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Python 7 7V —>arrur <A &7 = — X (Application Programmer’s Interface, API) 1%,
Python 4 ¥ & 7V RIZIT BHEAZLANATD7 72 ZAFEE C C++ 0 7a <Mt L TnE g,
2D APLIZ#EE C++ »H AU LI CHHTE 2D TTH, f@RRFESRHAITT 7912 Python/C
API 40 6 TWE T, IRAMNICHERZ S —ODHIA S, Python/C API BHIWHNE T, B3
ERBERD HRERES 2 —I)b (eatension module) . F72bH5 Python 4 ¥ &7V X2Hiiks 2 C TEPNL
EY 2 xBTS, WS HWNTT, HIE. KOKHERT? 7Y r—> a3 AT Python ZHKER
(component) & LTHIHFT 2 L WS HNTS; 20727 =y 7id. —INIZIEZT 7Y 7 —2 a3 D Python
DHDIAA (embedding) LWFNE T,

EBRE Y 2 — VORI LD 2 D R T W at 2T, ” F5[#E (cookbook)” A7 7 —FT5 % %
HTEFd, (FE2P2BREZTHILL TNV —Ld WL 2o0dbb T, —H, o7V r—>ar
AD Python OM&HAAIX, Python 23TETHSEWRHEL SITONTE L L=, IKREY 2 —LOIERK
IR B & iR T T,

%< @ API B#1. Python OHEDIAATH 20ILRTH 20 ICElHLSITHIIBFT; WA, Python %
HOIAATVWRIELAEDT V= a i, FRICEEOIREY 2 — L IS 20BN EL ZZ 21T
BTL & 5556, Python ZFEEICT PV r— a VICHDIAATASHNIEREY 2 — L OEEHITFEL
{BoTBLDEFLIWEZLEWET,

1.1 J—70 >V J8%

CPython IZ&®H 2% C a— FEFWTWBEHAIEZ, PEP 7 OF A4 Fo 4 v e BEEICELRITNUL BD FE
Ao ZDHTARITALE, a¥ P YEa— MRRD Python D= 2 VICHEFRELEHAINE T, BHOD
Y= FR=T 4 —DEI 2—LTlE. ZNZ2WVOH Python IZa Y MY B2 — 35205 D TRIFIUI. 20O
BEEWESREIDD $H A,


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

Python/C API %5 720 1c 0Bk, BIEL. BB X~ 0 DR TOEREA ¥ 7V — FT512iE. LLFOAT:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

Y —RAa—RICEALET, ZOT2ERT 52, fHlEA v X <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h>, <stdlib.h> % (FIHTE4U) 1 > 2L —FLE T,

AMR: Python &, AT AR KXo TUIMEEANY XOERICHE T2 X5 7) Faty B ERZT-o TS
DT, Python.h ZWVWINDEFHEAY XL D JHENCA V71— F HRIEAEDFHEA

Python.h %A ¥ Z)L— R¥ BHIC, #IC PY_SSIZE_T_CLEAN #EHKT 2 Z e BRI NE T, Zo~vrnm
DFFFNTOVWTIE I DEREMEDIEBE 2B L TLEZE W,

Python.h TEHEXN TS, T—Fhb L 3HATET (Pythonh 254 ¥ 7 l— K LT3 EEHEA v D%,
ANERR = £ 37) wid, BEECFS| Py £721F _Py DM X EF, _Py T E 254HNE Python FEZETHEMER 3
572D DHHTT, JHREY 2 —LOEFIIE o TER D E/ A, BEEERD X Y NITIE TR AOEE XTI
HHEHA

AR: API 02 —Hid, Py ¥ Py TIHHE 2 HHTZERT 32— FEMEMNCEVTIERD F8A, Bhoa—
FaHLAZEELZ B0, f2RD Python D N—Y a Y TRILAFIPEREIN T, 2—FDFEWNW/a—-roD
Rt ZfES < T BATREMDI D D £5

ANy X7 7 A EIFEE Python ¥ HigfA Y XA =1 & %3, Unix TIE prefiz/include/
pythonversion/ B X U ezec_prefiz/include/pythonversion/ IZEDILE T, prefix & exec_prefix
% Python % )L R § 28D configure 227V 7 MIE5 X 7239 X ZIZHIG L. version 1& '%d.%d" % sys.
version_info[:2] IZXGL %3, Windows Tld, ~v Xid prefiz/include WCEDPNE T, prefix {FA4
VAP=FIHELIA VAL =ALT 4 LI FYTT,

Ny REA I N—FFT 22, BNy XDA-LT4 L2 Y (leDT 4 L2 ) OEERI) 2, 2
VRATGWAVIN=RIT 7 ANERRT Z2/DDRICANET, BT 4 L7 MY —F RRITANT,
#include <pythonX.Y/Python.h> D LS LTE BOFEREA ; prefix ND T T v + 74— AIRF LR
WAy X3, exec_prefix 2677 v b7 4 — LMRFONY XEA V7N —FLTWADT, ZD X5 Ltk
EEITSLEBDTZ7 9 b7+ —LTOULFHTERSLD FT,

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 F1EIBLBHIC
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1.3 EFa<o0

Python O~y & —7 7 A MZIFERZ~ 7 0P WL OPERINTVET, 2LO~ 7 uld, 2RI
D¥ 25 (A&, Py_RETURN_NONE) DELITERDVH D £F, X~z fibhrizzdsftio~rn

1z

Py_

Py_

Py_

Py_

Py_

Py_

NHEDANY X =T 7 A MTERSNTVET, L. ZITRRIVESN TV LR $EA,

UNREACHABLE ()
FETR2ETHRVEEZITNE - FAARDHZ L ZIHVET, HlZIE, case HiNETOEID
B2EE I N—L TS suitch XD default: HiTT, assert(0) X abort() OFFUH L% E X
e B BHITE-TL 230,

N—ar 3.7 TE.

ABS (%)
x OHEHMEEIRL F3,

N— a3 v 3.3 TEM.

MIN(x, y)
x &y DR/MEZIELE T,

N— a ¥ 3.3 TEM.

MAX (%, y)
x &y ORKEZERELET,

N— a3 v 3.3 TEM.

STRINGIFY (x)
x % C XFHINEHLEF, 212, Py_STRINGIFY(123) & "123" #KEL 3,

N— g v 3.4 TEM.

MEMBER_SIZE (type, member)
(type) MEEAD member ¥ A X% NA PEAITRLET,

N—a ¥ 3.6 TENM.

Py_CHARMASK (c)
SIS, 128, 127] H B W [0, 255] DHIPHDOEB TR IFNIRD $HA, 2O~ 7 nld S
BLXF IZ¥F ¥y A MLz c ZIRLET,

Py_GETENV (s)
getenv(s) KM TWVWEFFTH axryFI74 T -EWESALEHEE (DFD
Py_IgnoreEnvironmentFlag Hi%E X N725H) NULL %R L £3,

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—a v 3.4 THEM.

1.3. Efavo0 5
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Py_DEPRECATED (version)

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

TR 7a 77 aplcd:

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

N—=Ya ¥ 38 TLHE: MSVC #R— rHBEMEINE L,

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.

VN7 i=57 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.

IVE N a=E/ 4 PN 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

Most Python/C API functions have one or more arguments as well as a return value of type PyObject*.
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

pe(b g

6 F1EIBLBHIC
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2TOD Python 7Y =7 MZid (Python BERITT 5) A (type) L ZMA T >+ (reference count) 2%
DET, H2A TP 27 PORNK, Z2OFA TV 27 " OBEDOA T =7 o (FIZIEEER, VA, 22—
FERBEL, 72 2B OWTI types THIAL TWET) ZRELE T, I<ASN TV RHIZON
T, BFASZUDBBHELT, 24727 bBZFOHEDPE S FARLNET; il Z1F, PyList_Check(a)
3. 0 TRENFATT =2 b5 Python U2 MHOL % (hoZ0 ¥ %12 D) EEEEL £ T,

1.41 B2RAV >V ME

SHOFEBIERD (LIELRIERICRONSZ) XY H A XL2ELERVDOT, SRA Y MIEE LM
RTT; BRIV NI H2A TV 27 PN LU TBRET - TO2GMHMAET D 2 5% MR 2ETT,
SREToTWREAEIE, FOF TS 27 bTHolzh, Zu—rLR (B2 WVITEINR) CEBTH -7
D, M52 CEBNICHZ20—INVRBERIZoDLET, 5437227 VOSBRIV Y b BAERIZK
2, FOX TV 27 MIRREINET, ZOATI =27 MDA TP =27 bADBEBEA > TWHIUX, il
DFATT 27 VOBRATV Y VEITZIVRXA Y MNENET, 727 VRX Y OHR, oA 7Y =2 OSBRI Y
VEDBERIZRDIE, SEEZOLF T 2 MPBRIREINDE, Lo BERILEREEE T, (EOFETHR
{ BWEBRLHIH> AT 27 MTOVWTRIEND D £37; BURTIE. BRI " [1d LRV TF, )

SR A T v ME, BIZHRNRP D A TIHREINE S, @EDHIETIE, Py_INCREF() 7/ aTH 7Y =/
FDBEEE 1 A2 VYR ML, Py DECREF() <20 T 15727 VYX>Y b L%3, Py DECREF() <7 1iZ,
incref XD bR DEHTT, WS DI, Py_DECREF ~27 viZBBA VY " BRERIIZKR-T=hE S D%
HRT, BRoBEICEA TS =27 b OXE Y ERBIRL (deallocator) ZFFOH 721 AUTR BV H ST,
XY R, A7V 27 P ORIEER L T BRERNICH 2 BADKRAL V2 TT, BEEDXE
U IRINBERIE. 2 OMEEA 7Y = 7 b (compound object) BUITH 2581213, A7V =7 PADHD A
T2 MINTRBRAV Y T 7 UX YT R AKX AL LB, TOMDRERT 7 4 F T4 X
(finalize) ML ZETLE T, BRIV Y DB F—N"T7B—F 22 3EHDFEA; LWVIDDH, REXEYZE
ficid, (sizeof (Py_ssize_t) >= sizeof(void*) XRE L7GHE) P WA Y~ b OiEEICH
LN Y MIERIUETDOXEY LOMENRDZ0HTT, MoT, BRIV DA 7Y X ¥ MIE
ISR D 5,

AT PANDKRA VEP Ao TVE A= AAREBETIZOWT, A7V VOBRAT Y M edbT 4
YIZVRAYRLRINUIRLRVDITIES D €A, HimLld, A 7927 OSBRIV ME A7V
7 PR URTEBDER SN 212 1 RS, ZOEMN R a—Tr ol TTo2BIC 1 s S
T LLZOEE, ZOo0EEEWVCHET 20T, MRS Y > VIZLLERA, BRI T >
FEFESEOERLIF, FREOMLLOEBNS ATV 27 bEIELTVAHEEA 7Y 227 b F 7Ry — b
ENBRVEIRZFTEILIZHDET, A7V MW LT, =2 THHDOBRBITOITNT, ZDOSRH
FREODZBMEFAICEER I N IZORS, ZRIV Y P E—FHNCHEPSITL RIS D A, SRV > M R
EDRBEENTEERL D IS 2 BEELFME 21X, Python 2 HEUH SR IEREY 2 —LAND C BHICA T
VxRS LTETEETT, MUHLA =X 21&, MUHLOBETO5IEICH 3T 2 S % HGE L
£9,

LOLEHS, KL{MdBEbE LT, 24727 b2 VR Mo B(LLEL. BRIV 2L IV R
YEFEFTRLESA Mo THELEWS0HHD £, OBERA TS 27 b2V X MRHREALTLERWL,
ZRAT Y IRT IR PENTT 7RI =P EINTLEI 2 EZLNE T, KAHLEMRAZDIX, o
T EEZ S5 ICAZ LBEN, LioEEz 5 2RI SM 550 Python a— FEIFUH LARLRWEWS

14, #7207 BELUEBRAYVH 7
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Y CF; Py DECREF() 7562 —HPAHIHZRE 2 X570 — FRADFEET 2720, 1T ALETOREN
BIEMNCERZIEZ5 212k £5,

BB AY v PS5 7 o -3, WHOEME (BI%H 2 PyObject _, PyNumber_, PySequence_,
B XU PyMapping_ TIHE A2BE) OFHATT, ZOODBEIHEICEVELRE2F TV OSBRI Y >~
A Y URXYPLET, —FIIFREDEIREICKR 725 Py DECREF() ZMRBINIERINTOVET,
LRV, TRRZOFBEIFIMHLTL &,

BRAT Y ~OFH

Python/C API O&BKICE I 2ZRA Y ¥ FOIRZ2 NI, FHHAT 5123 BROFREM®E (ownership of
references) E\WVWS FETH FKHATEF T, AREBIZRIINTZ2HDT, A7V =27 MTHT2HDTE
HOFERA (A7Y =7 MEHIZHFASNT, BIHEINLTVWET), 2 "ZROMA” & ZOZHE»
BT { 725 72T Py DECREF ZRFOHTRENZHS Z e 2EKRL $ 9, IMAMEBRETE, Hda—
ROFHBIC X > TATEMRR2 &, SEIZZDa— RPSIRINER L 1o 12BICRAINIC Py_DECREF() %
Py_XDECREF() ZWUH LT, BRIV &% 1 DELHTHREZHVET — H20WE, 20KE%Z (EFIT
a— RIS LTEC) ZITTEL EF. D285, BBOMOH LANTHS L CSIROFEEZTES L.
OH UNE #i7=7% S8 (new reference) 2155, L FWVE T, FTAMHNEINRWEGE, ICH LANISR
% 8D % (borrow) EWVWWE T, D AZRUTH L TIE. T 2H4EIDHD FEA,

W, HEEBFECHLT, 547V 27 MAOSEZIEOH I 2 BEEICE T, Zo0nlRelE: B
BBA T2 27 v ANOBHE BAHEB (steal) IFHL, ZITHRVWEELDD FT, BRZET ik, B
WBREELEL 212, BROMEENZOMEBICE s IKRE L. BBOMRERH LItICIZFiEHEL 2L 12 3
LWVWH T,

SR BAMBEBIIIZEAEDD ERA; IS LTELHALNT WS DX, PyList_SetItem() &
PyTuple_SetItem() T, TN BIEFY—r Y AT ANZERIINT 22BEBARD £ (Lhr L. BEOA
DX TNRY X N DOBREBEBAIMD FEA). ZOHDBEUE. VR MRX TLOHITH7ZITERE Lz
AT 27 b AN TOKBOHRENREZ A Z LT 35001, Z2REEBANS X5 ITHRFFENTVE
B2, (1, 2, "three") WO X TAZAERT 23— FEUTOXSIZRD X (&b TR
DILBENTBEZT; bo b FVEXHERTORLET):

PyObject *t;

t = PyTuple_New(3);

PyTuple_SetItem(t, O, PyLong_FromLong(1L));
PyTuple_SetItem(t, 1, PyLong_FromLong(2L));
PyTuple_SetItem(t, 2, PyUnicode_FromString('"three"));

Z ZTC. PyLong_FromLong () \3H L WBIRZIR L, F I PyTuple_SetItem() WCHENFE T, SHHIE X
NeBbZz0A 7Y =227 P2AHLZWEER, Z2RECERZ OISR, Py_INCREF() ZFHLTH
5 —DODBMMEEFT LTS W,

HIRAIT, PyTuple_SetItem() ZRX T NIHEZ Y M T 270D M—D FIETT; R T NVIIEERRERT —
XBUIe DT, PySequence_SetItem() X PyObject_SetItem() %ffi5 & LOMEIFETINTLEVE T,
HOTRILDMHEEANTN DB DS, PyTuple_SetItem() 7 LR EH A

8 F1EIBLBHIC
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FLL. VA MIMEEANTNL 2— R PyList_New() ¥ PyList_SetItem() TEIE T,

L2 USEBRICIE, 2TV R MEERL THEZ AN, ERRO XS RAERZRIFELACHFVERA,
EONHAMEDH 5. Py BuildlValue() B3H D, FLALDEERFI TS 27 Mo T 4 —< v P XFF|
format string DIEEICHINT C DEISAEKTEZET, fIZF. LOZHEHOa—-F7ry 7k YT
FOWEEHZAONET (27 —F v Z7IZHEELTVET):

PyObject *tuple, *1list;

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

HEOBIBUCTETEIBD X 512, HICSBEMGD 272 OERIIHN L TIE, PyObject_SetItem() ¥ ZDff
Mz ORE 20— RNTT, Z2OHE. ZRAV Y A Y7V RV T 2R0ERRL, BREG| 2
B2 (P BRERANSEOLNSE”) OT, ZRAV Y MCHET2EEI I DE2ICRD T, HlZIE UTO
BRI G A oM ERE2 Y A PO TOERKRDOEIC Ly PLET:

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

Py_ssize_t i, n;

n = PyObject_Length(target);
if (n < 0)
return -1;
for (i = 0; i < mn; 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) ;
T
return O;

BEOREDEDOEHEICIE, RIUIDLERD FT, ZLALDOBEEIZOVWTIE, Z2RZELTH Z0ZRITH
FTREMNEDE ZEDIRV—HT, H2F 7Y z27 MIT22REIRT &5 2% OBKE. SRk
TOAMETHOHE LINCE 2 %5, MHRMHRETT: 2 0fE, BRI AT =227 MIZDHT (on
the fly) AN 570, FEOH LAIDTE 2 ZRIIER SN A TY =7 MITHT 2HE— OB 206 T
3, o T, PyObject_GetItem() X PySequence_GetItem() DX ST, 7Y =7 M3 2R %EIR
FTHHOBEBIZ, EITHZRBe Rl £3 (MO LA ZROMAEICLD £75),

BHEROIZ, DR TSROMEELRT22E 5013, COMBEMIHTrEc k3, L BETSZ
ETY - B OH LD &80 (BB B LTE LA 7Y 227 FoR) 13 COMEICIIERDD £
BA! 15T, PyList_GetTtem() %ffioTV R FHOEEEZEBELHAIE. BROMEZFIERD FHA
— A, AUCERERTCY R M2 S PySequence_GetItem() (MHTHZOMKITELFEULGIEEL D FT)
PioTIO T, IRINEATIx 7 M T 2B B ET,

14. ATV b BBEIUEBRAIV 9
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DI, BB 542V A M L THREROAR 2 AT 22D X512 LTHEIT 20 2RL72HIT
3 —DId PyList_GetItem() %o TWT, & 5—DIid PySequence_GetItem() Zffio TWET,

long

sum_list(PyObject *list)

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

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

total += value;

}
return total;
}
long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length(sequence);
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check(item)) {
value = PyLong_AsLong(item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}
return total;
}
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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 char*. 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.

1.5 HI5

Python 7u 7o~k HEDZ I —UHBKRER Y 72T ULIFINERS BEEZHD FEA; LWH LD -
7=BANE. MEORERH UL ZOEEFFCHLAL 2 WoZ2BE12, by LMD X 7Y XEETH
IR L E T, AV EZFTUERBEIE. AXy 7 FL—ZANy Z e EbBTHNE 2 —FICHE LT,

LZAM, CIurI<voga. L7 —F v ZIXEICHTRNTORIER D £ A, Python/C API 04
TOREZ, BIBOD F ¥ 2 X > M THIEICHID R WR D BIS 2 71T 5 2 alietinid b £5, —kiVLEEE L
T, BB rDL S —1THEBT 5 &, BREHINZEREL T, BBNICE T 22 ROFTA#EZ TR
FEL., =7 —f# (error indicator) ZIRLE 3T, FFa XY MIHEINLTRVWEE, 2O I —fHIZBEBDRE
DIEDARNT X 5T, NULL 2° -1 DEBEHRITHRD T, W OhDBH TR Y —VEITH/HB2RL, Bl
7—%RLET, EDODTOHOBBTIINAMLR LS —FaE2 R R0, DVEWERRDEZELED
3 5DT, PyErr_Occurred() THRNICZ I — T A M 2ITHMENH D £35, 06 0HSMNIE RN
WRFaxy Meshxd,

FIAMRE DIRBENEER (exception state) 1. AL v NHMICHE XN 72FCEHEE (per-thread storage) N TEH
EINFET (ZOREHEBIZ, ALy REFDLDRVWTZ TV r—2 a Tl 7 e — L RGEREREF LT ),
—DDAL Yy RIZZODREDOEE &0 FIABRELLD», EERELTORVL, 2D ET, B
PyErr_Occurred() Zff5 . ZOREEFANSNET: ZOBEEIIFSNIFEAE L BIciZ 2 o fIANEA 7
Yz M 2EHASI (borrowed reference) ZiE L. £ 5 TRWE 21213 NULL iR L £3, HISHRGE
RETAEBIIBZ S HY £9: PyErr_SetString() iEdb o d IHLNTVWS (. dor AN
D) BN EFET %720 DBEET. PyErr_Clear () IZBISMRIEERZH L E 2 BT,

SERBHIVREERIZ. 3 204 TV 22 b FINOEL HINDME, ZLThL =Ny T 25RDET
(FOA7Y =7 +$ NULL ZHUDIGET), ZH6DIHEMRIE. Python @ sys.exc_info() DGR & [A UEK
PRBHET; 3wz, C ¥ Python OFIFMREERIZEFE U TIED D 8 A: Python 2B 361544 7
¥z 7 MiE. Python @ try ... except X CHRIME L7 ATV 27 M 2RT—H. C LULOFIIHREE
WMOTFRET 2 DL, EEINHIMEIRZE sys.exc_info() ZDMUTHLXET 2 X S5EDEFS 5 Python D N A
FA—=FAYRTVEDRAL V=T ZEFET 2 E£T. N EBOBMTZIELINTWBREZTTT,

Python 1.5 22513, Python THEh,Niza— FhroFMRERRICT 27X T2 HiEL LT, #REATY
TAL vy FE—T7% R sys.exc_info() IZHR->TVWAEDTHEELTLEIWV, ZOBHIE Python 22—
FOEFTEINTWE ALy FICBIT2HIPMREERZELET, 2. 206 DHIMREEBRICNST 27 7+
AFEIE. W7 HEMKOT (semantics) BPEHE I, H 5 EDBIN 2R T 2 L. ZOBBEFEITLTY
2 ALy FORSHMRERRZRTF LT, O LAIOBISREE SR Z HER T2 K52k b L, ZOLEHEIC
Xo T, WMEZSICHRZ BB EHRK > TV HIM%E LEEZT e ThlgRRI S5, FIsMLEa— F
TELLBETOWEAZEZIMELTVETS; $72. FL—XNY ZHADRE Y 7 7L —LATERINTNWE AT

1.5. % 11
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P27 PR LR LEPREIZHFME KO A TWEDEZL LTVET,

— R FEIE Y LT, & 2B B OBBEMCHL TR DEEE X85 & &, MEOH LD B HIS
EFREHLTOROVDPHFHANZL TERST, d LEHLTWIUE, ZOFISMREEIEHRIEMEOH LN IE Xkl
ER D FA, UM LITORMBIIA 7Y 27 VS2ROFEML TN THEL, =7 —EELRI R TE
BHERAN, RNHINERET Z2LEIE HDEHA — ZARILEZ TR, ot FEBINELD
OfE EEELTLEY, =7 —OFKRZDOIDIET2ERELRERERS ZITRDET,

Bl L CESHNX. £D sum_sequence() T/RLTWVWET, BARICH, ZOFITIEZI —%2MHmH L~
BRI S BIRERET 20ENDH D ¥ A, UTOBEOHITIX, =7 —I12NT 2BBRITOVTRLTVE
3. 3. 9L T Python TELOPFEPAVHLTH 55 %dHIZ, #iiZz Python 2— FZRL %3

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

UFERET2a—F2 C TREICEVWEZHDTT:

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;
¥
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 */

(RDR=I1%i )
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(FiDR— 25 D %)

/* Continue with cleanup code */

error:

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

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

A2 2O C T goto XEMI BEIDOFIEFTRLTVWETAR! 2otk FEDOHISNZLET 2
72T PyErr_EzceptionMatches() B XN PyErr_Clear() ZE S5 0ERLTWVWET, £, FrEHE
ERioTWSSHRT, {H25 NULL 2722028 LB WD DEIE TS 7DIC Py_XDECREF() % ¥ 55 2 %R
LTWETS (BT "X 20T Wwa Z e IciER L TL E&E W, Py_DECREF() ¥ NULL ZRICH < bF &
27v¥al%d), ELLEESE27010E FTEHEZROSRE2 RS 57002 % NULL THI{L
5 EHNEETT; AR, Do LORVEERERT ZBICEMEE -1 (KK THHLL THWT, &%
DBFIFOH L ETI L Vo GEITDA 0 () ITREL 5,

1.6 Python DE&HiAH

Python 4 ¥ &7V ZDOHDIABLZITI N (WHIRILRE Y 2 — L OF ZFONM) H3EUT 0T 72T Hudiz
LRWEHEIR X X 71X, Python 4 ¥ & 7V X OFIHHLALIE (initialization). Z L THEZ 5 13K T LM
(finalization) T3, 4 Y XY XDIFL AL DREREIR. 4 VX7V X OEHER LI EZ EE A

BRI 21T 5 BIEUE Py_Initialize() TF, ORI — FIEADES 2 — A6k 5T —
TNVEER L, THERZEEY 2—)L builtins, __main__, BL S sys ZIER L ET, F/o. TV 2—K
FRR (sys.path) OHIILBITVE T,

) ——

Py_Initialize() OHFTIZ, 7 A7V T bADGIEY X 7 (script argument list, sys.argyv O Z &)
ERELERA. ZOEHDPBKRICEITEIN S Python 2 — FHTHRERL S, Py Initialize() DET
PySys_SetArgvEx(argc, argv, updatepath) ZWFOH UTRARAVIZERE LRIT UL D $E A,

FEALDT AT AT (FHT Unix & Windows (&, Ffll23HTHLICERDIELETHY), Py_Initialize()
BEEHED Python 4 ¥ & 7V XRTHROBITICH T 5 #EERRITESWT, Python D74 77 UH»
Python A ¥ & 7V ZFETHERD S DHEMN A THO2 2 L WHIRED FITEY 2 —UIRER AR RFTHEL F
T LD ZOMETIE, Yl avy FREASR (BREZR PATH) RI2R D% -7 python &\ 5 £
DFIT7 7 ANVDEIPNTNET 4 L7 PYVDET 4 L2+ U5 5DHENT, 1ib/pythonX. Y &5 AHiD
T4V PURELET,

il 21X, Python EITHHAY /usr/local/bin/python TROMN 72232 &, Py Initialize() &7 47
Z UMD /usr/local/lib/pythonX.Y ICH 2 DD EREL T, (EBEITIE. TR 74— Ny 7
(fallback)” D74 77 VAETH H D, python 3 PATH LIZEWEHICH LN E T, ) = —3 X PYTHONHOME
ERETHILTIOHEHERLA— T4 F LD, PYTHONPATH 23 E L TEMO T 4 L7 b ) 2 €

1.6. Python DA%k 13
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V2 — WS ADENTHA LD TE X T,

WHABRZITH 7 TV —a Tl Py _Initialize() ZFEUHT HilC Py_SetProgramName(file)
ZIUHFT T, LEOMBEZHRIECTE ST, COHEDRAAT TV r—>a Y TOREFEAL LT
PYTHONHOME THA— 17 4 FTE, HEDEY 2 — VRK CZADHFNTIELART & LT PYTHONPATH 23 A &
NEZDTHEBELTLEZIN, 77V 5 =2 ayTEYa—AREAZEZZER2HBELZVD RS, MEIC
Py_GetPath(), Py_GetPrefiz (), Py_GetEzecPrefiz(), B XU Py_GetProgramFullPath() DFELEZ{E
LTI D R A (ZNHIEAT Modules/getpath.c TERINTVET),

72%12. Python Z@HHLATDIREEICD Y LW e B 5, flZIE. B2 77V r—> a v TRETER
oD iRB L (start over) T¥ 3 (Py_Initialize() &b 5 —EMUIHEE3) koiclizwhd LLE
Hho HBWIE, 7V 75— 3 Python Z—HHEWK X T, Python DR L7z X £V 2RI -0
b LNFRA, Py FinalizeEz () 252 25 LB E R TEFE T, T/, B Py_IsInitialized()
¥, Python SIRTEMIHLIEADIREICH 2LGEICERZRLET, IO DEBICOWTOD X 57 2 1FHIZ.
BOBETHIAL E3, Py_FinalizeEz() 3 Python £ ¥ & 7V XIZHEREINIE2TOXEY % BT 3D
TIRBW Z2IFERELTLES W, fIRE HREY 2 — M X o THERE N X EVIE, BIED L T 5%
R 2EPTEEE A

1.7 FN\vJhREJL K (Debugging Builds)

AVERTYREIIREY 2 = VIR L TOEMF = v 72T 572000 L D00~ 27 a2 G312 LT Python
ZELRTHZEDNTEET, TNHDF v 7k, ETRICRER: —N—~vy FEEUZEHALD D %
T, BDT, T4V FTEENMIINRTHERA,

Python 7y ZHREIL RO TORIED Y X + 23, Python ¥ — AFLAi (source distribution) ®H1® Misc/
SpecialBuilds.txt ICH D EF, BEAT U FDIL—R, XEVTRT—XDTFNw T, L VR TYXD
XA N=TDELNVTB T 740 Y IOBMARRETT, XD LN FIZOVWTDA, ZOHIDKD
DETTHAL X5,

A4V RX T R% Py_DEBUG ¥~ 7 BEHMILTary 41332, —fKWC TF Ny ZELE] 2t wbh3
Python 23T % £3, Unix TlX, ./configure 2v > FIZ --with-pydebug #iB/IF % Z & T, Py_DEBUG
PEMCRD £F, ZOHE. BEMNIC Python A Tl&7% W™ _DEBUG dH#CAZ D £, Unix EIL KT,
Py_DEBUG 23EXNRIGE. 2V 84 T ORE{LBESICZ D 5

HrTHHT ISR Y Y b TNy Zoftuc, UTOEMF =y 7 bEMRD £3:
o object allocator 12X 2BMF = v 7,
o R—=HY—rar AN THEMF =y T,

HHRIERDT=DIZ, REWPSPNEINWVIANDOXY U F v A MINT2F 2 v 7,

T (dict) A (set) DFEHITHNT 5. WL DH D assertion DiEM, MA T, EEF TP 27 MZ
test_c_api() XY v FBIMEINFE T,

o 7L —LZfET ARD, sIBoOeEF =y 7,
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o FIHLE R TOVARVWEICH T 2BEZHRE T 372012, BEOX L —YPREDZ Y TRVAX—Y
Tk E T,

o KL~V L= EBMBISTF = v 725 VM runtime IBIME N E T,

e XEY 7Y —7 (memory arena) DI T 2BMF = v 7,

o thread £ 2 — TS 28T Ny JHERE.
CITEREINTVRWVENF 2y 27355 TL & I,

Py_TRACE_REFS #*HE 32, BN —AEMIRLD T, £2TD Pylbject K_DD7 4 —L KB
m¥szeT, EHTOA 7Y =7 F OMER _EHEKY X P2EHINE T, £TOHID HT (allocation) 23
FL—RENET, BRTHFIZ, 2TOE->TWEE TV =27 PBRRENET, A VXF7T 4 TE—FT
i, A YR T) XK BZXDETORLICHTKRENET) Py TRACE_REFS & Py_DEBUG 12 & » THEERMY
WEMZRD 5,

X DELWIERICOWTIE, Python @Y — i (source distribution) ®H® Misc/SpecialBuilds.txt
EZIRLTLIEE W,

1.7. FNyJRREILE (Debugging Builds) 15






TWO

ZE ABI (STABLE APPLICTION BINARY INTERFACE)

RN Python @ C APLIZV UV —RBIZAEBEINET, ZLOEHEIZY —RAHEEEZR>TWT, BEFED
API ZZFHEL/DWDBRWD 3222 3HDEEA (720, W2hD APL iZ. —HIE#ERviEES N
RRIC, HIBRShx9),

B e APT O HIEIANA 7Y LL O Bl (AB) $TIIGEHAINER A, ZOMEETIC, HiE
K7 4 =L R OFFLEMPEIOEHEIC X > T, 722 2 APLIZENR L TH ABLIZERTLES O TT, &
DFEFR L LT, HIREY 2 =% Python DV U —RBIHI Y A LT 206E2H D £F (Unix TZDH
B2 54 =7 2 A ABFEHEINTORWEEEFIN2S LOEEAD), /. Windows T, 15
2D pythonXY.dll ¥ V> 7 LTWAIRESY 2 — ik, Har AL LAZIZF LWL VY 7 LETH
EDHDET,

Python 3.2 DIETIX, ZE ABI 2fRiE 557200 API %7ty MPESFINTVWET, REY 2 —1LT
Z® API ("limited APT” ¥ FHENF T) % 5121% Py_LIMITED_API ZERKL TL XV, IHREY 2 —
NOMIERIKRE RSN, RODICHI Y A AR LIEAN=Y a3 ¥ 3x (x>=2) LTHEY 2 -2l
FENET,

WL ORDTr — AT, ZE ABI ZH LWBEBTHINR T 2 8E A H D £5, TAHDH LW APT ZHAL
7o WHRIRE Y 2 —Wid, Py_LIMITED_API (¥R — F L72WiR/N®D Python N—3 3 > @ PY_VERSION_HEX
Dl (API & ABI DN—2 3 =29 #ZH) ZFELTLEE WV, (21X Python3.3 725 0x03030000),
EBY 2= MFEHDFTRTD Python VYV —RATENEL E D, (¥ Y RABFELRVED) HWY Y —XT
BEMEL £¥ Ao

Python 3.2 513 limited API i PEP 384 IZXFE(LENTVWET, C API O F¥ 2 X ¥ hTid, limited
API O—#8T& W API I&, "Not part of the limited API” ¥~ —27ZNTWVWET,

17
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THREE

BEKELTY

COEDOEEZMES & 7 7 A NVERIEINY 7 7I12H % Python Y —Ra— FZETTEF I, K Darlies
DDA YR TVRETZILIETERVTL & D,

IS DBBDOWL D058 e L TEDRAEL S 22 T D £3, /T % 25455C 513 Py_eval _input
¥ Py_file_input . Py_single_input T3, FMHALEOHAIZ NS 255 L TIAEBKDO®KRIZH D
9,

Note also that several of these functions take FILEx 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)
FEHEL R TV RDIZDDAAL > T a7 5 b, Python ZlAAL 7075 LDdI2ZhzHHATE
5X5WCLTVETS, arge & argu 518%2 C 7’0275 4D main() B (2 —HF D s -t - T
wchar t ICEHIXNET) NEINL2DDL Fo K FACIRIERTARNETT, 51 VA MPEEINS
ATREMEDI D 2 L WO HUCTER T 2 Z L IFHEE TS, (L2 L. 518V R F2HEL TV 2 3CFHONEIFE
HEINEVA), BOEIZA 2TV &2 (FIF2 TR <) Fmic T LR 0 12, B THT L
72 EIZE 110S, 51 A R HAIE LW Python a~ > R4 VXN Rro- FZ 212D %9,

Py_InspectFlag DRE SN TVWARWVWIGE, RUHD SystemExit FIANFEAET 2. ZOBEKII 1
ZBRFTDTIZHRL THER% exit 52 LITKEDFTIEEWN,

int Py_BytesMain(int arge, char **argv)

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

int PyRun_AnyFile (FILE *fp, const char *filename)
TELD PyRun_AnyFileEzFlags() @ closeit % 012, flags % NULL I\ L CHAL L/zA > 27 = —

AT,

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
TFED PyRun_AnyFileEzFlags() @ closeit % 0 IZ L CHMH{LL7zA ¥ X7 = — X T,

19
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int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
TFED PyRun_AnyFileEzFlags () @ flags % NULL I U THH{LL/2A4 VX 7 = — R TT,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fo BXUFERTANA R (2 Y = ARERANH 2 WIE Unix RIEHER) tBEESF LT >
ANESRL TWBE5EE. PyRun_InteractiveLoop() DEZR L ET, ZHNUHNDEE I,
PyRun_SimpleFile() DFERZIRLE T, filename 137 7 ANV AT LDy A—T 4 V7 (sys.
getfilesystemencoding()) T7 2 — FENE T, filename 75 NULL 72 51X, ZOBBUI T 7 A L%
LT 2?7 BEVWET,

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 2> T command & EN 5 Python V—Ra— NEETLZE
F, __main__ BELRFELRVEESRMERINET, EERTOHEE 0 ZREL. A0 FEEL
HAEE -1 ZRLET, T7-0HoTh, HISMEMREGSHTERED D FH A, flags DEKRIZOWT
i BB ET,

Py_InspectFlag D&E I NLTWARWEE, RIUHOD SystemExit BIADFHAET 2 L. ZOBIEUI 1
ZRFTDTIERL LR % exit $2ZLITREDT TSN,

int PyRun_SimpleFile (FILE *fp, const char *filename)
TFD PyRun_SimpleFileExzFlags() @ closeit % 0 12, flags % NULL (I L CHli{b L7z 4 > &
7 I ""XVC\‘TO

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
TEED PyRun_SimpleFileExFlags() @ flags % NULL IZ L CHAM{L L7724 VX7 = — R T,

int PyRun_SimpleFileExFlags(FILE *fp, const char *filename, int closeit, PyCompiler-

Flags *flags)
PyRun_SimpleStringFlags () £lTWEF D, Python ¥ —RXa— F%ZXEYRNDOXFIITIERAL

fo P BEAIABE T, filename X ZDT 7 A VDEFTTRIINIERS T, 774V AT LDIY
a—7 1 > 7 (sys.getfilesystemencoding()) T7 22— FENFE T, closeit ICELIRE LHE
1. PyRun_ SimpleFileExFlags MU % R I HNIC7 7 A VEZEAT 3,

AMR: Windows Tld. fp 34 FVE— FTHIRETT (HIZ1X fopen(filename, "rb")), %
5 LEWEEE. Python 137K LF DA 27V 7P ZIELLZAZRVTL & 5,

int PyRun_InteractiveOne (FILE *fp, const char *filename)
TELD PyRun_InteractiveOneFlags() @ flags % NULL IZ L CTHHHL L 724 > X7 2 — X T,

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
RIEEHI T NA ZZBEMN T T T 7 4 M 6% —DaisiA A, flags ITHE-> TFEITL £, sys.psi
¢ sys.ps2 Zffio T, 2—H WX TB YT M 2RRLET, filename 37 7 A VAT LADIT Y A —
74~ 7 (sys.getfilesystemencoding()) T7a— FEh %7,
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ADNBEFRZFTSINLL EE 0 ZRLE T, PINDSRELLGEE -1 ZBLET, X—RZL7—-D
%6 Python —#y LTHEAF XN TWVWS errcode.h f Y IV — R 7 7 A VICHBTTI—a— K%
IBLU %79, (Python.h I errcode.h A Y7L —FLERA, o T, BDERGEIIZOHEL >
N—RLAFNEZLRVWI L ICHERLTLEIY, )

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

TELD PyRun_InteractiveLoopFlags() ® flags % NULL \Z U THALL/zA > X7 = — AT,

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

KEEN TN A #5277 7 A A2 S EOF IET 2 T EHAAAEITLE T, sys.psi
¢ sys.ps2 Zflio T, 22— Fur T+ 2RRLET, filename 37 7 A VAT LDITY a—
7 4 7 (sys.getfilesystemencoding()) T7a— FEN k3, EOF IZET S L 0 2RI, K
WML768082RL %7,

int (*Py0S_InputHook) (void)

char*

int func(void) W35 v b X4 TOREBADRA VX DPFETEE T, ZOEEZ. Python DA
YRINVRZRDOTaY T TA FVREBIIBED Z—IFALLDI—FDANEMFOLI KT &
WKEOHEINET, BRYEZEAEINET, 207 v 7% L#EEXT S Z 2 T, Python DY —Ra—F
DHT Modules/_tkinter.c o> TWb X351, A ¥Y&Z VXD urF o4 Xy -7
ERATEET,

(*Py0S_ReadlineFunctionPointer) (FILE * FILE * const char *)

char *func(FILE *stdin, FILE *stdout, char *prompt) &\ 5 71 b XA TOMEBAD KA
VEADKETE, T7ANMOHEE LEETEI I TA VXTIV RO Ty T MADANE 117720
FOET, ZOEBIE. XFF prompt B NULL THRWIGEEX prompt ZH L. 52 SNT-EEEA
7 7 ANPEANE 1LITHiA FROXFHNEIRT & W EEDFRFEINTOE T, FlZIX, readline
EYV2—MIIDT v 7 EFREL T, ITHREMEES X 7T HieMaEZ IR L TV x5,

B D fEIX PyMem_RawMalloc() F721& PyMem_ RawRealloc() TXEVHEMRLIZXFH], Hi0ET
Z — ML = 72 EI21E NULL TRIFUER D 8 A,

N—=Ya v 34 TEHE: RDYEIZ PyMem_Malloc() X PyMem_Realloc() TIE 7 <.
PyMem_RawMalloc() £721% PyMem_RawRealloc() TXEVMERLZDDTHRIFIUIRD FHA,

struct _ node* PyParser_SimpleParseString(const char *str, int start)

TELD PyParser_SimpleParseStringFlagsFilename() @ filename % NULL IZ, flags % 0 12T
Bt L7t v 27 2 — AT,

struct _ node* PyParser_SimpleParseStringFlags(const char *str, int start, int flags)

TELD PyParser SimpleParseStringFlagsFilename() @ filename % NULL 12 L CHH{L L /=4
\/& 7 I_XVC\‘@—O

struct _ node* PyParser_SimpleParseStringFlagsFilename (const char *str, const char *file-

name, int start, int flags)
B%h b — 2 ¥ start 2o T str & FN 5 Python Y —R 23— K% flags 5IBUTHE-TRR—RA L F

T FRINCFHERIAE/R I — N ATV = Z P RAE T 2D ZDMREMES Ze s TEET, a—
R WA 2B 5l L 72 1 2 5 R WIS IR B £ 3, filename 7 7 A NVY AT ATy a—
74 V7 (sys.getfilesystemencoding()) T7a— FENFET,
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struct _node* PyParser_SimpleParseFile (FILE *fp, const char *filename, int start)

T2 PyRun_SimpleParseFileFlags() ® flags % 0 ICLCHAM{LL72f ¥ X7 = — 2T,

struct _node* PyParser_SimpleParseFileFlags(FILE *fp, const char *filename, int start,

int flags)
PyParser_SimpleParseStringFlagsFilename () WZEITWE$ A, Python Y —RXa—FEZXEY

RDXXFHNTIER L fp D OFHRAIABE T, filename \ZFD T 7 A VDHFTTHRITNZRD F8 A,

PyObject* PyRun_String(const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. TaC®D PyRun_StringFlags() @ flags % NULL 2 L CHf{L L7z A
VRT 2 —RATT,

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

PyCompilerFlags *flags)
Return value: New reference. 7Y =27 N @ globals ¥ locals THHEINZ AV TFAIT, ¥

RA 575 flags BT LIIREET, str I2H B Python Y —2a— FEFEFTLET, globals IXFF
ETRITINERD EFRA; locals Z~y ¥y ralzRELEA TV M oMThMVER
Ao BIEK start 1Y —RAa—FER—RXFTE572DIFHELNIZNEFBN—27 VERELE T,

a— F2FETLAEMREZ Python #7227 P LTRLE T, $7E BISNSFEAEL 7272513 NULL
ZIRLE T,

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-

cals)
Return value: New reference. TRE®D PyRun_FileExzFlags () @ closeit % 012U, flags % NULL IZ

LCHHLLIA v &7 2 — AT,

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

ject *locals, int closeit)
Return value: New reference. FRtd PyRun_FileExFlags () @ flags % NULL (2 L CHHL L /=4

VERT x—RATT,

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

ject *locals, PyCompilerFlags *flags)
Return value: New reference. Fie® PyRun_FileEzFlags () @ closeit % 0 12 L THM{LL7zA >~

5( 7 I"‘XTTQ

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

Object *locals, int closeit, PyCompilerFlags *flags)
Return value: New reference. PyRun_StringFlags() £ TWE T, Python ¥ —ZXa— F% X

TVRNDXFHNTIERL fp DPOFAAAE T, filename \ZZ DT 7 A VDHATTRIFTIXZ ST,
T 7 ANV AT LDLIYA—T 1 V7 (sys.getfilesystemencoding()) T7Fa— FXNET, L
closeit ZBIZF 5 ¥\ PyRun_FileEzFlags () D ZRTHIZ 7 7 AV ZFAUC 3,

PyObject* Py_CompileString(const char *str, const char *filename, int start)
Return value: New reference. FEL®D Py_CompileStringFlags() @ flags % NULL I U CHA{L L
7:/]) \\/& 7 I'—X‘(G\j—o

PyObject* Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags)
Return value: New reference. TFLD Py_CompileStringEzFlags () @ optimize % -1 1 L CHHl
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fblicf &7 2 —RA T,

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

Flags *flags, int optimize)
Return value: New reference. str W@ Python Y —Ra—F%EX—2LTary41L, 1ES

Na—FATP2 7 bERLET, BB =2 2T start TXoTHZONET, Zhida v
ANARER A — REHIR ST 270125 Z £ B TE, Py_eval_input . Py_file_input L < I
Py_single_input TH23NETT, filename THESINZ 7 7 A NVZEFA—FA TV =7 2 REEET
b7diffibit. PL—ANy 7 H B WIiE SyntaxError fISA X v 2 —JIWCHTL 28R D D £
To A= FPR—RTERPoTD AV A NTELDP 07D LA, THUI NULL 2B L £3,

B optimize X, 224 FOBRBILL ANV EZIEELES; -1, A ¥ X2SVEXD 04 S>a>T
G220 R UREMLL RV EZRERFET, HRIZLUE 0 (Rdfk7z L. __debug__ 13H),
1 (assert {ZHLD BRD 4L, __debug__ 13f%). 2 (docstring HHLD R 2 ) T,

N— a ¥ 3.4 TEM.

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

erFlags *flags, int optimize)
Return value: New reference. Py_CompileStringObject () T WE T, filename &7 7 4V

VAT LDLTYA—T 4 ¥ T7aA—F (os.fsdecode()) XA bXFFITT,
N— g ¥ 3.2 TEN.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. PyEval_EvalCodeEx() D> Y TN A YR T 2 —RAT, a—FA+ 7
Yxrbhe, ra—oOVERE a—AVERRZ G EZITID 5, o5 #icid NULL 25 EhE T,

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

ject *closure)
Return value: New reference. 5-Z HNTFFEDRIE T, 2V A NWFEADI— A TI =7 b %M

LET, ZOBRRIIIZO - ILEROEHEYL, n—INVERO~y ¥ 74727 b, 5I8OES.
F—TU—FeFI73 L ME F—TU—FEASIBOTFT 73V MEOEEYL, LD/ -V v X T
THRENE T,

PyFrameObject
TL—ALA T2 beRETZEDMELONZ LTI 27 b CHElE, ZOBD 74— Figw
DTHEHRINEFET,

PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. FAT7 L — L% iHiiL £ 3, ZHAUX PyEval_EvalFrameEz () X5
B3V TNIAYRT 2= AT, RITHMMED 7DD HDTT,

PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Python DA & —7 V) XD EER, BEFENZEKTS, ET7L—24
fRBEEMF NIz - FE TV VEFITLET, N ba—FEBRIRL T, KRBERIGUTHEUH
LZETLET, BID throwflag 51T AT TEE S, - L true & H, T WhSb 2 RE
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SEFT, THUIT AL —&F 7T 27 D throw() XY v FTHHINET,

N—=Tay 34 TEH: 7774 TN EBRSTHETRWIZ L 2T 2 DIERN X511, 20
BUZFANy 7Y —2ar 280 L5120 E L,

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
BEDFME 7 L — 2D 7 7 7 RZELET, RILED true 2, KW LZS false ZIRL £7,

int Py_eval_input
BT T % Python KIEDBI4HEE S T, Py_CompileString () & —HEITHENE T,

int Py_file_input
T7ANDZVEMDY — 2 55AAETN XD K IZH 3T % Python ik DB 5 T,
Py_CompileString() & —fICHVWET, ZAIMEEDRZ D Python Y —Ra—Fzar 4
LT B EHSEETT,

int Py_single_input
B—DZN$ % Python XIED B4R E T, Py_CompileString () ¥ —#IC@HWE T, ZAUINEE
RDOA VR TYVEZN—T DD ETT,

struct PyCompilerFlags
aAVRA 7757 NDTEBL ODOMERTT, a—F2ary M LT 3120056, Z oGk
int flags & LCHEINET, 3— F2FEITT 2HE1C13 PyCompilerFlags *flags & LTHEZN
F¥, ZOHWA, from __future__ import iX flags DNBEREHETEF T,

PyCompilerFlags *flags %% NULL D&, cf_flags 13 0 ¥ L THbN, from __future _
import IZ X 2 A HIIMH XN E T,

int cf_flags
AR 57757,

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 version field.

int CO_FUTURE_DIVISION
ZOEy b flags Ity b2, BREBAET /13 PEP 238 12Xk 2% TEOFRE (true division)
LLTRbIET,
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ZOfio~71id Python 7 7Y =227 vV OBRAY > 2 EHT 201 libET,

void Py_INCREF (PyObject *o0)
FTT2I b o TNFTEZBRAV Y v e—OWR LET, A 7Y 27 b NULL THo TIWITF EH
Ao FHH NULL TLERWEEESEF TR WA 51X, Py XINCREF() %ffio T 72 &\,

void Py_XINCREF ( PyObject *o)
AT b o ITHNTEIBRAT Y I E—OHEPLET, A7V PR NULL TH-oTDH XL, 2D
BE~ 73O ELE XA

void Py_DECREF ( PyObject *0)
ATzt o RNTEZZRAV Y I 2—2EO6LET, £ 7Y =22 A NULL THo TUIWITEE
Ao ZAD NULL TRV EHEEIRF TR WA SIE, Py_XDECREF() 2T EX W, ATV b
HERZIRoTDH, AT7Y 27 FPOBDAE Y BEHEIE (NULL TH - TidE5720) BEIR £ 5,

B (HlziE __del__ O XYY REHDI IR VARV ANRE VRN NI E12) XE
) fRABEEUIERE D Python 2 — REMUIHT I EATEE T, 2D &S KRa— R TRHSNIMRE
LERAN, EfTENza— FIZTRTD Python 70— SAEHBICHBEII Y 72X TEET, 2
NDEWT 5 DI, Py_DECREF() B EIND X DFITIE, 7'a— \VEHH S EERRER Y
ARZTTIO 27 b —BLZRBICHERETHE2L2 VWS TT, FIZIE, VAMOATV
7 PRHIBRT 22— RIEHIBRT 24 7Y 27 hAOSRE—RZHICar—L, VA M7F—XHEiE
FEH L. Zhho—REEHBIIH LT Py_DECREF() ZWHUHTRETT,

void Py_XDECREF ( PyObject *o0)
AT b o NDBRATV Y I E—DOROLLET, A7V MINULL THIHREVERAN, £0
BE~ 7 a3 fMOEELERX T A, TALANOELE, MR Py_DECREF() AU TT, £/, EE
TREZEBHBFRLTT,

void Py_CLEAR(PyObject *o)
0 DBBAT VI EROLLET, A7V 27 MINULL TH &L, FOHEIO 7 bt nER
Ao 7Y 27 b NULL TR, 5I%0% NULL IZ U7z Py_DECREF() Y [MUsIRED L LET,
IO niF—REREZF- T, BRIV V277U XY MTBHIICTIER NULL Ity FLTL R
5DT, Py_DECREF() IZffi5 L EDEEHEXRUCL RS TTAET,
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HR=TaLrya VAIGEBRENAREEDOH B3I T2 7 FOBBAT L FDF 7YXV FRITS
ik, 2o~x27ue®2fE5008 K0Tl & 5,

LIFDR%:: Py_IncRef (PyObject *o0), Py_DecRef (PyObject *o), l&. EITHRDEIHYZ Python HeiAA
THELNZERTT, ZhsDBBuEFNZN Py XINCREF() B XU Py _XDECREF() % T2 AH— 1+ L=/
[ R G

T oM#~2a: _Py_Dealloc(), Py_ForgetReference(), Py_NewReference() &, 4 ¥ &7V X
DAT7DONFIZBVWTOAMEHT2/2DDb DTS, £/ /B — ULEE _Py_RefTotal HFETT,
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IS

COFETHHT 2B%Z 5 . Python OFISNDUEPHISNDEHATE S L5127 D £9, Python Ol
N DEARZ WL 0BRT 2 Z e BRYITT, FilSMHIE POSIX errno ZHUTRR R/ REEZ R L £ 35
FELEHTRIHLVISI—D (AL y NED) 70—\ A VIO —Z0BHD T, EITICKRI L7285
BWIFLAYD CAPI B ZhE 7 V7 LEBAD, KRB LALL 2237 —DREZRTDICHE
LET, IZAYD CAPI BIBUEZ I —A VP =& bR, @EEBABDSEA VA Z2RT IR TV
BEIE NULL TH D, BB ERERTHEE -1 T3, (Hl4h: PyArg_ (O BIBUIFEATICHRII Lz L &1
1 ZRL, KLz Zi20 ZRLET).

BRI, =7 —A4 7 =&, fINOB, FINOME, bL—ANY I F T2 D3 DDATI =S
FRA VR THEREINE T, TNOLDKRA Y RIFZENTDH, RESNLZWEEIE NULL Ik 2 FT (7L,
WO OMAEDOREEILIATE D, HIZE, BISLORIA NULL O%&E1E. P L —Z Ny Z73JE NULL @
iz b £EA)

B 2 BRI U 7B W K ORI L 727212, Z OB K L 2 i e oian e &, —RIVICT
T A VI —RERELEEA, MO LAEBEEDA T TICRELTVE S, =7 —2LHELTHNZZ V7
TEh VR (AT 27 FBRELBAEVEIDATDOLI%R) ZNDBFROEAKRY Y —ZABWD R
TFRICRZ2PDED 2T BERD D £5, =7 —20HT 2% fHz L CnRFHuE, HilicHid
NETE HDERA, T7-DEDIELIHER, TI7—DPRESNTVL EFFHLITICHISE S Z b
KYITF, T7—UHIRTOWRWEEEZIITEIEZ SN TV SHEICIE. Python/C API DX 5%
SIFOH LIFEM L 728 D IZE R WATREMED D D . AARRIETRIT 2000 LALEE Ao

AR =7 —#AlFIE sys.exc_info() OFER TEHD FH A, =7 Al FIZELZHEINLTORVHA
A (L7 o TERERHBLET) WHIEL TV S DITH L, sys.exc_info() OGRS 7B OHIH &R
LET (LED-TH S EELEEA).

27



The Python/C API, V1) —X 3.8.18

51 HheoV7

void PyErr_Clear ()
I3 AT =R VTLET, TI7—A I —XPRESINTVRVALIE, FIREHD F
A,

void PyErr_PrintEx(int set_sys_last_wvars)
BHED h L — ANy Z % sys.stderr WL, 53 —A VI r—R%E7V7LET, 2L, =7—
73 SystemExit THBIHBEMRWVT TT, ZDHAE. FL—ANy 7 EH ST, Python Fat
A3 SystemExit £ YAX YV ATHESINLL I —a—FTHTLET,

I — A UIPT—EPREINTWE L ZIZ 12, ZoBEBEFIHLTLEXW, ZAbBDEE.
Bmier s —%5| %23 TL & S!

set_sys last_vars DIEL O THIUIR, sys.last_type, sys.last_value, sys.last_traceback &
Bs, FRENBHNDEA T fH, P L—2ANY 7 ZRZIUIRKMESNE T,

void PyErr_Print ()
PyErr_PrintEx(1) O A Y7 ZATY,

void PyErr_WriteUnraisable (PyObject *obj)
BHEDHIAL . 0bj 5I8LT sys.unraisablehook() ZFEUH L %75,

PINDRE STV EHA BT IBEBECHIN 2 REZ R L ZEBRTERNE ZIZ, 202 —T +1
V7 4 BBUIEE X v —2 % sys.stderr NI L ET, BRI, HIAD __del__ (O XY v RTH
Bl EflbhEd,

REZEOLNRVHINPEEZZa Y TF A I ZIELURTE—D5 I obj THEEITOIEENE T, A6
RIGEE,. obj D repr XFFIDEEX v —JWICHNENET,

COBEBEMNUH T 2i2iE, sty PSR TORITAEZRD $2 A

5.2 FINDZEH

UToBEBZ, MEDAL Y FOZI—A VI —ROFEERMBILET, FAEED=D, 2o 0BEHEOW»
KO, return X THIFTE 2 X 5ITHIZ NULL KA VY EZZ2RLET,

void PyErr_SetString(PyObject *type, const char *message)
CNBLI—A VI —RERET B0 DID —RVETTETT, H—5 RSN ORZHE L £
T, WHIIEHEFIS D —D, Bl 21X PyExc_RuntimeError T3, ZDHWA v ¥ M EEINX & 348
EHHERFA, FEFIBIEZI—RX v —I T, 'utf-8' hH7a—FEINET,

void PyErr_Set0bject (PyObject *type, PyObject *value)
ZOBIBUZ PyErr_SetString ) WZBITWE$25 FlIHD 7 fH (value)” & L THEED Python * 7
P MVREETHIENTEET,

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. ZDB$IZL S —4 P —X%HREL NULL 2K L £F, exception

28 % 5 & fISE



The Python/C API, V1) —X 3.8.18

& Python fil#4 27 5 2 TH B NETT, format LLEDFIFIET T — X v —I%(EZHDHDT
PyUnicode_FromFormat () D53 EUEKEZR > TWE T, format & ASCII =>a— FXhX
FHITI,

PyObject* PyErr_FormatV(PyObject *exception, const char *format, va_ list vargs)
Return value: Always NULL. PyErr_Format () 2RIUTT, AIERSIEDRD DI va_list 5K
ZRITHD %5,

N—3 g v 3.5 TEM.

void PyErr_SetNone (PyObject *type)
Z U PyErr_SetObject (type, Py_None) &ML 72 DTT,

int PyErr_BadArgument ()
Z U PyErr_SetString (PyExc_TypeError, message) &M L7zd DT, Z T T message 13H
HABBEBRERF M TIHTHENZ WS Ze 2R LTVET, BICHEHTHAT 2720080
T3,

PyObject* PyErr_NoMemory ()
Return value: Always NULL. Z#& PyErr_SetNone (PyExc_MemoryError) Z&HME L 7= DT,
NULL 23 BRL EF, LR oT, XEBEVARRZE-2EE, A7V =27 MEID L THEII return
PyErr_NoMemory(); £ &H TN TEX Y,

PyObject* PyErr_SetFromErrno (PyObject *type)

Return value: Always NULL. C 24 77 VBB LI —%KRL T C EH errno ¥FHEL - L
X, ZRERBINERREXE 2D ITERRER TS, F—ERDPBH errno HT. H _EHRD
(strerror() DH/{OEND) MET I LI —RA v —ITHIRXINF T2V MR LET, Zh
» 6. PyErr_SetObject(type, object) M L %9, Unix Tld. errno fH2Y EINTR TH2 ¥
X, TROBEDAENI AT LIA—NERLTVWB X, ZHUX PyErr_CheckSignals() &N
HL, ZODLT A I — X eRELLLGEERESNEFICLTEEET, BBIIHIC NULL
BRLET, LEdoT, AT LIA—ANRLI -2 BLELE SRATLa—1D T v 3—BKZ
return PyErr_SetFromErrno(type); £ EHL Z B TEE T,

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameQb-

ject)
Return value: Always NULL. PyErr_SetFromErrno () 2L TWE 23, filenameObject 75 NULL

TRWEEIZ, type DAVA I 7 RIZHE=ZFIRE LTETEVIZRZEVNEMENTVET,
0SError BISDIHETIE. filenameObject D3I A ¥ A Z 2 2D filename BIEZEFRT 2 DITED
NnEI,

PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

ject, PyObject *filenameObject2)
Return value: Always NULL. PyErr_SetFromErrnolithFilenameObject () WITETHN, 774

N2 %E 2 OB EEMNER L2 SN EEHT22012, 22O0BHD 7 7 ANVGBF TV 27 M ERT
HBh %3,

N— g v 3.4 TEM.

PyObject* PyErr_SetFromErrnoWithFilename ( PyObject *type, const char *filename)
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Return value: Always NULL. PyErr_SetFromErrnolithFilenameObject () WZTWE TR, 77
ANVHE C XFEF e LTEZONE T, filename X7 7 ANV AT LDITYA—FT 4 V7 (os.
fsdecode()) TFa— FENE T,

PyObject* PyErr_SetFromWindowsErr (int derr)

Return value: Always NULL. Z X WindowsError #FAE X ¥ 2 =D EHMLEHK TS, 0
ierr £ 2 B IO ENTHE. GetlastError() MR FT I —a— PR IbhE T, derr
H BWVIE GetLastError() ko THEZHNBZ LT —a— FD Windows HHOFHAZE D T 728
12, Win32 Bi%{ FormatMessage() ZM-UH L 3, N o, B—ERD jerr HTH BEEH
(FormatMessage() 226856 41%) WMIETE2L T — X v —ITHE2XTNA TS =7 bR L F
3, % LT, PyErr_SetObject (PyExc_WindowsError, object) #FEUH L ¥, ZDOBEEIIHEIC
NULL 2B L £,

M e]gE 2 315 Windows o

PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. PyErr_SetFromiindowsErr () WAL TWE A, EH T 264 0% %
fES 251 EMENTVE T,

B RE 22 B35 : Windows o

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. PyErr_SetFromWindowsErrWithFilenameObject () 2l TV ¥k 3
W, 77 ANMBE CXFHe LTEAONET, filename &7 7 AN AT LDy aA—T 4 V7
(os.fsdecode()) TFa—FINET,

FIF AT BE 2 BRE%: Windows o

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

ject *filename)
Return value: Always NULL. PyErr_SetFromWindowsErrWithFilenameObject () Il TV 3

M, EETIHNOTEIEE T 258 EBMENTHET,
FIFFTHE 22 BRYE: Windows ,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyOb-
ject *filename, PyObject *file-

nameg2)
Return value: Always NULL. PyErr_SetEzcFromWindowsErriithFilename0bject () IZBITE S

M, 2O0HD 7 7 A NVHA T 27 N EZITED 5,
M e]gE 2 315 Windows o
N— g v 3.4 TEM.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject  *type, int derr, const

char *filename)
Return value: Always NULL. PyErr_SetFromiindowsErriithFilename () WZBITWE 325, 2EH

T 3BINDRHRE T B 5B E N TVE T,

FIFHFTRE A2 BRY%E: Windows ,
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PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. ImportError % fHIZEM § 5 720 DB T3, msg 1ZHISHDX v £ —
DXEFHN e LTy bENE T, name & path Z¥H 5D NULL IZLTEL L, ZNZN ImportError
@ name J@M Y path B LTty FENET,

N— a v 3.3 TEM.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col offset)
HEDOHISND 7 740, 1T, A7y bOERE Y FLET, BHEDOHIIND SyntaxError TRV
Blx. FINERRT 29 7> 27 L5, 44D SyntaxError TH 2 L EZX 2 kS5 IEEEZEBML 3,

N— g v 3.4 TEM.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col offset)
PyErr_SyntazLocationObject () LEITWETH, filename 37 7 AN AT LDy A—T 4 ¥
7 C7a— K&z (os.fsdecode()) N4 M XFFHITT,

N—a v 3.2 Tl

void PyErr_SyntaxLocation(const char *filename, int lineno)
PyErr_SyntazLocationEz() ELTWE T, col offset FIBDFRESINTVET,

void PyErr_BadInternalCall()
PyErr_SetString(PyExc_SystemError, message) ZEHM L7z DTT, T T message IR
fE (B 212, Python/C API B B AEZRGIEE L DITHIHINLLE WS T ZRLTVWET, F
KHETHERT 272008 DTY,

5.3

][4

==
[=]

UT oz, C a—- FTREEALEEZIME L X3, Python @ warnings %91——/1/“6’L\\F9'ﬁéﬂfh\é
FREOBEE X BUTET, THHDBEBITEFEEEX vt —I % sys.stderr NHEALE T, 2—90%
ELT—AEETLLIHEET S I TE, TOHEE. BERIFINEEHLET, & 1%1‘%75)*60[33
D7D Z DEBDHINZ X T 20 T AVR/ET, HIALEE SR VGEIZREYEIZ 0 T, #l
ADEHEINHER -1 T, (BEX v —IUEBCH T2, BLXEZOHSOEKE 22D
VWTIFHI T E S8 A; CHRENNRSDTY, ) fsrEH S hiGE, O Lt ofils Lt z
Togd (B, L T0RSIICH U Py _DECREF() #fT\, 7 —fEZRLET),

int PyErr_WarnEx (PyObject *category, const char *message, Py_ ssize_t stack_level)
BEX -V EFITUET, category 5I1BUIESE D73V (LLTEZZR) 2 F721% NULL T. message
5180% UTF-8 =¥ a— FEN7ZXFHNTT, stacklevel 1ZAR Y 7 7L — LD ERTIEDEL
T BEEZDREX Yy 77V —LDHDEITLTWVAITHIrLREITEINE T, stacklevel 25 1 72k
PyErr_WarnEz () ZWM-OH L TW2EEN, 2 72 20 LoD Warning DFEITITICZR D £3,

%7 3 VIE PyExc_Warning O¥ 727 7 X TRIFNIEXZR D £¥ A, PyExc_Warning &
PyExc_Exception O% 727 5 A T3, 77 4N bDEEH 73 VI3 PyExc_RuntimeWarning T
§, fFHED Python EHA 72 Vi3, REEZHT I THAMDFIEINTVWE 70— VAL L
THHATRET 3

5.3.
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BEZaY M —T3D0BMICOWVWTIE, varnings EYV 2 — LD FFaXyF—yarravw
YEIAY - FFaXrT—rard -WATTarEBRLTIEIV, EEary tr— 10D
CAPIIZH D £E A

PyObject* PyErr_SetImportErrorSubclass (PyObject  *exception, PyObject *msg, PyOb-

ject *name, PyObject *path)
Return value: Always NULL. PyErr_SetImportError() & X TWE T, ZOBBUIEHT 2

st & LT, ImportError D% 77 7 RZEETEE T,

N— ar 3.6 TEM.

*,

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

int lineno, PyObject *module, PyObject *registry)
TRTOEEDBEEZHRINCHIBE L 2EEX v —Y 2B L E T, 24U Python BI# warnings.

warn_explicit () DEHENIRT v ST, SHIEREFLICIIZEHE2ZRLTILZI WV, £ I
XN TWET 741 b DMRER 272D, module & registry 5180 NULL ICEET D W TE
ESc

N—a v 3.4 Tl

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

int lineno, const char *module, PyObject *registry)
PyErr_WarnEzplicitObject () WTWE T, message £ module 75 UTF-8 > a— FEh7=X

FHTHZ e ZADBERY., filename &7 7 ANV AT LADLYA—F 4~ (0s.fsdecode()) TT
a—FENET,

int PyErr_WarnFormat ( PyObject *category, Py_ssize_t stack_level, const char *format, ...)
PyErr_WarnEx() MW7z X5 BBEETITN, EEX v - % 74— v bT 20D
PyUnicode_FromFormat () L £ 3, format i ASCII iIZT > a— K XN XFEH|TT,

N—a v 3.2 Tl

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
PyErr_WarnFormat () 12 Bl 7z B % T 5 23, category & ResourceWarning 1272 D. source &
warnings.WarningMessage () ICJEXNE T,

N—a v 3.6 TEM.

54 I5—A 2 Tr—20BVEHE

PyObject* PyErr_0Occurred ()
Return value: Borrowed reference. 5 —A VI 7 —APHRESINTVWEPLTAMLET, REZN
TWLWaHEE. fISD B (PyErr_Setx() BIID—DH 2 \\& PyErr_Restore() ~Di b H LW\
CHLICHT 28 —518) 2IBLE T, ZEINTORWEEIE NULL 2R L ET, HRZIEEDEA
DBBEF> TVWEHADT, ZHUZT Py_DECREF() 3T 3REEHH TH A,

R REhEZREOHNLHEBRLEVWTLSEZE Y, Zofbbiz, Fl2ZRd
PyErr ExceptionMatches() "o T XV, (LBIIEHICERTATL XS, LS, fi
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E 7 FATIERLSA VAR A LWL, HEWE, 77 RFNDOGE TR XN 261509
TY T A LABEWHSTT, )

int PyErr_ExceptionMatches (PyObject *exc)

PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) & [E U, FINNEBICREI NI &
W2, ThEREOHEIRETT, fIARFEEL TRV AERSIE XEV 77 ERAERNPEE 5T
L&d,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

BIAL given 25 exc BN HET E2HEWCELRLE T, exc BT TIRIFT T =7 VTHB5EG
given YT FADA VARV ATH I ZWXEHERLET, exc DX TLVDEEIF. XTI NTH 3B
(BXUZOV TR I NVCHEHRNCH 2) TRTOHFINIEE T 205N ET,

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

I A I =27 RLAZET=ZDOOZHOPAMO ML ET, T7—A VI T —XHREEH
TVWRWEEIZ, =03 RTOLEHEZ NULL KERELE T, TI7—A VI r—ERRESIN TV IHE
W27V 7EN, BRIZFMOHINZNZhDOL TV 27 v ANOBREROZ IR D ET, Bt T
P27 M NULL THRWE ETEX X, ZOEX PL—ZANy 274727 MENULL 20d LALER A,

AR EE. COBBIIPINEHIRT 2HEDDH D a—FP, 7 —A 0P r— X —RIITRFEL
THEILTIHEDDH 23— FTOAENE T,

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

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

PyErr_Restore(type, value, traceback);

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

ZODFTI 2 I DPLLT— A VI T —RERELET, TI—A VDT —ZPTTRFEZINTY
LB, BUNCZ VT EINET, AT 27 PMBNULL O, 73— VIO F—XB7 ) 7ENE
F, NULL O type & 3JE NULL O value & % \W\i& traceback 2 L TIEWIH EH Ao HISFDRE (type) 1%
IS ATHENETT, MR HIDOR (type) 3 WVIMH (value) ZHEL TEWIT EE A, (TRHD
FHIZR 2 e TR EIRCVHEDOFRKNE 22 TL x5, ) SOMUHLIZZAZADA TV =27 b
ANDOBBEMDIREET: DRLEMFCHLOFNICZNZNDA T 2 7 bADSIE R U
LRVDTHD, FLMIHELOKRIED IR INSOBHER >TVERA, (ZHEHEREL TV
WIEAR. ZOBBEfS o TRV ERA, BELTEEET, )

AR dEE., OB —A VO — XN RIFLIELT 2R EDH D a2 — R TOAHV
F9, HEDZ I —A4 VIO 7 — X/ FT % 72DI2E PyErr_Fetch() 2o TL 72\,

5.4.
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void PyErr_NormalizeException(PyObject**exc, PyObject™*val, PyObject**th)

HBHRMTIE. LT D PyErr_Fetch () PR THIE " ERL XA ToRW” AJEEELH D £, O F
D, *exc 37 FAX T I =7 b2D xval BRI Y T ADA VAR Y ATIFRVEWVWIEIKRTY, Z
DRI ZFD IS RIGEICED I T A% A VARV AT 3201 fbE T, ZOMENT TIZIEHL
SNTWVWAGEEI AIbEZETA, BEERIEIR 7+ —< A 2WETLI-DICEEINTVET,

FR: ZOBEBIIHIMEICEEERNIZ __traceback_ BMHERE LEHA . FL—XNNy 72U
RETBZREND BEEE. ROBMDa— FRPHETT:

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

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

sys.exc_info() THRLAZHIMEREZIIGL T, X BUCHER - A 2SR T23DT, #
FWCEH I NZHIANDSIRIEIFF > TVERA, FILWVWI DDA T 27 FADSHERLETH, £
DOHZIE NULL 235 205 LNERA. ZOBBIEHIMEROIREZZE L EE A,

AR CoBuE. EEERAINERS a - FTRHEHINER A, EHICES & TR DIRER
—RNCRIE L. TCICRSBEN D 23— FTHHAT 2N TEXT, fINOREZITICET, v L
W& 27 V73 %12id PyErr_SetEzcInfo() %o TLEE W,

N— ar 3.3 TEM.

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

sys.exc_info() THOLNZHIIMEREREL T, Z4ud BUCHER fINE2SRT 20T, #
TEH I NHIANDSI I > TV ER A, ZOBBEEIBANDBREEBAZ T, IS oIREE
U7 L720WEERR 3 22 TO58UC NULL ZE L TLZE W, 3 20518220 TO— R KRN,
PyErr_Restore() ZZML TV,

AR CoBBE. BEIEAISNERS a - FTERFHINE A, EHEICES & 23S 0IRE
—IRHINCIRFE L, TR T HENH 22— N THAT 2 e TEET, INORELZIIET 51213
PyErr_GetEzcInfo() %o TL7ZE W,

N—a v 3.3 TEM.
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55 TFINVEDVY

int PyErr_CheckSignals()
Z OBBUE Python O 7 F NNy 2D e DT 22BN TEET, Y7 FABZOTata~AE LR
72 EIMF v L, ZIORBIEMNIETESTFANY RIZREIH L E T, signal EY 2 —LH
PR— P ZNTWVWBREHEEIX. 24U Python TEPNZS T FANY RIS EZREHEET, TXXTDH
A, SIGINT D7 7 4L h DFIRIX KeyboardInterrupt A 2T EXE 2 2 TT, HIANFEL
BB, T4 VO —ZPREIN, B -1 BRLET, 3 TR BB 0 2RLE
To TT—A VT —EDBLURNCREINTVEHEE., TRV 7EINIZDE I bR,

void PyErr_SetInterrupt()
SIGINT ¥ 7 FADEFEL IR EZS I 2L — P LE T, KIZ PyErr_CheckSignals () DFEINT &
%, SIGINT Fi® Python O 7 F ANy RIBHIHINET,

SIGINT 2% Python (Xl X 72752 - 7z (signal.SIG_DFL ¥ /zi% signal.SIG_IGN ICFE SN TW
72) A, ZoBEITD LER A

int PySignal_SetWakeupFd (int fd)
CDa—74 V74 BZ 7TV RIS B T FABSENL P LTEZRAL T 74
NIRRT EIBELE T, fd X/ >7ay o7 ThrINEIRD F8A, ZOBEZ. 1 Di07 7 4L
b TRl £7,

i -1 2T, ZOWEZEMCLET; ZhADPFIKRETT, ZoBE%IE Python ® signal.
set_wakeup_fd() YFEIFETIN, YARII—F v 7 bITVEVA, fd 3EME T » 4 ViR FT
HHENETT, ZOBBIEIAA VALY FALDAFUHEINZRETT,

N—Yar 3.5 TEHE: Windows T. ZOBEEBIIY 7y AV AR R—IFTB L5 DELS,

5.6 AINI S

PyObject* PyErr_NewException(const char *name, PyObject *base, PyObject *dict)
Return value: New reference. DL —7 4V 7 4 BABUIF L WHIS 2 5 A ZER L TIEL £,
name 58UIH L WHIADHAFT, module.classname JERD C CFEHITHRIFIUIER S, base &
dict 5IE0LEE NULL T3, ZHEITXRTOFNDD DL — 1+, #lAIAAH Exception (C Tld
PyExc_Exception & LCT7 7t AWRE) ZN— b LTIRELALZ FRAA TV 27 P RIERL £F,

HLws 720D __module__ BN name 5IBOHTPEE T (BRED Py FET) IKRESN. 77 R%
FREES (REZD Ry FO%) KERESINE T, base 5IBIIMRDD DN—R7 FREEET 72D
HRET;, —DDIFTRATH, VIADX TV THHOERA, dict 5IBIZT7 7 AEE XY v KOFE
BEIEETA-OIMEZ LT,

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

Object *dict)
Return value: New reference. PyErr_NewEzception() LIZIZF U T A, #HLWHIF Y 7 RizfiiH

12 docstring ZXETE £ T, doc 75 NULL THEWEE., ZhbHIs 2 5 2D docstring 127D 5,

N—a ¥ 3.2 TEM.
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57 INATS U b

PyObject* PyException_GetTraceback(PyObject *er)
Return value: New reference. Python T __traceback__ BMNSL7 72X TE 23D LML, filst
IZBE9 % traceback OFTLWESRZIREL 3, BIRT 2 traceback 2 EWIEIX, NULL 2R L £ 3,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
ZDFIAMZEE T % traceback 12 th 2y FLET, 7V 7T %I Py_None ZHH L TL7Z& W,

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. Python T __context__ @MN S 7 272X T&E35DEL. HlFhC
B32ar7FAb (ex PEH TN ZIWHEL TOLFIDFISNA VA2V R) DFLWESIREZIRL
9, BRI 237 F R PHAMNEEIL NULL ZIRL £,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
BISMCEIT 22> 7 XA MZ etz 2y PLET, 7V 7T 2ITE NULL ZEHL TS W, cle 23
B A AR A S PO BT 2 v Z7IIMTONERA, ZHUX ctr NOBREEAE T,

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Python T __cause__ EBMNL7 7€ ATE23dDFEUL., FlAcE
55K (raise ... from ... ko Ty FENB3HIHA A X A, B L <IE None) DFr LW
ZIERL£T,

void PyException_SetCause (PyObject *ex, PyObject *cause)
FISMZBERS 2 JRANS cause 2y FLET, 7V 73 5IE NULL ZHEHL T ZE W, cause 23
A Y RRZ AP None DEL LN TH 2 I ZlEDPD BT = v Z7IITbHERA, THII cause N
DB BALET,

Z OBEBUC X o THEERIYIC __suppress_context__ IZ True 25ty F XN F T,

5.8 Unicode fIAAFT o

T oR#IE C E385 5 Unicode fINZE- 72 DEBIELZD T 27-DIFHLET,

PyObject* PyUnicodeDecodeError_Create(const  char *encoding, const  char *0b-
ject, 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 - 7=

UnicodeDecodeError 4 7Y = 7 b Z{ER L £ 3, encoding B X U reason & UTF-8 =¥ a2 —
R &N FFHITT,

PyObject* PyUnicodeEncodeError_Create(const char *encoding, const Py UNICODE *ob-
ject, 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&VE% # o 7=

UnicodeEncodeError 4 7Y =7 b Z{EM L £ 3, encoding B & reason 1 UTF-8 = > a—
F N7 FHNTT,
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N— g > 3.3 TIEHERE: 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 *reason)

Return walue:  New reference. object, length, start, end, reason J& £ & ¥ o 7=
UnicodeTranslateError 7Y =7 M Z{EM L £ 3, reason & UTF-8 =¥ a— F & hiXF
T3,

N— a v 3.3 TIEHESE: 3.11

Py_UNICODE is deprecated since Python 3.3. Please migrate to
PyObject_CallFunction(PyExc_UnicodeTranslateError, "Onns", ...).

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 52 6NN F 7T =7 + D encoding JEIEZEL %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 EBIEERL 3,

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize t *start)

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

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize t *start)
BENTINATY =27 b5 start BYEZEUF LT *start IZHML 5, start & NULL TH - T
D FERA, BIL7S 02, KRMLS -1 ZIRL 7T,

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py ssize t start)
BENFINA TS 22 b D start JBHEZL start ITRELET, BIIL7S6 0 2, KRLES -1 2K
LE7,

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)
EEXNEHNLT T2 b5 end BHEZBIS LT *end WML 3, end 1& NULL TH > Tidk
DERA, BIIL7ES 02, KLES -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)
BENHNA TS 227 2D end BT end ITRELET, BIILAS 0 %, KRBLES -1 ZIRL
9,
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PyObject* PyUnicodeDecodeError_GetReason(PyObject *exc)
PyObject* PyUnicodeEncodeError_GetReason(PyObject *exc)
PyObject* PyUnicodeTranslateError_GetReason(PyObject *exc)
Return value: New reference. #EN/FINA 7T =7 D reason BHEZIRL £3,

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

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

int PyUnicodeTranslateError_SetReason(PyObject *exc, const char *reason)
BINZFIHNA T =7 +D reason JBHEE reason WCRELET, HBILES 0%, KBLES -1
ZIRL £,

5.9 BlROEXE

NG 2 00BE C LNVOERIFOH L2 ZRCHETT 5/5EE, 27 EY 2 —WIHIIREY 2 —
WHRML T, HRzfo/za— F23 Ld Python 2— K273 2D TIERWVWEE (Python 22—
FIEHRORS 2 HEINEBIFL £9), ZhoOBBIREE D $73,

int Py_EnterRecursiveCall(const char *where)

CLNILOBRBEBHECHELZLEISELTWSE ZAKHIZMNITE T,

USE_STACKCHECK BERINTWVWAEHE, OS DR Xy IR L —N=—Tua=20L7hr5r%
Py0S_CheckStack() ZfioTFzv 7 LET, b LA —N"N=78—-LTW3K 5, MemoryError
By bLE¥RTRWMERRLET,

RIZZOBBEERO EBIZELTVWARAVWAEREF 2y 7L ET, FRBCELTWIESEA
RecursionError #t v b LR TRWMEEZRLET, 5 TRVWEHEEERERL T,

where X " in instance check" D& I BXFHNIL T, HIFROEIDRFUEL-Z e TEHXN
% RecursionError DX vt —JICHEHIETE S XS ICITRETT,

void Py_LeaveRecursiveCall()
Py_EnterRecursiveCall() Z#& T &¥ £ 3, Py_EnterRecursiveCall() @ REIILT= MUHLIC
LU 1 EFEE T U D 8 A,

AV TFRICHL tp_repr ZWYNCEET 21213, FELBROUWHESRD bNE T, 2& vy 7 ORI
Z. tp_repr XERMEZ I 27017V 27 bR TOLKBERH D ET, KD 2 DOBEIEZZ D
KREZAZICLE T, FEMICIZ. 2N 51d reprlib.recursive_repr() L C OEETT,

int Py_ReprEnter (PyObject *object)
TEERE 2 AT 5 7212, tp_repr DERIEDFLHETHIHL I,

ZOA T2 v BNCAEIN DD o256, ZOBRBIEORBEERLET, 205
tp_repr DFEHEIL, FRERTIXFINA T 27 P ERIRETT, HlZiE, dict A 7Y =7 ME
{...}YZRLET L, list A7V =27 MI [...] ZIRLET,

HIREEO FRIGEL5E1E. ZOBBIIEOREZIRELE T, ZOBAE. tp_repr DERIZ—HKIY
2 NULL 21BN E T,
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ZHRLADEGER, BB R ZR L., tp_repr OEBEILEHE B HMHEZHEIFTHLEVER A,

void Py_ReprLeave (PyObject *object)
Py_ReprEnter() ®#TXHE T, 0 2R L7 Py_ReprEnter() OFFUFH LIZX L 1 [BEIFEXA UK
ZhEEA,

5.10 RZEHIH

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 EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError (1)
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError

ROR—=T|HL
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R 1-FIOR—ZH5DHKEE

C# Python % AR
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError

PyExc_NotImplementedError

NotImplementedError

PyExc_0SError

OSError

PyExc_0OverflowError

OverflowError

PyExc_PermissionError

PermissionError

PyExc_ProcessLookupError

ProcessLookupError

PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError (2)
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIlteration 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 — Y a3 v

PyExc_ChildProcessError .
PyExc_ConnectionRefusedError .
. PyExc_FileNotFoundError .
PyExc_NotADirectoryError .

3.3 T @&

PyExc_BlockingIOError .

PyExc_ConnectionError .

PyExc_InterruptedError .

PyExc_PermissionError N

PyExc_ConnectionResetError .

PyExc_TimeoutError i PEP 3151 Ik D EA I E L7,

N— a ¥ 3.5 TiBM: PyExc_StopAsyncIteration 3 & Uf PyExc_RecursionError ,

N— a v 3.6 TiBM: PyExc_ModuleNotFoundError.

INSIEHEED D 5 PyExc_0SError DA V7 A TT:

PyExc_BrokenPipeError .
PyExc_ConnectionAbortedError .
PyExc_FileExistsError
PyExc_IsADirectoryError .

PyExc_ProcessLookupError .
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C#% AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError (3)

N—=Pay 33 TEH: oD Y 7 RIFNOFEEEZ T3 =01 ffbE T,
HERR:
(1) ZHUIBIDIEEFHND =D DR—R 7 5 2 TT,

(2) Windows TOAERSINTVWET, 7V Faty <271 MS_WINDOWS WERSNTVWENT A MY
5ZeT, Zhefloa—N2REL TSV,

5.11 B#EZEEHTIY

All standard Python warning categories are available as global variables whose names are PyExc_ fol-
lowed by the Python exception name. These have the type Py0bject*; they are all class objects. For

completeness, here are all the variables:

C#% Python % AR
PyExc_Warning Warning (1)
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 TiBM: PyExc_ResourceWarning.
HER:

(1) ZHUIHDIFEEESEH TV DIDDRN=RT FATF,
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A—FT«14 V7«

ZOEDBEEBIE, C TEINEZa—FE Iy b7+ —LBTHIEDD 2 HDITTE ETHRILDOD DD S,
C 75 Python €V 2—LZf5dD, Z L THEDFIEEZMBR LD, C OfEid 5 Python OfEZ S
2HDET, HABRLI—T 4 VT4 NRRTEZITVET,

6.1 AXRL—FT 1 VI RATLEEDI—T1 )T«

PyObject* Py0S_FSPath(PyObject *path)
Return value: New reference. path D7 7 A VI AT ARBEEZIRLE T, A7 =227 2% str
bytes DEEIF. TOBMAT U EANBA V7V XY FVENET, 7Y 7 b os.PathLike 1 V&
72— AEFEELTWEHE, __fspath__ () DMEUFH IR, ZDRERD str 23 bytes THIUTZD
BRI NE T, XTHRITINUEL TypeError HEH 4. NULL 2R XN E T,

N—a v 3.6 Tl

int Py_FdIsInteractive (FILE *fp, const char *filename)
filename & \N5 ZHTOEHE 1/O 7 7 4 )L fp 230EEHY (interactive) TH 2 & EZ LN BLEICE (FF
¥r) ZRLET, 24Uk isatty(fileno(fp)) DEIZRBZ 7 7 A VDHETT, Fa—NLRKR7 5
7' Py_InteractiveFlag DEDHEITIA, filename KA ¥ & H NULL 2>, %H{AHT '<stdin>' 7
1777 DVITHAICFELWEFICOHEZIELET,

void Py0S_BeforeFork()
TR AT x—27F BHENT. WL ODOWNERREEZ HE S 2 72D DT T, fork() RBED 1
T 22T 2 2 OB OB EFECH 3HIC Z OB ERE U X U D £8 A, fork()
PEBRBINTVWEIRATLATOAFHTEE T,

a&=a,
=R

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.

void Py0S_AfterFork_Parent ()
TaE AN T =27 LIRICHERIKEZ BT 2720 DTS, fork() . BED Fut 22

43



The Python/C API, V1) —X 3.8.18

T3 Z2DMOBELOBEKEZ T LRI, Tt R0EMNKIN LY S hchhrbs s, B n
Y2056 ZOMBENRCH I ZIFUERD F8H A fork() DEBRINTWVWE Y AT ATOANHATE
N

Z&=a,
= e

The C fork() call should only be made from the "main” thread (of the “main”
interpreter). The same is true for Py0S_AfterFork_Parent ().

N—=a ¥ 3.7 TE.
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.

g,
= Q-

The C fork() call should only be made from the “main” thread (of the “main”
interpreter). The same is true for Py0S_AfterFork_Child().

N— a ¥ 3.7 TENM.

BE.:

os.register_at_fork() % H| H 5 % r Py0S BeforeFork(). PyOS_AfterFork_Parent ()
PyO0S_AfterFork_Child() IZ & o TR E NS A AKX 4D Python B ZFRTE L7,

void Py0S_AfterFork()
a2 fork L7BRONEIREEFEH T 270 OBEETT; fork % Python 4 > & 7V X ZE Vi

I BGE. Bk T at ANTZ ORI X QIRR D EEA. Fiick 7T at RICH 72 TR RE

Preo— F3 2558, ZOBBEIFCHILERIDD ZEA,

N— a ¥ 3.7 TIEHESRE: ZOREEUX PyoS AfterFork_Child() XX > CEBERIOLNE L
int Py0OS_CheckStack()

AVRTYEWRARy JEMEFCRS LA ZIRERRLES, Z0F =y ZHEBIKIZEEES D
D £33, USE_STACKCHECK DEZE XN TWEIHE (BIRTIX Microsoft Visual C++ 284 5T
L R L7z Windows fR) 1 LA FIFT & ¥ A . USE_STACKCHECK (FHBINICERINE T; HIiD
- R TIOEREZEELTUIRD FHA,

PyOS__sighandler_t Py0S_getsig(int %)

STFN RN TBBEDS T FIANY RSB LET, ZOBKIE sigaction() F7213 signal )

DVFTNPIIHT BN T v o8TT, sigaction() % signal() ZEEFIH L TIZHRD FHA!
Py0S_sighandler_t (% void (*) (int) @ typedef \Z X 2 H|% T,

PyOS_sighandler_t Py0S_setsig(int ¢, PyOS_sighandler_t h)
STFN I BBEDS T FANY R TR b

P

CRELET; IO 7 F ANy RIERLET,
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Z OBRE sigaction() E721d signal() OWVWTHRIINT B NT v 8—T7F, sigaction() %
signal () ZEHEMUOH LTI D £ A! Py0S_sighandler_t I& void (*) (int) O typedef IZ &
BT,

wchar t* Py_DecodeLocale(const char* arg, size t *size)
surrogateescape LTI — NV FJ B0 T, aFr— LIy a—F 4 Y IZDAL b XFEHEFa—FL
E9: 7aA-FTERVAAL NI U+DC80 25 U+DCFF £ TOHIPFOXFr LT7Fa—FEh
FT, AN MBS - N XFeLTTa—RFIN35E8E. Z0FEETa—-RFT2530TERL
surrogateescape L7 — Y RS2 ffio TS M2 X5 —-F L ET,

Tya—7 47 (BREOEWVIED»S) :

UTF-8 on macOS, Android, and VxWorks;
UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
UTF-8 Python UTF-8 € — F3ERZIGE

ASCIT if the LC_CTYPE locale is "C", n1_langinfo (CODESET) returns the ASCII encoding (or

an alias), and mbstowcs () and westombs () functions uses the IS0-8859-1 encoding.

BHfEousr— nzya—54 >0

MUK ABVERINZTA FF Y T R—LFHNDRA YRR LET, ZOXEVZBRT 2D
121 PyMem_RawFree() %ffio T 72& W, 5K size % NULL THRWEEE, null XFLUNDT A4 K
F v 77 X—D % *size "EZIAAF T,

Fa—FH LA EVERTZ S —2E 2L NULL #3K L 3, size #5 NULL TRWEEIZ., X
FVITT7—DL EX (size_t)-1 %, 7A—FTDITT—DL =X (size_t)-2 % *size IIKEL
i\j—o

CIAT7IV—NTPRRVRD, 7a—-FToO7-@FEIDIFTEA,

F ¥ 77 R=XFHN N4 FFNRTIE Py_EncodeLocale () BFAEEf-> T 72X W0,

BE:

PyUnicode_DecodeFSDefaultAndSize () 3B XU PyUnicode_DecodeLocaleAndSize () PA%L,

N— ar 3.5 TE.

N—Tay 3.7 CEHE: ZoBEE, UTF-8E—FTWR UTF8 =rya—F4 Y 7%FIHT2 L5127k
hE L7,

N—=3Y 3 v 38 TZEHE: 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 L7 — NV RZ BffioT, V4 FF ¥ 77 XR—XFH|enr—Lrzra—74 Y7
Tra—FLET: U+DC80 75 U+DCFF £ TO#FADY 15— b 3CF1E 0x80 225 0xFF £TO
NA MEHEINF T,
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Tva—74 v (BREOEVIER,S)
e UTF-8 on macOS, Android, and VxWorks;
o UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
e UTF-8 Python UTF-8 £— KW ERRGE

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

an alias), and mbstowcs () and wcstombs () functions uses the IS0-8859-1 encoding.
« HEOusr—Lzva—74 22
ZoBIE. Python UTF-8 €— FTIZ UTF-8 =y a—7 4 Y72V ET,

ML AEBVHREINIZAAL PXFIANDERAL Y EEZRLET, ZOXEYRZBRT 52DI1T1X
PyMem_Free() o> TL7FE WV, TVa—FZI7—DAEVHERLI—DL 2 NULL 2R L 7,

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.

NAMFHNETA R v T 7 X2 —XFINRTITIE Py_DecodeLocale() BAEIZH > TL 72 W,
2E:

PyUnicode_EncodeFSDefault () 3 XU PyUnicode_EncodeLocale () BA%L

N—a v 3.5 Tl

N—ary 3.7 TEE: ZoBZ. UTF-SE—FTWR UTF-Szrya—7 4 Y7 %RAHAT3 X512k
h% L7,

N—=Y 3 v 38 TZHE: The function now uses the UTF-8 encoding on Windows if

Py_LegacyWindowsFSEncodingFlag is zero;

6.2 X7 LA

sys BV 2 — AR L TV EHEICCOa—F2 o7 7R T 3B T, TRTOBBIIREDAS V&
TVRAL Y FD sys Y 2 —LOFHE I LTEELE T, ZOHEFIHTDRAL v FIREMEERIHENA
INTVET,

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. sys £ 2 —NA®D name 7Y =27 M EIRTH, FELRIFIUL
BIs 2 RER 31T NULL 2R L %5,

int PySys_SetObject (const char *name, PyObject *v)
v 73 NULL TIHEWGEEA, sys TV 2— 1D name 12 v ZIRELE T, v 23 NULL 25, sys T 2 —)b
5 name RHIFRLE T, LS 0 2. =5 —FE -1 ZIRLE T,

void PySys_ResetWarnOptions()

Reset sys.warnoptions to an empty list. This function may be called prior to Py_Initialize().
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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 ZBEMU E 3,

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 IZEENZRAD, VAMFTI 27 MIRHELETS, path 1377y 7 4 —2D
MERZA 7Y 2 & (Unix Tl 1, Windows Tl ;) TRYIHGNZAD Y A M TRIFIUIRD $HA,

void PySys_WriteStdout (const char *format, ...)
format THEINT2HITLFH% sys.stdout WICHNILFE T, YIDFEDHEZ - 1285EEED. fHist
IR L E R A (BR),

format 13, 7+ —~<v FEOHIXFHD b —ZALDKE X% 1000 N4 FLFICIZBZRETT, -
1000 N4 FRAEDOHSISCFFNZYI D EED o T, FHT, FIRDZW "%s” 74 —< v P RESNE
TEDY FRA "%.<N>s” DXL T N IZ 10 #EHOEEEE L. <N> + ZOMD T +—< v
MEDRKY A X235 1000 2RI BRVE S ICHKETEINETT, AL LI "% 12K E(T 2 HH
HHDFET, IFFICRKEVEHEIH LT, BEOKTFZENT 20 REESH D $9,

MENFEAE L2 D, sys.stdout DRESNTWARLSEGE, 74 —< v MROX v —=J3EXYD
(CLRLD) stdout ITHIIESHNET,

void PySys_WriteStderr (const char *format, ...)
PySys_WriteStdout () ERIU T, sys.stderr L IJ stderr ICHALF T,

void PySys_FormatStdout (const char *format, ...)
PySys_ WriteStdout() Zfl7zB8%T 523, PyUnicode_FromFormatV() Zfio TR vyt =% 7 5 —
“v Pl Xvbe—YZEREORIYIDFHEDLDIFZLEE A

N—a v 3.2 Tl

void PySys_FormatStderr (const char *format, ...)
PySys_FormatStdout () L[ TI . sys.stderr b L <& stderr ITHIIL %7,

N—a v 3.2 TEM.

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—=a v 3.2 THEM.

PyObject *PySys_GetX0Options ()
Return value: Borrowed reference. sys._xoptions X [Allk, -X 7> a YOBEDOHEZ LR L 7,
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I —MHE S L, NULL 2SR&h, skt y FahEd,

N— a ¥ 3.2 TEM.

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

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 TEM.

N— 3 v 3.8.2 TEHE: Require Py_ssize_t for # format characters. Previously, an unavoidable

deprecation warning was raised.

int PySys_AddAuditHook (Py_ AuditHookFunction hook, void *userData)

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

this API are called for all interpreters created by the runtime.

userData RA X E7 v 7BEBICEINEST, 7y 7B V24 20 6UHEIN22H L
NZVDT, TOKRA »RIZERHE Python DIREEZSIRIRETEHD THA,

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
xuserData), where args is guaranteed to be a PyTupleObject. The hook function is al-
ways 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 B A X b sys.addaudithook ZEH L 3,

N— a v 3.8 Tl
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6.3 70Ot X1

void Py_FatalError (const char *message)

By 2 — X vt —3 (fatal error message) Z i) LT at X2 5lfil#& 7 (kill) LE3, BER
WIIATONERA. ZOBIE, Python £ ¥ X 7V X2 fEWET 2 DAFEMRTDH 2 & 5 IRMHHR
i FIZE A7z VMEEPRBEL TV L EbN2 2icoA, HUEHE3 K51
LRI D £8 A, Unix Tid. 4 C 54 77 VB abort () M LT core AL &
PR S S

void Py_Exit (int status)

HEDO T R8T LET, Py FinalizeEz() ZMUH L%, EEC 5477V EED
exit(status) ZMUM L FF, Py_FinalizeEx() BWITT —IZK o756, T AT —R 1% 1201
WESNET,

N—=Ua ¥y 3.6 CTLEHE: RTUWHOLS —I3MEI N2 B EL,

int Py_AtExit (void (*func)())

Py_FinalizeEz () 7 BIFUH SN2 AR 217 5 BIEL (cleanup function) 28k L £ 9, BRHAR
RIS B L TR S, 2R L EE A, BKT 32 DRARLHREMZERTE £ 9, B
IS 38, Py AtEzit ()13 0 ZiRLET; KT 2L -1 ZIRLE T, RRICER L - RInRILIEE
BhromicrortahEd, FEBITEL4 —E LA SN EHE A, Python ONEIRYZRHE T ILEIZ
PAAARMIRRIR L D DIENCTE T LTV A DT, fune 225130 AH 7% % Python APT $FEUH L TIERD
FE A

6.4 EZa—-ILDOAVER—-F

PyObject* PyImport_ImportModule (const char *name)

Return value: New reference. Z DB T TR 2 PyImport_ImportModuleEx () % Hiflift L7z
A RT 2 —RT, globals BE U locals 518% NULL DF FIZL. level 0 I L7=b DT, name
SIBUC Ry PHBENDIHE (B2 y F—YDHTEY 2 — LV EIHELTVIHE), fromlist 515
YRR ['x ] BEMEN, RVENEY 2—-LZ2E0 by TRy =Y TR RSAHOEE
¥ 2 —)b (named module) 12722 &5 ICLFF, (JRELHH DR D ITITIE name HEBZIZY 7
EV 2= NTHAP TR r=IZBELTWARIGEA, v Fr =YD __all__ BRIHEEINTWS
PTED 2P —FSNTLEI EWOEIERZ DD £, ) £ Y R—FESNLEY 2 —ADHT
RBRERELET, KRRLEGECEMSZEY P L, NULL 2RL %5, £ R— MKRBLEE
Y2 —/UX sys.modules IZ%HD £H A,

ZOBBUZE I A o R— P REHL XD,

PyObject* PyImport_ImportModuleNoBlock(const char *name)

Return value: New reference. T DBIFUX. PyImport_ImportModule() DFEILTFTEDTA ) 7 R
T3,

N— 3y 3.3 TEE: ZOBKE. 1ERIIHDAL Y FizkoTA v E—1ruavy 22Tbh T8
BIIENEEICRB L TWE L7z, LA L Python 3.3 Tid. KT OHEMNTR Y 2 AF—ANEY 2—)L
ZTrouy 7T LEDT, ZOMMORIRRIRES FNE D IEPNETIEH D FHA,

6.3.
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*,

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

Object *fromlist)
Return value: New reference. €Y 2 —NL% A Y R—bMLET, EV2—1DA Y KR—=FMIOWTIE

HAIAAD Python BIEL __import__ () Z&itr K< b b E T,

EOHlZ. A v E—FENEET2a—Ah by TSy & —IADFHLWEEL, KR LEEEI
Bt ZEE LT NULL 2B L E 3, __import__() EFL XD, Ry F—Y DY TEY 2 —LDEK
TNz ZlX, BTR fromlist ZIEINRELIINE, Yy TLRALDR 5T =D %RLET,

A4 Y R=MBREL7BEIE. PyImport_ImportModule() L FRRRICATERES 2 —NVDF TP
7 P ZHIFRL £9,

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

ject *locals, PyObject *fromlist, int level)
Return value: New reference. €Y 2 —NLV% A4 VHR—bLET, TV 2—1DA VK= MIOWTIIHM

AHIAAD Python B __import__ () Z#HL e K< A0 ET, 25D, 4D __import__(O)
X2 OBBEEEIFCHLTWE 25 TT,

EDEF, A Y E—FEINEET2a—AD by TLARNSY T —=IADHF L WEHEL, R LEEAIE
FIAZEE LT NULL 23R LE T, __import__() YFRILESIZ, RN T =Y DH TEY 2 —DEK
TNz FlX, BTR fromlist ZIEXNRELINE. Py TLRALDR F =D %R LET,

N—Ya ¥ 3.3 TENM.

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

PyObject *fromlist, int level)
Return value: New reference. PyImport_ImportModuleLevelObject () LA TWETH, name 23

Unicode 7Y 227 T3 UTF-8 Ty a— FINEXFYTHEETELZD 5,
N—V gy 3.3 TEHE: level ITIEXDIFIPADEIIFHTEETA,

PyObject* PyImport_Import (PyObject *name)
Return value: New reference. BLED " 4 Y HR—+ 7 v JBE” ZWUOHT2DDEKED A ¥ &
72 —ATT (level 120 ZBHRT 2. HaixtA U R-Pb2EKRLET), ZOBBIIRED v -1
ERFFEND __builtins__ 25 __import__ () BIENFCHLE T, bbb, REDREIIA &~
AP —=ANENTVEAYER- Ty 7 flioTA Y R- P 2ITVET,

ZOBBUZEICHN A o R— P REHL XD,

PyObject* PyImport_ReloadModule ( PyObject *m)
Return value: New reference. €Y 2 —/)LZFB—F (reload) L¥F, ROEIIHER—FLZEY 2 —
Dby TUNARY = NOFT BB 5, RELHETEANEZEY L, NULL 2
RBLET (ZOHETH, TV 2 —LIERINTWIHELDHD £75),

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Y 2 — LB T E3ET 2 — A7V =27 v 2EBELET,
name 5183 package .module DEATH D FEVELA, ETEY 2 —FHFIKZYTIEY 2 -V
DDBPE D DHFENR, RIFIUIFHZREY 2 -V EER L TEY 2 - VHFIHALES, KBLLS
EidfsNE Ly LT NULL 2IRL£9,
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AR ZOBKIEEY 2—LDA VR- PR —-FETVERA; TV 2 —-AREFa— FEATVR
AU, EOEI 2 =N ATI 2P bR{GEI IR D £T, PyImport_ImportModule () % Dl
BRZFoTET 2—N%EA VKR-FLTLES WV, Fy MR THREL 2 name BFEELRVE
Ay RNy r—IUERERE N EE A

N—a v 3.3 Tl

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. PyImport_AddModuleObject () &AL TWE §53, name 53 UTF-8
TLYa— REINLXFHI T4 Unicode 7 7Y 7 V2T 2K TERD £9,

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

Return value: New reference. €Y 2 — % (package.module JER THHWELA) B XU Python
DNA PaA—= R 7 7 A VRHAIAABBE compile() THEONZI-FAT I =7 FEITTICEY 2 —
Nea—FRLET, EVa—- VATV =27 PAOHEREBREZEL T, KKLELE AN E
‘v L. NULL 23 BL %3, 72& X PyImport_EzecCodeModule() DILIEIZA - 7zKFZ name 23
sys.modules A>TVl LThH, 4 VK= MIKRRLAZEY 2 —I sys.modules D &
Ao TIHHLOARFERREY 2 — % sys.modules WWHERTDIXEMRTHD, ZOISIREIT2—N1%A
YR=FTEHaA-RICLoTE, EY2—LORENDL LRV (EY 2 —AEEDOERID &4 I3
N2 D LIARW) 5T,

EYa2—D __spec__ & __loader__ AFLHEINTOVARITIUL, HYIRMEIFESINE T, spec
D BR—=K—=lF TV 2—1D __loader__ M (b LREINTVIULX) ZHIIHEZ N, £S5 TR
#UZX SourceFileloader D4 Y ARV RITHEINZE T,

EV2—ND __file__ JEMIZI—FF 7P 227 FD co_filename "\RESINE T, b LEYIRGES
¥, __cached__ "dHEINE T,

COMBIE. TTRAYE-FIATVEEY 2 —LOBREIBHE - FE2ITVET, BERWICE
Ya—LDOEB— REITSSIEE PyImport_ReloadModule () 2ZBIRL TL 72 &V,

name 7% package.module JERD F v MERFELTH o GG, ELRER SR TVRV ARy Fr— IS
FEOEREI IR NEFICRD £5,

PyImport_EzecCodeModuleEz() ¥ PyImport_EzecCodeModulelWithPathnames() dZMRLTL 7
W,

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. PyImport_EzecCodeModule() EITWE T A, pathname 55 NULL
THWEBIZEY 22— 47227 bD __file__ BMHIC pathname DEESI NS SBERLD T3,

PyImport_EzecCodeModulelithPathnames () B L T ZE W,

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *path-

name, PyObject *cpathname)
Return value: New reference. PyImport_EzecCodeModuleEz() &L TWE T D, cpathname 23

NULL THRWEBICEY 2 — LA 7P 27 D __cached__ BT cpathname DRRIE X N3 w3 Eiz
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DET, ThoD 3 O0EBDS> B, ZOBBOFEHNIEE LWTT,
N—a v 3.3 TEM.

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

char *pathname, const char *cpathname)
Return value: New reference. PyImport_EzecCodeModuleObject () ¥ TWE T2, name &

pathname. cpathname 73 UTF-8 TLZY a— FEINLXTFHNTH 2 m0ELD 5, b L pathname
2 NULL OFE. cpathname 2°5. pathname ¥ D X 5 RIEIZRZRNEPEHZAADRINE T,

N—a v 3.2 Tl

N=Tay 3.3 TEHE: Nf ba—RDRABEZSNHEICDA imp. source_from_cache() 73
V= ZRADFIRICHHE N E T,

long PyImport_GetMagicNumber ()
Python X4 +a—=FZ7 74V (% .pyc 7740) ORI v 7 F U N—%RLET, v T vrF v
N=@EANAL P =R T 7 ANDRHID 434 MZ, VIV LZY T4 7N b A —X—THNLHRET
T, TI—DHER -1 BRLET,

N—Ya 33 TEHE: KULEGEIR -1 OEZELET,

const char * PyImport_GetMagicTag()
~Y v 7R IXFEHE Python N4 ba— K77 A4 1%0D PEP 3147 74 —~<v P TIRLE T,
sys.implementation.cache_tag DEMEHETE, O Z OB ORD D ITHHIRETHL L
ZHIZE@RLCEL £ 9,

N— a3 v 3.2 Tl

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. €3 2 —/VEHE DD DFHE (WHW 5 sys.modules) TR L F
T ZOFFEFAVETV R IZ—2RFHE2EBIRDOTHERELTLEZ W,

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. 52 NI DOBICA Y R—= 1P BEADEY 22—V ZIRLET, E
Ja—hRA YR=-PINRTORELSHEEE, NULL 2R LETH, =7 -3ty PLEVA, E
Va2 —VORRICKBL75EE, NULL 258L, =5—%2ty PLET,

N—Ya ¥ 3.7 TEM.

PyObject* PyImport_GetImporter (PyObject *path)

Return value: New reference. sys.path & L & pkg.__path__ OERTH % path & 7T 27
DOF TV b EIBLET, HEICE > TiX sys.path_importer_cache HEENPSIE T2 %
HDET, DLELATI 27 M F v v P aZNTVWRP - 15HEE. path EREWZ 27 v 7 H
FAI2% T sys.path_hooks ZEBLE T, £¥D7 v 7 b path BREEFZRVIEEIX None %R
LET; 2T &Y, path based finder 23Z D path BRZ RN T 272004 7Y =7 v B85
MPolel L EMUH LITIIEA T, REINICESNF 7Y =2 F % sys.path_importer_cache
ANF¥rv¥al, A7V bAOHBRBREERLET,

52 B6Z1-F1UT


https://www.python.org/dev/peps/pep-3147

The Python/C API, V1) —X 3.8.18

void _PyImport_Init()
4 VR— MEMEZ O L 29, WEERZZ T D7 0BT T,

void PyImport_Cleanup()
BV a—NT—TNARZEIILET, NEMERZ T D7D DB TS,

void _PyImport_Fini()
A VR— MEMER T L 9, WEMERZ DD B TT,

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. name W5 HZHID 7Y —X (freeze) SN EY 2 —N%ZB—FLET,
BINTBE 1%, EY2a—ADBRORLRDPoLEITIE 0 &2, FIHHLSARKL 72858 1238154 2 1 v
FLT -1 2BLET, 0— NI LTS 2 — N7 278 AT 3121& PyImport_ImportModule ()
ZffioTL7ZE W, (Note ZOBBIIWE XHRMZIEARITT — ZOBBEEY 2 — A3 TIZ
AVR=FPSINTVEHVE—-FLTLEVET, )

N—a v 3.3 Tl
N—Yay 3.4 TEH: file BHEHIEIT2—1ICky PEINFEEA,

int PyImport_ImportFrozenModule (const char *name)
PyImport_ImportFrozenModuleObject () ¥ITWEF 2 name & UTF-8 Ty a— FEN/X
FHDRDDIZ, Unicode 7Y =7 M MHT 2808 RLD 5,

struct _frozen
freeze 1—7 4 VT 4 BERT 2 L5877V —XMLEY 2= VT RZ ) TR OMEHRAERT
Fo (Python ¥ — XAV D Tools/freeze/ ZZMML T ZE V) ZDMEKRDEFIE Include/
import.h IZH D, UTD LS ITH-oTVWET:

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

};

const struct _ frozen® PyImport_FrozenModules
ZDRA VR struct _frozen DL I — K560 HIGDEFRD X V3038 NULL 2E %> T
W53 XS R ERET KoMkt T, 7V —RENLEY 22—V EA VR—PFTHLE 2O
T—INERBRLET, = F—T 1 8-Oa— 215 Z0RA 2T Z#E T T BIfNICAERE
N7 ) —2Mbey 2 —NOREERMT L L51TTEEXT,

int PyImport_AppendInittab(const char *name, PyObject® (*initfunc)(void))
BFOMAAAREY 2 =T =T NVCH—DEY 2=V EBMLET, ZOBEBUIRIEEL BN L
PyImport_EztendInittab() ®F v XBIT. 7—7UDHRRTERNE 21T -1 ZIRLE T, #r
7272 EY 2 —UE name TA Y AR— P TE, RINIA Y R— P 2lALBIFRHEh 2B e LT
initfunc ZfENE T, Py_Initialize() XD HANIFIH S LFIUIRD $HA,

struct _inittab
MAABES 2— LYV XA MAD—DODTY MY ZHEAB L TWBHEARTT, VA NANOKREERIZIE,
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AV RTYEZMTHAIAEN TV B EY 2 — L OAHT E PIHLBEB B IEE S TWE$, Python %
DA XS MR ZOMBEERDEHIE PyImport_EztendInittab () ZiHAGHOE T, H
INOMHAAAEY 2 — L ERIETE T, MHERIE Include/import.h T TD X S IKERZI ATV
3

struct _inittab {
const char *name; /* ASCII encoded string */

PyObject* (*initfunc) (void);

};

int PyImport_ExtendInittab(struct _ inittab *newtab)
HAAAREY 2 =L DT —TNMI—HDEY 2 —L%BIML F3, B newtab ¥ name 7 1+ —JL K23
NULL 1272 2 CTW 5t ¥ F )L (sentinel) T b U THEFS N TWRIFUIRD A, £V F 2IUHE
EEZBNBDoTGEITEATVERICR 22D LLERA, KIIT 2L 0 2, NEiT— 7 L&k
TE2DIAIRAEY ZHMRTERDPoHEITE -1 ZIRLET, #BIENRKBLESEE. £V 20
IR T — 7 MBI N ER A, Py_Initialize() & D BENFFCHIRITERD £8 A,

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

MITor—F U BHX, marshal £V 2 — L e RUEREFH o 2BFIbA 7 27 b% C a— oz 3 X
SWLET, BILERTTF — 2 2E2HTBEBICMAT, T—X2HnARTHEBL DD 3., ByLxhr-
T—REELERT DT 7 A NVIEANAL F VU E— FTHLAATHRITUIRD A,

BUEIZ R IMTFEIC K B X5 ICicERE £ T,

CDETY2—NTIE 320NN aryD7F—XERZYR—FLTVET, N—Tar 0 3 EKDDHDT,
N—Ya ¥ 11 intern {LENLXFHE T 7 A VATHEL, #Hiv—2 vy UMb HFEINZ L5121
T3, N—=Yar2id FE/NEBICRLTANLFY 7 r =~y FEFHLF T, Py_MARSHAL_VERSION
BHTEDN=Yay (XN=Yar2) ZRLET,

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
long BIDOBEEMHE value % file NBHUL L F5, ZOBBUZ value D THT 32 ¥y b RFHXIALIZFT
§ A4 T 4 7D long BV A XIIFBIFIL LR A, version 37 7 A VT x—<v FERLET,

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 V7 4 —<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 DFEHUCRIZDA o 7234 M TP =227 b BIBEL %3, version
77407 4—<v bERLET,

UTOREZMS v, BILEI WAl iiARE T,
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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.

5 —DE, BYRAIS (EOFError) ZFXEL -1 ZIRL £,

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.
7 —DEE, #YRAIS (EOFError) ZFEL -1 ZIRL E7,

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)72f5 (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.

7 —DHE. #Y)72 5 (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 D673 len XA F DAL RNy 77 ADT =R A M) =405
Python A 7Y =27 v 2 RLE T,

—DHE. #7215} (EOFError, ValueError, exc: TypeError) % &% E L NULL %R L £73,

6.6 5|HDEBINEIEDIBE

IS OBBIIME DILREY 2 — VDB X Y v FEAERT 2 BICERTT, #FLWERS AN
extending-index {ZH H £ 3,

BRUIWCHHET 2 3 DDBEK. Pydrg_ParseTuple(), PyArg ParseTupleAndKeywords(), B X Of
Pydrg_Parse() l3Wihd BERXXFY (format string) ZHVE 3, FXAXFEINE, P ZITES X
FTOGBICET 2 HREZEZA 2 DICHVWENE T, WThOBEICE T 2 HE XD, RLHEAZE->TW
£9,
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6.6.1 5|BZMEINI S

BRCFINE, el ko 7 EREA (format unit)” 2K DB EF, 1 DOBEREAIZ 1
DD Python #7927 b 2RLET; @HEEIHE—OF», FEXEAD» SR XFHNZFEINTH - 72H DI
"D ET, flFe LT, fHlTHbLATOWRWERBASCFEINDE—D 7 F U AFEITHET 2580 D
PHHET, UTOFHHATIE. 5IAFOOWAHEREEREA TS () FHINCH - 728313 EF AL S
+3 Python ®A 7Y = 7 MUTT; [fi] k% 7 FLAELT 2RI C OBHHTT,

XFHENY T 7

UTFO74 ==y MIFATI 2 MNTEBELIEAEVF vy 72 LTT7 78R T22DDHDTT, REND
unicode % bytes D7=DICEDRA ML —YEHARTI2LEIEIH D XA,

—fEIZ. T A== PNV T IR Y E Ly FT BRI, 2Oy 7 2 30ET % Python A 7Y = 7
MCEDEHIN, Ny 773 Z0ATI27  DIA4 74 2 2HEGLET, BAHETAEY RMRNT 5
WBEIDH Y ERA, ZORIFE. es, es#, et, et# 72T,

7272 L. Py_buffer BEERICHMEI NNy 77 —Fvy 73T, BMEHLMEZDO Ny 77 —%
Py_BEGIN_ALLOW_THREADS 7®y ZWT%. mutable 27 —XBWRINZD VF A XENDTHVRY
BULCHIHAST 22D TEXS, Z02bDIT, 207 =X 22D o 7858 (b L I3UEE 3
WCHIMT L 72358) 1Tid 9 PyBuffer_ Release() BMHIRITNUIR D FH A,

BICE IR TOWREWES, Ny 77— NUL BigXhTWERA,

W ODDT 5 —<v MNIFAIAAFEHD bytes-like 7TV b ZRELY L, Ny 7 7 BEKROKDD
WCKRA VR EXEy PLET, ZNHIE, A 7Y 22 bD PyBufferProcs.bf_releasebuffer 7 4 —L KA
NULL TH2ZIZe%2F v 7 LTEIZET, ZHX bytearray REDEHAJREL 7P =7 P EEEIEL 5,

AR 2To# o7+ —<v b (s#, y#, RE) IZBWVT, length 58D (int 7> Py_ssize_t) &
Python.h % include 3 2 H{IC PY_SSIZE_T_CLEAN ¥ 7 R%ZEXRT I I CTHIBEILET, ~Z7udEHZRIN
TWAEE, length I int B Tld42 < Py_ssize_t RIS D 5, ZDEENIFIRD Python N— 2 T
HXN, Py_ssize_t DAY R— FINT int EVPKR— bR KRDTL & 5, HIZ PY_SSIZE_T_CLEAN
EERLIIEIDRVTT,

s (str) [const char *] Unicode # 7> =7 b2, ¥ % 77 X7 %EHT C DRA Y XITEMLET, F v
57 RMRA VRERDT FLARET Y, TTIIFEL TWBXXTFINDKRAL > R % Z DB
L¥ET, CXFFNE NUL THRIE SN TOWE T, Python DXXFHIENZ, null 2— FRA ¥ F3@EHIC
HHOIAENTWTERD FVA; d LEDATN TWIUS ValueError il %%t L % 3§, Unicode
7Y ME 'utf-8' 2o T C FHNCEHINF T, ZHTKNT % & UnicodeError Z ik
L%,

AR: D74 —~v M bytes-like objects B R—=F LERA 77 A NI AT LR EZITH - T
SO FINCEI L 72 0WHEIE. 08 7+ —< v b %&. converter 2 PyUnicode_FSConverter()
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ZHEELTHMAT 2 L RWTT,

N—Pay 35 TAE: LRIE Python ZFAIC mull 3— FHA ¥ FAHEBDATA TR L &1
TypeError ZiX LTV L7,

sx (str E7cld bytes-like object) [Py_buffer] Z®D 7 4 —=<v M& Unicode 7Y =2 + & bytes-like ob-
ject ZZ I T, FEOH Ltk S XN Py_buffer BESHRICHEZML 3, RO C XFF
X NUL N4 +2&0hd LLEE A, Unicode 7Y =2 M 'utf-8' =>a—74 ¥ 27T CX
FHNEBESNE T,

s# (str, HiarH LER® bytes-like object) [const char *, int or Py_ssize_t] s* & [A U T3 4%, mutable
BATI 27 MEZIED A HERIE 200 CERIHEMNEINE T, 1 2HIE C LFHADEA
VE—=T, 220HBZORETY, R 723FFE null N4 b Z2ELHD LILEHE A, Unicode F
TV ME 'utf-8' Ty a—7 4 Y7 EAMALT C XFINCEHRINE T,

z (str F¥7Id None) [const char *¥] s IZBITWE T A, Python A 72 =27 M& None TH k<. ZDHE
2 C ORA Y RIFENULL ity FENET,

z* (str, bytes-like object F1zl& None) [Py_buffer] sx £F U T3 25, Python ® None A 7Y =7 + %%
B Z e TEET, ZOEA. Py_buffer HEAD buf X > N—i NULL 127D 3,

z# (str, i LERAD bytes-like object F71zId None) [const char *, int or Py_ssize_t] s# X TWVE
323, Python + 7Y =2 Fid None T L<. ZDHFEITIE C DRA Y XIFNULL Ity F¥hE T,

y (5iAH LER®D bytes-like object) [const char ¥] Z®d 7 + —= v MX bytes-like object 2% ¥ 727 XX
FHEfET C ORA VRICEBL F7F; Unicode & 79 =7 b EZIHTIT ERA, N4 b 7713
null XA FEELRETIED D FEA; null N1 P EELHEE ValueError HIAF 2 EH L 5,

N— a ¥ 3.5 TEHE: LIETE bytes Ny 7 7 IZXANA DA TR TV %IC TypeError %
EHLTOVE L,

y* (bytes-like object) [Py_buffer] s* ®Z T, Unicode 7Y = 7 b %5ZIFF1F 3. bytes-like object d
AEZINTET NMMFTIVT—2Z2ZFFIZEMNICE. COT+—Iv b 2FESCCEHRLET,

y# (At LERD bytes-like object) [const char *, int or Py_ssize_t] s# OZH T, Unicode 7Y =
7 N EZIHTT S, bytes-like object 7213 B Z T F 3

S (bytes) [PyBytesObject *] Python 7Y =27 h2 LT, bytes A 7Y =27 M EERL., \Whik 3L
HITVWERA, 7T 22 bW bytes £ 7Y =7 b TRIFIUL, TypeError ZiEH L EF, C 2
PyObject* L'HE L THHNEEA,

Y (bytearray) [PyByteArrayObject ¥] Python # 7Yz 2 b LT bytearray A 7Y =27 FZ2ZKL,
DIRBZEMBBIRVERTA, D LA TV =7 +D bytearray THRIFAUEX, TypeError ZikH L %
3, CERX PyOvject E LTES L THHOERA,

u (str) [const Py_UNICODE *] Python Unicode 7Y =27 % NUL #¥ji & 417z Unicode XXF Ny 7 7
NDRA Y RIZEH U £F, Py_UNICODE RA ¥ RERANDT FLRAZESZITINUILLS. ZOTF
L ZIWZIFES % Unicode Ny 7 7 NDKRA ¥ ZHMEMNEXNE T, Py_UNICODE XFDNA MEEa >
NRANK T2 ay (16 £721F32 8y bOEDL HH) ITKFET 2 Z 2 ITFERE L TL 72X W, Python XF
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& null 23— FRA ¥ P EFATEZD FXA; null 2— KRS > M EEDQEE. ValueError 4423
EHENET,

N—=T a ¥y 3.5 TEH: MHENX Python XFHNZ null 2— RKRA ¥ DA FR TV T
TypeError ZiX LTV L7,

Deprecated since version 3.3, will be removed in version 3.12: &f\WA X A )LD Py_UNICODE API ®
—#TF, PyUnicode_AsWideCharString() ZH T2 XS WTBITLTLZE W,

u# (str) [const Py_UNICODE *, int £7zl& Py_ssize_t] ZAUI u DNV IZ— a2 T, {HE2 ~DDEH
WCELER L $9. —DOHOZHIE Unicode 77— XNy 7 7 ADKRA ¥ X T, ZOHIZZORETY, C
D74—<vy MInull 2— PRSP 2ELIENTEET,

Deprecated since version 3.3, will be removed in version 3.12: WA X £ )LD Py_UNICODE API D
—H8 T3, PyUnicode_AsWideCharString() ZfHT 2 X5 ITBITL T X0,

Z (str F7cl& None) [const Py_UNICODE *] u il TV F 23, Python 7Y =2 +id None TH &<
Z DAL Py_UNICODE KA > RE NULL ity b ¥ 3,

Deprecated since version 3.3, will be removed in version 3.12: Fi\WA X A )LD Py_UNICODE API D
—H#8 T3, PyUnicode_AsWideCharString() ZfHT 2 X5 ITBITL T X0,

Z# (str E7:I3 None) [const Py_UNICODE *, int &¥7:l& Py_ssize_t] u# IZlTWE 32, Python &7
Yz Md None T <. ZDEFAEITIE Py_UNVICODE KA > XiZ NULL Ity P ¥h T,

Deprecated since version 3.3, will be removed in version 3.12: &f\WA X A )LD Py_UNICODE API O
—#TF, PyUnicode_AsWideCharString() ZMH T2 X5 XBITLTLZX W,

U (str) [PyObject *] Python * 7> =2 b ¥ LT Unicode # 73 =2 PZERL., WHRLZEHBITVE
HA, 7Y 22 b Unicode + 7Y =27 b TIREWEGE, TypeError A% XN %5, CEHZ
PyObject* & LTEHE L THMOEEA,

wx (A B I ATEEL bytes-like object) [Py_buffer] D7+ —< v M, #iAEEATAER buffer interface
BRELLATY =27 P 2RINTET, MUK LI, SE SN Py buffer MIEMHRIZIEZ
MLEFT, Ny 77 null N4 FZ2EFLrdLAT. BUHLTEANYy 77 Z2H0Ebob
PyBuffer_Release() ZWMUNHERITHIZRD £X Ao

es (str) [const char *encoding, char **buffer] Z# s DZ(LIET. Unicode ZF ¥ 527 XAy 7 712
Iya—RF33DICHVweNE T, NUL N4 FAHEDAENTORWT =X TOAEEL $3,

ZOFERE D005 8PBETT, —2HEANCOAHAVWSLH, NUL THimE iz a— 4
XFH|% 45T const charx B E -1, 'utf-8' MEDLN S Z 2 2K T NULL TRUIFIUIRD FHA,
fEE L7z a— F4% Python 23T 2L WHEITIPINZ A L 5, BB 058U charx* T
RINUERD FHA; ZOFIEPBRLTVWEERSL Y XOMEIE. FIBICRELZTFAMONENA -
TeNy 77 ANDRA Y RIZHRDET, 7FRAMIBRVOGIBIHEE L ya—- AT ya—r&
nE9,

PyArg_ParseTuple() %S &, DERYF A XDy 77 ZMRL., ZONy 7 71y a— RO
T—=X%aAE—LT, *buffer BT OFICHERINELEFEBEZIRT LS ICEBELE S, FFOH LHEI
W&, RS NNy 7 7 ZEWED o 721RIC PyMem Free() TS 2BENH D £3,
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et (str, bytes F7=I bytearray) [const char *encoding, char **buffer] es &R LCTTF, 7 L. N4 b
XFHNATY 27 by a— FLESTRKELET, ZoRbD, EETEIANAS P FIA TS 22
FNRGRXARICPE L2y a— R 2o T0EHDEREL 7,

es# (str) [const char *encoding, char **buffer, int 7zl Py_ssize_t *buffer_length] s# ® Z{LJE T.
Unicode ZF ¥ 77 2Ny 7 712202 —=FI2DICHVWLNET, es HRE-T. ZOZ
LIEANAL FDPEDIAFN TV THEDNEVEE A,

ZOERIEZE =205 8BBETT, —2HIEANZOAHWSN, NUL TSNty a— FEX
FH| %463 const char* BlH NULL TRIFIUIR D £H A, NULL OBHEITIE 'utf-8' ZHEVET,
fEE L7z a— F4% Python 23T Z2 R WHEITIIFIN ZEE L K5, BB -05%03 char** T
RINERD FEA; ZOFIEDPSBLTVWERA Y EXDOEIZ, 5IBIHEELEZTF XA NORNBEDRA -
JeNw 7 7 ANDRA Y RIZHBDET, 7FRAMIBRYIOFIBUCHEE Ly a— FARTZYya— X
NEF, F=0O51BUIBBADKRA Y X TRIFIUIRZRD ERA; KA VEZDPZIRL TV 3 EROMEIZH
TN 7 7HADOANAL FEUSE Y P ENFET,

ZOEROMHIZIZZODE— FBHH 3

*buffer 25 NULL KA ¥ X ZHEL TV 3IHE, BEIIDELRY A XDy 7 7 ZHERL, 2Oy 77
WKCZya—RFEDF—&Z%2ab— LT, *buffer 2 OF IR I NERBEREZET LSO CEEL
T3, MUH LANCIE. BRIz Ny 7 7 B0 D o 721212 PyMem_Free() TR 2 BEDVH
D ij‘o

*buffer D3I NULL DK A V& (TTRAEVHEREFADNNY 7 7) ZF LTV 3 5HA.
PyArg_ParseTuple() X ZDXEVMEZ Ny 7 72 LTHW, *buffer_length OHHAEZ N v
7 7% 4 X LTHWE T, PyArg ParseTuple I3RICT Y 23— READT —RENY 7 7il2a—
LT, NUL THIHLE 3, Ny 77 DREZIPEDRIFNII ValueError 2ty M EhE T,

CELDEED. fbuffer length 134D NUL N4 b2 EF VLY a— REAT—XDEX Tty
FENET,

et# (str, bytes F7zld bytearray) [const char *encoding, char **buffer, int £7=I& Py_ssize_t *buffer_length]
es#t LAUTT, ZREL. N MFNATY =27 b2z ya— FLESTIRELES, ZofbD,
FETRIANA MXFINA T 27 IPARTRRE Ly a— F 2o T0abDEREL T,

#

b (int) [unsigned char] Python OIFEDEHE. C D unsigned char B D/NXRFFEM UEBUIET L
S

B (int) [unsigned char] Python Ok, A —n~"r7v—F v 7 %2{7HFIZ. C O unsigned char D
INSTREER AL £ T,

h (int) [short int] Python 0¥ %, C @ short int ANIZEIRL 75,

H (int) [unsigned short int] Python O %, *—n~"r7v—F v 7 %21THFIZ. C D unsigned short
int BUCEHL £ 9

i (int) [int] Python 0¥ %, C @ int BITEHL £ 3,
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I (int) [unsigned int] Python 0¥z, *F—N"r7o—F = v 7 %2{THFIZ. C O unsigned int HITE
L ET,

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

k (int) [unsigned long] Python O¥¥%, F—N"T7n—F v 7 %{7HFIZ. C @ unsigned long B
L ET,

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

K (int) [unsigned long long] Python @ int % C unsigned long long "4 — N—7 10— DR T TE
#1953

n (int) [Py_ssize_t] Python 0¥ % C ® Py_ssize_t BUCEHIL £ 73,

c (RE 1 D, bytes £7=ld bytearray) [char] £ 1 @ bytes 713 bytearray 7 7Y =7 b LTHK
BHENTW3 Python N4 % C @ char BUCEHIL £ 7,

N—a v 3.3 TEH: bytearray RT3 L5k D E L7

C(RT 1D str)fint] BX 1D str A7V =7 P LTREINTWVS Python ¥+ 727 %% C @ int
RN £7,

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 OEZREM%Z, C @ Py_complez MEMHRICERL 7,

ZOMOA T b

0 (object) [PyObject *] Python # 7Y =2 b % (—YIZEH#%{THFIZ) C @ Python 47 =2 MK 4
VRIHIFELET, ZARED, C IRy aREROF TV 22 M EZFELINET, A7V
FOBIRA T Y MIEMLERA. RIFEINDZKRA VRBNULL IZRZZEHH EEA.

0! (object) [typeobject, PyObject *] Python # 7Y =2 b% C @ Python 7Y = 7 MR A ¥ IR TE
LET, 0 IRBTVWETH, Z20 C 05[#%xrh Ed: —2HDFIEIX Python OFA 7Y =7 b
ANDT7 FLRAT, ZOHDEIREA 7Y 27 bADRA Y EBPRIFENT WS (PyObject* D) C DZE
BAD7 RLURTT, Python 7Y =7 FHEE LR TIIR WS, TypeError XM L E T,

& (object) [converter, anything] Python * 72 =2 +% converter B2/ LT C OZEBUTEHL $9,
o5 £F: —OHIRBKT, ZoHIR ((EEORD) C ZHADT FL X% void * AT
L T=bDTT, converter IZATD XS CLTHUEHEINET:

status = converter(object, address);

Z 2T object W ZEHIRD Python * 7Y = 7 T, address 1& Pydrg_Parsex() 12 L7z voidx
BOBIETT, D status IZEHUTRII U2 1, RIRL7BECE 0 1Tk b £9, BHUTERKRL
72356, converter B¥IE address DNEEZERFTIHIANZEH LR TERD €A,
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% L converter »% Py_CLEANUP_SUPPORTED %3R3 &, 5D R—ADVKRB LB, av"—&—%
5 —EMUHL, T TREDSTAEXAEVRHMT 27y 225253, ~EHOMUHL TIX
object 518U NULL 127 D address (XBRFIOFESH L 2 FH CfEICR D 3,

N— =¥ 3.1 TZH: Py_CLEANUP_SUPPORTED D&/,

p (bool) [int] ELMAMEAK®D &4 23HFT (a boolean predicate) I X N X HIE L. Z DR % Fffizz C
D true/false BEMEICZEIRL £3, & LADERS int 1213 1 25, B4R5 0 PRESINET., Z0H
BUITEDHEF) 2 Python %23} 3, Python BMEDEEZ XD X HIHET 20%H D 71213
R, truth 22 L TS0,

N—a v 3.3 Tl

(items) (tuple) [matching-items] * 7Y =27 M items ITA > TV B HERRMOBZTOREX 2RO
Python @ ¥ —4 Y ZBTRITNUIIRD R A & C 5180 items NOE 42 OFXBEAUTHIEO T T
ERINIRD EFRA, = Y ROEXBMIANTFHEICTEE T,

TRYEBB (Y P74 — 20D LONG_MAX R 2EOBE) 2T OIEFIRETT; L LR o, #tlfE
BF v 7 3E o7 ITbNERA — HEZITWMB72DD T 4 — LD, HETEZITWMBIIINETES
Gia. bffiory MREERDO S bItUIhEOohx T (RO A, Z0kvr T4 7RECOXY Y
¥ A b (downcast) HMAL TWET - ZOREIIAZRZR2 S LILERAD),

Zofth, FEXXFINCBNTERZFHOXTHWL2O0H D £3, R0 OCFIIHEINT & 2 ANFINITIEE
ZF¥A, UPIXFRERLET:

| Python 58V A b T, ZOXFLEDSIEMRA T2 a>THBIeERLET, A7 a D5l
WHIGS 2 C OZREZT 7 40 b OETIIAL L TE»RITNER D FRA — 7> a YO58
B XN S, Pydrg ParseTuple () IMIGT 2 C BHONBICFEMA R A

$ PyArg_ParseTupleAndKeywords () TOAMHAIRE: #HiD Python 5[0 ¥ —v— FEHTH S
EERRLETS, BifE, IRTOF—v— FEHAGIBIMERDOFIRTRINILL S, 2Dk 74—
< PCFHIFD | IFHEIC $ KO ANCHEE SR TIUIR D TE A

N—3 g v 3.3 TEM.

LOXFRH B e, HEXEMOFLMIZ I TROD 5, an Y MEOXTINF, 7 —Xvt—JIC
B 2B (Pydrg_ParseTuple ) 23R T 2 B4t D 7 [FJEMH (associated value)”) & L Tfibi
S

; ZOXFERH B, EXABMOLRIZITRDLDES; LI anyMEOXFINE, 7740
T—RXyt—U% BERRD 75— X vb—Ir L TELLET, : & ; BHAEICHMOXFTT,

PEOH LNt N2 A 7Y 2 7 FADSIRIE TN T BA M8 (borrowed reference) 172D £3; 205
DATI 27 bOBRATV Y 2T 7YX FLTIRD EHAI

DUF o BEBOC T 3815 12X (additional argument) (&, FHAXFHIH HIREZNZBIAND 7 K L ATRIFIUL
7Y ERA; MPEIBICHELLT FLRR, XTI AL ANSNBEERET 270w Ed, Lo&iERX
B DY R MTHIALL LS, fBIEIEEAIMEL LTES HEDP WL 225D £7; 2055, WhT 5
HAHMOIEE T 2D I LRFIUIRD £H A
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ZHRE L ATD72DI2E, arg 7Y =27 PREEALFII—B L LTIR ST, »oFHACENOEFR
HAUCRTHEIASZ X5 LRITIUIRD $8 A BINT % L. Pydrg_Parsex() BIBIZEZRL £, Zh
DAtomE i3 mzi R L. BRI ZEE L 3, ERXEMO I OEHEKIC LD Pydrg Parsex()
DR LUIGE. KBRUZZESBEAGICHET 27 FLRE ZNLIED 7 FLROARIIEEINER A

API B9#

int PyArg_ParseTuple(PyObject *args, const char *format, ...)
MERIBDAZLBUCL 2D T XA X EERLUT, a—AVRERICEBRLES, KT 2L E%
BUET; RS 2 ek L. @R BIN 2R L £,

int PyArg_VaParse (PyObject *args, const char *format, va_ list vargs)
PyArg_ParseTuple() LRITCTEH, AIZERDGIETIEZRL va_list Z518UCE D £7,

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

words|], ...)

EGIE ¥ — v — FEDOM#H 22 B DO5BEBRL 5, keywords 541% NULL THim X
¥ —v—FNHOBSITY, ZoHNE IEFAHSIR 2 RLET, BILEEE. H2ELET, K
MLZEERBERL., BYRANZEL L ET,

N—Tar 3.6 TEH: MEEAFIE ZEINL 7=,

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

char *keywords[], va_list vargs)
PyArg_ParseTupleAndKeywords () &R UTT A, AIEEDGIETIZR L va_list #5158z b £73,

int PyArg_ValidateKeywordArguments (PyObject *)
F—U—FLlIBEBNLALEHFEOXF —DXFITHE2 I 2B LETT. ToBBIR
PyArg_ParseTupleAndKeywords () Z A LR VWY EICDALET, ZOHHIXEE OBEEBIZHE
MOF =y 7 2FMT 27DTT,

N—T g v 3.2 TEM.

int PyArg_Parse (PyObject *args, const char *format, ...)
TIHARZ AL OBIBICEIT 258V R RS 27D 2B TY — [HRA XA L OREEU.
5 BRI TS, Python 3 THIFR X417z METH_OLDARGS Z (W% ¥, #izicErhba— FTDRS
X RZEFRIE Z OBBOFERIZRED SN T, BEHEDAL VATV XRIZBIF BRI AEDI— FBHIEP5]
IR D7D Z OB DRV K S CEEFATT, ZOBKEERLTWLDIE, T OBEKHMRA
LTI R I %01 T 2 ETHEAE» LTI, ZOHMNIBW TR Hbhoo51F 5
2HLNERA

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize t min, Py_ssize_t max,

T X ——&EX?%’E’%’J%)K L7ERT, 5O EZEE ST 2 FEAXFINZENEE A, X7 X XDHEIFIC
COFERMS BEBIE. BIRES T — 7. £REX Yy NEE T —7VNT METH_VARARGS £ LT
BELRITNIRD Z8A. ESIBDA 72X T NE args ITELET; TOXTNVEARYBDE T LT
RINIED EFRA, FTNVOEIEAKLL D min T, maz ZEBXTEARD FEA; min & maz
HELLTHDLFVERA, MBI IEEBEBUCE X RITUER ST, M5 IEBUX Pyobject* AN
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DARA VR TIRFNUIRD FEA; 2OH6DOMBITIEICIE. args DEXAD £7; HOSRIIEHZSMRK
TS, ATF>arDRIXARITNIET 2EED S B, args KHELTOWRWD DITIFENAD £HA;
FECH LHRZZ o DEZFIHME L TE2RFIUIZR D 8 A, ZOBBIIRIT2 e HEZRL, args
DR TNTIRVIGECHLE - ZBOBERDA > TOBEEIHEIRL ET; 160 ORBAH = 7245
i3I EEy P LET,

ZOBBDOERABIZLTIORLE T, 2Ok, 59BRD7=DHD _weakref fiJES 2 —1 DY — R
I— K26t okbDTT:

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;
}

ZDOHNCBIF B Pydrg UnpackTuple () WEAH Uik, Pydrg ParseTuple() %o 7=LITOIEUH L
e EMTT

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

6.6.2 fEDIER

PyObject* Py_BuildValue(const char *format, ...)
Return value: New reference. PyArg_Parsex() 77 IV @Bﬁﬁ%ﬁﬁ'h‘ﬁx% D Xf,‘{f:ﬂ%f@iff{?
P35 X MESNCEEDONT, FiesflE2EM L E3, ERLAEHEZELES., =7 —D%HEITIE NULL %
IRUE9; NULL 2R 358, Bt eX 35 TL x5,

Py_BuildValue () EZHIZXTNEAERT 2 LIIRD T8 A, ZOBBMNE IV E2ERT 5D1E, EX
XFHNC O EOFARBADA o TWD L EFTT, FEALTINDEDY;E None ZIRL £3; &
REMDHEBE =D T Ao T aHE, FERBMTIHESNTVAASLDOF 7Y =7 M HAEEIR
LET, A XML 1 OXFNEIRT X5 IEfld 212id, AsElcllbi & C750 % v
9,

EXHA s R s#t DHFBDLIWC, ATV 7V eBET IR T2 2MfiGT 27D XEY
N9 7727 XX LTETHEICE, HELET—XiZavr—3hEd, Py BuildValue() 23
ER LA T 27 MiE, MOH LA L2y 7> 2R LU TEBRLERA, HIOBVWAEZTH
i3, malloc() ZMEUNHLTXEY ZMR L. 2% Py_BuildValue() ITELHEE, 23— KAT
Py BuildValue() DPiRo /1% T free() ZMUHTEENHZ2 VS5 Z LTI,

L){—FODDFEHB“CGi ?I)ﬂﬁ@’)b\tﬁ/féiiT$UT?‘ (AL) FEINCH - 7= EB8 03 F RHEALAHKE S Python
3 A O C EHEICF.
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HBHRLFHINTIE, (s# DL I RERFMNZRNVT) ZAR—2, &7, anrBiUar<idEHsh
¥, INoOXF2MS . RWHERFINED £ o LT FHARL T TEE T,

s (str 7% None) [const char *] null ISz C XFH%E. 'utf-8' T¥a—7 1 ¥ ZZHV
T. Python str A 7Y =7 MIE#LET, dL C XFHIRA ¥ 2 NULL DA, None 1272
DET,

s# (str 7% None) [const char *, int £7=1& Py_ssize_t] C XFH L ZDEZ% 'utf-8' TV
=74 Y7 %o T Python str 7Y =7 MIEML £3, C XFFIKRA ¥ XD NULL O
A, RIBMAH XN, None 1T D F7,

y (bytes) [const char *] C XF%% Python bytes 73 =7 MIEMLEF, L C XFHIRA
¥ R&HSNULL /2o 72855, None ZiRL X9,

y# (bytes) [const char *, int £7zl& Py_ssize_t] ZH4UE C XFH L ZDEEH 5 Python * 7
Vxl MIEHILET, C XFHIRA ¥ X205 NULL OBE, RS IIMH X4 None 127D ¥37

z (str E7cId None) [const char *] s E[RIU TS,
z# (str E7cI3 None) [const char *, int £7zId Py_ssize_t] s# LRUTT,

u (str) [const wchar_t *] null #4i & 417z Unicode (UTF-16 % 7z1% UCS-4) 7 — & ® wchar_t
Ny 7 75 Python Unicode & 7Y =7 MZZEH L £ 3, Unicode Ny 7 7 KA ¥ & 53 NULL
DA, None 127D 75,

u# (str) [const wchar_t *, int F¥7cld Py_ssize_t] Unicode (UTF-16 £7:1& UCS-4) F—&X DA
v 77 2 ZDEXHM 5 Python Unicode 7Y =2 MZEHL £3, Unicode Ny 7 7 KA &
#3 NULL D55, REIIMEA SN None 1272 D 9,

U (str F7=IX None) [const char ¥] s ¥R TT,

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

i (int) [int] @HD C @ int % Python OBEA TV = 7 MTEHL £3,

b (int) [char] @H®D C @ char % Python OB A 7S = 7 MIEHL £9,

h (int) [short int] HHD C @ short int % Python O A 7Y =7 MTEHL X7,

1 (int) [long int] C @ long int % Python O A 7 = 7 MCEBL 7,

B (int) [unsigned char] C @ unsigned char % Python O A 7Y =7 MIEHL %7,

H (int) [unsigned short int] C @ unsigned short int % Python OEE A 7 = 7 MicZE#L
9,

I (int) [unsigned int] C @ unsigned int % Python O A 7> =7 MIEMHL 5,
k (int) [unsigned long] C ® unsigned long % Python O A 7Y = 7 MTEWL £75,
L (int) [long long] C long long % Python @ int # 7Y =7 PAZEH#T 3,

K (int) [unsigned long long] C unsigned long long % Python @ int # 7Y = 7 bALHT 3,
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n (int) [Py_ssize_t] C @ Py_ssize_t % Python O®MHA 7Y = 7 MTEML £7,

c (REH 1 D bytes) [char] NA FZRFTEED C D int . BEX 1 @ Python @ bytes 7
VML ET,

C(RT 1O str) [intf] XFERTHEHD C D int . £X 1 @ Python D str A7V =7 MIE
L ET,

d (float) [double] C @ double % Python OFEINIHEICENL 5,
f (float) [float] C @ float % Python OFEI/NEHEBUCEIL £ 5,
D (complex) [Py_complex *] C ® Py_complez #i&fA% Python OEZEBINCEEL 7,

0 (object) [PyObject *] Python # 73 =2 FZ2FZ2MATWHLET (2L, BRIV MZ 1
AVIZVRXYILET), BLIATY 27 b2 NULL RA Y RDOBGE, ZO5IEEKRT 2D
Fo MO DERB LTI =R >TDOMBRERATH 2 REL T, fist2Ey FLET, o
TZD& % Py _BuildValue() 1& NULL %R U F THWIAMIEH L ER A, HIAZ E/ZXHL T
21¥ UL SystemError -ty FLE T,

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

N (object) [PyObject *] 0 ¥[MUTF, 72/l A7V =7 bOBRATV Y P2 A7 URX Y PLE
Bho A7V 227 PGBV A INDOATY 27 bary A b7 7 ZFCHLICK o TERSATY
5 E EAT S,

0& (object) [converter, anything] anything % converter BI%(% 4+ LT Python * 7Y = 7 MZZEH#:
LET, ZOBKIX anything (voidx ¥ H¥EOMTRIFIIR D £HA) Z5IBUC L THEHX
NV FTY 22 P RBT . KRG EICIE NULL 2185 £ 512 Laidiidid %
Ao

(items) (tuple) [matching-items] C OfED &7 24 %, [F U ERZKZFFD Python ® X 7L
ZHLE T,

[items] (1list) [matching-items] C OfED 575 5%, [FCEERZFED Python DY R MIZE
BmLx9,

{items} (dict) [matching-items] C DfED>5 7% 2H5% Python OFFFICEBRL £F, —HDORT
M55 C OELN. ThrzhF—BIXMMEL 2> THFIENE N E T,

EXAXFINCET 227 —H4ET % &, SystemError A%+t > b LT NULL Zi1BL 3,

PyObject* Py_VaBuildValue (const char *format, va_ list vargs)
Return value: New reference. Py_BuildValue() EFRUTT ., AIEESIBDORDDIZ va_list 25
THLD £
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6.7 XFIDE#HLEENL

Bipzef e . FHERXSCTHIH T D720 DREEES

int Py0OS_snprintf (char *str, size_t size, const char *format, ...)
EX T format EBMDEIED S, size N4 M BBI IRV FHN % str 121 L $F, Unix man
page @ snprintf(3) ZBMML TS W,

int Py0S_vsnprintf (char *str, size_t size, const char *format, va_ list va)
FHXLFF format L RIERESIEY R b va 25, size N4 P ERBEIROXTFANE str ITHNILET,
Unix man page ® wvsnprintf(3) ZZML T X0,

Py0S_snprintf() ¥ Py0S_vsnprintf() 3G C 54 75V D snprintf() & vsnprintf() BA¥Z 7 v
TLET, INoDBBOHENIE, CEES 4 75 UMRIEL TWiwa—F— 7 — X TOEFERRIET 2 2
2:‘/6?—0

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 () DRWT I v b7 4 — AT, YIDIETZRT 272DITRERANY 7 754 X size & 512
NA R XD RELEELTWIUZ, Python 1 Py_FatalError() T abort LE 3,

ZNHOMBOREYE (LUFCE o & LET) B FOEKERHS £7

e 0 <= rv < size D& &, ZMPNIHNL T, (BIERD strlrv] IZH2 '\0' ZFRNT) ro XFH
strctiIE iz,

e TV >= size DL E, ZHHNRIUIDFED LN TED, BT 272D  rv + 1 Nf VBB EE -7
ZrZRLET, strlsize-1] & '\0' TT,

e TV < 0 DL EZ, PN LRI - /2/FTT, TOHETD strisize-1] 1F '\0' TI . str
DENLNDEBFIREFRTT, =7 —DEMRRERMET T v b7+ —LKIFTT,

LU @B locale IMKAF 7237472 S BUENDZEH 2TV E T,

double Py0S_string_to_double(const char *s, char **endptr, PyObject *overflow__exception)
XFH| s % double ICEHAL £F, KM L E &iX Python Ot EREXEE T, JIFANLLNS
XFHNE, Python @ float() IR+ T 7 R 2 X FHNHEIL L 525, s DIETHY KEIZ
EAXNFDRDH o TERLBRVE WS TANRLED T, ZOEBITEOe S, —VIKFEL EE A

endptr 7% NULL DA, ZHUI XTI MBI L TITbE T, XFHIDIE LW IFE/ NS D £ B
IZH o TWVWRWESIZ -1.0 218 LT ValueError ZFHEIH T,

endptr % NULL TEWIEE, XFF 2 n[RELR#IFITEHL L T, *endptr ICRAIOEI N D 272X
FADKRA Y REMAL ET, XFHNDIETICIE LW/ NI ORI D - 72355, *endptr %
NFHDOFFEICRE L T, ValueError Z2H4A X8, -1.0 ZRL X7,

s 2 float WM LUIARWVIEEREWEEZREL TOEE, (FlZIX. "1e500" XZ2L DT I v b
74 —LTRIHTEZEEA) overflow_exception A NULL 7% & Py_HUGE_VAL (2 Y25 2 (1
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char*

TIRLET, DG EI overflow_exception & Python OFIA 7 =7 " ADKRA ¥ X Thith
35563, 20BN EREZET-1.0 ZELE T, EbH0D5ETSH, *endptr IIFEMSINI{EHD
EROBHIDOXFANDRA ¥ RPBESNE T,

ZHDAND T —PEHANFRAE U5 E (B Z1F out-of-memory =7 —), j#Y)7% Python Ofil4t%
ARELT -1.0 ZEL XTI,

N— a3y 3.1 TEM.

Py0S_double_to_string(double val, char format_code, int precision, int flags, int *ptype)
double wal ZIFE XN format_code, precision, flags \ZFHEDNWTXFINCELLL 3,

format_code & 'e', 'E', '£' 'F'  'g' 'G', 'r' DXNHLTRINIZRD FHA, 'v' DHA.
precision 1% 0 TRIFNER ST, WHEINET, 'v' 74+—<v ba— FIIIEED repr() 74—
<~y PRIEELTVET,

ags & 0 %>, Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0, Py_DTSF_ALT 7, T HD or ZW-7%d D
y y
T9:

o Py_DTSF_SIGN . val AT\ ZHE IS XFRABICOIZ L 2 EKRLE T,
e Py_DTSF_ADD_DOT_O I XFFIDBBBD XS ICHIAR VI E ZREEL E5,

o Py_DTSF_ALT (% 7alternate” 7 +# —~ v ML — L2 HA T2 2EBHKL T T, M
Py0S_snprintf() O "#' FEEEZSWL TLIZE W,

ptype 5% NULL THWIHE, val DVEREL KR NaN o ¥hpic&bHE T, Py_DIST_FINITE,
Py_DTST_INFINITE, Py_DTST_NAN DWW NI EINE T,

R L DX FHN BN E NIz buffer ~NDEA ¥ X, PR L 725E1E NULL TF, W
OCH U, SBX N7 % PyMem_Free() %o TRIRT 2 EEDBH D £3,

N—a v 3.1 Tl

int Py0OS_stricmp (const char *sI, const char *s2)

RTINS 7% P L 72 SO AR, RSy /NS 2 SRR 2 DI, stremp O & R CENEZ L
£9,

int Py0S_strnicmp (const char *sI, const char *s2, Py_ssize_t size)

RTINS 72 XA L 72 N SCFHI R, RSCT /NS 72 LS % LIS, strnemp O & [/ CENfE 2
LE,

6.7.
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6.8 VLY aY

PyObject* PyEval_GetBuiltins()
Return value: Borrowed reference. IEDEIT 7L —2LHNDE N M4V DEEEN, D LEFTHD 7
L= 2R FUEA Ly FIREEOA Y2 TV XD b4 UEFERIRLE T,

PyObject* PyEval_GetLocals()
Return value: Borrowed reference. BIIEDFEIT 7 L — AND B — AW NVEBOFED. FITHhDo 71—
LD AUL NULL 2R L %5,

PyObject* PyEval_GetGlobals()
Return value: Borrowed reference. IEDET 7 L —2HND 70—V EROEEEN, EfTHD 7
L — 207200 NULL 2R L E9,

PyFrameObject™ PyEval_GetFrame ()
Return value: Borrowed reference. HIIEED AL v FIREED 7 L — 2 %2R L 3, BHEFETHO 7L —
LHIRFAUL NULL 23R L £9,

int PyFrame_GetLineNumber ( PyFrameObject *frame)
frame BPEIEFATL TV ARITHES TR LET,

const char* PyEval_GetFuncName (PyObject *func)
func BB, 7R, A VRRVRAZX T 27 P THNEZEDLHTEZ. £ 5 TRIFIUL func DBIZIR
L%,

const char®* PyEval_GetFuncDesc (PyObject *func)
func OENAMKIFT 5. fRGISCFES (description string) 2R L &3, RO I, Bz XY v RIgHL
Ti& ”()”, 7 constructor”, ” instance”, ” object” TF, PyEval_GetFuncName () ¥ s X 7-fE5H,
func ORFUTED 5,

6.9 codec LX) &HR— MR

int PyCodec_Register (PyObject *search_function)
F LW codec MBREBMEBIRL 3,

BIfEHE LT, ZOBEIZ encodings Sy 7 — I ME IR O IR S X512, FHEB—F X
nTwnwgEFEr—FLET,

int PyCodec_KnownEncoding (const char *encoding)
encoding D 7= DEGREXNT= codec WIFETELEI0IIIHLET 120 ZRLET, ZOBBILE
WL £ 9,

PyObject* PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. NWAHD codec X—ZD encode APL

encoding WS U TRDP o7y a—XBEFITH LT object ZELE T, TT—AY RV ITAY Y
FiX errors TIEEL E3, errors X NULL TH k<. ZOHEIEZFD codec DT 7 4L DXV v R
PRHENET, TV a—EZRROoSRd o725 E813 LookupError B4 X8 %3,
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*

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

Return value: New reference. NAHD codec R—ZAD 7 a—F APL

encoding WS CTRDP o727 a2 —XERITH LT object ZELET, TI7—NAYRY YT XYy R
X errors THREL E T, errors X NULL TH &<, ZDEEIEZD codec DT 7 4L bDRXY v K3
FHENE ST, 7a—XBRO05R» - 725513 LookupError ZRAEXHE T,

6.9.1 O—F7 v 7%% API

RDOBAETIE. XXFH encoding ERTNCFITEMS 2 2 8T, RIS, RN BH L MR %
LEd, a—F v ZHRREONEIRNWEE, KeyError Z&E L T NULL ZIEL %5,

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

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. 52 517z encoding D7 23— XEAKERL £3,

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. 5 2 54172 encoding ® IncrementalEncoder A 7Y =2 hEIRL
£9,

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. 5 Z 6417z encoding ® IncrementalDecoder A 7Y =2 b %ZiRL
\ij—o

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. 5 2 547z encoding @ StreamReader 7 7 7 b VEAKEIRL 3

*

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

Return value: New reference. 52 547z encoding @ StreamWriter 7 7 7 M VEAKEIRL £ 3,

6.9.2 Unicode T5—/\>KRZHAL XM API

int PyCodec_RegisterError (const char *name, PyObject *error)
I =AY EFALDDDa— Ny ZEE error & name TEERLET, ZDa—1 vy 7B,
A—FT v Py A= FTERVNF/T A= FTEROANAS MIEBLERI, 202y a—-F/7
a— FEIOM-UH LT name BHEES TV LB EINET,

a— I Ny 77X 1 ©2dD5 ¥ L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ¥NHh DA YA XY A EZZITWMD £, TDA4 Y A& ¥ RFME
DB BXFHN RN MNCET2ERE, ZOTXOXFIHFOL 7y b EF> TVET, (ZDOHEH
ZHUSS 2 70 DBIBICOWTIE Unicode BINAA T b Z2BRL TSIV, ) a—A "y Zid
BENHNEREZE 20, 2ERDOEXTNVHBEDO Y — 7 Y ADORE L. encode/decode % RS
LZIEDXNFHHDA 7y b R BZBEHEMNL TRLE S,

BIHL7H 0%, T7—RE -1 ZIELET,

6.9. codec LT X MY EHR— MR 69
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*name)

PyObject* PyCodec_LookupError (const char
Return value: New reference. name TEERINIZZ T =AY RY VT a— Ny JEBERZKRL F
T KAl E L LT, NULL I NHE. Tstrict” DL T =Y FY v Za—ny ZE¥E R

L/ij—o

PyObject* PyCodec_StrictErrors(PyObject *exc)
Return value: Always NULL. exc e L TREZXETE T,

PyObject* PyCodec_IgnoreErrors(PyObject *exc)
Return value: New reference. unicode =7 — %ML, BMEDANZ A Xy T LET,

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

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

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

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

N—a ¥ 3.5 TENM.
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WM%RA T FL1+ (ABSTRACT OBJECTS LAYER)

COETHAT 2. A7 27 PORIKFELR WX 57 Python 7Y =7 b O#fERL. (BER 4
T, o= Y2 ETr W kz) KEDPERBOF 7Y =7 MTHHT 2ERITRVE T, BEEEERANSR TR
WA Y 27 M LT - 72358, Python OB EHEIND Z ik b ET,

o DBEENE, PyList_New() TIER X N72141C NULL A DEZFRZE I N TWARWY 2 bD X 5742, #HY)
KL IR TWRWAT Y 2 7 ML THES 22X TE R A

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

PyObject* Py_NotImplemented
GZoWTA 70227 XYy FOGIBOBOMAEDE DUHIRFELTHZHIE LTEDN S,
KRR (NotImplemented) > ¥ 7L k¥,

Py_RETURN_NOTIMPLEMENTED
C B & Py_NotImplemented ZiR 3 ZEYNIITWE T (72D 5. Notlmplemented > > 7
NEYDOBRAT Y PR L, BHILET)

int PyObject_Print (PyObject *o, FILE *fp, int flags)
AT b ok T7AN fpllBHLET, KT 2L -1 2 BLE T, flags 5IBUIRIS DA
Ty arvEEMCTAIRIMEVET, BEYR—- XN TWEHE—DF 7> a »IE Py_PRINT_RAW T
T 0T arEIEETS L. repr() ORDDIT str() ZffioTATY =27 b 2EZIAALE T,

int PyObject_HasAttr (PyObject *o, PyObject *attr _name)
o BEME attr_name ZHFOr ZIC 1 &2, ZHlHDOr 212 0 ZELET, ZDAKIX Python O
hasattr(o, attr_name) [ U T3, ZOBEKIIEITHINLET,

__getattr__() XYV v F® __getattribute__() XY v FOMEUYH LHITE Z 2 f5HIIHIZ 0 5
CERFBLTLEI N, 7 —%2REXIHZI1TE. RO DIC Pyobject_Getdttr() Z{HE->TL T
W,

int PyObject_HasAttrString(PyObject *o, const char *attr name)
o BEME attr_name ZHFDOr ZIC 1 &2, ZHDOr 212 0 ZELET, ZOAKIX Python O
hasattr(o, attr_name) YR U T, ZDOBEBITEICHINIL T,

__getattr__() XY v K% __getattribute__() XY v ROMUH LH, —RWERXFEI AT
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Yz bOERFNCE Z ZHSMIIHRIENZ Z LIER L TLEZE W, T -2 WE I E 2123, b
DIZ PyObject_GetAttrString() Zffio T 72X W,

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. X7 =27 b o 5., A4HI attr_name ODBELZIEL F3, BT
e EMtEER LERT 5L NULL 2IR L ET, ZDOBEIE Python DR o.attr_name X[ LT,

PyObject* PyObject_GetAttrString(PyObject *o, const char *attr name)
Return value: New reference. X7 =27 b o 6. 4EHI attr_name DBEBMHEZEERL 3, KT
ZrEHMEERLKMST 22 NULL 23R LET, ZDOB%EIE Python DX o.attr_name ¥ [A LTI,

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Bt 7Y = 7 + D tp_getattro ARy MIEIPNS, BHELIET 5
M2 TY, CoBEE. (B LEETIUY) A7 =2 bOEME __dict__ WIMA, A7V =
ZPD MRO IZH 37 7ADFHELDHETAZ V) FR2%EZEH L E£3, descriptors THENIBRSHATW
D, T—RDTAZ Y TRFIA VARV AOBELDELRSN, BT —K T A7) FRIFRE LI
ENFET, AfIH» SR o751 AttributeError ZEH L £,

int PyObject_SetAttr (PyObject *o, PyObject *attr name, PyObject *v)
ATT 27 b oD attr_name E\WIHDEMIC, H o ZRELET. KT 2 ehibzrtil -1 %
BLUET; I35 0 2BLET, ZOMEEIE Python DR o.attr_name = v [FUTT,

v 25 NULL OBEXEEDIHIBRINE T, ZOKBEIXIEHIRTH D Pyobject_Deldttr() S D
PEZELWVWTT,

int PyObject_SetAttrString(PyObject *o, const char *attr_name, PyObject *v)
ATt oD attr_name LWV HOBMHIC, H v ZRELET, KT 2 el 2EHL -1 &
BUET; 3568 0 ZRLET, ZOREIX Python D3 o.attr_name = v A LT3,

v »% NULL O5EBEEDSHIRES N E T, Z ORABIZIHERTH D PyObject_DeldttrString() %
5 DOPLEFE L VTS,

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
BIEORE L HIBRZAT S AN T, AT 27 bD tp_setattro ARy MIEINET, 4
7927 bDMRO KH3B7 7 ADHENST—RT 4 A7) 752%:%“1, EH#OUE— FA R
RUADHEZD ZEEDOHFRECHIFRE D bEBEEINE T, 25 TRVEHEEIE, (b LIFETIR) A
7 O __dict__ WEMEFRED LIBHIBRL EF, BIIT5L 0 25RI N, Z25 TRVWEHEIR
AttributeError DA SN -1 MRS NFE T,

int PyObject_DelAttr (PyObject *o, PyObject *attr name)
F 727 b oD attr_name LWSHDOBHEEHIRLET, KT 2L -1 BIRLET, ZOBEEZ
Python ®X del o.attr_name XA LT3,

int PyObject_DelAttrString (PyObject *o, const char *atir _name)
ATT 27 b oD attr_name LWVWHHDOBEWERHIBRL $T, KT 2L -1 ZIBRLET, TR
Python X del o.attr_name ¥[R U T3,

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ TRAZ VT XD getter DIFFHIIREETT, HERGEIL.
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HERERL T,
N—a v 3.3 TEM.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
__dict__ TRZ VT ED setter DB FEETT, ZOFEETIFHELHIRT 2 Z2EFshTn
FH A

N— ar 3.3 TEM.

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. 01 ¥ 02 % opid \ZHEE L/=HEIC X > THE] L £ 3, opid I& Py_LT,
Py_LE, Py_EQ, Py_NE, Py_GT, £721X Py_GE, DWW I TRIFIIR ST, FhTh < <=, == I=
S BEUE>= 1B LET, ZOMEEUX Python DX ol op 02 &F LT, op 25 opid IZXIIHT i
BYTT, By 2 e BHROMZRLKKT 2 & NULL 2B L £7,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
0l & 02 % opid \ZHE L7HEIC X > THE L %9, opid & Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT,
F721% Py_GE, DWFTIDLTRIFIIR ST, ZNEN < <=, == 1= > BIUF >= TMHELET, L
BRRPELRLIX L 2, BRolF 0z, Z7-2%ETIL -1 ZRLET., ZOBKIE Python ®
R ol op 02 EF LT, op ¥ opid WZHIGT 2HEFTT,

AR ol & 02 BA—DATY =7 b THBEE. PyObject_RichCompareBool () & Py_EQ X L THIZ
1 %R L, Py_ NE WX LTHIZ 0 ZIBL %3,

PyObject* PyObject_Repr (PyObject *o)
Return value: New reference. X 7Y =7 b o OXFHIRBZFE U E T, MINT 2 & XFHRBZIR
L. K3 % ¥ NULL %38 L %3, Python : repr(o) XRILTT, ZDREEIIHAAARBE repr O
DTSN ET,

N=Pay 34 TEE: 727 4 7BV B> TR TRV L 2 RFET 2 @Rz X 51, ZoM
BTN 77— av 2B L510hDEL,

PyObject* PyObject _ASCII(PyObject *o)
Return value: New reference. PyObject_Repr() LREk, A7z b+ o DXNFINRIZFHEAL E
T, PyObject_Repr() I &k » TRINEXFINCEENZIE ASCII XF%, TRAT—7F \x |
\u.\UTZ27r—7L %5, ZOBKIZ Pythoh 2 @ PyObject_Repr() R T XFH & [A UXFH]
EHERLUET, ascii ) KXo THUHI I E T,

PyObject* PyObject_Str (PyObject *o0)
Return value: New reference. & 7Y =7 b o OXFHIRBZFHE L 3, BINT % & XFHRH%
BL., Kfs 22 NULL 23R L %3, Python R str(o) AU TY, ZDRKIIHAAABEE str()
%, print () FAE O CTH-OH SN E T,

A—Pay 34 TEE: 7254 TROBER S TRTROC L 2RI 2 0IBAR & 51, Com
BIEF S 77 ¥ = 3 v EADES IR E LT,
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PyObject* PyObject_Bytes (PyObject *o0)

Return value: New reference. 7Y =27 b o DA MIIRBZFHELE T, KT % & NULL 2R
L. 1T 2L bytes 7Y =7 bEIBRLET, o BBETHRWVWE D, Python R bytes(o) EFUL
T3, bytes(o) 2iE-T, o PEHDL X2 121%, LuTOHbIhiz bytes A 7V 227 P EIRTDT
1372 & TypeError 23EH N E T,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)

79 R derived 237 7 A cls ¥[RAI—TdH 20, ZIhOIRELEZIRATHEI2EE5131 B#RL, £5
THWEBIZ0ZBRLET, =7 —PEELGEEE -1 BIRLET,

cls MR TILDFE., cls DETOBERIIH L TFzv 7 LET, PR 12DF 2w 7T 1HE-
7z, BRI L ek, 2SO Z 0tk ET,

cls 12 __subclasscheck__() XYV v FRHZLEIX. T2 7 ADIKED PEP 3119 iIZh2@Eh Yy
SMEHETZ-DIMEINE T, 25 TRVWE E derived B cls DT7 T A3 D%, EEND S
WIERHEN R T2 2 ATHB2HE. OFD cls.__mro__ ITEFNBHEETT,

WEIE. 7724727 b, DFD type DA VARV AREIDBIRE LT FRZFNBI TR
RREINET, LrL. A7V 7 MEM __bases__ (ZHUIRIEY 7 RD X TF)LTRIFIIR & 7%
W) BEEEZ I TLEEETEET,

int PyObject_IsInstance(PyObject *inst, PyObject *cls)

inst M7 7 ¢cls BLLIZ cls DF T FADA VARV ATHAHEEIT 1 BIRL, 5 TRWERIZ
0%BRLET, =7 —0Ex2L -1 ZIRLHINERELET,

cls MR TNVDIFE, cls DETOERICHLTF v 7 LET, PRDH1O2DF v 7T 1R
& BRI 1L R, RSO E 0D ET,

cls 12 __instancecheck__() XYV v F2BH L5, T2 7 ADKED PEP 3119 IZh 2@y
SEHETZDITMENE T, I TRHRWVEE inst B3 cls DA VARV ARZKRDZDIE. DT 5
AW cls DTF7 T ATHBHETT,

A VARV R inst B __class__ B2 T, 2OV 7R ARIN2bDE LEEXTE
EJcan

FTIx b cls LEDEET FADN T F R B Zh 355, @M __bases__ (ZNUIRES 7 XD
XTIV TRIFNIRLRY) 2Rl-E2Z e TEEEXTEET,

int PyCallable_Check(PyObject *o)

F T2 b o PP LAJBEA T 27 I I DARET, A 7927 PP LE[EETH 2
YEICLEBRL, FOTRVWEZIZZ 0 BELET, ZOBMBECH LIZEICHELET,

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

Return value: New reference. WEONH UATREZR Python DA 7Y = 7 b callable %, X 7 args ¥ L
TEHEZoNB58#HE kwargs £ LTHEZON2HFIMTE518E & DIFUTHL 3,

args 1& NULL TH->TIiEHR 5T, 5IBELEL LEWESIZEDOX TV EH > TLEE W, kwargs 1
NULL THHWER A,

L7 6O L ORRZR L, KM L 2605 ZEH L NULL 218 L £,
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ZAUIRD Python D& FIFETT: callable(xargs, **kwargs)

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

Return value: New reference. WEU'H LATREZR Python DA 7Y = 2 b callable 2. X7V args ¥ L
THZLNZ58 e e DIFUCHL T, I8P FERBEEE. args 1& NULL THOWEE A,

BN L7 PO L ORRZIR L, KRR ZZofst 25X L NULL 28 L £9

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

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

Return value: New reference. W-ON L AJREZR Python £ 7Y = 7 b callable Z I Z#ED C 518
BT LE 3, C 518U Py_BuildValue() RO 7 3 —< v XTI EfF - TR L 55

AL PO L OAERZIE L. KL 7505 25X L NULL 23R L £7,
ZAUIRD Python DX & R TT: callable(*args)

Note that if you only pass PyObject * args, PyObject_CallFunctionObjArgs () is a faster alter-

native.

N—=a v 34 TEHE: format DED char * POEBEINE LTz,

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

Return value: New reference. 72 =2 b obj ® name 2 WIHIEZHIDAY v K&, WL 250D C 5|
Bt LET, ColEud&x I Ve $ % Py_BuildValue() JERD 7 + —= v b XFF|
TidRENTVET,

format X NULL T &<, 5B EINBVI e E2RLET,
R L7z IO L ORERZIR L, KL 7z o4 28 H L NULL 218 L %5,
ZAUIRD Python DX & [F5FTF: obj.name(argl, arg2, ...) o

Note that if you only pass PyObject * args, PyObject_CallMethodObjArgs () is a faster alterna-

tive.

N—=a ¥ 3.4 TEHE: name & format DEIDS char * POEEINF Lz,

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

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

by NULL.
BN L7 SO L OFERZIR L, R S6I08 %% H L NULL 28U £ 3,

ZAUIRD Python D& [FFTF: callable(argl, arg2, ...) o

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

Return value: New reference. Calls a method of the Python object 0bj, 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.
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N7 OO L ORRZR L, KR L oMM ZEH L NULL 28 L £9

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

Object *kwnames)
Call a callable Python object callable, using vectorcall if possible.

args is a C array with the positional arguments.

nargsf is  the number of positional arguments plus optionally the flag
PY_VECTORCALL_ARGUMENTS_OFFSET (see below). To get actual number of arguments, use
PyVectorcall_NARGS(nargsf).

kwnames can be either NULL (no keyword arguments) or a tuple of keyword names. In the latter
case, the values of the keyword arguments are stored in args after the positional arguments. The

number of keyword arguments does not influence nargsf.
kwnames must contain only objects of type str (not a subclass), and all keys must be unique.
RN L7z R L DR ZIE L, KBL 7256154 28 U NULL 23R L %7,

This uses the vectorcall protocol if the callable supports it; otherwise, the arguments are converted

to use tp_call.

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

Python 3.9.

N—a v 3.8 Tl

PY_VECTORCALL_ARGUMENTS_OFFSET

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

the value of args[-1] before returning.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make

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

N— ar 3.8 T

Py__ssize_t PyVectorcall_NARGS(size_t nargsf)

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

to nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET.

N—a v 3.8 Tl

PyObject* _PyObject_FastCallDict (PyObject *callable, PyObject *const *args, size t nargsf,

PyObject *kwdict)
Same as _PyObject_Vectorcall () except that the keyword arguments are passed as a dictionary

in kwdict. This may be NULL if there are no keyword arguments.
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The Python/C API, V1) —X 3.8.18

For callables supporting vectorcall, the arguments are internally converted to the vectorcall
convention. Therefore, this function adds some overhead compared to _PyObject_Vectorcall ().

It should only be used if the caller already has a dictionary ready to use.

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

N—a v 3.8 Tl

Py_hash_t PyObject_Hash(PyObject *o)
FT7I2 b o DNy afliRFTELTRLES, KT 2L -1 ZKRL %73, Python O3k hash(o)

N—=ar 3.2 TEHE: RDEDAID Py_hash_ t IR D FELR, ZOHIX, Py _ssize t ERIUHA
A% b O I TT,

Py_hash_t PyObject_HashNotImplemented (PyObject *o0)
type(o) BNy Y 2 RAJBETH % Z & % /RT TypeError ZFEL. -1 ZRL EF, ZOBEEIZ
tp_hash X B v NI I NI & ZIEIRIRTNEZIT. 20D type 25Ny Y a RAJRETH B Z & %
A Y RTY ZHRINTIR L £9

int PyObject_IsTrue (PyObject *o0)
0o PEERTLAREIHEAICIE 1 2, 25 TRVE 22X 0 ZIBL EF, Python O3 not not o
LEUTY, KFdL -1 ZIBL¥T,

int PyObject_Not (PyObject *o)
o MEERTLAREIGEEIIZ 0%, Z5THRVEZIZIE 1 ZRLET, Python ®X not o &[F
LT3, KT L -1 ZRLE T,

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. When o is non-NULL, returns a type object corresponding to the
object type of object 0. 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 common expression o->ob_type, 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 oW, type B type DV T RA T THZLZIWCEEZRLET, 556D X &% NULL
THoTIERDEEA,

Py_ ssize_t PyObject_Size (PyObject *o0)

Py_ssize t PyObject_Length(PyObject *o)
0 DREZRLES, RELATY=I b o BBy —Fr 2B Tntare~y T 0 b aLomss
ZHEHELTVWEGE, =7 YR LTOREZRLES, =7—-24U %L -1 Zi&RL %9, Python
DR len(o) R LTT,
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Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize t default)
G727 0o DBMEOEXERLET, %*ﬂb:%%@%é %, XIZ __length_hint__() ZffioT
WMREOREZ, ZLTRRERICT 74V FDOMEZEZS E LET, ZOMKIX Python O operator.
length_hint (o, default) R TT,

N— a v 3.4 TEM.

PyObject* PyObject_GetItem(PyObject *o, PyObject *key)
Return value: New reference. &7 =7 b key \CHIET 2 0 DERZRLET, KT % & NULL
%IRLEF, Python DR olkey]l 2R T,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)
A7 b key Al v ITWHIATTE T, KT B . Bl EENL -1 ZRLET, #1358 0%
BLET, ZHud Python DX olkey] = v A TT, ZOAEIZ v NOZRZ BEHBDEHEA

int PyObject_DelItem(PyObject *o, PyObject *key)
ATt o5 key BT AMICITZHIBRLE S, KK FT 2L -1 ZIRL£9, Python DX
del olkeyl ¥R T,

PyObject* PyObject_Dir (PyObject *o0)
Return value: New reference. Z DBIEUE Python O dir(o) ¥R LT, A 7Y =7 bDEAI
HDETTWAEXFINNBRBZ VAL (EDHBEHHDET) ZRBLET, T7—DHEITIE NULL 2
BUES, 5180 NULL 123 2 &, Python 1281} 3 dir() RBkIZ, BFEO R — DA RART 2R L ¥
T ZOWA. T T 4 TRFATT L —LHRIFAUE NULL 23R U E$ 5, PyErr_Occurred () (3 fh%
BLET,

PyObject* PyObject_GetIter (PyObject *o)
Return value: New reference. Python O3 iter(o) EUTT, 51T oA TP =7 MTT
BHIBAT L=, ATV BT TRATLV—XDERIIEIA 727 VEBRRLET, &
TV 27 b DRIBEEARARET H - 72355121 TypeError %i%H LT NULL 23R L ¥3,

7.2 HEE 0O~ 3JL (number protocol)

int PyNumber_Check (PyObject *o)
A7 o PEUER 0 P AL ZRELTVWEHEIZ 1 ZIRL. £ TRV 2Z3MBZIR
o ZOREEMEOH LITE IR L £5,

N—=Tay 3.8 TEH: o A VT v 7 ABRE 755, 1 ZIRLET,

PyObject* PyNumber _Add (PyObject *ol, PyObject *02)
Return value: New reference. [T 5% ol ¥ 02 ZIELUAEREZIRL, KI5 ¥ NULL ZRL
F3, Python DX o1 + 02 XFILTT,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. [T 5 ¥ ol 05 02 ZHE LR EIRL, KT % & NULL %R
L %3, Python ®X o1 - 02 XELTT,

78 BT EMRAITI LU LAY (abstract objects layer)



The Python/C API, V1) —X 3.8.18

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. BT 5% ol & 02 B LAERER L, KRBT % & NULL %R
%3, Python DK o1 * 02 XFILTT,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 3 3 & o1 ¥ 02 ZATHIRAE L -FERERL, KW 3 & NULL %
BRL %3, Python D o1 @ 02 XA LTI,

N— g v 3.5 TEM.

PyObject* PyNumber _FloorDivide (PyObject *ol1, PyObject *02)
Return value: New reference. KM 535 ¥ ol % 02 THRELZUHETHEEZERL, KMT 5 2 NULL %
BUET, 7 [Bthko” BHEETORE LR L TY,

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. EEIJJT}Z) e. BUFEIR ol D 02 WX ABRBEEIIH T 2 ZH M
(reasonable approximation) ZiE L., KT 2 & NULL ZIRL £, RTOFEH % 2 2HEK L LTX
BT 2DEAATRER 7=, HEOTRFEVNIGEEIE 7 A UE” LORBITEFEA, ZDLD. EDED
ERUC D $3. ZOBBICODRBETE L 7B, HE MR OEZEST e 2H D £,

PyObject* PyNumber _Remainder (PyObject *ol, PyObject *02)
Return value: New reference. l8EMI3 5 & ol % 02 THRELIZFIREZIR L, KT 52 NULL 2R L
3, Python DX o1 % 02 XFIL T,

PyObject* PyNumber_Divmod ( PyObject *ol, PyObject *02)
Return value: New reference. flAAABEIE divmod() 2SR L TL X\, KF 3 & NULL %K
L %%, Python @3 divmod(ol, 02) R UTT,

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. fHAABBE pow() ZZH L T LW, KT % & NULL ZiRL
%9, Python O3 pow(ol, 02, 03) EFUTT, 03 1ZA T > arTI, 08 ZEMI B0 S,
Py_None Z AT ZE W (03 IT NULL 2T &, RIERXEY 77 AZ5|IERIT DD
£7),

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. [ 3 2 o DFFERIELZIE L, K F % ¥ NULL ZiBL £3, Python
ODK -0 t [EJ I./VC\?—O

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 13 3% o ZiBL. K F % & NULL %R L %9, Python O3 +o
EALTT,

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. 3 % & o OffiitfEZIE L. KF % & NULL 218 L %9, Python
DR abs (o) XH LTI,

PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. Y155 ¢ o D'y MHKHEL (bitwise negation) & L. KT 3
¥ NULL Z3BL %73, Python ®R ~o XE LTI,
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PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 3T 2% 0l % 02 P ES 7 P LEHEREEIEL, KT 3 & NULL
R L EF, Python DR ol << 02 ER LT,

PyObject* PyNumber _Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 1S5 Y 0l % 02 724G 7 b LR ZR L, KT % & NULL
iR L E T, Python DX ol >> 02 AU TI,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. FKINT 2% ol ¥ 02 ® 7 Ev b HAFHIEME (bitwise and)” %3 L,
K F %L NULL 23BL £F, Python ®RX o1 & 02 ¥R LT,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 32 ol & 02 @ 7 v +HEAHHEAGEIEA (bitwise exclusive
or)” iR L, KT 2L NULL 2IEL F 3, Python DX o1 ~ 02 XL T,

PyObject* PyNumber_0r (PyObject *ol1, PyObject *02)
Return value: New reference. [KRII$ 22 o1 ¥ 02 @ 7 ¥y hEAFREA] (bitwise or)” 2iR LEK
3 5& NULL 23R L %9, Python DX o1 | 02 EFEIUTT,

PyObject* PyNumber_InPlaceAdd (PyObject *o1, PyObject *02)
Return value: New reference. RN T 2% ol ¥ 02 ZIAELUMERZIRL. KWFT 5L NULL ZiRL
F5, ol B in-place HEEE VI KR— T 355, in-place HEZITWE T, Python DX ol += 02 &
FHLTP,

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. T3 ¥ ol 05 02 ZHE LR EZIRL, KRBT % & NULL %R
L¥73, ol 2% in-place HEZ YV K— 3 255G, in-place HEZITWE T, Python DX o1 -= 02
LRLTT,

PyObject* PyNumber_InPlaceMultiply(PyObject *ol, PyObject *02)
Return value: New reference. [T 5% ol ¥ 02 B LUAERERL., KRBT 5L NULL 2R L
£3, 0l B in-place HEZ Y R— 3T 255, in-place HEZITWE T, Python DX ol *= 02 &
RT3,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. l33 3% 01 ¥ 02 BITHIRE LR ER L, KT 5 & NULL *
BLET. 0l 2 in-place HEZHR— b3 255, in-place HEZITWE T, Python DX ol @= 02
LFULTT,
N— a ¥ 3.5 THE.

PyObject* PyNumber _InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 3 2 ¥ o1 % 02 THRELZUMETEEERL, KT 3 & NULL %

BLUET, ol B in-place HHEEYK— T34, in-place JHEZITWE T, Python DX ol //=
02 XEEVC\?O

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. W15 % &, BERZL ol D 02 12 & 2 BREAEIZNT T 2 2 723810
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(reasonable approximation) ZiE L., K3 % & NULL ZIRL £3, RTOFEHE 2 ZHEKL LTX
B3 2DEAARER I, ZHEOFE/MNIGEEUE 7 ELUE” LARBITEEEA, ZOLH, BROH
BN D 5, ZOBBICOOBERE LM FE/NROEZIEST e DD £, ol B8
in-place {HE %V R—+F 35E. in-place HEZITVWET,

PyObject* PyNumber_InPlaceRemainder (PyObject *ol1, PyObject *02)
Return value: New reference. I3 3% 0l % 02 THRELZEREZIRL, , KT 3 & NULL %K
LE3, ol 7 in-place HEZ YV R— b T 354, in-place HEZITWE T, Python D ol %= 02
LELTY,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *08)
Return value: New reference. flAAAHBIE pow() ZHML T EE W, KT 5 & NULL ZiRL £
3‘0 0l B in-place HE % ¥ RK— b T 254, in-place HEZITWE T, ZDEEIE 03 25 Py_None @
A& Python X ol **= 02 LR LT, ZALSIDIEER powlol, 02, 03) D in-place IRTT,
08 %ﬁ*ﬁé%f:mtﬁ 5. Py_None Z AT X W (08 IZ NULL 2T &, NIERXEY 77 €A%
FlERzTZeAHET),

PyObject* PyNumber_InPlaceLshift (PyObject *ol1, PyObject *02)
Return value: New reference. T 28 0l % 02 2 ES 7 P LIEREIRL, KT 5 & NULL
ZIRLUETS, ol 2 in-place HEZ Y K— T 258, in-place HEZ{TWE T, Python D3 ol <<=
02 LA LTY,

PyObject* PyNumber_InPlaceRshift (PyObject *ol1, PyObject *02)
Return value: New reference. I T 38 0l % 02 120 A> 7 P LIREREIRL, KT 5 & NULL
ZIRUE T, ol B3 in-place HHEZ Y K— 3 255, in-place HEZITWE T, Python D3 ol >>=
02 LA LTY,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. 1T 2L ol £ 02 ® 7 ¥ v bHAFHEME (bitwise and)” 2R L
KT 2L NULL 2R L¥T, ol 25 in-place A Z ¥ K-+ 3F 2%5HE. in-place HEZITWVWE T,
Python ®X ol &= 02 E U T,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. [T 2L ol & 02 @ 7 v M HEAHHEAEHIEA (bitwise exclusive
or)” ZiIRL., KT 2L NULL ZiK L E T, ol 2 in-place HEZH K — T 28A. in-place {#HE%
fTVWEF, Python DX o1 ~= 02 XEUTT,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Y155 o1 ¥ 02 @ 7 ¥y MHAERIEA (bitwise or)” %R LK
T5L NULL 23R L E T, ol 2% in-place {HHE %V R— b F 254, in-place HEZITWVWE T, Python
DX ol |= 02 LFRILTT,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. T 2L o ZEEFUCEHL 72 d D %R L, KT 5 & NULL %R
%3, Python ®XK int(o) [EUTT,

PyObject* PyNumber_Float (PyObject *o0)
Return value: New reference. 815 % & o ZIFE/INIURENTEI L - d D %2R L, KIS % & NULL

7.2. ¥EETOFIJL (number protocol) 81



The Python/C API, V1) —X 3.8.18

%#iRLE ¥, Python DR float(o) ¥R LTI,

PyObject* PyNumber_Index (PyObject *o0)
Return value: New reference. o % Python @ int BNCAMEL, KL ZDEERL T3, KL
725 NULL 2%R XN, TypeError B2k E N E T,

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. base HERUTEHI NI BE n 2 XXFH e L TR L E T, base 5151 2,
8,10 £721F 16 DWVWFTNHLTRIFIUIRD T A HE 2, 8, 16 12DV T, BIN 5 XFFHIDIEIHIZ
WFEM~—HF— '0b' | '00" F/iE '0x' B ENRENMNEGEEXNET, b L n B Python @ int BT
2IFAUE. F£3 PyNumber Index() TEEXNE T,

Py_ ssize t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
o BER Y UTHEIRAIEESS o /=855, Py_ssize t BIDMEICEWLIL TRL 3, FEOCH LKL =5
Bst R &, -1 RENE T,

H L o 7 Python @ int IZEITE/72DIZ, Py_ssize t ~NDEHDY OverflowError 1272 2551,
exc 51 TE N/ (il IndexError »* OverflowError) OISt A L E T, b L. exc A3
NULL 72 5., flAME 27V 7 30T, EPEDEHEIX PY_SSIZE_T_MIN N\, IEDOHEE PY_SSIZE_T_MAX
AtHlfREh 7,

int PyIndex_Check ( PyObject *o0)
o WA VT v 7 ABETH B (tp_as_number HEEAD nb_index A1 v M E 5 TWBIHEH)
21 ZEL, Z5TRWERIZ0 ZIRLET, ZOMBIEEICHAIL T,

7.3 =7 >ZRE 70Ok 1)L (sequence protocol)

int PySequence_Check ( PyObject *0)
ATz "R =T Y RBT e barFERELTWAERIE 1 2, 25 TRVWEEIZ 0 ZRLET,
__getitem__() XY v FEFD Python 7 7 IOV T, 26D dict D77 7 A TRVIED,
1 ZRFTOIFERL TSN, 22 2HEIE. —BIVRI —ATEATY =7 b OREEO ¥ —
ZHR—F LTV 02HT 2 OBRARERZ 25 TY, ZOBBIZFEICHINIL £7,

Py_ssize t PySequence_Size (PyObject *o0)

Py_ ssize_t PySequence_Length(PyObject *0)
BN 28> =0 YR o DA TI 27 POBEIRL, KT 2L -1 ZRLET, Z4ud. Python
D3 len(o) ERITITID F5,

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Y15 % ¥ ol & 02 DEHE (concatenation) iR L, K3 % & NULL
IRL ¥7F, Python D o1 + 02 X[ LTI,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. ST 2247 =227+ o D count BIFEDIELERL, KT 2L
NULL %38 L %9, Python ®R o * count [EUTT,

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
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Return value: New reference. 15 % ¥ ol & 02 DfE (concatenation) iR L, K3 % & NULL
ZIRLUET, ol B3 in-place HEZ VK- b3 2855, in-place HEZITWE T, Python O3 ol +=
02 Z IE] E"C\\j_o

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py ssize t count)
Return value: New reference. T2 A7 =27 b o D count BIFEDIRLERL, KT 2L
NULL iR L ¥3. o 2 in-place {HE % ¥ K — b3 255, in-place HBEZITVWE T, Python DR o
*= count X[ LT3,

PyObject* PySequence_GetItem(PyObject *o, Py ssize t i)
Return value: New reference. 53 E o ® ¢ ZHFHOEZRZK L, KKT % & NULL ZRL £,
Python @3k o[i] ¥ F LT,

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. T3 % o D il 705 i2 ETOMDRT A4 %KL, KT 2L
NULL %38 L %9, Python @ o[i1:12] [ELTT,

int PySequence_SetItem(PyObject *o, Py_ssize_t i, PyObject *v)
oD i BHEHOERIZ v ZIRALET, KT 2L, A EEHL -1 ZIRLES; I35 0 ZiRL
F9, ZAUZ Python DX o[i] = v AL TT, ZOBEEKIE v NODZRE BHFWD FHA

v 5 NULL OB EERZOEEDPHIRINE TH, ZOMEEIZIEHERTH D, PyObject_Deldttr() %
5 DPEELWVWTT,

int PySequence_DelItem(PyObject *o, Py_ssize_t i)
o] D Z%g@gi%ﬁugﬁbij—o 5’5%{3—5 X -1 %igl/ij_o Python ODY del O[l] tﬁbfj—o

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 AU T,

int PySequence_DelSlice(PyObject *o, Py_ssize_t il, Py_ssize_t i2)
=T VRFTI T 0D il HB i FTOMORT A REHIBRLE T, KT 2L -1 2IBLZE
3. Python D3 del ol[il:i2] ¥[F L TT,

Py_ssize t PySequence_Count (PyObject *o, PyObject *value)
0 B2 value DHIMIE., DD olkey] == value £ 5% key DIEKEZRLFT, KT 2
¢ -1 #iRL ¥73, Python D3 o.count(value) LR U TT,

int PySequence_Contains (PyObject *o, PyObject *value)
0 1Z value A5 TVWBPHELET, 0o DHBEHED value L (equal) R HIE 1 ZIRL., Zh
DANDGEICIE 0 ZRLET, =7 ET2L -1 2IBLEF, Python X value in o X[
LT3,

Py_ssize_t PySequence_Index(PyObject *o, PyObject *value)
o[i] == value ¥ RBZFHNCHAODP oA VT IR i ZIBRLET, TI—DPRETIL -1 ZIRLE
3, Python @3 o.index(value) ¥R LT,

PyObject* PySequence_List (PyObject *o)
Return value: New reference. ¥ —> YA LLIWEAT IV 0o EALARERDVA MY T2
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FERLET, KBLAZS NULL ZIRLE T, BREINZ VR NI LMESNIZZ BRI T 0 E
$, Z4UF Python O3 list (o) EAFETT,

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. ¥ —7 Y ABHBZWVNEA T I ITNVTHS o LR LABERODX I VET
Tz bEIRLET, KRBL7S NULL Z:BL XS o BRI NVDGE, HMihBREZRLET, 20
DA DGE. BYIRABDB A7 R TV ERHELTRL £, Python O tuple(o) FETE,

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. ¥ —7 Y X E7213A 77 70D o % “PySequence_ Fast** 7> I U D
BB THATEZ2A 727 Pe LTRLE T, ATV MY =TV ATHA T I TNTHRVE
FliE, Avt—Y m B2HDO, :exec:*TypeErrort #EHL 3, KWL7-S NULL 2 BLE7,

PySequence_Fast* 7 7 I U DBEIE. o 2% PyTupleObject ¥£721& PyListObject EREL. o D
T—=RT7 4=V FCEET 7 ERT DD, ZDES5ZHMTFLRTVET,

CPython OFEETIZ, L o B —Fr Y AR TV THNE. 0 ZDBDEIRLET,

Py_ssize t PySequence_Fast_GET_SIZE(PyObject *o0)
0 B NULL TH <. PySequence_Fast () DR L7cATI =27 FTHBEERELT, 0 DRI ERLET,
0o ¥4 XX PySequence_Size() ZWMFUH L THHELNE TV, PySequence_Fast_GET SIZE() O
FH oV A MLRINTHZ EAREL TUFT 579, KDEHETT,

PyObject* PySequence_Fast_GET_ITEM(PyObject *o, Py ssize t i)
Return value: Borrowed reference. o %% NULL T/ {. PySequence_Fast() DRL7A 7Y =7 b
THY, D i BA YT 7 RADEHENICHZ ERELT, 0 D i HHOERZRELET,

PyObject** PySequence_Fast_ITEMS(PyObject *0)
PyObject KA Y ZOBERIZHEZ T LA ZIRLET, TOBEBTIE o ld PySequence_Fast() DiEL
7oA77 b THD, NULL TRVDDEREL TWET,

V2 MDY A XWEHEINL L&, XY HEEIEZOEYZHEE T 223 LAKRWI LITEEL
TREXWV, ZOH, O—F VADEERFEELR VAV TFA PN TOAERICHZEL V2 E2[Mo
TLEEW,

PyObject* PySequence_ITEM(PyObject *o, Py_ssize t 1)
Return wvalue: New reference. o ® ¢ ZEHDOEHZZIRL, KMFT 2% ¥ NULL 2B L 7,
PySequence_GetItem() DR TH D, PySequence_Check() T o DWEZIRT Y S Hh DML
R, BORZTFOMELZITOER Ao
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7.4 7w 7870 k3JL (mapping protocol)

PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HZIRL T X W,

int PyMapping_Check (PyObject *o)
A7z by FRTa P aLBRBELTVEN RATARZHR-FLTVWEEEIR 1 2, 2
ITHRWEEIX 0 ZRLET, __getitem__() XY v FEED Python 7 7 X220V TIiEk 1 ZiRT
DICHEBL TSV, 23 28HIEZ, —fRNZT —ZATREAT7Y 227 bR OHEED ¥ — 2% R—
LTV %HAT 2 OBTATREIED 5 TS, ZOBBUIEICHINL £5,

Py_ ssize_t PyMapping_Size (PyObject *0)

Py_ssize t PyMapping_Length(PyObject *0)
BINT2eA795c2r b o HOF—DBEEIRL, KT 2L -1 ZRLET, Z4Ud. Python O
len(o) &RILIZARD 7,

PyObject* PyMapping_GetItemString(PyObject *o, const char *key)
Return value: New reference. XFH| key TGS 2 o DEHEZIRLE T, KMFT %L NULL ZiRL
%3, Python O3 olkey]l ¥R LT, PyObject_GetItem() HBIMLTL &L,

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
FTI=27 b o ETXFEH key ZME v ITHIETIFE T, KT 2L -1 Z5RLEF, Python DX
olkeyl = v ERIUTd, PyObject_SetItem() BZMMLTLIZE WV, ZOMEIX v NOBREEA
Bh £HA

int PyMapping_DelItem(PyObject *o, PyObject *key)
AT b orb, ATV =T b key T IHMSITEHIBRL T, KT s L -1 ZIRLET,
Python @ del olkey]l ELTT, DML PyObject_Delltem() DFHIFHTT,

int PyMapping_DelItemString(PyObject *o, const char *key)
FT7T 2T b oo XFH key ITBET AT ZHIBRL £ 3, KT 2L -1 Z#IBRL £, Python
DL del olkeyl EF LT,

int PyMapping_HasKey (PyObject *o, PyObject *key)
R TRF T2 7 M F— key ZROBHEIC 1 RIRL, £ TRV EII 0 ZRLET, Z4UZ,
Python O3 key in o &%HMTY, T ORIKIFUHE LIFEICHINL £7,

__getitem__() XYV v FOMUKH LA Z 2F5MHIMHI SN S Z L ICHERLTEE W, =7 —%
WG X 212&, Kb DIC Pyobject_GetTtem() %o T 7ZE W,

int PyMapping_HasKeyString (PyObject *o, const char *key)
TG T 2 7 M IF— key BROGEIC 1L BIBL, £ TRV EIZ 0 ZRLET, ZHUd.
Python @ key in o L &#liTF, Z DRARIESH LIZEICHRIILE T,

__getitem__() XY v FOH LHR, —RINATFHIA 7Y = 7 b OIERHITE Z 2 FIAH ]
TINDZLIREBLTLEXI WV, =7 —%@ESR 212 b DIC PyMapping_ GetItemString ()
o TLZE W,

PyObject* PyMapping_Keys (PyObject *o0)
Return value: New reference. BT 284727 0o DF =062V A MERLET, KT
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%5 ¥ NULL i8R L %3,
N—Tay 3.7 TEHE: DN, BEEIEV AP LR IAERLTWE L,

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. 1T 584722 b o DEIORZVRANERLET, KT 3
¥ NULL ZiRL %9,

N—a Y 37 CEE: LI, BEY R P LR IARELTOE L,

PyObject* PyMapping_Items(PyObject *0)
Return value: New reference. T 2247z b 0o DBERDPSXRZVRAMERL, SBERIZ
FoLHDORTHP A2/ Z TN oTWET, KT 2L NULL ZRL £ T,

N—ay 3.7 TEHE: DENE. BBV AR LABEXTIAVEZRLTVE L,

7.5 4 7L—%70F21JL (iterator protocol)

ATV =W DDEFEDOEBEI=2HD 7,

int PyIter_Check(PyObject *0)
oA T =7 ralEyR- 1+ FI3HERCELELET,

PyObject* PyIter_Next (PyObject *o0)
Return value: New reference. RIEMIR 0 IZBF2ROMEZBELET, A7V 27 MIATL—&T
BRUNERDEVA (INE2F 2y 7T 2DEFMUIHLAIOEETT), ?%#ﬁ%ﬁ%oflﬂtﬁb\ B5E
& A Y P IRTWARWIREET NULL 2R L %3, EREMO HITEICT 5 —»E L7
NULL &R L. FAEL7H5 2R L 5,

ATV —RDRFTERICO o TRIBUHZIT5 NV —T2ELE, COa—FRUTOXS1Z2 2133 TT:

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 */

}

RDOR=I 1% L)
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(FiDR— 25 D %)

else {
/* continue doing useful work */

}

7.6 /Ny 7770k )L (buffer Protocol)

Python THIAFIRER WL DDA TV = 7 ME, THEIZH 2 XEVEHEZIX buffer NDT7 72 R L
9, ZOXIRBRATI 2/ P LT, #HlAIAAD bytes R bytearray . array.array O k5720 <D0
DILRMDPZETFoNE T, = FN—FT 4 DT A4 77 VIFEGUH P BERENT D X 5 LAl B D72 912,
ZNOHEDMEERT LI ENTEET,

FNZFRORIZNBEBED LS T4 VARFFEZE TN, BELLKRERAEIANYy 7y b2 WS HE
ORMEREELE T, W O0DRRTIEMINT 22V —2IT3 e RAEHEAY 7717 78R THZ M
LEhFT,

Python & buffer protocol DFEAT C LNV OEHAZREELFT, 207w b ariiZZo0flE2H b
S

o RtTZMTIE, HIMI ZDATI =7 PO TEICH SNy 7 7 1T 216z 24T Z % "buffer
AVRT2—R" BZIAR— LT HIUNTEERT, DA VX T72— R N T 7Zd TV ME
BIE (buffer object structure) OEITHAL 35

e FMATZMTIE, ATV bDTREEHZET —XADKRA Y ZE2H{LZVLOPOFERPMATE X
F (e R2IEXY v FEIED,

bytes X bytearray KE¥DI Y FNIBRA T =7 NI, WED Ny 7 7 —% 4 FMIDEXTRAL £7.
NA MDA DX D FIHAIBE TS, BlZIX, array.array YR T 2 BRI ILF AL MEICRZ Z D
HHET,

buffer £ ¥ % 7 2 —ZADFHED X, 774V F TP =27 bD write() XYV v FTT: buffer 4 ¥ &
72 —A%BLT—HDONS, MIZRBTEZEARA T2/ P TH I 7 ANCEZAD I LN TEET,
write() &, ZOHIBE LTHEINLA T 27 PORNFERIIHTIHAN LER 7 7t A0AZBREL
L ¥ 32 readinto() DK RMD R Y v F TR, ZO5IBONBIINT 2FZIAALT 7 ABMBETT,
buffer f ¥ 27 2=k D, A7V 27 MIFGAFEMA, BALLEANY 77 D7 7 LA ZFHT 5
hENE DERTI0ERT LD TEET,

buffer £ > & 7 2 —ZADFHFZFIZIZ. WMREBDZF TS 7 by 772153 2O ERDD 3
e IELWEIBT PyObject_GetBuffer() ZFEUHIT;

o PyArg_ParseTuple() ((723ZDEBED VD) & y* . wk F72id s* format codes DWFhht &
BT,

CELDT— AT, buffer BRER L 2o 72IHIZ PyBuffer Release() ZM-UH X ZIFIUIR D E A,
IMERZ ., VY =RV =7 D KD BRIRA R OB BB DH D £F,
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7.6.1 buffer #&i&(K

Ny 7 7 ER (720 860 "buffers”™) EBIOA 7Y =7 DAL F Y F— &% Python 7R 7T <ICHE
B 2 DIERTT, ZHUEER, ¥rab—2 74> U M LTHEHATEET, ZOXEY TRy Y
EHRBTAMEEEM S 2T, YART—XTH 2 THHIC Python 7R 7 < IC#tT2 2 e N TE F
To XEVIZ, CHIROKEREINIEB DD LOLFEAL, ARV—=T 4 VIV RTLTA T T VIZETHIO
AEVTOY IS LNEVAL, BELT X224 T4 7DA4 Y XEVEXZITETOIFEHZNE 0D
LEH Ao

Python 4 Y X2 7Y ZIZ ko TIREEINZ L DT 2T IZRAR D, Nv 7 71& PyObject RA ¥ X TER
e U TN CHEERTT, 20%D, 1B a—2IERICHEIITAET. Ny 770N % T
PRI EIR Y ZX. memoryview 7Y = 7 FIMEREINE T,

IV AR=PIENZATI =27 W FELFEOFOIHIICIE, Buffer Object Structures ZZIRLTL 7230,
Ny 77 BEIST 5121E, PyObject_GetBuffer() 2BIRL T W,

Py_buffer

void *buf
Ny 777 4=V EHRRL TV LMHBEMEDLEEZIET R, V&, Ny 77 2ff4 it 247022
FOTEYVHEXEY) 70y JHOEDMBEICH D ZE T, BIZIE strides BETL L., ZOHEIE
AV TOY ZJORENLS LOLERA,

E I DBE ZOEIEZXEY 7ay ZOEHEERL 5,

void *obj
IZAR—-—PENTVWEATTY 227 PO LWER, ZHRIZHEHEIC L - THAE S
PyBuffer_Release() IZX o THEINICT 7Y XY P SN T NULL KRESNET, ZDT7 14—
L RIEEHERY 72 C-APT BIRIOR Y ¥ SFili T35,

PyMemoryView FromBuffer() %7zi& PyBuffer_Filllnfo() &> To v F&E Nz —RHR
Ny 77 THIRHRr —ATIE, D7 4= FIENUILL TF, —BIVIC, =7 AKR—- AT
Pz PRIZOHFAEFHL IR TEA,

Py_ssize t len
product (shape) * itemsize, contiguous FCAITIE, TEOXEY 70y 7ORIITHRD X9,
JE contiguous ECH|Tld. contiguous BRI a ¥ — X N5 IHBEEN D OEXTT,

((char *)buf) [0] 75 ((char *)buf) [len-1] DHIPFAND 7 7t X, EfitE (contiguity)
PRFET BV A Mo THIEINEAY 77 IR LTOAITFINET, ZLDHEIT, 2D
L9571V A ME PyBUF_SIMPLE ¥7:1% PyBUF_WRITABLE T3J,

int readonly
Ny 77 AN LEATH 2R LET, TD 7 1 —L K& PyBUF_WRITABLE 7 5 2" CHilfflT
EE3

Py_ssize_t itemsize

BR—D97D byte B i DHY 4 X, struct.calcsize() ZIF NULL @ format fEHIZXT L THEONH
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LRGSR ERI T TT,

BERGIIN: HBED PyBUF_FORMAT 7 7 VRiXET 22BNy 77 RERLEEA.
format | NULL ICERESNFE T, L L itemsize lZITED T #—< v ME-EHEHEFLE T,

shape DFIET % ¥4, product (shape) * itemsize == len DFXMF L. FHEZF X
itemsize % buffer ZFHL7=DICHHATE X7,

PyBUF_SIMPLE % 7:1% PyBUF_WRITABLE THR L7455, shape 7% NULL THAUX, HEHIZ
itemsize B LT itemsize == 1 L AR IR FNELD THA,

const char *format
BEE—-DHDOHNEBZIEET S, struct EY 2 — NV AZXANED, NUL EIFXEY], ZDHERAL >
X DfEAS NULL 725, "B" (fFEMEL A M) 2 LTHRDIE T,

D7 4 —) & PyBUF_FORMAT 7 WX -> THIIZINE T,

int ndim
AXEYD N RITHHNER L TV ERORITE, 0 DEFE., buf ZADF7EERT 1 DOBERETE
LTWET, ZDHA. shape, strides, suboffsets i& NULL TR IFIUIZ D 8 A,

PyBUF_MAX_NDIM |3 RTTBORAMEE 64 (ITHIR LTk 3, M Z ofilfR 2 &E Lzl
7D FHA. ZXRITEHAN DM EMNZ PyBUF_MAX_NDIM KITETEKAZ B XSICTERETT,

Py_ssize_t *shape
XEY LD NXEEANOEEZRT, BXD ndim TH 5 Py_ssize_t DALY T T, shapel[0] *
. * shape[ndim-1] * itemsize I& len EFFL K RIFIUIRD FEA,

shape Dffil¥ shape[n] >= 0 IZHIR X £ F, shapeln] == 0 DHLEICFHITTERLBLETT,
AN compler arrays ZBIRLUTL X W,

shepe (JEAR) BCHNEHIHE 22 5 13FiAH LEH T,

Py_ssize_t *strides
BERTTIZBOTH LWMEZE 2 72DICAF v 554 MRS, BE ndim O Py_ssize_t
DA,

A I A4 MalZ, FEOBBEZIEETE LS, HEDESITIE, A M4 MI@EETWIHIENT
T L LAHEL. strides[n] <= 0 D7 —RAZUHET 2B TEL2REND D F5, #HM
IZOWTIE complex arrays B LU TLIZE W,

HEZHIZL 5T, 2D strides EiFNEFAH LEHATT,

Py_ssize_t *suboffsets
Py_ssize_t MOEZREEZFOEX ndim DAY, suboffsets[n] >= 0 DIFAIE. n HFHOXRIT
IR > TIRIFESN TV B EIZKRA ¥ X T, suboffset fHIZERA > X DBIRE L 721N A
FIZAUZ VWA ZR L TWE T, suboffset DEAEDHDHZEIZ, KA ¥ X OBIRRITAE
(ERL7=XEY 70y JNCEHEEEBEINLWS) WS 28Rk 7,

2T suboffset BEMDEE (DF D SIS FHE) BEE. 07 4 —L FiE NLL (77 #
U ME) THRFER D £E A,
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Z ORORFIZRBEE Python Imaging Library (PIL) TfEbHATVWE T, 2D X 5 REFITHERIC
7 7R T BHFECOWTESIIZEFHL Z 2 compler arrays B LT E W,

HEHZEIZ L o T, suboffsets E¥ZFiAH LEHTY,

void *internal
Ny 77 2T RO TV 27 FBRRINCHHT 2720 0EHTT, HlziE, #aIEzo
RN A % X ¥ 2 + LT, shape, strides, suboffsets £ W o 72H5 &Ny 7 7> BB % & =
RIS ST BREPEIPEEH T2 77 NMES Z e TEBRTL D, Ny 7 7 2RITW
BHNE, ZOMEERLTEHELTERD £ A

762 NyIT7VIIRDEALT

Ny 7 7 3@, PyObject_GetBuffer() #ffi5 v T, TZAR—FTEA TV IR I77 7T
AL EEDLZLTHRONET, ATV OMMNBMEDEMIEIIZ B ICh 27D, HEE flags 518 %
HoT, HEPMRZAZ NNy 7 7 OBEEIEEL 7,

Py_buffer DET 4 —/LRIiF, V7 TR MOREHIC K > TERI 2RI TICERINE T,

DOIZZAMIEKEFELBWIT 4 —ILR

TRRD7 4 =V Rk flags DHBEEZZIFTIT, HFIKELWETHEINE T, : obj, buf, len, itemsize,

ndim.

readonly, format

PyBUF _WRITABLE
readonly 7 4 —/VRZHFILE T, bLID7 I 7 DWHRESNTWVWBEHE. exporter 1F. F XA
HATREIR AN 7 7 RS 22, I D RITFAUXKBZ|ME LR TUIRD S/ A, 77 7HRES
NTVRWES, exporter &, FiAH LHEHEFZIABARERAAY 7705 6 2L THHW
FEAD, EBELTRET 22 INPEETOHEZIIN L T—EEXSRTUIRD 8 A.

PyBUF_FORMAT
format 7 4 — NV RZEHHAILE S, L7 IZ7ARESINTVIUL. ZDT7 4 =L FZIEL
BRI D FRA, 7 7DRESINTVARIFIUL, 2D 74—V F% NULL IZRE LR T UL
D EHE A

PyBUF_WRITABLE %, RO TL 2D 757 | Mo THEVWERA, PyBUF_SIMPLE 1% 0 &7E
FEINTWVWB DT, PyBUF_WRITABLE \FHM7ZFH ZIAARRERANY 7 7 R ERT 28O 7 5 7 LTER
9,

PyBUF_FORMAT V. PyBUF_SIMPLE DADY D757t d | EHoTrEVERA, BRED7 F7E B (5
RUAA L) 74—<v bEBICHERLTOET,
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shape, strides, suboffsets

ZD7 77, LT TEHEEDRKEWIEICIEANZ X ) OFHBENZEEERIELE S, fHeD7 5203, Zh
IO TFREREINSZT7 I 7DITRTOE Y F2EL I LICEBLTLEE W,

DOITX 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

A7 4 ROBERDPDH->THRLTH, C 7213 Fortran O FEifelk D EAMEICE RSN B AIREEDLH D £5,
AT+ T4 MERZLIC, Ny 77— C EBEL TV ARENDHD X7,

JIJIX shape | strides | suboffsets | contig
yes yes NULL C

PyBUF _C_CONTIGUOUS

PyBUF_F_CONTIGUOUS yes | yes NULL F
PyBUF_ANY_CONTIGUOUS yes | yes NULL | G2 F
PyBUF_ND yes | NULL | NULL C

BEVIIXE

BOEIZLETOY 7L FOfHEIZ. BIOETDT 5 Z7DHAEDLE THFENCERINATVET, #fZ XS
I Ny 77 =70 b aLTI3BEBECHFERAINZHAREDODEEE—D 75 7 LTHBELTE S,

RDT—=TND U T#EBGEDPRERTHE 2R LET, MBI PyBuffer_ IsContiguous() ZMU
H UGkt HET 2 B ENHETL &k I,
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UEs/any & & shape | strides | suboffsets | contig | readonly | format
PyBUF_FULL yes | yes DRSS | U 0 yes
PyBUF_FULL_RO yes yes MBS | U 120 yes
PyBUF_RECORDS yes | yes NULL U 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 1520 NULL
PyBUF_CONTIG yes | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO yes | NULL | NULL C 1720 | NULL

7.6.3 EMLES

NumPy X4 )L: shape, strides
NumPy R & A )V OEH| OaHNHGE L itemsize, ndim, shape, strides TERINE T,

ndim == 0 OHLHE, buf PHET X EV DI Y4 XD itemsize DAH FHE LTHRIRENE T, Z
DA, shape & strides DM d NULL TI,

strides 7% NULL OFEIE, EHNIEED n 0T C BH e LTINS %S, 25 TruEER, FEER
RDE ST n Kok 7 7 A LRI D S8 A:

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

item = *((typeof (item) *)ptr);

LD LI, buf BAEY TRy JANDO DG THIET ZEMBARETT, T/ AR—X—1XZ OB%E#
AT3Z2icko TRy 770U 2MREERE T,

def verify_structure(memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a wvalid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block

memlen: length of the physical memory block

(RDOR=I1%i )
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(FiDR— 25 D %)

offset: (char *)buf - mem
wn
if offset 7 itemsize:
return False
if offset < O or offset+itemsize > memlen:
return False
if any(v 7 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+imax+itemsize <= memlen

PIL XZ-JL: shape, strides, suboffsets

PIL 2 & A )L OEF|TIZEHE OBREOMIZ, H2XTD L TROEREIIGT 572D B KA ¥ X2 RHFTE
T, Bz, EED 3 KT C Bl char v[2][2] [3] &, 2 KITALHIND 2 DDKRA > XH 672 BB char
(xv[2])[2]1[3] 2 Z &b TEET, suboffset REATIZ. ZNHD 2 DDKRA ¥ &XIF buf DIEIFHICHED

AD, XAFYVDEIIZTHEETE 3 2 D0 char x[2][3] EAIZ$EL 7,

ROFNZ, strides b suboffsets B NULL TRWEHED, N JUTA VT v 7 A Lo THHEINTWS N XU

FINDBEZEADRA v ZERTEETT:

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 = *((charx*)pointer) + suboffsets[i];

}

return (void*)pointer;

7.6. /\v 7770k 3JL (buffer Protocol)
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7.6.4 Ny 7 7EEDEK

int PyObject_CheckBuffer (PyObject *obj)
obj Hibuffer £ ¥ Z 7 2 =A% P K—=—FLTVEIHEIT 1 ZRL. Z5TRVWEEIZ 0 ZRLES, 1
ZiRL722 LT®, PyObject_GetBuffer() DN T 2 Z L3RS NFER A, I DREBIIFE T
LET,

int PyObject_GetBuffer (PyObject *exporter, Py buffer *view, int flags)
exporter 12 flags TIEE X NTTIET view BIED 2 LS IWCEKRLE T, b L exporter 2345E 47z
EBDITNY 77 BT E R WG, PyExc_BufferError %3k L. view—>obj % NULL IZFRE L
7o BT, -1 ZIRERRFNUTR D TR A

BRI L7z e Zid, view 2D, view->obj IT exporter NDFLWSREFREL, 0 ZRLET, F=
AVIRDONRY 77 7ORNLXBYV IR MR —DF TV 27 MY XAL I MT 57 —RATIA
view—>obj & exporter DRODICZ DA T =7 v 2SR LET (Nw T 74772V MEER %
BIEL TS,

malloc() & free() D X S IZ. MU LTI L 7z PyObject_GetBuffer() & X% %
PyBuffer_Release() DM LRI NBRNIZD FRA, o T, Ny 77 DMHABFEARL
5 PyBuffer_ Release() D3EEIC 1 M2 SR ITIUIRD £ A,

void PyBuffer_Release (Py_buffer *view)
Ny 77 view ZERL. view->obj OZHAYV Y 2 1 DE6 LE T, ZOBKE Ny 7 7 hifEibh
B IR o BREMPFHEIRTNIRLT, 25 LRVWESRHROY - DEET,

PyObject_GetBuffer() %@L THE L TWRW ANy 7 7120 LT Z OMECR EUH 3 O EEW
T

Py_ssize t PyBuffer_SizeFromFormat (const char *)

itemsize D% format PHHELTRLET, ZOBBITTFFEEINTHERA,

int PyBuffer_IsContiguous(Py buffer *view, char order)
view TERINTWVWBXEUDN, C AKX AL (order == 'C') Dk Z, Fortran A X A )L (order
== 'F') & DL Zh, ZOVTID (order == 'A') THIUUIX 1 ZIRLFET, AL DEEE 0
ZRLET, ZOBBUIHICHRIILET,

void* PyBuffer_GetPointer (Py buffer *view, Py_ssize t *indices)
B2 oMz view WIZH % indices e T XA EVHEBEZIIS L £ 3, indices 1 view->ndim fHD A >~
T v 7 AR AEHETE L TWRIFIUER D FH A

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
HiE T 5 len N4 b & buf 5 view WA —LUETF, fort IZI& 'C' 2 'F' ZIEETEET (%ﬂ
ZH CEFBEARALZ AL Fortran A XA VDIEFEZRLET), MIHFHTIE 00 =7 —FITE -1 2K
9,

int PyBuffer_ToContiguous (void *buf, Py _buffer *src, Py_ssize_t len, char order)
sre 5 len N4 M ERHEFERET buf Rica¥—LU% 3, order 13 'C' £/ 'F' £ 'A (C X
2 A JVIEFF ¥ 721 Fortran A X A VIEF 7212 SL) BIEETEE T, BIIL7zH 0 AHRD, =
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S—7 5 -1 pHED F9,
len |= src->len DG, ZOBIEIIEKL 3,

void PyBuffer_FillContiguousStrides(int ndims, Py_ssize t *shape, Py_ssize t *strides,

int itemsize, char order)
strides BLA & itemsize DR E S DM NA PHALD, shape DIE% LTz Efi7 (order 53 'C' 7%

5 C-style . 'F' 7 5 Fortran-style ®) ZXJthisl & L TH®D 5,

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/ - 7-F ZIAAF] /AR DFRETRHT E2 Ny 77V 7T X M 24U

HLUET, buf BFFSHELAAL FOYE LTHRENET,

flags BIBUI Y 72X D& A THRLET, ZOBBUK. buf FAM LEHLIEEZhTOVT, flags
\Z PyBUF_WRITABLE D&E SN TWIRWIRD | HIZT7 7 7ITHRE S NED T view ZHD T,

R U7z & Zid, view->obj 1T exporter NDFILWESREZFREL, 0 ZIRL T, KWL L 213,
PyExc_BufferError M L. view->obj I NULL ZFE L. -1 2R L ¥T;

ZDBEE getbufferproc D—ERE LTH I EEITIX, exporter I T AR—1+ 3254727 MK
ELRTNUIZR ST, 51T flags EEFRFTIEIRIFUIRD £ A, £ TRWIEEX, exporter
& NULL TZRIFUIRD ZE A

7.7 dWN\w o7 77OR3IL

N—=T a3 ¥ 3.0 TIEHELE.

Z s DRFNE, Python 2 @ Moy 7 7> 7w b ai) API O—E8C3, Python 3 Tk, 52D 7w b
IUVIFELEFEAD, 2x Oa—FEBHELSL TV S IKBEEEAMEINTWES, LWy 7770k
J)L e EFEDDH 25 v R—FRDO XS CRAFBOETD, Ny 7y BT/ AR—- XD ZICHREEH
20— 204 ZER T2 L3 TEFHA,

WoT, H2A TV bDNy 77 2a—%2HUSFT 57D, PyObject_GetBuffer() (b LIF yx B&K
O wx 74—y bO—F T Pydrg_ParseTuple() RZDMHME) ZMUOH L, Ny 77 a—%2@RT 5L
%|21X PyBuffer Release() ZWUH L £,

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
NFR=ZADANE LTHER 25AH LEHAXEY LOMBADRA VX Z2RLET, obj 51EUIH—
CTRYIDOBRDILTNY 774 VBT 2 — AP R— b LTOWRFIUIRD FH/A. BIITHL 0
iR U, buffer & X €V DOMEI, buffer len 2Ny 7 7 DRIIICHELET, T7—DfFIiE -1 %
B L. TypeError Zt v F LET,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize t *buffer len)
EEDOTF =22 ND R AL LEHADAEY FOMENDRA Y EZZIBLET, obj 5IEITHE 17 X
VIR BFBMAHLUAIEENY 774 VX 72— A% HR— b LTOWRITIUIRD FXA, BT 5L
0 ZiR L. buffer & XEV DMBEIZ, buffer_len Ny 7 7 DRIWCHFEELE T, T7—DFITIE -1
%R L. TypeError %t v b LT,
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int PyObject_CheckReadBuffer (PyObject *o0)
0o ME—E XY bR BHMAHLATRENY 774 YR T7 2 — X% K= F LTWVWIHEIC 1 2R

LEd, TRLUOEEICIE 0 2B L ET, ZOBBEHICHIIL X7,

ZOBBUFR LTy 7 7 OER L BIREITV. 202t is s 2 B OO H LHSkE Z 2 fil4h
WHEN2 Z L IFERELTAEI WV, L7 —2WE ST SITE. PyObject_GetBuffer() Zfb DI
fioTLZ&Ww,
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

FZALTBERATY LOMENDREA Y EZEIBRLUET, obj 5I8UTH—E XY P HRBZ TNy
T7 AR I z— AP K= bPLTORITINUERD FRA, BIT5L 0 BRBL., buffer EXEVD
BT, buffer_len Z Ny 77 DRIWCHELET, =7 -0 -1 ZiKE L. TypeError Zt v b
LE7d,
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Bf+7J2 x4 b (CONCRETE OBJECT) L1+

ZDETIE, FFED Python 7Y = 7 MIEFOBEBIZOWTIERTVWE T, 216 OREFICRHLE > 7280
FI7I 27 P EETDIIRVWEZTIEHD FXA; Python 7027 I 600D F 7Y 27 2% -
eE ZOFATI 2 MHBELVHIZR > TV E2HEELZ D TRVDORL, 38T = v 7 2{TORITN
BRDFEA; FIZR 2479 =7 FHEEERDPFAXRSBITIE, PyDict_Check() ZHVWET, ZOERI
Python 4 7Y =7 MUIBIF 2 7 KK 1o TSN TVWE T,

EE: ZOETHERNTOVIEBE, EXNAT7P 27 bOREFERLS Fzv 7 LIET2300, £
COBBUIEINT-F TP 27 B3 ERR NULL RO ENRA TSI 27 b edbhEFv 7 LERA,
INHDOMEBIC NULL #EXETLES &, BBEX TV 772 RENRERI LT, 4 X 7Y X ERIE
KR TEXETLES XTI T,

8.1 XA 72 1Y bk (fundamental object)

Z OHiTIE. Python OBIA 7Y =2 F ¥ ¥ )L b > (singleton) 7Y = 7 b None IZDWTHNE T,

8.1.1 BATIS Uk

PyTypeObject
HAABZ LR T BFICHWO NS, A7 =27 P 2RT C MERTT,

PyObject* PyType_Type
A7 227 VEGOHA T 227 T Python LA YIZBIF 3 type LRI LA T =7 M T,

int PyType_Check (PyObject *o0)
ATV o AT 2T POBRTHZRLET HEMNA 7Y 27 b oIREL Y T XA
TDA VAR YA ELET, ZOMDGEITEBEERL FT,

int PyType_CheckExact (PyObject *o0)
A7 b o BUATY 27 POGEREZELET, BNV 724 TOBEEIEAEEA. £
DOMMDGEIIEEIR L E T,
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unsigned int PyType_ClearCache ()
NEOMEKRF v v > 227 V7 LET, BEDON—Ya VYR I72RLET,

unsigned long PyType_GetFlags (PyTypeObject™ type)
type DAY N—TH5 tp_flags ®IRLET, ZOBEIIEANIC Py LIMITED API %#E#LT
e Z2BEELTVWET, ZREFAD T 5 270& python DEZRZ VY — A TRELTWDS I & EEE
SNTVETY, tp_flags BERIZRE SN APIO—HTIED D $E A,

N—Ta ¥ 3.2 TEM.
N—=Yar 3.4 TEHE: RDHEDTN long T4 < unsigned long 24 Y ¥ L7z,

void PyType_Modified (PyTypeObject *type)
NEDOBRF v v a®k, 2D type EITRXTOY T XA SR LU TENMZLET, DI type
DEMEPERIES 7 2AFN 2 EH L7H L ICFHTHPFOH I RITUERD £8 A

int PyType_HasFeature(PyType()bje(’t *o, int feature)
AT 2T b 012, BIRERE feature DRREIN TV BHEICEERRL T3, BHEREIISAH—E v b
D777 TRINET,

int PyType_IS_GC(PyTypeObject *o0)
RATY 27 b5 o PERSBEMREEZ Y R— P L TOIEEICERERLET; ZOBBIEIKEY -2
Py_TPFLAGS_HAVE_GC DRENREZF = v 7 L %7,

int PyType_IsSubtype (PyTypecObject *a, PyTypeObject *b)
a7b§b®4f7§?4 700) III u,\% Lij—o

ZOBBIEEBROY T IR % F 2 v 7T B TT, D% D, __subclasscheck__ () & b IZXF LIE
BN FEH A, issubclass() YA UF = v 7 %3 3121 PyObject_IsSubclass () ZMATL X W,

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. 2473 =27 2D tp_alloc TNFT BT 2V v I NV FITY,
Python DF 7 4L FDAEY 7RI — b XIZ XL BFoTHLWA Y AZ YR E7ar—F L, ¥
NTONE% NULL THIHIL L £5,

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. B84 72 27 b D tp_new WNFT 22XV v INY FFTT, B
tp_alloc ARy PEfHoTHL WA Y AKXV ZZERL £55,

int PyType_Ready (PyTypeObject *type)
AT 27 bDT7 74 F 74X &IT0ET, ZOBBRIETOA T =7 b THIILE R T 525729
WO N2 TR b 8 A, ZOBEE. BIKS 7 2B ofR L7-2ay b 2MATY 22 b
WIBMS 2&EABHD 3, BILAHEIIZE 0 ZIRL., =7 —DHEIIE -1 2R L THSMERZ 3
ELET,

void* PyType_GetSlot (PyTypeObject *type, int slot)
Hzohizzay MTHEMHEN TSR A 22K L %9, B DEA NULL OFEEF. Ray by
NULL %> BEBOIAIEZRSI TN Z 8 2R L 5, @, O LANGE D ED KA > X %2 EY]
RN X Y A M LET,
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See PyType_Slot.slot for possible values of the slot argument.
An exception is raised if type is not a heap type.

N— 3 v 3.4 TEM.

Creating Heap-Allocated Types
The following functions and structs are used to create heap types.

PyObject* PyType_FromSpecWithBases (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.

This function calls PyType_Ready () on the new type.
N—a v 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 PyTypelbject.

tp_titemsize.

int PyType_Spec.flags
Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeclWithBases () sets it automati-
cally.

PyType Slot *PyType_Spec.slots
Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.

PyType_Slot

Structure defining optional functionality of a type, containing a slot ID and a value pointer.

int PyType_Slot.slot
A slot ID.

8.1. EXFT 1/ k (fundamental object) 99



The Python/C API, V1) —X 3.8.18

Slot IDs are named like the field names of the structures PyTypeObject, PyNumberMethods,
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 using PyType_Spec and PyType_Slot:

e tp_dict

e tp_mro

e tp_cache

e tp_subclasses

o ip_weaklist

e tp_print

e tp_weaklistoffset

e tp_dictoffset

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.

void *PyType_Slot.pfunc

The desired value of the slot. In most cases, this is a pointer to a function.

May not be NULL.

8.1.2 None A7 x ¥ b+

None &X' % PyTypeObject i&. Python/C APl TIXEHEAHINTOWARWVOTHERELTL 2 &V, None
FHET (singleton) DT, A 7Y =27 bOFE—ET A (C TR ==) 25 ITHIELLTT, FL
M2 &, PyNone_Check() BAXIIH D £ A,

PyObject* Py_None
Python {281} None A 7Y x 7 M T, ERRVWILERLET, ZOF TV =27 MIEAY v FH
HHERA, SEBAITY MZOVTIE, 20X TP 27 2D A T =7 b RIS DEDH D
S
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Py_RETURN_NONE
C BAED & D Py_None DR Z YN NE T, (24U None DBEAV Y bR A7 YRV PLT
BELET, )

8.2 HERA T ¥ k (numeric object)

8.2.1 BEEA T U I (integer object)

FTRTCOEBIIMEEDOREZHD long” B L L TEEINET,

I —DiEEEB L, [FLALD Pylong_As* API i (return type)-1 ZRL 32, ZHEEUEE Roir
P EFERA, RPTZMT 2729121& PyErr_Occurred() Z{fioTL7Z2E W,

PyLongObject
2D PyObject DY 7 XA FIBFINE RT3,

PyTypeObject PyLong_Type
Z®D PyTypeObject DA ¥ A& ¥ Ald Python BRI 2RI L £3, Z4UE Python LA ¥IZBIF 3
int AT =2 FTT,

int PyLong_Check (PyObject *p)
518D PyLongObject »» PyLongObject DY T RA TDE FIWCEEZRLET,

int PyLong_CheckExact (PyObject *p)
518D PyLongObject BT, D PyLongObject BDY 7R A FThne ZICEEZRLET,

PyObject* PyLong_FromLong (long v)
Return value: New reference. v 2> &Hi727% PyLongObject A 7Y =27 M EER L TRLET, KK
Dr FZE NULL 2R L %9,

HEDREETIZ, -5 55 256 TTOERTOEBBITT 2B A 7Y =227 oS ZRET 2 X51CL
TEDH, ZOHFAOHELERT S, ERICEEFEDOA T 27 NIRRT 2BMINRES X512k oTW»
$9, WoT. 1 DEZZEZSZETHAARETT, ZATLEo%HED Python OEFNIRERTS
=)

PyObject* PyLong_FromUnsignedLong(unsigned long v)
Return value: New reference. C @ unsigned long »5¥i727 PyLongObject 3 7Y = 7 F &K
LTRLES, KL ZFKICIE NULL 2B L £95

PyObject* PyLong_FromSsize_t (Py_ ssize_t v)
Return value: New reference. C @ Py_ssize_t B» S Hi727% PyLongObject X 7Y =7 » 4K
LTRLET, KBD L 21213 NULL 2R L £73,

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. C @ size_t B H#1727% PyLongObject 7Y = 7 M RAEKL TR
LET, KDL 21213 NULL KL E3,
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PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. C @ long long B #7272 PyLongObject A 7Y =7 MRAEML
TERLET, KDL Z2ITId NULL Z2RL %9,

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. C @ unsigned long long 7 &¥i/=7% PyLongObject 7Y =2
FEAERLUTRLES, KRRO L 21213 NULL 2K L £9,

PyObject* PyLong_FromDouble (double v)
Return value: New reference. v OFEEEERD /272 PyLongObject 7 7Y = 7 b RER LU TRLE
T, KDY ZITE NULL IR L %3,

PyObject* PyLong_FromString(const char *str, char **pend, int base)

Return value: New reference. str DX FHUEICTEDNT, Hilz/ PyLongObject R L ET, ZTD
L& base BERBE UTXXFHNEMRNL £3, pend 23 NULL THRWEHEIX, *pend & str FTEHMNE
BHENTWBEALIFEDORELFDO7 FLRERRLTWET, base 23 0 DHFEIL. str 1 integers D
EFEEM->THIRINET; ZOHETIE, LHIC 0255 0 ThVTERIZ ValueError Zi#H L
%9, base B3 0 TRIFAUI. base 1& 2 DAL 36 LT TRITNIZRD FH A, KBHDOZEH, BEHD
FREORPBTOMIIH 2H—D7 v X -2 a7 3RS E T, HEHERWEE, ValueError
MEHEIhET,

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\WA X A )LD Py_UNICODE API O
—H8C3; PyLong_FromUnicodeObject () ZAHERT 2 XS ITBITLTLZ& 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— ar 3.3 TE.

PyObject* PyLong_FromVoidPtr (void *p)
Return value: New reference. KA X p 25 Python BEEEZERL T, R4 ¥ XDfHEHIX
PyLong_AsVoidPtr() %M L7zfiR,A LIRS N E T,

long PyLong_AsLong (PyObject *obj)
obj WERFT, C D long REEIRLET, dL obj 2 PyLongObject DA Y ARV ATHRIFIE, %
3. FD __index__() AV v FHBZWE __int__() XV v F%Z (HLHAUX) MUHLT, A7V =
7 b % PyLongObject WAL £73,

b L obj DD long DHEIFASNTHAUR, OverflowError ZiEH L E T,

II—PEZFLLEIC -1 ZRLET, AT 2T 27%9D121& PyErr_Occurred() Z{fioTL 72
SV,

N— gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k L

N—=Ya ¥ 38 CHHEEE: __int__ () OEAIZIFHELRE TS,
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long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)
obj 3FKT., C D long RHFZRLET, L obj » PyLongObject DA Y ARV ATRIFIE, ¥
3. ZD __index__(O) XYy FHBZWIE __int__O XYy F& (B LHNL) FIHELT, A 79 =
2 b % PyLongObject WML £,

% L. obj DFEA LONG_MAX XD KZ\WA, LONG_MIN X h/NXFiuE, *overflow &, ZhZh 1 2»
-1 WKERESIN, -1 ZRLET; IH2TIUL foverflow 1X 0 WICHESINE T, L. 1 Z0DOHIHFH
ELEGEE foverflow 28 0 ICRREEN -1 ZIRLE T,

I7—PEELLEIC -1 ZRLET, AT 2 272D121& PyErr_Occurred() Zffio>TL 72
W,

N—Yar 3.8 TEH: AJRETHIUEX __index_ () 2S5 XS5k F L
N—ar 3.8 CTIEHEE:  _int () OFEAZIEHERETT,

long long PyLong_AsLongLong ( PyObject *obj)
obj HEKF. C D long long RHZIELET, HL obj 2 PyLongObject DA ¥ ARV A TRITH
. EF. 2D __index__() XV v FHBZWE __int__ () XY v P& (3 LHAR) LT, &
7Yz M% PyLongObject WCEHAL £,

b L obj DfEAS long long DHEIPHSNTHAUK, OverflowError XM L £7,

II—PEELLEIC -1 ZRLET, A2 27%9D121& PyErr_Occurred() ZffioTL 72
W,

N—a v 3.8 TEH: A[ReTHUE __index_ () 25> XS5k E L7

N—a v 3.8 TIE#ER: int () OFHZIEHEETT,

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)
obj WEF. C D long long RBIZIELET. b L obj ° PyLongObject DA ¥ A XY ATIRITFH
E. F9. 20 __index__ () XYV v FHBZWE __int__O) XY v F% (HLHIUR) MEHL T, 4
7Yz b% PyLongObject ICEHL 3,

% L. obj OfEAY PY_LLONG_MAX & D KZ WA, PY_LLONG_MIN X h/NXFUR. *overflow &, ##
ZR 2 -1 ICEEIN, -1 BRLUET; T RFIUL *overflow 1F 0 ICRESINFE T, dL. Id»
DEIANDIFE L 7235E1E *overflow 25 0 WEREST -1 ZIRLE T,

I PRI X2 -1 ZRLET, AOTZ2MNIT 272DI121E PyErr_Occurred() - TL 72
éL\O
N—a v 3.2 TE.

N—Yay 3.8 TELH: A[RETHIUT __index_ () ZFHIS k5 FEL=

N—=Ya ¥ 3.8 CIHELE: __int__ () OEAIZIFHERE TS,

Py_ ssize t PyLong_AsSsize_t (PyObject *pylong)
pylong %3 C @ Py_ssize_t ZIRL %73, pylong & PyLongObject DA ¥ AR Y A TRIFIUIR
DEEA.
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% L pylong DfED Py_ssize_t O#HiIPHITHAUL. OverflowError ZiEH L £,

ITo—PEELEEIC -1 ZRLET, APT 2 3729121& PyErr_Occurred() Z{fioTL 72
W,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
pylong %#3&$ C O unsigned long %R L %79, pylong & PyLongObject DA Y AR ¥ A TR
372D FHA.

b U pylong OfEH unsigned long DH#IMHATH AU, OverflowError ZiEMH L £3,

I7 - E 72 22 (unsigned long)-1 ZIRL %9, BTV 2 5 729121& PyErr_Occurred ()
%{%OVC < fgé L\o

size_t PyLong_AsSize_t (PyObject *pylong)
pylong KT C D size_t BB L F T, pylong 1& PyLongObject DA Y ARV A TRIFIUIZD F
Ao

b U pylong DED size_t DHIPHSN TH UK. OverflowError ZiEH L F3,

I —DRELE 2T (size_t)-1 R L E T, A 2T 272DI121& PyErr_Occurred () %o
TLEENW,

unsigned long long PyLong_AsUnsignedLongLong(PyObject *pylong)
pylong 33 C @ unsigned long long %R L 3, pylong \& PyLongObject DA Y ARV AT
2R D TR A

b LU pylong Ol unsigned long long DHiPHSTH UL, OverflowError XA L E T,

I 5 —A# E /¥ 212 (unsigned long long)-1 Z R L ¥ 73, Aoz skdizid
PyErr_Occurred () Zf-TL7Z&E W,

N—Tar 3.1 TEE: & pylong ZHE L7zFFIC TypeError Tl {. OverflowError %k 5 %
ok EL,

unsigned long PyLong_AsUnsignedLongMask ( PyObject *obj)
obj 73K F. C @ unsigned long KEAZIRELET, b L obj #% PyLongObject DA Y AKX Y AT/
X, £33, FD __index__ () XV v FHBZWE __int__() XY v FZ (b LHII) MOHEL
T, A7V x 7 b% PyLongObject WICEMILET,

obj DAY unsigned long DHEIPHD HHAN TV EIE. ULONG_MAX + 1 ZiEe LARIREZIEL
£9,

I - E/ L 2T (unsigned long)-1 ZiRL £, A2 % 70I2l& PyErr_Occurred()
Zfio TV,

N—=Yay 3.8 TEHE: AJRETHIE __index__ () ZMFS> L5k hFEL%
N—Tar 3.8 TIHHMEEE: __int__ (O OMHAHIZIHHERETT,

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)
obj 3% $. C @ unsigned long long HIAXIRLET, b L obj B PyLongObject DA VAR Y
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AT, £3. 20 __index__ () XYy FHZWE __int__ () XV v FZ (b LHII) L
HLT, £7Y =2 b% PyLongObject IZEHL T,

obj DfEiAS unsigned long long DHIPHAN SN TV EX. PY_ULLONG_MAX + 1 Zik& L 7%
RERLET,

T 77—k X7 X2IZ (unsigned long long)-1 R L E T, AT x5 LdiciX
PyErr_Occurred() 2o TL72E W,

N—Y g 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k L

N— g v 3.8 TIE#ERE: int () OFHZIEHERETT,

double PyLong_AsDouble ( PyObject *pylong)
pylong KT C @ double ZIRL 3, pylong 1& PyLongObject DA Y ARV ATRIFIUIZD F
A,

% L pylong DIED double DHIFHSTHAUL, OverflowError XM L £,

I —HMRERZEEZFIC 1.0 ZRLET, RO 2MNT570I121& PyErr_Occurred() 2o TL 7%
W,

void* PyLong_AsVoidPtr (PyObject *pylong)
Python OEHIZIET pylong . C @ void KA ¥ XITEHL £ 3, pylong ZEHLT Z T,
OverflowError #EH L E T, ZDORRUX PyLong FromVoidPtr() TEZERT 2 & 212> X5
7% void KA Y XRUZERTE 57T TT,

I E L FIZ NULL 2R L9, BT 2T 2791203 PyErr_Occurred () 2o TL 72
X,

8.2.2 Boolean #7>x7 b

Python @ Bool B3 DY 77 5 A LTHEEINTVET, 7L HODfHEIE, Py_False & Py_True O
2O0LHD ERA, o T WEDEMHIFREEIZ 7 —ABIEHTIEED P A, 2IFVR, UTO=
ZuhHHTEET,

int PyBool_Check (PyObject *o)
o 7% PyBool_Type DIGFHICHZIRLE T,

PyObject* Py_False
Python 128J 3 False A 7Y =227 FTF, ZDATV =27 MIAY v FEFFLEHA, SBITV Y
FOETIE, MDA TY = b EEBRICIR S BEXDH D $F,

PyObject* Py_True
Python I8} 2 True A 7Y =27 b TF, ZDATI 27 MIXY v FERbERA, ZRAIV VT
DHETIE, MDA TV =7 b EFERRICR S BEDD D £7,

Py_RETURN_FALSE
Py_False (SHYIRBIAI TV v DA V7 VXY F2fT-oT, BB ORI DO 0T,
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Py_RETURN_TRUE
Py_True ISHEYILSBEAV >V F DA V7YXV b 2IToT, D SRTDDYIBTT,

PyObject* PyBool_FromLong(long v)
Return value: New reference. v OMHEIZIE U T Py_True ¥ 721 Py_False "OH LWSIREIR L
ESa

8.2.3 FHF/HMSB AT U b+ (floating point object)

PyFloatObject
ZD PyObject DY 7 XA 71& Python HE/NIRA 7Y =27 P2RBRLET,

PyTypeObject PyFloat_Type
Z®D PyTypeObject D4 ¥ A& ¥ Ald Python FEI/NERMZRBLL £9, 243 Python LA Vi
BlF 3 float EFRLA TP =22 FTT,

int PyFloat_Check (PyObject *p)
518D% PyFloatObject »» PyFloatObject DY T XA TDY FICHEZRLET,

int PyFloat_CheckExact (PyObject *p)
518D PyFloatObject BT, HD PyFloatObject MDY T2 4 ST ZWZEZIRLE T,

PyObject* PyFloat_FromString(PyObject *str)
Return value: New reference. str DX FFEZ b LIT PyFloatObject A 73 =7 P 2AEML 3,
RS 5 e NULL ZiRL %9

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. v 2>% PyFloatObject # 7Y =7 b EAERL GRLET, KT 5L
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
__float__() method, this method will first be called to convert pyfloat
into a float. If __float__() is not defined then it falls back to __index__(). This method returns

point object but has a

-1.0 upon failure, so one should call PyErr_Occurred() to check for errors.
N—Yar 3.8 TEHE: a[fEThHIUL __index__ () ZMHS> LXS5 kb Tl

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIEFTMEZ. C @ double BERBATRLETH, T7—F v 72TV EEA,

PyObject* PyFloat_GetInfo(void)
Return value: New reference. float OFEE., F/ME. RAMEICE T 2168 % &1 structseq £ ¥ A&
YAEBRLET, ZHUI float.h 7 7 A LDV T v =TT,

double PyFloat_GetMax ()
float DRIATE ZHMARME DBL _MAX % C @ double BITIEL £7,
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double PyFloat_GetMin()
float DIEHL XN/ NDIEDIE DBL MIN % C @ double BITIRL %7,

int PyFloat_ClearFreeList()
float @ free list 227 V7 LET, MRTERDP o774 T 282 ELET,

8.2.4 ERPA T U b (complex number object)

Python OEZHA 7 27 Mid, C API il /A2 ZoflEoMy LTHEIATVET: —AIX
Python 71275 2 L TABENTWS Python 4 7Y =7 b T, FIIEBOERELEEZRIT S C
DREEARTS, API TR, THhoM5 25 BREREL TWET,

C B&ke L TOEER

WHEBD C MEFRZFe LTRALED, ROEE LTRLAED $2B80E. KA Y XELZITS DT
%< fEEL 2175 DTHEREL TSV, THUd APT 2 Z2@L T-HLTVET,

Py_complex
Python #EHA 72 = 7 b DEOHFHDIIHIGT 2 C OMEKRTY, ERBA 727 M eif5 1R
A DBIRNE, ZOMORERZSEIISC TANRHAE LTHVE S, MEERIILITO X 5I12EE
SNTVET:

typedef struct {
double real;

double imag;

} Py_complex;

Py _complex _Py_c_sum(Py_complex left, Py complex right)
ZODERZFEBDOME C D Py_complex BITRL F35,

Py__complex _Py_c_diff (Py_complex left, Py _complex right)
ZODHRFEBDEE C D Py_complex BITRL FT,

Py__complex _Py_c_neg(Py_complex complex)
BHREL compler DKL C D Py_complez BITIRL ¥£735,

Py _complex _Py_c_prod(Py_complex left, Py complex right)
ZODHRFEBOHEE C D Py_complex BITRL 35,

Py _complexr _Py_c_quot (Py_complezx dividend, Py _complex divisor)
TODHEZERDEE C D Py_complexr BTITIRLE T,

divisor 73 null DFEF. TDXY v Rid¥r &KL, errno I EDOM v FLE3,

Py__complexr _Py_c_pow(Py_complex num, Py_complex exp)
T8 exp D num Fx C D Py_complex BITIRL 3,

num % null T exp DIEDEHTRVWIBEIZ, TDXAY v FiZ¥r%EIRL. errno IZ EDOM 2t v k
LEd.
8.2. H{EEAF T T/ b (numeric object) 107




The Python/C API, V1) —X 3.8.18

Python 721U b L TOERKE

PyComplexObject
Z D PyObject DY 7 XA Fi& Python DERFAZREL 7,

PyTypeObject PyComplex_Type
Z D PyTypeObject DA ¥ A& ¥ Aid Python OEHEFI 2RI L £3, Python L' 4 ¥ D complex
LRICATY =2 F TS,

int PyComplex_Check (PyObject *p)
5185 PyComplexObject Bl PyComplexObject BUDH TR A4 TD L ZIZELRLF T,

int PyComplex_CheckExact (PyObject *p)
518D PyComplexObject BIT, 2D PyComplexObject BADH TR A I T ZICHERL ET,

PyObject* PyComplex_FromCComplex (P _complex v)
Return value: New reference. C @ Py_complex T & Python OEBHMEEZEKL F3

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. ¥17z7% PyComplexObject &7 =2 +% real & imag D HERKL
£7,

double PyComplex_RealAsDouble (PyObject *op)
op DFEEFE 7% C D double M TIERL 7,

double PyComplex_ImagAsDouble (PyObject *op)
op DEFF % C D double B TIRL F5,

Py __compler PyComplex_AsCComplex (PyObject *op)
BEEME op 205 Py_complex BIEAERL 5,

op 78 Python DEFREA TP =7 b TIERWA, __complex__() XV v FEFF-> TWIGA, TDX
Vv ROBEANIIAL. op 5 Python OEFA 7 = 7 MIEMXNFE T, __complex__() DER
ENTOVRWEEIX, _ _float_ ) K73 — Ny Z7EXNET, _float__() PEZBEZINTWVWARWYE
Al __index__ (O K74 — Ny 7 EINET, WHIKKLIZGEIZ. TOXY v FIZEHD -1.0
IRLUET,

N—Y gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k b L
8.3 =7 2VRXFTT TV b (sequence object)

S VRAFT TV 27 T BRI OWTIRRTIDET T TIRABRE L, 2T, Python
SEICB B HDOo TVWAREDY —r Y AF 7V 27 MIZOVWTIRWE T,

108 % 8E BRATI U I (concrete object) LY



The Python/C API, V1) —X 3.8.18

831 XM kAT U b

TROBEIZ, N AT 27 PRIIRFLTWSGIBUTANA P AT 27 FTROVSTI XX EHEE L TG
H&ih &, TypeError Z#EHL 3,

PyBytesObject
2D PyObject DY 7 XA Fi&, Python XA v AT 27 b ERLET,

PyTypeObject PyBytes_Type
2D PyTypeObject DA ¥ AKX ¥ A&, Python N4 FMl%ZRL £7; Python L' £ ¥ D bytes LA L
FT7Y =0 T,

int PyBytes_Check (PyObject *o0)
FTT2T b 0DBANL P ATT 27 v, T bytes DY TR A TDA VARV RATH BIHEI
HzZELET,

int PyBytes_CheckExact (PyObject *0)
FTI2T b 0BANAL FATI2 7 P THD, 2D bytes BIOY T RA TDA VARV ATRWIGE
WEEZRL X,

PyObject* PyBytes_FromString(const char *v)
Return value: New reference. SN, SXFEH| v DAV —2EETIHLWAL VA TS =27 b %
L. REEFIC NULL 238 LE S, 518 v X NULL TH o TR D FHA; 2OF v 73 fTbh %
A,

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. JRMIRHC, XFH| v DA —%2EHL T2RE len DF LWL M4 T
V7 bEIREL, KEIFIZ NULL 2R L %3, 518 v 23 NULL O5E, A M A7 =2 + OH5IEA)
HtanTnERA,

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. C BI${® printf () A XA ND format XFH| & AIZER D5 BZHLD |
FERD Python XA b AT I 27 OV A X% E L, HEEELFRC LD o TEH LN A b
FTO 27 VERLET, AIZRD5IEIE C 07 —XBTRITNIE ST, format XFHIFD T + —
~ v MXFHECEEM A TORTERD ER A, TRRO 7+ —<y NXEMNMFHATE T

8.3. =T YRATT IV I (sequence object) 109



The Python/C API, V1) —X 3.8.18

sEEEXF | B &

%h n/a VT ILD % LF

%he int C OEBIITREINZH—D A b,

%d int printf("%d") LFFETT, *!

%u unsigned int | printf("%u") ¥ [, *!

%1d long printf ("%1d") ¥ [[%E*!

%1lu unsigned long | printf("%lu") ¥ [A%,*!

Y%zd Py_ ssize_t printf ("%zd") ¥ [[%F*!

%zu size_t printf ("%zu") ¥ [E%F*!

%1 int printf ("%i") ¥ [A%F*!

%x int printf ("%x") ¥ [EZ*!

%s const char* null THIRX Nz C OXXFF,

hp const void* C KA v &RD 16 #ERKFL, printf("p") LIFLAXHELTT
M. Ty R T+ =BT B printf DERICED D 2 SeEE
V70 0x D EET,

WA TERWERIEELTF DD - 7255, B OERALFINIZOEFHEROA TV 27 Micar—X
., B o5 BZERIRET,

PyObject* PyBytes_FromFormatV (const char *format, va_ list vargs)
Return value: New reference. b & 5 ¥ 2 D051 %S Z ¥ ZFR\\WT, PyBytes_FromFormat () ¥
R T,

PyObject* PyBytes_FromObject (PyObject *o)
Return value: New reference. Ny 77 70 halZRETEEF T2 b 0o DAL FREZIKRL
S

Py_ssize t PyBytes_Size(PyObject *o0)
NAMFTTO2I 1 0 DN FEADREZERLET,

Py_ssize t PyBytes_GET_SIZE(PyObject *o)
PyBytes_Size() #~7 B TRELLDBDT, TI7—F v 7 ERITVERA,

char* PyBytes_AsString (PyObject *o)
0 DFHANDKRA Y REBLET, KA VXL len(o) + 1 N b3 0 DNFANY 7 7 2SR
LET, U null DAL 2B Z0E 5002053, Ny 77 DEREDNSA MILT null i2kD
%7, PyBytes_FromStringAndSize (NULL, size) THMRINLHZEZRVT, T —XZEELTE
D ERA, FTRA Y REMM (deallocated) LTIERD EHA, DL, 02 bytes 792 bT
2 HUR, PyBytes_AsString () 1% NULL #3iR L TypeError %#%H L ¥3,

char® PyBytes_AS_STRING (PyObject *string)
PyBytes_AsString() <27 B THEELLDDT, TI7—-F v 7 R{TVERA,
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int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
obj ® null #¥mIN/=h %, HIHDOEE buffer & length N L TRLE T,

length DIED NULL DIGE. N AT 227 b2 null AL FEEERWAREESR DD T, 208
. BI¥Z -1 2R L. ValueError ZEH L 9,

buffer 1% obj DN ANy 7 7 ZZHIL TWT, ZHUCIEIKRED null N4 PHEFATVET (THhiF
length I3 Z 5N EVA), A7 =7 b PyBytes_FromStringAndSize (NULL, size) THHK
SN EZRNT, MDD THT—Z2HEL TUIWITFEA, A7 =7 + 2K (deallocate)
LTHWITFERA. obj 3 bytes 7Y =7 M Thhro75E1d. PyBytes_AsStringdndSize () 1%
-1 %R L TypeError ZiEH L £7,

N— 3 ¥ 3.5 TEH: DA bytes & 7Y =27 MZXANA bHDAEN TV & ZIZ TypeError
ZREHLTOVE L,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
newpart DNE%E bytes DEAITHFE L ZHI L WAL AT 27 b % Fbytes ITER L FT, MOH
LEARIFT LWSRBEFIE L E T, bytes D WEOSRIZBENE T, dLFILVATI =7 FOVER
TERWEE, B bytes DSIRISHEI N, *bytes DIEIX NULL IZFE XN E T @Y FIANDEKE
EhET,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
newpart DNE% bytes DEAITHIELZFH LWL MAT T =27 % Fbytes ITERLET; OB
BUZ. newpart DBBAIV Y ET I VXA LET,

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

AR 7 ZAHEARERE (immutable)” BANAL b AT 7 bR VYA T BHIETT, ERENZIEDD
DNAL A TI2 7 MZDAZNREL IS LTLEE W fioa— FTITTIMEAIR TV SAEEHED
HBENA AT MZFRLTEWTERA, ANNENIANL M TD 27 FOBRAT Y M1
TRVWHA, OB —1Ch$d, AEL LTHES 3 (DX D EZAAARER) N4 A
TPz DT RUVAZZIIERD ., LA X2ERL 3, BMYIFRTIE. fbytes &V A4 X &Nz
NAMFTO 27 MR L, 0 BRI NET; *bytes DT FLRARZANEINBO7 LA B3
HHLNEEA, HEID YT (reallocation) 23R L 7235E. *bytes DITLAFEL T LN, P ATV =
7 N EMRRL. *bytes % NULL IZ3E L. MemoryError Zi%E L. ZL T -1 2HRENE T,

8.3.2 bytearray 771V k

PyByteArrayObject
Z D PyObject DY 7 XA 7iE Python @ bytearray 7= 2 2RLET,

PyTypeObject PyByteArray_Type
Z D PyTypeObject DA ¥ AKX ¥ A&, Python bytearray % R L ¥ 3, Python L £ ¥ TD
bytearray L[RILA 7Y =27 T,
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BFrvyovonO

int PyByteArray_Check(PyObject *0)
o 73 bytearray M F DY T RA TDA VARV AR > TGHICERRLET,

int PyByteArray_CheckExact (PyObject *o0)
o M bytearray A 7Y =2 T, 2OV T XA TDA VAR AT 212, EZRLET,

A14L 7+ API BE#

PyObject* PyByteArray_FromObject (PyObject *0)
Return value: New reference. buffer protocol Z REZELZEEDA TS =7 b o 5, FLW
bytearray 4 7> = 7 b R{ER L. IRLE T,

PyObject* PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. string & ZDEX len 2051 L\ bytearray & 7Y =7 b 2IRLE T,
KL 72358103 NULL 2R L £9

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. bytearray a & b Z#ifg L7z#ERZH L bytearray & L GEL X,

Py_ssize t PyByteArray_Size(PyObject *bytearray)
NULL RA Y RF v 7 DIRIT bytearray DY A XERUET,

char® PyByteArray_AsString(PyObject *bytearray)
NULL RA ¥ R F = v 7 DIRIT bytearray DNE% char FLFle L TGRLU T, BINBEHNICIX, &
WZRIT7% null NA FAEIENE T,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize t len)
bytearray DWENY 7 7% len NUH A XA LET,

<70
UTFo=7u0ld, B4V ZDF v 2B LRV I ZelrEHIc L TAY— FRBRELTVWET,

char®™ PyByteArray_AS_STRING(PyObject *bytearray)
PyByteArray_AsString() D7 AN—Ta v,

Py_ ssize_t PyByteArray_GET_SIZE(PyObject *bytearray)
PyByteArray_Size() D70 N—T a v,
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8.3.3 Unicode #7217 F ¥ codec

Unicode #7727 k

Python3.3 @ PEP 393 h 5, X €V MEZHER LA S Unicode XFDERZREHEZ/Z 5 & 512,
Unicode * 7Y = 7 MIPRNICZ R RN E AV TWE T, TRTOa—FEAL > A 128, 256 7=
1 65536 AT OSCFFNTH U TR 7 — ADTFEL 32, 20 TIda— FARA ¥ Md 1114112 DU
(ZHAUFFTXTD Unicode HPATT) TRIFIUIRD £ Ao

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

HWAPI 258 LW API ANOBATOE T, Unicode A 7Y =2 PONEORIEIZ 2@DHD %3, ZhiF
A7 27 POELRITICE o TIRED 5,

e 7 EHi72” Unicode * 7Y = 7 M., IEHEERETIZZ2W Unicode API TE I N72FTRTDA T =
FTFo ZNHDFATI 27 VEIEEPIHFITHLEDRDIMEBEORVWREEXEFHHL 3,

o "legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode()) and only bear the Py UNICODE* representation; you will have to
call PyUnicode_READY() on them before calling any other API.

FF: The "legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode

objects will be ”canonical” since then. See PEP 623 for more information.

Unicode &

LITi& Python @ Unicode FEEIZHW SN TWBHEA Unicode A 7Y = 7 ITT:

Py_UCS4
Py_UCS2
Py_UCS1
IhefhE, #heh, 328y b, 16y b, ZL T8 Yy POXFE2MREFT 2 DICHNRIELE
OB L OEBBID typedef TF, H—®D Unicode XFEW I HENE, Py_UCS4, ZAVWTL ZE W,

N—ar 3.3 TEM.

Py_UNICODE
ZAUX. wchar_t @ typedef T. 77 v F 74 —ARMKFLTI6EY F2 32y bOARICRD 5,

N—a v 3.3 TEE: Do N— a2 »Tld, Python Z BV F L7ZZFRIZ "narrow” £ 7213 "wide”
Unicode X—=Ya YD EELEBERLPICL-oT. 16 By b2 328y FOEEL2OTICHR > TV
L7

PyASCIIObject
PyCompactUnicodeObject
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PyUnicodeObject
INBHD PyObject DV 7 XA Fi& Python Unicode 7Y =27 + 2RI L %9, Unicode 7Y =
7 RS ETO API BIEIE PyObject ~DKRA ¥ R %EZIFH - T PyObject NDKRA ¥ XERTD
IFEAYOHBE. LB ERMSNETIEIDHD FEA,

N— a v 3.3 TEM.

PyTypeObject PyUnicode_Type
Z @D PyTypeObject DA ¥ AR > A, Python Unicode %R L £3, Z4UL. Python 2— NIz
str L LTEHEhET,

BUF D APT 1351213 C 27 2T, Unicode A 7Y 227 FAEDFHARD HEHF —RIZHT3F v 7%
7R AR ERIZITOE T

int PyUnicode_Check (PyObject *o0)
o %% Unicode XFHH 2> Unicode XFHNHMDY T2 4 T THD L ZTICEZRLET,

int PyUnicode_CheckExact (PyObject *0)
o 73 Unicode XFHNH T, 7D Unicode XFHNMDY 7 X 4 FTRVWE ZIZHEZERLET,

int PyUnicode_READY (PyObject *o0)
XEFHNA T =7 b o237 IEMR” REMATHZ Z e ZRIELE T, 2o~ rid, TTHHALTYL
2YD7 7RI/ RS L T ELIRD T T,

D =123 0 BB L, KDL 2IC3FNEREL -1 BRLET, BHFIE. AT VHEAIZKKL
722 BICRICEE R TWVWTT,

N— ar 3.3 TE.

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 XFFNDa—FKRA Y P TORIZRLET, o ld 7 EFL” REFAD Unicode 7 =
Z P TRINEIRDERA (RELFzv 7 ELERA)

N—a v 3.3 TEM.

Py UCST* PyUnicode_1BYTE_DATA (PyObject *o)

Py UCS2* PyUnicode_2BYTE_DATA(PyObject *0)

Py UCS/* PyUnicode_4BYTE_DATA(PyObject *o0)
XFIWER T 722X FT 572512, UCS1, UCS2, UCS4 DWIN»DORHBANIF v X b INTEMARR
BHEAANDRA V2 2R LET, EMBRADBEELRLTY A XK TWENESI02DF = v ZiEL
XA, PyUnicode KIND() 2o TIELWS 2702 RBATLEE, ZOF TV 27 N7 7ERT
BRI, BT PyUnicode READY() ZFENH L TL &0,

N— ar 3.3 TEM.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
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PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
PyUnicode_KIND() =727 B DR H{ETT,

N— ar 3.3 TEM.

Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND is depre-

cated.

int PyUnicode_KIND(PyObject *o)
Z @ Unicode 57 =X ZRIFT2DIC 1 XFH 7 DAINA Mo TWB2%RT PyUnicode FERID
EB (EZFTATLEZEV) D55 1D2%IBLET, old 7 EHR” REERAD Unicode 7Y =2 +
TRINIRD FRA (R LFzv Z7IELERA)

N—Y a ¥ 3.3 TEM.

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—a v 3.3 TEm.

void PyUnicode_WRITE(int kind, void *data, Py_ssize t index, Py UCS/ value)
IEMBRRE R 2o TWb (PyUnicode DATA() THUFL7) data THZAAF T, 2o rvid
EFENEDF = v 72 —0UTDRV, V—TTONZ7DDHDTT, HOHLANL, o< nzif
CHUTHIG L kind fEE data RA Y X2 F v v P2 TRXETT, index 1IXFHND (0EFH D)
AT v 7 AT, value \FZDEFIICEZAEND Z 2 IZRBI2FHLVI—FRA ¥ FDETT,

N—Ya ¥ 3.3 TEM.

Py UCS/ PyUnicode_READ(int kind, void *data, Py_ ssize_t index)
EMBRRBAEA L 2o T3 (PyUnicode DATA() THUFL72) data 225 32— KKA > b RFARD
F5, Fxv ZRHAMERO~Z vIEUH LIE—UiThbh g8 A,

N—Ya ¥ 3.3 TENM.

Py UCS/ PyUnicode_READ_CHAR(PyObject *o, Py_ssize_t index)
Unicode A 7Y =2 b o O FEHAMD £F, Zd Unicode 7Y =7 ME 7 IEfiR” KK
TRIFIUIR D FHA, MEDEK L THRARDIGEEICIE, 2D~ ald PyUnicode_ READ() £ DD
NI TT,

N—a v 3.3 TEM.

PyUnicode_MAX_CHAR_VALUE (o)
0 WEHDVWTHOXFHNEELDIHE L 72HmAKDI— FRA YV FEIRLET, 2D Unicode 7Y =
7 M7 IEHR” REEATRINUIRD A, ZOEIHEICHBEMETT D, XFHNREBE2HFHNS X
D BRRITT,

N—Ya ¥ 3.3 TEM.
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int PyUnicode_ClearFreeList ()

free list 27 V7 LET, MBHEIN-ERZRERLET,

Py_ ssize_t PyUnicode_GET_SIZE(PyObject *o)

IEHERED Py UNICODE RIGRDY 4 X2 a— FHEATERLET (IrF—bR7Z 2O LTVE
F)o 0% Unicode * 7Y =7 b TRIFIUIRD FHA (HELF = v ZIELEHRA),

Deprecated since version 3.3, will be removed in version 3.12: #W\ 2 & 4 LD Unicode API ®—%B
72 DT. PyUnicode_GET_LENGTH() ZfHT 2 X5 ITBITL T I W,

Py_ssize t PyUnicode_GET_DATA_SIZE(PyObject *o)

IHESED Py UNICODE RIREHKDY A X% A MR TIRLE T, o1& Unicode 72 =27 M TR
UERD EEA (7 LF 2y 23 LERA),

Deprecated since version 3.3, will be removed in version 3.12: &\ % 4 )L ®D Unicode API D—%B
R DT, PyUnicode_GET_LENGTH() %M T 2 X5 BITL T X,

Py_UNICODE* PyUnicode_AS_UNICODE(PyObject *o0)
const char® PyUnicode_AS_DATA(PyObject *o0)

EZoNTed TP =2 MO Py UNICODE RBITEANDERA Y EZ 2R L ET, BENE Ny 7 7I13%E
WIHSHIZ null 2— RRA ¥ b2 1 ORI TOET, 2R EFID null 2— FKRA ¥ b2y
T7ICEENDZZLd DD LNFEHAN, 20 T0D C BEETIEZD XS XFINIUIhEEd o
NTLESTL & 5, AS_DATA DFIEARA X% const char * IZF ¥ AP LTWVWET, 5/ o1&
Unicode 7Y =7 FTRIFNIRD FRA (AR LF =y Z7IELEEA)

N—=Yary 33 TEH: 2o/ iESTIRIENERDDICLDELL, EWVIDH, ZLDF—2A
T Py_UNICODE RBEAMNEZE . MEREINhF. Z L TRRLEET (BIS2iE L T NULL %
BLET), a— FEEIEL T, PyUnicode_nBYTE_DATA() ~ 2 u%ffi5 2 PyUnicode WRITE() %
PyUnicode_READ() Zffi5 X HIWT LT,

Deprecated since version 3.3, will be removed in version 3.12: #\WA & £ )LD Unicode API D—ER
72 DT, PyUnicode_nBYTE_DATA() RO~ 7 u %32 X51ITBITLTLZE W,

Unicode XF70O0/N7T+

Unicode 3% < DHEIR 2 XF T 187 4 (character property) L TWE T, X2 FET R
AT 4E UTFo<Z7aTHATEE S, 2hsD< 2 mid Python OREICIGE T, &4 C OBBISHIG
fFresntunEd,

int Py_UNICODE_ISSPACE(FPy UNICODE ch)

ch PRECFDE S MTIE LT 1 $71% 0 2B L £ 5,

int Py_UNICODE_ISLOWER(Py UNICODE ch)

ch DN FEPESPIZISECT 1 £21E 0 ZRL E T,

int Py_UNICODE_ISUPPER(Py UNICODE ch)

ch WRILEDPESI PG LET 1L /-3 0 ZRLE T,
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int Py_UNICODE_ISTITLE(Py UNICODE ch)
ch WEA b — ZAXF (titlecase character) 22 ¥ 5 2ZJE LT 1 £721F 0 ZIRL £ T,

int Py_UNICODE_ISLINEBREAK(Py UNICODE ch)
ch DEATFRE S PIIBL T 1 £ 0 ZELET,

int Py_UNICODE_ISDECIMAL(Py UNICODE ch)
ch 78 decimal XFNEI MG T 1L £23 0 ZRLET,

int Py_UNICODE_ISDIGIT(Py UNICODE ch)
ch 73 digit XFHESPITIECT 1 F2F 0 ZRLET,

int Py_UNICODE_ISNUMERIC(Py UNICODE ch)
ch F (numeric) XFHEIIIIHECT 1 $7213 0 ZIRL X T,

int Py_UNICODE_ISALPHA(Py UNICODE ch)
ch BT7NT 7Ry MXEPEIPIIGLET 1 £/ 0 ZIRLE T,

int Py_UNICODE_ISALNUM(Py UNICODE ch)
ch DEBOIFDESIPIIGUT 1 £213 0 ZIBLE T,

int Py_UNICODE_ISPRINTABLE(Py UNICODE ch)
ch DICFHENFRRER LT E D PITHEDONWT 1 F0F 0 2B L £ 3, JEHIFAIBESCFE, Unicode
XFF—&ZR— AT ”"Other” %721 "Separator” L EZZINTWVWBXFD, FHIFARELr Rirah3
ASCII space (0x20) DALDBDTF, (B, ZOXIRTOEFARELFIE. XFHNT repr O 23
HENZEFRXZRATF—TITRETRVWLFEDZ L TY, Z4UT sys.stdout X sys.stderr IIHEZ
AFENDFHNOHEL ZBMRD D A )

DUF @ APT &, EndICIEE T RRZT S eI b £ 9

Py _UNICODE Py_UNICODE_TOLOWER(Py UNICODE ch)
ch Z/NLTFIERL T2 b DZIBRLE T,

N— a v 3.3 TIHERE: T BRI BRI KO N T e o TR T,

Py _UNICODE Py_UNICODE_TOUPPER(Py UNICODE ch)
ch ZRKLFICEML DD ZIRELET,

N—a v 3.3 TIFHERE: Z OBIRUI B RSO N T e o T T,

Py UNICODE Py_UNICODE_TOTITLE(Py UNICODE ch)
ch XA PNV —ANLFWZEHBLLEZDDOERLET,

N—a > 3.3 TIFHERE: T OBIRUIEMI A RSO/ N T 2 > TH T,

int Py_UNICODE_TODECIMAL(Py UNICODE ch)
ch 2 10 EDOIEOBBITZIRL 72D DR L LT NAMRERLIF -1 ZRLET, O~ nidfistz
EHLUEEA.

int Py_UNICODE_TODIGIT(Py UNICODE ch)
ch Z—HiD 2 EBEEHL-DOZRLET, FAJREL LI -1 ZIBLE T, 2o~ 7 nidfisz
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EHLEEA,

double Py_UNICODE_TONUMERIC(Py UNICODE ch)
ch % double WAL DERLET, FARELSIE -1.0 ZIBRLE T, 2D~ 7 idfilszEH
LERA.

6D APLIFY ey — MZv R ET:

Py_UNICODE_IS_SURROGATE(ch)
ch ¥ a s — ¥ 55 (0xD800 <= ch <= OxDFFF) #F v 7 LE7T,

Py_UNICODE_IS_HIGH_SURROGATE(ch)
ch LM v s — b ¥ 5% (0xD800 <= ch <= OxDBFF) #F v 27 L ¥ T,

Py_UNICODE_IS_LOW_SURROGATE (ch)
ch Xy m s — b ¥ 5% (0xDCO0 <= ch <= OxDFFF) #F v 27 LE T,

Py_UNICODE_JOIN_SURROGATES (high, low)
200V uF — FFEHAGDETHE—D Py UCSA HEKELET, high ¥ low dZh2h¥n
7= b RT DRI RAFTT T

Unicode XZFFIDERE T IR

Unicode # 7Y =7 &AW LY. Unicode D> —F v A2 LTOEARNLZTORTF 4 IZT77RALED
T3, LT API Z{fioTL &\

PyObject* PyUnicode_New(Py_ssize t size, Py UCS/ mazchar)
Return value: New reference. $ L\ Unicode A 7Y =7 N 2EKRL F3, mazchar (EXFHNIAR
23— RFRRA Y FDELWRAMBEIZTNETY, ZOMEIIMEME LT 127, 255, 65535, 1114111 @
—FIEWEICTID BT o E T,

ZAUIH LW Unicode & 7Y =27 P 2AERT AR INTHIETT, ZOBEMH > TERINA
TV 27 NIV A XZEEIZAAEET T,

N—a v 3.3 THEM.

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. 5 Z &7z kind (B D 1§ 2 8% PyUnicode_1BYTE_KIND 75 ¥ D
PyUnicode_KIND() SR TMETT) @ Unicode 73 =27 b REKL ET, buffer . G o7k
kind 2> T 1 XFEDHD 1,2, 4 X4 FOWThhZH e LT, BEX size DEHIANDRAL ¥ X T
RN D FH A

N— ar 3.3 TEM.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ ssize_t size)
Return value: New reference. char BoNv 7 7 u & Unicode 7 73 =27 P E4EKLET, u OW
HI UTF-8 TZYa—FENTWE3HDELET, Ny 77 ODNFEFHRA 77 Mzar—&
NEF, Ny 775 NULL TRWGE, WDEREESALA T2 N2 22D ET, OF
b, ZOBEAGRT Unicode & 7Y =7 bOEEFIFIFHFINTVER A,
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If u is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL.

This usage is deprecated in favor of PyUnicode_New(), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString(const char *u)
Return value: New reference. UTF-8 > a2 — F X7 null #¥iD char BNy 7 7 u 25 Unicode
F T2 MEERLET,

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:

ENEEXF | B i

hh n/a VFSLD % XE

he int C OBFIITHRIHAIN D H— DT,

%d int printf("%d") ¥ [[@%, *!

%u unsigned int printf ("%u") & [HE%*!

%1d long printf ("%1d") ¥ [[%,*!

%1i long printf("%1i") & [M%,*!

%lu unsigned long printf ("%1lu") & [[%,*!

%11d long long printf("%11d") ¥ [[%,*!

%114 long long printf("%11i") ¥ [F%,*!

%11lu unsigned long long printf ("%11u") ¥ [F%.*!

%zd Py_ssize t printf ("%zd") ¥ [F%,*!

%zi Py_ssize t printf ("%zi") ¥ [F%*!

%zu size_t printf ("%zu") ¥ [[%,*!

%i int printf ("%i") ¥ [F%,*!

%x int printf ("%x") ¥ [F%,*!

%s const char* null TG X N7z C DXFF,

hp const void* C RA >V &>D 16 #KGL, printf (")p") LIFL ALY
FUCTITH, Iy 7+ —2LI1CBY5 printf OFE
FITED D 72 RBHICY 7 I 0x DI EE T,

%A PyObject* ascii() ORED fH,

yAY PyObject* A Unicode object.

yAY 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 HE,

%R PyObject* PyObject_Repr() DR fH,

I For in Secifiers (d. 1. 1d q
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AAITERVWERIEEX T D - 1255, RO OEATANEZ0 T A TFINCavr -3, &D
DEIBUIER S F T,

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 3.4 \/GB;J‘&\E "%S", ll%Au7 "%U", |I%VI|7 n%sn7 "%R" ’G@fﬂg77r~7y5?£i(fﬁ§7ﬂ‘_
Xy XDV R—FBEMENE L,

PyObject* PyUnicode_FromFormatV(const char *format, va_ list vargs)
Return value: New reference. 6 £ 9 ¥ 2 DD5|EH S Z & ZFR\WT, PyUnicode_FromFormat ()
ERLTY,

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *er-
rOTS)
Return value: New reference. T> 2 — R XN TW3 obj % Unicode 7Y =27 MZ7Fa—FL%7S,
bytes % bytearray D byles-like objects &, 52 BTz encoding \ZfE->TF a— F X, errors
TERINLT =AY Y U IpfEbES, ThSDO5IIMA S NULL IS TE, ZOHEID
APLIZT 7 x4V MEZEWES FEL Z 21X #AIAH codec (built-in codec) ZBRRLTLZE W),

ZDfhd Unicode * 7Y =7 v 2 &4 A 7Y = 7 ME TypeError HIANZ5|EHZ L E 5,

ZD APLIZ, =5 —D4ET 28 22X NULL 2B L F 9, MECH LENTRE NI4T =7 Mgt L
BHEA Y 2% 1 OWST (decref) T2EMENDD E5,

Py_ ssize t PyUnicode_GetLength(PyObject *unicode)
Unicode 7Y =227 VDEEZa—-FRA Y FTRLET,

N—a v 3.3 TEM.

Py_ ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,

Py_ssize_t from_ start, Py_ssize t how_many)

»H % Unicode A 7Y =7 b HMAXFER AL ET, ZOMEBUIRER L ZITCFEBREZITV,
AJRERIG AL memcpy ) "NELRLE T, KO Zi12ld -1 BRL, It ERELE T, 5 TRV
BEE, ab—LEXTFREERLE T,

N— g v 3.3 TEM.

Py_ssize_t PyUnicode_Fill(PyObject *unicode, Py_ssize t start, Py_ssize_t length,

Py UCS/ fill_char)
X CFE T EF: unicode [start:start+length] T fill char ZE®H 2 Z 222D 73,

is given
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fill_char H3SCFHNDRAT £ D S REVHER, X2 DU EOBRER - TS IXRKL
S

HEAALEYFRERT ), KO 212 -1 ZRLULHANEEHLF T,
N— a v 3.3 TEM.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py UCS/ character)
XFINIXFHREBEAAE T, XFHNE PyUnicode_New() TYER L RIFIUZH D £H Ao, Unicode XX
FHNIAZL EINTVBEDT, ZOXFHNIHAFEINTWED, ZhETII Yy Y afbIh TV TEN
JEEA

Z OBEENZE unicode 7% Unicode A 72 =227 b THBRZ 2, A VT v 7 ADNHMANTHS 2, 7
Ux s N BRRCEETES (DEVBHEAYY A 1 ThD) LT =y 2 LET,

N— ar 3.3 TEM.

Py UCS/ PyUnicode_ReadChar (PyObject *unicode, Py_ ssize_t index)
XFHND» O XFEFHAMD £, ~ 70D PyUnicode READ_CHAR() X ENEBIIZ, Z DK
unicode 7% Unicode 73 =7 b THB I, A VT v VANHEANTHZ2Z%2F=v 7 LET,

N—a v 3.3 TEM.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. str DXFA YT v 7 R start (Sim 2 80) »OXFA YT v 7 R end
(iR EBET) FTOHNLTFIZRELET, ADA VT v 7RI R—-FEhTVERA,

N— ar 3.3 TEM.

Py_UCS/* PyUnicode_AsUCS4(PyObject  *u, Py _UCS,  *buffer, Py_ssize_t  buflen,

int copy_null)
XFH uw % UCS4 DNy T7rANab—L%T, copy null DEREZINTVWEHEEIE, XALLFEDED

3, T E/ L Zid, NULL 2R L. FIAZRELET (buflen 23 v ORX XD ED» o 5EG
IZDOWTIE, SystemError BREINE T ), MINL 7L Eid buffer ZIRL £7,

N—a v 3.3 TEM.

Py_UCS/* PyUnicode_AsUCS4Copy ( PyObject *u)
XFH| u % PyMem Malloc() TREVHERINZH LWL UCSA BD ANy 7 7i12ab—-LET, Ih
MR L 72 855E1%, NULL %38 L MemoryError -t v b LE T, iIRIN/Ny 7 71343 null 23— K
RA Y IAEMENTVET,

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.

Zhso APT BIEUE PEP 393 OEEICX D EIEFETY, Python 3.x TIRHIBRE LWz, LRE
a2 I NSO E LI EHEMEIETH. ZNLDOBEBOHEHII N7 A —<v Y RAEXEVICHELD S
Y RZIHICBWTLEE W,

PyObject* PyUnicode_FromUnicode (const Py UNICODE *u, Py_ssize_t size)
Return value: New reference. size THEZIN/T2E X %> Py_UNICODE BNy 77 u H 5
Unicode 73 =2 FZERLET, u Z NULL ICLTH XL, ZOHEEA TV =7 P ONFIIKRER
T N 7 7 CREREREED 203 L—FOBEETT, Ny 77 ONEEH LA TV s biC
avr—INnEd,

Ny 7 7HB NULL TRWES, EVEEREEXINZA TV 7 2 TRB3IendhET, fEoT. ZD
AR § Unicode 7Y =22 b2ZEFELTEWVDIX u 25 NULL D & /2T,

Ny 7 7735 NULL DA, XFFIOWNEDED 57275 PyUnicode KIND() DX IRBT 7A=Y
0 % 5 8iZ PyUnicode  READY () MU X 23 h 8 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_FromiWideChar (), or
PyUnicode_New().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Unicode * 7Y =2 +® Py_UNICODE BADNER N 7 7 NDiAH LEH DR A ¥ 22 1K$ 7, Kl
DY FWIENULL KL ET, £ 7Y 22 D Py UNICODE* RIBERPENGEIIER LT, &
RD Py UNICODE XFHNZE null 2 — FRA Y IBEERTWERZeDHD, 720T0wd C BT
. ZOXIRXFINIVIDFED ONTLED ZICERL TLZEW,

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style
Unicode API, please migrate to using PyUnicode_ AsUCS/(), 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. 52 572K size 2§D Py_UNICODE BIDNy 7 7 12HBETD
decimal digit 2, Zh 5D 10 EDEIZHIET 2 0 205 9 FTD ASCII #HFICHE #1272 Unicode
A7V 27 FRAERLET, BSDEE5EIE NULL 218U £9,

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 () WBITEFTH, X 51 GEMOD null #56iF%FR\Wiz) Py_UNICODE() ECA
DEX% size WRIELE T, fRD Py_UNICODE XFHNZE null 2 — RKRA ¥V b REFNRTVWE Z L
BHY, 720 T0D C BT, 20X 58 XFHNYINFEDONTLES S IERLTIEZ W,
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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)
FEEHNZ null 22— FRA ¥ bHMIME N7z Unicode XFHND A —2ER L 3, X EVHERITER
L7-% 2% NULL %Z3& L MemoryError fIAtZ X L £ 3, £ TRVEZIIH LI X EVEREI N
TNy 77 BIBLET (DN 7 7 2T % & Z212d PyMem Free() Zffio T 72E W), FERD
Py_UNICODE SLFHNZIE null 23— RKRA Y FAEFEATVWEIEDHD, 20 TWwo C BT, £
DESBXFINIVIDFEDONTLED TLIWWHERLTLIEE W,

N—a v 3.2 THE.
PyUnicode_AsUCS4Copy () RFABIDFH LW APT 2T 2 X5 ITBITLTLZ&E W,

Py_ ssize_t PyUnicode_GetSize (PyObject *unicode)
JEHERED Py UNICODE RBIGRDH A X2 a— FHATELES (Yrs—tR7%Z 220 LTW
£79)o

Deprecated since version 3.3, will be removed in version 3.12: # W2 & 4 LD Unicode API ®D—%B
7R DT. PyUnicode_GET_LENGTH() ZfHHT 2 X5 ITBITL T X W,

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Unicode DY TR A T DA VAR ¥ A%, RBIRGEIIAYD Unicode
ATV MZab—L%7d, obj B (F7 X4 7 TIERY) BRZAYID Unicode 773 =2 Motk
BEE. BRIV 2 1O LAESRERLES,

Unicode R ZDH 7 X4 FLIANDA 7Y = 7 +Tld TypeError 25| EiEZ XN F T,
O7—)LVI>d—Fa1>%

HiEOn sy — L2y a—F4 Y3 FRL—FT 4 VIV RATLADTFRA M e Fa— R T30z 75,

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *er-

TOTS)
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() %{#io T (Python OEBIFICHARATNZ Ry — LTV
a—7 4 V27 ®D) Py_FileSystemDefaultEncoding O XFF|%7a—RFL %3,

Z DRI Python @ UTF-8 £— REHEHEL F T,
BE:

Py_DecodeLocale() FA%K,
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N—Ya ¥ 3.3 TEM.

N—=ay 37 TEHE: ZoM#KE Android DA TERBAEOR -V v a—T 1 V0%
surrogateescape L7 —NY R I TS5 k5127 D %L 7%, MUATIE. Py_DecodelLocale() 3
surrogateescape CTffibil, HMEDR T — LTy a—F 4 V7 strict THEOATVE Lz,

PyObject* PyUnicode_DecodeLocale(const char *str, const char *errors)

Return value: New reference. PyUnicode_DecodeLocaleAndSize() &l T % 43, strlen() %
o TFHORSZFARELET,

N—a ¥ 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 () %{#-> T (Python OREIFFCHAAENZ By — LTy a—F 4
> Z7'®) Py_FileSystemDefaultEncoding O XFHINTYa—FLE T,

Z OFEE Python @ UTF-8 £— RZMEH L £3,
B

Py_EncodeLocale() FA%K,

N—a v 3.3 THEM.

N—=Yay 37 TEHE: ZoBEKIX Androd UATEREOR s — VY a—F4 V0%
surrogateescape L7 — Y R Z TS5 X512k D ¥ L7, MUAiIE. Py_EncodelLocale() 73
surrogateescape Cffibil, FEDOR T — LTy a—7F 4 Y73 strict THEOOALTWVWE L7z,

T77AIWNORTF LI A—FTa4 >0

7 7 A NBHPMOBE X FH DLy a— K7 a— K%1T5I12iE, Py_FileSystemDefaultEncoding % T
Ya—7 4 v Ze LTV, Py_FileSystemDefaultEncodeErrors # T5 —NY RS LTS NETT
(PEP 383 BXU PEP 529), 5IEOMENTHICT 7 4 V%% bytes IZT ¥y a— 351213, "0&" 2~
N—=ZR—=%ff\\, PyUnicode_ FSConverter() ZZHEAE Y L TEINRZTT:

int PyUnicode_FSConverter (PyObject™ obj, void* result)

ParseTuple 22 > N— & —: PyUnicode_EncodeFSDefault () Zffivy - EIEDH 5 IE os.PathLike
AV =T 2 —REBLTHIF L - str 7Y 227 M % bytes NT> I — FLET; bytes 47
D MIZOFEEHNEINE T, result X PyBytesObject* TRIFTNIR ST, bkl ko7
L EIEEREINRITUIRD E8 A

N—a v 3.1 Tl

N— a v 3.6 TEHE: path-like object ZZIFAND X5k bE LI,
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SIBMOMXBEMAICT7 74 0% % str IT7 32— FF 2510 "0&" 3 ¥ AN —X—%fw,
PyUnicode_FSDecoder () ZZHBI e L THETON L WTT:

int PyUnicode_FSDecoder (PyObject® obj, void* result)

ParseTuple 2 > N—%& —: PyUnicode_DecodeFSDefaultAndSize() &\ — EHEND 5 WILMHHE
HJIZ os.PathLike f Y X —7 2z —AZBLTHE LTz - bytes A7V =7 b % str ATYa—FL
73, bytes A7V 27 MIZDOEEMNEINE T, result & PyUnicodeObject* TRIFIUIRS T,
bR o7 TR L TUIRD TH A,

N—a v 3.2 TEM.

N—= a ¥ 3.6 TEH: path-like object BT AND X2 D FE LT,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py ssize t size)

Return value: New reference. Py_FileSystemDefaultEncoding e
Py_FileSystemDefaultEncodeErrors 7 — Y FJZ2ffiv, XFH|27a—-FLET,

Py_FileSystemDefaultEncoding R EINTWVWARWERIK, vr—lzrya—74 YJIZELERE
ENET,

Py_FileSystemDefaultEncoding XEBIFfIcu r— x> a—7 4 v 7 THfbah. 2Dl
BEETEERA, BITEOR S — LT ra—FT 4 VI TXFEIN 2T a— FT20END 3HEE
PyUnicode_DecodeLocaleAndSize() %o T ZE W,

BE:
Py_DecodeLocale() FA%K,

N—3 a3 3.6 TEH: Py_FileSystemDefaultEncodeErrors T — Y FI %25 X51ckh F
L7,

PyObject* PyUnicode_DecodeFSDefault (const char *s)

Return value: New reference. Py_FileSystemDefaultEncoding &
Py_FileSystemDefaultEncodeErrors T 7 — Y F 7 2\, null KX FH %2 Fa—F L
9,

Py_FileSystemDefaultEncoding X E XN TVWAWEFIEZ, vy — LT rya—F 4 Y ELR
SNET,

XFHNDEED DD > TWBEEE, PyUnicode_DecodeFSDefaultAndSize () Zffio T 72& W,

N—Y a3 3.6 TEH: Py_FileSystemDefaultEncodeErrors =7 — "V FI%2F5 X351k &
L7z

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Py_FileSystemDefaultEncoding T — N> K5 T Unicode * 7
Yz 7 b% Py_FileSystemDefaultEncoding IZE> 32— F L, bytes ZIBRL £F, IRXN 3 bytes
A7V MEnull N FEBEATVSE2S LKW EIZERELTLZE W,

Py_FileSystemDefaultEncoding AREINTWRWEEIE, By — LT rya—74 Y JIZELR
ENET,

8.3.

=V RFTT U b+ (sequence object) 125



The Python/C API, V1) —X 3.8.18

Py_FileSystemDefaultEncoding FEEIFIcn r — LT a—7 1 ¥ 7 oot . ZhDIBEZ
ZHTEIVA, REOusr— Ly a—7 4 Y TNFIN Ly a— VT 20END 35513,
PyUnicode_EncodeLocale() ZffioTL72& W,

BE:
Py_EncodeLocale () BA%,
N— a v 3.2 TEM.

N—Y a3 3.6 TEH: Py_FileSystemDefaultEncodeErrors =7 — "V FI %25 K51k &
L7z

wchar_t H7R—k

wchar_t ZH%R—1+52577 v b7 4 —LTOD wchar_t K-}

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. size @ wchar_t Nv 7 7 w 5 Unicode A 7Y =7 M E4ERL F
T, size £ LT -1 ZEFT I LT, weslen ZHVWHE TR ZEA LRI R 670V & 2BIBUCHE
RLET, KT 5L NULL 238 L £35

Py_ ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ ssize_t size)
Unicode 7Y =27 FODHNE% wchar_t Ny 77 w A —L %3, mKT size D wchar_t X
T (REO null BEECFZRNT) a—L %3, ab—L7% wchar_t XFOEBEZELET, =
7 —DFFIZE -1 ZIR L 3, wehar_t XFFE null IEEI N TV AREHED. SNTVWRVWEED D
hEd, BEOMOCHELROERLET, 77V 75— a3 YORBEIZILEU T wchar_t XF4% null #3456 L
TSIV, Ty #RD wchar_tx XFHNUIXFHNDORHFICD null LFEBPEZENTVWDE I LD
D, 72nTwo C BT, 2D X5 7XFINIYIDEEDHNTLE S ZEIRERL TSN,

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a
null character. If size is not NULL, write the number of wide characters (excluding the trailing
null termination character) into *size. Note that the resulting wchar_t string might contain null
characters, which would cause the string to be truncated when used with most C functions. If size

is NULL and the wchar_t* string contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc() (use PyMem Free() to free it) on success. On error,

returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.
N— a ¥ 3.2 TEM.

N— a3 ¥ 3.7 TEHE: size D NULL 5D wchar_t* XFH|H null XF% & A TWHE, ValueError
PEHLET,
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##3A% codec (built-in codec)

Python (2%, MEHEEZED 372012 C TEHEDI Nz codec A THL FF, ZNSLTD codec 1FLLT
DN L TEENHATE T,

LIT®D API %L M, encoding £ errors £\WWH ZOD5IE L D FET, ZhHD T X =K%, HAAA
DXFHNAY AN IR THD str) ITBIFLFEZUDAAT AR EEFLEREFRD ET,

encoding % NULL I3 2%, 774N 2ya—74 Y7 TH5 ASCIH #fFVET, 774 VAT LIZH
FTHEBOMLIE LTI, 77 A NMRINT 2 a—7 41 2272 LT PyUnicode_FSConverter() Zffib
REHD FR A, THUINEBTER Py_FileSystemDefaultEncoding AL TWE T, ZDERITHRA
HUFHOZR LTibld e h A ZOZERIE. 52 R T LT K o TUIERI LTINS T % R A
YRTHoY, FRANDI AT LATE, (77 VT —a v setlocale BIFARE L TR W) Ebozh b
L&D,

errors TIEE T3 L7 —LH 3 F /-, NULL 2 8E€ TE X J, NULL 2{EE T2 ¥, codec TEZRZINTWL
27740 MLIBEOFEHAEPEKRKLEST, 2 TOHARAA codec T, T 7 4L DT ML "strict”
(ValueError 2§ 2) ko TWVWET,

% D codec EETRBEDA VX T 2 —A %o TWVWET, D codec DFHFATIX, FHAHZEHEICT 27>
DIZLLTONHDA VEZ 72— R DBEVWEIFZHAL TVET,

A codec

LUFEIA codec @ API T3

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. size N4 bDT Y a— FINZNFH| s #7572 — F LT Unicode &7

Pzl beERLE T, encoding & errors \F. fHAABBIE str() ORB DT X =& L [F UEK
PRLES, T % codec DMFEIE, Python @ codec LY R bV o T TWE T, codec 234
ZREH L7851 NULL 2R L ¥5,

PyObject* PyUnicode_AsEncodedString (PyObject *umicode, const char *encoding, const

char *errors)
Return value: New reference. Unicode 7Y =7 bExT>a—F L., ZDE% Python ® bytes

F70x27 b L TGRLET, encoding B &8 errors & Unicode BI®D encode() XV v FIZ5 2%
FHDNRIA XA UEKREZEESLE3, HHT % codec DIFIZ. Python @ codec LY RX MV %
fifio TITVWE T, codec I ZIE L7HEITIE NULL 23R L £3,

PyObject* PyUnicode_Encode (const Py UNICODE *s, Py_ssize_t size, const char *encoding,

const char *errors)
Return value: New reference. size TIEE XNz % A XD Py UNICODE Ny 757 s ®L>¥aA—KL

7z Python @ bytes 7Y =2 b #IRL £3, encoding B XU errors & Unicode D encode() X
Yy RICHGZBAADNRIA—XELERER D E T, T2 codec DFFKIZ, Python @ codec
LIRARY 2o TITWE T, codec DMIF 2 X L 7285E121E NULL 2R L £5,

Deprecated since version 3.3, will be removed in version 3.11: WA & 4 )LD Py_UNICODE API @
—H8CTF; PyUnicode_AsEncodedString () ZMHHT 2 X5 ITBITL T ZE W,

8.3. =T YRATT IV I (sequence object) 127



The Python/C API, V1) —X 3.8.18

UTF-8 Codecs

MU TE UTF-8 codec @ API T3

PyObject* PyUnicode_DecodeUTF8 (const char *s, Py_ssize_ t size, const char *errors)

Return value: New reference. UTF-8 TI.Y a— KXz size XA b DXFF s 5 Unicode 7+ 7
Va7 MM LU E T, codec MBI EIEH LB EITIE NULL 2B L £95

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. consumed %3 NULL D338, PyUnicode_DecodeUTFS() XA X512

BIEL £ 3, consumed 75 NULL TRWEA, PyUnicode_DecodeUTF8Stateful () EREDRTER
UTF-8 N M2 T - AR LERFA, ZTNHDNAL MIETFTa—-FEhd, 7a— FEhknA
M&E consumed 1R L F 5,

PyObject* PyUnicode_AsUTF8String(PyObject *unicode)

Return value: New reference. UTF-8 T Unicode 7Y =7 b%Z x> a—FL, #EHR% Python N
A MATY 27 b LTRLET, =5 — I "strict” T, codec D2 % LA 11X
NULL 2B L £73,

const char® PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize t *size)

Unicode # 7Y =2 b % UTF-8 TZYa—FLAEBDADKRA Y XZIRL, Tra—FIhiRHE
KTOHA X (A MHEAL) & size IHEAL FF, size 5I8UE NULL THHWEEA; ZOHETHT A
RIS NERT A, BENEZ ANy 7 7120E null 3= FEAL Y I2H 20508 bL T, HIiZ
null N4 FAREEHAMEI N TOET (2R size KIFBIESNELEA)

I —PREEGEE, NULL 218 L, BN ZREL., size IIXMHAL A,

Z OBEUZE. Unicode A 7Y 227 FOXFH D UTF-8 FHEREF v v al, ZRALBEORUOH L
TRREICAY 77 ANDORA VEXZERLET, MUK LAY 7 > 2T 2EHTEH D THA,

N—a v 3.3 TEM.

N—Yay 3.7 TEH: RYEDORN char * TIE7 < const char * 127 H F L7=,

const char* PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize() LIXIZF U TTH, I A4 XML XE A
N— a ¥ 3.3 TEMm.

N— gy 3.7 TEH: IRDEDHD char * TlX7 < const char *x IZZDH F L7,

PyObject* PyUnicode_EncodeUTF8(const Py UNICODE *s, Py_ ssize_t size, const char *errors)

Return value: New reference. 5.2 5z 4 XD Py UNICODE v 7 7 s % UTF-8 TZ>a—F
LT, Python @ bytes # 7> =2 +¥ L TRL X3, codec HfISfz2RHAEZE- L & NULL 2R L
S

Deprecated since version 3.3, will be removed in version 3.11: H W R X £ LD
Py UNICODE API @ —# T 3; PyUnicode AsUTF8String(), PyUnicode_AsUTF8AndSize(),
PyUnicode_AsEncodedString () DWINLZMHT 2 X2 ITBITL T ZE W,
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UTF-32 Codecs

MU T E UTF-32 codec API T3

PyObject* PyUnicode_DecodeUTF32(const char *s, Py_ssize t size, const char *errors, int *by-

teorder)
Return value: New reference. UTF-32 TL Y a— RE N2y 7 7 XFFID S size NA b T a—

R L. Unicode # 7Y =2 b L TRLE T, errors 1& (NULL TRWRS) TI7—NY R ZHEELF
To T 7 AN M Tstrict” T,

byteorder 7% NULL THRWHK, 7a—XFE5 X260/, b A=K —T7a— FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: mnative order
*byteorder == 1: big endian

*byteorder 25 0 T, ANNT—XDEAD 4 XA bHS byte order mark (BOM) 725X, 7a—XKik
ZDONAL A=K =12HIhE 2, BOM 3R D Unicode XFHNZa ¥ —INEH A, *byteorder
M -1 F7213 1 2o, 2T byte order mark X Jicarv—axh 3,

TaA—=RFPET Lk, ANT—ROEIFIRZRERTDOANAL A=K —% *byteorder 12y b L
£9,

byteorder »% NULL D ¥ %, codec & native order £— FTHIHBL 3,

codec AN B FAE X/ =IE NULL ZIRL £ 9,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py ssize t size, const char *errors,

int *byteorder, Py_ssize t *consumed)
Return value: New reference. consumed %5 NULL D & ¥, PyUnicode_DecodeUTF32() EFRIU &5

WCIRZEENE T, consumed 25 NULL THRWE X, PyUnicode_DecodeUTF32Stateful () X REDAH
SERR (4 THEYUhBRWEZX DAL MR ED) UTF-32 N4 Mk —2 LTIRVWEREA, KB
DARFEEZANL PINET a— RENT, Ta— FEN=A MDY consumed I E T,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)

Return value: New reference. 24 7 4 734 b+ —&X—T UTF-32 =>a—7 1 ¥ 27 &7z Python
NA PXFFNEBRLET, XFHNIHIC BOM v =2 THED 3, 77— K F1& strict” T,
codec 23IF % A X B7- & & NULL iR L £,

PyObject* PyUnicode_EncodeUTF32(const Py UNICODE *s, Py_ssize_t size, const char *er-

rors, int byteorder)
Return value: New reference. s @ Unicode 7—%% UTF-32 i2=>a—F L. ZDfE% Python O

bytes 7Y =7 ML TELET, HARUTOANAL b A —X—Tito THPNET:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
1:

byteorder == big endian

byteorder 25 0 ® & &, HIISCFFNEHEIC Unicode BOM ~v—2 (U+FEFF) T b 3, Z0ld
HD 2 ODE— FTIE, JHEHIC BOM ~— 23S EHA,
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If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
codec 2MFIAN & FAE X B2 & =i NULL 2R L £3,

Deprecated since version 3.3, will be removed in version 3.11: &f\WA X A )LD Py_UNICODE API O
—¥#TF; PyUnicode_AsUTF32String () %7213 PyUnicode_AsEncodedString() ZHHT 2 K5
AT LT & W,

UTF-16 Codecs

MU TE UTF-16 codec ® API T3

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py ssize_t size, const char *errors, int *by-

teorder)
Return value: New reference. UTF-16 T a— FX NNy T 7 s 5 size N ME2FT7Fa—F

LC. #E#% Unicode # 7Y 227 TR L E 3, errors i& (NULL THRWEE) T35 — UG IEE EFH
Lij—o 5}7 i ]\'fﬁéi ”Strict” VC\\TO

byteorder 7% NULL THRWHK, 7a—XFZ5 X 6NN, bA—ZX—T7a— FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: mnative order
*byteorder == 1: big endian

*byteorder 7% 0 T. ASNIT =X DK 2 NA b 2INA b A—K—<—2 (BOM) Zo7BHE, 7a—
ZX BOM /RN bA =X =1ZYIDFEZ, 2D BOM 2R D Unicode XFHNCav—L 4
Ao *byteorder 2% -1 20 1 125 72HE. TRTO BOM 3 ANav—EhET (HITIE \ufefst
 \ufffe DELELNITRBTL X D)o

FaA—RFRPET LK ANTF—ROEIFIREZFREETDOANAL b+ —&—% *byteorder 12y b L
EScan

byteorder »% NULL ® ¥ %, codec & native order =— FTRHIEL 3,
codec DI EFAE X B2 L EiX NULL 2R L £55

PyObject® PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize t size, const char *errors,

int *byteorder, Py_ssize_t *consumed)
Return value: New reference. consumed 25 NULL D&, PyUnicode_DecodeUTF16() L &5

WEIEL £ 3, consumed »% NULL TRWIE, PyUnicode_DecodeUTF16Stateful () I3 REDTTE
274 UTF-16 N4 M (FFBEDOANA Milegdldizyae sy —bR7) 227 - AR LERA.,
NHEDANAL METFa—FEINT, Ta— Pk g MZE consumed IZIRLF T,

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. 24 7 4 734 b+ —&X—T UTF-16 =~ a—7 1 ¥ 7 &N /= Python
NA PXFHNERLUET, XFINIEIWC BOM ~—2THEDET, T7—2 F & "strict” TT,
codec DMFIANZFEAE X BTz L ZiX NULL 2R L £,

PyObject* PyUnicode_EncodeUTF16 (const Py UNICODE *s, Py_ssize t size, const char *er-

rors, int byteorder)
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Return value: New reference. s @ Unicode 7—%% UTF-16 iI2=>a—F L., ZDfE% Python O
bytes A 7Y =27 ML TRLET, HOBUTOANS b A =X —1ZftoTEIPNET:

byteorder == -1: little endian

byteorder == 0: native byte order (writes a BOM mark)
1:

byteorder == big endian

byteorder 25 0 ® ¥ &, HJISCFHEH IC Unicode BOM ~v—2 (U+FEFF) T h £3, Z0ld
HD 2 O0DE— RTlE, FHEHIZ BOM ~—Z X3S EzE 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 DMfiAN = FAE X /- L ZIE 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
—E8TF; PyUnicode_AsUTF16String() E7:1d& PyUnicode_AsEncodedString() Z{EH$ 5 k5
AT LT W,

UTF-7 Codecs

LUTE UTF-7 codec ® API TF:

PyObject* PyUnicode_DecodeUTFT7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. UTF-7 TL > a— K&EN7 size N bDXFH| s T a—RLT
Unicode 7Y =7 + Z1EH L £ 5, codec D3It % FE X B /-2 13 NULL ZiRL 3,

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py ssize t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. consumed 7% NULL D & &, PyUnicode_DecodeUTF7() &AL X 51

FEL £ 3, consumed 75 NULL ThRWE B, RKEDATELY UTF-7 base-64 27— LEH
Ao FEERERDT DAL FNET a— FEFIC, 73— F LA MR consumed ITHIL F5,

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,

int base6 WhiteSpace, const char *errors)
Return value: New reference. 5% 63724 XD Py UNICODE Ny 7 7% UTF-7 TZ>a—FL

T, Python @ bytes #7227 b L TRLE7, codec IFZFEX /L Zid NULL ZiRL
73,

base64SetO BB THRWVWE %, "Set O” XF (MOHZE XA D RARBHERE FHl- R WAFIR) &
base-64 > a— F L %3, base64 WhiteSpace ¥ O Th\\y &, EHXF% base-64 T>a— KL
%3, Python @ "utf-7" codec Tl&, WA & dELRICREINTVET,

Deprecated since version 3.3, will be removed in version 3.11: &f\WA X A )LD Py_UNICODE API O
—HBT 3 PyUnicode_AsEncodedString () T2 X5 1TBITL T2 & W,
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Unicode-Escape Codecs

LLTFiX "Unicode Escape” codec @ API TF:

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ ssize_t size, const char *errors)
Return value: New reference. Unicode-Escape TT > a— F &Nz size XA FDXFH| s 25
Unicode 7Y =27 M Z2AEK L ET, codec 23SV ZE L725E1CIE NULL iR L ¥ 3,

PyObject* PyUnicode_AsUnicodeEscapeString(PyObject *unicode)
Return value: New reference. Unicode-Escape % ffi\™ Unicode # 7Y =7 b2 x> a—F L., R
% bytes A 70227 e UTGRLES, =7 —MHIX strict” T3, codec A2 IEH L7 5HEIIC
& NULL 23R L £7,

PyObject* PyUnicode_EncodeUnicodeEscape (const Py UNICODE *s, Py_ssize_t size)
Return value: New reference. Unicode-Escape Z iV size THHE N7z KX %D Py_UNICODE Al
Ny 77%T>a—FL, bytes #7227 ML TRLZET, codec 23FA &% L 7=35E121E NULL
ZIRLET,

Deprecated since version 3.3, will be removed in version 3.11: Ff\WA X A )LD Py_UNICODE API D
—#BT 3, PyUnicode_AsUnicodeEscapeString () ZHH T 2 X5 ITBITL T & W,

Raw-Unicode-Escape Codecs

LUTE "Raw Unicode Escape” codec ® API T3

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

TOTS)
Return value: New reference. Raw-Unicode-Escape T Y 32— F {17z size N4 b DXFEF| s 205

Unicode 7Y =227 F 24K L £ 3, codec D3I EEH L7Z35HE121E NULL 23R L £3,

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Raw-Unicode-Escape #ffi\y Unicode A 7Y =2 b2 x> a— KL,
FER%T bytes 7Y 27 P LTGRLE S, =7 —UHIX “strict” T3, codec 2342 EH L7235
EIE NULL 23R L5,

PyObject* PyUnicode_EncodeRawUnicodeEscape(const Py UNICODE *s, Py_ssize t size)
Return value: New reference. Raw-Unicode-Escape % fi\y size THEINT-RXE2HK D
Py_UNICODE BNy 7 7% x> a— KL, bytes #7327 MU TERLEF, codec IS %%
L7235 E121d NULL 2R L ¥3,

Deprecated since version 3.3, will be removed in version 3.11: WA X £ )LD Py_UNICODE API @
—¥#8T9; PyUnicode_AsRawUnicodeEscapeString () %£7z1% PyUnicode_AsEncodedString() %
HFHT2 X5TBITL TSN,
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Latin-1 Codecs

MTFiX Latin-1 codec @ API T3 Latin-1 1%, Unicode FEDOEFID 256 EICHIG L., T2 a— FEHZIE
D 256 A EZELET,

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Latin-1 TZ Y 23— F &7z size N4 P DXFF s 2»5 Unicode #
TV b RERLE T, codec IS EEH L7 EITIE NULL 2B L %5,

PyObject* PyUnicode_AsLatiniString(PyObject *unicode)
Return value: New reference. Latin-1 T Unicode & 7Y =2 b2 x> a—F L, #iR% Python
bytes 7 7=z 27 v LTIRLET, =7 —MEIZL "strict” TF, codec 23S 2 EH L7=HE I
NULL 23R L %7,

PyObject* PyUnicode_EncodeLatinl(const Py UNICODE *s, Py_ssize t size, const char *er-

rOTS)
Return value: New reference. size THE S NT=R S ZHfD Py_UNICODE BN v 7 7 % Latin-1 TT

> a—F L, Python bytes & 7Y =2 ML TERELE 3, codec DIt EZEH L 725HE11E NULL %
BLUET,

Deprecated since version 3.3, will be removed in version 3.11: WA & 4 )LD Py_UNICODE API @
—H8C3; PyUnicode_AsLatiniString () ¥£7:1% PyUnicode_AsEncodedString() ZfEAT 2 X5
WHATL TS E W,

ASCII Codecs

PUFIE ASCII codec @ APIT3, 7€y FD ASCIH 77— &7 %2ZMLET, 2offioa—FEz7—IZ
ZhE9,

PyObject* PyUnicode_DecodeASCII(const char *s, Py ssize t size, const char *errors)
Return value: New reference. ASCII T a— K&z size N4 s DXFH| s 725 Unicode * 7
Pl bEERLET, codec BHISNEEH LIZHEITIE NULL 2R L £75,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. ASCII T Unicode & 7Y =2 & x> a— R L., fR% Python bytes
A7V P LTRLET, =7 I "strict” T3, codec 23S Z KN L 7285E121 NULL %
BLET,

PyObject* PyUnicode_EncodeASCII(const Py UNICODE *s, Py ssize t size, const char *er-

TOTS)
Return value: New reference. size THEIN/RS 2D Py_UNICODE BNy 7 7 % ASCII Tx
> a— KL, Python bytes # 7Y =2 MZLUTGRLEF, codec 23 %X H L7255 121& NULL %
BLET,

Deprecated since version 3.3, will be removed in version 3.11: &f\WRA X A )LD Py_UNICODE API O
—8T3; PyUnicode AsASCIIString() E721% PyUnicode_AsEncodedString() %R T2 X >
AT LTL &AW,
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Character Map Codecs

2D codec &, %< DF4 7% codec 2T 2BRTHDN S &5 HTHIA codec TF (PR, encodings
X =TI Ao TV BIEHE codecs DIFEALIE. ZD codec 2o TWET), ZD codec lF. XFDT
Ya—FR7a— NIHIGRZENE T, RSO RDOA T =227 M __getitem__ O ¥y ¥ 7 A
VR=T7 2 —=REHR=PF L TORFIUIRD FRA; HFECT—F VARZITHELTVET,

LITE mapping codec @ API T3

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. 5-2 537z mapping 73 = 7 N effio T, size N4 FDTYa— R

N FH| s #Fa— F LT Unicode A7 =27 FZEKRL ET, codec DN EREZI RS- E
¥ NULL 23R L ¥,

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) 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 * 7Y =2 + % mapping WIEESINA TP 27 b &ffo
TxYya—NRL., #R%Z bytes #7227 b L GELE S, =7 —MHIE "strict” TT, codec B3l
AR U7 55E8021d NULL 2R L £9

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, PyOb-

ject *mapping, const char *errors)
Return value: New reference. Encode the Py_UNICODE buffer of the given size using the given

mapping object and return the result as a bytes object. Return NULL if an exception was raised
by the codec.

Deprecated since version 3.3, will be removed in version 3.11: &f\WA X A )LD Py_UNICODE API O
—#TF; PyUnicode_AsCharmapString() ¥721& PyUnicode_AsEncodedString() M T % X
IITEITLTLEE W,

LIT® codec API 1% Unicode 7*5 Unicode NDXISfHF 21T 5 Rk b DT,

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. XFHNIXFENIEER table %A L TE# L, £2#4EERE % Unicode A
TV P TIRLES, codec 23IAb &2 51T L 72355124 NULL 23R L ¥£9,

XfIGFRIE, Unicode F#% R 3 EE % Unicode FF#iz2 £ TR L7213 None (ZDXFZHIFRT %) 12
ST 2R D £2 A

MRV T Z2REDH DAY v FiF __getitem__ () A VX T 2 — ALY TT; oT, FEEL
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= AR TH S FLEEL 25, MO 21T o TWiRw (LookupError 225 X 5 7%)
XFFBICH LTI, ERIIfTHS. Z20fxFavr—LEx7,

errors 1% codecs TEHEMFONZ2DEFUEKERSE I, errors I NULL ICLTd LK, F7 4L+
o —NEOMERAEERLEI,

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: Ff\WRA X A )LD Py_UNICODE API O
—H8TF; PyUnicode_Translate(). ¥£721& RE®D codec X—2ZAD API ZHHT 2 L 51TBITLT
(SE-J AN

Windows FH®D MBCS codec

LUTE MBCS codec @ API T¥, Z® codec I3BHED & 25, Windows b2 THAHTE, Zirp T
¥ Win32 MBCS Z#u# (Win32 MBCS converter) Zffio TWE 3, MBCS (£7:1& DBCS) &> a—
FARXOFE (class) 2RI EFET, B~z a—-FARAZRTOITRRVOTERLTIEZ W, FIH
Ehdxra— FAK (target encoding) &, codec ZEIFSIETWVWE v Y LOI—PFRETERIN T
S

PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. MBCS T Y 2 — R & N7z size N4 b DXFF| s 5»5 Unicode & 7
Yz b AERLET, codec HHISEIEM L5 EITIE NULL 2B L £ 9,

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py ssize t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. consumed 5% NULL @ ¥ ¥, PyUnicode_DecodeMBCS() ¥ [F] CEIfE%

L% ¥, consumed 75 NULL T\ ¥ ¥, PyUnicode_DecodeMBCSStateful () XX FHIDHmFKRIZH %
RNLFNAL FXFDHIFEANAL, b T a— FET., consumed 1272 — R L7724 MERL T,

PyObject™ PyUnicode_AsMBCSString(PyObject *unicode)
Return value: New reference. MBCS T Unicode & 7Y =7 bZx>»a—FL. #HR%Z Python N
ANIA T2 b L GRLES, =7 —HIE "strict” T3, codec 23N 2EH LGEICIE
NULL ZiRL %9,

PyObject* PyUnicode_EncodeCodePage (int code page, PyObject *unicode, const char *errors)
Return value: New reference. 8 SN 7z a2 — FR—=I % Unicode 7 7Y =7 b2 a— KL,
Python bytes 7Y =7 M 2R L E T, codec 23V 2% L7235E121E NULL 3R L %9, CP_ACP
I—FR=IZV MBCS =Y a—XZEIGL T X0,

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 ENFRE &0 Py_UNICODE ®ox v 7 7 % MBCS T
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v a—TF L, Python bytes 7Y =2 MZUTEL %3, codec MIsb 23X L72HE1TIE NULL %
BLET,

Deprecated since version 3.3, will be removed in version 4.0: HWwRZX A LD
Py_UNICODE API ® — BT 3; PyUnicode_AsMBCSString(), PyUnicode_EncodeCodePage(),
PyUnicode_AsEncodedString () DWINLZMHT 2 X5 ITBITL T2 E W,

XYy kreZXOv k

AVy FHELU ROy FEEE (slot function)

LUT @ API & Unicode 4 7Y =7 b BXOXFHZ ANTED (HATIE, £55dXFHeRILLTVE
F). BAWKISL T Unicode * 7Y = 7 b pBEFUE R THERER > TV E T,

IS DBEBIEE T, BINBFAELZGEICIE NULL 7201k -1 2 RLE T,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. —DDXFH| % HEE LT, #7272 Unicode SXLFHNE LML £ T,

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t mazsplit)
Return value: New reference. Unicode XFF|D VY R b % 73E|L T, Unicode XFHH» 545V X b
BIRLUE T, sep 23 NULL DEE, 2 TOZEAXNTFE2H > THEIZITVWET, ZhWoGs, IBEX
NIXFE2 o THENEITOE T, KT mazsplit [8FE TOREIZITVE T, mazsplit DB SIX7
HBUCHIRZFR T EH A, DERERDO VY X PPN AESLFIEEAEE A

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Unicode X FH| % AT FTXYI D, Unicode XFHM 543 1) A b
ZIRLET, CRLF IZ—EOSATF L AR L ET, keepend 25 0 DFE, HEFERD Y A FPAIZH
TXFEDER Ao

PyObject* PyUnicode_Join(PyObject *separator, PyObject *seq)
Return value: New reference. Y67 U7z separator TXFHN 1 545> —o > R %G (join) L, #
FEfER % Unicode XFHITRL £9,

Py_ssize_t PyUnicode_Tailmatch(PyObject *str, PyObject *substr, Py_ssize_t start,

Py_ssize_t end, int direction)

substr 23 str[start:end] ORI (direction == -1 \FEFH—F. direction == 1 IFRKE—K) TL
Ty FITIGAEIC L BRL, ZALUOBEEICIE 0 2R LE T, =7 —RAELLKE -1 iR
S

Py_ ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,

int direction)

stristart:end] HIZ substr ERMICHIET 25N ZELET, ZOL ZHESNTMETA
direction (direction == 1 \FMESF MR, direction == -1 ZHHFAMREK) THMRLE T, B HEITK
N~y FBROD oGO 7y 72T, RDE -1 133y FHRRONLRPro7Z 2R,
-2 137 —HFRAE L THSMERIRESI N TNE I 2R LE T,

Py_ ssize_t PyUnicode_FindChar (PyObject *str, Py UCS4  ch, Py_ssize_t  start,

Py_ssize_t end, int direction)
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strlstart:end] FICXF ch PERMICHEBR T 25 Z2ELET, TOL ZHESINLREITIA
direction (direction == 1 \FMESF IR, direction == -1 ZHHFAMRRK) THMRLE T, BEDHEITK
N~y FBROD 0GR 7y 72T, RDE -1 3~y FHRRONLRPro7Z 2R,
-2 137 =AU THIMERIRESI N TNE I 2R LE T,

N— a v 3.3 TEM.

N—Y a Yy 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)
strstart:end] I substr PEET S I HETA2EBERLET, =7 —NRELLEEICIE

-1 % Lij—o

PyObject* PyUnicode_Replace (PyObject  *str,  PyObject  *substr,  PyObject  *replstr,

Py_ssize_t maxcount)
Return value: New reference. str FICHIRT 2 substr ZE KT mazcount 8 replstr \ZEH L, &

HFERTH B Unicode 7P 27 P EIBLE T, mazcount == -1 12T 3 &, XFHHFICHNEZ LT
D substr ZEL FI,

int PyUnicode_Compare (PyObject *left, PyObject *right)
ZOoDXTFHNE LT, ESIEDBETEE DN WGEE, EG5IBOEMOSE. L5180 H5 B X
DREVWHEIINLT, Zheh -1,0,1 ZIELET,

ZOBEIE, KLz 22 -1 ZIRT DT, PyErr_Occurred() ZMUIH LT, =9—%2F=zv 7T
NETI,

int PyUnicode_CompareWithASCIIString(PyObject *uni, const char *string)
Unicode 7Y =7 b uni ¥ string 2L T, E5IEPETIB I DN WEE, A5 B EM
DEE. ESIBPETIREDREVEEIINLT, 2hzh -1,0,1 ZIRL %, ASCII = a—
FENEXFINRIZ2ETONRD ROTTH, ANFEINCIE ASCIL XFHZEFN TV EHEI
ISO-8859-1 & L TR L £9,

CORBEHIANE AL L EE A,

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. —-2® Unicode XFHZHIEL T, TOSH5D—2O%RLET:

o NULL %, BISADSFEE L SITEL 55
e Py_True L <! Py _False %#. IEL I TERLFHTIRL £7,

e Py_NotImplemented %. left ¥ right D X5 H2IINT % PyUnicode_FromObject () MR L
7o ZIWR L E9, (3 in case the type combination is unknown)

op AN SN 5 MEIZ, Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE O ¥ T3,

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. 7272 XXFHNA 7 = 7 b % format BE Y args »HAEM L TRL E
T, TDXAY v FliE format % args DX 52 DTT,
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int PyUnicode_Contains (PyObject *container, PyObject *element)
element 2% container WIZ® 2 AR, ZORMBIIGC TEF 3B ZIEL $9,

element \ZHEZE D Unicode XFIXHEHITERIINUI R D FXRA, =7 —DEURGEICE -1 %
BLET,

void PyUnicode_InternInPlace(PyObject **string)

S8 *string 24 ¥ 7L — A TIE (intern) L3, 58Z Python Unicode XFHA 7S =2 + %
BIRA VEEBO7 FLATRITINERD R A, Fstring EFLWV., T TIINEEAD XTI DT
TET 25813, *string KZDXFHNZHRELET (2L T, TOEINLFINA TS =7 P OEZR
AV T VAP, TTCRINAERADXTINA TS 227 FPOBRAT Y b4 27 Y X L
£3)e £ TRWVIEGHEIE, *string 3EFEET, ZOXEFWNAELES (ZLT 2RIV 2L VS
UXYPLET), (R ZRAT Y MZOWTRRILEGA L TRE L ZoBBIESRA Y >~ b
HIi7 (reference-count-neutral) & X TL 2 &V ZOBBEIMSIE Lc&icAH 7Y = 7 bOfTEMER
FoTWa D3, BZIFSHTENCT CRTAELZR o COWRBEAar D ZDHEICRD £3, )

PyObject* PyUnicode_InternFromString(const char *v)
Return value: New reference. PyUnicode_FromString() & PyUnicode_InternInPlace() %A
GOERSDT, WEEADFH R XXFINA TV =2 2 RS Hh, RUEZEFDINERAD Unicode
XFHNATY =7 MITHT 27l (P ITEMDD 27) BIREIRL £7,

8.3.4 7N ATZ ¥ bk (tuple object)

PyTupleObject
Z D PyObject DH 7T XA 71& Python DX TINA T =27 b eRIHALET,

PyTypeObject PyTuple_Type
Z D PyTypeObject DA ¥ A X ¥ Al Python ® X FATERE L ¥£3; Python L A YBT3
tuple E[MILA TS =2 F T,

int PyTuple_Check ( PyObject *p)
pWRINEI TS 27 bip, RINBDYBTRA TDA VARV RATHBGECERIRLET,

int PyTuple_CheckExact (PyObject *p)
PIMRINF T2 NT, DOXTIABDY TR TDA VAR A TRWESICEERLES,

PyObject* PyTuple_New(Py_ssize_t len)
Return value: New reference. A X3 len Oz X INA T2 b 2RLET, KT 2L
NULL ZiRL %£9,

PyObject* PyTuple_Pack(Py_ssize t n, ...)
Return value: New reference. ¥4 X3 n O X INATI 27 b2 BLET, KT 5L
NULL 2 RL %3, ZFNDHEEZEZEED n 8D Python 7Y =27 F 24T C 518k b 7,
PyTuple_Pack(2, a, b) (& Py_BuildValue("(00)", a, b) AU T3,

Py_ ssize_t PyTuple_Size (PyObject *p)
RINVEFTY 27 bADRA X258 D, ZOXRTILVOYF A XZIBRLET,
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Py_ ssize_t PyTuple_GET_SIZE(PyObject *p)
XTI p DV A XK UETH, pidIdE NULL TR TERSLT, XTI T2 7 P E2IELTORY
IR D FEA; COBBIEZS —F 2 v 72TV EEA,

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, 5IEICNT 2o —F = v
I RITVER A,

PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize t high)
Return value: New reference. M3 2L p D low 75 high FTOMEIRLRT R IALDAT A R
IR, KT 5L NULL 23R L £F, Python O3 p[low:highl R TF, VR kDD 5D
AYT Y ZRAFYHR=- PN TVEEA,

int PyTuple_SetItem(PyObject *p, Py_ssize_t pos, PyObject *o)
p DT RINATY 227 FND, Ul pos THBA T =2 bANOBREANET, RIITHI 0 %
BLET, pos BHEFHZEBEZ TWVWEHE, -1 2R LT IndexError fiftEty b LET,

AR OB 0o NOBRE T RAWMD” £, Ty BEEDA VT2 RITTTIRADERD
A2 TWBHE, ZOHEHRIIWH T 2ZRENEL £73,

void PyTuple_SET_ITEM(PyObject *p, Py_ssize t pos, PyObject *0)
PyTuple_SetItem() WBTWETH, T7—F =2 v 7 Z2TbT, FileBRX IVIEEANS & & MU
ICRE->TRAEDFHEA

FAFR: 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 t newsize)

RINEVH A XTICMHZ E T, newsize X TNVDHREXTT, RINVEEFEARER A T
7 b WS ZEIKHEHSTWVWS OT, ZOMKIEZZOFTY =27 ML TRE—D LSRR
WIS - TR D $8A. X T Uha— FHOMOET T TICBHIN T HEITE,.
DR E EoTIREDEFEA . FTNVEEIIEET A XORBEITHML 5. MIILELGEIZIEZ 0
BRLET, 7747 Fa—FRiE »p OEPERH LATE R CICR2 R L TER D EEA. *p
NEEHZ ONGE. AV I FL0 «p FHHEINE T, KT 2L -1 ZIRL., *p % NULL ITEE
L C. MemoryError ¥7zid SystemError ZAH L ¥ 7,

int PyTuple_ClearFreeList ()
freelist 227 V7 L%9, MRINIERBEZELET,
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8.3.5 Struct Sequence ¥ 7 xJ b+

struct sequence 4 7Y = 7 M& namedtuple) A 7Y =7 b2 &Effils C A 7P =22 b TF, DFEDH, 20D
FRCEUZB LT Z7RRATEIENTESLY —7 VAT, struct sequence Z4EM T 21213, TFRE
D struct sequence B2 AR L 72 1F0UTR D £ A,

PyTypeObject* PyStructSequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. BiRD desc HD T — X HH L\ struct sequence 2R L ¥ 5,
BENDZEDA VALK A& PyStructSequence_New() THERTEE T,

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence Desc *desc)
struct sequence BTH % type & desc &b L ITZ DG THHLL 3,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence Desc *desc)
PyStructSequence_InitType &MU T, B LAHEICE 0 2, KKRLAEHEICE -1 2L
9,

N— 3 v 3.4 TEM.

PyStructSequence_Desc

£ B struct sequence BID X X7 — 2 2R L 3,

Z14=JLEF C of! =13

name const char * RS % struct sequence T D

doc const char * AT 5B D docstring NDKRA VX, FRIFEKET S
&3 NULL

fields PyStructSequence_Fidl#i LW D 7 4 —/L R4 2 MH L 72 NULL #4hm E A7z Ad

* FINDKRA v &

n_in_sequenteint Python TR L 722 7 4 =L FOE (L XS L L

THAT 258)

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.

7 CDE | B
£ -
ILE
name | const | 74 —J/LFDOHHTL, dLAFDTEINAZT7 4 =L FDY R FOKIEERTHEIR
char NULL, %RV E FICT 25 A1X. PyStructSequence_UnnamedField % &%

* ELES
doc | const | 74—/ F® docstring, H&ET 3HE1E NULL
char
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char* PyStructSequence_UnnamedField

T 4 =V R BRI NE F5 2720 0Kk,

PyObject* PyStructSequence_New (PyTypeObject *type)
Return  value: New reference. type DA VARV RAEHEBRLE T, type &
PyStructSequence_NewType () 1 & o THANIER L TORITIUIRD £ A,

PyObject* PyStructSequence_GetItem(PyObject *p, Py_ssize t pos)
Return value: Borrowed reference. p D¥§3 struct sequence ND, & pos ICH52EF T =7 v %
BLET, BRF =z v 7 2T0ER A

PyObject* PyStructSequence_GET_ITEM(PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence_GetItem() [AFED~< 7 B T3,

void PyStructSequence_SetItem(PyObject *p, Py_ssize_t pos, PyObject *0)
struct sequence p @ pos DHEICH 57 4 —VRIH 0o ZFELF T, PyTuple SET ITEM() D X
T, R LT TOA VAR Y AR L TOAMEATNETT,

AR ZOBEIE o NOZRE T BARD” £75,

void PyStructSequence_SET_ITEM(PyObject *p, Py_ssize_t *pos, PyObject *o0)
PyStructSequence_SetItem() FFED~< v,

AR ZoBEIE 0o NOSIRE T BATD T 3,

8.3.6 VXrATT IV

PyListObject
Z®D PyObject DY 7 XA FF Python DY R AT 27 P eRBLET,

PyTypeObject PyList_Type
Z D PyTypeObject DA ¥ AKX > Al Python DV R MUZREL £3, Z4UX Python LA YicE
F5% list EAILA 7Y =2 FTT,

int PyList_Check (PyObject *p)
pBVANETTO 27 v, VAMNUOY TR TDA VARV ATHELGHEICEERLE T,

int PyList_CheckExact (PyObject *p)
p BVAMNUIFTO 27 THY, 2DOVRAMIOY T I FTADA Y ARX Y ATRWHEICHEZRL
i \j—o

PyObject* PyList_New(Py_ ssize_t len)
Return value: New reference. ¥4 X len Fi7zi VA MA TP 27 FERLE T, KT % ¥ NULL
RLUET,
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AR len D0 XD RkEVEE BENZYVRA ATV 27 POBERIZIE NULL Aty PERTWE
o BDT, PyList_SetItem() TRYIA TV =7 vty FT5F T Python 23— RIcZ DA
TV VeE LD, PySequence_SetItem() D XS HHE API ZFAHL TXWIFEH A,

Py_ssize t PyList_Size(PyObject *list)
VAMATZ 22 b list DREZRLET; VAMA TP =227 MZEBIT S len(list) LRI T,

Py_ssize t PyList_GET_SIZE(PyObject *list)
~7afRTTE% PyList_Size() T, T7—Fzv 7% LEHA,

PyObject* PyList_GetItem(PyObject *list, Py_ssize t index)
Return value: Borrowed reference. list DIET VA MA T 27 VAD, B index WCHE2A4 T«
ZrERLET, MEBRIFEATHINELDD, VA MIRLODA VT v 7 AFHR—- IR TVE
Ao index DI ZBZ TWAHA, NULL #3K LT IndexError il %ty P LE T,

PyObject* PyList_GET_ITEM(PyObject *list, Py_ssize t 1)
Return value: Borrowed reference. ¥7 B¢ TCT&E 7 PyList_GetItem() T, TI7—Fzv %
LEE A,

int PyList_SetItem(PyObject *list, Py_ssize_t index, PyObject *item)
VA +ATP 27 PHNDONE index 12, A7 27 b item WAL E T, N LEEEICIE 0 2R
LET, index PEIFHZBEZ T34, -1 #IRL T IndexError v FLE T,

AR ZoBEUT dtem NOBIEE T RARD T £5, 2. BHEHEDA VT AT TIZAIOESRD
AoTWBIEE, ZOBERICHTI2SBHEBEL FT,

void PyList_SET_ITEM(PyObject *list, Py_ssize_t i, PyObject *0)
PyList_SetItem() X7 VICXBFEHRET, TI57—-F v 72TV ERA, ZO~r vk #FHiRY
A NDERERZ AN Z L DIRNMIBICEREZ AND & ZIZDAENET,

AR: o~ old item NOBRE P BWAWD” £F, F£/. Pylist_SetItem() LiE- T, BHR
DOBEEMMANELCTHBEMRI ONDI ATV 27 bANOBIRERE LERA ; ZOMRE, list FONE
i TBREINTWEATI 27 PR REYV Y- ZF|ERILET,

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
B jtem ZVAD list DA VT v 7 A index DENCTHALET, MINT5L 0 ZRLET, KKT
52 -1 %KL, sttty P LET, list.insert(index, item) ML 72HEBETS,

int PyList_Append (PyObject *list, PyObject *item)
ATz b dtem % list DRBIEMUE S, B35 L 0 ZIRLET; Rk s -1 ZiRL. f
MNEty bLET, list.append(item) IZHLIL 728KBET T,

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)

142 % 8E BRATT TV I (concrete object) L 1Y



The Python/C API, V1) —X 3.8.18

Return value: New reference. list ND. low 75 high FTD A7 27 bRV RANERIRLE
T KT B2 NULL ZiRL. flsbety P LET, list[low:high] WML MERET S, 72 L.
VAMOREDPSDA VT v 7 RAFHR-FENTVERA,

int PyList_SetSlice(PyObject *list, Py ssize t low, Py_ssize t high, PyObject *itemlist)
low 75 high £TD list DA T A A%, itemlist DNEIZ L EF, list[low:high] = itemlist &
AL DKERET S, itemlist & NULL TH k<. ZZV R PDORA (FEER T4 ADHIBR) 127D 35, K
NLIHETIZ 0 20 KBMLEHEIE -1 Z2BLET, 2L, VALORE,ISDA V7T v 7 A&
PR—FZNTVEEA,

int PyList_Sort (PyObject *list)
list ODNEEA YTV —ATY—bbLET, HILEEGEICE 0 2, KR LEEAICE -1 2RLE
¥, list.sort() R TT,

int PyList_Reverse (PyObject *list)
list OEZZA VTV —ATRIELET, BN LHEICE 0 2. RBRLAEBECE -1 ZIRLE T,
list.reverse() &[RLCTI,

PyObject* PyList_AsTuple(PyObject *list)
Return wvalue: New reference. list DNBEDB Ao il 2 IV A T 27 b HIBRL ¥ T,
tuple(list) &L TT,

int PyList_ClearFreeList ()
free list 227 V7 L3, MRS ERZBEERLET,

N—Ya ¥ 3.3 TENM.

8.4 Container 772V k

8.4.1 HEA T2 U b+ (dictionary object)

PyDictObject
Z®D PyObject DY 7 XA FiF Python OFFEFEA TP 27 b2RILET,

PyTypeObject PyDict_Type
2D PyTypeObject D4 ¥ AR A Python OFEZRBL T, ZOF 7Y =2 A Python
LAYIZEBITS dict LRICLAT7Y =227 b T,

int PyDict_Check (PyObject *p)
SIBDEEEL TS =27 P OHEUOY TR TDA VAR ZADGEICHZIREL £,

int PyDict_CheckExact (PyObject *p)
P WHFEF T2 VTHY, POFERDY T 752D, VARV ZATHRWEEICERZERELE T,

PyObject* PyDict_New()
Return value: New reference. 25D 72EFFE LR L E T, KT 2L NULL ZIRL £73,
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PyObject* PyDictProxy_New(PyObject *mapping)
Return value: New reference. 5~ v 784 7Y = 7 MM LT, #iiA i LEHICHIBR X7z types.
MappingProxyType * 7Y =7 b 2R L £ 9, #HE. ZOBEIIEIN TRV 7 2 (non-dynamic
class type) D2 7 AFEDEHEINRVE I 2 —Z2ENT 27D fEbE T,

void PyDict_Clear (PyObject *p)
BUERHEC A>TV 2 TOXF — L HEORT ZREALTHRICLET,

int PyDict_Contains (PyObject *p, PyObject *key)
T pkkwbkofmé#ﬂibi? p DEED key IT—HLEAIE 1 ZRL. 2hlStoih
BIIE0ZERLET, T7-0HE -1 ZIRLE T, OB Python DR key in p LFlTT,

PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. p L[RICF—CHDORT WA o Tl efEZRLE T,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)
TEE p T, key ZFXF— & L TMH val ZFHAL £5, key 13Ny ¥ 28 (hashable) TRIFAUIZRD %
Bho Ny afARETHRWVWEA, TypeError ZIAM L ¥, I LLGEICIE 0 2, KKLLEE
-1 ZRLET, 2O val NOBREZARD £HA

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)
Insert val into the dictionary p using key as a key. key should be a const char*. The key object is
created using PyUnicode_FromString(key). Return 0 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)
HEpDPOXTI key 2X— T2V PV ERELET, key DEEFITRIFNUI, KeyError ZiX
HLET, BIILHEIE 0 2, RRLAGEIE -1 ZIBLET,

PyObject* PyDict_GetItem(PyObject *p, PyObject *key)
Return value: Borrowed reference. #f&E p WT key ¥ —2 32347027 bERLE T, F— key
DIFE L2 WEITIE NULL 2B L £ 323, flstety b LEEA.

__hash__ O XY v R __eq O XYy FOMUFH LHISEZ 28532 Z 2 IciEELT
(& WV, T7—%@HEXEBIE, b DI PyDict_GetItemWithError() & {HoTLZE W\,

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem() DEFTHINZEL £ A, BIANIFEEL -
ald. Btz y b LIeETNULL Z3RLEF, F—DEELAR» o BER. S ety M BT
IC NULL 2R L ¥£55,

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 charx, rather than a PyObjectx*.
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_hash (O XYV v PR __eq O XYy FOMGHLHR, —RWEXFIA TS =2 b DfE
AR 2 HI4MEMHEI SN2 2 ICERL TS, 27 —2HE €223, bhic
PyDict_GetItemWithError() ZfHoTL/Z&E W,

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobs)
Return value: Borrowed reference. Z4U& Python L X)L ®D dict.setdefault() R LT3, ®
LHIUX, FE p 25 key ITWHIET 2HEZIRL T, F—FFFICRITIUL, E defaultobj ZHAL
defaultobj iR L %3, ZORAEUE. key DNy ¥ 2 HZBR A Z & I1Zh] 4 WCFHEi$ 2 DTl <
—E2 Lo FHii L EE A

N—a v 3.4 Tl

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. FEENDETDERNMA 72 PyListObject #IBL ET,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. EFENDETDF —M A -7z PyListObject ZiRL F T,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. &2 p NOLETOEN A -7z PyListObject BIRL FT,

Py_ssize t PyDict_Size(PyObject *p)
HENOEROHEZIELET, HEIIHLT len(p) ZETT2DLRL 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 puvalue should either point to PyOb ject* 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.

I Z 4

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the values... */

RAGIIEAREEE p Z2EBE L TIRRD $HA, HELZRELHET I, F—I1IHIST 2 HEZZEHEL
THARLRIECAED T LD, F—DREEZLE LRV EDHHET Y, UTIchlZRL £

PyObject *key, *value;
Py_ssize_t pos = 0;

(RDR=I12%i<)
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(FiDR— 25 D %)

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)
<~y TEF T2 b b DRTOERIDRZ-> T, KIEMNZF—/fHORT 2&#EH o 1ITBMLE T, b
WXEEE D, PyMapping Keys () 721X PyObject_GetItem() V¥ RK—+TH2ME1rDATI =7 b
ICTEET, override WERZOHIX, a DX ——HIT2F -0 b IH BT, BIFORT 2 EEZ &
To ZHLVLDBER, b DF—IC—ET 2% =D 0 KRVWE ZDHBMEITVE T, RIILBEIC
30 ZIRL., SR EhGEIE -1 ZIRLE T,

int PyDict_Update (PyObject *a, PyObject *b)
C T&RHEIX PyDict_Merge(a, b, 1) 2R U T, %7z Python @ a.update(b) &EITWFE F 755,
PyDict_Update() 1356 51805 "keys” BHEZF LR WHEXF —/ERT DY —r Y A2 RKIET %
TeREHHERA, BIILEEGEIE 0 ZIRL, FIANEH NG EITE -1 ZRLETS,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)
seq2 NDF — /[EXRT 2o T, #EF o ONBEZEHLLDBELLD LET, seq2 13, F—/fHDOR
T AREDZREZ 2 ORIEAREL 7Y = 7 b (iterable object) ZEMK T 2 KIEAIREA 7Y = 7 b TR
IR D FR A, BEET 2 X DT 258, override BEZ HIFFICHB L7z F — 2w, 25
TROVWEHEHIZRICHBA L X -2V ET, HPLAEHEIIE 0 ZIBL, FIAER EAGEIE
-1 BRLUET, (RDEDSNT) Fifils Python 2 — F2HE 2, LT LSk bh 3

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkeyl = value

int PyDict_ClearFreeList ()
freelist 227 V7 LE ¥, MREINIERBZELET,

N—ar 3.3 TEM.
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8.4.2 Set 77>z VU b+

Dt r>ayTld set & frozenset DM API DWW TH L ABRE T, UBTHHAL TV
ROVKREIX, MR A 727 7w tan (PyObject_CallMethod (), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print (), PyObject_GetIter()
TEY) 2HMEREME ST o b a v (PyNumber_And(), PylNumber_Subtract(), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() &%) 2o THRHTE 7,

PySetObject
Z D PyObject Z#kA L 78I, set & frozenset T DNERT — X ZHRET 2 DICHVWLNE T,
PyDictObject LU X 51, /NEWVES (set) I LTF (X TLD XS EES A XTHH, £5
THVWEBSIIHLTE (VA PEFRLESI) IZROXEY 70y 7 2H0Ed, ZOMERDOED
74—V b, ERHTEESINSARNEADH 2 L EZATTE W, IRTOT7 7RI, WiEEOHD
EZEFRMET 20TIERL. FFa Xy bEhi APL ZHWTITSRETT,

PyTypeObject PySet_Type
Z D PyTypeObject DA ¥ AR A%, Python @ set BERL F T,

PyTypeObject PyFrozenSet_Type
Z D PyTypeObject DA ¥ AR A%, Python @ frozenset BERL 7,

PgEDRIF = v 77 2ZFRTD Python 7Y =7 MIRET2RA > RISHLUTEMEL £ 5, FARkIC. =
VAN REITRTDA 7L — MAJRERR Python 7Y =2 MW LUTEMEL £,

int PySet_Check(PyObject *p)
p W set DEDY T RATDATI =27 b TH5BE ZIT true ZIRLFT,

int PyFrozenSet_Check(PyObject *p)
p 7 frozenset MZ DYV T XA TDA T =27 b THBE X true BIRLET,

int PyAnySet_Check (PyObject *p)
p 75 set M frozenset . HAWVIZDY T RA TDA TV =7 bTHIUR, true ZIRLFE T,

int PyAnySet_CheckExact (PyObject *p)
p 3 set H frozenset DEHLLNDA TP 27 FTHB L BT true ZIRLET, Y 7XA TFDAT
Pz MIBAEE A

int PyFrozenSet_CheckExact (PyObject *p)
p 23 frozenset DA TV =2/ FTHDB L X true BIRLE T, V7 XA DA TV 27 MNIEAZE
A

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. iterable 2R3 7Y 227 M2 ELH LW set ZIRL F3, iterable 73
NULL O & Zi3, 22D set ZIRL FT. ML oH LW set 2, KL 76 NULL 23K L £9, dterable
DA T L — PAJBETRWG AR, TypeError ZXHHLE 3, ZOaY A7 7 X E set Zab—7 5
LEIZBHERET (c=set(s))o

PyObject* PyFrozenSet_New (PyObject *iterable)
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Return value: New reference. iterable SR TA 7Y =7 F B ETH L\ frozenset IR L FF,
iterable 73 NULL D ¥ Zl3, ZED frozenset ZiR L F3, MINRHTIZH L set 2. KHIFIZIE NULL
ZIRUEF, dterable 34 7L — FAIRETRWIGEIE, TypeError ZiAHI L 3,

DD R# P~ 27 1id, set & frozenset ¥ ZDY T RA TDA VARV AR L THETEE T,

Py_ ssize_t PySet_Size (PyObject *anyset)
set X frozenset DA 73 =7 PORIZIKL %7, len(anyset) LR LTI, anyset 25 set .
frozenset BXUZDH 7 XA FDATY =7 M TRWVEEIX, PyExc_SystemError ZiXH L £,

Py_ ssize_t PySet_GET_SIZE(PyObject *anyset)
I —F v 7 ETDLEV, PySet_Size() D~ afE,

int PySet_Contains (PyObject *anyset, PyObject *key)
Homotkt 1 &, ROohohhrolb 02, T7—0RELLEER -1 2 BL £, Python @
__contains__() XY v FEiE->T, ZOBIIIEN Y >~ 2 set Z—FiY72 frozenset ICHEITEML
FH Ao key By ¥ aAJRETHEWIG S, TypeError £t L £ 3, anyset 2% set, frozenset KU
FOVTRATDATY 27 TNV EIL PyExc_SystemError ZiAH L ¥ T,

int PySet_Add (PyObject *set, PyObject *key)
set DA Y ARV RIZ key BBMUET, frozenset WXL THEMEL £F (PyTuple_SetItem()
DEoic, fioa— IR ZZFDH LW frozenset DEZED 2 7-DIHEHTEET), HHLKH 0
o KL -1 ZIRU XS, key 23Ny & 2 A[RETRWIEEIE, TypeError ZiXH L %3, set &
KE LT 2RBDZLVIEEZ. MemoryError ZEMH L E T, set 23 set 2EDH T XA TDA VAR
Y RATRWEE, SystemError ZiEH U E T,

DIBEOBEIZ., set ¥ ZFDV TR A Tt L THHRBE TS, frozenset ¥ FDV 7 X4 FIZIFIHTE %
Ao

int PySet_Discard (PyObject *set, PyObject *key)
key BHRO» o T, HZHIBRLZS 1 ZIBRLE T, ROorokkhroks (MIHEFIZ) 0 ZIRLXT,
I —DFEELEAIE -1 ZRLE T, key 3L TD KeyError ZiEH L EXR A, key D3Ny > a
ARE TR WAL TypeError Z#EH U £3, Python @ discard() XY v KrE-T, Z OB
JENy > a set BN frozenset IZEHAL XA, set DY set DEDYTRA TDA VARV AT
W ZX, PyExc_SystemError XL ¥ 7,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. set DHFDERD ENLITHTEIHLWSHRERL, 2047V =7 b
% set PHHIRLET, KM LS NULL iR L 3, set HZEOHEICIE KeyError ZEH L E T,
set I3 set L EDY T RA TDA ¥V AR Y ZATHRWEA, SystemError ZiAH L E 3,

int PySet_Clear (PyObject *set)
set ZZ2IZLE T,

int PySet_ClearFreeList ()
freelist 227V 7 LE T, MRS ERZBEZRL T,

N— g r 3.3 TEM.
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8.5 Function #7>x7 k

8.5.1 Function #7227 +

Function # 7Y = 7 FEHOBEBITOTH T,

PyFunctionObject
BRucfEbh s C DG,

PyTypeObject PyFunction_Type
PyTypeObject B D 4 > A & > 2T, Python OB ZXRL £3, ZHiZ Python 17 J Al
types.FunctionType & LTI TWE T,

int PyFunction_Check(PyObject *0)
o DBA 7Y =7+ (PyFunction_Type B2 5) 726 true ZIBL ¥9, 5183 NULL TH - Tidw
TEEA

PyObject* PyFunction_New(PyObject *code, PyObject *globals)
Return value: New reference. 23— R+ 72 =27 b code IZBEMN T o NZH LWEBA 7Y =27 + %
BLUET, globals 1ZZ DD S 7 7R TE S 70— \IUVEKOFHETRINIRD €A,

BB R Fa Xy bXFHNCLENEIa—FA 72027 b2 oBEBEINET, _ module_ X globals
POERBEINET, SIBDTF 74V MERTY /T —>ay, 70— v ik NULL TRESINE T,
__qualname__ IBEBAB R CEICRE SN E T,

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qual-

name)
Return wvalue: New reference. PyFunction_New() I TWETH, A7 27 b

__qualname__ JEMICfEZ Ly P TEFF, qualname F1 =23 —FA 7Y =7 +» NULL THKL
Tk b A, NULL 72572355, __qualname__ BMICIE __name__ BHCFEUCMENE Y F&h
73,

N—Y a ¥ 3.3 TEM.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. A 7Y =7+ op ICBEMIISbNIza— AT =7 bR
L&D,

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. FEA 72 = 7 + op WCE#EA I H417z globals fFE %R L 35

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. FAfA 7 =27+ op @ __ module  BHEZERLFT, T
FEEIEEY 2 —VADXFIIDB A > TOETAH, Python a— Fh oot 7Y =7 v ety bEN
5ZdHHET,

PyObject* PyFunction_GetDefaults(PyObject *op)
Return value: Borrowed reference. B#(A 72 =27 + op DD T 7 )V MEZRLF T, 518D
K7 )VH NULL 127D %55,
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int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
B A7 =227 b op ODFIEDT 7 #V MEZREL £7, defaults 1& Py_None 22 & 7 /LTI U
Wi EHE A

KL 7-FFX, SystemError ZHAEXH, -1 ZIRLE T,

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. Bl A 72 =7 b op KEREIN/z7 0 - ¥ ZRL 5, NULL
el X7 VDR TNVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BBA T2 oplZa—Y vy ZRELET, closure X, Py_None L& cell 7732 b
X TATRFIERD EH A

K U7X, SystemError ZHAEXH, -1 ZRLET,

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. BIA 7 227 v op D7 /) 7 —> a v ERLE T, BDHIXE
IEAJRE7Z2FFE A NULL 1272 D £37,

int PyFunction_SetAnnotations(PyObject *op, PyObject *annotations)
AT b op D7 /)T —>avERELET, annotations 13EEEF D, Py_None THRIFIUIAR
DEHE A

KLU 72 FlX, SystemError #FAEXHE, -1 ZIRL ET,

852 A1VRXAYARXY Y RATTxU b+ (Instance Method Objects)

AVRARYARAY v ¥ Eid PyCFunction D7D T v X—=TH D, PyCFunction 27 T AL 7T =27 M
NAYRTE10DHLWVLHYHFTT, ZHUILIATD PyMethod_New(func, NULL, class) OM-UH L%
EEHEZFET,

PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ AR A& Python DA Y ZAX Y AXY v ROBIZRBE L £3, 24Uk Python
DAY T MIFRFASNEEA,

int PyInstanceMethod_Check (PyObject *o0)
0 MWAVARYAXY v RA TP 27 b (PyInstanceMethod_Type B TH3) JHICEZRLE T,
NI RX—=ZIZNULL K TZEEA,

PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. fEEDOMN LATREA 79 = 7 b func ZEo 77 XY v B4 T
D7 MERLET, BB func 13X Y v RBMEOEH XA 2IFEOHEEINE AT 27 TS,

PyObject* PyInstanceMethod_Function(PyObject *im)
Return value: Borrowed reference. £ Y AR Y AXY v K im IZEEMF SNERA T2 27 + &
EKLUET,
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PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. PyInstanceMethod_Function() D27 BhRT, TI7—F = v
IERITVER A,

8.5.3 XYy RrATTxo

Ay FEBEA 7Y 22 MCRBERTOUET, XYy RIEICHHI—F—ERD Y I AHBEATL
ZOTT, REINTWRVAY Y R (2524 TV 22 MCHBENZAY v 1) AT 2 e A TEE
A,

PyTypeObject PyMethod_Type
Z @D PyTypeObject DA ¥ AR ¥ AlF Python XY v FRIZRBFALE T, 204 7T 7 M,
types.MethodType ¥ LC Python 702 J LMIARHENTVET,

int PyMethod_Check (PyObject *0)
0 MAY Yy FEFTT =7 b (PyMethod_ Type B TH ) JBHEICEZIRLE T, 287 X — XX NULL IZT
ZXEHA

PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. {EEDOPEFH LATREA 7P 227 b func £ XY v FHRRBINZNE A
VAR YR self Bl AV vy RATO 27 FEBRLET, B func iZ. XYV v RHBFERHE X
NTRFITHEOHEINEZ A TP 27 P TF, self I NULL ICTEFHA,

PyObject* PyMethod_Function(PyObject *meth)
Return value: Borrowed reference. XY v K meth WZBEMIT SN TWBIHEBA T =7 FEIRL
S

PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. PyMethod_Function() DX ZBRT, TI7—F v ZZ{TVE
A,

PyObject* PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. XY v ¥ meth IZBETIT SNz f Y AX Y ARIRLET,

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. PyMethod_Self() D7 VKT, =7 —F = v 7 BTV ER A,

int PyMethod_ClearFreeList ()
free list 227 V7 L3, MRS ERZBEERLET,
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8.5.4 LILATZ U b+ (cell object)

TR (cell)” FTY 27 M BBORa-T oS REN LBz HET 20D T T, i
BEBCOVWTHER IR, BL2OEZLBLET;, COMHEBRIZEARy 7 7L —L BT 20 —HLE
Buzid, 20RA%y 77— A0SMUITHCEEZZRL TWS2UCHT 2BMBAD 5, L TERBSN
727 72 RXF 22, ATV AERORODITELVADENRFEONET, ZO0ELFTV=I M %
i > 72208 (dereference) &, 4 Y X 7V XX o TEBI NS ba— FATHR—-FIRTVEH
ERHDET, kA ATV 2P M7 7R LB, BECHESRIEEZ D A, LSO RIT
. AT Y =7 PRI WIE T,

PyCellObject
A TY = MifEDNS C BT,

PyTypeObject PyCell_Type
EAFATY 27 NS 2MMA T 27 T

int PyCell_Check(ob)
ob BENLA T 27 POBGEICEEIRLE T, 0b 1 NULL THoTITR D EVA,

PyObject* PyCell_New(PyObject *ob)
Return value: New reference. B ob DA o Tz¥ilch N7 =7 v EER LU TGRLET, 518%
NULL iZLTHDPFEVEEA,

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. cell DNBEZIEREL ET,

PyObject* PyCell_GET(PyObject *cell)
Return value: Borrowed reference. cell DNEZIR L E T, cell H3IE NULL 220t 4 7P =7 b
THEIDEIDEF v 7 LERA

int PyCell_Set (PyObject *cell, PyObject *value)
AT 2T cell DNEZ value KHRELE T, ZOBBIIRIEDOLLDOETONRIINT 25
HZ ML £ 3. value & NULL THHPFEWVEHA, cell 13JE NULL THRIFIUIRD XA, cell Hit
NATI 27 P TRWES, -1 ZIBRLES, BI55L 0 ZBRLET,

void PyCell_SET(PyObject *cell, PyObject *value)
AT 2T cell DIEZ value ITHRELE T, ZRAV Y MIHT2EHIIRL, KREDLDHD
F v ZIHMIBITVER A, cell 13IE NULL TRUIFNIXR ST, oA 7T =7 b TRIFAIRD
EE A
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8.5.5 I—FATZxV b

a— KA 7Y =2 b (Code objects) & CPython EEDKL NVRFMET TS, &4 7Y =27 NI
XN TOWRWIEITAIEE — RO AR L TWE T,

PyCodeObject
A-FATT 27 b ERBRT DAL CHER, ZOMDT 4 — L FRARTOEHEZ N
(SE

PyTypeObject PyCode_Type
ZAUZ Python @ code B%RIIT 5 PyTypelObject DA VARV A TT,

int PyCode_Check (PyObject *co)
co S code A7z FDELZICEEZRLET,

int PyCode_GetNumFree (PyCodeObject *co)
co ND HMHZEH (free variables) D EIRE L F 3,

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,

PyObject *name, int firstlineno, PyObject *lnotab)
Return value: New reference. il \Wa—RA 7 27 bR RLET, 7L —LZEKT 2720I12X

—DaA—RATY =7 FBRERGEX, b DIZ PyCode_NewEmpty () ZFIFHL T I W, N4
ba— FIISERICEEINS 720, PyCode_New() ZEHEMIHF L, Python OFFMIN— a ITK
FLTLES ZeDH D ET,

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonl-
yargcount, int nlocals, int stacksize, int flags, Py-
Object *code, PyObject *consts, PyObject *names,
PyObject  *varnames, PyObject *freevars, Py-
Object  *cellvars, PyObject *filename, PyOb-

ject *name, int firstlineno, PyObject *lnotab)
Return value: New reference. PyCode_New() Wl TWE T, MEHHTI D7D D "posonl-

yargecount” 2SEMENTVE T,
N— a ¥ 3.8 TE.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. HiL\WZEDA— FA 7V =7 b o, IBEINLT 7 4 V4, BB, H
WBITERSTERLE T, BENa—FF 727 ML TOD exec() ® eval () FFEINTVE
A

8.5. Function #7217 + 153



The Python/C API, V1) —X 3.8.18

8.6 TDMDATT I b

8.6.1 77AIATS U+

5D API X, Python 2 DIAIABLD 7 7 A VEF TP =227 D C APl ZHRMEBRTZI 2L —b557200
HDTT, Zhnld. FHEC ATV THR-FPEINTVWENY 7 7% 1/O (FILE*) IZHH 2 7DD
NFF, Python 3 TlX, 77 A LR MY —2@H LV io BV 2 — VBRI, Z212 0SS DKL ~NIL
BNy 7 7E I/O DEICWL O DENERINTVET, FTTHRHINATHIHEKIL. ZhsoHL v
API OfFf]72 C v =T HH, A VX TV X TONTNRZZ —BHNIANWTVWET; — F—=F 4 —
Da—RiFRODIZ io ® API 25 Z e HERINF T,

PyObject* PyFile_FromFd(int fd, const char *name, const char *mode, int buffering, const

char *encoding, const char *errors, const char *newline, int closefd)
Return value: New reference. BEICHDPNLTWE 7 7 A fd D7 7 ANT 4 A7) 7 &5 5 Python

DI 7 ANE T =27 PEERLE T, 518 name . encoding . errors . newline I2i&. 77 # Lk
DL LT NULL 23X 3, buffering 1713 -1 ZHEELTT 7 4L FOEZES 2B TEEXT,
name \IMHEIN 2 DTTH, BAEEDLDITREINTVET, KT 5L NULL ZiIRLET, &
D W25 I R DX, i0.open() BIBD FF 2 X F2BIRLTLES W,

EE: Python A MV —2AEBEHDONY 7 7V IEEFFOLD, 77 A VEEBRFD OS L~)LdD
Ny T77 )T eHHT e HALME (PHERT—XE) 2252 LET,

N—=Ta Yy 3.2 TEHE: name JBIHEDOEMH,

int PyObject_AsFileDescriptor (PyObject *p)
p CEEDF NG 774 NVT 4 X7V FR%E int ELTRLET, A7 =7 b LS, 20
fEZRLET, BETRWES, £ 7Y =2 T fileno() XAV v RBHNIFFUCHLET; ZDX
Yy ROBRDEIZ. 77 A VELARFOEE L GREN BB TRITNUIRD £8A, KT 2 sz
RELT -1 ZBELET,

PyObject* PyFile_GetLine (PyObject *p, int n)

Return value: New reference. p.readline([n]) R U T, ZOBBIZATI =7 b+ p OKITERE
AHLET, plE77A4NMF TV 27 b, readline() XY v REFHOMOLLDF TV 27 FTHhE
WEHA. n B0 DA TORSICHFR CIERIZ 1 fTRUHAHLET. n 20 KDRETR
BEon A PUEDTF—XEHEALLEEA; o T ITO—HEINRSNLGERDD T, &5
LOEETH, A LET CIIT » A L OKIRICENE L 2581135275 % IRLE T, n 250 &
/TR, RICHEDLST 1177200 % AR LETH, T8 7 7 4 VORIEIZEE L 2581
¥ EOFError ZiXH L 73,

int PyFile_SetOpenCodeHook (Py_ OpenCodeHookFunction handler)
io.open_code() DEHDIRZFHWE LEE LT, 2RI X—X—%iEtxhz "V FSTHEL
9,

Y K 7 0% PyObject *(x)(PyObject *path, void *userData) %! @ [ % T. path &
PyUnicodeObject TH DI L DPRIESNTVE T,
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userData KA Y RIE7 v ZEBICEINE ST, 7y 7B RS V24 206 OHEIRE D L
NHEVDT, TDRA > RIZEH Python DIREZ BB IRETIEHD A,

ZD7 v ZBBEA YR IS Z e BN L TWS 2, Y 2 —L frozen REY 2 —
NTH5H sys.modules IHAZFHAMEEREY 2 —LTH B ZEBTh > TWBEEERVTI,
79 ZEBOFEITHICH LVWEY 2 — %4 Y E—FFT2DIFBTTLE XN,

Wo A7y ZEBDEREENZ O, HIFRPE SIS TE T, D)5 D PyFile_SetOpenCodeHook ()
DI LIZEKRML £9, ZOBRBDKBLIZE 23, 4 2=V 23k TWiGa. -1 &
BLUTHSZEY FLET,

Z DRI Py_Initialize() K DATCFIH L THEETT,
5184 L T BEE A N b setopencodehook ZiEHL F75,
N—a > 3.8 TEM.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FTO2T b obf BT 7 AN TS =2 b pITEZIRAAET, flags DY KRK—-— T 577 7F
Py_PRINT_RAW 72U} C3; CO7 I 7 %EET 2L, A7V =7 MZ repr() Tidi < str() %i#EH
L7MERZE 7 7 ANMCEESHLET, BBILEEEIIE 0 2B, KRBT %2 -1 2R L CEYIZAEI5
Zty PLET,

int PyFile_WriteString(const char *s, PyObject *p)
XFH s 77 ANATO 27 b pITEEHLET, HALEEETIZ 0 ZEL, KlgysL -1 %
RUTEY RN 2Ly P LET,

8.6.2 EXa—ILAT2 ¥ k (module object)

PyTypeObject PyModule_Type
Z®D PyTypeObject DA ¥ AKX ¥ A% Python DEI 2 =LA 7Y =7 MURRBILE T, ZO4T
Y= M, Python B2 J 41213 types.ModuleType & LTI TVE T,

int PyModule_Check (PyObject *p)
PBEIS 2= NATI2 I MPEIT2a—NATI 2 VOV TRA T THZE ZICEEZRLET,

int PyModule_CheckExact (PyObject *p)
PBEI 2= NATI 2T P T, DOEIa—NANA T2l VOV TRA T TRVE ZIZEZRLET,
PyModule_Type.

PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. __name__ BMIZ name DIXEINIH LVWE S 2 — 4TV 27 b
ZRLES, EY2—/D __name__, __doc__, __package__, __loader__ BN A > TWVWET
(__name__ DIHMIART None TF); __file__ EMIEEZ ANZDEMHOH LAOEETT,

N—a v 3.3 Tl

N— a3 3.4 CTEHE: __package__ ¥ __loader__ | None WKFKEZINF T,
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PyObject* PyModule_New(const char *name)
Return value: New reference. PyModule_NewObject () IZflTWE 325, name & Unicode 7Y =
7 + TR UTF-8 Ty a— R I XFHITT,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. module DHHIZEMZHETH2HEA 727 V2R LE T,
FIV 2 ME BV a2a—F TV bD _ _dict_ BUHELFEILDDTT, module WEY 2 —LF
T2 b (BLKBEY 2—NF TP 27 FOH T XA T) THROWEEIE, SystemError 2EH &
NULL 23R &N E 9,

ERES 2= TlE, TV 2—10D __dict__ PEEHEET S LD D, PyModule_*x() BX U
PyObject_»() PAEZ S AR £ 7,

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. module ® __name__ DEZRLET, TV 2 — LB ZDEEERML
TWREWEERXFYR TR WS, SystemError #3%H LT NULL 2R L £ 3,

N— ar 3.3 TEM.

const char* PyModule_GetName ( PyObject *module)
PyModule_GetNameObject () I TWE T, 'utf-8' TLY I — KN/ name ZRL T,

void* PyModule_GetState (PyObject *module)
EY 2D "state”(EY 2 — A EERLIZZA I VI THRRINZ AT 70y JADEL V& —)
2. 7R AUE NULL #3IR L %9, PyModuleDef.m_size Z B L T ZE W,

PyModuleDef* PyModule_GetDef (PyObject *module)
BV 2—AIELNDZILE IR o7z PyModuleDef REEHRNDRA Y X E2RLE T, €Y 2 —LHERIC
EoTELNT WD 5 5E1E NULL KL £,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. module @ __file__ JBM% D 21T module u—F3h7zdb oD
77 ANERZBLET, BLI 7 A ﬂ/%ﬁ)iaé NTOVRWIEER, Unicode XFH TR WIGE,
SystemError Z¥¢EEH T NULL 2R L £9, ZALUDEEE Unicode 7Y = 7 PADOZ R Z IR
LEd,

N— g v 3.2 TE.

const char® PyModule_GetFilename (PyObject *module)
PyModule_GetFilenameObject () EITWE T, "utf-8 Tz ra—FEShk7 7 A AHZEL
9,

N—Y a ¥ 3.2 TIEHLE: PyModule_GetFilename() ZT>¥a— RTERWVWT 7 4 LZITH L TE
UnicodeEncodeError Z#EH L £, ZHDb DIT PyModule_GetFilenameObject () ZfHEHL T
{TZ&E W,
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CE2a—I/LOYIHAL

B, EVa—AA T2l NEEEEY 2L (SRR LS ZE— F LTWBHET A 7T ) %
T3 AIAENTZEY 2 —)b (PyImport_AppendInittab () %o CHIHMLEEDEBMENTVWEEY 2 —
) pofEsNE T, FC OV TI building ¥ 721% extending-with-embedding % RT 72X W\,

AR, B 2 —VEBRDA Y ARV A% PyModule_Create() WZELTHR ENo-EY 2 —LF
TPz bPRRLTHEOVTT L, b LA RERBERZODDOZRL” ZEREOIIL 2ERLTHHOE
Ao

PyModuleDef
BV 2 VERMERZEY 2 - A 7Y 27 P ERAENRT 2 DICBEL TN TOERE R/ L T, @
WiE, T2 DEY 2 — T IZHRHNCHIIb S N ZOROZEHD 1 DR FFEL £ T,

PyModuleDef Base m_base
T DX N—FHIZ PyModuleDef HEAD_INIT CHIHALL TL 72X\,

const char *m_name

FLWEY 2 — LD,

const char *m_doc
EY 2 —LD docstring, 72T docstring 1& PyDoc_STRVAR % FIFH L TEMINE T,

Py_ssize_t m_size
Y 2 —LORBEE, #VR70 — LR FEIRTLE 7R { PyModule_GetState() THUSTE %€
Va— L ITEDXEVHEBICRFINTVWR DD ET, THUTK>TEY 2 —VIFEBOY
T AVRTYV R —TERfEZE T,

ZDOXEYMHEBIT m size ITHEDOWTEY 2 — WMERERHCHEIN. T2 —LA 7P 27 MW
FEIXND L EFIZ, n_free AR DI ZNNIN- L TREREINE T,

m_size IZ -1 Z&RET DL, ZOEY 2a—N3F 70— NNV RIKEERR DI T - LA v &2—T
VR =P R=—PFLTVRVEWVWS ZEIZKRDET,

m_size ZIFADEICKET 5L, EY 2 —VIFEWHALTE, ZORED-DICHEL LB
MOXEVERIEETEZ22WVWH 2D ET, IFAD n_size FZEREOIALTHEICRD
£7,

HHiZ PEP 3121 23,

PyMethodDef* m_methods
PyMethodDef TEFZEND, EY 2 — VL NUBEBD T — T AANDKRA ¥ & —, B L 7%
WG EX NULL Z23E T % Z & A3l HE,

PyModuleDef Slot* m_slots
ZEEIAtD - D2n v NEZRDOEYT, {0, NULL} ER»KiGe b 3, —BREwEHL
S5 ¥ EE, m_slots 1& NULL TR D 8 A,

N—= gy 35 TEH: N—T 3 3.5 XDENE. TDRX U NTHEIC NULL ICEREXNTWVWT, X
DHDE LTERINTVWE L=

8.6. ZoDATZ U+ 157


https://www.python.org/dev/peps/pep-3121

The Python/C API, V1) —X 3.8.18

inquiry m_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.
This function may be called before module state is allocated (PyModule_GetState() may

return NULL), and before the Py_mod_ezec function is executed.

1nquiry m_clear
A clear function to call during GC clearing of the module object, or NULL if not needed. This
function may be called before module state is allocated (PyModule_GetState () may return

NULL), and before the Py_mod_ezec function is executed.

freefunc m_free
A function to call during deallocation of the module object, or NULL if not needed. This
function may be called before module state is allocated (PyModule_GetState() may return

NULL), and before the Py_mod_ezec function is executed.

—ERREANHATL

Y 2= VOFBLBEBAERZREY 2 — A TP 27 FRAER L TRIGHEDH D £5, Zhd” —BREEGIN
£ 2IHEN, KD 2 20DFEY 2 —VERBEEOEE L2 1 D2 H0ET:

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. def TOEBRIHE>THLWE S 2 — A7 27 b EERLET, 2
UL PyModule_Create2() @ module api version 12 PYTHON_API_VERSION 2FEL /- XD X
STIRDTNE T

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_wversion)
Return value: New reference. APIN— a > % module_api_version ¥ LT def TDERIZHE> T
FLVWEY 2= ATV 7 PEERLET, b ULIEESINIAN=Ta YPE[TLTVEAS Y X—=T1
R—DN—= a v B2 2551%, RuntineWarning Z BEXEE T,

AR: B AYOHE. ZOBTIER L PyModule_Create() ZRHTEZRETT, ZOBEEUL.
COBBORENEEIEL TW2 e ZICZFRALTLLEE W,

EY2a—AATY 27 HBHIHEREE D B XN B ENT, 72T W& PyModule_AddObject () 72 ¥ DRI Z
FoTEIa—NI TV PZXUNEEIEET,
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ZERPEVIHATE

JGRZEHZEAERT 255 120D IR, 7 ZEREGHHL” 282K T2 HETT, ZOFETELNLHRE
Ya—ME, &) Python €Y 2 —WGEWIRZ 8WE LET: #ILAUEIZ, €Y a—-1t 7Y =r b EAE
KT D LIS Y X U NEFTEESE 5 RITERIE codlchEd, ZORHNEZ SAD __new__ () XV v
F¥ __init__ (O XY v FIRPTWVWET,

—BRFEHL CTAER I N 'Y 2 — L e EN, ZEREVHLTERSNZEY 2 -3 7L TEHD
FHA: sys.modules DLV bV —=DHIRENEY 2 —ADFHA VR— bENEEE FILVES 2 -1 3T
V7 "PERER, HOWEY 2— T Python €Y 2 — LV EREU X IEHEDHIR—YaL 7> a »TULHE
ENBZLIWCRDET, 774V T, AUERD» SMELNIZEROEY 2 — MM THLINETT: H
54 VAR RIMATZEBIZHNDA Y AR ATHBELERA, THUE. (BIZE PyModule_GetState()
PS> THIETE %) 2 TORER, (£EY2—vD __dict__ % PyType_FromSpec() THEREN1HA D
JIADEIR) BV 2a—NVICHET 2D, FEDEY 2a— NI 727 MFEDDBDTHEIREL WD
T,

ZERMEIIHILE > TERINBZETOET a—NME BT A2 TVA— Z2HE—F+TE32eBRDHN
T3, BHOES 2 —ADPHTLTWE I Z2RAETZ2DIIE. 20 TWEZDOYR— 22335720 TCH5a
‘/C“TO

ZEBOI bR ERT 22012, PR (Pylnit_modulename) 1XZE TR\ m slots & D
PyModuleDef #BL ¥F, TN EETHIIZ, PyModuleDef £ ¥ A X ¥ ZIF XD THI bz T
W EEA:

PyObject* PyModuleDef _Init (PyModuleDef *def)
Return value: Borrowed reference. &Y 2 — )VEBRNR e BIEA Y~ MR IELLIME T 5. @K
bx iz Python A 790227 v THBZZHFIEL T,

PyObject* IC¥ ¥ A M EN Tz def ZIRL ET, =7 —0F4ELYE NULL 2R L £3,
N— g v 3.5 TEM.
EY 2 —VERD m_slots X ¥ \i% PyModuleDef_Slot MHEADEAI RIS RIFTUIR D FHA:

PyModuleDef_Slot

int slot

Zay +ID T, UFCHAE ATV 2 FIH AR ED SN F T,

void* value

28y FOET, BEHiZRoy b ID IKFELET,
N—Y 3 ¥ 3.5 TEBM.
m__slots BEANE ID 0 DR Ty M THIHE N TORIFIUIR D £8 A
FIFATRER A1y b OBUILLT T3

Py_mod_create
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EVa—NA TP VEHBEERT 27-DICMIEN BB ERELE T, DAy D value KA
YERIERDY T AT v BROBBEIEL TR TIEWITERA:

PyObject* create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEF X7z ModuleSpec f Y ARV Ay, EY 2 — VEREZUWZHEKTT, ZhiX
MLVWEY 2a— ATV 27 b eilRTh, 5 —%HELTNULL ZIBRIRETT,

ZOBEUIRNRICED THEIRETT, FHIEED Python a— FZIFIHITRETIERL, FALE
Ta—nEZAVKR-—PLEIET D EMEREAL—-TITMHBTL & 5,

BHD Py_mod_create A0 v + 2 1 DDEY 2 —LVERICHRELZWVWAIDLWVTT,

Py_mod_create DEXEINTWVWRWEAIX, £ ¥ R— MEMIX PyModule_New() %o THE DE
Da—NA T2 bPeERLET, Y2 —LOAFNIERTIER L spec »OLRFIF I, ZHIZ
FoTHREY 2 — A DENICEY 2 — LVBEBICBY 2 MBEZRETERLD, SRV vV Y7 %E
LTR—DEY 2 —VEHREZHEGLOORDOHHITA Y R— P TELDLET,

BREND I TS 7 bW PyModule_Type DA VARV ATHRHEIDHD FXHA. 4 ¥ R— MiclHE
TRRMDHRELBENTEZRIE, YARBTHMEZ T, Lo L, PyModuleDef %% NULL T/
W m_traverse, m_clear, m_free . $ LI R THR WV m_size. b L <X Py_mod_create DIFD
28y hEFEOEEIX, PyModule_Type 4 Y AR Y ZADHMEENZTL & I,

Py_mod_exec
EVa—% RTTS L EXMFEN2BEEREELET, 2 Python €Y a—Lda— FEFEST
TH5DLRETT: ZOBBIZZVTWIRZ FRALEREZEY 2 —MILET, ZOBBDY 72T %
LI T3

int exec_module (PyObject* module)

B D Py_mod_exec AW v MAREINTWIIGEIX. m_slots BLANCHN AU X TV &
7,

ZEBEOIALICOWT L DEEL {1 PEP 489 2R T 7F X,

BKFEED 2 —ILIERBER

DT oRE, Z2BREVILZES & 2ICE Tl EnE T, PIRIEEY 22— 4 7Y =7 F2EINICE
K3 BexIC, 2o OBEUREE# 2 £ 3, PyModule_FromDefAndSpec 3 & Uf PyModule_ExecDef D ¥
HHY, O LARITIZEY 2 —AMERIOFE SN TORITIUIZD $E A,

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. module ¥ ModuleSpec 7Y =2 b D spec TERINZLBHIC
HLWEY 2= A7 b2AERLET, ZOBEBUE. PyModule_FromDefAndSpec2() FAED
module _api_version (2 PYTHON_API_VERSION ZIEE L/ BR L LA FEVET,

N—a v 3.5 Tl

PyObject * PyModule_FromDefAndSpec2(PyModuleDef — *def, PyObject  *spec, int mod-

ule__api_version)
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Return value: New reference. AP1 N—3 a > % module__api_version & LT, module £ Module-
Spec A7 27 bD spec TERINIZEBHICHLVEY 2 - ATV VEERLET, b LIE
EINTN=Ta VPFEITLTVEA VX =TV R—DN= 3 v 8% 55513, RuntineWarning
BREIEET,

FR: FrAYOEE, ZOBMETIER L PyModule_FromDefAndSpec() ZRIHT 2RETT, 2D
BB, ZOBBOBRELEEHEL TWD & ZICZFFHL T ZE N,

N—a v 3.5 Tl

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)

def THEZOLNIERDOFEITRa Y + (Py_mod_ezec) ZFEITLET,

N— ar 3.5 TEM.

int PyModule_SetDocString (PyObject *module, const char *docstring)

module @ docstring % docstring ICREL EF . Z DBIEUL. PyModuleDef %5 PyModule_Create
% L { I& PyModule_FromDefAndSpec Zffi-TEY 2 — V2 AT % & ZICHHICMHOH I E T,

N— 3 v 3.5 TEM.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

HiR—

#UifiAY NULL 1278 5 TW 3 functions BLFNC & % B%% module \ZIBINL %3, PyMethodDef HEIEMA
D& DT> b VIZDWTIE PyMethodDef @FHHZ SR L TL 23 W (BY 2 — LV OHRIZE- A HEE
ENTVARVDT, C TEEINEED 22— AL~ "B B30 TWEY 2 —1% 1 DHOF 5
LTRIFED ., Python 7 7 ADA Y ARV ZAXY v FIZBBIZLET ), ZOREIE. PyModuleDef
& PyModule_Create ¥ L < & PyModule_FromDefAndSpec Zffio TEY 2 -V 2AEKT 5 & X
HEIMICR O E g3,

N—ar 3.5 TEM.

b BE%L

EY 2 — NV OYIHILERR (—BEFILZ S5 5E) . H2VIEEY 2 —LDFETRA0y bR UHENS
B (ZBRBEIHLZ 5 5E) BROBEZE/-S &, €Y 2 —1 0 state DFILZBHFICTE %3

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

module WA 7P =7 b% name E L TEIILE T, ZOBEITEY 2 — L ORI S FH XN
LEMBETT, ZOBEBTAINL =L 2i12lE value NDBRBEHBAF T, TT7—0DL =TT -1 &,
BIhL-e &2k 0 ZIRL 5,

AMR: Unlike other functions that steal references, PyModule_AddObject () only decrements the

reference count of value on success.

This means that its return value must be checked, and calling code must Py_DECREF() wvalue

manually on error. Example usage:

8.6.
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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 \ZBBGERE name ¥ LTTGEML 3, ZOMFEEBEBIZEY 2 — L OWIILEZ» SFH I
TVEY, T7-DLXWT -1 %2, BIHILZZT 0 ZRLET,

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
module IZXFHNER % name £ LTEMLUE S, ZOFEFBEBIIEY 2 — L OYIEALEEED SR
NTVET, F value & NULL #UES A TOWRITAUIRD FEA, TI7—DL ZiTE -1 2. 1)
Lz Zi2id o ZiRL %9,

int PyModule_AddIntMacro(PyObject *module, macro)
module & int EEZBMUL X3, %A1 & HIE macro 2 5EE SN F T, Bl 213,
PyModule_AddIntMacro(module, AF_INET) ¥ § 2% ¥, AF INET 2 W5 &ZHiD int BEK %
AF _INET DfET module IZBML %5, =7 R -1 &, HIHFHITIE 0 2R L £T,

int PyModule_AddStringMacro (PyObject *module, macro)
XTFHNERE module B £,

ESa—ILigE

—ERBERIHMLIE. BEDA VX TV XAy TFAMLOIFERES VAN DEY 2 —AEBERLET, 2
NZEoT, BPOLEY 2 —NVEBNOSREITEI 2a— VA7V 27 bPBUSTEZ T,

ZEPEVIIALZ S C HE—DERB DI LEBOEY 2 —ADBMERTE 2 DT, ZH 6 OBEBUIZ BRI Z
o TERENZEY 2 —MITIIMEZ E8 A

PyObject* PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. BfED A ¥ X TV XD def »HEbNIES 2 — AT
FEIRLET, ZOXY vy FORMHESMFE LT, #id o T PyState_AddModule() TA YR T Y XD
state ICEY 2 — ATV 27 b 2B L TEL e Z2ERLET, WHTHEY2a—NA TP =7 b
DEMAD S0 B L EHANCSA ¥ & T) X0 state I[TERB XN TWRWIEEIE, NULL 2K L ¥73,

int PyState_AddModule (PyObject *module, PyModuleDef *def)
BBUCHEINEY 2a—AF TV 27 b, A VR T VXD state WCHIFELET, ZORMEMES Z &
T PyState_FindModule() DPHEY a— VATV 27 M7 7R2RATEDS LR D FT,

—BREETIL 2o TIER SN EY 2 —MITDAFEHTT,

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
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for implementing alternative import mechanisms (either by calling it directly, or by referring to

its implementation for details of the required state updates).
L7206 0 %, KBLZES -1 ZELET,
N—a v 3.3 TEM.

int PyState_RemoveModule (PyModuleDef *def)
def DOELNIZEY 2 —NA TV 2V Ve A VR TY X state 2HHIRLET, BPILES 0 %2, &
MLz -1 ZRLETD,

N—a v 3.3 Tl

8.6.3 17L—2FTx/ I (iterator object)

Python T ZFEHOA 7L -2 ATV 27 V2L TVwES, =D HE -7 X471 —&T,
__getitem__() XV vy FEVR-bFE2EREDOS =7 Y AEWMHTVET, ZOHEMIH LATREA 7Y =
7 bty FAUHE (sentinel value) 2\, ¥ —F Y RANOBERZ LU LAJREA 7Y = 7 b EFEOH
LT, BV FRMEMRINZE TICRKEUEEZET L ET,

PyTypeObject PySeqIlter_Type
PySeqIter_New() %, #ABAAY —F ¥ ZHNH LT 1 5IBIEXOMHAAABEE iter O 2L
T BIGRENDE, ATVL—&F 727 ORI T2+ TT,

int PySeqIter_Check(op)
PySeqIter_Type DD op DX ZFIWZEZIRLE T,

PyObject* PySeqlter_New(PyObject *seq)
Return value: New reference. —ffIi> —7 V2 A7 27 b seq BWOI AT L —XERLET,
RIUIRZ, > — 7 ¥ AR TFHEERIEDBHC IndexError iR L7z ZITKRTLE T,

PyTypeObject PyCalllter_Type
PyCallIter_New() X, fHAAHLMEE iter() D 2 5IBIEAIERIT A 7L -4 A7 27 VORIA T
P27 FT,

int PyCallIter_Check(op)
op DB PyCalllter Type DY ZIWXHEZRLFT,

PyObject* PyCallIter_New(PyObject *callable, PyObject *sentinel)
Return value: New reference. #7224 7L —RERULE T, BHID/NT XX callable 13587 LT
MEUHE % Python OFFRH LATREA 70 =27 PR OBATOINLEVERA; callable 1X, MUH I
57 NCRO RGN RA 72 = 7 P BRI BFIUIR D FH A EREINA4 7L —&IE. callable
D sentinel IZFHE L WMHEZIRT & RIBUHEZHT LT,

8.6. ZoDATZ U+ 163



The Python/C API, V1) —X 3.8.18

8.6.4 TRUVTAAT T I (descriptor object)

P FRYZ Y TR (descriptor)” 1E. HB5F TV 27 POV OPDBHEIZOVWTEHAR LA TV 2 P T,
TAZVITRATY 27 M3A T =7 FOFFENIIHD 7,

PyTypeObject PyProperty_Type
HABRABT A ) FRUDIA T 27 P TH,

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 ( PyTypeObject *type, struct PyMethodDef *meth)

Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct ~ wrapperbase *wrapper,
void *wrapped)
Return value: New reference.
PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)

Return value: New reference.

int PyDescr_IsData(PyObject *descr)
TAIZVFRF T =27 b descr BT —RBHOT RV TROBFEICIIEERZ, XYy RTFTRAZV S
XDBGEINIMEIRLE T, descr 3T A7V SR A 7927 b TRINUERD ERA; 27 —F = v
23 TVER A

PyObject* PyWrapper_New (PyObject *, PyObject *)

Return value: New reference.

8.6.5 RFAMXAT TV bk (slice object)

PyTypeObject PySlice_Type
ATGARF T2 7 bVOBZ TV 27 P TF, ZAUX Python LA ¥IZBIF 5 slice LML A TV =
7 hT9,

int PySlice_Check(PyObject *ob)
0b BMAFGA AL TS =7 POFECEZRLET; 0b 13 NULL THoTEAED EFHA,

PyObject* PySlice_New(PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. &6E LIAED SGF7zRATARF TS 27 b 2R LET, T XK
start, stop, B step ZIAFARF T 27 VB 2RZDBELE LTHWSRAES, ZhSDfH
FWVWE D NULL IZTE, WS d 2{HIZIE None DMfEbNE T, HikikA 7= r27vnr—>ay
TERWEEICIE NULL 2R L 5,

int PySlice_GetIndices(PyObject  *slice, Py_ssize_t  length, Py_ssize_t *start,
Py_ssize_t *stop, Py_ssize_t *step)
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ATAARXTI 2T b slice \2BIF 3 start, stop, B step DA VT AEERFLET, ZDE =
=TV ADEZ % length LIRELE T, length KD SRKERAL VT IR RDZ LT —2 LTHW
£7,

RO Z2iE 0%, =7 -0 =23 fst ety bEFIC -1 BRLET (7L, HBEA VT A
DWFTNH—DD None TR, DOBEICLAIMTELR» o HEaZREE T, ZOHA, -1 &K
LTty P LET),

BEHL, BRI ZOEBEHNTLKBZVTL &5,
N—ar 3.2 TEHE: AN, slice 513 DEIE 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)
PyStlice_GetIndices () DEMBAIETT, slice \TBUF 5. start, stop BE U step DA > 727 AE

EREELET, =T Y ADEI% length . A7 4 ADEEX% slicelength KL £ 3, BEFRSD
AT IRAZEHEDAFIARE—H LEGIETZ Y vy 7ENET,

B =223 0%, T5—0rE 3N EEY PLT -1 ZIRLE T,

AM:  This function is considered not safe for resizable sequences. Its invocation should be

replaced by a combination of PySlice_Unpack() and PySlice_AdjustIndices () where

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

X
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—=a ¥y 3.2 TEHE: HNE. slice 5B DAE PySliceObject* T L7,

N— 3 ¥ 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— a3 ¥ 3.6.1 TIHESE: 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 re-

duce values larger than PY_SSIZE_T_MAX to PY_SSIZE_T_MAX, silently boost the start and stop
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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, 0 on success.
N— a ¥ 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 THEMM.

8.6.6 Ellipsis 77> k

PyObject *Py_Ellipsis
Python I8} % Ellipsis A 7Y =27 FTF, ZDA TV MIXY v FERbERA, BRI
YIFORTIE, MDA T 27 b RIS BEHDH D $3, Py_None DXHIZ. Thdb> L
FEA T2 T,

8.6.7 memoryview 71 J +

memoryview 7Y =7 M, MOF 7T 27 PEFEUL LSIWZHA S Python 70227 +OEZE L7 CE
RLNLD Ny T7DA 22 =T T—2A T,

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Xy 7 74 VR 7 2 — AT 247 =27 b2 5 memoryview 7
7927 PRAERLE T, L obj DEZIABARERNY 7 7 DI AKR— b2V R—-FT2R5, Z
@ memoryview A 7Y =7 MIFAZZARET T, £ TRITNEFHHLDOAILR S0, =7 AKR—
X —DRHNTH L DOV THiAFEZATREE B D £9,

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize t size, int flags)
Return value: New reference. mem ZBLFD Ny 7 7 ¥ LT memoryview % 73 = 7 b Z{ER L E
9, flags 1& PyBUF_READ % PyBUF_WRITE D &5 6022 D £9,

N—ar 3.3 TEM.

PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. view ¥ L THZA BN/ Ny 7 7 &% 7 v 7§ % memoryview 7
V7 FERERLET, BRE AL PNy Ty ENFITIE. PyMemoryView FromMemory () DI 5 HIE
FLWTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. buffer £ ¥ X7 =z —XZEHRLTWVWE A7 =7 b5 (C »
'F'ortran @ order T) &t LTz X €Y F ¥ 7D memoryview A 7 =7 F2{ED 3, XEV
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L TV A S, memoryview A 7Y 27 MITEOXEV RSB L3, 2 DHEE, XEY)
X ¥ —&EN T, memoryview 7Yz MIFT LW bytes £ 70 =7 b 2SR ET,

int PyMemoryView_Check (PyObject *obj)
obj % memoryview 7Y =7 bOBHWCHTZRELE T, BED L A, memoryview DV 77 7 R
DIERERFAI STV E Ao

Py buffer *PyMemoryView_GET_BUFFER(PyObject *muiew)
FEXLEINTANY 77 —D memoryview DT T A RXR—=F a—=IZ, KAV X—%RLET, muiew
¥ memoryview £ Y A X Y ATRIFNUERD FRA; 2O 70ldB%2F v 7 LRVWOTHRITE
FryZ LRTNIELRLT. Zh R385y > 23280 HN £,

Py buffer *PyMemoryView_GET_BASE (PyObject *muview)
memoryview # ZZ7 AR —bPLTWE ATV =227 bADKRA Y X%ERL F T, memoryview 73
PyMemoryView_ FromMemory () %> PyMemoryView_FromBuffer() ®¥H LN TIER I N T WL
A\ NULL 2B L %35

8.6.8 FEWAT> ok

Python & 8§88 %5 A 7Y =7 b (first-class object) & LTHR—- ML ET, HSWEEEELET 2
“HEEOEEOATY 27 VDD T, HEoRB3HEMASRA 7O T, BREAVIF LD TV 2
7 MR UCRRERIRBD e x> e LTIRES A7V 27 T,

int PyWeakref_Check(ob)
ob WBRA T 27 b hTuXoF 7927 FOBEICEZRLET,

int PyWeakref_CheckRef (ob)
b BBWMA TV =7 FDBEICEZRLET,

int PyWeakref _CheckProxy (ob)
b MTMFTF T2 FOBEICHEZIRLET,

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)

Return value: New reference. ob W T 255 A 72 =7 bR LE T, ZOBBIIEICH RS
WEZRLE I, BT LFLA T2 P 2EaRAEEDH D A, BIFOSRA 7Y = 7 M5k
ENBZedHHET, H DT AKX callback \FFEFH LAIBEA 7P =7 M T, ob BH—RY L
7Y a Yy EINBICBEMEZITED £57; callback I3595BBA 70 27 FEEKEHE—DRRTX XL LT
ZED £3, callback i% None ° NULL IZLTHDFVER A, ob BB TERVWATI 7 D
BEe. callback 2WEOH LATEES 7Y = 7 b, None . NULL OV THARWEEIE, NULL 23K L
T TypeError ZiEH L %9,

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. ob WX T 2B MIa x> A7 27 M 2IBRLET, ZOBKIIHEIC
HiehBRERLETH, BT LIFRA T2 b ERRAEH D FXA, BEFO T xS 47
P PRI NBZ I DD ET, H DT XK callback W EMECH LATREA 7Y =27 T, ob 3
H—=NTavryayINEBSENZZIIMD 5, callback 3B RA TV =27 + Bz H—D <
FARE LTRIFWD £73, callback 13 None % NULL IZLTH I FENE R A, ob BFHBWTE R0 A
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7Y =7 bDEER, callback KU LATREL 7P = 7 b, None . NULL OWFAT b RWIHEE,
NULL %3R L C TypeError %iXH L 73,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 595 ref BB L TV A7 =27 b RIRL FF, HBEA
Pz MTTIIE L TWARWEES, Py_None #iIBL 3,

AR COBREBREA 7Y =22 L0 EOYOBR 2IRLET, 20D, ZD0A T =2 A
FALTWABZEDA TS =7 PHWEINZNZ Lo TWBEERRE, HIT Py_INCREF() %W
UHFRETT,

PyObject* PyWeakref_GET_OBJECT (PyObject *ref)
Return value: Borrowed reference. PylWeakref GetObject () WTWETH, v/ THEINT
WC, T7—Fzv 72TV ERA,

8.6.9 h7EIL

using-capsules LLF DA 7 = 7 + &2{# 5 FIEIZOWTIZ using-capsules #SHR L TL 72X W,
N—=a ¥ 3.1 TE.

PyCapsule
ZD PyObject DY 7 XA FF, EEOEEZKL, CHIIREY 2 —0 5 Python 2— FE2FEH LT
fid C FFBD 3 — FITEEDEE (voidx KA Y XD T) BIRLENHZ L ZICHFHATT, H3%E
Ta—WNTEREINTVWS C SiEEBOEA 2%, DD 2 —LIZELTZ I MUY 2
T 27DITELMEbNET, ZAUTED, B - FENZEY 2 -1 DD C APL IZH#E
@ import EETHEL T 7R T2 B TEET,

PyCapsule_Destructor
AT TBTAN T 7R A=Ay 7B RO XS ICERINET:

typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor 2 — Ny 7 DEIEIZDWTIX PyCapsule_New() ZZBIRLTL 1ZE W,

int PyCapsule_CheckExact (PyObject *p)
518D PyCapsule 720728 &I true ZIRL F 3,

PyObject* PyCapsule_New(void *pointer, const char *name, PyCapsule Destructor destructor)
Return value: New reference. pointer Zi&#3 % PyCapsule ZIER L ¥£ 3, pointer 51%8% NULL
VC\\%OVCO;E b i'ﬁ_/bo

KL 7256, FlAVERE LT NULL 2R L3,

name SCEFNE NULL 2. B C XFFIANDKRA ¥ X TF, NULL TEOWHE, ZOXFFNEA L
YW TNV IDELERETIRENDD £F, (destructor O TIRINT 2 Z 2 T XN TVET)
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destructor 75 NULL THEWEGE, h 2 ADHIREIN 2 L 22200 S Z258e L THRUOHZh
%7,

ZOHTENBEY 2a—LDENEY L TRESINS5E. name 1X modulename.attributename ¥ 1§
ESINDEZRETT, 25528, MODES 2 —ADZDA SN % PyCapsule_Import() TA ¥ HR—
FIBZENTEET,

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)
B T IVRIFEENT WS pointer ZEUD L E5, R L7HEEHIMNEFE L T NULL 23R L £75,

name BIEUI T T VRF SN TV B E4HT & IEIC—R L RTFUIR D 8 A, b LA T ELITHEN
EN T3 name 25 NULL 72 5, Z DBD name 513 SR U < NULL TRIFUTIR D £ A, Python
1% C EFED stremp() %2# > TZ D name Z LKL 5

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
AT EMRFEENTWBRBIEDT A M7 7 2 2B L% T, KBLGE, BIstZ23%E L T NULL Zi&
LEd,

HTEMENULL 27 A7 R LTRHOZEMNTEERT, {EoT, RDED NULL 23 J — %245
LTRWATREMED D D £3, PyCapsule_IsValid() »» PyErr_Occurred() ZHFH L THEEL T
éL\O

void* PyCapsule_GetContext (PyObject *capsule)
AT ENMRFEENTOVRHED T Y T F A b (context) IR L E T, KRMLGE. BISNERELT
NULL 23R L ¥ 7,

AT EVENULL 227 F AP LTHOIENTEET, o T, RDED NULL Az F — %25
LTCRWATREMD S D £F, PyCapsule_IsValid() b PyErr_Occurred() ZHH L CHEZEL T2
éL\O

const char* PyCapsule_GetName ( PyObject *capsule)
A TR VRIFS N TOBBED name 2R L 5, KL 7856, flst23E LT NULL 2B L £9,

7 7RV NULL % name & LTHRO ZEMNTEX T, o T, KDED NULL A5 —Z{EL TRV
AJBEMED D D £F, PyCapsule_IsValid() 2 PyErr_Occurred() ZFH LU THEEEL TLZ&E W,

void* PyCapsule_Import (const char *

EV 2= VDA T VEERS CATI 27 bANDKRA Y REA VK= LET, name 51813 %
DJEMEDTERH % module.attribute D KD IZHELRITFIUIRD FH A, I T EAIHEMEINT
W3 name 3 DOXFIHNIIEMIC—BR LR TNERD ¥ A, no block WEDOKE, £ a—1%
(PyImport_ImportModuleNoBlock() ZffioT) 7v v ZHFICA ¥ R— b LET, no_block 3MED
R, €Y 2 —Wd (PyImport_ImportModule() ZffioT) BEDHETA Y R—-FENET,

name, int no__block)

BILGE. A7 LvORE R4 2IRLET, KL ESE, HINNEEREL T NULL 2i8L
%9,

int PyCapsule_IsValid(PyObject *capsule, const char *name)
capsule BENEH TN THENPEI P2 F v 7 LET, B capsule 1. IE NULL T,
PyCapsule_CheckEzact () % SA L., I NULL B4 Y X EEHL TV T, WED name 5355
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name £ % vF LE T, (name OIAFIZOWTIE PyCapsule_GetPointer() % BI&)

BEWRZ 5 L. PyCapsule_IsValid() BWEZETHE, ®TDT 7+t v ¥ (PyCapsule_Get() TH
F 52 TOBR) BINT 2 Z e BRIESNE T,

FTI 27 MHET name B~ v F LIEHEICIE 0 2, ZRLANOHEEIC 0 BIBLET, ZOBEK
IR L /A

int PyCapsule_SetContext (PyObject *capsule, void *context)
capsule AERD A > T F X b RA > R% contert WCERELE T,

RIHL7=6 0 2. KREBMLZSHMZRGELTIE 0 ZIBL 5,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)
capsule WESD TR & 7 7 &% destructor [CRELE T,

RIIL75 0 2. RL 7B ZRELTIE 0 ZIRL X9,

int PyCapsule_SetName ( PyObject *capsule, const char *name)
capsule IERD name % name WKKEL F T, name IE NULL D& &, ZIUX capsule £ D D EWVWEH
MERORENDHD £, b LT TIC capsule 1ZIE NULL D name DMRFS N TWRGE. ZhTHt
T BEBIIITONER A

L5 0 &2, RRL 76BN ZRELTIE 0 ZIRL X7,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
capsule WERD R A > X% pointer \CFE L £ T pointer 1 NULL TH o TIFRD FXE A,

RIIL75 0 20 RML 7B ZRELTIE 0 ZIRL %5,

8.6.10 >z RL—EFTTxU

VxR =R ATV 27 NI, Python WY 2 AL —ZA T L —XERETI2ORXMo>TN0WEATI 27 bT
T VAL —&KF TV =7 MIEH., PyGen_New() X PyGen_NewWithQuallName () OBHRIVIZIENHE LT
37K, % yield TA2EBDOA T L —>a itk D ERINET,

PyGenObject
VAL —RATT =7 MO TWS C Mk TT,

PyTypeObject PyGen_Type
VAL —=RATI 7 MIMIBT 3BA TV =27 P T,

int PyGen_Check ( PyObject *ob)
0b WY 2 AL —RF TV =7 POEGEICAZELE T, ob 23 NULL THo T3 D FHA,

int PyGen_CheckExact ( PyObject *ob)
ob DI PyGen_Type D& FIZ true ZIRL F T, ob 1& NULL TH o TUIWIFEH A,

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. frame 73 =7 MZH DIWTH 2RI 22 L —XF TV =7 bk
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BMLUTRLES, ZOBIE frame NOSREBAE T, 51805 NULL TH o TIER D FEA,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qual-

name)
Return value: New reference. frame A 73 = 7 v oIz =2 —X ATV =7 MEAEKL.

__name__ ¥ __qualname__ % name ¥ qualname WCEEL TRLE T, ZDREEIL frame ~DSHR
BFBRAET, frame 51EUE NULL TH o Tidh A,

8.6.11 JIL—F>FTxU+

N— a ¥ 3.5 TEM.
AN—F ATV =Y NI asyne F—TV - Felio TERLLBEBEIET ATV =22 +TT,

PyCoroObject
AN—F A TI 27 bDIDD C HEER,

PyTypeObject PyCoro_Type
AN—FUF TV MINETEHA T2 b,

int PyCoro_CheckExact (PyObject *ob)
ob DBIDY PyCoro_Type D& FIT true IR L E¥F o 0b 1Z NULL TH o TUIWITEE A,

PyObject* PyCoro_New(PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame A 7Y =7 Mol val—Fr 7Y 27 bRERKLT,
__name__ ¥ __qualname__ % name ¥ qualname \ZFZELTRLET, ZOBEIE frame ~DSHR
PENET, frame 5150 NULL TH - TlIR D ¥ A,

8.6.12 OVTFAMEHATS I+

FR: N—Y 3> 371 TEHE: Python 3.7.1 TR2ETDaY7TFAMEHD C API D> 7% F v 13,
PyContext, PyContextVar, PyContextToken DN DI PyObject RA ¥ &Z%2MH5 K51 BE Shil
720 BRI

/7 in 3.7.0:
PyContext *PyContext_New(void);

// an 3.7.1+:
PyObject *PyContext_New(void) ;

FEHINE bpo-34762 B L TL 72& W,

N—a ¥ 3.7 Tl

Z DOHITIE. contextvars EY 2 — LD C API OFICOWTEHHL £3°,
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PyContext
contextvars.Context A 7Y =7 F 2RI T 27200 C HiElk,

PyContextVar
contextvars.ContextVar A 7Y =7 F 2RI 27200 C Gk,

PyContextToken
contextvars.Token A 7Y =7 F 2 RIET 270D C FEEK,

PyTypeObject PyContext_Type
AVTFAMBERBT2MMA T2 b,

PyTypeObject PyContextVar_Type
AVTHFANER e RBT A T2 b,

PyTypeObject PyContextToken_Type
AVTFAMER =Y BERBT AT 27 b,

MFzyr<on:

int PyContext_CheckExact (PyObject *0)
o B PyContezt_Type DLGEIWCETZIRLE S, 0l NULL THoTIIRD FHA, ZOBEKIIHEITK
mLES,

int PyContextVar_CheckExact (PyObject *0)
0 7% PyConteztVar_ Type DBFEFICEERLE T, 0 & NULL THo TIR D FHA, ZOREBITHEIC
B LE T,

int PyContextToken_CheckExact (PyObject *0)
o D3 PyContextToken_Type DHFEIWCHEHZIRLE T, 01 NULL THoTIFRD F¥ A, ZDOREITHE
WL £ 9

AVTFRAMATY 2 M RIS B

PyObject *PyContext_New (void)
Return value: New reference. HiLWZED AV T XA ATV 27 b RELET, =7 —2EE 7
Al NULL 23R L 7,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. JEXNTz ctz AV T XA ME TV =27 POEVWAL—2ERLET,
7 —PRELBET NULL ZIRLE5,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. MITED AV THFAMF TV 27 bOERVWI VL —ZERK L ET, =7 —
D E B EIE NULL 23R L £9,

int PyContext_Enter (PyObject *ctr)
ctr ZBUEDAL Y FOBIEDQ I 7HF A MIRELE T, BINLES 0 &2, KRBLES -1 ZIBL
£79,
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int PyContext_Exit (PyObject *ctz)
cte AV TFARINIL, 1 OHIOAY FFRA M RBEDORAL y FOBIEDa Y 7F X MIEITL
F9, ML s 0%, KRELZES -1 ZRLET,

int PyContext_ClearFreeList ()
AVTFRANVEBDT7 V-V R M2 VT LEY, MREINERBEZRL T, ZORRIIEICHY
L/ ij—o

ay T ¥R EROREE:

PyObject *PyContextVar_New(const char *name, PyObject *def)
Return value: New reference. #1 L\ “ContextVar“t 7Y =7 b2 X LWL E T, name 518UEA
HEEL TNy JOBWTHEONE T, def 5IBIZa Y TXFAMVERDT 7 + L MEZIRES 200 7
7 4V BB VEEE “NULLY TS, =7 —EE255E, BBIX “NULL“ZR L 3,

int PyContextVar_Get (PyObject *var, PyObject *default_wvalue, PyObject **value)
AVTFRAMNEBOMEEERELE T, BRI 7 —SEEGEE -1 &, EXRA» - TH Rfd»
BRATHDII—DRERDPoTIGEIX 0 ZRLET,

YT XA MEBD RN 0 7 BE value BENEIETRA Y XIHoTVWET, a7 FR MER
DRSS b o T HEE. value BHETHDIIRD X S1TR->TVWET:

o (NULL TZ&FAUI) default value
o (NULL THRUIIUR) var DF 7 # L M
 NULL
“NULL“ZFRIFIE. ZoBBIIHLWBREZRL 5,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. BIFEDQ 2 ¥ 7 F X MZBWT var DfE%L value 1IZEy P LET, ZTOD
EHIZEDHLOW =727V 27 b, 7RI 075813 “NULL“ZIB L £3,

int PyContextVar_Reset (PyObject *var, PyObject *token)
var AV T XA MNEBOIREEZ VY + L. token %iR L7z PyContextVar_Set () DI 2 HTDIK
BICRLET, COBBUISRIILES 0, RMLES -1 ZIRLE T,

8.6.13 DateTime #7>x 7 k

datetime EY 2 — VL Tid, MABRHNA 7Y =2 FRRAIA 7Y =7 P 2L TVE T, IR B
2SS HEIE. HOPUDANY X T 7 4 )L datetime.h &Y — A include L (Python.h 32D 7 7 AL
% include L £t A). PyDateTime_IMPORT ¥ 2 R %, #HIZEY 2 — LAIHILEIRD &, HEI L TH B
BHHET, ZO~7 I To~ s v Tlbh 2N ER PyDateTimeAPI 12 C FEEHRADRAL VX% A
nNxE9,

UTC Y IN NI T 7R TBHD~< 7 Aa:

PyObject* PyDateTime_TimeZone_UTC
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UTC XA LY —VITHET B U7V MU EIRLET, 24T datetime. timezon.utc LR U AT
Oz T,

N—Ta ¥ 3.7 TEM.
BFzyr<rn:

int PyDate_Check (PyObject *ob)
ob 78 PyDateTime_DateType %2> PyDateTime_DateType BDY 7 X4 FDA T =7 F DHFEHIT
BEZRLET: 0b 12 NULL THo>TIERD TR A,

int PyDate_CheckExact (PyObject *ob)
ob 7% PyDateTime_DateType DA 7Y =7 F DHFEICEZIR L ET; 0b IX NULL THo TR D F
Ao

int PyDateTime_Check (PyObject *ob)
ob %3 PyDateTime_DateTimeType %% PyDateTime_DateTimeType HDH¥ 744 DA 7Y =7 b
DGEWCEZELET; ob 13 NULL TH o TERD ¥ A,

int PyDateTime_CheckExact (PyObject *ob)
ob 75 PyDateTime_DateTimeType D4 7Y =7 FOHFEWCEHZIKL £73; ob 13 NULL TH o Tl
ZhEEA,

int PyTime_Check (PyObject *ob)
ob 78 PyDateTime_TimeType %2> PyDateTime_TimeType BOY 7 X4 FDA TP =7 + DHFHIC
HEBELET; ob 13 NULL THoTIRD £E A

int PyTime_CheckExact (PyObject *ob)
ob %’ PyDateTime_TimeType BDA 7Y =7 FDLEICHEIK L ET; ob I NULL TH-oTIRD ¥
A,

int PyDelta_Check (PyObject *ob)
ob 7% PyDateTime_DeltaType %2> PyDateTime_DeltaType BDH T X4 TDA 7 =7 b DFH
WCEZIBLET; ob I NULL TH->TiER D ¥ A,

int PyDelta_CheckExact (PyObject *ob)
ob 73 PyDateTime_DeltaType BUDA 7Y =7 FOBEICEZIR L ET; 0b I& NULL TH - TIEZRD
FE A

int PyTZInfo_Check (PyObject *ob)
ob 7’ PyDateTime_TZInfoType &> PyDateTime_TZInfoType DB T XA FDA TP =7 + DI
BICHZRLUET; ob I3 NULL THo TEARD $H A,

int PyTZInfo_CheckExact (PyObject *ob)
ob 7% PyDateTime_TZInfoType HD A 7Y =7 s DFHICEEZIRL ET; 0b 1 NULL TH - T D
\i‘ﬁ_/lJO

UTREAT7Y 227 b 2ERT 2700270 TS
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PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. & L7z, H. H® datetime.date A 7Y =2 F2IRL %7,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute,

int second, int usecond)
Return value: New reference. ¥8E L7z, A. H. K. 7. B, ¥4 70D datetime.datetime

A7V beRLET,

PyObject* PyDateTime_FromDateAndTimeAndFold(int year, int month, int day, int hour,

int minute, int second, int usecond, int fold)
Return value: New reference. &€ S N7z, A, H. W 700 B, 4 Z7a®. fold @ datetime.

datetime A 7=z b ERL T,
N— 3 v 3.6 TEM.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. $6E N7, 77, . =4 78D datetime.time A 7V =7 + %
BLET,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. Y8E IN=E, 7. ), ~A4 7 af), fold @ datetime.time 7P«
7 FERLET,

N—a v 3.6 Tl

PyObject* PyDelta_FromDSU(int days, int seconds, int useconds)
Return value: New reference. 8 € EN/=H, B, ¥4 7 ofD datetime.timedelta A 7P =7 b
ZRLET, ¥4 7P datetime. timedelta &7V =7 P TERIN TV SHPIZAS X5
WIEREZITVE T,

PyObject* PyTimeZone_From0ffset (PyDateTime DeltaType* offset)
Return value: New reference. offset 5IEUTHRE LIZEEA 7ty bEFFD, AFIDR L datetime.
timezone 7Y =7 bERIRLET,

N—a v 3.7 TE.

PyObject* PyTimeZone_FromOffsetAndName (PyDateTime DeltaType* offset, PyUni-

code* name)

Return value: New reference. offset™ 3| TIRELBEDA 7Y . Fname DX A LY =%
%HFD datetime.timezone 7Y =7 b EIRLF T,

N—Ya ¥ 3.7 TEM.

DTo~wZrnuiddate 77527 v 567 4 =V FMEZRDHIT DD DTT, 518 PyDateTime_Date
F7/23Z20H% 727 5 X (Bl 21X PyDateTime_DateTime) D £ ¥ A X ¥ A TRIFIUIKD £ A, 5/8% NULL
WLTERLT, BFzy 73 fTVERA:

int PyDateTime_GET_YEAR(PyDateTime_Date *0)
FREOBMTELET,
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int PyDateTime_GET_MONTH(PyDateTime_ Date *o0)
A%z 1256 12 OMOEHTRL 7,

int PyDateTime_GET_DAY (PyDateTime_Date *o0)
H%z 15756 31 OMOBKTEL X7,

DTo~<w2Znmid datetime & 79 =227 2567 4 — L FEERDODETZHDIDTT, 51EiIX
PyDateTime_DateTime X 7/2XZ DV 727 5 ADA Y AR Y ATRIFNZRD ¥ A, 515% NULL 12 L
TiER673, BF =y 73 T0ELA:

int PyDateTime_DATE_GET_HOUR (PyDateTime DateTime *o0)
Rz 0 225 23 OEOBHKTIRLET,

int PyDateTime_DATE_GET_MINUTE(PyDateTime DateTime *o0)
D% 025 59 OMOBETRLETS,

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *o0)
% 055 59 OROEBEHTRLET,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *o0)
<A 7uaME 0215 999999 DRI TIRL F3,

int PyDateTime_DATE_GET_FOLD (PyDateTime DateTime *o)
Return the fold, as an int from 0 through 1.

N—a v 3.6 Tl

MTFo=x7mid time A 7927 v2567 4 =)L FMEZID HT72DDHDTT, 5143 PyDateTime_Time
FRRBEDY T I TADA VAR RATRINUIIZD A, 518% NULL IZLTRRH6F. BF = v 71317
WEHA:

int PyDateTime_TIME_GET_HOUR(PyDateTime_Time *0)
Rz 0200 23 DEIOBETRLET,

int PyDateTime_TIME_GET_MINUTE(PyDateTime_Time *o0)
3% 055 59 OMOEHTIEL £,

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *o0)
Bx 055 59 OO TERLET,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_ Time *o0)
<A 7ufE 025 999999 ORI TR L 3,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from 0 through 1.

N—Ya ¥ 3.6 TEN.

UTowZmld time delta A 73 =227 b6 74— A FEZEDETRZDOHDTT, 58I
PyDateTime_Delta 2 ZDH¥ 727 3 ADA Y AR Y ZATRHRIFINIZHRD TX A, 518 % NULL 1I2LTid#k
53, BF v 7IHTVERA:
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int PyDateTime_DELTA_GET_DAYS(PyDateTime_ Delta *o0)
HEU% -999999999 7° & 999999999 DEIDEELTIRL 3,

N—Ya ¥ 3.3 TEM.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o0)
WHEE 0 205 86399 DRDEMTIEL 3,

N—a v 3.3 Tl

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime Delta *o0)
~A47uBE 025 999999 ORIOEEMTIRL 3.

N— 3 v 3.3 CEM.
MUTFo~2uald DB APl #5532 ETOFEEHRATT:

PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. dateitme.datetime.fromtimestamp() IZJE S DITHE L 7z518% 7
o BF727% datetime.datetime 7YV FEAER L TRLE T,

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. dateitme.date.fromtimestamp() ZIE 3T DITH L2518 & Tan s
¥7-7% datetime.date A 7V 7 P EAEK L TGRLE S,
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NINE

#EBt (INITIALIZATION). #7KLI2 (FINALIZATION). XL v K

Python #IEALRRE B L T E W,

9.1 Python #IEA{LLLEI
Python 23®AEFNT WS 7 7V & — a Tl D Python/C APT BI¥UE {5 #iiC Py_Initialize()
BB MR T AUR D /A, ZHIEFISE LT W00 ofEE JO0-NILGBREEHR DD £7,
ROBIENZ Python OFIHHLOHIT B Z2IFFOHIE X3
o ARERSEL:
— PyImport_AppendInittadb ()
— PyImport_EztendInittadb ()
— PyInitFrozenExtensions ()
— PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetdArenadllocator()
— Py_SetPath()
— Py_SetProgramName ()
— Py_SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption()
— PySys_ResetWarnOptions ()
o [HHREUSORIEL:

— Py_IsInitialized()

179
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PyMem_GetAllocator()

PyObject_GetArenadllocator()
— Py_GetBuildInfo()

— Py_GetCompiler()

Py_GetCopyright ()

Py_GetPlatform()
— Py_GetVersion()

o I—T 4 UT 4:
— Py_DecodeLocale()

° )‘%U?Dbﬂ‘"ﬁ

PyMem_RawMalloc()
— PyMem_RawRealloc()

— PyMem_RawCalloc ()

PyMem_RawFree()

AR ROBEEIE Py_Initialize() X DHENC BMUYHIARE TEHD FHA : Py_EncodelLocale(),
Py_GetPath(), Py GetPrefiz(), Py_GetEzecPrefiz(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName (), PyEval_InitThreads () .

9.2 JO—NILREREEH
Python 121%. #&c RIEEESRLA 7> a U 2HHT 2 70— N BRBEDDDERD DY ET, T 741V T
F D75 7F avr R4 VAT ay THIEIRNE S,

AT arvTII7 Dy FEND L, 77 7DMEIEEDL T a vty P INEREUCRD 3, Fl 2,
-b Tl& Py_BytesWarningFlag A% 1 IZE X, -bb Tld Py_BytesWarningFlag 7% 2 WICFKEINE T,

int Py_BytesWarningFlag
bytes ¥7:13 bytearray % str LI L7HE. £ bytes % int LB LGB ICES 23
AXEET, 2 LEDEEZFREL TV EIHEIE. T —2RESITET,

b A a v THRELET,

int Py_DebugFlag
N=P—DF Ny FHNZHEMILET, (EMREHTT, ar M AF T a VIREFELET),

-d #+ 7’3 3 > ¢ PYTHONDEBUG BRIBEZTHREL F7,

180 % 9 & #IHAML (initialization). #&7THIHE (finalization). XL v F
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int Py_DontWriteBytecodeFlag
JEX HICRE L2 E. Python 13V —RAEY 2 — DA VK- FREIC .pyc 7 7 4 LOIERE A

A,

-B #+ 7’3 3 > ¢ PYTHONDONTWRITEBYTECODE BRISZHTCHREL 9,

int Py_FrozenFlag
Py_GetPath() O TEY 2 —URBARZAZEIDHL TVWE L EDT T — Ry =Y ZMHIL 75,

_freeze_importlib B 25 ALY frozemmain v J AMBERT 2IENF T 7 TF,

int Py_HashRandomizationFlag
PYTHONHASHSEED BRSEARAZE TR W TINCRE SNIFEIT, 1 BRESNE T,

72 7 ¥a Th\WEE, PYTHONHASHSEED BRIEAZHK ZHiAS — 7Ly by > ay— REHEL
*9,

int Py_IgnoreEnvironmentFlag
2T PYTHON* BRIFZAEZ A L £ 3, 21X, PYTHONPATH X PYTHONHOME 7% ¥ C3,

-EAXFvarve -1 XS arTHRELET,

int Py_InspectFlag
BHIDSIEICA I VT I BEESI N B -c A 7Y a YOIRAHEINERIZ, sys.stdin X —3 F
NMCHAZINRBWE ETH>TH, A2V T Ipaxy REFEFLEKRIA VXS 774 7TE=FIZA
DET,

-i #7°3 3 > ¢ PYTHONINSPECT BREZHTHREL F5,

int Py_InteractiveFlag
1A T arTRIELE T,

int Py_IsolatedFlag
Python Z[RREE— FTHEITLE T, FREEE— FTIX sys.path ZRAZV DT 4 L7 U2 —H
DYFA Ry —=YDT4 L7 M) 2EAEEA,

I A S a yTHRELET,
N— a3 v 3.4 TEM.

int Py_LegacyWindowsFSEncodingFlag
7P ERTRVGERE, 77 ALV AT ALY a—F 4 Y7 UTF-8 T a—7 4 ¥ Z7ofkbb
IZmbecs T A—T 4 Y IHELNET,

PYTHONLEGACYWINDOWSFSENCODING FRIBZEBMMETH WX FINCHESINIZIGEIC. 1 KHRESH
%9,

kDL I PEP 529 2B LTI EEW,

HMFe]RE 72 BR4%: Windows o

9.2. JO—-NILBREELH 181
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int Py_LegacyWindowsStdioFlag
7 5 7L TRWEE. WindowsConsoleI0 DD D IZ i0.FileI0 % sys DFHER MY —L ¥ L
TEWE T,

PYTHONLEGACYWINDOWSSTDIO FRIBZERMZE TR W FINCEREEINGEIC. 1 KERESINET,
EDE LI PEP 528 2B L TL X\,
F el RE2 BREE: Windows .

int Py_NoSiteFlag
site EY 2 —/L® import &, ZDEY 2 —HITR > TWiz site Z & D sys.path NDIEIEZ L)
LT, BT site ZIRIIC import LTH., IS DEEFEITEINERA (FATLERVERIX.
site.main() ZFEXHLTLZE W),

SFAFaryTHRELET,

int Py_NoUserSiteDirectory
A—HOHA CNYT—SDT 1 LI R % sys.path ITEML A,

-s *+ 7> a, -I. PYTHONNOUSERSITE IRIEZH TR EL 7,

int Py_OptimizeFlag
-0 * 7> a > ¥ PYTHONOPTIMIZE BRIEZECHREL F9,

int Py_QuietFlag
AVRIT VT4 7E—FTH copyright ENXN=Ta DXy t—IZRRLER A

-q A7 a vy THRELE T,
N—a v 3.2 TEM.

int Py_UnbufferedStdioFlag
BN LS -2 Ny 77 D Y LRV K S ICHHIL £5,
-u #+ 7> 2 > ¥ PYTHONUNBUFFERED BHRAM CHREL 7,
int Py_VerboseFlag
EYV 2PN NI v =Y 2L, ZOAHRE T (77 A NVAREL I, VEY 2 —
V) o= REINZOPERRLET, 22 U EDOBEE, TV 2L EBRTILZLCF v

L7 7ANT A=A LET, £/ BTROE 2 -2 ) =7 v IS 3 15H
ML E I,

-v * 73 a > ¥ PYTHONVERBOSE BEZHCHREL F75,

182 % 9 & #IHAML (initialization). #&7THIHE (finalization). XL v F
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9.3 122 —71) 2D#EAL & T NIE

void Py_Initialize()

Python £ > & — 7V 2 2@t L £ ¥, Python ODEDAAZRITS 7 SV r—> a > Tk, ods
W3 Python/C API 252 X D bRl ZOBKEFEFH IR ITNERD FEA, WL 20 DHhI5
IZDOWTIX Python #IEAEMET 2SR L TLZE W,

COBBIEE - FEAEY 2 -1 DT —7 )L (sys.modules) ZHHUL L. Higr 22 EY 2 — LB
builtins, __ sys BERLET, 2, Y 2 — LR (sys.path) AL 5,
sys.argv OEIFITVWER A, FHET 2L, PySys_SetdrguEzr() o T & W, ZOBEEK%
(Py_FinalizeEz() ZFHIFIZ) BEMIHL THMBITVELA, RDHEIZD D A, LK
M, 2Bz 7 —T9,

main

—_——

EMR: Windows TlX 0_TEXT %°5 0_BINARY N2 YV —J)LE— FBRZEINFTH, ZHUIZD C
SV RALBFoTNWEayY —Th Python BADFEVBETICHHEEERIZFLE T,

void Py_InitializeEx(int initsigs)

initsigs \2 1 ZIEE LG, ZOBENE Py_Initialize() EHEU XD WCEIEL £3, initsigs 12 0
ZIE LGS, VRO S 7 F ANy RS DB EA Xy 755 Z e TE, ZHud Python O
DIABTHEATL & 5,

int Py_IsInitialized()

Python 4 ¥ X 7V Z 3L EATHNUEE L) 2, THRFNEH (Er) ZRLET,
Py FinalizeEx () ZMUH U7X, Py Initialize() ZEHUEMUIHTET, ZOBEBIIEEZERL
%9,

int Py_FinalizeEx()

Py_Initialize() ¥ ZHLHED Python/C API A TIT - 22 TOWEHLULEZE D H L. &
%D Py Initialize() WEOH LLIRIZ Python 4 Y X 7V ZBERLT-E2TOY 74 Y& T &
(sub-interpreter, TELD Py_NewInterpreter() ZHM) ZHEEL £3 ., HENZRHTIX. Z OB
12 & 2T Python 4 ¥ &2 7V XDBMER L7z X BV IZETHEREINE T, ZOBE%E (Py_Initialize()
ZRHEFIC) BENCHLTOMHITVERA, BEIZEDHEEZ 0 T, RTUHP (Nv 77007
ENT—RDEZHL) O 7 —DH-75EF -1 WHREINET,

ZOBEPREINTOLHEEHIINW 22D D £3, Python DEDAALZToTVWET SV —> a3
YT, 7V =y a v EEEHT S Z % Python ZHEEEILI-VWIeABHD T, £ BN
0 — RA[REA 7F Y (H5 Wi DLL) 25 Python 4 ¥ X 7Y X%ku— K357 77— ayTlid,
DLL #7 > u— FJ 3H0IC Python BHERLZATVEZLETHRRLEZVWEEZ 22 LOAEEA, 7
TV r—=2ayNTRETWS XEY Y —7 ZBH3 22, BFEX Python BHERLIEXEY 27
TV =2 a OB THICHRREEVWEERSHE6HD 7,

NTELVEEFE: TV 2 AREYV2a—VADA TV 27 MIT7 VR LR EHETHIREINE T,
ZDRD, OA T2 b (BRA T2 PO EAET) REV 2 - NKETETFRA NI IR
(Ldel__O) XYy F)MRKLTLES 2eaHh 3, Bcn— FEN2 X512k > TV AIEE
EY 2 —H Python iIZk-oTua— FIATWEEESE, 7or— I FEHA, Python HHERL 7=
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RAEVDPDOTDPRBSMBMENZ VDS LNLERA (REVYV—22RHALEL, E30WELTK
EEWV), A7V 7 MEOERSIICHEIN TV X BV EMREIN RV DD £F, ILRE
Ja— VDPERLIEXEVIIBREINBRNIERDH D ET, JHREY 2 — I k- TiE, FHbr—
Frk 2 EMEMPUHTEIELLEELRVWI XD D £F, 25 LRNIE. Py_Initialize() %
Py _FinalizeEx() % 2 ELLEFFUHIT 2RI DB F T,

Sl L T BEE A N> b cpython._PySys_ClearAuditHooks %##EH L %3,

N—3a v 3.6 TEM.

void Py_Finalize()

ZDOBARE Py_FinalizeEz () DBITHIMAN—T a T, RDENRDHD FE A,

9.4 7OEXTARFDNFA—%

int Py_SetStandardStreamEncoding(const char *encoding, const char *errors)

b L Py Initialize() PFHINZ S, ZOBEEIEZDRNCHEZITIUER D T8 A, ZEHED 10 12
BWT, YOz rya—T4 I BIUOYART S R[S 5%, str.encode() ¥ [EMRDEKRTES
ELET,

Zhid, BREZTRDE D 72 WEFIC PYTHONIOENCODING OfE% FEX L, HOAAI— R 10 =¥
OA—F 4 Ay e — L TEBRLE52LET,

encoding ¥ errors D¥H SN FE /=XM% NULL 123 % Z & C. PYTHONIOENCODING ¥ 77 # /L b
EOEE L ERIIAAZMES ZeNTEET (MOREIKEFELET),

ZDRE (BB WVIIMDOFEE) 12Bb 5 F. sys.stderr 1ZHIC "backslashreplace” TF — Y Ko %
s ZBIHERLTIEE W,

Py _FinalizeEx () ZWEUH L7 EE, Py_Initialize() ZMUCHTEIIC. ZOMBEKEEEMOH
TRERDHZTL £ Do

RIILTH 0 2. 7 —DHEIR 0 THRWEZELET (BIRIE A > 27V XML =1k,
COBBAT I XN E).

N—a v 3.4 Tl

void Py_SetProgramName (const wchar_t *name)

ZOBEBEMUOHT RS, BYNC Py_Initialize() RMOHT XD dRNCHEIH X RIFIERD F
BA. ZOBIIA Y27 2270l 4D nain() BEICHEE L7z argv[0] 5IDELZHZ £F
(VA4 R¥x vy 77 RIEBEINET), ZO5I8MHEIEZ. Py_GetPath() . UTIRT Z Dtho B,
A4 YR ZRDOEITAREE D & Python 5> & A4 554 75 UADHEMASZ BTG T 3 7201 {fbi
%5, 774 FDfEIF 'python' TT, 5EFL OIS NV A R ¥ ¥ 527 ZXFHIT, #RED
BREBICA > TOWRITHIER S S, ZORNERZ S0 5 2DFTHICEELTIZRD £¥ A, Python
AR TYVEZANDI— T, ZOGXEHBONEEZEET2dDIE—HD FEA,

NA M XFHN % wchar_* XFHNIT 23— K § 512id Py_DecodeLocale() o T 7ZE W,
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wchar* Py_GetProgramName ()
Py_SetProgramlame () CTRRESINI=T BT T L5800, T74N0 207075 24%IR L %5, BB
BRI SEFHNRA ¥ 2 FE R R 2 B L £ 9, BBOMTHLAZZOEEZZEETE £ A

wchar t* Py_GetPrefix ()

TS5y b7+ —LIERED T 2 ANEEDBA VAP —ALERNTWBIGFHTH 3 prefic ZIRLET, Z0D
X Py_SetProgramlame() Ty FEN7=T 0T T LHRPNWL DL DRFEAEE D LIz, BixDE
MELHRI»SEINE T, HlZIE. Fv 75 540 ' /usr/local/bin/python' DA, prefix &
"/usr/local' T2 N 5, BEEDNR T SCFHIR A ¥ X FEHVR LRI Z IR U £ 3; BBOMCH L
HZ D2 ZETEEEA, TOfEIZ MY TL LD Makefile ICHHE XN TV S EH prefix %,
Pl R{EIZ configure A7V 7 MIHEE L7z ——prefix 5IBUCHIE L TWVWE T, ZDfEIX Python
a— K250k sys.prefix & LTHAIATE 9, Z4d Unix TOABEHTT, RIHHT 2885
RLTIZE W,

wchar t* Py_GetExecPrefix()
TI9 T4 =L EKIEFE DT 7 ANBA VAR —NLENTVEEFITH S exec-prefic #IRLE T, TD
X Py_SetProgramlame() Ty s EN7=T 0T T LHRPNWL D0 DRFEAEMEZ D LIz, BixDE
HEZHRD S BIE N E T, BlZIE v T L4208 ' /usr/local/bin/python' DA, exec-prefix
& '/usr/local' 17D £35, BB IR T XFHNIAR A ¥ ZIZFFYLELEHEEZIE L 7, B DT
UHLAEE COEZAZETEEEA, ZOMEIE Y L ARILOD Makefile IZHE I LTV S ZEH
exec_prefix %, B/l F{HIZ configure A7 V) 7 MIHEE L7z ——exec-prefix BIHBUIXEL TV
¥, ZOfHEIX Python 2— F2 513 sys.exec_prefix & L THHTE 5, Unix DATERHTT,

B 729 P74 —LMKEFDT7 7 AV (FITRASLHEEGI A 77 0) 25lo74 L7 UV Y —HIZ
A VAP =L ENTVBEE, exec-prefix & prefix ¥ Bz b 3, HANR A > 2 b —LEETIX.
T 7 = LIERFD T 7 A D Jusr/local KD ENZ—F, 7Ty v 7+ —sKIFDT7 >
A W& /usr/local/plat ¥ 7YV —KINDELNET,

—RZ, I T x—alE N—RU 2TV T7 V2777 IVDMAEDEERLET, f
ZI2, Solaris 2.x ZEEXETWS Sparc ¥ VIEERTHLE T 7Y b7+ —LTHBARLETI
Solaris 2.x ZEIEXETWVW2 Intel v VIEES FZ7v b7+ —21ZEDETL, FHU Intel v~ > T
® Linux ZEEX R TV RS ELHDOT Ty v 7+ — LT, —RINIZ, ACARV—T 1427
VRATLTH, AV —VEYVarvOEIDDIIERSL T 7Y b7+ —LTT, I Unix DARL —
T4 YITIYRATLADOEGAIFFEEELANTT; IE Unix DR T ATIE, A YA M= AHERETHE
725 TWT, prefix % exec-prefix IZIFEKRDIR L BXFIINFREZINTVET, TV M LFEALD
Python N4 Fa—=FIEZ7 7y P74 —LAIRKFLRVOTHERELTLLEI WV (EL, EDN=TV 3
> ® Python Ta ¥ {4 LVENPIEEEFL ET!),

P27 AEMEZ. mount ® automount YT Ao T,. &7 Fv b7+ — LMD /usr/local/
plat BB o7 7 ANV AT ARCEE, 77 v b7+ —L[MT /usr/local ZHET 2 72DDHRE
HiEEH>TOETL &9,

wchar _t* Py_GetProgramFullPath()
Python ZTRIREIERDOFTER TR I b2/ BRLET; ZOMEIET 7 4L bDEY 2 —LRR R %
(AR D Py_SetProgramlame () THREZNTZ) 07T 240 6B N 2 BRICEIERAMNICEHE I E
T BIEDNIR T SCFANAR A ¥ ZIFER G IRTI IR U 3 B LANZ Z D2 A ETE %
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HFA. ZOfEIX Python 2— F2 513 sys.executable ¥ L THHTE £,

wchar_t* Py_GetPath()

TI7ANEDEY 2= WERAZZIRLET; $R1F (LD Py_SetProgramVame () TRESNTz) 7
0775508, WSODPDOEREER» SRR INE T, RUELRLXTINE. 77 v b7+ — L7
DARARY) D) XFTHEEN—EHDT 4 L7 PV ALY 3, XY D FIX Unix & Mac OS
X Tl ':', Windows Tl ';' TF, BBDIRTXFHIARAL ¥ XIEERI L LEEBER U F 35 B
DOMFHUANX Z DEEZEETEFH A, sys.path 134 VX7V RICX > TZDETHHHLE N, #
DRIZEY 2— V20— N T IROMRARLEE T 57DIBIET 5 T EHATRET, L TnES &
NnET,

void Py_SetPath(const wchar_t *)

TI7ANMDEY 2 = VHRRAREZHELET, ZOBBD Py_Initialize() X DRENIMUIHI A
72358, Py_GetPath () 37 7 2 s DB ARRAZFHEAL L5 83, b DI DEEN G X MK
NRAEIRLUET, ZhiE, Python 7 7V r—> a VIHAAENRTWT, ZO7 SV r—>a o
BTOEY 2—NVOYMEER2HIBEL TVE & JIEFNTT, $RET 7y b7+ —2KEOXYID
NFTHEINTWEREDNDH D £, XD XFIE Unix & Mac OS X Tl ':' . Windows Ti&
T,

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 PXFFH) % wechar_* XFFNCT 32— R T 3121 Py_DecodeLocale() o TL7Z&E W,
RAGIEIIWNEBTa - ET, LidoT, BMUH LR TRICHEIH LTIEE 1B E B TE £,

N—=YaYv 3.8 TEE: 70l I DG Rb> T, 70T LD 7N ZD:data:sys. executable
Wbz k512 h fL7,

const char®* Py_GetVersion()

Python £ Y27V ZDN=Ta VEBRLET, N—Yavid, RO XS RIEROXFHITT

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

=7 —F (BRAIDAR=AFET) & BED Python DNN—= 3 ¥ TF; BRAID=FE. Y
A RTRYISNIRAT » ==V a3 F ==V a T, BEDPRTCFINRA ¥ RITFR
ZREEEEZR L £ T O OHLMEZDEEZZEETE A, TOMEIE Python 22— K51
sys.version & LTHIATE %3,

const char® Py_GetPlatform()

BIEDT T 9 b 74 —LDT 5y b 74— 2l FHIZIEL T, Unix TlE, AXL—F 4 ¥ 7Y
AT LD 7 BRRD” AN CFICERL, AKXy =V EY a Y EB NI MBIk TV E
T, B ZIE Solaris 2.x 1%, SunOS 5.x, £ LTHHISNTWETA, 'sunos5' I D 3, Mac OS
X Tid 'darwin' T3, Windows TlE 'win' T3, BIBDNR T XFHIRA ¥ XIIHH L L R IR
LET; BOMOCH LAZZOEZEETEXEA, ZOMHEE Python 2 — FA 513 sys.platform
ELTHHATE XS,
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const char* Py_GetCopyright ()
BATED Python N—3 a 20 F 2 NROFENFMERT TN 2R L £, B2

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BEEUATIR 3 SCFHIARA ¥ ZIFER 2 I 2 IR LU E 3 O LAZ Z oz ZETE ¢
Ao ZODfHEIZ Python 22— K251 sys.copyright ¥ L THIHTZE £3,

const char* Py_GetCompiler ()
BIEf o Tnd N—Y 2 D Python ZE L FT3FEICHWE I Y84 7 2R3 FH %2, ATEINT
Pl o 7oAl iR L3, Bl 213

"[Gcec 2.7.2.2]"

BIRSIE S FHR A~ Z3E R B2 B L £, BBOMOH LR Z 2 ZEETE £
Ao ZDfEIZ Python 22— FH 5% sys.version O—#e LTI HEF T,

const char® Py_GetBuildInfo()
FfE#i o T3 Python £ Y2 PV RA VARV AD, ¥—4 Y AFS L L FHBHCE T 215 %K
LEd, flzE

"#67, Aug 1 1997, 22:34:28"

BIRNE S AR A ¥ Z3EHI LR EEER 2 B L £5; RO OHLANIZ Z 0EZ2EETE 8
Ao ZDfEIZ Python 2— FH 5% sys.version O—#f& LTI B £ 3,

void PySys_SetArgvEx (int arge, wchar_t **argv, int updatepath)
arge BEL argu IZESWT sys.argyv ZRELE T, N5/ 8370277 40 main() ZHEL
725IBUT BTN E T, RAIDEEM Python 4 VX 7V XDEEL > TV BETIEROAF T
B FTENB RV T MBI L BT UIR SR VEIENWE T, EITT2R27 Y 7 bAkng
AL argy DRAIOBRIZELTINCLTIDLEVERLA, ZOBEA sys.argy ODFIALICKRKL 7=
BE. M@ TS —% Py_FatalError() THIGHEE T,

updatepath 25 0 DFE. ZZETOEFEN Z OB T2 Z L DETTT, updatepath 53 0 TRV
B, OB sys.path ZUTO7 LTV X ARESWTEBIELET:

o HIET DALY T+ DAHID argv[0] WK I NHE. TDARAT V) T 23D 25O R %
sys.path OEBICEML $3,

o TNUUNDEE (arge 25 0 120720, argv[0] BIFEHETE7 7 A VHEEL TOVRWVWEAR).
sys.path OEFICEDOXFHEBML ET, THAUIREDEET L7 bY (".") BITEICEM
TH5DERLTY,

NA PXFFH)E wchar_* XFFNTT 2 — K3 3121& Py_DecodeLocale() ZfE-TL7Z& W,

AR BH—0R27 VS MNEETTIUNDHEHNT Python £ ¥ X ) ZEBHEDIAATWE 7 TV r—
¥ a YT, updatepath 12 0 ZTEL T, HELRGEIFXHENT sys.path ZHEH T2 2BTITDL
F3, CVE-2008-5983 ZZMRL T ZE W,
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3.1.3 K DEIDN—= a ¥ Tld, PySys_Setdrgv() OMEFH LT T L72#IZ sys.path DFEBHDE
FEMHMFT T ALEIMELNET, FIZIXZD XSV ES:

PyRun_SimpleString("import sys; sys.path.pop(0)\n");

N—Ya ¥ 3.1.3 THEM.

-t **argv)

OB, python £ Y X T VRN -1 7> a {FETEFTINRTVWIHAERZRE
PySys_SetArguEz () @ updatepath 12 1 ZFE LD LE L XS ICEIEL £3,

void PySys_SetArgv(int argc, wchar

A P % wchar_x TFINCF A~ KT BITUE Py_DecodeLocale() % ffioTL &L,
N— a v 3.4 TERE: updatepath OEIZ -1 * 7> a VITKIFLF T,

void Py_SetPythonHome (const wchar_t *home)
Python DIEHES £ 75 UHH B, 74/ bD "home” T4 L7 PV EFHEL T, 51O FF D
RIRIZDWTIX PYTHONHOME S8 L T L 72 &0,

SIBUIER R R P L =D WCEIPNT TR ST LETHIEERZ o0& 5 R ek XTI TH
ZRETT, Python 1 VX7V RIEZDA ML —YDONEEZEHLEHA,

NA MXFFH)E wechar_* XFFNCT 32— KT 3121 Py_DecodeLocale() - TL7Z& W,

w__char* Py_GetPythonHome ()
#iE D Py_SetPythonHome () MEMH L TRE X NI2T 7 + /L + @ “home” 7>, PYTHONHOME BREEZA%L
DREINTVIUIZDOEEIRL 3,

9.5 XL w KRR (thread state) £ O—/NIL1 227U H0v T (global

interpreter lock)

Python 4 ¥ & 7V ZII5ELIIFIAL Y RE—=TTEHHEHA, ¥LF AL v KD Python 7027 %Y
R—=1+F57=012, JO-NILA2R2FTVEOYVYT H2WE GIL 2 WEh3 7n—vicnay 7B FHELT
WC, BEDRAL Y FH Python A 7Y 227 NCEEIZT 7R AT ARICHT Y 72 ERLRITUIR S
{BRoTVETS, By ZE#EIRTIUR, BMREREETZ X, YAV F ALy R a2l 7 A0ETIEELL| &
HEZITAREERDH D T, 722 2F, ZODALy RBEILA TV =7 bOBBAY Y b EFEKHCA V27 1) X
VTR, BRNZBRAY Y MEIETRLS—EEZT LR Y2V X P EARV2D LRER A

ZDld, GIL MR LAV v F721IAH Python 7Y =7 bE#ELZ D, Python/C API % MU0
HLZDTEZ2LW0WIL—ADHDET, WTUHEZTI 2L —bF 237012, 4 2 7Y XEEHICE v
I RBRLIZDER LD LET, (sys.setswitchinterval() 25) Zony 77wy 78I D 5
% 1/O #EDMIETHM - TS, /O ZERTZAL vy R 1/O BIEDTET ZFOM., oL v F
DEWETZEZ XL TVET,

Python £ ¥ &Z 7V XIZA L v R Z L ICRERIERE PyThreadState LI 27— XEEDOHFICRTFEL &
T, ZL T — LAY UTHED PyThreadState BT RA VX% 1 Db E T, ZO7p— L%
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B PyThreadState_Get () Zffio THUFTE X3,

9.5.1 #i3k0— FAT GIL ZMKT S

GIL ZHET 213 A Da— Fid, RO X 5 Ia B MiEIca D £3:

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.

Z DIEEIZIEFIC— AR DT, MEEZHMICT 2720122 DD~ 7 upHEEIATVES:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...
Py_END_ALLOW_THREADS

Py_BEGIN_ALLOW THREADS ~ 7 m ¥z 7uvy 7 2B L. BlLe -2l EZREES LT T,
Py_END_ALLOW_THREADS 37w v 7 %ZEAU %73,

Foogay Z2i3koa— RiIcERINET:

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save);

IS DOBEBOEEERHHLET, GIL IZHREDAL v FIREBEZIE TR, VX E{RET 272D IfHbIh T,
0y 7 2fRRLTAL y FIREEZIREES 288, 0y 7 Z2RRT 2H1ICBEDO R L v FIREERA VX2 2HUG L T
BORITUIZD ERA (O Ly R TCIERy 72 EELT. BH6DAL v FIREEZ Z/'m — VAR
WKHRFELTLEI 2D LARVDLSTY), Mic, vy 72 ERLTAL Yy FIREEZERT 2. Zr—
PNUVEBICA Ly FIREERA Y 22 RFET 2ENCE v 7 2R L TE»RIFUIRD A,

ER: GIL 2T 2 DNEL A DT AT LD 1/0 BEREMFOCH TR TTA, XEY ANy 7 7 IIRT3)E
fERHEEILD & 512, Python DA 7Y 227 M7 7k A LARWERM D225 UHEZMOH T 23 GIL
PRI 2 2 L I3ERTT, HlZIE. z1lib % hashlib EY 2 —VIFEMER v & 2 FHEDORIIC GIL 2K
LS,
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9.5.2 Python AN TIESNIAL Y R

Python API %@ L TS/ AL v K (threading £ 2 — LR Y) TIEXHEMWICZA L v FIREENEI D Y
ToHNT, LRHDOA-FRELLEEES, LirL, (BEITRAL Y FEEZITINTDOI4 757V EITK
DICBRBTALy FEER LGS, ZOXL vy FIZX GIL 372 <. ALy FIREF—&2#ERb RNk
WIERSTA2RENDHD T,

ZOX5KRAL Y K25 Python 22— FEMUHTREND 255G NBOIA 77V hrba—ANy 7T 5
API 2 ¥ 03k K & %01TF). Python/C API ZFFUNHTRIIC, AL v NIREET — ZMERE AR L. GIL %
BIEL, ALy NIREBRA VR EREFTEIL T, ALy FEA VR RIZEFLRZITINE R A, R
Ly ROEEERKZT-H, ALy FIREEBRA V&% ULy FLT, vy Z2MHL. REBEICAL v RIRKEET —
ZERD XY 2R LTI D 8 A,

PyGILState_Ensure() ¥ PyGILState Release() & Z DM % HEWIZITWE T, CORXL v FH 5
Python % M-OMH B2 5K 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() BAEUE. (Py_Initialize() WCX-oTHEMNIEONDS) R —NL A VX TY X1 D7
UDTFET 2 LARET 2 FITKRE D TFE W, Python & (Py_NewInterpreter() ZffioT) BMDA ¥
RTYREAEFRTESLZLIREDDIZDD FRAD, HEBA > & 7Y XL PyGILState_»() API ZiE¢ TfH
SZEEFPR-IPINTVEEA,

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.
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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

C iR E#FH W72 D Python 4 &2 7V X 2 HbiAte ¥ &1k d —BINELN 2 BPLEBIIXDO B Y TT:

PyInterpreterState
D7 —XMEERE, BREEET 22RO Ly FHTHAIA TV IREZRBLET, ALA X
TV RIZET DALy FIFEY 2 — VERERPZ O O 0NN ERZHAELTWES, 2
DREEARITIZANB (public) DX ¥ NEH D 8 A

BR2A V2TV RIETEAL Yy FRETIE., FHAARGEZXEY, EPATVWE 77 A LTAZ Y TR
R¥rWVolT ot DREERRWNT, HPRETIRMIEFEINTVWERA, GIL b FE/, ALy KR
YDA YR T RIZBLTVWENICEOLTIRTORAL y FTHEINTVWET,

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp

(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads()
GIL Z#ftL. BELXI, ZoBEIE EXLy FAB O L v F2AERT 5 LUAT,
PyEval_ReleaseThread(tstate) W o lD AL v FEIEIZAZ XD EHZFIHENZ K5
WL TE»RITIUIIRD £ Ao PyEval_SaveThread (), PyEval_RestoreThread () OHNIIFEUHIS
WEZDHD A,

ZEHICHOCHT 2B ITVEE A

N—=Yar 37 TEHE: ZOBEIX Py_Initialize() HFFIHEINZ X512k D, bIbIFELH
FTRHEITD SR D FE L,

N—=Yay 32 TEHE: ZOBBIE Py_Initialize() XDANCMUHTIENTERLRDE L,

int PyEval_ThreadsInitialized()
PyEval_InitThreads () Z 3 CIMFH LTV SHEIRE i) ZIRL 9, ZOBKIE, GIL 2
BEETMUOHTIEDTEZTOT, Y ZNRALy FTETLTVRHEIIER v 7 B# D API
PRV U &) 27 012ffiS Z e B TEE T,

N—Ta 3.7 TEHE: GIL » Py_Initialize() THHHLINZ X512k L7

PyThreadState® PyEval_SaveThread ()
(GIL MR XA TW2E5E) GIL 2B LT, ALy ROIREZE NULL 1L, LETOZ L v FIREE
(NULL 1272 D $8A) ZIBRLE T, By V0T TIAERINTWIHE, BIEOAL Yy Fdiny 7%
EBRLTWRIFNIZRD £E A

9.5. XL v RRKHE (thread state) &' O—/NIL1>R2F1)Z0Ov 7Y (global interpreter lock) 191



The Python/C API, V1) —X 3.8.18

void PyEval_RestoreThread(PyThreadState *tstate)
(GIL PERENTNSI5E) GIL Z2#B{ LT, BEDRAL v FIREZ tstate ISREL 5, tstate 1
NULL THoTIERD F¥ A, GIL VERINTOT, ZOBEMERIH LAV Yy KRBT TIZRY 7
ZESLTWRHE, Ty Fay 72D £9,

FER: TURALPKETIEE L TVWE &I, ALy K25 ZOBBENFUHTE, ZOXL Yy K
2 Python X o TERESNbDTIERP o7 LTHKRTEIELNE T, _Py_IsFinalizing()
% sys.is_finalizing() 25 &, ZOBBENTHTEICA > X 7Y ZHKT S5 @EBREDRF
BRODWRTE, BELRVWAL Yy FOKRTHEITFONE T,

PyThreadState* PyThreadState_Get ()
BEDAL vy FIREEZIRL 9, GIL 2L TORIFIUER D FH A, BIEDORAL v FIREES NULL
o, (MO LML NULL F 2 v 72 LR TFLE51I0) ZOMBREBEMNT S -2 23 K51
BoTWET,

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
BEDOA Ly NIREZ tstate [ITHEE L7 ALy NIREBE ANZZ FT, tstate iX NULL DHERH D
T, GIL ZRFE L TwRITIUIR 53, BIRL EEA.

MUTFOMBIZAL Yy Fa—A LA L —U2FHLTWT, Y74 V2PV X DHEEERD D T8 A:

PyGILState_ STATE PyGILState_Ensure()
Python OIREES GIL 1cBbH 53, FEITH R L v KT Python C API OFERH LA A[EEL 72 5 &
SICLET, ZOBBIZRAL Yy FNTHETOMIET I ENTEEIN, BT ETONUTHLIC
XIS LT PyGILState_Release() MU T HEDH D £F, BH. PyGILState Ensure() WU
th L ¥ PyGILState Release() WU LOMETIALAND AL v FEHE API 2#H 32 22
TEF 35, Release() DHIICA L v RIRBIFETLI A T RITINERD 28 A, HlZIE BED
Py_BEGIN_ALLOW_THREADS <72 W ¥ Py END_ALLOW THREADS \XfER$2Z YN TEET,

R D& PyGILState_ Ensure() WU LIKFO AL vy FIREBEREML 27 N> FA7 T,
PyGILState_Release() (2 LT Python Z[F UCIRRBICMRZRITNIXRD FH A, BHEMIHL
HABETTH, NV FAZHETZ L TEERA - 220D PyGILState_Ensure() WFUH L
TAY RVERIFEL, ST % PyGILState_Release() MUH L TEL TLZE W,

B8R Lz & FTHOR Ly FIZ GIL ZFA L TWT, fEE® Python 22— FZETTE
ij‘o m@@%ﬁﬁciﬁﬁﬁ/ﬂﬁl‘?—f‘?o

ER: TURALDPKTLEEZLTWS L EIC, ALy FHSIOMBEFOHTE, ZOAL Y F
3 Python 12X o TR E Nz DTE Do/ LTHKRTZELNET, _Py_IsFinalizing()
% sys.is_finalizing() 25 &, ZOREBEMOHTHIICA > &7V XK T S5 @BEDRS
RODPIHERTE, LFRVAL Yy ROKTHHEITLNET,

void PyGILState_Release(PyGILState_ STATE)
BHRLEITARTOYVY —XE@BRLET, ZOBEBEMREIH T . Python OKREITHIET 3

192 % 9 & #IHAML (initialization). #&7THIHE (finalization). XL v F



The Python/C API, V1) —X 3.8.18

PyGILState_Ensure() ZWMUOHTHIEFE L b 3 (@E. ZORBETIHLTTREDLY
DEEADT, GILState API ZFIH3 25 X512 LTLEZE W),

PyGILState_Ensure() ZM-UHTHEEZ. HIFE—X Ly FNTHIET % PyGILState_Release()
ZIFCH LT EE W,

PyThreadState* PyGILState_GetThisThreadState ()
CDOALy FOBEDAL v FOREEZEFL £, ZRETHEEDRL v FT GILState API 2o
72 e PO AE, NULL 2R D £3, A4 Y ALy RTHHDZAL vy RIREBICET 2 OHLE S
CLABRWVELTH, A4 VALY FIZFEIZALy FIREOHERZFR o TV ZEITHEREL T LS W,
29K oTWB HZFIIALHERED L  IZZMIBRED 72T,

int PyGILState_Check()
BEDRAL Yy ¥ GIL ZIRIFLTWA 45X 1 2, Z25TRINUT 0 ZBL %3, ZOBEIEZWwDoT
HEDAL Y FRSTHMUIH T I TEE T, Python ALy FORELFIHHLIATEH D, BifE
GIL 2R LTV 2HEICDA 1 ZRLET, THEERALS—/ZHHOBETT, 0B
BIZEa—N Ny Z70arT7HFZARXEVEID L THRETHIETL £ 5, BEXRSH, GIL 2’ny 7 &
ATV B EH o TWIUE, FEH LT sensitive RITEIZ5TT 2 Z e B TE, Z 5 TRIFIUIER
2D DI TIREZES e DB TEE0HTT,

N—= a3 v 3.4 THE.

MUToxrzmid, @EREBICEIan 20 3IfnwEd; Python Y —REAYNOMHAMNZ R TL 72
IS

Py_BEGIN_ALLOW_THREADS
IO~ u%EM 3 5t { PyThreadState *_save; _save = PyEval_SaveThread(); IZ7%&
DET, 7B RHAEHEEMAPA-> TWVE I ERERLTLSZZIY;, ZoHEERE%“T
Py_END_ALLOW_ THREADS =7 B & X IGZBRITIUIRD FR A, 7 BIZOVWTOFH L WVWEERmT
FREESBL TV,

Py_END_ALLOW_THREADS
D~ u%ER$ %t PyEval_RestoreThread(_save); } IZ& D EF, ¥ 7 vkl ZEIMH
AoTWVEZEIRFERELTL 2 ZOWMIEINIERID Py_BEGIN ALLOW_THREADS <7 m &Ntk L
TVWRFNUIED FHA, 70OV TOFLWiEmE LR ESHL T X W,

Py_BLOCK_THREADS
D~/ n%EM T %5 PyEval_RestoreThread(_save); I b F3: FAUEBIMD LW
Py_END_ALLOW_THREADS ¥R U T3,

Py_UNBLOCK_THREADS
IO~/ u%REMT 5L _save = PyEval_SaveThread(); & D ¥ 3: B EEFIMO LWV
Py_BEGIN ALLOW_THREADS YU T,
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9.5.5 {EL-~NJL API

RDOETOBIL Py_Initialize() DRI ZRFAUIRD TH A
N—=Ta ¥ 3.7 TEHE: Py Initialize() & GIL Z¥HLT 2 L5k L7

PylInterpreterState® PyInterpreterState_New()
LA Y2 TY)RIREA T 27 P 2AERLE T, GIL ZIREELTBBEIDH D FEAD,. O
BERLIFOCHTRBRED D GBI MRFTF L TEVRIEI N ENTL & 5,

SIEIEL T BEE A X b cpython.PyInterpreterState_New % iEHI L ¥£3,

void PyInterpreterState_Clear (PylnterpreterState *interp)
AVRTYVRIREA T =7 PNOLTOEREZ Yy FLET, GIL ZREL TOWARITIUIRD ¥
Ao

FIEIEL T BB A N> b cpython.PyInterpreterState_Clear %L 73,

void PyInterpreterState_Delete (PylnterpreterState *interp)
AVERT)RIREA T 27 b EWIBELE T, GIL ZIRE L B DEED D FHA, A VX TV XK
REIX PyInterpreterState_Clear() THHPUDH VY ML TEPRITFIUIRD A,

PyThreadState® PyThreadState_New ( PylnterpreterState *interp)
WBELIEA YR TVRA T2 MBI A7 ALy NIREEX 7P =7 bEAEKLET, GIL %
REFLTBIRDEED D ERAN,. ZOBBERLICHEUHTHEDND 2 55IIRFL TBVRIED
HEOTL & D,

void PyThreadState_Clear (PyThreadState *tstate)
ALy FREA 7Y =227 FADERTONEHRE VLY FLE T, GIL 2R L TWRITIUIZRD $E A

void PyThreadState_Delete (PyThreadState *tstate)
ALy FREA 7Y =227 2R LE T, GIL 2RFT2L0HIDD THA, ALy FRER
PyThreadState_Clear() THoHPUH VY Ly FLTELPRITFNILRD FHA.

PY_INT64_T PylnterpreterState_GetID(PylnterpreterState *interp)
A2 TV EZO—ERID ZRLET, WEPIZA»Z 7 —EEZ S, -1 PREN, =57 =2y b
ENET,

N— 3 v 3.7 TEM.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)
ARTVRERDOT -2 eR/FLTVLHERZEL XY, ZOMEA NULL 2R LS EE. 22
TTHMNIEE N TE LS. MO LANEA > &2 7Y XEFOFEZFHTE LRV t%xt{h‘hbitﬁ
DEE A

Z DB PyModule_GetState() ZBEHZ 2B DTIEHRL, IEREY 2 — 24 VX 7Y R[EH
DIRBEEREENT 2DIFESIREDHDTT,

N—Ya ¥ 3.8 TENM.
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PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. YEHREY 2 — B AL v FEHDOIREIFRERIFTE 2 X 5 2EF
FRIBRLET, B4 OWIREY 2 —ADFHEFIREHRZRTT 2 7-DICE3HE—D F — 2 bR IF UL
7Y ERA BHEDRAL v MIREMZRVIFIC Z OBBZIFTH L T EWERA, T DORKA NULL
ZRTHA, BIMNEIE o KEH ST, O LANBBIED A Ly FIREXSFHTERWEEZ R
XD FEA,

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
ALy FRTIERBICHINZEH L £9, id 518X -7y P ek ALy FOXL v Fid TF;
exc EEHTAHMNA TP 27 VT, ZOBEBUL exc 1T T 2SR E —YIRARD FHA, LEKM
BOEH D, ZOBBEFOHTIEMAIR CINREY 2 -V 2HE2RITUILD ¥ A, GIL
ZRFEFLRETIH O SR TAIRD FEA, RENEEINLAL Yy FOBZRELFT; @HEIE 1
TIH, ALy FRANMNDRSLPo75EIX 0124528 dHD ET, exc Y NULL DHFFF. TDXR
Ly ROERER IR TORWABMNE (fThih) HESNET, ZOHEEFNZERL EEA,

N—=Ta ¥y 3.7 TEH: id 518 DD long 75 unsigned long "NEHEINZE L7z,

void PyEval_AcquireThread (PyThreadState *tstate)
GIL 23 L. BAEDRAL v FIREZ tstate ICRE L X9, tstate 1 NULL TH > TIERD THA,
By 73500 UDEREINTORINERD E€A, ZOBBENRIHLZAL Yy KRBT Ty Z
ZEELTWIHE, Ty Fay 72D £9,

AR TURALHPRTIMEELTVD L EIC, ALy FhALZOMBEFSHTE, ZORXL Y K
5 Python QX o THEME N2 DTIERD o LTHKTEIELNET, _Py_IsFinalizing()
% sys.is_finalizing() Zffi5 &, ZOBBZENOHTHENCA ¥ 2 7Y ZHKT T3 EEDRT
BRODHERTE, BEHRVAL Yy FORTHE#ITONET,

N—Y a vy 38 THHE: 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 () IZWDOTH (AL vy FOFHHLI N WinwEe TH) FIAHMREZRE LN
WEIET Y,

void PyEval_ReleaseThread (PyThreadState *tstate)
BHEDQAL vy FIREEZ VY FLTNULL IZL, GIL Zf#ALET, By Zi3H 51 UDIEREIALTY
BINUXR ST, POBIED AL v PR L TOWARITIUIR D ¥ A, tstate & NULL TH o TR
DEBAD, ZOEIPFEDAL Yy RIREBERIL TV E0E S 0E2FARZ DI FEONET —
HLZITRINI, BT —ImESINF T,

PyEval_SaveThread() i3 X D@L~ OVRBITHIZ (AL y FAWEHLEh TWiEnwe ETH) FH
TE&X,

void PyEval_AcquireLock()
GIL Z2EELEF, 0y Z3Hid o TERIATOVRITFUIRD $RA. ZOMMETIHLEZRAL Y
FHBTTIIRy Z7E2EELTVWREESE, Ty Fuy 2 iZiih £3,
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N—=Yay 32 CTHH#LE ZoFBEBHETORAL Yy FOREZEHRLEETA, RbDIZ
PyEval_RestoreThread() ¥ L { & PyEval_AcquireThread() ZfEAL T Z&E W,

AR TURALDPKETIUEEZLTVWSEEIZ, ALy R0 Z0BBERUHTE, ZOAL Y R
A Python ICX o TEREN2dDTE Ao/ LTHKRTIELNE T, _Py_IsFinalizing()
% sys.is_finalizing() 25 . ZOKEZMNOHTHIICA > & 7Y XA T S5 @EDRP
ROPERTE, EERVWAL Y RO T ONE T,

N—=Y a v 38 TZEHE: 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 TWARITIUIRD 8 A,

N—ar 32 CTHMHEE ZoBMBEBEEOALy FOREBEZEHRLIEA, {bDIZ
PyEval_SaveThread() b L & PyEval_ReleaseThread() ZfHA L T X\,

9.6 YT >R2T) XY K-+

FE A Y DEEIZEDIAT Python 4 > & 7Y XiZ 1 DT TEH, WL OhDEHHICA—Tat 2N, »3
WEFRI—A L vy FNT, OB LA YR TF) XEBERT2R0ERH D ET, TNEAREICT 20087
LR TYRTT,

TRXAVT A VRTVREF TR LWL EIT o T ¥ FITRANHER S NI A VX TVEDZ LT,
PBITAVETVREE N, XL VA VR TYV RS TFIANY RV TD XS5k, ot A2 THE—RE
BYRHDET, XA VA VETYRIZET V24 LOYHLHFOMEFEITE WS BB S H D, BHIET > & A
LD TIFEAZENNT WS 7 VXA L THHD EF, PylnterpreterState_Main() BAEUIF. XA ¥4 ¥
2TV XDIREADKRA VX ERLET,

P74 R TV EZEYINEZD PyThreadState_Swap () BT TEE 3, ROBEBZMH-THTA &2 7Y
X DIER & BIBRDMTZ £ 3

PyThreadState* Py_NewInterpreter ()

LW 74 > &2 FY & (sub-interpreter) ZAERL 3, 74 &7V &, (1RF7ER) M5l
WO EIE R Python 21— FOETEETY, B2, HILWH 74 X 7Y X, import EH3E
a2V EBTROVWTHEBIDANA—Y a Y 2FEDL, ZAUFEB Y 2 2EY 2 —) L builtins, __main__
BEU sys EENET, B—RFEADEY 2 —AHh 57257 —7 )L (sys.modules) BLUEY 2 —
N RR (sys.path) Y T4 X TV XEIZHIED S DT D 5, FicRkd 74 027 XEEE
12X sys.argy ZBDH D FR A, Fiz. 74 VX TV XIIHBEHET/O A MY — L sys.stdin,
sys.stdout, sys.stderr ZHFHE T (LI3VA. ZNAHDA MY —2IFMREICH BZF T 7 7 £ Lidid
FESBRLTVET),

ROEE, il 74 v 2 7Y ZBRER LA L w FIRRE (thread state) 7Y =27 F D55, &)
DHDEIELTVET, ZOALy FIREIBEDRAL v FIRRE (current thread state) I D 9,

196 % 9 & #IHAML (initialization). #&7THIHE (finalization). XL v F
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FEEDOAL v FOPEREI NS DI TR ARVDTHEREL TSV, DAL v FIRREICE S % 5Ghm %
SILTLIZE N, #Fileh A V2TV ZOAEBICKMT 5 &, NULL 2R L £73; sk Y + &
NFEVAD, THIHPHREIBEDO AL v FIRBIREINS Z 212> TWT, BHEDRAL v MK
RBL2BDOPFIELBVI DS TT, (ftid Python/C API I D X 512, Z DB Z M-
FHNCE GIL ARFE N TWRITIUIR S S, B2 R L BRI RSN FITRD £7;
L L. i Python/C API BIEE 1ZE W, BRI SLRE-7- 8 TOHED R L v FIREEX BRI A 2
LELEUCCEROZVDOTERL TN, )

Extension modules are shared between (sub-)interpreters as follows:

o For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec(), a separate
module 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 partic-
ular extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictio-
nary is squirreled away. When the same extension is imported by another (sub-)interpreter, a
new module is initialized and filled with the contents of this copy; the extension’s init function
is not called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters,

which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the inter-
preter 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 ini-
tialization, this means that only C-level static and global variables are shared between these

modules.

void Py_EndInterpreter (PyThreadState *tstate)
fEESINIz AL v FIREE tstate TREAEIND (V7)) A ¥ X TV RXEHIEL £ T, tstate I FBUED R
Ly PRETRIIUIRD $8A. TRLOA Ly NIREBIRE Y 2z SR L TS0, BRITFUH
LR & BUED AL v FIRBEIX NULL ICR > TWE T, TDA X7 Y ZIZBEMT i 4
TORLy FIREBIIRHE N E T, (ZOBEZRFOH RNCE GIL Z20/Ff L TE2RITHUIK 5T,
0y ZI3BHDR- 7L EHREINTVWET, ) Py_FinalizeEz() 1. Z DR A THRINCERE X
NTWRVETOYTA YR T Y XREHEKHELET,

9.6.1 NJ Y FEXEIA

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation be-
tween them isn’t perfect --- for example, using low-level file operations like os.close() they can (ac-
cidentally or maliciously) affect each other’s open files. Because of the way extensions are shared be-
tween (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
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(sub-)interpreter’s dictionary of loaded modules. It is equally important to avoid sharing objects from

which the above are reachable.

P74 2R T X% PyGILState_*() APl LHABDOEZDONH LW LIZHEFRELTLLZ WV, Zh
5@ API iZ Python ® AL v FIREEX OS LRA ALy FA 1 X 1 THELTWS Z ¥ ZREICL T
WT, ¥ 74 YR TYZDBFEMET 2 ZDHHRDVHAND 25 TF, MINT % PyGILState Ensure() &
PyGILState_Release() DMUHLORT7ZDOMTIX, 74 X TV RXDYIDFEZZTHRVWI & 25l #
TWLET, 61, (ctypes DL H7R) THHD API Zffi- T Python DA TIES Nz A L v F225 Python
A—FEEFTLTVRINREY 2 — L3V 74 VR T ) X&ffi5 L BALA[REMENDH D 5,

9.7 FEEIHERE

AVETYEDRXA ALy RIZIEEHAZBHI 21T O OB TV A AT, 2o OmANIEEE
KAV ZE void KA VX5 WS TEREEEZELD %5,

int Py_AddPendingCall (int ( *func)(void *), void *arg)
AVRTYVRDAL ALy P8O ENE FEZMEAZ T, AT HE 0 25RD. func
BEXA ALy FORFUOHLF 2 —ICEDONET, KT 2. izt y bEFIT -1 2RD 9,

WERICF 2D LN L. func X WODNEIRT A VX TV RDRAAL ALy Kb, arg 25K
CLTHOHEINE T, 2oL, @HDETHD Python 22— Nk U CIERAEICM O I E T
B, ROMHF DLEFICER L7z B IR ET:

o bytecode HEF EITW2 & .

o XA VAL KA global interpreter lock ZRFFLTWS (F72bB func HIETOD C API 20
Hes) b &

I L76 func i 0 BRI AERS T, KBLES -1 ZRLAMEZE Y P LRTFHUENIT EEA,
func 1Z. MMOIEFRPHAEMZITS 72012, XHWKEDIAEFAZZLIZDH D FRAN, Zu— L &
TV ROy IPBRRENTGEE. ALy FOUIDBZICL > TEIDIAFNBAREMD R > TWE T,

ZOBBIEFETTADICHEDR L vy RREZLELHT, Jn—oUlf X TV EZuy 73 0HEE L
\i‘ﬂ_/lJO

EE: ThE IERICRIIRBEICDOAEALD. RV ARV TS, func DRTREZRIR D B <
MOHENBRIENEIDH D FEA, AL VALY RS AT A=V Z2ETT2DIZICLWEHEIR.
Junc ZY AT LA —=HPR5TL Z2ETHFHEINLRNWTL &5, ZOBKIE—BKIIcIZ. £E
D C ALy FH»5 Python a— FEMUHTOIKIE AT EEA . 2hoRb bz, PyGILState
APT ZERLTLIZE W,

N—a v 3.1 Tl
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9.8 7O7 7ML kL —X (profiling and tracing)

Python 4 & 7V &%, v 7 7 A4 )L: 7347 (profile) REITD b L — R: BEF (trace) &\ - 72H%RE%E FHA
AL DIEAKEO T R— P 2B L TVET, ZOFR-ME Ta7 7 A7 "y 7 @A
(coverage analysis) ¥ — LR LI E T,

ZDOCAYRTZz—RiF, Ta7740% L —AEERIZ, Python LXVOFUH LATREA 72 =2 b
DO EIND Z8IT X 24— Ay P2t EiE C BEBTOCHLATAS X51ILT0wEd, oy
AN L — AREORBENRFFEEED > TVERA; A YR T7 2 — AT ML —Z2BEAL Y FT
WA YAP=LTE, L —RBRBITHE SN D HEAAL XY} (basic event) IZBHTDN— a 2B WNWT
Python LNV @ b L —ZRBHTHEIN TV 2D R LT,

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
PyEval_SetProfile() B XU PyEval_SetTrace() - TEEIFTE 3 L —REAKOEATT,
BHID T X ZEATY 27 T, BEREKIC o E LTEINET, frame FA XY FEL TV
ZEF7V—LA4TY 27 T, what XEH PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_RETURN, PyTrace_OPCODE DWW 3 15T, arg &
what DEIC L > TUTD XS ITELD %5

what D& arg DEIK

PyTrace_CALL HIZ Py_None ,

PyTrace_EXCEPTION | sys.exc_info() DRI HISMEHRT T,

PyTrace_LINE HIZ Py_None ,

PyTrace_RETURN IO LANSR S 2 TREDED. BIFMC & - TR Z T 555513 NULL
T,

PyTrace_C_CALL MUOHX N8 TS =7 b,

PyTrace_C_EXCEPTION MU I N 2B A 7T =7 b

PyTrace_C_RETURN NN RRF g RY i F S i A 7

PyTrace_OPCODE HIZ Py_None ,

int PyTrace_CALL
B A Y v RBFIICEOHEND, oA L =X DRy MY DI A -7 Z e 2 #iE T
BHED, Py_tracefunc @ what DIETT, 4 TL—ZRY 2 1 L —XBEBOLERIZ. MIET 271 —
LN®D Python N4 + a— RIZHIBEIOZRFE (control transfer) 252 Z 572 W HHE I NR VO THEE
LT,

int PyTrace_EXCEPTION
BISNDIEE S NTBRD Py_tracefunc D what DIETT, BRIERETEINTWE 7L — A THIMN Y
FEAL FMISDNA b a— RPN NRIZ, what 122 DENE Y P ENTRETI ANy F
BB E N E T, ZORE. BISNDIERKIC X o T Python 23U LA X v 7 2R D 3 505
o B7 L= UEARS ZeiZa—onNy ZE-AF S ENE T, L —RBEETR IS
DANY PEZIWMDET; 70774 73 ZOEDA XY P EBLEE LEEA,

int PyTrace_LINE
THEBARNY P EHET 2L 2T, (Fu7 7 A VBEBTIER L) Py_tracefunc BIEIC what 518k
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LCETETT, f_trace_lines 7 0 ICHEIN/ZZT7 L —LTRENLINA TR Zd DD FT,

int PyTrace_RETURN

FEOCH L A%R % & 21T Py_tracefunc BIEIZ what 518z L TEITETT,

int PyTrace_C_CALL

C BEEFEO 3 IERTIC Py_tracefunc BIED what 518y L TEIETI,

int PyTrace_C_EXCEPTION

C BB BN ZEH LTz 2 212 Py_tracefunc BAED what 518y L TEIETT,

int PyTrace_C_RETURN

CRB»BERE? & 21T Py_tracefunc BAED what 518 L TEIETT,

int PyTrace_0OPCODE

¥ LW opcode DFETEIND & ZZ, (T a7 7 AVEETIZR ) Py_tracefunc BABUT what 51EE
LCTEIHETIT, 774V b TEARY MIFEKLERHA, 7L —A4 LT f_trace_lines % 1 ITF&
ELT, BFRINICERE LR ITUIR D 8 A

void PyEval_SetProfile(Py tracefunc func, PyObject *obj)

Ta 7 7 A NVEBE func TERELE T, obj 7 XX ZEABOE—5IF LTEINE DT, M
55 ® Python A 7Y =227 +&»2WE NULL TS, 707 7 A VDAL v FIRBEZ MR 3 2 2L
BHBIREH, ELADAL Yy RIZER S obf 25 2T, REBZEHBELTEBLLENTALY FE—
TRGHERETEE T, Tu 7 s ALK, T2 XX TVWBE ALY FD S B, PyTrace_LINE
PyTrace_0PCODE, PyTrace_EXCEPTION %ZfR 2TDA XY MIX L THUIHINE T,

void PyEval_SetTrace(Py tracefunc func, PyObject *obj)

ML — ZBEE func WKEREL ET, ZOBEUE PyEval_SetProfile() R TTA, b — 2B
WFITHEBANRNY P B XU opcode A RY b ZZIFE D, MUHENZ CBEBA 7Y 27 FeBFRT 3
TEDANRY P EZITWMSRVWE ZADBERL > TWES, PyEval_SetTrace() THEHERIhZ ML —2
REEUE. what 513 DfE ¥ LT PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN % %%
TELD £E A

9.9 SELRT/N\vHHYKR—F (advanced debugger support)

UToOBBEEELRF ANy 7Y — L TOFHDEDEITO S DTT,

PylnterpreterState® PyInterpreterState_Head ()

AVERTYVRRELX TS 27 Mo RBVAIDIB, KkBHIIHLHDEELET,

PylnterpreterState® PyInterpreterState_Main()

AL VAR TYROREF TS =7 FRIELET,

PylInterpreterState® PyInterpreterState_Next (PylnterpreterState *interp)

AVRTYRIREF T 27 bR Z2VA DI B, interp DRIZHZ2DDERLFT,

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

VR FYR interp WHEEMFIFILNTWEZAL Y FR5RZ3VAMDI B, KEIIH S
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PyThreadState A 73 =7 b 2R L %3,

PyThreadState* PyThreadState_Next (PyThreadState *tstate)
tstate ¥ WU PyInterpreterState A 7Y =7 MZJBLTWVWA ALy FIREF T =227 FD 55,
tstate DRICH B D DEIELFT,

9.10 ALy FO—AIR L —PDYR—F

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the un-
derlying 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 TEDN 2B 2R 213, GIL ZHG T 208X HDFEA . BEESO0 Yy 73 K—-rEhT
W,

Python.h & TLS API ®EE % include €3, AL v Fu—#1 R L —I %5121 pythread.h %
include §2MENH 2 Z LICFEBLTLEI 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 FEERX kL — (Thread Specific Storage, TSS) API

TSS API 1%, CPython 4 Y& 7V ZIZEENTWBEEFD TLS APl 2B XX 27-DICEAINE LT,
D APLIZ, ALy FF—DEHIZ int ORD D IZH LW Py tss_t BHEVET,

N— a ¥ 3.7 TE.
BE:
"CPython DALy FR—HALRA ML =Y D7DDH LW C API” (PEP 539)

Py_tss_t
DT —XMERIZAL y FX—OREEZRBLTVWET, ZOMERDERIT. RED TLS EIIZ
BEFL. *—OWEILIRREE BET 27 4 — L REHLET, & OMEKIZIZAR (public) @ X
INEHDFEEA

Py LIMITED API PERINTOVRVWE Zld, ZOBID Py_tss_NEEDS_INIT I K 2EIXE Y
MR TE X3,

Py_tss_NEEDS_INIT
D~ uilk Py tss_t ZROVIELTFICEMEINE T, Zo~rvald Py LIMITED API % %
YERFERINTHA,
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KX E VR

72 Py tss_t DX EVHERIE Py LIMITED API TENL FENFIEREY 2 — LV TRHREIZHR D T35,
ZDFEEP LIV RRHICARBER R 2012, ZOROFN X € ) HERIEAATRET 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 TSS 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 t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current

thread. Each thread has a distinct mapping of the key to a 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 is associated with the key in the current thread.
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9.10.2 XL v KA—AILZX kL — (TLS) API

N—a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

AFR: 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.

ARD HHFMEDORBICE D, ZON=Ya > D APLEHHOa— FTHHITARETEDD H¥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()
PyStatus_Ezit ()

PyStatus_IsError()

PYTHON #JHR{LERE
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e PyStatus_IsEzit()

o PyStatus_NoMemory ()

o PyStatus_0k()

e PyWideStringList_Append()
e PyWideStringList_Insert()
e Py EzitStatusEzception()
e Py_InitializeFromConfig()
e Py PrelInitialize()

e Py PreInitializeFromArgs()
e Py PrelnitializeFromBytesArgs()
o Py_RunMain()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfig type) is stored in PyInterpreterState.config.

Initialization, Finalization, and Threads HZHRL TL 72& W,
2E:

PEP 587 "Python #I#H{L&E”

10.1 PyWideStringList

PyWideStringList
wchar_t* XFHID Y R b,
length D33EX B DYEIX, items 1ZIE NULL 22D TN TOLFHNIIE NULL TRIFAUIR D T8 A
XYV v R

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item % list \BMUE T,

Python must be preinitialized to call this function.
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const
wchar _t *item)
item % list @ index OMEITHALE T,
index 8 list DRI EDIFE, item % list OREIEML F3
index 1&. 0 LLETRIFNUIZZRD £HA

Python must be preinitialized to call this function.
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EE 7 4 — L 1

Py_ssize_t length
VYA FDOEX,

wchar t** items
Y2 b DEE,

10.2 PyStatus

PyStatus
FHEBIB DR 7 — & 2 (M. =5 —, #&7T) 2T 2 Mgk T,
I —Ricid. =7 —24ER L7 C RO ZEMTE ET,
g7 4 — L R

int exitcode

BTa—F, exit() Oz LTHEINET,

const char *err_msg

i—?‘—‘){ ‘y't)""yo

const char *func

I — %R L -BEMOLHETT, NULL Ik D 2 £3,
AT —RABENRT 5 EE:

PyStatus PyStatus_0k (void)
ko

PyStatus PyStatus_Error (const char *err_msg)

Xyt—Iedblczs—%WILL £7,

PyStatus PyStatus_NoMemory (void)
XEVED L TORK (XEVFE),

PyStatus PyStatus_Exit (int exitcode)
BE LT a— FT Python 2T LT,
AT =& A%k S B

int PyStatus_Exception(PyStatus status)
Is the status an error or an exit? If true, the exception must be handled; by calling

Py_EzitStatusException() for example.

int PyStatus_IsError (PyStatus status)

Is the result an error?

int PyStatus_IsExit (PyStatus status)

Is the result an exit?
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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.

AFR: Internally, Python uses macros which set PyStatus.func, whereas functions to create a status

set func to NULL.

MUTiE7 e 7o st

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 *xargv)

{
void *ptr;
PyStatus status = alloc(&ptr, 16);
if (PyStatus_Exception(status)) {

Py_ExitStatusException(status);

}
PyMem_Free(ptr) ;
return O;

}

10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
e Set the Python memory allocator
o Configure the LC_CTYPE locale
o 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.

k7 24— B
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int allocator

Name of the memory allocator:

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

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc()

o PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_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.

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.
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int use_environment

See PyConfig.use_environment.

int utf8_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 argc, wchar t * const
* argu)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).
The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusExzception().

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 preini-
tialization, 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);

(RDR=I1Z%i<)
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(FiDR— 25 D %)

/* 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.

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_t 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.

10.5. PyConfig
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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 preinitializa-
tion 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
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 arguments (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().
MGG 7 4 — L

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.executable.

wchar_t* base_prefix

sys.base_prefix.

int buffered_stdio

If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.
stdin 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.
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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.

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

Development mode: see -X dev.

int dump_refs

If non-zero, dump all objects which are still alive at exit.
Require a debug build of Python (Py_REF_DEBUG macro must be defined).

wchar_t* exec_prefix

sys.exec_prefix.

wchar t* executable

sys.executable.

int faulthandler

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.
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int inspect

Enter interactive mode after executing a script or a command.

int install_signal_handlers

Install signal handlers?

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 in-

teractive prompts.
o Set use_environment and user_site_directory to 0.

int legacy_windows_stdio
If non-zero, use io.FilelIO 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 overrid-

den by the function calculating the Path Configuration.

int optimization_level

Compilation optimization level:
¢ 0: Peephole optimizer (and __debug__ is set to True)
o 1: Remove assertions, set __debug__ to False

e 2: Strip docstrings
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int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip

Python arguments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation

options).

int pathconfig_warnings
If equal to 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_alloc_count

Show allocation counts at exit?
Set to 1 by -X showalloccount command line option.
Need a special Python build with COUNT_ALLOCS macro defined.

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?
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int skip_source_first_line

Skip the first line of the source?
wchar_t* stdio_encoding

wchar t* stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

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.

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.

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_EzxitStatusException().
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If PyImport_FrozenModules, PyImport_AppendInittab() or PyImport_ExtendInittab() are used,

they must be set or called after Python preinitialization and before the 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 parametersz

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 */

(RDOR=I12Fi <)
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(RIDR=I D5 DREE)

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;

10.7 lIsolated Configuration
PyPreConfig_InitIsolatedConfig() and PyConfig InitIsolatedConfig() functions create a config-
uration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environments variables, command line argu-
ments (PyConfig.argu is not parsed) and user site directory. The C standard streams (ex: stdout) and

the LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration ("output fields”) to

ignore these configuration files and avoid the function computing the default path configuration.

10.8 Python Configuration

PyPreConfig_InitPythonConfig() and PyConfig_InttPythonConfig() functions create a configura-
tion to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global

configuration variables are ignored.

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the
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LC_CTYPE locale, PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

Example of customized Python always running in isolated mode:

int main(int argc, char *xargv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

config.isolated = 1;

/* Decode command line arquments.

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);

return Py_RunMain();

fail:
PyConfig_Clear(&config);
if (PyStatus_IsExit(status)) {
return status.exitcode;
}
/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException(status);

10.9 Path Configuration

PyConfig contains multiple fields for the path configuration:

e Path configuration inputs:

PyConfig.home
— PyConfig.pathconfig_warnings

— PyConfig.program_name

PyConfig.pythonpath_env

current working directory: to get absolute paths
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— 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 “SoftwarePythonPython-
CoreX.YPythonPath” 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.exzec_prefiz

PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefic

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.
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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)
o pybuilddir.txt (Unix only)

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable

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 Multi-Phase Initialization Private Provisional API
This section is a private provisional API introducing multi-phase initialization, the core feature of the
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);
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— Enable optional features like faulthandler and tracemalloc;
— Import the site module;
— etc.

Private provisional API:

e PyConfig._init_main: ifset to 0, Py_InitializeFromConfig () stops at the "Core” initialization

phase.

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);

ROR—D1H <)
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(FiDR— 25 D %)

}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
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ELEVEN

XEVEHE

11.1 BE

Python 1281} 2 XEVEMIZIZ, £2TD Python A 7Y =27 b T —XEB AT 74 R— k=7
(private heap) 2Z6HT S, 774 RX— 1t b —7FOEHIE, NEIICIE Python XEVIR— % (Python
memory manager) BHEFEIZITVWE T, Python X BV =32 —Y v ik, #F (sharing), 7 X > b HE|
(segmentation), FFFTE| D T (preallocation), ¥ ¥ v > 21k (caching) &\ o7z, H4 REINEIEEE O
HERD =iz, HloaryR—3x> v 23HH F3,

RARKEE TILE, RO ATV BIEREL (raw memory allocator) 254 XL —7 4 ¥ 7 X7 LD X E ) HHEE
Wb bhlLT, 774 X=1b—7MIZ Python BEEDRTDT— X Z T 2 DI T RZEZHNDH 5
EODMERLET, BOXEVEEBEKD LITE, W 22pDA T 27 VEEDXEVIEREELDH D £
T, TNHERAILe -T2 HBEL. &4 7027 MUEROREBICE oL XEVERRY S 2EELTVLE
T PIZE BEA 7Y =7 PEAXFIR X TN, HELRE-LPV A Te—FATEHINE T, W)
Db, BRIIIMEZGET 2 LCRINZEAS DD, HE/FRED ML — FATIBFET 2056 TT, ZOX
512, Python X BV A v I IMEED WL OO0 %A TV =7 MNEBED X T VIREBEBICEEL T2, i
SO T A R=— b =T OIEAH L TXEVEREZTORVEIICLTVETD,

HERDIF, e ZA2—FDP0DOb b —THNOXE) 7By VRETIOIRTTI 27 bRA YV REHIELT
W52 LTH, Python He—7OEHIIA > X7V BT DT, 2—FBZzHli#lld 2 /37
WIS 222 T3, Python 7 7Y =7 beAHHHINE Ny 772 A2/ D b —THEHDXEY
MR, BEUCIS LT, Python XEV A=Y ¥ BID KF 2 XY MATHIZEL TW2 Python/C API B
BEEN L TITVWE T,

XEVEHOFEZET 2720, HREY 2 —VOIEEIZRL T Python 79 =227 1+%2 C 54 75 UHMRAR
F L T2 BE%E: malloc() « calloc() . realloc() BLY free() THIEL XS L LTRERD FHA, Z
5LEEEMES &, C OXEVREMBYE Python XEV 32— v L ORI CREIFEOCH LAZHEL T,
C DX EVEIEBE Y Python X BV A=Y Y ZERZ7 VDY XL TEREINTVT, Bz — 7%
E3 270, MUH L ORENIBENREREZBEE T, t3vi, HHOBNOLDRS,. C 74 77V0
X E VIREREE o TR BRI X EY ZHER L DM LD TE T, HlRE. U220 X5 %HITT:

PyObject *res;
char *buf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)

(RDOR=I1%i )
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(FiDR— 25 D %)

return PyErr_NoMemory() ;
...Do some I/0 operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */

return res;

ZOFITIE, T/O Ny 7 71T EXEVERIZC 74 771V DXEVHEBEEMF > TWET, Python
XEVRA =Y %y —FR DL L TRENS bytes 7Y =7 + R T 2R TRETT,

LIIWVZ, B AYDRITIE. XEY OFIER Python b — FICEELTITS X580 %3, ks,
Python & — 71 Python X BV A vy DEHTICHI205TT, HlXIE A &2 TV X% C TEhriLz
Hilzle A 70z 7 MITHER T 2BR21E. E—FTOXE ) EEANETT, Python b —F 2 Hi o770 &
W S5 —ODHHE LT, HEEY 2 —UHABEL LTWVWBEXEVIZOWT Python XEV X =Y v 2 1B
RERMH LTUILVEZWS 2D ET, L ARERXEYDNEN DIEFEICRHE L7 R LT
PHANCH VWL N 2 DD LTH, 2 TOXEVRIEERE Python X BV 2= 2 IZEFHETIUL, 1~
TV RZIEIDIEHRZAEY 7y V)Y bORKGEHETE T, ZOMR. HEOKHKTIX. Python
ABNIA =TI BHAR=—TaL 7T aryeXEYDaAY T M, ZOMA 50D FHERE Y Vo 72, #HY)
REWEE PUATERZRHDET, LOBITRLZEIICC I4 77 VDXEYEMEBABEMES &, 1/0
Ny 77 HICHER L7 X E VI Python X BV 32— v OEBEPOZERIHNDS Z2ITERL T 230,

BE:
PREEZ S PYTHONMALLOC Zffifi L C Python 2SFI$ 2 XY 70— 2 2HlfllT 2 Z e BN TEET,

BREEZ# PYTHONMALLOCSTATS #fH LT, F7=RA T2 b7V —FBERENBIRE, v v P &Y
VHFIZ pymalloc XEDV 70O7—32 OfFHEREZRTEFE T,

11.2 EXEVA>H2Tx—2R

UToBBREISRT2070 7 —2%25y T LET, ZTNLOBBIEIRAL v KE—7 T, GIL 2HFFL TV
BLTHMFPHEHTZEMNTEET,

T4 D EXEDTOT—2— ZXROBEFEZFHAL £3: malloc(), calloc(), realloc(), free() 0
NA PEERIN/zE =12l malloc(l) (HBWIE calloc(l, 1)) ZFFUE T,

N—a 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.

0 N4 FZERT 52, PyMem_RawMalloc(1l) 2SMHIN/z¥ R U & 51T, AJEE/R & NULL TRW\W.L
== RBEAVERRELET, BEINEZAETY 230V R 3L ITON TR 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.
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BRI BERDOY A X0 N4 bOERISH L Tid, AIAER 5 PyMem_RawCalloc (1, 1) 23PHIh7:
DEFRLESIT, == NULL TRWARA VX ZKRLET,

N—a ¥ 3.5 TEM.

void* PyMem_RawRealloc (void *p, size_t n)
p PIETXEYV IR 7% n N MUV AZALET, HOFAXFH LY AL ZD/NIWHFETD
NERZEBFXNEE A,

p 75 NULL OHAMEUH Uik PyMem_RawMalloc(n) ¥ FfliTd, 5 TR, n ¥ RIKELWY
AV Ty ZIFV A XRENETHRIREINERA, BENT2RA ¥ X113 NULL TT,

p M NULL THEWR D, p EXZH X DAEID PyMem RawMalloc(), PyMem_RawRealloc(),
PyMem_RawCalloc() DOFFUFHILIT X DRI ARITFUTIRD TR A,

BIRDKB L 72856 PyMem_RawRealloc() & NULL iR L. p WRIOXEV TV 7% X THMBRARA
YRDEETT,

void PyMem_RawFree (void *p)
p DIITAEYV Iy 7 2MBBLET, p FUATMEUOH L PyMem RawMalloc(),
PyMem_RawRealloc(), PyMem_RawCalloc() DR LZMETRIFINIIRD ¥ A, ZHUNDEGE
% PyMem_RawFree(p) ZW-UM LR o 7BmE. RERDEEICLD 5,

p 25 NULL Q5D LEE A

113 XEVA2R2T71x—2R

KT OBBEDFAL T Python B — AR LTXEY ZHEME L DBEBLDHFEES, chsoBE
ANSI C BEHEIZHE > TETIMELEINTVE T, 0 N4 P EERLZBOBEICOVWTHERL TVET

The default memory allocator uses the pymalloc memory allocator.

ZE: Mo OBBENRE 212d, GIL 2R L TESRBERD D 5,

N=Tary 3.6 TEHE: 7741 D707 =X A7 LD malloc() 25 pymalloc 127D F L7z,

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 PZ2ERT S L, PyMem_Malloc(1) SMENzL T FU X512, ARER & NULL TR\
Z— O RERALAVEERLET, BHEINZXE) =302 R LB ITONER A

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.
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BERHDOBERDOY A X050 54 OERICXT LTI, AJRER S PyMem_Calloc(l, 1) 2SFRINZDE
FLC XD, 2=—27% NULL THRWRA VR EZIRLE T,

N—a ¥ 3.5 TEM.

void* PyMem_Realloc (void *p, size_t n)
p PIETXEYV IR 7% n N MUV AZALET, HOFAXFH LY AL ZD/NIWHFETD
NERZEBFXNEE A,

p 23 NULL OEPFEOH UIX PyMem_Malloc(n) L EMiTT, £S5 TR, n BERIHFELVWHAE, X
BV 23V A REINETHRIREINERA, BRENTRA ¥ 2I1FIE NULL TF,

p 2 NULL THRWVWRED, p XZFN X DHETD PyMem_Malloc(), PyMem_ Realloc() ¥ 7z1%
PyMem_Calloc() DFFUHLICE DB TuERD 8 A

BRI L 72355 PyMem_Realloc() 1& NULL #iE L. p ZHIOXA BV Y 7R X THMBRKRA V&
DEZETT,

void PyMem_Free (void *p)
pBMETXEY 70y ZEMMLE T, p ZLGEIFECH L7z PyMem Malloc (). PyMem Realloc(). ¥
721& PyMem_Calloc() DIRLZETRIFNIRD F8 A, ZHLSDEHES PyMen_Free(p) ZM-U
LB o7, REBRDOEMEICRD 7,

p 3 NULL OBEMS LER A
YT 2N G0~ 7 2 iZFEED 7= DICRBEEINTVE HDTT, TYPE I HMEED C ORERL 7,

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. Re-
turns a pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in

the event of failure.

X C TV ety ~ruTd, p XEICHRAIhET, =7 —UHKICXEY 2K DX bt
212 p OTLDOEZRIFELTLZE W,

void PyMem_Del (void *p)
PyMem_Free() R CTY,

Eilicimx T, C API B %/ 5 Z 27 < Python XEVIFEEAEZERENROH T 20O TD~ I n
Ty MBI TVET, 2720, ZhsD~ 7 ik Python N— a YETONNA F 1) BfEERE TS,
ZROZITHIREY 2 =V TIEIMBEIN TV I D THERL TLZE W,

o PyMem_MALLOC(size)
e PyMem_NEW(type, size)

e PyMem_REALLOC(ptr, size)
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e PyMem_RESIZE(ptr, type

, size)
o PyMem_FREE(ptr)
e PyMem_DEL(ptr)

114 #7>xo 705 —%

UTOBBEEDSFIHAL T Python B =71 L TXEY ZHRLADBBRLZD ERET, Zhs 0B
ANSI C > TETMEESNTVE T, 0 N1 P Z2ERLEBEOIEICOVWTHERL TVET
The default object allocator uses the pymalloc memory allocator

g&=a,
El=]

NSO EESRE 2123, GIL ZIRF L THBDERDH D £75,

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.

0 N4 FZZRT 5 2. PyObject_Malloc(l) 2Nz ZF LR U & 51T, AIHEZR & NULL TR\

GRS =)= 5] =
S REAVEERLUET, MARINZXEY =30 R 2L ITONER 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

BEBDOBERDT A XM 084 FOERICH LT, AJHE’R 5 PyObject_Calloc(l, 1) HMEEh 7z
DU ESIC, 2=—27% NULL THRWEA Y XZRLET,
N—a v 3.5 THEM.

void* PyObject_Realloc (void *p, size t n)

p BT REY TR Y I % n AN PV FAXLET, HOTFAXEH LT A XD/NZIWHTETO
WEIIEEZNEE Ao

p 25 NULL OBAM-UH LIk PyObject_Malloc(n) Z%fﬁ’m“o Z5THL, n BERIZELWEA,
AEY TRy ZIZ VI A XEINETVRREINERA

RXN7zRA > XIFIE NULL TF,

p S NULL THRWERD, p EZN X DHETD PyObject_Malloc(), PyObject_Realloc() F 7zl
PyObject_Calloc() OFFHLICK DRI N IFIUIRD EEA
FIRDKR L 72354 PyObject_Realloc() & NULL 2B L. p IZHIOXEY) TV 7% X TH I RA
VEDEETT,

*p)

p BT XEY 70y 27 2BKRL %I,

void PyObject_Free(void

p

W LUET IR O L 2

z PyObject_Malloc().
PyObject_Realloc(). ¥7z1% PyUb]ect Calloc() DR LMETRIFINIIRD $HA, ZThLIS
11.4. #7>x¥ I~7EI’7 &
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p 25 NULL OB5MMD LER A

11.5 Default Memory Allocators

Default memory allocators:

LR

Configuration BT PyMem_Raw- PyMem_Malloc | PyObject_Mal-
Malloc loc
VY —XEILF "pymalloc" malloc pymalloc pymalloc
TNy JEILR "pymalloc_debug'malloc + debug | pymalloc + de- | pymalloc + de-
bug bug
pymalloc #EL @OV 1) — X | "malloc" malloc malloc malloc

pymalloc fEL D7 Ny 7
[

"malloc_debug"

malloc + debug

malloc + de-
bug

malloc + de-

bug

At

o #Hii: PYTHONMALLOC BREAZEE O fE

e malloc: fE# C A4 77 VDT RTa7uar—%, C BE: malloc(), calloc(), realloc(),

free()

e pymalloc: pymalloc XEYF7OT—%

e 7+ debug”: PyMem_SetupDebugHooks () THEBINZ TNy 77 v 7 DHAGDYE

11.6 XEV7OT7—2ZHhRAEAIALXTS

N— g v 3.4 TEM.

PyMemAllocatorEx

XEY IOy 70T — RS 27D DERTT, 4207 4 =L F2Hb X3!

Za14—ILF =1
void *ctx FHoslBr L TEXNZ—FarrFx
Ak

void* malloc(void *ctx, size_t size)

XEY) 70y 72E Y)Y TET

void* calloc(void *ctx, size_t nelem,

0TIk AEY 7y 7 Z2ED

size_t elsize) HTET
void* realloc(void *ctx, void *ptr, size_t XEV 7Ry Z7REDLETE0YHA X
new_size) LET

void free(void *ctx, void *ptr)

XEY Tay 7 RERT 3
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N— a3 v 3.5 TEH: PyMemAllocator #H&{AA PyMemAllocatorEz IZV v — A &7z 1T calloc
74—V RpEMENE L,

PyMemAllocatorDomain

TR =R XL VERFEET S 7DOFERTT, FX A4 i

PYMEM_DOMAIN_RAW
R

e PyMem_RawMalloc()
e PyMem_RawRealloc()
o PyMem_RawCalloc()
e PyMem_RawFree()

PYMEM_DOMAIN_MEM
RE%K:

e PyMem Malloc(),
e PyMem_Realloc()
e PyMem_Calloc()
o PyMem_Free()

PYMEM_DOMAIN_OBJ
R

o PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()
e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
FBESNZFXAL YDA EY TRy 770 —X2HBGL %3,

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
FRESNTEFXA YDRXEY TRy 270 —RERELET,

HFLwror—xiE, 034 hE2EREIN- T2 =— 27 NULL TRWARA YR BRI ZITUERD
FHA,

PYMEM DOMAIN RAW R XA YT, 77 —XFALy F2—7TRIFNERY FVA: 7ar—X
DBIECH ENZ & GIL BEFEIhTOE R A,

BlLwrasr —2B87yvy 27 ThY (1 207807 —X%2RUEHI V) 5A
PylMem_SetupDebugHooks () BARZIFUH LT, HrLwrusr =KD L7 Ny 77 v 7 2 BER
BLRITFNUIRD 2R A
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void PyMem_SetupDebugHooks (void)
Python X €V 78057 — XD 2B T 27007 v 7 2B EL T,

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 OxFD).

TR F = v 7

o APIERZEMHIL X T, Bl: PyMem_Malloc() 23D HTHhNy 7 718 LT PyObject_Free()
IR LT,

o Ny 77 DBIRATOEZAA (Ny 777 v &X—70n—) ZHMHLET
o Ny 7 7HTHOFZAA (N 774 —nN—Tn—) ZHRHELET
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.

These hooks are installed by default if Python is compiled in debug mode. The PYTHONMALLOC

environment variable can be used to install debug hooks on a Python compiled in release mode.

N— a ¥ 3.6 TEHE: 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 allocated.
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 a ¥ 38 TZMH: Byte patterns 0xCB (CLEANBYTE), 0xDB (DEADBYTE) and OxFB
(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 Zi&. FOFWD/NER (512 84 FUTD) 7Y =7 Mm@ Lz pymalloc 70 r—&
HBdHH EF, pymalloc iX. 256 KiB OEEHF A XD " 7V —=F" eMUNZXEYR vy Y I EHNET,
512 84 M X h HREREID Y TTIE. PyMem_RawMalloc() ¥ PyMem_RawRealloc() 127 +—NANw 7 L
£9,

pymalloc 1%, PYMEM_DOMAIN MEM  (ex: PyMem_Malloc()) &  PYMEM_DOMAIN_OBJ  (ex:
PyObject_Malloc()) RXA YD BMEDF7O7T—43 T,

7V —F7ur—2% ROBEKEMFENET:
e Windows TlX VirtualAlloc() & VirtualFree().

o FIFATE2%E. mmap() ¥ munmap().
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o FNLMNDEEE malloc() & free(),

11.7.1 pymalloc 7 —7+707—32DHRAZIAX

N—a v 3.4 TE.

PyObjectArenaAllocator
TV —=FT7ar =Rk 57D DMERTT, 320D7 4 -V FeHRbET:

Z1—ILK LS

void *ctx Boglle L TEINZ—Yarrx
Z b

void* alloc(void *ctx, size_t size) size XA FDT7V—FE2H DY TET

void free(void *ctx, void *ptr, size_t 7V —F R ET

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
TV—FT7ar—XeBEL £,

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
7V—FT7RT—REFRELET,

11.8 tracemalloc C API

N—a ¥ 3.7 TENM.

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.
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11.9 ERAH

BANZIBRZFEE v b 2o T, #BE HioflZ Python =712 I/O Ny 77 ZXE VRT3 X 510F
RO MITRLET:

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— FEANROBEEEY FTEVWEBDOELTIORLETS:

PyObject *res;
char xbuf = PyMem_New(char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf);
PyMem_Del(buf); /* allocated with PyMem New */

return res;

FOZODBITIE Ny 77 2 EICRICEEE Y MICET 2B THRIEL TWS L ITERELTLEZ W, &
B, 2 XEV 78y 70T 2% EE. Bis XV BERBLIEA ST 2EMEZHS 3701, FATXEY
APl 77 3V RfoTITD T ARETT, UTOa—-RFREZODLI—HHH, 2053 5D—DIIFE
75 —TRBET 2RO X TV EEREEEZIRAL TN DT MW (Fatal) £ 7LD 3 %2 LTWET,

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 Iy 7% Python b — 7 L CIET 28980 R PyObject_New() . PyObject_NewVar() .
BXU Pyobject_Del () %S ¥, Python B 247V 27 b EXEVMRLEZDBR LD TEET,

INHDOBEBICOVWTIE. RED CIE2HL WA T =27 FRIDEFRLEEICHE T 20 ROPTHAL
%9,
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TWELVE

*7o 1o bREYR— (OBJECT IMPLEMENTATION
SUPPORT)

ZOETIE, FILWAT 27 FOREERT IBRICHEOLAZEK, B, BLXU~27 2l OoWTHBELET,

121 #T72x 0 b2be—TFEICXEVRERT S

PyObject* _Py0Object_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. 72X B VEREI NI AT I 27 op IR L. B FIHIIRAE
TOZM (initial reference) ZHHUL L £5, FIHHLENAF TV =27 P 2B L E T, type HZDA
TV 2 FOBERBRIR-IBHOREEL BT 256, BEBEIBENINR 3247227 M0
Ly MTEMEhET, A 79227 FOMD T 4 — FIZIZEEEZMIZL EE A,

PyVarObject™ PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. PyObject_Init() DR TONEEITV, AIEH A XA TV 22
FOLECIIREEROMHEL 29

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. C #hitA%! TYPE ¥ Python A 7Y = 7 b type 2o T, #rL
W Python #7227 b2 XEY LICHERLE T, Python A 79 27 Ay XTERIALTLARN
7 4=V REHHLZINERA; AT 27 VOBRATV Y MI 1 IR D ET, BRI EXEVDOHA
R T =27 M D tp_basicsize 7 4 —)LFTHRED T,

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. C #i&ERT TYPE ¥ Python B4 72 =7 b type 2o TH L
W Python A 7Y =27 b2 XEY LICHERLE T, Python A 7927 Ay XTERINTLRD
7 4=V RIEIPIHHLINER A, BRI NI XEVIX, TYPE BEERIZIZ, type D tp_itemsize
74—V RTHREZINTWVE T A X% size T OREIREATEE T, 2O HxIZx T
DESWCERRICH A X2RETELZ A 7Y 27 P 2RET ZHMEMTY, —HOEHD 7 + — L K
DXEVEID LB TE—ETTS S Trur—yayBHzZRS L. XEVEBOMRIAELET,
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void PyObject_Del (void *op)
PyObject_New() % PyObject_NewVar() T MERL7=XEV ML 3, #@HE. ZOBBIILT
Pz FOENIEEINTWS tp_dealloc NV FIDPOLMUHINET, ZOHBEZHOH L7121
. XEVHEBIE D IEPRER Python #7227 b2RFALTWRVWOT, A7V 27 D7 400
FCHLT7 7R LTIRD A,

PyObject _Py_NoneStruct
Python 72513 None IZHZ 247322 b TY, ZOEANDT 7 EREFE, TDFTT =7 FADKRA
¥ REFHET 5 Py _None v 7 uZ{fbiiriudi b £HA,

BE:

PyModule_Create() HIREY 2 —lD7 w7 — b M,

12.2 £358DA T U MEEE (common object structure)

Python Tld, A 7Y =27 MIZERT 2 L THZ S OMERBEDNET, ZOHITE=>DMiEkL 2D
FAFECOWTHIAL £3,

£T®D Python 7 7Y x2 M, #7022 FDXEYVRNERHEDOKLERTICHEDPHD T 4 — L FEZERIZ
HELTVWES, 207 4 =L & PyObject BB X PylVarObject BITRBINE T, ZhH50H b %
7o fORTO Python 4 7Y =7 b DERTEZLF IEHENICEbLTWE v rnkffio TERINA TV
i‘j‘o

PyObject
ETOATY 27 MUIZOMEIRL 2D TS, ZOBICE, 247V 27 bPERIETKRA V&
%4722 b2 LT Python 2255 DICHERERPA->TVET, BHED 7" VU —R" LUK
Tk, ZORBERIZEA T2 VORIV b e AT 27 MW T AT 27 M ETN
Ao TWET, FERBICK PyObject THZ I LEESINTVERAD, £2TD Python A 7Y =2
FANDKRA VR PyObject  NF Y A PTEET, XUNIIT 7L RATBIZE Py_REFCNT =71k
Py_TYPE X7 aZ{EbFHUI7D $¥A,

PyVarObject
PyObject ZHEIR L T, ob_size 7 4 — /L FZBIMLZbDTY, ZoMERKIE. RS (length) O
RBEFOA T 27 PRI L THEVWE T, ZO8A Python/C API TEDLNZ Z 2IXIZL A YD
DERA, XVNTT ¥ RTBITNE Py REFCNT ~ 20, Py TYPE ~% 0, Py SIZE <% a%kfiib
AR D TR A

PyObject_HEAD
AIZLRRE 2R VWA 727 b 2RFATHIHLVWHEES T2 25>~ 1 TY, PyOb-
ject_HEAD =27 03 XD k5 ICEMEh E 3!

PyObject ob_base;

LicH B Pyovject D FF a2 XY b ESRLTLEIW,

PyObject_VAR_HEAD
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AVARVAZ LB RARIRFOA T2 7 M ERBTEIHMLVEEZES T2 215>~/ uT
J. PyObject. VAR HEAD ~ 7 niIXD X > IXEHINET:

PyVarObject ob_base;

FiZ®H % PyVvarObject D RF 2 X P 2B T E W,

Py_TYPE(0)
Python 7Y 22 h® ob_type X ¥ N7 7 RAFT2DIfES5~vr0 T, ZHUIRD X 5 IERM
INET:

(((PyObject*) (o)) ->ob_type)

Py_REFCNT (0)
Python A 7Y =27 b®D ob_refcnt X N7 7R T5DIHES5~278TT, ZHEIRDISITE
S xd:

(((PyObject*) (0))->ob_refcnt)

Py_SIZE(0)
Python 7Y 22 h® ob_size XY N7 7 RAFT2DIfES5~vr0TT, ZHUIRD X 5 1CERM
INET:

(((PyVarObject*) (o)) ->ob_size)

PyObject_HEAD_INIT (type)
L\ PyOvject BN/ DFIIEICE T2~ 0 T3, 2O 7 IERD IS WCEMINET,

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
B L\, ob_size 74—/ REEL PyVarObject BD 7= OFHEICEN ST 2~270Td, ZD~v7
ERD XS ICERINET,

_PyObject_EXTRA_INIT

1, type, size,

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take
two 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.

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS.
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_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH_FASTCALL.

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS.

PyMethodDef
PRI D X Y v RGBT 2BICHWAMEIERTT, ZOMERICE 4207 4 =V EBHD FET:

Za14—=ILF | COHE =03

ml_name const char * | XY v K4

ml_meth PyCFunction | C EHEADKRA > &

ml_flags | int OHLZED LS ITH> 0% RS 7727y b
ml_doc const char * | docstring DRNAEZIET 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 PyOb ject*, it is common that the method
implementation uses the specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either

a calling convention or a binding convention.

There are four basic calling conventions for positional arguments and two of them can be combined with

METH_KEYWORDS to support also keyword arguments. So there are a total of 6 calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type PyCFunction. The func-
tion expects two PyObject* values. The first one is the self object for methods; for module
functions, it is the module object. The second parameter (often called args) is a tuple object
representing all arguments. This parameter is typically processed using PyArg_ParseTuple() or

PyArg_UnpackTuple().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using

PyArg_ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length

of the array).

This is not part of the limited API.
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N—a v 3.7 Tl

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastlWithKeywords. Keyword arguments are passed the same way as in the vec-
torcall protocol: there is an additional fourth PyObject* parameter which is a tuple representing
the names of the keyword arguments or possibly NULL if there are no keywords. The values of the

keyword arguments are stored in the args array, after the positional arguments.
This is not part of the limited API.
N—= a ¥ 3.7 TEM.

METH_NOARGS
SIBDIZNRY v Ri&, METH NOARGS 7 5 7% D 1856, BDBERIIBPEEINTVE0EF = v
LB BDET, 25 L7RXY Y RiE PyCFunction BITR S TERD FRA, H D87 X RIZ
self 12D, FEVa—NAhF T2 b VARV ANOBRBEMRFT T 22222 5, WTFhice
. BZDT RXRIE NULL IR D £5,

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

parameter, and a PyObject* parameter representing the single argument.

T o0@BE,. MU LENEZRTDIOTIERL, Z27ADX Yy R LTHES BoRBHRERTD
DTF, BV 2a— MWL TEBINLEMTHOTIELED /A, XYy FIZRLTIE, ZRKT—2LHZ
D77 7%ty PTEEEA,

METH_CLASS
XYy ROBRMIOFIEIE, BDA YRR ATRELBA 7Y =7 bpfEShET, 2075 713
HIAHBEEL classmethod () 2o THKT 2D LFUL VT AXY W K (class method) 4R T 5 7=
DIZHEbNE T,

METH_STATIC
XYy FOBRPIOFIBITIE, MDA Y AKX 2ATE%RL NULL BEIRET, 2077 73,
staticmethod() 2o THEMRT 2D LR L BHAY v R (static method) &L T % 7= DI
bhxd,

B —ODERIE, HEXAY Y FEFADHDRAY v NERLBEMZ 20 5 02HIHIL £3,

METH_COEXIST
AV REMFOERTBEHZ 2 Tua— ¥ LET, METH COEXIST ZfELRITIUI. 77+
LV EDOFREWZ Lo T ERPEBRLBZVWEIZAF Yy FLET, AR Y F Ty R3XY vy FF—T1 &
D BRI — RENZDT, BlZIX sq_contains A0y MEF v 7L TWSAY v ¥ __contains__()
AR L, %D PyCFunction e — F2FHIELES, 20757 %EFKT % &, PyCFunction 1%
FoRATV e VEBEERZ AT NI, Ruy b #EITLET, PyCFunctions OEHIL
By RA T2 POMUH L&D bRELENTNEIDT, T LAARRIMENICZD £3,

PyMemberDef
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type @ C HEEDX N LTHEAEINLTWS, H2HOEMEERITWMERTT, ZOMERKRD
74— R TDOEeEHTT:

Za14—ILF | COR =3

name const char * | X ¥ \%,

type int C MR D X DBl

offset Py _ssize t | ZDX D type object MHERFDIFFTD offset /N4 + K
flags int 7 4 = EDHAH LERPEAAARRONEZRTEY F 757
doc const char * | docstring DNEEFET KA > X

type /2K XAD COREEKRT 2 T_~270DH55D 1 DTT, XYW Python 567 7+ 2 X
N2 E. ZOXNEMIGT % Python ORICEHE N E T,

Yo 0% C B
T_SHORT short

T _INT int

T_LONG long
T_FLOAT B NI
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 23EZ o> TWBDIE, T_OBJECT I&X >N NULL 72 o 72 & ZIZ None %
BRI DX L. T_OBJECT_EX /& AttributeError %M $ %5 T3, T_OBJECT_EX i T_OBJECT X
DB 2 del XEIELL HDO2 5 DT, TEHIL T_0BJECT TII7 { T_OBJECT_EX %ffioT
&V,

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).

PyGetSetDef
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BMOTaRT 4 DEIRBRT 7 vAZERT 57D DHEERT T, ciomember: Py TypeObject.tp_getset
2y FOFHBBIL TSN,

74— | COE =R
R
i const B4
char *
get getter C Function to get the attribute
®a setter EMEEE Y M/HEIBRS 2EEO C BB, ARSI hiGa,. BIEEHA
b EHIZRD 3,
doc const FEORF a2 A T— a vy Fs|
char *
closure | void * getter ¥ setter DIBMT — X232, 47> a Y ORBEEKRAL v &,

The get function takes one PyObject* parameter (the instance) and a function pointer (the

associated closure):

typedef PyObject *(*getter)(PyObject *, void *);

BRI F 721X R NULL IS DEFICEI N EEFHLVWSEBRERLE T,

set functions take two PyObject* parameters (the instance and the value to be set) and a function

pointer (the associated closure):

typedef int (*setter) (PyObject *, PyObject *, void *);

JEMEZHIFRS 25813, 2 FEHD NI X —XIZ NULL ZHELET. BNLHEIE 0 2. KRR LY
BiE -1 2 LTRLE T,

123 BA T b+

AR A NORIZ BT DGR PyTypeObject MiERlZ., %5 < Python £ 7Y =27 b A7 L0OHT
ROEELBHERD 1 OTL &5, BA T =7 I PyObject_*x() R PyType_*x() ROBBTIKZ FF
B, IEZEAYD Python 7 7V 75— a itk o T, ELTHHADD ZHEEERIRBELFRA, BA TV
MIATI 27 W BREDESITRFES RO ZEBTI NS, 4 VX TV XREERSH 7L EFRT IR
TV 2=V TIRIEECEBERFETT,

BA 7Y =7 MIFEHEDA! (standard type) IR 2 2 20 D KEREEARTT, ATV 27 MIZL D
EERFEELTED, ZOIFLAYE C BHEADERA ¥ 2T, ZhZPhOBBIZZ ORIOBEED/ N WD %
FHELTVWET, ZOHITE, MATI2 7 DR 74—V FIZOWTEElIZHHAL 3, &7 14—V P
HEERANCHIBLS 2 IHFICHHE ATV,

TFDZ4v 2797 7L Y 2ZMAT, EAF HiTl PyTypeObject DEIR L F 5% —H THETZ 24
PEHETOET,
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1231 24y o)7L >R

"tp slots”

PyTypeObject Slot™! i XYy R 4SRN 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 ?
(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 %
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 ¢
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * ~_doc__ X X
tp_traverse traverseproc X G
tp_clear INqUITY X G
tp_richcompare richemp func o, le , eq , | X ¢

ne , __ gt ,

__ge_
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc __iter X
tp_iternext 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_ ?

RDOR—TIHE<
242 %F 12 E A7V bREHYR— b (object implementation support)



The Python/C API, V1) —X 3.8.18

R 1-RIOR—IH5DHFEE

PyTypeObject Slot™! ] XYy R/ SHEMY Info*2
aT I

tp_descr_get descrget func . get X

tp_descr_set descrset func _set_,  delete X

tp_dictoffset Py ssize t X |7

tp_init initproc __init X X X

tp_alloc allocfunc X ?

tp_new newfunc __new___ X X ?

tp_free freefunc X X ?

tp_is_gc INQUITY X X

<tp_bases> PyObject * _ bases_

<tp_mro> PyObject * ___mro___

[tp_cache] PyObject *

[tp_subclasses] PyObject * __subclasses__

[tp_weaklist] PyObject *

(tp_del) destructor ‘

[tp_version_tag] unsigned int

tp_finalize destructor ~del ‘ X

COUNT_ALLOCS 2VEFR SN TWBHE. KD (NHEH) 74—V PSR %3

e tp_allocs
e tp_frees
e tp_mazalloc

e tp_prev

AFERCHEbNTWE Rry MG, 20 (FENKR) FERTH 2 Z L ZRLTVET, WHENTHbATV2 23y IR,
FAHLEMAE LTRbhARETT, AFRTHLDATVWE Ay ME, NEToAfDIE Y., (HEIFEL LTO) "<R>"
. 2D 4 —LREBWETHZZ L (NULL TRV L) ZEKL T,

*2 3

”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

X - type slot is inherited via PyType_Ready if defined with a NULL value

% — the slots of the sub-struct are inherited individually
G - inherited, but only in combination with other slots; see the slot's description

? - it's complicated; see the slot's description

Noge 1 ] fectively inherited throueh & | attribute lookun chai
12.3. BFTz I b
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o tp_mnext
sub-slots
Slot i) XY Y R
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 __sub__
nb_multiply binaryfunc _ mul
~ rmul
nb_tinplace_multiply binaryfunc _ mul
nb_remainder binaryfunc __mod___
~_rmod_
nb_inplace_remainder binaryfunc __mod___
nb_divmod binaryfunc ~_divmod____
__rdivmod___
nb_power ternaryfunc ___pow___
___Irpow___
nb_inplace_power ternaryfunc ___pow____
nb_negative unaryfunc ___neg
nb_positive unaryfunc ___pos____
nb_absolute unaryfunc __abs_
nb_bool INQUITY __bool___
nb_tinvert unaryfunc __invert_
nb_lshift binaryfunc _Ishift.  _ 1l-
shift
nb_inplace_lshift binaryfunc _Ishift_
nb_rshift binaryfunc __rshift_
_rrshift_
nb_inplace_rshift binaryfunc ___rshift_
nb_and binaryfunc __and___
~_rand
nb_inplace_and binaryfunc __and

RDR—ZITHEL
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R 2-RIOR—IHS5DHKE

Slot B BWHXY Y R
nb_zor binaryfunc ___XOor___
___IXOr___
nb_inplace_zor binaryfunc __ Xor___
nb_or binaryfunc _or__
nb_inplace_or binaryfunc __or___
nb_int unaryfunc __int_
nb_reserved void *
nb_float unary func _ float___
nb_floor_divide binaryfunc ~ floordiv___
nb_inplace_floor_divide binaryfunc _ floordiv___
nb_true_divide binaryfunc _ truediv____
nb_inplace_true_divide binaryfunc _ truediv___
nb_index unaryfunc __index___
nb_matriz_multiply binaryfunc ___matmul
~_rmatmul
nb_inplace_matriz_multiply binaryfunc __ _matmul____
mp_length lenfunc _len
mp_subscript binaryfunc _ getitem_
mp_ass_subscript objobjargproc _ setitem |
~ delitem_
sq_length lenfunc __len
sq_concat binaryfunc _add___
sq_repeat ssizeargfunc _ mul___
sq_item 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()

12.3. BFTz I b
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A0y FDEFRE (typedef)

E&ER (typedef) 5|83 W\ ER
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 *
PyObject *
PyObject *
setatirofunc int
12.3. BAT2z Uk 247
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See

Slot Type typedefs below for more detail.

12.3.2 PyTypeObject &

PyTypeObject DIEEMEFRIE Include/object.h THROIHNZETTT,

CTRERZMHRDELET:

DFMEEL DT, T

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;

/* delete references to contained objects */

inquiry tp_clear;

/* rich comparisons */

RDOR=I 1% L)
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(RIDR=I D5 DREE)

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;

12.3.3 PyObject XOv b+

BA 7Y x 7 MEGERIE PyVarObject HEREZHERL 72D DTF, ob_size 7 4 —/L Fi&, (H#H class X
DIEH S type_new() THM XN Z) BIRENIHWE T, PyType_ Type (XXX A7) X tp_itemsize
UL T 2O THERELTLEZI WV, THROBE A VARV A (DFEDAF TV 27 1) 11X ob_size 7 4 —
VEDBFEL LTI BD EEA

PyObject* PyObject._ob_next

PyObject* PyObject._ob_prev
INBH5D7 44— Kid~v2Z 1 Py TRACEREFS EREINTWVWEAHAEDABFMEL T T,
PyObject_HEAD_INIT ~Z u%ffis ¥, 7 4 —/)L K% NULL WZHIHAL L £ 5, &I X £ Y FELR
ENTWRIATY =27 TR, ZHHDT7 4 =)L FIFEIZ NULL OF T, EINIXEVRIN S
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AT OGS, ThH 0D 7 4 =L Rk, e—=T7 LD 2TO FHFOF T =7 v ok
ZEYYIYRMNTATO 2 bV YT ABICEDNE T, 2O ZidkA TNy ZHINCHI A
TEET; BIRTIE. BEEZA S PYTHONDUMPREFS DSR{E XN TWVWB L EIZ, 707 T A DRITK TGS
THERLTVWE A TV 27 F 2T 2 D0 ME—D BT,

R

Y ITRAL FEZDT 4 — L FEBHREL TR A,

Py_ssize_t PyObject.ob_refcnt

BA 722 DB AH Y > b T, PyObject _HEAD_INIT X ZOfE% 1 WZ#IHL L £ 3, #NICXE
VR I NAA 7Y 2 7 F TR, DA Y RZ VR (ob_type DS T 2HER L TV ATV =2
M) BEZREAY Y FTEIHRITZ BDERA . BINCXEVHERINLZEA TS =227 FOBHE. 4
VARV AFBEBATV FORRIC BDET

k-

B TRALFIZZDT7 4 =L FEHEALTHA,

PyTypeObject™ PyObject.ob_type

AEEKDOEL BIOBWH%2T 5L XXX A4 FTT, PyObject_HEAD_INIT ~ 727 u Tt a i, @5
3 &PyType_Type 2D EF, LoL. (P& & d) Windows THIHTZ 28y — FARELRILEIR
EY 2= ATl a4 ZJ3EMBRIAETIE RV XA ZDTFET, £ZT. BH6bLELT,
PyObject_HEAD_INIT 2l NULL %2 L THIALL THB &, MOBIEEZITIRNCEY 2 — L DAL
B CTIIRINCZ D7 4 — L REPHIET 2 22 1I2R > TVE T, ZOREZUTO XS I/TVWET:

Foo_Type.ob_type = &PyType_Type;

FoBMEE, ZETI2HOVDLREZA VAR AERID BANICL TE2RINIR D FHA,
PyType_Ready () \& ob_type 2% NULL %> ¥ 5 22X, NULL DS EITIFILIE S 5 2D ob_type 7 4 —
N RTHHEL £5, ob_type 7 4 —/V RB¥ R THRWES, PyType_Ready() &2 D7 4 —NL K%
ZHELEEA

k-

B TRALTIZZDT7 4 — NV FEHELFT,

12.3.4 PyVarObject XOvw k

Py_ssize_t PyVarObject.ob_size

B AR VIEREINATWARRA T2 7 VY DOBE, D7 4 — L RixEoicwifban g3,
WKAEVHEIRTWEHA T2 7 FDGE, TO7 4 — L FIZNEFEHAI N HHRLZEREED
\ij—o

R

YT RATIEIDT 4 =L FEHELZEA,
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12.3.5 PyTypeObject XO0v ~

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
BOLHIH Ao Tnd NUL SN FIINDKRA Y R TF, EVa—1Dra—N"AEHE LT
7 7R ATELZHOLE. ZOXFINITRBREY 22—, Ky b, 2L THEHOHHET L F L SXFINC
70 ET; MHARAARDEGE, RREOMOHEITY, EXa2a—ARHZ Ry r—I DY TES 2 —LD
BB, BBy T —IBDREREY 2 —NVHD—FTR > TVET, FlIZIE v 7 —3 P ADY
TEI 2=V QA TWVWAREY 2 —/)L M NTERZINTWS T &, tp_name & "P.Q.M.T" IZ#JHH
ftLE9,

A B VBRI NZTI A T 27 FOGE. TD 7 4 —L FIZBEICROLENCR D, £V 2—14%
BRIOFEENTH — '__module__' IINT 2 L THIRINICHRIEENE T,

FINC X B VIR EINZBA T2 2 7 FDOFE, tp_name 7 4 =V RIZIE Ry EFEATVWBIET
T3, HEDFY M EDBENIDH B2EXFHNEMIE __module__ BHEEX LT, /Ky FEDdR
AIZHBETE __name__ B LT7 7R TEE T,

Fy PR Ao TOWRWES, tp_name 7 4 =)L FORNAELTH __name__ JEMIZHR D, __module__
EEE (RO X S ICHOFFENTHRINICE Y FLBRWHLED) RERICRDET, Z0kD, 20D
ANZ pickle (LTERVWZLIIARDET, 5, pydoc DMERTEEY 2a— L FFaX DY R T

WCHH SR BD ET,

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
i
YITRATIZDT 4 =V FEMEKLEEA,

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject.tp_itemsize
INBDT7 4 =N RIE BA VARV ZADNA M YA X%FHETELLSICLET,

BN ZOo0ENH D T BERA VAKX ADHENZ, tp_itemsize 7 4 —/)L K23 BT, AJZ
RA VARV ZADTTE tp_itemsize 7 4 —V EHIEL B OMHEICLD £F, FEERA VAKX ZADHD
BE. BTDAL VAX Y AEELL tp_basicsize THZ OV AL Xk D 3,

AZEREA VAR ZADRIDGE, 4 VAR AIZIE ob_size 74—V KBRS TERESLT, £ VA&
VADYAREIN AT D 7 EX” 2 LT, tp_basicsize & tp_itemsize D N fFZEL
725D DET, N DETEE, { VARV AD ob_size 7 4 — /L RICEREINE T, =72 LAEK
BV Oo0dH D ET: FlRIF. BHTIEIADHEE ob_size IXffio T, A VARV RADORITHEDATD
5Zt%ml. N BIKIZ abs(ob_size) 272D %£3, £7z. ob_size 74—V RKPBHZ0HEWV-T,
BT LBA VARV ADPALERTHZ Z e ZBKRLEEA (B2, VR MoOBERIZIEEED A >~
AR VAR BICDDPDET, A VARV RARZIIHB 2 A LB ER; o7 ob_size 74—V KHHD
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),

EARY £ Z12id, PyObject HEAD ~ 27 0 ¥ 721 PyObject_ VAR_HEAD =7 W1 (A4 ¥ A& ¥ ARk
ZHET2DRMMiokbohDvrn) TEAEENTVWE 74—V EPR Ao TWVET, EHIT,
_ob_prev BX U _ob_next 74 —ILRBHIZFAE, TNEDT7 4 =L RH AL XIBEINE T,
PEoT, tp_basicsize DIELWIIHHLEZIGE2121E. A YAX VAT —XDVLATYNVEEET 5D
WS HHEARICH LT sizeof HETERFES Lrdbh A, EAY A XTE. GC Ay XV 4 X
A2 TWVERA,

T4 YRAY MHETLER: ZBOBERZHET 2BCREDT 74 ¥ XY b BREE R B5E,
tp_basicsize DIEICRZ DI RITIUIR D 8 A, Fl: H 25D double DEFIZEIEL TS E L
£9, tp_itemsize l& sizeof (double) TT, tp_basicsize A’ sizeof (double) (Z ZTIFIN %
double D7 74 Y XV FPERT 29 A XERET 2) OMEABD DI A X282 X512FT2D1d 71
7 7DEMLETT,

For any type with variable-length instances, this field must not be NULL.
o

INHDT 4=V REY T EA AL CHERINE T, BEXA T 0 TRV tp_itemsize &
FoTWwhGa, BELXAA TOELBIKEL EIT2. —BRNCEY 724 7 THlo 0 THWEL
tp_itemsize ICERET 2 DIFEETIEDH Y TH A

destructor PyTypeObject.tp_dealloc

AVARYADT AN T 7 ZEBADKRA Y2 TS, ZOMEIL (FET None % Ellipsis DIHED
X)) A VARRZ Y ADRL TXEY RS NR VAR THRVR DB TERLRFIUIRD FHA, 7
FF X FROMEY T

void tp_dealloc(PyObject *self);

FANZ 7 REBIE. BBV Y N FTICE 0I5 7B Py_DECREF() X Py_XDECREF() <7
aPLIENHINE T, FOHINRETIE, A YRRV RFEEFELE T, 4 Y RAX Y RTH
TEHZRERLBRVIRETT, 7A M7 ZEBIEA VARV ADPREFREL TW 22 TOSRE M L.
A VAR YADHERLTOVEZRTDOREY Ny 7 7% (Nvy 7 7 ORI - 72 BRI IS % X E
V IRIRBEIE o C) SR L. ZDRID tp_free MU L X T, H2HPY T XA T2IEHTE
72\ (Py_TPFLAGS_BASETYPE 7 2 773ty b INTWARW) G, tp_free DRODICATI = b
DA E Y MBI (deallocator) ZEHEMUOH L THRFVWEREA, 7Y =7 FDXEY RREEEIZ.
A VAR ADRAEY FEREAT O BRI o 72 BARICHIG L 72 O TRIFIUER D R/ A; 4 VAR Y
2% PyObject_New() % PyObject_VarNew() TXEV FERELHEICIE, EH PyObject_Del ()
2, PyObject_GC_New() X PyObject_GC_NewVar() THEF L 723BE121 PyObject_GC_Del ()
BENE T,

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:
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static void foo_dealloc(foo_object *self) {
PyTypeObject *tp = Py_TYPE(self);
// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp) ;

HEE:
B TERALTZZDT 4 — NV FEHELE T,

Py ssize t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the vectorcall

protocol, a more efficient alternative of the simpler tp_call.

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 signature

is the same as for _PyObject_Vectorcall ():

PyObject *vectorcallfunc(PyObject *callable, PyObject *const *args, size_t nargsf,,
—PyObject *kwnames)

The wectorcallfunc pointer may be =zero, in which case the instance behaves as if

_Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets _Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its
behaviour is consistent with the vectorcallfunc function. This can be done by setting tp_ call to

PyVectorcall_Call:

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

respectively.

This function is intended to be used in the tp_call slot. It does not fall back to tp_call and
it currently does not check the _Py_TPFLAGS_HAVE_VECTORCALL flag. To call an object, use
one of the PyObject_Call functions instead.

FAFR: It is not recommended for heap types to implement the vectorcall protocol. When a user
sets __call__ in Python code, only tp_call is updated, possibly making it inconsistent with the

vectorcall function.

AM: 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—Y 3 ¥ 3.8 TEHE: This slot was used for print formatting in Python 2.x. In Python 3.0 to
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3.7, it was reserved and named tp_print.
e

This field is inherited by subtypes together with tp_call: a subtype inherits
tp_vectorcall_offset from its base type when the subtype’ s tp_call is NULL.

Note that heap types (including subclasses defined in Python) do not inherit the
_Py_TPFLAGS_HAVE_VECTORCALL flag.

getattrfunc PyTypeObject.tp_getattr

F T2 arDKRA Y RT, get-attribute-string 217 5 B ZEIEL £ 3

ZDT7 4=V FRBIFHERETT, ZO7 4 — NV FEERT DL XL, tp_getattro BIEFUT X 512H)
EL. BHEAIE Python XTI A 7Y =7 bTIRHR L C XFHITEET % & 5 RBBEHRT L1l
2R D TR/ A

.
Group: tp_getattr, tp_getattro

ZD7 4= RIE tp_getattro HITH T X4 TR EINET: TR, ¥ 7%4 70
tp_getattr BX U tp_getattro MBI NULL DA, ¥ 744 TIIEEX A T0 5 tp_getattr
¢ tp_getattro ZM/TE WAL X5,

setattrfunc PyTypeObject.tp_setattr

FTTarDRA VET, BIEORE LHIFRZIT OB ZiEL 5,

CDT7 4=V FIRBIFHEETT, ZO7 4 — NV NEERT DL XL, tp_setattro BIEFEU L 512
EL. JBIEAIE Python SCFH| 7Y = 7 FTlER < C XFEHITEET 2 & 5 RBEBEET XS5 CL
AT D FE A

kR
Group: tp_setattr, tp_setattro

DT 4 =N KRIX tp_setattro EHIZH T XA FICHERINET: Thhbb, 37X 70D
tp_setattr BXU tp_setattro HIIZ NULL DG, ¥ 7 X4 FIIEEX A THh 5 tp_setattr
¢ tp_setattro ZMI/TL WAL X5,

PyAsyncMethods* PyTypeObject.tp_as_async

BMOEEREZIETRA V2 TT, ZOMEERIZ. C LLT awaitable 78 s 3Lk asynchronous
iterator 70 N ANVERETEZ AT 7 VEFICHEBRTE 74— A FERDBET, LV EIF
async 77T TV MEER EBRB LTI EI W,

N— a ¥ 3.5 TENM: YA tp_compare X tp_reserved ¥ L THIGNTWE L7,
i

tp_as_async 7 4 =V RIIHRKENELAD, THIZEENS 7 4 — L FHERNCHRAR SN E T,
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reprfunc PyTypeObject.tp_repr
F T arDRL RT, HAABBEE repr) ZHEEL TV EIELE T,

The signature is the same as for PyObject_Repr():

PyObject *tp_repr(PyObject *self);

COBBUITHIA 7Y = 7 b Unicode A 7Y =7 P 2RI RIFUIRD $H A, BHAEMNIE. 2
DORIRANR S TN, BYIREIET eval O WK LHE, RICEZFOF 727 MIRD L5 %
XFHTRFNIRD S8 A, FARERGEICIE,. A7 =27 PR ErASEH L ZNEDA -7
<" PBIRE ST > TROIXFINZIRS R FNIRD FHA,

A
B TERALFZZDT7 4 — NV FEHEALE T,
FI7xILE

ZDT7 4 = REPBEEINTVWRWIEGES, <%s object at %p> DERE & 2 XFHNINREENE T, %s
BRIDHZRNC, %p BA T 27 FDXEY 7 FLARKBEHRIONET,

PyNumberMethods* PyTypeObject.tp_as_number
Bl o b areRE L BMOMEREZIES RS VX2 TS, ThHD7 14—l FIZOonTIE HES
T2V MEER THHAIATVWETS,

ik
tp_as_number 7 4 —IL FIZMREINFRAD, TZDOEFENE T 1 —L FOMEFNSHAI N E T,

PySequenceMethods* PyTypeObject.tp_as_sequence
=y A70 b aneIEE L BMOMEREZIET RS XX TS, THH6D7 4 = FIZOVTIE
O—=r Y AF T U MEEE THPAZhTVWETS,

e
tp_as_sequence 7 4 —)LV RIFMRINFRAN, THZEETND 7 4 —V FHEFNCHERI T T,

PyMappingMethods* PyTypeObject.tp_as_mapping
RyEryr7a b aleRELLENOMERZIET KA VX TY, ThoDT7 4 =L FIZOWTIE
Ry 7TATI T MEEE THHIATHET,

o
tp_as_mapping 7 4 =)V FIFMEINERTAD, ZHUTEENDS 7 4 =V ROEGNCHER S L E T,

hashfunc PyTypeObject.tp_hash
T ayDRA Y RT, HAHAHEE hash) ZHREL TV 2K EHEL $3

The signature is the same as for Py0bject_Hash ():

Py_hash_t tp_hash(PyObject *);
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CORBIE C D long MOEZBEZIRIILD FEA, BHERICE -1 ZERDEICLTIERD $EA;
Ny Y aflBORERIC TS =T GE BRI 2y P LT -1 Z2RERIERD 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().

DT 4 —L FIZIHRINIC PyObject_HashNotImplemented () WZiXET 5 Z ¥ T, # type 256D
Ny TaXYy NOMAZ Ty 732N TEET, Z4UE Python L X)L TOD __hash__ =
None & [AFICMEFR X 41, isinstance(o, collections.Hashable) AIEL < False ZiRFT LS
BROET, WDFELARETHS ZLIKHFEELTL X W - Python L XJULT __hash__ = None %&/E
352 LT tp_hash A8y MN& PyObject_HashNotImplemented () b’ﬁiéﬂi?o

i
Group: tp_hash, tp_richcompare

ZDT 4=V FIE tp_richcompare £HITH T XA FITHEINET: TS, ¥ 7&x4 7
D tp_richcompare B XU tp_hash DWMF L H NULL DY &, ¥ 7 XA FFEEXAL TH 5
tp_richcompare ¥ tp_hash ZWH L bRAL T3,

ternaryfunc PyTypeObject.tp_call

AT arDRAVRT, ATV 27 OO L ZFEL TW LB LES, A 7Y =7 AT
O URTRE TR WIS NULL IS LR ITAUIR D $8 A, ¥ 72 F ¥ & PyObject_Call() LFL
‘/Gj—o

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

kR

Y TRATEZDT 4 — L REHEL T,

reprfunc PyTypeObject.tp_str

F T ayDRAVRT, HAAADHER str() ZFHEL TV LIEBERLET, (str HRD—DIZ
Bolizd, str() d str DAVAMN I/ X EMUHT L IIFERLTLAEE W, ZOaryR+57
RZIFEBEOWIHZ1TS BT PyObject_Str() ZM-UH L. X HIT PyObject_Str() I DNV K
ENOCHT IR ET, )

The signature is the same as for PyObject_Str():

PyObject *tp_str(PyObject *self);

ZOBBEICFANA 7Y = 7 b Unicode A 7Y =7 MR BRITNUIRD FHA, R TV
7 b ? b3 (friendly)” RE LTI TRIFUILED HA, EWVWI DI, TOXXFHNL
0D print() BETHDONS Z LI I KALLE1HTT,

.
YBITRAL FIEZDT 4 — L FBRELE T,

F7A4ILE
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ZDT 4=V ERFRESNTWRWEGE, XFIIRIZIR T 72DI12iE PyObject_Repr () BEUHEH
N

getattrofunc PyTypeObject.tp_getattro
F 7Y a DKL VERT, get-attribute ZFEEL TV ERLET,

The signature is the same as for PyObject_GetAdttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

WHEOBMEMBREFEL TWDB PyObject_GenericGetdttr() I D7 4 — L RICRELTEL iz
WTWOBEREAN T,

e
Group: tp_getattr, tp_getattro

D7 4 =)V FiE tp_getattr LT T XL FITHEREINET: TROB, YT X470
tp_getattr BRI tp_getattro BT NULL DGE. ¥ 7 X4 FIIEEX A TH 5 tp_getattr
¥ tp_getattro ZM/TE WAL X5,

T7#ILE
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT avDRA T RT, BEORE L HIFRZAT S BIRZIEL 9.

The signature is the same as for PyObject_SetAttr():

PyObject *tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

X 51T, value 1 NULL Z48E L CEMEZAIRTEZ 2 X5 LRI D A, BHEOA 7Y 22
MEMRELFEE L TWS PyObject_GenericSetdttr() B Z D7 4 =V RIZRELTEL 70T
WO EIIERNT T,

i
Group: tp_setattr, tp_setattro

D7 4 =)L FiE tp_setattr LI TR FICHERINET: Thbb, 7R TOD
tp_setattr BLUY tp_setattro HIIZ NULL DTS, 7 XA FIIRIEX A T 5 tp_setattr
¢ tp_setattro ZMTL WAL X5,

TI7#ILbE
PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs* PyTypeObject.tp_as_buffer
Ny T74 VR IT2—RA%RELTVWEA TV MZOABET 5, —H#HD 7 4 —)L FEDSA o 727l
DOREEEREIRTHRA V2T, MEERNOE T 4 =L RIE Ny T 74T MEEE (buffer object
structure) THBAL ¥ 3,
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R

tp_as_buffer 7 4 =)L FERIIMARINEEAD, TARKEENS 7 4 — L FIIMERNICHE AR X L
9,

unsigned long PyTypeObject.tp_flags

D7 4=V FEART Z 7Ry PRAZTT, WSO0D 77 7E, FEDRIICENT
ZHI 2t~ Y T4 ZADBHINE L 2R LET; 207 7703, BA 70227 (H20WE
tp_as_number . tp_as_sequence . tp_as_mapping . B XL tp_as_buffer BHML TV B LR
KRERER) OFVED 7 4 — AL FD I B, @EPSLHEETT o LIFEL TV DI TIERVWD D2H
Wiz oTWB I e ZRTRbIHONET;, 7778y A7V T7ERTOVIIR, 75 7BMRELT
W57 4 =N FIZIE7 72 AL BWRDDIZ, ZDHEIEE TS NULL 12725 TW5 & AR S RTIUTR
DEHEA

by S

D7 4=V FOMKITAHLA > TVET, IZLALDT7 7 7MERNCHARINE T, T4hbb, BIEK
RATDT7 778y "HRRESNTWD, ¥ T7RXATDT7 77y FdENEGEME X T, LR
RERERDHR SN 25513, TRRIEEERIERICBIR T 2 7 7 7y MEABE ISR SN E S, T4%b
b, HEXA TDT7 77y P OEIZ. EREEERERANDRA v 2 e iz, 744 Ficav—-&h
%9, Py TPFLAGS_HAVE GC 75 Z7'Ev NI tp_traverse 74—V R & tp_clear 74—/ Kt it
WA INE T, Thbb, 37 XA FWTBWT, Py_TPFLAGS_HAVE_GC 7727’y RZ U731
TWT, tp_traverse 7 4 —)V R ¥ tp_clear 7 4 —/L FHTELEL NULL 1272 o TV A GEITHA X
NEI,

TI7#HIb
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

LTIETA2E Yy b~ AZBBHEERINTVWEHDTT; 77 270F | HEFCTHENZE->T
tp_flags 7 4 =)V FOEZIERTE £, PyType_HasFeature() ¥ 27 3By 75 7{d, tp BIU
fZr b, tp—>tp_flags & £ DIEL Y S pHFNET,

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types cre-
ated dynamically 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 in-
stance 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).

R
777

Py_TPFLAGS_BASETYPE
BEROBOHEERA T LTHEZIZEEICEY FENDZEY P TT, ZOEY b7 VU TR
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51X, ZOBOY T RA FXERTEEFEA (Java 1B 3 "final” 7 7 Rl 2 5 A2k
£9).

A

777

Py_TPFLAGS_READY
BA 7Y 27 WD PyType_Ready () THREWXFHLIh2 ety PENBZEY b TT,

i
777

Py_TPFLAGS_READYING
PyType_Ready () W2 K 23HA 7Y =7+ o@HLLEHICE Yy PEXNEE Y FTT,
.
777

Py_TPFLAGS_HAVE_GC
ATz PRI R=yarray (GC) 2 R-1+ T35ty bENBEy FTT,
ZDOE Y by PIRTVWBEHAE, £ Y RAX Y RIE PyObject_GC New() %o THER L.
PyObject_GC Del() % ffio THELRIFIUIRD XA, FLWVERIT BRERAR—2OL
223 EYR—F93 IHDET, 2Oy MI, GCIZB#T 57 4 —L K tp_traverse B
XU tp_clear PHA TV 27 PARTFET SIS RLTVET,
ik
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
A7V 27 P BIUREEEERDORED 7 4+ — LV FOGFHEOABMICHES 2 2
TOEY b6 RBEY FYAFZTT, HIRTIE, 2oy =X Z7ICEUTOE Y b
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION ¥ X {f Py_TPFLAGS_HAVE_VERSION_TAG A’ A - T
WX,

kR
77

Py_TPFLAGS_METHOD_DESCRIPTOR
This bit indicates that objects behave like unbound methods.

If this flag is set for type(meth), then:
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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(*args,

*xkwds).

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 ¥ 3.8 TEM.
.

This flag is never inherited by heap types. For extension types, it is inherited whenever

tp_descr_get is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

INBD T F 7 PyLong_Check() O X 5 72BEAN, BN B 2ARABBIDY T 5 A0 E S
hrRECHWT 201 fbhEd; COHEHDF = v 713 PyObject_IsInstance() DK D7
NHF =y 7 KD b EETT, HAAABZHALZHME DR T tp_flags ZHEYNTEHRE
FTRET, 25 LRV ZORPEDLZ a—FTIE YARF v 7 OHERELNEZPICE-T
RE2FODERL-oTLESTL & D,

Py_TPFLAGS_HAVE_FINALIZE

BIRGEMIZ tp_finalize ARy MPFEELTWVWAHE X2y hENBE Y T,
N— g v 3.4 TEM.

N— a ¥ 3.8 TIEHLE: 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 set on static subtypes if tp_flags is not overridden: a subtype inherits
_Py_TPFLAGS_HAVE_VECTORCALL from its base type when the subtype’ s tp_call is NULL
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and the subtype’s Py_TPFLAGS_HEAPTYPE is not set.

Heap types do not inherit _Py_TPFLAGS_HAVE_VECTORCALL.

FMR: This flag is provisional and expected to become public in Python 3.9, with a different
name and, possibly, changed semantics. If you use vectorcall, plan for updating your code for
Python 3.9.

N— 3 v 3.8 TEM.

const char* PyTypeObject.tp_doc
F T avDRAVRT, ZOBF TP 227 + D docstring 5 2% NUL #iid iz C OXFES%
FBLET, COBEEIMATY 27 PBIDA VARV RAZBT S __doc__ B LTAMINET,

HEAE:
BT AZZDT7 4 — N FEHIE 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 DA R—=YaL 7y a YOHEHAAICOWTOFMIK, BREBAN—OL I3 zHR—
g3 IHbET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typ-
ical implementation of a tp_traverse function simply calls Py VISIT() on each of the in-
stance’s members that are Python objects that the instance owns. For example, this is function

local_traverse() from the _thread extension module:

static int
local_traverse(localobject *self, visitproc visit, void *arg)
{
Py_VISIT(self->args);
Py_VISIT(self->kw);
Py_VISIT(self->dict);
return O;
}

Py_VISIT() PRSI Z2BNDH 2 A ANZEFIMUHINTWE Z L IZEHLTLEX W,
self->key X > N\NdHH TP, ZAUX NULL 2 Python XFH|72 DT, BRSBO—Hicks b
3HH EHA

=T RAUAPMERSBRO—EICZ 0GR n e o TWTSH, 7Ny ZHWTKE L 72WGERD % H
b LIRWVDT, gc EY 2—1D get_referents() BIIITERSRITRDBRVA Y ANBRELET,
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Z&:  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() 1% local_traverse() 2% visit £ arg EWVWIRF > ALHDFIEROZ e ZEKRL
£9,

ik
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ZD7 4= RIE tp_clear BEXU Py TPFLAGS_HAVE_GC 727w b2 HicH 7 X 4 FIcHiR X
NET: bbb, 3+ 7XA 7D tp_traverse BEU tp_clear BT LR DFE, +7X4 S
WBEEX A 76 tp_traverse & tp_clear ZWA & MK L 7,

inquiry PyTypeObject.tp_clear
AT avDERAYRT, AIRN=YaAL 7 XIZET3HEBE (clear function) 4 L % 3,
Py_TPFLAGS_HAVE_GC 23t v FENTWARHEHERZDAFDONET, 742 F v ZRDMEH T

int tp_clear(PyObject *);

tp_clear X U ANEHIZ GC BB LEBRLTW2 I I0FERSELE T -DICHVLRE T, B
BEERTEZSL L, AT LHNDETOD tp_clear BABDEEE L T, 2 TOMEERSIREHEL 21
NERD FR A (RIE: DD tp_clear ZEELLLS THRTOERSHIWETEZ 20 THN
WBEELLZCTHRY) I THHAIT. & LD L THNEDRETH D 5 DTHIUI, tp_clear
BBERHETIRETT, HIZIRX. XTI tp_clear ZFHEEL FHA, BERS, XTVIETTH
MENLMERZRDBO0Z 23BN S TT, o T XTALANDELD tp_clear BRI
T, XTIV EBOEARBERSBOILITWIRTE 2 22D 3, ZAIHEICH 2 Z 2 Tidk <,
tp_clear DEIEZHIT 2 BRVHEHIZD - 7212H D FH A,

ROFNZH 2 X512, tp_clear DFEEIX, £ VARV AP S Python 7Y =7 e Bbhd X v
NRADBBENL, TNHDRAXUANDEA Y RIZ NULL 2y b ITANETT:

static int
local_clear(localobject *self)
{
Py_CLEAR(self->key);
Py_CLEAR(self->args);
Py_CLEAR(self->kw) ;
Py_CLEAR(self->dict);
return O;
}
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SOV 7ET V7 — MIRDT, Py CLEAR() =27 % {fi5RXETY: R X% NULL IZtv +§
5FT, ZOATP 27 VOB AV Y BT 7 VAL TREWTIERA, SBAITVY FDT I U X
YETRE, EOATY 2 PHBWEZINLZLDB LT, (FOATY 27 VICHEEMNTI LN T 7 A
FIAYF, FBEDa— LAy Z712& D) {EED Python a2 — FOETEEOHA T UENETFEH
2026 LNBVEHTT, bLZS5WVo/a— RPBHEY self 22T 22 e2dHUX. T TIE-T
WA TP 27 PADKRA Y RIE NULL 12725 TWBDT, self WFMELTWieA 722 bed 5H
HAT&ER NI 28 C& £ T, Py CLEARO) <2703 ZDFh &2 RERIEZFTETLE T,

tp_clear BAEDEHMWISIRA Y > M 2HET 2 Z 2 2D T, Python XF¥|% Python D & 5
%, BRZRICEDZEDTERVWA TV 27 V22 V7550 BEHDERA, —H. FIET2ET
@D Python #7222 b2 V7355510, ZORD tp_dealloc AR tp_clear BAEZ FAT
T2EIITT 2 EFEDPRITRLETL & 5,

Python DHFR—yal 27 a ¥ OHEHAIZOWT DM, BESBAR—JOL I3 v EYR—
FTBIWZHHET,

i
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ZDT 14— FiE tp_traverse B XU Py_TPFLAGS_HAVE_GC 75 Z7'¥ vy b & HITH 7 X 4 FIzHkK
ENFT: TROE, ¥ TRATD tp_traverse BX U tp_clear DT bERDIFE, T XA
TEREXA T tp_traverse ¥ tp_clear XML AL FI,

richecmpfunc PyTypeObject.tp_richcompare
AT avDRA Y XT, RRIEBEBZHELES, > 72T v i FROED T

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.

ZOBBUE, HEBREREZIRTANETT, (Fi@E Py_True % Py_False T3, ) LI KERDGE
3. Py_NotImplemented %. ZHNLND T T —DFAEL HEIIIHSMRELZ LY b LT NULL %K
TRFIRD FH A

tp_richcompare B LU PyObject_RichCompare () BB DE =518BUE S 72D DEE . L TEIMT

HERINTVET:

it G
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

PRARLEBLBAEL (rich comparison functions) ZfiHUICER T 272D DY 7 B ERINTVET:
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Py_RETURN_RICHCOMPARE(VAL A, VAL B, op)
Fe#E U 7246 RICIE U T “Py_ True' 2 Py False %R L ¥ 3, VAL_A ¥ VAL_B & C OLE#H
BIZXoTIEFPMIAIRETRIINIR D FEA (FIZXZ6E C SiEOBBZEI/ M YA
"BTL D). ZHBEDFIFUTIE PyObject_RichCompare () ¥ RIFRICER XN /-HEEEIEL
SN

BEDEOZRA Y MAETNCA Y7 U XY P ENET,
=7 —kH2iE, BISERGEL T, B S NULL TY X—> L3,
N—¥ a3 v 3.7 TEM.

.

Group: tp_hash, tp_richcompare

DT 4= FiE tp_hash 2HICHTRA TR EINET: Thbb, ¥ 7X4 70D
tp_richcompare B KU tp_hash M FT & H NULL D &, ¥ 7 & A4 STRIEEX A THh 5
tp_richcompare ¥ tp_hash WL DYEL F5,

T7#ILbE

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-
ever, if only tp_hash is defined, not even the inherited function is used and instances of the type

will not be able to participate in any comparisons.

Py ssize t PyTypeObject.tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains
the offset in the instance structure of the weak reference list head (ignoring the GC header, if
present); this offset is used by PyObject_ClearWeakRefs() and the PyWeakref_x() functions.
The instance structure needs to include a field of type PyObject* which is initialized to NULL.

ZDT7 4=V F% tp_weaklist LIRFAILBRVEIICLTLAEE Y, ZHERA 7Y =27 N HHEANDF
ZHPORZ YR NDIEHTT,

R

D74 =N FEHTEA AR EINE TR, UTORAZFHATLZE WV, ¥ 724 FAIZDA 7
oy MEZA—NTAFTZIDHDET; EoT, #7&471@%/“er®%ﬁbﬁf&4
T FEBRIZGEDPDHD T, VR FDEHIIHEIC tp_weaklistoffset THMPBHIETRDT, 2D
LIEMEIE RS RWIET T,

class X CTERINANC _ _slots BENEL KL, MOREXA 775)5'5;5 AIRE TR WES, %
DR ZGGBIATREIC T 21213592V X FORIHZ R T AT Yy b2 VAR VAT =X LA 7Y MG
IEML., Ray bDA Ty Mo tp_weaklistoffset WCAEL E T,

B __slots__ DEHEFIC __weakref__ EWIHHKFDAR Y bW EENTVWEREEZ, 20y MIZD
DA Y AXRBT555ZHMV A POKHEEZERT Ay MZAED, Avy bOF 7k FEOD
tp_weaklistoffset WA D T,
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D  slots_ _ HED __weakref L2 WOHHRIDAT Y P EFATWRVWE B ZOANIREX A
T tp_weaklistoffset AL F3,

getiterfunc PyTypeObject.tp_iter
AT avDERT, TOF TV 27 bDATL—=RERTEBADKRA VX TT, ZOMEHPFET S
ek, BHEIOBDA VAR YADA T LU FAETH L ZEEZRLTVET (LAL, =7 R
&2 OBIEARTH A 7L — FATRET ),

ZOBMIE PyObject_GetIter() ERULS 7 A F ¥ 2o TWVET:

PyObject *tp_iter(PyObject *self);

A
B TERALFZZDT7 4 — NV FEHEALE T,

iternextfunc PyTypeObject.tp_iternext
FTaYDEA Y RT, ATV =X —DROERZRIEREIRL L5, ¥ 74 F ¥ IFROMED TY:

PyObject *tp_iternext(PyObject *self);

ATV—ROBEENIKL KD, ZOBBUE NULL 2iIRX 2177 b £8¥ A, Stoplteration fFl5f
BRELTHLRLSTHRERWTY, 2O —MFEL-L &%, NULL ZRE 2Tl h 48
Ao TDT4—ILEBHBZE, ZORDA VAR VAP TL—RTHBILEZRLET,

AT L—=2BTIE, tp_iter BB ERINTORIFINUILRSL T, ZOBBUE FilkiTL—% 4>
AR VATIERL) AT L—RA Y RAX Y ZAAKRERIRIERD 2 A,

ZOBEBDY I AF viE Pylter Next() LRI T,
.
PTRAFFZDT 4 = PR L ET,

struct PyMethodDef* PyTypeObject.tp_methods
AT arORL RT, ZOBRDIEH (regular) DXV v REEES L TW5 PyMethodDef WiE{AD
574 %, NULL RIS N F LB 2 H L £ 3,

BADBEERZ LT, XYy RTRZ VT RD Ao, BERPBOFFE (TLD tp_dict ZR) 1B
ENET,

kA
BT RAFEZDT7 4 =V RERELEEA (XY v RIEIMED X =X L THREAZINTOET),

struct PyMemberDef* PyTypeObject.tp_members
FFarDRA Y XT, BMOIEER (regular) DF =X AN (74— FBLUORvy ) ZHESL
TW3 PyMemberDef WgfAn 572 %, NULL T X h7-FREs 28 L £ 3.

A DBBERZ LI, RYNTRZ Y TRDA - BEZIUOEEE (T tp_dict BIR) BN
9,
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R

BT RAAEZDT7 4 =V RERELEEA (X ANFFHEDO X =X LA THREINTOET),

struct PyGetSetDef* PyTypeObject.tp_getset

AT aryDRALYRT, A VAR ZAOFEHEMN (computed attribute) ZHEE L TW 3
PyGetSetDef FEitE{AD 572 %, NULL TG S M7= 8 RET 2 L £ 3,

B3| DK B Z 212, getter/setter TRAZ VT RDA o7z, BREPHOFEE (TFLD tp_dict BR)
EME R ES,

R

BT RALFIZDT7 4 =N REMEAL FEA (BHBEMHEAMED X =X LA THREASIHTVET),

PyTypeObject* PyTypeObject.tp_base

FTarvORART, BICBAT 2707 4 BT EEEXA TEELEST, ZO74—1LFOD
LAULTIE, HK (single inheritance) 72234 R — P SN TWET; ZEHPKIIX X XA TOENR
HMUICEREREIA 7O 7 P OEREREY LET,

FAMR: 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 (gce 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
(47 DRITTH) BT R4 FIZZDT 4 —L REYEL FH A,
F7#FILE

D7 4=V FDF 7+ MAW (Python 71 27 7 <1d object B L THI o TW3)
&PyBaseObject_Type 2D £73,

PyObject* PyTypeObject.tp_dict

BOFEEI PyType_Ready() IZL>TIZDT7 4 =L RIZDLNFE T,

D7 4= FIZ@BH. PyType_Ready () ZM-OHFHIIC NULL WHIHIL L TELRITUIRD 1
Ay BBHWVE, BOUEEDA - EEETHHIL L TBVW T FVWER A, PyType_Ready () HE!
OO 2 . Mo LE@ e ZofFFITEMTEZ 2013, JBMHD (__add__O DX 5
7) F—ru— FHEETRVWE ERTTT,

by S
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YTRATIZDT7 4 =V RZHEALERA (D, ZOHEFEATERSIN TV IEMHITEREZAH=X
ATHESHET),

F7A4ILE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

BE: tp dict I PyDict_SetItem() Z#{fio7=b., #E C-API THRETZ2DRIEZLE2TEH D £
Ao

& I

descrgetfunc PyTypeObject.tp_descr_get
F T arDRAVET, TARAZYTED get EEEERLET,

B DS 732 F 2 3RDEBHTY

PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject #*type);

HEE:
B ITRALFEZDT 4 — LR EBRELE T,

descrsetfunc PyTypeObject.tp_descr_set
FT2avDEAYRT, TRV T XRDEDBGE L HIFRZAT 5 B ZIR L £55

B DS 732 F 2 3RDEBHTT

int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value);

fEZHIFRS 2121, value 518U NULL ZRELE T,
HEAE:
B TERALTIZZDT7 4 — NV REHEALET,

Py_ssize_t PyTypeObject.tp_dictoffset
BDA VAR ARA Y AR Y ZAEBD A2 IHEED D 256, 2D 7 4 = FIFIFEuDHIZAZD
MDA YRR AT = XEERICBT 24 Y AR ZAERFHENDL 7y PHADET; Z0A 7
v MEIX PyObject_GenericGetdttr() DMEWVE T,

D74 —IVR%E tp_dict ZIREILZWVWEIICLTLEIY; ZHUIEA TV =7 VEBDOEEDER
#HTI,

D7 4 =L RFOEIER XD RKEFIIE, HIZA VRAX Y AEERDOLEISD 71y bERL
F9, EAER L D/NZTFRE A VAR ZAMEERD KE o047ty beRLET, DAY
ty PRSI R MILBIE LS DL DT, £ YRRV AMERICAIZERED DD 2 £ EDOHMS X
X T9, BlZIX, str X tuple DY T XA FITA Y REXVAEROFELBINT 258121, B4
7Ry bREVET, ZOHE. R AFHENERDOA T2 LA TV MZEFATOWIRLTY,
tp_basicsize 7 4 —/L FIZEBMENLFHELZZERICOARTUILRLRN I EITHER LTI W,
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RAVEHFA XD 4 NA DY RAT LTI, MEROREEBICHENESINTWS ZEEZRTHE.
tp_dictoffset & -4 I LRFIUIRD FHA,

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 BX U tp_dictoffset \3HA T 7 F 5D HEN,
ob_size XA YAX VY ApOLMOHEIhET, HMEZIR > TWVW2DIE. BREINTSZEET
DIZ ob_size DFBEMS 12D TT, (ZOHEZHDTITORLEIE-LHD EVA; FTHEIZ
_PyObject_GetDictPtr() 23> T NET, )

kR

D74 =N FEYTRA SRS NETH, UTORAIZHA TSIV, ¥ 744 32047
ty MEEA—NFTAFFTRZBBDET; oT, 77X, FTREFHEEDOF 7y MOEEXA T
CRRRBGEDNDHD T, HEDF 7y MIFIC tp_dictoffset THMPBETRDOT, DIk
FRTEIZIER 572033 T9,

class X CTEZRINIBUZ __slots__ HEDPRL., POHEEXSL TOETIIA Y AR Y AEKEHED
ROWBA, FEEOR Y bEA VYRR VAT =X LA 7Y MEEHRIEML, Ay hOF 71y b %
tp_dictoffset WEELE T,

class X TERINEUT __slots__ BEEDVH25EE. ZOREEREXRA I8 tp_dictoffset %
MAELET,

(__dict__ LWVWOHFIOAR Y bE __slots__ B WBEMLTH, B oRIFHELT, #
WIRELZFBL 2D £9, LIdVWA, ZHUIREK __weakref__ D XS ITBMIN2IETTT, )

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 avDELVRT, 4 VAR AWK EIE L 5,

OB 2B S __init__ O XYy RIS LE T, __init__() FEEE. __init__ O %
MUOHX T, VAR RAZERTEE S, £/, __init__ O ZHEMUIHLTA YA X Y ADHA]
bbb TEF T,

B ODY 72 F v 3 ROEBHTT

int tp_init(PyObject *self, PyObject *args, PyObject *kwds);

self BIBUIHIHL T 24 Y RAZ Y A TF; args BE kwds 51503,
SBBLUF—T— FEIKTY,

_init__ O Z2MUHIFEROALE
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tp_init BED 7 4 —)L D NULL TRWEE, BEOREZMIHTHED A VA& v ZERITBW
T, BOD tp_new BEPA Y AX Y ARIRLELRBRICHEFHEINE T, tp_new DILOBDY 724 7T
RVHIORIZRTIHE, tp_init EEL FFUHINERA; tp_new DTEDOEIDY T XA TDA VAKX
VRAERTEGE, YT RATD tp_dinit BEFHINET,

BIIDr 212k 0 2, =5 —FEpsELy FLT -1 2BLET,
o

B TRATNEZDT 4 = FEPWRL ET,

F7A4ILE

For static types this field does not have a default.

allocfunc PyTypeObject.tp_alloc
FTavDRL Y RT, A VAR ADXE ) HERBEBEIRL £5,

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).
Tk

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
AT a DRV RT, 4 VAR RERBEBREL $5,

B DS 72 F 2 I 3RDEBHTT

PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIER T 24 72 27 P DOBITT; args BE U kwds 5180E. eI & 2OMES]
BBIUF—U—FEITT, ¥ 7XA & tp_new BAEENFUIH T ZWHSBI X [F L TH 20HZT
BVWZERFERLTLEEW; 20HO (HEEAGTIEZRW) 3724 Tz ddbh £7,

tp_new BEENIE subtype->tp_alloc(subtype, nitems) ZMIHLTA TP =7 DX E Y HE%
MR L. #MIEALCHEONIC N E SN2 21TV E S, BRLADEDRLAD LTHHED W
PIIMLALRIE tp_init N2 FIAICEE LRTIUIZRD /A, K0WoHRZE LTI, ZEAGE
BAITIIFIENLIE R T tp_new TITWV. —F. ZEARBERETIXIZL AL OWELE tp_init IZ[ET
NETT,
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R

BT RAAIZDT 4 =L REMELET, HlF L LT, tp_base % NULL 7 &PyBaseObject_Type
1272 2 TV A ENRBITIEMA L £8 A,

TI7#ILbE

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

FTavDRAVRT, A VAR VADRAXEY)BREREIELE T, 732 F ¥ ZTOHED TT:

void tp_free(void *self);

DT AF % e HEHOH 2 WL FIE PyOvject_Free() T,
ik

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement)
T4k

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.

imquiry PyTypeObject.tp_is_gc

F T arvDRAVRT, HAIR=—IaL 7 ZhbBUOBERZB8EEL T,

HR—TaLZRiF, A7 227 F2EIRLTEWRE S 2E2HIANERHD T, @EIT. A7
7 YDRID tp_ flags 74—V ¥ &R T, Py TPFLAGS HAVE_GC 7 5 7Yy b NS THLT
o LL. HBBRTIIFHNCATVHRINZA VY AX A LHNC AT VRSNV AZ VR
PRU > TWT, B EVIRINZA VAR AZFERTEERA, 25 LEAITIR, BEEE
ELRITNUIRD 8 A; BIBUIA VR Z Y APEINAIEEDH A 1 &2, FINTREDEEICIE 0 &
BREDEED FRA, P73 F vk

int tp_is_gc(PyObject *self);

(LRRo k5> BRofld, BA TP 27 FAKRTT, XXX AT PyType_Type 1F. BD X TV FELRH
FRID BN D 2 XA S 272 DI Z OB EER L TVET, )

HE A
P TRALTIZZDT7 4 — NV FEHELET,

T7#ILbE
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This slot has no default. If this field is NULL, Py_TPFLAGS HAVE_GC is used as the functional

equivalent.

PyObject* PyTypeObject.tp_bases
R 5725 X TVTT,

class XCHEBEINT7 TRADGBEZDT7 4 =L KDty FENFET, FHNICERSINTWVWARIOEE
&, 27 4 —JL R NULL 2D £3,

-
ZDT 4= RIFERENFE A,

PyObject* PyTypeObject.tp_mro
BEX A THEZEMLLZEEN Ao TVE X T LTT, BEEFZLTLIHAK2SIEC XD, object
THROD ET, XV v RIRERIERF (Method Resolution Order) (2> Tilfi ATWE T,

i
ZDT7 4=V RFHRINFERA; 74—V ROMEIX PyType_Ready () THEHREFIEINE T,

PyObject* PyTypeObject.tp_cache
REMD7 4 =V FTT. NEHTOAFMESNET,

.
ZDT 4= RIFERENFEA,

PyObject* PyTypeObject.tp_subclasses
P77 FGANOFESBR» 622 VA MTT, NHCHAT 2720721305 DTT,

R
ZDT7 4= RIFMERINET A

PyObject* PyTypeObject.tp_weaklist
CORIF T 27 NI 29/ BR072% VA FDIHTT,

-
ZDT7 4= FiIFMRENER A,

destructor PyTypeObject.tp_del
ZDT 4= RIRBEIEXINE L7z, tp_finalize 2D DICFIHAL TLZ W,

unsigned int PyTypeObject.tp_version_tag
AV FFrydanddy7Fy7Re LTEbRET, WEMEHZ T DD DB TT,

.
ZDT 4= RIFERE TR A,

destructor PyTypeObject.tp_finalize
FTa v DEAYRT, A VAR AR TIHEBERZIRL LT, 742 F v TO@ED TY:
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void tp_finalize(PyObject *self);

tp_finalize DREZINTWBEHE, A VARV RAE 774 F T4 XTHLEIT, A VR TVERHRZ
OB¥E 1 BIFCHLET, IRN=—YaL 7R (ZOA4 VAR YA L MERSBO—HE - 1235
B) ATV 27 PHIWESINZERICH ZOMBUIMCHENET, E5505ATH, ERSHE
WIEL XS T 2ENCPUIHEINSE Z BRI NTVT, HEICA T =7 PHBIEERIREICH 5 X
SICLET,

tp_finalize ZIREDHIIREEZEEFINETED D FRA; o T, BMiThRWI >4 F 74 ¥ %
ELIWIEROFFEPHERINF 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);
VA B 74
/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);
}

D7 4=V (R LEEDEDT) BEEP OIS XK H12, Py TPFLAGS_HAVE_FINALIZE
777y PBRELETNUIRD T8 A

o

BT RALFNIZDT 4 =V RERERLET,
N—a > 3.4 TE.

BE:

" FTY 2l ORI TILE (PEP 442)

BROD7 4 —L P, BRET X FHD~ 71 T3H 2 COUNT_ALLOCS BWERINTWAEEDAFHETE, W
HCHHAT =0 T0HDTT, ZHH6DT 4 —L FIZOWTHERT 2DFHBICEEED-D T, 74
A FFZINEDT 4 — L REHELER A

Py_ssize_t PyTypeObject.tp_allocs
X EVEROEETT,

Py_ ssize_t PyTypeObject.tp_frees
X EVRROEK TS,

Py_ssize_t PyTypeObject.tp_maxalloc
FRFICX EVERTE 2 RARA 7Y =7 MUTT,

272 F12E 701U FREYR— b (object implementation support)


https://www.python.org/dev/peps/pep-0442

The Python/C API, V1) —X 3.8.18

PyTypeObject* PyTypeObject.tp_prev

Pointer to the previous type object with a non-zero tp_allocs field.

PyTypeObject* PyTypeObject.tp_next
RDEBTIZN tp_allocs 74— REROMATI 27 PADKRA VR TT,

F 72, Python D RXR—=yaL 7> a Tl tp_dealloc ZMUHITOREA T =7 b2ERLZAL Y
F720TidR <, EED Python ALy F2d LARVWE WS RICHERLTTFEW, (A 7Y =7 MO
RZRO—MOHE, FEDAL Y FOIR=Y AL I yayiZloTHRREINTLEI b LIERA),
Python API {2~ & AL, tp_dealloc ZMUHFT ALy FidZa— b4 &2 7Y Zua v 2 (GIL: Global
Interpreter Lock) 233 2D T, ZHUIMETEH D FXA, LHALAENS, HRENL XS5 2L TWa A
T2 WBME2D C R C++ 7477 VHRDOA T =7 M ZHIBRT 255, tp_dealloc ZFEHF 2
Ly FOAT7Y =7 b2HIRT 22T, 74 77 VOREL TW A5 DHMNTER LW & 512Kz
JRRENRDHD ET,

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:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

o 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 ().

12.4 BEF T =0 MMEER

PyNumberMethods
COMERIIEER 70 b a2 RET 22D IEDN L BBEANDO RS Y X 2R L TVE T, KT
DFNZHNOEIE BEETO IV (number protocol) TEFEE AT W 2B HETDOEE D & FIH
INET,

DUF I3RS DOER TS :
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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;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

ER: CIEPAR Y SHHEIRE. TARNTOART Y ROREF 2 v 7 LRITIR ST, RELRERER
HLRINUERD ZRA (TAELEBART VY RO—DIFERLTVERDA VAKXV A TT). HL
BZoN7ART Y FITH L TIRENER I R IUR, ZIHBEE e =THRI%E Py_NotImplemented
ZRSBUTNIRLT, MO T -2 5 7HER. NULL 2R LU TS ZE8&E LRI UE7z b
Ao
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AMR: nb_reserved 7 4 — L FIZHIZ NULL THRIFAUIRD ¥ A, DENE nb_long XN TV

T, Python 3.0.1 THHIHEEINE LTz,

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

ternaryfunc PyNumberMethods

.nb_add
.nb_subtract
.nb_multiply
.nb_remainder

.nb_divmod

.nb_power

unaryfunc PyNumberMethods.nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods .nb_absolute

1nquiry PyNumberMethods.nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_lshift

nb_rshift

nb_and

nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods .nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift

binaryfunc PyNumberMethods.nb_inplace_rshift

12.4. BEA T2 U MEER
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binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods .nb_inplace_or

binaryfunc PyNumberMethods.nb_floor_divide
binaryfunc PyNumberMethods.nb_true_divide
binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 Ry TFTF* T U MMEER

PyMappingMethods
COMEERIZY y TR0 b al kB RZET 27 DIfEDN S BEBEIANDO RS R ERELTVET, XU
TD3DDRA U ANZHFHESTVWET:

lenfunc PyMappingMethods.mp_length
Z DR PyMapping_Size() X PyObject_Size() HHAAIN. ZRHERUT 72 F » 2o
TVWET, ATV =7 IWERSNEREIZRLLVEEIE, 200y ME NULL IKRESNZ Ik
BHHET,

binaryfunc PyMappingMethods.mp_subscript
Z O BB PyOvject_GetItem() B £ U8 PySequence_GetSlice() » & Fl H & i,
PySequence_GetSlice() ¥ 72 F ¥ ZFoTWVWEd, TDRAT v MI PyMapping_Check()
21 ZIRTDIIIMHET, 5 TRIFIUI NULL 055035 D £73,

objobjargproc PyMappingMethods.mp_ass_subscript
Z DB IE PyObject_SetItem(). PyObject_DelItem(). PyObject_SetSlice() ¥ Kk U
PyObject_DelSlice() 2 HFIHXNE T, PyObject_Setltem() XU 73 F ¥ 2FHHE LTI, v
IZ NULL Z3E L CEROHIBRS TEEF, TOABy bH NULL OBFEE, ZOF TV =7 META
7T LDRALHIBRZ Y R— Tt LEE A
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12.6 >—T72XF T2 TV MMEER

PySequenceMethods
COMEREY = v R BT a b areEET 3D EDN S BBEIAND KA Y X2 RFEFL TV
£75,

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_item and the sq_ass_iten slots.

binaryfunc PySequenceMethods.sq_concat
Z OB PySequence_Concat () THIFAZN, ML 72 F v 2FEoTWET, Fh, + HETFT
b, nb_add ARy MTXZRUEME 2R L RICHHA S E T,

ssizeargfunc PySequenceMethods.sq_repeat
Z DRI PySequence_Repeat () THIHIZA, LS 7 A F ¥ 2fioTVWET, i, + HATDH,
nb_multiply A0y MIX2BUERFEZHLH L ICHHSTNET,

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 RFRD LI ENET: sq_length Ay FAED LA THWIUE, ZREHEY
HLTY—FT Y RAOEIDBHIEDA VT v 7 A%EH L, sq_item IZIE L £3, sq_length 7% NULL
DEEZ. ATy 7 RAFF0FEFE ZOBBICEINE T,

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
Z DPRRIE PySequence_Contains() P HAMAEH, ALY 72 F vy 2o TWVWEd, DA\ Y b
¥ NULL OEDDH D, Z DI PySequence_Contains() IS Y Iy F 5547927 M2 R
DB FETY—Fr AR KEIL¥T,

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat() will fall back to PySequence_Concat (). It is also used by the

augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_InPlaceRepeat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
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mented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply

slot.

12.7 N\ 7 7Z T2 U MEER (buffer object structure)

PyBufferProcs

Z OREEARIT buffer 7O LIV DERT ZEBEEADRA Y X2 R LTVWET, 2078 b ald,
IV AR=R—=FT Iz bPUMIL T, ZORNET =X 2y a—<4 7327 MTEITDIPEE
HLET,

getbufferproc PyBufferProcs.bf_getbuffer

OO A F I TOED T

int (PyObject *exporter, Py_buffer *view, int flags);

flags THEE I NZTTHET view ZEDTIELWVWE WS exporter I T 2ERZWHLEST, AT v 7
(3) ZFRVWT, ZOBMDOEETIEIUTORT v F2iThbRIFIUIRD THA:

(1) VZ/ZRAMHERT 20MRL T, LRV G PyExc_BufferError %X H L.
view->obj IZ NULL Z&EL -1 ZiRL £73,

(2) EREIN/7 4 =V REREDFET,

(3) T2 AK— b LEFEBERET2NEAY Y 224 Y7 )RV P LET,
(4) view—>obj IZ exporter ZFE L. view->obj A Y7 UXA Y FLET,
(5) 0 BELET,

exporter D3Nw 7 7 7 aNAL XDF 2 4 YV —DO—FTHNUUX, 2200FBRFANMHEHTE
S
e HIJRAR—1t: VI —DREEPLIAR—-PINEZA TV =7 b2 LTRAEEW, HEANOH
LWEI8% view->obj Nty PLET,

e VEALZ M Ny Z7BRBVY—DL—F+ ATz MIVEXA LY FENET, T 2Tl
view->obj [N — A 7T 2 PAOFH LWERIZRD $9,

view DARID 7 4 —)L FiZ /N 7 7i8EFR OFITHAINTED., =27 XKR— F2EEDERITH L
YOS L RTINS0 OHREANK, Ny T 7ERODAZA T OFIcH D 3,

Py_buffer BEHROH L LBML TVWELETOXEVEZIZZAR—RXIZEL, avya—<h0il
RBETHMTRLSTIIRD £¥ A, format . shape . strides . suboffsets . internal {Z3a ¥
Ya—<0bRHAHLEHTT,

PyBuffer FillInfo() &, ®TDY TR MXA TEIELLTLI BRI, Bilizg A4 by 7 7206
AWML ERRAL £ 9

PyObject_GetBuffer(D &, ZOBBES v FF2aryya—<MEIDAf VX7 2—RX T,
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releasebufferproc PyBufferProcs.bf_releasebuffer

CORBDY 73 F X ZUTOEY TF:

void (PyObject *exporter, Py_buffer *view);

Ny 77DV Y—RAZ2HBT2ERZUH LT, bLEARTIHLEDDH 2V Y —ABRVIEGE,
PyBufferProcs.bf_releasebuffer & NULL IZLTHHWVWERA, 25 TRVWEEIX. ZOHEBD
AR 72523803, DIT DEE OB FIE (optional step) Z1TWVWE T

(1) =7 2K — b+ LEERERHT 2NEHI T 22 F 27U AV P LET,
(2) AT &0 DHEE. view ZHEMNIT SN2 TOXEY ZEHRL X7,

ITAR=RIF Ny 7 7EEHDV Y —REEMHUET 272DIC internal 7 4 — REELRITHIX
BODFERA, TDT74—LFIiE, arya—<h view 5 LTAHUIFILDONYy 77 Dav’—%E
LTWBTHASM. BOLoRWI EBEIEENTVETS,

ZORBUE, view->0b] 2T 7 VXY P LTIRWIREA, BRELRDLEZNI PyBuffer Release() T
HENZTDN 205 TT (ZOARBBHROMERZF < DITHATY),

PyBuffer Release() . ZOM%E I v 323y a2 —<MAIDA YR T7 2 —ATT,

12.8 async 772 7 MBEK

N—Ya ¥ 3.5 TEM.

PyAsyncMethods
Z DREERE awaitable 7Y =7 b ¥ asynchronous iterator 7Y = 7 h BEET 2 DI HE
BANDORA R ZRFLTOET,

UM 3SR OER TS :

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

OO A F Y LT o@D T

PyObject *am_await(PyObject *self);

BRENBZA T2 VEATVL—FTRINEEDERA, 2FD DA T2 Mz LT
PyIter Check() 3 1 BRI RIFIUIZD FHVA,

F T 27 b awaitable TRWIGE., ZDOAXTy % NULL ICERELET,
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unaryfunc PyAsyncMethods.am_aiter

CORBDY 73 F X ZUTOEY TF:

PyObject *am_aiter(PyObject #*self);

awaitable * 72 2 7 P EIBRX I NERD FHA FHFLWIZ 2IX __anext__ () ZZLTLZX W,

F 7Y 27 MHFAPKELEDO e FarEFHEL TOWRVWES, ZDAB Yy b NULL IZEE L
i\j—o

unaryfunc PyAsyncMethods.am_anext

OO A F I TOED T

PyObject *am_anext(PyObject #*self);

awaitable 7 7Y = 7 PRI ZIFIEIED TR A, FHFLWVWIZ X __anext__() 2L T ZX W0,
ZDOABy MINULL KRESNTVWEZdHD ET,

12.9 Slot Type typedefs

PyObject * (¥allocfunc) (PyTypeObject *cls, Py__ssize_t nitems)

COBMBOHNE, X EVEREXEVNEL2O DTS 28 ICHD T, ZOBRE. A Y RX
YAHDWREIRY A R, WYIR T T4 XY b, ERICX2HEUED 7 XA, ob_refent & 112,
ob_type ZHIBI#L (type argument) Ity F L7 XEY 7By JADKRA VX ERIQIRD g8
Ao BID tp_itemsize MERTRWEES, A7V 27 D ob_size 7 4 —/b Ri& nitems \ZHIHHELX
N, WHRINEAEY 780y 7 DEXIX tp_basicsize + nitems*tp_itemsize % sizeof (void*)
DEREID B EICR 2135 TT,; 2h B OBE. nitems DEIEDLNT. XEV TRy 70K
XX tp_basicsize IR BIET T,

ZOBBTIIMDO VIR E A4 Y AX Y APEEBIT-oTE R D FHA, BMOXAEVEDHHTTSD
ToTERDFERHA, 2D LS HRNHEIX tp_new TITHONERETT,

void (*destructor) (PyObject *)
PyObject * (xvectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
ject *kwnames)
See tp_vectorcall_offset.
Arguments to vectorcallfunc are the same as for _PyObject_Vectorcall ().

N— g v 3.8 TEM.

void (*freefunc) (void *)

tp_free ZBRL T IV,

PyObject * (xnewfunc) (PyObject *, PyObject * PyObject *)
tp_new ZZMLTLZE W,
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int (*initproc) (PyObject *, PyObject * PyObject *)
tp_init ZBMIL TSI,

PyObject * (xreprfunc) (PyObject *)
tp_repr ZZMWLTLZZ W,

PyObject * (xgetattrfunc) (PyObject *self, char *attr)
ATV bORBREOEZIRL T,

int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
A7V =27 FORBMICEZREL $5, BHEZHIFRS 51213, value 51802 NULL Z3%EL £7,

PyObject * (xgetattrofunc) (PyObject *self, PyObject *attr)
F7Y 27 b OREEDEZRL ET,

tp_getattro ZBML T E W,

int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
F7Y 27 bOBEHICEZREL £, BEZHIBRY 2121d. value 518UC NULL Z&EL £9

tp_setattro ZZMRLTL7ZE W,

PyObject * (*descrgetfunc) (PyObject * PyObject *, PyObject *)
tp_descrget ZZML T ZE W,

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
tp_descrset ZZMWL T ZE W,

Py_hash_t (*hashfunc) (PyObject *)
tp_hash ZZRLTLEZE W,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
tp_richcompare B L TL1ZE W,

PyObject * (xgetiterfunc) (PyObject *)
tp_iter ZZMMLTLIEI W,

PyObject * (¥iternextfunc) (PyObject *)
tp_iternezt ZBML T E W,

Py_ssize_t (¥lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py buffer * int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (xbinaryfunc) (PyObject *, PyObject *)

PyObject * (xternaryfunc) (PyObject * PyObject *, PyObject *)

PyObject * (xssizeargfunc) (PyObject * Py _ ssize t)
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int (*ssizeobjargproc) (PyObject * Py_ssize_t)
int (xobjobjproc) (PyObject * PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 fERAH

Z ZTCiZ Python ORERDEHHE LB Z WL DDEFE T, 206 DN D 7270388 3 2 Hamry 22 A 5
EEATOVET, WS OPDRITE M) v F—Ra—F—r—XEHEHELTVET, &DZL DOHILHEENR
HH. F2— b 7ADRBER S, defining-new-types % new-types-topics SR L TL 72X W,

EEAH) 75 FR R

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

};

IO EROETEHAWEEVWa— K% (B2 CPython ®a— FR—ZXHT) RPI23 22035208 L
NEHA:

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /¥ tp_getattr */

0, /% tp_setattr x/

0, /% tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

0, /* tp_getattro */

ROR=STEER)
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(RIDR=I D5 DREE)

0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */

"My objects", /* tp_doc */

N
*

tp_traverse */

N
*

tp_clear */

NN N
* %X %

tp_iter */

S
*

tp_iternezt */
tp_methods */
/* tp_members */

S
*

S
*

tp_getset */
tp_base */
tp_dict */
tp_descr_get */
/* tp_descr_set */

NN NN N
* % * % %

tp_init */
tp_alloc */

O O O O O O O O O O O © O © o ©

S
*

myobj_new, /¥ tp_new */
};

tp_richcompare */
tp_weaklistoffset */

tp_dictoffset */

SEER. A YRR VAFEE, Ny T akPR— T

typedef struct {
Py0Object_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 = "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
.tp_richcompare = PyBaseObject_Type.tp_richcompare,

(hashfunc)myobj_hash,

};

Y775 22T, 4 VARV RABRERT 2 DIECHERZ WL

(o%b, Hlor 77 by —EEENRS

12.10. fERAA
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HIRBEDHZ) str DY 727 F R

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = "my custom str",
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,
3

b o b HMLEHIE (BERDA Y A&V R):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",

};

b o HEMREHNE (AIERA VXX 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 *),
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12.11 BRERAR—2OAL I3V R—+T3

Python MEERZBREELIR—Y DM aL 7> a vy EYR—-bF21ZEF, oA 7P =27 M3 3 7
VISP (WO T2 s MDY FF L EHET) LRBF TV =7 M KB %K FABET
T, DA TV 27 M TRBRERBELARVA 7D 27 b, (BUESXEIND X5 7)) 7 b 8 (atomic
type) NDOBIZT RFET 2 L RBTIE, IR=yaLrrya yZBLTRIlZh Wo ke R— &g
T 2 HEEH D £ A

VT FEIERERICE, BATI 2 VD tp_flags 74—V RIT Py_TPFLAGS_HAVE_GC 7 5 Z'W3L - T
B, tp_traverse NV FI7OFELREZRML LTI LRD A, ERTIHOAL VAKXV AHLEHEATRER
BEd. tp_clear OEEDRBAAL TR D FH A

Py_TPFLAGS_HAVE_GC
D75 0%y FLEROA T 2 M. ZOHEICHRANRANGEE LRI D 8 A, fiE
DH, ZO75 7%ty FLEMOF TV 27 v ear T F ATV P ENRLRE T,

a7 FHOar A Z 7 ZFUTOZOOHANGEE LRFIUIR D A

1. ¥ 73227 PDOXEVIE PyObject_GC New() E£7:1& PyObject_GC NewVar() THEMRL 2T UL
DEH A

2. MDAy FFADSHEPALZ LD LABRVT s — A B2 THHtans, T
PyObject_GC_Track() ZFFMH S RITAUIRD 8 A,

TYPE* PyObject_GC_New(TYPE, PyTypeObject *type)
PyObject_New() WL TWE T A, Py_TPFLAGS HAVE GC Dty v EN/zav7F+A+A7 =7 VH
T3

TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
PyObject_NewVar () WITWE T, Py_TPFLAGS _HAVE GC Oty b&NjzavrFA 7= b
HT3,

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
PyObject_NewVar() DHERLZATI 27 VDXEVEZ VA XLET, VIS XEINEATI 2D
FEIRLET, KBTS E NULL ZIRLE T, op lFalL 7 XIGEMINTHTIERD TR A,

void PyObject_GC_Track(PyObject *op)
FATIL T b op k. ALIZRIZEoTGEMEINZ ATV 27 POESITEMLE T, a7 X
B OPIEFRTERVOT, BIFXATVWARIEA 7Y 27 MEIELWIRETORIFEZRD £8
Ao tp_traverse DXRERZETDT 4 =V FEPIELWIREBIZR > TF IR, Z0TWiEa >y A b
77 ZDOREMET, MOIHITRETT,

FIERIZ, A 7P 227 FOXE ) MBS T O o0HANGES LT il h 8 A:

1. hoa>y7F%2SBBLTWSE 7 1+ —)L N2 T BH1IZ, PyObject_GC UnTrack() ZWOH X421
IR D FH A,

2. A7V 27 FDRXEVIZ PyObject_GC Del () TR LTI THA,
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void PyObject_GC_Del (void *op)
PyObject_GC_New() % PyObject_GC_NewVar() %ffio THEREINT=XEV ML FT,

void PyObject_GC_UnTrack(void *op)
FATILT b op k., AL RIZKSTERNEINDZ AT 27 POEAPLRELET, 2047V
7 MIZH LT PyObject_GC_Track() ZHEMIH LT, BHFINI2A TV 27 POERITRT L
HAHET T, tp_traverse NY RTDMRLIIRSE 7 4 — L FEDVIEL L BRWIREBIZR A1, 771
r—2& (tp_dealloc NV FZ)3A 7T =7 MTHL T, ZOBBZMFIEIRETT,

N—Y 3z 3.8 TEHE: PyObject_GC_TRACK() ¥27 1 ¥ _PyObject_GC_UNTRACK() ~ 7 mix/nBi C API
oI NE LT,

tp_traverse NY RIIEZDBRIDEENRT X —REZITWMD £3:

int (xvisitproc) (PyObject *object, void *arg)
tp_traverse NY RTINS LY X —BI# (visitor function) ORITF, ZOREEUI. KT 24
T2 M object ¥ LT, tp_traverse N¥ FI D 3 5% arg & LTHFUH L 3, Python
DATIENLDOPDE I X —EHEHo T, I hoLBERSRERE T 2HATEEL £7;
I—FHREHEDDICTL X2 ELENIHTL S LIERWTL £ 9,

tp_traverse NY F ZIIROFZFE-> TWRIFIUIR D £HA:

int (xtraverseproc) (PyObject *self, visitproc visit, void *arg)
AVTFATI 2T P DD b T N—HILBIEL (traversal function) TF, FEETIE, self ITEHE
A2 TWVWEELTTT =7 M UT visit Bz O R TIUIRD TH/A, DL E, visit ~NDS
FRARFAVTFRAS>TWVWEEA T2 b, ZONY RZWZEINT arg DIETT, visit BIEK
W NULL 4 7Y = 7 b Z2FIECEL T LTERD 8 A, visit BIELaOlEERETHE, =7 —
PREEL, ROEZZOFEFRTIICLATFIERD £H A

tp_traverse NY K 7 BfHERICEL 22, Py _VISITO <~ 7 uiRtEhTnEd, Zo~vrnzfis i
DITIE, tp_traverse DEEMDTIBUZ. —XFHEDT visit £ arg TRITFIUIRD FHA:

void Py_VISIT(PyObject *o)
0 3 NULL TRIFIUZ, 0 & arg BT LT visit a—NAnNy 272 ROH L E T, visit ¥R TRW
ERR L7256, TOEEZRLET, ZO~7u%2ffis L, tp_traverse NY R ZIERD X STk
3

static int
my_traverse(Noddy *self, visitproc visit, void *arg)
{

Py_VISIT(self->foo0);

Py_VISIT(self->bar);

return O;

tp_clear N F 13 inquiry BTH 20, A 7Y =7 POAZ (immutable) 72355 1E NULL TR Uiz
DEEA

int (*inquiry) (PyObject *self)
ERZRZERL T2 e BIILESHRHMELRELET, ZEAARERA 7Y 27 P IERZR %
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EHEERT 2 ZeDRLTRVOT, ZOBBEZERTILEZIDD EHA. ZOXY vy FEIFY
HLZABTH AT 7 PVIBENREETRINERLRVOTERLTLZZ W (BRITHLT
Py_DECREF() ZWERIZIFICTLIRNT K EE W), AR=YaL 7 RE, A7 7 PERSRE BN
LTWB I EMHLZBICZOXY v RERUHELET,

ZHR—FT3 287
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%

THIRTEEN

APl £ ABl O/N—>3=>4

PY_VERSION_HEX (. Python O N—3 a VY HEEEH—DBEIHELLIZdDTT,

il 2.1¥. PY_VERSION_HEX IZ 0x030401a2 DSFHEXNTWAUE, ZDMEZ TN X SI1232 ¥y FOfEX LT

Wo22T, XN=VavBEREBLIIENTEET:

bytes

1 1-8 PY_MAJOR_VERSION (3.4.1a2 H1® 3)
2 9-16 PY_MINOR_VERSION (3.4.1a2 O 4)
3 17-24 PY_MICRO_VERSION (3.4.1a2 H1®D 1)
4 25-28 PY_RELEASE_LEVEL (7 /L7 7 iR Tl 0xA. R—KRTIX 0xB. VU —2R
IR Tl 0xC. & L TIHRAKRRIE 0xF). ZOflTIE 7 L7 7 iR EK L
TVETD,
29-32 PY_RELEASE_SERIAL (3.4.1a2 H1® 2, &V YV —ZATiL 0)

i€-> T, 3.4.1a2 I hexversion T 0x030401a2 T3,

s d= 2 vid Include/patchlevelh TEZREZINTVWET,
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8%

>>>

2to3

RAsE&E

ARSI IT 4TI INIBITBT 7 4L bD Python 70> 7 TF, A VR TVRTA VRS
T4 TWEFENSZ - FHTISHTEET,

RDHDDVEZHLNF T

o AVERIIT4TIINRXBVT, A VT rENa—FTry 2, WMET3EEDXY D XF
o LRI, AFEIL, BRI, =HS A/ oW, Tar—& -k, a—-FZ2ANT 3
WRRENST 7 4L bD Python v > 7 T,

o HHAABDER Ellipsis

Python 2.x ® 23— F% Python 3.x O — FIZEHT 2V —LTF, Y—RaA— FZ@EHLTEOM
WiAR%Z K[\l (traverse) 35 Z & THRHITE 3. IEABMEO RIS 2L £3,

2t03 IIMFHES 4 7Z VD 1ib2to3 & LTHMTE XY, BEEDY - L LTOMEAZZX 2V S+
Tools/scripts/2to3 & L THRMEEE N TV X F, 2to3-reference ZZMML T I\,

abstract base class (IREE Y 7 R) MRRIE S T R duck-lyping 2T T % D DT, hasattr() R ¥

DHDT 7 =y 7 TR PNRBIFTH o7 D Wi 5 (Bl 21 magic methods DHE) HEITA ¥ & —
7 r—ARERTDHERERML FF. ABC I3 (virtual) 727 7 RA2BALET, THUIEY
TAMOLMHERLFERAD, ZNTH isinstance() X issubclass() ICFEMINET; abc TV 2 —
ADEFa2XY ESBLTLZEW, Python 121, £ DflAAA ABC BEIEATVWET, Z
DIRIF. (collections.abc €Y 2 —/LT) 7— XHiE, (numbers £ 2 —/LT) K, (io EY 2 —
JVT) APV —24, (importlib.abc €Y 2 —T) A Y KR—F 774 VXN B —X—T7, abc &
Ta—NZHHLTHED ABC Z21ETE %7,

annotation (7 /7 —>a ) ZR. 77 RN BBOD RS X —ZPREDECHERT 2 7T, HEEIC

D type hint &€ LTHEDODRATVWET,

O—ANVEBDOT ) 7= a VIFFTRIE T 7 ATEERAN, Zu— LB 77 AEME. B
Bo7/)7—ayidEhzhE®d a—L, 75 R, BBOD __annotations__ FFEMICHREFENT
L\ij—o

MEEDFRIAD B 2 variable annotation, function annotation, PEP 484, PEP 526 &ML T 72
2V,

argument (E5E) BEEZFFCHITERIC, B (2 XV Y R) IKESETT, ElBCX2@8EH D £

291


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

The Python/C API, V1) —X 3.8.18

o F—TU— 5% BBMECH L OBICEIBDORNCHEB T2 DWWz b D (f: name=) R, *x ITHil}
IEHEOHOEE LTHEXNLTE flZIE. KD complex() DFEFH L TIE, 3 & 5 29%F—
v — F5lETs:

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 53})

o fIBSI: ¥—v— F5ELUAD5H, METIBIITIEY XA P OFFICHES ZeHTE, $h* 12
WelF 7z iterable DBERL LTETZENTEET, HlZIX. ROBITIX 3 & 5 3 FHAEST I
T3

complex(3, 5)
complex(*(3, 5))

FH BB OEKIC B THEIT E D — A AVZRICHID Y TohE g, DL TEZTSHANTON
Tk calls ZBRLTLEE VN, VX ZRARBOVTEFFERTLDIHLW I M5 Z el
RET, FHBEhfHIe - VZERICE DL THNET,

REIE . FAQ @ EBIE ARG IBOBE NI TTH? . PEP 362 2SR L TLZE W,

asynchronous context manager (JEFEAa > 7F X b= —I %) __aenter__() & __aexit__() XV v
FZEHKT S LT async with XNOREZEHT 247222 T3, PEP 492 TEAZIIE
L7z

asynchronous generator (JEEHAY = L — &) asynchronous generator iterator % iR 3BT 3, async
def TEFEI NN —F VEBUZBTOE T2 yield REFOHRTHERD £3, yield Rid async
for M—7THATEZ 2HDOW I ZENRT 2 DIMHEHEINE T,

EEFIERAY = 2 L — 22 L £ 305, WRICK - Tid IEREBS T RL—21TL—%& 257
BEnH D 5, BERENLEERIHL»TRVWGEE, AR LD/ DI EER AL 3,

JEFHAY = 2 L — X EARICIE. async for XX async with X7} THL avait RdH 22D
DET,

asynchronous generator iterator (JEFHAY = 1L —& 1 7L — &) asynchronous generator BEITHENR Eh
5% 7Yz FTT,

ZHE, __anext__ () XYV v FEMH o THUEH XNz L ZIZ awaitable A 72 =7  ZiIRT asyn-
chronous iterator TF, Z® awaitable 7Y =7 M, XD yield XEF TOIFFEIAY = 2L — X
BOREZFEITLE T,

yield 12 27202, ZDNMBETOEITIRE (v — I VAR FIRED try X) WHIZ—EIEXh
¥, _anext () TRENMHD awaitable 12Xk > T RIS TR L —F2 1T L —42 PERICH
MXxhi-rx, B LEEFRZERELE T, PEP 492 BXU PEP 525 2B LT 77X,

asynchronous iterable (JEFI#IA 7 5 7)) async for XOFTHHTEZ2 47227 + T3, HHOD
__aiter__() XY v M, 5 asynchronous iterator iR X213k D ¥ A, PEP 492 THEA X
NE L7z
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asynchronous iterator (FEFAA 7L — &) __aiter__() & __anext__ () XY v REEELLLFTY
=27 bTT, __anext__ & awaitable X 7Y =7 P RIBRIRINIEZD £H A, async for &
StopAsyncIteration 4t XM § 2 £ T, JFEMA 7L =KD __anext__() XV v FHRT
awaitable Zf#R L £3, PEP 492 TEAINF L,

attribute  (B1E) A7y =27 MicBEMITI SR, Fy PRERNIC k> THATTSREINLETT, FlRIE +
Tz b o BEN 0 BFEoTWBEE, ZOEMNZ 0.0 TSHREINE T,

awaitable (f#f%RIHE) await X CTHHT 2 PR 2 A TP 27 FTF o coroutine 2, __await__() X
VY RRDHEZFTT =2 P TT, PEP 492 22U T ZE W,

BDFL AL XK EMEE (Benevolent Dictator For Life) DI§ T3, Python OfE#, Guido van Rossum
DI LTI,

binary file (VN4 FV 7 7 A bytes-like 7T TV b DiRARAABLIUHEZRAANTES T7AILAT
JIVb TE, N FV T 7 ANDFNE. N4 FVE—F ('rb', 'wb' or 'rb+') TN T 74
)b, sys.stdin.buffer . sys.stdout.buffer . io.BytesIO X gzip.GzipFile. DA Y A X VX
‘t\\\j—o

Str ATV 2 POBABEINTELZ 77 AN0FTY 27 MTOWTIR, text file BB TLIZE W,

bytes-like object /N 7 7 70O kL (buffer Protocol) ¥ K— b+ LTWT, C SFEDEKT HifiL /2
contiguous Ny 7 7 —ZHIEAIRER 4 7' = 7 b, bytes, bytearray, array.array ®. %< O—fi%
7% memoryview 7Y =7 PR ZAUTHTD FF, bytes-like A 7Y =7 M. T —XEHME. NA T
V7 7 ANNDRIE Yoy MERHULEERY, N FVF—=REERT 20505 REBECHH
THEIENTEET,

BODPDIEETCEINAFV TR 2EETHHENDHDET, ZOREOFFa X PTIEEL 7 H
AEETRER bytes-like A 7V 227 M WCERLTVWET, ZEEARERANNY 77— 7V =7 M
bytearray ¢ bytearray @ memoryview REDEZENE T, F/o. OO OBRIETIIARELA
TV FADNRAF YT =& (? Hist LERAD bytes-like £ 7Y =2 ) ZRELET, £
bytes ¥ bytes D memoryview A 7Y =7 MOEZENE T,

bytecode (N4 b 22— F) Python ®Y —2Za— Fi&, Python 7127 4 ® CPython 4 ¥ & 7V X DNEL
RBTHZNAL ba—FAtary M LEhEd, N4 ba—FiE .pyc 77402 F vy v a2 Eh,
FL7 7 ANDPEHIZETSNZ L ZFEDEEIRDET (Y—RA—F2oNf Pa—FANOF
FEoary 4 VidEhE#EhET), 20 ” PEEEE (intermediate language)” 13, &4 D4 Fa—F
WHISS 2HMEEZFITS 2 REYS Y TEMET 2 WA %9, HEELQERL LT, N Fa—Fi&
%72 % Python fREE~ > VM THEIEST 2 Z 2=, Python VUV —RXMTEETH 3 Z 23 hTw
FE A

N ra—Foma—EiE dis EVa2a— 1 ZHDFT,
callback (a—nNy 7)) KRODZRRTHEITSNDTDIT5 B e LTHE 5B

class (7 7R) 2—HF—ERA TV =7 FfT272DDT T —FTT, 77 AERIEE, ZD7
TADA VARV AL DR TR v FOEREEHET,

class variable (27 7 RZEH) 7 7 A LITERSN. 7T ALNLT (DFD, Z7F7ADA VAR YA TR
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LIZ) ZEHEINZ I ZHNE LTWBRERTT,

coercion (BUs#i]) W URID 2 58S HEORTIITON S, H2HDA Y A2 Y ZADFIOTRIADIEERD
ZHC 3, PIZR, int (3.15) B/ NSRBI BR 3 1AL 5, LA L 3+4.5 TE. #5lEUZ
BUMERZL D (— O3B — D3R E/ MR INE %2 3 2 AN A U BN AT 2 7217 4UE TypeError
BN o E T, BB o720, TXTO5IHIE. 72 AEHRLAITHH-TH, HIZ 3+4.5
T3 < float(3)+4.5 L W5 K51, Fu I = =R CRICERLL 2T £ A,

complex number (HFEE) L<HMOENTWBEREBRZINRL 2B DT, IRTORIHEE L EAROME LT
REINF T, BRIIEBHN (-1 OFHR) ICE BT DT, —RIEETIR 1 L EFErN, TH¥
T j eFE,NE T, Python FERBUTHAAATHIE L, BEOKLZM > TWET, BEIZKRE
2§ O TEEET, HlZiF 3+1j TY, math Y 2 — L OEFRHIREFIH T 5121, cmath % fifi
WE T, BREOBHIE D BELRBYORRETT, DEMEEZEURTIUR, IZMEWR B L
TLE->TLWTL & D,

context manager (Y7 FAbP¥A—I %) __enter__() & __exit__() XY v FEEHRTSZ LT with
XHNOERELZEHT 247227 +TF, PEP 343 2B LT 230,

context variable (Y7 ¥ X MEH) a2V 7T F A MIKF L TRRZSEZFOLEE, ZHUE. H2EBDMED
BRADETAL Yy RTREDVEZAL Yy FE—ALZA ML —=YRETVET, LrLaryTF2 MEH
T 1 DOETAL Y FIQWLKD2Da Y7 F R MH DA, v 7 F R NERO LRI
JEFEA R 2 7 DEBDBY T, contextvars SR L TL 72X W,

contiguous  (BE#%. i) v 7 7 BEEIC C-8#t £7213 Fortran ##t TH25EIT. ZD Ny 7 7 135#
MLTWVWRLAREET, TuRTAY 7 71d C @ TH D Fortran #HETT, —RITOHEFITIZ,
%@%%@M‘TX BV L THEST 2 X5 CEHEZ N, REFLEDPHMBEDEZ T EF THT E

ZRtD C-H#fRZ A TIZ, XEV 7 FLRIEICER 2K 2 BRI RE DR THRINIED %
0)&:5(1 L. Fortran @it 2 A% TIEXBRAI DR A FORMNCEN & £ 3,

coroutine (AN—F ) a—Fr@FIITN—F DI —BNLREATT, 71 —F B3RO
HErBAD, HloRD s MEr B ET, aL—F VIZIZZL DA BRMIA» B A5, 5. H
S22 eMNTEET, IL—F Vid async def LTEETEZE T, PEP 492 2L T 22\,

coroutine function (2N —F YBE) coroutine A 7Y = 7 MR RTEBTS, a1 —F BEIE async def
NTHEEXN, await, async for, LU async with F—V—RFZHEOZeHEKRET, Zhbid
PEP 492 TEAIIE L,

CPython python.org THMF XA TW3, Python 7025 I v/ SFEOIEHEN TS, "CPython” &
WS HEEIX, ZDFEES Jython % IronPython ¥ W\ o 72fhd 524k ¥ XIS 2 HEHE 3 A ICHH X
nEI,

decorator (7L —%&) IO Z RS BEIELT, #MH. Qurapper M TR A i L CGHEAENES, 72
L — X O— &AM, classmethod() & staticmethod() T,

TAL—RDOEE S VR VAT 2l —TF, XD 2 OOBBERIIEHRWICA TS DT :

def £(...):

f = staticmethod(f)

RDOR=I 1% L)
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(FiDR— 25 D %)

@staticmethod
def £(...):

F U2 ZRACBHFIELETH, HDEDEDLDNELA, 7L —RIZOWTHLIE, BBGER B
IV IRER ODRFa XY FE2BRLTIEE N,

descriptor (FRAZ VT X)) XYV v K __get__(, __set__Q, H5E __delete__() ZEZRLTWVWEAT
VIV bTT, BB TABUENTAZ VTR THE L x, BERRICK - T, JEIh T3R5Ik
EENPEC SN E T, EH. get,set,delete D/zdIZ a.b 2 EL L, a DI TRAFHFENTAH IV =2
FOERBLESTD, b BTAZ Y TR THNUIZNTND TRV TRV v RBPMEUHEINET,
TRV XD, Python ZPRHE T2 FTHE LD ET, 2 WVWODIE, 7RIV TSR ZH,
B, XY o R, TrXT 4, JIRAXY 9 R, XV Y R, ZLTRA=7 FRDBRrVWo72%
 DIERED IR0 6T,

TAZYVTEZDXY v RIZBLUTFEL I, descriptors ZZH L TL 72X W,

dictionary (#¥F) EED ¥ —ZEIH T ) 2 HABEH|TF, __hash__ () XV v F& __eq () XV v
ERELMEBEOA TV 27 F2F—IZTEE T, Perl Tld vy > 2 (hash) eI TVWET,

dictionary comprehension  (FFEHMNTLIKGL) iterable NORTH 2 WIE—HOERZ UM L T, ZOHR» 5
RLZFEFERRTa AT M EESTT, results = {n: n *x 2 for n in range(10)} ¥ 53
. F—n ZfHn *x 2 TN 2EEZERL £3, comprehensions S8 L TL 72X W0,

dictionary view (&t 2 —) dict.keys(). dict.values(). dict.items() 2R FTA T =7 M TT, &
HOHHO#FN B 2 — 2R L3, bbb, HEPLHIN v a—3Zhe kML 3, &
FEL 2 —ZmilNcEeR Y X ST 5121d list(dictview) ZHEALTL 72X W, dict-views 2%
L TlZaw,

docstring 7 7R, B, EYV 2 - NORYIORTH 2 XFHNV TV TT, ZDRAA — b DETRICIIE
MENETH, arv L FR2E->THAlEN, 20772, B £Y2—1D __doc__ BMEELT
RESINET, AV bRARZ Y a Yy TES Gl B LTBRTE3) OT, A7V DR
Fa Xy haEENLRIGITY,

duck-typing 247V 27 bHBELWVWA VX T2 —2A%F> TVWEDPERETZ2DCA TV =7 F0Rl%E
Ranwrnrs Iy 72240 TT, bbbz, Bl AT7Y =227 FOXY v RRBIENFXNZD
Hbhzh LET, (TeADISCRAT, 7eADXSCBITIE. ZhE 7L THS,1) 1
272 —RERMIDEHRTEILT. LFELTFTHFAvENTa—RE RVE—T7 1 v 7 RRELEH
LTEBEErM EIEET, Xy 7 XA Y7 type() X isinstance() WX X 2 HE LT F I,
(Fe72U. B 2240 % HMRERI SR TMRETAIHTEET, ) 2ofb b, WA
hasattr() IS EAFP 7n7 oI 7%2FHALET,

EAFP T[GBR]%Z X 2 X D FF L %55 /IDA S (easier to ask for forgiveness than permission, ~—7 14 —®
EHD ) OBETF, 2O Python TIAL bl TW3a—7 4 Y 7 AXAVTIE, WHEITEMNRF—%
BUDNFETI2DDLREL. ZORENE > TOEGEHNERHIEL 25, ZOBETTFEIET
523—F 4 YTRARAMIE, try XB LV except XD SADZDPRHHTT, ZDT77=v 7
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3. COXIRBFFH/ETELMEDNTVWSE LBYL AZ AL ENMRNL S DTY,

expression (R) ML DELFHEX NS, —F L £ H DX (a piece of syntax) TF, Wz 5, it
V7o, AL BT 2R, HETPEETCH LRE, 2RI ROEROEARENLTT, o
Z < DFFELEV, Python TIEFFEDOLTOMBERIN L VI DLIITIEH D £HA, while DK
W RELTRERABRW X $HD FF, KABKTIRRIXTT,

extension module (#EIREY 2 —1) C R C++ THEINLEY 2 —L T, Python ® C API ZFHL T
Python a7®a—#—a—-FeRhehLET,

f-string 'f' X 'F' DB WIEXXFHN) T I E fstring” 2RI, U T 4 —7 v MEAES)
V77N OFEMIEO/MTS, PEP 498 3L TL X W,

file object (7 7 ANLA T 227 b) DY Y —ZAD T 7 £ L&Al API (read() X write() XY v K
ZRODD) ZREALTWE AT 27 M TT, 774037V 27 NI fERE N FEITL 5T,
FEBEOT 4 R LD T 740, ZOMDEA TOR ML —=IRBET AL R (FIZIX, BEAHT,
AVREYRNY T 7, VTv b SAT F)ANOT7 I LRZHENTEET, 774047222 M
file-like objects X streams & HWMENF T,

T7ANE T 27 MBEBRICE 3IEEOLDEST: O NAF)—=T 714, Ny 7 7&hiz N\A
FU=T7A4), ZLTTFALT77A4IL T, /A YX—=T7 24 A& io EY 2 — L TERINLTWV
¥, 77 ANT TV 20 b BAEBEHENRTTIEIE open() BB EM S Z 2 TF,

file-like object file object ¥ [AFE T,
finder (774 VX)) A YER=PEINTWVWBEI 2—1LD loader DEREFRITTE2A T =27 F T,

Python 3.3 T 2 D 7 7 4 Y X3 D $9, sys.meta_path TR I NS meta path finder
¥. sys.path_hooks T XN 3 path entry finder TT,

A OWTIEZ PEP 302, PEP 420 83X PEP 451 2B L TL X W,

floor division —FIL\WVNZWEEENTALD B BEERRE, floor division HEETFIX // T, Iz 11 // 41%
21272, float @ true division DFER 2.756 LB £3, (-11) // 41% -2.75 & INSVAHIC AL
DBEDT -3 1225 LITHFERLTLZEXW, PEP 238 2L TL 72X W,

function (BI#) FEOVH LANCEZ RS —HEOX D Z & T3, BBUSIZ 0 LD E5|8 2T 2 LR %
T EEOETRHITT B2 RS2 Z e BHR T T, REIE. XV v R, function ZBHL TS,

function annotation (BI#(7 /7 —3 a2 ¥) BIEID T X=X RRDED annotation TF,

B/ 7—>aid, @EEEEYE of-dfbhEd: FlE. ZoBEEE 2 20 int o3|
e e HFEh, £7 int BIORDEEZFO LIRS TVE TS,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a v OXER function OFI TG INATVWE T,

HERED AN B 2 variable annotation ¥ PEP 484 &ML TL 72 & W,
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_future__ HEEHORWHIRSEMEEZIREDA VX ) X THEMIT 201707 < hHHT
AEES 2 —NLTF,

__future__ Y 2—/L% import L TZOAERZFMTIUX. FiRBESHID BN NzD050»
DT, WOFMET 7 4L FOKREICR 200D 3

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (A R—yaL 7y ay) ZAlBEEONS Z 2 DRWVWAEY 2T %I T S, Python
F. ZRAT b, ERSEEMRE LB T 2RI —YaL 7 X effio ThHR—YaLryay
EIIOWET, IRN—YaL 7 Xid gc BV a—Leflio THRIETEXT,

generator (¥ = L — &) generator iterator %R 3BT, WEOBEBUIBI TV E T2 yield XzHfo
MTEZDET, yield i, for V=S THHATELD, next() B THEZ 1 >FOWMHELAED
TE%, EOW U EERT2DIEHINET,

WY 22— XBEBERLE IS RCL->TRE PxRL—FATL—% 27581 HD %
T, BRISNLEE®RIH SN TRVWEGE, FBLO DI HEE2 AL 5,

generator iterator (¥ =z AL —&X A 7L —X&) generator BTHERINZ A TP =7 M T,

yield O NZRFMEITIRE (RIFMABSARUED try XX Z2aty) 2l L T, WEIE—RrcH
WreahExd, DoRL—FATL—2 HfHENL &, FMILMVEZIFL X3 (B OBEBDFET
D7 TITHT LWIREED HBHAR S 2 O & MR T ),

generator expression (Y=L —&HX) 4 7L —X%2RINTT, @O, V—TEHEERT S for
i, #ipH, Z L CHEIEATREZ if M0 OoWTW3 KSR T, 25 LTl hzd, sHllo
BRI TEE AR L £ 3

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function (P =4V v 7)) Bz 28 LR C#ERIEE 3 2 BEEHEI» oM S N 2888 TT, MU
HLUKRHIC EDEERFVERIET 4 A8y F7ATY AL EDREINET,

single dispatch, functools.singledispatch() 7L —X, PEP 443 ZZML T 72X W,
GIL  global interpreter lock BB L TL 2 &E W,

global interpreter lock (7B — N X7 Y &y ) CPython £ ¥ &X 7V ZBPFAHLTWS, —FIZ
Python ® N4 FOd—F 2752 2AL v NEg—27FFTH2 2 2HET 2 AT, 2k
D (dict R EDEELRMAAAMEEL) A 7Y =7 bETADFAKRT 7 2120 U TR ICZ S
1272 % DT, CPython OFEENS Y TNZRDET, A VX TFV 2ekEray 73522 T, vILF
Taty < ypELLUWILD AR g EHRIC, £ 2T XefHICT LT ALy FLTE
X212 D¥T,

7272 L. BHED 20D WL O DILERE Y 2 —Uid, iR Y & 2 5HRIR Y OFHAE DO EWALE
5L EIZGIL ZERT 2 KO ICRFFENTVET, £ [/O W% 3 2358 GIL 135 IRk
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ENET,

BRI HRHZRSAF ALy MU LA v 27 2 (HSh S 7 =2 2fllrVhETr Y 75 %)
DEFINFE LD, — BRI Taty FDBEDNRT + =< Y ADEP 52O THRII L ¥8
ATLI, ZONRT7 4 —< Y ADMEZFRL X5 T2, EEHD X DEHITR DRI R -2
THLEZLNTVET,

hash-based pyc (Y 2 X=X pyc 7 7 A4 L) IEMEZHFNT 272012, WIETE2Y =R 7 7 4 LORHE
BEHRAI TR Ny Y 2 lE2FHT 24 Fa—FDFX vy v 227740 TT,

hashable (/v ¥ 2 f[RE) Ny adBE RA 7Y =7 b, EFBEHZEDS ROy Y2 lBl2HD
(_hash__ O AV v FAURE), lOF TV 22 b LHBATES (__eq () AV v RANE) 47
Pzl bTT, FERANY ¥ 2FREA 7V 2 7 MIBTR U Ny & 2l RORENDH D 7,

Ny Y ARBERA TV 2 7 PEARHEDOF —REEGDXA AN L TR £ T, HEPESD T — X ME
BHETA Y & affzfioTn2256TT,

Python DA 2 2 =X INVRHMHABIALF T 27 NI IZLAEDRNY P 2R[RETT, (VR MREHED
E£97) I2a—&RITNRAVTFENY T2 RARETT, (X N% frozenset DX S72) 4 I2—&7
N a Y THE BREBNy S aflfTHLEEDHNYy Y affETT, 2—YF—ERKDI FADA ¥
ARVATHDZEIRATI 27 MEIT 74V P TAY T 2A[fETT, ZNHE3LT (HHZRWT)
FEBFEFRIEIEFEMTH D, Ny > afElF idO) L FsNE T,

IDLE Python OfiARFEEREE (Integrated DeveLopment Environment) T3, IDLE & Python OfFHERY
IR ICFE S TV S BRI ZEREDO L7 1 R 4 &2 T ) RIRET T,

immutable (£ I 2= 7NV) BEDHEEFio7A T 27 b TT, A I2a—XTNRFTT =7 MTiF, &
fli., XFH BEIOXIAREPHDET, ToDATI 27 MMEZEZONER A, HOEZF
BEELBIE, FlB A 7027 P2ERLBRTFNUERD ERA A 32— TR TP b
F EEDANY ¥ 2 @R 72 5 RN CEHEREEH 2R LT, BEOF—2Z0HITT,

import path path based finder 7% import § % EY 2 —VEBRRT 251 (L7214 path entry) DV R b,
import 1. 2DV R MIEHE sys.path ORETH, 78y F—YOHEEIB Ay F =D D
__path__ BE»SHHKE T,

importing $»%EY 2—,1® Python 2— FHBBIOEY 2 —1D Python a— FTHZ 2 k5123 3 0E
T3,

importer EY 2 —LAEZELTO—RT2LF 7T =2 b, finder & loader DEBLHLTHHEATI 27 b,

interactive  (Xf&) Python ICIEMGENA > X TV 2B D, XPREA VX TV EZDTR Y T MANT
% L HIPRICFEITINTHRRZ R 2 223 TE £ J, python B EIHELEZFTICETLTILEI W,
(AYE2—FDAXA YR =2 =5 Python DXNFEINA Y &2 T X2 EHTEZ20H LNEETA, )
MEEA 2TV ZE FHLWTATT7EZHLTALD, EV a2y =Y OHETRNWTAHS
(help(x) ZHXTBVWTLEZIW) DICIEHICER LY — LT,

interpreted Python i34 & 7V ZEADFFETH D, a> 4 SEEOMBIZMNELET, (N ba—F
AVNRATRDHL7DIT, TOXFNIEKRTTH, ) TTTOAL Y& FYXEELIE. Y —RAa—FD
77 ANE, FTFETARERICLTOLFETIR I Vo R Lic, BFEFITTES L2 EK
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LET, A VX7V XEROZEBBIIEE., a0 4 FHROSFELD bHFE/ TNy DV A 7 VIdHE
WHDD, Fu T ADETIERITENTT, WEN ST XN,

interpreter shutdown Python 4 ¥ Z =7V X =3 v v bRV U2 EFE SN, T 2= TRTOD
Z VT A ANBNERGEZ R LD, TRNTOMRLEY Y — 22 BB S 2. Kbl 7 = — 212
ADET, 2O7 2R AN=JOALIE 2EBEFIHELET, ZARID - —ERDT X
b2 7 & —% weakref A=A Ny IRPUHINEZZ VBN ET, v v PRV Y7 2 —AHITHE
fTahda—Nd, ZOBMRET IV Y =R T TRBRELAZW (XL H2HNIF7A4 757V —ET 2 —
LR warning #HETT) 72Dk 4 RAPMIER L 3,

AVR—TYVENT vy AU TEZFEREHIZ __main_ TP a2 —RETERTWERAZY T+
DETPKT LIZZ LTI,

iterable (KIERIREA 7P =7 b) BRE—HIC 1 23 OREZ2 A7V 227 FTF, KIEAREA TV =2
F OB, (1ist, str, tuple LW o) B TOT =7 Y AHP dict R T77AINF T Ik
YWo2EohDIES —F A BH B WL Sequence BRIRE REE L __iter__ () XV v Fh
__getitem__() XV v REFOTEDI FADA VARV ANREGENET,

RIEAIREA 7Y = 7 Mid for M —TARZDOMZL DY —r 2 @RF: 22 TOY—F YR LI,
O = Y ABITIRR L DB v D ) SRR 72 BRI (zipO), map(), ...) THIATE X3, K
HATREA 7Y = 7 b RAHAAABIE iter O DFIE LTET L, A7V =7 P T 24 7L —4%%
RLUET, 204 7L —2E—HOMES| I TEICHERC T, @FIKEREY 7Y = 7 bRl 5 R
12i3, iterO BEMATEDATL—R AT 27 Ve ESTHRIET 2B EH D £ A, for XTI
OEAEZ BEIFNTITV, — R REL QLR EER L T —T2ELTWA A 7L — X 2R L %
FTo ATL—=F =TV JxHL—2 3BELTLEZW,

iterator (A 7L —&) T—=XOWMNERITEA T2 bTT A 7L —XD __next__() XV v K&
DIRURFOH S (£ 7203 AA BB next ) ICHET) &, ADOHTOEEEZ —DFTORLET, 77—
2072725 . D DIC StopIteration HIAt 2R LE T, ZORKT, A 7L —&A 7Yz
MIRETED, ZhLIBEE __next__() ZEMATD StopIteration ZEH L ET, 1 71—

RiZ, ZOATVL—RAT2P 27 VEEREIRT __iter__() XYV v FEEELRIFNIZSKZVDT,
AT L =IO iterable ZZH T 2I1ZL AL DEHICTHATEE S, 3o 2 b & LEABNIERD
RIZITHE5%A—FTT, (List DEHR) avy7F-4A 7Y =7 NI BE% iter () B A 7
T MIELRED for L—TATHS T, FiBREHOA 7L —XZ2AERLET, ZhzeA
FL—XRTIIBS 5L, BiEDA FTL—a Y THAFBEADRALA FL—&XA 7Y 22 b ZHHUC
BT, BOarT7FDES5CR->oTLELET,

A7 I typeiter I2H D T,

key function (F—BA%) ¥ —BI%. » 2 WVWIEEERKLIZ. vV — M RIEFHED 7D D% R IO L]
HEA 7Y = 7 b (callable) T3, il 21X, locale.strxfrm() % F—BEICHE XX, v —UKED
V—trOBEBIZDo o7y — X —%RLET,

Python D% < OV — Mg F —BHEZITIR D BEZOM SIERS 7L — AL E2EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE23H D £7,

F—BBEELTERVL 225D 59, BIZIE str.lower() XV v F&RKCF/INCFZ KA L%
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WY — b ETIF BB LTS ZeAHRET, H2WIE lambda r: (r[0], r[2]) © &>
7% lambda H 6 F —BB 25 Z e B TE X T, £/, operator EY 2 — /LI attrgetter(),
itemgetter (), methodcaller() ¥\ 95 3 DDF -V A I 7 X ZRHL TV E T, F—BIK
DIED 5 & FEWFT DA Sorting HOW TO S L TL Z&E W,

keyword argument FE5|E S L T2 E W,

lambda (7 &%) EHD4 > 5 4 VBT, BEDIFRH S 2z 1 20 X 2E8AHFT,
7 LA XA EE DX lambda [parameters]: expression T3J,

LBYL [Z2EHBIEDH (look before you leap)) DMETT, TDa—7F 4 Y ZTAXALTIE, FFOH LM
K&IT O N, PIRINICHIRSEM (pre-condition) HIEZ1TWE T, FAFP 7 70 —F L MEIYT, if
X372 S AMDND OO TS,

<ILF ALy ML ZBRE T, LBYL 77 —F13 7 27 @fE e " R BREOBAREELS| &
BZTVRIDBHY EF, HlZE, if key in mapping: return mappinglkey]l ¥ 5 a— FiZ,
HEDE, HlDRL v RHBERDEIC mapping 725 key ZFE DR KM L T, ZOMEEZ, v
73 %h EAFP 7 7/a—F %5 Z L THIRTE £73,

list (Y AF) Python O#AIABLD =TV TF, VAPEWSEATTITH, V27U R PTERZL,
DOFEETE S HH (array) LRED S DT, HEREADT 7L RIF O(1) TY,

list comprehension (VX FHNEKE) ¥ —7 Y AHFDRTH 5 WIE—HOERZUHL T, ZOMR1 545
YVAMERT, av7 FRFIETT, result = ['{:#04x}'.format(x) for x in range(256)
if x % 2==0]1 £52&, 025 255 $TOMEKE 16 EHELEL (0x..) LEXXFINH6%25) R b
PERLET, if @34 7> 2 0 TF, if HiNRWIEGE, range(256) D2 TOEREMUEINE T,

loader £V a2 —N%R—RKFTBA 727 b, load_module() EWVWIHHHIDAY v REEZELTWRIIN
2D ERA, B—K 13— MMNIC finder 2> HIBRENE T, FMlld PEP 302 %, abstract base class
IZ2W T importlib.abc.Loader # B L TL 12X W,

magic method  special method @ < 72 7-FIZEFET T,

mapping (¥ vy BV ) {EEDOF —HFRKE VK- F L TWVWT, Mapping 7 MutableMapping @ fHHREE Y
TR THREINEZXAY Yy REFEELTWSary7F+-F 7927 b TF, HlZIX, dict, collections.
defaultdict, collections.OrderedDict, collections.Counter 7% ¥ T3,

meta path finder sys.meta_path MR L TE SN finder. meta path finder I path entry finder & B
RiZH D FTH, AW TT,

meta path finder 23525 % XV v FIZDOWTIE importlib.abc.MetaPathFinder 2SR L T %
ISAAN

metaclass (X RV T R) ZTADI FTRATT, 77 AERIEZ. 77 2%, 77 A0kHEL, BEZ 72DV
AMEEDE T, XX T TRIF, TS 3 D5 E LTRIMD, 7722208 E2AVE T, &
YAYDETY 27 MEASEE GRIEX R 25 2A0D) 77 40 hOEEZEMHELTVE T, Python
DAL DIEH AR LDALR Y T AR TEDZRTT, FLALDI—HF—ITWM-T, X&T7J7RIX
ELRBEDZNSDTT, LA L, —HMOBETIE, XX 7T RAIRNTIZLH Y P RGEEREL
T e ZRBBEET 7820 u Bl o720, ALy Fe—7WRBILED, A7V 27 FDAERE
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BEYLED, SN RFEETIRE. ZLOGETHHIAE T,
Ml metaclasses ZZH L TL7ZE W0,

method (XY v F) 7 7 AKEKOPTERSNLEE, 207 72D Y22 2ADEEE L THUOHE A
7HE. XYYy REA VARV AA T 27 b RE— 58 L LTRITIWD £F (Z0FE 5183\
self LWHINFET), B ¥ XA SN -T WL T2,

method resolution order (XY v FEERIERF) FRRHICHEIEK Y 7 AR EREZRRSI NS IHEETT, 2.3

LD Python 4 ¥ 2 =7V XBXERT 27130 X LDFMITOWTIX The Python 2.3 Method
Resolution Order ZZMR L TL 72X W0,

module (3 2 —1) Python 2 — FORMEMNY LTIEEB ATV 22 M TF, BV 2 —LZEED
Python * 7Y =7 b2 ELHAZEMEZRD 3, Y 2 —ILX importing OLIRIZ & - T Python 12
MAINENE T,

N T—2 ZBRLTLIEEW,

module spec EY a2 —lEku— RT3 ffbh s v R— MEEOERE ETHARTZEMTT, importlib.
machinery.ModuleSpec DA Y A X Y XA TF,

MRO  method resolution order ZZR LT Z&E W,

mutable (3 2—X 7)) I2a—XTNLEF T2 ME 1d0) 2EZ D I RHEABETEE S, 1
Sa—27)) WML TSV,

named tuple 7 HEIMTEX A7 205 HFEE. XSV ERR L TOWT, 4 7 v 7 A0 ERITh LEE
PEoTD7 72 ASTEBEROTPL Y JRISHAENTVET, Z0HP T I R MIOEEED #F -
TWbZebdHHET,

time.localtime() X os.stat() DR DEZ EZL WV D0 DOMAAABIIAFIN & 2 T LTF, i
DHiZ sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple
True

(EoBlD & 512) WL o204 & X T NFHAAARNI L o TV E T, Z DI d AN & X T
F, BHEODZ 7 AERT tuple ZMAR L, HATDOT 4 — L FEERL TERTEET, Z20X57%7
Z ZIEFEFTE VLD, collections.namedtuple() 7 77 M UBITIER LD TEE S, BHOD
TR, FETEWLAHIN & X TR BABDHHEIR & & TN R X Y v R 2BINT
EREr I

namespace (FAHITZEMH]) ZRAIEME N2 HTTT, AETERIIEF L LTEESINE T, ARTERICIZA
Tz bD (XYY FO) ANFIIRod DT TR, BRSO, RENZS D, ZLT
HAAADE DD D FF, HRTZERFAIMOERZHCILICL>TEY a2 -2 Y R—bF
%, Bl Z1XBI% builtins.open ¥ os.open() XHHTZEMTRANEINTVWET, F/h YOEI 22—
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DB EREL TWEHRT 5 Z I & - THARTZERIEAHN E RTFEZZELE T, HIZIE
random.seed() X itertools.islice() ¥EL . ZNFNEY 2—/L random X itertools T
HIEXNTWSE I EPHLNATT,

namespace package (BHIZEM Sy r—I) BT R Fr—YDary7Fe LTREXNS PEP 420 package
» Namespace package 1382 6 K YHRBZH 723, __init__.py 7 7 A DR\, regular
package B2 D E£T,

module ZZHR L TL 72E W,

nested scope (R A FEIN/RaA—T) HMITERIN TV IEBESIT 2MEETT, HlRE. H 28N
OB OHFTERSIN TV 56, NUIOBEBIAMIOBEBFTOZEREZSMTE X3, A X PShik
RA—=TRZT 7 4N N CREBOSBRZINTE, ZHORARZTELVOTHEREL TSV, B—
ANZERE, mHAMD R 3 —F LR ZHABTELE T, RIS, 70—V EHZ[fS £ 7a—
VAR DOEEFAEE L ET, nonlocal THMUIOZERICEZIAD E T,

new-style class (IR XA NI FR) GTERTDI FAXATY =7 MIHbILTW 2K O 4]
T3, LETD Python O N—=2a VTR HIRAXA VT FRADAHD __slots__ . TAZ VT X,
__getattribute__() . ZI7RAXYV v ¥, ZLTHNAY v RED Python DLW, ZHEREREE
MATEE L,

object (A7 =z b)IKEE (JBIERM) LERSNLBEEHEN (XY v F) 2302 TOF—&, b LI,
ETD FHRAEAILI SR OEMOEEY 5 XD &,

package (Sv 7 =) ¥ TEY 2 —ASLHFWCY TRy F =YV 2 BB DK D module DT TS,
HIZE, Ny =2 __path__ EH%E$FD Python #7227 b TF,

reqular package £ namespace package B L TL 72X,

parameter (fR51E) HHEITDFEAET B ( AV Y F ) DERICBWTEEIZT 5 518 2HEL %
T IREIEIIE S RS D £

o MEBFEIFF—T—F: IB THEI2WVE F—T7—F3H 2 LTETI P TEZ5I8ERELE
Fo RIS ZIEBLTD foo = bar D& ST, T 7 4L b DRFIBOFEETT:

def func(foo, bar=None): ...

o MEHHM: MEBICXsTOAGZALNZGIBEIEEL T, MEFEHDLIEIE BBERDOTIBOV
AFDHTENLDBRAIZ / ZEBDBZ I TERTEZET, HIRIXTEOD posonlyl ¥ posonly?
EESERAT IR £3:

def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—U—FEH ¥F-—U-FZIoTOAEGZOLNZ5HERELET, ¥—7V— FEHDGIH%
FEZRTEBEANE. BIZIELLT O kw_onlyl S kw_only2 ® X 512, BABEZEDREIEY R Mz
BN EEMES B E TR x DB TT:

def func(arg, *, kw_onlyl, kw_only2): ...
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o TAIERNME: (ORFIE TSR SN TEDOMES IBUIZ T) (EEOER OB A5 2
BNBZZERIEELET. ZOXIRIREIEIE. ITD args @ X 5 WRGIEHA DRI * 2D 3
CETERTEET:

def func(xargs, **kwargs): ...

o HAERF—T—F: (MORGIETRICZII SNLEREDF -V — FIlEIIMAT) EEOHEEKD
F—U—F5BRE5EZ5N2 I REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
IREIEA DRI #*% DT B I TERTEET,

REIENEZA T2 a v e HBEDIBDOEL HBIFETE, A7 aroiucidT 7+ MEDIEETE
%9,

RE31% . FAQ D E5 B IR5 1B DE WM TI2? . inspect.Parameter 7 7 A, function 2
Yay, PEP 362 2ZRL T2V,

path entry path based finder 5 import § % €Y 2 —LE2ET import path £ED 1 DDGFITT,

path entry finder sys.path_hooks IZ® % callable (D% D path entry hook) PR L7z finder T3, G %
BNz path entry HBEY 2 —NE BT 2 HEEH > TVWET,

NRAZY P =T 74 Y EPRETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
LT ZE W,

path entry hook sys.path_hook V R MZH % callable T, f8E X7z path entry IZHBEI 2 —NL% R
DT B IEEH > TWBIEEIT path entry finder 2B L F 3,

path based finder 77 # L+ @D meta path finder ® 1 2%, €Y 22—V D import path ZMEL FT,

path-like object (path-like # 7Y =2 }) 77 A L¥ AT 682 %KL £ T, path-like A 7Y =7 M, <
A%RT str A7V 27 bR bytes A7V =7 b, %703 os.PathLike B ba L ZHEEL T T
PV bDENDHTT, os.PathLike 70 F LBV ER—-FLTWVWELF T 27 X os.fspath()
EIOHT T str £720d bytes DT 7 A LT AT LNRRAWZEHTEE T, os.fsdecode() &
os.fsencode() X ZNEH str H B WL bytes IKRZDEMRIETSDIMHX EF, PEP 519 TE
AZNZE L,

PEP Python Enhancement Proposal, PEP (&, Python 2 I 2 =7 4 IR L THEREZRMET 2. H 20
Python OHHERER £ OBIERERIFICOW TR T 2RI XEFTT, PEP &, HEEIC DWW TOEER
HIHERR L 1B R 5 2 RE Dl (BiER) 212 2 NETT,

PEP &, HEREORRE D2, a3 2 =7 4 X2 MEREDOER . Python 1272 TN 2 i&aEHRNT
DXENDTD DI LN OMHEE 22 e Z2BKLTWE S, PEP 0FZHICE I 2=+t NDEE
Eztis> 2. RMERZELT 2 COREBIHD £,

PEP 1 22 LT ZE W,

portion PEP 420 TEF XN TW5, namespace package IZJBT 5. D7 7 A VDS (zip 7 7 4 MITHE
MENTVWEEEDHZ) 1 D2DF 4 L2 bV IZKEHE N2 D,

positional argument (fiIE5|#) =E5|EH 2ZHL TS W,
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provisional APl (B & API) 545 4 75V 0% HHEIREED S FHEINCRIN SN b DTT, 20 kS
BRAVRI 2 —ANORKEREF L, BETHD INTOIMENIHRFEINTVERAD, a 7HKEE
WEkoTREL ABREINNI, BIIFEILREE (4 V27 2 —ADHIRETEEND) BITONAF
T TDEIREBEFLRAIITONEDDTIEHD EVA - ZHUT APL ZHAALHENIZRE L X
NTOWLRERBRREPIBEE L2 ZXDOATOAET,

BE APT 12OV TH, BABHMDLWERZ R&FER LARINTHET, MERIHIL
Ba TR EIRRIRISR R T RETT,

ORI ED, EBES A TS VIEMEERZ TS Vs —ICRVWHEELAD SNE Z L,
FRREEZ TELZH N E T, 5l PEP 411 2SR LT 7Z& W,

provisional package provisional APl SR LT EE W,

Python 3000 Python 3x VYV —ZX5 4 >D=v 73 —LT73, (Python 3 25EFFRDEETZ - 7 HIZ/ES
NZFETT, ) "Py3k” ez dbHHET,

Pythonic D FFET— N E X TE»NIza— FTIE# <. Python OFHIC—EINIA 7 14 F 212>
7eEZHRa— R, flziE. Python O—ii 4 7 4 4 LA Tl& for XEMF>TA T I 7LD FTRT
DEZIFE>TL—TLET, DR DEFEICIZZOAMEAZROVDT, Python IZIBEATWARWA
BRODICEED Y v X2 —%ES5 b LI EEA:

for i in range(len(food)):

print (food[i])

TS L. Ehwiz Pythonic 225K

for piece in food:

print(piece)

qualified name (Bffi%) £V 2 — DB — L2 a—=T 05, ZOEY 12—V TERINLZ T A, B
XYy FAD, 7" SR” B2RKFT Py MK TS, PEP 3155 TERINTVWET, by 7L LD
Bl 7 AT, BEiEA 72 =7 POARIEFRUTTT:

>>> 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 AADOBRBTHEDLNS 2, TREMH (fully qualified name) IZTXTOHASy Fr—I% &
2D Ky FAKREE, HlZI1L email.mime.text ZEKL F 3
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>>> import email.mime.text
>>> email .mime.text. name _

'email.mime.text'

reference count (BAV U b)) H2A 7T 27 MITHTEZHO, BRIV IB 0K E, ZD
F7T 27 MIWEINE T, ZH Y Y MIEFIX Python ® 2 — R RGN ERAD. CPython
FREOHBERERTT, sys TV a—ME, TR IV—PEEDA T =7 bOBRAY >V b 2AIS
729D getrefcount () BIFZRMAL TV E T,

regular package 1ZfMYR. __init__.py 77 ALEBLT 4 L7 U & LTD package,
namespace package EZBBLTL EE W,

__slots__ Z7S5RANTODEST. A VARV ABHOHEEBEDLNLDERLTBE, 4 VARV ARFER
R332 T, XEVERHWLET, ZhRXLfEON27 7=y 7T, ELLIESEAPL b
Uy F—72DT, Mrr—A, FIZIEZAEVIREREL 227 TV 5 —2aryTA VARV ADKRE
WFET S, LWVot e BRRE, FDRVOBRZ M TT,

sequence (=7 YV R) BEA VT R X DMBILRERT 7 A% __getitem__() KA Y v F 2@
CTHR—=PL, BE%IRT __len__() XY v REERL iterable TF, MARAHBY —F ¥ ZAENIZ
&, list, str, tuple, bytes 2 ED3H D £7, dict I& __getitem__() & __len__() dHYK—FL
FID, MROBRICEBETIIR {MERED immutable BF¥x—%F 57280, =7 Y ATRE RS~y Y
27" (mapping) £ AR EINTVWEDTERELTLIZZ W,

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just __getitem__() and __len__(), adding count(), index(), __contains__(), and
__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 ¢ in 'abracadabra' if c not in 'abc'} generates the

set of strings {'r', 'd'}. See comprehensions.
single dispatch  generic function D—fETHREZ—DODFIHOENC X DEIRENF T,

sice (RF4R) —MIC S—FT VR O—WEGBF TSI 22 by A4 AL, RFEER [ THA SNLH
BoBoficanyzEL e TESNET, BIZIL, variable_name[1:3:5] T3, MAHFEIN (IFF)
LEIE slice A7 Y =27 FEWNETHHL TWE T,

special method (kX Y v V) & 2 HNTREDEIE. HIZIXNNE Z F % 72012 Python 2 HHEEICIFH &
NBEAVY K, ZOFEDXY v Rk, XYy FHDOBRAIERRIIT VX —Ra7 2 O8O0V TWVWE
o REERX Y v FIZDWTIE specialnames TR INTWE T,

statement (%) SCEAA — b (T— KO” 70 v 27) ICFAIRAELTE, U 50 hF— v — Kb MR
NZ3HDODELLMNTT, BEICIZ if. while, for 3D D £,

text encoding L=a— FXFH|rzL>a—-RF§23a—-7v T3,

text file (7FAELT7740) str A7V 27 M eRiAhEETED file object T, LIEXLIE, 7FA L7 7

305



The Python/C API, V1) —X 3.8.18

AVZEBRITAAL MEFO T — XA PV =227 278 AL, THFAMIY =T« 27 2 HEINAT
WET, 7F¥FRA M7 74 1DHIE, sys.stdin, sys.stdout, io.Stringld 4 Y AKX YRR ETF
AFE=F ("r'or 'w') THWZT7 74 LTI,

bytes-like ZT T RFHAEBEETEDZ 77 ANA T2 MiZOVWTWIE, NAFUT7AIL 5
L TLIZE W,

triple-quoted string (=87 # — FXFS) 3 0DEE L7z +— PElE (V) AT ARARr 7 4 — () THE

type

NILTFH, BHED (—E) 74— P XFINCHARTRETE 2 XFINENEDH D FHAD, O
OHHETEHTS, 1202 2200#K L7 +— il B2 A —THLIZEL ZBTEET L. 1T
T (\) 2HHLRL CHOEBITICERD 2 D TELZDT, FFaXyi—yaryI7hE#HEL
RRICRF IR T,

(B]) Python 7Y =227 bOBRIEA TV 2 7 bBED LI REDDERDET, HOHWEF TV = b

W ZFf > TWET, A7 22 bOBIX __class__ BHET7 272 AL%D, type(obj) THIGL /-
hHkRET,

type alias (B A V7 R) RO T, BEZHEANFITRALTERL £55

M4y 7R3 Ber b Z2HMLT 2DICHHTTY, HlZIE:

from typing import List, Tuple

def remove_gray_shades(
colors: List[Tuple[int, int, int]]) -> List[Tuplelint, int, int]]:

pass

ZHERDEIICEDFHEAPT L TEEZI:

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades(colors: List[Color]) -> List[Color]:

pass

HEEEDFIHD D % typing & PEP 484 2SR L T X0,

type hint (e > ) Z8. 77 AEW. DRI X —Z2RDEDOHIFRFE N BI248E T % annotation

T

e > MERZATIZL K Python TIXHRHITIED D FRHAD, EHVEHNTY — LIt o TEHTH D,
IDE ®a— RFisee )V 77 72 ) Y 7 OFIFITHRD £5,

ra—NLVEK 7A@ BT -2 L ERTHRVWBIODE E Y M typing.
get_type_hints() THUFTZ %7,

HEREDFADI D % typing & PEP 484 2ZHRL T2\,

universal newlines 7*% X F X b VU — ADBRED—2T, UTOITRTEZITREFEIHKL £ Unix OITAR

HE '"\n'. Windows OE '\r\n'. H\ Macintosh DE '\r's FHEIZOWTEHL L 1Z. PEP
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278 ¥ PEP 3116 . X 5IZ bytes.splitlines() 3SR L T ZE W,
variable annotation (E7 /7 —ay) ERBH2WVIET7 7 ZAEHD annotation o

ZWDHHNE 7 7 AREICERZH 728 23, AARTRERTT:

class C:

field: 'annotation'

BT 7 T7—ra iZ@ER EEYE ODIZEONET: fIZE ZOZEKIT int DEZIS Z &
I TVE S

count: int = 0

BT ) T— a YOI OV T annassign ST L TWE T,
Z DREREIC DO W TR L TW 5 function annotation, PEP 484, PEP 526 ZZH L TL 72X\,

virtual environment (RAEERIR) WHFANNICYI D BEX N2 EITEREE TS, 2k D) Python 2—¥ & 77V
r—a BRI AT A ETEWTWAMO Python 77V 7r— a YOXRENZTHT 5 Z 27z
Python v 7 —Y D4 ¥ 2 h—L L EFRITS 2 EATEFT,

venv ZZHAL TL Z& W,

virtual machine (RIEE~> V) BRIV 7 bV = 7LD ERS N ¥ a—&, Python Ofifi~ v
B N ba—=Fay SRl N RO—F 2FETLET,

Zen of Python (Python @15 D) Python ZHfE LA F % L TOEZ k%, Python OKEMFEAIE B2
Y2 MZLdDTT, WigE 71> 7 b T 7import this” ¥ 328 2DV R ETMDE T,
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CORFaAXYMIDOWVT

ZDORF2RXY I, Python DR Fa Xy M 2FELREANE L TELONL FXFaXy ety yo
Sphinx Z#H|fH LT, reStructuredText B DY — 2 54EMRXNE LT,

FFaxXx>bezoy - #HoOBREIX, Python B L FRRICTEEICRI YT 4 7TOEHNTT, b LHKREN
B LWL, YO LI TRIEEWVHNIZDOWT reporting-bugs R—I 2 ZEFE W, HTILWLWKRT VT 4
FTIFVOTHEGTY! GRIE: HAZEROMEIZOWTIE, GitHub £ ® Issue Tracker THiE 2 BE WL
i‘j—o)
EPNIRRT R

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FrOIERET, FFaXr D%

CEEEF L
e Docutils B =2 b. reStructuredText ¥ docutils V—1t v b ZEML E L=,

e Fredrik Lundh @ Alternative Python Reference 72 =27 b5 Sphinx 132 D74 T 7215 %
L7z,

B.1 Python RF¥aX> b+ BEtE

%< DF 4P Python §if. Python #5475V, ZLT Python F¥aX>7—>a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEARNTTIEH D 30V X b
7y 7L THHET,

Python 2 2 2=7 4 25 DIEHRBE L BRI ZDORBEL LV R Fa X v 7—rayidEFhEEA
Tl -HhHHLS!
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BRe>1E>2X

C.1 Python DFESE

Python (& 1990 D4, * F >~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZH) T Guido van Rossum I & 5T ABC &IHIN 2 SiEOBMSEEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWE F2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido 1 &KEY 7 =Y =7M 1L X + > i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python OBFIHE DD, W 2HrDNN=YarE VIV —-RALEZE
L7z

2000 F 3 H. Guido & Python @ 2 7B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FE 10 H, PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH8) 12D ¥ L7z, 2 LT 2001 4E, Python B3 25N ELIRE T 272D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ ZH) 23256 B L7z,
Z D ¥ % Zope Corporation 1 PSF OFBEBICkD £ L7,

Python OV VY —R@3ETH -V V- (=72 YV —RXDEFKIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERINICAT, T —HZRIZL A LD Python VY —2R1& GPL A#IZRo TV T; %
VY —ZARDVTUIFTRICKEDTHD £,

Jy—2 | R—=2 FEEE FEF) GPL Hif:
0.9.0-1.2 | n/a 1991-1995 | CWI yes
1.3-15.2 | 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 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DU 2.1.1 2001-Bif£ | PSF yes
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FMR: TGPL Aty 25 ERBIX, Python 78 GPL TEHHAZNTWBE 2 WHEKTIEH D £ A, Python
D4y RAFLT, GPL 2BV, ZELEANA—Y a VERMATARICEEL2F—F Y —RI2LRLTH
PEVWERA, GPL HE:F DS A4 Y ZADF T, GPL TY VU —X2ZNTWABflidY 7 hY =7 & Python %
MHAeEbELNETY, ZNLHD T4 LV ATIEZSTIEDD A,

Guido RO T, TNHDVV—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSF 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 incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.18

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.8.18 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.18 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.8.18 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python

3.8.18.

4. PSF is making Python 3.8.18 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.8.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.18, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

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.

. By copying, installing or otherwise using Python 3.8.18, 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

. 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").

. 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.

. 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.

. 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.

RDOR=I 1% L)
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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.

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.
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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
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.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.18 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 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
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permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

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.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~"AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
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SUCH DAMAGE.

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
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ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 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.

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
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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
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.
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C.3.8 test_epoll

test_epoll EY 2 —LIIRDEHEZEATHET:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 —E kqueue f Y Z— 7 2 — AZOWTDROEHNEEATOVET:

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
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OUT 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

algorithm. 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>

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:

[k ok sk ok Kok ook ok oK ok oK ok oK ok oK ok o oK oK ok oK oK K ok o oK o K ok o oK oK ok o oK o K ok K oK oK ok o oK oK ok oK o oK ok oK

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

ROR=STEER)
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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. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

L R S R R

ok ok K K 3 ok oK oK K 3 oK oK oK K o ok ok oK K o ok ok oK K 3 ok ok K K ok ok K K oK ok oK K K K ok ok Kk ok ok Kk ok ok Kk sk ok ok ok k 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 Mac OS X installers for Python may
include a copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here:

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
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* endorse or promote products derived from this software without
* prior written permission. For written permission, please contact
* openssl-core@openssl.org.

* 5. Products derived from this software may not be called "OpenSSL"
* nor may "OpenSSL" appear in their names without prior written

* permission of the OpenSSL Project.

* 6. Redistributions of any form whatsoever must retain the following
* acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit (http://www.openssl.org/)"

* THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT ~“AS IS'' AND ANY

* EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

* PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR

* ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

* 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
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* the code are not to be removed.

* If this package is used in a product, Eric Young should be given attribution
* as the author of the parts of the library used.

* This can be in the form of a textual message at program startup or

* in documentation (online or textual) provided with the package.

* Redistribution and use in source and binary forms, with or without

* modification, are permitted provided that the following conditions

* are met:

* 1. Redistributions of source code must retain the copyright

* notice, this list of conditions and the following disclaimer.

* 2. Redistributions in binary form must reproduce the above copyright

* notice, this list of conditions and the following disclaimer in the
* documentation and/or other materials provided with the distribution.

* 3. All advertising materials mentioning features or use of this software

* must display the following acknowledgement:

* "This product includes cryptographic software written by

* Eric Young (eay@cryptsoft.com)"

* The word 'cryptographic' can be left out if the rouines from the library
* being used are not cryptographic related :-).

* 4. If you include any Windows specific code (or a derivative thereof) from
* the apps directory (application code) you must include an acknowledgement:

* "This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

* THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ~“AS IS'' AND

* ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
* ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

* FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
* DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

* OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

* HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
* LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/
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C.3.13 expat

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

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,
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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.

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 restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc T L TW2 /Ny ¥ a7 — 7L DEE
&, cfuhash 7B 27 FDHDICESEET:

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
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notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec:

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

Copyright (¢) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted

provided that the following conditions are met:

o Redistributions of works must retain the original copyright notice, this list of conditions and

the following disclaimer.

o Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with

the distribution.

e 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 LIM-
ITED 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 LIM-
ITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA,
OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THE-
ORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUD-
ING 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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PyUnicodeDecodeError_SetEnd (C D), 37
PyUnicodeDecodeError_SetReason (C M), 38
PyUnicodeDecodeError_SetStart (C D), 37
PyUnicodeEncodeError_Create (C D), 36
PyUnicodeEncodeError_GetEncoding (C M), 37
PyUnicodeEncodeError_GetEnd (C DEEH), 37
PyUnicodeEncodeError_GetObject (C D), 37
PyUnicodeEncodeError_GetReason (C DEH), 37
PyUnicodeEncodeError_GetStart (C D), 37
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PyUnicodeEncodeError_SetEnd (C D), 37
PyUnicodeEncodeError_SetReason (C D), 38
PyUnicodeEncodeError_SetStart (C D), 37
PyUnicodeObject (C dFT—4HE), 113
PyUnicodeTranslateError_Create (C D), 37
PyUnicodeTranslateError_GetEnd (C D), 37

PyUnicodeTranslateError_GetObject (C DBEA%), 37
PyUnicodeTranslateError_GetReason (C DBEA%), 37
PyUnicodeTranslateError_GetStart (C D), 37

PyUnicodeTranslateError_SetEnd (C M), 37

PyUnicodeTranslateError_SetReason (C M%), 38
PyUnicodeTranslateError_SetStart (C D), 37

PyVarObject (C OT—4AE), 236
PyVarObject_HEAD_INIT (C ®<I%0), 237
PyVarObject.ob_size (C DA VNEH), 250
PyVectorcall_Call (C M), 253
PyVectorcall NARGS (C D), 76
PyWeakref_Check (C M), 167
PyWeakref_CheckProxy (C DBA%K), 167
PyWeakref_CheckRef (C DBEH), 167
PyWeakref_GET_OBJECT (C DBES%), 168
PyWeakref_GetObject (C M%), 168
PyWeakref_NewProxy (C D), 167
PyWeakref_NewRef (C D), 167
PyWideStringList (C @7 —4H&), 206
PyWideStringList_Append (C D), 206
PyWideStringList_Insert (C DB#), 206
PyWideStringList.items (C DXV NEH), 207
PyWideStringList.length (C DX /NEH), 207
PyWrapper_New (C DBA#), 164

Q

qualified name, 304

R

realloc(), 225
reference count, 305
regular package, 305
releasebufferproc (C OF—4E), 281
repr

#HIAHEEE, 73, 255
reprfunc (C OF—%H), 281
richempfunc (C OF—4E), 281

S

sdterr

stdin stdout, 184
search

path, module, 13, 183, 186
sequence, 305

ATz Uk, 108
set

AT o b, 147
set comprehension, 305
set_all(), 9
setattrfunc (C OF7—4E), 281
setattrofunc (C OF—4 &), 281
setswitchinterval() (in module sys), 188
SIGINT, 35
signal

T2 a-), 35
single dispatch, 305
SIZE_MAX, 104
slice, 305
special

method, 305
special method, 305
ssizeargfunc (C OF7—4E), 281
ssizeobjargproc (C DF—4 &) 281
statement, 305
staticmethod

HAHAHRH, 239
stderr (in module sys), 196
stdin
stdout sdterr, 184
stdin (in module sys), 196
stdout
sdterr, stdin, 184
stdout (in module sys), 196
strerror(), 29
string
PyObject_Str (C function), 73
sum_list(), 10
sum_sequence (), 10, 12
sys
EYa—)L, 13, 183, 196
SystemError (built-in exception), 156

T

ternaryfunc (C D7 —%%), 281
text encoding, 305
text file, 305
traverseproc (C DT —42H), 286
triple-quoted string, 306
tuple
FIS Uk, 138
M AHIAHBEE, 84, 143
type, 306
FISxU R, 6,97
EHABE, 77
type alias, 306
type hint, 306

U

ULONG_MAX, 104
unaryfunc (C D7 —428), 281
universal newlines, 306

\Y

variable annotation, 307
vectorcallfunc (C OF—4E), 280
version (in module sys), 186, 187
virtual environment, 307
virtual machine, 307

visitproc (C T —%H), 286

VA

Zen of Python, 307
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