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CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

2.1 {#f C 5 C++ 3" & Python

WIRRESH C, TIHTE) Python Py E AR R M. DA WA REH Python BRI, W PAE N
extension modules RS2 SEPUFI P EXT G280 T C EREM ARSI .

NT A€, Python APT (W HIREFF St 1) €T —RIKE. RHASH, LAV Python iZ17
I R GERY K7 A% . Python (1) APT n] DAEAE—A C IESCFH5I ] "Python. h" KPR -

PR 4 S 07 R S AR H AR GEBL R R SN2

il C o L N Hifis CPython, 4RI ICIALEH A Python SCBL ETAE. YERZHAEOLT, MiZkt s
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 =N EBBBF

IEFRATBIE — AP AR spam (Monty Python #7522 fr 3 W HI B #)...) I H AL ZERIE XY C JE R 4L
system () ' [1§J Python £z 1. XA R 4H 32— DA null 5 1 FAFER SHOF IR — M4 R4
PATE Python H AU 77 2R I M bR £

>>> import spam
>>> status = spam.system("ls —-1")

HEAI#E— spammodule.c XfF. (B4 L, WER—ABHI spam, WX LI ER C LM
spammodule. c; QIRXMERY FARF K, ANl spammi £y, WXL SCAFRT DAY spammify .
co)

SR IR R AT A
VAN 1 B AAERRIERI o5 LT, SRR — AN BT BB T
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#define PY SSIZE_T CLEAN
#include <Python.h>

X £ A Python APL (BISRAREN, ARATATYEIX HLAS IR B H AR RS B HIHERR) .

Fril: 1T Python WRESE L —LUREAEILLE R GE B WAARIEL SCPFRY AL BRES i 3L, TR AE B S AT (A
WS SUHE2Z /T, AR SRS E Python . h,

A7 BJRAE Python . h FilE X PY_SSIZE_T_CLEAN ., EHZIY & 4l 5 K TN ERN L
N

JrAAE Python.h W LM Pl WA SER R A Py Bk PY BIZK, CUEARMESK SCH e LRIk LE R
Hho FZEEIEAE, Wi T AL Python @Rt il iz, "Python.h" i G T —2UARiE KL S0
<stdio.h>, <string.h>, <errno.h> fl <stdlib.h>. UWHJGHEF L SCHAERM RS EAELE,
RS HERHERE malloc (), free() fil realloc ().

R C pREENY R, ] spam. system (string) BRI, GRATRE BRI

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

return PyLong_FromLong (sts);

}

ANEERFESEONVERNIE CEANPIT, A "1s -1") BBUMEEE4 C MBS, C mEEZH
WIS, AT self Ml args

XIFLRGE KK, self ZHERIBNS R ; XTI IE MR [ % G 52051

args ZH2 AR 10—~ Python [ tuple M RI5E, HH WSS H. G4 wple T — MRS XL
SR 42 Python M4 - ZAERATH C B0 il E N T8I 20 R HAL ol C (. Python API H1[Yy
PR PyArg_ParseTuple () SESHIADFIFHIA N C (. MBI AT Rl E 7 BRI B HEE
BUPA RAF SRR (R C AR REEA . ARTRERS S o

PyArg_ParseTuple () TEAE SECENA G2 HA /042 I i fe A% 36 3k S f ik BN, 3R 0]
AEZE) . HAEEA TSR S (). ERSefl T8, o Bss e 5w, (EA5E ) sk 50T DAL
1R8] NULL (552611 B 0L

21.2 XFHRHFE

F&A Python fERERS RGAH — U R TR E BRG] : U4 — D REO TR, BN Y REE A5 &
Rl —AERE GE#H N -1 3K NULL $84F) . S# G B AR EEMRR SRS = A R . Wit
HREMEMRME R NULL, fEHAMEN B2 sys.exc_info () iR Elf#) Python JLA AL HifY C
K. AT BRI R SLBIRAIRT S . PR AT T B AR R A B AL e g A
Python API 5 LT — BB pR Bk B SR i

W M W B /2 PyErr_SetString(). HBH EFH XN LM C /M5 H. FHEXN L K2R
PyExc_ZeroDivisionError XAEHFIE X A% . CFIFHRIEH SRR IER, 9 —1 Python
TR AT ) < KBRAE

H—PMH MM EEE PyErr_SetFromErrno () , fUEZ—PMRENS, REMAUSESRLE
errno P, FilHREGARE PyErr_SetObject () , W NS, 7B REXNRMBEERLR. K
AN EAH Py_INCREF () RH4niL s 2| HAL R E I S E0F %005 | T4

6 Chapter 2. FEFS=%TAMEY R
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YRATPAE L PyErr_Occurred () FEAE MBIAHI G OL MR 2 ICE T 530 . XIFIR ] 24 B S H 52
oCE AR R S R S IR 8] NULL, RIS H AT EIAN PyErr_Occurred () KAF AR 2% %
AT EEDE, PUOAIRBOZREM IR ME A& ok

B RS T AR g IR RS A T, f B E R el M R{E GERON NULL 5 -1).
BRI PyEre_* R RO 20 g WAL T f MR BSR40 0] — A ok
fers e ey, [AAE AR PyEre_*, MRILASHE — BERAY BN PN 28 oy Se A 22 1Y e
Bty 7o — HXAMHE R E]IR Python EREARII LIRER, B 1k M ATHAATHY Python fURS Ik i i
Python F5 7 53 I8 € 14 57 5 AL BRATAR o

(FEH AL B AL SCREAS Il 1 IR VB PyEre_» RBCRAG I HUON R DN E I HAEX 2Ll
DU AT AR o R 2 B — ORI, SR ARG, T RE B KA RME R ER K2Rk
(SRR GAIER &)

AEBLZ0 W p — A 2 W) R B ) T B B R S, SR SRR A AL ] PyErr_Clear () WaUHb#E
Br. CAUIGMN 4IHH PyErr_Clear () HIME—IHOL R IR E AR RE AR 2SR HE R
AhEE (TRl M s, ol BB Ay ) .

BRI malloc () P HAAFES A — 2% . malloc () (8 realloc () ) BB E LAEHH
PyErr_NoMemory () FiR [ IRKHER . A X RO R E (Fl40 PyLong_FromLong () ) BE&X 4
T, FrPARAN R T B malloc () AU,

EERERE, BRT PyArg_ParseTuple () SFHEBISL, R A EEHCHAHS Y o8& B0E HAR 2R 0] IE{H
R FTRAI, MPA -1 FORKM, WnlE Unix RGE0E 4.

BoE, MRIR Bl — A RS R A B ROE R GE IR 0B R AT Py_XDECREF () B
Py_DECREF () & H)!

PEBET | A B 78 58 A B TR B 4F . BT A Python [N B 5 55 FR A X B 1) Fil 75 W C XE 4, fil4n
PyExc_ZeroDivisionError, /RA[PAEEMEH EAMT. 248K, RN 24008 k£ 5w - A B
PyExc_TypeError RFE/RMTLEFTH (TREMN L PyExc_OSError HRE) . AR SEINEA
i, PyArg_ParseTuple () HMHGHETE 25K PyExc_TypeError. WIRARAE— NS ELILERE
E T L P s A A A5 4, I ELf ] PyExc_ValueError,

PRALAT DA AR ISR SC— N ME— R B o . /5 SR SCPF AR A I — NS xt e, n:

static PyObject *SpamError;

HAERI I AL RR AL (Py Init_spam () HFA7 7 X GO A TR 1k

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

m = PyModule_Create (&spammodule) ;
if (m == NULL)
return NULL;

SpamError = PyErr_NewException("spam.error", NULL, NULL);
Py_XINCREF (SpamError) ;
if (PyModule_AddObject (m, "error", SpamError) < 0) {
Py_XDECREF (SpamError) ;
Py_CLEAR (SpamError) ;
Py_DECREF (m) ;
return NULL;
}

return m;

}

E B IZ 55 X2 Python & FR°A spam.error. PyErr_NewException () BREUA] DAG)HE E 2 h
Exception I (BRIAEE A T 71— A2EM A& NULL), 40 bltin-exceptions H Tl i1 .

21. £/ C & C++ ¥ & Python 7
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TH{ER SpamError AR R R E T — A HT B R RIS Lmﬁﬁjﬂzm' S AT RE S B
A B I B, PR LR %i‘ﬂiﬁ*/\xﬁiﬁé’]%lﬂ%u\ﬁ%% 2EFE, MIMFE SpamError
HN—A s gst . WRRE RO, W5 Ki%A %E’JCﬁﬁ%ﬂﬁ%%‘%ﬁvl%b%ﬁ%@iﬁ@?ﬁ%ﬁz
ST S o

AFEGIFS GRS PyMODINIT_FUNC EA s EIGR B 224 1 vk
AIYEY R PyErr_setString () 5|k spam.error i, W RNHIR:

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

if (sts < 0) {
PyErr_SetString (SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong (sts);

2.1.3 @3 HF
I ES =T R A VAT A | S T AW T B
if (!PyArg_ParseTuple(args, "s", &command))

return NULL;

TRAES B R PRI B 4535, B RFR ] NULL GZ{E 2 0% 3T 4 R840 00 sR B 45 R ), X B 1
PyArg_ParseTuple () WEMFH . FEHA I N SEW PR E 9 L8] JRfAs B command., X
B8 %TWE?FE%T R AZAEECE BT 48 ) B 4R (R AR HE C o, 48 B command B 44 IEAfih s

B A const char *command),

N —AEAE ] UNIX 2454 system () , A SBUENIA M PyArg_ParseTuple () Bl
HY:

’sts = system (command) ;

|

AT spam.system () o E6 A PA Python Xt ¢ iy JE 300k [0 sts M {E. X 2 i 1 66 1 bR %L
PyLong_FromLong () SEH.

’return PyLong_FromLong (sts);

FERXFPIGOL T, SRS, GXRFGRTE Python i HUHE ) .

WRRE — DR EE HSHN C mEr (BIRE void M%), WX 1 Python pRE IR [H] None
PRaAZAE X A5 (B2l Py_RETURN_NONE %2352 PLAY )

Py_INCREF (Py_None) ;
return Py_None;

Py_None 2455k Python X4t None Frxf i) C £ F5. /2 — I HIEH Python X 4Lifii A2 NULL f54t,
WAV, JaBEAERSECE T SCOPEERE iR

8 Chapter 2. RERE=FTREBT R
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2.1.4 ERFGERNIIGCERL

FORTIE 2 RGN A A Python R ] spam_system () . HE, HAFTEAE “Trikk” $51
H B B A BRI

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,
"Execute a shell command."},

{NULL, NULL, O, NULL} /* Sentinel */
bi

RSB =240 (METH_VARARGS ) , XMr&EfaE M C iy RG], Wik{EH METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 f0#ffif] PyArg_ParseTuple () HIMKIHZS &,

R Ml ] METH_VARARGS , BR # & % ff Python %k tuple #% 3Ry 2 4k, I & & il /)
PyArg_ParseTuple () #F7#MT.

TSR 24 R B S B A R R RO PT DATE B S A FBOP I B METH_KEYWORDS FL 4. 7
A LT, C BB Y822 5 =4~ PyObject * %, TR N — A X 8T HRW T 8. FH
PyArg_ParseTupleAndKeywords () FXF-SERNT R EL.

AT IR AL PR E LRG|

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per-interpreter state of the module,

or -1 if the module keeps state in global variables. */
SpamMethods
bi

XSGR AL ITAERR AW IG AL R B AL B 25 AR & . WD ARAL PR LN A 4O PyInit_name (), Hf
name SR AFER, H HRLZRRBBSCHE P E ME—F static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

1R PyMODINIT_FUNC X% Bl PyObject * aR[BIZRAY, mEHH 1 & Fr 2R fOAE A ik a2 e
B, FEEMXTT = C++ RFpREE W]l extern "C",

%4 Python FEJ¥ I F A spam B}, PyInit_spam () KA . (5 XA Python FERES UL F L. )
BRI PyModule_Create (), ZMRESR B — MG, I E TR E L EIWER (—4
PyMethodDef ZEMIIRAGELAL) 15PN B R ECH S 3d A ZH B Ay . PyModule_Create () iR[H]—
ANHG W E I3 BT R 1 F8E . BT RE S SRR R E M AR AR L, sE R O R i
fEBFIR [B] NULL . W3R SR B RS ERXT S2 0 [0 45 Ho F 2, PAERFHAE A %) sys .modules Hi,

Yiix A Python I}, FRiE PyImport_Inittab RHHLKH, BMALHSIWA PyInit_spam() %L
BURHSRIS B R da 4k R, W PyImport_AppendInittab (), A EERERH G T A%

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);

Q)

21. £/ C & C++ ¥ & Python 9
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/* Add a built—-in module, before Py_Initialize */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1) ;

}

/* Pass argv/[0] to the Python interpreter */
Py_SetProgramName (program) ;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
Py_Initialize();

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0O;

Fik: BN sys.modules MBRSEHA S-S A O IR E] D IERE LI 2 AMERES: (BB fork () 1M
Bl exec () ) RAE—SLy BT B /R4 R . 3 REBTHE AT ATERD SR A N SRR 4 A I 4 HH 2 o

2 e T A B AL B B 11577 Python YRS Modules/xxmodule.c H1, X &8 SCHAT DA FHAEIR
P ARG, BiE 24> . I modulator.py £ & 78 YRS & 4Tk Windows 2225w, AL T — AN fA] B
GUI, ks AR se ol i sk BORIN 5, HLa DAAE BUBEE A AT . IASEE Tools/modulator/ H 5%, %
& README DA T f# ¥

ik AMREIEAIY spam BT, xxmodule il T % M #4745 1 (Python3.5 1G5 A), PyInit_spam
2xiR [ —A~ PyModuleDef 514 {4 , K501 @ MBS F AN . 417552 PEP 489 2 B IG 1k -

2.1.5 YmiFFOsksE

EARREE AR S Y R ZHl, VRETEEMM s B Python REEAIFMEER:. W RIREH
AN, X REH A EAE R G SSIMEBYLE 2 EEIES % RIEY R =Y (e
C/C++ Fr e FT), PAMAE Windows FIRiFFRENFIMEE (£ Windows LA C Ao C++ ¥ & F7).

WA BRI E, SCE IO AR VE R Python R —F5r, UG MOBL &I &

HEH R . a7 Unix EARM, HFTREHARM SCH: (spammodule . ¢ SN HCEE MR H 45
PR AT Modules/ HR'F, WI—478] Modules/Setup.local FIRVRIA S

spam spammodule.o ‘

IRJETETIUZ H iz 1T make SR E P EERAS . (R PATE Modules/ 1 H (/] make, {HEIRAAZI
JEEH Makefile UfF, M5z rmake Makefile’ fir-. (YRR Setup SCIFHRT ZEXFEERAE. )

URARI BT BB AR, X LE AT A I AR B SR B, 28 S

10 Chapter 2. RMEAE=KT AR &R
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spam spammodule.o —-1X11

2.1.6 7£ C hifH Python FE#

oAk, FAT—EHACHEE L THE Python ] C e %, HSLGad R ARG M, wiie i C ¥ Python
IZ@I XTE Rl R EC P CHA A WA C O R, 822 S XA [l R .

SEIZHY/Z, Python fRed @ LB fEMITHRY , FFZHRiE Python s EER AL TARMER 1. (X HLEA FREA AR
#r Python “FRFH N B AR T3, WA @R PAZ% Python/pythonmain. c H1H —c fr 4T
)

iﬁ]ﬂ% Python pRAMR i B, ¥ 2 Python 27 3244 1% Python BB S . W% B (B A% 1) Skesk
o MUEHIX AR, H 4R SR Python sREU G0 FEr, EYH A (Py_INCREF () RIm5]
Jﬂfrz&ﬂz YRR R RREAAX R, 20T, G7F RET fE B E SR —3B4)

static PyObject *my_callback = NULL;

static PyObject *
my_set_callback (PyObject *dummy, PyObject *args)
{

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
}

Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;

3

return result;

}

LR BN ] METH_VARARGS JHARVEM EI| B RERS ; Lﬁﬂw&ﬁ%%\%m% oy — R
PyArg_ParseTuple () RREUSLHSEUR) SO WAR B By 4 0h -4k

Py_XINCREF () fll Py_XDECREF ( i_ﬁii/\fTi*ﬁn/vja/lb/\ﬁ%E’J%Iﬂﬂfriﬂz It H 24P NULL# &t
HW&T%IE;@ (CERE {azihz/l\tTjUP temp ¥$ 45k NULL), BZAHKERESH 7| A t4 &

Bl J, 240 DL R B, RRFJE A C Bk PyObject_CallObject () . %ZEREANSEL, bﬂ]%[i
JET8%r, /TR Pythonxfﬁ% R Python s, RHSHHIE. éﬁzﬁﬁw M E— e g, H
K Eﬂ%ﬁﬂﬁ/\@zio BN S HHI Python PREL, WL A NULL 8i—25 4l B — A~ S50 H
B, WEA—AHIG4., Py_Buildvalue () SfEHAME RN FAFR A S X TS N ZE N2 1t
f Bt [m] — A~ o4l . fBilf:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

arglist = Py_BuildValue (" (i)", arg);

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

21. £/ C & C++ ¥ & Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.
PyObject_CallObject () & —MX HSH 51 HITHIC X" W 6l 9o g f 1
SR, I HAE PyObject_CallObject () ZJG V. RMi T Py_DECREF () .

PyObject_CallObject () MJIRMMEEZ B 09 Zak MHERNE; HakeAXER, (A
TSR FrABR AR S R AR A E A Ry B, ARG EXNXAMEME ] Py_DECREF (), HPfEAR
XL NS (R ) AR

HRERX M 8, REER— s B R F{EA & NULL, WSR2 1)E, Python RIS A EIFF A 5H
o WA PyObject_CallObject () W) C LIS E7E Python H ALY, &5V 24 37 BliR o] — 4%
BAASFIH: Python P 1, DATERFREZRAETT ENER I 9(5 ., 83118 75 Python AARS RBAL % S 45 . 40
X TCEME SN AGAT, WY 4@ pyErr_Clear () RIGERFH . Hl0:

if (result == NULL)
return NULL; /* Pass error back */
..use result...
Py_DECREF (result);

T HAR B R R, ARIBEHR A2 HFHE] PyObject_CallObject () o fEHLUFILTZSEL
&t 1 Python RS fitrs), lad £ 1 FEAL 2 [mli R Bonk 5 o AR ] AR AR B R L e tl ik . o3 4h—
YOI AR E A S — BT T AR SR i B A2 Py_Buildvalue () BRI tple, 2%
BT, AREAL A FEARS I R] DA G

PyObject *arglist;
arglist = Py_BuildvValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

W% Py_DECREF (arglist) FifEALL BN, TR IR Z Al MR EEE iR,
W Py_Buildvalue () W] AR AR 255,

YR R EA TR R, A XEFESHHM Pyobject_Call() , WEFFFESHM XETS
B A belh, FEAMEH py_Buildvalue () etk 7,

PyObject *dict;

dict = Py_BuildvValue("{s:i}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict);
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

2.1.7 R REHHSH

BR¥ PyArg_ParseTuple () HEHIMIR:

’int PyArg_ParseTuple (PyObject *arg, const char *format, ...);

ZA arg WAR—ICAIN G, B Python #4145 C sEUNS BN format SRR — AT
FiHy, 1R E% Python C/APL T A1 (1) arg-parsing. FIRSHCE AR MhE, KRB GKFHF
ORI o

YL PyArg_ParseTuple () 2AMIfliF5 21 Python 242, AJCIARRIN ek 4 fibiy C ARt , 4n
RIXHEHH T, rTRESTENTFHRINLE AR, /.
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FERATAT ] 2 B2 k) Python XRG4 ka9 515 AZLEBENHIT HTE
— LR BT

#define PY_SSIZE_T_CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

int ok;
int 1, J;
long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */

ok = PyArg_ParseTuple(args, "1lls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3J, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

f('spam', 'wb', 100000) */

I3
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (i1i)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
3

Py_complex c;

ok = PyArg_ParseTuple (args, "D:myfunction", &c);

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */

2.1. {#f C & C++ #' & Python
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char *kwlist[], ...);

arg 5 format 25 PyArg_ParseTuple () BRI E X—5. kwdict T2 215 R =125 Python
IBATHHE ) R B . kwlist JE S 2 DA NULL 85 B AR 5%, BN RIES: 4FNARS
53k H formar 2585 BAHVCES . AR IATHEN, PyArg_ParseTupleAndKeywords () £k B HH,
TR MR 5 | A — A0 24 1 7

ik BN CAEM ] K T SR TR, ANTE kwlist WP KB P SR 38 TypeError St

TR BT i R B SR ) T, 1135 2 Geoff Philbrick (philbrick @hks.com):

#define PY_SSIZE_T_CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

static PyObject *
keywdarg_parrot (PyObject *self, PyObject *args, PyObject *keywds)
{

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

static char *kwlist[] = {"voltage", "state", "action", "type", NULL};

if (!PyArg_ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))
return NULL;

printf("-- This parrot wouldn't %$s if you put %$i Volts through it.\n",
action, voltage);
printf ("-- Lovely plumage, the %s —-- It's %s!\n", type, state);

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void (*) (void))keywdarg_parrot, METH_VARARGS | METH_
< KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

static struct PyModuleDef keywdargmodule = {
PyModuleDef_ HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
bi

PyMODINIT_FUNC

(T IgkED)
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(£ L£50)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 MWEERIE

X% PyArg_ParseTuple () fRAHL, FEHUIT:

’PyObject *Py_BuildvValue (const char *format, ...);

BRI TAH, 5 PyArg_ParseTuple () Ml[F], (HE2SHUAUEEARHIETEE (AL 5
B, MR . 2GR R —A> Python X4 & Tk [0 C s i 45 Python RS

—~5 PyArg_ParseTuple () [AREE, JEIH P AETRZE M 2K B —A~J04 (Python SR B2
TENFERRA ), Leln T A& 25 HiAth Python i PASEL. Py_Buildvalue () HAEZ4MITH,
LT 1SR FERF RS A RTTd, RS X FEFFER S WIR B None , —ANSHINEER %S
fﬁ(é‘]i@‘%o AR ER GG A B — AN BN 0 BT, s &— IRt FEEEFAF SN b
55,

Bl e, A2 Python {HELR):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (ii)™",

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

2.1.10 S|RAE

1 C/IC++ BT, FEF R 5T 80 A BRI e heap 24 A7, 768 C B, (@ A% malloc () Fll
free () K5EM. 1F C++ HEENE new fl delete ELHAHE TN EE.

Nl malloc () AN, RAEIR free () BEETHNAMET . MM free () 19
LIRS, R DNFRE T free () WS SEONFMNG, XH N TEAERL T 55K il o vk B
. XU M k. T AR — N AEER free () TUAJE, BAM— RV N, 0
malloc () B HXINESSENSE . XMM 2354t SR T06H R G r9 %, core dump, 4545
T, MR B

AR R AR R AR E— SR8 LA AR T . e — AR B TNV, T2, S5
RERNATHE . BUAE— S0 R FR 1 6 el mT RES i X+ 5 0 I Sl ARG I A R 2 1, SR e M BRI BRGR e T
AR Gy i Ae iR mTREON A, B R R I s s A . XA NI, —EHEIA, @ AR AR
MEDAKGINEY , G5B H AR AR A, T B L SO R B R R RE AN AR, B DA K i
A e s B RO A AR . L, AT A, B A R S R Sk /MBIt
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Python iffijf malloc () il free () W& KA AAFDBCHRERL, AR 2000 APt IR B 1641 . fluik
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

7R B FERen. CA NGRS R S kg, T R2aX By A 30" HPAIX
P E SR B U0 2 PR T ZER I free () o G — M2 dlatd BE s A7 B
SRR FEAME) . B2 R C, A ATRARR) B Sk e, mis] v BOu e AR R AR Y S B (L2
malloc () Ml free () PECERIHIAY, X2 CHpMEHLRED) . WIFAEA —RK 2 MW BAERY A 3 b
Pelulie s, (HAEBCHTFRA L2055 ik TAE.

Python i AL GER05 N VHELSC I, dBARBE TORERIGINAS . LA ING | HIIERR . X5 FoF54H O B
sk BIE TARERT I, RS TR — g . 5 IR AR (RTREEE) HI5IH T4
5, P AEFR AR RIS TG AR 00 SRS T HESE B [l AR 5 | B ER IR &
HCE BRI ARG, WA BCA IR LASNY S T

DGEIAS I s BEAS A N B33 ISR PRI BRI E AT go BB it 17— Azt izl fe iy 77 20 (collect ()
BRED, PARZANBCE R O MRS T I AR i 25 D fiE

Python shEy5| Hit4k

H W% Py_INCREF (x) fll Py_DECREF ( Mié'lﬂﬂﬁ*ﬁtﬂﬁi*m Py_DECREF () W& TEG| it
BER 0 BPREHOT 4 ﬁTi(ﬁ AR Aﬁ%ﬂﬂﬁ free () , MWL RTERM) XA 2F %Ex@@&%ﬁ%ﬁéi}%
Mo ATXAHB @A), Axﬁ%ﬂaa‘@4‘~/\?5m Q%%ﬂxﬁ%@?‘éﬁ

SN O] WEIEI i A Py_INCREF (x) Fll Py_DECREF (x) ? FRATE E5IA—LM&. WA N
B — AR5, T[/J\/’f)ﬂﬁ"/\ﬂ}ﬂﬂ*/\x_f% *AXT%EGE(IH%TT@EX%?E%%]H%Eﬁf&io 51
WEHEAT Eﬁﬁﬂ Py_DECREF () , FE5|HIAFFER. 5IHMIA XR DA A =Fhpgokat
BIWAMGIH: ik, 7. ﬁﬂ% Py_DECREF () ., &icAb®E — 85 H & S8

AT A 45 R — AR5 . RS AN % Py_DECREF () . 18 & AR A RER A X 5
AR A F A B I E] . PRI AL AT S5 B A 5 2 KU m W iZSE AT RER .

A T3 B S R o R OB A e EAUMERYS I, BCE3E, a5 FARTC/RH O N AR Y
Ao i T R 2 — LR R IR AU _E A5 TE‘E%T WA FALE SRR

T AT, il # M Py_INCREF ( AL PE 2RI ERRS. X4
WIS N, R TRalia & T (?ﬁﬂﬁﬁﬁﬁﬁﬁﬁf"%ﬂﬁiﬁglﬁﬂ, ?)E@ZHIJE’J%‘J%%%%K?F%@)O

AHEAN

B WRG LB IE — R BORT, SRR 1 VA% A8 E P KRB 2 R a5

K Z BeRFGR B — X 25 H, ﬁf?k.%'lﬁﬂﬁﬁﬁé? W, A A g R A,
PyLong_FromLong () #1 Py_Buildvalue () , & #IMA X ZALBIE. BIMERNRARZEIED
Y, 1h%7ﬁﬂ%3%15°x¢%ﬂ@%ﬁ§|ﬂ3u ﬁ/l\ifﬁﬂ% PyLong_FromLong () #E4P [ MNiATEHMNZAE, FHA]
DA ] 2 G2 4730 H 85 1

WL H — DR ERBOT R EE, WaEids XA, Bl PyObject_GetAttrString() . X
B AEIER, — 2R K 0 BIRE 261 4MY PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R2RIEIMITAL. FF%. FH BRG] H

PRI PyImport_AddModule () HZRIMME MRS, VR AT RE Sk o G AR 42 XAl RERR S —A>
WA BT RRAHTE sys . modules LI

YRGB — X R B 7 — A R A, R RECR R B A . WERFZAAE, ST py_INCREF ()
AR S A . XA A A EZ R FISL: PyTuple_SetItem() fll PyList_SetItem() .
XL PRI Z AL BRI B T KR, WS KR! (R PyDict_SetItem() KRB &R H X
#, fifil2” IEFEH).

2ARE ST A AR IENNG: WA L URAET KL
SRAHHECE A VBT, SRR ST DAFEC AR AR, A T AR A S T«
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YA C R Python P FIIF, 2 IR I 7 R USRS S IH - T EIAXIR IS, BreAE
85 | 2 i T DAPRAUE B R SR 1] o B 05 5 75 B sl s v, il R A 15 L

WL JEH Py_INCREF ()
Python ¥ Fi M C sREGR [ B9 XT 55 | IS U@ 304 5 | --- A & R R EE S 45 R & .

fERSagE K
AOBUAFON, RS AEARTCE, (HAIT RS20, Sl w2 ROy Reas i, Il aE
FEGIRIWAFE AL EXGIH .

e BRI M R OLR (T Py_DECREF () F|—NIERMR, WX XG5 RN H—1 o1k
MIeE . 2SI

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0); /* BUG! */
}

XA RECE BB —AGH 1ist [0, A58 1ist 1] M 0, HJEFTEERMGIH. BRELE
Il HAAZ.

IEFRATIRFEIERIRAIEA PyList_setItem () . FIRIAN KA FHBTIA, FI2MEE 1| P,
EMMEFTEIRZH 1o BAEFRNEOREIG R H 12— e SCER L], FHat— P R 2eE LT
—A_del__ O Jike WEPRRKIEEBIRGIHIECN 1, AZFFERFRHE __del () ik

HI T2 Python 451, Ik __del () Jrikwl ASRATAEE Python fUi%. B2 AT DARE bug ()
Xf item BYGIHIRZINE? MRTTA! BUERE A bug O MIFIERFATARE __del () JAVIH, ERATPAIR
Fr—2RIER) LI del 1ist [0 MIRCR, BUEXRAIZMNRINERE—RKGIH, BRSPS 2R
WAE, MM item KL

fRERITIAR, BMARALE TR, SRS 17 IS TR IER AR Y R AR AT

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
}

B PLRORCR . —RIFISAR ) Python 1 2860 & WIS Lt , 1 ATE C i Vs g o 764
TR, A FIIE N A _del__ () HERKN

XA [ B 25 R B2 A5 FH 05 | S R AR AR R . %, Python R B2 AN AARTEIEANS 1)
A, PEMAAERPIIRTE Python #5235 H] . HAT A % Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, R RIUSH Py_END_ALLOW_THREADS . Xl # | Se7EFH € /O P4, (A5 HiAthZk
FEVT DATESETE VO AR AL Bl . AR, W R RS IR 2 ji AR A — A 1)

void

bug (PyObject *1list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...

(R
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Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL i8%t

W, X5 MRS EH RO A BARE 4 E 1] NULL 3541, I HU AR RSO S AL (2K
TELAE S BOZ 068 ) o R M55 | T4 R 0 5 A 28 I 2R 1 S I AR 1] NULL., A NULL
SR AR T X 28 R R 28 8 SR E AT T B X G A8 25 A bR A - AR e B G NULL, 5
SFEOCR I TUARARIN M A s A T S 2218

W RMEARAE “PL" _EARIN NULL, RIFERE]— Al AEo NULL B45, Ak A malloc () B{
eI BT | 57 1) R R IR 4%

Py_INCREF () #l Py_DECREF () % A4l NULL #5341 - {(H2, EfIRZH Py_XINCREF () Fl
Py_XDECREF () A&,

ATFARLI X R KRB (Pytype_Check () AXAGM NULL $85F — [FFEHL, A KB S LR
L TR — R RR AU BUN R —, SR SEBITRIINER . AETEA NULL £
TR AZ R

C KRR AL 2 RUELE 28 C BB S Rl args) 4R &7 NULL - S2Fs BB S RIEH
B h—AInd

LA BERS NULL 4541 “WtEE” 43 Python JiJ R i2 1™ EAYHE IR -

21.11 £ C++ h R EY R

BT ATE C+ hgn G i, FURASEMEl. AR 427 (Python M) 2 C G ke i Al
HEER, RS RS SN BE BT . AR Ct SR E R SRR A LA X . AL
224 Python fEEREAR A G H HURAEIAN LG LR ED AR extern "C" , TR TAE extern "C"
{. ..y B4R Python SkSCHENIA RIS AT EL, PEAUIRE L TS __cplusplus MEBZRX AR
W7 A B C++ il & i SUXAAF9).

2.1.12 45¥ RIERIZ{ C API

REY FBHARAL 1B ek B S Python fliJ], (HAT I REALER BLA ARG B n] DARCH b AR 1l

o B, —AN AT PASE B — 28 collection” 7 L K 2 %A FUTHY . 515 2 Python 41| 287 |

gﬁ é APL SAVFY A IR QEMIZES 51, XSRS A I N] DA — M C BT T 45 HoAth - Jr At b
B

TR RAAR G AT 2G5 AL o AEIh static), SRAUAHASLICHE, AR CAPTIYSCRY. 5K
P EAERTA I R 2 H S A 2] Python ERERRI 2 W DUIEH TARRY. AR DAL R g, —
AR R R SO — MEHART Lo W] LAY 2T HOBT T B R S8, —SERSER) Python iR i ]
R4 23 ) (BN Windows), A LEIFEHERE I 75 20— A I 2 R ALF S8R (— MBIl ALX), B
B PRPERTERA R (A Unix 2851). BVERAFS24 Rl WA, VREER ARt B i A 2k .

RS AR LR B REXIAT 5 AT WA AT R X WRIE 3 A B I A S8 % 7R static
B TR RI AR LR AL, R S A AR G di 4 v O (FEBE AR 7y R R A s 1L A TR
REMERTS A% 24 U I H AT 1 07 2R A Y A 1)«

Python F it T —MNREAAIHLEN R A — A9 AR i) 55 — 9 i f% 1% C 25 B (1541): Capsule,
—~ Capsule jift 2 — M T4 (void*) i Python ¥#i3e%. Capsule H AR I C APL R BIHAIT;
), (HEATAT ABAL AT HAL Python X R —FEREMLIE . Frolih, B4 DABRIE LG T AR iy 42 25 [ Py
AR HALY AR AT DA AGK AR, RIBUZ AR I AIME, A8)5 A\ Capsule HgRIUER# .

S MIROEA IHA KU R0, S RIER T, AR AT TR Z AR .
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

TERAREFEM AN T3k, AR Capsule 45 7 16 24 9 4 FRARR L 22, A PyCapsule New () %4
name JEZ: (const char*); FRVFRIEA—A NULL AERAFR, (HIRATHRZHER RS E 4 AR LAy
# 1 Capsule $241L T —E BUIZATIN R AL s A AIATRY 7 2URE X WA~ Ay 44 1 Capsule.,

okt , Capsule T %55 C API, H AW AiZEiGun s :

modulename.attributename

fEFIE % PyCapsule_Import () A PAJT A AGHE T Capsule $4t1Y C API, {{¥E Capsule )44 VLRt
e XAMT A C AP PR T i BE ARG Hf 2 TSk 2 A IE ARG C APL

RGBT R T AR A R g e AR R AR BT 3, T T AR R R A
EHY. BRI CAPLIEE (FEX I BUE—AN) S —> void SREHEEH, B —1
Capsule [{EL. SGRIHNS WK SCPERR L T — A2 RS B ABLRAIIRECH: C APT 55 20 P i
3 ZAEVT ) C APT Z JE X A2 BT

SRR X — A 1 L ah 4] T T spam BB . PR spam. system () A EZWAH C EK
B system (), MEVHH—HEE PySpam_System (), XA eRETEISL A 2 SR Sl — LL B 4T R ) by
(HenFesE 2 A iRn “sapm”), %% PySpam_System () oS H A HALY AL,

PR PySpam_System () 22—l C K%L, BRI R E—HEEW]Y static:

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PREL spam_system () C4ANF R Bk

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBHRIT K, FE AT

#include <Python.h>

A3 ShwET:

#define SPAM_MODULE
#include "spammodule.h"

#define M AR LA S A FIMAVEIEE, MASE b, 52, BHEHIIG L R Bb i 1
DiHIEAAL C APT 45544

PyMODINIT_FUNC
PyInit_spam(void)
{
PyObject *m;
static void *PySpam_API[PySpam_API_pointers];

(N gksr)
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PyObject *c_api_object;

m = PyModule_Create (&spammodule) ;
if (m == NULL)
return NULL;

/* Initialize the C API pointer array */
PySpam_API [PySpam_System NUM] = (void *)PySpam_System;

/* Create a Capsule containing the API pointer array's address */
c_api_object = PyCapsule_New((void *)PySpam_API, "spam._ C_API", NULL);

if (PyModule_AddObject (m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object);
Py_DECREF (m) ;
return NULL;

return m;

15 R PySpam_API g static; HMFEEIELHATE PyInit_spam () AEERE KR!
Sk spammodule . h B—HE LA, FHifERWTIR:

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

#1ifdef SPAM _MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

#else
/* This section is used in modules that use spammodule's API */

static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System_ RETURN (*)PySpam_System PROTO) PySpam API[PySpam_System NUM])

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
*/

static int

import_spam(void)

{

Q9]
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(& b))
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;
}
#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

BB RS U B AL Py Spam_System () TS/ SR ke A5 AT 4h 1o R B F 8 ) eR K (S

FRF) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
return m;

}

RATIAR BRI AR, S0P spammodule h id TR, MK, XMEANEFI AR KL, BAGH R AL
1, BreAR S EEE] R,

I 5 7 PR 1) /2 Capsule $2 4L THAMYTIAE, H T FEf#AE Capsule ML 455 0 N AE 70 BUFIREC. 48
5% 2% Python/C APl 2% F 1Y capsules Fil Capsule fJ3Z ¥ (£ Python Y55 % 7458 Include/
pycapsule.h fil Objects/pycapsule.c).

&t
22 HENYT REE: Hi=

Python fLi 45 C 4 JEAHLE UnT LA Python fURSH BN HBTEAL, XMRBNER str FI List 280,
PR TSI AR ER RGN, HRAERTT IR AT, R T Leany . X S XA~

I

2.2.1 Efll

CPython =TI &K T A Python X REILA Pyobiect » FIMA G, X2 A Python XAy “ELfii2E
A7, PyObject FEMRA L R EXI G reference count FIFRIMR G “FBURIG" WHEET . X2 BERT
FEXFO F AR . RIS G b MRREAS SR WRLE (O) el Bk, fltn, FEXAR EAR— |k, WAk,
E 5 — DM GANRSE . X2 C RBRAR N “RAITK”,

JITPA, ASRARAR B SO RS, T AR X &R

RS HBRE R AR, T — i/ MESERE B, B C R custom H1E LT —4
£k Custom 2T
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ik XHRITRI VAR E X static T FERRLGE k. ATDAE AR . C APLUA] PAE SCAEHE
AR ERAL, i PyType_FromSpec () BR&L, {EALEARATTHEIE.

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

typedef struct {

PyObject_HEAD

/* Type-specific fields go here. */
} CustomObiject;

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom",
.m_doc = "Example module that creates an extension type."
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom(void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

XA PR, X2h TEEJ:*%@EXUL%JZD XA S E LT =
1. —fCustom MERUFHAEVT: X2 CustomObject G5k, BL M Custom L HE—IK.

2. Custom RMIITH: X & CustomType L5, B T —AEFR AT o8 AU FE £ L R RES 72 U 2]
R B R SR A TG 2

3. W EE4L custom AL X2 PyInit_custom ERE L HITI Y custommodule SEH4,
iR —U2

typedef struct {
PyObject_HEAD

QS
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(& b))
} CustomObject; ‘

XAt A HE RIS U E N . PyObject HEAD il fil ZERAER: X G451 2 Hil 5 L
—/™4 4 ob_base ] PyObject KRB FE, Hp & MR KA LG R (XPE
FTPAZM AN Py _TYPE Ml Py_REFCNT RIXJp) o ST Z B i Re A1 St G th R FHAE g i3 o
O R B

ik {EEAEZ PyObject _HEAD [ A 5. BANSIMA- T2 FE R TE R .

IR, KGR THE PyObject _HEAD A #dash, A RN Flan, W& X T ARIER) Python 77 15,
EY8

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR 1 E S

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

ik HERRUT N E CO9 WA wItatL, VAREGRIIL T A ) PyTypeObject FBL, HAPMRZERATH
T, IAEL AT DAE G KT BU E W -

1 object . h H5EFRE LK PyTypeObject HA AN EE N HZH) FB. RIRHTE2H C %iikds i
TRIEFE, EHEIBE A RAMITEENT, BRIRIEFEEN.

ek, SRR

’.ob_base = PyVarObject_HEAD_INIT (NULL, O)

XA sm il pt, AR 3R E Y ob_base F B

’.tp_name = "custom.Custom", ‘

FMIPIFEBAYZ AR R BAEFRATHI N R BN SCAR TR I A L D B, Bl

>>> "" + custom.Custom ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: can only concatenate str (not "custom.Custom") to str

RTINS S 2R, B R FERER A PRI () R B A Fk . ARG BEE custom
MAAIE Custom, FHBLIRATRRBIZAFRIE N custom. Custom, I EIFHH7 55 10 F A AT T4
RINZEALE pydoc Fll pickle B AEERA SR E LM,

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
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XFERELE Python JIE 4 BIHHTRY Custom LRI FHEAMLL DNTF, tp_itemsize [UHT AR/
X GRMAE HAMAE DL AR A

ik WRARA BARR 2R AE Python W4 1264k, I HLARAY SR BN B oy B SR I FLUA R [ 1Y
tp_basicsize, IPAVRTTRESIBE| L EAPKE . IRIGFEALY Python i) TRUAHAEH _ bases
HORE VR SRS R B w5 MR VR BLAY _ new_ () D7y YARPRFS . ARWT DA S PRARIY
R BA WHBE IR K tp_basicsize [ERMBERX N FERSHNE, XEZATLARY, H5%E
2NRBIEER IR object, BEAARFFNARBIEEE B IABAE AL O, A ITHEIIHA N o

A TEEFRN A Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

BT BRI A E E TR R AL IE B . 3% R e ) 2240 Python 3.3 2 Bl AR08 B. Al
RARTFTEHE B, VR ZOWA R AR JEAT OR 4557

AT tp_doc KRAURME— SR FAFER.

’.tp_doc = PyDoc_STR("Custom objects"),

TR X GR A, FATBAFLHE—A> tp_new ALBAIRN, XSFHT Python J5iA __new__ (), {HAAJE
XM SE . AEXFPFO T, FATATLAGEH] API p&i%L PyType_GenericNew () FrifftayERIASLEL.

’.tp_new = PyType_GenericNew, ‘

7 PyInit_custom() FFHEELEACAELASE, SOPFErb i At Y 2 D% ATAR 75 2 B A

if (PyType_Ready (&CustomType) < 0)
return;

XA Custom KA, Jy—Le i SUR TG MBI, EIRRATIERILGI B4 NULL /Y ob_type.

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

}

DRI E S drp . ARRATHE RS 1] Custom ZERAIH Custom SLHI:

>>> import custom
>>> mycustom = custom.Custom()

FUREAE! TR TAERRMFE; K LR SIAS N custon. ¢ 3L,

[build-system]

requires = ["setuptools"]

build-backend = "setuptools.build_meta"
[project]

name = "custom"

version = "1"

#°H pyproject.toml By3CFH, I H.

from setuptools import Extension, setup
setup (ext_modules=[Extension ("custom", ["custom.c"])])

TE4 N setup.py BISCHEH ARIGHIA
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$ python -m pip install

1E shell 1NV ZTEF H R F 24— 30 custom. so 4B MAE/F3) Python --- /R 24 GBS PFT
import custom 2R fli ] Custom %4,

RXFFAHE, R ?
MR, YETHY EE SCEBARR IO ERCA RS, AT . B RN TRAL,

2.2.2 EEFRRBIFMBIEFTG E

TEFRATE LA I — BB iRy Yok Y X A A R B . TEFRAT R i IS ] DAV N S . AT
BT custom2 SRERNIX LT fiE :

#define PY SSIZE T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObiject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,

QS
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sfirst, &last,
&self->number))
return -1;

if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_XSETREF (self->last, Py_NewRef (last));
}

return 0;

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

return PyUnicode_FromFormat ("%S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,
.m_name = "custom2",

Cr

I

1

k%)
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.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;

}

return m;

}

IRBLER A 5 2 A

PAE Custom 25U C 5k g =D E0REN:, first. last I number . FH first Fl last 25 B 2 &7 44 F
Al FC Y Python SE4FHE o number JE 21 C B4

Xt R (R SRR AP RS B

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

zgzﬂ" EFATABIEF EATBE, FRATAUE /N O B ) A B AR . 270, FRONTFEA — B
i :

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);
s

EHIRIES tp_dealloc i bi:

.tp_dealloc = (destructor) Custom_dealloc,

W2 IE WA Python J@PEAYS | 114k, Py_XDECREF () n] DAIEMALFESHCH NULL O (X 1]
AEFE tp_new HFR KIS KA ). BfE EXFUH X SR8 tp_free bt (il Py_TYPE (self) i1&
B5)) RREHCT R NATE. R G R PAARE CustomType, FEXTG AT RERRE—ASF LM LB

Pk B B % 4 destructor 2K A AT E LT Custom_dealloc %x*
CustomObject * 4\, {H tp_dealloc FREIREI W ESZ— 4 PyObject * %, WMHE A X ﬁé
M, gmidan ek sl . X2 CIiE s I S 2 350!

A A B R — DRR— DA =S AR, RIEFRATTERME T4 to_new SCBL:
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
s

HAE tp_new MO E:

.tp_new = Custom_new,

tp_new WA HTTOIE (MAZRILGIL) XKBHXTS. EFE Python RN _ new__

() Ik

EATEE X tp_new I, Kb LWL REHSMAME PyType_GenericNew (), R LI
Custom RRAYEE— A FTIUAAEE . FELIFOLT, FATHM to_new MMBEANIANRF £irst Al last

@RI IR AL A FE NULL () BRIA(E.

tp_new FFEZPLBIMAIEE (REERN CustomType, HRBLAFIMLHE—ATI) PARAEIRLEM
B A AR AT S5, I FUR ] B B @ B SE Bl to_new ALBRAIANEL B2 0 B AN KT S

HENSRXZMXESE, RSB S (B C HHY tp_init o Python Hifl __

BREL) JiiERAAAT

init

#rik: tp_new ANMWAMIAM tp_init, POMERGS BITRAE.

tp_new LB tp_alloc MLk HEAAT:

self = (CustomObject *) type->tp_alloc(type, 0);

T AFE M EE T BB RN, FRATUAAEGREERAT Z Hik & tp_alloc FPRHHIAHAN NULL,

Frik: FATA BT tp_alloc M. W2 PyType Ready () it MIRATHYEISAE AT KA

Fore, HABIAH object. KER/IIUHAR I BRINR 70 BO A -

ik R E A MES to_new (BESTA RN tp_new 8{ __new__ (), HBAM FRETE
T AT R AT L S R R P ) 3 A2 R R S H A R R R P R A, I LR
‘B tp_new, B2l type->tp_base->tp_new, WHRARANXAEM, FRIGZEAW FEFEG A HHE
i Python & X (251 Python W BB TCIEIE R TAE. (HLARMIDE, RWT BB JC YA G @ AR 1 2 1 SE 3l i

x5 K TypeError, )

FATERE LT M EZSHOR N TN SO BRI R 46 E R L

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

(N gksR)
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
sfirst, &last,
&self->number))
return -1;

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

}

if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return O;

}

WA tp_init L.

.tp_init = (initproc) Custom_init,

tp_init 7L Python PRFEN __init () Jik. ERUIRIEQIEXIREN KBTI M. IHhRfL
BRI AN KR TSR, BNV SRR ] 0 MAE AR ] -1,
AT to_new AP, tp_init APRUE—E PR (B0, FEBGATE 0L T pickle BAANSTERE

BIRSEBI BV __inic_ (). Bibn REZ UM AT KRR DIAERATIOR G B __init_ ()
Jitke Bk, FATEREHERHE R ARSIV BIINGBOX RS £irst BUATRE:

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;

}

HEX A RE A Ek . FRATWIEBOA RS first MIAMKEL, FIEal LRAEMFRANE . B PA
WA —DSPITEATT M first AR RIS 2] RIS & A iF &5 4 LA
AU A 2R ozt TR U5 M AE A T XT 52

N T PRAFE I TR X AR B, FRATLF B R AR M B 5 T B B4 AT E B
A RHBERAT AT A I PSRRI

o LIATHBRIES HIHEOCT 1 ke
o BEATHIEX SRR B LR GIL A2 FEUTAIXTFA 2L A 11 [l 8 g 1482
24— tp_dealloc AR AN SCRFIEFF AR M 2R AL 5 | HTHE I

BATTRE AR AT LB AR R 2 TR M IE . A LA 2T AR X — . Fefai Bl = @ U R
E X

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},

(N gkse)

ST AVRITE A SR TR LA, AT R S AR DA B
P AEATRBIPEATHE tp_dealloc AFMTHAGX—HUH], PONFAZHUR SRR .
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{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},

{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},

{NULL} /* Sentinel */

bi

I E ] tp_members fl{ H:

.tp_members = Custom_members,

B8 S LR AR KB, . D7 RBEAR I SR A R . TS N2 70 5 1 72 /)N
I T RIS . section below for details.

T = B 2 — 2 B A PR AL BR i PT R IRE45 Python JEMERIXT G ABUM Ipk . FRATHU first Fl last (1
AR FAFER, AHEANT] DARAE M AE 7 Python X452, BbAh, X EE@MEif vl DAgEMIER, IR C $54H%
A NULL. BPEFRATAT DAGRIEX L85 A T 4G Ak Al NULL {H, G055 28 J M A X 26 5 TS T B A

NULL,

M@ LT — M Yk, Custom.name (), ‘ECREASRAFRE A first £ last [FHE

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
;
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("$S %S", self->first, self->last);

}

B 1EAR S I g — %32 Custom (8:class:/Custom {135 SEFIVE R — NS5 C B Hik
REEZ—NEOWERNE DS TR REZ AL E R SR, (BERGI PRI R EZ S
BATEREZ M ESHOTH S T SH M, 2 ESMTPAF Python J

def name (self):
return " " % (self.first, self.last)

THERRNTBIGE first Ml last WEE T ATAESN NULL. X2 BN EATA AR ER, 1EULiE ol N E
Magih NI'J;LO SAF I BT LM Bk 26 Ja R -1 SR A (B R R 74 H o FRATTIRFAE R 19 1
WA AEX — R

BAERANTE G S T I7ik, BATHREAE— 7 ik SCRA:

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */

bi

(I EFAEN T METH_NOARGS HEFR KA LT EAME S L Z I self DASMWAE IS 50)
X HIRZE tp_methods fEAV:

’.tp_methods = Custom_methods,
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BJn, TATEERATAEB TP IR TR, RATE OGRS RAT T EAEEATA S Z S
FERER R R A, Br DAFRATT T B s 2 K Py _TPFLAGS_BASETYPE I E| IR AT A AT AR
TE S H:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

AT PyInit_custom() EAF44 N PyInit_custom2 (), T PyModuleDef 454 i phtith 44
PR, HHH PyTypeObject ZEM AR ERER A .

i, BATER setup. py UFERBITFRIBIL,

from setuptools import Extension, setup
setup (ext_modules=|[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1)

IRIGFATE B 24 ATERER import custom2:

’$ python -m pip install

2.2.3 REXTHIBRE M EARE

TEATH, FATRXF Custom /RBiIH £irst Fl last JEIERBEE AT SR AIROPER] . FEFRA] E—IUARRY
bk, LA first Ml last ATRABGBONARTAFER(EE ER0MER . F01 Bl (X L@ th e A0 &
TAFH

#define PY _SSIZE T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free ((PyObject *) self);
}

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);

return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) H{

Py_DECREF (self);

Q)
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(8L 7))
return NULL;
t
self->number = 0;
3
return (PyObject *) self;
i
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
3
if (last) |
Py_SETREF (self->last, Py_NewRef (last));
3
return 0;
}
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->first);
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
Py_SETREF (self->first, Py_NewRef (value));
return O;
I3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
I3
(N oiakzn)
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static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{

return PyUnicode_FromFormat ("%$S %S", self->first, self->last);

static PyMethodDef Custom_methods([] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom3 (void)

QS
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;

}

return m;

}

N T AR £irst F last J@IE, FATRHOM E € R BEIRES RIS E AR KA. PAR U T SR
WHE first JEPERYREL:

static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{

Py_INCREF (self->first);

return self->first;

}

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

}

BRI R B2 — > Custom WRA—A “HE”, J5& 2285 TEARBIT, %R pi2ng. (M
A SRR RE SR A 2 A A B AR I s U k. BN, 3K m] AR o e iF— 4R BRI SL LA R
HOHR A5 A1 4 ) B R e S B B SR )

BCE SRR LA Custom WR . FHEMPM L. BriEnl 854 NULL, XA o0 T e gy . 78
FATRBLE AR, AR B 28 AR B EA S P AP R I &5 R — iR

FAM10E#—A PyGet SetDef ZEMIA AL

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

"last name", NULL},

(N oLaRE:)
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bi

{NULL} /* Sentinel */

HAE tp_getset fEf M E:

.tp_getset = Custom_getsetters,

1£ PyGetSetDef &5 i G—e LR Pt ARG, RATBA M, HIIRA]
H A& A NULL,

FNTIER B T % L8 Jm P i A X

static PyMemberDef Custom_members|[] = {

bi

{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

FATEFENRF tp_init AIRARTEHN N AVFE A TR

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

{

}

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

}

if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0O;

WX, FRATRES I £irst M last W —@E AR A NULL AEFRATRELE LT B 16 0L R RSl
NULL {ERGA . XM E KHRS Py_XDECREF () W H#R W] AR N Py_DECREF () WM. FATAREE
MO ST FH I ME— 37 & 2 AE tp_dealloc SEE, HRHLX LA BRI LA A W BELE tp_new RN,

AL E Ay 2, 1 BRI AR AL oR ORI U6 10 B8 B h AR A B, R I 2 BB — AT
setup.py PRI T — MY E Lo

3 BAERAVIE first il last S GASRFAFE, B ARATAT DO A5 FHECR G /AING, (B, AT 225 R

?%?’%iﬁﬂ o RIMERSHCEE 74 B A XA ST, FATEAR REARAIEROI— 74 H3 T 2RI SLBIAR 2 0 BA T X 54k
7.
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2.2.4 ZHHEWLIREIW

Python HL A — 1] DARRAR A PR SN G I 06 505 =Dl % (GCO) B AT S TR A E . X Fl
T OL AL RGPS R A A B,

>>> 1 = []
>>> 1.append (1)
>>> del 1

TEXAGI T, RATRIE T — M S H A S5 YRATMIE E g, R EA —A 8 3 HA
BH51H . BREIHTTEOR R A, FiEr2, Python FMEEREIIR I #ERF5c 2 & BLZS 2 TC R Y
BRI RERE

1 Custom /RBIMIEE “ AT, FATARVHEELBNTGAFMEE] £irst 5 last @Y. WA, £
55 TRIEE AN RAR T, FRATIE AL F2E custom, I HFZRW AR IME R @t 53X 4 JE R )
fEAT]—A~, Custom XZERT LI ATEEE

>>> import custom3
>>> class Derived (custom3.Custom): pass

>>> n = Derived()
>>> n.some_attribute = n

LAWF—DMMAGIHTERA Custom SLHIRERIER GC IR AL, FATH Custom RAFEIT
PSS MR 37 18 o — SR J 5k SR £ -

#define PY _SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

}

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

}

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) —>tp_free ((PyObject *) self);

Q)

MH, BRI R R G AR L), PR R AT DME AR str TSR I RERE RS | I ARR

36 Chapter 2. FiERE=#TANETR




Extending and Embedding Python, %% 3.12.0rc3

static PyObject *

Custom_new (PyTypeObject *type,

{
CustomObject *self;

self = (CustomObject *)

if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first

Py_DECREF (self);
return NULL;

}

self->last = PyUnicode_FromString("");

if (self->last ==
Py_DECREF (self);
return NULL;

}

self->number = 0;

}
return (PyObject *)

static int

Custom_init (CustomObject *self,

{

static char *kwlist[]
PyObject *first = NULL,

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

return -1;

if (first) {

Py_SETREF (self->first,

}
if (last) {

Py_SETREF (self->last,

}

return 0;

static PyMemberDef Custom_members]]
{"number", Py_T_INT,

"custom number"},
{NULL} /* Sentinel
bi

static PyObject *

Custom_getfirst (CustomObject *self,

{

return Py_NewRef (self->first);

static int

Custom_setfirst (CustomObject *self,

{
if (value == NULL)

PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

return -1;

PyObject *args, PyObject *kwds)

type->tp_alloc (type, 0);

PyObject *args, PyObject *kwds)

{"first", "last", "number", NULL};
NULL;

Py_NewRef (first));

Py_NewRef (last));

offsetof (CustomObject, number), O,

sfirst, &last,
&self->number) )

= A

void *closure)

PyObject *value, wvoid *closure)

QS
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if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0;

static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return O;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{

return PyUnicode_FromFormat ("%$S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

QS
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.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

5, WAL GC HUARES S MIAIAN T X R

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{
int vret;
if (self->first) |
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

ST ET AT ATEER I T 04, RATEVFEZVEH visit () KA, BAWEIBERT . visit ()
@%ﬁ%gg%xﬁ%%a%ﬁﬁéﬁﬁﬁ FERIBINSE arg VERHSE. BRIl NEH A ARSI A9 R
7] A K

Python $& 4t T —A~0] B 2 [ visit B Py_VISIT () %. M Py_vISIT(), FRATA PAH/ME
Custom_traverse R T/ERE:

static int

(N 4kZR)
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Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

ik tp_traverse SEBUNIURHLSHEM fv 44 0 visit F arg DA Py_VISIT().

B, BN ERM D ITIE AR AL AT ] PAS AR TR

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

}

THER Py_CLEAR () ZRHIMIH . B2 R R R AR £t @ I s Hos | T B ey Ho2e i s
Ko ARAREEPEREAE RS JE M3 NULL Z [A)7EJ@ P B Py_XDECREF (), WJEMEAYHTH 84w ES [0l
P PO B PR AR G 5 QR AFAE S | B ER A IE) «

i ARV PAE PN BRI Py_CLEAR ()

PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;

Joie WA, N R JE 1 B G 4 ] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #@ BRI B EAS HE . lAZZ i DAV A iU Mk

BEEE Custom_dealloc ARESTEIG BRIBMERHA AT E RIS . XEMETGER GC 1] DATE R £ P Rk it
Ko BT GC AL HITECR A, FATFE @S MHA Pyobject_GC_UnTrack () Fik GC {5 1EiBER
M EAXTS . FHEFMMHH Pyobject _GC_UnTrack () il Custom_clear HHiSCIAIREILAS:

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) ->tp_free ((PyObject *) self);
}

)i, A Py_TPFLAGS_HAVE_GC JHEARS N E| iR

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

RAFZEAZ T MRENIRE T HE LA tp_alloc B tp_free ABLADHY, I ZEXEEALL
P mRB e . K2 R G B SR L A
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225 FRMLHMAE
QUEIRE PR BRI A TR . B o) MO N 2R UK, D i el AT b8 )
BT ER) PyTypeObject . TEAFY ALY (A3 X 4 PyTypeObiect Gt AR NI FXER .

TEARGI B AR B — 4R 5 P E 1ist BN SubList AL, X MHRALF 2R AHMYIE, H
P — SN increment () J7¥E T3 R RS (G :

>>> import sublist

>>> s = sublist.SubList (range (3))
>>> s.extend(s)

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

self->state++;

return PylLong_FromLong (self->state);

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},

bi

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "sublist",

(T gk
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.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject *m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

m = PyModule_Create (&sublistmodule);
if (m == NULL)
return NULL;

Py_INCREF (&SubListType) ;

if (PyModule_AddObject (m, "SubList", (PyObject *) &SubListType) < 0) {
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

;

return m;

}

IR L, A 5 Z B LAY Y custom amBIAER AN FATRE— B E N2 1] 322X .

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE RTINS G 1) 2 B2 S AE TR R R DR S — M. FRAUG O 2 S R Ik
57 PyObject_HEAD () .

24—~ Python X} 4 /& subList By SEBIN, B PyObject * $ 1 W] DA#E 22 45 Hb 53 ] % 4t
PyListObject * fll SubListObject *:

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return O;

}

AT DAYE L E B A RE A e 2 B8 _ dndt () ik

XA TFERE B A H & X tp_new fll tp_dealloc ISR BHMREE ., tp_new AFRAFHAR A H
A tp_alloc WXTREFRADE AR, M EibEZSE WA A R tp_new RALFIE,

PyTypeObject ;] tp_base 8§ KRB L IR FA., B T B VG giFds 18, R IJC¥E M X
PyList_Type W5 R B FTIE T B BN 4B IS ERR S w] b4k sR &b 58 Al

PyMODINIT_FUNC

PyInit_sublist (void)

{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)

Q)
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return NULL;
m = PyModule_Create (&sublistmodule) ;
if (m == NULL)

return NULL;

Py_INCREF (sSubListType) ;

if (PyModule_AddObject (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

{EJE ] PyType_Ready () ZHl, BRIGEMIALFE AT tp_base . BFANTAINA FERIRAE I,
EATER tp_alloc fl{IHT N PyType_GenericNew () -- 2 H HAEBIR) 4 FL R ECRF 2 B 4hK o

TARZ G, WM PyType_Ready () FRF AU RAM BB i 25 AR Custom /Bl 2 —FERY .

23 BV BRER: EFEER

AFETT H b P — A AR T ASE B 2R B v S I RERY R RN 4
X2 C M pyTypeObject HE L, Al T N FIHEK 7B

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
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;

(Python 2)

*/
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/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
ingquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;

XHA R 2Tk AR, WRREE 26, i AR LB Rk

IEARIE RN, AR GRS R BRI o PR AR 17 e SRS i 7 BLi e
P AFRAIAS 2 ARG E N IHE S H A B SO IH . 87 AR R 5 R B — M & AR 2 7 By ) 1,
IR JE A ZE AR BT A
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’const char *tp_name; /* For printing */

KM T - E-EREEN, SHBERZHTT, JLT-EEE N TEWHR . 2l a7,
X ZWRA B -

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ‘

X B RIE A TIPS I B R T i 2 DN AF . Python Sy T RIS BERYZEH (REF
TAFER, oudl) ALENESHE, X2 tr_itemsize FEATEM A . XIS MR .

’const char *tp_doc; ‘

BT — B (SR E ML), SAETE Python I3 ob3 . __doc_ BHEMIKE
By
BUAETATRAT— T EEAST Iy - KO SR ST .

2.3.1 KEFRNEER

destructor tp_dealloc;

MRS B RY |HITHECR > A 29 H. Python ffRgs AR IS B, REJR AT pR A AR AR SR 80
WA AT R AT A, R DB B EX B . XA S I FH A BRI . PAT 2 IR =
B

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free ((PyObject *)obj);

}

UNRARAY I SRR e, AR e B2 24 A BT A8 R B2 Wi ] PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (ob7j) ;
Py_CLEAR (obj->other_obj);

Py_TYPE (obj)—>tp_free ((PyObject *)obj);
}

— AN EH BRI R AL I ZOR BB T A R R ECE A S . XA FEELE PR S R &
WH, YiFaEREE (MAEEFERED, NEAEMINERI R E B — 5 AR E . R
R WA AT AR 2 B S N Python RS R4S £ S8 2 A i B . X ] RE T BURRER 1R
ke IEMRPIORIP AR, AR LM ERIENT, AR, NETEH e U . T A
PyErr_Fetch () fl PyErr_Restore () BRECELIL:

static void

my_dealloc (PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;

if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */

Q3

23. BN REE: ESXEH 45




Extending and Embedding Python, % %5 3.12.0rc3

(£ L£50)

PyErr_Fetch (&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

/* This restores the saved exception state */
PyErr_Restore(err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

;
Py_TYPE (obj)—>tp_free ((PyObject*)self);

U REEAE R AR B P Z R PATIBAE R A R M. wE, WRARM B S Fe B 3% [l ke (ff
tp_traverse fil/E{ tp_clear), XfRMF AV DAFEWH tp_dealloc Af#E s oli 2. HRk, 7£
tp_dealloc 1, MREFTERAETARERES: BG5S TE. (LT IEBRT 4 AP fA1E
Can LT P 7 B I i) e AR AT BE < FRR A tp_dealloc, SEONEREAON & A AR .

M Python 3.4 JF4f, HEFAEHE tp_dealloc MUIZZRMAL M, M2MEAIHH tr_finalize JAJF

S
PEP 442 ffle 7B 4457
23.2 WHRER

A& Python W, A PRy sUn] AR SO R 1 SCAFR: repr () BRELHI str () %L (print () RBSH
B str (. ) IXLEAHARPHR 2 IR .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AT IVIZIR E— AN FERFREX S, Kb ETHHEREGImFRRER. TR 5]
I

static PyObject *
newdatatype_repr (newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);
}

?D%Eﬁ% FE tp_repr AP, EREARIHR IR tp_name MIFIRIEA LA KX G ME—
IR

tp_str AAMAHN T str () B EAR tp_repr AP T repr () —H WALRU, BELEY
Python fUSFEARITXT RAFEASLHI_ L str () BFgRM . ERSEIS to_repr sACERAIMLL, (HIH
GO R IEARERM . WERARAEE tp_str, WM tp_repr BANMLIE

MR RER BT

static PyObject *
newdatatype_str (newdatatypeobiject *obj)
{

Q¥ #3)
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return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

23.3 EHER

XA SRR BRI R, AN AR R A T2 R MR O A s 8. 77 20— RERS
RR B RE (WRE L TAEMEME) B2 7 — RSt g mrE (AR vk BRI . BikE
PR —PRFIRTE 0L, FERUIGOU T 2L 45 A AR Y B {E 4 NULL.

Python SCHFPA J PEAL BRAAN ;. — A SRR P B AR R L 2 Se L — X el . IR ZERIAET
— Xt char* fERRIEMFR, M5 — Xt W52 PyObject * . AEFRSEAER AT ASESR G I T 5 BLA (3
ARV A TSR — R o

getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

S L.

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AISRT V) — AR G R R RO ] AR A GRRAE R SCHEATARRE) | WA — 2832 J1] S B AT i I R 4 fit
PyObject* MRASHYJE M P AL. A Python 2.2 JFARR T2 L Jm iy Ja AL B AR SE bl 2 LT 258
G, RS IRATAERRVF 2 1 R B A G0 RS iy ] e iz FAL AR e 31

ZERETER

RELY RIBE WispJatk, 84, Atk “fs” g? HERZ e T LA
L. 4 i} PyType_Ready () W}, WJHEEEIERI K.
2. AR BRI AL BRIC R M R B P R, AR BRI R

TEERL, BCONFAR IR BRI 1) SO 56 5 i A7k =Xt A AT B A«

24 pyType_Ready () A, &2l i 28800 G 5| A0 =4S 2 506 1) 2 3 g B 3 2 R 3k 42 1) 7
i fydescriptor . AR SR IR LGRS G0 — A SRR DT . A FEER RN MR = RS
#B A NULL, MHZEBI SR A BT E R B AFk iy @, I Hif R 241k tp_getattro fll
tp_setattro FERFEN NULL, DAt SRS B HRIX S8 8 1%

RN object:: AP =B

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

s tp_methods AN NULL, W'ELAIFEH—4~H PyMethodDe £ 5K MAEE . R
H AR & % G A R B — A~ S

typedef struct PyMethodDef {

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

N 24 R i T TR AL BEAS VARV 8 L—AN 46 H 5 WA BIAEOR I R EFR @ XA H . FELER
BEM—M8IMNI%H: Bt BEdHS R RWEEAH . WHESLHP ml_name S NULL,

5 AN R SCEEECR MU RIS B P B SR Ik . A5 RR RS C JEBY Z 8IS0 Ry, I B ]
DA RS . RS e SO
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

KFRPENKH, B E—Adescriptor 735N E 2828 v il H BB M SL 1 454 (R H R BUE. type
FEW A A RAAR A Py_T_INT 3§ Py_T_DOUBLE; A{ERF HH T #5E Q[ Python {5440 K C
HEiN 2 . £flags FEUHTRAF B M Z AR BT 1 BORERR : AT DAKFHSE A Py_READONLY PAR) IF
Python {05 B E .

1] tp_members FAME M T T A RS EA — AR P8 SR AT AT AR5 2 SO Ja PR
] DATR] B A A 2 P e I SCAR AR B B BRI SO P AFef . — NI AR P T ABE T B 45 APT A
XHGAREUAG, HHH __doc_ JEMEARIRBUOTH FATH: -

5 tp_methods £—FE, FEAH—ME N NULL ) m1_name W§IE44H.

RBEREMELERE

N RN, XHEER char* ijiA; name JEEHYEALZE char* Ml PyObject * KA 12 a] i ME
— 5. XA IR ER BT 5 BTz R GIAR R RS, (B30 (817 Python 2.2 WA 2 1] 52
§° EMPRE T A B A R RO AN TR B, P IRAR B SR B R E TR SR, (RSB A 4
Fe T B o

tp_getattr AW S AEXNZFEE T EEERNERH. EHEHANIAEE 1KY
__getattr__ () F¥EEWEAHIEEHE .

Bilhn:

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong (obj->data);
}

PyErr_Format (PyExc_AttributeError,
"'$.100s' object has no attribute '%.400s'",
Py_TYPE (obj) ->tp_name, name);
return NULL;
}

MIFFRLEBIN __setattr__() B _delattr__ () HIEMRSAM tp_setattr AR, YFHH
MR — AR PRS2 =AESHEN NULL. Rl — M G SRR BIT AR SR AR Y
N tp_setattr APHAINN Y44 NULL,

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
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2.3.4 MRLLE

richcmpfunc tp_richcompare;

tp_richcompare {CFRAIHAET EHAT LR BTHE M . BROT %, il _1c__ 0, ¥
4k PyObject_RichCompare () fll PyObject_RichCompareBool () THH.

I PR SR VR ISPREAS A Python X R Az EAFE NS4, iz 8478 Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT 5 Py_GT Z—. ‘B M4 82 s EA ok L A X G 1E LR B E S iR 0] Py_True 3§
Py_False, IS HEERVER B SLBIH W 2 HAb X4 i )5 R W3R 8] Py_NotImplemented, E(#
WA E T A R ] NULL.

NHGE ARG, BRI IR YRR ST AR MR A Y

static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

/* code to make sure that both arguments are of type
newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;

size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;

;

result = ¢ ? Py_True : Py_False;
Py_INCREF (result);

return result;

2.3.5 R LZHF

Python SCRFZFf b 2 A0 ; AR AR AT X 2545 11T B9 & 1182 1 LTS 7E abstract WP

XL G 12 LR 202 AE Python SEBUT R FUIGE SUIK o e, K05 BRSEANF SU PSON—TT it
42 Python AL ARy o A MRS S RSN o T HOBERELE A ] SIS 4 b BRAT AR (52 £
BORYE, BUHRI P E ORI G5 | A AL AR T . T BO8T A PSR BE7E 32 2R U 42
IR BONREGL, HATA — D ISR AR WA IR (L I 24 R R A 2 . (BUBTRR I A 2
FEPIREOL(E AR NULL (0L, AT PABCE IR AR A I — M ALY 7 AE , (ECA AT T AR PR B AR

)

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

WERARAT BARBIXT R BIAT R DECFE . TP INBI XS5, IR AR o s — A58 T C AL
PyNumberMethods, PySequenceMethods B{ PyMappingMethods, 45 A mI bl . /REEM 7RG
AKX LEE5 R K . YR7TLATE Python YA KA Objects H 4R 26X 4 H I R
Bl

hashfunc tp_hash;
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WRARVESE L BE BRI, TR R 24 S AR A A S 2R ) S ) 3k [l — IS A (e T T2 — AT ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;

return result;

}

Py_hash_t j&— M ESL T BT G RAAH5BESA. M tp_hash R[] -1 FoR &4 THIR,
DR AT 2R 2 P S Az S R [l e, A0 B TR Y

ternaryfunc tp_call;

BCRRELETE “PR” VRBG BRI g i 28 BRUE, R ob 3 1 BARA BRI AL A 5L 511 Python
JHAALS T objl ("hello'), MIFFEEIHA tp_call ZbHAIMR.

W =S5
1. self JEAE AR HFRBEERA LB . WRJE S obil ("hello'), Mself b objl.
2. args RAUETHRASE CH. RATAMEH PyArg_ParseTuple () RIESHL,
3

- kwds 2 AR KT SRR . EPRE AN NULL HARSCHRE R SR, AT 6
PyArg_ParseTupleAndKeywords () RIEMSEL. ARARAE SRy 57 S 400 & JF NULL
fH, W&5% TypeError P —MMERA S KT SHTHE

TR ANER YRR tp_call SEHE:

static PyObject *
newdatatype_call (newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) |
return NULL;

3

result = PyUnicode_FromFormat (
"Returning —-- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

KL R BRI T XE AP S R . XL BEATARAR R — MBS, BB T9l R A i T g s
B, HRE—NFGI . MAERE, BN RE D FE IR F] NULL, tp_iter XfL T Python
__iter_ () F¥, WM tp_iternext %W T Python __ next__ () F¥.

{LAfiterable Xt HERL I to_iter ALBLAIH, IXAL BRI ZITIR (0] — A iterator XF 4. "R Hi72 5 Python
R Y TR] >4 T S

o XPTALASCHE 2 RS Z B (SIRATTAL) . M STERUE I tp_iter BHRIEIF
AR [ — AR AR
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o HBEROE WA SR (R 20 TR AEAER I s md, BIanscrixt ) wl AR ml—> 416
H BTG UIREI tp_iter — 3 HONHGE R 5B tp_iternext ALPRAIAN.

AEATiterator S8R 24 [RIINSCFE tp_iter Ml tp_iternext. — P ECEEAY tp_iter AMFAINNN 241K
] A FZE RSB . T tp_iternext ALFAIFRR 243 ] — A3 AL BEER T — %%
B, WREA T — R E. MR EREEEKRE, W tp_iternext A[PAIR[H] NULL i AiX
S, SCE WA AER ] NULL BRI 419N E StopIteration; @S5 W DAF=AE B AFAGMERE .
MR EAE T SEPRIASR, W tp_iternext WY R Z B E 55 & [H NULL.

2.3.6 555|

One of the goals of Python 555 | I S IR A H bRz —J& ALIHAT B 2R A 2 5555 FHALHI A 218 = AUM: AE A )
% (Flngey) EreAEgANTEY .

Z W

weakref BB SCRY,

YT R ARE 5G5S, PR LA E tp_flags F B Py_TPFLAGS_MANAGED_WEAKREF
fii. IH:M tp_weaklistoffset FENW HIHFNZE.

FARHIE, PATF AU i B 280 gL A 1

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME—RYEIMP S JE tp_dealloc TRENHRTAES5] H GHLVHH PyObject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self) ->tp_free ((PyObject *) self);

23.7 ESEI

N T WA AR B 2R B S BT AT O3k, TR CPython A5 . HEA Objects A3k, A5
15 CPRICPF AR co_ I EAREEIR R L (B, tp_richcompare). VRIFHREARALZISL LAY oA LY
BIFs

AR EIUE— DX SR RSB B BAR LIS, 356 PyObject_TypeCheck () BRL. E
(8 — AR R BT

if (!PyObject_TypeCheck (some_object, &MyType)) A
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

}

S
T #; CPython JEfCHSRRAS .  https://www.python.org/downloads/source/
GitHub |-JF% CPython J5fCiSHY CPython Wi .  https:/github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ) C §" &2 — AL (FlU— Linux Ay .so, mi# Windows [} .pyd), H&E&GH
—A~ s FE

AT A, EFENIFE PYTHONPATH HFI Y, HaAGR IR A TR 44, A EMY R4 . 4
i setuptools Ff, £ HahA MIEM A SCH4 -

WIIRAL SR R BRI -
PyObject *PyInit_modulename (void)
PRBOR B 2B G Ak i e, Bi—> PyModuleDef 5Cffl. 5% initializing-modules T fif# 141 -

Xﬂ‘?{lﬁ ASCII B4, sRED S PyInit_<modulename> , $f <modulename> i Akt
M2 5. 248 ] multi-phase-initialization [}, FRi/F{d1 9 ASCII 4wt b4 . LT 4G 4k R U 24 2
PyInitU_<modulename> , Ji <modulename> 5% ] Python ] punycode 9gts, EFS TN X
2%, 1f Python Hi:

def initfunc_name (name) :

try:
suffix = b'_'" + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode ('punycode') .replace(b'-', b'_")

return b'PyInit' + suffix

A PME— B BV 28R, Gl E LA PIR R A T AT F5 AT o B B H E A
i, PRI AR TSR M R S B R 7 —A B 2aY S AR FY, fE PEP 489 T
fREEZ A0

2.4.1 {#f setuptools #3J3£ C 1 C++ ¥ @

Python 3.12 K BE # A T & distutils, 1527% https://setuptools.readthedocs.io/en/latest/setuptools.html
1Y setuptools SCRRTE LM T AR 1) setuptools HAGEFN 5} K C/C++ § .

2.5 7£ Windows E#J3 C 0 C++ ¥ &

X—EE RSN T WA T Microsoft Visual C++ f1]# Python f{) Windows 3" R, Sk G AR X H
T AU BT R . BB BRI E T Windows £ 5125 Bk Python 4 DAL Uni 2
JF 42 > WA] A e Unix F1 Windows _F ¥ RE 2 4 A B2k

S AR ] distutils Ty SORA Y AL, TN AT IrfliRn =X, RO FHEMEH C 4%
AL 7 Python; 1%,k Microsoft Visual C++,

i X T 2 IE T gD Python A (13U o X B84 DA R XY IIRAS 52k 3R
TESEEH, X K RAREE ) Python B AT F AT 'Y ' RERIRIRAS . B, WRAR i iy
&2 Python 2.2.1, XY ¥k 22,
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2.5.1 iE=\i5EA

5% Unix _E—#f, £ Windows b A9 3 A A PR 720 ] setuptools s il @it 2,
AT A setuptools Jr=ih H TR EZHI R [ setuptools MEAIFT Y REARH) SCRS WL 1%
Jil setuptools 13 C Fo C++ I o WERIRK IR E T ZTF-2hiE, IAWF5E— T winsound FrifE FEBIHR
I E ST e R A HE ). standard library module.

2.5.2 Unix #1 Windows Z [l =%

Unix I Windows X} FAUR A AT EE ] T 58 AR ATE . FE Rl # nl gh 8 E A e 2 A,
BHE T RR I AR G A T AR .

£ Unix i, — ISR (L so) SCPFAP LR AR PR B B0 AUH , B 0 S 7ERe P v ] Bk B i) e 4
PRAEE . 243 F AT IR i, X SO AR Hh sk 28 o JORI Bt ) 4 v | TR X s oA A 1 A
Hh B EIORIC e A BT BCEL R SE B B I BEAS B — R R AR

& Windows 1, —NEIASHER A (. d1L) SUPEP oA B 5 U o il il — AP AT 70 bR Al AR
AT . PRIAEIZ AT DLL AU A TEs AT s A g s MR, e &M T DLL ik, 7+
HACBATIN BRSPS B AT 1945 1Y R BT -

£ Unix H, RAFFE—FRZESCIE (L a), BRERAZDXGIT (o) RIS, TERIEILZXRICE (- so)
WEER T B, BRI RE S R ILE A ANE AR IR 2 AE I B E S o BERAR-RFAE AR X G 30
FARE ARIRE 7B, HERSHR S IR B RSB RS .

TE Windows H1, fEfERIRERSEL, EHSEMFAE @ RBAEE - 1ib). FHASERELIT Unix 1 . a S
TUSTELER PG . AR AU T e AR E AR IR AT 2 GER . I BXE
DLL B a it B BT RE Ao R 28 T 00 ok B S A8 0915 S A A 436 DA ) R A $5#E DLL
HFIAR RS 24— AL ek DLL #isEient, RS — 1 SAE, EXFH S8 TN HR Yk
DLL ook g - TiX 2645551 DLL.

A AR IEAE R PRI S S A e B il C, BTN 40— MU A, 7E Unix b, /R RE¥A.a
R ARVE N B.so fll C.so; MR FECEHAIEMIR, XFE B A C Ko 3#Aa M HCWEIA. 7
Windows |, 4tk A.d1L RFEI4RiFA. 1ib. R B SR A Lib BAEEMSHT BA C. A.1ib H A1
R B HEES e TR T U5 A AR S E .

1E Windows I, (] 5 AEA SGRMHH inport spam; BEiLARFTPAVIIA spam Hg 2 FR, (HIF A4
B—A-EEIA . 7E Unix b, 8828 —MEEHZE from spam import *; EoAIE—MHRME]A,

2.5.3 DLL g93ckR{E A
Windows Python J&¥F Microsoft Visual C++ HR Y ;i ] Hof misgs vl RES B REA & TAE. ARy
Ay BAE N MSVC+H+ 1Y

47E Windows HH @ DLL I, fRUAHF pythonXy. Lib fR454EHAS . 241 M1 DLL, spam Fl ni (&
{4 1] spam HHHREN Y C pRED, RRA DA A4

cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

B—mlE T =10 spam.obj, spam.dll fl spam.lib, Spam.dll A{lE{F{a] Python F%X
(Bl pyArg_ParseTuple (), {HEIH pythonXY. 1ib A DAKIE Q{4 2B 1 Python {UHY.

A SRIEET ni. A1 (A% ob3 Al . 1ib), EAEATA spam LK Python STHTSCHE i 1 BF
FIGHAL.

AR IRRFH 2 BB AR R MRARE AL AR (1135 Python) #REEH BIRIIARINATF,
RILINE | _declspec (dllexport) , LU void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—Ff,
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Developer Studio AR Z VRH AEIET ZH AR, a4 IR0 T AT XA R/ ME Y 100K, EHRBE
7, A E B TEAE P BT R AR E B BINE . FFIERIN msvertxx. 1ib FRE| S #
He
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A E KRN FE RN CPython iZ1THY

A, e S EAE Python RS R4 LN N RE s THY €, 1l & A 6 CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

BILETE T W%t Python #4749, a2 i C BR&U%E D e Python FyIhfE. Sid Rt 2 nT PARY
Ff Python g A F| C/C++ W AL £ & HIhfE. X Ar AR DATER 2 ) Python e s2 P26 fiE |
MAEH CHl C++ . Higa A MR2E; inadr M Python 475 —LEJA DA E il B I FR 17 196 2 757
Ko ARFLET)RE A Python R G R TN ), AT RN R HEWREX AT,

Python f{ir AKX FH R, HEAZEEMFE. NFEZAALET, PR Python Bf N R TF 1 £ P58 2
Python f# 4%, Ttk A Python B[ 2 F2 /7 W] fig 5 Python 5% 4 Jo &Ml J& I 8 7 B F- 263 /R &
U H Python ffR#R ki1 7—LE Python {75,

HIt, #%EHg A Python, iRt A M FRT. MR B0 F1E 2 — 2 W h 1k Python fERERS .
/SR Py_Initialize () . A LN H W] 0] Python (£ Gy 47540, 2 Ja BRI T AN
TR B AT Anr b U R R 1

R R A EF JUR: Tl PyRun_SimpleString () f& A—/ & Python iEA I FEAFH,
Al [ PyRun_SimpleFile () & A— stdio SCEFFREAI—ANSCb4 (UESS R G B R EHESER) .
BT AR FH Rl TR A28 55 1) IS 2 B SR A 15 I (5 F Python X 42 .

S U

c-api-index A SCIEANANZT Python iy C 421 . X HUA RELEMFE L.
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3.1.1 BEXE#RA

SRR Python 1 AJERE LR P AERE B2 032 1 o 82 110 H A FUT— B Python B, T 675
PR B R I, DT OF AT DURI RS SCPEEAT AR

#define PY_SSIZE_T CLEAN
#include <Python.h>

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;

}

Py_SetProgramName (program) ; /* optional but recommended */

Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return O;

}

fEPy_Initialize () ZHl, MIZEHH Py_SetProgramName () %L, DATE A fEREHS 521 Python iz
TTRERI IR 2 F R, Py_Initialize () &¥IR 1k Python fERERS , SX G PRI TAE 4L 1) Python JHIAS, $TE]
B HIAFIETE . 2 )5, A Py_FinalizeEx () XHIMRELS, FETE5H  FEELSL AR 7, AT RERR ZEM AL
HKVFARIL Python JHIAS , BiV/F@ MU g asBIAR . SO, BUEE D EE . FIH) PyRun_SimpleFile ()
BRI RT DATE 7l SO H R ER Python AGHS , W45 25430 PN A7 2 ) RN 288 ST A4 PR 2 R

3.1.2 SEHBBRRERANBIBRS: Hk
PR T RE A AR A TAE AT Python AU, L2 /DS SRSl T @M 2 BRATTY B0 T A
LB BARG AN VE I - JLT- 0] ASEBAT T RE, AU RISEEZ K C AU,

IR, RASRIEIRI, (197 Python A Python HO3S BT M0L. AJLEEHHEA K 24T AR
AR W TBHIX 2, AWRA— A Python 5] C TR A IS AL T 124

1. Python HyEA N C 453K,

2. WA RREER T C R R B0 AT

3. F5U AR [ s A C B4y Python 53X
ftx A Python Hf, 42 FTAURS 23X FEAH:

1. ¥f C Edfaf4s ol Python #45X,

2. WA R BRI T Python 4 111 R 5 H

3. F5A Tk ] (1 %idfi A Python %45 C 52X

] O R BR A A IR T — R WU, VAN T B A Tl o ME— B DX A T R e A
AT A RO ) o AESRATH RN, PR —A~ C %L, MHRAT R AR T 924> Python L.

AR SBHEUMTF L A Python #6458 C 2%, 2 IRR. I3 SN MBE B REAE 1B 66 15 1 1A BEES
o HTX ey SRR I DX B, 15275 A Y B AR TR R
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3.1.3 REHErA

SRR H AR 2 ST Python A IR . WUR 2% HIREE, Python M#REARIF AL E IS
B REFP AT ACH, (B R — 1R i — %) -

BLisAT Python A b U R AL, LS ANTE :

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

int

main (int argc, char *argv([])

{
PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;
int i;

if (argc < 3) |
fprintf (stderr, "Usage: call pythonfile funcname [args]\n");
return 1;

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1l]);
/* Error checking of pName left out */

pModule = PyImport_Import (pName) ;
Py_DECREF (pName) ;

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc 1s a new reference */

if (pFunc && PyCallable_Check (pFunc)) |
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())
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(£ L£50)

PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
3
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1l]);
return 1;
}
if (Py_FinalizeEx() < 0) {
return 120;
}
return 0;

}

IR RESSERH argv (1] Iz Python A, FHEM argv(2] @WK REMNEBEHSEE argv I
A AR QRS F 040 T (AR AR T PATREFFRAE call) |, 3 B 47— Python
JIA, il :

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):

c=c¢c+b

return c

RIS RN %

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6

SR HINREIT S, AR AR JER, (ER U2 T Python F1 C Z IRttt DASAR
HhfiR. A Python FRA BRI M LT -

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;

WAL R R 2 )5, I PyImport_Import () MMEMIA. WEEISEE £ Python F5E, —4
i PyUnicode_FromString () Hi% i sk B0 E R 7457

pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JHA—Em#kse s, #ie M PyObject_GetAttrString () FRJEMEAFR. WRHBFRAAAE, HH HigH
F TR A S, B2t o k. SR REF RS iAT, M E SR cdl. S5 DA
753 Python pRK:

pValue = PyObject_CallObject (pFunc, pArgs);

MR BRI, pvalue B2 NULL, BEAMEXREGRIEMERIG I - 366 ER 58 R REZ5 1 -
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3.1.4 kA Python ThEE#ITH R

BIH A ML, AR Python ERERR A A RETS M) B R A YD RE. Python APL a4 Jr ik AMHRE #R52
WX WALEUE, YRR RO sEBOTHIR AR RS UEATY . SRR 252 %, fHIb
B 2HERE . H B IIL 2 Y AR ¥ B3 1 Python iR . MHEN AP AR M THY, RE5
—LURRACRLE Python T5 X L8 7R, iR Sl 1Y Python I RAR 4. B4

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PylLong_FromLong (numargs) ;

}

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0, NULL}

bi

static PyModuleDef EmbModule = {
PyModuleDef_ HEAD_INIT, "emb", NULL, -1, EmbMethods,
NULL, NULL, NULL, NULL

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;
3

fEmain () BRECZAHEHA LA, FHAERM Py_Initialize () ZHHHALATHATE):

numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

XTI R4 T numargs 48 &, Il Az Python fiFREES W DAV ] emb . numargs () A%, it
X ey, Python JHIAS T DASAAT DA #24E

import emb
print ("Number of arguments", emb.numargs/())

TEFLSRRY AR, XA IARHE I B APL 225545 Python i .
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3.1.5 7£ C++ thigr A\ Python

FETT DA Python A Cor BRFFFAZE: BUIHLBL, SSBTSUFIOT Core REEMISIAIT : — I
Crt B TRF, JEH Crv BIERRAFRIGESFYT . AT Crv TH%HE Python 4

3.1.6 7E3 Unix RGpomiFFnskis
NT4F Python fERESHIR AN NIRRT . BN LR IFSRAL B oiFas IS HHARSF, Feale Rl
Python I FERHE DA C B Y  (.so 3CiF) mfEseilig.

N T REI TR AR MBS S L, AT pythonX. Y-config JIA, BRAEZ, Python WA iy
(L ABEAFTE python3-config WA) . MMAHILNSE, KA TILMSHSHZAN:

e pythonX.Y-config —-cflags ¥4 HENHRIFSE.

$ /opt/bin/python3.11-config —--cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -
—g —fwrapv -03 -Wall

e pythonX.Y-config —--1dflags —-embed $-45 HAF P I 20 1 AR

$ /opt/bin/python3.11-config --1ldflags —--embed
-L/opt/lib/python3.11/config-3.11-x86_64-1inux—gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

#ll: N T2 Python LR HUAT AIRAL (Rl R TE R G LA A H C 9wk A2 (1)), @HUH
pythonX.Y-config f§E XL, AN BTk,

MR ARG RANEER CRBEGIIEXT T Unix 2°F-GERERG WL H bug it ), SRR RSE X T
FASEEERICRY, FH A Python [ Makefile (Jf] sysconfig.get_makefile_filename () #F|
JRAENLE) FIgmiESE. X sysconfig MBI RANG A TR, WA g PRI RH G4 —=m
BeEAE. behn:

>>> import sysconfig

>>> sysconfig.get_config_var ('LIBS")
'-lpthread -1dl1 -lutil’

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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RIEXFERE

>>> A7 H 40 TP BAA Y Python HURAF. A4 Bon T REARE By sUAE M Rea B AT RO RE B AR RS 2 i o
. BHAENFE X
o A H A L AR A AT B ERIARY Python $E/RAF, fdh: gAFR AR, UMY 43 PR AF
2N (JIES. FiEe. #ESH=8515), d2iiE M EmesZ 5.
* Ellipsis NEHFE.
2to3 4 Python 2.x AR %%k Python 3.x ARG T H. | JHATAEATIRAD , 3 Dy AT, A3 R 2 B0kl
FI RN I 8
2t03 WA FEARMERE R, BN 1ib2to3; FRME T ML A AN Tools/scripts/2to3. L

2to3-reference ,

abstract base class -- fIR M TR KPR ABC, J@Xtduck-typing BI#h 7S, BHEAL T —FpE S O 3%
Fa, M2 FHALR G EU hasattr () B TRMECE HEC R (FlangH EAR5). ABC
SIAT T2, XM IEg& B HAb3S, (HAWIRERY isinstance () Ml issubclass () ik
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp), 807 (FF numbers ) i (FE 1o i), S ABRASFIMESS (F£ importlib. abe
i) o ARATPAE ] abe BHCRAIE H 21 ABC.

annotation -- byl KECR| AR, KEME. REBOES SR MHEMIRE, e lEh £ 20207 SR .

SRR LA AT R TV, R4t . SRR IR 2 BIER . ARt
B __annotations__ #piRJEMETF.

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XfWIGEHENFH. HiESW
annotations-howto | fig i F ARyt i fefE 5L B .

argument -- S5 7LV BREUHE L function  (B{method ) WHEH. S50 RWiFh:

o RAEF A TERRBOM I P ETTEATAARRAT (B0 name=) SUEME N ASTERTTEATA ** 15
PCHLER A 25BRUE, 3 F1 5 FEPA X complex () WM @ T X BT SEC

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

s 2 E A ANETRBTSHENSE. MESEOTH T SBIN R IT K CA R/ 805 15w
WA * [iterable B TCRBAE A . 2EBIKRUL, 3 F1 5 FELA M S JE T A8 S 4
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complex (3, D5)
complex (* (3, 5))

B0 S4B POV B0 S s SR BN B 0 calls — 5. U, (F A4
SR FIRAR— B RO 2 BB R R 2 Rt

3% Wparameter RIEFRFH , LSS SEGESH K 5IA K PEP 362,

asynchronous context manager -- 5720 | F3CHEISY L FP X f @ i ¥ X _aenter_ () A
__aexit__ () FEEX async with i) IEITEES. B PEP 492 5] A,

asynchronous generator -- 55252 K 3S 1% [BI{E Masynchronous generator iterator R B-5{JJ async
def & LW REARAMLL, RRZAAFET BEMEE vield Kb A4 —RFIATLE async for
(2N U AN =S

AR 3 2 4 0 A e bR AR, (BRSNS DL T W] RE 4R - & A&
FIREME L, T EPRARE G 3

SRR LA avait FAREK asyne for M async with .
asynchronous generator iterator -- 525 7 85 5028 asynchronous generator FRELFT B EE IR .

Xt 4 J@ Fasynchronous iterator, 4fHH __anext__ () FYEVE BT &R o] —A> 0] S 50 4k ST
e AR R A R EUA B2 N —A> yield Kikal.

5 yield 2UMEIFATE, RAEUAIGEIARE (RARTERAER uy H5). %%
kR B R BN _ anexc_ () FUREIIHAL TS PTG A AT, &2 M BT (o L4k
47 S PEP 492 il PEP 525,

asynchronous iterable -- 5B [ R R — W PATE async for iHM) oAl AY XTS5 1 B 1Y

9

%
?‘,ﬁ

Sk R MR

o
T

__aiter_ () F¥ERE—A asynchronous iterator, {1 PEP 492 5| A,
asynchronous iterator -- 52B3% 08 — N SE W T __aiter_ () M __anext_ () H¥EW X L.
__anext__ () MWWk El—Aawaitable ¥} 4%:, async for &b FHE BN __anext_ ()

Ty ¥EFTR B SRR BN 5[ & —A> stopAsyncIteration . H PEP 492 5] A,

attribute -- JEY: SCHCE| N RPME, EHE SIS LB ARG . 200, WS 0 BF
JEM a MW PAR o.a k5 HE.

WERRRACVE, RERWE LN identifiers (Y IEAR A TR AE— DRI R B Z AT LAY, 40 fd
setattr (). XFERYBYERF IO 5 Rk 0k U7, M@t getattr () RIKEL.

awaitable -- WAFREX 4 —NAITE await FAA P AMXTS . W RAE coroutine 2 HAT __await__ ()
TIERIN G . S0, PEP 492,

BDFL “& 5 {-z&h#E" WP 45, B Guido van Rossum, Python (A3 .

binary file -- —3FHISCIE file object REMG LS F 7 Kb o “HERISCHR B R A BRI (Teb,
"wb' or 'rb+") FTHH M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
Fl gzip.GzipFile fJSLH,

7S Wiext file T RAEBTES str WRIYSTIR S

borrowed reference -- fff A 5|/l 7£ Python [¥) C APL H, fEHGIH 235 —Mx L5 M, iz 240
HAFEAZGI . MR RPN B2 N — B Taet. B, SRS ol ARSER AT 511
55— strong reference 55 E o

HEFEAEborrowed reference M Py_INCREF () PAKFEFEHbEE Ry strong reference, [BF224ZX%
TCEAEAE AT W B JG— A Z g A . Py_NewRef () BRELAT AR KA AN Hi i strong

reference,

bytes-like object -- ‘FYix 4 & 1% bufferobjects H H. f8 T ) C-contiguous ZZ M )3T %, X350 A
bytes. bytearray fll array.array %%, WARIFLZEE memoryview X, FHEIE
AIFEZ b BRI E PR XSG SR . PRAF N R SO A Sl i B KRS
FELCEAE R BRSO . XFION RAE SR PR AT AT R . ARG ppokt
ZHBIf1FE bytearray PAJ bytearray [ memoryview. HABEMEER —#EHIEERAEHT A
ARG (0 HEEATENTA) s XX a0 146 bytes PAK bytes X4 memoryview,
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bytecode -- {5ty Python J5{URS 2741 74785, HJl CPython fi# Rk o171 Python A2 )7 1) P AUAD .
FHMIERGAAAE pyc S, X “UCRAT IR — SCPFRPE BE SR (AT A 2000 I8 58 24 15
TR ) o XA T AE E B AT T R AT LSS B ) virual machine 2 Lo 5 RN
Python FEIIAL_ LR 7S A—Ed@ ], A -—ERELEA ] Python A A% .

TR FIFRATLAE dis BLRE) SRR &R

callable -- Wl PJIIREER AT A G nl ABAT TR s R &, AT REME i — 4S8 (B Wargument),
B PA R Tk

callable (argumentl, argument2, argumentN)

function, BRI JEF|method &5, WIET MM R . LI T _call () JEMFEMEHIHET
CIR)EROE

callback -- [ —AME RS04 A DA PATE A K 5 5~ B 209t FH B 1 (51 R e 4
cdass -- J& R FE O GEN . 28 S S AR A SE B A TR E IR e o
class variable -- QR348 40 eI g AR &, I HAUSRAE SR )29 B (M @ FE 20 326 B 20 .

complex number -- 538 X ELHARGNY SR, Hoh e B B R R A S RS A
HERCR ERCRAE (-1 WP iR) msefill, W efes 5 1, FE TS5 §. Python N
TMERA S, RATARARCT 3G BMA A 3 A%, Bl 3+15. IR math Fibk
PR GAR ZRURAS, i cmath, AR — A B S SRR . WERAR G
A, BMENEILTF A,

context manager -- | FSCFBIES 7E with (B4, #idE X __enter_ () fl _exit__ () Hik
KA FRBARSHINT S . 20 PEP 343,

context variable -- | F S0 & —FRIEH TR R LT SCo] LR AR BER A . X LT AELAL R
TERE PR AT AR T DA REI A . Aad, X B RS ESRYE, — M T&RE T iES
HZA LR, BRSO RER) R AR I K G5 P AR TiBE: . 20 contextvars.

contiguous -- ¥E&; —ANEP IR C i& 428 Fortran % 4SO\ i TELE . B4EZ b2 C 1 Fortran
LR . FE—YEEdl s, FrA 4% H Ah07E NAE A U AH SR HBHES , R IR B RS T .
LY C-IESHA R, 44 NAFHEHES B ) B — &R 5 1 A 2% B Il el . {H27E Fortran
S 2 5 — AR5 el

coroutine - Pf HhAE e T BIRERY B — BB . TBIRE AT DAERE— RdE AFFAE S — RGB o PRI ml DA
T ZAREM S LA IBANKIZ . BN asyne def ifAR%EH . S PEP 492,

coroutine function -- PpFEFEL 1% [Bl—A>coroutine ST R . PMEREA]ET asyne def iBAIEE X,
FETREfI S await, async for fll async with R85, XM EH PEP 492 5] A,

CPython Python LB HITESLIL, E python.org | & ffi. "CPython” —i] ] T-7E W BRI M SE R 5 1
5L BB 4N Jython B IronPython £ X 1

decorator -- 3N IR FE R 5 — AN REU R EL, WE T Qurapper IEETE AR TRECS . B
2R LG40 FE classmethod () fl staticmethod ().

PMARER FUE IR, DU AR B0E SR S ESe 45

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

FIAERORR S MG T2, Hl R AR . A7 R BT AT 2 0L R BIUE SOR 258 LR SC
EE

descriptor -- #iiB%F F(TEX T __get__ (), _set__ () M __delete_ () FEMXR. X—1KE
PENHRAR I, ERRRRIEF T e R A g . EE IR, M a.b AR, E
SR B IER S AE o BZEF IR B A TN b IR, (HUR b2 Mibdy, WS RY
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AR AR T i o BRARA 2R A &2 B2 KB Python Ry SCHE, [H NI VA2 EE SR MY BEAL,
CARRE. A JRIE. BIE. BESTE AL R T T 454

A KB IRNE Z (5, S descriptors B {1 fii e »

dictionary -- “y8t — A SCHEA , H AT B BRI B A N (e . BT DURATATHA __hash__ () Fll
_eq__ () HERINIS . I Perl &5 FPHRA hash,

dictionary comprehension -- “plLifi: 35X Ab A>T SRR i BT A B0 43 OT B I IR B G R I —
MEESYE, results = {n: n ** 2 for n in range (10) } HHH—7HEn F{E n **
2 HYMLE A BF FL . Z: 1L comprehensions

dictionary view -- ‘MK M dict.keys (), dict.values () fl dict.items () iR BIAXTERIEFR N
FHALE . AL T FHAH W — S E, X ERE SIS, RS s . 2
P F AR E RS Ao B IER S, AT 1ist (dictview) . B dict-views.,

docstring -- SRS FRFH {EN2E. RBEBLER Z ISR — AU B A 8 (e . EAEUS AT
P2, (HSPRERTRBIF A FMESR . sREEERE) __doc__ J@MkH. T en T
PN, DR X AT TSR A B o7

duck-typing -- 1878 F5—Fh g WUAE , BIFAREE R R RAORH 2w LA B D, m
R EERA S EsUE M (CBERREN T, MBS T, e T.”) hT
SRR T AR E 2R A, BT R AR a] i i fe i 2 SRR T R Mg -2 H R0 i
type () B isinstance () fill. ((HEAERRG-F-28AUn] DA A 48 208 & fE b 7e. ) MIERESR
fil hasattr () fs2EAFP 4hft.

EAFP  “RJFIRHRIFW R S WSS . X Python 5 F AS 40 5 XUk 2 (e I 75 B4 4wl J& A7
TE, AR BRI AR SR o SRR RT3 Rt WA PR AR 2 K s ] try Fll except 184]. T
HARXT P NZ Bl LBYL WA, LT C 12 HAthiE 5 .

expression -- A A T PR FEAMERNIBERIT. Ha)igul, — PN ERBRERTTEWNFEE. 4
R BT EEA S EREOR AL E, EAREAH SR —ME. S HMESAE, IFE
Fr ﬁtiif@ﬁ%ﬁ%%{ﬁﬁo ISAEARRER A E R X W statement, HIIN while, WREH2)E TiEA]
[[E]|=Srs=w

extension module -- " JEEIH DA C 5 C++ 4 5 1AL, (ff] Python [) C API 5% 515 F 100 A F AR
AT L

f-string -- f-F4F VA £ B F BRI EA R FIEEE RN AR B AL AT R T
M55, =1 PEP 498,

file object -- SCPFRF e X SR AT ) SC 1 AP DARE R E R ERI XS (i read () Blwrite () XFF
) o« AR HAIE T AR, SCEXTS AT DA SRR B SSRGS SO, P AR R A i, B2t
i@iﬂ?%ﬂ@iﬁfﬂ (BIabRER A . WAEZR X, BT, HIE%S). SRR i
;E(Xd- E‘ ‘/‘/ﬁo

Febr I ZFP RN SCHEXS G TG =t ) S, Geih =t ) SO ARG S, BTN E
SOSTE 1o fibrp, RIS REHVETT 50U open () BREL.

file-like object -- SLPFRX G file object W R] Xid].

filesystem encoding and error handler -- 3. 2RS40 H% X G55 IRAC BN Python F 3 M #:1F 22 45 fif 65
FATHF A HRAE RGeS Unicode 1) g A% =5 5 DAL BRAT A .

S R G AR T A A AR RE B AR RS AR 128 DA BITE Eid . R S R G gmt s X 0
VAL ARAE, W) API pBRELFTfE£S S| & UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREAI#HE T ¥

AREOCCI R GE g i 5 R AL PRI -

filesystem encoding and error handler J27F Python JEZE}E T PyConfig_Read () ERECEECEN): &
Z: ] PyConfig f filesystem_encoding fil filesystem_errors & .

g2 Wlocale encoding,

finder -- 2R — P S HE RGP T BRI loader XT5E
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M Python 3.3 SEFEXE A SRR A TR 28 TiA 125 3% 5 FlE sys.meta_path i, PAKpath entry
finders Bt & sys .path_hooks ffiff.

EL LT % 1 PEP 302, PEP 420 ] PEP 451,
floor division -- [i] FIUCREERIE 1) N A B BT BB B R vE . ) N U BRE B SRR E /7 o B

wn, Fk 11 /7 AR EEERRE 2, S ZMRPRIF S EIERERR 2,75 . 3 (11
// 4 £R[E] -3 BRI -2.75 @ F A EISE . W PEP 238

function -- %L T DA R I 3 [0 BEAME R —2HiE A o I8 R] DA HAZ A B -2 AR BRI T
. Y5 Wparameter, method F function 257,

function annotation -- FREChRTE B4 2R B 2 80 MIE ) annotation
PRECPRYEE & T2 2042 7+ BInpA R BRECHUE 2 A int SEOFHUIER [ —A int {H:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

PR AR TE A AR UL function —5 .

Z: Wvariable annotation f1 PEP 484, Hrpdiid T IhfE. 5123 % annotations-howto DA T B FA 45
B B .

_ future__ future 7&/4], from _ future_ import <feature> I§/R 4 iFas i F¥-14E K ) Python
RATHR P SCARME R TEE S SCR AP Y FIRIE . _ future_ BIHRSCRYICSE T A RENY feature L
B G FA SIS HARBRAE, VR UG BRI R A ol P8 e O A BB S R AR E
B (5T ) FEATHT R BRI

>>> import __ future_
>>> _ future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- Ki i[RI FEHCA 9% 1 N A7 25 B i A2 . Python J&3@ 44 5| HITHECRI— > BEAE A
AT EERS ] FH A PRI o] SRS SR PRAT LI [ iy o 7] DA g AR St 2 sl A7 3% o] i 2%

generator -- /L& 3y iR Bl —"generator iterator (R %L . BB ARG HREL, ANFESAETHMAE vield
%ﬁﬁ%@ﬁi*féﬂﬁfﬁ% for- I 82l 1 next () BREGE K.

HOR R AR R, (AAE R UL T BT R AR £ a  iA RS o WPRTE G EROA B 3, 7
ﬁiﬂ%é*’ﬁb}\ﬁﬁal&x

generator iterator -- /LK IEIRES generator BRBT R IIXT S

A vield UG EEAM, CEMHALANIPRE (B R e try ). % &
R BEREWEN, BB ESRSITT (X5 R0 MBI RIS g&%ﬂhﬁﬁ)

generator expression -- RS AE N R[] IER AR FRIBA . E%i&ﬂéfﬁé@jél_%ﬁjfiiﬁﬂ?ﬁ TE X
T—AMESAE R JEER for 4], PAK—AER if 7). PATE AR NINZ R EUE L
—RIIA:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function - ML 4K 7 05 LA 110 26 MO AR B . TS 2 sV
SRR A2 M IR A S
FHiZ Wsingle dispatch RiEF45H . functools.singledispatch () RffigslA K PEP 443,

generic type -- {2 W[ 24k npe; HEN 1ist B dict AR Agek. HIT R 2T AUEAt.
FLHT SN Z R4 2%, PEP 483, PEP 484, PEP 585 fil typing Kk,

GIL Z:W.global interpreter lock .

global interpreter lock -- 4 Jafif B 25 i CPﬂhan FERE A IR B — R AL, B PR ] — I 20 A — &
RELEINAT Python byrecode, MALHITEIT BB X GAA ((U4E dict FEBNERA) HXIF LI

65


https://peps.python.org/pep-0302/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0451/
https://peps.python.org/pep-0238/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0443/
https://peps.python.org/pep-0483/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0585/

Extending and Embedding Python, % %5 3.12.0rc3

ka2 {7 CPython SEBil. 2B MPRE SR N B (1 RE e 2 RS AT S (8, AN D249
PE T HEZ A B BT

At BESEAR R R EER =7 R T RS RAS BT AE AT T SR A AT 55 0 s 4 e A R
GIL. BbAh, FEAT VO HfEmt i B2 Sk GIL.

QA (PASEREAIR R BUE I 2B ) B AR RIS I MRIRG T, WX &
PR T AL PR D0 T BOVERE . AR SE X Bt RE DR A R R B S AR A 2%, AT
HMELAZES

hash-based pye -- J&-Fs A pye 197 D5 S P04 7 1 9 i R o T AT e 715
S 2, pyc-invalidation.

hashable -- W[W5 4y — X0 G2 (I A (EL QR AE HL AR iy B N 46 N3, i BepRol 64 (B EH2A
__hash__ () Jiik), FFRIDAIR MRS RIEATHE (ERERA _ea O HE). AIIGANISR AL
I RAT ARG A (L LRSS R A A ]

TG A PSR SRR T SR AR B A BT, PR DAk S B 2 A A P Bt e A fE

KZ %L Python H YA FIAS N BN R ERR T Y ATARZ A (Blans) sk i) #ATA; A
AlARZR g (BIANTCALA frozenset) (4 EAMTICRE I MG AR AT T . P2 AL
K BRI TTRA T . EAERRE—EAE (BRIERSECHER), BN Er A e
TEAMW id0) .

IDLE Python [{J4 T & 524> BRH5E . idle S Python ARiE 2 ATHR P 1) BEAS S o AT AR AR B

immutable -- AREXR HAREEERXISR . AN GAFERT . FAERATTA. RN RN GERL
A o ARABITAFAE— AR RIE, BB X SR . EATHE TG 2H B A (A Ly %
TERL, BN b i i

import path -- S AW M2 E (k2450 ) ARHNE, SPEEEpath based finder I AR
FAHR. EFAR, WAESFEFKH sys.path, HIFRFALR VR TEER H EHAM
__path__ J@.

importing -- §A 4/ ) Python fURSAE R 75— ML) Python AURS T 11 A2 -
importer -- FAZY EHIINBBIRIGXTS ;. WX GBEIE T finder g T loader

interactive -- 2 4. Python i — S HLAMRER:,  RIRTT DAEMRRESHR /R AT I i A GBI RIaAsC, SERD
PATHERELGIR . AFAWSEMIHE) python fiyd (AT DAFEARIY VT ST HLIT 463 B v e A0
R ST ) o RN U AR A B R BRI G B IR X A O NS AR (GFICR M help () ).

interpreted -- fiFE%! Python —@MEREALE S, SZMHXNMEMIFAUES, BAWENXHIH T 717
T G i WA AE T 2 PITASOR] o 33K T WA R SCE T AL B2 7 1 N 0 S S Hb B 28 ] 08 T S P2
1To MREAUE Tl A IR ENE T I LA 5, HEERF AT aEE. &
Dinteractive,

interpreter shutdown -- fRREZS S 44 2K SC A B, Python fERERS R E A — NRIRIZTT Y BOT B A0
A A ELEUR, B anBERAI & A B NI EE S5 . BIRSZ A el 25 . Xk H P
FE XHTHAS S E55 | R ARSI T o FE KPR Be A TR AR P RE 2B B - Fh S, PR TR
B PIRC AT R (5 WA 61T FER e s 5L 55 ) .

FEREAR R 2R P R A __main_ BEHEETIE T IA C 58 AT -

iterable -- WK R GENSE — R [ H B IR XS 5. AR S BI FAFE A A 288 (I 1ist,
str fll tuple) PAMIELLARR AN dict, U 2 PAEARMIEX T __iter_ () FYEESEH
T sequence V& L) __getitem_ () YRR HESEIIRTE.

AT T for FEFA RSB ANFFIIHY (2ip ()« map () ..). G
PR ER SR B RE iter O I, ©2REZMRRIERE. SR YA RHE T
Gt UM 7. G P TR RXE e, Al R T BT dter () o3 H CAMBZE (LA 42,
For FAIZ AR LTSGR, RN i 4475 i P RAE DR ER I (R A7 2 AL . 5

Diterator. sequence VA Jgenerator,

iterator -- ZACEY FRFR —IEREIRRAATS . ERRAHERIN _next_ () FEE (BFHELN
BEHRE next () KRB REGE PRI, 24354 EdE ] HBNAGE] & StopIteration 4., FliX
BFE RS 2 P BRI R R, S next_ () H¥ENAFIRE|% Stoplteration
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S BEREUAEA __iter_ () HEADRIRFIZERIN LA S, HIE R0 e e ik
RXFG, AT T AL TR G586 . — A REW I INZARLE L 2 ) A T %A
TR . A% (Bl 1ist) EARBIRINEAEA Liter () REEURTE for TER P B
ST ASHE AR . WURAE IS DR AR S 2 AR U 2 3 [ 7 2 1 2 A R P R R 1)
— RS, HHAERRRGE SRS
W25 E £ R typeiter.
CPython SZBU4H1i: CPython {4 — W R E L __iter () TR,

key function -- SERRS # bR A PR B H R AL, A2 RS AR 1] T HE P ECHE L 0 £ 0 T IR X 4. il
locale.strxfrm () AT A M —MFEFRE KIEHT 29 & i HEF 3

Python Hf7 ¥ 2 T HAR Ao vF B R Bk = HOC R HEM 8 H K. H A 46 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

H % 7 2] DRI — N R AR B, str. lower () Tl DAIAEZ0E K/ NG HEF I dE R L. B
R ATIE T 1anbda FAFKRA @RI lambda r: (r[0], r([2]). M4, operator.
attrgetter (), operator.itemgetter () #ll operator.methodcaller () ZHERET =1

WA . AR HUTHE S R SREUE AN ek £ 7= 1
keyword argument -- 3ot B8 S Wargument .
lambda (/> lexpression FISIE 2 NEKCRR L, Rk STEV I IORAE. B/ lambda R £ 1) v

°j lambda [parameters]: expression

LBYL “Jefif nBhiR” MZsCqis . X QS 5 )% S At TR i sl 4k 2 i e 2O A i fe 441 -
BERAME 5 EAFP J5 XAG BN L, HRR U KB 1 £ 154

TEZEAEAEH, LBYL TS TE “&F” Ml “BRER” ZRA AR Med M. B, AR
if key in mapping: return mappinglkey] W REH THEMEBAEZ 5 HABLEFE M mapping
HFSER T key T HE AT o 3B DA AT S N A B ) EAFP J7 SOR R

locale encoding -- i 75 X4 k& X £ Unix [, B & LC_CTYPE &5 W 4 i 4% =X &0 DL &
locale.setlocale (locale.LC_CTYPE, new_locale) ¥iXHE.

£ Windows [, B2 ANSI LR T (0: "cpl252"),
1 Android 1 VxWorks |-, Python {#i[f] "ut £-8" {ENiE S XEgmigts = .
locale.getencoding () WJ#%FHRFHFEUE S Kigmidis=.
S 7 filesystem encoding and error handler

list -- 513 Python |4 & i—Ffsequence. B IRA RHIFR, (HERLIT HAWE T B m a1 3%
Vi TCE IR 4= R O(1).

list comprehension -- FUFHESA 4L F A1 6 B A7 S84 TC 2 4 B G T B S
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] RF4EL—
A~ 0 2 255 FEHE N oS BEREREOS AR (0x.) BYFIR. H 1 T2 AR, A4 gl
range (256) FHIFTAILRA PR

loader -- MRS TATTMBBIIRX Z . BUHE L4 K load_module () M. M@ H—
A finder 128 . G S PEP 302, XfT-abstract base class W] Z:JI, importlib.abc.Loader,

magic method -- AR Jj i special method §)AEIE R LiA]

mapping -- WL} —Fh I FE BT RIEIM T collections. abe.Mapping 8{ collections.abc.
MutableMapping IR HELFE BN AR . HEXGAH FAI3E dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCPEIEAIRES sys.meta_path B R BT IR 8] Hifinder. JCEEAREE 38 28 Spath entry
finders THHE X BARFHAAHIF]

EAFE importlib.abc.MetaPathFinder | f#IGIEARET WS SC LM ¥

metaclass -- JUJ& —FpJH TAIEBZEMZE, Jou LA RY . RPMMERY| R, oRNTTEHZ iR =1
SRR . KR A5 ) g R s 5 AR PR i — BN SCEE . Python BFRHI 2 AbFET
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AR EE OT . RER PRI TR XA TR, (HSFRE BN, JeIenT S Bai AT fopE
Mo % ENCERUNTICRBIEDT R &, B Latt. mREROE. SR, PAK
HAVF AL .

T £ 13152 I, metaclasses.

method -- Jjik TEAS TP E WA WA R LI — N @R, R R IR BiIX 52
Ve WS — A argument GRE 44N self). &Il function fnested scope.

method resolution order -- JjiEfRMTIE 5 AT I 50 A2 76 28 H A D3 I 189 2R AP L2 T FH B S I
A Python 2.3 )y NI THRE 2.3 Bk Python fEHT 2T FHAH 36 B 16N .

module -- e XTSI Python U Y — R AL, AR BA MLy 4 250, Al L7 Python
XtGe. BT it importing FEAERINIZLE] Python Hi.

Y Wpackage.

module spec -- BE AR — >4 S 0], P S  TOmEER A k S ARG . & importlib.
machinery.ModuleSpec B,

MRO Z: iLmethod resolution order
mutable -- WEXF G AR RATDATEH id () PRFREIERTOL T BUEHBE. 531 S Wimmutable.,

named tuple -- ¥ 08 Al “HA45040” of AR Hocd, HF HIHH Bl &5 Do se i 44
PRIBHER B AR 2B B 0 m] e A AR

ALENERRETHLTH, {04 time. localtime () Flos.stat () WIRIAH. H—HlT5=

sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

HLERATCALR N EER (Bl BT sl 1) o sk, A& JTAlR il wMEE UM tuple 4k
I AR B T Aok B . X RA AT THE, sF M T % collections.
namedtuple () Q. J5—MIrsGL LU IN— T TSN B AL ST A sk

namespace -- iy 43N] 4 S A2 BT . 4 S 0E R RN ER, B8 SR iRE
A (FEEZ ) s 25 AE B 1k a4 0P 98 K SCRp b . 4N, % builtins.open
5 os.open () A B2 RIK S A4S 23 (8140 8 18 B AR B4R e s BRARAS R KOk 35 Bl
et AT 4. i, random.seed () B itertools.islice () XFEEIHH T X
BEpR B random 5 itertools EHL BISZILRY .

namespace package -- iy 42344 PEP 420 fr5| A0 —M X HVE M AR package, fin44 25 [0 4]
DA LR IRy, HAiA T X Sregular package RIF), FREANTEA __init_.py X
FA 2 Wmodule

nested scope -- iR BRI £ SGERING ARG T, Blan, 765 —RECZ e LI R T PA
5| HATE AR . R REE A ERBOA RS AR RE T R RS S A2 R T A
WIZEREL. RO, &RERFESNERT 2R %50, @i nonlocal KBTI TG
NINZE .

new-style class -- Fi X X} T H @i & 8 T A BXT LRI W IHFRIE . 765551 Python hit 4%
v, HA BRI (1 A Python S35 1 8 RGFr Ik, Bl __slots__ . #iAFF. FRAEJE M.
__getattribute_ (). EHEMBSHESE,

object -- Xt ALATHATIRGS UBMESE) PAKTIE TR () B, object HLi2{TAMnew-style class
H B 02 FE 24

package -- U —FjA] 4 A IH A &6 Python module, MEEA B, f@HA _ path_
JEPERY Python A5,

Y2 Wregular package Fnamespace package .
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parameter -- JE5 funcrion (B(J5%) & LPHIMA SR, T E BT AR Z B — A argument  (BUAEH
BT, 240%2). ALMES:

* positional-or-keyword : i B KEET, $5E D0 PMERIZ E 5 & AW PAVE N X 425 5k
BEANSE S, XEERAMIES IR, FIan N foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only: {UFROZE, $8%E—HAEHLAIE L ANSE WRAELS il 1 ek HoE
PSR ENZ IR E—A / FRRESL, BIUITN R posonlyl Fl posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

* keyword-only: {UFRICHET, $8& A HEGEL REFEANSE . (RXEFIES ST
HBUE LITES IR P S AT BT SBETEZ DB 'L S Z i — 1 * KE X,
B0 R T kw_onlyl Fl kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional: AIAE( ., 4552 ] PABR Al — MERRCR I CLE S HH S (EITE FAh
BZERZNMESHZIG). EMES ST S AFRHIINE * kE L, BT args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WIAZHET, 5 7E AT DARRBME R ACRY KB T S (MEINTE ML TE 2 EL 321 %
BYSHLIG). RFES Wl S AMEING ~* R 3, BIA LR kvargs.

TEZ 0] DAI B4 2 PRI S50, U mT DA FELE ] Be S 40048 e BRIA M -
W& Wargument RiEFELH . SHEESH X GIP R UL, inspect .Parameter &, function
—4pLJ PEP 362,
path entry -- B4R A 11 import path W—/NERATE, S¥path based finder I KA RE S AR,
path entry finder -- ¥4E A A HES AT — 7] 8 I X % ] sys.path_hooks (Bipath entry hook) & [f]
[ finder , JEFRNT G REM I path entry R 8 iR
5% importlib.abc.PathEntryFinder DA T #EKIEA D EIRA I SLIAT AT
path entry hook -- BFEA LNey¥ —Fhal 6 AT 5, FE R0 WA & 4R e path entry TR LA I DL T BE
%[l sys.path_hook ¥R [E]—"path entry finder.
path based finder -- J£ TV RN R ES BRAM—Fp Uik 12 38 5%, AIHE—Nimport path AT FRATSR
path-like object - JEIRRRX R NFE DU REHENNT L. BELXNRET LR — RN ERER str
BH bytes XA, B PAR— TSI T os.PathLike MpINAIR % . — > H ¥ os.PathLike
PRSI R AT E S os. fspath () RGN str B3 bytes RAEW LRGP os.

fsdecode () fll os.fsencode () WH 5 EHILR IS str 8 bytes FERIPLEIR. L5
i PEP 519 5] A1)

PEP “Python H{HHIL" (93550415 . A PEP 2 —(y it SCR, Ik Python RERHRLREL, ot
ik — Python 1) 7 S T SLHERESCERS . PEP 124 3R SO A B A HUS AT S 5 e
B
PEP 7 {1 it EATHFE AL, WAL AP O B DA B R4, Python 195 H pf
G575 SO T AEHLIRT . PEP (1 2 Akt D IRy 63, IF AR WL €2 A SCRY
Z: 0, PEP 1,

portion -- 55y 4 BNy 44 A3 AL BAAS H SR NSO R A (BT REFFICT —A> zip SCUEN) , Bk X
i, PEP 420,

positional argument -- i & %5 2 Wargument.

provisional API -- #2 API 77 APLIE 8 YA R HERRAEARME 1Y 1] J5 ARA M PRAIE Z A1 R 1 A A 42 11
FARILISE Dl A S A R, (B EHARICNE &, Wl m] REFERL DI A3 i A L B
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LT HAT I EARE RS (HROREBRRIED) . WA EOF A2 MEREIT - UfE APT g
N TAE JEF 7 B BB B A B A ] BE S XA
BN X8 E APLRE, 5 AR E R Wil I ey 487 — AL @A,
ISR el Ry R VRS S iU} 27 S
IXFPAL PR AR SOV AR PRSP AN E , N 2 TR R KA R B b B . A I PEP
411,

provisional package -- 8194 Z: Wl provisional API ,

Python 3000 Python 3.x R AR MWERR (X4 FHERA 3 Wy KAl iE T st e il 1)« A
HBAEE N “Py3k”,

Pythonic $5— B ol — B AURD S 25208 T Python 1555 S FH 00 KU FIBES: 1 AS 2 ) o fi 5
PR AR SEBUCRS . BN, Python [y I A2 £or TEAIHRER A P — A n] e AU SR
MPTATCR . W2 HAE F A XRS5, IR 2428 Python B AT I & e 68— N7t
K

for i in range(len(food)):
print (food[i])

TR 2 B 157 5 B Pythonic (77 5 k& X FER:

for piece in food:
print (piece)

qualified name -- g #8% — DNPASIS I AR, TR MBI 4 J5 1 3 it e US4
PR VAR “BEAE”, MEE UL PEP 3155, X1 & ) ZH AR ENZE, REATRSX R4
2

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname___

L} C L}

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth._ gualname_
'C.D.meth'

PR T R, TR IR G AR B R R DA A PR A AR, S A Y
LA, Bl email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count -- 51V XTRP51 KRB MXTRAS] TR AER, Eillaifil. A5
GkA? BEFHTHEUIGEANSBHE N, P IGX R SOR S S 9RERC. 5T Python AURS K
VLEE A WA, HERCPython LI —A KT ER . FIFRATAIHA sys.getrefcount ()
Eik e SEAEES SRS EOEINi R g

regular package  FEBLL 15465 Mpackage, PIMELAA—1 _init__.py XPRIGH .
Y52 Wnamespace package

—slots__ —FPEAESR BRI A, Gl ad FUE RS I SR 1 7 X SO T R BRI LR AT AT R ARaX A
BRGAT, (AR A AR S, Sl AR DBORE DU R, B AR A A4 I A
Fe, HHIAP SRS,

sequence -- J3- 4l —Ffiterable, ‘B FRELT _ getitem () FpFEERM BRI HTE N ITTER
Pill, FEXT—MREFKER _ len_ () F¥E. WEKFHEAHA 1ist, str. tuple
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Flbytes. HEEA dict 3 Ff __getitem () Al __len_ (), HEFINETBUHMAEF
F, PREAE BRI O A R immurable BT AREEAL

collections.abc.Sequence IR RHLKEN T —NTEEEWEND, BYfE __getitem__ ()
__len__ () ZAMNNEIT count (), index(),__contains__ () fl __reversed__ (). L8
W R AR ABUT DARE I register () SRR

set comprehension -- A X AL B AN AL S R el B T BRI IR I 45 AR G — Bk
5y, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} BN FEEE
& {'r', 'd'}. &0 comprehensions,

single dispatch -- ¥ispJR —Fhgeneric function 73JRILN, HELHE T SR ZEROREREN -
slice -- Y)Jy 3l 75 R & sequence f— IR G U1 R 2l (8 1 FARFRic R A=Y, £ [1

R ILNVAE B4 RaEis, il variable_name[1:3:5], H¥ES (Fhn) FRicrENFREH
slice X%,

special method -- $¢5% Jj ik —F' iy Python FR=Xis 1 vk, HIRXT AN SR PAT R & BRAE B QA fn &5
& XMOTEM TR RECIRUTK  FER BRI SRS L specialnames .

statement -- {54y EARFTE (— MU CH7) WMAUREAL. —SERR DU — A expression BN
B XA LR, Biln 1£, while 5 for,

strong reference -- 5 5| Jf] 7£ Python [j C API wr, 55| H 245 MHeE 5 | AR Ir A T 25951 1 . 78
BT AR ] Py _TINCREF () RFREGRG | e RS | I8 ol @it py_DECREF () KR
T .

Py_NewRef () BRI # ] TOIE— X MsRG 1 . @5, OFER ARG 1E e
2585 R H py_DECREF () pR%k, DAREST|FH At .
W ig % Fborrowed reference.,

text encoding -- LA #& X 7 Python W, — A F 45 H 2 — 5 Unicode fCH5 & (FE Bl 2 U+0000--
U+10FFFF). N TAHESUEH— DT, EREGITIME I —H 7.
P AR AR — D F AR AR A i, T FTT 50 o E A AT R RN R
.
HEFPAFENSCAR P Fifdas, ENENRA” ORGSR,

text file -- SCAR S —FHRBAS 125 str WG Wfile object. 38— SCA SO SE B @& 7 1) — AT ) 7747

F B AT B shAb Bllrext encoding . SCARSCAF B TAFE PASCABER (Ter 5k 'w') FTFFEY SO
sys.stdin, sys.stdout PAfK io.StringIO HJSEHI.

HSEbinary file T fRREMGIERE F 5 3T 2 BISCUHEXTSE

triple-quoted string -- = 55745 R&W = MELNES (7)) HEHFIS () M. BIED
e LS5 E RS H A5 SR PR R A ANE, (A ZRAL. ENRVHRETFR N
TR G RS SRNG5S, I BT ABSHE AT 1M To7s ) AT, TR0 S SCRY AT HB B B
i

type -- QKU AP —A> Python X5 & TAHA M BEAKTGRE A —FpEAL, BRBEXTRZEF, 7T
PAVIIIE ) __class__ J@, @i type (obj) Rk,

type alias -- R # — AN E SR, A1y 2R BIRE 5455 2 AR IHRAT o
FIU 44 AR S A 2 A2 A . Bil:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass

A PAIAf Ry L e

Color = tuplel[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

7
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ZIL typing fll PEP 484, H At eI RERYHEAR 4 o
type hint -- JMEfFE annoration Jy7Ae k. KIEIE. PREAAYIE S SR BIEHE E UMY AL

KPR IR T T, Python REESRELAL, (HLECHTAHIASKIAT TEGRAEN , 9 T Hy ) IDE 525
R4 b

AR, RIEMEREE BB AE A typing.get_type_hints () KihH, (HEHAE
B ARA DA,

Z W, typing Hl PEP 484 HAA%f I Ih BER 4R o

universal newlines -- W7 —FR ORI, KA T IFE TSR AN T4 RS« Unix (947
ZEHZ5E "\n' . Windows [HZ%E "\r\n" PAKIHAR Macintosh 245 '\r'. Z i, PEP 278 1 PEP
3116 fil bytes.splitlines () JfE¥ £ HEULHH.

variable annotation -- 28 Hibi: XA & B2 B MW annotation

TERREAT RN, 8 ] e

class C:
field: 'annotation'

AR BRI T A R 2R AR BINDA AR B2 int JRAUHO(E:

count: int = 0

AR TEYA T PEZN R RE I annassign —77
2 function annotation, PEP 484 F1 PEP 526, A filiid T lIIBE. 7312 Y annotations-howto DAY
F A P AR P e R S B

virtual environment -- JELEAEE — R HIVIMERC IR B S THS RS, o1 Python P AR PP 7 44 26
FTHE Python 43 KA IF AL THH [ — R G List i HAb Python N7 FFEF 4T H o
HZ venv,

virtual machine -- JEfIBL — & 56 A1 P0FE UL Python FEHUIAIL AT HUAT 15 B G 136 245 BT A= 1k
H]bytecode.

Zen of Python -- Python Z#if 51t Python Bty iU 57, A7 B TR BUTMRRME . 207 HALA
N2 AL BRI Ry A import this”,
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APPENDIX B

i AA

XL SRR Sphinx M reStructured Text JEA4 i1, Sphinx &—/~% M ALFE Python SCRYT 48 5 11 SCRY A I,
o

AT REEZ I ), WAETEIEE 2557, A3 Python A8 o AR AR BUf i TTmk, 5 P
reporting-bugs AFANAIZ 5 . FRATHEWUH o) G R |

RN -
* Fred L. Drake, Jr., J5ff Python SR THAEZ B, ARZ SCHIZ AR
o T 4% reStructuredText F11 Docutils {1 Docutils i H ;
* Fredrik Lundh 1 Alternative Python Reference 3 [ , Sphinx M 183 T4 £ iFa94H%E .

B.1 Python {44 SifkE

AARZ X} Python 157, Python 5 Al Python SUHAT TR, [ Python JRACAS /) % 1) Misc/ACKS 3¢
PRSI T vk -

AT Python # X (i AFNTTHK, Python A4 Ui €1 SCRS——HHAHMRAT!
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com F-4H % T BeOpen PythonLabs B . [&]4E+
H, PythonLabs [#] J\%%%] Digital Creations (J{ "5 Zope /A ; U, https://www.zope.org/), 2001 4, Python %K
{542 (PSF, I https://www.python.org/psf/) J8AL, 3% &—% A Python AH & HITH A G 1 HE
BRI, Zope T HAESE Python B B4 i HE B I B o

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RWAE | BB Fh mEE GPL %% 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %4 | PSF =y

Frik: GPLARAIFA MR Python 7t GPL N %Afi. 5 GPL AfH, Jirfy Python ¥ i UEAR SR 070 K 18 vk
JERIRAS, T TCRE IR P S EE. GPL 3 BV AIEf15 Python W] DAL HUETE GPL "R KA AR 1445
AR HHERFHENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRERS( LAH &M Python B)RmF0F M

Python A SCRS ) I V7 AT 3BT PSF 4 T #7350

M Python 3.8.6 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

FE 4 B AE Python H RS T ARG VF AT X LBV AT & SRR VAT 2 R AU — 5 . A R
AR SE RS RS TP T A a9 75T 57530,

C.2.1 FF PYTHON 3.12.0rc3 4 PSF i a]pil

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.12.0rc3 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 3.12.0rc3 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 3.12.0rc3 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 3.12.0rc3 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
3.12.0rc3.

4. PSF is making Python 3.12.0rc3 available to Licensee on an "AS IS"._
—basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.12.0rc3 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.
—0rc3

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.0rc3, 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. 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, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.12.0rc3, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 ) BEOPEN.COM #F ] il

BEOPEN PYTHON Jf-J5 4 ] P AR 1 A

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

Q)
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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 g5 CNRI ¥#F o] il

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.

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."

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.

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.

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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

(N oiaRs:)
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 FHF PYTHON 0.9.0 E 1.2 f§ CWI ¥F o] il

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 3.12.0rc3 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Wi YT o] S8
A Python % ATHL LAY S5 =7 BRI U AT RIBCAITT L, AT MR A 23 LRI

C.3.1 Mersenne Twister

YEB random FiH R 2 _random C ¥ B AHEE T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html NG . PAT 2GRS S22 iR

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 EEx

socket ffiffl T getaddrinfo () #il getnameinfo () WIDE I H AYAS [A] Y5 SCF A hitps:/www.wide.ad.
ip/

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C33 REEEFRS

test.support.asynchat fl test.support.asyncore FHE SR VLH. -

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.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

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

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 HHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

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.
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 & E2=EAH

xmlrpc.client fEHEE DA FEH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test.test_epoll Bty DA FUEHA:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue ()42 N5 AT FEH:

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.
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C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein {{] SipHash24 A ¥ERISEH . EREPAT
—=
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
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 #1 dtoa

Python/dtoa.c SCAFEML T C K%L dtoa il strtod, T C BUKS BE (A F4F ef Z B 640, BUR
A= B i1 David M. Gay 4w 511 [a] 44 0. B Bi1Z 304 P AE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T/, #£ 2009 4F 3 H 16 H A ZRE B R 1A SRS AR BUBCRI W] e

/****************************************************************

*

The author of this software is David M. Gay.

E I

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E 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.

*

*

***************************************************************/
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C.3.12 OpenSSL

IR RG-SR, W hashlib, posix, ssl, crypt Bl OpenSSL s mithfE. LA,
Python [¥) Windows 7l macOS 222 /7 1] i & 4% OpenSSL RN RIA , B ATATtLAE I ALHE— {7 OpenSSL
VFAMIERYREIAS . X OpenSSL 3.0 JUS S ST AEIA, ¥ Apache ¥ AT IIE v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,

CFgkzs)
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and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution

Q)
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notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

pyexpat ¥R M FT 451 expat JERIAEAEN, BRIEBCE T --with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
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

BN ctypes BRI _ctypes C "2 H5 1 Libfi JHAYEI A H Y, BrAEt dmic s 1

——with-system—-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3. WrRHRHaYiF =] 508

89




Extending and Embedding Python, % %5 3.12.0rc3

C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

(N gksr)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

-l decimal Bibt R R _decimal C 4 J@ e M35 T libmpdec BRI EIASHI BN, [ AlAa 2 il i
T ——with-system—libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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 LAY CI4N 2.0 iR 4E (Lib/test/xmltestdata/cl14n—-20/) $E2HLEH W3C Mk https:/www.
w3.org/TR/xml-c14n2-testcases/ FHARYE 3 55 BSD 4 Wik & 47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

Q3]
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"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 audioop

audioop FLHLH ] SoX Wi H 1) g771.c U A5 B fi:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jleel@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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GIL, 65
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H
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