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CHAPTER 1

Python (1% il A2 4% 1 (APL) {5 C Al C++ F2)7 51 ] PATEZ SRS L1517 Python f#RERE. 1% APLAE
Ca+ HRIRBERT I, {1, i 2545 H0FR J Python/C APL, fi i Python/C APT 43 KAk fry 78 .
BB TRE HY TS & f At sk B2 9 & Python RS IIRERY C Bk, X fEI2 e
WEBE 5. 5 A E i 2 Ff Python MRS HURILY I B0 3K A5 X330 5 AR R AE— A L i
embedding Python.,

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

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

o

1.1 K4k

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

1.2 B&XHF

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

#define PY_SSIZE_T_CLEAN
#include <Python.h>

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

f(El: [T Python MBS & L—SEREAESELE RO BSERARE L SCHRI TR FRARE L, PRIMAE L & AR A
HESK U2, AR L Se 8 Python . h,
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W a2 7E Python.h §i%E L PY_SSIZE_T_CLEAN ., BB AH G HEAT ¥ K T ZHE
ZNEE.

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

fE: P AR AGE ALY %€ DA Py 8K _Py FFk IR, XA B WK, I S P AR R
ok Python JIRA K A BEABEME, IXLERAS ] BE S L DAIXLERIZR 2 —TT LAY HAL A4

kX FiE A &5 Python — 2 %2 %, FF Unix b, Ef1{7 T AR H F: prefix/include/
pythonversion/ fll exec_prefix/include/pythonversion/, HH prefix il exec_prefix
<& Hi 1] Python f#) configure Ml 4<% A )X W JE 2 fr % X, 1 version W& '%d.%d' % sys.
version_info[:2]., I Windows I, 3 {43 F prefix/include, HW¥ prefix Zn L3 F
TR E R H 5%

B, RPN E S (W TR #BECERET F dm it gn i S8 R KA . T R/ H FA
BREZRGMA #include <pythonX.Y/Python.h>; XFEHZFE%IFEATH, KA prefix
TFEIKN L R EAS K H exec_prefix MFETEIL L.

C++ WP MR, R APLESE il C kg iy, [ESUFIERHE A N S AEY extern "C™,
It APLTE C+ Hfili ] i APT A PR IR AL BE .

1.3 FHME

Python SKSC{FHE LT —2854 IR R 2 RAESEIE E N 1808 M A5 5€ SCH) (BN Py_RETURN_NONE),
A TE 38 A A L. X BT BRI AN e — e RS R .

Py UNREACHABLE ()
XA T AFEARAE — AT B i S AR B AR . flan, 24— switch i&a) 9 g il GERY
HHERC MY case FAIEE T, M HAAE default: FaH. SARIER A FALE—A
assert (0) 5{ abort () V&M BHH A DA XA,

3.7 BGHTMA.

Py ABS (x)
IR = 4 X

3.3 BUHTIMA.

Py_MIN (x,y)
RIE % iy 4R ME .

3.3 BUHTMA.

Py MAX (X,y)
R = Fly MR .

3.3 BUBTINA.

Py STRINGIFY (x)
¥ x ok C E4FE . Bl Py_STRINGIFY (123) i&[H] "123",

3.4 BUHTINA.

Py_MEMBER_SIZE (type, member)
R[] Z5H (type) member WA/, PAFATHRR
3.6 UHTIA.

Py_CHARMASK (c)

SRR [-128, 127] B, [0, 255 i Bl N FAF BB A . XA 20 ¢ 3 il #48h unsigned
char iR,

4 Chapter 1. &4}y
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Py_GETENV (s)
5 getenv(s) XM, HEMBEGLSIT LtL# T -E , Wik E ~uLn (W RKET

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)

AT REOE LR S8, AT B g ik 45 % 5. B4 int func(int a, int
Py_UNUSED (b)) { return a; } .

3.4 BUHTIA.

Py DEPRECATED (version)
FEAFEM . R E AT 5 4 FRH -

NV

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

3.8 R SE: U7 MSVC 0HF.

PyDoc_STRVAR (name, str)
g%—ﬁ‘ﬂ%ﬁiﬁ?ﬁ% R, 250 name AR R, Q1SRRI SCRY 45 53— 2 #4 7 Python,
ARG

W PEP 7 firik, (i PyDoc_ STRVARVERSCHEFATH: , PASCREANHISCR 747 HR— i F 7 Python )
L.

vl

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

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

}

PyDoc_STR (str)
NG ERTAFER A QIR SOR AT, B3 Y SO AT R AR I, Bl — 4T .

W PEP 7 ik, il PyDoc_ STR 5 SURIFATHY, PASCHRRAHISCR 75— A4 & Python [
.
NV

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

1.4 &R, XKEF0S| AT

Z % Python/C AP — AWM EANZH, A —APyobject * KRRANRIAME ., XFMALZ 450 L7 Python
R BN BN BAE LA 155 T Python X G R MAE R JUG UL T #8 9 Python 185 diAH IR 77 Ak
(G, WRE, RSN, MSEeE), HIeRefm s C KRR A Fid. JLFFrA Python
XERAFAEHES: ARANBEFR I — A RA N Pyob ject 1 A BB SR, HAERIEA Ny Pyobject *
2?&?& type X RIEME—IIBISL, N ENKIEANGERRERL, Brid el 2 Sm Py Typeobject Xt

JiiA Python %% (% Python ¥%$5) #5G —A> type Fl—> reference count . %15 2T & © 24255
FIXT 4 (FIAnEEE . IR Foe SCREG IS A2, 4 types HHITAR ) o XFRES AR RV A S EY, #5G—
NIRRT GG S TZIEA: a0, 24 (HAY) a Frigiixi4e e Python 51|} PyList_Check (a)
=

14. K. RBMS| At 5
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1.4.1 S|V

SUMTHEARFER, POV BN GER ) ARG EIEa 2 ORFEEHT 5 F— 4.
FERIHL T AR IR G, RN 2R () CACE, IREUe i C B R, 24—
ARG TR 0, BHOZ G, WX A E R RS HEX GG TR, i e 24
XEREG U AR5 UIVHEOR A %, WA DMRKORE IO S0 R, R, (X HLA—
AMRIRAY X Z MRS B, ERr s ORI

BB EES g EHE W E M Py INCREF () RIGIM— DXL 05 T8,
Py _DECREF () R —MREH5I M4, Kpy DECREF () WA ESI TR G NE, RF
THIXT R BB RR , P L incref G 2415 2 . BEAS & — DO STEXT R A B G i sk Zdg 4.
NG E ARG (FIans)3) , WIZERRRE RS T 57 B 60 B e & i iy oA 2 05 |
B, HPATIrRR AL, 5T ECR 2L, 200 5B AR WAL E — 2 WA TR A5
HiT% (Bl sizeof (Py_ssize_t) >= sizeof (void*) ). W, 3 HITEGEINE— R B ELE.

B N B SR I QR B R A B Gl 5 . BIE B, AR B mXT RNy, Xt
FEGUNTTESE N 1, A BRI R, XMREFUITEORA 1. B2, P AR, BreAmds5]
PR AL o S5 DR TR e R SR P A BERATRYAS A e, sl mT LA LEXS R ORI 4N
SRPIE 2 A — SRR G HAT | AT I 18] 2 DA AT TS B — R, DS B I 384 5 | 4
— BT R, XA NS EU Python Fr A& 45 5 1T 49 FASLE ) C eR ST, R I BIL ] & PRk
TEVE I )5 X B S0 5 L

B2, A—MEILWEBEEMINEPIRB DS, GG —Ba), moAH S | gk, Hhik
BAERT RS WA T MR FEA XS, WG T, A TREE B A X 5. BIERGERZ, X
DB T E R EEVETT BES T LR Python fCH%— Wi — MU A2 fe i s il Py_DECREF () [H]
FAFP, FER G5 LR ERR AR A RS o

— AW AR EM B EEE (K FRPA PyObject_ , PyNumber_ , PySequence_ i
PyMapping_ JFkMpR%L) o X SE#/E M2 E AR B AR5 8. X ik E A STAE
PAFEER G Py _DECREF () o I Ay 20AR fAj B

SR

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

FASHL, SR T R B A— RIS, FPAEPIRRT RE: KA 510 T — W RIV5IH, 802
AT 55| R BRE SR — R A G IR, RS B B AIZG I, AR A PR E 7
AU

RAHRBSHIEH; WANERNHISINEPyList_SetItem() flPyTuple_SetItem(), EfI&S)
BOS 4 HI5 I H (A2 H e TSR ! ) o X SRt b2 5 B0 | 2 B e 0 B e
BRI 5 SR A 78 TC A A R A —ANE BB Bt BUEICH (1, 2, "three™) HIMRALE K ATDA
FEIXFER (ERPREAE AN NS BaRE R EmEE )

PyObject *t;

3);

t, 0, PyLong_FromLong(lL));

t, 1, PyLong_FromLong(2L));

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

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

TEXH, PyLong FromLong () iR T —ASHM5 i HE L BIgiPyTuple SetItem () Frgilit. 24
PRAR RSl — X R T B B 5 5 U, TEETE 5 IS | R wi s Py INCREF ()
FINBS—A51H -

6 Chapter 1. &4}y
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I {E #t — F, PyTuple_SetTtem() ZRBEITH L H MW 8 — X, PySequence SetTtem()
MpyObject_SetItem () ¥ XAEMA Ao @A ] AR K2R A . RV 24 WXk A S A # oo
HFEH Py Tuple SetItem().,

FMTETE MR AT A PyList New () MlPyList_SetItem() RHH.

R, FESLEh, RO X e BME T T HB S KX A — AR
Rpy_bBuildvalue () AIDMRYE C ERQHERSHE MM R, h—4 % XF 4 BRMEH. g0, b
T PIAS A B AT A R R ISR A (B & STt ieaaill)

PyObject *tuple, *1list;

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

ffiflpyobject_setItem () FERALPARLEN I RMEAGUNHI A H R ENE LK), BIANE S IRIETE 9 S
W R B SR TERXAEOLT , AT 5 TR OB, PO ARAS TG 23 5 | T RA
PRATDARE S R 25 (“URBERETIC) . A, XASRECH— )R (S8 ERALM AR 75)
A BB — e R A H

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

Py_ssize_t i, n;

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

for (i = 0; 1 < n; i++) |
PyObject *index = PyLong_FromSsize_t (i);
if (!index)

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
3
return 0;

}

X B ROR ME AT DU A AN [ o SR 1) R 2 JOR B 18— A5 A & SO ARXZ 5 | B BT A AT,
(HVF 223 [ml—A5 | ) BB 5 Az BT B I RAR R B FEVF 2D, G [l X 5 2 i A 1) 2
B, MARFFEIR 5@ XA G ME—5 | o PR, AR IR 5 | B8 %, inpyobject _GetItem()
MpySequence_GetItem(), FEgRBI—ANFETI R BCHZT A %) .

— AT TR B AE TR A — A B EGR [ 595 | BT AR BT T A eR K - o4 (VS
B AR R IR R kBN #on ! I, RIREEM PyList_GetTtem () M—FIFARI
FH, WHEASIHEG I — HRURIRH ] PySequence_Get Item () (EMRHIZZEEMFAMSE
A APV FERBURRER 25 H ARSI — 0 B [ R 21951 -

O VAR BN S A R ROR T B RO RP & R Bl — AR i

HPyList_GetItem(), MA—EMHPySequence GetItem().

long

sum_list (PyObject *1list)

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

n = PyList_Size(list);
if (n < 0)

Q)

14. K. RBMS| At 7
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(R L —5)

return -1; /* Not a list */
for (i = 0; i < n; i++) |
item = PyList_GetItem(list, 1); /* Can't fail */

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

return -1;
total += wvalue;
}

else {
Py_DECREF (item); /* Discard reference ownership */

}

return total;

1.4.2 %%

£ Python/C AP w47y i 55 2 Ay {0 f) HARBCHE S UAR ;. K2 A Bt C 82U int, long, double Al
char*, A SEEEHYSE R RN I 51 I ASLER G 1) R BOECE BB SR S 3%, b —1

SRR TP R IR B (. XL AR5 (T E N TR R B —iE g

Chapter 1. &4}y
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1.5 &%

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

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

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

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

sys.exc_info () %4k,

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

YER— R0 B, — N 59— R BSOR PhA T AT 55 1 bR B0 24 4G 2R 08 FH Y BB 551 & T R
HAES | K S I R a RS A R . BNV Y EFE AR S5, IR B4 4 hr
N, HE RERER R - BESEHBNE RN RS, IFERH R E R EEE S .
ARG SR B A 35 T AT B T B FAE LR Y sum_sequence () B AT TR . XA TS 1TAE
Ko B AR AN SR B A OS5 . R R B R B R T — SR B . B, N TR
PR$E7R Python [T, FRATTE/R T 55400 Python fL5i5:

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

NIRRT AN RSO C A

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();

Q)

1.5. B&E 9
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(R L —5)

item = PyLong_FromLong (0L) ;
if (item == NULL)
goto error;
}
const_one = PyLong_FromLong (1L);
if (const_one == NULL)
goto error;

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

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

EAB TR ET CAEF Y goto HA) — F 2 B INA B M K B UL T WA A
M PyErr ExceptionMatches () MIPyErr Clear() ¥ 4t PR ¥ & W B &, DA K 0 fa] i
Py _XDECREF () KALFFHE RN NULL W HASIH (EEAHH 'X's Py _DECREF () FEif |
NULL 5| B 215t ) o BB — S8 T HRAAE B A 51 S B9y ikl NULL A AR L H/EH
Kb, AR EME BRI IR -1 (R I B A TER AP TR G A S s A ) .

1.6 #x A=, Python

HA Python EREERHIR AT (RN TY GG E M F) A FHEH O —IEEES R ERih, 6
1_7% ERRAAL. FRER IR Z Bl e LA TE RS BRI IR L 2 5 A REBE ] -

BRI LR B e Py_Tnitialize (). WERECRVIIRMLE MBRREE, FFRIEEABIE builtins,
_main__ fll sys. BilRWIHMEIERER (sys.path).

Py Initialize() ANLEEH” MASEINKR (sys.argv). WG K47 19 Python (LD 75
gk AsE, WA FE R Py _Initialize() Z )5 PySys_SetArgvEx (argc, argv,
updatepath) K EXHIKEE.

TEREZEZS (52 Unix #1 Windows, BIRFEANT FEAR), Py _Initialize () FHRIEXFR
1 Python fE AR AT PUAT SO R A7 B 1Y) F&iﬁ MRS R B2, I E Python W ZEAHX] T Python
RS AT BT SO [ 7 B AR E] . RRIHD, BRI THE shell dp S R F 12 AL & PATH) B3k
FNW44 0 python BRI PATSCERTTESC H SR & #0444 1ib/pythonX. Y [ H K.

2L, AN Python WJHFTSCHFL T /usr/local/bin/python, B EEE T /usr/local/
lib/pythonX.v. (Z&Pr b, XMNRFEBGERFBCN “BLERY 0 E, AT%%&ET PATH H1RE| 44K
python BRI AT OISR o) P RT DA A i i PR35 7% f: PYTHONHOME, Bl i i B PYTHONPATH
AEFRUE AL 2 i d A BN H ok B w5 AT A

XA AR 7 vl DLl S AE W Py _Tnitialize () Z AT J# ]l Py_SetProgramName (file) 3
E&”Tﬁi%wﬁ? i ¥E 7 PYTHONHOME /54K 4 78 35 It i% & Jf H. PYTHONPATH /5 9Kk & #k #f A 2 A5
MR ZE. TETEEHN N R LARME B 2 WPy _GetPath (), Py_GetPrefix (),
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Py_GetExecPrefix () flPy_GetProgramFullPath () SEPl (XL KEIYFE Modules /getpath.c
HiE L)

H O, I8 FEX) Python HE 4T “RwIAfL” o BN, MAHBFUREAEEENRES EKE
Mpy_Initialize ()) S35 HFEFXT Python i HI O 2 58 O AHZLREHL Python T /LA N AE. X[
PGBV Py _FinalizeEx () FSEP. IR Y4 H] Python 4T E WIS Py _TsTnitialized ()
PREICRFR [P EE . A Ik SR B 25 B E 2 G T i 45 . WPy _FinalizeEx () RERE
BT B Python fERERS I /0 BLH AR, B0 B 37 R BRI 43 B ) N AT B A& N 2 0REY .

1.7 iEifa@

Python nJ AP 3 67 54 4138 DA I X RE SR ALY BRI B ME AL . XS4 2> Sia A T IR IRt
ST R ETBOAR S o

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

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

B T RIE AT T RORZ AL, eI T A T B M A -
o BUOMEALRFES N X S BL s -
o BUNKRAIF I I B AR AT A8 F0 4 1625 7
o ForAE N SEIEA [ 4 BB 1] SRR AR TR B
o FZWEPIRMB FIAEG LI . Ji5h, RAEMNRHFE test_c_api () Tiks
o BASESE RS ARSI B HEZL B
o BN E M TCRAARIIR AR GE , AR RAIR AR 5 ]
o IIURZEREANEUIMNG S5 R A 2 B AL s AT
o INIESMAGE A S arena NAFSEEL.
o USRS S SRR
X HL AT BEBCA R B B M R A

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

BHEELZFMELE, HSH Python JEIE Y Misc/SpecialBuilds.txt

1.7. AifaE 11
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CHAPTER 2

TRERI R AR FF O

f&4i ., Python (1) C APLRFREEEIMHCAIIAE L. K2 B UG SIS, @ RIR APL, jiifgg
BT APT BB APL (U SE28: 1 2 i S ARG TN ER ) o

ASER S, APLAREIERAY TR B| Bt RIARA 1 (ABL) . J PN 2R 455 SRS, (eI HLAS I
Bl 7 BB AT BEA 2 BIA APL, [HRIRES MR ABL. A, 43> Python JUASHN T BEE B i i
b (RIGEAEA (AL AT 32 M 4% RO OL T, Unix ERATRES M BLH ). JeAh, 75 Windows I, 4"
JRELER 555 1) pythonXY.dll 4%, 7 BEH B 4% 4 BE- 578 pythonXY.dIl 4% .

M Python3.2 2, ELZFEHI T4~ APTAG T4, DABHRELER) ABL MISLAEN S APT (H1pFih 2
API”) Flty YT 55k S Py LIMITED AP, VFZMRRERRAITAA Y TRBLH  Bhe: S o , e FEfi]
xR (x>=2) FHUH B R 7 B 4

TERLER T, FERMNEEECRY B E R ABL, 7 3 A A X 283 APL [ 9 J 45 e 55 226
Py_LIMITED_APT % & {148 3% % 35 i) % {ik Python A< HY) PY_VERSION_HEX {H (fi#0: Python
3.3 4 0x03030000) (B UWAPI 4= ABI i AE 72 ) o IWIASHUREE A g Jr 4k Python FRAR , {HIGYEYE
IHRCAS Fma (AR ) .

M Python 3.2 JF4f, 22K API A] I Y ek A4 10 S AE PEP 384 . 7£ C AP SR, AJET 32K API fi) API
TCEARICH “ANET 2R AP,

13
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CHAPTER 3

HEE% API

AREET P R BCRF FVFUR AT AE SCPF G vh X P 1Y Python JRACHS , (HEATTHRFA SRV URAE AN LAY 7
XSGR T2

X L8 R KA TLAS T LA 2 E I AT SOR AT S R N E S, AT AT 5 Py_eval_input,
Py_file_input PAJ Py_single_input. XERFSRAIERZENNNNES MR B AR .

RV X SR BT A LA A DARESZ FILEX JBZ, G — S50 IO A B 4 31 o) 2 5 WA [R) C FERY
FILE Z5HI K0T BB 2 M AR . (24 2) 7 Windows H', B4 RA v RE S A
[E:)E %W\Jﬂ%ﬂ:‘l%%wi%?ﬂﬁmﬁﬁii%@ﬁ%m Python iz 17 Hsf BT (s FH A4 [7] B4 JE 6 2 ) 17 000 1 A
FILE* JESELHTEA].

int Py_Madin (int arge, wchar_t **argv)
IR MERERES 0 AR o A T Python BURE R rT 8 BLAR P . B4R BERY arge Ml argy JTEZ: 124
Sl CRFPR main () BMERESAHIE CRAARTE T s = KR ) o — D EZAE RS
BB R LB (HSEI R P FAFR IR AR BB ) . WERERER R IR i
(RIRGI R ) LR EMECR S O, ASRARRESS IR 5 | A S TRt LR [A] 1, i WARE S5 RARE
FIRARLH) Python iy AT H] 2.

WEHEREARG| & T —MEHAIG G F R PEY) systemExit, BpRECR NS RE 1, 1028 H i
T, HEPy_InspectFlag il RHIKE .

int Py_BytesMain (int argc, char **argv)
KT Py_Main () 5 argy 2 — MU ST

3.8 UHTIMA.

int PyRun_AnyFile (FILE *fp, const char *filename)
XRER N PyRun_AnyFileExFlags () WIFIE D, K closeit ¥k 0 T4 flags %4 NULL,

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
DAREI R R PyRun_AnyFileExFlags () WL, K closeit Z4(5H 0.,

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

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_ InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile (). filename is decoded from the filesystem encoding (sys.
getfilesystemencoding ()). If filename is NULL, this function uses " 22 ?" as the filename.

15
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int PyRun_SimpleString (const char *command)
XX R PyRun_SimpleStringFlags () WIfRIALIRIED, ¥PyCompilerFlags* SE0E% N
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
Wt flags ZH0, £ __main__ Bt H4T Python YU, IR _ main_ MIRAFTE, ERH0]
. EIERE 0, ARG AFFENRE -1, GURAERR, W ITEREREFER. XT flags
S, ST .
HERENRG K T — MM & TR PR systemExit, BERECH AR -1, TR ik
f2, R#E Py _InspectFlag b RHIE.

int PyRun_SimpleFile (FILE *fp, const char *filename)
XX R PyRun_SimpleFileExFlags () WITRIALARIE I, ¥ closeit ¥k 0 1 RF flags &N
NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
KEEX T PyRun_SimpleFileExFlags () WIALRIED, X flags %A NULL.

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

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

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XRE N R PyRun_InteractiveOneFlags () WIfRALIZED , ¥ flags % A NULL.

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys .ps1and sys.ps2. filenameis decoded from the filesystem
encoding (sys.getfilesystemencoding ()).

L AR R AT R (8] 0, ANSR 5| & S R B] -1, B A0 SR AEAE AT A A DR B ke [ AR
A1 Python 42 B4 K A ) errcode.h WHE LA RIS, (EHE errcode.h A #
Python.h FrfdE, FILHIRFENAF L M. )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XRE N R PyRun_InteractiveLoopFlags () WIfRALIIZED , ¥ flags % A NULL.,

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

int (*PyOS_InputHook) (void)
AT PARE B AR I — AR Al int func (void) WIEREL. 1% BRECRHE Python ¥ MR RERS 7 A7 HILRF
2 PRIFE AR N A i AR T o R B E S 20 . B S XA BT T R AR B R AT
LE| HARFL R T, 1% Python i3 H Modules/_tkinter.c BRI AREE.

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE *, const char *)
B AR AR A — R AN char *func (FILE *stdin, FILE *stdout, char *prompt)
HIRREL, BB RN I — AT A B BRIA SRR IZ R B U A WA E A5 5 prompt
Ak NULL g e, RE M Irie it r bR A SCHR e — TR A, IR I R R B,
readline BIHCREX AN T ICE AP AT tab SEARM R ZETIRE
iR — Al PyMem _RawMalloc () B{PyMem RawRealloc () S}FLHFAFH, B MRK
AR IR NULL,

3.4 FRE & 4% BN iPyMem RawMalloc () B{PyMem RawRealloc () 4y B, T A &2
HPyMem Malloc () B{\PyMem_Realloc () % EC.
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struct _node* PyParser_SimpleParseString (const char *swr, int start)
This is a simplified interface to PyParser_SimpleParseStringFlagsFilename () below, leaving
filename set to NULL and flags set to 0.

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

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

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

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

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)

Return value: New reference. %X 241 %t N PyRun_StringFlags () WAL O, K flags ¥R
NULL,

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
Return value: New reference. 1E %4 globals F1 locals 35§ E ¥ _EF SO AT B str 11 Python JE /TS,
HAE I A flags 46 7€ MRS TN . globals Wh7F@— A5 locals AT DARATA S T WIS X
Fo WS start $87E T RS GNRETIRACH AR IR AT -

AR RS 12 Python MR PUTIILR , BE ARG | % 1 574 Wik [7] NULL.

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. 3% 2515 FNHEIPyRun_FileExFlags () WIfaifbiRIZED , K closeit & H 0
F¥F flags 5H NULL.
PyObject* PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
int closeit)
Return value: New reference. %241 %} N PyRun_FileExFlags () Wbz D, ¥ flags ¥&H
NULL,

PyObject* PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, PyCompilerFlags *flags)
Return value: New reference. X 24t X N PyRun_FileExFlags () WIfaifbIGE D, ¥ closeit %K
0,

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

PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. X251 % NI Py_CompileStringFlags () WYTRiALIRIE T, ¥ flags 1%
5 NULL,

PyObject* Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags)
Return value: New reference. % 2%t % NPy _CompileStringExFlags () WIfafuliizE o, ¥
optimize %K -1

17
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PyObject* Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. fEMTIH 4%1%F str # B Python JEACHE, & [ 45 B X 4. HIEEL
Hi start %5 153X AT R BR80T e g e 1) AU 9 HL Ol Py_eval input, Py _file input B
Py_single_input. Hi filename 353 5g i) A4 S Wi ) R A 3 AURE X0 42 I 1T g H BRAE [l 9435 6 B
SyntaxError S THE A . AR TCVA AT 410 I R ECRF IR [1] NULL.

BB optimize 48 7 HiFARHICACL; [ -1 Rk B —o PRI AR A g . S
0 (aflfes __debug_ NEfH). 1 WTHEHAEER, __debug_ MIR(H) 5 2 COMFIAFHR B EHR
B2

3.4 BUFTIA.

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

3.2 UHTIA.

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. 2241 Wt PyEval EvalCodeEx () HIACHEZE T, HPHHAAUIDXTSR , DA
Fea Rl e s i, HAbSHIY I NULL,

PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject
*const *args, int argcount, PyObject *const *kws, int kwcount, PyObject
*const *defs, int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. Xf—Figmid AT XT GoRME, MHRMES B R eI, RS h 4
SRR, R BB G, SR REEFREOAMAER AL, R AT SEECAER
I AT B oA
PyFrameObject
T HERWT G CREREEMR . A B AT BEAEAT AT g iz
PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. X — A HATWIR{E . X RH X PyEval EvalFrameEx () WIfRIALIHIE D,
BISRUSEIEN S c
PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. iX ;& Python fEREIZAT AN BN BREL. SHATI f A B A AR X 5
FEAT, R AR R EIATI N . WM throwflag TE 2 BEAS T DAY 2006 —— IR A H
{E, WEFECLAMLH —RE: XSl T AN ERE throw () Jrik.

3.4 B A i R B R AT, AR BN TR 2 R B 0 57 3

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
B BR B2 B BSOS BOREMIRYREER , AR I B, SR IR ] AR
int Py_eval_input
Python {735 i I TG FA X MR GRS LGPy _Compilestring () i,
intPy_file_input
Python #32 H HTF M SCHF A IR B0 ) P S R IR AT LG Py_CompileString () ffifi].
XA TE G AT 2 K1Y Python SR IS4G I 10455
int Py_single_input
Python 5% 1 T BB AR IGFT 55 BLA Py _CompileString () i/ &M T A B AR
(AN IVES R
struct PyCompilerFlags
XS R e AR R S5 A R . XTI A i iR R R 0L, ERFEN int flags f£A, T
XFF AU E R PATHIIE O, EXFEh PyCompilerFlags *flags ffA. FERXFMEILT, from
__future__ import A]PAMB X flags.

Y pyCompilerFlags *flags A NULL B, cf_flags B4 /EZET 0 SAb3, TR from
__future__ import frFB BB EF.
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int cf_flags
YRR AT -
int cf_feature_version
of _feature_version 2 Python B/ NMRARS . B 24891441k~ PY_MINOR_VERSION,

WF BN 20, 24 BAUYTE of_flags i T PyCF_ONLY_AST JHARE A LB
3.8 WREEAEE: HNNT of _feature_version FEk .

int CO_FUTURE_DIVISION
XABRERLATE flags ik B MG REBTAT / Wil PEP 238 FrfEy “HIRE".

19
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cHAPTER 4

AT 5 T4 2 Python XF4L 15 AL
void Py_ INCREF (PyObject *0)
S5 0BG TTEL. X GU BN NULL; AIRARANH & B AN NULL, "I Py_XINCREEF () .
void Py_XINCREF (PyObject *0)
HEMAR o 51 TR XFZAT AN NULL, R OL N IR AT ROR .
void Py_DECREF (PyObject *0)
XS o 5] TR XTRUBUR R NULL; QAR BN A NULL, A Py_XDECREF ()
MRS TR R, 5 AT X G T @ B REOR 4L (B AAS A NULL).

Bl R R BT S EUL R Python (UM AGEIAN (HIANIY— DA __del () JiARIZEsE
BIRTRERUN F 2 ML) o AR MRAURD H ) S WA AR, BT RIS RERS B iy i Tl
Python 4= JRyA8 o X T BRFE AT AT Al o 4 Jmy 28 S AR B X RAE P y_DECREE () AR ) 2 il
BN AT SR RIS o BIAN, AN —AF) 3 o I 0k SR ) AR 7 24 6 U oo R B9 5 9 L 31—
A AR R, B RBARETH, AR RN AL SRR Py_DECREF () .

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

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

PAF B $0E T Python 19247t 81 &8k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject

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

PA R bR BB AN v] 7E R RE g% 0 W AR F: _Py_Dealloc(), _Py ForgetReference(),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER B

Bl5h e 3R

AREE IR I R B AR AL BEANfil & Python F# . T fi#—4¢ Python 3 A BRI AN 2R ELEM . B
) AR A fifg POSIX ) errno A8k (BBANEAE) A RiEnt Rl &R, K&
5 C APL (REUR 2AE BTN E, (HATE R IR B TR e R R R R . 24 C APT s 4tk 1]
—AHERIERER . WERTAINVAZR B840, @R R NULL, 05 R ANEE, R [E] -1 (4
PyArg_* () HREU IR IR AN 1 1 2 IR [E] 0).,

HARHUL, SRS REs B AR 86 2R, SEWIE, AR . G s A iR i
B, IXEEIREMAR AT DA NULL (RS AR Y, Bltn, Wi RALE NULL, IRANEER —ANE
NULL f4 [l ) .

DR B T E R B R BRI AL R W, Tl A SR EA R A BT RIS e
ZWETE. MERITAIE R, SR R A SRR B (X 58 s A7)
Be) o MUERAHERAL TG H, W R IZIEFHAREE . AR W TN RIR ], TR — i B ) 1 5 3%
MEZ0E T AR, WREEIRBCA TS S A B/ V024, X Python/C APT [ e ¥ I AT REAN & HI 1
F18, FF BT RE S AR A ) 75 R I

ffilE): 5PN E AL sys.exc_info () BIPITA R HIFR R M ARSI 78 (R ibqefedk),
JEEAEPR R G REEAFE (R ORIk %) .

5.1 ITEFO;HIE

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

void PyErr_ PrintEx (int set_sys_last_vars)
FHARAERIPAT IS sys . stderr HIERET R RAr. BRIEETIRE SystemExit, XMIFHN TAS
FTENEI AR, H 2B Python 7%, /R SystemExit SLHIFE & AR .
HETEARIR A B A T B X R, A% 25 S8 iR !
m B set_sys_last_ vars AE FE, M| AF B sys.last_type, sys.last_value I sys.
last_traceback $4 Bl ENFTEI R HERIEAY, (ER0E1H .

void PyErr_ Print ()
PyErr_PrintEx (1) M54

23



The Python/C API, &[F) 3.8.20

void PyErr WriteUnraisable (PyObject *obj)
15 1 24 B S50 obj 2808 sys.unraisablehook () .

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

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

A JH L PR O L TR B S

5.2 it H=

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

void PyErr_ SetString (PyObject *type, const char *message)
KR W BB RER G RE NN - PSR ERERI Bl SREREZ —, eg
PyExc_RuntimeError. A EMINEMWS HitE. £ _ 1SR EHEIREE, EMIEH
'utf-8"',

void PyErr_SetObject (PyObject *type, PyObject *value)
WM T PyErr_SetsString (), HRAFHRNFHEN (A" H5EEE—1 Python X4,

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X PR B0 E T — 4 R 8 /R 28 9 H iR [A] T NULL, exception [V
52—~ Python W) 4 K. formar FIFE G W8 Z 35 Ik AL X A5 R B B
Y5pyUnicode_FromFormat () B EMEIN S XFME. format Z—4> ASCII 4 bl (R 745455 .

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. f1PyErr Format () f#H[E], (BE#EZ—4 va_list BEWSET A
AR S .

3.5 BUBTINA.

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

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

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X2 PyErr_SetNone (PyExc_MemoryError) [fij5; TiR[F NULL
, PATEY INFFRERES, XTROBLKEPAS return PyErr_NoMemory () ;

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. X 2 EHEK AL, 24 C F R EUR 45 iR HF X E errno I, XKL
SR T . BHE- AT dXg, HE -T2 HE errno, 5 UMM AAIREE (A
strerror () $KEL), X5 PyErr_SetObject (type, object). £ Unix |, X4 errnoff
se EINTR , HIFFIR) RGER A I, ARSI PyEre CheckSignals () , WRBCE T HER
fendn, MR E NIZE . ZRBOUKIEIR E] NULL , RIS REUH R IR, B2 R 500
MR IR LS % return PyErr_SetFromErrno (type) ;.

PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameOb-
Jject)
Return value: Always NULL. Z5{0, T'PyErr_SetFromErrno () , FIMIFT N2 UE filenameObject
AR NULL , BERAE R =D SEUE 4 npe (NI K. 224611, 7E OSError R,
filenameObject ¥ 3 & X 74 5L BIH) £1lename JE .
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameOb-

Ject, PyObject *filenameObject2)
Return value: Always NULL. 25Dl T PyErr_SetFromErrnoWithFilenameObject () , {HEZH
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A filename X5, 24— A2 filename f4 bR BRI S & £
3.4 BUHTIA.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Z5{))F-PyErr_SetFromErrnoWithFilenameObject () , {HX{4%4

PACFRFIBR G o filename 72 NI R GE4ED (os. £sdecode () RS HIARMT.

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX 2 fill )% WindowsError [ 18 & K%, R lerr S 0, WP H
P H GetLastError () &[5 %M. B H Win32 K% FormatMessage () R &R
ierr B GetLastError () % W& RIS A Windows i ik, KRG E —mdxrg, H
T2 derr {H, % WM MW IRME S (M FormatMessage () 3KH) , ARFWH
PyErr_SetObject (PyExc_WindowsError, object) . ZHREUIKILIRFA] NULL ,

B] F 4 Windows.,
PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr_SetFromWindowsErr () , FAMNIS S & B fih k& 1 7
A S
RAL,
B] H 4 Windows.,
PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. 22{))F PyErr_SetFromWindowsErrWithFilenameObject () , {H

72 filename J2PA C FAFERIE LA NHY . filename J2 ST R GiST (os. £sdecode ()) MRS K
.

B] H 4 Windows.,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-
Object *filename)
Return value: Always NULL. Z3{lJF PyErr_SetFromWindowsErrWithFilenameObject () , 4
SNSRI B A ) i R A
B] H M Windows,
PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr,
PyObject *filename, PyOb-
Ject *filename2)
Return value: Always NULL. Z2{)J FPyErr SetExcFromWindowsErrWithFilenameObject () ,
H2HZ 55 A filename Xf 4 .

u] H M Windows,
3.4 BUHTIA.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const
char *filename)
Return value: Always NULL. 25{)) T'PyErr_SetFromWindowsErrWithFilename () , HiIrEE35

FE B K AL,
B] F 4 Windows.,

PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. X 2fii % ImportError WEEEREL. mse Bo% N B&EFHE B F4FE .
name Fl path | (FFATPASH NULL ), ¥ R4 E ImportError XN )& name Fl path.

3.3 BUHTIMA.

void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
VA AT F RS, FTR AR R . AR M R E A2 syntaxError , WEREHIMNYETE,
@ﬁﬁé’TEﬂ‘jﬁ%?w)\jﬂﬁ”%% SyntaxError,

3.4 BT
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void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
YpyErr SyntaxLocationObiject () ), R filename 2 M AT 25 4l (os . £sdecode ()
) RIS AT AR

3.2 BTN

void PyErr_ SyntaxLocation (const char *filename, int lineno)
SPyErr SyntaxLocationEx () 28, {BEWE T 4L col_offset,

void PyErr_BadInternalCall ()
XJ& PyErr_SetString (PyExc_SystemError, message) W4EE, H message HFRHH T
IRESEOH A NEERAE (B0, Python/C APT k%K) . & 2T NEBEEA .

5.3 AHHES

XEERRFT AN C AR b 4. BATI IR T Python 53t warnings S IR LEpR AL EATIE
] sys.stderr Tl — 3585 B 408, AP A AT REC S48 @ RS 4L iR, TEXMEOL T, B4
PRk i . WA R REH TS ILH I, (O R gk R . R Uk e, R IBMECA O
WER M & e, IRIEE -1, (ToVER e @G LT TEEEE, WiEe ik mER. X2
ﬁiﬁ%ﬁZﬂﬁZ%)ﬂﬂ%ﬁiﬁTﬁﬁ , WHE N AZIATIER SRR (GlWn, Py _DECREF () ¥ 5| HHRIH
— PR o

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
R —MEEE R S5 category Z—AEEH 5] (W) 8 NULL ; message J&—> UTF-8 4ifi%
W7 o stack_level Jg— 45 AR WUECE A IERL B4R AR b 24 BT IEAE AT ACRS AT &
stack_level 13 1 W gl PyErr warnEx () WAL, 2 2fElbz FRRREL, DARLZEHE.

BB PyExc_Warning 72, PyExc_Warning 42 PyExc_Exception [12%; Bt
N G/E PyExc_RuntimeWarning . FRifE Python 52K BIVE A& /RAs BT, i HAFR
WARBEEE K

A REEERNEE, SIS warnings Mar Q17 3CR P —w 0. #0f T 55
C API,

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
Return value: Always NULL. flPyErr SetImportError () BRI, HXDEE AR E—1
ImportError T2 Ml % .

3.6 BUHTIMA.

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

3.4 BB

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
RN TPyErr_warnEx () WEREL, (Bl PyUnicode FromFormat () FAGAALEAETY B, format
SE (T ASCIT il 745 5

3.2 BUHTMA.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
KT PyErr_WarnFormat () WKL, 1B category J& ResourceWarning # H. B &% source 1%
%& warnings.WarningMessage () .
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3.6 BUHTIA.

5.4 EifEIRIERE

PyObject* PyErr_Occurred ()
Return value: Borrowed reference. {2 G E T iR finar. NEIKE, WLk EISEE Hpe (FB4E T
— YA PyErr_Set* () M EPyErr Restore () WIAMME —NSH). WARRE, Wik
Bl NULL. fRHF AR EERG T, FARATEXN EHATPy _DECREF ()

fE): REZERR ME SR ) 55T R WSO PyErr_ExceptionMatches (), QIR
Jine (HBARE D) RGP XTI R, AR RER— DRI R, NF e B
MR —AT2K.)

int PyErr_ExceptionMatches (PyObject *exc)
T PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). BCERERN 24 HAESL
PRuCE T S I A BRI AR BT B T | R MR A A AR N AT D

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
R given FH 5 exe HF) SRR B PCHL R BB . Q15R exe & — NS, WY given j&—4
TR LI R B AR exc Z2—AJ0H, WizoTH (PAGSEIAN)FITd) Prira 5
RAUH R AR AT UL

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
PRI R AT IR =AM B A i bk . QSRR BEE IR PRAT, R = A AR AR R
NULL. QIPRCE, WPRFHIE BRI BARRAS 20 B S O A SR i 51 1 o (B0 50T PAK
NULL RSB RA N2

fEE): ek B0 o Pl T B 0 AR B R I B R AT AR R R P R AT AR RS B B, 51
i

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

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

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
BT =AM RBCES BRI WRERIGRAT O BE, BH B8R, IR =1053%
NULL, B ERFERE IG5 o A 2% A NULL 88UR1E NULL (EE I . S8y 42—k,
THABAL AT S BB . (3 Sk S RLRE- T B 1 22 0. ) Ml ) 2 2 10
G - VR 2 B AR XS5 BAE T 2 G AR A A X L5 . (2R
AR — ., NS ek 00 & 2 AT )

fE): b e HGE LR B R AR R SR R AR RS B . S pyErr _Fetch ()
RARAT- 24 B O SR TR R AT

void PyErr_ NormalizeException (PyObject**exc, PyObject**val, PyObject**tb)
ERFER LY, FHEPyEre_Fetceh () FriRInEER AR “IEIEMALRY”, Bl rexc B—1IRR
M *val A m-—EA LB, FEXFE LT R BT AR R LB . iR &2 IERL
1, WABUE TR SEBUX AR IERA 2 T T RE .
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Wil s~ e B MR E(E LIRE _ traceback @M. WNSRARELE L E W, £
it DA T M AR A B

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

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

RPSFHFER, MM sys.exc_info () Frigaliy. EdE—4> CHIRMFTR ., MAZNPE %
o ARl BRI = ARG, AR u A NULL, AL B E A RRR

3K
DN o

E): PR EGE A SR B AL PR R R ARSI . e 137 & R AU TR I IR
W S RSB, Wi pyErr_setExcInfo () KWKE BIERFF RS

3.3 BUHTMA.

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

WHEAHEER, BIM sys.exc_info () FifGEIH. X2 A CHMERBREE, MAZHEE %
H 55 SERB S S 55 . EE S REIRE, NI A2 8% A NULL, XFA X
NSRBI, WE R PyErr_Restore (),

E): B RREGE N 2T AL I S A AR B B o B B 3 B A AU R G I RAF I
W A HARSHE L. W PyErr_GetExcInfo () RERGFEARE.

3.3 BUHTMA.

5.5 554bE

int PyErr_CheckSignals ()

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

void PyErr_SetInterrupt ()

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

N5 Python A 4P signal . SIGINT CKFEiX N signal.SIG_DFL B signal.SIG_IGN), Ut
PRECRF AT A 5

int PySignal_SetWakeupFd (int fd)

XA T H R E 17— LR (55 R AN ARSI U A 5905 19 J AR S
fIRFT . fd AURARIERT . BRI H]— DX SRR AT .

BCEAE -1 KA AR R AAIRAS o XA T Python H1fi signal.set_wakeup_£d (), fH
Se A TR A fd B2 — AR SO RAAT o U pR 0N 24 R AR

3.5 i SE: E Windows I, MR EOAE SR B4 AL B

28

Chapter 5. fl5pEEE




The Python/C API, £[F) 3.8.20

5.6 Exception 3¢

PyObject* PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. %4~ T EL.pREN SO I 1R Bl — N8 ) 54528 . name 50 R 3 S 10
ZHR, B module.classname FER A C FREE . base Fl dict ZHGEE N NULL, XE6) 28— IR
4 H Exception ZEXT2 (7 C ] PAiEd PyExc_Exception {5]).
BIRM __module  JEMERFHIR N name ZEWHIEE S (RJa— A5 ZH0), MR N
JEAoYy (Fea— A RTZ)5) o base ZHTHHRITE RIS BETLAZ e — ik
HLHITCH . dict ZHAT KA E — > th 2878 AN R AL e

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

Ject *dict)

Return value: New reference. MIPyErr NewException () —FE, [T v DARFARMES T R 2 —4
SCRYAFER MR doc JEVEAESS, R AE S R SR AT ER
3.2 OB

5.7 FEMR

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. 55 55 A IR [Tl A — 4S8 5 R [A], rT VAL traceback
7E Python HriJjIF]. HURBEATC XBRAY I, MR (A NULL,
int PyException_SetTraceback (PyObject *ex, PyObject *tb)
H T IR [ S BN b o ] Py_None iEHBE .
PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. -5 53 RN 1R 3 (FEALBE ex 1yt R b g | K10 53— > S 5491 )

YER—Ag I R B, ATPAEL _ context_ 7E Python Hrijj[al. ANARMEA KRB LTR3¢, W
1% [7] NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
5 A IR R SCREN eove fl) NULL RIEEE . A TRIDR coc B— i S22k
BEG A XRFET IR — AR e 19511 .

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Y5 55 M X BER R (— N sLp], B2 None, ] raise
from ... &H) fERH—AHGI RN, WHE Python i@t _ cause  Rijjil,

void PyException_SetCause (PyObject *ex, PyObject *cause)
455 SR SLIBE00 B DHEEH cause. 1] NULT, 258 . A AR cause J— A5 35501
B None WZEAUAGA . BORHTI— 815 cause Y5 .

__suppress_context__ &#IRE R ML N True.

5.8 Unicode =&k

AR TR AEBOk B C 1Y) Unicode 5% .

PyObject* PyUnicodeDecodeError_Create (const char *encoding, const char *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,
const char *reason)
Return value: New reference. f]f#—-]> UnicodeDecodeError X I i encoding, object, length,

start, end Fl| reason Z£J@ V. encoding 1 reason ) UTF-8 4mtd ¥ F4F 0 .
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PyObject* PyUnicodeEncodeError_Create (const char *encoding, const Py UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end,
const char *reason)

Return value: New reference. f]f#—-]> UnicodeEncodeError X IH i encoding, object, length,

start, end Fl reason. encoding F reason H 2 VA UTF-8 Jg i F4F R .
3.3 iz L E A 3.11

Py_UNICODE H Python3.3 &E#FH .11 T H E PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)o,

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

son)
Return value: New reference. fJ7—-~ UnicodeTranslateError X RIFHT object, length, start, end

F reason. reason J&—~VA UTF-8 4itid i) F4re: .
3.3 e E: 3.11

Py_UNICODE H Python3.3 f2E# 5 . i51E B E PyObject_CallFunction (PyExc_UnicodeTranslateErrc
"Onns", ...).

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 12 [0 45 7€ 5 N4 encoding JE M

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError GetObject (PyObject *exc)
Return value: New reference. 12 [0 45 7€ R # N1 object J@ P

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)

BRI 8 SRS BRIN start JRIEFFREHOA *start o start WoFUR A NULL. JSENRHRIE 0, SR R
-1,

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

R E SR start JREBCN start. BIIIRE] 0, JIM IR

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)

RIS E S G end JRYEFF ARG HIA *end. end WA R NULL. BEHINRA O, 2 Mt iz
-1,

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

S 247 BTG end JRYELEY end. WG 0, SKIGIHHE

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. iR 0] 45 %€ 55 X 519 reason Jg M

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

B E SEHE R reason JEYEIR A reason. WIHHHRE] 0, JRIBHT IR
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5.9 T

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

int Py_EnterRecursiveCall (const char *where)

FRic— AR C J= R BRI T AL

WA E LT USE_STACKCHECK, IR &I PyOS_CheckStack () RMAEEIERGHEM Z R
. FEXFMELT, BREE 4 MemoryError iR IEZAH.

B I I R SICR ARG A B AR BB T R . R B3GR E 1 RecursionError Hik [m—AF
TE. FHMBER T, WEREZE,

where should be astringsuchas " in instance check" tobe concatenated to the RecursionError
message caused by the recursion depth limit.

void Py_LeaveRecursiveCall ()
ZER—~Py_EnterRecursiveCall (). Wil ¥fPy_EnterRecursiveCall () HIEA mhay

KR R EIAT— IR -

IEff ST R AR g RS co_repr TR RIRTIB IR . FELRIPARZ A1, to_repr B TR ELE XIS DA
57 11 HBRARER . DA R A B RO R B S O TN . ASEB ORI, XIS B C FORPR. repriib.
recursivefrepr()ﬁ@%%ﬁﬂ@o

int Py_ReprEnter (PyObject *object)
fEtp_repr SEIITF AR DA DU B ER -

WERAT RO LA, R EOE IR o — A IE B, TR T to_ repr SEIW 243 [ — N5 H %
HEEIRFAFER XS S BN, dict XFEFRME { ...} 0 List XFRHRMN [... ],

TSR R E 28 U R DU b B R A [0l — S AR S FEMSOU T tp_repr SCHLE #2438 M) NULL.
AEHANE LT, MR BCRFIR B 1M £ p_repr SELRF ] IEHTARSE

void Py_ReprLeave (PyObject *object)

R —APy_ReprEnter (). WM EEAIRMI B Py _ReprEnter () WA HAF M H—
e

510 IrERE

FIrA7 1) Python i i 53 0wl A &2 /28 f, KA FRO8 PyExc_ JR | Python 5t 4 Fk. X
sePyObject * A FRBAXIGE. FIHHIH T 4wl L8 AR S # A AL

&
I
i

C &R Python Z#R [l
PyExc_BaseException BaseException @))
PyExc_Exception Exception (D
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

BET—H

5.9. BT
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k1-#Er—8

C &R Python #Z#R [EfF

PyExc_EOFError EOFError

PyExc_FileExistsError FileExistsError

PyExc_FileNotFoundError FileNotFoundError

PyExc_FloatingPointError FloatingPointError

PyExc_GeneratorExit GeneratorExit

PyExc_ImportError ImportError

PyExc_IndentationError IndentationError

PyExc_IndexError IndexError

PyExc_InterruptedError InterruptedError

PyExc_IsADirectoryError IsADirectoryError

PyExc_KeyError KeyError

PyExc_KeyboardInterrupt KeyboardInterrupt

PyExc_LookupError LookupError (D

PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundError ModuleNotFoundError

PyExc_NameError NameError

PyExc_NotADirectoryError NotADirectoryError

PyExc_NotImplementedError NotImplementedError

PyExc_OSError OSError (D

PyExc_OverflowError OverflowError

PyExc_PermissionError PermissionError

PyExc_ProcessLookupError ProcessLookupError

PyExc_RecursionError RecursionError

PyExc_ReferenceError ReferenceError 2)

PyExc_RuntimeError RuntimeError

PyExc_StopAsyncIteration StopAsynclIteration

PyExc_StopIteration StopIteration

PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError

PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError UnicodeDecodeError

PyExc_UnicodeEncodeError UnicodeEncodeError

PyExc_UnicodeError UnicodeError

PyExc_UnicodeTranslateError UnicodeTranslateError

PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError
33 R m A PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError,
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,

PyExc_ProcessLookupError and PyExc_TimeoutError /14U~ PEP 3151.
3.5 BCHT A PyExc_StopAsyncIteration fll PyExc_RecursionError.
3.6 G PyExc_ModuleNotFoundError

XL RS RVER4 PyExc_OSError:
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3.3 R
(E)f#:

(D X

(2) XAE Windows HiE SC; Al 5 SC T WALBAR 72 Ms_wINDOWS , DATELRI B & iR .

C & [z
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError 3)

B XL 0 280 B S R

e HA BRI SRR R B

5.11 FREEE LS

JIr A BIARE Python 4528 HIFR AT DA AR 42 Ry e &,

45 “PyBxe_* Bt | Python SERE#FR. K467 Bt
SEPyObject * Y7 AREAXTG. WA T A FAEE A At

C &#r Python &#R [T
PyExc_Warning Warning Q)
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning | PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

3.2 GHT A PyExc_ResourceWarning

(Elfi

(D X

T HA AR

PR

5.11. HREEEAS
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CHAPTER O

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

6.1 fERAMIH

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. 12 8] path 18 XA RGP IFERTER. WRIZ LR —/ str 5{ bytes
X5, WemsI g, ﬂH%WXT%%fJLT os.PathLike £ [1, MHZEE R/ str
8¢ bytes XERRFRE _ fspath_ () . FEHMIEN FR5] % TypeError }i&[H] NULL,

3.6 BUBTINA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
W2k & FR N filename ) bR HE VO SCAF fp B A6 A A AT A2 B W GR Wl E - (JE ) {H.
isatty (fileno (fp)) AEAHM XM E T XFMEN . WRERERPy_Tnteractiverlag
jﬂgg BEPR AL filename #5510 NULL BUH HAFRSE T 74T ' <stdin>' o ' 222" B
EN=E(ER

void PyOS_BeforeFork ()
TESERE S X2 HE £ L L8 YRR AS W BR AL LR, S FE W fork () U AEMTZERUR) 7E b 24 B
PR R E Z B . FGEH T X T fork () WAL

e M. C fork () W H N 24 A ¥ main” % 42 (NL T main” B #FF 22) v it F7. X F
PyOS_BeforeFork () it 2.

3.7 HUCHTIA.

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

Al C fork () ¥ M N %4 H ¥ main” % 32 (ff T main” i # %) $ #Ff7. X+
PyOS_AfterFork_Parent () SEiith2untt.
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3.7 BUHTMA.

void PyOS_AfterFork_Child ()
AEIERE 73 X2 5 S N AR A RS Y BRI B BRI B AR ] £ork ( i@cﬁ*f&é’]ﬁ[‘%é‘lﬁﬁ
#EEI’JIZ@ZZFT? PERE PR, IRV A Pl [ 5 Python ﬁ@ﬁ%%ﬂ’hﬁc HIE T X
T fork () WAES

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

3.7 JGH A
h=%:

os.register_at_fork () 11, 7 Van biis T WiPyOS_BeforeFork (),
PyOS_AfterFork_ Parent () MlPyOS_AfterFork_Child () JHAH H E X Python pREY.

void PyOS_AfterFork ()
FEHFR D 2 S R RS PUERIRAS A pR B A SR AR SL 55 Python fFRERS It bR 500 4 76 BT i
R o AR R — TR AT P T SO A B AR o, MR TR B4 IR K

3.7 WEEER: IR EE R Pyos AfterFork Child () Bk,

int PyOS_CheckStack ()
RREAR AR S R R BRI B . %@ — AN EERIR A, (BANFEE LT USE_STACKCHECK 7]
H (HaifE Windows _F i Mlcrosoft Visual C++ #gi%#%) . USE_STACKCHECK ¥t HahE X; IR
LR AZAEVR B O AR s e s

PyOS_sighandler_t PyOS_getsig (int i)
R EHTH TGRS | 5 S BN . X2 — X sigaction () B signal () AR, THA
BRI AR %L Pyos_sighandler_t EXFWT void (*) (int) E’J typedef %14 .

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
FHTES i WES AN s &EHE S AR X2&— DX sigaction () B
signal () M EHET. A BRI EE! Pyos_sighandler_t @R T void
(*) (int) MY typedef 5|4 .

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

Encoding, highest priority to lowest priority:
¢ UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
o UTF-38 if the Python UTF-8 mode is enabled;

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

« the current locale encoding.

AR [ — A5 [ 2 BC Y 58 7 AR AU FAFE B4, T PyiMem RawFree () KRN, N
R size A4 NULL, JURRFHERR T null A5 ST AR B AR *size

TEFRRD ES R 5 N A7 e iR AR 9] NULL, IR size AN°f NULL, W *size RF7ENAFET IRITIE A
(size_t) -1 BfEMRIBERE N (size_t) -2,

RIS R IRARTAR N 2 At AR C EA TP A -
i Py _EncodeLocale () BREUCRIG AT g [ 375 .
W%
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PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () BREL.

3.5 HUHTIA.
3.7 iR 48 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 i A PIAEUNSEAE Windows F Py LegacyWindowsFSEncodingFlag 2SN R ECE (4
UTF-8 Zi g

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

Encoding, highest priority to lowest priority:
¢ UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
o UTF-38 if the Python UTF-8 mode is enabled;

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

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

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

4Nt error_pos A NULL, W} 23KF *error_pos 4 (size_t) -1, BU@TEAEHIDEN R
B A TR AT R S 5

W fifl py_DecodeLocale () BREUANF T R MRAD 0] h T FAF ALY F45 52
%

PyUnicode_EncodeFSDefault () MlPyUnicode_ EncodeLocale () K%K,

3.5 BUBT A
3.7 Ji ¥ %8 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 MREE &5 BIAEUNSRAE Windows Py LegacyWindowsFSEncodingFlag S22 NI R ECE
UTF-8 Zgttig A

6.2 ZMEAX

XERMR H sys BEHRAYIIRER LALE C ARSI 00 TH & ENT#0A] T U A R AR 1 sy s A
ﬁ%lﬁ’]%,\, ML O A N A ARR S S A i

PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. 12 [k H sys BTG name 553 W EARAFAENLR B NULL, Ff:
HASBE RN .

int PySys_SetObject (const char *name, PyObject *v)
i sys B name ¥R v AR v o NULL, FESUASOLT name K5\ sys B bR . iR
[l 0, KAHT IR ~

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

void PySys_AddWarnOption (const wchar_t *s)
Ff s SNF| sys.warnoptions. WHREWMAEPY Tnitialize () Z AR DATESE i 5 it
TERRIN
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void PySys_AddWarnOptionUnicode (PyObject *unicode)

¥ unicode Y5 JN%) sys.warnoptions,

R H A s B AT AE CPython SEBLZ SN, KON E L fEPy _Initialize () W
warnings WA FAZ AN, (B2 FstT R 24 in e 2] 2 PA SR 88 Unicode X 4 i 4
RER VR o

void PySys_ SetPath (const wchar_t *path)

I sys.path BN MTE path HHEN W EEARLURAY SN ZRT G, RSB R EF & R R i
JrFafF (fE Unix E2 =, #E Windows 13 ;) 7 FRRYERARAY 512 -

void PySys_WriteStdout (const char *format, ...)

4%“57\f0rmat R D TR S AR sys . stdout. ARGIRMEMSRE, BIMERAETHEY (WT
).

Jormat [ 25 ELAF ALY i A5 R OB BREIFE 1000 45 PATR - 1000 7Y )5, il 7
PR PO el X REE A H BUARZ IR %s” 45205 BT 2408 %.<N>s” SRR,
Horp <N> 2—AZI A <N> 5 HADC A SR RS Z A 2ol 1000 545 # -+t
HIRCT . BEERE %, BRI RN ARR K BECTHT BN BOA A T R L

R AL T H R, sys.stdout E=S, CARULIIHERHFHE AR EIER (C 290 stdout

void PySys_WriteStderr (const char *format, ...)

Elpysys_WriteStdout (), {HHCHBAF| sys.stderr 8 stderr,

void PySys_FormatStdout (const char *format, ...)

Z{bl PySys_WriteStdout() [ BRECRF & PyUnicode_FromFormatV () Fekg=(4bil EIF A
HEREEERKE.

3.2 BTN

void PySys_FormatStderr (const char *format, ...)

KpPySys_FormatStdout (), {BMCNBE AF| sys.stderr 8 stderr,
3.2 HEHTIA.

void PySys_AddXOption (const wchar_t *s)

K s AT N — A X IR R A H R ENTRINE] Py Sys_GetxOptions () FrikInl iy Fiik
WUk, MRECTLAEPY_Tnitialize () Z BB

3.2 HUGHTIA.

PyObject *PySys_GetXOptions ()

Return value: Borrowed reference. R0 24H] —X MBI T B, 2 PITF sys._xoptions, K4S IRN],
PR [E] NULL 3 & — R

3.2 UGHTIA.

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

Gl — A S BT ROE B o Bl I I [ A B SR R 3 [ B B — A
o

WARC I TAEATE T, WERFEH] format FUH AL S HOR M i — A AL AR TTA. B N PASH,
fEPy_Buildvalue () WM TR AN . WERAE A ZE— o4, B
—AEILEICA . (R aIETH N STHFE— 51N, (EUR i T B0A IMERIE IR B0 SRR T B
THFE, PR e T fE 205 Tt )

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

sys.audit () &HFT5% B Python (TR & B[R] H1E -
3.8 BB

3.8.2 MU 5#: Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation warn-
ing was raised.
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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 $§5T 2916 N1 R4 RT-8FeRECT Re th R R s TR A, IR A8 A B B2 48 1)
Python R

BB fEPy_Initialize () ZHIRCEAMBIA . MRALBTAIIRICZ JGRR A, IR
ﬁ%@?%ﬁi;ﬁﬂiﬁ%ﬂ%ﬂﬁ%ﬁﬁ%I7,vi~/M}\ Exception TR REEMGTERIE CHABSE R
AR -

WO B\ %o 2% ® 5 int (%) (const char *event, PyObject *args, void
*userData) , HHt args BRIESE — A PyTupleobject. T By M I 52 H 5| & %
4:17) Python f 2% r kA 1) GIL.,

HZ 1 PEP 578 [ A RATRTTRIIE . AEs T RPRIARE R o &5 A TSR e R0 B L o
TR, 2 DL R A SR

WERAFREAR CowI i, BURRECH 5| L H TS F sys . addaudithook HARMFEMSEL. MR
BALMBAE I F5 K T —NIRE A Exception WSHE, HifHF RSN HIZ 5T 5 S0
B P, MDA AHEGE AR5 T E A IR AR A TRERE I B A B 1

3.8 UBTINMA.

6.3 1T (Process) ¥=#i

void Py_FatalError (const char *message)
FITEI— D E AR BT R AR . AP B, 0 oR 808 24 SOTEAG: T 1) W] BB - Ak 2k 1 1)
Python &2 AF @AY A CF IS BRI - B0, XA B E BUBIR R 6. £ Unix Lk, 5
i C ERRHL abort () 2RI H-RF B R4 —4> core .

void Py_Exit (int status)

B Y HHRE. X HPy _FinalizebEx () RGN AR HE C ER AL exit (status). U
Ry FinalizeEx () iR, 1BHAMRSEHHE N 120,

3.6 il A Sk H i AALHI B RAN 2 TN -

int Py_AtExit (void (*func)())
HM—A Py _FinalizeEx () VR MEEEREL. U8 B R BCRAS S AR S EEAS AR B4
fIfE. e P DAYEME 32 AVEBERR L. MM R, Py AcExit () RRRIE] 05 JRIHT, BRHRIE
-1 HaiEMAE LR S O . BN IE BRI 2 2 80 K . T Python ) PR Hx
ZAVRHEE LR B 2 W52, Ak Python APT R4 funce TéH]

6.4 EANEH

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. X & N Py Import_ImportModuleEx () WIfRALIZED , ¥ globals Fl1
locals Z4 %K) NULL H-X§ level 14 0. 24 name ZH0&—A s (BMEE T— MBI B,
fromlist ZELPERNHNFR 11+ ] XFEIR MECRF R Br i o ARSI ANGAE AR BT AR R £ S5
P20, (OREME, XTE name S2B5 248 8 — A JE F R B — D8N R
TER: R __all_ RIS EM B S mEL . ) Rl — X e AR HE I, 82
TEF A KM R NULL i E— D75 BRSARGFBIRA S EAE sys .modules Hi,

ZEREUR R M X AT

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. % REZE Py Import_ImportModule () — PR FHI G4 .

3.3 iR AR A B — AR E LN MR A 7 BRI (HUZ M\ Python 3.3 2, 7 SRAERZ 4L
T UL AR U X AMELER NS, B ASL R B R IR T 0 B 0L B2

6.3. 1T7#¢ (Process) izl 39
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PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. ‘5 \— AL, 2[5 N E Python pR%{ __ import__ () JKRHUSEERIAH
KA -
AR [ — R T S AR R 2 AR HTT I B AR S AR MO U NULL I 38— S
Ho 5 __import_ () ML, iKMW FEERELR FEEE R 2R, BRARGE T
— RS WY fromlist

FARMAFE BN A SERAIBIXT G, WB Py Import_ImportModule () HikE.

PyObject* PyImport_ImportModulelLevelObject (PyObject *name, PyObject *globals, PyOb-
Ject *locals, PyObject *fromlist, int level)
Return value: New reference. ‘F: N\ — i, 5T I ok 800 i A UL W1 2 2% 4 L Python pR %K
__import__ (), PAARME __import_ () eRELS VI BLEREL.

IR M & — A% P AR s R R AR S, BURTE S AR I A NULL IR — A
o 5 __import_ () ML, HiFRK RN FEEELR EMEEE Dz 0w Z5E, BRIESHE T
—MNEZSH) fromlist,

3.3 BUBTINA.

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

Return value: New reference. 25{l) T-Py Import_ImportModuleLevelObject (), {HH M A UTF-
8 S FFFHR T AN /2 Unicode 4.
3.3 WS A#: NTHIEZ level Sy T

PyObject* PyImport_Import (PyObject *name)
Return value: New reference. 3% 2— MM T 48 “SAHTRE WEESERED (BRXIEE level
RO, FREXFA) . BERFIETEHME 2 RERETT __builtins. Y __import_ () i
B X B RFE 2 HI AR N AT AT R A TR TR A
ZRRBUR R X R A

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. FE#— ML, IR0l — A5 M9 , 80878 R R ]
NULL R E— A5 (TR MR A S A AE) «

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. & 0] %} . T FL /ML HL 2 FR BT S . name SHTE 0] DK

package.module. WIRFF(E modules UL E SR AIZ T UL, WIRARAT], WEIE— PRI
FFHARAZE] modules Pk, YRR IR IR [B] NULL H i B — 5

s SRR ORI AR ERG AR RPN, VR3] — NSRBI 5, 56l
MPyImport_ImportModule () BEMIENZMELARFALIL. name {7 552 FRIEES
PSR A AENA SR

3.3 HUHTIA.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. Z2{,F Py Import_AddModuleObject (), {HH 4k UTF-8 44
TR 4R T AN 42 Unicode X142, object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. 45 5& —AMERAFR (W BEH package.module JE) #1—4>A Pyhon
TSSO N LR AL compile () FREUAAUASRT R, IEGZEIH . IR [ X% B 5
ARSI, B0 R K A A R R 0] NULL B — i TE A EFRITE DL T name 2 M\
sys.modules g, BIME name fEPE APy Import_ExecCodeModule () WEAELET sys.
modules H, 7E sys.modules HREARFEEMIGAHIBIZGRA, PO ARXFERIBREA
INEFERHRA R EAL T —FARAR O TRAEL R B DR BT RE R EHUIRR) R
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BRI __spec_ Ml loader  RMABCEMG, R E NG LHE. MY spec 1 NEAS
(ARTBE) RSO __loader  MTEHAMREIL N SourceFileLoader LM,

By _ file MR X RE co_filename. QRGN , __cached_ ik
H,

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

4R name F51m—MEA N package .module WYY S S HIAFR, WIAEA] v A Q& QA5 TIR A
SO,

Hig &Py Import_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. 23T PyImport_ExecCodeModule (), {HANE pathname 75>}y NULL
MBS G file  JRIERYE.
é%ﬂPyImport_ExecCodeModuleWi thPathnames () o

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
Return value: New reference. 25V T PyImport_ExecCodeModuleEx (), {BANE cpathname Ay
NULL M PBOBRX R __cached  {H. TE=ARECH, X2 MR/ A—1.

3.3 BUHTMA.

PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const
char *pathname, const char *cpathname)
Return value: New reference. Z5{l) TPy Import_ExecCodeModuleObject (), {H name, pathname F

cpathname “A UTF-8 i F4F R . WISR pathname W51 K NULL WA S22 AR cpathname HEWT
HETEE.

3.2 BB
3.3 MU A AR FRAL T TR AR M S imp . source_from_cache () KITHIRERAE.

long PyImport_GetMagicNumber ()
& 5] Python “FH5 i SCf (B .pye SCMF) BYBEEL. WOBEEN M AFAE T 0 i SO Sk PO A4
H, FE IR N . AR ] -1,

3.3 MBS MG mI -1,

const char * PyImport_GetMagicTag ()
Bt %) PEP 3147 #% X (1Y) Python =7 5 A 3C 4 44 1% 6] i R AR 25 5 4F . 5 1L £ 1E sys.
implementation.cache_tag [AJ{EE N 2485 08 it ok 250 B AR (E -

3.2 UBTIMA.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. iR 8] |l TS IR FZ I (B sys.modules), TR IX &4 %4
R AL &

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. &[] 245 5 2 WX O ABIHE . QARBIH R S AR M) NULL HAA S5
B WEREIRIIG R [E] NULL H B AR

3.7 HCHTIA.

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. 1R [0] 4} %} — 14~ sys.path/pkg.__path__ H 4 H path #2348
X4, e sys.path_importer_cache MR WIRE M RWEA, W
Ji sys.path_hooks H ZHF| —REAL L path J5 H W8 1. WER A 7 Y 4 00 2% ]
None; IXKf45 M 1 Jypath based finder ToH % path 45 H # B & df. 4P RPEA7EF] sys.
path_importer_cache. JR[l—EHIEHLAFSRAHTIH .

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

Empty the module table. For internal use only.

void _PyImport_Fini ()

Finalize the import mechanism. For internal use only.

int PyImport_ImportFrozenModuleObject (PyObject *name)

Return value: New reference. N1 ZX 4 FR-N name W RS FCH ., R B 1, 0 5 2R 3k 2 AR e )
iR IE 0, AR I MR [ -1 FF BN . BEAE MBI S R e S A R, T
M PyImport_ImportModule (). (EIEEILAFHRA RS - MR E BT A IR BCR E
B.)

E.
3.3 OB
3AMUESE: _ file JRMCRFATAEBIR EBES

int PyImport_ImportFrozenModule (const char *name)

AT PyImport_ImportFrozenModuleObject (), {HEAZAFR N UTF-8 ibd 4588 1M A &
Unicode %%,

struct _frozen

KR ORI AR A A E L, 5H freeze T HFTA MM —3 (S5 Python YA
BEIFTIRPE) Tools/freeze/), HE X HFE Include/import .h L F):

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

bi

const struct _ frozen* PyImport_FrozenModules

AP R L R ) struct _frozen $(4l, PANULL 83 O fERZEMARIC. 24— RETRIR
BEFA, BRI RTER 2 =T 0] PALABER SRS S R R 25 A A5

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

I A 1) P BRI I — VB, XX Py Tmport ExtendInittab () MEHDLE, WHET
P TERWGRI -1 BB AT 45K name A, 0 BRAL initfune LS — T
R BRI G BR . BR BN 24 7E Py Tnitialize () Z HiVEM.

struct _inittab

TR Py EAR S P i — N4 B OG5 R . BEASSE M RER LA T N B AE R v ) AL 4
FRAWIIA L R B . 24 FR 2 —A> ASCII Zafid [ EA4F R . i A T Python 172 /5 ] DA X 4544 14 1
BHKEPyImport_ExtendInittab () MZEE ARMLESMA A B, ZEEMATE Include/
import.h HE LK

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

bi

int PyImport_ExtendInittab (struct _inittab *newtab)

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

X LEHIFE o C AL HE S marshal BT A AH R HEAS )P S xd 52 . oAy 22 pR 00T R RF 4R
a5 AKX R ARG 2, S5 — 28 R 500 AT SR 2 O 2 508 . F 1 77-6if marshal Zi8is (1) SO 20 A
BT I
BEAHAEAT R 2 B AR AT T3k
WA ST R AR AR S - 565 0 SO DT sERUAS , 565 1 UAR 237 SO0 marshal Jiz J7 2714k L S 4k
FAFER . 5 2 RSN S B kA X, Py_MARSHAL_VERSTON $8B] T 4 L4 (M4 AT
BUEH 2).
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F—A Long BB value A marshal X5 A file. X6 HE A value FAKH) 32 i T ANL long
KB EAAT o version 18 B SCHAE AT IRAS o

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

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
$—A Python X% value 1), marshal ¥ 5 A file. version $$W SCHR& A AR .

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

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. & [n|—/ANE value [t marshal FERTER M FTENTE . version F5H] {4
kXA o

PATR BB VRSO RS2 A il marshal #5209 {EL
long PyMarshal_ReadLongFromFile (FILE *file)
MATH T BEHU FILE> B W AR (1] —A~ C long. i) HeBUR RBEEER 32 (LffE, TCik
AL Long KRB LR
RAEERIY, RFRCEE M 7% (EOFError) HkMm -1,
int PyMarshal_ReadShortFromFile (FILE *file)
MITFFE T FILE* (X B R [l —4~ C short. I eR AU BRI 16 (i HME, Toit
AL short FERPK N,
KARERIY, LA M) R (EOFError) k(] -1,
PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. MFTIF T2 FILE* BN MY B i & [9]—~ Python X4 .

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

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. MFTIFF T2 BUK FILE* 1% R B i 1% [/l — > Python X} 4. A
T PyMarshal ReadObjectFromFile (), MPREURERAFFMZ I ERCE 2 X4, R
FESCA BRI ZRA NAF, PATE SO 51 At B 0T DATE AT A A0 5000 b 45 T AS 2 B R S5
AT HA 2GR N 2 TR SRS U] P 2 s 7 ] (5 e =K

AR, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M5 15810 data 1) len A~ 57 15775 28 v DX % . B4 25008 7 2 o] — A~
Python XJ4:.

KA R, BIREE 4R (EOFError, ValueError B TypeError) JfiR 5] NULL,
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6.6 BTSHHMBELE

TERVEIR H CRY FERR LRI AR, XL e i Y. HERY(EEFIFEB] I extending-index .
X B8 pR B A A 1 BT = S, PyArg ParseTuple (), PyArg ParseTupleAndKeywords (), VA

JepyArg Parse (), ENVHRH A% XA F F  RKF ok B0 A ) 2 80085 T ek B, 36 2 R 0 60 0 A
[l TR R A A AT R

6.6.1 BEITS

—AERE TR AL 0 BEE AR 0. MR UEICHIARANIA A Python X4 EiliH 21
FAFECE hE SRR IO B T AEBISN, — RS S B R 2 B 0 LY X 48 R
W EA B SR FERE PRI T, WG5S N RBAGZARATG; G5 O Rt X 4>
R EITHY Python XFTE2RAL; J54h5 [1 WAL C Az i (LR KA,

FHBNZFEX

RS A ACVRRE RS G IR L2 1) AT BB HEA T ) o ARBE 00 BEHR AR [ 1Y unicode 747 B3 597 XY
JEAG R AT i o
— ey, MRS E R R — %P X, XA G XR] AR B Y Python XFRAEHE, I

Hix A2 o KA XA R AR . AR TR EE NIRRT NS ] . BR T iX L es, es#, et and
et#.

IR, M—APy_buffer FZEMBIRME, HALS RGP IXHBIE, BT A A ETER S X e X, 1)
(EfEPy_BEGIN_ALLOW_THREADS HRH, WJ DAkl S ] A2 Bl IR Ay Y] BE A/ Nal a8 i 6 8ty SR g XU
I, AA W PyButfer Release () TEARGEARAYAL PIIN (57w 2 1 AT Hh Wy 4 )

BRARS AU, Zh RO RS AR IR

HE 2% 50 75 2 H 32 Wbytes-like object, I 15 B 5 EF A A& 28 o IX 45 4. A AT 38 4G & X &
WM PyBufferProcs.bf_releasebuffer FEr 2 A NULL R EK¥EVEM , iZF A Y- M bytearray
XAER AT AERT 42

il Frf # R (s#, v %), KESHWER KM E Py_ssize_t) fEf{ Python.h
L2 HifH PY_SSIZE_T_CLEAN ZZ[PE XMl o WX P L, KER—1 Py_ssize_t iR
> int. TEARM Python UARH R & AE, HSZHF Py _ssize_t MFHXHF int. HWiF—HE X
PY_SSIZE_T_CLEAN X%,

s (str) [const char *] Kf—> Unicode Xf R4 ii— 817 FAFHR Y C 54t —MasHam — 1 C&f7
TR, XTI R L M FAHE L . C FAFR R T 4R . Python “FAFHRAN
REAL SR AR TR RS £ R, —4> valueError pH BT % . Unicode X RULFEALIN
"ut £-8" Gl C PR . AR RN, —4> UnicodeError RHEMTI% .

) XA FB A Zbytes-like objects, QNRARIIEZ M R B BRI AR C FA7HE
B E ] os FiAX G PyUnicode FSConverter () {ERN $#10F13L,

3.5 S AE: DART, 4 Python 4783 ARl E] Tk ARY null fURS fi& 5] K TypeError .

s* (strx or bytes-like object) [Py_buffer] X/~F5i53CHE5% Unicode ¥Rt iE32 38788 4 . B bl
WHE RN Py _bufrfer Z5MIRME. X BE5RM C FEAFE e & A NUL 5275, Unicode Xif
ZOEIT 'ut£-8" gADEALIR C FAFH .

s# (strx, Hifkbytes-like object) [const char *#, int or Py_ssize_t] 1 s*, & T EAREZ GBS, 4
RAFEAEPIAS C 2R/, B2 m C FAFRITEE, FoMREMKE. PR &
B null 5275, Unicode X ARYEATL 'ut £-8" ilibFEib il C F47H .
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z (str or None) [const char *] 5 s 25{pl, {H Python X} EN None, FEXFEHLT, CH5EFRE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* 24{], {H Python XLt fE-N None, FEIXF{E M
F, Py_buffer 25 buf B R E N NULL,

z# (stx, Wifibytes-like object 8§, None) [const char *, int 8§ Py_ssize_t] 5 s# 25{tl, {H Python %5
A[HEN None, FEXFMENLT, CF8EHRE N NULL,

y (read-only byres-like object) [const char *] SANKIAR NG KA KAV I M-I TR 1
C 55t BAHZ Unicode X4 FHr AR AAANE SR AR null F45; QRS T null 77,
&5 k— ValueError FH.

3.5 ffCEESE: DART, M op XAl E] Tk AR null “FA5 5] & TypeError o

y* (bytes-like object) [Py_buffer] s* fJ753,, N3 Unicode Xf4:, Ry, Xidiz
e e i i

v# (M ifbytes-like object) [const char *, int 8¢ Py_ssize_t] s# 253, A7 Unicode %15, N2k
SATA K

S (bytes) [PyBytesObject *] 13K Python X4 bytes X5, ANE{HITAEMEEAR . WMARIZIFA R
bytes X4 N £x5| % TypeError, CASREMWAPRHNPyOb ject * AL,

Y (bytearray) [PyByteArrayObject *] B3R Python X14 } bytearray %4, A=l Fiik.
HAZM AN bytearray X4 N&8| % TypeError. CASRW AT BN Pyobject * 58,

u (str) [const Py_UNICODE *#] }—~ Python Unicode %] 5 #% 4k B 48 ] — > PAZS 2 1119 Unicode “F44 22
MWIXEFRER . ARUIE A—/~Py_UNICODE #8578 S ryihl, 76 T — 4812 £4F7ER Unicode
Gep KRS o WEYER S Py_UNTICODE BRI AT 6 BE LT G 1356 10T (16 {375 32 £i7) . Python
FAFHR AR AL B i AR null XRS5 WISRAE, 514 —A> ValueError 54,

3.5 i s A#: DARYT, 4 Python T8 Pl E] T ik ARY null A% fi& 5] % TypeError .

Deprecated since version 3.3, will be removed in version 3.12: X2 IHREEZ Py UNTCODE API; 5 1F %
FPyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE ¥, int 2k Py_ssize_t] u fy25s, fFfif~ CAZhE, S aitfim—
/> Unicode HRZAFIX, H AR EMKEE. BRI null AL

Deprecated since version 3.3, will be removed in version 3.12: X2 IHREEZ Py UNICODE API; #51F %
fPyUnicode_AsWideCharString/().

Z (str 5 None) [const Py_UNICODE *] 5 u 251}, {H Python X} 4 i 0] € & None, FEiX Fj 1 I
FPy_UNICODE #8518 & NULL,

Deprecated since version 3.3, will be removed in version 3.12: X2 IHREEZ Py UNICODE API; #51F 5%
ZPyUnicode_AsWideCharString/().

Z# (str 5§ None) [const Py_UNICODE *, int 8} Py_ssize_t] 5 u# Z5{l, {H Python X} 4 th 1] §E >
None, FEXFENL T Py _UNTCODE $g%1 E N NULL,

Deprecated since version 3.3, will be removed in version 3.12: X2 [HRFEX Py UNICODE APL; % iFF%
fPyUnicode_AsWideCharString/().

U (str) [PyObject *] ZizK Python %[44 Unicode X{4, AT, 1R Z4 5 A A Unicode
MEN 25| K% TypeError. CAARWAIHFENI N Pyobject *,

w* (W[ 5 bytes-like object) [Py_buffer] iX ik Ui S2ARAT S AT 325 ZAF KB LIRS . BT &
feftipy_buffer G5, Zirh DXn] BEAFAERR AR null 747 24 8w DX 58 )5 0 2 75 200
HPyBuffer Release (),

es (str) [const char *encoding, char **buffer] s FJ2830, B ¥ 49 5 H) Unicode FAFEANFAF % 0P X,
B HALBEEA ik NUL 15 i 2 4 s E5di .

WA AXTEZRANSH E—MUAER A, HHUH8 const char*, Ef§H—4-PA NUL 4%
H AR TR gD Ag XA AR, B35 A NULL, X FER(EH "utf-8" 4ifdig=. WIHR A Python J&
NN g ioAs A TR 5 & S8 . BB ASEUATUN char**; BRG] AR R R
HBECRNENG M X . SCARRFPASE— DS ET 2 1 it b X2 T4 5 o
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PyArg_ParseTuple () Xy HL— " RBR/NGEMIX, KF b 5 BB 75 D1 HEX A e X H.
BCE *buffer 51 HIXAH AR NAFE 0] ANEGTHEAERN G Pyien_Free () ZRINE A
IR R

et (str, bytes or bytearray) [const char *encoding, char **buffer] il es #H[d], & T A HEREEA
WIFAFERXT . MR, BIBRE AN SEUE R G A 25,

es# (str) [const char *encoding, char **buffer, int 8} Py_ssize_t *buffer_length] s# ({2, B
#h ) Unicode FAIAFAFAFEM K. M es FiEX, BAEANEIG S NUL F4F.

EFRLE=ASHC H-MUNERA, HHATN const char*, EiH—MREKAATR, £
LA NUL 5 FAFHR B NULL, FEJ5—F 0L FRHEH Tut£-8 Zfidisal. MRgnidis4
PRICIERE Python RSN &5 K5 . 55 “ASBLUN char**; BTG EHER B0
AZHOCARNER G X SCARFFUAE — D SR HE A g i hs X T4 b5 . 28 =S R h 1
I —NHER R EE s WS T PR RO B it G i DX AP ) R

A PR

I *buffer $5 17 NULL $541, W& ECRE0 BT K/ N R X, RF 2 A 1 Rt A2 i 21 i g o X, FF:
BB *buffer DAB| FI BN BCHOTERE « VRN 3508 Fl PyMem_Free () DAYE(E F G R/ BE O B0 X

AR *buffer F51MAE NULL #5561 (B RAIZEMIX), WPyaArg parseTuple () RE6E I MLALE VR K
G, I *uffer_length RRVATLRRER o XA/, KJ, BAFAT RSO BB X
AT, MAGHR K, FE A ValueError.

TEX AT, *buffer_length W&y 4 J5 45 B A NUL OB A .
et# (str,bytes 1 bytearray) [const char *encoding, char **buffer, int 5} Py_ssize_t *buffer_length]

Hest M, BTAMEMGSEAMTFFENR. M, BEREEANSEREMIGHTAFEHE
A,

LS
b (int) [unsigned char] ff—~E6 1) Python BEAULAV 1 — A ToAF-5 MO AL, 76 7E—> Cunsigned
char KHidr,

B (int) [unsigned char] X§ — 4~ Python #& U %% fk, il — A~ S0 B N A 2 Jai o 000 8L, FEGifE— 4> C
unsigned char ZKHir,

h (int) [short int] }—~> Python #&HU%EAY jfi—~ C short int 4H3&7H,

H (int) [unsigned short int] K —-~ Python 3 I %k i, —~ C unsigned short int LA S5T3EAL,
FHAAG A i 4 )R

i (int) [int] FF—> Python BEAUHAL f—4> C int BEHL,

I (int) [unsigned int] *f—> Python BRI I —4> C unsigned int JEAFSREAL, FFARK AR ) 7]
HpT
L o

1 (int) [long int] }§—> Python #&AU# 4k jli— 4 C long int KEEHL,

k (int) [unsigned long] ¥ Python $A5 (L —/> Cunsigned Tong int JAFE-KEA, Tk
B 1

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

K (int) [unsigned long long] /> Python #Z## L4~ Cunsigned long long Ffff 5 K K4EM,
HAK T it

n (int) [Py_ssize_t] > Python B HIFE{L I —4> C Py_ssize_t Python JTLR/NHL,

c (bytes B # bytearray KJ§h 1) [char] Kf—> Python FH7RAL, fI—NKJEH 1 1 bytes B
bytearray W%, #{b—" C char FfFRLL,

3.3 RS IF bytearray RRIXTA .

C(str KJEA 1) [int] F—> Python F4F, W— KN 1Y str FAFREXTS, FALM—4> C int A
KA,
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£ (float) [float] §—~ Python J% S B{—4 C float J# A%,
d (float) [double] H§—~ Python % s 54 4L iL—1~ C double XU LT K.
D (complex) [Py_complex] —~ Python &g B4k il,— 1~ C Py_complex Python i $ 2%,

HipatR

O (object) [PyObject *] f Python X5 (RIEFHAEMIFeAl) Frfifife C X4 . HiL, CRFERREHE
AR AR . RIS TR S0 FEif9RE A2 NULL.

0! (object) [typeobject, PyObject *] —> Python % fE A —4> C Xf 4454, XEMT o, HEEZWA
C 2% 5—A~/& Python ZEBUXT R AgHIbE, 58 — AR AR R85 C B & GBI Pyobject )
Fthl . 4ndR Python XN HAT Fr Bk 2AY, W&5| % TypeError,

0& (object) [converter, anything] i@t —A> converter PREUE—A> Python XT & 564 h—/4~ C A& . MR EE
RS B R, B R CASE CRAVER) ik, ¥k void * JEHL, converter
BRECRE AR 5 2k -

status = converter (object, address);

Hor object B Python X421 address {54 PyArg Parse* () BEH) void* 4. &[]
(1) status 24 DA 1 ARFEARIT VA O REFEIIIM . S5 RILET, converter BN 2451 & 574
It H. 21k address 1) N AR FFARIE UOIR TS

ANk converter jR 1] Py_CLEANUP_SUPPORTED , WIHIRSHMHT iR AR, € AT AE S HRUR H %
MR, AN R ML SR A B AT N7 #2255 A, object Z80%5 NULL ; I,
ESH A NULL ; WL, %S 50K 8 NULL , HIE, %S508 NULL (W3R{H) A NULL address
FRELS B AR IRE Y FH A (AR ] o

3.1 Ji ¥ %: Py_CLEANUP_SUPPORTED ¥ ¥/

p (bool) [int] KX fE AMERTE NE (— R FIED I HRFES R 8L AR C true/false 3EARIAE
WRLRANEE 1, BRUE 0. B2 A7 Python fH. 2l truth 3KEUHE £ 3T Python 411
(ENIEREp S EHS

3.3 HUHTIA.

(items) (tuple) [matching-items] X570 2 Python 741, ‘B items A& BT EE. C S
BRI, items FEE— ARG AT, P8 RS STl iR iR E .

i long” FE AL CREBYAEEE L TG 19 LONG_MAX R Z W RERY, RN EA A7 4 ) A I——

PR B/ NSO BIERT, e B n o g B AT (S2B5 L, C i e AR ) BL_E 5 i

R —— IR BT BE2 K AR 1) .

R FAFER Pl A — L AR PR B A R R L. X SR BEH M ETERFE 5. BATE:

| ZRPAFE Python Z(F K ih I T S & ATk . C AR 58X B [ W] 6 2 50T BRI iRk BRI
— MRS EEATEERS, PyArg ParseTuple () RNAEVIAIAHNA C A2 (AP BNE .

$ PyArg ParseTupleAndKeywords () only: FEHIYE Python 245 FH ) K 09 SHEE0 2 5% ] X
ZH0. 01, ARG T S AR Z TSR, IS S AR T | T —EAE S HD
178

3.3 HUETIA.

o AFA TP REE AR B S PR BT RAE B R B P I B8 (PyArg_ParseTuple ()
PREG A “RIR(E” 5.

i MR BRITIPIRETRARE s 25 S TR BT A N BRI BBV CEOA R I R .« A AR
J¥e

FERATA ] 2 337 Python X5 HI2 fakad 5 s AZEEBIENTE T

e 25 T8 R BT B I S0 A0 e A AL A H3 i (28 B Ik s XU L RAT il i A 4L
AL, W B aRs s BITH R AR, XEESEAE R A EXAELLT, BNV X
DEFCHEE B RH B A A% 2L T

&
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N T AR, arg X GV ECAE 2O BAR U AU . NG, PyArg Parse* () BURIY true,
[z e false I A5 % — GG . 2PyArg Parse* () RN — Mg FICHAL K I
TSR TGEISS %ok B2 PRy DA B i S s 2 B et ik P 4 28 AR A e B

API F#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
fEMT— 1 REN 28, Rk P SEBEES BN E A JRERAE & . R ] true; IR [A]
false Ff H.5 [ A AR ) 55 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () M, SRMIEHEZ—A va_list REFSHMA 2 AT AR SEEE.

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
I3 MR E SO 5 - S B R I e 45 h Sy RS B e A 8. keywords S50 KAEF S A PR
B NULL 2 B840 . 254 FRFmpositional-only parameters, J{EN R B true; &AW, ¥ [E]
false -5 | A AH M Y 555

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

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

char *keywords/ ], va_list vargs)
MPyArg ParseTupleAndKeywords () fH[A], SR EREZ—A va_list BB E0M A =2 1] A8 4k
EISEUE.

int PyArg_ValidateKeywordArguments (PyObject *)

ok T Mok R X TS MW e T R, X R B A R
T PyArg ParseTupleAndKeywords () A HMIE LT, J§&H C &R HMX R
#,

3.2 RGBT

int PyArg_Parse (PyObject *args, const char *format, ...)
BRECH TR “IHZREL” B SHIR X SR U 1y METH_OLDARGS ST ik E
M Python 3 SRR . XA TR USRI S8R, IF B ER R i RZHR M E s
5, EATHTZEN. BT A T, SR RE R ik A~ H s g .

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

— MR SEERRO N, EAE AT ARG E SHEA . (XA 5 TA RIS L bR
B 4 7E SRR T VAR PR W g METH_VARARGS, AL LR SR T MAE R args tEA; B
WA — A0 JCHRR BT E Al min Hf HANEIE max; min F1 max PRERNSE . WA
SR ABREL, B SEAR— NI Pyobject * A RRYSRER: BN RFLARA args I1E
A e EENT N XTSI A R A Sl args 45 HIWEIE TS AR i &
KA . BB BIRAT IR M B, AR args A& ToaH B 40 & B it 19 70 28 )0 [ fis
R IPAT R OB E— D

KRR B R B, A _weakref HEBIRRHHI R S05 |HJACHS -

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

EMI TP PyArg UnpackTuple () BN TR PyArg ParseTuple():
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’PyArg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 BIETE

PyObject* Py_BuildValue (const char *format, ...)
Return value: New reference. BT 23T PyArg Parse* () EREZRYF— R HE PG F 4501 2
BE. TE L IS IRAT IR B NULL; AR ] NULL, K55 K535 .

Py_BuildValue () FA—HAE A, HALEMFRITFRFSH SN 8EZ iR
JeA Ao AR AL AT RS, BRI None s WREALS - MEEIC, EikH
A ORI AT — X R B3-S AR S A A 3 ) AR i Bk [ — K/ O B 1Y
pive:

M INTE A X B DAS B AL 6 SR A vt 2 ik, s Fl s# BT, S ¥ DRSS
Wi VAL E XM SRR 29 Py Buildvalue () SIEHIXTL B H . Hh)iGih, W
BRI malloc () I HRFECH NAF 2SR & 4G Py_Buildvalue (), WRIAARISHEA ¢
{EHEPy_Buildvalue () IREIFEM free ()

TE AR, G5 RRIBAMRA R B3SO WA R R ITR 2R M) Python X4
KA TS [ WRY R C AL R (LR HYRAL,

PRGN, FIAAT, FSRIE SRR 1 i B (R R RS, 0 54).
LA K IR AL e FUAT MR T

s (str B None) [const char *] {#[f] 'utf-8"' LKL LA C FAFER 4l Python str X4,
Wk C 45454 A NULL, WA None.

s# (str B None) [const char *, int B} Py_ssize_t] ffiff] 'utf-8"' il C F4FEp L EH K FiE
#ok Python str X4, WA C FAFERFEE N NULL, WK 920, IR [ None,

y (bytes) [const char *] XRf C A7 4% 4 Python bytes X4, 1R C FAFH 4N NULL,
NJ3R [|] None,

yi# (bytes) [const char *, int 8} Py_ssize_t] X&f C F45EE S H A A —> Python X4,
W% C FAFE 455N NULL, WiR[E] None,

z (str or None) [const char *] FI s —#f,
z# (str 5 None) [const char *, int B} Py_ssize_t] fl s# —Ff.

u (str) [const wehar_t *] Y5432 [ wchar_t [#) Unicode (UTF-16 5f UCS-4) $(¥& 52w X 5 40
>4 Python Unicode %4 . 15 Unicode Z&1 X 45414 NULL, iR [A] None.

u# (str) [const wehar_t #, int 8¢ Py_ssize_t] 4 Unicode (UTF-16 B UCS-4) %{iEZEah X H
K B A5 A Python Unicode X§42. I Unicode ZZit X $541 0 NULL, WK FEERF9E 20, HHiR

[A] None,
U (str 5§ None) [const char *] il s —FE,
U# (str 3§ None) [const char *, int 3§ Py_ssize_t] fll s# —FE.
i (int) [int] Ff—4> C int BEAFL{L A Python BEAIX 42
b (int) [char] f—4* C char FHAAEL (LA Python REAIXF 42
h (int) [short int] }f—4~ C short int F#&AIEEAL I} Python 3% 4 .
1 (int) [long int] ¥ — C long int KIEFIEEY Y Python AN 4
B (int) [unsigned char] ¥—/{> Cunsigned char JLfF5FF R4k Python BRI 42
H (int) [unsigned short int] ¥ —> C unsigned long JLfF5 4B AILL L A Python AN 4 .
I (int) [unsigned int] }f—/> C unsigned long JLAFSHEREE L R Python FERINT 4
k (int) [unsigned long] #—1> C unsigned long JLAFSKIEEFIEEAL B Python BRI Nl 42
L (int) [long long] 4~ C long long KK HEEEHILA Python X4 .

6.6. BITSHHOEETE 49



The Python/C API, &[F) 3.8.20

K (int) [unsigned long long] ¥—/~ C unsigned long long L5 KK EEAI#:4k K Python %%
BUXT4

n (int) [Py_ssize_t] ¥—14 C Py_ssize_t J5HI%E4k A Python 3&7

c (by;ﬁes KpEh 1) [ehar] K—4> C int BAUCRHFFFHAA Python bytes KR 1 HF4k}

C(str KJED 1) [int] F5—4> C int BRI RMFRHLZN Python str KR 1 FFFFHRITE .

d (float) [double] f—/> C double BUFEEIE R AL N Python I SR AT

£ (£loat) [float] f—1> C float HUFEEE MU Python 7 SR AEF

D (complex) [Py_complex *] $f—4~ C Py_complex ZEBf4EF)544kfy Python & ${Z57 .

O (object) [PyObject *] Kf Python Xf 4 516 AAF (H5|HITE RSN, it &h 1 #3%) o anifig
ABIXT S 2 NULL 4548, MR E X @ B T4 S50 ¥ & BLES R IF B S m s E .
Wi, Py_Buildvalue () $fi&[H NULL, HAS5|Z5H. WRMKTI L5, WiKE
SystemError,

S (object) [PyObject *] F1 0 ][],

N (object) [PyObject *] 1 0 #H[H], ZRIME I ABEIXFZLE5 ] T4 4@ 18 S50 % it
G g B X S R SE &

O& (object) [converter, anything] @i converter FRECE: anything 554§}y Python %5 . 1% R FH if &
&N anything (.5 void* #Z5) 1ENSHOT BN 23R [F]—4 “HiRYg” Python X4, siF 4k
A BRI R [F] NULL,

(items) (tuple) [matching-items] X§—A~ C A8 575145, Python JOAL I GREFHH R 1) TC R EE .

[items] (1ist) [FHSRIICHE] F5—A> CAZRTFHNFAR L Python 1| FH CRIEEAH Al g T 4+ .

{items} (dict) [HIRIILE] A C A& )FF kK Python 8. A —XT L) C AR XE
R ICEBAF A, S BIVER KA.

MAARAEAF R T IR, Wi SystemError FH R[] NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. f1Py_Buildvalue () FH[a], SR BEEEZ— va_list BRI SETA
CIES a0k 3¢

6.7 FRE[MEXL

S T o ORI S R i

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
A% X A AF R formar TINS5, RN BT size 18] s 2L Unix F Mt 00 18
snprintf (3),

int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
RS X FARFER formar A2 S48 3R va, HH RIS size NFATH] soro 2L Unix T} 52 1
vsnprintf(3).,

ord

PyOS_snprintf () MPyOS_vsnprintf () % C FRUEFEREL snprintf () Ml vsnprintf () . B
110 B W@ PRUEZEROR TS 0 N i —BU TR, AR C B RREIAR A .

AL R str[size—1] TERFIBHRZA R '\0' . BENINAE AL size T (BFERREK '\0")
FFEEE . A RBERESR str !'= NULL, size > O fll format != NULL,

WAV G A vsnprint £ () T H 28 i KR /NG B3k G0 BT i Y size 512 F75 PA 1, Python £ PA—
NPy _FatalError () k.

IR (rv) %508 24 bR OB RZ O A T T -
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« M0 <= rv < size W, HHFEHATEINIER: v DNFREAR] sor NUFERE str[rv] (ER
"\NO Y.
e B rv >= size ), MMFMSPENIFHFE—DEA rv + L PRGN XA REIIAT .
TEMREOLT strisize-11 24 "\0".
e Mrv < OB, " RERERGFWFRE. " TEHREI T strisize-11 4 '\0", {Hsor BH RIS
FEARE S o SRR B TR TG .
DA BRI S5 2 BRAETE S 1 7 e B KO e e
double PyOS_string to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEFATHR s Felfoly double 2RA, RIMING| % Python 34 . H2 1Y P AT R IYHEA XTI 9i Python
1) float () MIEHRBHEZ N TFAHRINES, RT s UANA A BRI . HARab B 124
Y DA
MR endptr i NULL , F4BEANFRH . 5k valueError H HikE -1.0 WRFFFRHANZ T
A R kT

W endptr A& NULL , RAJREZIFAFAF R IR *endpt v 8 R F5 10 85— N REEH AT
MR FAFR VG BN R S A SN RS, I *endptr E MG FARI L, 51K
ValueError %%, 7 HIRME -1.0,

W s FIR—DNRKKIMABBAEAE MR REPE (e, "le500" YEF 2 P& L1 F
HE) KGR overflow_exception f& NULL iR [B] Py_HUGE_VAL (JHiEX4M&S) HHA
WEARM . FEHAT I, overflow_exception WJifgH—> Python EHXTS: 51K FH
R -1.0 o FERXPAMIEOLR, &E *endptr fMEBIEZ FEHHE— T4

WAL RIS o) S A AT A B2 (HLAn— S AN RS R ) , BCEDE 241 Python S 7 Haik ]
-1.0.

3.1 BUHTMA.

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val —AMEH format_code, precision F1 flags 1) 45 £

e XAUH RN T HPZ—, re’, "B, V£, "B, "g", GG et RT e, SRR AR LD
W 0o vt AEAIFEE TAMEREL repr () #8520,
flags R] DA ZE B FH HA{E Py_DTSF_SIGN, Py _DTSF_ADD_DOT_0 8{ Py_DTSF_ALT s{H 4 A&

¢ Py_DTSF_STIGN KR STl B F AP R — 5547, Bl val ShaEEL.

+ Py_DTSF_ADD_DOT_0 F/RififriR [0 () FAF R B R A G2 — R

o Py_DTSF_ALT F/nM " B A=A BN . AH TGS PyOS_snprintf () "#' &

XY

WM ptype /K NULL, W& +5 18] W {E B #% %/ Py_DTST_FINITE, Py _DTST_INFINITE &Y
Py_DTST_NAN H—A~, 730N val 2 — A IRET . TohRECF s8R0

R FE S — R S 0 G AT R G buffer HOFEER, A0SR EEH RGN R NULL. 18 F 7 B 5T
HpyMem Free () FREHOR B F47E

3.1 HUCHTIA.

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

TFREAR KNG . ZRBILFS stremp O WA MR, R ERM T RN,

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

FAARAR G ING . ZREJLTS strnemp O W ITAEFRME, RREZEE TN,
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6.8 5

PyObject* PyEval_GetBuiltins ()
Return value: Borrowed reference. IR [A] 4 AT P B SR AR F L, QR S A OEAE ST, 0
IR [ IR A R
PyObject* PyEval_GetLocals ()

Return value: Borrowed reference. 3% [ 4 Hi$0F Tt H Jey B8 F () 0L, AR5 24 Wi $AUE 7 %) it D 22
NULL,

PyObject* PyEval_GetGlobals ()
Return value: Borrowed reference. 3 [8] 24 i PRAT i 42 Jmy AR B i, QSR I5 A 214 Fif $RA 1) o D 3%

NULL,

PyFrameObject* PyEval_GetFrame ()
Return value: Borrowed reference. 2 [A] 24 {1 ZARRASHIMT, AR EA L HI T RIMIONGR (5] NULL,

int PyFrame_GetLineNumber (PyFrameObject *frame)
R[] frame 24 B IEAEPATIIATS

const char* PyEval_GetFuncName (PyObject *func)

U2 fune 2%, REIEBIR G, WEIREIEMAFR, BWER 0] func B2 25K .

const char* PyEval_GetFuncDesc (PyObject *func)
HRAE func BZERLR PIFEIA FAFER o 3R PME 3G R BRI 7 Y4110, ” constructor”, ” instance” F1” object”
SpyEval GetFuncName () WIZERER:, FERIEZ func WHEE

6.9 ‘miFtD2R M S3ZHFThEE

int PyCodec_Register (PyObject *search_function)

MBI G R A 1 2R R AL
YEREWER, H22#k encodings 4, WIERMARTER, MR E RN THRRBIFRNE—

Lo

int PyCodec_KnownEncoding (const char *encoding)

RIS L5 5E encoding (A2 S AR 15 CAFAENR ] 1 5 0, BERRBLE BRI «

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

Return value: New reference. {7 B 4 it s B AR 4t API,

object ¥ F 1 errors Ft i€ SUHOAS IRAC PR AL 25 7€ encoding WY Imth R bR %N . errors 1] DA NULL 3
AN R S B e BRI ¥ . SRR A B i #5451 % LookupError,

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

Return value: New reference. 17 % 45 it B AR 1S AP,

object {1 1 errors Jir 5 LR ERAL BT VAL 1B 25 7€ encoding W RIS ERBR%L . errors WDAA NULL 3
TN Ry SRR BT 1 SR BRIA T 3. BR A B S D g ) 255 | & LookupError,

6.9.1 Codec ZE#; API

TERNIIRE, encoding FAF R A FRIFFARF /NG FEIE, X458 1 AL 2 3R 4 A% =X 55 B
X IRNE R WK KRBT TR ss, W E KeyError Ifi& 8] NULL,

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

PyObject* PyCodec_Decoder (const char *encoding)

Return value: New reference. %5 521 encoding IREL— RIS A5 R %N .
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PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. “K 25 E W encoding 3REL— IncrementalEncoder %4,

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. “j25 i) encoding 3Bl—> IncrementalDecoder X4,

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

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “H#5 E W) encoding 3REl— Streamiiriter T.J PR%EY.

6.9.2 T Unicode ZmiE$EiRAMBIEFRYEME API

int PyCodec_RegisterError (const char *name, PyObject *error)
TEL E W) name 2 FEWF AR AL PR B pR AL error. 2101 E BRECRIAE — A4 fR D 2518 21 T3 dm i 1)
FETCIR S B0 715 Bla It B name 14 7€ 4 encode/decode b %4 HI ) error 12 N % 4 i 4 o
JHH .

Z M O R & B % — 4 UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError [ SEBIAEN Bl 28, Horb & X T4 W 8545 20 5715 )5 51 &
HAE UGPSR MR A B (S Unicode 7+ 3 1 5 T fRFR OGRS R0 BB ) o 1 [0 e 2
WA K2 8 B S, B AR [l — AN 5 ) 2] BRI 4 e S — ot 2, AR — R
R, ZRBEE W A A8 ER I i/ A AT
BEENR ] <0% ;SR eI 3 [m] -1

PyObject* PyCodec_LookupError (const char *name)
Return value: New reference. Tx4R1E name 2 N W05 R AL TR BRI BB VB MARFIIA T PAE A NULL,
TEBEAR 0 T RF2R [ Xt strict™ {84815 A0 2 ] ] PR K

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc {ER 5%

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 1% unicode 45i%, Bhid4SiRmmI4 A .

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. ffiff] ? 8{ U+FFFD % unicode Jpi4tiR.

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. {#i [l XML F4&F5 | &4 unicode Jmfidttii% .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. {fi JJ U5 UAF (\x, \u il \U) ¥t unicode JpfidétiR.

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. ffiffJ \N{ . ..} % L fFEHk unicode g4 iR .

3.5 BUBTINA.
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MR E

AFH KBS Python X AFH., TEiEHZEA, AT 22BN (Flan, FrasEssd, s
HIFHIEA) . 24 RS BRI AE I, Ab14577 42— Python 54,

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

7.1 HRMY

PyObject* Py_NotImplemented
Not Implemented B, M TARCHAEAEEA 0 45@ RAH G T L.

Py RETURN_NOTIMPLEMENTED
C BB RN IE#L TPy Not Tmplemented (iR AIERE (RBP4 NotImplemented (15| 1 1403+
RIEZ),

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FEXTG 0 B AR fp. HASHRRE] -1 o FEFRSECO R T8 AR i k. H RiME— SO
eI Py _PRINT_RAW; HIRZTHIIZZE, MKFEAXZR str () AR repr () .

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
ME o WhH BN atr_name, WR[E 1, FWRME 0. XA 24T Python F L hasattr (o,
attr_name). BEREEZMIN.

HE, 7ERH _getattr_ () Al __getattribute_ () H¥ER KA FHEREHANG . 52K
R, W Pyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
ME o WhHEM atr_name, WRME 1, FWRME 0. XAH24F Python F L hasattr (o,
attr_name). MEEEEEMII.

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

PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. MXT% o WEEEL4, N attr_name W) JETE. BB BEMHAE, 5 0] 3 ]
NULL, XAH24TF Python %Az o.attr_name.
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PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. X% o WEERL—"1N24 K attr_name [P J@1VE. IR R B, 2 M)
JR[E] NULL. 3%#H4F Python #£iAx o.attr_name.

PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. 8 f{l 00 J@ SR BUREL, FTFIAEBIN 2 tp_getattro flig, B
EERFIp (LT X2 MRO H1) ARIEAHIRRF, HAAENREY _ dict hERENE
PE. IEQN descriptors fTid, BUERIATFILICT SLBE M, TARBIRRAFFNIAILE. KMk
AttributeError,

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXR 0 442K atr_name WJEIEEBA v o RMONT R HE R R -1; SENRHRE 0 o X4 T

Python %] o.attr_name = v,

W v o NULL, JEMERRMER, (R NThEEE i, MU PySequence_Delltem() .

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
RIS o hA42R amr_name FJEIEMEECN v o RIBONT S EIFRM] -1; BIIRHRIE 0 o XAH4T

Python {%f] o.attr_name = v,

T v S NULL, %@, (ERINIIEBEC I, Wt PySequence Delltem() .

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
I JEPEBCE AR R, T IAREDN R tp_setattro i, BAERMFME (A4
(1) MRO 7)) ZraR Bk, QnsR4RE], DRRE LG e S50 7 e v i B sl o S v A S 3R T . 5 ol
VARERAASA _dice s iak g, WRMIMEHER 0, A3 % Attributesrror
Fraglel -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

MRS 0 4 attr_name W)@k, RWEFRE] -1, XH]24TF Python {54 del o.attr_name.

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

WEEXT 5 0 W4 N attr_name W)@ . JRIGEHEE -1, XAH24T Python 1E4] del o.attr_name.

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. ___dict__ fiRFFaARE R B0 —Fhii I SE 8 . A ZER Sl 12 il

3.3 JBTmA.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
__dict_ HIAFFRCE B —MhiE HSE B X A VRN R % T
3.3 JRHTIA.

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. [T opid 1§ E W BAEHE ol %ﬂ o2 [A{H, WIE Py_LT . Py_LE ., Py_EQ
. Py_NE, Py_GT B{ Py_GE Z—, AN T “<, " <=, ==, !=, > 5 >=, XY T Python
Kk ol op o2, M op @XINT opid HIBEAELT . ﬁJZIJJHT ] U, R IR ] NULL.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
I opid $55E () A1 LLRE of Al 02 H9fH, WAUE Py_LT . Py_LE . Py_EQ . Py _NE . Py _GT &
Py_GE Z—, WHRNT <. <=, ==, I=, > >=. FiREEHRE] -1, &4 %jﬂ false M3z [H] O,
ANRME 1. AT Python ik ol op o2, HH op @Xf T 0pld AT

HE): R o F1 02 Z[F—PW%, Pyobject _RichCompareBool () N Py_EQ WIR[E 1, Y Py_NE
BT o

PyObject* PyObject_Repr (PyObject *0)
Return value: New reference. frﬁiﬁ“ Z o WA IE . MEENINGR P AFER RIGINR ] NULL. 53X AH
24T Python KA repr (o) o« HINE KL repr O P .
3.4 HUBE A LKA *’l‘lﬁ]ﬁﬁ%ﬁﬁ, F VAR ORAS 22K 25 53 B 0 e

PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. S5 PyObject_Repr() —#f, iTHE X% o WFEHFEEX, H
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fEPyobject_Repr () SAMIFAFER AT \x. \u 8 \U & 3LJE ASCII ??’?o R AR R — AN 2
LT Python 2 Wil PyObject_Repr () REIMFAFF . HHNERE ascii () #H.

PyObject* PyObject_Str (PyObject *o)
Return value: New reference. iﬂ%ﬁiﬁ%o WFAFERIE . IR ] E A e R R [1] NULL, J%AH
24 Python KA str (o) . HNEKE str O WH, B H print O RETHH.
3.4 MU R A S — TS, A DR B 2 7205 s e

PyObject* PyObject_Bytes (PyObject *o)
Return value: New reference. 7155 o [FEATE . S'EUIHT IR [H] NULL, KEE)EF IR [m]— A7 B
%o XHMT o NEBEEITT Python £k bytes (o) . Hbytes (o) AFEE, X4 o @EEM
AEPIIRR 0 BT ER XA}, 2 fit % TypeError.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
R derived 255 cls FARR SO IR, MERE] 1, HWERE 0. QIR H AR [E -1,
W cls Zoedl, WXt cls PTG . AR 2= AE — PR ER A 1, 2555060 1, BN 0.

1E40 PEP 3119 frik, 2R cls A __subclasscheck_ () Jrik, FF&uli 1 AR & 52804k
o BN, MR derived @AE ST, WEUSTE cls. _mro_ w1, IRAEHRZ s F—4
F%.
HHE HAINEA PN, W) type BRA RS ARTT, RRATAEEA _ bases
JEtE (WA EERIT) KB —R

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
WA inst J2: cls RECHTIRASLH], MR 1, AERAGZMGRE 0. QAR B AR M -1 FF 3 E—4
T
WA cls J2TCH, WX cls AT . AR /DA — AR M 1, 55050 1, HZ 0.
1E40 PEP 3119 frik, 2R cls A __subclasscheck_ () Jrik, FF&wl 1 AR & T 2ER04R
e B, W derived 2 cls 1) ¥, MMAEHZ cls H)—AHi.
S5 inst W PAEIE _ class_ @Mk S HATES.
XT?E cls REPOANES, PARFLZM 4, Ylilid _ bases_ J@Mk: (WAURELEMITH) HA7T

2

int PyCallable_Check (PyObject *0)
TEXTG o @ AT G QRS G WA R IR [A] 1, HAd DLk o XAEEA LV K
.

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. & JFl—~ V& [l i) Python Xit4 callable, Fi#4 HICH args Firds IS4k,
PAL 7 Ml kwargs FIr ) 887 S50

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

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

XM T Python F23Ax, callable (*args, **kwargs).

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

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

XA T Python A2 callable (*args) .

PyObject* PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Call a callable Python object callable, with a variable number of C arguments.
The C arguments are described using a Py_BuildValue () style format string. The format can be NULL,
indicating that no arguments are provided.

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

WHHEBIRIRRE ANPyobject * &%, WPyobject_CallFunctionObjArgs () s& B HHEM
et

3.4 JRE SR XA format EBIE M char * T,

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

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

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

XA Python k5 obj.name (argl, arg2, ...) E—#FEH.
WHEBEWMRIR AL APyobject * 248, WPyobject CallMethodObjArgs () & RHER %
.

3.4 iR H 54 The types of name and formar were changed from char *.

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

Return the result of the call on success, or raise an exception and return NULL on failure.
XA Python Fik3 callable (argl, arg2, ...) 2—#FEH.

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

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

PyObject* _PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *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 st r (not a subclass), and all keys must be unique.
Return the result of the call on success, or raise an exception and return NULL on failure.

This uses the vectorcall protocol if the callable supports it; otherwise, the arguments are converted to use
tp_call.

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

3.8 HUHTIIA.

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

3.8 OB INA.

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

3.8 UM

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

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

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

3.8 WUHTA.

Py_hash_t PyObject_Hash (PyObject *0)
THEIFR B RAGAE 0o R IRE] -1, XA 24T Python %iA3( hash (o)

3.2 iR BIAEIR B SR AYJE Py _hash_to e —MiiFff 5884, 5 Py_ssize_t K/

Py_hash_t PyObject_HashNotImplemented (PyObject *o0)
BEE—> TypeError FUR type (o) ZARMAH, FHRE -1 . IXREIRIF(E tp_hash {1
SRFVRRRIRRE, SRV AL R A UR I AR T

int PyObject_IsTrue (PyObject *o)
WERXS R o BNy e true, WR[E] 1, FWGRE 0, XAH4T Python KiAK not not o. KM
R -1,

int PyObject_Not (PyObject *0)
MRS 0 YA true, MERME] 1, 750K XA 24T Python $ik5K not not oo KRIKN
[ -1,

PyObject* PyObject_Type (PyObject *0)
Return value: New reference. 24 o JF NULL i}, 1R [H]—A5%15 o B %ﬂ*ﬁﬂ‘ﬁiﬂg AN G . R,
1% systemError JfiR[8] NULL. jX &[T Python KikiX type (o) o LBKESIG IR BI{EAYT]
TG SEBr BB B HA R Nl R R IA R o->0b_type ﬁ‘ﬁ@ﬁﬂiﬁ B, RpA LR E—A2
MIGEH Py Typeobject * | BRARFER MG T4

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
WIRASZ 0 2y type RAUE type B FRANLR M EAE . PIASHELAEE NULL,

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *0)
RIS 0 YK ﬁn%ﬁ% o SCRFFSIABE I, MR EFFAK . HAEEhRE -1, X4
F Python £23A3 1en (

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

__length_hint__ (), and finally return the default value. On error return —1. This is the equivalent
to the Python expression operator.length_hint (o, default).
3.4 JUBTIMA.
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PyObject* PyObject_GetItem (P) Object *o, PyObject *key)
Return value: New reference. 12 [BIX} 52 key X[ 0 TG, B IR [ NULL, X% 6T Python 32
£l o[key]o

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
KRG key WREFEINE vo RIMINT] & R IR A -15 BImHRIE 0. 3424 T Python i) o [key]
= v. BERECR A Y 5 A

int PyObject_DelItem (PyObject *o, PyObject *key)
WA 0 HFEIRXTE key (WLT. JRIGEFIR ] 1, 3XAH24 T Python i547] del olkey].,

PyObject* PyObject_Dir (PyObject *o)
Return value: New reference. 47T Python £iA=, dir (o), &E—4 (A[fEN ﬁ'—JE) EAXRSE
FAFERAIE, AR FIILR R NULL, WERZSECH NULL, J¢fbl Python ) dix (), JUIR [ 47T locals
M4 SR BTSSR PATHESE, &M NULL, HPyErr. Occurred () AHE R false.

PyObject* PyObject_GetIter (PyObject *0)
Return value: New reference. %3[f)T Python FiA iter (o) « NI RBHOR M —NHATEMRLE, W
RIZME O —MENRE, WEREXF AR S, ﬂﬂ%ﬁ%fﬁﬁ%ﬁ =N, 259K TypeError , Hik

[5] NULL,

7.2 il

int PyNumber_Check (PyObject *0)
MRS R o FAECFRIPIIC, IR 1, BNR MR X4~ RO 28 R

3.8 MR U o & — TG BEEOR ] 1

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol . o2 FHMIMIZEE, WL LM, 1%[E NULL . 4T Python H1)
kK ol + 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[7] ol J§7% 02 BZEE, IR LM, 1R\ NULL . 24T Python Hf{FE
*#F ol - 02,

PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. iR ] ol . 02 FHFRMIZER, WL LM, 12[H NULL., Z84F Python Hf 3
AR ol * 02,

PyObject* PyNumber MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 32[0] ol . o2 R EFVEMLER, WR KM, 1R\ NULL. Z4)T Python
iRk o1 @ o2,

3.5 BUCHTINA.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 320 ol DA 02 B0 FECEGHISE SR, R4, &[H NULL. 60T
UEH BRI .

PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. IR 9] ol [ VA 02 f)—NEHAITOUE, W05, &M NULL., X MEE
ITLRY, PR B S 02— AEME, EAATRER R DA 2 A0 el S8, XA~ R GR 1]
P BRI BRAS B ) 77 L B

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. iR 9] ol [§:PA 02 f58IHI4H0, TR LM, R[] NULL, 284, Python
MFEIAR 0l & 02,

PyObject* PyNumber_Divmod (PyObject *o0l, PyObject *02)
Return value: New reference. 75 N B R divmod () . TN, 1&[\] NULL. 4T Python ik
K divmod (ol, 02).
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PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 152 5 N B HREL pow () » WIREN, iR[H] NULL. Z:4F Python Hiffj5%
B pow (01, 02, 03), Ht o3 ZAHEM. WMRTZEE 03, WFHL APy None fEHAE (10
A A NULL 2 EERENAETA) .

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. IR 1] o T E, TRF, &M NULL . Z5{/rF Python FA= —o.

PyObject* PyNumber_Positive (PyObject *0)
Return value: New reference. 120 o, UM, #R[F] NULL . 24T Python A= +o.

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. 12 0] o B4 HE, WL, &\ NULL. 24T Python A% abs (o) .

PyObject* PyNumber_Invert (PyObject *o)
Return value: New reference. JR[0] o BNV B G HIZE SR, RSN, R[] NULL, 4847 Python 3
i ~o,

PyObject* PyNumber_ Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0] ol 7545 02 ARG HISE R, RN, 1R\ NULL, 84T Python
F3AL o1 << o2,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 32 19] ol 15%% 02 - HCAFGRIZE R, 2, IR M) NULL « 24T Python
FkHK o1 >> 02,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. JR[9] ol Fll 02 “45#N-57 WLEHR, R LM, 126 NULL . 24T Python
kK ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 18] ol 1 02 “¥FNLRE” WILEHE, W&, & NULL . ZH0T
Python H1f1)FEiA= 01 ~02.

PyObject* PyNumber_Oxr (PyObject *ol, PyObject *02)
Return value: New reference. IR || ol Fil 02 “$#AEY” PYLEHR, IR LM, & NULL . 84T Python
FkK ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. 1&[8] ol . o2 FEHNRIZE R, WIR LM, R[8] NULL . 24 ol LI, X4~
PAF EHE RS ol . 4T Python i54] o1 + o2,

PyObject* PyNumber_ InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 1R8] ol . 02 FHIIEER, TR0, 1R[E NULL . 24 o SEH, XA
1B SE G RHEIRZ of o T Python ii4] o1 —= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . 02* #AF a4 %, 1o R kM, B8 “NULLC, % *ol i}, X
M BHE NG RHERRS ol . &4 T Python iE4] ol += o2,

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 1R[] ol . o2 fUUEREFIEIGISE R, R LM, 1R[H NULL . 24 ol
i, XANEESE UG RHERRS ol o % 4T Python i54] o1 @= o2,

3.5 BUBTINA.

PyObject* PyNumber InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1R8] ol DA 02 J5 10 FEERISE R, A0SR, RF] NULL, 4 ol #F
F, XANEESE UG RHER S ol o % 4T Python i54] ol //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 121 ol [§PA 02 B—ANEFRATITUME, TSR, &M NULL, XMEE
A, B iR SO — M, ASTWTRERA 2 A EECR 2R Ir A SE8. XA pR IR [
MEEFARIS BN 77 A 2 of SRR, XA T UG RHERS of .
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PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 1% 0] ol DA 02 B84, WHREIK, R[E] NULL. 24 ol L, X
MR HEEM N EMHAFLIR . 0T Python ifif] ol %= o2,

PyObject* PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. % [N EBRE pow () » AIFRKI, IRIA NULL. 2 of SCFFI, XAz
FHBEMNEMAEIR. 4 03 2Py _None i, (T Python iff] ol **= o2; HMEMTHER
AL BAEAFARE) pow (01, 02, 03) o WIREZM 03, WFHEHEAPy_None (f£ANULL 2T
FEEAFEVIH ) .

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. iR 0] ol 7£%% 02 - FUAF )G HIZE S, WL, &[] NULL, 4 ol LRI,
XA IEHEERM AR 0T Python 4] ol <<= o2,

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol 5% 02 PHEFIGHIZEE, WFJIY, 1R[] NULL. 24 of S5},
XA EE BB AR . S0 T Python iFH] ol >>= o2,

PyObject* PyNumber InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. J{INIIIR[E] ol F1 027 #4757 LEH, JRIKEHR[E NULL. fF ol 31
HIPE FIZBAERF Rttt 48415 Python i) ol &= o2,

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. JNEBFIR A ol F1 02 ” ¥ el A4 58, R R [B] NULL. 1F ol ¥
FIHTHE N ZRVER R AT, S5 Python iE4] o1 ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. IR [E] ol F1 02 ” $if 8y FILER, JRIGIIR [E] NULL. ¥E ol SZFFH)
HIFE NIRRT kAT &M T Python i) ol |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. IR 18] o BT S 45 F, Jei 1R 8] NULL, Z84rF Python
Fikx int (o),

PyObject* PyNumber_F1loat (PyObject *o)
Return value: New reference. J{HIIRIA] o F4f ]y P MRt GG HISER, RIGITIR [B] NULL, 254 T
Python #3iAH; float (o) .

PyObject* PyNumber_Index (PyObject *0)
Return value: New reference. [§211} R [8] o #5354 Python int 288 5 HG45 58, 2R IGHR [B] NULL 75| &

TypeError .

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. iR [R|¥&%5 n F 30 B VA base N IBFEF R GG R . XA base ZE0
A2, 8, 108 16 . XFTHL2, 8, H 16, RIIAFRFHRF 2 HN ERELRR 0o, "00",
or '0x"'. UIR n A2 Python FHEEE ine 257 slbdCilid PyNumber Tndex () P B R il & 52k
A,

Py_ssize_t PyNumber_ AsSsize_t (PyObject *o, PyObject *exc)
MR 02— MREBCRBUARRERL, R [A] o B4 ill—A> Py_ssize_t (WSS . WA R, &
Bl -1 FF5 K .
2R o W] AR Python int JEAU{H 2140 Py_ssize_t ({N 5| % OverflowError, iXHf

exc ZHCHEHE | BB HEEA (B 2 IndexError B OverflowError), W3R exc 4 NULL, N
SO PE IR I HAH S IR R PY_SSTZE_T_MIN 8 iIF#%{ PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
W 02— DRGEEE (F74 nb_index i EFF A tp_as_number AL H) MERE] 1, HWEME 0 .
XA BREA SR
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7.3 FR5IiY

int PySequence_Check (PyObject *0)
WA R F AL, REGRE] 1, HWHERE 0. HHEERNAA __getitem () HEM
Python J&iR[A] 1, BRAFEATRE dict 12K, BNTE—MUR DL T IoukmfiE B SCRpi ezl e pr £k
B IAT .

Py_ssize_t PySequence_Size (PyObject *0)
Py_ssize_t PySequence_Length (PyObject *0)
JEIF R [ 51 v *o* BRF G, SRR [m] -1, 4124 Python [ “len(0)“Fih K.

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. SR ] o Fl 02 (HFE, RIGHHE [B] NULL. XZ&4T Python Fik
H ol + o2,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. J& 0] JF 5%t 5 o #IL count WIEEHL , K IMTiR ] NULL, i% 44/ Python
ik o * count.

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. IR [E] ol F1 02 fyHFE, RIGHHR Al NULL. E ol SZFFAR LT #
TERF Rae5E . XAEHT Python £k ol += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence object 1 [ JFF %42 0 & count 1K
MEER, RIGRE] NULL, 75 o LRI 0L N iZ#RES R3b5En. X511 Python ik o *=

count,

PyObject* PySequence_GetItem (PyObject *o, Py_ssize_ti)
Return value: New reference. 3R] o WSS i S I0%, FKMBRFA] NULL, X% 4rF Python FEik=
o[i],

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
Return value: New reference. 1R[] )%t 5 o 19 il B i2 (Y], SRR [F] NULL, X% Python
Tk o[i1:12],

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
FERR v RES 0o 55 i SoCR . RN S5 1A HEIFRE] -1; B R R 0. XAH24 T Python
fjolil = v. MRREL REEUEXT v 5] H .
WK v o NULL, JCERAPMER, ER2IRECyEri, M4%Hysequence_Delltem().

int PySequence_DelItem (PyObject *o, Py_ssize ti)
IMERXF SR 0 105 i FIeR . RIINHRIE -1, XA 24T Python #54] del o[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
RIS v IAEZE P A5 o BIM il B 2 Y]y XA T Python ififi] o[11:12] = v

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
BB FEFAT 5 0 WM i1 3] i2 BYT R . RIGHR ] -1, XA 24F Python 1541 del o[il:i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
R[] value 75 o BRI WAL, BIREIETT o [key] == value MERYELE. RIMEHRE -1, X
FH24F Python F3E3 0. count (value),

int PySequence_Contains (PyObject *o, PyObject *value)
W€ o R value. AR o PHYIE—THSET value, WIRIE 1, FHWGRIE 0. HFEH, R&E -1,
X AH 4T Python A, value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
REIZE RG] *i*, P o[i] == value. 45, &8\ —1. #H24F Python ¥ “o.index(value)“Fik
=K.
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PyObject* PySequence_List (PyObject *o)
Return value: New reference. & [0l —/N3 X5, H N 5T AT E AT o MR, 56 WA & (]
NULL. iR[EIF)RLRUE R F 4. XM T Python #353 1ist (o) .

PyObject* PySequence_Tuple (PyObject *0)
Return value: New reference. IR |1 —JCHRX R, H NS FHIS A EAXS o MIF], KRR [A]
NULL. #2R o y7edl, WPRER B — 51, FEHARSE 0L N R 60 4 N A i — oo X
LT Python IR tuple (o)

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. 73 ol n] 3T 5 o A HAM PySequence_Fast* pR&UiR AT A XT
SR AR RA RTINS AT ERXT S, W5k TypeError 45 m VERIEE SCA . KRIMET
1% [H] NULL,

PySequence_Fast* MR Z T AX a4, @H AHENXRE o & —NPyTupleObject
s PyListOobject HEHBEVIN o BB .

2} CPython FYSCELARNTY, HIR o B4 R—MFIIEFNE, ERPE IR,

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1E o PySequence_Fast () iR H o Ak NULL M550 TR 1] o BB W] PAEETE o F
HPySequence_Size () FIKB K/, (HEPySequence_Fast_GET _SIZE () MEFE R, HH
B ARAE o 3Rt .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_ti)
Return value: Borrowed reference. 1t o fiPySequence_Fast () 12[A|H o A NULL, H id fFR5|{E
FEl NI DL IR 1] o 1956 i S ITER .

PyObject** PySequence_Fast_ITEMS (PyObject *o)
i [u] PyObject $55H W IJZEA . iK% o HiPySequence Fast () #&[A] H o A2H NULL,

THVERL, ARG FRPHE SN, T4 le o BE 2 F7 e AL items £4H. K, (7R3 81 Tk B el iy R S
SRR R T

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. & Ml o W) 58 i 4> JC 2 5 7E 4 W W 3% Ml NULL, Jf JE =
tbPysequence _GetTtem() PR, BASKTE o FPySequence_Check () &K NE(H, th
AR5 AT IR

7.4 BREHR Y

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

int PyMapping_Check (PyObject *0)
TR XS RS NSRRI R GRIE] 1, R 0. WHERERNAA __getitem () JF
ViR Python 2Rk [A] 1, PREATE—MIG 0L T ToVER & B BT SO 2R AL . RRALE R 2 AT .
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_ Length (PyObject *o)
IR AR SR o F YRR, RN IR -1, XA 24T Python K3A3 1en (o) .
PyObject* PyMapping_GetItemString (PyObject *o, const char *key)

Return value: New reference. 1R [0] o FXf N T FFER key UK, BiE R AETR R NULL, XAHY4F
Python Fik3 o [key]l. HiFE N also PyObject _GetItem().

int PyMapping SetItemString (PyObject *o, const char *key, PyObject *v)
TEXTS o HORFFAFER key BT EINE vo RIGIHRIE -1, 3XAH2T Python i) o [key] = v. JiF
Z:Wpyobject_setTtem (). WRREL RAHMXT v 951 .

int PyMapping_DelItem (PyObject *o, PyObject *key)
MIFGE 0 HREBR I R key HYWRIS . RIGIFIR ] -1, XA 24 F Python if 4] del olkey]. iX

BPryobject_Delltem() H—H4.
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int PyMapping_DelItemString (PyObject *o, const char *key)

MAIGE o HREERTFATER key FUBRIS . RIMUIRIE] - 1. XA T Python i#iH] del o[key].

int PyMapping_HasKey (PyObject *o, PyObject *key)
WERWGIS G BA B key WAR[E] 1, FRUGER[E] 0. XA T Python ik key in o. MRRELEZ
SIS

WEBETN _getitem () J7 ¥k WA % A2 B9 52 0 RF 2 00 M. AR IBURE R 4 45 9 K

FHPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TR B G key MR 1, FRNaR[E] 0. JXAH2 T Python Fikik key in o. JLREELEE
SIS

WEBETN _getitem () J5 kWA A AR B9 52 0 RF 2 000 M. AR IBURE R 4 59

FHPyMapping GetItemString().

PyObject* PyMapping_Keys (PyObject *o)
Return value: New reference. I, 1R [EIXTE o AP FE . RET, &[E NULL,

3.7 WA AEZ WA, R EGR [ml— 21 ke

PyObject* PyMapping_Values (PyObject *0)
Return value: New reference. JNINI}, IR o PIMEAIPFE . RGBT, %[ NULL,

3.7 MRS A AEZ WA, R EGR [l — 21 kT

PyObject* PyMapping_Items (PyObject *0)
Return value: New reference. J{INI}, RN o 4 H A FE, HpdA%H 22— 0S8 E 1
JCH . M, &[] NULL,

3.7 MRS FEZ HICA Y, R BGRB8 BT

ER R

A A R AL
int PyIter_Check (PyObject *0)
R true , QRXFGE o SCRFIRAAF DAY -

PyObject* PyIter Next (PyObject *0)

Return value: New reference. IR [A|3EA4% 0 B F—"MH . XTRAFE—DERET (XM H 8 & W) .
WAREA R TRME, WRE NULL H AR E R GRAER E\léﬁ%ﬁ A A T AR, IR ] NULL
I HAZ RS

BONEREGERE A DEER, C AU NAI%E ARG,

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

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

}

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

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

Py_DECREF (iterator);

(R gkzk)
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(R L —5)

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

}

7.6 & iy

7t Python HHR] {f Ji] — S5 52 R AL R IR 2 AP BT bR 22 o 95 1o BUSRUF RAHE A B bytes Fl
bytearray PAN—2Ul array. array XAFAYY R, 55 =J7 R AT RE SN TRARIY H B E L E
ITECHRAL, B T B BAE BRI 2 45 -

ARSI B — B H CRYTE S, (BB NTRA t ] RERCR A A G IX SRR L FRHIE . 7S
BEREOLT, A B AR M G X T o RG H RIS ) o

Python PAZZ / #ri3 IEATE C )2 AR LXAER AL . BL MB35 T

o TEAFEEX T, ZRBEMP T AT H A ‘G K107, RFATFERIRZEZ R XER.
2B O RIARE BAE 7 Ioxt 228 ik —T5

o TEBRE M, A JURN VAT T 3R AHE X R A UG 2 B a ettt (BIan—AImsmig2) .

— LR RBIAN bytes Hl bytearray KUAH PR ATTENMIRZEZ N IX . Ml fES i
s Bl array.array JrAIFCE I AR Z T {H.

SR rh X3 DT B 1 — B T2 SO 40 write () 7 ARARTRT DA H A — R0 A R R 4 Al
PABEE AL SR write () JPIR R TE ARG HBEAUR, HAR 7%, W readinto () i
RSHNENETARR . G X H DR R 0] ARERE M A vF sl 2 55 ol B8 K A e 1

MG KA B TS, A PR 2R IR~ B iR 22
o WHIEFMSECRIMH Pyobject_GetBuffer () ML
« WIlPyArg ParseTuple () (SHFIFXGZ—) HEA y*, wr or s* #4 XK il —4,

TEXPAMER T, UAFEEG WX B ME PyBuffer Release () » WIRILEAERN, AR
BB, FAn R -

7.6.1 ZRXLEH

G XG5 (BCH AT ERHLFR R “buffers” ) XFT-H5 i HIBHE M T3 — DRGRATF4 Python 27 AR A H
EALEA CARAVESREE D) L. SR EAT5 I NAEEARE T, T AR ZS 2 MR AT 454 22 45 Python
BT . WHEVE CY RPN —AKME R, WU LIS R HE RS E 2 B T HAEM R G
PIAEER, BCE AT AR SR AR S AL P AEAE = 2510 A B

5 Python R AT R ZEBEHRRBIAN , GZop RN @EPyobject F8EFTE R A C 4514 X5 E
ATAT AR T BR b B @A A2 . M TRZE A Genh DM _E iz B Begs iy, AR AL W4,
ARMAMBEH FIHXNZWEEU, HS W% R 2480, ERREPRINER, ES
RlPyObject_GetBuffer ().

Py_buffer

void *buf
Fe 1) H 28 v X F BRI 45 A IR 38 4. X 0T DA SRR 7 IS 2 9 B 9 A7 e A ) AT 4]
i, BN, MM st rides (AP REFR W AR R

XtF-contiguous , &PEE’ B, (HIR W MAFHAT K
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void *obj
MR R FGIH. RS IR E IR, HiipyBuffer Release () HaGBIFE
A NULL, %5 B TARATARHE C-APT R A R (I .
VER—FR RIS, STl PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
BEMR) temporary ZBoPI%, WF BN NULL, 87, SHXTGREMHIT %.

Py_ssize_t 1len
product (shape) * itemsize. X}TIELEENA, XERMNTFHRKE. TAEESEL
H, WRZBEEME RPN ESFRE, WIZKERFAAIZKE.
024 G2 o X2 i 2o PR UE 7 2 M B G OR PRI, A U5 ((char *)buf) [0] up to

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

int readonly

IR N R e R e . W Bt PyBUF_WRITABLE FRiidsiil.
Py_ssize_t itemsize
BANTER IR/ (PAFEATNEANL) . 5 struct.calesize () PWHIE NULL format F{EAH
G
B A QO SRAE A SR b KA PyBUF_FORMAT FRi&, format Y% & A NULL,
Hitemsize {AEAFEIEMHAHIE.
W shape 7€, M%) product (shape) * itemsize == len JRLFTE, (HHEW
PAVBEH i temsize RGAZEM X,

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

const char *format
TE struct BHREUEE T NUL 4575, R AT N 28 Q0SRIX 2 NULL, Wk h “"B™
(57T -
WF B PyBUF_FORMAT Fn& ¥l o

int ndim
WAFR NN n 4ERC AL AR5 iR 2 “0%, bur FRIFRInEMBEATIH . EXFEOLT,
shape, strides fllsuboffsets W& “NULL" ,
%% PyBUF_MAX_NDIM R KYEEHIR G N 64, SHBRTF LI XABRE], Z4EZnh XK
i E NV Z A A it £ PyBUF_MAX_NDIM 4,

Py_ssize_t *shape

—MKJER Py_ssize_t BWEHndim FRAEN n GEFHMNATEIR . HHEE, shape[0]
* ... * shape[ndim-1] * itemsize W% T len,

Shape {#{fR ETE shape [n] >= 0., shape[n] == 0 X—IHFEFEFRHITE . EHcomplex
arrays KRG HZHME B
shape ZCZH X100 ) 5 e thi e iy

Py_ssize_t *strides

—MRJEN Py_ssize_t WA ndim 45 1B ROASRBUE S RS R HTCER .

Stride A E KA HE T DURAT A3 X TR0, iR e, (H2 00 & i hE
ISP strides[n] <= 0 WL . BE(EEHE Fcomplex arrays .
strides £ ZH % H PR Ut 2 HIEE .

Py_ssize_t *suboffsets
— KR ndim KAk Py_ssize_t WS . W suboffsets[n] >= 0, N n 4iff
Wl A EF , suboffsct (Y7 T HLERS | AT EE4 SR RN S 7 0 RS . suboffset
WIZTRARN ARG (FEES N )) .

WERFA TRt (RIZEHHGHTI ), M5 Bub iy NULL (BROAME) .«
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Python Imaging Library (PIL) AR {# ] T X FhEH IR IE TR . &S Rlcomplex arrays F 1 fRHA]
MIXEE— B IR E R
suboffsets £ ZH X1 F >k i e H e .

void *internal

PEET T R IR . EL AN nT RERE SR AR AL — N, TR, FRIAEZ b
DBETICE & A WA 2RI shape . strides il suboffsets £(2H . ZZrh X H P RAFIB (A -

7.6.2 ZAXERIIZER

W, Widryobject GetBuffer () [ RATREM XK, MIAIHRGZEM X, T NAFREZH
iM%, WTRESAMRRZESR:, Znh XMEE W] flags S84 i HLREAS AL BRI b X FLIR SR 2

B py_buffer “FEIGMRATIIE Lo

SERTEROFE

DA R FBR Y flags S0, 3 ELUAUS R IEMIGRIATS: obd, buf, len, itemsize, ndim,

Riz, #X

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

K, HiE FRBE
P AT R SRR AL IR R s BT 51 . YR, RS S B T I A R .

LES BR |5k | TheE
PyBUF_INDIRECT = e WA TR E i
PyBUF_STRIDES e v NULL
PyBUF_ND = NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL
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ELEERYIEK

AT DASRHBHISR C 5 Fortran i 2 , RAFASATHT L . £AHBUIEE, WG KUATR CIESH.

LES IR | BB | TRBE | BE

= = LL
PyBUF_C_CONTIGUOUS = = NU C

= = LL F
PyBUF_F_CONTIGUOUS = = NU

=) = D
PyBUF_ANY_CONTIGUOUS = = NULL Cu F
PyBUF_ND = | NULL | NULL C

P T RER IR |17 b SR AL e 2 L, O BRI, e B HMSUR R AL 2 i
B

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

LB K | iR | Fhne b8 | HiE | format
PyBUF_FULL 2| WRFERGE | U 0 E=)
PyBUF_FULL_RO | = QRTT B | U 1500 [ 2
PyBUF_RECORDS & | = NULL U 0 B
PyBUF_RECORDS_RO = | R NULL U 150 | 2
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO e | R NULL U 15{0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.6.3 SZ8A
NumPy-Riig: FoikAnsIE

NumPy XSS ZEE5H i temsize . ndim . shape fllstrides 5E X,

W ndim == 0, buf fEEINAFALERIRREN KN R itemsize bR, XK}, shape flstrides
#(A NULL.

st rides Sy NULL, DECAUS ORI R —AhRiEng n 4 C i asial. w0, 3 0ea BT A5 an T
Jr5 I n e
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ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

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

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

if ndim <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-R#E: K, LIERFFRBE

B T HEMIZ 4h, PIL KA IR IR P AL & dR 5L, WA R Bl X Sedg 41 A e B iR 4E L B —A~oe & . i
wn, W =4k CIESH4] char v([2] (2] [3] AIPABMER M8 2 A~ 45 2 4484 char
(*v[2])[2][3]. fTEFmMEERARY, XPDIEE W AR ATEDUL FFL, 8PS ] DAL T N AFAE AR
¥ RY char x[21 (3] (4.

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

void *get_item pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

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

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

}

return (void*)pointer;
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7.6.4 ZhRBERER

int PyObject_CheckBuffer (PyObject *obj)
WA obj SAFZEMPIXIE D, WERME 1, AHWRE 0. &[E] 1 BEARIUEPyObject_GetBuffer () —
SET o AR R T A

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] 43k BAL T ARG K, TR flags TRE R N AIETE view. A4 28  AS REde B 26 3L ) 2
WX, sbifihi)k PyExc_BufferError, WH view—>o0bj A NULL Ffik[E -1,
S, HATE view, K view—>ob3 WX exporter WIHTT I, FFiRIal 0. MGk KR AERR P
R SR EE [ B —DRRE, view—>0bj AIAG|IZX LM AE exporter (S 02 i AT %25 44).
PyObject_GetBuffer () Wi 5PyBuffer Release () [T, T malloc () Fl
free (). W, HWEBRTHIEEZWXIG, PyBuffer Release () WAGIEREIHA—IK.

void PyBuffer Release (Py_buffer *view)
PR R X view F 3B view—>o0b] M5 T, %R ATE Z vh KON P I B A RETR T, 5
IR BB A AR5 M o

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

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

int PyBuffer_IsContiguous (Py_buffer *view, char order)
R view F X HTER C X% (order 3 'C ') B Fortran X% (order 5 "F ') contiguous 8{ HH1 27
— (order }& 'A"), WERME 1, FHWERE 0. ZEBUE 2RI,

void* PyBuffer_ GetPointer (Py_buffer *view, Py_ssize_t *indices)

KRB AE view NI indices I g 1a) I INAFEIXI . indices W54 1A —A> view—>ndim 5| %4 .

int PyBuffer_ FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf E RIS len FHA75) view o fort ATPAE 'C 8 'F (T ¢ K& E Fortran R
BF). REERE 0, HiREHRE -1,

int PyBuffer_ ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre Bl len FATE] buf , WCMESFATEREIER. order \TPAE ' B 'F B AT (PR T
C A%, Fortran RMEWIRFREFEE—F). RHHRE 0, HEEHFHRE -1,

TR len \= src->len W PR ECRF A o

void PyBuffer FillContiguousStrides (int ndims, Py_ssize t *shape, Py_ssize_t *strides,
int itemsize, char order)

F 2 B TEAR R contiguous TFATERELH (WIR order 2k *C ' MK C XA&, ISR order 2/ "F ' W)k Fortran
RUAK) RIETE strides 040, FEATCREAG L E T

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

int flags)

HF R XK, RS AT ERER/INK len (1) buf |, FFARYE readonly % B W] 5.
bug BEfRREN — DT F)F51 .
SR flags Forn il R IZEBL . % RER B flag 58 NI view, B3R buf 8 K, IFH
flag iR E T PyBUF_WRITABLE Ffi& .
I, B view—>0bi N exporter WIS, Fi&[E 0. FHN, §| & PyExc_BufferError ,
¥ view—>o0bj o NULL, FHik[E -1,
AR I R Ve gerbufferproc 1—3343, W exporter WZBIBEE R S NS, I HASIAE ARG S L
&% flags. 3N, exporter WL7i & NULL,
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7.7 |BE Y

3.0 it 2 EA.
XL HE Python 2 “IHZEr MY APT HYZHAGHRS; . 7E Python 3 i, PSS AFEAE, (HIX 4L
BAIRG AT AERAE 2.x (RIS . BT AR 22 o7 Pl AR MRS, HENMHFARTEZ
H PR ) AR B SX T S 8 ) 2 i e S
K, #HEEFERFEfPyobject_GetBuffer () (B EBAPyArg ParseTuple () BREUEM T y* B w*
1% X)) KRR — X R K, FFAEZ M YO A PyBuf fer Release ().
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
IR [l —AFg ) A AR T AR 0 AR B2 AR 48 5 o obf SRR LBE AT o #2101
IR O, K buffer BN NAFHIIETF RS buffer_len B IXICHE . IR ] -1 FFECE—4
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A [ —ANF5 )4 A B AR 1) LS N AR i H8 5. ol SR SR B AT BE G i 1 o U
IR ] 0, XF buffer B WA M FFKF buffer_len ¥ G2 o KK . AR IR ] -1 FF 08—
TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
TR o SCRPERBCR] PR LR M) 10 AR ME 0. BERRELE R S AT .
T VE R PR A 2RO R — 2o X, F ELAETR R Y R 800 1) % A 1) S35 S i i . B3R
U RS W S PyObject_GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
R B — AR A B N AFHBIE R R E . obj WATSCRFFRBCFAT R 1 o IR ] O, o buffer ¥H
WNAFHIAE - buffer_len B Gerh KACSE . AR IFIR ] -1 H- 48 —4> TypeError.
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BEFRRE

AT ) PR U E T 52 Python XA, RS IREBII M AL B8 B B — N R R EMN
Python &/ UK B — A RE4, EAHE 2 BA EFEEL, WM e PUTRE6 4 Blhn, 246
BXNGRE T M, HHHPyDict _Check (). ARFERLEAIZAT Python X R “ Fih” .

i RARTP AR RS AR AR RAOEA, (B T2 A S A ARXT 52
34 NULL, FRiffE A NULL A B8 SN AT ) S RIS A S B 28 1

8.1 EAMR

AATHIA Python 2R X Gl A —SLHINFR 5 None.

8.1.1 AEBIMR
PyTypeObject
XG4 C A4 i FtiA built-in 287,
PyObject* PyType_Type
SR T type X419 type object, ‘E7E Python XA tvpe MR .
int PyType_Check (PyObject *0)
MRS 0 R—DRADNG, WIEMR TIRMERAN R RALG], REE. EHEFA L TIR
B .
int PyType_CheckExact (PyObject *o0)
WERXS R 0 R—MRAS R, (HAZRMELRRIN G 72BN, REE. TEHE AL TR R .
unsigned int PyType_ClearCache ()
HE NI RS HIRARS .

unsigned long PyType_GetFlags (PyTypeObject* type)
R[] type B tp_flags WGt . BEREEERNL A Py_LIMITED_API (] s BRSO S PR AE 4T
/> Python BATHUZ APRFFRRE , (HXFcp_flags RERITIFFFARZIR APL—&R

3.2 BT
3.4 e s kKA unsigned long A2 long.
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void PyType_Modified (PyTypeObject *type)
SR T F R B NI AR AR A 1 bR B e W12 2 2L 1 i Mk B S A T A o T
MU JEIHM

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

int PyType_IS_GC (PyTypeObject *o)
USRI GAL TR O ERAR I 25 ) STHRF R [ (R X SNSRI R Py TPFLAGS_HAVE_GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
MR a 22 b 1§ 2ZR [0 B .

WRECH R AL PR K8, XRWKE _ subclasscheck () ATE Db EWIH M. 151
HPyobject_IsSubclass () FIATH issubclass () M FEIRE .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. XTI 4/t p_alloc FEAIHYE AL AN . 58 ] Python HYERIA N
43 BB A 43 e — S8 i S Bl T A N A9 BR A6l NULL.

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Z58UNT 50 t p_new FEA ) AP . 5 cp_alloc #f
PR AN S

int PyType_Ready (PyTypeObject *type)
B AAL A RBN G X ST A AU R ASE BT R a . R B si A—1 2R
U RN I AR RO . TR ] 0, BRAE AR ] -1 R E AN

void* PyType_GetSlot (PyTypeObject *type, int slot)
IR AR 25 EAE AL P ) SRR B . AnSREE SR NULL, IR EZ A Ak NULL, 5% 5L
PR T IBWIES . N7 852G AR T A B8 2 1 s R

5% PyType_Slot.slot #F A] HIY slot Z5UH.
An exception is raised if #ype is not a heap type.

3.4 U

BB S ECHR

T R BRSSP AT B SR B A

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

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

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

R SR A FVH Py Type_Ready () o
3.3 HUGHTIA.

PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Z# T PyType_FromSpecWithBases (spec, NULL) .

PyType_Spec
E LA RBUNET I AR A
const char* PyType_Spec.name

KRB, FRBEPyTypeObject . tp_name.
int PyType_Spec.basicsize
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int PyType_Spec.itemsize
PAFFT BRI LB RN, HARERBEPyTypeObject . tp_basicsize MIPyTypeObject.
tp_itemsize,

int PyType_Spec. flags
KRR, FRRE Py TypeObject.tp_flags.

R RN E Py_TPFLAGS_HEAPTYPE fiifR, W|PyType FromSpecWithBases () € Hzhi%
BHE.
PyType_Slot *PyType_Spec.slots
PyType_Slot Z5HIRIEA . PARFIRREQL(E {0, NULL} REEH.
PyType_Slot
XL RIS, 18— ML ID A Mg

int PyType_Slot.slot
{7 ID.

T ID B H B 2 L5 kPyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods FMlPyAsyncMethods W FEB A MM—A> Py_ BiZ. ZBiRUL, fEH:
e Py_tp_dealloc KEPyTypeObject.tp _dealloc
e Py_nb_add X B PyNumberMethods.nb_add
e Py_sq_length kB PySequenceMethods.sq_length
The following fields cannot be set using Py Type_Spec and Py Type_Slot:
e tp dict
e tp_mro
e tp_cache
e tp_subclasses
e tp _weaklist
e tp_print
o tp_weaklistoffset
e tp_dictoffset
e bf getbuffer

o bf releasebuffer

B Py_tp_bases B{ Py_tp_base fEX TG LGRS M. Oy 5 8,
PyType_FromSpecWithBases () ff] bases Z%].

void *PyType_Slot .pfunc
SHECLRTUIE . TERZEF T, 52— e m m B a5

May not be NULL.

8.1.2 None Y&

WYERE, None HJPyTypeObject AN EHIELE Python/ C APT Hi/AFF. HiT None ;@2 {7, MHANTSARH
(TECHEM ==) BET. MTRFMIERAE, % PyNone_Check () B%{.
PyObject* Py_None

Python None X%, FREZ(H. X MAEREH TE. EFEGSHIHE RSB H AR 52
Py_RETURN_NONE

IEfALEDR B C BN Py_None i& [ (M52, # None 5| FTHEOFRIFIE )
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8.2 FEMR

8.2.1 B

JIr A HE RS S KA R KRBT 4 .
TE AR, KZ% PyLong_As* APl #{4 iR [0 (return type)-1, X5 FLEXSTF. F
HPyErr Occurred () FHPARX S,

PyLongObject
R Python BB Gl pyObject THA,

PyTypeObject PyLong_Type

XA PyTypeobject HSEHIZIR Python HREEEAL. 5 Python i55F Y int HH[H .
int PyLong_Check (PyObject *p)

MR SEZ PyLongObject B{PyLongObject [ T2KAL, kA true ,
int PyLong_CheckExact (PyObject *p)

WRSHJE T PyLongobject, 1EIT NEPyLongObject [AF2BINIIR [0 BAH .

PyObject* PyLong_FromLong (long v)
Return value: New reference. 1 v &[0l — P PyLongObject %14, SR F] NULL .

H

The current implementation keeps an array of integer objects for all integers between —5 and 256, when you
create an int in that range you actually just get back a reference to the existing object. So it should be possible
to change the value of 1. I suspect the behaviour of Python in this case is undefined. :-)

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. ] C unsigned long ZRELRE—NHiPyLongObject X4, KIK
IR [ NULL .

PyObject* PyLong_FromSsize_t (Py_ssize _tv)
Return value: New reference. 1] C Py_ssize_t iR[E|— W PyLongObject X4, JMItiR
NULL ,

PyObject* PyLong_FromSize_t (size_t v)
Return value: New reference. | C size_t iR[E|— ¥ PyLongObject X4, MR [H NULL .

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. )\ C long long iR E|—HHPyLongObject X4, Kt [ NULL

o

PyObject* PyLong_FromUnsignedLongLong (unsigned long long V)
Return value: New reference. )\ C unsigned long long ik[E|l—/ i PyLongObject X4, 2k
IR 9] NULL

PyObject* PyLong_FromDouble (double v)
Return value: New reference. H1 v BB 1R Bl — AN Py LongOb ject X4, JeM & [F] NULL .

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. 1345 str F4F B EIR Bl — i PyLongObject , base 3§58 T 35 .
U pend "k NULL , W /#pend R4 1] str HHFRm B4 SR RIS —ANF4F . WA base Jy 0, st
7R Al integers (& SCHATHRRE: XBTIESZFHERIEHI ST oMk ValueError o W base A
RO, WIZRGIT 2 36 208 (F 2 F136) . ELZ )5 RECFZ MMETH 20 BT R oo 20 .
WRAFAEET, ik ValueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. 5 Unicode % 754546 4y Python B%5{H .

Deprecated since version 3.3, will be removed in version 3.10: |HJPy_UNICODE API fA—#B4r; i
2{fiflPyLong_FromUnicodeObject () o

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 7455 u "] Unicode 7 7445 Python BE%{H .
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3.3 BUHTMA.

PyObject* PyLong_FromVoidPtr (void *p)

Return value: New reference. M54} p Bl —> Python #2%. WA PyLong AsVoidPtr () iRIH]
HIFEEHE

long PyLong_AsLong (PyObject *obj)

i [1] obj ¥) C Long ik . WK obj AgPyLongobject WL, JelHER __index_ ()
B __int_ () J7k (SRR FFHEFHCAPyLongObject

R obj WENRE T Llong MR, &5|K% OverflowError,
WAEENRE] -1 o W H PyErr Occurred () #% i BAKHIE,
3.8 M QIRFINRFEA] __index_ ().

38 AT EM: __int_ () E#F.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

1R8] obj 1¥) C long FikTr. W obj NEPyLongObject [SEHI, JEIHHER __index_ ()
B int_ () ¥ (NSRA) RRHE N Py LongObject o

W obj I{E AT LONG_MAX 5{/NT LONG_MIN, N&HE *overflow 43 HIE M “1“ 8 -1, FfirE 1;
B, R *overflow ERy 0. WA KA HA S5, WSHAF LI *overflow B 0, & -1,

WAL -1 . EHPyErr_Occurred () $&H B A& A) 8,
3.8 i A QAR A __index__ ().
38 MRBEEM: __int_ () B8

long long PyLong_AsLongLong (PyObject *obj)

Return a C 1long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertittoa PyLongObject.

W obj (HABH long long, fii)k OverflowError
AR -1 . W PyErr Occurred () #%HEAA .
3.8 fi A QAR AT ARAEA __index_ ().

38 RBEEM: __int_ () E#FM.

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convertittoa PyLongObject.

If the value of obj is greater than PY_LLONG_MAX or less than PY_LLONG_MIN, set *overflowto 1 or —1,
respectively, and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and

return -1 as usual.

AR -1 . H PyErs Occurred () 4% HBARK ).
3.2 RGBT

3.8 SR A AR AR __index_ ().

38 MARCEM: __int__ O EWFM.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
1R[] pylong W) C 155 Py_ssize_t B, pylong WhifePyLongObject BISEHI.

PUES pylong FEE S T Py_ssize_t WHUHIEREIN 5] % OverflowError,
AR E] -1 . W PyErr Occurred () #%HEAA ),

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
iR 9] pylong i) C unsigned long JEZ. pylong Wiiiij&PyLongObject HISEH.

R pylong WEMH T unsigned long MYEETLREINI<E| % OverflowError,
HEERFRE] (unsigned long) -1, #EFIHPyErr Occurred () PER|EA& ) E,

8.2. HEMR
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size_t PyLong_AsSize_t (PyObject *pylong)
1R8] pylong ) C 155 size_t JER. pylong WHZPyLongObject RSEH.

IR pylong B{EARE T size t WEETEENI&5| % OverflowError,
AR (size_t) -1, WM PyErr_Occurred () HEp|HAKR R,

unsigned long long PyLong_AsUnsignedLonglLong (PyObject *pylong)
1z 8] pylong ) C 155 unsigned long long JEx. pylong Wil 2 PyLongObject HSEH.,

MW pylong HIEAAH T unsigned long long WEUEILEIN&E| % OverflowError,
HEERTRE (unsigned long long) -1, #HFIHPyErr Occurred () HEHI A4 b H,
3.1 s 5 BIXE pylong NIN{ESM KL OverflowError, MAE TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
1R8] obj 1) Cunsigned long F/RIERX . UK obj N@PyLongObject [SEHI, W2 SaiH FH H
__index__ () B _int__ () Fik (WRAWIE) FFHFAHPyLongObject.

WA obj EME T unsigned long S, WHERFHZ{EXS ULONG_MAX + 1 SRAYZE(A.
HAEIHR ] (unsigned long) -1, HHMHPyErr Occurred () PR EAK ) E,

3.8 S AR R __index_ ().

38 MAECEM: __int__ () B#FH.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
12 [8] obj if) C unsigned long long F/REZ. UIHE obj NEPyLongObject WSERH], M&4ei
A __index__ () B__int__ () Ji¥k (WRAMIE) FHHEAPyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
PY_ULLONG_MAX + 1.

HEERTIR[E] (unsigned long long) -1, iEAIHAPyErr_Occurred () ¥R HAK b,
3.8 AR WA AR __index_ ().
38 M CEM: __int_ O CHFH.

double PyLong_AsDouble (PyObject *pylong)
1R8] pylong i) C 155 double JER,. pylong W2 PyLongObject 5L,

sk pylong WI{EHEHE T double BIHUEVERIN 25| % OverflowError,
theSER R M 1.0 , MM PyErr_Occurred () HEREAKFI,

void* PyLong_AsVoidPtr (PyObject *pylong)
F— A~ Python FEHL pylong ¥4 h C 155 W) void #54F. MR pylong JoiE#E ¥, W £ fil &
OverflowError, X HB{#IENPyLong FromVoidPtr () BIEMME "4 — NG 1R void 38
o

HEERRE] NULL, iR PyErr Occurred () HEHl A& A,

8.2.2 M

Python H A /R @ VE BB TR . KA Py_False Ml Py_True W/R(E. L, 1IEHHY
BRI R REAE N T /R M(E. 22, THEATH .
int PyBool_Check (PyObject *0)
N5 0 & PyBool_Type 2!, Ni[H true,
PyObject* Py_False

Python ) False X R. HMNEIRAEMIE. ENZRHEMAGIHTTECE R R —HEEH .

PyObject* Py_True

Python ff) True XIR. ARBAEM L. ENIZGZHE[M A5 HEEE BN R —FE .
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Py RETURN_FALSE
MEHGRIE Py_False i, THEHINEMGIHITE.

Py _RETURN_TRUE
MBREGRIE] Py_True W, FFESEIMEREIHITEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 184% v HSEPRE, R — Py_True B Py_False WG| .

8.2.3 ZE & (Floating Point) ¥

PyFloatObject
XA CE A Pyobject B THAMAK—1 Python F i 4.
PyTypeObject PyFloat_Type
RXRANET CHRMpyTypeobject U Python ¥ mi AU LA . & Python JZTHIfYZEM float
eI O E
int PyFloat_Check (PyObject *p)
Y ZH0e—A C KAlpyFloatobject Bt C KM PyFloatobject K TRAMS, RI[IIH.

int PyFloat_CheckExact (PyObject *p)
L SER—A C R Pyrloatobject HAR CRAMPyrloatobject BTIAN}, 1R[AIH.

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. TRIEF45E str EAE— N PyFloatObject, KINHFIRFE] NULL,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1j4% v Gl —/~PyFloatObject X4, KRINHFIR A NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
iR ol —A~ C double R pyfloat (N A WR pyfloat A J& —-> Python % fi O R H 2 A A
__float__ () Jrik, ﬁtﬁ%ﬁﬁf‘ﬁ%ﬁﬂﬂﬂ $4 pyfloat EHUR—NHUREL. WS float_ ()
%mxmﬂhﬁlﬁi _index__ (). WSRKM, BOERFARIE 1.0, K BLIF K E W 24
HPyErr_Occurred() EE@E%L%

3.8 JiCEE A MR T AR index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
W [E—A~ pyfloat NZ5H) C double FI, HIA R

PyObject* PyFloat_GetInfo (void)
Return value: New reference. 2 [n|—~ structseq SEf5], HAP @ EF 5 float kgL . S/ MBS IE )
FE. BEkf float . h By— MR AR,

double PyFloat_GetMax ()
1R [l i KAT R B BRIF s %k DBL_MAX “fj C double .

double PyFloat_GetMin ()
[l e/ N R IH— AR IE 3% 2% DBL_MIN fj C double .

int PyFloat ClearFreelist ()

RN € I T PN 9 GRS V@
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8.2.4 BHMR

M CAPLE, Python [R5 B0 4 il PN A [l (7R 7 SC B : —>J& 4 Python F2/7 {31l 1) Python X4, 7341
i — MR E IR B C 25k fk . APTHOL T s BCt FRIEM# .

RREHW C &k

it BRI B X S M R BV I S RO MM SRR I A R K, AR AL “fE” ARSI R It
MUSE i T34 APL

Py_complex
R XF LY Python S B0 R AYAEH 1 C ZEMI 1A . 2 I 73 Ak BIAZ HAO0 5 1) e J00HT Y i SR 204 )
SRV R A BCE e, e T SO :

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
BIPHASE R , A CHAry complex Fn.

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
REAN S E W 2E, ) C2RAPy complex IR,

Py_complex _Py_c_neg (Py_complex complex)
RS2 H complex {7, I CRAPy_complex FiR,

Py_ omplcx _Py_c_prod (Py_complex left, Py_complex right)
EWJ/\E@IH{];}‘: H, HIC *ﬁ!?y_compl ex %éﬁo

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R AN E R, C2RHBPy complex R,
W divisor “H%5, XD 1EIRFIEHIKE errno 24 EDOM,

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R 8] num ) exp K&, i C2EBpy complex IR,

QISR num hj7s Hoexp AN IESLEL, XA TR 1254 & errno S EDOM,

REHE Python 35

PyComplexObject
XA~ CRMpyobject ) FIAM L Python BEXIR .
PyTypeObject PyComplex_Type
X @ T PyTypeobject ({3 Python ST EZEA M SLHI. 7k Python ZTHIZ2RAL complex 2[H]
— X5
int PyComplex_Check (PyObject *p)

MR ERAERZE—A C KB PyComplexObject B #EE CHRBPyComplexObject FERA, &
EIN=

int PyComplex_CheckExact (PyObject *p)
WMREHSEZ 1 CHRAlPycomplexObject fHARRE CHAlpyComplexObject W THRA, &
MH.

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. JR4& C 25%py complex M{EA N — 811 Python 2 5% 42 .

PyObject* PyComplex_FromDoubles (double real double imag)
Return value: New reference. 134 real Fl1 imag 12 [B]—4~3 ) C 2k pycomplexObject XA,
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double PyComplex_RealAsDouble (PyObject *op)
PL C 2% double iR[H] op [HSLHB.

double PyComplex_ImagAsDouble (PyObject *op)
PA C 2K8 double iR |H] op A REER.

Py_complex PyComplex_AsCComplex (PyObject *op)
REIE R op 1) C FHPy complex{H.

W op ANE—> Python B4, (HI2HA _ _complex_ () Kk, WWHIERE LA, #
op ¥4 k—~ Python ZHON S . W1 __complex_ () A& IRFFEHRZE _ float_ (), IR
_ float () REXNPKEEEZE  index (). MWLM, HHERHRE] —1.0 /EH5%0E.

3.8 JiR S A AIRAT PR __index ().

8.3 FFIIMER
FF BTG A0— SBARAEAERT 0 P A5 712 Python V2 [T IVREAE ST 0 4.

8.3.1 bytes &

SN BRI SRR, AT % TypeError,

PyBytesObject
XFfPyobject B FRBFIR—A> Python FHrXF4.

PyTypeObject PyBytes_Type
pyTypeObject HSEHILE—A Python FH52EA, FE Python JZTHI'E 5 bytes @M FEIMIXFR .

int PyBytes_Check (PyObject *o)
WERIR 0 BT R RECFIRIH TR LHBI, WHRI true.

int PyBytes_CheckExact (PyObject *0)
WX 0 BT IMR, (AR PRI IR LG, IR ME true,

PyObject* PyBytes_FromString (const char *v)
Return value: New reference. I IR Al —APAFAFER v B BIA AR H 71 B0 4, R 3R [1]
NULL. J£Z v AR[j NULL; EAXPAE.

PyObject* PyBytes_FromStringAndSize (const char *v, Py ssize_t len)
Return value: New reference. IR Bl — A PAFEFEE v IIEIASHE BN len (T84, &
JIRIR ] NULL. 402R v 2 NULL, WAL I B SR N2

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 15— Cprint £ () RKIGH) format FRFERE MR AS MBS, TTHE 4SS
2R Python FET A I K/ IR B SEUEZA& XA G W F T BT S . WASBE NS Eub iy C
KR HAUEIT S formar “EAFH A PR AR I o FRV/F R 910 X A e
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%5 RiE A LF% FAF o

$c int —AFT, %ﬁi@ﬁﬁﬂ*’l\ Cify 5 el

%d int MY T printf ("sd") .

Su unsigned int FHYT printf ("su") .t

$1d KA HX4F printf ("s1d") .

$1lu unsigned long | 24 T printf ("$1u").!

$zd Py_ssize_t MX4T printf ("szd").!

Szu size_t FHYT printf ("szu") .l

%1 int ST printf("sin).]

$x int MY T printf ("sx").T

$s const char* PA null 22 1E5514 C F47504 .

$p const void* —A> CHREF N FRoR B EASEM T print £ ("sp") HE
%%ﬁ":%?ﬁﬁ 0x IF3k, RERGFH L printf W24

TR EIAS X FAF 2 FECRAR TR/ B R I WR AR B R 2R 8, I EFIA 24
M.

PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () SE4HME, BT EEEWNINSE

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 12|07 3R SE I G2 i R PSR RT AR *o*,
Py_ssize_t PyBytes_Size (PyObject *0)
R EFATR G o FPEE TR RE
Py_ssize_t PyBytes_GET_SIZE (PyObject *o)
FIMAK)PyBytes_Size () (@R ARG .
char* PyBytes_AsString (PyObject *0)
REXSI o N 2SI R4 . iﬂ‘é’%ﬁaﬁ o NERZEMIX, HHfE len (o) + 1 AT, ZnpX
W E— T ERNE, NeREATEHAE T . A 1'£ﬁﬂ‘/it5|€ﬂ4"d&, l}?ﬂEEH'

il PyBytes_ FromStringAndSLZe(NULL size) AIEHZN ., EATHEMBESE . WFE o
AR R—AFAENLR, WryBytes_AsString () $FiR[E NULL 5|k TypeError,

char* PyBytes_AS_STRING (PyObject *string)
FIRAR PyBytes_AsString () AN DA .

int PyBytes_AsStringAndSize (P)Objecz *obj, char **buffer, Py_ssize_t *length)
AL i AR B buffer F1 length 3R 17| PA null S 25 IEFFRIXTR obj BINZE .

WK length 2 NULL, FH X QAL IRAR ST WERME, WHEZRECRR R -1 35 %

ValueError,

LR X ] obj NN, EMARBES —MHIMIE T ORBAE length 2470 ) . AT
W RSk G, BIEENI#H PyBytes_FromStringAndSize (NULL, size) %N
% EARRHHREEOHC. AR obf AN Z—NFATEXS, WrPyBytes AsStringAndSize ()
FrR1E -1 H 5% TypeError,

3.5 WA DARG, 47T ER XS R B AR 2 FATHPRF S| & TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
1E *bytes BRI FITERRSR, HAB@E AN bytes 1) newpart (1)NZS; i & R A0 195
o Xt bytes JSAER S| HIREREUCE] o QSR TCIEQIEERTRI S, X bytes BYIHT | A5 RF4 Z 58 H. *bytes 1)
ERFBER R NULL; R0 B 24 1 53

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
1E *bytes g{ﬁd@%ﬁﬂ@?%’%ﬁ%, H A SR E bytes 1) newpart INZE . WA 220870 newpart
51 VL

DX EBUIAE (d, u, 1d, lu, zd, zu, i, x) MEGHUREER, O F bR AT .
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int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

BRI — RO 3, BIMEHCS ARSI 47 . 7 sSUUN TR B i AR 4
ST HRAE AR A FC AR 2 E U al G b7 2 AR A5 B R 5 RO S — A
HEBRECRHR S . B A— DA TR RIS value (ETWTRESBIE A ), I AR EHIH
RoANe IR, *bytes FATHEAL K/ FHATERXTGIFR 0] 05 *bytes sk ] 25 Hokig A(H
A WEREHNECRIL, W *bytes 1 JFE T B RAFYMES 0 BL, *bytes 2N NULL, [FIR}

XHE MemoryError kA -1,

8.3.2 FHMAMR

PyByteArrayObject
XANPyObject B FIRMFIR—> Python P AT A .

PyTypeObject PyByteArray Type

Python bytearray 257K /R NPy TypeObject WSEH]; X5 Python JZE ] bytearray E4H[F KX

%o

KEEE

M

int PyByteArray_Check (PyObject *o)

XL 0 e TR RN Hog— A>T R R RSB, R A
int PyByteArray CheckExact (PyObject *0)

XL 0 =T IHANR, (ARR— TR TR BB, R EE,

Ef= APl ¥

PyObject* PyByteArray_FromObject (PyObject *0)

Return value: New reference. FRAEAFASEIL T 42 0 X 3L XTI o, IR Bl—ANH F T B4 .

PyObject* PyByteArray_ FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. 1R3% string Ft Ho A i len 6] 8 — N7 Y bytearray X} 54, 24 4% I IR [5]

NULL,

PyObject* PyByteArray Concat (PyObject *a, PyObject *b)
Return value: New reference. TEFEFTIEAH a F1 b IR Bl — A4 A 45 T 1 FH T804 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
TERIAE NULL 468451 f51R 0] bytearray fR/)N.

char* PyByteArray_ AsString (PyObject *bytearray)

FERIAL NULL 84815 [B1Ff byrearray iR 8] — AN FAFEAL. 3R ml B2 S IR — AN BA R 25

T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
FF bytearray W] N ERGE M DX K/ INJEBE Ay len o

M}

XEE AR 2 PE DA RE , AT A SRS .
char* PyByteArray_ AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () WZEHAS,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C i pyByteArray Size () WZERA.
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8.3.3 Unicode ¥ ELiR 15
Unicode 3{&

1A python3.3 s15C B T PEP 393 LASK , Unicode i 47 P M ¢ R i Tk, DAIIZE (e o 7 M0
R AL B2 e ) Unicode 5. XA AL ECHOIET 128, 256 5 65536 MO e, 47— Hbiakliy
Pls Ew, A SART 1114112 (X258 11 Unicode [ ) o

Py UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

1T IH AP AT APT Z [A)f{) %4, Unicode X R PHAT AL T PIAURE, X B T BT a5
« “PBLIE” Unicode X4/ th 457 19 Unicode APL BRI A% 42, ENTHE N SCBLBT SR vF i B A 30
ESLY W

e "legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py UNICODE* representation; you will have to
call PyUnicode_ READY () on them before calling any other APL

f#[E): 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 #

PAF &2 J3F Python ' Unicode SZ B 4% Unicode Xif 4 57 :

Py _UCSs4

Py_UCS2

Py_ucsl
KLU AR TS BRI 2 X, HYERE R A B 32 2. 16 il 8 i FfF. MFFZA
FHELAS Unicode 2470}, i Py _UCs4,
3.3 BUBT A

Py UNICODE
iXs2 wehar_t ZRALE X, WRIEF-ERRFETERTREN 16 728818, 32 {23,
3.3 MU A FEPARTRIIRAS H, X2 16 2R A0A 52 32 (i 2RAY, X T IEFE M @ PRy 2“2
BSE “%i” Unicode R4S Python,

PyASCIIObject

PyCompactUnicodeObject
PyUnicodeObject

XU TFPyobject B THMZFEIR T —> Python Unicode %142, fEJLFFrAE T, BATANIZB
BN, FNBTA A2 Unicode X411 APT s ECERZ 52 I iR [0l Pyob ject JEAHREE .

3.3 BUBTIMA.

PyTypeObject PyUnicode_Type
XAPyTypeobject L3 Python Unicode 258, BVEN str AFF4; Python fUH5 .

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *0)
Return true if the object o is a Unicode object or an instance of a Unicode subtype.

int PyUnicode_CheckExact (PyObject *o)
Return true if the object o is a Unicode object, but not an instance of a subtype.
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int PyUnicode_READY (PyObject *0)
PR TFAFER AR *o* AT “HERY” FakTra. MM IHRER AR MR Z A, e .
Returns 0 on success and -1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 BUHTA.

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 *0)
&[] Unicode “FAFHR KB (DA SR AT ) *o* whdilg “HIyE” ik 7= AY Unicode X152 (SR
).
3.3 OB A

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *o)

Py _UCS2* PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_KIND () to select the right macro. Make sure PyUnicode_ READY () has been called be-
fore accessing this.

3.3 BUHTMA.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

R [H PyUnicode KIND () Z21HE.

3.3 OB A
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND B #{ 51 .

int PyUnicode_KIND (PyObject *0)
iR [f]—A~ PyUnicode Z&# & (W 3C), F8/R 1 Unicode X5 F F 76t HAIE B AR 735 5L
*o* AR “RINE” ikt Unicode X4 (Kik).
3.3 JRHTIA.

void* PyUnicode_DATA (PyObject *0)
iR 145 1] J5 4 Unicode ZEi IXIY 25404 *o* AbZ@ “HIYE” Rk i) Unicode X5 (Rik).

3.3 HUHTIA.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not
do any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point
value which should be written to that location.

3.3 UM

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
MHLIE R IR data (QN[E  PyUnicode DATA () KB L —MEAL. A PdTH A kot 24 1
He

3.3 OB

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
M Unicode %15 o BEHU—NF4F, WAUH A “HE” FonTEa. WRARIATIT 2 IR IELL O it bR
BRI T PyUnicode READ ().

3.3 HUHTIA.
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PyUnicode_MAX_CHAR_VALUE (0)
R ELE AT ET fo* AIE Y — MNEAFER R A, RFEFR U “HE” Rk, X6
Zog—Fphil, HEHAEFRR EEATEARL.
3.3 OB A

int PyUnicode_ClearFreeLlist ()
TEERERNR . R W PR 2% H 4L

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as
2 units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: [HZ{; Unicode API fj—3B%, 52 {#
HPyUnicode_GET_LENGTH()

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *o)
Return the size of the deprecated Py_ UNICODE representation in bytes. o has to be a Unicode object (not
checked).

Deprecated since version 3.3, will be removed in version 3.12: |[Hz{ Unicode API [{)—3B4y, i iFF2 3| {i
HPyUnicode_GET_LENGTH()

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)

const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to
be truncated when used in most C functions. The AS_DATA form casts the pointer to const char *. The
o argument has to be a Unicode object (not checked).

3.3 W ¥ 5#: This macro is now inefficient -- because in many cases the Py UNTCODE representation does not
exist and needs to be created -- and can fail (return NULL with an exception set). Try to port the code to use the
new PyUnicode_nBYTE_DATA () macros or use PyUnicode_WRITE () or PyUnicode_ READ ().

Deprecated since version 3.3, will be removed in version 3.12: [Hz{, Unicode API f)—#R4), 15T 2|l
] PyUnicode_nBYTE_DATA () 7M.

Unicode =#FEH

Unicode $24it TR Z AR FAFREME . B 75 2800 25 T DA X B0 0 51045, X S8Rl Python it B Wi
| C %k,
int Py_UNICODE_ISSPACE (Py UNICODE ch)
T ch 2 s HFAFR b 18 0.
int Py_UNICODE_ISLOWER (Py UNICODE ch)
Tl ch 5 /NG FEAFRIE 15 0,
int Py_UNICODE_ISUPPER (Py UNICODE ch)
R ch 2N REGFFFRME 1 5 0
int Py_UNICODE_ISTITLE (Py UNICODE ch)
A ch 215 AFREL R R/NG i [R] 1 8 0.
int Py_UNICODE_ISLINEBREAK (Py UNICODE ch)
R ch 2 RHHATRFAFIRE] 1 8 0,
int Py_UNICODE_ISDECIMAL (Py_UNICODE ch)
HRA ch 245 R 3 HIEeF AR M 15 0.
int Py_UNICODE_ISDIGIT (Py UNICODE ch)
A ch 2 A7z E] 1 5 0.
int Py_UNICODE_ISNUMERIC (Py_UNICODE ch)
HRAE ch &4 REUEZE F AR R ] 1 8K 0,
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int Py UNICODE_ISALPHA (Py_UNICODE ch)
A ch 2 TR SEFAFRE 1 5 0.

int Py_UNICODE_ISALNUM (Py UNICODE ch)
MR ch 22 BT A AT IR ] 1 EG 0.

int Py UNICODE_ISPRINTABLE (Py UNICODE ch)
TR ch A A AT EVFAFaR | 1 B “0%. A AT BN 45 /2 $5 75 Unicode -4 40 FE v 9 i X
“h”Other” B "Separator” 1] F4F, Bil5ME DL 2 ASCIL Z5 4% (0x20) Htl A AT 4T Bl 4. (i TR AE I
EHL T AT A 2 48 ME 74T BTN repr O AN Y LT BENTFRHEA
sys.stdout I} sys.stderr B ATFERIALEE T 55).

X 88 AP A ] Tk B3 A e 4t -

Py_UNICODE Py_UNICODE_TOLOWER (Py_UNICODE ch)
R E AR NG T FAF che
3.3 HAR L E - Ik pR 508 15 B R/ N L

Py_UNICODE Py_UNICODE_TOUPPER (Py_UNICODE ch)
R R R G FAF cho
3.3 it U ET T : st Rt 3 B ) NS L
Py_UNICODE Py_UNICODE_TOTITLE (Py_UNICODE ch)
R R AR NG T FEAF che
3.3 itz CE A : s R AR 3 B /NS L
int Py_UNICODE_TODECIMAL (Py_ UNICODE ch)

Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.

int Py_ UNICODE_TODIGIT (Py_UNICODE ch)
Return the character ch converted to a single digit integer. Return —1 if this is not possible. This macro does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py UNICODE ch)
Return the character ch converted to a double. Return -1 . 0 if this is not possible. This macro does not raise
exceptions.

%28 APL W] Y SR A5/ EAC R -
Py_UNICODE_IS_SURROGATE (ch)

¥l ch 245 FACHEY (0xD800 <= ch <= OxDFFF),
Py UNICODE_IS_HIGH_SURROGATE (ch)

K ch B35 R E I (0xD800 <= ch <= OxDBFF),
Py_UNICODE_IS_LOW_SURROGATE (ch)

Kl ch 275 M RAC IR (0xDCO0 <= ch <= O0xDFFF).

Py _UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.
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gIEF0ijia] Unicode HFEh

AR Unicode X RANVTFIHEAFF @I, 61X 2L APL:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. £))7—13 1% Unicode %4 . maxchar [ > A] A F 4758 1 52 b e g
o MER—AELRME, BEngin L& ARFH] 127, 255, 65535, 1114111 Hrigedzin i91E.-

X2 HUHTHY Unicode X RAYHER 730, B L R BB AN RA AT L RN o
3.3 OB

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. VA 45 5 W) kind £ 8 — 4~ ¥ 19 Unicode X} 4 (0] BE ) &
“NPyUnicode_1BYTE_KIND %, BlPyUnicode_KIND () ik [l fI{E) . buffer Wo70 45 10 H Itk
ORI, PAEETAT 1, 2 B4 AT ALY size K/NIIEEH .

3.3 BUHTMA.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as
being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value
might be a shared object, i.e. modification of the data is not allowed.

If u is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. Fi3E UTF-8 Jgfi 1) PAZS(ELE R 1 FAFZoh X u )] ##—4> Unicode X4 .

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it.
The variable arguments must be C types and must correspond exactly to the format characters in the format
ASClI-encoded string. The following format characters are allowed:
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%% RiE A LF% FAF o

$c int BPAFERF, FRH Ci%%ﬂ@%%ﬂo

%d int MY T printf ("sd") .t

Su unsigned int YT printf ("su").t

$1d KA MY T printf ("s1d") .

$1i KA M F printf("s1im).]

$1u unsigned long ST printf ("s1u").!

$11d long long MY T printf("s11d").!

111 long long MM T printf ("s111i").0

$1lu unsigned long long ST printf("s1lu").!

$zd Py_ssize_t MM T printf ("szd").!

$zi Py_ssize_t MY T printf ("szi") T

$zu size_t MM T printf ("szu").!

%i int MY4T printf ("%1") T

%x int YT printf ("sx").T

$s const char* PA null 25 %4 JJ:??E]’J C ?fﬁiﬁéﬁ

$p const void* —C ?H%JFEH“/\IE?EJ%%/T . ERENRT
printf ("sp") HEXWRATFEIE 0x T3k, NEREG
RREE prlntf k4.

%A PyObject* ascii () WHMER.

U PyObject* —~ Unicode X4 .

SV PyObject*, const char* | —~ Unicode %5 (7] PA>H NULL) Fl—A4~PAZS{ESEHT) C ?

WME#“/%/ (RF—NESH NULL,
SR )
%S PyObject* PWHPyobject_Str() WIgER.
SR PyObject* P Pyobject_Repr () HIZER

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string,

and any extra arguments discarded.

#§[F): 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 "$A", "S$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).
3.2 MU AE: SEANTXE me11dn e llut BSOS

3.3 HRUTAE: B TR el
3.4 IR BT "

i","olll"%ﬂ"/Zl" E/Ji;}l‘_ro
s" "O/A" no U" no V" no S" noRm EI/JJLJ‘“%A *EJ‘“*%AE ?i*ﬁ‘o

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. %&[R)FPyUnicode FromFormat () {H'E¥E 20T ZS40 .

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

Return value: New reference. ¥—E 4B N4 obj f#HS A Unicode %42 .
bytes, bytearray FIHAMF 7 &3t £ K53 BE5 2 1Y encoding %ﬁ@ﬁ%#@ﬁﬁ i errors & LR R

A, WE AR NULL BILEE O A (5

A HAb ST %, fudE Unicode %%, #R-SEEXE TypeError,

WA 455% APL R [A] NUL L.
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

1R [H] Unicode X§ G5 ) K FE

3.3 BUHTMA.

AT B STk

ES P E i 2% T TR ) o

o A 1] T AR R R B 5 T

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 11i, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when

necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

3.3 BUBTIA.
Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
FH—NFEFEFTEFSE . B fill_char 5 unicode [start:start+length],
MR fill_char (R T FAPHR RN TFAHE, BEEUPRTFAFERA 1 ARSI AR AT R I
BRI H AR FAFECE, s AR ] -1 5 R — R
3.3 OB
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

A5 TG ABIFRR . SRR Py Un i code_New () B, T Unicode /65 7 12
AP, AR R AR, SR AT

VLB ALK S unicode 25 M Unicode K14, 31 REAMS, I HXQRETHZE LB (1)
HEI RO —).

33 UHAA

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out
of bounds, in contrast to the macro version PyUnicode READ CHAR ().

3.3 BUHTMA.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. 12 [0l str (—A~F 5, MTFRFRT| start (FE) B FFRT| end (NFR) .
ARG

3.3 JRHTIA.

Py_UCS4* PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
FEFAPER u #5 DLE|—4> UCS4 e IX, E—D2ET4F, WERBCE T copy_null Hyih. H IR [0]
NULL HEE— A (Rrile buflen /NT u RS, SystemError FRRE ). IR
buffer .

3.3 BUHTMA.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
AT u 5 DBl PyMem_Malloc () srBCHYHT UCS4 ZeofIX . WSRAATRIY, FFiR [ NULL
H L E MemoryError. R [EIAYZEm DKF e 2B IN— SN 25 R .

3.3 BUHTMA.

2% Fiy Py_UNICODE API

Deprecated since version 3.3, will be removed in version 3.12.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using
them, as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and
memory hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u
may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data.
The buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.
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If the buffer is NULL, PyUnicode_ READY () must be called once the string content has been filled before
using any of the access macros such as PyUnicode KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API,
please migrate to using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), or
PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode _AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py UNICODE * string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 BUHTMA.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)
Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem Free () to free
the buffer). Note that the resulting Py UNICODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.2 RGBT
Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units).

Deprecated since version 3.3, will be removed in version 3.12: |H=; Unicode API [{j—#4y, 58 2
HPyUnicode GET _LENGTH() .

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary.
If obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

3t Unicode s H TIN5 553 TypeError.
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EE

Xig gt

T DRI A AR R R R R ok B B R SR SUAS

PyObject* PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)

Return value: New reference. fRISFAFERHE Android A1 VxWorks _F#i [fl UTF-8, FEHAhF& Ful{d i

MENES RKIgmigts . LR FRAE "strict" fl "surrogateescape" (PEP 383),

LR errors 4y NULL WIFRSEFRF A "strict™ BRAIRAINN . str Whiii DA—A 25 FAF G5 B A T]
TR AW S LT

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
hs%:

The Py_DecodeLocale () B,

3.3 JRHIA.

3.7 WU A R BIRAE SN surrogateescape fRANFL AN M4 HiE S Kigm o, |
J£ Android Ffi4b. TEZ HIRA Y, Py_DecodeLocale () ¥#{flF surrogateescape, M4
RIHE S R foig U T strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the
string length using strlen ().

3.3 BUHTMA.

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Y15 Unicode X4 7F Android 1l VxWorks i [} UTF-8, fEIAhF& I
S S HE & K A%l SRR IR AL BN "strict” fl "surrogateescape" (PEP
383), N5 errors A NULL NI 4g il ] "strict " £5iRA ARG . iR [B]l— bytes X4 . unicode
AL E R A 2 FAE -

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
hs%:

Py_EncodeLocale () B4k

3.3 BUBTA.

3.7 WUsE s R BORAE 4N surrogateescape fiRAN AN 4 HE S K ios, =
T£ Android Ffil4h. FEZ BIA T, Py _EncodeLocale () ¥#{ T surrogateescape, M4
HIE S R g ig U T strict.

XHRGmIDER

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be

used,

passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)

ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesOb ject * which must be released when it is no longer used.

3.1 BGHTIMA.
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3.6 Ji S Ak FE57— A path-like object .
SAESRURHTINEARF SO 2 RS R str, R "os" Felfeds, & APyUnicode _Fsbecoder () fE
A PR
int PyUnicode_FSDecoder (PyObject* obj, void* result)

ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os.

PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects are
output as-is. result must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 JRHTIA.
3.6 W H S 32— path-like object .

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py _FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

W%
The Py_DecodeLocale () FREL.
3.6 it #%#: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
3.6 it i 4k: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return bytes. Note that the resulting
bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

hz%:
Py_EncodeLocale () B4k

3.2 BCHTNA.
3.6 it i #k: Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t }F

TE3Z X6 L 50 R wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. IRIEZS5E size 1Y) wehar_t ZBm X w Al —> Unicode %14, £ A -1 {E
A size Fon L PRELL AT weslen BATTHH RS XK JE . RIMARFR [E] NULL,

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied
or —1 in case of an error. Note that the resulting wchar_t * string may or may not be null-terminated. It
is the responsibility of the caller to make sure that the wchar_t* string is null-terminated in case this is
required by the application. Also, note that the wchar_t * string might contain null characters, which would
cause the string to be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If
size is not NULL, write the number of wide characters (excluding the trailing null termination character) into
*size. Note that the resulting wchar_t string might contain null characters, which would cause the string
to be truncated when used with most C functions. If size is NULL and the wchar_t* string contains null
characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem_ Free () to free it) on success. On error,
returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 BTN

3.7 iR B 5 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

=)t

Python 428t 7 —2HPA C 455 AGRUEZ A T34 BE A N EL S IR A i o BT AT T 28 4 ARG 48 32 W ek 471 o B
-

T4 APLK#($%52 encoding Fll errors ISR, EATRAA SHENE str () FAFRXT G R4 S5
HHTFT AT S o

Setting encoding to NULL causes the default encoding to be used which is ASCII. The file sys-
tem calls should use PyUnicode_ FSConverter () for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-

tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

FE AL T S errors BEE I HA AT AR NULL SRR 1 b g e SO BB =K. Ird o
R AR ERIA S IR AL B 7 22 Vstrict” (25| & ValueError).

The codecs all use a similar interface. Only deviation from the following generic ones are documented for simplicity.

2 B AR ED RS

PATR 292 B G A i Y APLL:

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. B33 RS C ImiL F4FER s 1 size NF A8 —4 Unicode %4 . encoding
Fl errors HA7 5 str () WEREFEZ LSRN E L. B4 RS8R 1] Python 4 fi#hL
VMR AR . W RIS SR 51 & T 7% WHR [F] NULL.

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *er-

rors)
Return value: New reference. Jfi%— Unicode Xt 4 345 R AE "/ Python 788 % 4% [\ . encoding
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Al errors HA7 5 Unicode encode () A A TESAHFEIRG & L. B B4 il #-55- ] Python
RS ER M TR A 4R . ARG RAS AR5 | & T 558 LR [B] NULL,

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer s of the given size and return a Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode
encode () method. The codec to be used is looked up using the Python codec registry. Return NULL if an
exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API,; please
migrate to using PyUnicode_AsEncodedString ().

UTF-8 mfZtitas

PATR 32 UTF-8 %if#ith s APL:

PyObject* PyUnicode_DecodeUTF 8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 1813 S UTF-8 g5 88 s ) size P>F 15812 — Unicode X% . 1l
RImfas5| & 7 74 Wk ] NULL,

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Q15 consumed "~ NULL, W47 2T PyUnicode_DecodeUTF8 ().

2R consumed Ay NULL, WA FBHIASEHE UTE-8 5 FE S REA AN A IR . XL AR 2
TSI EHLC WAL 1) 7 1 R AR AE consumed T

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. {§iJf] UTF-8 4fih Unicode %} %2 3545 AE H Python F 45 E2 X R B, 4
RACHTT KO strict”. QNSRRI AR T | A T SR WRFIR [B] NULL,

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
iR [B]—~451] Unicode X4 UTF-8 il i 184, H O g By R/ (AR
L) AFRETE size o size ZHT LA NULL; FEMCFOL FEARI RN A7 o 3R 8] 2 i DXL
AN AT (ORFEAE size 1), TCIE B EAAEAT A HA A 251547
FEREHRIEOLT, &I NULL P & — 55 I HA A size (.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer.

3.3 BT

3.7 RSk R RBIAE S const char * A& char *,
const char* PyUnicode_AsUTF8 (PyObject *unicode)

R TFPyUnicode AsUTF8AndSize (), {BASTEfER/IME.

3.3 OB A

3.7 iR sk R RBIAE S const char * A& char *,

PyObject* PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer s of the given size using UTF-8 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE
API, please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString ().
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UTF-32 4RfRt52s

PATR 2 UTE-32 %ff i APL

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M. UTF-32 4% i) 25 b X BUIRAREG size 4~ 17 I 1% [BIAH B ) Unicode X5}
Zo errors (WIRAA NULL) 5@ LT IR I 520, BRIAH strict”.

IR byteorder A~y NULL, f#AS 28R F 45 52 00735 e 204 T A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WK *byteorder A%, HA ABHEIIHIIA T A PARIC (BOM), WIARR SR LI 1% 7
TP H BOM A S5 DI 4521 Unicode FAFH . WIS *byteorder 2y -1 5 1, MFYfF
PRiC 2 Bs DS i

TESEM , *byteorder YFAER AR A RSN 21 Bl 7157«
U2 byteorder j NULL, Zff e (AP T 197
USRI AR AR5 2 1 S AR [B] NULL,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed)
Return value: New reference. {15 consumed “}j NULL, W4T 2T PyUnicode_DecodeUTF32 ().
W5 consumed /~>F) NULL, W|PyUnicode_DecodeUTF32Staterful () ¥ AERREHAZEE UTF-
32 FATFS (AF W EOR AT UL R ) UM IR X P AT R S I B E s 1 735 4L
REFAETE consumed W,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. iR A fifi /] UTF-32 4% zCAHL 7 7 1Y) Python FE35ER . TR B &
PA BOM FRicdT ko AR RALIR T =M strict”. R AmfRIL28 5 & T 5% WK [F] NULL,

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
USRS AR A5 KT S5 AR 8] NULL,

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsUTEF32String () or PyUnicode_AsEncodedString ().

9% Chapter 8. BE{&xMIMRE



The Python/C API, £[F) 3.8.20

UTF-16 4RfRt52s

PATR 2 UTF-16 Zefifft 4t APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-16 #iht 1) % it X K fB AL size A~57715 3R [B1AH S/ ¥ Unicode %
Zo errors (WIRAA NULL) 5@ LT IR I 520, BRIAH strict”.

IR byteorder A~y NULL, f#AS 28R F 45 52 00735 e 204 T A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WA *byteorder N2, HAALHEHIP 7170 T PR (BOM), WIS xR A 1%
77 H BOM AR % DI S52R Unicode FAFH . HIR *byteorder 2 -1 80 1, W57
PRC s VLS P (B2 4 \ufeff B \ufffe ¥,

TESERMG, *byteorder FEAER ANEHE I AR B A 4 I F5F
s byteorder iy NULL, #if a4k FHASHLF A5 )7
WR R RIS 5 | % 1 S5 MR 9] NULL,

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed)
Return value: New reference. {15 consumed }j NULL, W4T 2T PyUnicode_DecodeUTF16 ().
N5 consumed /~>F) NULL, W|PyUnicode_DecodeUTF16Staterful () ¥ AERREHAZEE UTF-
16 FH45 78] (WEREEAF BN A RRAT) BUORER . X RN 2P RS I B O p
50 P BB TE consumed W .

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. iR A fifi /] UTF-16 4% =S AP 2377 1Y) Python FE95ER . AT EE4 B &
PA BOM FRicdT ko AR RALIR T =M strict”. R AmfRIL28 5 & T 5% WK [F] NULL,

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int by-

teorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is defined, a single Py_ 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.

USRS AR5 & T R MR 8] NULL.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsUTEF16String () or PyUnicode_ AsEncodedString ().
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UTF-7 4Gfigt02S

PATR & UTF-7 Zif#i ¢t APL

PyObject* PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i1 fifthdh UTE-7 4235 5 s 1) size A7 07— Unicode %14 . 4N
RIS 51 K T 55 W B NULL.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. {15 consumed “kj NULL, W47 K2 F PyUnicode _DecodeUTF7 ().
MR consumed A NULL, WK ERATEHE UTE-7 base-64 # K AR A4 R . X SEFATRFA L
B HE S 1 75 B A AR TE consumed

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py _ssize t size, int base64SetO,

int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py_UNTCODE buffer of the given size using UTF-7 and return a

Python bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, "Set O” (punctuation that has no otherwise special meaning) will be encoded in
base-64. If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the
Python utf-7” codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsEncodedString ().

Unicode-Escape 45f2t82%

PAF 52" Unicode Escape” #fiftid ety APL

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize t size, const char *errors)
Return value: New reference. i1+ it Unicode-Escape #2355 s 1Y size 378 —> Unicode
R MRS 5 K T 55 Wk 1] NULL.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

Return value: New reference. {i Jf] Unicode-Escape 4% Unicode X} 52 H- K45 B AE h 74y 8 %f 41k 1] .
B RAL B KON strict” . QAR GRS AR T | & T S8 WIKF AR [A] NULL,

PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode_AsUnicodeEscapeString().

Raw-Unicode-Escape 4gfZi02%

PAF 42 ”Raw Unicode Escape” 4R fiffig#s APL

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *er-

rors)
Return value: New reference. 1837 fi# % Raw-Unicode-Escape #5127 88 s 1Y size 770 @ —4>
Unicode X4, QA AmRidaR 5| K T 54 Wik 0] NULL.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. fifi [l Raw-Unicode-Escape #fi% Unicode %if 42 -5 45 A N F T ERE X 50k
. AL A strict”. AR GRAFIDAS T & T R MR R [5] NULL.

PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.
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Deprecated since version 3.3, will be removed in version 3.11:  Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 45428538

PAR 2 Latin-1 4 f# %251 APL: Latin-1 %t §i 256 4~ Unicode A% v .4 ith 25 7 2 it 15 [11] H 452 523 2645
L
PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i3 fifthd Latin-1 ZiiS 0788 s 1Y size D702 —4> Unicode X4 .
AR G i 25 A T 574 Wk 8] NUL L.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. ffi i Latin-1 #f% Unicode %} 542 H-$+25 -AF 4 Python F 5 e X 4k 1] . 45
BRALTR T N strict” . QRIS AR | K T S WRF & 18] NUL L,

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsLatinlString () or PyUnicode_ AsEncodedString().

ASCII 4zfRt028

PAR 2 ASCIL 4 fi# ity APL, W32 7 {37 ASCIL $itdi o AT AT HAth 4 B A AUl 3 Bdt i

PyObject* PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. il 35 ffthd ASCII 5 iR 78R s ) size ST A @ —> Unicode %4 . 10
RIS AR 5| & T 55 W ] NULL,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. i [fl ASCII Zifih Unicode %f G2 H- K45 S AE A Python FFHTEE R &k 0], 4
BRAL BT F N striet”. QRIS ERT | & 1 S H WAFaR W] NUL L.

PyObject* PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API,; please
migrate to using PyUnicode AsASCIIString () or PyUnicode AsEncodedString().

FITRR S g AR GO 2%

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mapping to encode
and decode characters. The mapping objects provided must support the _ _getitem__ () mapping interface;
dictionaries and sequences work well.

PATR 2 WIS 2 A 4% 1Y) AP

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. @13 {8 45 € 1) mapping Xt 42 S5 O g 15 37 5 s 1Y size 76 3
Unicode %4 . WIRAmAENSERT] 4 T 5% WK [H] NULL.

W mapping 4y NULL, WK A Latin-1 4Bk, 750 mapping W50 R F ARG AE (0 % 25578
FBl PR32 %) %) Unicode P47 ER FOMLET . #E40 (FF@f# 24 Unicode %) =X None., ARBLHTHIEL
AT - XA EIRF 3L LookupError, DAKBIMLF] None (%, OxFFFE B '\ufffe',
BB R A 5 SR S S B A

8.3. FFIIMZR 99



The Python/C API, &[F) 3.8.20

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. {§iJ{] 45 7€ ) mapping %} % 955 Unicode Sf 4 -5 45 BAE N TR N 21k
], AL BT SN strict” s USRS ARIS AR5 K 1 5 URFR [] NULL,

mapping Xt GLLIFRFEERL Unicode A AU 2 AT ERXTSR 0 5 255 Ju il W AYHEEEL None . RIS
W PR AL (7580 LookupError HIBHE) PARMLGTE] None HIBIRRFBI AR e SCHIBLST”
A

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode AsEncodedString().

DL IR G RS 28 APL 20 Unicode B4} % Unicode.

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. i3k I i 5 FFWU F A S A H A 454 Unicode W42, W4T
s A 7 SR Wik [A] NUL L,

FREMIFATRFREK Unicode T8 ) 8641 Unicode T35k None GRAHMIRHINZA /).

Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors BAT T 4G as O 735 3o BRI PAN NULL R 68 BRI B Ak By 5.

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *map-
ping, const char *errors)
Return value: New reference. Translate a Py_UNICODE buffer of the given size by applying a character

mapping table to it and return the resulting Unicode object. Return NULL when an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API

Windows bl MBCS 4gfigi3ze

PATF /& MBCS #ifffib#5 APL. H Fi B A 1{XAE Windows H1 R H1 - 1 Win32 MBCS #4638 4 5 Bl % 46k .
W MBCS (2 DBCS) J&—Egmfts=l, maEHAa—"1. Hirgmiis=Ue iz T amidmsas e -
[ P S
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i3 ffih MBCS 4 B0 58 s By size 7181 8—4> Unicode X4, Ul
RIS AR T | T S Wik [A] NULL.

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Q15 consumed Ay NULL, W47 K2 T PyUnicode_DecodeMBCS () .
R consumed A~} NULL, W|PyUnicode DecodeMBCSStateful () ARG AK RBIAEEE
FAH ORI T ECRAE A consumed

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. {#Jf] MBCS #fi Unicode %52 3445 A5 Python 7 E2 X 4R [\l . 4
BRAL BT F N striet”. QPRZGRMEIS AR T | A 1 S H WAFaR W] NUL L.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python
bytes object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS
encoder.

3.3 BUHTIMA.
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PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNICODE buffer of the given size using MBCS and return a
Python bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py_UNICODE
API,; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

AT
HESELERY

PATR APL 0] DLAR B A ) Unicode X RANFAFH (FEfifiid P FATFRHFAFH) HFi& 18136 24 ) Unicode
X AR A

WA %A R H T A TERRFR [F] NULL 8¢ -1,

PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. PHZP T4 B33 —/~ 1) Unicode 4T ER o

PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. 55— NF /153 —4> Unicode FF R FE . W sep S NULL, N
PR A RAT TG T4 . B, CRARIEHE & W TR . 250k maxsplit. 1
RPUE, WA BRE . RS RY R .

PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Split a Unicode string at line breaks, returning a list of Unicode strings. CRLF
is considered to be one line break. If keepend is O, the Line break characters are not included in the resulting
strings.

PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. i J 45 i€ 1) separator &3 — N FFFEEH F & M 455 Unicode F4F5 .

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end,

int direction)
N substr TE 45 € W) I 5 (direction == -1 FE /AT R VCED, direction == 1 F R )JG4ICHE) 5
str[start:end] MHVCECIGRE] 1, FBWERE] 00 WA AR R NGR E] -1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)

IR [ {8 45 52 W) direction (direction == 1 FRuim &, direction == -1 Fon G M R) Bt substr {F
strstart:end] FEHRHIBOE . REMECHE NIRRT T HR -1 FaREE ITH,
-2 MFIRE AR WE T 75 .

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int di-

rection)

R B {5 25 5 1Y diirection (direction == 1 FRHIRIIEZR, direction == -1 FRJGHER) NFA5 ch 1E
stristart:end] HERBIMAE. RIEENEIERART S EH -1 FR R ILHE,
-2 WFRRE BRI RE T 75
3.3 UGBTI
3.7 R 5 IUAE start Fl end #5JHHE~ Y strstart:end] ZUWFTHN-

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
R[] substr 7% str [start :end] HORNESHITRE WER LR RWRE -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-
count)
Return value: New reference. ¥ str W substr XEZ K replstr 242 maxcount YK I 1% [0 45 5 Unicode X}

% . maxcount == -1 FIRETEW.,

int PyUnicode_Compare (PyObject *left, PyObject *right)
RPN FAFERIFRIE -1, 0, 1 23 HIFR/NT . FETHIRT .
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BRBAT R B 3R , BN M4 HH PyErr_Occurred () KK E IR,

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Ff Unicode Xf 4 uni 5 string #E47 LA IR A -1, 0, 1 R/ NTF . SETMART. &iFHEA
ASCIL i i ) 747 Hf, (HARE AP A 3 A0 5l ASCIL "7 447 U 1 bR 45 2 1 Hie 1SO-8859-1 5 it
k.
R ST K R

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Xt~ Unicode “FF e PUATE LR FH IR M A M EZ —:

o NULL /I T514 T RHERITE I
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. 181 format 1 args IR 7] — /N M FEAF R M %, X% R T format %

args.

int PyUnicode_Contains (PyObject *container, PyObject *element)

KA element 127503 87 4E container WA W 1% 7] BLE B ARAE
element W75 il 7% 1 — 1 B0 EK Unicode “FAFH o AR & AR IR W3R 1] ~

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a
Python Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it
(decrementing the reference count of the old string object and incrementing the reference count of the interned
string object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification:
even though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you
own the object after the call if and only if you owned it before the call.)

PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode_FromString () MlPyUnicode InternInPlace () W)
HEHAE, RE—DCNERLIHT Unicode FAFERXR, B— N8R AR FMER 54 N 747
ERXFRAE (C“HAER”) 510

8.3.4 jt#l (Tuple) ik

PyTupleObject
XANPyoObject [FRAM K~ Python [ TCLHI 4 .
PyTypeObject PyTuple_Type
pyTypeObject HSEBIAFE—A Python JEAEAL, X5 Python 2 tuple ZHHFMIXIE .
int PyTuple_Check (PyObject *p)
MR p s — D ICAIN R BT Te A AU TR AU L], 3 e A
int PyTuple_CheckExact (PyObject *p)
MR p e — IR, WA E*/\Eéﬂ?%ﬁﬁﬂ’bﬂﬂ D3R ] LA

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. JNI IR Bl —ANEHTCAHXT S, KR len, ZRIETIR [B] NULL,

PyObject* PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. IR Bl — DN FH WL A X %, K/ANN n o, J MBI [H
NULL. JCZA{EH] IR M35 ] Python X W) J5%E n 4~ C 4. PyTuple_Pack (2, a, b) Al
Py_Buildvalue (" (00)", a, b) fH%E.

Py_ssize_t PyTuple_Size (PyObject *p)
PR T R RS, IR IEIWTDQEE’JjUJ\
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Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RETCH p VNN, BN HE NULL F HAgm— Il A IATHT A A
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 32 p A8 TG H, 0T pos ALBIXT S . NS pos HEH AR, &
[ NULL, H#iH— IndexError JF¥H.

PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 25} T PyTuple GetItem(), {HAKGEESEL.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. j&10] p Fr4g B TTHIY) -, T8 low I high 2 [8], B35 MURF & [1]
NULL, iX%[]F Python #iks{ p[low:high] . AZFMIIEKEBRS].
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
TE p F8 I TCLI pos (L BREAX XIS o 95| H o« BEIIESRIE 05 WIR pos BEFL, WM -1, 4l

H—~ IndexError BH& .

filE): pesmie “HTHC X o T, HEFXICA h CAEZ I AIE 14 H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
FUTPyTuple_Setltem(), (EABATHAGE, HHVIZ 22PN RE TR O

il XAEL “fiE” — DX o g, HEpyTuple_SetItem() R, B R&EFAMEM
BEFIIS I JCH LT pos AL EAALATS | FHHRRF Bt -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
ATPAM TR ST RN newsize X5 2 TCAHRIFK L. BIRICH #OAARARTASR), A AR
REAAE A5, AR E . R ITHE 29 RS ) AR g |, 5 AN B e
TR R G B K B gE . BB ERARIHCH A 83— e, ReTFEAR . WIhihR
Bl 0o & Fum R AR AR E o MES RS T8 F R BCz B A A . Qe 17 o 51 HXT
%, WELER) *p PFgees . R, 1&E -1, K *p BN NULL, H5]% MemoryError B(#

SystemError,

int PyTuple_ClearFreeList ()

R R [ PR 2% H %L

8.3.5 LHIFFFIXR

PRI GRS T namedtuple () (9 CXR, HI—AFs, HArA& H 0T s BT, %
DIREEFFH, AR oG R BS54 P 1) 262

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. 1RYE desc HHIEHER) & — a0 gs 752880, N priR. ] PAfE
M PystructSequence_New () LS RIEFIH)SLHF) .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc FHIBTIGAL LS P51 2EAY type..

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pyStructSequence_InitType fH[E, (HINEFRE 0, ZMHFRE -1

3.4 BUBTIA.

PyStructSequence_Desc
A B EH P F LE
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1 C Type 1=

name const char * LER BB 24 B

doc const char * Fi ) B W R B[P SORY A AP R Bl NULL (3R %)

fields PyStructSequence_Field J5[n] P NULL 45 R IEAIN 85, HFEAWK
* A

n_in_sequenceint Python fIll w] Ui B B (AnsR HVEc)

PyStructSequence_Field
RGP I — A7 B WP SR By oAy, BT v BLRY AL R PyObject <.
fEPyStructSequence_Desc [ fields A RTIHE T 4P S IHIA I M7 B

3 | CType *E

name const TR A M E NULL , R 4 TR R, EHRE
char * “NPyStructSequence_UnnamedField DMFBE R4 FE

doc | const LM T BOU FAFHR B NULL

char *

char* PyStructSequence_UnnamedField

ERECA LR/ NIER S S E SR AN

PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. |7 type WSEH, ZSLHLFH PySt ruct Sequence_NewType ()
B

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. &[] p 48 1al (I Z5HF 54, LT pos AN G . TG B T A
Kt

PyObject* PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence_GetItem () [ZEMRA.

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
BHEER 5 p 1225 pos A FEER B N 0. HPyTuple SET_ITEM() —FF, BNZHHTHE
FEAHTHI L .

fE): XAEEEC “HTH TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

fE): XAEEE “HTH THRI o A5

8.3.6 List (%) Yk

PyListObject
XA CEAPryobject KT IR Python F XA
PyTypeObject PyList_Type
XM ET Py Typeobject K Python 5L IR SLBI . 7 Python ZEHFIZEA 1ist J&[F]—4>
5.
int PyList_Check (PyObject *p)
R p B— IR G 2 — D FIRER 7RG, R,
int PyList_CheckExact (PyObject *p)
M p R—IHIRNE, (HRANRIIRIAN T IRBLBIN, RITH.

104 Chapter 8. EFMMRE




The Python/C API, £[F) 3.8.20

PyObject* PyList_New (Py_ssize t len)
Return value: New reference. JNII} IR Bl —ANMKE BN len (3515032, SRR IR [B] NULL,

il Y4 len KT B0, #aR BH 5] F XL 00 H g% NULL, B AR AS R I 2581 C o
¥ Pysequence_sSetTtem() il APL 8\ # M C lR¥PyList_SetItem() ¥ AW H X E
JLELERTZHIAT Python A5 A FFHX X4

Py_ssize_t PyList_Size (PyObject *list)
AR [A] list PANRXS RIS XTI RN ZR N Len (1ist) .

Py_ssize_t PyList_GET_SIZE (PyObject *list)
TEIAN C MPyList_size () , WA,

PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. 3% [n| list ff 4503 3 W index v & L RIXT SR S EAH LN AE T
8 TEETT/\}JJ%@K% HATZR G| W index i 1 FE (<0 or >=len(list)), M| 1] NULL Ji% &
IndexError 2.

PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. AN C BB PyList_GetItem() , &AM .

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

P51 Fe RG] A index BTN item., WHIHFIR ] 0. 1A index R HJE B WGR 0] -1 3% &

IndexError i,

e pessis “fE” — % iem 15 I EFE— xR P2 PR ALE EE A A H 51

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR B A Py List_Set Ttem (). XilE ST R P Z wi8A WAL E 5T
H3E.

Wl %%e “fE” — %t item 5, H5PyList_SetTtem() REIMREE R&EFIMLAT]
BRI BE’J?]H% T list 1 i 0¥ F AR5 | ARt 85

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K4 H item $8i AFIHN 3 list KR5S index Z BIRIALE . AR BIPRHRE 05 AERAS B WA [E -1 I

WE— 5. X4 T list.insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
FEXFG item GSINEN )R list WA . MR SRR ] 05 AR SR ] -1 FF R E— . A
YF list.append (item),

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. J‘I}Zlﬁ]#ﬁ*ﬁ‘%ﬂ%@, A list 24P T low Fl high Z 1R [T 4, QRN
BCIWER[E] NULL B SRH. ST list [low:high]. AZFMFIFRREHITRG].

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
¥t list 249 low 5 high 2 [B)/Y) i itemlist BJNZS. FH4TF list [low:high] = itemlisto
itemlist W] DA NULL, FoRBEN—AN200FE OMERIA) o s M 0, KRR o IXH
ASHFMINFAR Rtk # 7%l

int PyList_Sort (PyObject *list)

X list ) 2% H AT RO . BRI 0, R IR o XHEMT list.sort ().
int PyList_Reverse (PyObject *list)
X list WP H BT IR SRS . bR ] 0, RIS R o XEMT list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. R [0l —/NHr 04, HPp@E list N ST tuple (list),
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int PyList_ClearFreelist ()

Ny =9 G A T N v = 3 GOE S =k 8
3.3 HUHTIA.

8.4 FAMR
8.4.1 Mt

PyDictObject
Pyobject fHIREAH—{H Python F-HLY {4,
PyTypeObject PyDict_Type
pyTypeObject B HIfF—fH Python FHAIAE. JLEL Python J& ) dict [El—{% .
int PyDict_Check (PyObject *p)
*i p e %#iﬁ’—ﬁ&ﬂ’]?ﬂ AEEL B g [l true.
int PyDict_CheckExact (PyObject *p)
2 p T HY AR — @ I TR B, R true.
PyObject* PyDict_New ()
Return value: New reference. iR |0]—ANHH S -, R [B] NULL,

PyObject* PyDictProxy New (PyObject *mapping)
Return value New reference. iR 8] types .MappingProxyType X4, T iRHIHIT BT h
e XIEHE TR E AR & e AR I B L

void PyDict_Clear (PyObject *p)
B2 B B I SR
int PyDict_Contains (PyObject *p, PyObject *key)
Tii5E key E%’?@ e U p o WIR key PEMC I p WORE—T0, WaR[E] 1, AWRME 0 o dk ] -1 %
. XEEET Python% A key in p.
PyObject* PyDict_Copy (P)'Object *n)
Return value: New reference. 1205 p 3-8 [R] S8(E o 1 380 4L
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
ﬁﬂ% key VERHERE val ST I po key WU hashable; WRAZ, W5 % TypeError. M IIm
RIS 0, AMHEEL ~1. HEREC A HAERT val 1951

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
B8 key 1E N B KF val 48 A B| 7 ML po key [V 24y const char*. X R 2 A
PyUnicode_FromString (key) ﬁIJ@EI’J IR E 0, KGEHRE -1, BLEREC R 2T
Xt val (5[ H

int PyDict_DelItem (PyObject *p, PyObject *key)
FoER TS p N key BIZ5H o key AU WA 5 ﬂﬂ%ﬂ”m, U"JAélﬁ TypeError. HIT 4L
FA key, W25 % KeyError. WINHRHRME 0, JKIHHR

int PyDict_DelItemString (PyObject *p, const char *key)
BRI p PR key FEE MR H . WRFIPEH key, M5 K KeyError, MIJH}
IR0, R RE] -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)
Return Value Borrowed reference. M\FHL p F1IR B DA key MEERINT S . WREES key NEAEH IR A %
R A NULL,

FEXEEWE, WH _hash. () Ml _eq () FETSEWREEASASBEMLE. &

}ﬂPyDl ct_GetItemWithError () HFIBEERIRE .
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PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () WZERN, BASHMGEE . M 5BE KA
iR NULL Jf HiE— 5 H . AEREAAAAENGR A NULL Jf HARBRE— 5

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. X 5 PyDict_GetItem () —FE, {HSE key #i¥5E 5 const char*,
MARZPyObject *,

TR, WA _hash_ () . __eq () FIEMBIE— AN AT RGP A Y S
Ay, SWHPyDict_GetItemWithError () BRI

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX i Python 2T dict .setdefault () —Ft. WIS key £7E,
BIREFEFH p HIHX M . QREEANAAAE, E2AUE defaultobj —iidi A IR [H] defaultobj o iX
MERECHTE key BIRGATRREL—IR, AN ZTEA IR AR BT EE

3.4 BUBTIA.

PyObject* PyDict_Items (PyObject *p)
Return value: New reference. 3R [A]l— 08 ML i Fr g SEEIA Py ListObject,

PyObject* PyDict_Keys (PyObject *p)
Return value: New reference. 12 [n|— /&7 ML mb BT 4 (keys) Py ListObject,

PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 1% [0]—/M & FMLrp A {E (values) [Py ListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R PP E AL, SFE T p (] Len () o

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
BT p h T B . TR — U T R BT AR, 1 ppos FF5 1Y Py_ssize t
WA O %R EICR A7 v A AN BBV IR [ EE, — ELFTAT SR 4T 58 5R Ui [m]
BRAH. TEZ: pkey Fl pvalue N 244810 PyObject * Atk , AR B A EAERIE S, B ®
HPAN NULL. Gl E TR B AL 5 AR B SR . ppos AR AUMIRIA BB, BRIEFRN
IS R AL B, I H i T AR mEn, [ w A% Bt ALk

n

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

TFH p AN BAZAEN DR A AR O o AR D, SR E R T A, EART A E A A
KA. BIn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, s&pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_ FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;

(FgkzE)
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(R L —5)

}
Py_DECREF (o) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
W G b E AT B R, (K R B I a. b W DL A, AT AT
HipyMapping Keys () MPyObject_GetItem () MXT 4. IR override F) EAH, W ANHAE b
R E R R BE I @ v E AR R R B BB R 4, 75 WIUASRAE @ v 950 R ] ) D) L 5 m
(EX o 2 MENINRIE] O B 25| A S R b -1,

int PyDict_Update (PyObject *a, PyObject *b)
X5 CHfy PyDict_Merge(a, b, 1) —#f, tHZELIT Python H1i a.update (b), Z=HIFE
TryDict_Update () TE5 “ NSV keys” JEMERA 2 MR B R ABEX A ES] . 24 ST
M0 B M5 K R IR -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 HHAYSEIEXT EOBTE G 2 7 @ seq2 WhZNA AR BED 2 B AR BN Y T 3R B T ik UK
o MR EIIGE, Q2R override EAEIE S B BERE o 4R ] O BE3E 245 K
WP IE -1, ZE4rEY Python ARG (R [M{EERA) -

def PyDict_MergeFromSeqg2(a, seq2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

int PyDict_ClearFreelist ()
HE RN . IR [T REC Y 2% H £L.

3.3 HUHTIA.

842 E8NHR

XV EMNE T set Fl frozenset SFRMAIE APL, ATA] AR AE N4 H 592 B & i 2l i &
St (BFEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue(), PyObject_Print () L M PyObject_GetIter())
B E 2 % F W (8 FEPyNumber And(), PyNumber_ Subtract (), PyNumber Or (),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr () VAN PyNumber_InPlaceXor ()) ijjla.

PySetObject
X ANpPyobject BT KA R R AF set Hl frozenset X R N W H . B FEM
TryDictobject, FRXFT/NRF A KULE 2 B2 MY (REGETCAmFm =) , HFH
X T H AR RO SR AR il B R4 1) B b iy el A8 KNI . (FRAG SR AEfE 2 o« g ik
() F B AR A I BT RE & AR B o TR U7 0] B 24380 2 5 A SCRY Y APT R EFT, AN AT
T RN A TR (E .

PyTypeObject PySet_Type
XR—NPyTypeobject SEfl, Fsn Python set 257,

PyTypeObject PyFrozenSet_Type
XR—APyTypeobject 52, 37R Python frozenset 28,
NSRG53 T TR A A Python X R I HEET . ZEMIM, X L i R Al 3 T AR R T R AU
Python %1% .
int PySet_Check (PyObject *p)
R p 22— set XFREGHE & H IR 5L B 3R 0] FLAE .
int PyFrozenSet_Check (PyObject *p)
MR p R —A frozenset XTREFH & H TR SL B 3K [0l ELAE .
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int PyAnySet_Check (PyObject *p)
WER p @—A> set ME. frozenset XGEHZH T HAUM S WK 8] FLA .

int PyAnySet_CheckExact (PyObject *p)
MR p B—> set MR E frozenset MHR AR H T 2H iS4 IR 0] BAE

int PyFrozenSet_CheckExact (PyObject *p)
W p f—A> frozenset XFRIHAEHT-FAUNY S5 N3k o] EL{E .

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. iR | —#11 set , LG4 iterable T iR R XT 4 . iterable ] PA-A NULL
TR A LS . WIEHR B A, RIGER [ NULL, 2R iterable SR AN & AT 2%
RXFENG] % TypeError, ZME#FHE T4 NEER (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. 12 [\l —#11) frozenset, IS iterable TR P RXT A . iterable W]
PA NULL SR B — R S UREE R Ao I IR MR YR S5 S &, R ] NULL. 42
iterable S5 EANE W ERXF LN G| & TypeError,

THIREANEE T set 8 frozenset ISEHIEUEHFRAN A,

Py_ssize_t PySet_Size (PyObject *anyset)
kA set Bf frozenset MR KE . ZEMT len (anyset) . I anyset N2 set, frozenset
BB SLBI N £ 5| & PyExc_SystemError.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FEWAMPySet_Size (), AHrEEiRE .

int PySet_Contains (PyObject *anyset, PyObject *key)
WERARFRIE] 1, AR AR IR [E] 0, ARIE R SRNGR [ -1, A[EF Python __contains_ ()
Tiik, MR KA 2 B BN WG A AR A R O I I R RS E Ae WISR key DA TG A
XM 5] % TypeError. R anyset A J& set, frozenset B TRAMSLHIN 5] %
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
W key B|—A~ set L. WAIHT frozenset Ll (KT PyTuple_SetItem(), ERHH
K MR EATE AT HADRS 2 AR R 2 ) o IR R 0, RIMAHRE] -1, 41
key AT MG ARG M 5] & TypeError. WEREA MK ZS[EM 25| K MemoryError. W ser
e set B HFRBFSLHFIN 5| & SystemError,

THIRECE T set B FRAM L], EATHT frozenset BHFIBHSLH,

int PySet_Discard (PyObject *set, PyObject *key)
WERFLHIEAERIR ] 1, WRAKE] (TCEAE) RE o, QBRI EHRNGRE] -1 X AFFAE R
RNEG| K% KeyError, QR key AT NG N AT &% TypeError, /AT Python discard ()
Tk, WERBOR 2 B3R AT G AR A e 0 A IR I I VR ZE S 6 o AR set g set BHF2RAUN
SEFIN45| &k PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. 32 [0] set FAEE IR MFHE T, M set PG ZXTS . SR [B] NULL,
WMREG SN ET| % KeyError, WIFR set N2 set BiHEH TRBIFLHIN L5 % SystemError,

int PySet_Clear (PyObject *set)
T2 A 7 J BT B

int PySet ClearFreelist ()

ZREN R . IR [ FTREICR) 25 H A
3.3 UGBTI
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8.5 ENMIF

8.5.1 X (Function) ¥

T A 28/ 9 Python bR 90T 1 AR E]
PyFunctionObject

FIT R C S5k 1A

PyTypeObject PyFunction_Type
XZ—APyTypeObject SLBFH:FE~ Python pREZEEL . 'BEAE N types.FunctionType |a] Python
Py A TE.

int PyFunction_Check (PyObject *0)
WK o JE KB R CRA N PyFunction_ Type) WERE(H. SN NULL,

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. 1R[] 5% 5 code RKERIIHT RS o globals Whlij&— A4, %MK
BT AT IR 4 JR A f
MARTE X0 G2 v S BBk 50 SCRY A ER R4 PR . __module__ 23 globals W L. 2% defaults, anno-
tations I closure %5 NULL. _ qualname__ %>k 5 sR %k 4 FrAH R HI{E.

PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 23{l)PyFunction_New (), {Hif IR EREPTLRE _ _qualname_
JB1E. qualname [ 242 unicode %f 4 8{ NULL; IR 2 NULL ] _ qualname_ B{EiX A5 H
__name___ JEMEAHFPMHE .

3.3 BUHTIA.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. [0{8 BELFZAE 4 {25 4H B8 ) 2R 850014 op .

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. |F] {2 Ei4= 4 bk $ =7 HLAH B 1 o6 850014 opo

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. iR 0| (TS op W) __module_ J@ME, @E N— 08 TR R
FAFER, HRT AT Python ARG IR Ak Bl HABAT BEXT 42 o

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 12 [B] BB S op IS EERINE . XA PAE—PZE0cd sl NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
NG op WCESHEINE. defaults 75124 Py_None si—~It4l,

KRG % systemError ERHIRME -1 .

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 112 7] JeBEZ pRET 4 op AL . 3X W] PASE NULL BY cell XT2R ) IC4H .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BB KRB R EON 52 op WAL, closure L7512h Py_None 5§ cell XF 41 TC4

RG] % systemError SEHFHRE -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 1R [B] BB % op BIFRIE . X A] AR — ] A8 7 #iLEl NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEE RS op BIFRTE . annotations W75 — 47815, Py_None,

KME5| % systemError R E -1 .
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8.5.2 BERRAZHH

KB J5IERPyCrunct ion AR, WERFPyCrunction SEFIRMRM—FFr . BN T
SeryIH PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
EAPyTypeobject SR Python SEBIT KA. BEIAXS Python F2/F A TF.
int PyInstanceMethod_Check (PyObject *0)
W2k o REBITTIEX G BN Py InstanceMethod_Type) WiR[EIEAH. K WM AN NULL.
PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. 1& [B|— /N SERI T VEXT S, func NoRARE RTINS, func BHAESEH)
T3 VRS Y I Ay R e S
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 112 [B] B3 5L 5% im B ERB 4 .

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. AW PyInstanceMethod_Function (), W& T4ERKEGM .,

8.5.3 HEMR

TG0 R BN G . T B R S B A P A E RSB RERE TR (R E— AN
HE) EANETH
PyTypeObject PyMethod_Type
XAPyTypeObject SEFILFE Python 7L, E{Ek types.MethodType [a] Python #2524
-
int PyMethod_Check (PyObject *0)
W 0 R ITEMGR BN PyMethod_Type) MR EAL . JEZULHIA N NULL,
PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. 1R 8l —/ N T IERT AR, func N AFBE R AXTS, self Az )5 iE N 45
FERY SR AETTER I fune XEVERBRBCEI N o self WoZ5IRN R NULL,

PyObject* PyMethod_Function (Py Ob/'ecl *meth)
Return value: Borrowed reference. 1 [8] B F| )53 meth 1 BRECTS .
PyObject* PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. AN PyMet hod Function (), B&E TR,
PyObject* PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. 12 [] 3 Bc3) J5 V% meth WL .
PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. JERASH ) PyMethod Self (), BEETEERIGI .

int PyMethod ClearFreeList ()

RSN o R [E] BRI 2% H AL
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8.5.4 Cell #ht¥

“Cell” XN T LB ZAE G YA . XT R AL R, —A> “Cell” XG0 TAFfA(E I
PEBIHE; 51 HIRE AR HE SR F R AL 1 A 25 [ R I AE S O RS SN kA “Cell” 51 . 151
WMEI, RO “Cell” LS IYE A Z ICHER GA T . XAl “Cell” MR AR KIRALATT] 75
SCRPAE S s DI AR 2 H S AE RIRIX LENET . “Cell” X GAE HABILT W] REAR KA H -

PyCellObject
C Z5HEH cell P4

PyTypeObject PyCell_Type
SHHE cell Yy HEUE].

int PyCell_Check (ob)
IR ob J&—A cell XfRNR B EAH; ob WA A NULL,

PyObject* PyCell_New (PyObject *ob)
Return value: New reference. G| 7212 Bl — AN E{H ob 13T cell X145, FEZWPAH NULL,

PyObject* PyCell_Get (PyObject *cell)
Return value: New reference. [a|{8L cell [EIZ5H 1 cell.,

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. & [9] cell X4 cell (N, [HEAKEM cell 24 dE NULL I H h—A>
cell X}4: .

int PyCell_Set (PyObject *cell, PyObject *value)
Bt cell X542 cell FINZSRN value, XFFREATATXT cell X4 457 NABIGIH - value 7] A NULL,
cell 750 3E NULL; WIEREAZ—A> cell X NPRHRE] ~1. W3 a2 WA m o,

void PyCell_SET (PyObject *cell, PyObject *value)
K cell XF5R cell BIEBEN value. AT, I AASUATIM PAGRIE D 425 cell 204k
NULL Ff H-A—> cell X4,

8.5.5 LN

RbxF5 2 CPython SCBLAIMRZ AT o AU BRi ARG E 2 ek Kb iy m] AT ACRS

PyCodeObject
T RA DT G G2/ C G54 . LS B BEnT Bl Bl

PyTypeObject PyCode_Type
X E—PyTypeobject M, HFIR Python [f) code AL,

int PyCode_Check (PyObject *co)
MR co &— code XN [H] true,

int PyCode_GetNumFree (PyCodeObject *co)

R[] co Y H FHAS AL

PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename, PyObject *name,
int firstlineno, PyObject *Inotab)
Return value: New reference. & [l —NEi AR . WERARTFH LB IAEX SR — AU
Wi, W PyCode_NewEmpty (). WHPyCode_New () EIENVASRE RIMEWY Python HUA,
FEFAT Y E XA H A

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *var-
names, PyObject *freevars, PyObject *cellvars, PyOb-
Ject *filename, PyObject *name, int firstlineno, PyOb-
Ject *lnotab)
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Return value: New reference. 25{l)F PyCode_New (), {HiFE —A%i 4 posonlyargcount” LR
NESE

3.8 HUHTIIA.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. 3R [Pl HLAG 5 % X444 « BREUA TS —AT 5 B S REXT 5 XF exec ()
m eval () A MEUIERT R AHEAR

8.6 HihXtR
8.6.1 g%k (File) Mtk

X I APL 25X A E SRR Python 2 C AP Y/ ML, BEid EAKIT C hrifE g%l /O (FILE™)
SCRFo AE Python 3t SCPFMIRGEATEIAY 1o B, BIRAEIRIE R AR IRZR T Znh VO 2 b LT IL
ANE o TN RECR XX e H APLEHE C s, 2 TR0 e s dnllss
=R 1o APL,

PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)
Return value: New reference. 1RYETFT I 304 fd B SR FF R — Python U445 . S0 name,
encoding, errors i newline 7] DA~ NULL (i BRINEL; buffering 0] DAK -1 FEmn{di I ERIAE . name
%g%ﬂﬁ‘g%%’ﬂﬂiﬁ?%ﬁo FRIGHTR ] NULL. A RS E AL, S5 io.open ()
BRI SR

i T Python it A HEHZM)Z, HILHENTS OS GO HIAFHE & &7 LA Fh )
(BB M) -

3.2 hREE 5 Z0& name B,
int PyObject_AsFileDescriptor (PyObject *p)

P55 p R SCHFIARRR R int o WUERXTGE 8L, WER EIHAE . anach, WA 2R
fileno () H¥E (WIRAFAE) 3 Sy VEOAGR A —NEEL, RBEBE R SO IR RE R 1] . S E 57
AR R MR ] -1,
PyObject* PyFile_GetLine (PyObject *p, int n)

Return value: New reference. 24} p.readline ([n]) , XPHREMAZE p PEEE—FT. p AJARE
AR FRE A readline () FIEMAEMINS . W nid 0, WITGIRZATIOR BN, P e
—ATe W n KT 0, WM EEBORN L n A7 FTPARBIATEY—F 5 TEX AR OLT
QRS RIBE SO AR R, R RS A7 (H2, W n /T 0, TG BE AN #f 2 Bl —4T,
HR2 QR RPEGESC R, 5| % EOFError.

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H5 io.open_code () WIEHEATH, RHIES it by Bre 7 k&% .

AEPRRR T 2 — 28 PyObject * (*) (PyObject *path, void *userData) HJERZ%R, H
W path {5 H PyUnicodeObject,

userData &5 L N TR T4 7 R RE A R AT R, %485 A N B 4248 1)
Python JRZ5.

T XA T L T IHE S AR R, i A A T 2 T S ABAE, BRAEC BTN
ZEIRASEE BFE sys .modules R,

— B THB0E, AR, 2N PyFile_setOpenCodeHook () R HAF K
W, WERAERESC AWAIRTE, BRECRFIR ] -1 HFRE R

BB BT A& IAEPy_Tnitialize () Z AL
g5l &— HiTZ} setopencodehook, AMIHALMZ4L.
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3.8 FRUBIMA.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
FEXTR obj GAMRA R p o flags ME—LFpRYARE 2 Py_PRINT_RAW; WUREE, WEHARRM
str () MAE repr () o IR 0, KMHRE] -1, FFREE L HBI5.

int PyFile_WriteString (const char *s, PyObject *p)
AT s BIRERYE po EPIRERE 0, T SR RE -1, [Elerss Ao sMRE.

8.6.2 Il MM

PyTypeObject PyModule_Type
XAPyTypeobject 5L A% Python BIHEH, E A types.ModuleType HIJEX 2%
Python F&J¥% .

int PyModule_Check (PyObject *p)
Return true if p is a module object, or a subtype of a module object.

int PyModule_CheckExact (PyObject *p)
Return true if p is a module object, but not a subtype of PyModule_Type.
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. 2 Rl Hi et %, HJEM _ name_ N name . FiH )X L8 )E 1k

__name_ , _ doc__,__ _package_ ,and _ loader__ (rFEHET __name_ #WEiX N
“None“). JHFIMIA 24424t _ file  JEM:.
3.3 UBTIA.

3.4 RS Bk _ package_ Ml _loader_ #fik A “None“,

PyObject* PyModule_New (const char *name)
Return value: New reference. IX L T-PyModule NewObject (), {HIH.AZPRA UTF-8 4ahd (1) 745
M A42 Unicode %4,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. iR [B] SZ P module 176y 44 23 [A] 0 BN 52 %2 SR B X 4
() __dict__ J@MAHR. 1R module A Jg—ANBIHXT G (BB TG0 F28) |, M5 %
SystemError ik [A] NULL,

AP el ] HoAth PyModule_* () and PyObject_* () BRALIM A S EAZERHBIRE) _ dict_ .

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. iR 0] module ) __name__ {H. WRBHREMLZM, siHFWREAE—
MR, M&5|% systemError 1R [0 NULL,

3.3 BUHTMA.

const char* PyModule_GetName (PyObject *module)
R FryModule_GetNameObject () {HiR[E] "ut £-8"' iS4 FK.

void* PyModule_GetState (PyObject *module)
R RAE”, MR UL, IR BIHE M RS E N A R WA R R £, B3 NULL. &
DLPyModuleDef.m_size,

PyModuleDef* PyModule_GetDef (PyObject *module)
I ] 4 ST B F ¥ Py Modul eDe £ S5F AR, BUE WIARBLHORN 2 8 2540 14 e a8
(3% [] NULL,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. iR [A|{§i [f] module (%) __file_  J@TERTINZEM) A% . TR IEM:
KRS, BEWMBREARZE—A Unicode FAFH, W5 % SystemError IR [H] NULL; 7EHA
BN RFIR [\ —>Fg 1] Unicode X495 .

3.2 BUHTMA.
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const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule GetFilenameObject () butreturn the filename encoded to 'utf-8’.

32 BT EIH: PyModule_GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_ GetFilenameObject () instead.

Mgt C 1R

Modules objects are usually created from extension modules (shared libraries which export an initialization function),
or compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_Create (), and return the
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually
only one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name

BRI 24 R

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule GetState (), rather than in static globals. This makes modules safe for use in
multiple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ free function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the addi-
tional amount of memory it requires for its state. Non-negative m_size is required for multi-phase
initialization.

S PEP 3121 T 1.

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMethodDef values. Can be NULL if
no functions are present.

PyModuleDef Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When
using single-phase initialization, m_slots must be NULL.

3.5 R ¥4 Prior to version 3.5, this member was always set to NULL, and was defined as:
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_exec function is executed.

inquiry 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_exec function is executed.
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Jfreefunc m_free
A function to call during deallocation of the module object, or NULL if not needed. This function may
be called before module state is allocated (PyModule GetState () may return NULL), and before
the Py_mod_exec function is executed.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-
phase initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the
API version module_api_version. If that version does not match the version of the running interpreter, a
RuntimeWarning is emitted.

HE]: Most uses of this function should be using PyModule_ Create () instead; only use this if you are
sure you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using func-
tions like PyModule AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this
way behave more like Python modules: the initialization is split between the creation phase, when the module ob-
ject is created, and the execution phase, when it is populated. The distinction is similar to the _ _new__ () and
__init_ () methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection -- as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the module
object (using e.g. using PyModule_GetState ()),or its contents (such as the module’s __dict__ orindividual
classes created with Py Type_FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef in-
stance with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the
following function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that
correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 BUBTA.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.
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void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 JRHIA.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point
to a function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def )

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should
return a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynam-
ically adjust to their place in the module hierarchy and be imported under different names through symlinks,
all while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be
used, as long as it supports setting and getting import-related attributes. However, only PyModule_Type
instances may be returned if the PyModuleDef has non-NULL m_traverse,m_clear, m_free;non-
zero m__size; or slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python
module: typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in module and the Mod-
uleSpec spec. This behaves like PyModule_ FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_ VERSION.

3.5 BUHTIA.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef  *def,  PyObject  *spec, int mod-
ule_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec
spec, assuming the API version module_api_version. If that version does not match the version of the running
interpreter, a Runt imeWarning is emitted.

H5(E]: Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this
if you are sure you need it.
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3.5 BUHTMA.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def')
Process any execution slots (Py_mod_exec) given in def.

3.5 BUBTIA.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BUBTINA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMethodDef doc-
umentation for details on individual entries (due to the lack of a shared module namespace, module level
“functions” implemented in C typically receive the module as their first parameter, making them similar to
instance methods on Python classes). This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BUHTMA.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution
slot (if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s
initialization function. This steals a reference to value on success. Return —1 on error, 0 on success.

#E): Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on
error. Example usage:

Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initial-
ization function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, 0 on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF _INET to module. Return —1 on error, O on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.
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Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter.
This allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can
be created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not
been attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def’)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harm-
less) to call it from module initialization code. An explicit call is needed only if the module’s own init code
subsequently calls PyState_FindModule. The function is mainly intended for implementing alternative
import mechanisms (either by calling it directly, or by referring to its implementation for details of the required
state updates).

Return O on success or -1 on failure.

3.3 HUHTIA.

int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

3.3 BUHTIMA.

8.6.3 % {t2E (lterator) ¥k

Python 24t 7PNl A AR . H— AP AE, B __getitem () IIAREERF
B o B AN AT X G sentinel {6, S Jy 4 AP AR TRE AT SR , HHAER ] sentinel (]
I EEHEAR

PyTypeObject PySeqIter_ Type

pySeqIter_New () RIEIEMREXRIFRII RN BT LN EREL iter O BRSHILN,
int PySeqIter_Check (op)

MR op RA Py SegTter Type WiR[A| true.
PyObject* PySeqIter_New (PyObject *seq)

Return value: New reference. 32 [7]—~5 5 HUT S0 G — 2 68 F A9 ACES seq. 247017 F#AES | &
IndexError B, EfLER.

PyTypeObject PyCallIter_Type
Hi%Pycalliter New () Ml iter () WEBRHHINSHILAR MIH ARG RLERITR .

int PyCallIter_ Check (op)
W op RFLHPyCcalllter Type NIR[H true.

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. [0l — AN 15 ES . 58— 1S4 callable V] DABARAR W] DAXE B S48
(R O T R A A Python RIE XTSRRI FER R MER T — NI H « Y callable 3 7%
T sentinel W{ER, ERRFL L.
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8.6.4 {zEnzsMit

IRTFT IR R AT BRI G BT RAN R B T

PyTypeObject PyProperty_Type
s puy it SIEROE I8

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference.

PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference.

int PyDescr_ IsData (PyObject *descr)
W IRFF AT G descr F5iAEPEEE, WHERE] true; WERRGA ¥, MR W false. descr W2 TR
FPXT 4 ; &ﬁ%&mhﬁ

PyObject* PyWrapper_New (PyObject *, PyObject *)
Return value: New reference.

8.6.5 YK ¥

PyTypeObject PySlice_Type
PIR R REAITG . B Python JZ Y s1ice @AHFEIHIRR.

int PySlice_Check (PyObject *ob)
2R ob 22—~ slice X NR I FA: ob AAAURHA NULL,

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. iR [nl—/~ B AG 4 EHA VI N5 . start, stop 1 step F5: 29 I AE slice
XA R A BRI SR RE e 33X L8 AT AT — N AT DAY NULL, FEXFME LT R None 1E2h
XF W TR MEREL.  ANRF R ICIE 4 BE R ] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step)
MAJRXFG slice UL start, stop Fl step K515, REFHKER length. KT length {17755 K11 24
(o
SRR O, SRR E] -1 H HARERE (RIEHEAFI SN None HICEBAR I HEEL,
TEXAME I T 2k ] -1 HIE— A7) .

PRATREAN T H8 ] B pR 4K
3.2 i &R 2 1l slice TE SIS KA PySliceObject *,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step, Py_ssize_t *slicelength)
pySlice GetIndices () B EN. MUIT RIS slice $2HL start, stop Fil step 5|5, F/FoHK
T;)d] length , FFFY) A BEQRAFAE slicelength 11, JEIERIN RSS2 A5 E @Y —20 iyt
PEATE Y.

SR ] O, IR ] -1 I HAN BB R

MEE): LR B0 T T AR KNP KL R AN A . KB R R 4 A Py S1ice_Unpack ()
MpPyslice AdjustIndices () A, Hp
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if (PySlice_GetIndicesEx(slice, length, é&start, &stop, &step, &slicelength) <o
—0) A
// return error

}

KPR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

3.2 RS ZHi slice XS MBS A& PySliceObject *,
3.6.1 iR &% N5 Py _LIMITED_API RIXE I IXE H 0x03050400 5 0x03060000 2 [A]H
i (RFEBA) 5% 0x03060100 BB AN PySlice_GetIndicesEx () &x¥sZIlk—AN i

PySlice_Unpack () #l PySlice_AdjustIndices () W% . S5 start, stop K step 24 PR
1H.

3.6.1 WA EA: WS Py _LIMITED_API % B N /M 0x03050400 B 003060000 5
0x03060100 Z[A)MME (ANEIEBFA) W PySlice_GetIndicesEx () NEF KL,

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MA % G 8 start, stop 1 step ZHE i B B2 K C BE8, SR ERMIRF KT PY_SSIZE_T_MAX
BE 8 /N PY_SSIZE_T_MAX, #HER#h¥$/NT PY_SSIZE_T_MIN [ start F stop B3 KK
PY_SSIZE_T_MIN, FHEERMIEE/NT -PY_SSIZE_T_MAX ff step {HIM K H -PY_SSIZE_T_MAX,

AR -1, AR [E] 0
3.6.1 JUET A

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize t *start, Py_ssize_t *stop,
Py_ssize_t step)

1 start/end Y] )1 5[5 RPGHE E B P I AT . BT E R RSG5 2 A S-S Y — 2y

KT
BB K. R R 2. A2 Python fUH5.
3.6.1 HUHT A

8.6.6 Ellipsis Y&

PyObject *Py_Ellipsis
Python (] E11lipsis X, SAREAEMITIE. M PAS M H AN G —FER 7 2RE0651 1
. E5Py_None —fFHE T HRBIMAR.

8.6.7 MemoryView 35

—> memoryview %G CRBIAYLE i Rk v Bge N— DA MGAEATHALN R —H£1£1£ 1) Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. MARAEZEnp X 2 11 WX 5 A1 22 memoryview X452, WISR obj SZH5 0] G 22 n
X, W memoryview XG0 Al DARE B/, W E AT 2 KR, WAl DAR T & B AT HE R
B,

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. i il mem VE ) )i5 )2 2 X A1 2 — 4> memoryview %% . flags 7] DA &
PyBUF_READ (¥ PyBUF_WRITE . —.

3.3 BUBTINA.
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PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. G| t— N0 5745 8 G X 2544 view 1) memoryview X742, Ko T-fj B &
WHEMIX, PyMemoryView FromMemory () &M PEEREL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M i€ S Z% W X 42 1 B 3T 2 G & —~ memoryview Xt Fcontiguous P AF-H
(#£°C’ 5 ’Fortran order H1) . WIHNAFZIELEN), W memoryview X4 I8 IR LA NAE. HW, & HilH
H memoryview $g[i1] 7 1) bytes %f 4 .

int PyMemoryView_Check (PyObject *obj)
TR X5 obj /& memoryview %%, NIR[E] true . HHA 2 memoryview H) T2,

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1R [F] 3§ 1] memoryview )5 H & IXFLA B A F5 5T . mview #5255 —1~ memoryview SE6I]; XN 7%
AR TR, JRUATHE CARRAT, 75 AR I 3 15 XU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR [l memoryview fir B T 0y o X R W 45 £, 80 R memoryview 0 H MR
%ﬂleMemoryView_FromMemory () ﬁPyMemoryView_FromBuffer () ﬁIJ £ ] 1% [B] NULL,
mview #HE— memoryview SZH .

8.6.8 g5 MMt

Python 3ZH5 “555| 117 M0 R . BMRUL, AWM EIZLBS T HRXSR. Mt i ms]
FIXSG, 2 ARl REHAE I N — RS G AR

int PyWeakref_Check (ob)
A “ob” @E—AH| HEiE — XS, MR true,

int PyWeakref_CheckRef (0ob)
R “ob” JE—AN5IH, MR true.

int PyWeakref_CheckProxy (ob)
W “ob” E—AHIXIS, MR true,

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. JR[RIX42 ob [F)— 555 XS . % REUE R 2R B — A5, HAER
UEAN &A% B RER E— ARG XS . 5 A ES callback h—A> T HIXTE,
BTE ob BiAF Bk MU EGEA: BNV IZEZ A eSS, S5 HNSEAS . callback 1
A[PAK None 5§ NULL. R ob A& — 555 XIS, sE W callback N2 v X4, None
5 NULL, ZPACRHR R NULL 9 HE| & TypeError,

PyObject* PyWeakref NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. 3R [\ X452 ob B—1~555 | FIACEEXT SR R BCRE S &R Bl — N5 A,
{EARRIEQIE AT RN S BA RBR M — A AR BEXS S . 85— NMEZ callback “h—A~1] 1]
XS, EXTE ob YifF Rbidk MR SGE A BN ZEZ—DRMIES, RI5S5ANEA .
callback 1] PR None B¢ NULL, 1R ob N @&—A~5951 XS, B R callback A2 W& X
4. None BY, NULL, ZKRFCHR[E NULL 3+ H5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. IR 01555 | R4 ref g5 N2 . WSR2 AL, W)

iR [H] Py_None.,

s R GRS | TSGR —A ** RS o X R B AR AR AR RETE A 30 ik
XERA T e, B MRROZIG AR RS R Py_INCREF ()

PyObject* PyWeakref_GET_OBJECT (PyObject *ref )
Return value: Borrowed reference. 23{MlPyWeakref_GetObject (), {BSZEH— ARG LT

Vel

/N
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8.6.9 IR&+E
A RAR X BEXT G 3 2215 ) 7 2 ) using-capsules .
3.1 HGHTA.
PyCapsule

XAPyobject B FRBMNER A RIRIIE, &M THZRFRIRIE (124 voidr $8%t) @id Python
RS EEE HAL C AT C PREER . ERHE PRI — M S C s BUE T AR
Bl i, AR AT AGE LS AL eSS B p e b i L C APL,

PyCapsule_Destructor

ARSI — T gk o] — e s, s LA

typedef void (*PyCapsule_Destructor) (PyObject *);

Z W PyCapsule New () ¥3RHL PyCapsule_Destructor 32 [RI1{H )15

int PyCapsule_CheckExact (PyObject *p)
MR SR — A PyCapsule MR [A True

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. G| — 11351 pointer [{)PyCapsule., pointer 2% 0] DA A NULL,

TE R WO B — A S5 3R M) NULL,

FAFER name W] PAJE NULL 8@ — M8 A 300 C FAFER RS . WRA S NULL, 247 5 b
ML capsule K (B AR ARAVFLE destructor HRETE . )

W2 destructor ZHUAN NULL, W24 E w81 SR I capsule 110 ZHOR AT .

AR Bt capsule 9 AR AE N — AL H A JE ME, W name | 24 B 45 % O~ modulename.
attributename. X¥F AVFHAMMBIYF T PyCcapsule Import () 5 AN capsule.

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEUURAAAE capsule W) pointer . AEJIGIN 5 B — A~ 78 4R [M] NULL,

name JEZ Wb/ SR AFAE capsule A FRIFATAEIA LR . WISRPRFFAE capsule H1 ¥4 F5 4 NULL, W
15 AHY name W75 NULL., Python 2{fi[f] C (%X stremp () 3K H4 capsule 4% F5 .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
AR |8 fRAF N capsule FHER Y IR AR . AR MR — > SR R 9] NULL.

HA NULL M 2 B En . X215 NULL aR [BIM{EA L0 3 5 PyCapsule_Isvalid()
B{PyErr Occurred () FeiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [ PRAFAE capsule HHRY 41T SCo RSN B E—A 57 I 3% 1] NULL,

capsule H 7 NULL bFF & A&k WM. X 2 S NULL ok E A 2 G il
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

const char* PyCapsule_GetName (PyObject *capsule)

R [ RAFAE capsule H A4 BT FR . 75 R MBS E — 3 4R [F] NULL,

capsule H H NULL % % 2 & ¥ M. X & 15 NULL ok [B 8 F 28 5 G 5 il
HPyCapsule Isvalid() 8{PyErr_Occurred () JEJHEE L.

void* PyCapsule_Import (const char *name, int no_block)
M— LAY capsule J& 4 S A$E 1) C X R F5 4. name TSV 245 @ BHN BB AR, 5
module.attribute HI—F., {FIELE capsule H111) name Wo/W 554 VCEC B FRFEE o AR no_block
SHEAE, WIPATCPHZER K ALY (i Py Import_ImportModuleNoBlock ()). U no_block
MR, WIPAMEGR S AR ([ Py Import_ImportModule ().

IR [F] capsule [P 46 4+, TE R W B — 595 IR [F] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
78 capsule 752 — G R - R capsule AR H NULL, f£# PyCapsule CheckExact (),
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P — A Ay NULL s, HFHH N A RS name JE S M ITE. (W&
FPyCapsule_GetPointer () T fRUNAINT capsule 44 AT A 215 H..)

PemiEL, MR PyCapsule Isvalid() iREIEME, WAETXTiH#E (DA PyCapsule_Get () JF
SRR EL) VR FHERARIE 25 1)

RN QARG TR AR FRGR [ AR, BIaRE 0. BLeRE—E A2 K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

K capsule WHRH) LR SCHRETHCH context .
JETI IR ] 00 SRS i [l E A I BB —
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Y- capsule WERIIBTAIZEE A destructor
IR IE] 0 S Mt i [m] HE AR T B E— A
int PyCapsule_SetName (PyObject *capsule, const char *name)

Ff capsule WHSHIZAFRBEHR name, WA NULL, WA FRAGFAE AL capsule T . A4 2 B
PRAFAE capsule Hf¥) name A NULL, WIS E .

IR 0 SRIGIGR [ IEFBAETF BB — > R .

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Ff capsule NFFH) 23 H55HCH pointer . $5%5TANW]2H NULL,
IR 00 SRIKIG R A IR BAE T BB — > .

8.6.10 [Fl&2EM4
A et 4 2 Python FH S SEELAE LASEE AR BRI . EATTE AR T AR I R ECR AR, TR R

LR PyGen_New () B{PyGen_NewWithQualName (),

PyGenObject

T A AR AT R ) C ZE5H 1A
PyTypeObject PyGen_Type
SRS R o UE SUIATIE RO
int PyGen_Check (PyObject *ob)
WK ob Jg—AEIRAR X G NLR I FAL; ob WA NULL,

int PyGen_CheckExact (PyObject *ob)
WISk ob KA PyGen_Type WHRIEIEAE; ob IAZNA N NULL.
PyObject* PyGen_New (PyFrameObject *frame)

Return value: New reference. T frame Xt % A1 g 1% Bl —ANH 00 4 i ae Xt % . GRS B —
frame 15| ZHCLUR N NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 3T frame St 4G EH R M — A s 4%, HP _ name_
__qualname__ ¥4 name Fl qualname. MHRELLHGE—RE frame 5| . frame ZELTRH
NULL,
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8.6.11 {hiZ¥sR

3.5 OB
X GR E] async JEHES P Y pREIGR 811 .
PyCoroObject
TN G C S5H 1A
PyTypeObject PyCoro_Type
SRR AR 42
int PyCoro_CheckExact (PyObject *ob)
W ob EBLEPyCoro_Type MERFIEAE; ob WZIA A NULL,

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 5:¥ frame X G A IR Bl — D H XSS, Hd _ name_ Fl
__qualname__ ¥K name Fl qualname, I pRELS IS X frame (51 H . frame ZHHIAN R
NULL,

8.6.12 F T TEMR

ffiE): 3.7.1 fiSES#: e Python 3.7.1 vy, Jirfy 1R S C APL I $ B Pyobject fEHI

ANREPyContext, PyContextVar WA\ PyContextToken, fillN:

// in 3.7.0:
PyContext *PyContext_ New (wvoid);

// in 3.7.1+:
PyObject *PyContext_New (wvoid);

PEG IS S 5 issue: * 347627,

3.7 HEHTIA.
FTRANG T contextvars fHLH A H C AP,

PyContext
F T3/~ contextvars.Context X4 C Z5HA,

PyContextVar
T3R8 contextvars.ContextVar XfRAY C GEME,

PyContextToken
TR contextvars. Token XJRH) C Z5HK,

PyTypeObject PyContext_Type
PR context AN G

PyTypeObject PyContextVar_Type
27N context variable JERI AN 42

PyTypeObject PyContextToken_Type
RN context variable token ZETI TR R .

FRG AT -
int PyContext_CheckExact (PyObject *o)
W o WA R pyContext_Type WEREIEAH . o AR A NULL, BLRREUE &SR AT.

int PyContextVar_CheckExact (PyObject *o)
W 0 KA PyContext Var_ Type MR E(H. o IIAN NULL. HHELE R 2 MEHAAT.
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int PyContextToken_CheckExact (PyObject *0)
R o WREL N PyContext Token Type MR E(H. o WAURA NULL. HREUR 2 BMIIPAT

RSO R R A

PyObject *PyContext_New (void)
Return value: New reference. B —NHTH025 1 SO0 5. QR % AR S5 R [M] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BI|ZERTE AR cox IR SCW B RERSE DL Q0R & A 455 M3 7] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. B4 ATLEAE N SCHI L DL . Ui & AR 45 1R 3R M) NULL,

int PyContext_Enter (PyObject *ctx)
B eox PR BIRARR) S 1] RS R E 0, iR IR [E] -1,

int PyContext_Exit (PyObject *ctx)
BOHHAS coc BRSO Z A _E R SCRE 9 4 BT R 24 i 7R 30 BIFaR ] o, S R [a]
_1 o

int PyContext_ClearFreeList ()

2 B SRR . R m] BRI A5 H B AL BERR LR S N T
B CE R A

PyObject *PyContextVar_New (const char *name, PyObject *def )
Return value: New reference. Bll##—~ ContextVar X4 . 25 name T HIEAEE MR H K.
% def h bR B R EEIME, 3O NULL FRoR TGN . SRR RS, X eR A2 3k ]

NULL

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
Xﬁ%ﬁgiﬁr i E’Jﬁ WERAEA R AR T A R R R, R -1, PR KRR, itk
FIME, ARRMEP707°

ﬁﬂ%ﬁ?@]i?iﬁ%, value ¥ 238 ERIHRE . QR BN SUE R SRR KB, value FHGI :
o default_value, YNHIE “NULL®;
o var BERCAME, WRAE NULL;
e NULL

B 7RIl NULL, XA~ pRE IR ol —AEig 5 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 15241 _FF SCHUE var %88 value, IR [H141%F A& s iy e Xt &, B
AR & AR A R NGR [F] NULL,

int PyContextVar_Reset (PyObject *var, PyObject *token)
BN SR var E’thuiﬁjﬂ m“ ] token WjPyContextVar Set () HHMZ AIFPIRE. 1
BRBUIISIR ] O, AR

8.6.13 DateTime ¥4

datetime FHFRML T 4Rl H RTINS 5o 60 AT ixX S s 5 2 77, Wb AR AR IR IR A rh A 45 3k 5
4 datetime.h (GERE M CHEHH LKL EAE Python.h /1), FHHZE PyDateTlme_IMPORT it ¥ A
BV, R BRI R B —3 5 . XD E SRR R E C M Ta 5 A — S &
PyDateTimeAPI ', T NI Z LM,

ZVi UTC §ifi:

PyObject* PyDateTime_TimeZone_UTC
IRl FE UTC g X B, 5 datetime.timezone.utc H[E—%14,

3.7 BB
KGR
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int PyDate_Check (PyObject *ob)
5 ob K PyDateTime_DateType Alnl PyDateTime_DateType MFEAT2AN)IR [ BH.
ob INfE>H NULL,

int PyDate_CheckExact (PyObject *ob)
WS ob 2 PyDateTime_DateType ZEFIMIR [ BfH . ob AFEN NULL,

int PyDateTime_Check (PyObject *ob)
W5 ob k) PyDateTime_DateTimeType KA al PyDateTime_DateTimeType M4 T-2 A

MR B Bl . ob ANFEN NULL,

int PyDateTime_CheckExact (PyObject *ob)
W ob 2 PyDateTime_DateTimeType ZKRINR B E(E. ob ANFEN NULL,

int PyTime_Check (PyObject *ob)
IR ob P2 AI R PyDateTime_TimeType B /& PyDateTime_TimeType B T-25H 1% B HAH .
ob WyJiIAN A NULL,

int PyTime_CheckExact (PyObject *ob)
R ob (TR PyDateTime_TimeType MR [F E(H. ob VoA A NULL,

int PyDelta_Check (PyObject *ob)
IR ob ) PyDateTime_DeltaType FHEf PyDateTime_DeltaType FYFAT-ZALN)R ] B
{H. ob AfEHN NULL,

int PyDelta_CheckExact (PyObject *ob)
W5 ob “h PyDateTime_DeltaType KAENR F EfH. ob ANEEN NULL,

int PyTZInfo_Check (PyObject *ob)
W ob 2y PyDateTime TZInfoType JHIE{ PyDateTime TZInfoType HYFAF2A MR A
. ob AN NULL.

int PyTZInfo_CheckExact (PyObject *ob)
IR ob (TR PyDateTime_TZInfoType MIR[EIEIH. ob AHEA NULL,

TR R

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. 12[M¥8E4. H. HY datetime.date X}%.

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. R [n| A 57 year, month, day, hour, minute, second #1 microsecond J& 4

datetime.datetime ¥4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 12 [v] B A5 185 year, month, day, hour, minute, second, microsecond #f1 fold J&
M datetime.datetime X%,

3.6 BUHTIA.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. 1 8] H. 45 5 %€ hour, minute, second and microsecond J& £/ datetime.

time X,

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 12 [B] B4 35 72 hour, minute, second, microsecond #f fold J&{: ) datet ime.
time X4,

3.6 BUBTINA.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. 2 [M{CRELER . FPAIIFEN) datetime.timedelta X4 . FHAT
TERAC AT DARE S A R R FI AL B TE datetime . timedelta MG SCRYFE I IX EZ
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PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. 12[i]—/> datetime.timezone X4, ZW S EG VA offset ZFERIN
A A 24 [ 7 I 22

3.7 BB

PyObject* PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. J&[n]—~ datetime.timezone X%, ZXI%H HA VA offset ZHFERH)
[E] 78 B 22 FN N X4 B name.,

3.7 BB

— 4B J] Ok M date XF g PR HUFE B %, S E U /& PyDateTime_Date {0 f H 728 (ff] 41
PyDateTime_DateTime) F5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

ARGy, IR

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
Ay, [EIERS, 781 %12,

int PyDateTime_GET_DAY (PyDateTime_Date *0)
Il H ), [EIEss, /13 31,

—LBE R datetime Xt 4 PHERUF B % . SEUATE PyDateTime_DateTime GWFEHFRM LM, =

BONZIA A NULL, I HAEBIUA Sy A

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o)
/Ny, [EIERE S, ¢ 0 3 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
o, [EIFERH, 0% 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
mlEE, [EER, 1E0 3 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *o0)
[l Rs, [EEREEL, £ 0 2] 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o)
Return the fold, as an int from 0 through 1.

3.6 GHTIA.

— LU time X R PRI BN 2 . SEATE PyDateTime _Time fFHFAGLH . SE M0
ARJgNuLL, I HEBURSPE L
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)
[l /Ny, [EIERE S, ¢ 0 3 23,
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)
[l o4, [EERES, 780 % 59,
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
mlEE, [EFERE, 17E0 3 59,
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
FMERR, EERHE, 1 0 5] 999999,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.

3.6 UM

— LR timedelta X4 HEREUF B 22 . S50 JiJE PyDateTime_Delta W H FIRMSEHI. S5
WA A NULL, I HIEBUR S92

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *o)
IR A REL, M-999999999 | 999999999 [HEL %k
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3.3 BUHTMA.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *o)
R EFMEC, MO | 86399 [HHEEL.

3.3 BT

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTimefDelta *0)
IR EEFPE, AN O ] 999999 [ %k .
3.3 BCHTNA.

— BB T RIS DB API 1%

PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. Bl iR 0] — %5 ETCH S ENTH datetime.datetime XJH, &S
f£44 datetime.datetime. fromtimestamp () .

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. R IR [1]— /N4 E TCH S A # datetime.date X4, EHEH
datetime.date.fromtimestamp (),
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CHAPTER 9

iRl LE45FLIE

152 R Python W45 1LELE

9.1 7 Python #i&{t 2 Hi

TE—MEA T Python BN HIFEFH, Py_Initialize () BRECLATEALATHANL Python/C API bR £ i
BRI BIANR AR BN & o e 5

TERIUGAL Python Z i, R PAZZ AT I AR eR &5
o FLE KL
- PyImport_AppendInittab ()
- PyImport_ExtendInittab ()
- PyInitFrozenExtensions ()
- PyMem_SetAllocator ()
- PyMem SetupDebugHooks ()
- PyObject_SetArenaAllocator ()
- Py_SetPath()
- Py_SetProgramName ()
- Py_SetPythonHome ()
- Py _SetStandardStreamEncoding ()
- PySys_AddWarnOption ()
- PySys_AddXOption ()
- PySys_ResetWarnOptions ()
o [FE AL
- Py _IsInitialized()
- PyMem_ GetAllocator ()

- PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()
- Py _GetCompiler/()
- Py _GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()

« TH
- Py_DecodeLocale ()

o AT Bl
- PyMem_RawMalloc ()

- PyMem_RawRealloc ()

PyMem RawCalloc ()

- PyMem_RawFree ()

% ([ AR BB B A M % fEPy _Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),

Py_GetPythonHome (), Py_GetProgramName () MlPyEval_InitThreads () HJHH-

9.2 2REETE

Python A f 5 ¥4 il 42 SR e B H A R PRI I A AL o X LERRAEBOIA I iy AT

BRI BRI, AR R R B BRI IR B, —b &FPy_BytesWarningFlag

WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag

% %5 bytes i bytearray 5 str WK F K bytes § int WK A HEL . WRKTET 2

JIUET
H b PELEE .

int Py_DebugFlag
FrEfgtra i (LR, MO T i) .

i —d L3 1 PYTHONDEBUG MBS ERE .

int Py_DontWriteBytecodeFlag

WRBLE N AES, Python ALTEF AR ZIXE A . pyc X
i1 -B YEJi A1 PYTHONDONTWRITEBY TECODE ¥fJ5AF S5 B o

int Py_FrozenFlag

MAEPy GetPath () "PUTERBIHIE R AR RHE .
i _freeze_importlib fll frozenmain F& 78 AL A TERR .

int Py HashRandomizationFlag
WA PYTHONHASHSEED MSAR B B A AE S AR RN 1.

AR ZIEAR A AEZ(E, WEEEL PYTHONHASHSEED IREEAS BRI AL =2 # Fp o

int Py_IgnoreEnvironmentFlag
ZIWEFTA PYTHON* PRIEAR G, B4, B 'E A PYTHONPATH A PYTHONHOME,

t -E Fll - T ST E .
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int Py_InspectFlag
AF AN R BN S AT AR T —c TRy, MSTEPITZMA 8y 25 #EA ST HAL,
BIEALE sys . stdin FFdE—DARumftL2 ik

i —1 YW FI PYTHONINSPECT FfBEAS BE 3 .
int Py_InteractiveFlag

B -1 PETRE .
int Py_ IsolatedFlag

PARR B8 G2 1T Python. FERR EHBLX N sys . path R & AR H SR H F1 Y site-packages H
SIS

HE] -I ﬁIﬁ&Eo
3.4 FCHTINA.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

N5 PYTHONLEGACYWINDOWSFSENCODING i As Byl s AR AR NN 1,
WEZHENE S PEP 529,
B] F 4 Windows.,

int Py_LegacyWindowsStdioFlag
W R AETME, MM i0.FileT0 MiAJE WindowsConsoleTO fEN sys MIARIENL .

42k PYTHONLEGACYWINDOWSSTDIO BEAE B i AR FAFER A 1,
HXREZHAEE, WEH PEP 528,
] F1E: Windows.,

int Py_NoSiteFlag
) site M A BT IR T 0 S sys . path I3, IR site RAEM)G PR AT
AL EE X SO (QERARA B 2 EA TSR site.main ().

EE =S ﬁIﬁﬁﬁo

int Py_NoUserSiteDirectory
AR H P site-packages HZEMF sys.path,

B —s #l -I Wi PA S PYTHONNOUSERSITE B4 ik B o

int Py_OptimizeFlag
H —O I Al PYTHONOPTIMIZE FfHEAF Bk .

int Py_QuietFlag

RIETE 22 HAR R AN s UBCRIIRCAAE .
EE -d ﬁIﬁﬁﬁo
3.2 RGBT

int Py_UnbufferedStdioFlag
o 7| stdout F1 stderr AT M,

i —u LI PYTHONUNBUFFERED b4 i B .

int Py_VerboseFlag
BRI IR PRI T Bl — 25 8L Efﬂnﬁﬁﬁ%ﬂ@ﬁ% (LB B ERE) . WERKRTEHET 2,
WA AR R BRI A A P BRSSO AT Bl 25T R . BEANA SAEIR H IR AR BAE B

i —v #EIF A PYTHONVERBOSE HIEAN X B .
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9.3 MIGILFIRLSILIRIERS

void Py_Initialize ()

WIiH1E Python fi#RESS . TEHRA Python [N R H, B W 2475 [ AT HiAth Python/C API p&%i 2
BIGE s S B AE Python #14E 102 8T T HR/DE B AME L .

KR 0] IE L B AR K (sys.modules), I 4] E EABIH builtins, _ main__ Al
sys. EXRSWIHRABIIE REKRE (sys.path), EASKE sys.argv; WA % 2 G
MPySys_SetArgvEx (). 4B _WIHMHE FERFEFH Py _Finalizebx () MIFRT) A
SPATIEMEAE . EEARENE: AR 05 W0 2 A B .

f#El: 7£ Windows |, 42l G O_TEXT H0y O_BINARY, SXIRIFRNAMH C B TH 1R
Python (43 & B 1] «

void Py_InitializeEx (int initsigs)

W initsigs 5 1 WHZRE TAE RSPy _Initialize () 25, TN initsigs 5 0, BFEkid(E
AR R, XAE A Python B ] REARA HIAL .

intPy_IsInitialized()

AR Python fERELR BRI LA, WER BT E(E (FE2): HNLREHRIE (). ZERHPy_FinalizeEx ()
25, BRBUG R B E EE| Py _Tnitialize () FRBHM .

int Py _FinalizeEx ()

WPy _1nicialize () FEHW) BT A 90 UG 1k 4 4E Al 5 22 X% Python/C APT pg £0 i f F, IF
%A LW Py _Initialize() U\EMIUJEI ﬁﬁal%%é BTE TR (BT
Py _NewInterpreter () —77), TEIAIFI T, X Rk Python RS 4 Bl i BT A N A7
28 WA AR (FERFRBEAPy_Initialize () E@rﬁ/ﬁﬂT), A PATAEATEAE . IEFEH
FIREMER 0. WERAERZAL (R ZehEdE) AR B BaT R, Whagm -1,

PO R B I NG R 2 o A AR P RT RE Ay 82 5087 /5 3 Python, T AN a0 58T JE 2l B A
AL MEhZSHm#k % (5 DLL) fi#k Python AR Y B 1A mT e Ay S 7 1 8k DLL 2 HiRF i
Python 7} L I A INAF. TERRR Y AT WA AR, JF AN SURT REA SR th Y IR 2
HiFEHL Python Jr BLHY B A AT -

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Tnitialize () and Py_FinalizeEx () more than once.

5| k—A> #Hi1EE: cpython._PySys_ClearAuditHooks, AN {34,
3.6 BCHTANA.

void Py Finalize ()

T MNAZRIREEN Py _FinalizeEx () FlA] FAREIAS o
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9.4 HBERSH

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WARERZREL, W4T EPy Tnitialize () ZHAH. BHEE THrME 10 680 dn s A
AP, HAS S str.encode () HIRHIE .

B 7 PYTHONIOENCODING ffH, I fif i AAUHE PAEAE SRS AR A AR H i ] 10 grfdasg
iV

encoding F/5% errors W] Ak NULL PAf# il PYTHONIOENCODING Fl/ak BRINE (BT HAthisrE) .

HHERLEREARE (SUEMHMEE), sys. stderr &l il "backslashreplace” # iz AL Bl
GILLE

WRBMH TPy _FinalizeEx (), WFEBEHRFEMZEEPAERL X Py _Tnitialize () W)E5E
W .

SRR O, HERIR AR (Bl AnTE RS C oI AG (L S R ) o
3.4 HUHNA.

void Py_ SetProgramName (const wchar_t *name)
IR A ek B, WM E R py_Tnitialize () ZHIAME. RS IMRSGRERF B
main () EE argv (0] SR (FHONSETAT) . Py_GetpPath () FIFTHIIRELEH A R B 2
B E AR T ARSI AL b A R AT PAT SCARRY Python G247 R . ERIMER 'python'. Z%{
I 2435 [ S A P ) — D ABEGTR S 775, RN AR AT A 2 &M% . Python
SRS R AT AR AR 2 USRI N 2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py_GetProgramName ()
REIHPy_setProgramName () WEFETFAFR, BUBRIARIZFR. & B0 FAF 5248 B S A6
W EA NS A

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py Set ProgramName () and some environment variables; for example, if
the program name is ' /usr/local/bin/python', the prefixis ' /usr/local'. The returned string
points into static storage; the caller should not modify its value. This corresponds to the prefix variable in
the top-level Makefile and the ——prefix argument to the configure script at build time. The value
is available to Python code as sys.prefix. It is only useful on Unix. See also the next function.

wchar_t* Py GetExecPrefix ()
IR [FEF X 265 1 AR T - 6 SRV exec-prefix. X il H T il py_setProgramName () i
BRI 24 PR B SE PRI AR 5 IR AR 10— R AN B A FUNRAG 1 2GR UL, WERFE T2 '/
usr/local/bin/python', M| exec-prefix & ' /usr/local’'. & [\| W FEAFE 518 1 B S A1
I ARSI, oM B TR0 Make £11e Y exec,_prefix A5 DA JL7Ef PEIT 2
configure HANH] ——exec-prefix ZH. Z{HFFLA sys.exec_prefix H%Frit Python 1CHY
i . BAEHT Unix.

TR MH T E G0 S (Wa] BT SCFFISL 2 ) 2228 T ANIR] 14 H St o 4B exec-prefix
FFARFT prefix. FESLAYRLERed, AR T 5 1 SCHE AT BB $ T the /usr/local/plat fH
ST TP S ST RE L4 T /usr/local,

MMEZ, Fa& 4R IR AL A, FIunFTA 21T Solaris 2.x #:4E RS Sparc Hlas 2

ARG, (HizqT Solaris 2.x [¥) Intel HLag2 5 —Fi-F-&, 1MizfT Linux [¥) Intel HLE 25—

FioT-& o AHFEERAE RGN F) 3232 4 A GBS BRI T-4 - dF Unix BER GRG0 A

JIANTA] s X FRGE b 225 SR 22 il EL IR I prefix F1 exec-prefix J2 %A 8 X, HRH =

?HE;T; . )%E%?E‘éﬁi%% Python “FA5 i 2 ML T A K (EIHASMS7 T B 14013 i A %) Python
|

ARG EH GUALE 0 L & mount 5{ automount ¥ PAYE S A/HLEE /usr/local il /usr/
local/plat BCHEXIAE-EMAE SRS
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wchar_t* Py_GetProgramFullPath ()
i 5] Python I AT SCHF I SE BT 4 K 3% A IARIEFE ¥ 2% (Hh FikPy_ setProgramName ()
BB IRARIAEEHAE R AR M St BAS 0 o 3R Bl A5 SR R s S A RN,
B . Z(ERFPA sys . executable [ FR{E Python A5 .

wchar_t* Py_GetPath ()
Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a
series of directory names separated by a platform dependent delimiter character. The delimiter character is
': ' on Unix and Mac OS X, '; ' on Windows. The returned string points into static storage; the caller
should not modify its value. The list sys . path is initialized with this value on interpreter startup; it can be
(and usually is) modified later to change the search path for loading modules.

void Py_SetPath (const wchar_t *)
Set the default module search path. If this function is called before Py Initialize (), then
Py_GetPath () won't attempt to compute a default search path but uses the one provided instead. This
is useful if Python is embedded by an application that has full knowledge of the location of all modules. The
path components should be separated by the platform dependent delimiter character, which is ' : ' on Unix
and Mac OS X, '; ' on Windows.

XMWRFFE sys.executable ik W T TEEIKE (B WPy _GetProgramFullPath ()) M
sys.prefix fll sys.exec_prefix A2 NS ., WRAERA Py _Initialize () Z )58 FENIN
I R BSEAT,

Use Py_DecodeLocale () to decode a bytes string to get a wchar__* string.
HARZESAE NSO, R 5 AT ATER I 45 R R RECE
3.8 5 AL sys . executable R RTIYERMAR, AT LIF4

const char* Py_GetVersion ()

i ] Python fERERR I IRAS o JRF A AN R TE 20 4+ HR

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first three characters are the
major and minor version separated by a period. The returned string points into static storage; the caller should
not modify its value. The value is available to Python code as sys .version.

const char* Py_GetPlatform ()
Return the platform identifier for the current platform. On Unix, this is formed from the “official” name of
the operating system, converted to lower case, followed by the major revision number; e.g., for Solaris 2.x,
which is also known as SunOS 5.x, the value is ' sunos5"'. On Mac OS X, itis 'darwin'. On Windows,
itis 'win"'. The returned string points into static storage; the caller should not modify its value. The value is
available to Python code as sys.platform.

const char* Py_GetCopyright ()
i [ 24 i Python fRASHY B 5 7458, Bilhn

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
R AT ER AR TS A T E AR AZ MCHAE . Python RS TTiE I sys . copyright FKEUZ
i

const char* Py_GetCompiler ()

AR [0 215 24 BT Python MRAI S iEARAE<, W r iE S rEs, Bl

"[GCC 2.7.2.2]1"

AR [ AT AR ) ST R AN B ECHAE . Python AU PAMAS & sys . version Hi3k
Bz -

const char* Py_GetBuildInfo ()
R A 56 24 i Python fERERS SL 101 B9 7 415 A ke HIRAIE R 45 5., fldn:
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"#67, Aug 1 1997, 22:34:28"

AR [ B AT H AR [ ST PR E AN B ECHAE. Python US W PAMAS & sys . version H3k
BUzAe -

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)
WA arge Fl argv W HE sys . argv. XEES SELRTH main O REIZLL, KBITE TN
258 1) AT HY IS SCHFTITAS /& Python BRGNS IV I FTHAAT SCHF . ISRIEAT LB TR AR, ) argy
HR AR — T AN AP AR . AR BB BOCIA IR AL sys . argvy, WK Py_FatalError ()
K ERE A
W2 updatepath 3%, CERECR 58 UM AR updatepath AEZAE, WL BREOERFHRGE LA T 395
B sys.path:

o WRAE argv[0] HFEA—NIA A, WA Fre H 0046 5% B AR 9 0 N3] sys . path
HFF3k

o FEHARFIN (BALZUL, WK arge 0 B argv (0] RAGFIA M), WAHFLE sys . path
AT SRR — A2 AR, RN TS BT TAE A 3% (),

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

fEE]: R T T RS BAS LSS B i A Python fERERS W N AR 15 A 0 {E°A updatepath ,
HIEFEER T sys.path & &, &L CVE-2008-5983,

1E 313 Z R A, R PR EH PySys_setArgv () Z JGF i —A> sys.path 7T
=, Flanfif:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 JRHTA.

void PySys_ SetArgv (int argc, wchar_t **argv)
MR B Y T PySys_SetArgvEx () P& | updatepath *fy 1 % 3F python fERERS = B I T

-I,
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 {RE 58 updatepath (EHHT -1,

void Py_ SetPythonHome (const wchar_t *home)
BCEERIA"home” F 5%, A2 bnifE Python JEFT7ERIALE . 724 PYTHONHOME T %S HTAF
R .
WSRO 2 18 [ FSAE A P — D CAB(EGT R AR, HNATERF PAT AR AR 4542 . Python
AR Y AR 4 R S AB R A R R T 2

Use Py_DecodeLocale () to decode a bytes string to get a wchar__* string.

w_char* Py_GetPythonHome ()
i [ BRIA " home”, i /2 B Z WX Py_SetPythonHome () (W8 Bir i B AMH, SCETERE T
PYTHONHOME P52 st (1 0 T IR 458 B (1
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9.5 ZEATHLSHEREIM

Python f# e A2 58 LR LA . N T LR Z LA Python Ry, W& T — 2Rl #r Nglobal
interpreter lock BGIL, IR AAERA CZ a4 e 24 HiJi7) Python XF4e. WIRBLAXA8L, HIff
d ] B B E AR T REAE 2 AR YRRy T SO BN, 2 2R R IS R R A 5 | T
SRR e 2 S U T — Ui A2 P

Pk, FRMESR A SRAISGIL 28 74 RETE Python X4 EIRATH#EAE S ] Python/C APT B4, “hy TR
HRIAT, RS EMZIYIRERE (B sys. setswitchinterval (). PLAFEELE XIS
AETE WP ZEM /O #RVEIREML, PATEHA Python &A% n] DA IRFZAT .

Python fEREER XAE— 4 WPy Threadstate WEHRE A PR F LB L EWICRER . ©F—1
LR R A Y B Py ThreadState: BRI DME Py ThreadsState Get () FFEL,

9.5.1 \i R RAEPER GIL
REBARVECIL 19 S BAT AT fa] BG4 -

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

O AN R g Iy — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS % ¥ T F — A B 9 5 B — A~ B W 5 #8 & &;
Py END_ALLOW_THREADS 723 ¥ X AN,

R AR BT R R T T A A A

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

RCLE PR B AR BN - 4 S AR B R PRI 1) 24 AT AR S Y Bt o AR PR A AR AR
A, A ATE BORE i 2 BRI i AR TR ST (PR o5 — DR AT ASE BRI B S i etk
SHER 2R T ) o FIRH, YR ARSI, I ATEAF R SRR TR 2 i Se I

HE): A P A 55 VO s SR RE i GIL (5508 WA, R EAE VA FHS 75 225 17 Python X £ 19 K 547 i+
B, HOAVER Py A DX TR A I B 2 AT o 30D, AEXT RO AT IR
FUAEIHFRIE 215D Fl hashlib HHARER GIL,
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9.5.2 3k Python GIEMZ 2

i1 %1 1#) Python APL (#lll threading Bibt) BUELARN, & {3 KB DERRLRES M _E I 2
MRS IERA. F2, RLRZN C A=A (Bl A B CMAREE BRI =Jr RaIE) , BT
AFiA GIL WBA X W LARRE LR

URARTR 2N IX LELL AL ] Python A (X 272 LRSS =5 RS AL 11 APT g —B4r ), Rab
W i i B AR S E R A (R i R X L A, KSR GIL, SR i BN ERRRES
BEE, XEEIRA BETT ARG Python/C APL, SEA B BRIG, AR EELALRESSET, B GIL, &
AR RS RIS R

PyGILState Ensure () MlPyGILState Release () BEIZ HEN5EW PR ITA #/E. M C &L
%] Python [y )5 A0

PyGILState_ STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created au-
tomatically by Py Tnitialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter ()), but mixing multiple interpreters and the PyGILState_* () APIis unsupported.

9.5.3 FHx fork() By FEEIN

B KL 7 — AT B R EE RS e IHEm X C fork () BT . TEREZHEFF fork ()
ARG, B ADIEREPAT fork 2 J50 A K H fork WILRFEAFAE . XN SR B4 a] kb #1485 PA B2 CPython )
BATH T BIAEARIR S E & SR MR .

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python
solves this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending
or embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into
Python) may result in a deadlock by one of Python’s internal locks being held by a thread that is defunct after the
fork. PyOS _AfterFork_Child () tries to reset the necessary locks, but is not always able to.

JT A A 2 R K 45 R G — SR St Bk 35 CPython (132 4T B ARSI % 335 L, os. fork () #l
TXFMN. XEWERELMHE T YRR it G HAthpyThreadstate X 4 DA K B f1 He
HipyInterpreterState X4, HTik— &AM main” A4 % BUERIRTER, fork () B 24 H7E % i
BRI main” ZEFE TR A, T CPython 4 JRiz A THY S Wt R AE R R FE PP LR L) . HAA Y exec () K
i J5 37 RIS E FH 15 Ol fE— 1 91 b
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9.5.4 E API

XLERRAE S C 4 AU TR R A Python MRk it fir 5 I 92 BRI R %L

PyInterpreterState
BRI RS A G ELRR I I MRS . BT [ AR e (14 AR I S A A DA R At
—UEPNERH . AR A A A

MR T A IR 2R A z/\?Eﬁ?ﬁf@ EHERRIRZS TN TT I NAE . $TIF R SOOI R AT 2545
R4k SRR B WA AR, TR EATAE T WA RERs .

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Initialize and acquire the global interpreter lock. It should be called in the main thread before creating a second
thread or engaging in any other thread operations such as PyEval_ReleaseThread (tstate). Itis not
needed before calling PyEval SaveThread() or PyEval RestoreThread ().

This is a no-op when called for a second time.
3.7 CESE: ZREPHEh Py _Tnitialize () WH, HILRLHFEAGTHHE.
3.2 iR A WM O A AVAEPy_Initialize () Z AR,

int PyEval_ThreadsInitialized()

W pPyEval InitThreads () BRI NGEREIIESAE ., SERETEANREA GIL W OL T B
F, PR AT SR e B AR BB A T X it APT 9 o

3.7 WU SE: AEGIL ¥t Py _Tnitialize () EHIH.
PyThreadState* PyEval_SaveThread ()

RE 4 R fRRE A B (AR LR 7 %ﬁéﬁﬂkmﬁﬁﬁ NULL, &[22 HipZARIRE O NULL),
WRBIEEEE, WY AR E RIS

void PyEval_RestoreThread (PyThreadState *tstate)
ARECE RS B (PR EAED IR ARRIREBN tstate, BN NULL, WERBICPLEIHE, W
UHT SRR ARRIE, 75 MR R LA

W) 4B 1T IEAE fe Z AL B SRR T I R B A 2% iR, BIEZRFEA 2 iy Python £
o PRETATER A Rz giffi /] _Py_IsFinalizing () 8{ sys.is_finalizing() B/
TR B R ID AT B 2 A R o DARE S AN I B 4 5

PyThreadState* PyThreadState_Get ()
RMPYEIRARS . &R IR A . ESEPRES NULL B, 20R & H— A B i iz
CGXAEA I 7R TC ARG A )2 524 NULL).

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
LY RIS SR 1state (W[ HESY NULL) 45 M RRRIRES . & R RS BLn R HoR
(14508

Y R B AR A AT, I BN BB TR -

PyGILState_STATE PyGILState_Ensure ()
Bff PR 24 BT R A2 © 1 45 4707 ] Python C API [fi A48 Python 5 4% &y i FE 2 81 10 24wtk &S anff . H
BRI AR S PyGILstate_Release () [ FAH VU EC L AT DAGE & e B2 08 UL AT BB 22
Wo —Meokih, HELRBRSWE F Release() 2 7l AR S W] PAfEPYGILState_Ensure ()
MPyGILState Release () i H 2 [A] fifi F JAth 5 L F2#H X % APL. 5l 4n, W DA GE & i
Py _BEGIN_ALLOW_THREADS MPy_END_ALLOW_THREADS %%,

RIEER—AYPyGILState_Ensure () A RFRRGSHREI A", It Hahmipi %
Y5pyGILState_Release () AR Python ZbTAHRPIRAS . B AR ARVFIBIHTA A, (EX S8 A0HR R Akt
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H=—BRXPyGILState_Ensure () B RMMIEHERUIRFHX} PyGILState_Release ()
A FH AR

HZRRBCR A, AT GIL HRERS TR LI Python {UR . AT RICR T B an L4 1% -

WE): YIB 1T IEAE B LAV B R AR T UL R B A 2% 4678, BIFZRFEA 2 Hi Python 61
M. PRETAFER R E 2 giffi ] _Py_IsFinalizing () B{ sys.is_finalizing() Zf#
R R IR A T i A B b DABF S A DB 2845

void PyGILState_Release (PyGILState_STATE)
RECZ HIRHU ARG UE . AEBLIE 2 J5 , Python (R ASRF 5 HAEX AN PyGTILState_Ensure ()
W Z B ((EUR A RS 0 R Uik R A0, XF GILState APT i F 2 an ) .

XPyGILState_Ensure () WRRFERE LT SFER —LIE FXPyGILState _Release () 1Y
VA AHVCRL

PyThreadState* PyGILState_GetThisThreadState ()
IRBU AR Y BT FRRAS . Q2R 2 i 2o %A 7 i GILState APT U WJ AR [A] NULL, 3VER
FARFERRSA X NERRRRE, BIMERAE LR LTS ARSI . X EEE A
WIS Wk AL

int PyGILState_Check ()
WA M TR GIL R A 1 B 0GERE 0, I eRET ARG MATATZAETH A . A 24 B Python
SARRSE LW 248088 GIL BFE A 2R M 1. X R — MBI Wk Fluntem|
W B R SCel N L BR B R S AR A AL, 245058 GIL g8 E ik el A SR V00 O SR T 0% R A B
JeAE HABAE O O AN FE AT A
3.4 OB

PATR B9 Z2 45 (50 o 38 5 RN R 24055 TS TE Python PR KA 00 i A2 7 19T

Py BEGIN_ALLOW_THREADS
R4 Y RN { PyThreadState *_save; _save = PyEval_SaveThread();. i EE
WG — MRS S S S Py _END_ALLOW_THREADS JVERL. A KIME R #E—E1f
WS A .

Py _END_ALLOW_THREADS
L% el PyEval_RestoreThread (_save); }. WEEEG - MHETES: BOH52H
/)Py _BEGIN_ALLOW_THREADS JVCL. 215 SCA#E— et % .

Py_BLOCK_THREADS

X A% P B N PyEval RestoreThread(_save);: T S T & A X M & # 5
WPy _END_ALLOW_THREADS,

Py_UNBLOCK_THREADS
XAEY RN _save = PyEval_SaveThread();: B %4 T A JF 1G4 555 Fl 48 5 7= 0
M]Py_BEGIN_ALLOW_THREADS,

9.5.5 [KE%Z API

YA R AEPy_Tnitialize () Z G

3.7 WS Py _Tnitialize () MAFSAIIEALGIL,

PylnterpreterState* PyInterpreterState_New ()
BRI RRERRIRAS N G . ANFRERA & RMRRER DL, (HANRA W BEF 4 Akt it ok 5 i i Dl
AIRERHEA
5| k&—A> #Hi1EE: cpython.PyInterpreterState_New, AN E{S4L.

void PyInterpreterState_Clear (PylnterpreterState *interp)

HEREAPRSX R I EE R .. UORAE &R
5| % —~ #HilTZE: cpython.PyInterpreterState_Clear, AR5,
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void PyInterpreterState_Delete (P}[)’lt@l preterState *interp)

HEMBERRSN . AFEFAFERMESY. MEHRRESL MM Z A
S(TPyInterpreterState_Clear () R REE.

PyThreadState* PyThreadState_New (PylnterpreterState *interp)

OV JE T 40 E R A S B AARIRE N R . 2R REA BN T 2R s, (HAIR T 75 I R
B, T PAGREY .

void PyThreadState_Clear (Py ThreadState *tstate)

HEATDREN G PR ITEEE . DA 2R

void PyThreadState Delete (PyThreadState *tstate)

HEBEABRSN R AFEHRAF2REMBRESI. KBRS L MM Z 0
XTPyThreadStateﬁClear () E’JIF]H%H%EE

PY_INT64_T PyInterpreterState_GetID (PylnterpreterState *interp)
IR ] AR AR A ME— IDo QRS T R AR H A AT A B R AR o] — 1 R B iR

3.7 BUBTIA.
PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)

iR | — AT RS G BB 7l . USRI RR B0 0] NULL WA A S 38 5 | 5 LR 5 B
LIRS R T I AT

XAJgPyModule GetState () BN, §IRIINAM BRI MRS L IRAPIREE B
3.8 WUHTIMA.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. i3 8| — A4 0] PAE P IE LR L B IR S ERENTFR, 510 R
FRR NIk ) B T ORAE 1% SO AR OIRES  FECA P Y 24 1 2 R R A st W DA S
jfﬁl AR R BOR [F] NULL, DUl {Qﬁﬁﬁ T | A ELIR T 75 1724 5 T T T ) 224 i 2

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you
must write your own C extension to call this. Must be called with the GIL held. Returns the number of thread
states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending
exception (if any) for the thread is cleared. This raises no exceptions.

3.7 Ji 5 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Acquire the global interpreter lock and set the current thread state to tstate, which should not be NULL. The
lock must have been created earlier. If this thread already has the lock, deadlock ensues.

Wl 4B T IE A B ZAL I B R ARV UL R B A 25 % 46 R, RIEZRFEA /2 Hy Python 6
o YRA]AFETH R Biffif] _Py_IsFinalizing() Bf sys.is_finalizing() K&
R R IR A T i AL FE P DB A N B 2845

38 iR & B % W ¥ N 5PyEval RestoreThread(), Py _END_ALLOW_THREADS ()
%uPyGILState Ensure () PRFF—80, WERAEMRREAR IEAE e Z AL 0 2 A 45 4 i A2

PyEval_RestoreThread () j&e—MNMGRZAI M (R M AVIIAIL) T EZ 9k,
void PyEval_ReleaseThread (PyThreadState *tstate)

Y TSRS By NULL F R4 R AR Bl 7 I B 20 2 9 B R LA 2Ty 244 Y 2
FEFTREA o tstate f%}u‘é\fﬁ A4 NULL, ESHINHH FRAEE B FEUH LR — IR,
M AR — A A g R

PyEval_SaveThread () 2—MRZAR K (RMERBEMARVIIGL) 20 eREk.
void PyEval_Acquirelock ()

R SRR B BULAEZ A g d. AURREREC LA, W2 Bt
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32 R EE M MEEA 2 R Y E LIRS, i W HPyEval_RestoreThread()
B{PyEval_AcquireThread().

WlE]: 2S4BT AR i AL A LR T I R BCR A S i 26 R, BRI ZR A2 A2 1l Python €17
o ARATATEW MR E 2 B/ _Py_TIsFinalizing () B sys.is_finalizing () Rk #
FRRESEAE BAL T I LA 1T RE H DABE G AN DA B A 45

3.8 M #: B gt W N HPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MPyGILState Ensure () fREF—3, WIRAEMRERS IEAE S 2 AV I N 2> A 454 i R

void PyEval_ReleaseLock ()
RE A R fl R . BB b2 B E A 28

32 MAEACE H: HEREASTEH YA LERS % HPyEval _saveThread ()
B{PyEval_ReleaseThread().

9.6 FRERIRZF

BIERZHABIT, ARER A SR AU Python filReas , (HAL L) LG BLRALE Rl — b RE L 2 )
— AR PRI ML RS . TR IR BRI — K.

CET R TIRIR AL B S — RS . B e — D HERR T ME— 1Y Python fiERESR. 5
TR A, EAPRR AT ME— 1 AR 2 R oe A L AE S AL PSS . BB A STAEIZ AT IN I A6 AL 0 a) 1 T
it Hil ik g is i i ZAL W R ) i% Sh iR &R . PyInterpreterState Main () pRECIFIR[M—Mi
] HORAS 5t

ﬁﬂ{%@ﬂ? PyThreadState_Swap () PREUHEFIRRERS 2 (M TV . ARAT DA T 51 s Bk A AN

IXI_E: |] :

PyThreadState* Py_NewInterpreter ()
Frd— TRy . X ULF) 584k sy Python R HATIREE . Fe TSR, Wy 1/
PR A ST AR 20 . s A, AR AB builtins, __main_ Fll sys .
OB (sys .modules) AR R (sys . path) R EM . FIMREA sys.argy
At BHAHIFRE VO Ji % sys.stdin, sys.stdout fll sys.stderr (AiliX X4
FRFE WA R RS2 SCEFR AR AT o

The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’t be a current thread state on entry.)

PIEBHR AT 73 (7)) MRt gk =

o WFTH 2 B B R LB, Bl PyModule FromDefAndSpec (), F§ R EREAR G
FIAIIR LA BT R . AT C 2SI A 528 R REFEIX SRR G 2 A L =2

o XFH BB B IR L AR FliPyModule Create (), S5 EY R IR FAR, B
P EEIMGRIE, oA HB I — GR) B0 M9 B —A (7) R S
AR, REOTIR A — BRSO 1% 8 DI N A s §7R I init lRECA B . P
L R G A S (F) MRS AL =, XAl e & S8 2 SMWAT N (20 F X Bugs and

caveats)

HHBXARTEWMHPy_FinalizeEx () MPy_Initialize () TABEHNVIRIHERZ
JE YR BT AR E O SRR DL, §EAY initmodule pEL 2PN . 5%
WrEcwiinte—rE, XEWE A C ZHRMHSHI 454 B REEX S A 3L =2,

void Py_EndInterpreter (PyThreadState *tstate)

Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL.
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All thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before
calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters
that haven’t been explicitly destroyed at that point.

9.6.1 FHRFIE L

BT TR (AN RS %BZEHﬂ/I\I&$$E/JQHBZjB% BAZ BB ZRASIHAETE S - 280U,
A2 SR os . close () BPETATHE CLREBGEEHL) B4 AFT RS BT ()
RS Z L= R = %%Tfﬁ_fﬁﬁiﬁﬁﬁﬁ%lﬁ TEMEH BB B ia b s (528 & /A8 it
E%ﬁﬂlﬂi {E%E%A%@E*%%ﬁqjﬁﬂiﬁ’ﬂ]‘%ﬁ—f BERIR AR ) —A () MR A 24 25 ) rh s XA DL
24 AT fig b ke

7 24 A TR oA TR TR IS P E YRR TR, SERIEER, RO X R A TR S
NARAEFTRELSSE M R R A M BT (1) PRSI 7 Ml (R PR E 2R — R B 24 sl e T g Eadxd
ZUTHHIR G

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’t switch sub-interpreters between a pair of matching
PyGILState_Ensure () and PyGILState_ Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

9.7 RL&EA

SRt 7 — b i) AR AR AR A P RO AIL AR o X U LR R ] eR BR B R 2 FR SR

int Py_ AddPendingCall (int (*func)(void *), void *arg)
FF—ABREOMAMN TR SARVH A T RIME S . R, KRR [ 0 H-XF fune il A\ B4 32 AR
MISEREBAS o R, KR ] -1 BN SB E AT R

BRI IMABANS G, fune FF & Fihair S50 arg 5 FIEREAR ARV . AT 1IE #2471 Python {44
F VR A R T, (S [ I R DA AN S0

o fiiFbytecode BIN T 15
o FERFREFFA global interpreter lock (Rt func B] DA 523814 C API),

func WAL IR] 0, SRR R ] -1 HBE N REES . fune AP IRTAREIH A
ﬁ%*’l‘ﬁ% HR, HANSR 4 R AR RN & 7 ] B rh B DAV 2 e

BREIE T AT E A AR, AR R R R

Bl XEMUZZRE, RIEARERRRME LA . RREORIE func 23 R . i
FARBICTHATIHEANRGEW, fune K5 ARSAE RGP R Z it A« R EGE T AEA
fEE C LA Python (U, 1EAEAR, 10 PYGILStateAPI

3.1 BUHTIA.
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9.8 SHTFOERER

Python fJ#RE & A MNP RE 7 AT MIAA TR B T HARGL 17— SRR G SCRF . BN BN TR,
MEE T TH

XA C 3% 1 RV RE 70 A iR 5 A Aok %0 1 T Python JZ2 0l I X G R IT 4, EREELHE AT C
BRI . TR REAR RS XA D ARV E I X N AR 2R BR B R B, I EL ) B B R R
ARG Z BIRAS i) Python JZ=ZR BRI pR B (8 S FAR ) o

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace ().
The first parameter is the object passed to the registration function as obyj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what B{E arg a X

PyTrace_CALL mEPy None.

PyTrace_EXCEPTION sys.exc_info () IR REER.

PyTrace_LINE BEPy None.

PyTrace RETURN IR T2 PR O MR, BCE AR i S S0 Ik 8] NULL,
PyTrace_C_CALL TETEVE FH BB 42

PyTrace C_EXCEPTION | iF7EViH BREOTE.

PyTrace_C_RETURN AR RO 4.

PyTrace_OPCODE ERPy_None.

int PyTrace_CALL
20— R EEO ER R AR, BOR N A RASE N A H L 45 Pyt race func %K
(1) what T2 118 m{%i‘%ﬂt’%ﬁiﬁﬁ B A QU DA SR S B A AR B A b A
li1] Python 515 L RE 4% AL .

int PyTrace_EXCEPTION
BRGNS Pyt race func A what TESHI(H. T&IE;T:EH?%E%ZF«HWFE
what WETE T E R AL, TR %5 F 2P B AR IEAE AT R WI o SEREHUT RICR 2 24 5
f&4#% 52X Python 7]‘5%%9?131 B FH 1] 8] B ACHF I S A 7 AR [ B AT R B R %Uf%‘?%
WEIX e PERE TSI AT EA .

int PyTrace_LINE
The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN

W AN BIR B S 45 Pyt race func ERENN what TE S H1E..

int PyTrace_C_CALL
M—A C BRI I HZ 45 Pyt race func B what TESHI{H.

int PyTrace_C_EXCEPTION
B> C RBG K e py_t racefunc B what TEZ M.

int PyTrace_C_RETURN
WA C BBUREIE 4 Pyt racefunc BREH) what TEZHME.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
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for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_ SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

9.9 BRI IBIZHF

R B S R T

PyInterpreterState* PyInterpreterState_Head ()

RERREARIR SR Gk 0] 21 fh T IR R AR SR ATk o

Pylnrerpietei State* PyInterpreterState_Main ()

AR [ ERRREAR S R

PyInterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M ARSI G 51 2R PR 0] interp 2 5B TR — 0
PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

e SRR interp M RIRAG AR RIS R PR B8 8] 5 — > Py Threadstate MR AYFEE

PyThreadState* PyThreadState_Next (PyThreadState *tstate)

MHET APy Tnterpreterstate MG EALRASAT G AR ITFIE HR I srate 2 51K F—
.

9.10 LEXEFHZH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
C level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a
void* value per thread.

24 H X SepR L) RRERA GIL; EA1SAEE CrsimLEl .
7 Python.h I NGFE TLS API (7SR, (RTFZAFE pythread. h R FILFEAHAEAE .

f#[F):  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 & ZEEHE(i& (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 BOE A
4
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

146 Chapter 9. #iaft, KEFEE


https://www.python.org/dev/peps/pep-0539

The Python/C API, £[F) 3.8.20

Py tss_t
AR *ﬁ%‘%m%ﬁ%éﬁﬂm, Hog SO REMRT T 200 TLS SEBL, IF HEf — o ihit
REWNTBF B RGP AT M.

MK X Py_LIMITED_API W, SefFfPy_tss NEEDS_INIT HATIHRAMERS AL

Py_tss_NEEDS_INIT
AN TR NPy _tss_t BRAPIIRNES . EHTEEXATEAX A Py_LIMITED_API 7€ X

HESE

Py_tss_t BT, Tﬁﬂﬂl’) LIMITED APL G R4 JRASEH 2 A 25T Y, TEIX SERE Rl T I R 2
F8 S B 9% I A 325 I PR G B A T BB AS 20

Py_tss_t* PyThread_tss_alloc ()

RSPy _tss NEEDS_ INIT WIEALBYME R IRSHH R AME, B0 24 803540 2 O iR
[ NULL,

void PyThread_tss_free (Py_fss_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.

#i(El: A freed key becomes a dangling pointer, you should reset the key to NULL.

Kk

XLERELTES: key RF] S NULL. H-H., WERGEMPy_tss_t kAR PPyThread tss_create () ¥
kN Py Thread tss_set () MlPyThread_tss_get () AT HFEERE XN,

int PyThread_tss_is_created (Py_fss_t *key)
WMRLAEW Py _tss_t i@ has been initialized by PyThread_tss_create () fEHIIE AR 1]
ERPNE| <
MEZAE.

int PyThread_tss_create (Py_tss_t *key)
L INPIIR A —A> TSS SERPRFR B BAH. AR key SRR IER G Py_tss NEEDS_INIT 4]
TR NILAT A2 R e Lo MR B 7EAE [ i 4 B BV - ZECPa ey b BV e A PUT
AT A E I 37 BRI TR 1]

void PyThread_tss_delete (Py_tss_t *key)
B —A TSS SEDAEAE T A e thist s 5 1R AR IR, T RHZ BRI RSSO AT 1R 1k

H. EABEENT DA Py Thread tss_create () FHRBRIMEAC . BERRE T DAYE [ —A 4 R
S - e E B B B R R ORI .

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread.
Each thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_tss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is
associated with the key in the current thread.
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9.10.2 LA 7fiE (TLS) API

3.7 AR E: Mt APT 2242 % 5 7444 (TSS) APL TR

ffill): XA APLHUARAN SRR IR TLS HER I FEiA R e il int BRI E SO RiF- 6 . TERFERF
fib, PyThread create_key () FFILRIIR M —ANRMORAS, I H AN TLS sAAEX RGP & L AT
TeRL

T R TR SN B AA R, N RAE B AR 6l AR | APTL
int PyThread_create_key ()

void PyThread_delete_key (int key)

int PyThread_set_key_ value (int key, void *value)

void* PyThread_get_key value (int key)

void PyThread_delete_key_ value (int key)

void PyThread_ReInitTLS ()
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PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()
PyStatus_IsError()
PyStatus_IsExit ()

PyStatus_NoMemory ()
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PyStatus_Ok ()
PyWideStringList_Append ()
PywideStringList_Insert ()
Py_ExitStatusException ()
Py_InitializeFromConfig/()

Py PrelInitialize()
Py_PrelnitializeFromArgs ()
Py_PrelInitializeFromBytesArgs ()

Py_RunMain ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

2 Winitialization, Finalization, and Threads.
%
PEP 587 "Python ¥ 454k it &

10.1 PyWideStringList

PyWideStringList

i wechar_ t* a4 MH 3.
WIS length FAEZRAH, W items AAZUANA NULL H H A FAFEH B A NULL,
Tk
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item ENINE list,
Python WAZ5T 5 0T 4 A LASSE ] Y L BR

PyStatus PyWideStringList_Insert (PyWideStringList  *list, Py_ssize_t index,
wchar _t *item)

R item i N2 list 1 index (.
NS index KTEET list WK JE, WIXKF item USINE] listo
index must be greater than or equal to 0.
Python WA FHU0T 46 Ak AT 1 I BR 4K
git AT B
Py_ssize_t 1length
List K J&.

wchar_t** items

FIFIH .

const
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10.2 PyStatus

PyStatus
FAAERIIR R BCIRAS Bl B IR EGR IS5 A

XEFHER, B DA A IR C R A K
git AT B

int exitcode

B, B4 exit () BIBE.

const char *err_msg
=g
HiRER
const char *func

1 B IR R B 44K, FTRASH NULL.
BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

HHERIR LA IR .
PyStatus PyStatus_NoMemory (void)

WAFECRI (AR ) -

PyStatus PyStatus_Exit (int exitcode)

PAFE 2 BB A ASIR Y Python,
AEFRLAR S R AL

int PyStatus_Exception (PyStatus status)
WA A BB R GR T 0 h ECME, W SR A6 AT W4 B 61 fn E i e

H Py ExitStatusException ().

N

int PyStatus_IsError (PyStatus status)
SRR IRNG?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)
WA status &1 H A5 ) JE exit (exitcode) o NG status j2— A RRS FT B A R TH
HIFRE— N IEZR MRS . B PyStatus Exception (status) NIAEF(HM A
REBLTR I o

ftiE): ZEHS, Python YAl E PyStatus. func %, MAIELRASHI BN func 4 NULL.

Il

PyStatus alloc (void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}
return PyStatus_O0Ok () ;

}

int main(int argc, char **argv)

{
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(R L —5)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

}

PyMem_Free (ptr);

return 0;

10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
« Set the Python memory allocator
o Configure the LC_CTYPE locale
« By UTF-8 £

TG A B ST e B R A

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
WL Python Bt % RMI IR SERLE -

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
WL R & i A AR T E R

LR AT B

intallocator
Name of the memory allocator:

e PYMEM ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)

e PYMEM ALLOCATOR_DEFAULT (1): default memory allocators

e« PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug
hooks

PYMEM_ ALLOCATOR_PYMALLOC and PYMEM ALLOCATOR_PYMALLOC_DEBUG are not sup-
ported if Python is configured using ——without-pymalloc

Z: L, Memory Management.

int configure_locale
Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and
coerce_c_locale warntoO.

int coerce_c_locale
If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be
coerced.

int coerce_c_locale_warn
WERAEZRAE, WRTE Cif s KA plm hl A 1 &

int dev_mode
ZW,PyConfig.dev_mode.
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int isolated
%N PyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error
handler to replace.

{V7E Windows ["TJfl. #ifdef MS_WINDOWS ZZW[#% T Windows % &K 1tHL .

int parse_argv
W HEZE(E, Py_PrelnitializeFromArgs () fllPy_PrelInitializeFromBytesArgs ()
P A5 H A Python AT AT S BN AHIE 7 U H argv 240 20, 17540

int use_environment
%N PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

TR 4G 4k, Python 1 R %K :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Tk preconfig HC &K I 46 4L Python.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *

const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

T EARMHPyStatus_Exception () flPy_ExitStatusException () AR H (FERa
B

For Python Configuration (PyPreConfig_InitPythonConfig ()),if Pythonis initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () W] Py _PrelInitialize() Z J§. Py_InitializeFromConfig/()
Z HI BN AR A E LW FF Ay B A N RPyPreConfig.allocator # K A
PYMEM_ALLOCATOR_NOT_SET W A[¥EPy Prelnitialize () Z HitiHH .

Python memory allocation functions like PyMem RawMalloc () mustnot be used before Python preinitialization,
whereas calling directlymalloc () and free () isalwayssafe. Py_DecodeLocale () mustnot be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfig);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

/* at this point, Python will speak UTF-8 */

(N gkzs)
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(R L —5)

Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
& T RER Y T HCE Python HFESHIZEMIIA
SR TT ik

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)
R P st 5 D1 & *config str.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const

char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t * const *argv)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig SetWideStringList (PyConfig *config, PyWideStringList *list,

Py_ssize_t length, wchar_t **items)
B G PR YR list BN length F items.,

Preinitialize Python if needed.

PyStatus PyConfig Read (PyConfig *config)
BEHUITA Python FiLH .

E AL B IR
Preinitialize Python if needed.

void PyConfig Clear (PyConfig *config)
TR A A

Most PyConf ig methods preinitialize Python if needed. In that case, the Python preinitialization configu-
ration in based on the PyConfig. If configuration fields which are in common with PyPreConfig are
tuned, they must be set before calling a PyConfig method:

e dev_mode
e isolated
e parse_argv

e Use_environment
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Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called first, before other methods, since the preinitialization configuration depends on command line arguments
(if parse_argv is non-zero).

X BTy R ] AR 3R ] PyStatus_Exception () fl Py_ExitStatusException () 3
AePRRE (BFREGEH ).
SR B
PyWideStringList axrgv
Command line arguments, sys.argv. See parse_argv to parse argv the same way the regular

Python parses Python command line arguments. If argv is empty, an empty string is added to ensure
that sys . argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._base_executable: _ PYVENV_LAUNCHER__ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.

stdin #H2A AZE AT IT

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control  the validation behavior of hash-based .pyc files (see PEP 552):
——check-hash-based-pycs command line option value.

Valid values: always, never and default.
BRINE K default.

int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode
to O_BINARY on Windows.

int dev_mode
Development mode: see —X dev.

int dump_refs

R AETAE, WAL B A LR I A6 X 52
Require a debug build of Python (Py_REF_DEBUG macro must be defined).

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
R -NAEEE, WHERESIHEA faulthandler.enable (),

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed
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int use_hash_seed

WAL ALY 7 bR B T
If use_hash_seedis zero, a seed is chosen randomly at Pythonstartup, and hash_seed is ignored.

wchar_t* home
Python & H %,

Initialized from PYTHONHOME environment variable value by default.

int import_time
WA AR, XS A AT PERE 43
int inspect
TESATIIAS By & 2 JEHE A ST H A
int install_signal_handlers
Install signal handlers?

int interactive
T H A

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 direc-
tory) nor the user’s site-packages directory.

o Python REPL ¥4 A readline ARTERZ HALRAFH E I ERIAY readline Fil & .
e Set use_environment and user_site_directorytoO.

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout
and sys.stderr.

XAE Windows F R, #ifdef MS_WINDOWS ZZR]#% HT Windows & gt .

intmalloc_stats

WNAEE(E, WIHER BB Python pymalloc 1 %550 3% BIGETTECE «
The option is ignored if Python is built using ——without-pymalloc.

wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os.path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

int module_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module_search_paths is
overridden by the function calculating the Path Configuration.

int optimization_level
AL :
« 0: Peephole optimizer (and __debug__issetto True)
« 1: Remove assertions, set __debug___ toFalse
o 2: Strip docstrings

int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python
arguments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).
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int pathconfig warnings
If equal to O, suppress warnings when calculating the Path Configuration (Unix only, Windows does not
log any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

W/ NULL, W sys.pycache_prefix JF4{iX A None.

intquiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_ RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py_RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py_RunMain ().

int show_alloc_count
Show allocation counts at exit?

Setto 1 by -X showalloccount command line option.
Need a special Python build with COUNT_ATLLOCS macro defined.

int show_ref_count

TEIR i R | B
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJFBI A site BIBR?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

RN IEEAE, NHEBEshEH tracemalloc. start ()

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest
priority.
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warnings A& 3 DA A S B A F US I sys.warnoptions: #x J§ — NPyConfig.
warnoptions 2k H¥§ A warnings.filters [ — 4 HIF R REHAE (Rm L
).

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItaib Hwrite bytecode BUGHIHE.

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 &M PyConfig #)i5t

FAT-¥1G 4k Python [ B %K :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
TR config BL'E M54 Python.

T FEARMHPyStatus_Exception () HlPy ExitStatusException () SRAMFESE® (4ERa
B,

If PyImport_FrozenModules, PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization.

AR A AR 7R Bil:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) A

goto fail;
}
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception (status)) {

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters:

158 Chapter 10. Python #)i&{tE=E




The Python/C API, £[F) 3.8.20

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_ name,
program_name) ;
if (PyStatus_Exception(status)) A
goto done;

/* Read all configuration at once */

status = PyConfig_ Read(&confiqg);

if (PyStatus_Exception(status)) A
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(&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.7 fREECE

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig() REESA|E—
Jic E AT Python 5 R GEFG 25 HF>€ . 140, K Python i A B HEAN R HFEFT .

This configuration ignores global configuration variables, environments variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Path Configuration ("output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.
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10.8 Python fif &

PyPreConfiqg_InitPythonConfig() MlPyConfig InitPythonConfig () BRI SA|E— T E

KAy — AT 5 % KL Python A [F] i H % X Python.

I AL R G AT SACRT T IO Python, T4 Jay T 748 e FF 200

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

7€ i1 Python f) 7 il 52 2 PARR B A G2 AT

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode). */

status = PyConfig_SetBytesArgv (&config, argc,
if (PyStatus_Exception (status)) {

goto fail;
}
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:
PyConfig_Clear (&configqg);
if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with

non-zero exit code */
Py_ExitStatusException (status);

10.9 BEEE

PyConfig W& 2T HACK BN 7B
o BRARRCE R
- PyConfig.home
- PyConfig.pathconfig _warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- YETAER S T REA T A

- PATH AR R TR PR SE B4R CR A PyConfig. program _name)
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- _ PYVENV_LAUNCHER___ FfIEAS &

- (¥ PR Windows only) ¥ W % HKEY_CURRENT_USER #1 HKEY_LOCAL_MACHINE
i4)”SoftwarePythonPythonCoreX. YPythonPath” 37 N 4 i/ A7 H 3¢ (A X.Y 25 Python fii4s) .

o PRARTCE A T
- PyConfig.base_exec_prefix
- PyConfig.base_executable
- PyConfig.base_prefix
- PyConfig.exec_prefix
- PyConfig.executable
- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths 1is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set issetto 1. In this case, path
configuration input fields are ignored as well.

Set pathconfig warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

MR base_prefix Bbase_exec _prefix FEIAKEE, CIIHEDHMprefix fllexec _prefix 8K

/ﬂ;ﬁo
Py_RunMain () MlPy_Main () ¥BH sys.path:

o« MHrun_filename BB HE—ME __main_ .py HAKHS, WE¥run filename
Wi sys.path fFk.

e MM isolated HE:

- WERE T run_module, WIXFYHTHRISME] sys.path BIFk. WRICTABRCY AT H 5%
AR TAL AT R4

- WRBE T run_filename, WRFSCPFARIH AT sys . path BIJF3k.
- AEHAOT, WA PR A NE] sys . path BTk,

MFsite_import NIEZAH, W sys.path AT site BHBEM., W user_site_directory
EZAE H I P site-package H SRAFTE, W) site FH2K5 1] P11 site-package H SEFfHfiN%E] sys.path.

BEARIC 2 T DA BE B S
e pyvenv.cfg
« python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER___ fIEZAS B9l TR EPyConfig. base_executable

10.9. IREFEE 161



The Python/C API, &[F) 3.8.20

10.10 Py_RunMain()

int Py_ RunMain (void)
AT AR fir 2 A7 B B P AR W fir & (PyConfig. run_command), Ml A (PyConfig.
run_filename) BifEL (PyConfig. run_module),

TEBRATE DL AR T -1 2697, Wiiz4T REPL.
HRJG, 454k Python JHik [l — AN 264y exit () BRAUNIR HPRAS
WZ Y Python fe % BH—MEM Py_RunMain () 1ERR SRR 6245247 H & 3 Python H7RH1

10.11 SHEMIBLFAREE API

This section is a private provisional API introducing multi-phase initialization, the core feature of the PEP 432:
o Bl WIREBT B, “HoMERY A Python”:
- WERA;
- WERHES
- WEMCHEEL
- sys BURAOGHE WA (B0 sys . path MAFELE) .
o« 7 BT YRkl Be, Python #5E & 4IiRtL:
- ZRIFEE importlib;
- WHsE R E
- LR T A B A
- SEH sys BEHIIGR1E (140 A sys. stdout Ml sys.path);
- B faulthandler fil tracemalloc Z£R]%T)HE;

- FA site BibR;
- %%
AA G APL:
e PyConfig._init_main:ifsetto0, Py_TnitializeFromConfig () stops atthe "Core” initializa-
tion phase.

PyStatus _Py_InitializeMain (void)

PEA “FE YIRACBT B, FER Python HI4G1L .
TE Bl Breh & R AMETEER, A SHE import 1ib fib: pé f2me & R AAE “ 2387 HrBOlE b A -
X A] BE SR VFAE Python H5E il Python PAZE 35 B i s4 280 &, A RES 4% H @ XM sys .meta_path
FAMETARTEE,
It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main
phase, which is one of the PEP 432 motivation.

Bl BB e B e L TEIX—Wr Bt 2 A% T A A A% T VRS R BRI . % APL #dnic
NAAFIRER: e iiiz APL ] DAREI S8 Mo 298 I BB BO & M 2 3% APL,

TE Rl M FET WIsielr Bz [aliz 4T Python AU Y 7- f1:

void init_python (void)
{
PyStatus status;

PyConfig config;

(R gkzs)
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(R L —5)

PyConfig_ InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) |

exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);
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cHAPTER 11

111 @28

1r Python H, WIEEFEH K —A 8 B Python T2 FIBHRE T FLA HE (heap) . 1% NFLA HER R
T RS Python M %% 72 %% (Python memory manager) 1#iE. Python PNTEAFHES A A [] 1 ZH 4 e b 2
AN ERAE IR A, b=, L B E AT .

TERRIR , — AR TEA LRSI i 5 AR R GEHG I A R T, WSRO0 2 )R A7 A
FiA7 5 Python HIXAOHCHE. 7ERUAIAEA BRI RERI L, JUAGHQ R 004 BB I — e 1357, IR
U Pl 2 2R O S BRI PO A B . D1, RO QA M4 B2 R ) 248 . T
SBR[ R B [ F it ok AU 5525 1 MO RUA. [, Python P74 BRARKE— L6 T 4
RELAAT QA SRS . (LRI 1R AT He O SEA T«

Python Hfi: A7 B2 th ARRER R AT, TP OW BB HE iR, BIVOE A 283 B A1 48 o) i A N A7 By
Gt PR — T 2. Python MR ANHA A S o IX AYHEZS (8] 73 o i i Python PNAFA AR
ARS8 i) Python/C APT s EIEATIH -

J T B NAERER BRI G W AZ R ) C R S Y BR SR KT Python Sf 42 HEAT A, ix s
PRECfIFE: malloc (), calloc(), realloc () fil free (). XFFFE C HHEiEsAI Python INTEASHLER
ERE, BIAMEGR, XRHT eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;

XA, VO Gap IKENAFT K2l C RIS AL PR . Python WAFE B A R 215 T /M FCAE A 45
HIR I FATR G

SR, AERZHNGOLY, L TN Python e ML ANAY, P A i Python A BG4I . i,
LR R TN C HERHN RIS, AKX R, (1] Python HEr) 55— R J& 7 B * i *
Python PN {745 IS 56 T ACHA A 7oK o BV PIrif SR i) N A7 23S L IR oo BEREE 19 F Y
FEFTA I INAFE K A2 45 Python NA7AS IR RELEARRE G0 L A7 o5 ) B A1 DA S HE A 1) T f . TN,
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TEFLEROLT, Python NS PR &R AT AE il A sl AE 24 AR AF, AN Ic, A7 T 4 s A 5 75
PEBRAE . IETERL, S AT GTRR S C PEAMECER, O VO Gt XM A AF 584 A% Python
NS HA B

%
FAI5AF B PYTHONMALLOC W] 4% FH SR Bt & Python I8 I i) INAF43 L

5 Bt PYTHONMALT.OCSTATS ] DA i JE 45 Y B il 36 B 2 pymalloc St 42 KIE4T Bl pymalloc 11
Ao 2 G A .

11.2 RIgAEED

PANBRESE S T ARG lilds . X ERBUR AL LN, NFRERA & B idFs 2240,

default raw memory allocator {§i X 254K : malloc (). calloc (). realloc () fil free(); HHEEFE
TP malloc (1) (8% calloc (1, 1))

3.4 BUHTIA.

void* PyMem_RawMalloc (size_t n)

SMHC n AT R N R ECR N AR voidx RS, ARER AR E] NULL,

TR T T AEIR (] — A MAFAY IE NULD 455, SUBRIEN T PyMem _RawMalloc (1) —#f, {HR
WA 2 DMEAT T X sa AL -

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SYBE nelem DI0%, FATCEIIKING elsize 747, FRFIFR A ECH NAFERT void> RKABFRE, W
WK R [B] NULL. AR B0 ia ik 2 .

TR F AT RER [ — ARG A NULL $84F, w7 PyMem_RawCalloc (1, 1) —F.
3.5 HUHTIA.

void* PyMem_RawRealloc (void *p, size_t n)

B p A5 TH NAFBINRFEE n 735 DURTIHINAFBR N R i/ IMECRTE , R AR FFAAE

WA p 2 NULL , WY T H PyMem_RawMalloc (n) 5 {15 n 2T 0, WRAFHRINEHIHE,
HR 29 RE, 1R IHE NULL 541 .

MdE p & NULL , BB M2 2 al# HpyMem_RawMalloc () . PyMem_RawRealloc ()
B{PyMem RawCalloc () iR

WK KM, PyMem_RawRealloc () iR[E| NULL , p {/58R2F8 A1 JE i A7 XIS A 2064l -

void PyMem_RawFree (void *p)
B p 18I N AFE IR p W22 2 B Hl PyMem_RawMalloc () . PyMem_RawRealloc ()
B,PyMem_RawCalloc () FTiR[MTREF. BN, BifE PyMem_RawFree (p) Z HIE £ H o1
BT, REXIT e KA.
2R p 2 NULL, IR At 2 8 E A 2 AT

11.3 JEED

PAUTFRREEE, 158 ANSIC AnifE, F48E TIREFRE1T 8, 7] T M Python HE4> BRI N1
BRINN G5B s il T pymalloc W 5 5B .

B R EO, WA 2 B A S 40 (GIL)

3.6 JiE s PIAEBRIARY L2 pymalloc T AER G malloc () .
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void* PyMem_Malloc (size_t n)

SrBC n AT R N R BN voidr RARE, ARIER AR [E] NULL,

K 2507 BEIR Bl — M RRY IR NULL 484, BN T PyMem Malloc (1) —H#E. {HRENFFE
AN DMEAT 7 AR 1Rk

void* PyMem_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, B NICRIKNA elsize 77, IR MG 3 FLH AR void* RAUFRER, W
WK MR [B] NULL, AR BE0I a2 .

TWREFAT A RRR [P — Mg HE NULL 484, #BEA T PyMem_Calloc (1, 1) —#F.
3.5 JUB A

void* PyMem_Realloc (void *p, size_t n)

B p A7 E NAFHRINFEEA n 735 DURTIHAAFER N R i/ IMECR TE, o A RFFANAE

WM p & NULL , WA T PyMem_Malloc (n) 5 I n %51 0, NWNFESA/NEHERE, H
ALY, RI0HE NULL 54t

% p R NULL | W B @6 AR 2 I Mpyiem Malloc() . PyMem Realloc ()
B PyMem_Calloc () BTik[EIH).

W R KW, PyMem Realloc () JR[H] NULL , p /58RI +8 ) SCHil AT IRV A 506 5] «

void PyMem_Free (void *p)
B p H6 1B N fE . p 412 Z B A HPyMem Malloc() . PyMem Realloc ()
B pyMem_Calloc () FriRE$a4t. HM, AL PyMem Free (p) ZHICAWH SR T,
KE XTI RKE .
W p & NULL, ABAfH A E AR 23T

PAR T ) 28R 22 R A . Y33 TYPE W] DAFEATAR C 28741,

TYPE* PyMem_New (TYPE, size_t n)
EpyMem Malloc () [, AL4rHL (n * sizeof (TYPE)) FATMIWNAF. Rl — kN
TYPE* BF8%F. WAERA S MERT X9 ih k.

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
SpyMem Realloc () FE, BNESPI/NEEEN (n * sizeof (TYPE)) Fi. R[E—4
il TYPE* KAUMIHRES . IRWIET, p R A48 muH AR R84, AR G 0)5% Ml NULL .

g4 C A, p MR BRI H0RAT p BRIA(E, PABEGRAE AR RN R NAT.

void PyMem_Del (void *p)
YpyMem_Free () ]

BEAL, FATAARME T LA 25 M T E R Python IWAF A lideds, mIA & LIS C APT i%l. H2
R, B ENIARELRILR Python MUAH) —dE A, T ILAEY BT -

e PyMem MALLOC (size)

e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.3. A%EED 167



The Python/C API, &[F) 3.8.20

1.4 HRIECE

PATT oK, 17 ANST C AR, FH485E TIREFEFARNATA, 7T A Python e/ FEAIRERL A A7«

RN ZoBe 2% i pymalloc N 55 25

Bl TEREX R BNy, AAURAT 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_t n)
AL n AR Bl AN FE 1R BL I A void> ZEBIFRER, WA R NR [F] NULL.,

TR AT AR R Bl — AN 9 NULL 354, BB T PyObject_Malloc (1) —Ff. {HiE
WAFA S DMEAT 5 w1 R Ak -

void* PyObject_Calloc (size_t nelem, size_t elsize)
SYHE nelem DICE, BWNICRIKNA elsize 77, IR MG R FLH AR void> RBUFEr,
LSRR [B] NULL. ARSI b,

TR B AT REIR B — kR AE NULL $5%F, st T PyObject_Calloc (1, 1) —Ff.

3.5 BUBTINMA.

void* PyObject_Realloc (void *p, size_t n)

B p F8 B AFHANREE R n 3T . DUBRIH N NP Bt/ ME i, e AR ARNAR
s *p* J& NULL, WIFHYSFHH PyObject_Malloc (n) 5 WIER n T 0, WIPAFHRK/INSHEE

B HASHRER, & IPIHE NULL $84t
Bk p 2 NULL , 5 0B W92 2 8l HlPyobject_Malloc ()

B{PyObject_Calloc () AR
WERFRKRM, PyObject Realloc () &I NULL , p AI38RJE$8 M SCmil N AF IR A 2464 -
void PyObject_Free (void *p)

B p TR B WA B, p M2 Z B R Fl PyObject_Malloc ()

. PyObject_Realloc ()

. PyObject_Realloc ()

#pyObject_Calloc() ik Bl 4a%t. BN, BFE PyObject Free(p) ZHiC &M L
T, R AT e kA
W p 5& NULL, ARAf A E AN 27T

11.5 BN FESBEC2E

NNA e

& B PyMem_RawMallgcPyMem_Malloc | PyOb-
ject_Malloc

KA A "pymalloc" malloc pymalloc pymalloc

e "pymalloc_debug"malloc +debug | pymalloc+de- | pymalloc +de-

bug bug

%A pymalloc f) &7 | "malloc" malloc malloc malloc

Ji A

%A pymalloc FJ7Hix | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug

i

BERA:

o MR MIEAS B PYTHONMALLOC FH.

e malloc: ¥ H CFEERN RS /AL, C KEimalloc (), calloc (), realloc () and free ()
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e pymalloc: pymalloc N 7% e %%
o "+ debug”: #HfH PyMem_SetupDebugHooks () 3R T

11.6 BHEMNESBECES

3.4 WU

PyMemAllocatorEx
TR AR BLAS S . BEEATE:

15 =)

void *ctx YENE NS AP L
T

void* malloc (void *ctx, size_t size) rEi— AN A

void* calloc(void *ctx, size_t nelem, size_t SEE— A TEEA R O B AR

elsize)

void* realloc(void *ctx, void *ptr, size_t A EE— S AR BR Bl R R RN

new_size)

void free(void *ctx, void *ptr) R N A7

3.5 Jit i 4%#: The PyMemAllocator structure was renamed to PyMemAllocatorExand anew calloc
field was added.

PyMemAllocatorDomain
FAR S BEa A A28 2 . A
PYMEM_DOMAIN_RAW
PRAL
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()

PYMEM_DOMAIN_MEM
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free()
PYMEM_ DOMAIN_OBJ
e PyObject_Malloc()
e PyObject_Realloc ()
e PyObject_Calloc ()
e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARIBURS AE 1 A7 B 2 LA o
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEE TS E I NAFH LA -
MR EBFATHE, HR e gs R Bl — ANl 9E NULL $8 4t

XFPYMEM DOMATN RAW I, Z3Fles bW e AR 24 YO BCaSiR R, ANE 45 i %
4 o

WA LA A2 T ORI Z W iids ) . ARl PyMem_SetupDebugHooks () PR
AEHT 7 e e b R 2 I 1

void PyMem_ SetupDebugHooks (void)

BCEAG I Python PAE7) FCas bR AL H S DAY A 1

By BCRY NAFE R E7 0xCD (CLEANBYTE ) HFE, BE Ay 0xDD ( DEADBYTE ) JHFT. W
FEHup 2 115235 {0 (FORBIDDENBYTE : 277 OxED ).,

BT A -
o Kl APT Ryt Sz, Bltn: X PyMem Malloc () ARG IXIHH PyOobject _Free() o
o RS KRB ACERINE A (G X T i) .
o BMZrp XL EIENEA (K ).

o K248 ffl PYMEM _DOMAIN_OBJ (4ll: PyObject_Malloc ()) MPYMEM_DOMAIN_MEM (4
PyMem_Malloc ()) 5 FLas R A GIL AR ET .

TEHEE, I tracemalloc ORI A AFHB A ECAHI (I E . HAA Y4 tracemalloc
IEFEIBER Python PNAFAMAL, I HINAFHRBHEERN, A4 SRk .
A Python B 7E AR N9, X4y 1-J2installed by default . 1575 & PYTHONMALLOC W]
PAHIRAE R AT 131 Python b 2286144 7~
3.6 AR A XA R AL ILAE A T DA R B 4 i 1Y Python. 7R A, IR L4 T BRAE
Al tracemalloc X [a] 3 77 B 40 B i 07 & . IR 1 A A A 24 PyMEM DOMATN_OBJ
M PyMEM_DOMATN_MEM TR B T, & R R B m A

3.8 R4 FirF 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fl OxFB (FORBIDDENBYTE) B4
0xCD , 0xDD Hl1 0xFD AL A ] 5 Windows CRT {#if malloc () fl free () FAFEAME.

11.7 pymalloc 43ECzE

Python A N B A% A BRI/ IS ONTEEET 512 7)) 4kl pymalloc 4y Fids . &8 B & K/
A1 256 KiB K Ay arenas” [ AFBLST . XTT KT 512 AR e, BRI H PyMem RawMalloc ()
M PyMem RawRealloc () .

pymalloc J&PYMEM DOMAIN_MEM (f @ll:  PyMem_Malloc()) AFPYMEM DOMAIN_OBJ (il un:
PyObject_Malloc ()) I ZKIASEZE .

arena 7 fit g (4 1T LA BR AR :

e Windows 1) VirtualAlloc () fll VirtualFree () ,

» mmap () Fl munmap () , GERAH,
o BN, malloc () #l free() .
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11.7.1 H%E X pymalloc Arena 43 it 2§
3.4 BT

PyObjectArenaAllocator

JAAt iR —~ arena 7P BCAR G FI IR . XSS IRAE = AP BE:

=] 2R

void *ctx YERE NS AMH P BT
B

void* alloc (void *ctx, size_t size) ABe—H size F ) DX I

void free(void *ctx, void *ptr, size_t RER— B Xk

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

FRHL arena 73l #R

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
XE arena 7> filgs

11.8 tracemalloc C API

3.7 BT

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

f£ tracemalloc A IR EE— AT A BCH N AFER
BR[O, HAEEEF IR ] -1 (TE¥E A FE AR ORI AR 2D o WREEH T tracemalloc MR ] -2,
AR NAERE R R, WS A IR ERE

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

75 tracemalloc BUHUPIUEIE: N C AR AESE, A ATEHR BRI BT (TR
135 tracemalloc 4 & —2, 7 &N 0.

11.9 il

PATR 2R 8 48 58 /NI Bl Gl H5 DA /O G DO B 25— R & A Python 3t 73 ic i

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) SRS 28 o R 4 A 7] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

Q3
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(R L —5)

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THTERAEA BRI R BT, P X ELLJHE?PFH IS R BOCR BN . Sk, W RERIN
FEHL B A R B N AF AP, DATEGEAHE &5 A [ Jr o el 1) KU = A A1 DA AU 9 A0 & AL 4
e, HA—DPARCH fatal R EIRA T TRLEA [ e L3R VER A 2 e -

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 () */

B T R TEAL PR H Python Hi i J5UAR A7 B B2 4, Python Hr XS 2 il it pyobject _New (),
PyObject_NewVar () fMlPyObject_Del () Fe4rBEABERH -

X EERFAEAT KANAIAE C i SCRISE BB R AU R —F h kg
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121 7 F B EEMR

PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. i 7} LIRS op WU ERYZRBUANG] o 3R 1] AR L S A X R o
MR type FEUIX X RS G IEASIRAGIN , B 23X DRI M AERIAG M A G b o X A%f
R HARTFBA LY .

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. 'EHEEMPyObject_Init () —FE, FHHESWIGAS B R/ DS
MR ERER .

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. i Jf] C 45#J25%. TYPE 1 Python Z5HUST 4 type 43 Tt —4~ 8711 Python X}
%o ARTEZ Python Xf 53k g LI F BRI IR SRM5 1 TR A —. AR BE R/
type XM tp_basicsize FEERME o

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. §iJf] C fBIELE 255 TYPE 1 Python [ZEEINT 4 type 73 Be— N1
Python Xf4¢. Python Xf 43k U A € X F BN SR IRIL . $OrBCH NAF 2SRl T | TYPE
SERIN type WG tp_itemsize FEARILN) size FEIE. XX T LR TCH X P ERASAE 14 1
WYeE B ORI SRR S o R B B A i A B R 3 A7 23 B mT DAY N A7 43 B 1Y
UB, XHER T WA BCIIRCE.

void PyObject_Del (void *op)
R pyobject_New () 8{# PyObject_NewVar () PBCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - T8 IEXAEEAG op X5 iy 7 BEAR AN T AR T 1)
MR B N AF 25 ] E R e — A 2401 Python X4 .
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PyObject _Py_NoneStruct
XA G2 None —HEY Python X4, ‘BRI LA Py_None i), AR EEE MR
a5t

hE%:
PyModule_Create () JMECATFHIBIEY AR

12.2 @AMHEE

KL A FH T2 X Python %5255 . 53X — 154k 17 13 B8 ) S5 Ha (AR B2 A TR A ) 32

Ji 4 1) Python X G2 ¥R A Xt R 19 N A7 7 B IF 46 78 73 It 2D i i 7 B X BT Bl pyobject
i Pyvarobject FBRATR, XI N h— L5 X, X5t L He ol ] #3115 i A Hefth Python
X E S

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyOb ject *. Access to the members must be done by using the macros
Py _REFCNT and Py_ TYPE.

PyVarObject
This is an extension of PyOb ject that adds the ob_s1ize field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done
by using the macros Py REFCNT, Py_TYPE, and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_ HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance
to instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

2L, FiPyvarobject HSXHY.

Py_TYPE (0)
This macro is used to access the ob_t ype member of a Python object. It expands to:

’(((PyObject*)(o))7>ob_type)

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

’ (((PyObject*) (o)) —>ob_refcnt)

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

’ (((PyVarObject*) (0))->ob_size)

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:
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_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for anew PyVarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two
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.

_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH_FASTCALL.

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

i C Type =X

ml_name const char * | name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth isa 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 PyCFunct ion. The function expects
two PyObject * values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg ParseTuple () or PyArg_UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using
PyArg_ParseTupleAndKeywords ().

METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type
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_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.

3.7 BB

METH_FASTCALL | METH_KEYWORDS
Extension of METH _FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the
names of the keyword arguments or possibly NULL if there are no keywords. The values of the keyword
arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.

3.7 BB

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg ParseTuple () with a "O" argument. They have the type PyCFunct ion, with the self pa-
rameter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is
used to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to
create static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip
repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains
slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of
a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in
place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

PyMemberDef
Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

13 C Type aX

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in
Python, it will be converted to the equivalent Python type.
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Macro name Czxa

T _SHORT short

T_INT int

T_LONG KB
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR B2
T_BYTE T

T UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL T
T_LONGLONG long long
T_ULONGLONG | unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_ STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX mem-
bers can be deleted. (They are set to NULL).

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject . tp_getset
slot.
13, C Type aX
24 const char * | attribute name
get getter C Function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
clo- void * optional function pointer, providing additional data for getter and setter
sure

The get function takes one PyOb ject * parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer
(the associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

In case the attribute should be deleted the second parameter is NULL. Should return 0 on success or —1 with
a set exception on failure.
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12.3 HBIHR

14 Python X§ 4 22 48 H i B BS540 2 — 5t e 8 ORI Z544: Py TypeObject 45k, AN G ] DA
i FAT{7 PyObject_* () o PyType_* () BRECRALHEL, (FRGEFRAL K ZH Python [ HIFE 3 T R4 BRI
WA o XL G R RAT AR, FrPAEA I AERESR AN B s AT SE B R 2R B A B SR b o EE 2

GRZHARFERTAME, KR RAY K X ARB PR A RE QA T RRAE, K2 C
PRECRSE, BRI TRBIRER —/ NI . AT IA AN R T B X U IR E

AR BRI BEA T i

BTN HRES R BT NIRRT Py Typeobiect M SCRIURARIHI T

12.3.1 BRESE

"tp_ BikiE”
PyTypeObject #&' Type TR =
82

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__ G
(tp_setattr) setattrfunc _ setattr__, _ delattr___ G
tp_as_async PyAsyncMethods * FHiEE (FiERR) %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * FHiEE (FiERR) %
tp_as_sequence PySequenceMethods * T ikt (FikR) %
tp_as_mapping PyMappingMethods * Tt (FikR) %
tp_hash hashfunc __hash__ X €
tp_call ternaryfunc _call__ X X
tp_str reprfunc _str__ X X
tp_getattro getattrofunc __getattribute__, __ getattr__ X X €
tp_setattro setattrofunc __setattr__, _ delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * _doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc _It ,_le , _eq ,_ne_,|X G

gt ,_ ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrget func _get X
tp_descr_set descrsetfunc _set_,_delete__ X
tp_dictoffset Py_ssize_t X ?
TR’
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R1-#ELH—8
PyTypeObiject &' Type A/ R 5
l%\
OT |
tp_init initproc _init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases_
<tp_mro> PyObject * __mro__
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor \
[tp_version_tag] unsigned int
tp_finalize destructor _del__ \ X
MR E LT COUNT_ALLOCS , WIAAAEA (IUNER) FE:
e tp_allocs
e tp frees
o tp_maxalloc
e tp_prev
e tp_next
FHiERE (FHiEs)
Tt Type TR %
am_await unaryfunc __await__
am_aiter unaryfunc __ aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc _dadd__
nb_subtract binaryfunc _sub___ rsub__
BET—H

VMES I A R (KB L) BFEM . S S A PR R S . O S i A RR O IR . <R T
&) FRiZF Boe b (AR null),
25
”(Q”: PyBaseObject_Type MK &
PT7: PyType_Type hHCE.
D7 BRIABCE. (W T AR E 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 il %E‘(

X - type slot is inherited via PyType_Ready if defined with a NULL value

% — the slots of the sub-struct are inherited individually

G - inherited, but only in combination with other slots; see the slot's description
? — it's complicated; see the slot's description

R, A A R R A R A AR -
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R2-#gErH—8
FitE Type YR A
nb_inplace_subtract binaryfunc __sub__
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc _ mul__
nb_remainder binaryfunc _mod__ _ _rmod__
nb_inplace_remainder binaryfunc ~ mod__
nb_divmod binaryfunc __divmod__

_ rdivmod___
nb_power ternaryfunc __pOW__ __ Ipow__
nb_inplace_ power ternaryfunc __pow__
nb_negative unaryfunc _neg__
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry ~_bool
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ rlshift
nb_inplace_1lshift binaryfunc _ Ishift_
nb_rshift binaryfunc __rshift

__rrshift_
nb_inplace_rshift binaryfunc __rshift__
nb_and binaryfunc _and____rand__
nb_inplace_and binaryfunc _and__
nb_xor binaryfunc __XOr__ __TIXOr__
nb_inplace_xor binaryfunc __XOr__
nb_or binaryfunc _Oor__ _ ror__
nb_inplace_or binaryfunc __or__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __floordiv__
nb_true _divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc __truediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__

_ rmatmul__
nb_inplace _matrix_multiply binaryfunc __matmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

_ delitem__
sq_length lenfunc _len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _mul__
sq_item ssizeargfunc __getitem___
sq_ass_item ssizeobjargproc __setitem___

_delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _jadd__
sq_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc () \

BET—=a
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FT2-#ELrH—8
hiEE Type YR A
bf releasebuffer releasebufferproc()
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FE{L typedef
typedef SHER IR [EFEEY
allocfunc PyObject *
PyTypeObject *
Py_ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
PyObseat
182 Pyobject * Chapter 12. M&ScMTHF
hashfunc PyObject * Py_hash_t
richcmpfunc PyObiect *
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WESREEZ KR typedef BHHEZTEAFELE .

12.3.2 PyTypeObiject

PyTypeObject MZEHIE X ATVATE Include/object .h HEkE|., N T HES%E, WEERTHPME
e

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

(FOAkRED)
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(R L —5)

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 #& i

type MREEHMY & T Pyvarobject 4ith. ob_size FEH TEIAEA () type_new () G, @HHE

1 class (B RIE ). R Py Type Type GLRR) 2WiHfbtp_itemsize, XEWKRETIIE
W42 R EA ob_size FEL.

PyObject* PyObject . _ob_next
PyObject* PyObject ._ob_prev

%1 (B type

These fields are only present when the macro Py_TRACE_REFS is defined. Their initialization to NULL
is taken care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always
remain NULL. For dynamically allocated objects, these two fields are used to link the object into a doubly-linked
list of all live objects on the heap. This could be used for various debugging purposes; currently the only use is
to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF'S
is set.

Aok :
P B ST R IGR .

Py_ssize_t PyObject .ob_refecnt

XRRBS RIS HITEL, H PyObject HEAD_INIT ZEHIMRALN L. X TS0 M2
BRI (WA ob_type FRIFHZIA) R BMAG T EXT SRR, 56 #
KBTI

ok :
TREURGRR I T B -

PyTypeObject* PyObject . ob_type

DOBRR AR, ) ih it 2 ok A, Bl % PyObject _HEAD_INIT MSHCKMWIG, &
FME— B LT & sPyType_Type o A& N T BN HAY @ 2 /DFE Windows A, 24
PEER SRS X 2 AN IR A . PR DL BRI 54% 338 NULL 43 %% PyObject_HEAD_INIT Jf
HAERH W) 46 A bR ETT 45 B A A AT A 4 2 BRI IR X N B LBV R R -
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Foo_Type.ob_type = &PyType_Type;

R MAZAE BN H I AT LB Z HISE M. Py Type_Ready () #i# ob_type 273 NULL, I
e, WAHEIE ob_type FERAIIGHE . WRETBARE, WryType Ready () ARHEME.
MoK :

BT Bl R AAK

12.3.4 PyVarObject #&{iz

Py_ssize_t PyVarObject .ob_size
For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects,
this field has a special internal meaning.

Aok :
TREAGIR I T B -

12.3.5 PyTypeObject &

BAEAAA — DR R AR KR . MR Py Type Ready () RALRTFBCN NULL BB E A, B
2WH A “BRN #84r. (FER, 7E PyBaseObject_Type fllPyType Type W BIVFZFE L
b bk 2 BRI )
const char* PyTypeObject . tp_name
FREF, F81MIPA NULL 45 3 BB A PRI FAFR o XET AT DM & R As BT R g e 8, =
TFER V2% e BB 4, SRR — 0, PRGN o XTI B, R IR 2R
AR E, WSE R A 2 SE R AR A B — . BN, B P TR Q AR M
e LR T [ tp_name WiZWIMRIE A "P.Q. M. T",

For dynamically allocated type objects, this should just be the type name, and the module name explicitly
stored in the type dict as the value for key ' ___module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module___ attribute, and everything after the last dot is made accessible as the
__name___ attribute.

WRATFAESR S, WA tp_name FBAFEN __name_ JBYEVII, 1M __module_ JEIENINF
SR AE W (BRARTEF b B i &, i B3O o X ERE R A AT pickle. I
b, FI pydoc BIEERREH SR A 281 HH %28 .
RF BRI NULL. EJPyTypeObject () HME—HAIEFE (R THEAEM tp_itemsize DA
5h)
ok
TREAR I T

Py_ssize_t PyTypeObject.tp_basicsize

Py_ssize_t PyTypeObject.tp_itemsize
T AL X L BA] PAVHIR % A S AT S B R/
FAAEMIRPRAY: A [ E KR EESRPIN R ep_itemsize FRONE; HA AR E LB

Htp_itemsize FEANET. T HARERKELGIMER, FraLolmg/NEHR, BERN
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the "length” of the object. The value of
N is typically stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative
ob_size toindicate a negative number, and N is abs (ob_size) there. Also, the presence of anob_size
field in the instance layout doesn’t mean that the instance structure is variable-length (for example, the structure
for the list type has fixed-length instances, yet those instances have a meaningful ob_size field).
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The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

KX FRIULR - ARAR A% H 7 B E X 55, WIN i@ cp basicsize W{ERALEL, Bilan: &
AR AISZT T — double (4. tp_itemsize ,‘j’jljzg sizeof (double) , f&JF AT
fftp_basicsize j& sizeof (double) FfFEL (REIX4Z double E’JXT??E?)

XFTAEATRA W AR LB R, % T BRI NULL,
%7%

TR T kR, IR AR — /\infimtp itemsize, HRATET IR B H
'Htp_ltemSlZG BEE AR IESEE 2 AN Zer (A ERG’%?W%$*@E"J/E\W§§WL)°

destructor PyTypeObject .tp_dealloc

5 1) SR R RO i 6T B AR PRUESR LAY S BIGEA BRI IR R BINTR None Ml ELLipsis
HREE) A WALZFE SGX AR BB AT -

’void tp_dealloc (PyObject *self);

LEIHECh 08}, Py _DECREF () flPy_XDECREF () ZZVR FNTHIBREL. DLAT, SEBIARGAE, H

SWA TXEMSIH . Fris B AZBEHOR LB A A5, BERGXSEBIHA A AT
WX (GE AT 23 e Y A4 B O RE TR ), TR R B tp_ Free BRAR ISR Z R BUR AT 728440 (3%
B EPy TPFLAGS BASETYPE AREAL), WAV BBV 0RE L, N tp_free.
X5 WIRE I RN 1% 5 A B eR O 1. - MR PyObject_New () B PyObject_vVarNew () 4
Bt, #E NPyobject_Del (); MR Pyobject_GC_New () B,PyObject_GC_NewVar () 4
ft, ¥ NPyObject_GC_Del ().

i, WEARZRBEAESE B I (Py_TPFLAGS_HEAPTYPE), REHCHMIRLEN BRI I
DRI GG . O TS B R Er, BB SR

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp-—>tp_free(self);
Py_DECREF (tp) ;

;

Aok :
BT B T2RAK

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 vectorcallfunc pointer. The signature is the same as for
_PyObject_Vectorcall ():

PyObject *vectorcallfunc(PyObject *callable, PyObject *const *args, size_t._
—nargsf, PyObject *kwnames)

The vectorcallfunc pointer may be zero, in which case the instance behaves as if
_Py TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets _Py_ TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure
its behaviour is consistent with the vectorcallfunc function. This can be done by setting p_call to
PyVectorcall Call:

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

#§[E): It is not recommended for /seap types to implement the vectorcall protocol. When a user sets
__call__ in Python code, only tp_call is updated, possibly making it inconsistent with the vectorcall
function.

H#5[F): The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized
in Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

3.8 filRx #%8%: This slot was used for print formatting in Python 2.x. In Python 3.0 to 3.7, it was reserved and
named tp_print.

Aok :
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_callis NULL.

Note that heap types (including subclasses defined in Python) do not inherit the
_Py TPFLAGS_HAVE_VECTORCALL ﬂag.

getattrfunc PyTypeObject .tp_getattr
— IR AR U M AT Hp R R T

TTBEI . HERESUN, Mizfltp_getattro fiFR— %, HEZ D CPAHHSI
FoREYEZ, A Python “FAFRRXTSL .

ok
SyeH: tp_getattr, tp_getattro

GFBREWTEMep_getattro figfRk: M TR tp getattr fltp_getattro ¥ A NULL
B T RBG M E R E R BRI 4K tp_getattr fltp_getattro,

setattrfunc PyTypeObject .tp_setattr

— N5 1] BRI AR A B BRI B3 S M Y W] B AR

TTBEI . HERE SN, Mizfltp_setattro fi - eRE, HEZ D CFAHHSI
FoRJEYEZ, A Python “FAFHRXTSR

Rk :
S3H: tp_setattr, tp_setattro

ZFESH TR tp _setattro igk: B TR Wtp _setattr Mltp_setattro ¥H
NULL FHZ FRACE RIS M B BRI K tp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
I — NS ST C )29 LM awaitable Flasynchronous iterator PSR XTS5 AH e eI = B il B il
SRR WSR2 TRER .

3.5 BTN AEZ Hi#FRN tp_compare #ll tp_reserved,
Pk :
tp_as_async FERASHMAK, (EIrES T B MR K.

reprfunc PyTypeObject .tp_repr
—ASEI T N E R repr () BYREUW TR TRE

%54 5 Pyobject_Repr () BYFHE:

PyObject *tp_repr (PyObject *self);
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PR et l_lilﬂ/\?ﬁ$j€ Unicode X% . 7ERARTEOLT, BBV Mk il — 458, 24050
1*%, eval () i, HEHG ﬁéﬁﬂﬁ, iRl — A MR G AR, WE Y
J‘B[E]*/I\W\'< TFRFFLA * > GERI T AT X 52 i A RIME I 745 5

Aok :
T Bt FRBK
BRIA:

WEPRARBCE KT Br, WHRIE] <%s object at %p> JEAAYFAFR, H ss KRN RA A TR,
Sp RPN G N A7

PyNumberMethods* PyTypeObject .tp_as_number

Taﬁ*"[‘ﬁﬂ[] a R EE, o S S AT RO B A R T B X B SO S
WAL T 2 25 MR,

Aok :
tp_as_number FRASWAMRK, (HEr 87 BRSPHMAR.

PySequenceMethods* PyTypeObject .tp_as_sequence

AR FEEr, HhaE RS HAT A P XT SRAH 5 7B X B B SCRY I 5
7| %t % sE MK,

Mok :
tp_as_sequence FERAXYWAMRK, EHUEHTFELGRMAPK.

PyMappingMethods* PyTypeObject .tp_as_mapping

PRI —APMEEA A AR, Horh A5 S5 AT MU X G SR 7B 1487 B SO Lok
H3T L5 R

Bk :
tp_as_mapping FEAXYK, A& TR PERMIK,

hashfunc PyTypeObject .tp_hash

—NRHSEEL T N E R hash () B RE) ITBEFEET .
HEM S5pyobject_Hash () BIAHE:

Py_hash_t tp_hash (PyObject *);

— L AN TR R B E R 1] TS A (E R A A AR, BBV B B SR R [l -

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 ().

F B g B R hPyobject_HashNot Implemented () VABH [ MAC KRB GRS 7 5 . AF
Python Z X ¥R __hash__ = None BI%M¥, {#15 isinstance (o, collections.
Hashable) IEffiR[A] False., R RMZ MM ¥E Python JZ % & — &M __hash__
= None 2{§iff tp_hash iV iX B N PyObject_HashNot Implemented ().

Pk :

4y#H: tp_hash, tp_richcompare

ZFEBESY TR AW tp_richcompare —#E4kiK: B TRA Y tp richcompare Mltp_hash
N NULL BB RN 46K t p_richcompare fMltp_hash,

ternaryfunc PyTypeObject .tp_call

—/N AT A S BT G A 4 1) BRI FE BT o AR X G i v R X G M S NULL, HAEH
Spyobject_call () WFHHE:

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

Aok :
BT B TR AK
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reprfunc PyTypeObject .tp_str
ARSI A E st () BAER R B HEEE . (EVER str BIZER—ANRAL, str () BFMZ
R . S ESFIHM Pyobject_str () PATHIREAE, MiPyobject_str () FHM
AL BATA . )

HEEA 5Pyobject_Str () WAHE:

PyObject *tp_str (PyObject *self);

1% BB AGR []—ASF AP B Unicode X4, BN 42— “KIF" MRS FRRERER, HHh
KR EAE print () BRECP S HAPN A — MR R ER.

ok

P B T R

BRIk

HARBEL BRI, FRHPyobject Repr () RIREI—AFHHFREA.

getattrofunc PyTypeObject . tp_getattro
— AN AR AT R R R T R

HA 2 Hpyobject_GetAttr () HIHR:

PyObject *tp_getattro(PyObject *self, PyObject *attr);

AT AT AR R F B R N PyObject _GenericGetAttr (), BRI T AR IEMERET 7.
Mok
43reH: tp_getattr, tp_getattro

BT TR tp_getattr —RIK: B TEAEWtp getattr fitp getattro Yl NULL
TR ADE RN K cp_getattr Mltp_getattro,

RiA:
PyBaseObject_Type {fifflPyObject_GenericGetAttr ().,

setattrofunc PyTypeObject .tp_setattro

—ANFE 1] R B DA U B R e S 1 1 P e 4
HA 4 5pryobject_SetAttr () BIFIAE):

PyObject *tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

B Ak, i A0 SEFE A value UL NULL SR B & PR @ B T DA 7 OF MR % T Bk
NPyObject_GenericSetAttr (), B TRAX S IEMEAHEE .

4ok :
AyeH: tp_setattr, tp_setattro

RS TR E cp _setattr —EYEEK: B TRABMNtp setattr Mtp_setattro ¥ H
NULL B F2RADE RN 4K cp_setattr flltp_setattro,

BRik:
PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer
1 m—;@ﬁ G S GE i I 4 H R G A 7 B R N Z5 PR B 8 81 X 27 By SO 2 WL 2%
R AT FLE R

ok :
tp_as_buffer FBIANSHAMEK, (HEF 517 B PHMAIR.
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unsigned long PyTypeObject .tp_flags

BT BOR N Z AR RS . LTI TR I R AR AT 3G o5 — SR U T
LA (8l tp_as_number, tp_as_sequence, tp_as_ mapplng Mtp_as_buffer 5|
W A ) R E B, EATED R DA R ARG WA R AR A2 T, e B
PRI BT Bl U AT ) BASAA BAT 8 NULL {6

Aok :

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py_ TPFLAGS_HAVE_ GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS HAVE_GC flag bit is clear in the subtype
and the tp_traverseand tp_clear fields in the subtype exist and have NULL values.

PyBaseObject Type uses Py TPFLAGS DEFAULT | Py TPFLAGS BASETYPE.
(DA{ AT

HiE X T AN AL aTAGER | iz B ENTUE4T OR 2B NE itp_flags %ExEI’JTEo
FPyType_ HasFeature () 2 — PRI —NHAME p F1 f, A tp->tp_flags & £
FEVIEI=S
Py TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_t ype field of its instances is considered a reference
to the type, and the type object is INCREFed when a new instance is created, and DECREFed when

an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets INCREFed or DECREFed).

Mok :
777

Py TPFLAGS_BASETYPE
2 BRI AR S — AR LA L LR 2 I W 15 . R R 0l e, s
RO TR T2 (BT Java Hf) final” 38).
ook :
277
Py_TPFLAGS READY
MW G E S Py Type Ready () {584 LB Z FU AR 7 R B
ok :
277
Py TPFLAGS_READYING
M pyType_Ready () AFERIRAL TIN5 3 R % HUAS O RO BE R
ook :
277
Py_TPFLAGS_HAVE_GC
24 06 G2 SR B B[R] B A LU R L RE B . AN AR REE TR LR n, ) S 2 i
Ml PyObject_GC_New () %ﬁJL#@FﬁPyObject GC_Del () K. LA FHE Wik %
KA FHARIRIIR =D o IHRHIA T SRR R P AAAE GC M X F B tp_traverse
%I] tp_clear,
K :

SyeH: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear
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The Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverseand tp_clear
fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION, Py_TPFLAGS_HAVE_VERSION_TAG.
Aok :

777

Py TPFLAGS_METHOD_DESCRIPTOR
XA FG RS AT R T R G0 e ik
WA type (meth) BHE TR, IRA:

e meth._ get_ (obj, cls) (*args, **kwds) (H 9 obj AN None) % 4 T
meth (obj, *args, **kwds).,

e meth._ get_ (None, cls) (*args, **kwds) & M % #ff T meth(*args,
**kwds) ,

BHEER obd meth () MM IR it f: BN ob) . meth IR )
ETE W

3.8 BUFTIA.
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever t p_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
XEHARYE Py Long Check () ZF R RPLEf & — M RBUR B AN ERTIM FI5; XHEW
LR iz A anpyob ject _TsInstance () TP, K H N E RPN H @ LK
B Y B S cp_flags, BN 5XAER SBT3 H B A RF BT (50 A A e 0 28
1M AN R AT 4

Py_TPFLAGS_HAVE_FINALIZE
SRR £ £ina i ze MR SR A AL,
3.4 BUHTIA.
38 B CEH: WA E AR L ER, WM S ReRB LWk B2
FEtp finalize fli{i,

_Py_TPFLAGS_HAVE_VECTORCALL
This bit is set when the class implements the vectorcall protocol. See tp_vectorcall offset for
details.

Aok :

This bit is set on static subtypes if tp_flags is not overridden: a subtype inherits
_Py_TPFLAGS_HAVE_VECTORCALL from its base type when the subtype’ s tp_call is NULL
and the subtype’s Py_ TPFLAGS_HEAPTYPE is not set.

12.3. RN 191



The Python/C API, &[F) 3.8.20

Heap types do not inherit _Py_TPFLAGS_HAVE_VECTORCALL.

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

3.8 BUFTIA.

const char* PyTypeObject .tp_doc

— TR 4 ) 4 SRR G SO AT R I LA NUL S55R C AT IR . IR R
REFIFBSH B/ doc_ JEtk.

oK :
ATE AR RAGK.

traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse (PyObject *self, visitproc visit, wvoid *argqg);

A 5% Python BpIR [FIW Ty S8 B 2R BATHE A 5 8 T S F AR el — i h A

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_traverse function simply calls Py. VISIT () on each of the instance’s members that
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, wvoid *argqg)
{

Py _VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0;

}

W R Py VISIT () {LREFET] ASINPEIAG | B B B8R . BARIEAFAE— 1 self->key i
B, HE Hfgh NULL 5 Python S5 HR [ T AS BE AR ERS | F A —F 49

TFES—J7 M, BV RENE oA K AN 2 O GRS | —350, 1MV Sl B AR5 8% ] REAR
BRI gc B get_referents () MANFSWIGE.

% M. When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

TR Py VISIT () BRIEYS 1local_traverse () B visit fl arg TS H AR EM LI AR
B4 e,

Pk :
AyeH: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py_ TPFLAGS_HAVE_GC flag bit: the
flagbit, tp_t raverse,and t p_ clear are all inherited from the base type if they are all zero in the subtype.
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inquiry PyTypeObject .tp_clear
An optional pointer to a clear function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_clear (PyObject *);

tp_clear B G bR RN RAT BRI SR AEAR PRSI A N 2 A AR5 1 . BURRTE, Rt
WPTA tp_clear BB E|—E AT 5 MARR. X2 MR r G, I H A (L5
FIHRTESE Bt tp_clear . BN, TCHRMAR LI tp_clear BEL, PIAA T REIER] 54 )
TCHRA A ARG ) AR cp_clear BRELATR AT AR M40 5 TeAH R TR IR
ARSI, I HR D SAEEREH tp_clear &Y HH .

tp_clear WIS 24 F 355138 ) H A B2 AT RE A Python XFREGF1H , R4 )X $E 5 51 1Y 48
R NULL, 0N RSB s

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self-—>kw);
Py_CLEAR(self->dict);
return O;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be decremented until after the pointer to the contained object is set to NULL. This
is because decrementing the reference count may cause the contained object to become trash, triggering a
chain of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref
callbacks, associated with the contained object). If it’s possible for such code to reference self again, it’s im-
portant that the pointer to the contained object be NULL at that time, so that self knows the contained object
can no longer be used. The Py CLEAR () macro performs the operations in a safe order.

HWHhtp_clear A H B ZFTBAGERS A, B AR T3 235 FR Fr A & O X 42 41 Python 4% HR 1§,
Python 3%, BA1ILES S5MEHTI M. J— M, ERIEE R 4% Python X145, 458
Htp_dealloc BRECREEIHH tp_clear IR {E.

F 3¢ Python B73% [ 0 B8 245 B AR 183 %2 £ ) S 3R el — YR A R
Mok :
ﬁﬁ‘?ﬂ: Py _TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py TPFLAGS_HAVE_ GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject . tp_richcompare

— AR 1 B R R B R, BRI AR A

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

F—MNESRLRIE NPy Typeobject g LIWZEBI LA .

2% PRBION. 24 1R 0] U 2521 GELROO Py_True o Py_False). HWURAKE XHEIZR, EAR 0
Py_NotImplemented, MIREA T HAWGE RN EALIGR ] NULL H B E—A 7 41T

PN H B E L HVEtp_richcompare fllPyObject_RichCompare () [E =145
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BE XFER
Py LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

PN N EZ A T i s F- 8 1 A R L

Py_RETURN_RICHCOMPARE (VAL A, VAL_B, op)
NOZHECGEI Py True o Py False, SEGAT HARHILER . VAL A F VAL B AAUL il
it C WEGEFAFIATHEIT M (B, BTk C B S50 . 5 =A S5 b ki
a8, H5pryobject_RichCompare () HISE—FE.

The return value’s reference count is properly incremented.
KA, FBE SR %R E0R [] NULL.
3.7 HHTIA.

Aok :

AyeH: tp_hash, tp_richcompare

BRFBRAW T RAMR tp_hash —RYK: BT RKHEWtp richcompare Mltp_hash #J24 NULL
IR [R N 44K c p_richcompare fltp_hash,

Bl

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-

ever, if only t p_hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_ * () functions. The instance structure needs
to include a field of type PyOb ject * which is initialized to NULL.

ANERZT B tp_weaklist {BiF; & 2R AL 55 RSk .
oK :
BTBRWTRBER, (BRSNS . TR AE R W R XEWRE TR

R AR T RERAR S5 HFR. hTIRLEREN tp_weaklistoffset ENH, FrbAix
JAZAN I ) i
When a type defined by a class statement has no __slots___ declaration, and none of its base types are

weakly referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the
instance layout and setting the t p_weaklistoffset of that slot’s offset.

When a type’s ___slots__ declaration contains a slot named ___weakref__, that slot becomes the weak
reference list head for instances of the type, and the slot’s offset is stored in the type’s t p_weaklistoffset.

When a type’s __slots__ declaration does not contain a slot named __weakref__, the type inherits its

tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

B4 5 Pyobject_GetIter () WA

PyObject *tp_iter (PyObject *self);
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ok :
BT Bt R BAK

iternextfunc PyTypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

M A AN, BRI NULL; StopIteration i n] fES I EWATREANRE . MK
AR, B SRR NULL. SRR SRR 2
BRSO L ep_icor B, TRRRBLERBRBRARS (THRFMLNE
SA)
BB 24 S Py Iter Next () HIAHIA .
Aok :
WP BB TR AR

struct PyMethodDef* PyTypeObject . tp_methods
— ARG ) PyMet hodDe £ S54RI VA NULL S5R SRS, B ITT IR
Tt
XFTZEA PR —I0, FRS 10 2R (BN p_dict) B— "8 O AR S 4%
H.
Aok :
BRFBAL T RBPraoR (7 o Bl A m L R 4R T ) .

struct PyMemberDef* PyTypeObject . tp_members

— AL [ PyMembe rDe £ 45FAI A NULL RS EALR 164, BRI T IR AL
Bl (7 Besin) .

XTI, AR R I SR to_dict) IM— D& IR f 4
H.

Aok :
GBS RBPTAR (B2l A R B R 4R Y ) o
struct PyGetSetDef* PyTypeObject .tp_getset

— AR Py Get SetDe £ ZEHRYA NULL S5 IS EALI SRS, 0T IR 561
RO R

X IREA PRI, WS RN T S W R tp_dict) II— &SR 4
H.

Aok :
BB ST RAAR (PO EE M2l A R B R 4RR Y ) o
PyTypeObject* PyTypeObject .tp_base

— AT 1) AR AE SR R B R B 2R AR H 5T TERXNZH L, RO RaK; ZEPKT
S ORI S BB R B R

E): O IR T BRI At 4 R AR B AR . C99 BLRAIGh ks “Hudb B . R
HIRE RS R g WPy Type_GenericNew () #H @A AT C99 itk 3 & .

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type () is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers
are strictly standard conforming in this particular behavior.

P, WS AEY AR I s A P St B e p_base,

Aok :
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LT
ZFEERIA N sPyBaseObject_Type (X Python #2175 VLR object 2%),

PyObject* PyTypeObject .tp_dict

BRI F M Py Type_Ready () TiEFIIXH.

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations
(like __add__()).

ok :

T B FRBIroR (e B W JE 28 S [ AL Sk 4k AR 1 )
2Rik:

WHRZFBCN NULL, PyType Ready () ¥ ESH— 1 H 7ML,

el WM C-APL i PyDict_SetItem() Bl tp_dict BANLEW.

descrgetfunc PyTypeObject .tp_descr_get

— AT AR BB
B A 24

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Bk :
BT Bl R AK

descrsetfunc PyTypeObject . tp_descr_set

AN 1) B R 53 i g L 4 R R AR T A
TR AGUE AR

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

Ff value ZH% R NULL DAMHBRZAE.
ok :
Bl R BARK .

Py_ssize_t PyTypeObject.tp_dictoffset

AR B LB B A — S SE AR B, S BORE RSB A i S 9 A% B L
KA LB s R ImFE mIF i PyObject _GenericGetAttr () .

AERFZ B S to_dict R a2 IARN A B IR T 7 4L

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

196

Chapter 12. & Z



The Python/C API, £[F) 3.8.20

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*):
round up to sizeof (void*)

where tp_basicsize, tp_itemsize and tp_dictoffset are taken from the type object, and
ob_size is taken from the instance. The absolute value is taken because ints use the sign of ob_size
to store the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

Mok :

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via t p_dictoffset, this should not be a problem.

When a type defined by a class statement has no ___slots___ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’s offset.

When a type defined by a class statement has a ___slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe _ slots__ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref_ _ though.)

2Rik:
This slot has no default. For static types, if the field is NULL thenno __dict___ gets created for instances.

initproc PyTypeObject .tp_init
— SRR R 1) SR AR AL B AR R

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

PR 244

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and key-
word arguments of the callto __init__ ().

tp_init BN NULL, REAEsd 8 AR A S Gl B A, BIFERBU tp_new
PREGR o] — MR SL O AR Ep_new AR ] T — A RIS ) 1 IR ) HA SR A
B, WMep_ init PRSP WK tp_new iRl T — AR TRB L, Wi%T
KB tp_init KPR

B R E] 0, K AEE RN R A -1 FAEs R EiE— R4 . and sets an exception on error.
MoK -

T Bt FRBGK

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
i ) — >S9 40T B AR ) T e R

PRENAY R4 0

PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

Aok :
BZTFBRAPEHES TREK, HAXWEETHRA (i class R Q18R 7RE) K.
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BN
TS TR, RFBEEREYWI APy Type_GenericAlloc (), VAR R FRUERHES BLHE
W5 o

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

R S G R R
B 54

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose t p_new
function is called; it may be a subtype of that type (but not an unrelated type).

tp_new PRERN M4V subtype->tp_alloc (subtype, nitems) R NXEHHEIEE, RGH
PATHEXA B e D WIAGACBRAE . PT DAL A b 208 58 T 52 I B AR Y 2 i e o i Ak
AR . — A SRR RLE X T AN AT AR AR YL, Fra Wl B 2T E  p_new WA, 1
XFFAIAE A, RES AR MR B e p_init FHRAT,

B

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

Bk

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called
to create new instances; presumably there is some other way to create instances, like a factory function.

[freefunc PyTypeObject .tp_free

AT 1) S5 BRI R A AR . BRI 244 A

void tp_free(void *self);

— I HRERELIYIIRAR EPyOb ject_Free ().
Aok :
BTFBRRPEHS TR, HAXYEETHRA (i class i Q180 TRE) 4K

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type GenericAlloc () and the
value of the Py_ TPFLAGS_HAVE_GC flag bit.

ST T3, pyBaseObject_Type f#i [l PyObject_Del.

inquiry PyTypeObject .tp_is_gc

T 1) R SRS A 4 R R R

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’s type’s tp_ flags field, and check the Py TPFLAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and O for a
non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Aok :
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B RBIg0K.
RiA:
This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject .tp_bases
S il by

This is set for types created by a class statement. It should be NULL for statically defined types.
Aok :
AP BRI .

PyObject* PyTypeObject .tp_mro
B R RRAER T, ARBUA I IRIF VA object MENEEW, M I LM T .

Aok :
RAFEASPR; Bl Py Type _Ready () IHRHIHY.

PyObject* PyTypeObject .tp_cache
AR . ACHE R EE ]

MoK -
X FBASTAK.

PyObject* PyTypeObject .tp_subclasses
28R 555 | AL g . AL FREE A .«

MoK -
X FBASTIK.

PyObject* PyTypeObject .tp_weaklist
S5 RAES, TR R 55 . AR, RN .

MoK -
X FBASPIK.

destructor PyTypeObject .tp_del
PBREHF M. Wl tp_finalize,

unsigned int PyTypeObject .tp_version_tag
MT RGN BIEEAF RN .

B
B FER S P

destructor PyTypeObject .tp_finalize
— AT ) SE O LA R B RS . R 244

’void tp_finalize (PyObject *self);

WRE T tp_finalize, fRREARRITE S 20K E SE BN B — R &Rt B i1
(RSO B AEERS | ) —FB ) BORTEXT SR migai . e MR, ey E
SAEZ RS THARG | Z B A, AR PR E BB G A T IEHARAS

tp_finalize ANERZEMHIFERE: HIL, H5IECEALEARNERBIRIT:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */

(N 4kZe)
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(R L —5)

PyErr_Fetch (&error_type, &error_value, &error_traceback);
VA

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

}

For this field to be taken into account (even through inheritance), you must also set the
Py _TPFLAGS_HAVE _FINALIZE ﬂags bit.

ok :

Bl R K .

3.4 BUHTMA.

=

T LA G ZAL” (PEP 442)

The remaining fields are only defined if the feature test macro COUNT_ALLOCS is defined, and are for internal use
only. They are documented here for completeness. None of these fields are inherited by subtypes.

Py_ssize_t PyTypeObject.tp_allocs
Number of allocations.

Py_ssize_t PyTypeObject.tp_frees
Number of frees.

Py_ssize_t PyTypeObject.tp_maxalloc
Maximum simultaneously allocated objects.

PyTypeObject* PyTypeObject .tp_prev
Pointer to the previous type object with a non-zero tp_allocs field.

PyTypeObject* PyTypeObject . tp_next
Pointer to the next type object with a non-zero tp_allocs field.

FINETEEER, AR B LS| Python w1, tp_dealloc W PAMAL L Python ZEAEHHRAL, i

MU BIEZXA R EAE (AR BT B —85), WRZIEA AT RE WU AT AR LR BIR

SR A T IEE) o 3X6F Python APT IR YA J& A, [°A tp_dealloc 1 Ji) AR A AR RF-AT 4 SR RE

%%%‘ﬁ (GIL) o {HZ, AIABEEE AT G SR T o F HAl C 0 Corr FRAYXS G, 24/ IO GRAE T
p_dealloc IR LR B S R 25 i B TV

12.3.6 HEEHY

TG L, 78 C RIS E CHZRAIA S #50, Wi, PyTypeobject GEFIARTYEMRID b E 3 E X
Hi Py Type_Ready () KWIUHIL

L EL TS E Python HE SCHYEBUA SRR AU BR ] -
BFRBREIA 2 BAgIEU, MATARERH 2 EAK.

o HESRAIS (EHFAREMTRYSEH]) RAAAEN R . A FBETE Python sl & e J B R 1) &
P

o HSRARIEES TS T8, HILEA A AR TR LB aRE.

Also, since Py TypeOb ject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’s class statement.

This is done by filling a Py Type_ Spec structure and calling Py Type_FromSpecWithBases ().
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12.4 HFMREHaF

PyNumberMethods

RE AR 1 O 5 T SR S IR P R B i 8. B

X4 FRA) R EOIT 8
SERA A E SLANTR

AR F Pl — T TR

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;

fiE: BUH R = H R B R A A B R 2R B, IS B R (B0 — AR AE
BOE g LB SEBI) o WS B R4 i B EECE CHERE, WIAUH A = H R £ AR [1]
Py_NotImplemented, ISR %AE T HAMAL RN EATLHGR A NULL H 38— 75 .

#i[E): The nb_reserved field should always be NULL. It was previously called nb_long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add

12.4. BFMRELEF
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binaryfunc PyNumberMethods .nb_subtract
binaryfunc PyNumberMethods .nb_multiply
binaryfunc PyNumberMethods .nb_remainder
binaryfunc PyNumberMethods .nb_divmod
ternaryfunc PyNumberMethods .nb_power
unaryfunc PyNumberMethods .nb_negative
unaryfunc PyNumberMethods .nb_positive
unaryfunc PyNumberMethods .nb_absolute
inquiry PyNumberMethods .nb_bool
unaryfunc PyNumberMethods .nb_invert
binaryfunc PyNumberMethods .nb_1lshift
binaryfunc PyNumberMethods .nb_rshift
binaryfunc PyNumberMethods .nb_and
binaryfunc PyNumberMethods .nb_xor
binaryfunc PyNumberMethods .nb_or
unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods .

ternaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or

nb_floor_divide

.nb_true_divide
.nb_inplace_floor_divide

.nb_inplace_true_divide

unaryfunc PyNumberMethods .nb_index

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

.nb_matrix multiply

.nb_inplace_matrix multiply
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12.5 BRGI MR EHaF

PyMappingMethods
BERPFFA 8 ) X0 G TS BB P B R B 5. B =

lenfunc PyMappingMethods .mp_length
B Py Mapping Size () MlPyObject _Size () flif], HFRAMEINES . MRNZEA
S SCAC B W) A (5 AT 938 h NULL,

binaryfunc PyMappingMethods .mp_subscript
Z B O B Wipyobject_GetItem() HPySequence GetSlice() i, H H HF 5
PyObject_GetTtem() #H [ #4544, WA 7 & 2 B¢ 45 78 LA PyMapping Check () %L
R 1, BT R P NULL,

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(),
PyObject_SetSlice() and PyObject_DelSlice(). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.6 FIIMREE

PySequenceMethods

SERURFRAT 1R 0 R T S B S MU R B H 5L

lenfunc PySequenceMethods.sq length
ﬁk@ﬁ%}j’iPySequence Size () fMiPpyObject_Size () Urffifl, HEASENMENESL. EL
BTl sg itemMsq_ass_item ARG ERT] .

binaryfunc PySequenceMethods.sq concat

Wi Py Sequence_Concat () Bl EAMERNES . FE22iR@ 1 nb_add FEAFTHUE
MIMZ G ERSWAT + 855,

ssizeargfunc PySequenceMethods .sq_repeat
R Py Sequence_Repeat () Bl I RAMFEAAES . el nb_multiply MR
AN IR BRI T * 54T
ssizeargfunc PySequenceMethods.sq item
It o B Py Sequence_Get Item () B (I HA MM 25 4. 4255l idmp_subscript
AL IAT T AR B R Z 5 B i 2 WM TPyobject_GetItem(). %M {7 &b 75 B 35 5 DA
TﬁPySequence Check () FREGRIE 1, W E R PASH NULL,

Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sg_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq _ass_item
1A %BZPySequence_SetItem() FrfE o B A ME W E A 2l
imp_ass_subscript FEMIETA HIREAMBRHAEZ B ER S TPyobject_SetItem()
Mlpyobject_Delltem (). UNMREXTGAZHES H A B NZA% (7T AR TR R NULL,

objobjproc PySequenceMethods.sq _contains
%R Py Sequence_Contains () i EAMFENZES . HOAEA ] DAVRRE A NULL, 7E5E
&L PySequence_Contains () HF5l %75 EH 2R —VLid.

binaryfunc PySequenceMethods.sq inplace_concat
BB Py Sequence_InPlaceConcat () FrE M- RAMFEKZES . BN LBERERH
YEHC, T HR . i%ff%{iﬁ”y\%hﬂy NULL, TEMIE I N PySequence_InPlaceConcat ( H
B F|PySequence Concat (). TEEEREidnb_inplace_add R IATECF EHAR N Z )5
BN T SRR 54T +=.
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ssizeargfunc PySequenceMethods.sq inplace_repeat
BB Py Sequence_InPlaceRepeat () B BAMEKES . BN UNBRERHE
YRR, FRRFHORIT . AR AIAT DAGRES N NULL, FEHLHAL N PySequence_InPlaceRepeat () ¥f
[liB#|PySequence_Repeat (). fESildnb_inplace_multiply fAHAATHCF R HIAH e
BRSBTS AT =,

12.7 EpRX R EE

PyBufferProcs
BEES R ARAT Hig 1) 22 o R V0330 BTl B m) BRAA HE 5T o R PSUE LT3 5 X SR A o) 3 9% 75 %k
Gk R LN

getbufferproc PyBufferProcs .bf_getbuffer
IR B 244 R

int (PyObject *exporter, Py _buffer *view, int flags);

QLB A2 exporter W SKRIETE flags BTG ER) view. BREE (3) Ah, BLRREH) SEBLLAIHATLA T 22

W

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>o0bj to NULL and
return —1.

(2) BRI T B
(3) I T ORAF-T HH YR T e
(4) Set view->0b7j to exporter and increment view—>o0bj.
(5) i&[Al 0,
MR exporter 32 G XA Ty i) N SR UG5 A — B 73, DURT DAGE I W 2807 56 -

o Re-export: Each member of the tree acts as the exporting object and sets view—>ob 7 to a new reference
to itself.

o Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

view HEENTF BITIA S WL b R 2E Atk —47, D5 T4 RE 3 RN 24 ] S B2 DL 22 o [R5

JRAAEPy_buf fer SEHUR AR i NAFARE T 07 AR A AL B A AT 2% 7

format, shape, strides, suboffsets fllinternal XTI KV E HiEEN.

PyBuffer FillInfo () $HfitT — gk fa) By 7 Gt DX (A I IR A AL BH B A 305 SR U ) Rl (07
e

PyObject_GetBuffer () ;e X023 R B IE 2 3% 1 o

releasebufferproc PyBufferProcs .bf_releasebuffer

LR B 254 A

void (PyObject *exporter, Py_buffer *view);

Ak PR B 2R of IXOBE YR B IS oK. a0 RN 75 8RR AT AT ¥E YR, WlpyBufferProcs.
bf_releasebuffer Al DA NULL. FEHABRE LT, 1ok 5000 br o 58 3085 S0 47 DA B mT 1k 25
oE:

(1) 3880 T PRAT-5: R ) NS e -
(2) WERIEEE R 0, WIREHITA KERE] view I NTF

SR internal FEORICRGM R LB IR R TFBAFHARIEE , T2 W] GERF
JRAR R XAE Ny view ZEL A .
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This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer_ Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release () sefI X s &I 2 I rE 11 .

12.8 FiEMREMHF

3.5 BT IA.

PyAsyncMethods
B AR 4 8 1) 7 52 1 SR s M awaitable Fllasynchronous iterator %40 BRI F8 4T .

SERA A E SLATR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

BERR B 2E 4 A

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter Check () must return 1 for it.
WX GA R awaitable W FAGA7 AT A NULL.

unaryfunc PyAsyncMethods .am_aiter

LATSE GRS AIR

PyObject *am_aiter (PyObject *self);

Must return an awaitable object. See __anext__ () for details.
IR — X G A S IS 25 A P ) A (57 W] 93 A NULL.

unaryfunc PyAsyncMethods .am_anext

LR B 2544

’PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

12.9 AR typedef

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return
a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros,
but with ob_refcnt setto 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-
zero, the object’s ob_s1ize field should be initialized to nitems and the length of the allocated memory block
shouldbe tp_basicsize + nitems*tp_itemsize,rounded uptoamultiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

BERR BN Y AT AL AR SE Bl R i fe A, B 2 BB N AP A BT s RN i e p_new 3k
e

void (*destructor) (PyObject *)
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PyObject * (*wvectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-

names)
See tp_vectorcall_offset.

Arguments to vectorcallfunc are the same as for _PyObject_Vectorcall ().
3.8 BUBTINA.

void (*freefunc) (void *)
Zlltp free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Z W tp_new,

int (*initproc) (PyObject *, PyObject *, PyObject *)
Zltp init,

PyObject * (*reprfunc) (PyObject *)
Ztp_repr,

PyObject * (*getattrfunc) (PyObject *self, char *attr)
CAEIDOE QIUE S R AL

int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
HRRIESRE JBYENE . K value ZHGCH NULL Rl IR iZ% @ .

PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
A 1] R 5 )45 R TR PR

Zltp _getattro,

int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
M RBCETGE BRI K value ZHCBCH NULL RN R Z w1
Zltp_setattro,

PyObject * (*descrgetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrget.

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
Z:ltp_hash,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
Z W tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
Zlltp _iter,

PyObject * (*iternextfunc) (PyObject *)
Z W tp_iternext,

Py_ssize_t (*lenfunc) (PyObject *)

int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)
PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)
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int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 5|+

"N — 28 Python JEIU5E LRI FRR B, P SRR AT RESB I IR A . AR T NN
Pt ol ZORBUEZ R0, LB S LA KERE, 762 1d defining-new-types 7/l new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = "My objects",

.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

YRATREIE A B A E BRI A (Las B IR ALY (3512 7E CPython AURDFEH)

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
’ /* tp_itemsize */
(destructor)myobij_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobij_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
"My objects", /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */
0, /* tp_dict */
0, /* tp_descr_get */

i3
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s L—ED
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

—ANSCFRETIH . S TIRIG AE R R AL

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObiject),
.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 = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, 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,

bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

QR3]
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(R L —5)

i

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 EXMREBTIHBEIA IR B

Python X ER5 | AT BLRAG II-5 MUCRR 2 “48an” WPGRAUR SCRE, MRAUM AR R P T REA & HE
BAE AAFHEXRGTI MR, 808 AR T8 (EFsiE /) mgImRE, R
e 2 R L IR Sy S
HHAE-DERE, KEINRWp_flags FERMANAM §Py_TPFLAGS_HAVE_GC Ff & it —
Mtp_traverse CPRRYSEIL. ARIZKBRYLGIE A AZR, BFELM p_clear .
Py_TPFLAGS_HAVE_GC
WE. T WSRO AL QAT A AL IC SRR . S5 R I, T SR SR BR 7 ashf
e
bas = SutliuE B eRtak O IR RN RS WU
1. WFUEF PyObject _GC_New () B{PyObject _GC_NewVar () XSt 54 ie INFE
2. WAL T A AT e A HAL AR I I P BS , BRAAM Pyobject _GC_Track() .
TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
KT ryobject_New() , BT BRE T Py_TPFLAGS_HAVE_GC AREMATRMR .
TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
R{UF-Pyobject_NewVar () , &HFRE TPy TPFLAGS HAVE_GC WM,
TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
NPyObject NewVar () 43 HXf G B B /e 3 [0 8 /DN I 1 6] G BUTE 2R I 3 [
NULL. op #5251 i RPEEIR BB B
void PyObject_GC_Track (PyObject *op)
HEXFGE op A B3 [ SR BR R 25 2R G v o WP G AE 0 [ A PR B o A B AR R A R, R Sy [
W T BEXEAE AT M I 4R 1547 . TEtp traverse AEPRHIH A T B ARG, LA T L&
B, GBS R BOR R
[FIRER, XGRS 2L FE
L fE5 | HE BRI FBRAT, WA PyObject _GC_UnTrack () .
2. WE Pyobiect_GC_Del () BRI NAT

void PyObject_GC_Del (void *op)
FEBOS SR NAE, ZX R ERT PyOb ject _GC_New () 8{PyObject_GC_NewVar () 43HECH
1Fo

void PyObject_GC_UnTrack (void *op)
MR ERERTLEATRER op WE., HEETAENNE LF KA
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M Pyobject _GC_Track () PARFH N E B BEER ERXT RE G BT (tp_dealloc f)HH) V.24
TEtp_ traverse AT I AEAT 7 B R R Fil xS T ek 4R

3.8 iR ##: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMANH C API 1554,

tp_traverse ALPEAVAN R R EIE 2.

int (*visitproc) (PyObject *object, void *arg)
fBlitp traverse PRIV RENREL. object 22585 PR BRGH T — XS, B=ANTES
X T tp_traverse LB arg . Python %Lt I 22415 7138 bR BCSE BB RR5 | A3 As i, AN
TEL P AT IR R

tp_traverse ALMULAE DA N2 :

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T AP QIR C O STILUIUN self 115 0 S RA A VAT visic B, visit 0TS 25
R AL X GG 2 A IRAR Y Y arg {EL. visit eRECA AN AT B NULL XA S50 A2t visit 1R
MIAEZRAE, DZLE Y 2497 Rl Al

KT fEifetp_traverse JEIRAYSLBL, Python $&4L T —Ary vISTIT() . FHEMAXAE, LA

Wep traverse IZEA4 K visit Fl arg .

void Py_VISIT (PyObject *o)
AR o A4 NULL, WA visi [IJH R, B S50 Ml arg. AR visit 3% [l —ANHEFAE, R[]
Wl WHIEZIG, tp traverse ALFIREFHYIEANT:

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py _VISIT (self->bar);

return 0O;

}

tp_clear AbPRRRF AN inquiry FEBL, WISRXI SRR AE N)2A NULL,

int (*inquiry) (PyObject *self )
EFPHEMAGI RIS . NN RAFEREYIIE, POV PR B a5 . &
YRR, XRIERH MBS A0 CREEXN S Py _DECREF () J51ik). 4
B WA A B A SAE IR G | T Py, TR SR -
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API #0 ABI hR AR & 18

PY_VERSION_HEX J& Python [HiiAS B EE K

BN, i pY_VERSION_HEX #§'H & 0x030401a2, HALS W HAE B v AE T PAR 7 2R HAE A —
A 32 B RAL PR :

F | uH (x| 2E

W wmFEW

£ | F)

1 1-8 PY_MAJOR_VERSION (3.4.1a2 Hiffj3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 H1f¥4)

3 17-24 PY_MICRO_VERSION (3.4.1a2Hiffj1)

4 25-28 PY_RELEASE_LEVEL (0xA 2 alpha it 4%, 0xB &2 beta i 4%, 0xC KA
EECASIE H. OxF @i ZMAS) , FEIX B+ HiX N iR A2 alpha JfiAs

29-32 PY RELEASE_SERIAL (3.4.1a2 F[f 2, mZARA 0)

I 3.4.1a2 i 16 FEHIRAS /2 0x030401a2
FrA $2 2 A0 2280 & SCFE Include/patchlevel.h,
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RIEXFERE

>>> B A ERIARY Python $2/RFF . FEAESY R T REPASE B s E MR RERS LA T IR ARG 2 il
- AR A X
o A E b ARPRACES AT I BRIARY Python $27R4F, A4 ki Uaddk, BOG - FafF
ZW (B3ES. ks, ES8=E5), s MRz )E.
e Ellipsis NEHE.
2to3 It Python 2.x FUR4#E4%: >k Python 3.x ARG TH , @I MEATIRAD , 3k D fRArAes, A3 46 K 2 250k i)
NI

2t03 AL EFEARHEE T, B 1ib2to3s AL THSZ A M AN Tools/scripts/2to3. L
2to3-reference .,

abstract base class -- {538 FHGREKMFR ABC, JEXtduck-typing HI#b7E, BHEAL T —FpE SC: O3#T
F, M2 FHAF G E hasattr () B FAMBCE M H R (FlanfEH EAR ). ABC
FIATREELFZE, XFEIF IR B HABSE, HAMIHER: isinstance () il issubclass () ik
Al DL abe i SCRY . Python H A4 % BT ABC HH TS B IE45H (#£ collections. abe
Her), B0 (FF numbers ) i (FF 1o i), S AERIFFIMEAR (7F importlib. abe
Bider) . ARATAf A abe BUHORAIE B T ABC,

annotation -- bajl: KRB R, KIEH. REBUESEBORIEMIRS: , B E/ER £ 120 R .
SR AR B IR EIZ A TR T 1), HA RAR R SRR MR R B AR 2 o IR . AT R
M __annotations__ 4F#ikJEMEH.

2 W variable annotation, function annotation, PEP 484 1 PEP 526, XTUITHEE A NE .

argument -- 5 7R BREUHE 2 function  (B{method ) WHE. S35 RWiFh:

o REEF A TERRBOR I P T A AR AT (B0 name=) SUEAME N A STERTTA A ** 15
JRHLAEM A 250K, 3 FI 5 AEA TR complex () B Y@ T Kt 7S

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o EE A AET RETFSHSEC MESHOTH T SHON RIS AL S8 wila
WA * Witerable FTTRBAL A . 20KUL, 3 F1 5 ZEA M P BT B SEC

complex (3, 5)
complex (* (3, 5))

213


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

The Python/C API, &[F) 3.8.20

SR B 45 SR A PR B ) SR S o A RTRAE RN 2 L calls —5 o ARAIEE, AEAFRAL
BT HRFTR— D SH0G B85 I E SIS 0T I 1 R Al &
T2 Wparameter RiEFREH , HILFEEY 28520 X5 PEP 362,
asynchronous context manager -- 5326 | FSCEBZS L A X 4 @ o ® X __aenter_ () M
__aexit_ () FHERI async with iBAHIREHITIES]. B PEP 492 5] A
asynchronous generator -- 53542k 2% iR [{E ~asynchronous generator iterator ] HR%. B 5 async
def & LW PFERERAALL, REZAFETEAS vield #EX P4 — R E async for
PEER A
WATE 238 50 AR e R B, (BAE R T AT B2 8 7 £ A
FIB RS S, T PR Sk
— A A AR R BT BE L7 await FRIBHEE asyne for PAK async with 4],
asynchronous generator iterator -- 5335 1 k8% 4C8Y asynchronous generator BREL T BN BHINT A .
WX 4 JE Tasynchronous iterator, 4] __anext__ () F{ETH AR &% B —AN ] Z 544 sk AT
S AR R B IS BB R —A yield kK.
5 yield UGIERALTE, i fs B E IS (B8 AVB AR ry i), 4% 5
B SR ESHAM __anext_ () REIMATERIMRABIKEZRS, B2 MNETFOLEIRZLINTT
Z: I, PEP 492 fl PEP 525,

asynchronous iterable -- S B[ KRR W 7E async for i A) o gk 6 H 09 X S b 0 B W
__aiter__ () F¥EREl—Aasynchronous iterator, | PEP 492 5] A,

asynchronous iterator -- 5335 3%fCES LI T _aiter () Ml__anext_ () FEEMXER. __anext_
WLAR Bl —A~awaitable 342 . async for £XbHLR B EAARMN __anext_ () FyAFrR I A] 5§
fixts, HIHD|%—1 StopAsyncIteration B . B PEP 492 5] A,

attribute -- JEPE HKE]— W RAVE, LA RS2kl KA FoRG . B, aR— R o
HA @M a, BT A o.a REIHE.

awaitable -- A[25 R0 GETE await FRPHEHXTER . WA coroutine B2 HA __await__ ()
IS . S0, PEP 492,

BDFL “Z B{-Z&M#E" B9 X45, B Guido van Rossum, Python BJA13E# .

binary file -- " JERISCHE file object BB RS F 0 KAt o T HERISCARR B FEFE A E IR (rbr,
"wb' or "rb+") FTHE M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSEHI.,
TS Wrext file THERENSTES st X RMSCRTS .

bytes-like object -- ‘Y MIRF R 4% o WL I H RS H C-contiguous F N4 . XAIEFA bytes.
bytearray fll array.array %%, VAKIFLEE memoryview ¥4, FI RN RAIIEL
PR E P XS BRSSP B SO DA Sl B R 5
FACERAE TR B AR R AR . X PO RAE SR AR P EEE T RRR . Al AR G )
SBIFAU4E bytearray A} bytearray i memoryview, HAWFEAEZR i fIEHR AT A
AIARRT G R R—RE) s XA 0636 bytes DA bytes X4 [ memoryview,

bytecode -- ‘¥ {ifith Python YU 24 it 751, R CPython fifeds 7 Python F& 7 (1) A .
TR FAFAE . pyc SUEH, IRFEEE IR IATR]—SCHFIT BB SR (AT DA G 2504 5 558 2 13
) o XA PEES” B TEARYE I R A T AL S W virtual machine 27 1o WEYEREANE
Python ML LA —E#l A, tA—EBEFEAH Python it 4.
FATIHE 25 R AT DATE dis BEHP) SR h AR A .

callback -- [ — M S0 A% A DA DATE A SR 1 A~ ) 2018 0 FH 1) - (IR pR 4

class FIoRBIE A o NS IBN. 2 SGEE L M SE B T E R e .

class variable -- 348 & 7EsrE LA E, I HAUSRIEZE R Z R EAE M (M AR B S FP B 0

9
9

SR E. WPRFEIERE

9
!
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coercion -- JFISRIEEHE 60 S AR R 2R B S B RAE T, —FhR AU SE 0 R U 40k o —Fh 2R
B, BN, int (3.15) @XFIETF RGN REAL 3, BAE 3+4.5 1, SRR IR—3 (—4>
J2 int, —AMg float) , PiEUAEHARAHF B4 GEAHM, HIAF51% TypeError. WIREA
%%%Tﬁﬂ%ﬂ, TP BRI W AR S B — M A R 2R AL, BN S Y float (3) +4.5 1
AN 3+4.5,

complex number -- 525 XL RGP R, Hd g BUEEEER R A SRR A R AL
EECEERCANL (-1 PP IR) SRR E, EEAERARE N 1, TR EN 5. Python P&
TXER SR, R TREZEC TG BEEE— 3 B2, Fl 3+15. WARFEZ math Bk
DI GE%F B EZ BOR AR, M cmath, EAEIM & — R R BRI EAE . SRR 1%
HbsE, ZMEATHE IR S T

context manager -- - F 3PS 7 with EA)PMHH, @AdEX _ _enter () Ml __exit_ () FIE
RIEHIFRBLAR SRS, S0 PEP 343,

context variable -- | F 30 H —FRIEHE T E I LR SCT DLEAE AN R BER S & XL TAELAE 5
PR PATERE T AR A ANFEP AR A, W ETFCEERY, — M Tdfdngis
HZA TR, BT R R E ARSI KRS AR TiEES. 20 contextvars.

contiguous -- ¥E&; — AN C i 4 Fortran % % SN LN . F4EZvh /2 C Ml Fortran
LN . FE—4EB T, Frf 2 B U AE AR TP I AE S HESY SRS LR s =5 0T
TEZ 4 C-IEZ iy, U NAE b HES I H e fg — 5 D5 ) 5% B B M ek . (B2 7E Fortran
LA NLER S — DR etk

coroutine -- Ppf PfEE T HIRER BB, FHIREA] DAFESE— b ATEAE ) — R . PIVRE AT DA
EHFZ AR S EFEA L BEAWKE . Bf10E asyne def i5AESEEL. S L PEP 492,

coroutine function -- {pFERRIEL 1% [B]— A coroutine X5 R FREL. TIMERERTE asyne def {EA]3RE X,
HA] el await. async for fl async with K., X4rERH PEP 492 5| AR,

CPython Python #iFEiE S IHITESEIL, FE python.org | % 1. “CPython” —i] Jf] T-7F s BRI 52 5
ftb S BLAF1 4N Jython B, IronPython A X il .

decorator -- AN IR [WE R 75— A RBU L, WHE M Qurapper IBEIE AR TREE . R
#RIE ILA F4IFE classmethod () fll staticmethod ().

AR U —FEIRNE, DA AR SR S Ese %

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

FURFAOBL IR T, MR ILFHGET . A7 XARGERIS TR T 5L S S 000
.

descriptor -- ik 3y (FTEXT __get_ (),__set_ () B __delete_ () FERNE. B—1HKE
PRSI, EMEIRE E T S R A R il . EEIE T, B a.b SRR, BE
SMER— AN BT SHE a 2RI AR FRN b XS, (BUR b 22— R, WS TE XY
HIFIRRS T . BRARFE IR SR IO 2 IR Z R B Python [ ¢4, TR 14 2 B ERRIE RO AL A
GIERE. . B, . ESE AT IS &S

A KBTI IR TR T2 descriptors.,

dictionary -- ‘yJlL —ANSCHERA, HoA AT R SRS B AH B B . BT DURAEATHA __hash__ () Al
_eq__ () HERRXE. 1F Perl iE5 RN hash,

dictionary comprehension -- “pilLifi: 35X AL AT TR ARG A 1 BT A B0 43 JT F I IR B 4 SR ML —
MEESYE, results = {n: n ** 2 for n in range (10) } HHH—1HEn F{E n **
2 MM B . 2 I, comprehensions
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dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fl dict.items () 1R EIRIXTEYEFR A
FHAE . BN TFIZE DN EISHE, XERE L FHRSER, WEESHHN A, 2
B R s L o R F2%, WA 1ist (dictview) . S dict-views.

docstring -- SR AR (098, BB 2 ISR — D Rb U R A7 B P . EAE RS IAT
I 2m, (HoBRERT R BIFRAFIESR . sRBEREE) __doc_ @tk . T En TN
B PNAE PR R G SR PR LT (o

duck-typing -- &1-2RM $5—FhgpAe KA% , BIFAMKEEE RIS RBORM e K2R/ A B D, m
T EHEFA S RN (ARG, WEREGN T, IRaEERENT.”) BT
SRR AR E 2R, B R RS AT A R 2 SRR IR T R G M. Y12 AR g0 (il )
type () B isinstance () ¥ill. ((HEEHFEME-F-2A 0] DUEEFH 4 508 % fERAb S, ) SR
i hasattr () KB EEAFP JRft.

EAFP “RIFIHCRIFTTER )" WY S . X P Python 5 HI AR 9 55 RS 2 M50 T 75 1 gt sl S A7
T, e E A RIS . DXFR S P XS 4 st @ Kz try Al except 184, T
AT 2 BT LBYL WA, 35 W T C iF 2 HAhig & .

expression -- A A A PUK HEFAMERIBE I, Ha)igul, — PN ERBRERTTENFEEE. 4
R BT EEASEREOR LR, EARAH SR ME. S HMES AR, IFE
A G S AR R RR . IEA e HER B statement , BN while, WREWEJE T1E4]
[IE| = Sr5: .

extension module -- §JE e DA C 5§ C++ 4@ B, {ff] Python 1] C API 3k 518 F %0 A KA AR
T2 H

f-string -- f-F4Fp VA £ B0 F BIR I EAT R I EE R e B AR S AR R T
[ . 2L PEP 498,

file object -- SCPERF G X AR AL [7] SCH APT PAGE FH R 2RI S (A read () o write () XAFf
) o ARIEHATE S XEAE, SCEERTG ] DAL B BLSE G4 50, X HA 2R A 6, 2wt
Eiﬂ?‘%é@iﬁl‘tﬂ (BlanbriEs A/t . WA IX . BT, SE%%). USSR MRRh
;ECXT}— E‘ ‘/‘Iﬁo
SEBn b SRR R SCERT S SR IE = Bt A S, ek — i) U DA LR . BT O E
SOAE o B, B SO SR HITE 5 U2 open () BRER

file-like object -- SCPEHIN G file object F[H] SLin] .

finder -- #ER2Y —Fh S22l A R T AL loader FIXTSE

M Python 3.3 2fEAE AR AL Ao Tk 12 54X % ity sys.meta_path i, PAKpath entry
finders Bl sys .path_hooks ffiff].

LTS 1 PEP 302, PEP 420 #1 PEP 451,

floor division -- [ FICIEBRIL [N 8 A BB BB BA BRI . ) N HCRBRARIZFAT2 // o B
an, k1L /7 4 WTHESERE 2, TS 2@ SR EIEFRTAR R 2. 75 o HER (-11)
// 4 &R -3 FHRXE -2.75 @ FEARREINEER . WL PEP 238 .

function -- B&L W] DA R B EAMER —40EA] . 380] DA HAE ABASEZ A 540 HFAE R BUA I T
i . 59 Wparameter, method i1 function 2877,

function annotation -- FEbRTE R 41X B EUE S 5k [B{E A annotation .
PRV R I B TR 242 - BN DAF s 2 A int SEOF TR 4> int {4:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

PREPR TR IR HEMR WL function —5
&% & variable annotation F1 PEP 484 % LT G4
_ futare_ —FpOhBIER, TIHERE 51T R 8 45 24 1 MRS N A BB R

WL FA __future  BEBIFRSHARASERAE, VR0 CAZR BRI UOIMAGE 5 LA S AT i
ILVSENN
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>>> import _ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L3[Rl FEHOR T AT A A5 RIS #E . Python &34 5 | T FERI— AR ke
AT REAGERS | A AR B AS [mT UL 25 A PAT IS8 [T ) o T DA g A ste s i s % [ it «
generator -- ZEpREY IR [8]—"generator iterator FREL . BB RRARGEE R E, AESHET HAE yield
FERA A= — R VB ML for-IEA M F B2 1T next () MAEE—3RHL.
WH IR AR, (ARSI N T RE /R4S A Bk K% . WIRFEE LS HAEE X, iF
i AR PARE s S
generator iterator -- R 2%35A08% generator BREUTA BN
FAS yield SIGRFEHEALEE, ICA LB ERIPIRES (IR B AR vy i54H]). 4% 4
A 2SR BT, B NETFA B RS AT (X5 R IR T e 3 8 eR 4 22 5RO ) -
generator expression -- /B ZSRIE R R[] —MERENERIEX . EHEREMBGE IR EH A E X
T—AMESAS R JERER for 14, PAK—NAIEEM) 1 ). PANE ARENSNINE mEUE R
— R JA:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function -- {Z R R Sy A [ (9 S TR S B (] 4541 1) 221 o 00T AL IS0 BRI B, E VRTINS 2 ph 9 32
SRR A R B B WA~ S B

B2 Wsingle dispatch RiEFi45H . functools.singledispatch () Mgt AN PEP 443,
GIL Z: W global interpreter lock .

global interpreter lock -- 2 JSyff BEST BT CPyrhon fERRL BT R B —FALAR] , W PR [l — i 220 A — A 2
FELEINAT Python byrecode, MALTHHITHET BEEXT SR ((14E dict SEREBNERA) HXIF LU
ka2 4x ik T CPython SEBH. 2B MR R I B (6 AR A 2 RIS AT R T O, AR DU
PETAEZ AL PRES BT

AN, SR R B =07 PR T R AR IR AR BT R TR AT VT SR 2T 55 G Hs 4 e A B RR
GIL. BtAh, fEHAT VO #EmHth B2 SRl GIL.

B~ (PASEAS AR R Bl i)« B iR MBI S MR, Fhixss
AR 10 FAAL PR AR O T RO PEBE o (5 ve IR Ak RE [P i iR B AR AR S A %, AT HE
MEDAZEF .

hash-based pyc -- A& W37 i¥) pyc i T V5 S 8 e A 1T 3 55 S 08 e g T A 4 7 AR RUOvE i 249 %
ZAF M. 2L pyc-invalidation.,

hashable -- W[y — /N3 G2 e A (B R AE LR dy U N R B, il e A (BEfREEA
__hash__ () Jiik), FFRIDARFAMXS RIEFT I (ETRERA _ea O JK). AIIGA XIS
AEAT IR IS A (L U RR S5 SR A ]

]G A QA X SRRSO SR SR B I A BT, PR DAk S B A A A PRS0 s A fE

RZ4L Python AT AS A AT G2 AT IS A ATAEZEds (BIns) R i) HORTIISAS A
AR (BIANTCAIA frozenset) (M EATRYICERIY N AT AN A )& AT A . I RSBl
XGRS TR . ENTEREI—E AR (FRARRS5 A ), BN A Em E e 2
TEMY1d0) .

IDLE Python (] IDE, “fEpiJT % 527> BREE” ISESCHES . /2 Python ARl AAT PR 1 BE AR 2 8 2 H1 %
FEARIREL -

immutable -- AR[AERF G HAREEEPIA G AR ROFERT . FAHRMICH. ERER A GER
AL o AR — DA, WALZTETEET AR G o B AR TR ZEH S A (A T R E
TERT, BN S i
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import path -- AR HEZIE (B34 12458) HBWHNE, SPRIREpath based finder A,
FAHR. FEFAR, WAESFEEHKE sys.path, HEXFRFEAERFEETTEER H EHAM
__path__ J&f%k,

importing -- A 44— ) Python FHSAEA 73— MR Python A1 6 1 ) i A2 .
importer -- A ZY AR MBRIPIRT G WXTRIEET finder g T loader

interactive -- 22 1. Python i — N HAMEREAT, RIVRKAT DATERRREAR S /77 ot ATE ARk, SERp
PATHERELGIR . AFAWS LR python fiyd (W] DAEARI TS HLIF 46 35 B b e A0
PSRBT ) o FER LU B R BB A S i MR X A O NSRRI (FICA M help (x) ).

interpreted -- figFE%! Python —RMREALET, SZMIXARHIFALET, BRI DO h T3y
b G e A T 2 AT TR o T R WR G YR SO T DA LR AT TS b 2 A 38 T AT SO i
Ao R INE T 0w B A R AE A RO AR R, HR AR TR g, &

Dinteractive,
L

interpreter shutdown -- fRREZTCPH 44 ZOK KA, Python MERERR-FAUEA —MEIRIZTTI BT 122 B
BOTA M RCEIR, BB T BN TG S5 . BIE R Z WM A DI S o XA
S8 ST ER s 5 L R A ARG AT . R PR BET IS T RE I8 B A5 Fh s, P HT K
B PHRC AR R (F R B R L 45 ) -

fEREAR S SR I ERE A __main_ BUREHTIE T IA C 58 AT -

iterable -- W[YFRXER A% I SR ITRORE S, ATV AOU S0 B T AR BT A7 9028 (010 Lise,
str il tuple) DB FEEARFAIAIN dice, S a2 BGEXT _iter_ () ks 29
T2 ENE __getitem () HEMAERE B E XA

AR T for PEFRLA K2 HAb T Z—DFFIRHTT (2ip O L map () ...)o 24— ]
BRXRIEASHAA RN ERE iter O B, BLRIEHZXIREEN . XFE SN TXME
AR — MR . M AE A S, AREEATF LR iter () 83 H CAPEARS
for WA MR A S AL BIARLEIRAE, B — IR B R fiy 44 248 1 HDORZETE R R R AF R S . &

Witerator . sequence VA Jtgenerator,

iterator - JXIRAF HORFIR —HEAREIRMIAT S . EREIAERRN _next_ () ik (BUFHLHEN
ERREL next () FFERIEFR I, 284 Beli ] FIRR5] % stopIteration Spi. FiX
IR R PRI CAER, QRSB next () IIEHASHRIRG|K StopIteration
Fa . EHARLAUEAT __iter_ () JPVAMPRIRENZIEAARNR A &, NIk A 25 g alik
G, AT T HAD R GE R & . — D REMHIINSIRLE 22 R EL AN
Wi ARS . AR (I List) TEMRRRRIIHAL A iter () BREEGRTE for MHFRHEHE A
K7 ASHTIE AR . WERAE AR B0 R RS U 28 AR I 2 3R o] A 2 i 18 A A P e R (]
—IERENR, ARG DR

W25 B A A typeiter.,

key function -- SERREC G oK B PR KE B pR KL, 2 RES 3R ) T HE P CHRAL A (B R R R S i,
locale.strxfrm () AJJF A MFEHFE KISHET 20 E R HER i -

Python H147 ¥ 2 T HAR A F S e Bk = e R HE 8 H X HA 46 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby () .

A MERECE Z M B, str.lower () AW AMEZBS R/ NG HEF R RS 5
Ab, BRI E L 1ambda FEARR kA, Bl lambda r: (r[0], r[2]). i~ operator
R T =AM R 5 2% attrgetter (). itemgetter () flmethodcaller (). IHEEH
TR — 5 DASRELBI 2 0 (50 FH B R 25 R B

keyword argument -- Ht T 25 S Wargument.

lambda y— A~ fexpression F MUY AL NIRBR A, RIBSUSAETR M RHBORE . A7 lambda R 40 F) 7%

5 lambda [parameters]: expression

LBYL “SefiF/aBkiR” MISESCHE . X MU o S KA SAEBE T I stk 2wl e xS A i fe 44 11
BERAE S EAFP J5 2AG O L, HoRp R KRN 1 184,
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L LRI, LBYL T8 “&F/” M “BRR” ZRARAESMASE S R . filan, PAT AR
if key in mapping: return mappinglkey] W REH TIEREEAEZ 5 HABLFEM mapping
IR T key T HHE . SXFP AR AT @ A g Bk EAFP J7 Ok Aok o

list Python P & []—Fsequence, R4 RHNFE, (HHE AT HAth s 5 gl m Esd 8291 3¢, BRI
TCER BRI 24 O(1).

list comprehension -- FIFEHE SR 4k T 1 s ) 7 7 i 7043 76 2 H 1 ] 45 9022 ) — i B 2 5
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] BHEK—
A0 2 255 JEFE TS EEREEOT AR (0x.) 3. Hodr if A ATIERY, QS gl
range (256) HHIFTAITTRA AT

loader -- MIERZY A TTMBBIIRXT Z . BUHE X4 Lload_module () W . MNEHRE T H—
Afinder I3[0, eSS I PEP 302, %} T-abstract base class A]Z: ]I, importlib.abc.Loader.,

magic method -- AR Jj7k special method WAEIE=[E] ).

mapping -- Wi —Ff SR R B A FIF 9B T Mapping B{ MutableMapping ffi 4 5 3 v it #i &
HHERIERIT R, B E G 7 AFE dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JCIEFENIRES sys.meta_path 8 R IR 8] [ finder. TR E R AR Spath entry
finders FFFE R BRARFFAAHIA

B8 FH importlib.abc.MetaPathFinder [ fRIGEIEEE TR oe i SL B Y5 o

metaclass -- JLHR —FH TR, Ke LEEEL . FFMMELN R, ok nTi#Ez Ld =14
SO RIBA NS o A TH M R PR S ARt — D BASEEL . Python YRR 2 ALTET
ATDARN A T . K P KIEA TR B A T H, (ST RIS, JodEnT Ao A m poE
WIffs . ENERHFIC BTN HE ., MR, REXT S8, sSCBlmel, DAk
HAbF 245 .
L% 5% I metaclasses.,

method -- Jj 7k TEZEPIFEE W RREL. WARAERIZ R LB — @R, iR R 4
Ve R EEE— A argument GRE 44N self). Sl function flnested scope.

method resolution order - Jj BTN ViU AL AL 16 2640 0L 522 2 ML 6077
A Python 2.3 7 AT T EF 2.3 JSUEE Python N 257 AT X A TER.

module %502 Python A% —FhHEI BNy . AR AL An 44 25 10], WAL AR Python Xf 4.
B AT i importing FAEREINZF] Python
5 Wpackage.

module spec -- Bl — a2 25, HPh s T MH X FAEE. & importlib.
machinery.ModuleSpec [HSLH.

MRO % Wmethod resolution order
mutable -- W24 WA DAEHL 1d () CRAFREDE RGO MU U . 5315 Wimmutable

named tuple -- H#e4] Rif “HA04” W] fITAEMA0R B oo, It HHAHRTRG ot ae i 4
PRIBYEARDT BB . ARSI B SIA n] e A H AR

AR ERI R T A4 T, 935 time. localtime () flos.stat () FEE(H. B HITR

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple
True

Fee B4 e R ESEE (B0 FIREIB ) o teAh, B A L E X tuple 4k
I E XA RFB 7 AR, XFERT AT TS, s T KA collections.
namedtuple () A, J5—F5 RSN T4 5B N B H 4% T4 i A AR A 7 1
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namespace -- fit 443 [1] 1ir44 25 AR AP R BT . s 25006 JaEh /M ER), AR P iiRE
firga 258 (FEHVEZ ) o i 23 ANE I B 1k a2 2R LRl . B4, Bi%f builtins. open
5 os.open () A HR A SRR K)o fiv s 23 A] iE  B i RS S SR R KR AR 1)
%%ﬂiﬁ?‘@%ﬂjéﬁ%@ G4, random.seed () B{ itertools.islice () XFEEHH T X
YR B 2 random 5 itertools Lo HISZ I

namespace package -- fit 443 [0 PEP 420 fr5 | AB)—F Uk I 1E TR 28 diiipackage , fin 4% %3 (8] 4 7]
PABEA Sy, HofidJr s 5 regular package Al), PUNEATA __init_ .py XfF.
FHAIZ Wmodule ,

nested scope -- ﬁ’ﬁﬁf'ﬁ)ﬂfﬁ A SGER WG A REE . B, FE5— Bz e LR & DA
SN R AR R EERREE A SO AR A ToAL . Rl i e 5 #s2 IT

WZ1E . 2, é}%ﬁaﬂﬁli%’w?ﬁﬂﬂ?éﬁﬁﬁ% S[a]. #if nonlocal FEFH NFE
NINZAE IR

new-style class -- Fr\ X T H i & 90 T Fr A B3R 2RI X IHFRIE. 78 5561 Python Fiz AR
Hr, HUG BN 2R RB A% 6 T Python 7 iy o8 R IGFek, B4 _ slots_ . HiIASF. FRAEJE M.
__getattribute__ (). BHFEMESHESE.

object -- X% (LA HAIRS (B ) PAKTIE XAT R (k) M%EdE. object 2 T i new-style class
HUFFaI=S- SN
£, —Fha] 2 AR S T M A 5 ALY Python module, AR F, 2 _ path JEYER
Python &t
Y52 W regular package Fnamespace package.

parameter -- JE£ funcrion (B)775) @& LG4SR, B E RET AEEZ I8 — A argument (B 7EHE
PR, 24 %) . AHMES:

« positional-or-keyword : (i BB R T, HHE—NATDMERN 1L F 230 AN DA K 425 S
AL S . XREOARIES R, GIIT I foo F bar:

’def func (foo, bar=None): ... ‘

« positional-only: {USROZE, F8E—HAEMEUL A EEARNSE. WROETES L@ E R BUE
SIS R ENZ IS A / FAPRESL, BIUTR I posonlyl Hl posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only: {URRICHET, F5E— HEEHE T XL EAMNSE. (R BT ST TE
PREE LIS A R & AW AR B S sUCETE 2 A B S 2 ii—A * 2B X,
BIUNTT Y kw_onlyl 1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

« var-positional: WIAZ{IE , 5 W] LASRME i — MEB R AL E S ERI 75 (At
WSO EZNESHZIE). EMESEESTERSAFRHIINE * kE X, BT args:

’def func(*args, **kwargs): ... ‘

o var-keyword: WZZ KGR Y, $55E A DMRIUEE AR I KT S H (e HAE S E 2 m X
BYSHLIG). RFES Tl S AETINER ** RE S, BIAERER kwargs.

TEZ AT DA E W b e 24, thn] DA HE LU ] e 24000 s B A -

W5 Wargument RKiEFRFKH . SRS S X B FHHIE LS, inspect .Parameter 2£, function
DL PEP 362,

path entry -- BRFEA 1 import path W ]—A~BANNIE, S¥kpath based finder AT IR F S A BIRLERL

path entry finder -- J§45 A 888 T — 0] 8 I X % {6 ] sys.path_hooks (Bipath entry hook) i |A]
W finder , BEFRXT G REIE 1 path entry e g AL,

#§ &% importlib.abc.PathEntryFinder PA TR A LB IR ZSFSE I STV
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path entry hook -- J&1£ A Ney§ —Fha] P8 XS, 7R85 FRE e path entry W BEE A I O T g
% (fi [l sys.path_hook ¥|FER[E]—" path entry finder.

path based finder -- J& T ¥RAEMAL RS ERIAR—FI L3812 & 385, AIFE—A~import path PEFFRATHR

path-like object - JEFERX G RE DU REHENIT R BAERI R N ERREREN str
H bytes XE, B[ PAE— LI T os.PathLike PPN . — 1L FH os.PathLike
L X Z LEE T os. fspath () RN str 80H bytes KRR G HERE; os.
fsdecode () fll os.fsencode () FI# 5 EHIR IS str 8¢ bytes FEBIPLEE. HATHR 2
i PEP 519 5] A,

PEP “Python 38 £1” ML Hi 5. —A> PEP i@ —rstitSCr, FoK ) Python #H IKERAE S, oiihl
PR—~ Python [ 4RI S HE B B3R 5E . PEP [ 24 B (HORS i A 2 AR RS 1T SRS 1) S T 33
N

PEP MM R SRR s WA XU 17 RS A5 DA B SR e A Python FIBRETT U5
9SSRI EIEDLE] . PEP IAEE A SETEAE I ITREE S0, RS R B ARIC A SR

%1, PEP 1,

portion - #4> 444 25 (B AR A H SR N SCHHE S (AT REAEICT —A> zip SCHE) . ke X
1, PEP 420,

positional argument -- . & 5% & Wargument .

provisional API -- #5¢ APT & APL 2 $80iA B HERRTEAR 1 PR 1Y ) 5 AR DRAIEZ SN I T e e 1
BRI DA RN SR BORUUE, (HHBEHGRC R &, SnT BB O I A8 i 8 A 2
T T IAT I EARA RS (HRARFEBRRIED) . WA EOF A LB IT - [UfE APT g
N R T3 ) ™ HE BE A PR B B R B A 0] BE 2 ik B
BIEE 2 X APTRUL, [)J5 NI E Bl SR 587 — A A B i A
HR LR e el B —Fh ] S A R T %
XL PR AR SOV AR R PR SR WTHB I IE , R TR AR R BT R T A . TR I PEP
411,

provisional package -- {0 S Il provisional API,

Python 3000 Python 3.x %7l MMERR (X4 FHERAS 3 i R iEEE I S L 1)« A
AR SN “Py3k”.

Pythonic $&— /> B 2% % — By At 1S S 555845 T Python 153 i35 F 9 KA AN 4, T AS 2 ) HfiE =
T AOAE & R SE A . BT, Python FY# ) KU S8 ] £or 1A IBFR 34 T — > m A%t 4
WA ICE . 2 HAIE S A XA Z5H, I A 2GR Python il A IF £ 3% J] — BT
B

for i in range(len(food)):
print (food[i])

TR I Y B 575 B Pythonic (177 4R X FERY:

for piece in food:
print (piece)

qualified name -- FROE PR —DLARS D RAIAFR, SR AAHR ) 4 e S At v og SO FEA28.
PR VAR “B{AR”, M XL PEP 3155, XFim 2R B R 5A2e, REZFRSH R4 55—
2

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname_
) C ]

(N gkze)
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(R L —5)

>>> C.D.__ _gualname_
'Cc.D'

>>> C.D.meth. gualname
'C.D.meth'’

295 T 5 A, 7R e & AR AR N IZAR I DA S BRI B B, S H a1
A4, Bl email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count -- 5|18 X ERERT R 005 HEEGE . 24— X5 TR B, e e o3 R
WoREi . 51 HITECH Python RS e Pl 75 2 AW UL, (H'E R CPython SEI—ASKHEICER . sys
Wit LT —A4> getrefcount () BEL, A2 51T B KR B4 E X4 5 | VL

regular package -- T ML L4 B Wpackage, PIMMEAEH—A> _init__.py M H .
Y52 Wnamespace package.

_slots__ —FETEINFRRY I, il ad FUSE A W] SE R LS X R IF R BRSO MR AT N AE . AR
BIARGAT, (HRHER U AIART), Rl R DRCE DL R R, BUAIRAE 77 10 B AR
e, HHH AR KEES).

sequence —fifiiterable, @M getitem () Bk IR BRI TEA TR, HF
FEXL T — A BEFFIK N __len_ () Jik. WEMNFHIZEIE 1ist, str. tuple fllbytes.
W R dict % _ getitem () fil__len_ (), HEHIIHETEEmIETET, HAIE
B AR I F AT B () immutable B AT

collections.abc.Sequence R RHLKEN T —NTEEEWEND, BYfE __getitem__ ()
__len__ () ZAMNNEIT count (), index(),__contains__ () fl __reversed__ (). L8
I e R BB AT register () SR AN

set comprehension -- #AHEF A AL — AN AT KA G i Bir G By U R IR M S R A — A R
H¥:. results = {c for c in 'abracadabra' if c not in 'abc'} ¥4 FAFHE
& {'r', 'd'}. &0 comprehensions,

single dispatch -- ¥i53jk —Fifigeneric funciion 73 IRIBA, LB ET BASHHG L ADR LS o

slice -- Yy 7 HALE T HEE sequence B—34r RS . Y1 R 2l at 8 FARbric kBl m, 6 (1 +
R ILNVAE B4 RaEs, il variable_name[1:3:5], H¥EE (Fhn) FRicrENFREH
slice X%,

special method -- 5% Jji% —#1 Python KU A J7VA, R RFHEAS S BUPAT R i H A B A AH fin <5
o RN ER AR E RSN RIZ . Rk R SCR S I specialnames .

statement -- {4y 15 RFEFEL (—AMUIE “H) ARSI, —ARIE AT AR —expression BREANHT
B RBFGEH, Bl if, while 8 for.,

text encoding -- SCAR IR X JH TFF Unicode 4553 2 i 15 HR A A A 4 o

text file -- SCAR LM —FhEBAS LS str XWGR M file object. 38— LA SO SE i@ 15 18] — A THT ) 717
R T B Ak Biext encoding. SCASCAFM B FAFEASCAB ("o 23k "w') FTIHFRY SO
sys.stdin, sys.stdout PAf io.StringIO M.

FiGZFbinary file | fREEWEIEE F 7 Bt 2 HSCENT 4 .

triple-quoted string -- = 5|3 FfF . RS ZAELNG]S (7)) K& BE]S () MFEREH. BNHED
e LS ERESH A5 S FA R E - ARE, (HREAZR AL . ENRFREFR RN
ARG G SHNE 5, FF H AT AR A7 1m0 To a6 AT, AE9n S SCRY 24 5 IR Bl
Jii P

type 237Uy iE—A> Python X} 4 @ T4 MIE; MM LA RS —Fh2A, BHLEEX S A7, v RATTT
TR __class__ JgMk, di@iliid type (obj) HRIKHL,
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type alias -- R4, — AU [E S, A1 2B 2R AURE 4540 E AR IRAT .
R VE R R AL 2 2 2/ . il

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) —-> List[Tuplel[int, int, int]]:
pass

A DA G Ry Al e

from typing import List, Tuple

Color = Tuple[int, int, int]
def remove_gray_shades(colors: List[Color]) —-> List[Color]:
pass

Z UL typing Fl PEP 484, HA-fxf sLO) RERYIEANIA -
type hint -- SRR annotation At . FeJEbE. AL S BGR MM € B RAL

RS T A e, Python AZORFEME, (HHATMESIA AT T HAELE , 37 ATk IDE s
R SE.

AR RIEMEM R B R BT DA typing.get_type_hints () i, {HEHAE
BN,

Z L typing Ml PEP 484, A XF B RERYFEANHEIA -

universal newlines -- i H#t41 — RSO A, KA R ITA R SAR R A T45 ARG « Unix 17
LZERZ0%E "\n' . Windows 25 "\r\n"' PAKIHIK Macintosh [JZ)E '\r'. I, PEP 278 #11 PEP
3116 fil bytes.splitlines () T E¥ £ HEULH.

variable annotation -- Z8 bRl XS & B SR e annotation.,
AR AR B RSB PR, R RT Bk R

class C:
field: '"annotation'

SRRl PO R 23w BIANA N AR B int JERAY(H:

count: int = 0
AR B BRI VEYE B RN AR W, annassign — 7
52 function annotation, PEP 484 F1 PEP 526, H WX} T EEA R4

virtual environment -- SFJIRBE — BRI PME R B RGIZATINERGE,  FLi Python [ ORI AR P A5 2454
FITH4% Python 73 A AL A & T EI 7] — R 48 _EIzA7HYH AR Python R FHIATH -

FHZL venv,

virtual machine -- JEIPL — & 56 4l i B0 2 AL, Python [ SULHIL AT PR T =7 45t 4 v Fir A Tl
Hbytecode.

Zen of Python -- Python 2§ 51|t Python BLi N 572, A7 Hy TR 5 (ORIt v . A I ALK
WA T B R A A" import this™,
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BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh 54 Sphinx fEfBfY) Alternative Python Reference w13 H S L 0 T2 .

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
TAT M ERE R, # 7 Misc/ACKS .

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeENDIX G

JE Sh B iR

C.1 ZHHFrIm s

Python Hfif 2 # AT EAHL R 5T 4 (CWI, L, https://www.cwi.nl/ ) [#) Guido van Rossum J* 1990 4f
KW, YER—TTM ABC FiE & A . /48 Python A5 T2 ok B HA ATk, Guido {752
HETEE.

1995 4, Guido 7& ## B W BY B R B wFsE 2+ 5 (CNRI, I https://www.cnri.reston.va.us/ ) k% fhyE
Python F/)TAE, FHHEARHE LA T2 A

2000 4£ 1. H , Guido A1 Python #%.0> I % ] A %% %] BeOpen.com {2 ## T BeOpen PythonLabs [#BA . [A]4F
+ H, PythonLabs [#]fA %% % Digital Creations (¥} >& Zope Corporation; i, https://www.zope.org/). 2001 4,
Python /- 542 (PSF, I, https://www.python.org/psf/) B{57., X% A Python FH HHNH AL
Az dEE FlZH4H . Zope Corporation FIFE 2 PSF R Hh A 5 .

JITA 1 Python AR TFIRRY (A KITYRAY E L2 https://opensource.org/ ). P b, #iKZ % Python
JiiAJE GPL A1 TREL TR MRAE I

RWAE | RBE Fh FEE GPL #%& 7
09.0% 12 | n/a 1991-1995 | CWI =
138152 |12 1995-1999 | CNRI P
1.6 1.5.2 2000 CNRI w
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF Pt
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF v
22 REE | 2.1.1 2001 24 | PSF =

Wil GPL 359K 20K 2 Python 75 GPL F %7, 5 GPL [, i Python ¥F i EAS fLvF ) & 5
JRHIREAS, TG TFURBF I T 8. GPL 28V T iE 1% Python 1T A5 JLEAE GPL R A Bk 4
BT (FE VR AAT
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JEHARZAE Guido 1553 T TARMISNTEIEE , (AR LA N AT RE

C.2 FRERs{ LAE 5 A Python BYZRFRF0ZFRMF

Python Z{ A1 TR B ¥ AT AKHE PSF 45T 42 70350

M Python 3.8.6 7y, SCRYHFAYARBI . Bt SAIHARACAD R Y2 PSF ¥ AT PSR 2 4 2k BSD 76T 1)
XUEE 0T

H2e0 &7 Python "R BT AR VIR . XEEVFal MMV Z TR —FZIH . K ik
VFATHYAS S8 BB A5 S DI Fe 4k b0 77T 575 33

C.2.1 FF PYTHON 3.8.20 #§ PSF i a] iyl

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.8.20 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.8.20 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.8.20 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.20 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.8.20.

4. PSF is making Python 3.8.20 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.8.20 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.20
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.20, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—or any

third party.

8. By copying, installing or otherwise using Python 3.8.20, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 HF PYTHON 2.0 ¢ BEOPEN.COM #F o] ipil

BEOPEN PYTHON FFE 4T #8481 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(R
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granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 § CNRI #F o] il

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,

partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
[QiE3)
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sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 HF PYTHON 0.9.0 F 1.2 9§ CWI #F o] #ipiY

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.20 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 WrRERfFa91F o] S5 35

A2 Python K AT RIS =I5 PAFRIVFRTRIBOINE B, %308 FUR A 8 B HL R A .
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ ;)

. AT REMA AR e B (750):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 EfEx

socket B {fi ] getaddrinfo () fl getnameinfo () PREL, XL EE AL HE WIDE I H
/Iwww.wide.ad.jp/) R EESE SC R,

(http:

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright

(FgkzE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C33 RLEEFRS

asynchat fll asyncore F&HALE PAR AEHH:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie &1

http.cookies B LI T ERR:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software
and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

(N Baksr)
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pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 HITERR

trace FRHALE DU A EA:
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 5 UUdecode &F#§

uu B DA R

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

(N Baksr)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML 2= AH

xmlrpc.client S PA T AEER:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll B EHDATFEM:

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

(N Baksr)
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the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select fRH T kqueue B3 AL £ DAF A HH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {41 % Marek Majkowski’ X} Dan Bernstein f] SipHash24 ¥ SEH . B PAT
FE

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

Q)
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all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c ML T CifEFH ) doa F1 strtod BREL, T4 C iF & HOBORS BE BURN 45 FR A T 40
Hy David M. Gay [ [] 45 SCHFIRAR TR, %3024 1 W] A http://www.netlib.org/fp/ "R 2. 2009 43 H 16 H
For 2R B A S 6 SCAFEL 25 DA UBCRIVR ] s B

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

WEREAERG T, W hashlib, posix, ssl, crypt BHUfH OpenSSL PRk mttfE. tLoh, WEMT
Python [#] Windows il Mac OS X %% )7 nl e U4 OpenSSL FE(#5 D1, Fr AFE AL 51 4 T OpenSSL i
A[YER$E DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* == ===
* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

*
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-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. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

R T S A R S e R S N S S S S N S S e R S S N S N S S N S N S S S N I i S N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

by Eric Young (eaylcryptsoft.com).

*

*

*

* This package is an SSL implementation written

*

* The implementation was written so as to conform with Netscapes SSL.
*

Q)
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This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. 1i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L A e I S N S S S S N S N S A S S N S S S T SR S S S R S S N N N S T S T S S
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C.3.13 expat

BRIAEMEN ——with-system—expat BB THE, 50 pyexpat 4 AR M5 expat YR DAY

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt libffi JHAYFE DMK

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR PR 21ib AKIFTFC R TH 8, W 5 zlib SRR 7 VORI 2110 4 :

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {§i [l Z M S IR AL T cfuhash T H

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

(N gksr)

C.3. WrRHRHaYiF =] 508 21




The Python/C API, &[F) 3.8.20

(R L —5)

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

WedEfdi ] ——with-system-libmpdec FiE TH#E, &GN _decimal FHESE 412 libmpdec JFE ) #%
DUAS R

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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N X EH

test fi (lib/test/xmltestdata/c14n-20/) Hf) C14N2.0 MR E M JET W3C B https://www.w3.org/TR/
xml-c14n2-testcases/ , FAHE BSD {F0[F (=4&3FM) K17:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

« Redistributions of works must retain the original copyright notice, this list of conditions and the
following disclaimer.

» Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with the
distribution.

« Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
”AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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i
|mit
If

Python F1j&E 26302 -

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 & —JJHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives {3 EH — 4 HEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum 14 & —4JHEF] .
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EFE

..., 213

2to03,213

>>>, 213

__all__ (package variable), 39
__dict__ (module attribute), 114
__doc__ (module attribute), 114
_ file_  (module attribute), 114
_ future_ , 216

__import_

Bz & R, 40
_ loader__ (module attribute), 114
__main___

A4, 10, 134, 143
__ name___ (module attribute), 114
__package___ (module attribute), 114
__slots_ ,222
_frozen (C R #), 42
_inittab (C & #), 42
_Py_c_diff (C &X), 80
_Py_c_neg (C #X), 80
_Py_c_pow (C H#X), 80
_Py_c_prod (C &R, 80
_Py_c_quot (C & =R), 80
_Py_c_sum (C #X), 80
_Py_InitializeMain (C &#X), 162
_Py_NoneStruct (C % %), 173

_Py_TPFLAGS_HAVE_VECTORCALL ([F] & 4 %0,

191
_PyBytes_Resize (C HX), 82
_PyCFunctionFast (C & #), 175

_PyCFunctionFastWithKeywords (C % |

175

_PyImport_Fini (C H#R), 42
_PyImport_Init (C HR), 41
_PyObject_FastCallDict (C &), 59
_PyObject_New (C &#X), 173
_PyObject_NewVar (C HR), 173
_PyObject_Vectorcall (C &HZR), 58
_PyTuple_Resize (C #X), 103
_thread

A, 140
ot

bytearray, 83
bytes, 81

Capsule, 123
complex number, 80
dictionary, 106
file, 113

floating point, 79
frozenset, 108
function, 110
instancemethod, 111
integer, 76

list, 104

long integer, 76
mapping, 106
memoryview, 121
method, 111

module, 114

None, 75

numeric, 76
sequence, 81

set, 108

tuple, 102

type, 5,73

BEEK

exec_prefix, 4

PATH, 10

prefix, 4

PYTHON*, 132
PYTHONCOERCECLOCALE, 160
PYTHONDEBUG, 132
PYTHONDONTWRITEBYTECODE, 132
PYTHONDUMPREFS, 184
PYTHONHASHSEED, 132
PYTHONHOME, 10, 132, 137, 156
PYTHONINSPECT, 133
PYTHONIOENCODING, 135
PYTHONLEGACYWINDOWSFSENCODING, 133
PYTHONLEGACYWINDOWSSTDIO, 133
PYTHONMALLOC, 166, 168, 170
PYTHONMALLOCSTATS, 166
PYTHONNOUSERSITE, 133
PYTHONOPTIMIZE, 133
PYTHONPATH, 10, 132, 156
PYTHONUNBUFFERED, 133
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PYTHONUTFS, 160
PYTHONVERBOSE, 133

A

abort (), 39
abs
Bz &=, ol

abstract base class —- £ EH¥%, 213

allocfunc (C & #), 205

annotation —-- #riE, 213

argument -- %%, 213

argv (in module sys), 137

ascii

Bz & =X, 56

asynchronous context manager -- 7 %/F
ET XS, 214

asynchronous generator -- % ¥ 4 & &,
214

asynchronous generator iterator —-- =3
Bk R B R, 214

asynchronous iterable —— % % T #% & %t
£,214

asynchronous

attribute —--

awaitable —--

B

BDFL, 214
binary file —— 3% UH, 214
binaryfunc (C A #), 206
buffer interface
(see buffer protocol), 66
buffer object
(see buffer protocol), 66
buffer protocol, 66
builtins
M4, 10, 134, 143
bytearray
i, 83
bytecode -- F¥#,214
bytes
Bz &=, 57
i, 81

bytes—like object —-- FHFAXL, 214

C

callback —- [, 214
calloc (), 165
Capsule
Y, 123
C—-contiguous, 68, 215
class, 214
class variable ——- (T & 214
classmethod
Bz ® =X, 176
cleanup functions, 39
close () (in module os), 143
CO_FUTURE_DIVISION (C % %), 19

iterator —-- RFERE, 214
JB M, 214
HEFRE, 214

code object, 112
coercion —-- WEH|EAH#, 215
compile

Bz & R, 40
complex number

1 #F, 80
complex number —-— £ #i,215
context manager —- T X&HE, 215
context variable —- FTXZ#,215
contiguous, 68
contiguous —-- ##,215
copyright (in module sys), 136
coroutine -- P&, 215
coroutine function -- W& ¥, 215
CPython, 215
create_module (C #X), 117

D

decorator -- ¥, 215

descrgetfunc (CH #&), 206

descriptor -- #RE, 215

descrsetfunc (C & #), 206
destructor (CH #), 205
dictionary
#1106
dictionary
dictionary
215
dictionary
divmod
Bz & =, 60
docstring —— XHFELEH, 216
duck-typing -- #F %A 216

E

EAFP, 216

EOFError (built-in exception), 113
exc_info () (in module sys), 9
exec_module (C % X)), 117
exec_prefix, 4

executable (in module sys), 136

exit (), 39

expression —-- FHKR, 216
extension module -- ¥ B, 216

F
f-string —— f-Ff&,216
file
i, 113
file object -- XHX%£,216
file-like object —- XH#A %, 216
finder —— & # £, 216
float
B & =, 62
floating point
i, 79
floor division -- @ FEIERE, 216

Fortran contiguous, 68,215

- ?‘/@1‘9215
comprehension —— F MR,

view ——- FHAMHE, 216
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free (), 165
freefunc (C & #), 206
freeze utility,42
frozenset

M, 108

function
ik, 110
function -- E#, 216
function annotation —-- FEARE, 216

G

garbage collection —- 3% [E ik, 217

generator, 217

generator —--— A pk#, 217

generator expression, 217

generator expression -- 4 B & %k &k R,
217

generator iterator —--— A kB E, 217

generic function -- & A& &%, 217

getattrfunc (CH #), 206

getattrofunc (C A #8), 206

getbufferproc (CH &), 206

getiterfunc (C A #), 206

GIL, 217

global interpreter lock, 138

global interpreter lock —— 4 F # B &
8,217

Fl

hash
[E)# % =, 59, 188
hash-based pyc ——- ®:FW%N&EH pyc,217
hashable -- ¥, 217
hashfunc (C A #), 206

IDLE, 217

immutable -- FH L%, 217
import path —-- $AE1Z, 218
importer —— % A\ 4,218
importing —- §A,218
incr_item(),9, 10

initproc (C A #), 206
inquiry (C & &), 210
instancemethod

M, 111
[z % X, 62

integer

# ., 76
interactive
interpreted
interpreter
interpreter

int

-- XZ,218

-- MR, 218

lock, 138

shutdown —-- fEHE XM, 218
iterable —- H# AKX £, 218

iterator —- # R %, 218

iternextfunc (C# #), 206

K

key function -- %%, 218
KeyboardInterrupt (built-in exception), 28
keyword argument -- X&F 5,218

L

lambda, 218
LBYL, 218
len
Bz % X, 59, 63, 64, 105, 107, 109
lenfunc (C# #), 206
list, 219
i1k, 104
list comprehension —- 7%|%k# &=, 219
loader —- #n##, 219
lock, interpreter, 138
long integer
# ., 76

LONG_MAX, 77

M
magic

method, 219
magic method -- JEARF %, 219
main (), 135, 137
malloc (), 165
mapping

i1, 106
mapping —- Btit, 219
memoryview

Mt 121
meta path finder -- JTLERZEHE, 219
metaclass -- J0%,219
METH_CLASS ([ % %), 176
METH_COEXIST ([Fsz % %), 176
METH_FASTCALL ([Eli % #), 175
METH_NOARGS ([Flz % #0), 176
METH_O (B % %), 176
METH_STATIC ([ % #), 176
METH_VARARGS ([Fli % ), 175
method

magic, 219

special, 222

i, 111
method -- ¥, 219
method resolution order -- % ﬁg‘ﬁ@ Tﬁ‘ I

)7, 219

MethodType (in module types), 110, 111
module, 219

search path, 10, 134, 136

ik, 114
module spec —-- HEHIA, 219
modules (in module sys), 39, 134
ModuleType (in module types), 114
MRO, 219
mutable —- W& x4, 219

gL ]
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N

named tuple -- E &G4, 219
namespace —— # 4 & [d, 220
namespace package -- 4% % H4, 220
nested scope —- @k%ﬁffﬂﬁi, 220
new-style class -- #a2, 220
newfunc (C & ), 206

None

w75

numeric

1, 76
O

object

code, 112
object —— X#£,220
objobjargproc (C & #), 206
objobjproc (C A #), 206
OverflowError (built-in exception), 77, 78

P

package variable
_all .39

parameter —- H%, 220

PATH, 10

path

module search, 10, 134, 136
path (in module sys), 10, 134, 136
path based finder —— & T & 7% #) & & &,
221
path entry —- E#&AH,220
path entry finder —- E#&A 0ardk i, 220
path entry hook -- BF N H4F, 221

path-like object —-- BHFEX 4,221
PEP, 221
platform (in module sys), 136
portion -- #4221
positional argument —— L& 5#, 221
pow

B# & =, 61, 62
prefix, 4
provisional API -- # % API,221
provisional package -- #FMf, 221

Py_ABS (C E ), 4
Py_AddPendingCall (C &X), 144
Py_AddPendingCall (), 144
Py_AtExit (C &X), 39
Py_BEGIN_ALLOW_THREADS, 138
Py_BEGIN_ALLOW_THREADS (C E ££), 141
Py_BLOCK_THREADS (C E £), 141
Py_buffer (CH #), 66
Py_buffer.buf (C i B &), 66
Py_buffer.format (C & B H¥K), 67
Py_buffer.internal (C a8 % ¥), 68
Py_buffer.itemsize (C & 8 &%), 67
Py_buffer.len (C & B &%), 67
Py_buffer.ndim (C & B & #), 67
Py_buffer.obj (C m& B H %), 66

Py_buffer.
Py_buffer.

readonly (C & 8 &%), 67
shape (C & 8 F %), 67
Py_buffer.strides (C m 8 &), 67
Py_buffer.suboffsets (C m B H# ), 67
Py_Buildvalue (C #X), 49
Py_BytesMain (C H#X), 15
Py_BytesWarningFlag (C & %), 132
Py_CHARMASK (C E £), 4

Py_CLEAR (C $#X), 21
Py_CompileString (C % R), 17
Py_CompileString(), I8
Py_CompileStringExFlags (C &#3), 18
Py_CompileStringFlags (C &), 17
Py_CompileStringObject (C &#X), 17
Py_complex (C # #&), 80
Py_DebugFlag (C ¥ %), 132
Py_DecodeLocale (C % 1), 36
Py_DECREF (C #R), 21

Py_DECREF (), 6

Py_DEPRECATED (C E#£),5
Py_DontWriteBytecodeFlag (C ¥ %), 132
Py_Ellipsis (C % %), 121
Py_EncodeLocale (C 1), 37
Py_END_ALLOW_THREADS,138
Py_END_ALLOW_THREADS (C E £), 141
Py_EndInterpreter (C %HR), 143
Py_EnterRecursiveCall (C H#R), 31
Py_eval_input (C &%), 18

Py_Exit (C HR), 39
Py_ExitStatusException (C & R), 151
Py_False (C 4 %), 78

Py_FatalError (C $#X), 39
Py_FatalError (), 137
Py_FdIsInteractive (C %X), 35
Py_file_input (C # %), 18
Py_Finalize (C % R), 134
Py_FinalizeEx (C #HR), 134
Py_FinalizeEx (), 39, 134, 143
Py_FrozenFlag (C 4 %), 132
Py_GetBuildInfo (C &), 136
Py_GetCompiler (C HR), 136
Py_GetCopyright (C &#X), 136
Py_GETENV (C E %), 4
Py_GetExecPrefix (C HX), 135
Py_GetExecPrefix (), 10
Py_GetPath (C H#Z), 136

Py_GetPath (), 10, 135, 136
Py_GetPlatform (C &% R), 136
Py_GetPrefix (C &HR), 135
Py_GetPrefix (), 10
Py_GetProgramFullPath (C &%R), 135
Py_GetProgramFullPath (), 10
Py_GetProgramName (C &3R), 135
Py_GetPythonHome (C &% X)), 137
Py_GetVersion (C &% R), 136

Py_IgnoreEnvironmentFlag (C % %), 132
Py_INCREF (C %X), 21

250

#5l



The Python/C API, £[F) 3.8.20

Py_INCREF (), 6

Py_Initialize (C &HR), 134
Py_Initialize (), 10,135,143
Py_InitializeEx (C &), 134
Py_InitializeFromConfig (C #R), 158
Py_InspectFlag (C &), 132
Py_InteractiveFlag (C % #), 133
Py_IsInitialized(C &#X), 134
Py_TIsInitialized(), Il

Py_LeaveRecursiveCall (C H#:), 31

Py_LegacyWindowsFSEncodingFlag (C 4 %),
133

Py_LegacyWindowsStdioFlag (C ¥ #), 133

Py_Main (C HR), 15

Py_MAX (C E ), 4

Py_MEMBER_SIZE (C E%),4

Py_MIN (C E£), 4

Py_mod_create (C E£), 117

Py_mod_exec (C E ), 117

Py_NewInterpreter (C %HR), 143

Py_None (C & #0), 75

Py_NoSiteFlag (C % ), 133

Py_NotImplemented (C % ), 55

Py_NoUserSiteDirectory (C & #), 133

Py_OptimizeFlag (C % %), 133

Py_PreInitialize (C HX), 153

Py_PrelInitializeFromArgs (C %X), 153

Py_PrelInitializeFromBytesArgs (C & R),
153

Py_PRINT_RAW, 114

Py_QuietFlag (C %), 133

Py_REFCNT (C E %), 174

Py_ReprEnter (C #HR), 31

Py_ReprLeave (C &#R), 31

Py_RETURN_FALSE (C E %), 78

Py_RETURN_NONE (C E #£), 75

Py_RETURN_NOTIMPLEMENTED (C E ), 55

Py_RETURN_RICHCOMPARE (C E ), 194

Py_RETURN_TRUE (C E £), 79

Py_RunMain (C #X), 162

Py_SetPath (C &), 136

Py_SetPath (), 136

Py_SetProgramName (C H:), 135

Py_SetProgramName (), 10, 134136

Py_SetPythonHome (C X)), 137

Py_SetStandardStreamEncoding (C & R),
135

Py_single_input (C % %), 18

Py_SIZE (C E %), 174

PY_ SSIZE_T_MAX, 77

Py_STRINGIFY (C E#),4

Py_TPFLAGS_BASE_EXC_SUBCLASS ([Fli& 4 #0),
191

Py_TPFLAGS_BASETYPE ([l % ), 190

Py_TPFLAGS_BYTES_SUBCLASS ([Fl# % #0), 191

Py_TPFLAGS_DEFAULT ([Fliz % #), 191

Py_TPFLAGS_DICT_SUBCLASS ([Flz % #), 191

Py_TPFLAGS_HAVE_FINALIZE ([Elz 4 %), 191
Py_TPFLAGS_HAVE_GC ([Fi& % #), 190
Py_TPFLAGS_HEAPTYPE ([Flz £ ), 190
Py_TPFLAGS_LIST_SUBCLASS ([Flz % %), 191
Py_TPFLAGS_LONG_SUBCLASS ([Flz % ), 191
Py_TPFLAGS_METHOD_DESCRIPTOR ()& % ),
191
Py_TPFLAGS_READY ([Flz % #), 190
Py_TPFLAGS_READYING ([Eli % %), 190
Py_TPFLAGS_TUPLE_SUBCLASS (B % %), 191
Py_TPFLAGS_TYPE_SUBCLASS (E# % ), 191

191
Py_tracefunc (CH #), 145
Py_True (C ¥ %), 78
Py_tss_NEEDS_INIT (C E %), 147
Py_tss_t (CH #), 146
Py_TYPE (C E%), 174
Py_UCS1 (C 7 #8), 84
Py_UCS2 (C 7 #&), 84
Py_UCS4 (C# #8), 84
Py_UNBLOCK_THREADS (C E %), 141
Py_UnbufferedStdioFlag (C % ), 133
Py_UNICODE (C %! #¢), 84
Py_UNICODE_IS_HIGH_SURROGATE (C E #£), 87
Py_UNICODE_IS_LOW_SURROGATE (C E #), 87
Py_UNICODE_IS_SURROGATE (C E %), 87
Py_UNICODE_ISALNUM (C &X), 87
Py_UNICODE_ISALPHA (C %X), 86
Py_UNICODE_ISDECIMAL (C =), 86
Py_UNICODE_ISDIGIT (C HX), 86
Py_UNICODE_ISLINEBREAK (C & X)), 86
Py_UNICODE_TISLOWER (C % X)), 86
Py_UNICODE_ISNUMERIC (C &%), 86
Py_UNICODE_ISPRINTABLE (C &% =), 87
Py_UNICODE_ISSPACE (C &#X), 86
Py_UNICODE_ISTITLE (C &X), 86
Py_UNICODE_ISUPPER (C &X), 86
Py_UNICODE_JOIN_SURROGATES (C E %), 87
Py_UNICODE_TODECIMAL (C $%R,), 87
Py_UNICODE_TODIGIT (C %X), 87
Py_UNICODE_TOLOWER (C & X)), 87
Py_UNICODE_TONUMERIC (C % X,), 87
Py_UNICODE_TOTITLE (C &X), 87
Py_UNICODE_TOUPPER (C % X)), 87
Py_UNREACHABLE (C E %), 4
Py_UNUSED (C E£), 5
Py_VaBuildvalue (C % X)), 50
PY_VECTORCALI_ARGUMENTS_OFFSET (C E %),
58
Py_VerboseFlag (C ¥ #), 133
Py_VISIT (C %K), 210
Py_XDECREF (C & X)), 21
Py_XDECREF (), 10
Py_XINCREF (C & X), 21
PyAnySet_Check (C #X), 108
PyAnySet_CheckExact (C %K), 109
PyArg_Parse (C &% R), 48
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PyArg_ParseTuple (C HX), 48
PyArg_ParseTupleAndKeywords (C & X)), 48
PyArg_UnpackTuple (C HR), 48
PyArg_ValidateKeywordArguments (C & R),
48
PyArg_VaParse (C HR), 48
PyArg_VaParseTupleAndKeywords (C
48
PyASCIIObject (CH #), 84
PyAsyncMethods (C 2 &), 205
PyAsyncMethods.am_aiter (C & B # %), 205
PyAsyncMethods.am_anext (C & B F# %), 205
PyAsyncMethods.am_await (C s 8 F& %), 205
PyBool_Check (C &#R), 78
PyBool_FromLong (C &R), 79
PyBUF_ANY_CONTIGUOUS (C E #£), 69
PyBUF_C_CONTIGUOUS (C E ££), 69
PyBUF_CONTIG (C E £), 69
PyBUF_CONTIG_RO (C E £), 69
PyBUF_F_CONTIGUOUS (C E #£), 69
PyBUF_FORMAT (C E %), 68
PyBUF_FULL (C E ), 69
PyBUF_FULL_RO (C E £), 69
PyBUF_INDIRECT (C E %), 68
PyBUF_ND (C E £), 68
PyBUF_RECORDS (C E %), 69
PyBUF_RECORDS_RO (C E ££), 69
PyBUF_SIMPLE (C E %), 68
PyBUF_STRIDED (C E £), 69
PyBUF_STRIDED_RO (C E %), 69
PyBUF_STRIDES (C E %), 68
PyBUF_WRITABLE (C E #£), 68
PyBuffer_FillContiguousStrides (C &
71
PyBuffer FillInfo (C &Z), 71
PyBuffer_FromContiguous (C % R), 71
PyBuffer_GetPointer (C H#X), 71
PyBuffer_ IsContiguous (C HR), 71
PyBuffer_Release (C % X)), 71
PyBuffer_SizeFromFormat (C #R), 71
PyBuffer_ToContiguous (C &#X,), 71
PyBufferProcs, 66
PyBufferProcs (C A &), 204
PyBufferProcs.bf_getbuffer (C s B & %),
204
PyBufferProcs.bf_releasebuffer (C & B
% 0, 204
PyByteArray_AS_STRING (C &HR), 83
PyByteArray_AsString (C #X), 83
PyByteArray_Check (C %HR), 83
PyByteArray_CheckExact (C HR), 83
PyByteArray_Concat (C #X), 83
PyByteArray_FromObject (C #R), 83
PyByteArray_FromStringAndSize (C
83
PyByteArray_GET_SIZE (C &HX), 83
PyByteArray_Resize (C % X)), 83
PyByteArray_Size (C %HR), 83

& X)),

ZEWA

& X)),

PyByteArray_Type (C 4 %), 83
PyByteArrayObject (C A #8), 83
PyBytes_AS_STRING (C & X)), 82
PyBytes_AsString (C %HR), 82
PyBytes_AsStringAndSize (C &), 82
PyBytes_Check (C % R), 81
PyBytes_CheckExact (C #2R), 81
PyBytes_Concat (C %), 82
PyBytes_ConcatAndDel (C & X)), 82
PyBytes_FromFormat (C #3R), 81
PyBytes_FromFormatV (C #:), 82
PyBytes_FromObject (C HX), 82
PyBytes_FromString (C H#R), 81
PyBytes_FromStringAndSize (C &
PyBytes_GET_SIZE (C H#X), 82
PyBytes_Size (C HX), 82
PyBytes_Type (C & #), 81
PyBytesObject (C & ), 81
PyCallable_Check (C H#Z), 57
PyCallIter_Check (C #X), 119
PyCallIter_New (C %R), 119
PyCallIter_Type (C %), 119
PyCapsule (C & #), 123
PyCapsule_CheckExact (C &%), 123
PyCapsule_Destructor (C# #&), 123
PyCapsule_GetContext (C HR), 123
PyCapsule_GetDestructor (C %HR), 123
PyCapsule_GetName (C H ), 123
PyCapsule_GetPointer (C %#R), 123
PyCapsule_Import (C &%R), 123
PyCapsule_IsValid (C &HR), 123
PyCapsule_New (C % R), 123
PyCapsule_SetContext (C %HR), 124
PyCapsule_SetDestructor (C H:R), 124
PyCapsule_SetName (C % R), 124
PyCapsule_SetPointer (C % R), 124
PyCell_Check (C &R), 112

PyCell_GET (C % X), 112

PyCell_Get (C & X), 112

PyCell_New (C H#X), 112

PyCell SET (C H#ZR), 112

PyCell_Set (C %#X), 112

PyCell Type (C &%), 112
PyCellObject (C & ), 112
PyCFunction (C# #), 175
PyCFunctionWithKeywords (C % #&), 175
PyCode_Check (C H# X)), 112
PyCode_GetNumFree (C % 2R), 112
PyCode_New (C H#X), 112
PyCode_NewEmpty (C & :R), 113
PyCode_NewWithPosOnlyArgs (C &
PyCode_Type (C % %), 112
PyCodec_BackslashReplaceErrors (C &

EWR

4 X)), 112
),
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PyCodec_Decode (C HX), 52
PyCodec_Decoder (C & R), 52
PyCodec_Encode (C &%), 52
PyCodec_Encoder (C &% R), 52
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PyCodec_IgnoreErrors (C #R), 53
PyCodec_IncrementalDecoder (C %R), 53
PyCodec_IncrementalEncoder (C #R), 52
PyCodec_KnownEncoding (C &), 52
PyCodec_LookupError (C #X), 53
PyCodec_NameReplaceErrors (C HR), 53
PyCodec_Register (C HX), 52
PyCodec_RegisterError (C H#X), 53
PyCodec_ReplaceErrors (C HX), 53
PyCodec_StreamReader (C &% R), 53
PyCodec_StreamWriter (C %R), 53
PyCodec_StrictErrors (C %R), 53
PyCodec_XMLCharRefReplaceErrors (C &
K), 53
PyCodeObject (CH &), 112
PyCompactUnicodeObject (C A #), 84
PyCompilerFlags (C & #), 18
PyCompilerFlags.cf_feature_version (C
A B & #), 19
PyCompilerFlags.cf_flags (C m B %), 18
PyComplex_AsCComplex (C % R), 81
PyComplex_Check (C % R), 80
PyComplex_CheckExact (C HX), 80
PyComplex_FromCComplex (C &), 80
PyComplex_FromDoubles (C #=,), 80
PyComplex_ImagAsDouble (C #ZR), 81
PyComplex_RealAsDouble (C &), 80
PyComplex_Type (C & %), 80
PyComplexObject (C A #), 80
PyConfig (C# &), 154
PyConfig_Clear (C HR), 154
PyConfig_TInitIsolatedConfig (C &), 154
PyConfig InitPythonConfig (C %R, 154
PyConfig_Read (C # X)), 154
PyConfig_SetArgv (C H#X), 154
PyConfig_SetBytesArgv (C HR), 154
PyConfig_SetBytesString (C &X), 154
PyConfig SetString (C &), 154
PyConfig_SetWideStringList (C %K), 154
PyConfig.argv (C & B & #), 155
PyConfig.base_exec_prefix (C & B & &),
155
PyConfig.base_executable (C & B H %), 155
PyConfig.base_prefix (C m B H %), 155
PyConfig.buffered_stdio (C & B FH%), 155
PyConfig.bytes_warning (C sk B &), 155
PyConfig.check_hash_pycs_mode (C m 8 &
#), 155
PyConfig.configure_c_stdio (C s B & #),
155
PyConfig.
PyConfig.
PyConfig.
PyConfig.

dev_mode (C 1% B % #), 155

dump_refs (C m B F#), 155

exec_prefix (C rx B H#), 155

executable (C s B FH#), 155

PyConfig.faulthandler (C & B &%), 155

PyConfig.filesystem_encoding (C & B &
#), 155

PyConfig.filesystem_errors (C s B & %),
155
PyConfig.hash_seed (C s B % %), 155
PyConfig.home (C & B &), 156
PyConfig.import_time (C m B H#), 156
PyConfig.inspect (C s B &), 156
PyConfig.install_signal_handlers (C
B &%), 156
PyConfig.interactive (C m& B &), 156
PyConfig.isolated (C & B %), 156
PyConfig.legacy_windows_stdio (C m B &
%), 156
PyConfig.malloc_stats (C & 8 &%), 156
PyConfig.module_search_paths (C m& B &
), 156
PyConfig.module_search_paths_set (C
B ), 156
PyConfig.optimization_level (C s 8 FH#),
156
PyConfig.parse_argv (C m & FH#), 156
PyConfig.parser_debug (C & B H ), 156
PyConfig.pathconfig_warnings (C & B &
#), 156
PyConfig.prefix (C & B & £), 157
PyConfig.program_name (C & B ), 157
PyConfig.pycache_prefix (C s B &%), 157
PyConfig.pythonpath_env (C m B F %), 156
PyConfig.quiet (C mx B ), 157
PyConfig.run_command (C m B F %), 157
PyConfig.run_filename (C & 8 FH%), 157
PyConfig.run_module (C s B F##), 157
PyConfig.show_alloc_count (C s 8 & ¥),
157
PyConfig.show_ref_count (C & B & ¥), 157
PyConfig.site_import (C m B FHE), 157
PyConfig.skip_source_first_line (C 5% A
¥, 157
PyConfig.stdio_encoding (C & B # %), 157
PyConfig.stdio_errors (C & B %), 157
PyConfig.tracemalloc (C m B FE), 157
PyConfig.use_environment (C & 8 &%), 157
PyConfig.use_hash_seed (C s B &%), 155
PyConfig.user_site_directory (C m& B &
%), 157
PyConfig.verbose (C & 8 &%), 157
PyConfig.warnoptions (C m B FHE), 157
PyConfig.write_bytecode (C s 8 &%), 158
PyConfig.xoptions (C & B H#), 158
PyContext (C & #&), 125
PyContext_CheckExact (C HX), 125
PyContext_ClearFreeList (C &#R), 126
PyContext_Copy (C #R), 126
PyContext_CopyCurrent (C HR), 126
PyContext_Enter (C % R), 126
PyContext_Exit (C F#X,), 126
PyContext_New (C FHX), 126
PyContext_Type (C & #), 125

13

PyContextToken (CH #£), 125
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PyContextToken_CheckExact (C HR), 125
PyContextToken_Type (C £ %), 125
PyContextVar (CH &), 125
PyContextVar_CheckExact (C &
PyContextVar_Get (C HX), 126
PyContextVar_New (C &), 126
PyContextVar_Reset (C F#X), 126
PyContextVar_Set (C #X), 126
PyContextVar_Type (C & %), 125
PyCoro_CheckExact (C FHR), 125
PyCoro_New (C #X), 125
PyCoro_Type (C & &), 125
PyCoroObiject (C & #), 125
PyDate_Check (C &# X)), 126
PyDate_CheckExact (C %HR), 127
PyDate_FromDate (C HX), 127
PyDate_FromTimestamp (C FH X)), 129
PyDateTime_Check (C %), 127
PyDateTime_CheckExact (C HR), 127
PyDateTime DATE_GET_FOLD (C HZX), 128
PyDateTime DATE_GET_HOUR (C &% X)), 128
PyDateTime_DATE_GET_MICROSECOND (C &
X), 128
PyDateTime_DATE_GET_MINUTE (C &% =), 128
PyDateTime DATE_GET_SECOND (C %X), 128
PyDateTime_DELTA_GET_DAYS (C &% X)), 128
PyDateTime_DELTA_GET_MICROSECONDS (C i

4 X)), 125

KX, 129
PyDateTime_DELTA_GET_SECONDS (C & R),
129

PyDateTime_FromDateAndTime (C % R), 127
PyDateTime_FromDateAndTimeAndFold (C &
R, 127
PyDateTime_FromTimestamp (C H X)), 129
PyDateTime_GET_DAY (C HX), 128
PyDateTime_ GET_MONTH (C & X)), 128
PyDateTime_GET_YEAR (C HX), 128
PyDateTime TIME_GET FOLD (C &X), 128
PyDateTime_TIME_GET_HOUR (C H#=R), 128
PyDateTime_TIME_GET_MICROSECOND (C &
%), 128
PyDateTime TIME_GET_MINUTE (C &X,), 128
PyDateTime TIME_GET_ SECOND (C &X,), 128
PyDateTime_TimeZone_UTC (C ¥ £), 126
PyDelta_Check (C FHRX), 127
PyDelta_CheckExact (C HR), 127
PyDelta_FromDSU (C #X,), 127
PyDescr_IsData (C &% R), 120
PyDescr_NewClassMethod (C #=X), 120
PyDescr_NewGetSet (C % R), 120
PyDescr_NewMember (C % R), 120
PyDescr_NewMethod (C %), 120
PyDescr_NewWrapper (C &=X,), 120
PyDict_Check (C &), 106
PyDict_CheckExact (C % R), 106
PyDict_Clear (C &#X,), 106
PyDict_ClearFreeList (C %R), 108
PyDict_Contains (C &R), 106

PyDict_Copy (C ¥ R), 106
PyDict_DelItem (C %X), 106
PyDict_DellItemString (C &HR), 106
PyDict_GetItem (C %#X), 106
PyDict_GetItemString (C &%R), 107
PyDict_GetItemWithError (C HX), 106
PyDict_Items (C %X), 107
PyDict_Keys (C & X)), 107
PyDict_Merge (C HR), 108
PyDict_MergeFromSeqg2 (C &
PyDict_New (C F#X), 106
PyDict_Next (C % X)), 107
PyDict_SetDefault (C &#Z,), 107
PyDict_SetItem (C %#X), 106
PyDict_SetItemString (C &HR), 106
PyDict_Size (C % R), 107
PyDict_Type (C & &), 106
PyDict_Update (C &), 108
PyDict_Values (C $HX), 107
PyDictObiject (C & #), 106
PyDictProxy_New (C &HX), 106
PyDoc_STR (C E %), 5
PyDoc_STRVAR (C E £), 5
PyErr_BadArgument (C $HR), 24
PyErr_BadInternalCall (C &), 26
PyErr_CheckSignals (C &H3), 28
PyErr_Clear (C 1), 23
PyErr_Clear (), 9,10
PyErr_ExceptionMatches (C % R), 27
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C % R), 27
PyErr_Format (C &), 24
PyErr_FormatV (C HR), 24
PyErr_GetExcInfo (C HX), 28
PyErr_GivenExceptionMatches (C &
PyErr_NewException (C #H2), 29
PyErr_ NewExceptionWithDoc (C &
PyErr_NoMemory (C FH X)), 24
PyErr_NormalizeException (C &
PyErr_Occurred (C & X), 27
PyErr_Occurred(),9
PyErr_Print (C &% R), 23
PyErr_PrintEx (C 1), 23
PyErr_ResourceWarning (C &
PyErr_Restore (C HX), 27
PyErr_SetExcFromWindowsErr (C #R), 25
PyErr_SetExcFromWindowsErrWithFilename
(C#HR), 25
PyErr_SetExcFromWindowsErrWithFilenameObject
(C #X), 25
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C &K, 25
PyErr_SetExcInfo (C H#X), 28
PyErr_SetFromErrno (C HX), 24

5 X.), 108

41 X)), 27
4 X), 29
4 X), 27

4 X)), 26

PyErr_SetFromErrnoWithFilename (C & X)),
25

PyErr_SetFromErrnoWithFilenameObject
C & X), 24
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PyErr_SetFromErrnoWithFilenameObjects
(C&HK), 24
PyErr_SetFromWindowsErr (C &), 25
PyErr_SetFromWindowsErrWithFilename (C
F X)), 25
PyErr_SetImportError (C %HR), 25
PyErr_SetImportErrorSubclass (C &%), 26
PyErr_SetInterrupt (C HX), 28
PyErr_SetNone (C H# X)), 24
PyErr_SetObject (C % X)), 24
PyErr_SetString (C H 1), 24
PyErr_SetString(),9
PyErr_SyntaxLocation (C &% R), 26
PyErr_SyntaxLocationEx (C &R), 25
PyErr_SyntaxLocationObject (C HR), 25
PyErr_WarnEx (C &HR), 26
PyErr_WarnExplicit (C H=X), 26
PyErr_WarnExplicitObject (C &X), 26
PyErr_WarnFormat (C FHX), 26
PyErr_WriteUnraisable (C H#X), 23
PyEval_AcquireLock (C &), 142
PyEval_AcquireThread (C &%X), 142
PyEval_AcquireThread (), 140
PyEval_EvalCode (C $#=X), 18
PyEval_EvalCodeEx (C %HR), 18
PyEval_EvalFrame (C %#X), 18
PyEval_EvalFrameEx (C #=X), 18
PyEval_GetBuiltins (C HX), 52
PyEval_GetFrame (C &R), 52
PyEval_GetFuncDesc (C FHX), 52
PyEval_GetFuncName (C FHX), 52
PyEval_GetGlobals (C % R), 52
PyEval_GetLocals (C HX), 52
PyEval_InitThreads (C H#<X), 140
PyEval_InitThreads (), 134
PyEval_MergeCompilerFlags (C %R), 18
PyEval_ReleaseLock (C HR), 143
PyEval_ReleaseThread (C &%X), 142
PyEval_ReleaseThread (), 140
PyEval_RestoreThread (C &% 3), 140
PyEval_RestoreThread (), 138, 140
PyEval_SaveThread (C % R), 140
PyEval_SaveThread (), 138, 140
PyEval_SetProfile (C HR), 145
PyEval_SetTrace (C &R), 146
PyEval_ThreadsInitialized (C &X), 140
PyExc_ArithmeticError, 31
PyExc_AssertionError, 31
PyExc_AttributeError, 31
PyExc_BaseException, 31
PyExc_BlockingIOError, 31
PyExc_BrokenPipeError, 31
PyExc_BufferError, 31
PyExc_BytesWarning, 33
PyExc_ChildProcessError, 31
PyExc_ConnectionAbortedError, 31
PyExc_ConnectionError, 31
PyExc_ConnectionRefusedError, 31

PyExc_ConnectionResetError, 31
PyExc_DeprecationWarning, 33
PyExc_EnvironmentError, 32
PyExc_EOFError, 31
PyExc_Exception, 31
PyExc_FileExistsError, 31
PyExc_FileNotFoundError, 31
PyExc_FloatingPointError, 31
PyExc_FutureWarning, 33
PyExc_GeneratorExit, 31
PyExc_ImportError, 31
PyExc_ImportWarning, 33
PyExc_IndentationError, 31
PyExc_IndexError, 31
PyExc_InterruptedError, 31
PyExc_IOError, 32
PyExc_IsADirectoryError, 31
PyExc_KeyboardInterrupt, 31
PyExc_KeyError, 31
PyExc_LookupError, 31
PyExc_MemoryError, 31
PyExc_ModuleNotFoundError, 31
PyExc_NameError, 31
PyExc_NotADirectoryError, 31
PyExc_NotImplementedError, 31
PyExc_OSError, 31
PyExc_OverflowError, 31
PyExc_PendingDeprecationWarning, 33
PyExc_PermissionError, 31
PyExc_ProcessLookupError,31
PyExc_RecursionError, 31
PyExc_ReferenceError, 31
PyExc_ResourceWarning, 33
PyExc_RuntimeError, 31
PyExc_RuntimeWarning, 33
PyExc_StopAsyncIteration, 31
PyExc_StopIteration, 31
PyExc_SyntaxError, 31
PyExc_SyntaxWarning, 33
PyExc_SystemError, 31
PyExc_SystemExit, 31
PyExc_TabError, 31
PyExc_TimeoutError, 31
PyExc_TypeError, 31
PyExc_UnboundLocalError, 31
PyExc_UnicodeDecodeError, 31
PyExc_UnicodeEncodeError, 31
PyExc_UnicodeError, 31
PyExc_UnicodeTranslateError, 31
PyExc_UnicodeWarning, 33
PyExc_UserWarning, 33
PyExc_ValueError, 31
PyExc_Warning, 33
PyExc_WindowsError, 32
PyExc_ZeroDivisionError, 31
PyException_GetCause (C % R), 29
PyException_GetContext (C & R), 29
PyException_GetTraceback (C HX), 29
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PyException_SetCause (C #X), 29
PyException_SetContext (C &HI), 29
PyException_SetTraceback (C H#X), 29
PyFile_FromFd (C $#X), 113
PyFile_GetLine (C &% X)), 113
PyFile_SetOpenCodeHook (C #=X), 113
PyFile_WriteObject (C #X), 114
PyFile_WriteString (C #X), 114
PyFloat_AS_DOUBLE (C &% R), 79
PyFloat_AsDouble (C H#X), 79
PyFloat_Check (C % 3R), 79
PyFloat_CheckExact (C HX), 79
PyFloat_ClearFreelList (C #R), 79
PyFloat_FromDouble (C #X,), 79
PyFloat_FromString (C #R), 79
PyFloat_GetInfo (C &R), 79
PyFloat_GetMax (C FHX), 79
PyFloat_GetMin (C % R), 79
PyFloat_Type (C % %), 79
PyFloatObject (C & #), 79
PyFrame_GetLineNumber (C #=), 52
PyFrameObject (C A #), 18
PyFrozenSet_Check (C H3), 108
PyFrozenSet_CheckExact (C % 1), 109
PyFrozenSet_New (C 1,:5\) 109
PyFrozenSet_Type (C € #), 108
PyFunction_Check (C &), 110
PyFunction_GetAnnotations (C % R), 110
PyFunction_GetClosure (C HR), 110
PyFunction_GetCode (C H#X), 110
PyFunction_GetDefaults (C X)), 110
PyFunction_GetGlobals (C H#X), 110
PyFunction_GetModule (C &%), 110
PyFunction_New (C #=X), 110
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PyImport_Import (C HIR), 40
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PyList_SetSlice (C & X)), 105
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PyLong_FromVoidPtr (C HR,), 77
PyLong_Type (C ¥ #), 76
PyLongObiject (C % #&), 76
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PyModule_GetName (C X)), 114
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PyObject_CallFunction (C % R), 57
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PyObject_CallObject (C &X), 57
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len, 59, 63, 64, 105, 107, 109
pow, 61, 62
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