoplteration ZEHLET, A 7L —Xik, DA T
L—&XF 727 FEEKEZIRT __iter__ () AV vy FEFEELRITNIRSLRVWDT, £ 7L —XiFfho
iterable 2T 2IZL AL DEFICTHHATEE T, Fo 2D LAFINIERORIEZITO X5 ka—
FTF, (list D&S57%) ary7+-4 7Y =7 Md, BEZ iter() BIBUCA 7Y =27 MTE LD for
N—=THNTES 72, B REHOA 7L —XZ2ERLET, ThEATL—XTTES 358, Hi
DA TL—=>a y THABADRIUA 7L =24 7Yz 7 F 2RISR T 720, ZDary7FD L5
BoTLELETS,

FE 7 BRI typeiter 2B D T,

key function (F—RI%L) ¥ —BE%. H2WIIREEEYIE. ¥V — P RIEFLIER O 72D OfEZ IR L ATEE
7Yz 7 b (callable) T3, fl 21X, locale.strxfrm() % ¥ —PBIICMEZIX. v r — L KEFEDOY — D
BHEICDo oY=+ F—%2IRLE T,

Python ®Z L DY — ik F—BEEZ WD BROWNESL 7V — L2 EHRL £3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE23H D £7,

F—BEERL IRV DD D F5, HIZIE str.lover() XV v FERXF/NCFEXANLZWY —
FETF—BERE LTHS 2K ET, HBWE, lambda r: (r[0], r[2]) ® X 57 lambda
ReOF—BBEELZ B TEE T, £/, operator TY 2 — /X attrgetter(), itemgetter(),
methodcaller() £\5 3 DDF—Ffa v A M7 7 & 2Rt LTVE T, F—FBOED FeHwao
fili% Sorting HOW TO ZZH L TL 72X\,

keyword argument FEF|H 2L T EE W,

lambda (Z %) BHLDA4 ¥ 5 4 YBET, BEHCH S 2IFHiichs 1 20 X 2E8AFT, T4
REABUEE A #01% lambda [parameters]: expression T3,

LBYL TZ 2okt (look before you leap)) DIETF, ZDIA—7 14 ¥ FTAXANTIE, O LPHRE
oA, BRINCHTHESMF (pre-condition) HIEZITWE T, FAFP 77 a—F L xfl8YT, if XH
CEAMONZ DRI T T,

<NVF ALy MEENZERE T, LBYL 77 —F13 7 A2” #ffr 7 RR” BEOHEAIREL 5 =i
CFTVRINBHH ET, B2, if key in mapping: return mappinglkey] W5 a— Kk, HIED
%, BDAL v FRBEERDEINC mapping 2»5 key ZW DR ERBMLET, ZORMEIZ. vy 27550
EAFP 7 70 —F %25 Z L TRIRTE X3,

list (VA b)Python DMABAAD =T 22 TF, VAPEWSHRTTIN, V227V X PTIERL, fio
BRETCE O HA (array) L FEEDH DT, HHEADTZERIF O(1) TT,

list comprehension (U A PANERKG) ¥ —7 Y AHOLRTH L2 WVIE—HOERLNHL T, ZOMELSRZY
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ANEIRT, av7 FRFIETT, result = ['{:#04x}' .format(x) for x in range(256) if x
h2==0] 35,05 255 ETOMEE 16 #EHREL (0x..) LAEXFID»SRZ VR MEERL E
§, if HildA 7> a3 T, if HiINRWEA. range(256) DR TOERMIUH N E T,

loader Y a2a—l%Zu— K334+ 7V 27 b, load_module() EWISHFIDOAY v REERLTWRITIER
DERA, B—X—IF—MINT finder 2 HRENF T, FEMIIE PEP 302 %, abstract base class 12w
Tl importlib.abc.Loader ZSIEL T &\,

magic method special method @ < 72 7=FIFEFET T,

mapping (¥ v YY) FEDOF—HFKE ¥ K- LTWT, Mapping »* MutableMapping D HHRHEEK >
FATHEINLAY y REREELTWEaYy7F 47T 22 T, HlRIX, dict, collections.
defaultdict, collections.OrderedDict, collections.Counter % ¥ T3,

meta path finder sys.meta_path 2K L THE SNz finder. meta path finder & path entry finder ¥ Bf%
WXHHFETH, BT,

meta path finder 23E2F 2 XY v FIZDWTIE importlib.abc.MetaPathFinder 2 & L T /2
ISAAN

metaclass (XX T R) 7 7ADI FATT, 7 I7AERIZ. 77 R4, 77 ADEFHL, HEKZ 7ADY X b
EEDET, XX I7RE. 206 3 %518 LTZIIMD., 77 AZEZBEERAVET, LAY
DATY x7 MEFIGEE (REXX I FAD) 77 4L FOEEZREM L TWE T, Python 25FHI72 D
WEHARLDRARY Z AR TERRTT, FLACDI—F =T - T, XX7 7RI DBEDRV
BDTY, Ll —HOBGBHETIE, XX 7 RAZBNTT LAY Mgk LET, e 3BT
JRADRTERSTD, ALy Re—=IWEEMLED, A 7927 POEREBIFLZD., > 270 b
VEFERETLIRY, ZLOBHETHHINE T,

FEANE metaclasses 2SR L TL 72 & W,

method (XY v F) 7 7 ARKORTERSINEE, 2D 7ADA Y AR ADEEL LTHUHE N5
B AV Y FREA VARV ZAA TS 27 P RE— 518 L LTRIWD £ (Z0FE—5[BUITEE self &
IR E D), B & RA SN 3ZRLTIEZ W,

method resolution order (XY v RERIERF) BRERHFICEIK Y 7 ADHREREMRINZIEFTT, 2.3 LIED
Python 4 > & =7V XMEHT 2 713V X LDFMICOWTIE The Python 2.3 Method Resolution
Order ZZRL TLZ&E W,

module (&Y 2—J) Python 2 — FOMMHENM L LTERHATI 2 P T, Y 2 —MIIEED Python
F TV 27 VEEOARIEMERD T, BY 2 —ILiE importing DILIRIZ X - T Python IZHAAFEN
3,

NYT—2 Z2BRLTLIEZZWY,

module spec P 2 —A%k B —FFT5DIHbNd AV R—- M HEOERE ZLHARIZEM TS, importlib.
machinery.ModuleSpec D4 Y A X Y X TF,
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MRO  method resolution order ZZIR LT 7FX W,

mutable (R 2—&7) I2—XTNBFTI =27 M, id() ZERAD I REZEETER S, 1S a—
27)) BBIML T E W,

named tuple 7 ZHIfFE X L7 WS HEEIR. ZIAEREKLTWT, 4 U F v 7 AWML BERIHLUEEZ
foTD77RBTEZIREDHERLY FRCHEINTVET, ZORIPT 5 A IMOERED R > T3
ZebHHET,

time.localtime() ® os.stat() DERHEZEL WL O DHAAARNILHIN & X T TT, HOH
¥ sys.float_info TJ:

>>> sys.float_info[1] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

(EDBID & 512) WL O DHAHFIMT & X TV AABRTRNI R > TWE T, ZOMIZHHFITE X I,
WEDZ F AERT tuple AL, AFIO7 4 — L FZERL TERTEXT, Z20L5K7 5 REF
B TH Wz D, collections.namedtuple() 7 7 27 b VBIEITIERK L7 D TE £5, BEDOHEZ. FH)
TRV AFIT & X TV AABDGRIT X TN X Y v REBIMTEE 3,

namespace (FRTZEM) BRI E N2 LTS, ARTEMEHEL LTHEESIAE T, HAETEMCEA T
Pz bD (XYY RD) ANTFIRE-7bDRETTHRL, RFINAZRS D, KR d D, £ L THARA
HBDOLDOBHD FT, HATEMIIHAIOEREZC Z 2o TEY a— A HEEFR—- T3, HlZIXHE
% builtins.open ¢ os.open() FHHTEMTEHEINTVWE T, Fh. EDEY 2 — 0K EFHEE
LTCW2 2R % Z i ko THATZEBIE A ZE e R 2 R L3, #lR1E. random.seed() *
itertools.islice() &L ¥, ZNFNEY 2—/Jl random X itertools TEEXNTWVS Z L HHH
5, TT,

namespace package (#HIZEM Sy 7 =) BT v r—YDar7re LToOARMEENS PEP 420 TER
XNz package TT o HRIZERAS Y &= 3B RAEZFFLRWZ 223 CTE, __init__.py 774V
BRIZIWT2D, reqular package ¥IXELD F5,

module SR L TLFE W,

nested scope (F A FEINFRa—7)IMITERIN TV EERESIRT 2H8ET T, HlZIE. H 2B H D
EfohTERIN TV S5E. AHOBEIIMIOBRtOZ 2R TEEx S, A XA PSR a—7
377 4V b TREBOSRIZINTE, ZHORARFTERVOTERL T LEZ WV, a— VR,
RONHIOR 2 —FTEREHGAEFELE T, RIS, 70— VERZ[ES & 7a— VA2 ofdz
FMAFEEXLET, nonlocal THHIOERICEZADET,

new-style class (HTRAXANT FR) GTREETDZ FAF TP =227 MZHEOLA TV BEM T D EWHARTT 3 LUAT
@D Python DN—=2 a YT FRARANDT T ADAD __slots__ . T APV VTR, __getattribute__()
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I TARXY y B ZLUTHIXY v FED Python OF LWV, ZERZEREZFHTE E L

object (F 7Tz 1) KEE (BUERM) L ERSNIREED (XY v F) 222 TOF—K, dLLIE 2T
DHRAZAINTSA DFRBORIE T S 2D ¥,

package (Sv 7 =) BT EI 2 —RHRNZH TRy F—I 2 &L DMK S module DZ & TF, HM
NciE. Ry =213 __path__ B Z2HD Python A7 =2 + T,

reqular package & namespace package B LT 712 &0,

parameter ({R51%1) HAITOFEART BE (2 AV Y E ) OERICBOVTHENZT 2 Z5|18 2EELET, K
FIEIIE S EH D £

o IBFLEF—T—F: B THIWE F—T—F3 et LTEIT LN TEZ5/ e ELET,
ZRUITE ZIELLT D foo R bar DX HI1Z, 77 4V DREIFOEETT:

def func(foo, bar=None): ...

o fIEHH: MBEICX-oTDAGZONIEIMEEEL$T, MEHEHDT BT BBERDGIBDOV X
FOHTZNLDERAIL / 2BDB I TERTEE T, BIZIZTED posonlyl & posonly2 1INiE
HRGIEICRD £3:

def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—U—FRER: ¥F—V-FRZLoTOAEZOLNZ5IHERELE T, ¥—V— NEHOF|HEER
TE35AME. FIZIELITD kw_onlyl = kw_only2 O X 512, BABERDWEIEY A McED=A]
EEMBSIBEZIEHD x DEKTT:

def func(arg, *, kw_onlyl, kw_only2): ...

o AIERME: (ORFIETEICZ SAMEREOMES A T) EEOEBMOMES A E 2 5
NBZZeRIBELET, 2O LI RRFIEE. LT D args D & 5 IRGIBEDFNC * 2213528 T
ERTEFT:

def func(xargs, **kwargs): ...

o AIERF—T—F: (fOREFIBTEIIRZIOLNILERDOF -V — F5IEIMAT) EEOEED X —
U— REBEZONZ e EEELE T, 2D XS RE5IEX. EDBID kwargs D & 512K5 18
DHNC ** ZOFZ L TERTEE T,

REIEEA T a v e HEDFIBOE DB HBIFETE, A7 a D5 |BICEZF 7+ LV MEDIEETE
i\j—o

w518 . FAQ @ FE5IBE R BDEWIIAITI A7 | inspect.Parameter 7 7 X, function €7 =
v, PEP 362 2SR L TLZ& W,

329


https://www.python.org/dev/peps/pep-0362

The Python/C API, U1 —2X 3.9.19

path entry path based finder 5 import § % €Y 2 —L 2T import path £D 1 DDGFITT,

path entry finder sys.path_hooks {Z# % callable (D% D path entry hook) 23R U7z finder TS, A HH

7z path entry \2HBEY 2 —NVERDFEHEEH>TVET,

NRALY M) =T 74 Y EPEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder # S L
TLEEW,

path entry hook sys.path_hook U X MZ® % callable T, 8E X N7z path entry WCHBEY 2 =L BOF

5 J7iER > TWBIGEIT path entry finder 218 L %3,

path based finder 77 # L +®D meta path finder @ 1 2%, €Y 22—V D import path ZMEL T,

path-like object (path-like #7327 b)) 77 A VT AT LRRABRLE T, path-like # 7Y = 7 NI, 2%

PEP

KT str A7V 22 bR bytes 7Y =2 b, %713 os.Pathlike 7R ba L ZEEL AT =7 b
DENPTT, os.PathLike 7B FANZHR—bPLTWVWELF TP =7 M os.fspath() ZMESHT Z
©T str £721d bytes D7 7 A VT AT LRRICELTZ T, os.fsdecode() ¥ os.fsencode() &
ZNZN str HBWVIE bytes ICRDDERIALT 2DIMEZ T T, PEP 519 TEAZNE L,

Python Enhancement Proposal, PEP (&, Python 2 I 2 =7 4 XX L TIHEMEZRET 2. H 20k
Python OHHERES Z DBEFEPRIREEIC DWW TR T 23FH FHTT, PEP &, BRI DWW T OB L HM
IR 1R T 2 HEE DRI (BER) ZIRR 2 NETT,

PEP 3. #HHSHEDRBIChD 2, a3 2 =7 412 & 2 RHEIREOER & Python 1272 XN 2 3ZEHAWT DL
EDDDORENMOEHEL 223 2 2ERLTWE T, PEP OFEICIZ2I 2 =7 1 NOBEERELT
S5k, RMERZNEILTZ2ZLDEHEDHD 5,

PEP 1 2L T EX W,

portion PEP 420 TEFRI LT3, namespace package IZJET 5. HED 7 7 A 1D (zip 7 7 4 MTHEN

INTVEHE D D) 1 2DT 4 L7 MV HEHE I D,

positional argument (IE5|#) =E5|EH 2SMHML TS W,

provisional APl (& API) {485 4 75V D)7 HARMERALD HFHERICPRA SN DT, ZD LS4 A

VR —T 2 —ANDKEREHE I, WETHZ L N TV INTHERADL, a7HEREE I -
TREr ARINIUE, BAIEERREE (A VX2 —7 2 —ADHIRETEEN D) MTbOAXET, 20
IO BEHIZLRLAITONZDDTIEH D FHA - ZHUX API ZHAADENCIERE L SN TWi-&E
RiZRMDBEE L2 TIOATONE T,

BE APLIZoWTH, BTEMEDBWEHIX TRETFER) LARINTWET, BERMHAL5E
THRT AR RS RETT,

ZO7RERITED, FHESA T VEMELR T4 V27— ICRVWHEALAD SN S Z eind, KX
zHEZ TR o Ed, FEllld PEP 411 22 LTI EZ3 W,

provisional package provisional APl SR LT EE W,
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Python 3000 Python 3.x VU —Z54 D=y 73 —ALTT, (Python 3 AEWIFRDFE - IEHIES Nz
SETT, ) Py3k” tlsEhz2ddHh ¥,

Pythonic O FFET—MRNARE X THEDLNIza— F TR, Python OFHC—INRA T4 F LITfE- 7%
ZHa—KNh, flziE. Python O—&i7% 4 7 4 A LTI for XEFoTA T I ITILDITRTOHEE
K-> TL—7LET, oZ DFFEIIIZ DAL ND T, Python iIZEATWRWARKD DI
BIED Y > 2 =% E50b LR EA:

for i in range(len(food)):
print(food[il)

ZAuTH L. Ehwiz Pythonic 72 Ak

for piece in food:

print(piece)

qualified name (Bffi%) €Y 2 -1 DB =NV RA=THh 5, ZOEI 12—V TERINLT TR, BB X
Vo RAD, 7 RR” BRI Fy PRI TT, PEP 3155 TEREINTVET, by LB
79 ATIE, Bi%EA 727 FOAZRIEFRLTT:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D'

>>> C.D.meth.__qualname_ _
'C.D.meth'

BV 2 NADBBTHELNS . BRLEHR (fully qualified name) 1ZTXTOF Ny ¥ —I 2GR
DERy bEFEEL. HlZIE email .mime.text ZEKRL F T

>>> import email.mime.text
>>> email .mime.text._ _name__

'email .mime.text'

reference count (BMA TV ) 2 ATV =7 NIRRT 22RO, ZRATV Y AR 0ICho & ZDA
727 NIWEINE T, SRI Y  MIEFIE Python @ a— F_ RN AR, CPython %
DEELBERTT, sys BV a—LZ, Fars<x—nEEDOF 7 227 OSBRIV Y N2 272HDD
getrefcount () PARZRALL TV T,

regular package m#HIIR. __init__.py 77 A VEELT 4 L7 MY & LTD package,

namespace package IR TLITX W,
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_slots__ ZSANTOEET, A YAEZVABHOTEEZH O UDERL TBE, 4 VAKXV AFEZHR
THIET, AEVEHNLET, 2RI fFbhs77=v 7 TITD, ELLFESXEPLMY v F—
BROT, Wy —X, BIZIEACYDPHEREL 227 TV 75— a Y TA VAR Y ABKEBITFET 5.
EWVokt ZTZRE. HHORVDOBRA FTT,

sequence (¥ —7 YV R) BEA VT R X BMENRBERT 7L R% __getitem__() KXY v FERHEU T
FR-—FL. REZIRT __len__() XYV v FEERL iterable TF, fAAAY —F > ZANZIE, 1ist,
str, tuple, bytes ¥ H D F3, dict 1F __getitem__ () ¥ __len__ () ¥ R—-ILFTH, BR
DB TR {MEED immutable B¥ =% 572D, =7 Y ATERL~ vy B2 (mapping) &
AREINTVDDOTHERELTLEE WV,

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

b -

__reversed__(). Types that implement this expanded interface can be registered explicitly using

register().

set comprehension A compact way to process all or part of the elements in an iterable and return a set
with the results. results = {c for c in 'abracadabra' if c not in 'abc'} generates the set

of strings {'r', 'd'}. See comprehensions.
single dispatch  generic function ®—FETHRET—DODFIBOENC X DB IRENF T,

dice (R5A4R) —UZ S—T YR D—WEGOFTT =2 b R54 R, WERE [ THAHNMEHRO
BoMicaary2HEL e TEbhEd, BRI, variable_name[1:3:5] T3, AN (HF) idB5iX
slice 7Y =2 F2WNETHHL TVWE T,

special method (kX Y v V) & 2 BUTKEDRIE. BIZEINEZ § 572912 Python 7 HHEECH U Eh
B5AY v N, TOMEDAY Y FiE XYy FRHOREREICT VX —2a7 2 OBDOWTWVWET, K
BRX Y v FIZ2DWTIE specialnames TR ENTWE T,

statement () XWEAA —F (Z—=FD” 70y 77) CAAIRZERTT, XF X »F—v—FroiIh
2HDDEE LHNTT, HBEICIE if. while. for 23HH F5,

text encoding A string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To

store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as ”encoding”, and recreating the string from

the sequence of bytes is known as ”decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text

encodings”.

text file (F7XAMT7AN) st ATV 27 FEHAFETES file object TFo LIFLIE 7FRA 774
JNEEBIIAAL MEAD T =X AP =LA77 72AL, THFAMIYOA—T1 Y 2HBMCATVE
T TFARMT7 74 LDHIZ, sys.stdin, sys.stdout, io.Stringl0 4 Y RAX VAR E R THFA M E—
F('r'or 'w') THWEZ 74 LTT,
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bytes-like 7T T b ZHAEETEL 77 AN T2 7 MZOWTE, N1 FUT71)L SEL
TLEE W,

triple-quoted string (ZE 77 4 — FXFH)) 3 0D L2 4 — bElE (") 7R w7 4 — () THELL
FH, WED (—H) 74— PLFINHANTRIIT E 2 XFINTENEDH D FEAD, XO0OMETH
HTT, 100200820 4 — FlBER TRy —FHLICELS Z e TEE T L. [THCE (\) %
bR THHEBUTICE D2 TEZDT, F¥axXy 7 —a Y FHEE S FICRHICERT T,

type (&) Python #7227 ORI A TV 27 B D XS5 RDDOIERDET, HOWH A TP =7 MIA
ERoTVWET, A7V 27 FOBNE __class__  BMT7 722 L7%D, type(obj) THE L H HK
£9,

type alias (A V7 R) RDRHIHT, BEZFEANFITRALTERL £,

M4y 7R3 BeY b 2HMLT 2DICHHTY, HlZIE:

def remove_gray_shades(

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

CHERDESICEDFHARTLTEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEEEDFAAD ® % typing ¥ PEP 484 2ZM L T 2 & W,
type hint (Bl > b)) Z8 7 7 XMW, BB O 5 X =2 PR VORI N BRI Z48E T 5 annotation TS,

Ble ¥ MIHETIER { Python TIEHITIED H THAD., HNEENTY —1ic o THEHATH D, IDE
Da—FfisEL V77272 Y Y TOFFITHED 35,

Ia—rOVER, 77 R, BT, o — AL ZEHTHEVHDDE L ¥ M typing.get_type_hints()
THRBTEET,

WREDERAADI®H % typing & PEP 484 S L T2 & W,

universal newlines T¥ 2+ 2+ VU — ADERED—DOT, UTFOIRTEZITRLBHML £ 3 Unix DITRKRE
"\n'. Windows OE '\r\n'. &\ Macintosh DFE '\r', FHAFEICOVWTFHLZ. PEP 278 ¢
PEP 3116 . 51T bytes.splitlines() S L T2 &\,

variable annotation (Z¥(7 /7 —ay) ZRD 5037 5 REED annotation .

ZRDH BN 7 AREICERZ 728 23, AABTRERTT:
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class C:

field: 'annotation'

BT /77— ayi3@EEBEEY E OLdicfibnEd: fIZIEX. ZORBIL int OEZIS Z & Z2H]
fEhTwxd:

count: int = 0

BT 77— a DT DWW T annassign i T L TWE T,
Z DREBEIC O WAL L TW 3 function annotation, PEP 484, PEP 526 ZZH L TL 72X\,

virtual environment  ({RARERER) WRAICY) D BES N RITEREE TS, ZHUT XD Python 2—% 7 7Y 7 —
Pa YA AT A ETEIWTWA MO Python 77V 7 — a YOZEENZTFIHT 5 Z &7 < Python
Ry TF—=IDAYAM=ILEEHETD DB TEET,

venv ZZHAL TL 2 & W,

virtual machine (R~ V) BRIV 7 PV = 7ICX DERS N3 ¥ a—&, Python DFFE~ > »iE A
Aba=Fary 4 IBHAHLE N bO—F 2FETLETD,

Zen of Python (Python ®1&b) Python ZHfE LFH T % L TOEZ 25, Python ORKEHRAIL BH¥%2 Y
A ML DTT, XM7Y 7 M T 7import this” E T2 ZDVARAMNEHOHET,
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5z
B
CORFaXYHFIOWVWT

COFFaxXy M Python D FFa Xy b2FREREHNE L TESLN F¥aXy 7 rtyHd Sphinx
ZHRIFA LT, reStructuredText TERD Y — 2 H4EMRINFE L=,

FFaxXybrZzoy—LHOKEIX, Python BH EFIRICEEICR T VT 4 7OENTT, b LHIVWEEK
L7zwWis, EOX5TRIEXI VIO WT reporting-bugs R—=S 2 ZETE WV, FHILWRT VT 4 7idWo
THEHNTI! GRiF: HARGEROMEICOWTIE, GitHub _E® Issue Tracker THEZ BBV £3,)

LRI EH &

e Fred L. Drake, Jr., AU I F L@ Python FFaX > by =ty FOERET., F¥aXrbrD0Ei%
HEF L

e Docutils 7@ =27 b. reStructuredText ¥ docutils YV —iLt vy b ZIERKL F L7,

e Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 Python F¥a Xk~ Bif&E

% D %A Python 38, Python f£# 5 4 751V, ZL T Python FFa Xy 7—yaYIZEMLTLNT
WET, V—REMAYID Misc/ACKS 12, ZRHEBAL T N AL ZEH AN TED D EITNIV AT v L
THHET,

Python 2 X 2 =7 4 225 DIEHRIEHE BEMARITNEZOEBL LV R Fa X7 —ya VidETNERATL
7o -HHHE S
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&R
C
BRe>1t>2X
C.1 Python DFESE
Python & 1990 FFR DD, F 5 ¥ XiZH % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC LN 2 SFEOHRMEEL L TEARINE L, ZOHRELD
A% 2 Python IZEHBAL TWE T2, Guido &5 HTH Python BEE DT> TVET,

1995 £, Guido 3 KEY 7 =Y =7 ML X b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

2000 £ 3 H. Guido ¥ Python ® 2 7 Bi%F — 413 BeOpen.com (2 D . BeOpen PythonLabs 5 — 4 ##EA L
¥ L7z, [A4E 10 A, PythonLabs 9 — 4% Digital Creations (BIf£®D Zope Corporation, https://www.zope.org/
ZH) 1D £ L7z, £ LT 2001 £, Python 1ZBEF 2 HINWMEZRE T % 7= DIEE A Python Software
Foundation (PSF. https://www.python.org/psf/ Z8) #iLb LIFE L7, ZDr F Zope Corporation i
PSF oBRBIZZRD $ L7

Python DV V=R IR TA =TV Y =R (=7 >V —RDEFEKIZ https://opensource.org/ #BLTL 2 &
W) TF, BRINICAT, T —#FERIZEA YD Python VY —21% GPL BUCK>TWET; £V IV —X
KOWTRTRICEEDTHD £5,
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Jy—z | "= FEEE HEF) GPL Hi
0.9.0-1.2 | n/a 1991-1995 | CWI yes
1.3-1.5.2 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.1+2.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DIR% 2.1.1 2001-BifE | PSF yes

ER: TGPL Hift) w5 RBUE, Python 28 GPL THAIEHN TV 2 WS EKTIZH D 8 A, Python O F
Ay RAFET, GPL WV, BELAANA—Va Y Z2MATBICERE 2 -T2 =R LR THDLEVE
YA, GPL HE¥iD I 42 ZADTTIE, GPL TV VY —XRXNTWAMOY 7 b 27 ¥ Python ZHAGHYE
LRETH, ZNLHNDIT A4 ATIXZESTED D FXE A,

Guido DFERD T, ZNHDV YV —RZAREIC L T EE 0%ZL DRI VT 4 TDHRI ATEH L E7,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSFE License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under
the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code falling
under that license. See Licenses and Acknowledgements for Incorporated Software for an incomplete list of

these licenses.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.19

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.9.19 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 3.9.19 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 3.9.19 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 3.9.19 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
3.9.19.

4. PSF is making Python 3.9.19 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.9.19 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.19
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.19, 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.

C.2. Terms and conditions for accessing or otherwise using Python
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8. By copying, installing or otherwise using Python 3.9.19, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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 provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python

1.6.1 that incorporate non-separable material that was previously distributed

(RDR=I12HE <)
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under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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 3.9.19 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,

(Ko<= 1%i)
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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 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/

~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

(RDR=212Hi<)
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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)

C32 VYT7vyhk

The socket module uses the functions, getaddrinfo(), and getnameinfo(), which are coded in separate

source files from the WIDE Project, http://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.3 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l 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 management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l 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 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
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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 Execution tracing

The trace module contains the following notice:

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 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.
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C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

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 conditioms:

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

(RDR=I12Fi <)
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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. 1IN 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 EY 2 —LIIRDEHEZEZATVET:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 Select kqueue

select EY 2 — X kqueue £ VY X —7 2 — A OWTDORDEHEEATHE T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l 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
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(KDR=12%i <)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from http:
//www.netlib.org/fp/. The original file, as retrieved on March 16, 2009, contains the following copyright

and licensing notice:

/****************************************************************

*

The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

¥ OO X X K X X X X X X X X ¥ *

ok ok K K o oK oK K K ok ok K K ok ok oK K ok ok oK K 3 ok ok ok 3 3 ok oK oK 3 oK ok ok 3 K K ok ok K K ok ok kK ok ok ko Kok ok kR ok /

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy
of the OpenSSL libraries, so we include a copy of the OpenSSL license here:
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LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL

please contact openssl-core@openssl.org.

OpenSSL License

* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.
* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions

* are met:

* 1. Redistributions of source code must retain the above copyright

* notice, this list of conditions and the following disclaimer.

* 2. Redistributions in binary form must reproduce the above copyright

* notice, this list of conditions and the following disclaimer in
* the documentation and/or other materials provided with the
* distribution.

* 3. All advertising materials mentioning features or use of this

* software must display the following acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

* 4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to

* endorse or promote products derived from this software without
* prior written permission. For written permission, please contact
* openssl-core@openssl.org.

* 5. Products derived from this software may not be called "OpenSSL"
* nor may "OpenSSL" appear in their names without prior written

* permission of the OpenSSL Project.

* 6. Redistributions of any form whatsoever must retain the following
* acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit (http://www.openssl.org/)"

* THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT ~~AS IS'' AND ANY
* EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

(Ko<= 1%i)
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* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
* PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR

* ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

* 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

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

* All rights reserved.

* This package is an SSL implementation written
* by Eric Young (eay@cryptsoft.com).

* The implementation was written so as to conform with Netscapes SSL.

* This library is free for commercial and non-commercial use as long as

* the following conditions are aheared to. The following conditions

* apply to all code found in this distribution, be it the RC4, RSA,

* lhash, DES, etc., code; not just the SSL code. The SSL documentation

* included with this distribution is covered by the same copyright terms

* except that the holder is Tim Hudson (tjh@cryptsoft.com).

* Copyright remains Eric Young's, and as such any Copyright notices in

* the code are not to be removed.

* If this package is used in a product, Eric Young should be given attribution
* as the author of the parts of the library used.

* This can be in the form of a textual message at program startup or

* in documentation (online or textual) provided with the package.

* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions
* are met:

* 1. Redistributions of source code must retain the copyright

* notice, this list of conditions and the following disclaimer.

(Ko<= 1%i)
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* 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.]

*/

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to

permit persons to whom the Software is furnished to do so, subject to

KDR=12%i )
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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.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi:

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. 1IN 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,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the system

is too old to be used for the build:

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 restrictionms:

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

The implementation of the hash table used by the tracemalloc THHL TWd 1y ¥ 27— 7L DHEE,
cfuhash 72 =27 bOBDICEDS X

Copyright (c) 2005 Don Owens
A1l 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

(Ko<= 1%i)
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copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
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

KDR=12%i )
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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
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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CO_FUTURE_DIVISION (C DOZEH), 25
code object, 166
coercion, 320
compile

fHHAHEE, 53
complex number, 320

A7k, 118
context manager, 320
context variable, 320
contiguous, 100, 320
copyright (in module sys), 203

coroutine, 320

coroutine function, 320
CPython, 320

create_module (C D), 174

D

decorator, 320
descrgetfunc (C DT—4E), 306
descriptor, 321
descrsetfunc (C O7T—4H), 306
destructor (C ®FT—4E), 306
dictionary, 321

ISk, 157
dictionary comprehension, 321
dictionary view, 321
divmod

$AHIAAHBEE, 87
docstring, 321
duck-typing, 321

E

EAFP, 322
EOFError (built-in exception), 168
exc_info() (in module sys), 12
exec_module (C DOEH), 174
exec_prefix, 4

executable (in module sys), 202
exit(), 51

expression, 322

extension module, 322

F

f-string, 322
file

FTSTU R, 167
file object, 322
file-like object, 322
finder, 322
float

R AHAAHBEE, 90
floating point

ATk, 117
floor division, 322
Fortran contiguous, 100, 320
free(), 245
freefunc (C OF—%8), 306
freeze utility, 56
frozenset

FITSx Uk, 160
function, 322

FTTxI kR, 162

function annotation, 323

G

garbage collection, 323
generator, 323

generator expression, 323
generator iterator, 323
generic function, 324

generic type, 324

getattrfunc (C DTF—4HE), 306
getattrofunc (C D7T—4H), 306
getbufferproc (C OFT—42E), 307
getiterfunc (C OT—42E), 307
GIL, 324
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global interpreter lock, 205, 324

H

hash

EHAHBEE, 79, 280
hash-based pyc, 324
hashable, 324
hashfunc (C OTF—42E), 307

IDLE, 324
immutable, 324
import path, 325
importer, 325
importing, 325
incr_item(), 13, 14
initproc (C OF—4&), 306
inquiry (C @7 —4®), 313
instancemethod

IOk, 164
int

#HHAaH B, 90
integer

FITxU b, 112
interactive, 325
interpreted, 325
interpreter lock, 205
interpreter shutdown, 325
iterable, 325
iterator, 326
iternextfunc (C ®T—4E), 307

K

key function, 326
KeyboardInterrupt (built-in exception), 37
keyword argument, 326

L

lambda, 326
LBYL, 326
len

HAHAHBEE, 79, 91, 93, 155, 159, 161
lenfunc (C OF—%E), 307
list, 326

FITSxU K, 155
list comprehension, 326
loader, 327
lock, interpreter, 205
long integer

FISTO R, 112
LONG_MAX, 114

M

magic

method, 327
magic method, 327
main(), 200, 203
malloc(), 245
mapping, 327

FITSU R, 157
memoryview

FTTxU K, 181
meta path finder, 327
metaclass, 327

METH_CLASS (##AAHZEH), 263
METH_COEXIST (#8&HAHZEH), 263
METH_FASTCALL ({H#&AHZEH), 262
METH_NOARGS (#AAHZEH), 262
METH_O (#HAHZEH), 263
METH_STATIC ({ARAHEH), 263
METH_VARARGS (fHAAHEH), 262
method, 327

magic, 327

special, 332

FTTxIh, 165
method resolution order, 327
MethodType (in module types), 162, 165
module, 327

search path, 14, 199, 202

ATk, 169
module spec, 327
modules (in module sys), 52, 199
ModuleType (in module types), 169
MRO, 328
mutable, 328

N

named tuple, 328
namespace, 328
namespace package, 328
nested scope, 328
new-style class, 328
newfunc (C OTF—42H&), 306
None

FITxIh, 112
numeric

AUk, 112

O

object, 329

code, 166
objobjargproc (C DF—4E), 307
objobjproc (C OF—4E), 307
OverflowError (built-in exception), 114, 115

P

package, 329
package variable

__all__ 52
parameter, 329
PATH, 15

path

module search, 14, 199, 202
path (in module sys), 14, 199, 202
path based finder, 330
path entry, 330
path entry finder, 330
path entry hook, 330
path-like object, 330
PEP, 330
platform (in module sys), 203
portion, 330
positional argument (Tﬁﬁglﬁ), 330
pow

HHAHAHBEE, 88, 89
prefix, 4
provisional API, 330
provisional package, 330
Py_ABS (C ®¥<Z-0), 5
Py_AddPendingCall (C M%), 216
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Py_AddPendingCall(), 216

Py_AtExit (C OB%), 51
Py_BEGIN_ALLOW_THREADS, 205
Py_BEGIN_ALLOW_THREADS (C ®< % O), 210
Py_BLOCK_THREADS (C' @Y% 0), 210
Py_buffer (C 7T —4H), 97
Py_buffer.buf (C DAV NEH), 97
Py_buffer.format (C DXAVNEH), 97
Py_buffer.internal (C M XVINEH), 98
Py_buffer.itemsize (C DXVNEH), 97
Py_buffer.len (C DXYNEH), 97
Py_buffer.ndim (C DXV NEH), 98
Py_buffer.obj (C DAY NEH), 97
Py_buffer.readonly (C DX INEH), 97
Py_buffer.shape (C DX VINEH), 98
Py_buffer.strides (C DA Y/NEH), 98
Py_buffer.suboffsets (C DX /NEH), 98
Py_BuildValue (C DRE#K), 66
Py_BytesMain (C DBE%), 19
Py_BytesWarningFlag (C OZE#), 196
Py_CHARMASK (C ®~¥Z0), 6

Py_CLEAR (C DOB%), 27
Py_CompileString (C M), 23
Py_CompileString(), 24
Py_CompileStringExFlags (C DEE%), 23
Py_CompileStringFlags (C DBA%), 23
Py_CompileStringObject (C D), 23
Py_complex (C OFT—4E), 118
Py_DebugFlag (C OZEH), 197
Py_DecodeLocale (C M), 47
Py_DECREF (C DBE#), 27

Py_DECREF(), 7

Py_DEPRECATED (C ®<¥#%Q), 6
Py_DontWriteBytecodeFlag (C DZEH), 197
Py_Ellipsis (C OZEH), 181
Py_EncodeLocale (C D), 48
Py_END_ALLOW_THREADS, 205
Py_END_ALLOW_THREADS (C @< 0), 210
Py_EndInterpreter (C DORE#), 215
Py_EnterRecursiveCall (C DB%), 41
Py_eval_input (C DZEH), 24

Py_Exit (C OB%), 51
Py_ExitStatusException (C D), 226
Py_False (C OZE#), 117

Py_FatalError (C D), 51
Py_FatalError(), 203
Py_FdIsInteractive (C D), 45
Py_file_input (C DZEH), 24
Py_Finalize (C M%), 200
Py_FinalizeEx (C DREAK), 199
Py_FinalizeEx(), 51, 199, 215
Py_FrozenFlag (C DEH), 197
Py_GenericAlias (C M), 192
Py_GenericAliasType (C DZEH), 193
Py_GetArgcArgv (C OREH), 241
Py_GetBuildInfo (C MEAH), 203
Py_GetCompiler (C M), 203
Py_GetCopyright (C M), 203
Py_GETENV (C ®<¥0), 6
Py_GetExecPrefix (C M), 201
Py_GetExecPrefix(), 15

Py_GetPath (C M), 202
Py_GetPath(), 15, 200, 202
Py_GetPlatform (C DBEA%K), 202
Py_GetPrefix (C DREEH), 201
Py_GetPrefix(), 15
Py_GetProgramFullPath (C DBEI%), 202
Py_GetProgramFullPath(), 15

Py_GetProgramName (C DRAE), 201
Py_GetPythonHome (C D), 204
Py_GetVersion (C DEE%), 202
Py_HashRandomizationFlag (C DZ#), 197
Py_IgnoreEnvironmentFlag (C DZE#H), 197
Py_INCREF (C DBE#), 27

Py_INCREFQ), 7

Py_Initialize (C M%), 199
Py_Initialize(), 14, 200, 215
Py_InitializeEx (C DBE%K), 199
Py_InitializeFromConfig (C DBEEH), 236
Py_InspectFlag (C OZEH), 197
Py_InteractiveFlag (C OZEH), 197
Py_IS_TYPE (C DBA%N), 259

Py_IsInitialized (C DBI#), 199
Py_IsInitialized(), 15

Py_IsolatedFlag (C DZEH), 197
Py_LeaveRecursiveCall (C DB¥), 41
Py_LegacyWindowsFSEncodingFlag (C OZEH), 197
Py_LegacyWindowsStdioFlag (C DZE#), 198
Py_Main (C D), 19

Py_MAX (C ®3#0O), 5

Py_MEMBER_SIZE (C ®¥#0), 5

Py_MIN (C ®3#0), 5

Py_mod_create (C ®¥%0), 173

Py_mod_exec (C ®Io0), 174
Py_NewInterpreter (C M), 214

Py_None (C OZEH), 112

Py_NoSiteFlag (C OZEH), 198
Py_NotImplemented (C DZEH), 75
Py_NoUserSiteDirectory (C DZE#), 198
Py_OptimizeFlag (C' DZE#), 198
Py_Prelnitialize (C DBE#), 228
Py_PrelnitializeFromArgs (C D), 228
Py_PrelnitializeFromBytesArgs (C M%), 228
Py_PRINT_RAW, 168

Py_QuietFlag (C DEH), 198

Py_REFCNT (C ®<Z0), 259

Py_ReprEnter (C D), 41

Py_ReprLeave (C DEE%), 41

Py_RETURN_FALSE (C @~ & O), 117
Py_RETURN_NONE (C @< 0), 112
Py_RETURN_NOTIMPLEMENTED (C ®< %2 0), 75
Py_RETURN_RICHCOMPARE (C Y% 0), 288
Py_RETURN_TRUE (C @< £ O), 117

Py_RunMain (C DBA%I), 241

Py_SET_REFCNT (C DE%), 259

Py_SET_SIZE (C DB#), 260

Py_SET_TYPE (C DBEA%), 259

Py_SetPath (C MDBA%N), 202

Py_SetPath(), 202

Py_SetProgramName (C D), 200
Py_SetProgramName (), 15, 199, 201, 202
Py_SetPythonHome (C MEEFK), 204
Py_SetStandardStreamEncoding (C D), 200
Py_single_input (C OEH), 24

Py_SIZE (C ®<Z0), 259

Py_ssize_t (C ®OF—4&H) 12
PY_SSIZE_T_MAX, 115

Py_STRINGIFY (C ®<#0), 5
Py_TPFLAGS_BASE_EXC_SUBCLASS ($8F&AHZEH), 284
Py_TPFLAGS_BASETYPE (#AAAZEH), 283
Py_TPFLAGS_BYTES_SUBCLASS ($i#&AHZEH), 284
Py_TPFLAGS_DEFAULT ({H&AHZEH), 284
Py_TPFLAGS_DICT_SUBCLASS ({H#&AAHZEH), 284
Py_TPFLAGS_HAVE_FINALIZE ($H#&AAZEH), 285
Py_TPFLAGS_HAVE_GC ($#H#&AAHZEH), 283
Py_TPFLAGS_HAVE_VECTORCALL (#&AHZEH), 285
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Py_TPFLAGS_HEAPTYPE (M#AAAHZEH), 283
Py_TPFLAGS_LIST_SUBCLASS ($#&AAZEH), 284
Py_TPFLAGS_LONG_SUBCLASS ($#»AAHZEH), 284
Py_TPFLAGS_METHOD_DESCRIPTOR ($H#AAAZEH), 284
Py_TPFLAGS_READY (¥AHAHZEH), 283
Py_TPFLAGS_READYING ($#AAAHZEH), 283
Py_TPFLAGS_TUPLE_SUBCLASS (M#AAHZEH), 284
Py_TPFLAGS_TYPE_SUBCLASS (##&AHZEH), 285
Py_TPFLAGS_UNICODE_SUBCLASS ($8d&AHZEH), 284
Py_tracefunc (C OF7—4H), 217

Py_True (C OEH), 117

Py_tss_NEEDS_INIT (C ®<%0), 220

Py_tss_t (C ®F—42%8) 220

Py_TYPE (C ®~¥%0), 259

Py_UCS1 (C T —4H), 125

Py_UCs2 (C OF—%H), 125

Py_UCS4 (C T —42%H) 125
Py_UNBLOCK_THREADS (C @< 0), 210
Py_UnbufferedStdioFlag (C DZEH), 198
Py_UNICODE (C @7 —%%), 125
Py_UNICODE_IS_HIGH_SURROGATE (C @I 0O), 130
Py_UNICODE_IS_LOW_SURROGATE (C ®<#0), 130
Py_UNICODE_IS_SURROGATE (C ®<%0), 129
Py_UNICODE_ISALNUM (C DREE%K), 129
Py_UNICODE_ISALPHA (C DBE#), 129
Py_UNICODE_ISDECIMAL (C MDB3%K), 128
Py_UNICODE_ISDIGIT (C DBE#), 128
Py_UNICODE_ISLINEBREAK (C DBE%K), 128
Py_UNICODE_ISLOWER (C DRE¥), 128
Py_UNICODE_ISNUMERIC (C DRE#K), 128
Py_UNICODE_ISPRINTABLE (C DRE%K), 129
Py_UNICODE_ISSPACE (C MDB%), 128
Py_UNICODE_ISTITLE (C DE%K), 128
Py_UNICODE_ISUPPER (C DBI%), 128
Py_UNICODE_JOIN_SURROGATES (C @< 0O), 130
Py_UNICODE_TODECIMAL (C DREE#), 129
Py_UNICODE_TODIGIT (C MDBE8%K), 129
Py_UNICODE_TOLOWER (C DBI%K), 129
Py_UNICODE_TONUMERIC (C DBA%X), 129
Py_UNICODE_TOTITLE (C DBI%K), 129
Py_UNICODE_TOUPPER (C DR%K), 129
Py_UNREACHABLE (C ®<#0), 5

Py_UNUSED (C ®~¥¥0), 6

Py_VaBuildValue (C DB#), 69
PY_VECTORCALL_ARGUMENTS_OFFSET (C ®<#0), 81
Py_VerboseFlag (C DZEH), 198

Py_VISIT (C D), 313

Py_XDECREF (C M%), 27

Py_XDECREF (), 14

Py_XINCREF (C DR%), 27

PyAnySet_Check (C M%), 161
PyAnySet_CheckExact (C DBA%X), 161
PyArg_Parse (C DOBEH), 65

PyArg_ParseTuple (C OBE#), 65
PyArg_ParseTupleAndKeywords (C DEI#), 65
PyArg_UnpackTuple (C D), 65
PyArg_ValidateKeywordArguments (C DEI%), 65
PyArg_VaParse (C OBE#), 65
PyArg_VaParseTupleAndKeywords (C D), 65
PyASCIIObject (C OT—4EY), 125
PyAsyncMethods (C ®F—#%E2), 305
PyAsyncMethods.am_aiter (C DX /NEH), 305
PyAsyncMethods.am_anext (C' DXV /NEH), 305
PyAsyncMethods.am_await (C DX /NEH), 305
PyBool_Check (C DRE#R), 117

PyBool_FromLong (C MR, 117

PyBUF _ANY_CONTIGUOUS (C ®<#0O), 100
PyBUF_C_CONTIGUOUS (C @< O), 100

PyBUF_CONTIG (C @< O), 101
PyBUF_CONTIG_RO (C' @Y O), 101
PyBUF_F_CONTIGUOUS (C O H), 100
PyBUF_FORMAT (C @< 0), 99
PyBUF_FULL (C ®< % 0), 101
PyBUF_FULL_RO (C @< 0), 101
PyBUF_INDIRECT (C' ®<ZH), 100
PyBUF_ND (C ®<#0O), 100
PyBUF_RECORDS (C' Y H), 101
PyBUF_RECORDS_RO (C @< 0), 101
PyBUF_SIMPLE (C' Y 0), 100
PyBUF_STRIDED (C @< 0), 101
PyBUF_STRIDED_RO (C O H), 101
PyBUF_STRIDES (C ®~¥Z0), 100
PyBUF_WRITABLE (C' @Y%), 99
PyBuffer_FillContiguousStrides (C M), 104
PyBuffer_FillInfo (C DBEE%), 104
PyBuffer_FromContiguous (C DE%), 103
PyBuffer_GetPointer (C M), 103
PyBuffer_IsContiguous (C DBA%), 103
PyBuffer_Release (C D), 103
PyBuffer_SizeFromFormat (C DBE%), 103
PyBuffer_ToContiguous (C DBA%K), 104
PyBufferProcs, 96

PyBufferProcs (C OF—4#), 303
PyBufferProcs.bf_getbuffer (C DXV /NEH), 303
PyBufferProcs.bf_releasebuffer (C M XAVINEH), 304
PyByteArray_AS_STRING (C DBEI#), 124
PyByteArray_AsString (C D), 124
PyByteArray_Check (C DRE¥), 123
PyByteArray_CheckExact (C DB#), 123
PyByteArray_Concat (C DRE%K), 123
PyByteArray_FromObject (C DBH), 123
PyByteArray_FromStringAndSize (C D), 123
PyByteArray_GET_SIZE (C DB%), 124
PyByteArray_Resize (C D), 124
PyByteArray_Size (C D), 123
PyByteArray_Type (C OZE#), 123
PyByteArrayObject (C OFT—4#E), 123
PyBytes_AS_STRING (C DREEE), 122
PyBytes_AsString (C D), 122
PyBytes_AsStringAndSize (C D), 122
PyBytes_Check (C DEE%), 120
PyBytes_CheckExact (C D), 120
PyBytes_Concat (C D), 122
PyBytes_ConcatAndDel (C DEA%K), 122
PyBytes_FromFormat (C D), 121
PyBytes_FromFormatV (C M), 121
PyBytes_FromObject (C M), 122
PyBytes_FromString (C D), 121
PyBytes_FromStringAndSize (C D), 121
PyBytes_GET_SIZE (C DRE¥), 122
PyBytes_Size (C D), 122
PyBytes_Type (C DZEH), 120
PyBytesObject (C ®OF—4&E8Y) 120
PyCallable_Check (C D), 86
PyCalllter_Check (C DBI#), 178
PyCalllter_New (C D%, 178
PyCallIter_Type (C OZE#), 178
PyCapsule (C 7 —%8), 183
PyCapsule_CheckExact (C MDEA%K), 183
PyCapsule_Destructor (C ®F—4 &), 183
PyCapsule_GetContext (C D), 184
PyCapsule_GetDestructor (C DBEA%), 184
PyCapsule_GetName (C DBI), 184
PyCapsule_GetPointer (C MDEEA%K), 184
PyCapsule_Import (C DBA#), 184
PyCapsule_IsValid (C D), 184
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PyCapsule_New (C D%, 183
PyCapsule_SetContext (C DBI%K), 185
PyCapsule_SetDestructor (C D), 185
PyCapsule_SetName (C DE¥K), 185
PyCapsule_SetPointer (C M%), 185
PyCell_Check (C DREI%), 166

PyCell_GET (C DBA%), 166

PyCell_Get (C DEA%), 166

PyCell_New (C DBA%), 166

PyCell_SET (C DMEA%), 166

PyCell_Set (C MBA%), 166

PyCell_Type (C DZEH), 165

PyCellObject (C OT—4HE), 165

PyCFunction (C O7—4%), 260
PyCFunctionWithKeywords (C ®F—4&E8Y), 260
PyCMethod (C ®F—%E2), 261

PyCode_Check (C DE%K), 166
PyCode_GetNumFree (C D), 166

PyCode_New (C DB%), 166

PyCode_NewEmpty (C DA%, 167
PyCode_NewWithPosOnlyArgs (C DBE#), 167
PyCode_Type (C DZEH), 166
PyCodec_BackslashReplaceErrors (C DE#), 74
PyCodec_Decode (C D), 72
PyCodec_Decoder (C M), 73
PyCodec_Encode (C D), 72
PyCodec_Encoder (C D), 73
PyCodec_IgnoreErrors (C D), 73
PyCodec_IncrementalDecoder (C DEH), 73
PyCodec_IncrementalEncoder (C DB¥), 73
PyCodec_KnownEncoding (C D), 72
PyCodec_LookupError (C D), 73
PyCodec_NameReplaceErrors (C D), 74
PyCodec_Register (C D), 72
PyCodec_RegisterError (C D), 73
PyCodec_ReplaceErrors (C DB¥), 74
PyCodec_StreamReader (C D), 73
PyCodec_StreamWriter (C DBA%K), 73
PyCodec_StrictErrors (C D), 73
PyCodec_XMLCharRefReplaceErrors (C D), 74
PyCodeObject (C OT—48), 166
PyCompactUnicodeObject (C ®F—4&H) 125
PyCompilerFlags (C OF—#4&E), 24
PyCompilerFlags.cf_feature_version (C DXV NEH), 25
PyCompilerFlags.cf_flags (C DX NEH), 25
PyComplex_AsCComplex (C DBA%X), 120
PyComplex_Check (C MRE$K), 119
PyComplex_CheckExact (C DBA%X), 119
PyComplex_FromCComplex (C DBI¥K), 119
PyComplex_FromDoubles (C DBEA%), 120
PyComplex_ImagAsDouble (C DBI¥), 120
PyComplex_RealAsDouble (C DEE%), 120
PyComplex_Type (C DZEH), 119
PyComplexObject (C ®OF—4E), 119

PyConfig (C T —%8), 229

PyConfig_Clear (C M), 230
PyConfig_InitIsolatedConfig (C MR, 229
PyConfig_InitPythonConfig (C DEAHK), 229
PyConfig_Read (C D), 230
PyConfig_SetArgv (C DBEA), 230
PyConfig_SetBytesArgv (C DBA%), 230
PyConfig_SetBytesString (C D), 230
PyConfig_SetString (C D), 230
PyConfig_SetWideStringList (C M), 230
PyConfig._use_peg_parser (C DX VNEH), 235
PyConfig.argv (C DXV INEH), 231
PyConfig.base_exec_prefix (C DX NEH), 231
PyConfig.base_executable (C DXV /NEH), 231

PyConfig.base_prefix (C DX VNEH), 231
PyConfig.buffered_stdio (C DX NEH), 231
PyConfig.bytes_warning (C DXV NEH), 231
PyConfig.check_hash_pycs_mode (C DX VINEH), 231
PyConfig.configure_c_stdio (C DX /NEH), 231
PyConfig.dev_mode (C DXV INEH), 232
PyConfig.dump_refs (C DXV /INEH), 232
PyConfig.exec_prefix (C DX VNEH), 232
PyConfig.executable (C DX V/INEH), 232
PyConfig.faulthandler (C DX /NEH), 232
PyConfig.filesystem_encoding (C DXV NEH), 232
PyConfig.filesystem_errors (C DXV /NEH), 232
PyConfig.hash_seed (C DX VNEH), 232
PyConfig.home (C DX /INEH), 232
PyConfig.import_time (C DX VNEH), 232
PyConfig.inspect (C DX VINEH), 232
PyConfig.install_signal_handlers (C DX V/INEH), 232
PyConfig.interactive (C DX VINEH), 232
PyConfig.isolated (C MXAVINEH), 233
PyConfig.legacy_windows_stdio (C DX V/INEH), 233
PyConfig.malloc_stats (C DXV NEH), 233
PyConfig.module_search_paths (C DX NEH), 233
PyConfig.module_search_paths_set (C DX VINEH), 233
PyConfig.optimization_level (C DX /NEH), 233
PyConfig.parse_argv (C DX VINEH), 233
PyConfig.parser_debug (C DX /NEH), 233
PyConfig.pathconfig_warnings (C DXV /N\NEH), 234
PyConfig.platlibdir (C DX VNEH), 231
PyConfig.prefix (C DX VNEH), 234
PyConfig.program_name (C DX /NEH), 234
PyConfig.pycache_prefix (C DXV NEH), 234
PyConfig.pythonpath_env (C DX NEH), 233
PyConfig.quiet (C DX NEH), 234
PyConfig.run_command (C DX VNEH), 234
PyConfig.run_filename (C DX /NEH), 234
PyConfig.run_module (C DX VINEH), 234
PyConfig.show_ref_count (C DXV NEH), 234
PyConfig.site_import (C DX VNEH), 234
PyConfig.skip_source_first_line (C MAVNEH), 234
PyConfig.stdio_encoding (C DXV NEH), 234
PyConfig.stdio_errors (C DX UNEH), 234
PyConfig.tracemalloc (C DX VINEH), 234
PyConfig.use_environment (C DX /NEH), 235
PyConfig.use_hash_seed (C DXV NEH), 232
PyConfig.user_site_directory (C M X NEH), 235
PyConfig.verbose (C DX VINEH), 235
PyConfig.warnoptions (C DX YNEH), 235
PyConfig.write_bytecode (C DX /NEH), 235
PyConfig.xoptions (C DX VINEH), 235

PyContext (C DT —#2%H), 187
PyContext_CheckExact (C D), 187
PyContext_Copy (C DBEAK), 187
PyContext_CopyCurrent (C DBA%K), 187
PyContext_Enter (C D), 187

PyContext_Exit (C DREH), 188

PyContext_New (C DE%), 187

PyContext_Type (C DZEH), 187

PyContextToken (C OT—48), 187
PyContextToken_CheckExact (C DBI%), 187
PyContextToken_Type (C DZEH), 187

PyContextVar (C OF—4#E), 187
PyContextVar_CheckExact (C DBE%), 187
PyContextVar_Get (C D), 188

PyContextVar_New (C D), 188
PyContextVar_Reset (C DEK), 188
PyContextVar_Set (C MEAHK), 188
PyContextVar_Type (C DZEH), 187
PyCoro_CheckExact (C D), 186
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PyCoro_New (C DB%), 186

PyCoro_Type (C DZEH), 186

PyCoroObject (C OF7—42Y), 186
PyDate_Check (C DRFK), 189
PyDate_CheckExact (C DEIK), 189
PyDate_FromDate (C DB#), 190
PyDate_FromTimestamp (C DBA%K), 192
PyDateTime_Check (C M), 189
PyDateTime_CheckExact (C DBA%), 189
PyDateTime_DATE_GET_FOLD (C (DBI#K), 191
PyDateTime_DATE_GET_HOUR (C (DRS%), 191
PyDateTime_DATE_GET_MICROSECOND (C D), 191
PyDateTime_DATE_GET_MINUTE (C (ORI, 191
PyDateTime_DATE_GET_SECOND (C DB%), 191
PyDateTime_DELTA_GET_DAYS (C (DES#), 192
PyDateTime _DELTA_GET_MICROSECONDS (C DRE#), 192
PyDateTime_DELTA_GET_SECONDS (C DEI#), 192
PyDateTime_FromDateAndTime (C DE#), 190
PyDateTime_FromDateAndTimeAndFold (C M%), 190
PyDateTime_FromTimestamp (C DBEE%), 192
PyDateTime_GET_DAY (C DREI%K), 191
PyDateTime_GET_MONTH (C MDB3%K), 191
PyDateTime_GET_YEAR (C (DRES%), 191
PyDateTime_TIME_GET_FOLD (C DBEd%K), 191
PyDateTime _TIME_GET_HOUR (C DBI#X), 191
PyDateTime_TIME_GET_MICROSECOND (C DE#), 191
PyDateTime_TIME_GET_MINUTE (C DB#§), 191
PyDateTime_TIME_GET_SECOND (C (DBEA), 191
PyDateTime_TimeZone_UTC (C DZEH), 188
PyDelta_Check (C DREAK), 189
PyDelta_CheckExact (C ME#), 189
PyDelta_FromDSU (C MBEI%K), 190
PyDescr_IsData (C D), 178
PyDescr_NewClassMethod (C DBE%), 178
PyDescr_NewGetSet (C DBEK), 178
PyDescr_NewMember (C DEK), 178
PyDescr_NewMethod (C DBEK), 178
PyDescr_NewWrapper (C D), 178
PyDict_Check (C DRE#), 157
PyDict_CheckExact (C DBA%K), 157
PyDict_Clear (C DREE#), 157
PyDict_Contains (C D), 157
PyDict_Copy (C D), 157
PyDict_Delltem (C DEHK), 158
PyDict_DelltemString (C MEAHK), 158
PyDict_GetItem (C DEHN), 158
PyDict_GetItemString (C MDEAH), 158
PyDict_GetItemWithError (C DBEH), 158
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realloc(), 245
reference count, 331
regular package, 331
releasebufferproc (C DT —4E), 307
repr

HAIAHBEE, 77, 279
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