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CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

2.1 ) C g C++ #E3¢ Python

WRARE R C, WIHTRY Python P BEEHRAMRFE ., LR PIAFAEER Python B, W LA extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

TSR, Python APT (W HRRFAmAidi 1) 5 LT —RINKE. ZAAHE, FLATI Python jZ4 7 £
LR TR F A% . Python [ APT W] DAEETE—A C¥ESCIFH5I A "Python. " KICIFRAM .

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

il C ¥ FdE CPython, " EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZih5 C
PR, RORFFAIRAENE. 250001, WARARAH O T C FESCRGRM . /RW%%E B ctypes BibkE
offi 2, AR HCE CAUM. X FLVFIRE Python MU N C AURS, M LIRS AR VE 4. AR
GERICT

211 =N EBBBF

EFRATENE — AN R spam (Monty Python # 2Z i B3k I B 4)...) H HARZLQIHERT LY. C PR system ()
¥y Python $2 1 o XASBREHEZ— DA null £5 A FATH S HOFR [l — B8 ATA BT ATE Python H1DA
Iy R A LR

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AEM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

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

XA Python APT (MIRARFEVC, ARAT LATEE BLES i H ARAUBUAL f B KR o

fiE): T Python I AES: E X —SURETE R LE R G0 LS MARHE Sk SO R TiAL BRLgR 18 S, TR e A 4 AT Al A o
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BB X PY_SSIZE_T_CLEAN ., AFHZIUN B F4ad 30 3k TIREAN R HEZ NE .

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES i) 2 M, "Python.h" B & T —2FRHESL S <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFETSLSCHAERE RS EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WRMURIELE, GRAIMESEFITEN):

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 PylLong_ FromLong(sts);

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args SHUZHE I~ Python 1) wple XL ATHEE, Hori oS %e, B wple TS %, XS
ot A Python XF5 —— BERATRY C SR TS AL 5 /45 JLRE 40 C (B, Python AP iy
PyArg_ParseTuple () 2Kt SACKMIHF HELSN C (1. & 0 BEAR e il 2 T B SR DL I
TR C A FERAS . AR RERYR .

PyArg_ParseTuple () ZENFA S MO T 020 LA HCHR H-HE T BOZE f R L R, 3 ] 2 (o

), HAEEATUSEETR IR (). RS TH, BabfrE S a, (508 R E0m] DABE R [
NULL (H5t 2 617 B L)
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21.2 XFHERHFE

1r. Python ff R p A — NEEMBIH]: M — AR BGR AN, B Y B A IR MR U (B
NULL f841) . S At TiReds NS R s A & NULL JORR KRS . B8 42
SRR T R “RBME” (B raise WS —ASH0) . H = RS Python U™ ARSI T
ARk 9017 L. X =MA8 BEJ2 Python ' sys.exc_info () WIGRAE C FRIN YY) (1§25 Python ES%
W sys BEHERSY) o TIRENTX T B R 18 0 R R

Python APT 17 S T 6 KOk i Bk HAg it

B W M A & PyErr_setstring ()., HZ R R E X LM C
PyExc_ZeroDivisionError iXFEMFUE LS. CEAFRIRHRERRE, ik —1 Python F

FRERXT AT I S < RHRAE
F—NH W EEE PyErr_SetFromErrno () , fEZ—NRENS, REMBOEHESLFRAE errno
W, Bl IR BGE /& PyErr_SetObject () , WEWNSE, B HAEXNEMFEEHIIR. RATEEME
M Py_INCREF () 3% i 2 HAl R E I S B 15 | HHEL

YRATVAE L PyErr_Occurred () fEAIEMBEIARIIGIL TR B BE T 574 . X RRR IS H R4, 5
BANRARA A IR 8] NULL . AR5 5 AT 2R PyErr_Occurred () RAF A e K4 14
e, POAVRIAZREMR B A k.

BRS¢ PRI B J o A 1, f B Cak el RME GBSO NULL B -1). E
AR Z AP PyErr_* () REL - X RO 240 g T 1o f BRI RS 0 23k o] — MR BRoRR
s eay N, AR R PyEre_x (), MKIEHE — BEURA SR RN SR 28 ol v SE A 2 B A R L
AT o — HX MR EIA Python fERESRIT IREN, E L I HTIATHY Python A2k i i Python
FEFF ST 2 1) S AL PR -

(FERLEREOU T, B SCREAS I I L E PyEre_* O BN SR B DRI L, FF HAEX S L
7o AT DUKAE o (EUZ IR A, X R ALY, TR0 R IR (F B 25 REHHRES
iy AR PR 1 D )

AL Z W o — SR RO L T i B R, R AP AGE A PR PyErr_Clear () IR H R .
CARUBBR 24 IH ] PyErr_Clear () FIME—IEHL R UNRE AR IR L AR 24 h A Ok E
(MR M, SO R L) .

FFR KM malloc () HH LA N —AFH. malloc () (8K realloc () ) [ E B H H & 270 H
PyErr_NoMemory () iR FI45HRRELR . Fra X5 a0@ % (Fill PyLong_FromLong () ) E&XAM T,
B DA AR T H A malloc () WITEHL.

BEERER) 2, BT PyArg_ParseTuple () SFEHEABISL, 1 [ BEHCRAHD Y ek LI0E H AT 1 1 0] 1E(H
LRFORINE, MPA -1 FoRKM, nfF] Unix RG] —H:.

B, MARIR P — AR R A B B L IR B RE S8 # 4 R AT Py_XDECREF () 3§
Py_DECREF () JEH)!

Pe G| Wb S e B TR B . BT S N E Y Python S7 # A 4 B [ WA B C XF 4, il
PyExc_ZeroDivisionError, WRA[DAE B E 1. 2448, RN Y 0 Mok B 5 — A
PyExc_TypeError K FER— XM TEIEBAT I G KM % ] PyExc_IOError), WIRSHFIEKA N
#i, PyArg_ParseTuple () HREUAH 25| K PyExc_TypeError. WRARME—ANSEM LI THE
OBl 2 PN B DA JE HeAt 2544, W& B ] PyExc_vValueError,

VRUALAT AR R ISR SN ME— B o o 75 SR SCPF AR A I — N Sx e, o

EE RS R

static PyObject *SpamError;

H HAEVRI BRI AR LR R (PyInit_spam () HEEH— N da g gIh fe:

2.1. ) C &} C++ #& 3¢ Python 7
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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;

HE RN Python 458 spam.error . [l PyErr_NewException () BRE PAGIE—ZE, HEZE
b Exception (RIER S — 2L A AR NULL ), 40772 I, bltin-exceptions .

[ REE R QIR ORAT T spamError (— A5 XA TR - N T B LBk i, 75 0] spamError
By 2 I B 1T

~zﬁ%PmeM1fwcW%@ﬁﬁ@%ﬂ%%&o
spam.error S I DAFEY R il , it PyErr_SetString () BRECGHM, WT:

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 EEHIF
[l ST BT, RN % R A

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

WARAESHBN R PRI 508, ERFIRB] NULL G (R IR [0 G4 604 o8 R0 () 9 Bt ), IOk T
PyArg_ParseTuple () WEMFH . fEHAMN I TSEN TR E2PHE N F /AR command. X2

8 Chapter 2. FERSE=HTANRI R
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—MEFIR(EH HARAR AR SCE B 1 i 747 H (HBAEpRfE C o, A command B 24 97 IR iAo

const char *command),

T—ANEA ] UNIX 2GR system () , HZiBBMKSEZN AN PyArg_ParseTuple () HUH:

’sts = system (command) ;

AW spam. system () RELFRIE] sts FEAEH Python X4 . il i {# H %X PyLong_FromLong ()
HeSL

’return PyLong_FromLong (sts) ;

FEXAEOLT , SR — RO R , (XRG4S AE Python e HLEH) .

WARARE C BREA A AR IEME GRIE void RYRRED, WIXTA K Python FRELAZINIR M None, R
XAERE (AT PAELT Py RETURN_NONE ZZK3CHE) -

Py_INCREF (Py_None) ;
return Py_None;

Py_None ;2§¥k Python Xf5¢ None Frxf ) C #Fk. Eid—HIEAY Python XF M A& NULL 45§, 4ngk
T, JREAERZRCE T SOPEERE “HiR”

2.1.4 ERFGERNIIGCERL

N TR spam_system () QAP Python F/F i il . $EpR £ WIS AT A% Python 1], FF%JcE L—A
¥2¢”method table” .

static PyMethodDef SpamMethods[] = {

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

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

HEFE=ASH (METH_VARARGS ) , XMrRifgE @A C A B6Il. W 3¥E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

WS B ph fff ]l METH_VARARGS |, PR 30 & %5 5 Python f% 3% tuple #% =01 & #, I & & (i
PyArg_ParseTuple () #Ef7M#MT.

METH_KEYWORDS {H#E/RNEZ KBTS XMIHILT C MEHZERZH =4 Pyobject * XR, FRF
WS, il PyArg_ParseTupleAndKeywords () RMEMTH S4.

AT IRR AL ITRIE LRSI -

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

XAGERY R AL 25 RS I BT AR AL R AR . WA K R B i %48 PyInit_name () , Mt name j2
BRI T, HFi%E SO TE static , HAEBBHOCIRHL:

2.1. ) C &} C++ #& 3¢ Python 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

#= PyMODINIT_FUNC ¥ pi 87y PyObject * R[S, 75 T AT & B 8K i R sk s R R
HEPR C++ KR EGEI N extern "C",

24 Python F/F IR FA spam BiBAf, PyInit_spam () &¥AH . (4 A Python fUHERES IR 3C.) B
FH PyModule_Create (), ZMRELIR Bl —MEEHAT S, JFE T 7RIS SO 383 19 208 D) & R £
SRS R (%24 PyMethodDe £ Z5IAI4(ZH). PyModule_Create () iR[E—/§
6)E Fr O RS R AR EE . BT BE S RR T E A AR R 1k, s AR TE Y B AT AR AL R [a]
NULL. ¥JUH kR 0R Ao 2 5 HAH HI 3, X FEE T ARHd A S sys .modules i,

ik A Python i, PyInit_spam () EREASHHAEA, FRAEAE PyImport_Inittab FH . BN
HEIEFE, i PyImport_AppendInittab () , WEAYIRE AT 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);

/* 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 ("spam");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return O;

fil: N sys.modules MRSLAT AT HiiF it s]— AR iy 2 MRS (6 fork () MMM

10 Chapter 2. RERB=FTAEIEY R
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exec () ) XA LLY AL B IR . PRI AT ATERI IR (0 P Rn 45 A I 4 HH

2 KT R SR )54 & 7 Python Y54 & 1 fU i) Modules/xxmodule.c Ho B3 AT AR AR
AR B e 2 T B

HiE): ™MEFRAIH spam Bl T+, xxmodule il T % U744 1¢ (Python3.5 FFEA5| ), PyInit_spam &R
[a]—A~ PyModuleDef Z5#4 {4, K500 @ BRI S AN . 4175755 PEP 489 [ Z M Bedlia1k.

2.1.5 ZmiFfosdis

TEARBEME AR ST 2 B, AT Z - 315 1 H Python ZRGERIMIFAIEERE . WIRARGEH 2h 7S
B, X T AR R EE RGBS INENUH; 25 BES % iRy B =T (M O/C++ ¥ &
FAT), PAKAE Windows [ 4iid R EIFIIME R (£ Windows F & #iF C o C++ 7 & F5)

WRARAE A E, siE HE IR APERIFE A Python fERESRIG—EB4) , ML AUE IR FLE &S, I E
RS . B2 TE Unix FARMIEE, HERZARM U ( spammodule . c B BOFEMEHE 4R & 1T
) Modules/ HREF, BM—47%] Modules/Setup.local EHiMVRAY 4

’spam spammodule.o

RIGIETUZ H %1247 make SREHH MRS . IREATPATE Modules/ T H R /I] make, {HUg{RAASEH
# Makefile UfF, SAJ5izfrmake Makefile’ fiy%. (VREFUIEE setup SUPFARTR ZOXFEHRAT )

WERARBI BT TR G, LS AT AS IR SR B, 2852

’spam spammodule.o —-1X11

2.1.6 7£ C hif [ Python %}
124 Mk, AT BB 4Tk Python Y8 C sk, HSURAEMMRA M, 2 H C ] Python b
o XAERREEPICHA . R A C O A, 2B LB A AL .

Szt sE, Python fiEREEs 2 LR B IR, FF204R1E Python pRAGR AL TARER 1. GX HLAUA AT
Python “FAFERAENHI AR T, ARA X8R AZ% Python/pythonmain. ¢ Hi¥ —c ar& AT, )

i ] Python pRAXAR MR, #5E Python F2 )y 224418 Python AR . W@ A~ s % (BHA I 1) RSB
MY XA B, 42 RS AR A Python s R IYFREE, IEZIR ] (Py_INCREF () RIEIGIHITAL,
UAANERERBBAT2KER . 280017, AR RO RERBLEE 73

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;

(FItgkss)

2.1. ) C &} C++ #& 3¢ Python 11
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HEH L5
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;

}

return result;

}

XA R B0 ] METH_VARARGS ARl vEM B MR RS, X TEAL e 77 ik & Ao dnds 10 3 2 325 S k.
PyArg_ParseTuple () PREUSZHSEIP SCRYFEIR LY e 400 244 o

Py_XINCREF () fll Py_XDECREF () X A% a8 /80— A X S5 T, I B 24074 NULL F84F i)
AT ERAIE % 4 ((HIE R AEX A R SCH temp ¥5A45°0 NULL), 2 A5 BiES % 7] A iH4e 37,

oS, 4 ICeR A, RFFH C %k PyObject_CallObject () ZREAW NS5, EN#ET
F84t, 8T Python X§4:: Rl Python pi%k, MHZSHF|FK., SEI|RLMEE—DIcdNS, HEKER
SR ECE . BN S HGIE ] Python pR%L, ML A NULL s{—A2cdl; Zak— NS0 E, WG A
*/I\ﬁﬁiﬂo Py_Buildvalue () ¥ HAEXFAIFBEAE X ETES N EA 32 A48 AT R B —A~
Jeel. filan:

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);

PyObject_CallObject () & [ Python Xf % #§ 4, X 0 & Python & %t ¥ & A fH.
PyObject_CallObject () & MNXHZSE 5| H It L X . Il F P cdelEH T2
HH#E, H HFE PyObject_CallObject () ZJ5 B fl T Py_DECREF () .

PyObject_CallObject () RIBIEER “Br” 9 W22 DHENXIS; WAZREAMNE, (AT
FUHTTE FrABR AR R ARG R R A A 4 SR A i, ARFE 2O AME ] Py_DECREF (), RIEARNS LAY
WA (Real!) RS

(ERAERIX A T, AR EEN)— SR AR E A NULL, 2 AY3E, Python pRELS LK IEH5] & 2
TR JHH PyObject_CallObject () [ CAUIETE Python & i 1Y), B M. 24 37 R [n] — N ik 45
HIH: Python W 3%, PATEARREARAEFT EIAR MI(E 5., s 1LIE A J7 Python AL REALBLZ R . WX oIk
RN GATE, WY M4 pyErr_Clear () KiERFH. Bilan:

if (result == NULL)

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

T Bl R g, ARid 2R — A2 48113 E] PyObject_CallObject () o FERLUNIL T SRR
sy Python FEfr S ik, il £ 1 PHL 2 IR R BN R o AR ] AR X AL . 55 Hh— LU AR
TR E—ASBR T4k L SR BRI Py_Buildvalue () pREMIE tuple. 254001, fR%
183 — A A T DA 20 GRS

12 Chapter 2. RERB=FTAEIEY R
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PyObject *arglist;

arglist = Py_BuildValue (" (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) ;

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BADEHE SN HR, i
Py_Buildvalue () ﬂﬁ%%ﬁi@ﬁﬂﬁf&##o

ARV R B IA TR B, RS HAA PyObject_Call () , RELIFFESHM S HTESE. A
i BB, ?iaﬂ]ﬁﬁﬁ Py_BuildValue () ReAyihF#,

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "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

K% PyArg_ParseTuple () WU :

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

S arg WIE— N TCdXT S, 5 M Python 1545 C B SEI % format ZELN & — & X F4F
B, TEETE 73%‘ Python C/API Ffft H17) arg-parsing., xS &2 B HLNE, A5 'ﬂ%iﬁ??—’f%ﬁ A8

JI PyArg_ParseTuple () £kl fi75 221 Python SRR AJGyEAG AL 45 Yy C AS bl , fnif
itﬂ%ﬂT, Tﬁﬁ%fmﬁqﬂ%m'ﬁAfF@, Iy

FERAT A bR 2 32005 Python X5 A2 15 ka95 1 AZLEBENTHIT T
— R BT

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

int ok;

int 1, 3;

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!') */

2.1. ) C &} C++ #& 3¢ Python 13
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ok = PyArg_ParseTuple(args, "11ls", ¢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) */

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

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */

2.1.8 A RBMHXBF SR

K% PyArg_ParseTupleAndKeywords () mBEILITF:

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

arg 5 format 25 PyArg_ParseTuple () HREUTE LN —. kwdict TEZ 216 N5 =125\ Python 1z
TR BRI B KB P . kwlist JE S & DA NULL Z5 R FAFERSI R, EHARIRRIES: AN AERH 5%
H format (A5 BAIPLAC . ARAATINEN, PyArg_ParseTupleAndKeywords () 2iRBIFEAE, IR
MBI 5] K —AN1E 24 1) 75

f(E: i E R ST R AT SR TR, ATE kwlist PR TF SR T3 TypeError .

AR B2 KT SR B TR, 325 /2 Geoff Philbrick (philbrick @hks.com):
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#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
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

B AT, 5 pyArg_ParseTuple () A, {HE2SH0002 FEA Bt HEE G A A R %L,
AR ). 2R [B]—A> Python %1 423E &1k 8] C R %# F 44 Python 75,

—5 PyArg_ParseTuple () WIANESE, JETHI] AETR ZEA)ZoK R 0] — 04l (Python S HLIR ML ZFEN
ER AR I, Hean T %8 245 HoAth Python pREPAS %L, Py_Buildvalue () HFAREAEMITA, LT
1 AR & A e, T a0 SRS A7 R o 2SR ] None |, — SN B 3R FHA S EU X 4 .
WNSRERER AR B — MR 0 e, s S — N IeEW o, FEEE X FEAE N EIES

BI¥ CZeM2RM, A2 Python {HEZ5R) :

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_Buildvalue ("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,1i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 SRt

TE C/IC++ BT, BT A TT8h A/ BU A RSO heap 4 N AF. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFHFAYTIRE

4~ malloc () HECMNAEEL, RZAEER free () BEIF T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ISR EOR AN - X
0P AR o AR (] — A7 free () TG, 3 5h—MEE-FRDI, MR A malloc O &1
RRNFF B XM #7454t SR T R ROIIACRI RIS, core dump, FFEREEH, MIRLAIAIBISE .

AR R A R AR A — S8 TP AN DR AU R AR LT FEan— DR s T INAFRAS , T 283158, ARIEREIL
AT, BRAE— SO0 R AR 15 24 T BB T S A I A I A B2 0, ARSI B R BGR ] 1 IXARZE

SACAEIR AR A, Feabe s s g (R . XA TR, — BEIA, SRR IR E DA 2]
R AR R, T BRAC U SO AR E ORI BN B ARG (AR KU A et S8 D it O
BREN A AR L, AR A, e AURS LT SR R R M 2 B iR

Python jfiid malloc () Ml free () W& KRR NAFECAREML, [FFRSS ZEREG0 N TF it AN B F5 6. it
Mk 51 R T dc. HRPR LRI BRI S — TR, TR IS I 0 R G | SR
S, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

T3 AGE A FH R e, CHING T BB PR MR Bl Bk, TRaX " B2l H AR Pi#) .
Bl b7 3% S O 502 A TR E TR free () o (5 —MEAURSCEE S MR, SATMX I
AXE). SRR C, B RS AR B SR w5 IO R AR AR S (% malloc () M
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free () MAUZEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mcRs, (EAE
HIRATA G T TR T A

Python (I GEMT RS BE, Wt TORBRIGINGS . DA R GER . X (50 1 Jo s 1H 0 A% kA
BRI TORERS T, X5 VBB — 53 . SRR 4 (TREEE) M5 T4, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

PEPRGEI 25 PT ARSI Br R AGER I B . go B T A Es TR (collect () BED , T H W PAYEE
ATHTECE AR RIS o TEIRIAR A BT, BOA S E S, WA ATEM @R 2EH , 7E Unix -5 (2
$E Mac OS X) ffi il ——without-cycle-gc ¥%£3i%| configure A, HISRIEIRIFEIMEBZER, gc Bkt
AT .

Python thiy5| Bit#k

HWi% Py_INCREF (x) #l Py_DECREF ( Miélﬂﬂfréﬁzﬂﬁi*m Py_DECREF () W&7E5| Hit43|
ik O BPRETION 4 ﬁTi{% HA AET%U“]H% free( N ipssiEupoE i Sty %B@@ﬂﬁﬁﬂéﬂ%ﬂio KT
AN H A (AR, B S A — A5 1 B Ex*éﬂﬁ%@ a4t

TR EEUKIE - i Py_INCREF (x) Ml Py_DECREF (x) ? ATHLHIA—LME. AN #HE7
— X5, K] M%ﬁ#\%l)ﬂﬁh/\ﬁ% ~/\5<T%E’Jé'lﬂﬂw+§&m>4ﬁ¢ﬂiﬁé'lﬂ%Eﬁéﬁzg S HIAEE
HIALMM Py_DECREF () , TE5|HIATTRER . 5] A R R AR A =FIpER e S AT
Ji s G < N i PLDECREFO o It E—MHATG I H S SENF

EFDA 45 —AXRE I SIS AR R%E M Py_DECREF () o i HIFF AR RERFA X G it
PO A I IR] o AEHHA A B G A5 05 | A R, 58 Ak i

AR5 A A2 AR R O B A kA BRSNS, s8I, a5 AR IO 0 A7 O 4 K
Wr. 5 E‘J@%)ﬁ%~%§iﬁ_ﬂéfﬁﬁﬁﬂLEMHH%EIﬁE%T CiEEE PN EE LI EPUE S

ATV APA S, I H Py _INCREF () . EARXPIE 2 1 A &R, X al@— R
WHIAESIN, T eanila & e (%ﬁé’ﬂ?)ﬁﬁ%ﬁﬁ T BE U, R R IIA E A .

AAEAN

B RGBT — R BORT,  sRRO I 1 VA% ds E A KRB R a5

K 2% Kok BR[| — A 4151 H, #1’? SlHPAH XR. @HE, A B Z R A, Bl
PyLong_FromLong () fl Py_Buildvalue () , &f&#BHIH X RGHTIE . BHEEXNEAREERT,
1'/J\1)572§EI%39?T%X¢%B"J%?§IH§D — AL 2 Pylong FromLong () 43 T —ANRATERIZELE, HT LR
BRI H B -

W —PDRERBT R R, WLy X R, fli PyObject_GetAttrString() . iX
BN G W, — 248 K BB 2 B 488 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZREIRMIMICHL. FFE. FH B EHYE]H.

PR%L Py Import_AddModule () W2REUERAEIH, WA T RES IR F IR XS XAAT R8I — 4
BRGNS RAAAETE sys .modules HL,

RGN Z G R AR B, GEE AR B R FEAFE, S Py_INCREF () 3k
AR ST A . XA A EZEFIS: PyTuple_SetItem() fl PyList_SetItem() . X4
PREIEZ LRSI X R, WS KR! (5 pyDict_SetItem () RHEFEASERZTIHXER, fif]
2 IEFR).

2 RIB (R AN R RS AL : S TAA S I L.

S pan | HHEE A | B, BT B DA O 2R I L, 4 T AR LAt 5 B A
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Y~ C e Hit Python I, S MM IT RS EAER G AEIAXRNTIA, oA mms]
A A fis JET AT AGRAIE S RSl 1] o LS A5 1 5 | 76 AT R s Ay, s SOOI 95 N, i i

H Py_INCREF () ,

Python i ]\ C eRGR [0l XS 525 | 1 IF A Z5@A0A 195 | -3 & R BN R BUL i 2 o

e B K
AORILT, BHGINAERRICE, HAN SRR, Xl F oy R, Il sE
FHIIA F AL EX AT

BT B HNE R DL ] Py_DECREF () B MERXG, M AX g5 B — MoK T
o B

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

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

XA REE SEfE A5 H 1ist (0], SR8 1ist (1] MH 0, BJEITaMEAMEIH. BREILER
e, (HAANE.

HATRELHRIEA PyList_setItem() o FIFIAETIMN THEIA WA, FroAX o | g, pia
AL BRI 1o BIAEIRBLEOR AR 12 ) ORIl HARBGX AN EE LT __del () Jiik.
WA RSB T T ECR 1, A ESER AT __del O Jrik.

WESAJE Python 5y, __del () JiIARTPASATAEE Python {UR%. R AIHELE bug () By item K IET|HIE,
. BBAELES] bug () 2 __del () TIEFIN, Al PAPAT — M IEA)REEL del 1ist (0],
IR BB iR G — MR RGN, B BRI ATr, IS item JTE2kfk.

ORI, MARALE T IR, A5 T WG TR IERR 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) ;
I3

KRN EELWE . — AN HARE) Python 345 13X/~ bug (ASFR, i —28 AFESE T K EFEIE C il [
EFHMA __del_ () HEREIHK.

S A 18] R 4 45 RIS A T B 5 E R R AR AS Fh . @, Python fFRERS L AN LR AR T0 v HE AN 7 1) %
7%, WANEANE R E Python BAXT 425 6] . {HA] A %% Py_BEGIN_ALLOW_THREADS KIfGHRE
XA, TR Py_END_ALLOW_THREADS . 33X 3 B £47EPH 28 VO V& H4b, (#7528 #E 0] DAFE S
5 VO el FALFESS . AR, Q0N RS IR BN —REAY ) A

void
bug (PyObject *1list)
{

(Rt
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(R —H)

PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS

...some blocking I/O call...

Py _END_ALLOW_THREADS

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

NULL 5%t

HH, BRGNS EA KB A BARME L EAT NULL 5851, I FS IR 2 8 0 (BE
PGB DR ) o SRIFD0 G5 | Y R 4GH 3 AR A AR T S8 I 43R [B] NULL, Al NULL 24501
J PRI T 1 6 bR R DR E AT T T R G A 45 LA PR 5 - AR e BT A NULL, R 2 S EORE )
TUAAGI T AR IZ AT E G20

HFRMEAROUE “PRK" AR NULL, BIFERCE] — AT HEN NULL i945EE, BIAIKHE malloc () B
—ANATRES | A5 Y pR RO I %

Py_INCREF () Ml Py_DECREF () & E ALK NULL #541 — (B2, A2 M Py_XINCREF () FI
Py_XDECREF () &AM .

HATRNRFER R IR (Pytype_Check () Ao NULL $54F — [k, A KGR 2 RS HTIX
BLANMAL— DX R R UM R I 2 —, XA TR AFFAENA NULL A S (A

C %A fﬂfﬁﬂ%ﬁiﬂ?éﬁ C MBI SRR FmBlH oy args) #4404 NULL - Sk EESRIEH 2
H—Aoedlt.

LA ERE NULL $58F “ER” 45 Python JHl Pl & 1~/ B A 5%

21.11 7£ C++ hREY R

AT DATE C+ P B JAsi, FURA SEIRE] . 4028 A7 (Python fRERS) J2 BT C Zidedi R 4 136 A1 1%
Y, 4R SR S SR AN BE o AR Ct iR SRR BEB AL IO XA L. B &2 B Python
EREASVR I GELH SR B (L R B0 LSl extern "C" . MM 7HAE extern "C" {...} HH
Python SKSCPRNIAE IR AL, PEOAIARE L THF5 __cplusplus MEZGEX AR T (B B C++
F AR 2 XA

2.1.12 453 RIERIZHE C API

R AR B 737 Y eR BRI S L Python (1], (EAT I 4™ frASi bl HL A4 AU T AR PT ARSCHA ™ RS i )
BN, — A9 R AT PASE I — A~ S A collection” kLR 2 A T Y . 42 Python 51| RKA, 4 C
AP AAVFY A HOR QM ZAES 5132, XA HHYAR G IR DU — i C e U T4 At i R L G

IR RAMRE R AFEEERE Cof Al static), FRIHAHISSCHE, AR C APTISCR ., SLbx
AR IR HRS J i S R £ Python fFRE RIS (L2 W] ATE R TARMY . RIS DASE e gefiemy, — M
B AT RE SO — AR L. T DRI (OB T3 E R S8, — LU R GEHY Python M REAR (11 4= Ry
2 75[8) (Bl Windows) , A LEMAESERE N 52— "IN E FALFSINER (P12 AIX), s Rl ik
AN TR] SHEm (A Unix Z851). BTS2 4Rl WA, R B ARt T B i A2

] FEAEE T B RENS AT Al WL MU T AT R . XGRS B T A5 #R I I Il static , BRT
BRI IR R, Al S 5 HA Y AR 1 i 44 ph 98 (FEBE AL 7 5 A s 1L 4 FRhig) o X
HFATT NI oL IR AL HoA 5 H 7 FOR PEH Ay AR 517

4 MAREEA IR RS TR 295 i, XS IEAR B, R RIAAEE TR IR T
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Python Ffit T —MRFHIRHLEIR AL 2 C FUlfE . (685D, A— A9 R —4>: Capsules, —> Capsule
52—~ Python Hi A, S fRAFHRET (void * ). Capsule HAgiE I C AP, (H R AER A
Python MR —HEf ik, @, AT LASEE M B & 2B 4 7 o HoAhd B T AT A
B, SRPOX A FIE, S5 Capsule ZREUEE

Capsule W[ DA ZF007 X3 i1 C APL 434 gk . e80T LA H 9 Capsule, 83 A C APL 5% AT LA
FAETE— R L, B hE PR A A 4y Capsule. FEAEMIRIRIESH R AT ARI Z R, B2 ik i

TCRARIEREES 3, IEH AR Capsule 1y 4 FR AR B 25, BRAL PyCapsule_New () % —PHIE
2 (const char *); FUUFARTEA—A> NULL AE R FR, (HIRATMIEBARIE & — PR IEMHL6 24 17
Capsule {1t T — @R IBATINIS I 40 4 WA WATHY T AE IR0 WK fin 44 1) Capsule.,

WHKYL, Capsule [ T55% C APL, HA 7 WA R 41T B :

modulename.attributename

A %L PyCapsule_Import () W AK )2 AT Capsule $2451) C API, {{¥E Capsule {44 F-VEECHT .
XAT AR C APL ] PHRAE T 8 B 2 MR A IE ) C APL

IR Bl R TR R SRR T IR EE 1 T3, TR R R AP RE T C AP 5%
(BF A —A) fE void fEHAYRAL L, HfIHAEA N Capsule. X B AR SCPFR L T 2 KA BE S AL
BANZRE C APL 4T & ol U BT C APT Al X4~ 75 B el

SHAREE I spam FiHL, SEEH AT Eaym) T Bi%. AL spam.system () A EEEWHH C HEREL
system() , (H— K% PySpam_System () & FATTIHM, MRBLT &5 J88 (FIANG N spam™ F|4&E7>
). HRE PySpam_System () S HAHAY R,

PR PySpam_System () &4l C lBEL, PP static gifg A HRFE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () IR B

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);

}

FEBEHRIT K, FE AT

#include <Python.h>

B SR

#define SPAM _MODULE
#include "spammodule.h"

#define HT &AL R EASH FHEL, MARE Fimbibh, K2, BHRIIHL R EUL I 75T
WIHEAL C API 3841541
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PyMODINIT_FUNC
PyInit_spam(void)

{

PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
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;

"
1T

PySpam_API N static ; BAMBEEEHLHE PyInit_spam () Z5f)E1HA!

St spammodule . h BR—He TAE, HEZUT Frn:

#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

#ifdef 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 \

CFoiaks:)
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(R —H)

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

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

static int

import_spam(void)

{

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) */

B 7 i AR P 00T H W) 46 A R K B 4% G U8 T BR & import_spam () (& ) A BE U5 M BR 4L
PySpam_System() »

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;

}

RAPTAM LB ERR, SUMF spammodule . h i FAL. B, WHREELTHAREL, FAGH R,
JIr AR B2 2] — 1K

a2 Capsule $2(E THSMYTIRE, H TAEMEFE Capsule B PR 5 I NAE D BLFARERL. 4175 %
Python/C API 2% FJJF 127 capsules #1 Capsule BYSEH (£F Python JEf% K4 T4IH) Include/pycapsule.h
1 Objects/pycapsule.c).

Fe
22 HENT REE: Hi=

Python A4S C " EALHUE i) PAM Python fURD H #EANAYRI R, SXARMRINER) str Ml List A, Jf
AP R R ARRLG — M, (HRERTT IR, R 2 T Leaiy . X0y SO X XA AN 4
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2.2.1 Ei

CPython JEATHIHE 7 Python Xf SA5BL4 %2 pyobiect* 7k, BB Python 4% 19" JERJ 0",
PyOb3ect Hiti{AA Bt i T A4 Hreference count RIXFGH” JTRFL . RS RERS 7o 22V O
2 (C) B, BUI—DIRHERET— A%, ki, o0 S XGRS C B EF ) 2
BT

BROA, R SR R, IR %

B LA O TR, ML — MU RSSO, 5 3T IR Cust on #E C RS

custom B,

) X IR TR R E X static M RBERA LS 071k FTAIE & K 8. C APT Wn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITHE.

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom(wvoid)
{
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;

(N IUERED)
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(R —H)

}

return m;

}

XIS REE GBI, X2k TR bR Lo XA S0 e LT =
1. Custom ZEHIXT4 object 175 T : CustomObject Z5#y, X4 A Custom SEF|H—IK.

2. Customtype (4770 iXJ& CustomType 454, HiE TR RN BUREr, S mfgReds 2%
R

3. #E4L custom fEHL: PyInit_custom ERECHINT N H) custommodule GEH{A,
SN —PU2

typedef struct {
PyObject_HEAD
} CustomObiject;

KA HE XL E ). PyObject HEAD &5 il BRI AERE AN X R &5 IR 2 w1, F PAE L
— /AN PyObject T B ob_base , W& T — M REHE MRS — 5] TS GX W A %
Py_REFCNT fll Py_TYPE KX, HZARMG, MM INFEB] DA 2

flE: HEAES PyObject _HEAD JFEA N5 . BEINRNIN S S SEIRIFLRIER B A,

MR, XRERTHE PyObject HEAD fEBEUEALN, EARIMIE: HIaN, W7FE LT FnifEf Python i &L

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR Y E S

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

bi

HilE: AP E €99 KUREHIA (L, DABEGRSIH A 1Y PyTypeObiect B, JORE RINREZ X
LAY, AR DB G 36 Y E S

£ object . h PSLPRE XY PyTypeObject BA LM EESCEZM 7B, FARNTESH CHiFRN%E
RIS, WML BAHIEE TN, BRI THEEN].

ek —akn, BRI

PyVarObject_ HEAD_INIT (NULL, O0)
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X AT AR, AR IR L AN EER 2 ob_base T

.tp_name = "custom.Custom",

AR PR o R BAEFRA TR X R BN SCAFIR L AL A BT R, Biln:

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

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

W, ZAFe— M ENAT, WL FRAE S b R FR. ARG EEUE custom, RBE
Custom, FFPAFRMNIERFILE N custom. Custom. i EIEH AR SARGHRET, A IRYERYE
pydoc fll pickle BiHIEA.

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

XAERELL Python JIIE 24 G 1 Custom LI E D EL L D ANAT. tp_itemsize [UNT AIAE R/
GMAEHAE DL T HRRY R 2% o

i [E): AR AR A B AR 2R B 0T AE Python gl T2 4K, IF HAR Y 2R AL H A 5 H EL Al 2 A A0 A 1
tp_basicsize, IRARWIAESIBE] 2 EAPR M. IRIZEHAE Python FPY 2R UAMEH _ bases__
HORFR R 2R BRI AT, S EAEIARIZEALN _ new_ () Jr ki B N8R AR 7T DA il PR AR
AR RA U B RIR SR tp_basicsize (EDRBEGILMIET, fERZEONEE, AR ATPAR, PME
BARMERIZEAC) object , BEARS MARA BRI B 51, F P INHR/N

AT 2 NERRX N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JIT A JEBER N AR E N TR AR T B B . I R T 22 0FE Python 3.3 22 B S4B 51 . QAR AR
TR LRI, VR TR Y A R 21T OR J 57 .

FATA tp_doc KBRS FAFER.

’.tpidoc = "Custom objects", ‘

ZR XS, FATHF LM tp_new BN, X&EHT Python J57A _new__ (), HEMHERX
AR E . TERXADFF, FATAT AR APL B4 PyType_GenericNew () FrfgfibiyERIASEEL

’.tp_new = PyType_GenericNew, ‘

BROCHER AR MO ERR A S B, R T PyInit_custom () HRyRLLLAUR:

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

RARFHIIGIE Custom 2B, SH— U TS M A BOA M, EAEFATERI IR N NULL ) ob_type.,

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;
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PORHE BB B T . X BERAT TR Custom FORBIEE Custom SLHi:

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

G N REMA R A IR T R BRI E 4 custom. ¢ B RS

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[Extension("custom", ["custom.c"])])

FE4 N setup.py BISCHEH ARIGHIA

$ python setup.py build

F| shell H [ 24 &HE—F H FH =4 S custom. so; #E A% H #1217 Python --- /RN 24 REW% T AT
import custom J2%i{di[f] Custom X%,

RXFFAHE, R ?
MR, YHTHY EE SCBARR IO, BB RS, AT AT . B RN TRAL.

) ESRASCRYEUR T T C 9 RIFSME distutils B, (HFE LS Sl R e 6 o Hr L4k
PRFHLF setuptools . A KHMYAR ORI 1A SCRIRTER, A PAT; ) Python $7 401 7 i 2R3k
B

2.2.2 EEARRGIRMBIEFT E

LA AN — LE R AN )y R X N ARG o LI FHH AT DAV BT . FRAI R —
AN custom2 RAINX LE) fiE:

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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);

(Rt
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HEH L5
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;
3
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, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
3
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
;
return 0;
I3
static PyMemberDef Custom_members([] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
Qi)
27
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PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

if (self->last == NULL) H{
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 = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = "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 = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (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)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

(Rt
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return m;

IR A 5 2 A B
HME LA ME—IMEF A

#include <structmember.h>

AR AT AL BB PR R, IR AN TR 5 ik i -

MAE Custom AW C Z5Hik g = AN EdRIEM:, first, last Fl number . JLHv first i1 last 25 5 3@ 435k —ASH1
K—A4 R ) Python FE47E . number J@ 42— C 355,

X SR A G5 R AR R B

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

} CustomObiject;

R BAERAT A B s BB, AT /N O BEXT S ) A BeAIRE i . /0, |ATI7e B8 — R
W

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

}

ESWIRIES tp_dealloc fii:

’.tp_dealloc = (destructor) Custom_dealloc,

YA 2 e 25 WA Python JE MRS HIIT4L. Py_XDECREF () RIERfHIALBRESHCH NULL 5N (X
BEAE tp_new RN &R ) o Bl GBI UR H XF S 2 AL 1 tp_free W5 (i Py_TYPE (self) XJEES(XT
SRR KRBT RN EEEXN LR LRI PAANE CustomType, X4 ] fE ~/\€¢;!§Erﬁ7uﬂ

#E): FEEEREE destructor BRI RHIRATE LT Custom_dealloc 35— CustomObj ect *
%éﬁl B tp_dealloc REUIREITUNHEZ—A PyObject * 4. WAL, Jﬁw%&ﬂﬁitﬂ =
Ln;quﬁﬁF]XT%%Hﬁ§?¢»KE'

A B — DR — DA 2 TR, RN T —4> tp_new SLBL:

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("");

(CFgksn)
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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;
}

JHFE tp_new MlPIH LA E:

.tp_new = Custom_new,

to_new MIANRHAIE (TARYIIAI) AR, THE Python RN __new__ () Jrik. ©
ATHEGE L to_new M, b EVFEY AT A BT PyType_GenericNew (), Wiff L% /it
Custom RAFFAEMISHE. MK, KA co_new ATANIHAF £irst M last JRHERIA AT
NULL I ERIAfE

tp_new FHEEZHPLBILAIET (AZERN CustomType, HRGELHULITZ—TIK) PARIEZLEPA
M AREATSE, FEHUHR R FreI 2RSS, tp_new ALPLAINGE R HEZ O EM KT S4, HENA
R AMGIE SR, MRS BR 450) 41 (R C iy tp_init B Python ") __init &%) Jrik
KT

WilE): tp_new AW B tp_init, R @RS HTRAE.

tp_new LI tp_alloc MAIR/MHEAAT:

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

HT AT EE T RES RN, AT AAEGREERATZ HiREE tp_alloc FURHHIAHAN NULL.

ffilll: FAIBAT FAATIHSE tp_alloc Mifi, M@ PyType_Ready () S MEATHIHERAFORB T AT TE
B, HAERIAH object . KHER/ AR 1 BRINA 70 BC S -

fE: WERAREA - MIME tp_new (BT HEIAE tp_new 3 __new__ (), AN REFEBlT
it 224 (5 P 2 AT O Sk A e R i v . AR R E S R 2R AL, HFEERH TN
tp_new, B 2illid type—>tp_base—>tp_new. WIERIRAXFEM, RAGZEBLR [RIEEM HAD Python 5 L2
2R 1Y Python T2 REJCVEIEMA TAE . (FeHb, /K0T BB JCTA QI BLX AL TR SE i /& 2551 K TypeError,
)

FATIEE LT — MR SHR N TN L BRI IR (W) 46 1L B A

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

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

CFITgkZD)
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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 0O;

}

WA tp_init M.

.tp_init = (initproc) Custom_init,

tp_init AAZLE Python EREESN _ init () Jrik. ERIRAERRERIG WL E . WiiGfds i
ZALEM KT SH BN ATEENI R ] 0 M7 AR [a] -1,

AFTF tp_new JLPAIAN, tp_init APRIUE—ESBARM GBI, EBATEILT pickle BIRAN SAEHUR
BSEGI BRI __init_ (). ERATREHEZ RN AR BT DAERNTR BV __init_ O J7
o MTREANEEA, FAVENBIEBUFE AR /D . BATATRES PR S, PIAMRX RS first M5
R

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

}

HR X REL A Gk FATRBEA R first MUAMER, HILEA DU EMFERXIR . B0l AT
A2 PATERTTM first WARMRBERNE: SRS TRESREI S & i AF 25 40 TR AU
FEHAD AL Fas TRV RS IRATHA R -

N T RFREFIF A TR XA T RENE, AT DL B2 SR AR5 I i e TR T4
IFAGE AT AT AN 6 PRAFAR?

o YIATHFIIES AT 1 ke

o MIRAVHEXT QAR WEAR LRERGIL WA GBS FATT A ZEZRL Y AR P [ 5 £ o ¢

o 24— tp_dealloc ARFAA AN SCRFIEIA SR M 2R A 5 | THEC I
FATATRESARRFFA T L B AL F R N . A JUAR T AT AR X — o e ] B 7 2 i OB A 7 L

VI ATV A SR TR, A R SR RN RS DA B .
P AEATR G ERA TR tp_dealloc AFRAPRIHRIIE—HUH], POMFATH AR SRR k.
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

HRp 2 i R tp_members Fl{y H:

.tp_members = Custom_members,

BRI E SGERA B TR R WAl . ViR ERR AN SCRY AT ER o TS R R T2 2 3 b 22 Nk
THRPERE . section below for details.

RS 2 — 2 B A PR HERR ] TR B 25 Python J& ML XTSRS B Ipyd . FRATTFI] first Rl last (144 FR
TR, AL BT AR AT 2 Python XF42. BEAN, X S6@ il ] DAREIIER: , F-FF C 541Xk NULL.
RPAEFRATT AT DAGRIEIE 22 158 B e Wl A A E NULL fH, A0SR 28 J& Ml M B £ a 53 475 T 91584 NULL.

FAME LT —DEMETTIE, Custom.name (), EFFXIRAFRE L first 71 last 24 FRAIPEE -

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
3
return PyUnicode_FromFormat ("%S %S", self->first, self->last);

}

BRI 02— M Custom (8] Custom [1728) LB —DSHH C KB IIkE 2
—EBINNE AN SR TR R Z A BN KBTS, PRGN IR ZZ AT SR A 2%
ZACES RO SR TSR RIESF AT Python Jrik:

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

THEEIA LA ATA N first Fl last WM ATHEN NULL, RUZR N ENTR ABMER, TEEFOLT
Fﬂ‘]a‘:}%ﬁ&? NULL. SRR B LR X 28 Jm PR SR PR A (B R B A P AT ef o FRATREAE R —35 1 A
A X R

BAEFRATE 2o S 77k, FRATE 2RIk SO AL

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

bi

(A6 A METH_NOARGS AR KT8 % A UE #3232 self LASMUATfISH0)
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FHRFHIRZ tp_methods F#{i:

’.tpfmethods = Custom_methods,

g, BAVREEFRA TR BT FEIRAE T2 B2 . RATRE O R B RRATH T B DAE AT A B e Bt
QU X 2R, P AT 55 2 U2 R Py_TPFLAGS_BASETYPE SSINE|FA TSR b

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

AT PyInit_custom() FEf44h PyInit_custom2 (), B PyModuleDef Z5fiA it 4, , If
H i PyTypeObiject ZEMkhszieks .

WeJa, FATHEFIRAIN setup. py SCHRABGBHIBLH .

from distutils.core import setup, Extension

setup (name="custom", version="1.0",
ext_modules=]|
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1)

2.2.3 REXTHIBE M EARE

TEA/NTH, FATRRS Custom /"Bl first Fl last JEMERYBCESR M E MBOR PR . TN E— AR
Mk, SCHIARR first Al last W DAREBCOAIE AT EE EHMBR . JAIMm X LRI LR W/,

#define PY _SSIZE_T_ CLEAN
#include <Python.h>
#include "structmember.h"

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;

(R Itakss)
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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, *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) ;

3

return O;

static PyMemberDef Custom_members([] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;

(Rt
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HEH L5
}
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;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->1last);
return self->last;
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
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;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return 0O;
}
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,
Qi)
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"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = "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 = {
PyModuleDef HEAD_INIT,

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom3 (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)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

< 0)

N RS T first M last WYEESRAGPS], FATRE B E SO SIS E R AL, T e TR

MK E first MR EEL

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

Py_INCREF (self->first);

return self->first;
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}

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 0O;

}

PR EEZ—> Custom WRF—A “HI”, Ele— D=6t ARG, AU auiZn, GZHEs
Hﬁm)@ﬁ)ﬁ%éﬁﬁﬁlﬁ%%ﬂmﬁ%’%m BEBT . 157 ﬁﬂ, X T AR 2 SRR B AT BEBONISE 35 o AR AR P £
KA P E G E A SR - )

BCEAT R RO Custom X, BEAL P, SBrE R PACH NULL, LESUIOL R IR YRR B bR . AEFA10Y
BEAGT . WRETEROIN R S R E B A2 P AT R MBA TR 5 L A — A .

A0 PyGetSetDef ZEk A E4:

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

IFTE tp_getset MM HEHME:

.tp_getset = Custom _getsetters,

1E PyGetSetDef iR /e —Ti2 DImiREIR “PIE” . FEARGIF, RATBAHEHRME, kAR
f£ A\ NULL,

FATIER R T X LE R PR B 7

static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

FABEFEZNF to_init PRI RN HAVHE A TR

3 BUAEFRATVANGE first il last i GUER R AR, LR VFRRAT T AT DO B M5 TRV HECR RN, R, AN TIE 2 A e T2
S BRI T AR AR AN QR FATI R AT, FA AN BEARAIERE R — A5 ER T2 SE BN XA TS ST [l
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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 0;

}

Tt XS, FRATREWS PR first Fl last MHL—@EA N NULL PATEFRATREAE LT i 15 oL F R R NULL
{HRA . XEWRE KRS Py_XDECREF () W H#A A DAR#%5# A Py_DECREF () J#IH . FRATASRE oo £E1
AR ME—3 & 2HE tp_dealloc SEBH, HPHLX LA B AT AL E 7 RELE tp_new HR I,

FATEE A4 T B IG R BRI AR A R B P IR AR, RN T Z BB —#¢, FATIL R setup.
py SCHFASINT — BN E o

2.2.4 ZHHEMLIIR B

Python HA— AT DA RN FERR SRR R 08 R 32 0 =l 35 (GO) RMEENTR S DT RO A . X AE O
SAERRYAEIRG I 24 flan, BeAE:

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

XA T, FAa0E T M HE SR SRR EraHE, R EE I kEHASY
S5IH. ERGIHITEOE R AE . EiBKE, Python FMEFRLIIR [T #ERF i 2 K %81 52 T0 F B3k o B¢
T .

1E Custom RPIHIEE —AMRA T, BRATAVMEZE RS LI LIE0ES] first B last J%'fé# eah, FES
ANFIE =AM, AT R 7254k custom, A TR DARIMEZ @ YE. T XA 5 o A —
A, Custom XZART LU ATEI:

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

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

TE, BRI B YR G TR S, M PR T DME AMETRE str TR AR A5 | AR R .
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BARVF—DSMG TR Custom SLHIREER GC IEMMMERHF M, FefTH) Custom RAFELE LM A
S ML I S P 3K L6 7 P

#define PY SSIZE T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *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);

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);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

(FTgkEh)
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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 0;

static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

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)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0O;

(Rt
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static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");

return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);

self->last = value;
return 0;
3
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,

{

return PyUnicode_FromFormat ("%S %S",

static PyMethodDef Custom_methods][]

{nnamen,
"Return the name,

b
{NULL}

(PyCFunction)

/* Sentinel */

bi

static PyTypeObject CustomType =
PyVarObject_HEAD_INIT (NULL, 0

"custom4.Custom",

"Custom objects",

.tp_name =
.tp_doc =

.tp_basicsize =
.tp_itemsize = 0,
.tp_flags =
.tp_new = Custom_new,

Custom_name,
combining the first and last name"

Py_TPFLAGS_DEFAULT

PyObject *Py_UNUSED (ignored))

self->first, self->last);

= A
METH_NOARGS,

sizeof (CustomObject),

| Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

(Rt
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HEH L5
.tp_init = (initproc) Custom_init,
.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 = {
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;

Py_INCREF (&CustomType) ;

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

return m;

B, W IrIEEERR GC HBERERS S IR X1 5

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

XTSI TR, BATHFERM visit O REL, MEEAZELE. visit () REHER
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BT M RAEN SRR AL G )T R BN S EL arg. EaR[Bl— A {2 IR o] (Y B

Python £ fit T — A0 B g i A visit pRALHY Py_VISIT() %. i Py_vISIT(), AR A/
Custom_traverse PR T/EE:

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

#E): tp_traverse PTG HBEOER iy 44 N visit F1 arg DAE T Py_VISIT ().

B, AT ER PTG AT ] AS G ERAY X 5%

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

}

R Py_CLEAR () R . B2 BT 2R 8s @ 1 8 Hg | By e B2z 2 5 K.
AR AR EEPRAER B NULL Z [RIFEJE M L IH H Py_XDECREF (), W@ M7 4 ml B8 < B R
BEBGZ B RS G A & WA S | I EAAYIE) «

HE: PR DAE R DA R Bk AR Py_CLEAR ()

PyObject *tmp;

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

TeS T, AEMHIE & M i i 2487 B Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
R FE R AN AR . 15 A EEE I DAL A M B MR !

BEii#s Custom_dealloc W RESTENN FRBYERSVH AMER A . XFEREIGER GC ] DATE pR I N R0k fisl %
BT GC AU S HTEAAE, BATFE @A pyobject _GC_UnTrack () Hik GC 5 (k38 ERAH K AXF
%, FHEFKNEH PyOobject_GC_UnTrack () fll Custom_clear EHLIMATBIES:

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

eJa, AR Py_TPFLAGS_HAVE_GC AR INE AR

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
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EFEMZEAZ T WERBNHE T AE XN tp_alloc 8 tp_free SEBAUHN, WIFATFH ZE A PER IR 0]
WPORBHE . KZH R 61 B SR LA .

225 FoRMLHMAE
QUEIRA: B A R AR A T RERY . BB MG R N E R IARR RO 3 ] AT (3 11 & i
3 221 PyTypeObject . FEA[Y REHLL [AIIL X Py TypeObject LM AR HXER) .

XA P A TR DR A NE 1ist A subList JEM. XABi AR SE AR HLAI 3R,
HRHAE — AN increment () RIS A

>>> 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 PyLong_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 0O;

}

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = "SubList objects",
.tp_basicsize = sizeof (SubListObject),

(N IUERED)
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HEH L5
.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",
.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;

TARITIL, BEIEACHES 5 22 Fil /N Y custom R BIAETE AL FRATRFZE —PHRE A2 R T3 X 5.,

typedef struct {
PyListObject list;
int state;

} SubListObject;

JRAE RN G T B2 e TR X RS R AR 56— M . FRIEALR O A H A5 IR T L A4E T
PyObject_HEAD (),

14—~ Python A4 SubList MYSEfINT, T Pyobiect * fikH T DI Ze &k IFEH Ny PyListobiect
* Hl 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 0;
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FAMTA] LATE BT BN AN AR AR __init J5iKS

XA e S B A HE X tp_new fll tp_dealloc B AMRBRREE ., tp_new MM AMEAR N HA

tp_alloc WIXTREFRMTNFE, Mtk HEH tp_new R E.

PyTypeObject S Ff ] tp_base f§ & RARY SR B R, o T 85 -F & % 16 & 00 A8, 1R JC 34 B )

PyList_Type W5 HIREHIRFIXT B B MBS TERHA 46 b o £ h 58 il

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;

}

e PyType_Ready () ZHi, RALGMAVLIC BT tp_base flifii. HIAITNIALRIRER, E

ANEFER tp_alloc fl{IHTE N PyType_GenericNew () -- 3 H A FE R ECRF S8 dk K
A2 5, VM PyType_Ready () FF BRI G2 HHAK) Custom 7w Bil—HEAY .

&t
23 ELY BRER: EFXE

ARFEAT H e P — AR 0] PASE B R 207 Yk S I RERY R R 2
X2 CEM PyTypeObject HIE L, &g T RN T AR 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 (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

(Rt
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FEH LR

/* Method suites for standard classes */

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

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;
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PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

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

destructor tp_finalize;

} PyTypeObiject;

XHA R Z IR AHRAZRIEL, WRAREE 2, il AR E LD R I5I5.

LIRS R —FE, FATEE—— PN S R BERE T . PR R D s Gk i 5 Bk y . B
PAFRATA AR A eSS M A B SCRIFP I B ARR A 2 B — D SRR B P B Bl 1, SRS
AE R TE W ARBI 2R

’const char *tp_name; /* For printing */

|

R4 7 - BRI, SHIERZHTT, JLPaEdh risgu A . Sl s, Xt
TUWRAT)

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

|

XL BELRIE A TR X A JEBL I H X S T 2 Bc 2 DN FF . Python Sy 7RISR M (T 5
PR, JTdl) AEENESRR, X2 te_itemsize FRUFTEMIEH . X RIE AR

’const char *tp_doc;

|

X BRI AR — B e (BCEERtdl) , 44RAHAE Python JHIARG I obj . __doc_ ik MIX By SCRy 5
il

BAERATRF — N EARIITIE - KEEY LR L I 15

2.3.1 KLEFAERER

destructor tp_dealloc;

YR ZEB LB TR0 %9 L Python MRS AHZE I e s, KFUR SRR . ARARIRILA
AR A T AR B, AR DA BRI . W R A B R X HURE . DA 2 MU R n 1) -

static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj) —>tp_free (obj);

}

— AN LR bR ESE R 2 AR T R e R E R AN S . IR AR EE R B R R A 2 W AR 1 R
A, MRS FEREE (MAEEFRRED, ASEEMINERT R E B — A 505 MR e . WS REas
AT AR 2 B ANE N ) Python AT A £ S B W E . X W] AR T BURRERR IR PR R . IR
PRIPITEE, TR L EEIERT, RAERURE, REELEREWE . HW Al PyErr_Fetch ()
M PyErr_Restore () PRECESLH:
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static wvoid

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

cbresult = PyObject_CallObject (self->my_callback, NULL);
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);

M [E: 0 B8 7ERE 4% 8 B0 % A PAT R B A2 A IR 1 g, 0 2R AR Y K 2B S 5 0 I e (T
tp_traverse Ml/E{ tp_clear), XFZRMEDIN G Al ATEII tp_dealloc BFRESHALE, HIK, 7E
tp_dealloc H!, REIXIRFFAETARERE: EMTUITEETE . ALAEHEBREN R 8 APTRGE (0
TR B BT S AR AT BE TR tp_dealloc, EOWEMMOF KA H.

M Python 3.4 Fify, EFFAREAE tp_dealloc MEIMALMM, M2 HHM tp_finalize KA.
hE%:
PEP 442 fit Bt T A 85T % .

23.2 HRBR

F£ Python Hft, WAy A 0] DA ST R SCARZIR: repr () AN str () AL (print () MBS EILM
M str () o ) iXLEAL PR AR & PT e .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALPFRIF VAR — DN FRAHXG, HAa SR Epli2oniE. e — M fip) 1

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

WERBAHEE tp_repr ALHFEST, MPREERRHRZME—ME tp_name BIFTRIER AN R A MHE—FR IR
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tp_str AHAAEXF str () Bl LiR ) tp_repr ABEEAIAEXS T repr () —4f; WU, BEoSEY
Python IS FEARIAINT GBI AL A st O WA . EREIS tp_repr BRECEEF AL, (HHEEE
TR NRAE RN . WRKIEE te_str, WA to_repr HAWEAE .

MR AR B

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

2.3.3 BHER

XA SCR R IR R 5, AR RSB R (L] T2 B PR OT N s 8. T 2A — MBI R
JEPER R A (AE SCTAEE ) SR8 7 — PR ST B m it (R avricEmiE) . BB —
FREFIRIGOL, TEBUNG DL T 2R 45 A BATR B NULL.

Python SZHFPI0H R AL PLAIAT; — A SR B BRI TS B rp— 0 Y R . T A 22 0 T — X
i‘%% char* ﬁfﬁﬂjﬁ‘ﬁ%%, M55 —X W42 PyObject * o ApRhIEUHL AT DATERR 0 T S B (AR
B R SR

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

S L.

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T ) — DA G S e SR i T B AT (IOREAE R SCHEATRRRE) | A — S Ji] <2 BT i 1 DR 42 it
PyObject* RAKIJEIEE HpREL. M Python 2.2 JFAAXS T-2R1U % J& i J@ AL AR Y S b il 2P E 58 4
9, RS IBATAERE VR 2 1 R ST (1 R i) e 22 ML ) 3811

ZERENER

RELY RIBE Wispmtk, 84, RAFAlb/EmAers “fjs” g? HFRZ e T LA
1. 4] PyType_Ready () W, WAURITEJE MR FK .
2. AR ERRR AL BRI R SR R R P R e, AR EARYE R

LR, WONFAR R IERME B V5 ) SO 56 i i A7k =X n A AT B A«

24 pyType_Ready () #UEART, &2 s 22305 05| B9 =4 30 0 8 B 8 3 B A0 S ) 7 i
B descriptor . IR SRS HIRT LB G 00— A @R ) . BEAFASZ AT R = AR 4eHR o NULL,
WRZE B SR S A MW EA TR R R i JE 1, I Bl 241k tp_getattro fil tp_setattro
BRHF A NULL, RASRVF B AE ST F 28 JR

RN object:: UG = ANF B

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

s tp_methods A NULL, W'E Mg ]—1H PyMethodDe £ Z5MIARH AL . FHMHA-ZEAR
FELLEN R — S
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typedef struct PyMethodDef ({

const char *ml_name; /* method name */
PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_
} PyMethodDef;

doc; /* docstring */

I 24 R R B T BER) B T EERE L— A H S MEERIRI A AFOR R T AR 24 H . BFREAAERREIN—
MO H S BRI AR A H o IR H 19 m1_name “FBUAUN NULL,

B AR E SCEEE ARG LB P R B A JE . M stn C RN 23508, I Him oy Xnr Ak
Ry . R ai R SO0

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

KFFRPWEANZE , A descripior T3 INE 287 i HREDE M LIS A H IR BUE . type FBIMW
WAL ETE st ructmember . h Sk U E AFEAS BRGNS 5 B4 1 S E Q0 Python {HEE4 2 C
Asi &2 . £lags FEEH A BT Sl vk aT DAAna 15 1 i) i g

PATF R & 52 X AE:Aile: * structmember.h *; ‘B4 10 DAfH ] bitwise-OR 2H & .

BE BE

READONLY EA B

READ_RESTRICTED BRI R AR
WRITE_RESTRICTED | [RHFIEAAT] S

RESTRICTED TR A B, AN,

(] tp_members FRME N TIBATI B AEEA — A BRI U0 RURALAT A A7 30 SO SR PERR AT A
{i] B MBI S R T B SO B B A SRR ST 45 o R I RE P AT AGE T A 4 APT X G 3RH
fiiddy, M __doc_ JRMEARRPORIFATH -

5 tp_methods F—FE, FFEA—MEN NULL fJIEEES4H name,

KBERMEIEER

TR, XHUAIR char* U4 name JEZ AR char* fll PyObject * KAEHE H 2 AR HE— X
e AR AT 5 BTz R G RIS, (HcA fEAE Python 2.2 Wi linitiz M 5Cif. Ef#
R T A AR R RO AT AR Y, PSRRI S R 2 R E T AR, ARt & A A A2 7 280 -
tp_getattr AAMAINSAEN RFEGEEHBIE PR . EPORHAMEL S — 12K _getattr__ () J5
TREYOR TR DU ] o

B

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

(Rt
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(R —H)

}

PyErr_Format (PyExc_AttributeError,
"'$.50s' object has no attribute '%.400s'",
tp—>tp_name, name);

return NULL;

tp_setattr AFAHSTEE I H —PLREFIAY __setattr_ () B __delattr_ () FIERHIHA. X4
— A JEMEN SR, 55 =AESH O NULL, R E— AR RS | & S a0 7 AR SR ST 2 AR AR
B, M tp_setattr AFRAINGI 2445i% N NULL,

static int

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

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

2.3.4 HRELE

’richcmpfunc tp_richcompare;

tp_richcompare (AR STETR ZHAT WA A . BROT &R FE, il _1c__ (), Hap
PyObject_RichCompare () #ll PyObject_RichCompareBool () A .

AR ECRE T 51 Python Xf R AN— Mz A EASEOA N, B AT A2 Py_EQ,Py_NE,Py_LE,Py GT
,Py_LT B Py_GT Hi—A. XK SN LR AR I HiklEl Py_True B Py_False QR BT,
Py_NotImplemented FIPIMRIGAN LAY ¥, NULL RSN T— 475

R ARG, AN R A IV SR A 2 A AR

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

PyObject *result;

int ¢, 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);

(T Uakss)
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(R —H)

return result;

}

2.3.5 R

Python SZRFZFf b 2 S0 ; AR ARG X 2845 119 4 118 D BERATS 72 abstract TR .

XLl G2 AR Z AR 2 A Python SEHLTF AR FMIE . i, X0 WA SN —IF Rt e
22 Python FYZH Iy o HABHMIINE S5 R AN o X MO S L6k |5 2200 S5 50 7% A JL AT A7 910 R 1) PSR
Ui, BEIHB PRI SCOGSRIUN G 5 | AR BT Al ek . X BB i) P SOR A E 3R 5 ad A
SNIRERL, R — A PBOAR R AG WAL EZAE (L I 24 h AR e A & . (UL A & T WS (2
JE NULL WYIEDL, T RAVCEL AR AR I — R CLA TR, (HIEAOL W] RE SR ARIFERRS )

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

WERARAT BARB X R BT R RN EF . TP A S 5, B AR B4 I E — S8l T C KA
PyNumberMethods, PySequenceMethods BY PyMappingMethods, PR 255 4 4 1 St k- 44&%@3%4%@%
A AGX S E5 K . /R7T ATE Python A & AT Objects HsgH R EIX SEXT 54 H M R 7.

hashfunc tp_hash;

AIRARVEREAR BEIL BRI, JUE B2 S VR B S LAY S Bl [l — WA B . T — ] B s 1)

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 @ —METREERT LK FEMAERFSEBECEA. M tp_hash R[] -1 FREATHIR, Xt
ST AT AR 243 B G A WA s SRR B e, b T B s 1

ternaryfunc tp_call;

MR SAE P IREIEZE TS Bmgli F , 2800K 08, G2k ob3 1 RARMEHE LA SL B Python I
AT objl ("hello"), NPFAEIHH tp_call AAPRAIHA,

R =24
L. self JAE AT BRI BERRALLH] . WRIHHZ obil ("hello'), W self b objl.
2. args BESTASENICH . R AT PyArg_ParseTuple () FFREEEL.
3.

kwds J& i A 8T 2B R T . WRE ANy NULL HAR SRR 87 240 AT 46 )
PyArg_ParseTupleAndKeywords () RIEMSEL. WERVRARSHS K8t 7S 0 €k NULL {H,
M &51% TypeError HHH — MRS KBTS HINTHL

TR NMER YRR tp_call SEHL:
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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;

X L8 R PR AL T O R AR B SR A AL BRI R 2 — AN TE S, BB AT R A s i feE A A S
B, HRE—ADFEI . MRERRE, BTN Y43 E — IR P NULL. tp_iter XJRT> Python
__diter_ () H¥, 1M tp_iternext XN T Python __next__ () F¥E.

{LAnfiterable XA REQRLN LI to_iter ALHAIAN, AL B AIARLA IR [0l — A iterator X4 . R ifi/2-5 Python 38
JIT 2 B [ — i S

o XFTRPASCRR AR AR 2 e () RAoTH ), W SRR tp_iter WFAIEIFR [
— A HIE A -

o HBEROAN — AN R GaHE & T BB AT, BIansCrExrR) wr AR bl —A g1 5
SYHOBG I RS to_iter - I H MR Y SCH tp_iternext AFRAINA.

1 Aifiterator SR 24 [ BFS2PE tp_iter Ml tp_iternext., —PIESEH tp_iter AbFEAJNGY 243 ]
—ANRIZIERZHE I H . ERY tp_iternext AbFHAIHAR 23R [B]— 8 B A ERVER R — AN R AH 5
L WREE R ARG RERERIA AR, W tp_iternext W PARME NULL AN EFE, 5K
FA AT PATEIR [] NULL LAl M E StopIteration; ST vl AP A HAFIOPERE . QSR A 758
PrifEiiR, W tp_iternext W4 R @i E— MR IR H] NULL,

2.3.6 H5IAXE

One of the goals of Python 555 | H S5 BLE) H AR Z — & VLR R B S 5555 NI &7 EPERR I X4
(Flanghs) br=Agsrras.

W%

weakref FHRT SR .

XFT A5 IS, 3R B {2

1. £ C WG &5 R 5 —A~& 1T T 5551 FAPLEI) Pyobiect* FRB. %A A MM 2411 T 4R
A NULL CYH I BRIA tp_alloc BEXRF& HBE).

2. ¥ tp_weaklistoffset KA R E N C X LMK P AT MBE, XFEMRELS L EEAE
AnART s ) FMG 0% B

HMORYE, R — MU IR R G5 H A ARt R B A BT i 7 B
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typedef struct {

PyObject_HEAD

PyObject *weakreflist; /* List of weak references */
} TrivialObiject;

DA AT S W Y S 20T G P AT I A8 A

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

ME — 1) & A b 7T 2 W R T BN A NULL W tp_dealloc FF 23 B A A 55 51 1 GE o 8 H
PyObject_ClearWeakRefs ()), :

static void
Trivial dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */

Py_TYPE (self)->tp_free ((PyObject *) self);

23.7 EZEW
N T2 WA AR RS B S BT TR ik, T ERICPython JiAGHS . EA Objects H3k, ARJETEC
PSR R to_ I EAREZR A (BIAN, tp_richcompare). RFFRBIIRAEZESCBLMY R KA1

MR R UE— DX R R ARSI B B AR SL By, 751 PyObject_TypeCheck () M%l. EM
— R BT

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

¥

W%
F#% CPython J5fCH A .  https://www.python.org/downloads/source/
GitHub | J% CPython JEfCi%i) CPython JiiH .  https://github.com/python/cpython

24 HEC/IC++ TR

—A~ CPython ) C ¥ B2 — 32 (Blil—4> Linux [ .so , B3 Windows [ff) .pyd), H&SH
?ﬂ&“ﬁt FHH

HNT AN, LR AE PYTHONPATH AR, HOA My 4 B2 7, B iE Yy . 24 H
distutils B, 2 B34 BIERIRI SO -

B ha A R K FE AT
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PyObject* PyInit_modulename (void)
PR BOR Bl SERER IR PSR, B> PyModuleDef Sffl. A7 initializing-modules [ Z 4145 .

XTFANA ASCI 4 piie 42, BREULATE PyInit_<modulename> , Y} <modulename> #fh A
FI2 . 248 | multi-phase-initialization B, Foi/Fff F E ASCII 4 fi5h B E 44 . IL AT 4 4k bR 550 42 7 &
PyInitU_<modulename> , [ <modulename> §5%% 4] Python ] punycode %y, EFSFHEH N TR,
7r 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 DAME—A B S B I 2 A, il 2RIk 8 1 AL %-’f%‘%?ﬁ&ﬁm)&%/\%&
PR BRI AR T SO B BB B &R 7 —A 249 3 48k 5T, At PEP 489 [ HE 241
RIE

2.4.1 {#H distutils {33 C 01 C++ ¥ &

PR T DT distutils By, 0 Python [ A5, distutils HL KO — S HI 6L, P 6 7 A AT
distutils GLEEZLSEY =,

—~ distutils W5 T —ANIKEHA setup.py o K& 4E Python S, REHRHME AR #, BRI T:

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description 'This is a demo package',

ext_modules = [modulel])

S setup.py , ML demo. e, BTUITR

python setup.py build

LYk demo. e, RJFIE Y RBIHAML demo FEH SR build Bl KT RS0, RIS AHHER:
AMTHZFEEU build/lib. system , 4F A fEE demo. so 8 demo.pyd »

SN setup.py B, FrASIEM A BN setup BREL. ZRET AR RZ AT AR B B F S8, LR
BT R T AT FRFETEENA T E TWEENITER, IEEE TENE. iE ML
FEZAMEL, witg Python [FYFRSAELH . SCRY . F5F . WS4 distutils [ 3CRY, 7E distutils-index R T fi#E 2
distutils PR AT HRREAG 2 BT .

WHE P ESEL setup (), HEHEFHZEALIKE A, A 00 L5 F R setup () A ext_modules
SR Y TR, t/\ &> Extension ZRAYSLH]. BT ESLHIE L T Y BMA N demo , MEL—
VRS S 7 demo . c

WEmHE, WE— Y RREIRNZ, HEPOMYTAL LGS E SO, TR Bl R TiX e,

from distutils.core import setup, Extension

(FIUakss)
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(R —H)

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
['"/usr/local/include'],

include_dirs

libraries = ['tcl83'7],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',

version = '1.0",

description = 'This is a demo package',

author = 'Martin v. Loewis',

author_email = 'martin@v.loewis.de',

url = 'https://docs.python.org/extending/building’',

long_description = """

This is really just a demo package.

v
’

ext_modules [modulel])

FlFH R AL setup () FETHBIEIMEIE TIOEE, RIEEAMUMENWNE. TR, KT
TiAb B & X, include H3%, PEHE, . HOBIT4iidds, distutils 62 I HAW D G815 BAHiEEs. Bl
1E Unix [, 252 TFwiFEme

gcc -DNDEBUG —-g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

gcc —shared build/temp.linux-i686-2.2/demo.o —-L/usr/local/lib -1tcl83 -o build/lib.
—1linux-1686-2.2/demo.so

TR TR, distatils J PN ZF(E distatils GE IEHRE T

2.4.2 HAIREYY RARIR

BN RELNIMPATERS, FH E?’F’?ﬁiﬁﬂéﬁﬁﬁi .
R Pl R AR BRI, W] DA 40517

’python setup.py install

B AES R IR A BBl n] bhs Ty

’python setup.py sdist

7@ SOIENUN , SRR A A S EUMA SO X i@ MANIFEST . in SCASEP, #5%& manifest T R4
R

TR VERS EAT AR T A g, dEdr i ol DA b AT . BT AR S, AR H—AN AT A
R 5E AT 55

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb

24. ¥E C/IC++ T'RR 57



Extending and Embedding Python, £[F] 3.8.20

2.5 £ Windows E&%iF¥ C 1 C++ ¥ &

X R B4 T U] {5 ] Microsoft Visual C++ £l # Python ) Windows §" JERH , SR 5 LRI & H T AE
BB TEAN T S5 8 o X SEUE AP} s F 1 Windows 27 2% > #4 8 Python #™ DA & Unix &7 512>
W] A= A Unix A1 Windows |35 B Bh M B G 01

SRR distutils J7 XORM A AL, MG A FHiRm 7=, RO FEMEA C ek
¥4 %8 Python; 5 A Microsoft Visual C++,

fE): X T T 2 MR RS Python UA S SCIHE4 o XSSO AR B XY BIIRAR SR 03 #E
ScHr, X ORERARET A A Python S A A A Y RERIRARAS . Bilan, GnR AR I A 2
Python 2.2.1, XY ¥ 22,

2.5.1 iEz\i5EA

1. Windows #l Unix _EME Y RELRAA PRI A distutils WORERINEIIRR, S8E T aRfE,
distutils 7720l TR ZHS e M distutils WEAET Y R SCR I distutils-index, Q2R AR % BH
VREASETR BT AE, IBAWTTE— T winsound AR FERLHAGITH SO T RESRA D) -

2.5.2 Unix #1 Windows Z [l =%

Unix I Windows Xt FfUR Az AT N2 1 58 AR B9E . FEfRel i d nl sh S m e i 2 i, %
58 TR T R Ge R aner T AR

15 Unix H1, — IR (L so) SUPFHR LS i A R T A AURS , AL S a5 v il B4k 31 A o 4% A
A o 24 SCFREA T B Py, R SO AR rhoisk 28 o BRI i ) 4 v | R 2 DO H 1 R e v ek 4L
FIRCHEAE AT P I B S PR B XA b — R

& Windows 1, —DEIESHHEE (A1) SO PR BHERIT I . @l i — AR R I T bR Bl i iy
Vil EUAEZA T DLL A RTEE TN T o A, RIC LM T DLL ik, i HAeiz
FYI AR R S PUE T LA 1705 5 1Y R BRI -

£ Unix 1, HAEAE—RRPESCHE (La), BERERAZ DX (o) WU . TERIEIL X G (. so) 1Y
HEREIY BL, AR ] RE S A I E A ALE R MR IR AE M B S AR A A EA X G S A 4R
B WRE T, SRR S AR H N GO A RS

#£ Windows 1, FAAEMIMEER, FRSENS AR (LGS . 1ib). FRSHERLIT Unix Y .a SUfF; ©
TR AT PR RS . S AR EAUH TR s BRI DR E AR R4 2 IR R, JF HRFE DLL
OIS BT R e OAREERE S AT Ok 3 S AR 15 B A $ R DABE (8 ) R B8 7E DLL A Al
Ffo 24— MR DLL SR, IR A — N AR, BTG B0 T AR Fr 2l DLL AR By
AT X L7 5 1) DLL.

TERBCARIEAE S PSS B A C, AN 38505 — MU Ao 78 Unix |, 18 R AL a (B4
TR EN B. so fll C.so; MR FECEMAIEMIR, X4 B A C Ko alfia e A CrEl4. & Windows
b, GiiF A ALY FRRERIE AL Lib, (R 2 S0 AL Lib RREERAR T BAI Co AL Lib ARG RL; &
RS RAEs TN TU A AR fE R

1E Windows |, i SAER SBEMH import spam; BiLARATPAVIA spam HH A FR, (IR0
—AHPREIA . FE Unix b, B8 —NEEGRZ from spam import *; Bl —EHMEIA.
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2.5.3 DLL gY3cBr{ER
Windows Jifit Python 42 ff] Microsoft Visual C++ i) ; i Fl HoA kg v BEA T AT BEAAT ({H Borland & K42
TTRARY) o 3K AT FR A ER S FUE T T MSVC+.

247 Windows " 4l|7# DLL i}, /ROAIURF pythonXY. 1ib (G445 8:4% . EigmiEi 1> DLL, spam F1 ni (£ {8 ]
spam T EF) C BKED, VRS0 AT i

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

F—A A T =43 spam. ob], spam.dll il spam.lib, Spam.dll ANALE{F{] Python BREL (5
Il PyArg_ParseTuple ()), (BB pythonxy . 1ib W] DAFIE I % 2 fr 551 Python fLHS .,
B2k I T ni.d1ll (PAK .ob3 Al . 1ib), ‘ERLBEUIM spam DA K Python n] AT 314 4R 2 Br g i
IZ‘]%&O

RNREANFHFFER 2T B AR R WERARAR AL A e (135 Python) #\EEF BRI 4R AT,
RIE | _declspec (dllexport), FLUTYE void _declspec (dllexport) initspam(void) H{
PyObject _declspec (dllexport) *NiGetSpamData (void) H1—%Ff,

Developer Studio Kl AR ARH A TR AR, SRR AT HAT SO/ NS 100K, BHRBIEAT, i
I H BCEREHE R BRI RS E BeE BONE . FFIEFIRY msvertxx. 1ib POMEES| R F .
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CHAPTER 3

A E KRN FEF RN CPython Z1THY

A, AZEANEAE Python fREAS A LNV AR THIY RE, 124 S5 CPython iz fTHHR A B B 1Y
W ARF o AT T B SE U VR T Sy — 2240

3.1 #EHE App [Eli )\ Python

BILEHE T infal %t Python #E474 R, Wt/2 il C &% & Python e, Sad R 2nT AR :
Python {x A El| C/C++ W )7 =5 HIGE. XA AT PALER HFZF ] Python R sE AL LETfE A2
M C C++ . s AMRL: Winseid i Python 95 —SEjIAS DA dil bV AR 76 2 75 oK. QSR A
T RE H Python 4R St RN S, AT ENRHEWEX AT

Python fiR AZRAT 9, HASELME. AFZAFET, 7 Python B[ R 7 ) 2P 39% /& Python
fRERS, T A Python B f¥) F-F2 7 M BE5 Python ¢4 J6 X — 1M A2 W, F A P 11 S 25358 7B /K 8 /i Python
RS R IB T2 Python UL .

i, A Python, stERALA M TR . P EMAFE 22— 2 ¥ h1k Python sy, /0
HEFHREL Py_Initialize (). A7 2ERTEEAGTH A v [a) Python £ M A4T2 480, 2 GBIl AN AR P
AR AR 3 7 I R RRRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () f& A—AMU5 Python B4 45FE, HnlmH
PyRun_SimpleFile () & A—A> stdio SCHFRE— 04 (IUHFERS G B EEESIER ) . 0] DA
FH AT 203 0 S 2 A SR A4 15 91 ) Python X 42,

%

c-api-index A SCIEANNZ T Python 1y C 421 . X B RELEME L.
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3.1.1 BEXE#RA

IR TR BT Python i ATE 2 R AR H R 204 0. %38 1) H AR R T—B Python A, T G751
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#define PY_SSIZE_T CLEAN
#include <Python.h>

int
main (int argc, char *argvl([])
{
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 0;

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAEBEET % Python i54T
PEREERE. #ERk, Py_Initialize () &¥)4Hk Python fifRERs, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 25, VM Py_FinalizeEx () KMIMERER, BITER. FEESEFET S, ATRETRZEM AR
JEARE Python A, BLIF @M AR OIRE . SO, BCE A48 %E. FIH PyRun_SimpleFile () B
O] DATE S M SCA: gk B Python AR, R 48 2540 T A 25 TRL RN 283044 P 28 A JRR 0T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 F A TAL A Python fURS , {H 28 /DSt ml SR A XA JBRIGTRY o Q1 T 2 AT e i, B
S BARGON A . TP ASESBUL AT IhaE, U520 C U,

W%V, R EEARR, A4 & Python A Python [ FRAL 24K, B JLES e i 2 B3 ik 44
AR N THIIX— 4, REidE— A Python 3 C i R AT RM T4

1. %54 Python FER(EF] C,

2. M EMEERIT C BT IR SR, LA

3. REUR R [ B A C #5404 Python 442X
ftx A Python Hf, 2 FTAURS 2 ik FEAR -

1. %4 C () %dE{E %) Python,

2. HHEA BRI T Python 4 11 1) s £

3. RER R[] 85 A Python %46k C 452X
T BB ) AP A T — IR, AR S E 5 %5 1] . ME—1 X R e P B R e 42 [
I RBORIR . FEATY TR, T —A C sk, M T i ARHE 924 Python R%L.
ARSCRSTHE AR EdE M Python #4468 C 2, RZIRIK. J5 /MR B35 ARG IE AR 0 5 | T AL AR 2 .
T ey 5 RS O B XA, 1522 w1 1 AR TR (s
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3.1.3 4fiEgr A

SRR H A2 04T Python JIA KRS eR 8. U8R )2 UCHE LUIRRE, Python f#RESRIH A & B 5
MR BEATACE, (R — 4R A X — A1) -

BLisAT Python A rh e SR &, AURSANTE :

#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 (!pvalue) {
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 (pValue != 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;

(R
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(R —H)

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

}

LRSS R argv (1] JnZk Python B4, FEH argv (2] $8EMEE. REERSEURE argv £141
A . R 25T 44 R (MLAL R & SATREF AR AE call) |, I B AT Python BIZ
il

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+b
return c
IRIG SRV Z 2

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

JUERIN BRI, A B M e, ER UL 2 1T Python M C Z AR, DAR AR A
2. KA Python AR M BETT 46 -

Py_Initialize();

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

WG RS 2 S5, W) Py Import _Tmport () MIEHA. HREH S5 21 Python FiFH, —
PyUnicode_FromString () Bl FOH ) 74755 o

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—BEm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
H Python pR%{:

’pValue = PyObject_CallObject (pFunc, pArgs);

LMK FORI, pvalue T2 N NULL, TSN eRBOR MHE RG] . 556 PR 58 ERE0Z5 1 .

3.1.4 3fix A Python ThEERITYH &

FIHAA L, AR Python RN REVT I I AR P AR LY T BE . Python APL 4" R A FRRRAS KL T
RX—nio WYL, MM HREF RO R BRHRA BRI T . RARVTER A L e, (BB o
ko HECR AL MR T /S8 T Python fiéds . N AR FHIEE—H 1Y, REE—HEKAY
ik Python {Jj X $8 TA2Y, AtAR% 5@ ) Python 4" AR F—HE. fHiln:

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, 0O, 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) ;
}

TEmain () KA HIHEA LA, HAEHMH Py_Initialize () ZHITHAPA T HAIER]:

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

XTSI T numargs 484, ik emb. numargs () BRALRERIRA M Python MEREAR DTS A 17X
Ly, Python A ] DAPRATIIA T I fE

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

TEESCHI N R, XA IRRHE Y B APL 25547 Python (/1] .
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3.1.5 7£ C++ thiir A Python

BT PAKE Python ik AF C++ R s BdIted, SCB7 RO T Crr BRI SN — B C++
%5 FRE, HEH Cr+ GiRg RO EEEAL T . AT C++ HHS1F Python 4L

3.1.6 73 Unix RGP YmiZFoikis
M T 45 Python MRREESHCA R FIRL, 3REIE B I 5% 5 Kok S 248 (RVBESEEED AR5 49, IR N
Python MY FEEEHLEIL C B0 JE (. s0 SCPF) OTRARSEHI.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘E/27E 4% Python AL (th
A REFF(E python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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

$ /opt/bin/python3.4-config —--cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g —-fwrapv -03 -Wall.
—-Wstrict-prototypes

* pythonX.Y-config --ldflags ff4 HEMINEHES L.

$ /opt/bin/python3.4-config --1dflags
-L/opt/lib/python3.4/config-3.4m —-lpthread -1dl -lutil -1lm -lpython3.4m -Xlinker -
—export—dynamic

fE: T %2 A Python 24 UAR S RIRFL (e BT R G LAMUAFI H C gk iiA 2 m) , #illH
pythonX.Y-config f§E XL, AN BTk,

WER FIA T ZARMER ORBEARIEXT T Unix 784K GEDEEH bug 45 ), USRI RE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGiIFESE . X sysconfig ey @A A TR, v AgGET IRFHAE BN EE. bn:

>>> import sysconfig

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

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

>>> B A ERIARY Python $2/RFF . FEAESY R T REPASE B s E MR RERS LA T IR ARG 2 il
- AR A X
o AZT SR A KR AT ERIA Y Python SURAT, % rilkngfRassl, MOt S AR Y
(B35 s, i =85%), e — &tz )E.
e Ellipsis NEHE.
2t03 42 Python 2.x {4441y Python 3.x FUFAY 1L, LI MRHTIRGG, i JIMRHTR, AbRIA K S ARSI )
N e

2t03 A AEAREE Y, B4k 1ib2to3; $2HE T A0 & Tools/scripts/2to3. £ 2to3-
reference ,

abstract base class -- fIR M FHZR LTI ABC, EXfduck-typing WAMNFE, BEHRALT—FhE S O
X, M FHMBIGEN hasattr () BAAS TRIMBCE MR (Flanfi i BEAR ). ABCHIA
TR, XM2EFdegR g H A2, HEAMIEEY isinstance () fl issubclass () AR i
UL abe fHSCRY . Python H £ WE R ABC HT LI IE45H (7F collections. abe #idkHr) |
By (FF numbers i) | i (FF io Bithef) . S AN S (FF importlib.abce fibl
H1) o ARATRAE I abe Bk a7 5 O ABC.

annotation -- ba{E XECEI A& KEN. REOESELR EHEMRS, SR 226 R .
JRrR A R AR AR B A T AN TG, (B4 A . B MR R B b & 2 A O . 8RR ALY
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 1 PEP 526, XTUIITHEE A NE .

argument -- 5 7R BREUHE 2 function  (B{method ) WHE. S35 RWiFh:

o RHEF A TERR ORI PRI A AR RAT (B0 name=) SUEAE N A STERTTRIA ** 197 S
MERE A 2B, 3 A1 S FELATRXE complex () B M HIYJET Kt 24

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s A AEC ART RETSESH. ESEOTH T SEN R IR A L83 e A
* [iterable L TCRGAE N . 28BIIE, 3 A1 5 FELA TR g TS 4

complex (3, 5)
complex (* (3, 5))

S RAE LS R A PR B 1) R s . A RTRAE AR S D, calls —5 . ARAEEYVE, AR 3ak=UERmT
FRFR—NSHG BB B E PR XTI 1 eyl AE o
T3Z: Wparameter RIEFRFZH , 5 WLBE T S 5K S0 XA PEP 362,

asynchronous context manager -- 535 | FSCEBIZS LR X R E L aenter () Fl __aexit ()
FrERXT asyne with A PRSI TS H . B PEP 492 5| A,

asynchronous generator -- 5535 LK 3% 1% [B{E M asynchronous generator iterator A%, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
FME.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 532511 )& 8% %028 asynchronous generator BB A EINTE
WXTG 8 T asynchronous iterator, il __anext__ () FEJH BT aR Al —AS 0] SRRSO T 728
A AR R A S LB T — yield Rk,
5 yield SE R, (0H I GRS (R R RATEE RN oy 6. 4% 5
A R EEREHHAM __anext_ () REIW TSR ZHERIKZNS, BSMNEHFOLESLEINTT. S0
PEP 492 1 PEP 525,

asynchronous iterable -- 2B [ ECXR 7] #E async for i A) gl A A9 X 4. 60 E A B W
__aiter_ () F¥ERE—A asynchronous iterator, 1 PEP 492 5| A,

asynchronous iterator -- 2B 08 SCW T _ aiter. () Ml __anext_ () HEMXIE., _ anext_ W)
Wk Bl —A~awaitable ¥%. async for SACPRREAERER __anext_ () Jy iR [l ) AT S5 £
%, HINFHF| Kk —1 StopAsyncIteration B#. H PEP 492 5] A,

attribute -- J& M KB —AWRIME, ATRAG G5 2Rl HA TR B, WR— R o BA
— M@t a, WATLAR o.a KEIHE.

awaitable -- R[ZEREN R BETE await Tl PRI S . v PR coroutine B2 HAH __await () LM
St . &) PEP 492,

BDFL “Z B zZEpi#E” W3R 45, B Guido van Rossum, Python B 1EZ .

binary file -- —#ERISCH: file object EMEIEE F 1 ot %o TG SCHRIE TG A RIS (T, Twb!
or 'rb+"') FTHMICH:. sys.stdin.buffer. sys.stdout.buffer DA} io.BytesIOfl gzip.
GzipFile HJSLMH.
J15 S Wiext file T ARBENS TS st TR SCHXT S .

bytes-like object -- ‘F i %%} % 5 bufferobjects Hf H.GE- T H C-contiguous ZEaf XI5 . XWIEHA bytes.
bytearray fll array.array X%, PARFZEH memoryview X5, FAN G 1E 2 fp 3k
BAREAEP R s XS E IR AR . PR B SO DA Sl BB R R 5
HAC PRV TR EAT AR ) A . XIS A SCR T E R AT E TN . ARG R R
il f13E bytearray PAJ bytearray [ memoryview, HAWMEAEZR —#E HIBEIRAFT A0 AE %)
% HERETENET); XM RNE T35 bytes DA bytes X4 memoryview.

bytecode -- ‘= {ifh Python JFAURS x4 41 F158%, R CPython fifREgs H1 3R Python /71 RIS . 5
WIDIB S EZAFAE cpyc SCHFH, SRS R BT IRl — SO BE TR (PT DA G 25 REVRAG B8 2 13 R
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W) . XBP PEES BATEARE RS AT S WLER IS e virual machine 22 1., 1 5 /N [F] Python
BRI FSA—EEH, mA—ERELEAR Python liAs 345

FATIGFE 24 R AT ATE dis BRI SR AR .
callback -~ I{ —AMEH SEAE A DA PATEA K (g 55 20 18 D 1) 1 Bl R e 5
class JHRANE P SO IR 8 SGE L5 XA LB T AR i E Lo
class variable -- Y& B4 FESEHE AR R, I HAURTERMZH EAB U (AR TERM B B H0 .

coercion -- BRI 7o 6 ST M R RS E R, — B S0 R b A 4R o) — AP L. 91
W, int (3.15) &RFEVRSEGEI NEEREL 3, (HAE 3+4.5 1, SEIEBA—3 (—H2 int, —4>
J2 float) , WF A AR ZEBUA GEMTIN, TN % TypeError, UIREAT 9 Hi B LA H]
7 BUL IR T ] e S 50— R ZEBY, BN S AL £1loat (3) +4.5 A2 3+4.5,

complex number -- 535 @ EHARGENY R, KPR BUFEE R N — DS A R . R
e HERCEAOL (-1 BPFOTAR) OSSR, ERAEREAT SN 1, TS J. Python NI TR
By sofy, RN TREARC 20 BEaa —A 5 52, Bl 3+15. WIPRTEE math BLH AR HX)
WARBURA, WHH cmath, AR AR — DB RAECARE. WRIREBOERA L, ZIEE
LT A AL

context manager -- | F SCEHIZS 7 with A p i, e L __enter_ () fl _exit__ () FEERE
HRERSH S . S0 PEP 343,

context variable -- |- F 3028 5t —FAR$E HAr @ 1) B SCAT AR R ERAS B . X B TR JRih A7
G P RN PATE R AR A AN F A RE. A, ST B0, —MUTEREb RS a %
A BT, WETF SRR EEH RN RS AR TBE . 20 contextvars,

contiguous -- YE&E — PR ANR A C i 428 Fortran i 4k WO N2 TESEY) . FE4EG /2 C I Fortran &
SEf). FE—YERAL T, BTA 4% H A E NAE R LU A SR EES ), RN BTG RS 0F . 72
Y C-IESBUEA T, 43 AT HIEHES I B e — AR5 [ IR 2% H P B fe . {H27E Fortran JEZE504H
U AR k.

coroutine -- P PifeE T HIRER) E— BB, T BIRE AT DATERE— b AGFAE DS — RGBT . PR U R] DAEVF
ZARP R EVEA . BHAWKE . EfTE asyne def iFRPREH. £ 0L PEP 492,

coroutine function -- {FFEFREL 1% [B]— " coroutine Xt R REL. THEREF @I asyne def iEAISEE X, FF
A HEfL P await, async for fll async with 8=, X EH PEP 492 5] A1,

CPython Python Zifeif F WAL LI, 7E python.org b &, "CPython” — i H T~ 7E b B RF 1H 52 B 5 At
SEPR4E 4 Jython 5 IronPython A X 51l

decorator -- 3RS IR EE N 5 — D eRE R SR, HE T ewrapper EATEA ORI TRECE . RiligRn
L TAdE classmethod () Ml staticmethod ().

AR IR, DU AR B0 ST S R Se 55

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

FFEROAE S S 28, (HlER XM . A XIS TR TS 0L sREE SO 2858 SURYSCRY
descriptor -- §liik#% (TEX T _get_ (), __set_ () Bl __delete_ () FEMMNE. B LENHE
HHERZRES, BRI T S B A R L . EEE T, a.b RARE. R E SR
— BT STE a R FHAERATN b BIXTE, BAR b — R, WS X R b 4%
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Tiike BEARGIA ARG 2 IR 2 AR Python (1 ¢ 58, RN J2 1 2 B BEARIE I BLA, (04 B2
Jriks JEtE. ROk BESOTIRLA BRI G AR

A KBTI R TES 1T 2 7 descriptors.,

dictionary -- “ylL — /N CHCEZH, Hod AT S A AR L S 2 AH Y (9 (E . BRI DALRAEMHA __hash__ ()
_eq () HERXTE., AF Perl iEE FFKA hash,

dictionary comprehension -- “y il A AbIH— AT IR AN G P BT A B A JU R IR AR [ 45 R ML — P
#E{, results = {n: n ** 2 for n in range (10) } ¥AEM—THE n FIE n ** 2 WL
FIH R 7 . 22 I, comprehensions

dictionary view -- “FHLELE M dict.keys (), dict.values () fil dict.items () IR [ HIXTERBEIR N F
HWAE . ENRETFHAHN—DISHE, XEWE Y PSSR, HEESHHN AR BT
L R SR o BRI, AT list (dictview) . B dict-views.,

docstring -- SRS FRFH (N3 AR ISR — 2R B FAF s P . eI RITIN &
P, BB R B TTEZE . BRAEER __doc_ @M. T e T IUENE,
PRI SR Xt SR A TR SRS A RO

duck-typing -- 7R Fg—FhgmFR XS, B ANREEE AT R RA0k I e 2w A EfE D, med
BRSO oy EsUE N (CRERGN T, nEREGEN T, BalsEmenT.) hTimiEE
FHAER e 2R 8, it RIS vl i e 2 SRR T R ME . 19 2R BLE G type () B
isinstance () Kpill. ((HZEEEN B0 DAMH 46 28 % fEN#h e, ) MAES R hasattr ()
K e 2 EAFP 4Rf

EAFP “RJGUAHORVF AT D))" IS . XA Python 5 AU S 4 5 MM 2 8 I 77 1) B el S PR AP AE
HAEBE B BRI R A o XA it PO AR R @ KiRIs ] try Ml except 14T, T HAINS Y
MR FTELBYL W%, # LT C SRR HAbIE = .

expression -- Lk W DK FAMEMTEEFIC. Haihyl, — DRk FE RO, 45K,
JEPEDT I IEFATER BRI BIL A, ENEEEH SR —ME. SHZHAMET AR, HIEAES
tPER R RIRA . IBAFAEAR BB R IB S Wstatement , B0 while. WR{E M2 )& T B AR R,

extension module -- ™ JERIR DA C 8¢ C++ i 5B, ffi ] Python 1Y C API i 51E 5400 DA A 3E

N

T H.

f-string -- f-F4F i A £ 80 F T BIRR TR P EDE RPN AR B AR UL AT R I ERY
5. 2, PEP 498,

file object -- SCAFXF G0 AN AL [ SCFF APL AR R EBHEIIXTS (A read () B write () KFERYJY
R) o MUEHAIE T SHAR R, SCPFERTR AT ASE BN BLSCRE RSO, R AR, SO Xl IR
WU (BlanbRiEs A i . NAFZEnh X, B R IS ) . SUER Gl ST 3T 28R,

Sl AT =R SCIFRT G Il =22t ] SR, Geir =20 ST DARZSUA U . AT 101 58 L3
1E Lo Bk, QUESCIEXTRMIE T XM open () BR%L.

file-like object -- SCAFRINF % file object 1Y) [R] iR .
finder -- L EREY —Fh oA BB F AL loader X5

M Python 3.3 R AF/E P AR BU I A Fk 48 Lok 12 548 % Bl G sys.meta_path i, PAKpath entry
finders fit £y sys .path_hooks ffiff].
BT % 1, PEP 302, PEP 420 fil PEP 451,

floor division -- [n] F VBRI 7] T 8 A B B BB B B . el T U R AR IB BT 2 // . BN,
FxX 11 /7 AWMTEGRE 2, MSZMERFEBELERERE 2.75 . #E (-11) //
4 R[] -3 PR -2.75 @ T AGRIMEES. Il PEP 238,

function -- BREC P DA )9 A OR [] BEAME Y —2HIEAT o 3R] DA HoAZ A A B Z AN A3 HAE R B PA T
W . 55 Wparameter, method F function ZE4Y,
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function annotation -- &b BI4HXT R E0E S 80 FHE R annotation .
PRECR Y T2 242 = 0 BlnPA R B2 W1 int SE0FHUIHR E-— int {E:

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

PRARETETA R AR UL function Y,
2% variable annotation 11 PEP 484 %} I I GEAHEIA o
_ future_ —FpOficdle, IRRERT GO R E -5 24 BT REAS N ARCAS BT T8 S R

i?.(iﬂ}er/\ _ future_ BIHIFXFHEH A EAR EORE, AR DA B AT i O AGE 7 PA S AT B
ZRIA:

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

garbage collection -- K3 [MIW¢ TR O FE43 B A 1) A FF25 1B) (93 A2 . Python S 3 it 5 | A1V BORI— > BEAZ A6, I
A THEAGERS | AR PR e s R AT My . AT DARE T e BEboiea il a3 [ml fic % «
generator -- AR 1R[] —generator iterator W pREL. EREARMBGIWEREL, AFEGSIETHAT yield K
KA A A — R INE LSS for-TEIAME T BURiE T next () RELE R
TH AR R AL, (EAERE LR L N WAT AR R TR £ B R R E . WRFEIEERBAMKE L, i
I AEFRARE G5 S o
generator iterator -- 4 g3 EAES generator PRELFT BB RTS .
TA> yield Ll EEAR, ICEYUHIAEMTRS (AR RMHERD vy 1H4)) . 4% £ R
HHREWER, ELMNBEFFALEMRLENAT (X5 A BH IR R EE IR ) .
generator expression -- /)R ERIE X R [0l — P EN A FRBA. ERERMRGEE RS A E LT
—MERALE . JEERY for TA), PAR—WIER) 1 TA). AR GZFIEKS NN R BUE N —F
B

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

generic function -- {Z % REC AN [A] 9 2 B S BUAH [F] A 0 24> sR AT LR ek Bk R P B £ bl ] R SRV
SR R I 12 [l FH RS S 3
HiES Wsingle dispatch RiEFS5H . functools.singledispatch () HifigsPA & PEP 443,

GIL 3: [ global interpreter lock ,

global interpreter lock -- 2 R RESS B CPython fRRERR TR B —FHLE], B0 ORI 2] LA — AR
AT Python byrecode., WEHLHITE IS B EXT GBI (048 dict SFEENEIAL) EXIF KT R
4:f&f 7 CPython S8, Z5HEM R REss MBI EIS M Ress 2 A Atis T 68, HAUH N2 4isE: T2 4t
PRES BRFATIE.
g, HESEARUE R EUEE =0 PRI R SR I T A AR A T AR 28 A AT 55 R 4 BORG A BPREi GIL.
AN, FEPAT VO #Emi B2 2R GIL.
A (ARG IR B SR B e S 28 ) «“ B e REER IS IR RIS T, RA X 24k
TEH 0 B AL PG 00 N RO RE . A T Rk PP B 10 R ) R R T B IR AR AR T A 2, AT X DA 4
.

hash-based pyc -- J&T-W5 A ¥ pyc {88 FH G RJ5 SCA P ey A (BT 3 A5 J 08 e ik [ SR ff G 280k 2 T 2 A7
%, 2, pyc-invalidation,
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hashable -- WUy — > %F 500 M 7 (8 Q0 SR AE LA ey LI N6 R e s, SRl Tob A (BEFREAEA
__hash__ () k), IAIPARI HAb R Rt AT (BEFEEA __eq () F¥E) . WBHEN G0
TEA MBI A E L &5 R A & A .

TG A PSR SRR P SR AR B A BT, PR DAk S B 8 A PR S8 s A fEL

KZ % Python HH R AT AE N EXT QA2 rI WA i) WIARZeds (Blang) Rali ) AT A; ARl
2ty (BIATCA frozenset) (M EAIHYTCR LN AT MG A A R AT AR )@ SRS BN R 3
IR EFELEN—E A ME (R25 B0 E), ENmMmaEnEs2s T e
id ().

IDLE Pythf(;n H IDE, “GEIF A 525" PSS . & Python ARl A4 TR PR HY B9 B4 g A A RE
R

immutable -- AR[AEXF G BAT FE RN G AR RUFEECT . FATHRAICAL KRR GBI
Ao QERIDIAFAE— DA RE, WA BIEEIRTR . EAERR S B A R R AR,
BN UL

import path -- AW HEMIE (B2 458 ) ARMPE, Sglipath based finder FSEERFA
Hir. FESAR, WAETFREFKE sys.path, HINRGARUEHETTREEE B __path
JE .

importing -- § A &ML 1) Python AL RE A ) — MEL ) Python A5 Rt A (A3 2
importer -- Ay BRI IEBIINTS; WAL BEE T finder XJg&T loader

interactive -- 22 i, Python i 7 — 2 H A MREAS,  BIMR AT DAEMERES s A7 et A TR A ALk s, 57 ETA
IR AR . AR AT SEMRS) python iy (HLAT ATEVRIVI ST ALIT 4635 B rpg R A 7 3 5
) o FERH AR SR IR B HRAN A I X AR KSR (LR help (x) ).

interpreted -- fiFE%Y Python — @ MEREALE T, SZAH@aIFAIES, SRRPIFERIX BT 717 5 4
AR HIATE I A IR o X R PR SO T DA L AT T AN A6 S X B T AT SO ST R
BT R R H R A AT KRR, R HAR P RIS TR R . & Winteractive.

interpreter shutdown -- fRFEZS JGPH A 2R KAl Python MEREGRFUEA —ANMFIRIZ 1T BOT 22 BT
HEDECTE, FIABTEHRANS Fh N TS . BRI EDI & . Xl A e S
e B 55 5 | [l 8 R AR S0AT o FE R PR B AT (R AR W B B B A b iy, R L sy B UL
EAFARC (LB 0T R s L 45 ) -

FEREAS T 2R P R A __main_ BIHREETIE T IA C 58 MR AT -

iterable -- W[ RAURF R AEDS 12— 1% [n] FLAR A T AY XS 5o mTARAOR SR B 14 B A e 21 6 2 (il 1ist,
str fil tuple) PAKFLLIEF ARG dict, T Z AKENLT __iter_ () FEBUZELIM T 5
7 ) __getitem () JIRMIER A E LIRS

AR LT T for TRIRRA R 2 HAWRR AP HNHTT (zip () map () ...)o J—PH[EAR
MGANER SR H N ERE iter () B, BE&RENZNEEEREE. XFEARIEH TEEEGH—
W o AEE BT R, REFEAFER iter (O B HOAHERET SR . for iBMEN
PR E B AL BRARLEHAE B8 — MR o iy 24 72 B ORAE DR R R AP B AR . S Wliterator . sequence
PA S generator,

iterator - BARUZF JRFIR —EALIRRMIXI S . ERMMIBEAAH _next__ O ik (B HESNE
PREL next () FFBAREIRH I, 248 KT N5 % stopTteration S, FIX Mk
REF R HBIRTICRER, HEHHE _ next_ () HEHSFHKEIK StopIteration F#. %
RALURA __iter () JIIEARREIZENAR G H &, NIHGE A0 @ n AR, alg
AT HAREAR GOE KA. — N RFEWBIINEILE S R EL VT AR RS, A
X5 (Bl List) FEARERINHAAA iter O BEEURTE for MEFFH AT E MRS A — ik
e WERAE BN DL F AR 10 2 AUAR I 2 2R 017 2 BiA AU AR e R ] — A U 4, (A
BRI R

W25 B £ typeiter.
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key function -- BEpR %Y G ek R FRBEBE pR AL, 2 REAZ AR 0] T HEFF ERHR LA ME AT AT T R BN, Locale.
strxfrm () T4 AFEREE I HE T 29 %€ 1 HER 1 .

Python A7 ¥ 2 T H AR 0 v/ 1 i R B0k 42 il JC SR Y RG22 2 05 5K Hdh 48 min O, max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA KX
itertools.groupby ().

FO AR 2R . B, str.lower () HYET DARVEZM K /INEHEFE B H 4N,
BB lambda FIAAKAIHE, B0 lambda r: (r[0], rl[2]). iiH operator il
BT AR EIE Y . attrgetter (). itemgetter () flmethodcaller (). iHAE WMHEF
— T DASRIRR A 6 o K0 75 9

keyword argument -- o858 2 Wargument,
lambda H—A>§lexpression #4510 2 PNERRREL, B SRV A BBk . B2 lambda pR 5 43K

lambda [parameters]: expression

LBYL “Je#FHGBRIR” RIRCHEE .. XD 5 XS AR AT I T Bl H i e S A mi g 2 4.
WA G EAFP 55 Ot e, HRp R R 4 £ 154)
L LR Y, LBYL TR FE “&F” M “BER” Z B R A F5as K. filtn, PARARS if
key in mapping: return mappinglkey] A[REH TIEREEAEZ 5 HAMLREIN mapping FHF5 R
T key T Hi 5 XA )R S I BT EAFP J7 AOR Rk .

list Python & H)—Fsequence, BIRANF)R, (HERLPIT HAWE S P98l m AR5, FATiHITR
I ]S A4 2 Ry O(1).

list comprehension -- Fil&fir X 40 F— A7 51 v ) e G 8RR 43 0 R T Ok B 45 SR 5 R — P R B T A
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] BHEK—0
B 255 o A B oS FERREOS W AR (0x.) SR Hih if AR EER, Q2R A w
range (256) WA TCERAS AT,

loader -- JIERZS 1 TTMEBIAIR G . B OABUE L 4K 1load_module () M5k, INEEREE H—Afinder
R, S0 PEP 302, ST abstract base class B] 2|, importlib.abc.Loader.,

magic method -- AR Jj7k special method WAEIEZ[E] 7).

mapping -- Wi —FSCRHE R AR S T Mapping B MutableMapping fli5 B2 i T pilE 7 AR 25
28015 . W2 H T HE dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder -- JLIEFEEEIREY sys.meta_path W ZRFFR BN finder. TCEEARE AR Spath entry finders
AFAE F A A AH A

1 H importlib.abc.MetaPathFinder [ fICIE I eI sSC IR Y.

metaclass -- JLJ —F I TRIEERE. Kg LAETERY . RFMMEIY) R, ToRNTHERZ FR=ASH
FFRTHAH R RS . KER A3 TH )0 R d A1 5 AP PR — N ERIA S Python [R5 Z AAFE T 7T AR
BHEXITE. K FOKIEA TR EXA T A, B FRE B, Jee nl Rk sm A e e r ik 7y
Z. ENCHA TICREEDIN H & ARt IR a8 SCH g, AR 2415 .
W22 Il metaclasses.

method -- Jj7k TEZENTRE SCHYBREL. QARAE A IZ SR L) — BRI R SR BCEE B SAE A
HEE—Aargument GRS 4N self). Sl function flnested scope.

method resolution order -- Jj IR J7 A AFAT P 0 e A6 A 11 Bl 53 IHE 2R TR B B S JE e« i
#A Python 2.3 JyiAENT I TR A 2.3 iU Python fFHT & T AR S SEVARITER .

module 352 Python fURDIK —FhALIZUAN . AAHLEA IS 43 25 [8], Al (LT Python XF4R. i
wJ i L importing FEAERNE ] Python H,

5 Wpackage.
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module spec -- iR — A~ dr 2 S A, Hd & H T B g4 X 3 AF E. & importlib.
machinery.ModuleSpec [SZH.

MRO Z: [ method resolution order ,
mutable -- WAEXF G PN RA DATER id () PRApREE I E I T BB BUE . 5335 S Wimmutable

named tuple -- H#5c4l Rifs “HAZud” o] LMK od, HHEPRT RS TER e 4R E
PR AR B s . AR AL Bl A ] BB A LA

HLpNERUETEMAICH, U time. localtime () Ml os.stat () WIREME. 57— FF2

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

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

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

True

e FL A TR Y B (B B BIT ). At , B4 e IR nl il R e U tuple QR I E L
AFRFEBR AR AR . XM AT LS, siE i L) %l collections . namedtuple ()
Bl Je—For IR S T4 5k B H 4 TCAL IR A

namespace -- W {4 M 4 S RAFBE BN, 2SR R SRAMNER, B8 E T RinE
A (FEHEZ M) o i 2 A B 1k i 44 vf 58k SR . 4N, pRi%i builtins.open §
os.open () A4 H 1) A 28 [0 R KA. 24 23 6] 3 5o WA RS S BB eR B 35 B B8
"R 4. AN, random.seed () B{ itertools.islice () XFEEIAR T iX R EE
B random 5 itertools - HISEEL .

namespace package -- iy 425 [A{4 PEP 420 5| A p—f U9 AE TR &8 package , 124 25 [0 A0 0] DAY
B AR TR, BRI Hregular package N[E), PFUREANEA __init_ .py .
FHAIZ Wmodule ,

nested scope -- {IREFEIIR 75—~ SGERBI NG HASERIGE S . B, 785 — ¥ P s PAS |
HIE B . R E RO S5 AR X o . A B S R T N2 1E
. B0, £RARNESWEN T2 RMmA SN . Bl nonlocal XEEF A ARFE AINZTEH
b

new-style class - FiAJe X H i E g T A TS 028 X IHFRIE 7658/ Python fiiAs 1, AT Bk
FKARENE A Python iy o RIGHEME, G140 __slots__  ffidfF. FHE/EME. __getattribute_ ().

object -- X4 ALATHARES (BYESME) PARTE XATH (k) BEdRE. object L@ ATAnew-style class [f)

0 — PP AR s I L & LY Python module, MR L, @i __path_ JEM:AY Python
[iz85 8

Y52 W regular package Fnamespace package.
parameter - J65 function (S)r%) 5 LIS, EARE AT IABEZA0 A argument (e SEvety
WE, 2M%%). HFHAES:

« positional-or-keyword : (IE BT, HEE— W DAL H S A AR DA 50 5T A2 %
AWES . FREOARES LR, BN foo A1 bar:

def func(foo, bar=None): ...

« positional-only: {{FROIE, & —H BB EL ARWS . (WRACETE 2w i1 R BUE X
WIESHNEFENZ R E A/ FRRES, BRI posonlyl Fil posonly2:
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def func(posonlyl, posonly2, /, positional or_keyword): ...

o keyword-only: {{FRIBET, F5E M HABHE M KBEFEAMNSE. AR XA FIE S v] 7 R
E LB S YR & AN A B IS B ETE SN AN S TS 2 ii— * ke X, By
Y kw_onlyl F kw_only2:

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

« var-positional: TZERIE, F5E P DAREE R — MEBEEER CCESE R T (PIEHAE 2
CEZMMESHZIG) . EMESEETEES ARG « e 3, BT H args:

’def func (*args, **kwargs): ... ‘

o var-keyword: WIARSCHET, 458 A DMRGME AR R G SA (PITEHAWE 2 0 B2 i X i
TSHZIE). RMESAEETETESAPRETMEA ** e L, BIA LR kwargs.

FES I VAR 45 E AT it B4, B R] AS Ll e S A0 i BRI -

712 Wargument REFLZH . SHE RS BIH R IR, inspect .Parameter 2, function —
T PA S PEP 362,

path entry -- Y42 A 0 import path WP — NI E, SW¥ipath based finder AR TE S AR,

path entry finder -- J#2 A N AEHRES AE— V8 X448 1] sys . path_hooks (Wllpath entry hook) IR 1) finder
MR ReiE i path entry 8 iksib .
55 A importlib.abc.PathEntryFinder DA TRESARA DA s IrsC B &1 1

path entry hook -- J#8 A 8y —FP R XIS, FEHITE W] A 4R R path entry F BRI DL T Refs (8
H sys.path_hook |3k [Bl— path entry finder .,
path based finder -- J£ TR AR RS BHAR—FP Lk 12 & 48 5%, A[AE—ANimport path WA $R i .

path-like object -- B FeRA 4 RFE— DU RGNS . BRI G A LR — DR IR str 53
bytes X%, B ARE— LI T os.PathLike MMUKIRIHR . —4%FFf os.PathLike MUK
i@ os. £spath () REFEH N str B bytes BRI RAEHIE; os.fsdecode () Fl
os.fsencode () A[HE BRI str 3 bytes KBPWLER . M5 EH PEP 519 5] AKX,

PEP “Python 3542 1" IS . —A> PEP i@ — i it 3RS, HKIn Python # IXHEHHE B, BifiA
—~ Python A{F 4 K HHEFE B ERE . PEP L 244 A A A B2 AR BUAS AT HE US4 M ) S B e R
PEP [ A R4 th R BB R R . WSO AE DR R R A A8 S 15 DA B R b5 Python [ TSR 4 5
SCRYRE AL . PEP BIMES A TTATAEAL DX NEREE ST 30, I AR R B AR A SR
Z L PEP 1,

portion - {5y 4l — v AR A H SR SRS (] REAFICT — > zip SUPE) , HsE UL
PEP 420,

positional argument -- (i B B8 S Wargument,

provisional API -- £{52 APT 75& APL 24580 B HERTEAR ME 1Y 0] J5 AR A PEARIEZ AN Y T A 1. i
RIEE B A S FAERUL, EREHGARHC N, wln] BETER DI A8 A D2 R oL
THAT RGN (REUFEBRZED) . WA ESOE R BEIET - (UE APT#IAZ |
R TR B B R R O i e B A ] E X A
B2 A2 E APLRUE, [l 5 NARA Yt PN I G BRT Jy 587 —— AT 150 AR A DA
SRS B —Fh ) S AR R R T 5
X APAE B AR SR VR E PR RS AR TR E , AN 2 T MR RIS T BIG BT IN . 3615 I PEP 411,

provisional package -- 2[5t Z: Il provisional API ,
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Python 3000 Python 3.x %Ak Lk AUWERR (X4 FHERAS 3 i) A Afib R TTIA I B L T ) o A
PN “Py3k”.

Pythonic $55—> B ul— B USSR %5806 T Python 1 5 i RO XA IR S, AN & 68 A o 5 v )
AR R S BUACRS . 0, Python [ I WA SR (1] £or TEAIER A Py — A~ nl R AQR G AP T o0
o 2 MG S BAXREREH, NI ZAZE Python M AA I SR ] — DT T 4ds:

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

T FE . Y BE 157 5 B Pythonic (77 4R X FE:

for piece in food:
print (piece)

qualified name -- g #FR —UARUS D REIIAFR, R BB 42 Rt A b SO 26 bR
BEOTER) BT, MRE L PEP 3155, X T i ERIREFE, RELHRSGXRA7—E

>>> class C:

class D:

def meth (self):
pass

>>> C.__qgqualname
o
>>> C.D._ _gualname_
'Cc.D'
>>> C.D.meth. qgualname
'C.D.meth'

DT HIABSRES, T T & AR BRI DL S R A i A, S TR AL
A, il email .mime.text:

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

reference count -- 5|15 XHERE ST T ] AR . 24— X095 T8 BB, BB TRt
e 51RO Python AR R Uil # 2 AT WA, (H'E SR CPython SEILR)— N KHEICE . sys BRELE X
T—A> getrefcount () pREL, FEH G AT E R B4R EX L5 T4

regular package -- WL LG A Hpackage, BIAEEH—1 __init  .py UFHIH .
%% Wnamespace package

_slots__ —FPEYESE NI, L TS RS B S B 1S X R AR R S MR A BRI
IARGAT, RIS AIARD), St RORBAEDBAR UL RN, BN IR,
HH S RSB

sequence —ffiirerable, BSZRREAT _ getitem () FRER A VRMHRBRS TR TR VIR,
T —AREFHKER _ len_ () k. WERFAIZEAE 1ist, str. tuple filbytes., i
B dict 3 F  getitem () il _len (), HEHIANNETHSHARTES, FAEAERE
(i AT & I immutable 587 AEEEHL

collections.abc.Sequence IR E X ENT - TMEFXEFEWNED, BIfE _ _getitem_ () F
_len_ () ZANNIINT count (), index (), _ contains__ () fll __reversed_ (). SZHIL
PR OB DA register () SR

Set comprehension -- JeArHE SR AT W (L ATGE A A S04 T2 IR B A A BV 5
results = {c for c in 'abracadabra' if c not in 'abc'} BAENFFEES (',
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'd'}. 20 comprehensions.
single dispatch -- Y53k —Ffigeneric function /PIRIE, HELHEHE T SIS BOLIEREN .
g P £ .

slice -- Y) )y W RS TR Esequence B—34 B 5. YR & @0 FARPRICREIE), 1E [1 H4AH
JINPAE ST, il variable_name[1:3:5]. HHES (FR) ARictENERMH slice X
%.

special method -- §§5% Jj ¥ — i Python [ Ak, RIS FER A THE & BRI ANARINSF 450 X
MR A FRIE AN AT 2o FFIRTT A SRS WL specialnames

statement -- {54 154 2FTFE (— MU “H) AR . — 4B A) AT DUE — A expression BT
SEEFISER, BIGN 1f. while B for.

text encoding -- SCA GRS A I TF Unicode 45 £ 20 i o 735 R O 4 i3 -

text file -- LA SCAE —FHAERS LS str X5 file object s 38— SCAS SCAFSE B3 2 7 1) — 4T 1) 72345 (R s
T H Bk Brext encoding . SCASCAFRIBIFAFEPASCAREL (Trr 30 'w') FTIFISCHE. sys.stdin,

sys.stdout PAM io.StringIO LM,
WS Ebinary file T RREVS S F 7 23t 2 ST AR

triple-quoted string -- 25|53 fFih HREAW = MELG] S (7) RFHRLS () WTFEH. ENTED6E
ESERSM A5 SRR TR A AR, B2 ZMAL. ENAVHRETATH NS AR
SR SRS SAING S, IF BT ARSI AT Jowh (] AT, TE S SORY 74 e IR I 4 1

type 257k iE— Python X4 @ TAH AR AFAKTRAEA —MZEA, BHNEXT R, AT
M __class__ J@ltk, gidifisd type (obj) KIRHL.

type alias -- JRRUHH, — I Y[E SR, B ZURHEIRAURIE A5 E PR RAT -
KRBV R i f 2 2002 Ao fon:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

AT AR i Al

from typing import List, Tuple
Color = Tuple[int, int, int]

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

Z ), typing #1 PEP 484, H it oIsE R 404k .

type hint -- MR annotarion J7A8 R FKIEPE. REUWTE S B0R FHETS & FUH LT,
R JE T 20T, Python ANZEIR$RAE, (HIEAXERASRAL - THAEMEMH, a8 IDE SR
ke HE .
AR RIEMER R B KRB AT DA typing.get_type_hints () RN, (HRHASEM
AHPAo
Z: I, typing Fl PEP 484, A X s REM TEAHA -

universal newlines - AT — 0 SCAHERO s, 501 A PGB A4 Al - Ui 0725
RAE "\n'., Windows IJZ5E '\r\n"' PAMIHIR Macintosh ({25 '\r'. = PEP 278 il PEP 3116
Ml bytes.splitlines () TEEZ HEUL.
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variable annotation -- & bRl WA EBE B M annotation.,

AERREAS RSB IR, n] s oy LKA

class C:
field:

'annotation'

ARl PO E R 2

BIGNPA T AE B2 int FRAUM{E:

count: int = 0

A REBRETRYA I PEZH R I annassign —7 .
53 function annotation, PEP 484 1 PEP 526, H.rpxf L INFeA A

virtual environment -- JEUIRBE —Ff R VM CRR B ROIZATINERIR,  FuiF Python Y RN FH AR e 7 22 36
T+ Python 73 K AN 2 THLE [ — R 58 Lzt

B2 venv,

i HoAth Python W R F AT M

virtual machine -- JERIBHL — & 52 28 DB AF & LA E ML, Python K ML AT AT 7 15 1t 4 13 7% BT 26 1%

W) bytecode.

Zen of Python -- Python Z#ifi 31| Python ¥it sl 547+, A BT R SEMXAIES . AEHLEAEN
FAER BSR4 P A" import this”,
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APPENDIX B

BARIELEFIRA S 14

18 e[ St Sphink  (—{# H(E] Python [EJH SCE ISRy 0 SCFJEREAS ) 1 F reStructured Text 4#57
1) SR s i L T 7 i

4l Python [ 5, i#ith A1) %5 ) I SCPRELERHEAR H BT TR . F AR IR A ik, 75 5 reporting-
bugs FUIH, [ESAHB . FoAM o Bapm B G A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh 54 Sphinx fEfBfY) Alternative Python Reference w13 H S L 0 T2 .

B.1 Python {895 Bk 1

#r % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeNDIX G

JE Sh B

C.1 zR#pImE

Python 17 225 A T BN BABFE ¥4 (CWI, U https://www.cwi.nl/ ) f#) Guido van Rossum F 1990 4E4{;
W, AEA—T 1M ABC HiE & . 48 Python (35 T2 % H H A AR TTEK, Guido {52 H +
AR .

1995 4E, Guido 7£#52 Je WAN B E Z A 5T 22 7 (CNRI, 0, https://www.cnri.reston.va.us/ ) #k&EAth7E Python
ERTTAE, FFEIRE A T 2 AU

2000 471 H , Guido FI Python #%.00FF & |41 BA#4 %] BeOpen.com {247 T BeOpen PythonLabs [P\ . [F4E1 H ,
PythonLabs [#]BA%% | Digital Creations (¥} >}y Zope Corporation; [, https://www.zope.org/). 2001 4, Python #%{4:
H4g2x (PSF, I https://www.python.org/psf/) B{37., X@&—A>% A4 Python A1 3 HITH AL A1 @ ) IEE
221, Zope Corporation FL{F /& PSF 148 Bh ik 5 .

JTA ) Python FASHS IR (4 IR & X2 7 https://opensource.org/ ). Pisi I, #iKZ%L Python it
AJE GPL AN FRELE T RAMAEN .

LZfhRA | RE F i aEE GPL#%& 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI Py
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 | 2001 PSF 7w
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF P~
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF =
22 REE | 201 2001 %% | PSF =

ffilE): GPL 345 H A ERE Python {£ GPL R k7. 5 GPL A, Jiif Python ¥ W iEAR AL 53 R AB UG

W
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RIS, T TC R TR P Sk . GPL SRA R VF AT UE(E#S Python I DA HEAE GPL " AR5 A (1 5
HHERFAHENATT .

I ARZAE Guido 155 F TARRYSMIRG IR, (151X 28 KA A Wl E

C.2 FRER= LAIH 5 & A Python ByZRFRF0F M

Python BRI TR (I ARG PSE 38 7T 12 7033

M Python 3.8.6 JF4fr, SCREAH YA #AEHE AU A TR R TR 52 PSF VR ] PRSUNI SR 45 2 BSD 8+ HXE
VAT

K840 5 AE Python WA @B TR A VFAT . X LEVF Al & SAI R VAT Z N AU — 1 i . A7 KX 2t
AR SE RS RAE S I Tk 0y 78T 55 3.

C.2.1 FF PYTHON 3.8.20 #y PSF o] finil

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

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

3.8.20 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.20 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.8.20 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.20 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.8.20.

4. PSF is making Python 3.8.20 available to Licensee on an "AS IS" basis.

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

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

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.8.20 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.20
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.20, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.8.20, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 ¢4 BEOPEN.COM o] fihil

BEOPEN PYTHON FFiE 4 AT 156 1 iR

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 THEREOEF.

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.

(Rt
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#EHE—1)
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 § CNRI #F o] tipil

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 HF PYTHON 0.9.0 E 1.2 ) CWI #F o] HipiY

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.20 DOCUMEN-
TATION

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
AT Python % ATHLCTAG S5 =7 B b VAT RO , AT AR A28 LRI

C.3.1 Mersenne Twister

_random A E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

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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C3.2 EEx

socket #HH ] getaddrinfo () fil getnameinfo () pREL, XLEpRELTFEAIDAE WIDE i H (http:/www.
wide.ad.jp/) Y EAMIE SCHEH

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. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.33 RLEEFIRS

asynchat fil asyncore B4 DA R EEHA:

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 &8

http.cookies Bl &L FFEH:

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 DA I

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#§

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 23 =R A

xmlrpc.client fEHVEL S PARARH:

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

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll fHELE DA EH:

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 T kqueue fy42 AL 5 DA T FEHR:

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

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 3441 Marek Majkowski’ %} Dan Bernstein [ SipHash24 ZyERTSEI . BALS DL N AR HA:

<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 #0 dtoa

Python/dtoa.c CHEHEE T CiBF 1Y dioa Ml strtod pREL, HI T4 C 1B 5 UK B BRI AR ER - TG 8, 1
David M. Gay [/ [E] 44 U IRA T, 1% 30424157 0] M http://www.netlib.org/fp/ F3%. 2009 4 3 H 16 iR 3|
4 B 46 SO 55 DA™ URCRR A/ 7T s

/****************************************************************

*

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.

* % % ok %

*

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

WEARBEAERGE AT, W hashlib, posix, ssl1, crypt S| OpenSSL Bk & dEfE. Mok, &M T
Python [#J Windows il Mac OS X ‘%% 7 7] fig td 4% OpenSSL FERY#E D1, Fr ATE AL 151 1} T OpenSSL 14 7]
U5 DL :

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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b R T S S N N

SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

ERE I I S T S S S SN S N S N S e S N S N N S N S I R T S N N R .

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1.

Redistributions of source code must retain the copyright

notice, this list of conditions and the following disclaimer.
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.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

(Rt
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THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ' "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]

L R I SR S I S N S N

/

C.3.13 expat

BRARH] ——with-system-expat FLE TH#, B pyexpat §JEHGE M5 expat JRAHE DA R

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.
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C.3.14 libffi

PRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DIH Y

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.3.15 zlib

R ARG EAREIRY 21ib BAKIH ek T A, W 55 zlib JACR 8 DR 2 1ib 4%

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i W& M 3L IR EL 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)
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

PRIEMH] ——with-system-1libmpdec FLE THIE, G0N _decimal FEHSE 427 libmpdec 45 D14
1.

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N X EH

test £ (lib/test/xmltestdata/c14n-20/) 1] C14N2.0 iR 2= {4 Sk P+ W3C W 35 https://www.w3.org/TR/
xml-c14n2-testcases/ , FAR$E BSD ¥F0[IE (=432M) %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 fol-
lowing disclaimer.

o 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.

o Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS”
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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Python FI3& 4 3042
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 & —JJHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives {3 EH — 4 HEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum 14 & —4JHEF] .
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generic function -- R A& ®F#, 71
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