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CHAPTER 1

AR =07 TR

AAEE U T VR CPython fRUAS I — S S b i) B Y FEAYEEA TR 55 =J5 T.H., 4l Cython | cffi
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CHAPTER 2

AL S =7 THAEY R

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

2.1 {§iJi] C 5% C++ ¥ Ji& Python

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

NT A€, Python APT (W HIREFF St 1) €T —RIKE. RHASH, LAV Python iZ17
I AR GEH R 7> %S . Python ) APT AT DA AE—A C YESCAF T "Python. h" KR

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

1Eff: C 47 N CPython, 3 JEAIHUICIALE HA Python SCBL ETAE. YERZHAEOLT , Mzt S
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 AT BT

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

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

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

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

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

1M BT Python ] B £ i L —LSERgma sl R0 b ARUE K SOOI IRAS 2 3, PRI A 5 A AT A o 3k
AEZ BT, R *F 5 * include XS0 Python.h.

WeF2 B 2HE Python. h {i5E X PY_SSIZE_T_CLEAN ., ZXEIZIUY B H4ny A R TN ENTFL
%

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

NS SRR C R B IR BT A, 24 Python F3A3K spam. system (string) HOR{ER
BRECR B (AR PSR B e B i )

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts);

}

HNBEEMESES LN ITE GHNEMmE “1s-1") B Z4 85 C MM SE. C R 2/MN
B, AT self Fl args .

XRERGE BREL, self ZRHRTIRBSR ; XTI IR MR [ % G501

args ZHEF5 1> Python [ tuple Xf & 1545l , HH &S24, A tuple WX —NEHSH XL
SR 4R & Python X4 - BAEFRATHY C s H B AT T3k 75 200 HfE 454 C . Python API Hify
PRi# PyArg_ParseTuple () &S ERADER LN CH. B AR E T B2 SEEE
T DL S AFAE B S AR C AP BT, 4075 B RY S5 1

PyArg_ParseTuple () TETA SECEA IEM2EAL H AL B4 4 W7 e AL 33 Rk i ik LR, 2 ] B
(EZ). HAEEEATLUSEIHR MR (F). EELFTFH, & MBsEE R, M0 iRk EmT DAPE#
IR 8] NULL (552 611 B L)

W

2.1.2 TR RE

FEA Python fEBEZS RGAH — U R TR E BRG] : U4 — D REBG T RIS, BN 4 BEE A5 &0
IR —AHRE (%R -1 8 NULL $§41) . S5 B RFAE R SRS = A b . IR
HRFEMEANWEN NULL, fEHAMEN T BN sys.exc_info () FriR[E ¥ Python JTLHAY K i) C
K. BTV R R RS BIA EIRT S . BRI T PR R R W L e R T
Python AP H15g ST — S8 pRBOR B B IR L078

W M W Rt /2 PyErr_SetString(). HZH EHFHXN LM C /M4 H. FHEXNLE K2’
PyExc_ZeroDivisionError XL TIE X X% . CHEFFRIEHTFEIRH, HF40k—14 Python
TR RATE R ) < RBRAE”

71— A MBI EE PyErr_SetFromErrno () , fUEZ—1TREMNE, REMAOUEESRHZLE
errno P, FilHEREGARE PyErr_SetObject () , WEWHINESH, 70 B RENSEMBEERLR. K
ANTFEMEH Py_INCREF () SRIGMAL 83| HAL R E I SEO S 095 FTTHEL
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YRATPAE L PyErr_Occurred () FEAE MBIAHI G OL MR 2 ICE T 530 . XIFIR ] 24 B S H 52
oCE AR R S R S IR 8] NULL, RIS H AT EIAN PyErr_Occurred () KAF AR 2% %
AT EEDE, PUOAIRBOZREM IR ME A& ok

B RS T AR g IR RS E A T, f B E R MR (E GERON NULL 5 -1).
B RPN PyEre_* () KA XRRBC AP g VL T o f B0 G Ry 240 [m]— 455
VRN Cay M, FRE R Z A PyEre_x (), MRILIEHE — BRIRAYER AN 5 N 28 th i S 2]
BB 1. — HX A RE L Python EREAR I LIHER, B IL4HTIITH) Python fURGH 22144k
i i Python R/ 53 BT 4% 7 ) S AL PRAR Y -

(FEFLENE UL, B SCRERS A 1L E PyEre_» () R ISR AN S, I HAX L
O ] AR o (EUR P I — AR, XA E, ] e EeE R RIER N EE EL: KZ
B2 b TR R T AR )

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

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

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

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

BEFE G WA 570 52 R BOR TR B 47 . i P& 1) Python S # A X () A B C XF 4, 5l 4n
PyExc_ZeroDivisionError, R PARLIEME A EA]. 245K, RN 24 H0E bk £ 70 - NE4E A
PyExc_TypeError JFRm—P A TCERFTH G KM% M PyExc_IOError). WIRSHIIFEA R
i, PyArg_ParseTuple () AT 25K PyExc_TypeError. WIRIRAHZE —NSEAELIALT
TR YO 2 N B2 e HA A, WG B PyExc_ValueError.

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

static PyObject *SpamError;

H AAEVRII BRI AR LR R (PyInit_spam () HEEH— 7w QR g G fL:

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;

}

W E RE N4 Python 442 spam.error . Jif PyErr_NewException () BT PABIEHE—Z, H
HIH Exception (JAE= A —1FME A A NULL ), 4752 I bltin-exceptions .

21. f§iji] C 5 C++ §Ji# Python 7
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] BE R B2 B PR AY T SpamError W— G, XRA K. N T B g s, 50
SpamError Kl &M EF 1

—2>118 PyMODINIT_FUNC fE R éﬁzz_lﬁlﬁﬁgmﬂm
spam.error i A DAEY R Pl i) PyErr_setString () BRECHA, WITH:

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) A
PyErr_SetString(SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong (sts);

2.1.3 [T
[ EI BT AT, VR T e A G

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

WAL SR 3 HPAG I B FE R b']TL_IEI NULL ({E 2R W S 38 415 R BT (38 A A 1R ), X ek
F PyArg_ParseTuple () WEMFH .. FEHAME O FS2E0 T4 RS8035 U 3 534 & command.
iiz%ﬂ/l\f‘éﬁmﬁ{ﬁﬁﬂﬁﬁE”\Li%%ﬂl?@ﬁ“ﬁr’rﬂE‘J??v’f% (R BLAEARE C AR command W 244 IE A

7HHA const char *command),

T—AMEAH ] UNIX R RS system () , BB SEUER 4 M PyArg_ParseTuple () BUH
Eﬁ:

sts = system(command) ; ‘

A spam.system () B KL 46 AR Al sts B {H fF S Python XF 4. X il i i & %L
PyLong_FromLong () J3ZF,

’return PyLong_FromLong (sts) ; ‘

FEXAEOLT , SRR R , (XRG4 AE Python e LB .

WRARE) C BREAH AR HE GR B void WIRED, WIXT R A Python pEELAZIIR 0] None, ARWAZH
XA EYE (A PAEE Py_RETURN_NONE Z33K5EH)

Py_INCREF (Py_None) ;
return Py_None;

Py_None Jgf§5k Python X4 None Xt C £ 5. Eje— A FLIERY Python X 41l A j& NULL $54t,
WFATPT,, JEEAERZH LT SO ERE AR

8 Chapter 2. A =05 THAIHED e
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2.1.4 B IGikFMoIia b %L

AT R spam_system () Qg Python F2J7f f. HERELREHA A W] LAY Python i 1, FFZeE X —
ANJ 3¢ method table”

static PyMethodDef SpamMethods[] = {

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

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

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

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

METH_KEYWORDS AR AMT B MR C MEHEREA =1 pyobject * W&, &
FEMBE, i PyArg_ParseTupleAndKeywords () RN Z%K.

XTI IRR AL ITRIE LR BT -

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

XA EEF R AL 1 25 AR AR OB A AR AL PR AR WIAR LR B i v 44 8 PyInit_name () , HH name
BT, HNZE SO AR static , HAERIHRICMER:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

¥ PyMODINIT_FUNC $f s $( A PyObject * iR[EIZRA, BB TALA0 V& Br 2K IR SRR 56 4% 7
B, FEERT C++ BFEREGEI S extern "C",

24 Python FEFF IR S A spam fiki}, PyInit_spam () 28 . (4 XA Python B3RS IL T . )
BRI PyModule_Create (), AL IR ABENT S, IR FAEREE L3R B 215 N E R
BN G m A QL (%% 2 —4 PyMethodDef Z5HAM%4H) . PyModule_Create () iR
(8] —ANF 1) BT QIR S (R R A B T R & DR B P T ) R B g 1 P 1k, B AR B TE 3k A o
ﬁngﬁﬁﬁJcHﬂ‘iBlﬁl NULL, ¥J4AAL s R [ G 45 i 3, X REE il ARE A E sys .modules

2 A Python i}, PyInit_spam () REASH AN, BRIEIIE PyImport_Inittab RHE. ZR
T4 iR, [ PyImport_AppendInittab () , A[IERIRE MR A

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

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

Q)

21. f§iji] C 5 C++ §Ji# Python 9
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/* Add a built—-in module, before Py_Initialize */

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

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

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

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

PyMem_RawFree (program) ;
return 0O;

HEff: T sys.modules MR SEMAR B S B4 FBOEE] IR RL 2 MRS (SN fork () M
Bl exec () ) RAE—SLy BT B /R4 R . 3 REBTHE AT ATERD SR A N SRR 4 A I 4 HH 2 o

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

Hfi: AMEEATN spam BT, xxmodule i T % M 47451t (Python3.5 4G5I A), PyInit_spam
2xiR [ —A~ PyModuleDef 514 {4 , K501 @ MBS F AN . 417552 PEP 489 2 B IG 1k -

2.1.5 ZiikRItEE:

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

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

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

spam spammodule.o ‘

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

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

10 Chapter 2. A4S =05 THEIED %
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spam spammodule.o —-1X11

2.1.6 1r C vp i} Python pf%k

oAk, FAT—EHACHEE L THE Python ] C e %, HSLGad R ARG M, wiie i C ¥ Python
IZ@I XAE I R B CHAT Y o 2R —A C 3 R IR, 38 2 s S B A [ AL A

SEIZHYJZ, Python fReds @ LBy FEMIARY , FF4FRiE Python s EEL AL TARMER . (X LA FRA R
#r Python fURSfE A AR T3, ARA D4HIATAZ% Python/pythonmain. ¢ HfY —c iy Ui, )
1 Python PR%L, 15 5L Python F2)y 2% Python sRECH R . W% fe A~ eR B (alCHHE 1) RSB, 4
P XA BN, 42 R 7e B R A7 Python eRECW R INTRET, BRI (Py_INCREF () RSG5 T4,
BN R RMEAT 2K ER . BIANITE:

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

A REL U ] METH_VARARGS ARG yEMF 2 MR RERS , XAEAL 3 7 ik A Ao s 10 3 3 BT ik
PyArg_ParseTuple () BREUILSHIN STRYTEIR B ik ey A4k o

Py_XINCREF () fl Py_XDECREF () XAl 8/ g b— % m5 T8, 3 H 24 787E NULL #5841
HT%TﬁéﬁEﬁi‘ (=R pEi=vis ﬁ/l\LTjCEPtempﬁT A NULL)., WZAHXAGEES% 5|t F5.

RS, 4B R, RRFHE A C K4k PyObject_CallObject () . ZEREAWNNS4L, l:ﬂ]%[ﬁ
JET¥8%, 51045 Python Xf4:: R Python pR%, MHZHF%. %WJ%M\@TE' ot g, H
KEERISE AR . B S HGIE A Python pR%Y, WG A NULL s{— 25704l B — S50
B, WEA—HICH. Py_Buildvalue () 2FEHAELFEFRET X EFETHHENSZ 15K
ISR [ —AN e 4

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

21. f§iji] C 5 C++ §Ji# Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.
PyObject_CallObject () & —MX HSH 51 HITHIC X" W 6l 9o g f 1
SR, I HAE PyObject_CallObject () ZJG V. RMi T Py_DECREF () .

PyEval_CallObject () WURIIMEER “F” #Y: B2 DHEINE; WARUANER, H¥nT
SUHITEC FroABRIRIRAEIE S RIRAFAE A R B, ARTF XX AMEE A Py_DECREF (), RIFEARXTHL
T AA (R AR,

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

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

AT FAR R R R, AR B — DS HE PyEval_CallObject () o fEXEENEILTSEG
e Python FEfFHR LAY, Gl id 32 1ML B [0 R AL, AR AR B SN E e feid . 73 h—LEmp e
VREA i — BT tuple SRAZESHL. RFAATTIAHZ Py_Buildvalue () MAUIE tple. B0, 4%
TR — A FHEXTR I T A

PyObject *arglist;

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

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

RIAFERE, HXETFSHIHM pyobiject_Call () , FELIHFWES M T SE. A L5
T, FAEEH Py_Buildvalue () Rtk 7ML,

PyObject *dict;

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

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

21.7 RTINS E

BR¥ PyArg_ParseTuple () HEHIMIR:

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

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

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

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

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

const char *s;
Py_ssize_t size;

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

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

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

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1, fii)i] C ok C++ ¥ )it Python

13
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2.1.8 4 B w28

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format )t % 5 PyArg_ParseTuple () REUITIE XI—3 . kwdict T Z2VE R 5 =A% Python
IBATHF R RS . kwlist TR 22 DA NULL 5 R FAF RS, BRI HIES: BN ER R
53k H formar 2585 BAHVCES . AR IATHEN, PyArg_ParseTupleAndKeywords () £k B HH,
1 NR FHERAE 5| K — i 24 1 55

MR BN CAE M T S RN O AR, ANTE kwlist WK KB 7 S8 8L TypeError St

N2 X SEF TR, VE& 2 Geoff Philbrick (phibrick @hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC

(T IgkED)
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(£ L£50)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 WA EM

X% PyArg_ParseTuple () fRAHL, FEHUIT:

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

B — AT, 5 PyArg_ParseTuple () MIfd], (HESHbie A B bt da4t (i A %5 eR
B, MR . 2GR R —A> Python X4 & Tk [0 C s i 45 Python RS

—A~5 PyArg_ParseTuple () BIARFE, J&TH ] AERT 2Bk R Bl —~ T4l (Python S8 HLIR LA 2
TENTREIA o), o T 45 HoAth Python pEAS 4. Py_BuildvValue () IR EEAERMITAH,
LT 1 ASHE A oTd, MnREa SR None , — S FUNE R FHEZSEIN 5.
SRR HIE N — KBS TH, Sl — e RN Ied, TR A S o R .

BI5 M2, A2 Python {HE54):

Py_Buildvalue("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue("{s:i,s:i}",

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

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

2.1.10 5%

TE CIC++ 1B 5, FEIy AT sh A B A E i (heap) Y4 NAE. 75 C B, i@t malloc () Fl
free () K5EM. TE C++ HZHAE new Fl delete SRELHMIE KT EE .

FAH malloc () AECHINER, BAHER free () BMF| AN EE 2. MK free () )
RILAER B, AR —DNNFRE T free () WA SENIFE, X H Y FEALERE T 45 0 ik Jo vk B
R . XU P AR . T — N AEEE free () TUAJS, BAM—ANFe4FEVITIE, -0 (6
mall;c() Eﬁ%ﬁ%ﬂ\]ﬁ%%ﬁﬁ*%o XM 2P 64, ZE T RV LA, core dump, #iR4h
F PR A

AT AR S AR A — LU AN WL AR AR i b tn— SRR T INAFRAS , T SR, ARG

RERCNATHL . BAE — LU0 R RO A BT S ot PRI A iR A 1, AR5 i AR R [l 1

XARA T e R AR N AE, Rl E g . XA TR, —B5IA, R AR AT

MEVARGIN Y, B R R A R AR, i B SO AR BRI RN AY, B DA (O KWz

ggﬁﬁ%ﬁﬂﬂﬁﬁ@%&ﬁﬁ KA. I, A 2R e A, G AR LT 2 SRR fre/ MK
Hixo
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Python jiiid malloc () Ml free () W& KRN BCNIRERL, [FIARER TRk A 77 Mt AN BT 44T . bt
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

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

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

TR T DRI SR ORI I . g BEHUR B T Ir VEia A IS (collect O B0 , T ELATDL
A BT A RS GRBF PRI 2l 24 JE TVl IR LA, 0 DAZER A5, 45 Unix
T4 ({03 Mac OS X) ffi ] ——without-cycle—gc #i#] configure A, WIS IEFHIN B,
gc BRI T .

Python 5 %%

W% Py_INCREF (x) fll Py_DECREF (x) , S&ACPRS|HAITHUYER . Py_DECREF () HHAYES|HIT
BE K O BPEHO S . H T RIE, HARSHBERA free () , MA@ E M £ 2 2 209 B BES4EF ke
e HTXAEH @A), R ERES— 1810 H SRR 1845

KW A EKIH [l ] Py_INCREF (x) fl Py_DECREF (x) ? AT L5 A—LE. %A N
=R, RATPA I —A 3R B — X . —RERr 5 HECE SCHIA S SR . 51
WAHEASHEVHH Py_DECREF () , #E5| FIRFFRER. 51 HMIIA X R AR L. A =Fapikfit
BEIAWGI I £k, fE6E. JHH Py_DECREF () . &ICALE — M KI5 S SENEIE

SETTLL A2 —AREREE . RS R R BA%RT Py_DECREF () . A0 R RE R A X 4
R IR . LT AL TN 5 0 A P AT AR, 52 A

FE AT 5 B AR AR E R OB ki EAMBSIN, B3, @5 AR TR0 AR Y
PR o A R A — SE R IR A AU _E A5 AT RE TSI & AL B S B X 4R

FEMAT A A5 D, 8] Py_INCREF () . XA EMCLME HIIA ERPRES . X208 —1
BHWATIN, FRTRENIAETUE CHRIAE LA LR ET I, R TR IA EARE) -

AT AL

B MRG LB IE — R BORT, SRR 1 VA% ds E P KR M2 E S5

RZ B BOR A3 R 5, LB HIA R wE, Pra Qg R m ik, 51
PyLong_FromLong () fl Py_Buildvalue () , &fZEMA XRGHENE . MEEXNRAZHIEN
9, ARUISR AT ABRIF R R EOHT5 1 . — 36812 PyLong_FromLong () 4E4f | —MRATEMIZAF, HA]
PAIR IR E A7 T H B85 1 -

WZ 5 — DR R R R, e EEs X &R, Hlil PyObject_GetAttrString() . iX
Bt AW, — R KRE AP Z 6/ PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #RZIREIMICH . HF. FHE SRS .

PR Py Import_AddModule () &R BER G, WA T RES R MIAIEHF X5 XA REE A —A>
ARG XS EAFELE sys .modules B,

Y ARAG XG5 | B — AR B, R R BUR S A0 . WERFREAEE, 6T Py_INCREF ()
AR AT A . XA A EERFISL: PyTuple_SetItem() Ml PyList_SetItem() .
X LE PR B Z AL RIS KX R, MRSk (7 PyDict_SetItem () KHFEIZASHEZTIH X
#, i1 IEFEH).

2ARIE ST — A SRR ERN: IWAH AT KL
SRR D 1 B, SRR S AT DA AR AR, A AT AR S BT«
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YA C R Python P FIIF, 2 IR I 7 R USRS S IH - T EIAXIR IS, BreAE
85 | 2 i T DAPRAUE B R SR 1] o B 05 5 75 B sl s v, il R A 15 L

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

SIS RLRY S
AORET, SN AERRICE, HAEESEIE. Xl 5 e RS i BaCR A, HFalfe
FEGIRIWAFE AL EXGIH .

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

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

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

XARECE S —ANE B 1ist (0], SRJEEHR 1ist (1] MM 0 , BJEITEEHMEIH . Bk TLE
IR, HEAARE,

BATREZEHIRAIEA PyList_SetItem() . FIEIAETIH THIA KR, FroAY AR 1 9t 5t
WAL B JE AR R B 1. BIERER I R 1 2 P e RSB, HARBEOXANZRE X T __del ()
Ik MFIXA LT HITER 1, B2 EHERSTHM __del () k.

BESK 2 Python EIf), __del__ () J¥ER PARATAE S Python f0H%. 27 A HETE bug () By item JEIFT]
W, 2. RFFELET bug () ¥ __del () FIEVIE, stal ASAT— MERESEH del
list[0] , R EEE XX EMEIH, SFHEERERNAE, MM item AL,

FRRTTIRR, MARALE TR, RS 1 WG TR IR AR 1 eR 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

BB . —NHEAA) Python 147 T 3X 4> bug [ARFR, T—28 AFESE T R ERHTE C g
FEFH A4 __del__ () FEELKIK.

KA AN 28 — A L A5 5 | M AL AR AP . %, Python fiRERs B2 AR TLEHE AR 71
B4, PEMAA2RBIRTE Python BRI 23 [A]. HATPAMEH % Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, BRI Py_END_ALLOW_THREADS . iXifi % HISe#EHZE /O M AN, fifsHAh Lk
FENT DAESETE VO MR AL B . AR, W R RS IR 2 AR A —RERY 1)

void

bug (PyObject *1list)

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

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

NULL 5%

HH, HSZ RGN SR BN A B E AT NULL 48481, I HA IR 2 5 0 (5
TELAG S BUZDRAR) o R B0 35 | T4 e GE 7 A ZHR W] AR T S AR 9] NULL. Al NULL
SR SR RAE T 1 2 R R0 R E AT IR X G A 25 FO A e B - AR A s BRI UL, Fi&
SFEOCA TUAARIN M AR T 8

I IOMEERAE “YRL” FAGI NULL, BPZERRIRE)— ATk NULL pg484F, Bk H malloc () 5§
T ITRET | K S8 1 R R sk o

Py_INCREF () fll Py_DECREF () &% A2 NULL 84 —— (B2, B2 Fh Py_XINCREF () Hl
Py_XDECREF () NG .

T RIRE 2 X R IEBUA 2 (Pytype_Check () Al NULL #8461 — [A R, A K8 AU & L
XA ML — X R AU R BUNE R Z —, XA STTRI. AIFEHAT NULL &
TAEIR

C RO AP 2 PRI 4y C BB SRR BBl args) 4R 204 NULL - SEFR_EE SRR
B h—Aodt.

LA GRS NULL 4541 “WtEE” 45 Python IR &2 AN LAY HE IR -

2.1.11 1 C++ PG i

SETTAAE Ct FA SRR, FURATREIR. AR LR (Python fIRER) JE M C ik i
BERER), 4 R A X G AR AR R P SR ot 2R R BB S A . b8
2 Python MRRESTAT GE 6L HLH I L B RT) AL ATFWI Y extern "C, T ATE extern "C"
(...} HLALE Python SkSCPENIAR RIFATEE, WA L TH% _ cplusplus NCLZ R4 A
19T (FATBLAL Cr A SR AN ).

2.1.12 24 it C API

MY FEBHRAL T B s B2 Python i, (EAT I REALER LA ARt n] AGCH b AR Rt
Mo B0, — A9 R ] PASZ N2 collection” e L2 WA T . k142 Python 51| F227
?ﬂ%ﬁ{C APT AAVFY A HOR A ZAES 515, IXASHTRY RG] DA — M C BT T 45 Hofth 7 ik
FAEM .

TFIRAR ARG R AT EHE R EFRFEWE static), SAMAZAILICE, AR CAPLISCRY. 5K
P _EAEA 3 RS ORS J A HERE 2 Python fERESR 002 PT ATE R AR . MBER DAL PR RIS, —
AMBLER AR5 SO 7 — MEHOAR T I . AT LGRSO T B R e, — 28 R GEHY Python ffRE SR (4 1)
&Rt 4 25 18] (B4 Windows), A LEMAESER IR &5 20— I EL S ALFS L (T2 AIX), =X
HPRHE TR A RS (A Unix 251). BVERAHS2 4Rl WA, R I ARt ] 6 i A 2k .

A REAE LT BN REXAT S ] WAEMUEAT . X REWRE Y R L BT A S X A static
B RS RI AR (L eR R, RIS S A R di 4 o R (FE B AR 7 ik A A s A B B PR
XEMERT S 1% 4 0 1 A 1 75 2R A A 1

Python 42 fit T —MEF BB HLEI R AL 1% C ZOEE (RED, M— P B 5] —4~: Capsules. —4>
Capsule ;2> Python {#li2k2H, {7744 (void *). Capsule Hfigiiid H C APL KRBT, {H
A PAfR At Python X 5 — e i . H, FRATAIDASEE — A9 Reptiar 24 25 4 5 HAh " A
AT PAF KA, SRBUX A4 FHE, S5\ Capsule ZRIFES .

S AR IHZ WS TR 2052 i, XS HIEAR AL, R TR EZ IR
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

TERARBEFMEATE, IEAi A VR Capsule iy AR L. AL PyCapsule_New () #2524 F5E
% (const char *); RVFREA—A NULL ALK, EHRAGRIBBURIEE AR T
) Capsule $24t T —ER P HIBATIN A 224 A ATATRY DT sUREIX 73 PR fin 44 1Y Capsule.

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

modulename.attributename

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

W0TR B 7R TR R S AL R S B DT IE . TR I L. TP C APT 4
B (GBI 0 78 void R IR, IFETHARAE ) Capsule. W BREEHRK SO L T 250 B
FABBANGI C APL 545 & P b LG 2AE ) C APT i XA~ 7= /]

S AREE I H spam iR, S H —/A a6 T BY%. BREL spam.system () AHFEFM C FHE
B system() , H—PEE PySpam_System () &HTTIA, M4IRPLL S AEL (F 408 in”spam”
FH L), KB PySpam_System () &S H A HANY R,

PR PySpam_System () 244l C AL, M static gl HAbd A0 kE:

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () RN H & ek:

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);

}

BT, FEHATA:

#include <Python.h>

A S PiAT:

#define SPAM _MODULE
#include "spammodule.h"

=

#define A TEHEL R EMAEA S H B, MIARE Pk, 24, BB RILGR LRI 7
WAL C APL 354144

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam API[PySpam API_pointers];
PyObject *c_api_object;

Q)
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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;

VR PySpam_API FHN static ; HAMEHEHSTE PyInit_spam () 45 E1HK!
3 spammodule . h B —H#E TAE, BHERWTFR:

#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 \
(* (PySpam_System RETURN (*)PySpam_System PROTO) PySpam_ API[PySpam_System NUM])

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
*/
static int
import_spam(void)
{
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);

Q9]
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return (PySpam_API != NULL) ? 0 : -1;
}

#endif

#ifdef __cplusplus
I3

#endif

#endif /* !defined(Py_SPAMMODULE_H) */

B ) i AL B b Z5THE HC A0 46 Al bR B HL 4 R R ) PR X import _spam () (BCH AR R) A BE 15 17 B 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;

}

RFITIAR ERER AU, U spammodule h il TR, MK, XIHEANE T AR KL, BEARGEH 2 AL
. B DAL B ).
i Jri i 2B R Y 52 Capsule $24I T#ISMYTIRE, T 176 AE Capsule HLAYHEEF (14 A7 70 FEMIREIL

72 % Python/C APl 2% F-JJ} ) Z 75 capsules £ Capsule 1328 (f£ Python VRS & 47611 Include/
pycapsule.h fll Objects/pycapsule.c),

2.2 ey B

Python 145 C § AL E SCAT PAM Python RS HH RN RB 2, XRQ N ER) st Al 1ist 288,
Efiﬁ?f JEE R AR ER G — M, (HRAEBIT IR 2 1, ERRE TR L2407y . X Se XX~ 3
BN

2.2.1 3Lnl

CPython JafTIN R it Python XA A 2EAY Pyobject * (785, RIFTA Python Xf 4 iy~ Bfili 844",
PyObject S5MRAR GG TG Mreference count FIRTGI” FEBINF 4" FEBIXF Genfi i f A s 2R 1
WEe (C) p%k, Blan—AEiEdii— 0%, —DHERA, (ESH NS, XL C REIPR
JTRA, ANSRARAREE SUHTR YT R ISAL, FREAESHI RN 4 .

XARFE HBE RO ike, XA/ MUBESERE R RIEER, & LT HrIZERn Custom 7£ C ¥ J
L custom H,

Wi XA R E X static Y RERBNESE . I PAEA IR Hig. C AP WA DAE LAEHE
EAT Y AL, i PyType_FromSpec () BEL, EATEARATTHITE.

2.2, FESP KRR B 21




Extending and Embedding Python, %1 3.9.18

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

typedef struct {

PyObject_HEAD

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

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

bi

static PyModuleDef custommodule = {
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;

return m;

XER AR ) B, X2 TR E—Eaex e b XA Sof e LT =40
1. Custom ZEAIXT4 object 175 T : CustomObject 454y, X&) Custom SEF4EE—IK .

2. Customtype T4 X2 CustomType G541, HE T —HERR R R EUEET, SIR MR
SR BAE .

3. ¥hEAL custom fEHL: PyInit_custom ERECHIXTN 1) cust ommodule 4EHy{A .,
SR —YU2

typedef struct {
PyObject_HEAD
} CustomObiject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
defines a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these
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can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract
away the layout and to enable additional fields in debug builds.

M FEEAEZ PyObject _HEAD [ A /5. BANSIM T2 FESRIFRIE R H .

IR, REBR THE PyObject _HEAD A $dash, A RINIE: Flan, W& X T ARiER) Python 77 15,
EY8

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR B E S

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

i

TEMR: HEE B A0 _E C99 KAk RN IR1L , PAESS BT PyTypeObiect FB, HAMRE ZIRAT
T, AEL AT DAE G K7 BL E W -

£ object .h HISLFRE X PyTypeObject HA AN R LHEEM FE . FRNTFESH C ket
TRHT, WEOMERABAIIEEEAN], BRI SEEE .

ek —ua, BR—17FE:

’ PyVarObject_HEAD_INIT (NULL, O0)

X AT R, AR L AN B4R B Y ob_base F B

’.tp_name = "custom.Custom",

AR A PR o R BAEFRA TR X R BN SCARFIRTE AR L AT R, Biln:

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

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

HE, AT MRS, SRR PRI R AL AR AP H R custom, KALZ
Custom, FrPAFATRFMA BN custom. Custom. MIHEIEM RAR T ABARMRE L, AT AR I
4 pydoc Ml pickle BEHAA .

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

X FERELE Python JIiE 4 6 H5HT Y Custom LRI FHF LML PNAF. tp_itemsize [UHTAIZER/NH
X MAEH A DL AR N

WM WRAR A AR BT AE Python H 4 1 264K, IF HLARAY I8 2B AT 5 B it 28 2R AH [) 1)
tp_basicsize, IR RN FERIBEI L AR MR, (RAYIEUAE Python H (1) FARFLAEH: _ bases__
VR RSN E e mi e, 75 W B ARRY R new__ () JPiRIPl BRI HE R AR ] DA 1L A
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PRARAYE A L LB RIZE R Y tp_basicsize (EREHRILIAT. fERZ R0, AR PARY,
P ECE PRI EERIZE AN object , BE R AR ERIZE B MBS 61, FH BRI/ .

FATE-SEEVR N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

BrA RS SAE E TR AR A G bR . W SR 1 2 401 Python 3.3 2 Bl A4 . 4N
RARTTEHE DR, AR ZOUA B AR IEA T OR G257

AT to_doc KBRS FAFER.

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

ZRMx A, AT SR tp_new ALPAIMN, XSFHT Python J5{A __new__ (), {Hi2m/i
BAHE . XA, AT ARG APL %L PyType_GenericNew () FrffibigERIASLIL.

’.tp_new = PyType_GenericNew, ‘

SR AR BAZ AR 2 2 Ff#, BR T PyInit_custom () HRYRELEftas:

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

RAFHIIGIE Custom FAL, S— U T U A ROAE, EFRFRATIERILAR I B NULL 1) ob_type.

Py_INCREF (&CustomType) ;

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

}

DORHERBR I BB 7 . X AEFRATTREE L P ] Custom ZRAIH Custom SLAi:

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

7 T OREM AR AR K R AU EI 2 custom. ¢ B3R R)G:

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

FE4 o setup.py BISCHEH ARIGHIA

$ python setup.py build

| shell W13 24 & —ANFH SE P P24 S0 custom. so; #EAZ H 3EF154T Python - {45 24 BEAS AT
import custom Ff22iRfi#i ] Custom X142,

XFAE, X
HIR, AR EE SRR IO . ERCAEEE, WAMBUTT R R R AR TR

TR EIRASCRER T T8 C P RAARIE distutils BLBR, (HAEELSCI) S Pk @ (1 S
Hé’ﬁiﬁ%ﬁ%% setuptools . A RHMTEN ST TASCRTER, ATRATE Python fT (1)
T HT RERHL
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2.2.2 [ HAS BT I B 5

LA I 5 0 — SR AN 5 R X AN AR Bl LR FAT R R AT DA R . FRAT IR R
B custom2 RUHLX LT fE:

#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;

} CustomObiject;

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

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

CustomObject *self;

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

if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

}

return 0;

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) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
3

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

QS
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(£ L£50)

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) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

}

return m;

}

BB AS 5 2 A B
NS LBmME—INRFA

#include <structmember.h>

AR AT AL PSR R, IEARFA TR S ik i -

BUAE Custom KA C ZEM IR g = AR )E e, first, last A number . o first il last 288 j2 A 53k —
AR A2 Python FAFHE . number J&2—4> C BHL.

X R (A A5 R PR R B

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

} CustomObiject;

ﬁfﬂﬁﬁﬁ]ﬁﬁﬁ?ﬁ%@ﬁ%@@, FATATE N/ NOHAE TR G D BEARE . 20, BATFHEA — R
WO

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

}

EWIRIES te_dealloc fiia:

.tp_dealloc = (destructor) Custom_dealloc, ‘

B2 JeiE SIS Python @5 F114L. Py_XDECREF () ] IEAfHIALBEHSHON NULL E I (X
[ HETE tp_new HIEKRIGHT A A) o Bl G BRI AT S8 tp_free Wi Hl (il Py_TYPE (self) 3K
B2 ) SRR RN AR TR G AR SE CustomType, AR AIRER— TR
S

R bR B 5R H F5 i destructor 2 H N AT E X T Custom_dealloc ##% 5% — 1
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CustomObject * 4, {H tp_dealloc REFREIHIM#ERZ 1 PyObject * &%, WIRAIXFE
W, kel & L. X C IS i R 5 2 451!

FAA B — DRR— DA S AR, TR T —4 to_new SCBL:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

3
return (PyObject *) self;

}

IAE tp_new WA HLHE:

.tp_new = Custom_new,

tp_new AT (MAZHIMEM) ZEBRRTE . BAE Python RN _ new__ () k.
EAFEE X tp_new i, L LiFE2P EIEBULSF A ERH PyType_GenericNew (), i L
85— Custom RAFEMARE. EBHER T, IAVEH tp_new ABAIHRAFF first Fl last EIEA]
WAk R AE NULL BRI .

tp_new FFEZHLFIMLAIHRE (RNER N CustomType, WRBEHILAT R —AT2) PARFEZLKH
WOUR S A AT R 280, IR a1 3 R S50 . tp_new AbPRAIHR B4 200 B A R 7 S 40
HEMERSZMEXESE, MRS ESwRE (B C HY) tp_init 5 Python H1f __init__
PRER) HERPAT.

1Efif: tp_new AN BAMIAM to_init, POAMRSRSBTRAE.

tp_new LM tp_alloc MR HL AT

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

M T TE T BE S R, FRATUIAER LA T2 Ak A tp_alloc G5RAHTAHA N NULL,

A FATBA AT tp_alloc M. ifije PyType_Ready () i NFRATHEEZERAEOREEHA]
HE, HAEOAH object. RERIMISAUHN G BRI 23 FC SR -

TR ACRARZRE—DMME tp_new (BT MHEERN tp_new B __new__ (), AR RaLTEE

A IS U0 P 5 YR AT WU SR A 2 T ) v . AT R RS AR T R 288, B B

1) tp_new, S 21l type->tp_base->tp_new, HHRRANXEEM, R [RBE HAth Python

iﬁ(ﬂ@%%ﬁﬂ@ Python R RETCVAIERH TAE. (RRild, AR RETCIA B A AR TR LB 2 225
. TypeError, )
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FATIEE LT — MRS N TN L BRI IR (E W) 4 1 B K

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, "|00Oi", 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 0;

}

WIS tp_init f8{7.

.tp_init = (initproc) Custom_init,

tp_init 7L Python HRFEH _ init () Jik. ERUNRIENRYEIBRGUIHILE . WIHRLARE
SR EM KRR TSR, BTN SAERIIR R ] 0 e A R ] -1,

ARTF tp_new ALPAMS, tp_init ARUE—E PR BT, FEEGATOL T pickle BHUR SAEH

BRSO BRI __init_ ). EBATEERE YR o ALAT AR ATERRATAXI G B __init_ ()

75?2 %ﬂ:ii/l\)ﬁ s BAE R BB B AR /D . AT RES R, PIAEIXFES first
(AR

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

}

HR2IX T RE A fEk . FATWEAA RG] first MUAMEAL, FIE T DARAEIFIZRATNS . B LA
WA DS RATZERT N first AR RBIL: SEE e n] BESREIE & At 35 40 kAT
B H A AR s AT ARV IS SR ATI X 52

N T RFFETIT R AT X AP ] BEE, AL B8 ZAE A AR5 | VT AT E AT E B -
A HEFAT AT AAS A AR ?

o HIATHBRIES HITHEOCT 1 Ak
o« MIRAVHREXT SR WEAR SR GIL WA G BT TR FATT A ST AR Fr [T 5 1 o %
o i —A> tp_dealloc AP IAN STHRFIRFRAR Wi 2R AL 5 | THEU I

AT RE SRR TRA T S AR BB A E . A LRy 2T DAMMEX — 5. el B 2 8 SO B )
TS

LB BAVAE ST B T REARR, W75 P ol SRR st it

2AEATR IR FATFRE tp_dealloc AP R —HLH, FENTRATRIZEBUR SR BRI

2.2, FESP KRR B 29




Extending and Embedding Python, %1 3.9.18

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 g i 3 tp_members Fl i H:

.tp_members = Custom_members,

BEA LA 3 U R A PR BB, . DiEARRSOR AR . IS T2 2 & b8 72 /N
A3k TfREs . section below for details.

7 Ak S 2 — 2 B A PR BE R H T ZS Python JEPERYNT S ARBU R Jpik. FRATHUN first F1 last ()
AR TFRFER, BT ABIRE AL & Python X4, BUAL, X S8JE MR v DAREIIS:, I8 C 4%
A NULL. BPEEFRAT AT AR U 6 A% B3 R 4 b R 3 NULL ), 201255500 26 Ja MRl M i 26 1 3 AT ml e 15y

NULL,

FANE XL T —DEMAT5IA, Custom.name (), EFFXTGRAFRE 4 first T last 24 FREGHHZ .

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

}

BB BE U — % custom (8] Custom BT SLBIMENE NS HN C sk, Hiku e
Z—ANEBWENE—ANBE TPkt BRI Z A EM KRB T2, (ARG RNTR R AT S A
i B ZAMESROCH SR P SR %I T AR Python J7ik:

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

THEREA LI ERATN £irst Fl last WG AT REN NULL. PR ENTRIAROIMER, 1EILH
N ENMTSHCN NULL, AR 2 B I R L8 e MR SR MR (R P A e o FRATRAAE T —
T AR X

PAERATC 258 S T I7vk, AT E QN — Tk A

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

bi

(R IATEE N METH_NOARGS MR AGHIZ I AN ME R self LAINKALATZ4K)
FERFEHIRSE tp_methods FE{:
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’.tp_methods = Custom_methods,

e, BATIEFRATA BT A EIRAE FRAGEZE. RAVE OGRS RAT T EAEEATA S =R
FERE R B g A, I DAFRATT T B s 2 R Py _TPFLAGS_BASETYPE IS INE|FRATHI TR
XA

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

AT PyInit_custom () EAY4 N PyInit_custom2 (), W PyModuleDef 45y {& 1l 4 |
FHHHr PyTypeObject S5 SERE RS, .

i, BATEHFAIN setup. py SCPARA MBI

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 HEAON T Bl PR ity SR A i

FEA/NTI R, BATREN Custom /Rl £irst Ml last BIEAICERPUEAEHE SR AERANT_E—fA
iR, SEBIACR first Fl last WRABGBONAEFATARE R E gk . JRATAEXLRmIELRUET
PP

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

Py_DECREF (self);

return NULL;

Q)

2.2, FESP KRR B 31



Extending and Embedding Python, %1 3.9.18

}

self->number = 0;

3
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) H{
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

}

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

}

return 0O;

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

bi

static PyObject *
Custom_getfirst (CustomObject *self, wvoid *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;
}
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;

QS
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Py_DECREF (tmp) ;
return O;

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;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;

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

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

QS
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.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) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

N TR T first Fl last JEMASESRAGEER], FATRE B & SCWEBONB SR B FiwE %
BOMIBLE first J@IER AL

static PyObject *
Custom_getfirst (CustomObject *self, wvoid *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;
}
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) ;

Q)
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(& b))
return 0O;
}
BEHR B 2 — > Custom XFRA—A “H”, N2 TEARGIT, ZAASE AN . (ZH)

@ihﬁmXﬁﬁ% i@%ﬂmﬁ%%ﬁV%% mw AT AR ok Fo v B2 S BORT 15 B bR SO
P16 H ) 2R e e s B e 1A R v )

TCE A PR RCRF %2 Custom X4, FHE AL . Fr{E AT A NULL, TEMCEOL T @ MR k. 723
T BCE ST, WERE RN R e WER B T EA R PR ER MR 5 | A — R

AN —A PyGet SetDef L5 IAIELH:

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

IHAE tp_getset MM HEFME:

.tp_getset = Custom_getsetters,

1E PyGetSetDef 5 A G—i 2 LR R A “PHA”. EAGIR, FRATEA R, FitAal
HA&E A NULL,

TATEF R T X L@ PR B 5 e

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

bi

FATEFENRF tp_init AIARTEH N N AVFE A TR

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

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

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

}

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

(N otaRz:)

3 PAETR AT AH first F1 lastﬁEJi%ffng%ﬁﬁﬁ B AV FRATT W] AR A BT ORI /G, B2, BATE 2 E A 5
?*Eﬂ’]%&l BRI 8 AR AN S BATH S S AT IE , FATEA BEARIERE I — A~ T4 5 A LB S FRAT I 3 5 44
A7l
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Py_DECREF (tmp) ;
}

return 0O;

}

WXL H P, FRATRESHIAE first Il last Wb —@EAR N NULL AR NTRELE LA 0L F %
NULL {H##r . IXEMRE KHR5 Py_XDECREF () i H#R W] DARFEH N Py_DECREF () WM. FM1ARE
MO S R ME— 37 & 2 AE tp_dealloc SEELA, HRHLXLERE B I AL A M BELE tp_new PRI,

BAVEE A T HHA 6 Ak R B 0] iR Ak sR B IO B 4 FR, AR FRATT 2 B BT — 4, FRATTEE 1)
setup.py XN T —EAMAE Lo

2.2.4 2B YN

Python HA5— 1] DAKR IR AS PR BG4 1 4 37 35 =Dl 22 (GO) BB 18] B AR . kb
THOLSTER RYAGERT | I 2 Az BN, BeAt:

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

XA, FAQE T ML EH A SRR SRR E R, R0 RA ok A HA
SH50H. ERGUHITTEOFRIENE . Sz, Python YFEFRELIR MG e 2 K BLZ S 22 To Y
BRI FEIE

& Custom /RBIME —AMAT, RAIAVHEE SR RIAHE] first B last @', Mo, 7€
BT AR AT, BABE AV T4k custom, FHFREATAGBIMER B M. H XA A
WA —>, Custom XFGARRT DA ATEA:

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

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

AV BIN5] HIEHAY custom SLBIBEER GC IERHUMMRIF AL, FATHY custom BRFEIHF
PSR (75 S0 3 X Sl 67 P T

#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 *arq)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0O;

}

static int

I, BRI R R G AR L), PR R AT DME AR RS str TIEBIRERE T | AR
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Custom_clear (CustomObject *self)
{

Py_CLEAR (self->first);
Py_CLEAR (self->last);

return 0;

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) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

3
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) ;

}

return 0O;

I

1

k%)
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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;
}
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;

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)
{
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;
3
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
return O;

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

QS
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"last name", NULL},
{NULL} /* Sentinel */
bi

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.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;
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5, i ALER GC HIE AR SN IEER R T4

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

}

XFEHNEESIMERN TS, RAOTEEM visit () B, MEEAZEI . visit () KL
2% NGNS EOT 2 L B DI T RN S arg. BiR [Bl— U E IR IR [B] B8 -
Python # {ft 7" —A~"T B Zh I J visit B Py_VISIT () %, iH py_vIsIT(), FKATA PAF/IME
Custom_traverse FHHESR TAER:

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

HfR: tp_traverse SEEUNAUG HSHMER Gy 44 R visit Al arg DAEfEH] Py_VISIT ().

B, AT R TEHRE BRAT ] AS G ERG X 52

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

}

A Py_CLEAR () BRI . B2l B AT 2 B8 EUR B M B Ko | 87 B2 4y
Ko WRAREEPEAER B NULL 2 [B)7EJ@ P _ BV Py_XDECREF (), N@Mmthiadsf nlgE<Hl
PR BGZ B RS (% 30 2 WSAETES | I EERIITE) -

AR VRAT DA DA S5k Py_CLEAR () :

PyObject *tmp;

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

To it A, FE N 6 JE 1 B 4R & B Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #R@ it HEAZ AR A2 DAL A i o M !
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Bl custom_dealloc A BESTETH IR B IERTTH AL BACHD . X EWREIGHR GC TMEL@IV\P‘B%&@
%o BT GC 5 HITEA A, FMFE@ESFA PyObject_GC_UnTrack () ik GC {5 1kiB
MRS . NH=FENEH Pyobject_GC_UnTrack () fll Custom_clear E%ﬁiﬂﬁﬁﬁ%ﬁiﬁ‘%:

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

Ja, AR Py_TPFLAGS_HAVE_GC AR INE| AR -

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

EEEMEARZ T . MRKNRE T HE LW tp_alloc 5 tp_free AFLAME, WIFRATTE ZE XS IEIALL
WSORIE I E . R A B 2 i ias .

2.2.5 bR
AR B IUE BB R AR B T RE . 5 A R NN BRI, RN ] DA (b
BT 4N PyTypeObject, FEA IEJTJ“%*%@%ZIETJA%@% PyTypeObject S5 HHET) .

TEX BT R FATR QU — K H N E 1ist 2RAURY subList RA. XASHEALR 58 e HA 7 S
%, (BRI —BSMY increment () HRIGINPHIT AR AE:

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#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)

Q)

2.2, FESP KRR B 4




Extending and Embedding Python, %1 3.9.18

if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;

self->state = 0;

return 0;

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

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

IR L, A S Z Hi /N Y custom R BIAER AR BATRE —PHEE N2 18] 322X .

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE BN G 1) B 22 AR T IRBB X R L5 R 5 —AME . FERBURF B S AEH 5 RT3
T PyObject_HEAD () »

X —~ Python X} 4 /& SubList WJSEBIR, B M PyObject * F§ 4l AJ DA#E 4 4 #h oif i 5% %
PyListObject * fll SubListObject *:

static int

Q)
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(£ L£50)

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;

}

AT DAFE A B Ay PR B EERA _ init_ ¥k

XA S HA HE X tp_new fll tp_dealloc A RBFRE L. tp_new AHUHAN K H
A tp_alloc X EFRDECNAE, MiaibiEEEd A H O tp_new RALHE .,

PyTypeObject ¥ ¥fH tp_base 8RB LK EIR, BBV G RmIFANAE, RICHEMH X
PyList_Type 5| IR BEEE L TB BN Y Bl SRR 46 4k bk £t 5 i

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;

}

TEVH PyType_Ready () ZHi, RELEMKLTCLIET tp_base (. YFRAIMIAG BREYRAE BT,
BATER tp_alloc fl{IHTT N PyType_GenericNew () -- 2 H EAI) /e R AR S0 4k K

{EMLR, i PyType_Ready () H FIBLHIRIIAIN 42 SHAN Custom R HI—FEN.
ik
2.3 P IIRL: Loyl

AE AR R — AR AT PASE B By vk B T RERY R R 4
X2 C XM pyTypeObject WL, &g 7 TN 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;

Q)
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getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
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;

(FOAkED)
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(£ L£50)

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 RS IR HEAZRIL, WRAREE LR, @5 AT ER I,

IEARIE RN, FATIEZ 22— GRS R A BIAR o PR AR 7 S SR i 7 B HE I
JI AFRATTAS SR AT THE S5 40 1k B LRI DR 8 R A S R B — S IR E 7B 6 71,
IR G A 238 AR T S

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

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

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

X BOLRIB A TIEA X AN L B TE E ie 2 D N FF . Python Sy T RIS BERgZEH (A8 :
TAFER, oudl) AYENESHE, X2 te_itemsize FEATEM A . XIS R .

’const char *tp_doc; ‘

X HARTTABCE— B 478 (B ERIHE) . 24 RIEAE Python IR obj . __doc_ WHE[RIXBLIC
(EEZLER
BAERANIRT — T EEALRT A - RE B RIEBURF LB T3k

2.3.1 ZEFNAFREIL

destructor tp_dealloc;

LRSS B 5 | TR Z I HL Python AERESAEEE MBI, FHR IR %L ARARAYEALE
AF AT BERE B EAA T AR B, AR W] ASE B B PR A Bt FR A I R DA 2 B R R 7
il

static void
newdatatype_dealloc (newdatatypeobject *obj)

{

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

UNSRARAY I SRR e, AL e B2 24 A BT A R B Z /il PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

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

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

2.3, WY IRION: LA 45



Extending and Embedding Python, %1 3.9.18

— N EH B AR AR I ZOR BB T A R R HCE A S . XA EELE PR S R &
WH, SRFEREE (MAEEFERED, N AEMINERI RS E B — 5 MR E . SR
A AEATAT AR 2 T B AN ) Python FUHE SR AG A 2 R IR . X W] RE R BUBRERS 1% 21
BiRe IEMRPIORIP EE, AR LMD, REFAR R, RETEHSE UG . T A
PyErr_Fetch () fl PyErr_Restore () BRECELIL:

static void

my_dealloc (PyObject *obj)

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

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

/* This saves the current exception state */
PyErr_Fetch (&err_type, &err_value, &err_traceback);

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback) ;

3
Py_TYPE (obj)—>tp_free ((PyObject*)self);

R WEEAEREA RBU P R PATI AR AR, 58, AR IRA B SR B3 e ()
tp_traverse fil/Ef tp_clear), XFRMF AT DAFE A tp_dealloc PGS B 44t . Hk,
tp_dealloc H, RIXEIFETARERS: EH5IHITERETE. (EMXEHEBREX 58 API )7 H
Can L Ta B 7 BB B AR AT BE S FRR A tp_dealloc, SEONEREMOIN &AL AR -

M Python 3.4 JF-4f, EFEANEAE tp_dealloc R ZRMALERAS, MMM tp_finalize 8Ty
S

PEP 442 it fE T i AR LE &,

2.3.2 HRIE

7 Python v, A PR 2T DA ST SR SCASIR: repr () BEH str () BRAL. (print () MESHE
B str (). ) IXSEALBRAR P2 AT I o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAFRRRTVIZIR ] —ANFERFREX S, b ETHH BRI ERER. T a5
¥

static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{

return PyUnicode_FromFormat ("Repr-ified _newdatatype{{size:%d}}",

CF U gksr)
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obj->obj_UnderlyingDatatypePtr->size);
}

?ﬁﬂ%‘iﬁﬁ?’éﬁi tp_repr ABIRESY, MEREARRHRZML— ] tp_name BIFIRIZ A LALAS GAHE—FR R

tp_str ALHEAREXNTT str () S EIRE tp_repr AAHAREXTT repr () —FF; W20, ESHEY
Python fRASFEVRA XS G2 B AL By A ste () BRI . BRSEHS tp_repr BRECIEFEHILL, (A
SR TR R AREFRN . WERAIEE to_str, MM tp_repr BEAMRAAE .

NN RT R B

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

2.3.3 JEMEAE A

XFFAEA T SRR BRAEA R G, A1 B B AR A I 42 s PRI U s . 7 20— e
R R R R (W E T AR @) B2 7 — PR st B m e (MR AR M) . iR
PR —FEATE UL, TEBUREOU T ZAL 45 A BRAIAR R B {E 4 NULL,

Python SFFPA J& MEAL BRAIAN ;. — A S @ B AR A R I R B S P — X s k. PIE R 22 RI7E T
— Xt char* fERJEPEMFR, M7 — Xt W52 PyObject * . AERNSSAIHR AT AR G5 BLAY
AL A T SRt

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

S L. K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR VT I — ARG SR A SR R T TR GOOREE R SCHEATARRE) | U — 2697 J) S8 m] BT o g it
PyObject* MAHEIEAEBLPRAL. M Python 2.2 JFUENS TR L Jm i J@ P AL BRATARAY SE PR s 2 LF- B 58
AR, SAEIRATAERRVFZ i R BB A (MR 4 n] iz JH AL A 190 1

{Z R kA B

REEBY IR Wispmit, A4, Rt ailb/mmAess “fis” We? s e T L0
L 43 PyType_Ready () W}, WAUHIE & LRI 2 FK
2. ANHERRR M BORIC R B R B PR, AT BRI R IR

THER, AR R IR R TS ) SO S Bt i A6 Ot AR AT B A«

Y pyType_Ready () #AAHE, ‘&6 H 2B S5 | H B =A% 00 2 25 E 2 2R B 2 1 7
o {fdescriptor . BEAFEIR AR HIT LB G — A JBYER T . A RES TR R AR A
#RM NULL, %2R SRR LA B AT RSB R Sk i B 1, H Hab W 241k tp_getattro Fl
tp_setattro FEHRFI A NULL, PASRIAF SRS B AD PEIX 2L fE P

FW A object:: AU = AN B

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;
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Wk tp_methods AN NULL, WIELHHEM—1H PyMethodDe £ Z5H IR BIAIEA . R4
H B EHE R 1 — A 5L 6

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 R B O EERE L — N H 5 IWEERZE AR ORI T AR A H . EHEAERRE
M—HOMIEE; Bl MRCBAHS R H . A H B ml_name FBULJiCA NULL,

S AN RPN R E SCE WSS R LB i . ARG C ANy 2 850, I Hysi oy (]
DA R B . RS e SOA:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XFRPEANAEH, FE—Ddescriptor FHS MBI FE B i HREAE MBI Z5 M IR P H2UE. type F
B M fE structmember . h SO E SCRYRAN IS s R ELRF U KA QT Python {5
Fetfioh CHEE R Z - £lags FBURFRUN R ARA742 B Ik i AU i35 1A RO AR -

PAF R & 8 XA Aile: * structmember.h *; ‘B4 T0] DAfH FJ bitwise-OR 2H & .

AL X

READONLY WA B
READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.

RESTRICTED TEZBREG AT, AT,

] tp_members FARANE M THa A7 TR S IEA — A AL RO ALAT DA R 2058 S a8 PR
T DATR] BRI A A 3 PP R B SCAS R B — R IR SCR AT e . — DI AR AT ABE I B4 APT MK
XPGAREU IS, HEIL __doc_ JRMEARIRBOTH P47 HA «

5 tp_methods F—FE, FEA—H N NULL 4 H name.

R J A g VA L

N T RERE L, X AR chars JiA; name JEZHALE char* fll PyObject * A% 12 [8] ¥ ME
— 5l XAIRBISEER BT 5 ez R BRI R, (25 1I7E Python 2.2 YR NIz ] 3¢
Fio BRRE T ALFRAIR R BUR TR, AR AR S TR B R E AT EE, R a A A
e 7 A -

tp_getattr ALPAINATEN QTG E AR BIERBIRA . ESAHHL S — LR __getattr_ ()
7 AR T B R DU -

B

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

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

return NULL;

tp_setattr AP SAE TP —ARELBINY __setattr_ () B __delattr_ () J¥ERHHAH .
WA BV Y, 55 =AE S NULL, N2 — M i | & S im0 S mf se 2
YRABELR), W] tp_setattr AFRAIAEM 24451 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 %%k

’richcmpfunc tp_richcompare;

tp_richcompare PR RAETT EIAT RSB M . BROT &R IE, il _1c__ o, IF
£k PyObject_RichCompare () fil PyObject_RichCompareBool () FriE .

IR ESCR U FH BSREAE A Python X R AZ HAFE NS4, iz A7 Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT B Py_GT 2 —. ‘BN 24 5 E B A L A X 42 H7E U B AR i iR ] Py_True BY
Py_False, N HEEAER B SLII W 2 HAbXT 52 iy v R 8] Py_NotImplemented, (i
QNSRS T S IR [F] NULL,

TR ARBISEEL, B IEEIAR PR AT A RIS A R A SR

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

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

return result;
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2.3.5 % PriseH

Python SCHRFZFf b 2 PS5 AR AR AT X 2545 11T 19 & 1182 D LTS 7E abstract W7

XL G2 LR 202 AE Python SEBUT A UIGE SUIK o R, K05 BRSTAN S SO —TT it
C 42 Python B AGHR Yy o HABMMSUUNE SRS N o T HOBERELE R ) SIS B i b B AR 5152 £ )
BORYE, BUHR P E OB G | AL SRR T sk . X T ROB i PO BEAE 32 R AU 4
IR BONREGL, FEATA — DB LR IE WA E IR (L 724 R R A A . (BUHTRR I A 2
j%*@ﬁﬁ#k NULL W5 0L, T DABC BT AR A B — M LR, (HIAOL) T R AR AR I ST AR

/[g\o)

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

TRAR A BARBIRT R IAT R — DT P o s x4, IR 2 RS2 i E — A e B T C R4
PyNumberMethods, PySequenceMethods B{ PyMappingMethods, &5 p itk . /REEM 7RG
2 I IR LEZE R A . AR AT DAZE Python JEACRS LA Objects H g4k BX EEX 4% H I HER
il

hashfunc tp_hash;

ARARVESE S BE LR, B R 2 A AR A A S 2R B S 3R ] — IS A KB T e — AT ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

}

Py_hash_t @& —MEFRERGL T RS A T 5828, M tp_hash R[] -1 FREL THIR,
DR AT AR 24 B B e S s SR B TR [, A T TR A

ternaryfunc tp_call;

BURRELSHE “TH” ARB B R B SLBIE A, 25FR100, WIER ob 31 BRI EHE B SL BT Python
AL T objl ("hello'), MIFFERIAA tp_call ZbHAIMA.

VLR B2 =S5
L. self ZAERWA H R BB . AR objl ("hello'), M self A objl.
2. args RUZTAMSHIICH . VRATAMIA] PyArg_ParseTuple () RIS,

3. kwds J2 & AR X BFSEARK) FH. WREARN NULL BHARE R EFESE WA
PyArg_ParseTupleAndKeywords () REERSE. WRARAA SR REF S50 © A 4E NULL
i, M5]% TypeError HAT— MR R X EFSEIH L .

TR tp_call SLP:

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)) |

N oiaRzs)
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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;

IR BEPRALFE AL T X E AR S8 . IR R 22— B S, RIVEA TR0 A B T ol FH g S 48
TR E—ASH G MR ERRE, BN 415 E— 55 R NULL, tp_iter XJ5. T Python
__iter_ () ¥, 1M tp_iternext W T Python __next__ () J¥k.

fEAifiterable X R RN LI to_iter AP, RAEBRAIE LR Bl — A iterator X5, THE2 S
Python 2 fiff 7 J1J 1) ] —> 42 s -

o XFAPASHR 2 MR ACAR I Z TR (IBRAIICA) , W U7 R to_iter BfAIEIF
AR [ —ASBr AR o

o HBEBOER—WAN SR (R 20 TR AEAER I g, BIanscrixtse) vl AR ml—4> 416
HERHGUHRI tp_iter — 3 HONHGE R 24 5CH] tp_iternext ALPRLAIAN.

{FAiterator Xt 52BN M4 RIBTEEHE tp_iter fl tp_iternext., —PECHEMY tp_iter ACBRAIHNR 241k
] — A S HZE RSB H . T tp_iternext ALFAIFRRY 241 [ —A 38 AL BEMERY R — 04
BIFEIH, WREE T 2. WRERCEEARRE, W tp_iternext W PAIR [ NULL i A
B, SR PAFEIR ] NULL A EERE I 31N E StopIteration; WG ol DAP=AE AT PERE .
MR EA T SEBR R, W tp_iternext W4 M2 R E A4 IR E NULL,

2.3.6 50X Fr

One of the goals of Python 5575 | i SC B H A7 — & VAT RS 15 555 | N HI A 2 76 L R A %
g (BIanges) br-Emiob ey,

U

weakref FRHRIF SR .

XA g5 IR S, 37 B 5

1. 78 C X RGP — AL T TH T35 AL Pyobiect* FB. X RSN il
PR¥FR NULL (448 FEBRARY tp_alloc BFICR& H i),

2. ¥ tp_weaklistoffset KM RABE N C X REMAEP FIRFEI WML &, XEEARBER L RE A
TE AR5 1) AIAG BO% 7 B,

FLARRAE, TR M N R G G (A U e 5t B BT Y B

typedef struct {

PyObject_HEAD

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

PABAE RS W S TN R A A AH Y B

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... other members omitted for brevity ... */
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.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

ME — B & Ah b ST 2 A0 2R Be AN S NULL ) tp_dealloc FF BEE B AE AT 55 51 1 Gl o 3 A
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);

2.3.7 WHHN

N T2 WA AREEAEAR B S BUT AR i T3k, 5 AR CPython J5AXRS . #EA Objects Hig, AR5
e C SO PR E co_ i EARBEER R &L (B, tp_richcompare). VRRFHR BRI 2L BLAY o8 2K Y
BT

BARTTEIUE— DX R RSB R A BAR LB, i1 PyObject _TypeCheck () Bi#. E
g — AR BN

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

}

S
F#& CPython J#fCHSRRAS . https://www.python.org/downloads/source/
GitHub | JF% CPython J5fCi%T) CPython JiiH .  https:/github.com/python/cpython

2.4 i C/IC++ § )i

—A~ CPython /1] C "2 — ML (Flan—A> Linux b/ .so , #(# Windows L[ .pyd), H&GH
—A FE T

RHTHSA, HEFENAE PYTHONPATH AR, HA M4 BEIy &, @ iE 4. 4
distutils [}, £ H 34 SOER T S04 .

I R A P AR -

PyObject* PyInit_modulename (void)

R BOR ] SE T IR AL 1 AR, B—> PyModuleDef 5Lffil. £ initializing-modules T ffFEE 24157 .

XTFANE ASCIL 45 it 42, BB E PyInit_<modulename> , $f <modulename> i Akt
1245 4% f] multi-phase-initialization [}, FRiF{di Fl9E ASCII Zmtt i . BLIRT AR 1k BRI 24 2
PyInitU_<modulename> , [fij <modulename> 7L Python f] punycode 9t , HEFSTHEH A T L]
2. 7r Python Hi:

def initfunc_name (name) :
try:
suffix = b' ' + name.encode('ascii')
except UnicodeEncodeError:

Q)
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suffix = b'U_' + name.encode ('punycode') .replace(b'-"', b'_")
return b'PyInit' + suffix

A PATE— SR S 2 A, il E AW R . T A5 AT S iR A A
#, RUREE B RN T S R SR . BF T —ANE Eay SR T, fE PEP 489 T
[TEZINEP

2.4.1 {§iJi] distutils fy&dt C fil C++ ¥ )¢
YRR T DA distutils SEA 7, X 42 Python HAFAY). distutils 4937 35608 —dkH4, B IR RmEgsm
distutils G RELEEY 2,

—A~ distutils AT —PIKBIHIA setup. py o X4 Python 3L, KZ B RILR T HL, HiEAK
LU

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])

WL setup.py , MM demo. e, BfTHIT

python setup.py build

XYEF demo. ¢, RIGTAE— AT BB demo 7EH Sk build B, KT RS, B SCHFSE
HEATHFEFE U build/1lib. system , ZFA[fE2 demo.so B demo.pyd .

FECMF setup.py B, FPASIERA D setup B8 xR AR 2 AR B R v S8, B
T F R T — 74 FRRITREEE 0 TR E THRERIUEE, AREE TENE. B
ML EFEL B, WR Python RYJEALEIHL . OB, T4 . 5S4 distutils fY3CRY, 7E distutils-index
KT RHEZ distutils PRFPE; AT AR HY BB R 2

HH W E S setup (), MBI I A, H a0 b3l 7 K setup () 11
ext_modules Z¥2& —F| ¥ A, fAE 1 Extension FERYLH. BlF ) SEBlE LT R
44~ demo , MIF—IEE LM E demo. ¢ o

WL, W RAERNL , FFEAIMYAEE g SCRIPE . 417 )1 Js T X2t

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
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 = '''

Q)
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This is really just a demo package.

ext_modules = [modulel])

Bl H R AL setup () FER A INEIAME B TR, I A UM BN AR . TR, Hid
SE T BALEARE X, include HSE, JEHSE, JE. KB gnid, distutils B 23 fIHA T AG08 7 4550 1%
fite BIANEE Unix |, LR AT gikan <

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

XU TR B iy distutils B Y% AH(E distutils GE E AR A .

2.4.2 KRG B

B Y RE GNP, A =M AR E .
A OB AR BRI, W DA Ais T

’python setup.py install

B AP N FRR S AL SN At T

’python setup.py sdist

BHEFENT, FHFEAERMEZA RSN Xif) MANIFEST . in CPFSCPL, & manifest
RN

WERIERD L AT R RS, 4Edr 2k n] AR ki KA. Buk T BARES, AR i—4
AT DA SR SE AT 45

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

2.5 1 Windows |-fy& C fll C++ ¥~ )i

X — LR B4 1 AT 6 Miicrosoft Visual C++ @8 Python () Windows " JAEH, 985 P4 XL
TAEHLB PR TS SAE R X LEBEIA BRI E T Windows F2 7 b3 2 >) #4)7 Python 4P & Unix 72
J7 512 3] AT A= BUEE Unix Al Windows |35 G 4G @ (1 44«

G AR AR distutils J7 xR A YT A AN AT Irid i K. AR5 TR B C 4R
oAb g8 Python; 3 5>k Microsoft Visual C++,

W X T 2N UFE T gifid Python MUAS U4 o X BESCIF 2 AR R R XY BRCA SR A3
S, X RERRITE A ) Python A AT M ERUAS T 'Y RERIRIUASS . B, QAR T )
&2 Python 2.2.1, XY ¥k 22,
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2.5.1 il

7t Windows 1 Unix EAGEY RAIRAA PRI 1 distutils MoREHIMEIIRE, SF T3
. distutils 77308 T REZHP ;M distutils MEAIFT AP RAIRAY SO I distutils-index., 4l
RARK DR L T EF A, IEABIE—F winsound FrifE PEBHL I H SCPF AT BE S ARAHE B -

2.5.2 Unix il Windows 2 [i]I¥) 25 5

Unix I Windows X T AU A AT ] T 58 AR AE . FEARes il d nl gh 8 E i e 2 7,
TSE T RRIT AR G Al T AR

& Unix H, —PIESXIG (L so) SCPFP AL SR AR P R ST B AU, B0 S 7ERe e v ] Bk B i) R
PRAEE . 2SRRI I, X SCPRAURD Hh ok 26 ek BRI Bt ) 4 v | R iSO R 1 A
H B RO ST E AT PR BT ) SE PR B KBRS e — MR AR

£ Windows ", —MEIESEEREE (A1) SUPEH R BHERIS I o il — AR AT bR Ak
Wi . NIz T DLL ACH Az TIN U TIE e MR, (U E 4 T DLL ik, if
HACBATIN BRSPS I AT 1745 1 14 R BT R -

A Unix #1, HAFFE—FUESCME (. a), BAERA SRR (o) M. IR MG F (- so)
MR T B, BERAR T RES R ILE A AE AR AT E I B SR o BEHEAR-RFAE A PR X G 30
FARE AURIRE 7B, HERSH S U BN RS U .

£ Windows w1, FEYEMMZEER, SRSEMIS AR (A - 1ib). #EESERLIT Unix (1Y .a 3CMF;
B STELE R TR . S AR EOUN TR EERAS REOA O E AR AT AR, I HARAE
DLL g aiint LT AR o X RREEE AR nl (1R A A PR (£ S 2 2 4R DA 71 R 45 7€ DLL
IR IR 29— AR B DLL gy, W RESEM— DS A, B 2N T A7 5
DLL AR I A {8 Tk Le4F-5 1) DLL.

BAZARIEAER PR SIS B f1 C, BN Y42 — U A, 7E Unix b, /R RERFA.a
B HEREARAVE N B so Ml C.so; MR FECEHAIENIK, XFE B A C Ko ilila el H 4. &
Windows I, Zii¥ A.d1L ¥FFIEIGRIEA. Lib, /R M SR A Lib EREEESH T BAIC, A.1ib HAH
R B ROSRESITRH T Ui A BRI REE .

1€ Windows I, i S AEA NG ZMH import spam; EilARW AT H spam 4 FR, HIFAA
B—ANMEA . 7E Unix b, 88828 —NEREHBZE from spam import *; EoAlE—HRME]A,

2.5.3 DLL 15zbnfdi
Windows Python J&{F Microsoft Visual C++ HA4 1) i ] Hofth g i g8 vl BE Sl BEAR & T, AT
FABFEE N MSVCH H

247 Windows 14178 DLL B, ROAGURF pythonXY. lib G4 5EAR . B4k DLL, spam Al ni (£
] spam HHREI) C pRED, R 24 H AR i

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

B—&mAAlE T =40 spam. obj, spam.dll fl spam.lib, Spam.dll AfUE{F{] Python F%X
(1 PyArg_ParseTuple ()), {HEIld pythonxy. 1ib A DAKITE UM/ E Frif (¥ Python XY .

WA mAAE T ni.dll (AJ .obj Fl . 1ib), BEHEELM spam DA K Python RJHHATSCHEH 4R 2 i
EHIIEE

NP S S H R AR R WRARAEEATA] KA (245 Python) #FRER BIRAYFRINAT,
RLE | _declspec (dllexport) , FLUIFE void _declspec (dllexport) initspam(void)
B¢ PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—#F,

Developer Studio K Il A K BARIF A EIE TR EHFALE, AR HATSCPER/ NS 100K, ZHRBEAT,
T P 000 H B AR RS E 2k BRINE . IR msvertxx . 1ib FRANEESFE .
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CHAPTER 3

FE R B AR i A CPython sz AT

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

3.1 fEIERHFEFik A Python

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

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

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

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

S U

c-api-index A SCIEANANZT Python iy C 421 . X HUA RELEMFE L.

57



Extending and Embedding Python, %1 3.9.18

3.1.1 RJZKIWIRA

S5R39 Python i AT 3Rk LR IR TR SR AU BE 11 . 682 11 0 R FUMT— B2 Python I, 11 J6 5
TR EEAE ., HADA T QRS T DA R SCPREA T — 2Rt

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

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

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

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

1. %4 Python [ 4E(H E C,

2. ARG EHEIT C R RBOR A, PAK

3. RE AR [ B A C #4824 Python A%,
A Python H}, 352 LA S Al :

1. 45 C %dE{ES) Python,

2. AR5 R TR Python 42 1104 BRI

3. RFU AR A1 ) Bt A Python 544y C A%,

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

AR SBHEUMTF L A Python #6458 C 2%, 2 IRR. I3 SN MBE B REAE 1B 66 15 1 1A BEES
o HTX ey SRR I DX B, 15275 A Y B AR TR R
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3.1.3 4lijiik A

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

BLisAT Python A b U R AL, LS ANTE :

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

int

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

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

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

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

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

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

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

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

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

}

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

def multiply(a,b):

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

c=c¢c+b

return c

IR EE RN

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

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

Py_Initialize();

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

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

pValue = PyObject_CallObject (pFunc, pArgs);

MR BRI, pvalue B2 NULL, BEAMEXREGRIEMERIG I - 366 ER 58 R REZ5 1 -
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3.1.4 Xfix A Python Jjfgtfrd™ it

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

static int numargs=0;

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

}

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

bi

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

bi

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

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

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

XTI HI AL T numargs 28, il emb.numargs () ERELAERL R ALY Python MRS T3] . A
Ty g, Python A H] DAFRATISMIPA T HIRE :

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

TEFLSRRY AR, XA IARHE I B APL 225545 Python i .
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3.1.5 1t C++ hijix A Python

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

3.1.6 1E2& Unix REh 4kt
NT4F Python fERESHIR AN NIRRT . BN LR IFSRAL B oiFas IS HHARSF, Feale Rl
Python I FERHE DA C B Y  (.so 3CiF) mfEseilig.

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

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

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

* pythonX.Y-config --ldflags f§4 HEMINEHES L.

$ /opt/bin/python3.4-config --1dflags
-L/opt/lib/python3.4/config-3.4m -lpthread -1dl1 -lutil -1m -lpython3.4m -
—Xlinker -export-dynamic

1EfR: 4 TS24 Python R HUAT | AIRAL (Rl R TE R G L A H Camik A2 1)), d@HUH
pythonX.Y-config f§E XL, AN BTk,

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

>>> import sysconfig

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

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

AR R

-
2

Al

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
- AR A X
o A2 AL b ARPRACES AT I BRIARY Python $27RFF, AU6E: ZEbrgAaddl, BO0 - FafF
ZW (B3ES. ks, ES8=E5), s MRz )E.
* Ellipsis NEHFE.
2to3 #t! Python 2.x Ui 4% 45> Python 3.x AASHY T H., @ MENTIRAD , ik [y ARAFTARS , AL 34 oK 22 %5k Tl
BRI

2t03 AL EFEARHEE T, B 1ib2to3s At THSL A M AN Tools/scripts/2to3. L
2to3-reference ,

abstract base class -- IR AR MRIAEFFK ABC, J&Xtduck-typing AL, EHRAL T —FhiE S DR HT
FR, A T HAE I G0 hasattr () B TRMECERUISHIR (IR BEA ). ABC
FIATHELT2E, XAITFARGR B A, (HAMIAERL isinstance () Ml issubclass () Ak
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp) . 5 (78 numbers B U (FE 1o Bk ) S AZH SRS (7E import1ib.abe
B ) . ARATDAREHT abe BiboRA1E B 219 ABC,

annotation -- b7k KIKP|IRAALE . KJEM. RBUESHORMMERRE, BB LA REM.
SRS B AR AT I AN AT DT, HA AR B S Jm MR BR B AR TE 2 70 AR . 2 Bk L
M __annotations__ 4FikJEMEH.
2 Wvariable annotation . function annotation, PEP 484 F1 PEP 526, %t WINHEHH N

argument -- 5 7EVE ) BREAHME L function  (Bmethod ) WH. S84 FWifh:

o RHEF A TERREOR I P T A AR AT (B0 name=) SUFAE NS TERTTAA ** 15
JRHLAEM A 250K, 3 FI 5 AEPA TR XY complex () B Y@ T Kt 7S

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

s EE A AET RETFSHSEC MESEOTH T SHON RIS AL S8 wia
WA * Witerable RRITTRGAE A . 20IRUL, 3 F1 5 LA M P BT B SEC

complex (3, 5)
complex (* (3, 5))
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SR RRAEL L5 PREAR 6 B 1 JE iR As e A CRAELRR N 2 I, calls —5 . ARMEIETS, AR5
FRA] PR FR— S8 A A I SRS % . 1 RS i
Tz Wparameter AEFZZH , HILEH SEEE S X HIPA L PEP 362,
asynchronous context manager -- 525 | FSC8FPRZS 0L AP XF 4 il i F X __aenter_ () M
__aexit__ () FYERX; async with {50 R TIEE . B PEP 492 5] A
asynchronous generator -- 53542 K 2% iR [ {B ~asynchronous generator iterator W R, B 5 async
def & X PEEREARFALL, ANRZAHETFEAS yield b PA=E— RS WHE async for
PEA T A1
WARIEE 245 70 4 g AL, (AR RS B0 R ] GEJ2 48 o+ &
R BRI AR ARG
— N AR RO BB await KA E#H asyne for PAN async with 4],
asynchronous generator iterator -- 525 2 g5 028 asynchronous generator eRELFT IR R A .
WX S JE T asynchronous iterator, 4R __anext__ () JEy &R AN 0] SR Sk 00T
S AR R RIS B R T — yield £ibx,
A yield SIS EE, (CfEY4 R0 B TRS (1 RERAS m R try 154). 241% 5
FAEMREEREGHM __anext_ () REIWFTERFRRARUKZNS, B MEFFALE LT T .
Z: i, PEP 492 F1 PEP 525,

asynchronous iterable -- 5 B[ IXfRM R W E async for i A) o gk 6 H 09 X S b 0 B W
__aiter_ () FEREl—"Aasynchronous iterator, B PEP 492 5] A,

asynchronous iterator -- 5330S LI T _ aiter () Ml__anext_ () HIEMIXIER. _ anext_
WLAR Bl —A~awaitable 34¢ . async for LAFLR LR __anext__ () FiAFrR I A5
fixts, HFHD| % —1 StopAsyncIteration B . H PEP 492 5] A,

attribute -- JEPE HKE]— W RAVE, LA RS2kl KA FoRG . B, aR— R o
HA @M a, BT A o.a REIHE.

awaitable -- A 25 R0 R GETE await FRPHEHXTER . WA coroutine B2 HA __await__ ()
IR . S0, PEP 492,

BDFL “&5{-ZZM#E" W45, HI Guido van Rossum, Python A1) .

binary file -- —3FHISCIE file object REMG RS F 7 Kb o R SCHR B R A BRI (Teb,
"wb' or "rb+") FTHE M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSEHI.,
TS Wiext file T REEMSIES st MR SRS,

bytes-like object -- F=Vi%I%} 4 7 ¢ bufferobjects I H §E G U C-contiguous b Xt 4. XMW H
bytes., bytearray Ml array.array ¥4, VANIFLZEE memoryview X%, F1HNF 4
AIEZ R AR B E P R XS E AR R . PRAE N B SO ARGl B T R R A
SRR BN AS I O . X RAE SO T AR AT TSR . A ARG okt
ZIBI 45 bytearray PAJ bytearray [ memoryview. HABRAEER —#EHIBE T A
AIARRT G A R—RE) s X636 bytes DA bytes X4 [ memoryview,

bytecode -- ‘= {ifity Python JFAUIS 29 4mit 470, R CPython fifkiss /R Python 271 RS .
FATIA S GATAE - pyc S, XFESS IR PAT R SCFIE BE R (] DAGR 25K 5RS 28 4 13
HEARY) o XA FRNE S B TR R AT S A T WL AS i virtual machine 2. 1o RN [H
Python AL LA —E#l A, tA—EBE7EAH Python liAS 345 .
FATISIE A F 0] DATE dis By SO R R .

callback -- [ —ERSE L A U DATE AR B9 A1 209808 FH 1) 1Bl R iR £

class FHRAE FoE OSBRSS WA SR TR IR 7 e

class variable -- J8A8 & 7R AR, I HAURTESRMZ I B (MAS LR L H P IE 20 .

9
9

SR E. WPRFEIERE

9
!
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coercion -- JFISRIEEHE 60 S AR R 2R B S B RAE T, —FhR AU SE 0 R U 40k o —Fh 2R
B, BN, int (3.15) @XFIETF SR REAEL 3, BAE 3+4.5 1, SRR IR—3 (—4>
J2 int, —A>g float) , PHEWAEARAH R B GEAHM, A IAF5 % TypeError. WEREA
%%%Tﬁﬂ%ﬂ, TP BRI W AR S B — M A R 2R AL, BN S Y float (3) +4.5 1
AN 3+4.5,

complex number -- 525 XL RGP R, Hd g BUEEEER R A SRR A R AL
EECEERCANL (-1 FPPIR) MSEREE, EEAERARE N 1, TR EN 5. Python P&
TXER SR, R TREZEC TG BEEE— 3 B2, Fl 3+15. WARFEZ math Bk
DI GE%F B EZ BOR AR, M cmath, EAEIM & — R R BRI EAE . SRR 1%
HbsE, ZMEATHE IR S T

context manager -- |- FICHPIEY TE with i) P, EdE X __enter_ () fl _exit__ () F¥&
K= HIAFARSHIN G . S0, PEP 343,

context variable -- |- F 305 —FRIEH B LR SCAT ARA AFRIPER B . XRUTFAELR R
PR PATERE T AR A ANFEP AR A, W ETFCEERY, — M Tdfdngis
HZA TR, BT  RE ARSI KRS AR TiEE:. 20 contextvars.

contiguous -- ¥E8; — NEp IR R C #4218 Forran % 5t SW0A R HELEN . F4EZ /2 C Al Fortran
LN . FE—4EB T, Frf 2 B U AE AR TP I AE S HESY SRS LR s =5 0T
TEZ 4k C-IESEA Y, 244 AR HES I B — AR5 V5 A 4% B i fe i . {H2 7E Fortran
LR NE ARG etk

coroutine -- Pt T BIRERYE— BB . IR AT AER — Rt ATFAE S — GBI AT pA
TEVFZ AR EREA L BIAKSE . EATAEE asyne def AR, 2L PEP 492,

coroutine function -- PPpFRERREL 1R [B]—coroutine ST HIREL. IMERERTET asyne def {BA]2RE X,
HA] el await. async for fl async with K@, XE4ERH PEP 492 5] A K.

CPython Python #ifiE = HHITESZI, #F python.org b % 7. "CPython” —ii] [ T b B4 I S B 5
S PLAG14n Jython B IronPython AH X jjl .

decorator -- 2E4MH%Y IR [ R — N EREUI R AL, EEMH ewrapper EVATE AR TREUS e . 20
#RE ILA F4JFE classmethod () fll staticmethod ().

AR U —FEIRNE, DA AR SR S Ese %

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

@staticmethod
def f (arqg):

FURFAOBL IR T, MR ILFHGET . A7 XARGERIS TR T 5L S S 000
.

descriptor -- ik 3y (FTEXT __get_ (),__set_ () B __delete_ () FERNL. B—1HKE
PRSI, EMEIRE E T S R A R il . EEIE T, B a.b SRR, BE
SMER— AN BT SHE a 2RI AR FRN b XS, (BUR b 22— R, WS TE XY
HTRR R T . BRI A o8 O &2 B IR 2 YR FRAR Python i 5658, [RUORIX B4 2 SRR A BL AT
GIERE. . @M. . ESEASOT IS | &S

B XA L T ERE 25 E, 15257 descriptors BY ffiiA #5708 H 57

dictionary -- ‘y 8t — N SEPELAL, HAP T B BEA ST B A Y A . BT DLRATATHA __hash__ () A0l
__eq__ () HYERXTSR. 7E Perl 155 H#1H hash.

dictionary comprehension -- “y2lLifi: 35X Ab A>T RGBT A B0 43 JT R I R B 45 R L —
MEESY, results = {n: n ** 2 for n in range (10) } HHH—1HEn F{E n **
2 BRSSP FL . Z: I, comprehensions
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dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fl dict.items () 1R EIRIXTEYEFR A
FHAE . BN TFIZE DN EISHE, XERE L FHRSER, WEESHHN A, 2
R R s L Ao BOE RS 2%, WA 1ist (dictview) . 2/ dict-views.,

docstring -- SR AR (098, BB 2 ISR — D Rb U R A7 B P . EAE RS IAT
I 2m, (HoPRERT R BIF A FIESR . sREEREE) __doc__ @tk . T En TN
B PNAE PR R G SR PR LT (o

duck-typing -- 181289 J5—FPgafE KAS , BIFAMKEERE SR SR B0k e K2R/ A I\ D, m
T EEFA SR (CRERGN T, WEREGN T, IRaEERENT.”) BT
SRR O AR E 2R, B R RS AT A R 2 SRR T R G M. Y12 AR g0 (il )
type () B isinstance () ¥ill. ((HEEH NSRRI 0] DUEE A 46 508 % fERAb S, ) SR
i hasattr () KB EEAFP JRft.

EAFP KGR ICRIFRTER D) TESCHES . X Fh Python # F AU 2 B RS 2 M5 E T 75 1 Bt sl S A7
T, e E A RIS . DXFR S P KUAS 1 st @ Kz try Al except iB4]. T
AT 2 BT LBYL WA, 35 0T C FiF 2 HAhig & .

expression -- kX T PUK HEAMERTEERIC. a5, —NFERAG R RB RGN mE. 4
R BT EEASEREOR LR, EARAH SR ME. S HMES AR, IFE
A G S AR R RR . EA R HER B statement , BN while, WREWEJE TiE4]
[IE|= 525

extension module -- JJEE DA C 5 C++ i S AUFE, f ] Python ) C API K 51E 540 DA AR
AT A2 H

f-string -- f-F4Fp VA £ B0 F BIR I EAT R I EE R e B AR S AR R T
{HIY RIS . 2. PEP 498,

file object -- SCPEXF S X} AR LT 7] S APT DAMHF T2 HEIXN S (A read () 3 write () iXAE
) o ARIEHATE T XEAFE, SCERTG ] DAL B BLSE G #50F, X HA 2R AU 6, a2 Xt
Eiﬂ?‘%é’ﬂi)‘il‘tﬂ (BlanbriEs A/t . WA IX . BT, SE%%). SUENSRMpRRh
;ECXT}— E‘ ‘/‘Iﬁo
SEBn b SRR R SCERT S SR IE = Bt A S, ek — i) U DA LR . BT O E
SOAE o B, B SO SR HITE 5 U2 open () BRER

file-like object -- SCPFHRIRF G file object {[H] SLin] .

finder -- Ry —Fh 22l AR T AL loader IXTS

M Python 3.3 2 fFAE PP ALAY A R 8% T3k 12 & 4% il A sys.meta_path fififfl, PAKpath eniry
finders Bl & sys .path_hooks ffiff].

LT 5 0 PEP 302, PEP 420 1 PEP 451,

floor division -- [ FICIEBRIL [N 8 A BB BB BA BRI . ) N HCRBRARIZFAT2 // o B
an, k1L /7 A WTHESERE 2, TS 2@ S A EIERRTAR ] 2. 75 o HER (-11)
// 4 2R -3 FIRkGE -2.75 @ TR ARGBIEER . L PEP 238 .

function -- FREL T DAV I35 3R ]SS AMEL — 25 4] o i8] DA AL ABASE 2> 240 HFAE R BUA I T
i . 59 Wparameter, method 1 function 277,

function annotation -- FEchr: B EX B EE 280K [l {E i annotation .
PREFRYE I T £ 2042 7« FInpA T B Z A int SEOFHIER A4 int {H:

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

BRI EAR TR R TEAR I function —7
&% & variable annotation #11 PEP 484 % LT G4

_ future__ future 4], from __ future__ import <feature> J§/niiFae(di I FH7E Ak K/ Python
B AT B E B BRSOk i Y pi R . future_ BIHSCRYICSE TR AERY feature B
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{EL. I P A BB HASRORAE, AR AT LA BRI R A E AT I O OB ZIE 5 AR E
¥ (HE) T EIA:

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

garbage collection -- L3[Rl FEHOR FAL 6T A9 A5 RIS #E . Python S 45 | AR —A e ke
WANFTAEERS | F PRI LS R A TR Iy o T DA g AR e fs sl 430 (el e 2%
generator -- /)% 8% 1% [B]—A>generator iterator IR EL . ‘EHERFMBGIFERE, A SETHAE yvield
PR DA = — R AIME LS for- IR BUZ T next () BREGE—KIEL.
W BTG AR, BB S T TR 248 AR B E KR E . WERFEFH LSS L, iF
{6 2 FR DARE G IEE S
generator iterator -- 2l R ESERES generator BB EIINTS .
A yield SIGHFEMEARE, A M EPAPIRGS (BRI RSN wy 15A)). M4i% 4
AR R BT, B METFOCERE AT (X580 AR MO T 6 ) 538 bR E 22 HIAR )
generator expression -- /E R3S RIE R IR [B—MERINERIEX . EHEREBGEE LR EHHH E X
T—MEHA R, JERER for 74), PA—DAIER 1 78], PUFEAHRRX S HIMNZ R 5
— AR AIH:

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

generic function -- {ZZRIpR %L R [R] 114 2 L SR [R] A 1 224 ek B0 AL B0I) R AR . 0 T T IS 2 Hhy 1 32
SEYE A 2 WA (50 FH IR S R
Y52 Wsingle dispatch RiEFES<H . functools.singledispatch () HEfigeA K& PEP 443,

generic type -- {Z® T[Sk irype; WHE N List o dict XFER ek, TR AT =/,
WEMT SN Z R4 2%, PEP 483, PEP 484, PEP 585 fil typing ik,

GIL Z: W global interpreter lock

global interpreter lock -- 2 Jaifi BEAYHE CPyrhon fifREds IR A B —FILH], B0 PR [F) — I 20 A — A4
FEAEPAT Python byrecode, WAL T B EXF QAR (GUFF dict SFEZINERA) XTI AT
FI ka4 42 a1k T CPython SEE. 25 BEAMRRERIN BN (E AR 2 AEa AT 3, AR T2 4
YT HEZ b PEAS R AT
Ak, FESERUE B =5 PR 8T R AR R T e AT AR 4 AT 55 T 4 R A BRI
GIL. A5, TEAT VO BRI EE 25RE GIL.
Bl (PATEASAR R B e 8dim ) < B &R MRS MR IARIS), Bix e
PR A R A PR L R RE o HE v IR PP B 1) A 4 R S B ARG A 2, TR
MEDAZES

hash-based pyc - 35 TWs Ay pyc. 01475 302510 7 7 A 5 e T S R 745
GAECANE . 2, pyc-invalidation

hashable -- W57y — /N XFG2 [1 0G Fi (BL A0 SR AE FLAE i B 0 N 4R e As . gkl Too4 (BEREEA
__hash__ () F¥), 0 ARHMA LTI (ERERA _eq () H¥E). WAL
O BAG R R P A (B U S5 SR A 2 A ]
A A PE AR AT SRR P IR B AR A R T, DR A 3k SRS 5 A8 A PN T A A (L
KZ %L Python H AN R4S N B X R0 v A i) AIARZE RS (Blang) ek =) ARG A: A
AARZEAE (IANTCALA frozenset) (4TI TCEI MG A I A R ATEAE . 1P L2561
ML AR .. ENFERRE—E& A HE (BRIERSACHE), BT A S &
TEAM id() .

IDLE Python [{) IDE, “SEJIF K 52 IEL” LT . 42 Python ARt A AT PR 1 B A S o 248 11
fERERR IR .
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immutable -- AN G BAREEEFNR . AN RUELT . FAPHAICA. KRR GO GER
AL o ANAALITAFAH— DAFIE, WL ETHET AR G o BN TER 2R R A (E A T R 2
TERL, BUAnfEA F J i i

import path -- S A HZAME (B 2458 ) AMNPNE, SPRIMIpath based finder i A $,
SAHW. TESAR, WAESFEEEKRE sys.path, HXFREARBELATHEREH EHEH
__path__ J@.

importing -- F A 4—MEH ) Python AU AE 73— MEEH ) Python AUAS T 6 A 72 .
importer -- FAZY EHIIBBIRIXTS . WX GBEIE T finder & T loader

interactive -- 28 . Python 747 — B AMRREAR , RIR AT ATEARREAR S /75 e i AT Rk, S Rp
PATHERHLGIR . AFAWSEMIEE) python fiyd (R ATEARIY TS HLIT IR B v e A0
ISR EAT) o RN OB AR B SR DR G B IR X Ay SN AR (A help () ).

interpreted -- fiFFE%! Python — @ MRREALET, SZMMARHIFALET, BRI DO d 1577
TS G i B AP AE T 2 A7 TSR] o 3K R WR A YR S ] DA L B A7 i A 4 2 s B 2 T A T SRz
Fro FPREIE T R B A AE S AR IT AR R Y, HR AR PR iEf e EE. &

Dinteractive.,

interpreter shutdown -- fRFEZT CPH PRI, Python MR &e-RE A —MEFIRIZTT B BOT 2 2R
BUTTH E M BEGTIR, B AR P NS 45 . EIR S BRI A DI 35 . XSl
S ATH AR B 5 | I P A AT o T8 R PP Be AT AR T RE B 2 A A5, RO TR
B BHRCATA R (F RGBT AR s LS5 ) -

FEREAS 5 2R P R A __main_ AEBREETIETT I AR B 58 kAT -

iterable -- nEAUR R AEAS 1B —IR M H AL A TR G2 . WTIAAR R B BT A8 B A e 102628 (Bilan 1ist,
str fil tuple) DAL EEARFHZRAIBIAN dict, ST & PAKE X T __iter_ () H¥EoEsesl
T2 X __getitem () IARIER HE LRMR.

AR T for JEFRLA K2 AT E—DFIIRMTT (2ip O L map () ..)o H{—AH]
BRGNS EALLNERE iter O B, BRREZMGAIENAL . X AEE T E
EAR AR A ARG, REEAF R iter () 80 3 CAHEARXTS
for iR MR A S AL BRAR LA, BIEE— NG H R iy 44 248 5 DORTETR S R R AF ik g . 2

Diterator sequence [)j\ ﬁgenemmro

iterator -- R3S FRF R —IEREIRRAATS . ERRAERIIN _next_ () FE (BFHAELN
HEMRE next () ) RREARERH A 2484 5 T 5] & StopIteration J# . FiX
IR S P BRI AR, REEH L _ next_ () HEHSHIRE| A StopIteration
T, BREUIESE __iter_ () FEHKRBRENZIERZENZH S, HItERL 0 2%
RXFG, g T HAL B S 3E R 6. — A E BN & 2 R EE 5 IR AL
TS . a5 (B0 1ist) FEMRERRMHEAZ A iter () REECETE for MEERH (& IR
SRR AR IE AR . ANARAE R O AR 1 2% A I 2 1R R AE 2 Fi kAt A e gl A R (]
—EREN S, ARG S DR
25 B EF typeiter.

key function -- B pR%L R B FREE PR R 2L, = REWS IR o] T HE R s HEN OB i v R R &, i,
locale.strxfrm() ] HFHEM—FE4E KEHET 2 2 78
Python W5 122 T. HEB o4 FH B sk Bk ¥ Hl e R HEM 84 4 50, P46 min (), max (),

sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA
M itertools.groupby () .

FAE— R 2R . B, str.lower () HEF AHIEZA I NEHEF BB R % 5
Ah, R BCR A E T lambda FEEREAIE, Bl lambda r: (r[0], r[2]). i~ operator
PR AL T =AM R A& #8 © attrgetter (). itemgetter () Mlmethodcaller (). HEE
QAT HE R 17 PASRECA 8N FH gt R A s 1

keyword argument -- G355 2 Wargument,

lambda >t flexpression ¥ U4 NIRRT, FRX AR IS POR(E. 4 lambda pEUIN FITA

N lambda [parameters]: expression
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LBYL “JefrF JGBEER” Wi s . XA RS 0 S KRS S AESEA TR 1) B0 4% 2 i e s A i 4 4 8
PEXAE 5 EAFP J7 UG SO EE , R R R AT 1 £ 154
TEZ AR, LBYL XS FE “&F/” M BRI A ZMmS . flan, AR
if key in mapping: return mappinglkey] W REH TIE/EBAEZ )G HAMLFEM mapping
RS IR T key T A o X TR SE AL NS EAFP J7 ORI

list Python [ ¥ ff)—Ffsequence. BIRZ RHNFR, (HHERLIT HAWE S B mAEsEE01%, FEhiH
TR AR O(1).

list comprehension -- FUFHE S AT 1 6 B A7 S840 TE 2 4 B G T B R
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] KK —
A~ 0 3 255 i NI S HEf R EON B AR E (0x.) 9813, Ho 16 A2 ATRRy, AISRAE g I
range (256) WA TCRA AL,

loader -- JIEZT 7153 MBS L. BELHE L4 K load_module () WYy ¥E. MR EH H —
A finder 128, IS PEP 302, XfT-abstract base class W] Z:Jl, importlib.abc.Loader,

magic method -- FEAR J51: special method f)AEIE =R XA .

mapping -- Wt —Fp SRR R A R OIF SE B T Mapping 3 MutableMapping 52 528 1 ir i E
FERERNS., RN RH T4% dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JCRRIERIRES sys.meta_path B R BT IR 8] W finder. TG AR 3 28 Spath entry
finders FFAE KIPAHH A .

JE#F importlib.abc.MetaPathFinder T ffICEARET A8 A SCEl M 1.

metaclass -- JLJR —FHTRIELRMIE. Fow LOTERL . RPHMMBELRY| R, kit Lid =1
SHOFRIEM YR RIS g s S AR R — N ERIASE L. Python (4512 A0 7E T
Al PAGNEE g LTS KA POKIEA TR B A TH, (HYS TR, JoIenl $EAsm i fusk
WIS EANCHH TIEREER HE . MR e IRERT A8 SSHlmel, DAk
HA 255 .
22 I, metaclasses.

method -- Jjik TEAS TP W BREL WA R LR — N @R, R R IR B 5
Ve WS — A argument GRE 844N self). &I function fnested scope.

method resolution order -- Jj EfNTNE 7 A MEAT I S A A 4 B 5 e 188 2R A LS i I ) S 5 T
A A Python 2.3 JVEMENTINY THEE 2.3 HGE Python fEMT a8 A AAH SCSB8YE R

module %14 /2 Python A% —FhZH LU AN, FABTHEA MO v 44 25 18], WAL (£ Python X4,
W] 38 i importing BEAEREIN 23] Python

55 Wpackage.

module spec -- BEYRUAE — a4 2], Hop a5 T I AR B A A X A B J& importlib.
machinery.ModuleSpec HJSEH.

MRO Z: iLmethod resolution order ,
mutable -- WEXF G TSR R AT DATEH id () PRFrEE RO TSR IBE. 5316 S Wimmutable.,

named tuple -- B4 e8] ARif “HAool” ol fI LMo 5 oo, HHHEAH Rl RG]0k sl 4
PRIBHER T B AR S B m] eI A AR

AENERMETAAICH, 04 time. localtime () Mlos.stat () KEREI{E. H—B1T %

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
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HLEAZTCALR N EER (Bl B sl 1) o sk, RS JTdlR il MR E UM tuple 4k
RIS PR Bi O 2Ok ATE . XS AT T95, s [ T) K% collections.
namedtuple () Q. JF—MIrsGL LU IN— T TS SN B AL ST T EsN ik

namespace -- iy 443 ] 44 25 AR BRI P . i S A R £ RAMNER, 832 PmE
A (FEEZ ). s 25 A B 1k a4 0P 98 K SCRpSEqb . 4N, R builtins.open
5 os.open () Wil B R 2SR XA o 144 2 () o B A A S S BB pR A5O3 Bl
PR AT E A T e PE . B3, random.seed () B{ itertools.islice () XFEYEIH T X
R B random 5 itertools FEHL BISZIIRY .

namespace package -- iy 472 W4 PEP 420 fr5| A0 —M X VE M A A Hpackage, fin44 25 [0 A 0]
PAEA SR IR, HAiA T X Sregular package RIF), FREANTEA __init__.py X
B[ % Wmodule,

nested scope -- iR BRI 7E— A SGERING ARG T, Blan, 75 —RECZ g LIF R PA
51 RIE AR & ET IR EVEAIERIA B X5 A SOn RS TR RihAs s s 5882 IR T i
WIZEREL. RO, &RAERFESNERT 2R %50, @i nonlocal KEF] TG
NINZE .

new-style class -- Fi X X} T H @& 8 T A BX LRI W IHFRIE . 765551 Python hit 4%
v, BB AR (1 A Python 3 (4 38 RIGHr Ik, Bl __slots__. #iAFF. FRAEJE M.
__getattribute_ (). EKHEMBSHESE,

object -- X AT HAIRGS (JEMESE) PALTE AT (5¥E) W%dE. object H2 LA new-style class
H e 2 HL 24

£, —FP RIS TR B T S B ) Python module, MR Fik, BREMA _ _path_ JBHH
Python 53,

%2 W regular package Flnamespace package.

parameter -- JE5 funciion (S7¥%) & PSR, BHEE KA DA Z I —Aargument (BEHR:
LIS, 2A40%E). AIMES:

* positional-or-keyword: B BT, 8 — 0 DAER AL F 20 A2 AT DA 5 42 A4
BARSES . EREARES KR, BIANHR foo Al bar:

’def func (foo, bar=None): ... ‘

* positional-only: {URAIE, $8E— A REBEL M EEANSE RAEES Ll T e m e
XS INRFPENZIFEE—A / FFREL, BT posonlyl Hl posonly2:

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

o keyword-only: {{FRXHET, F8&— N HEGHEM XL ANSE. (R AT LSl TE
PRECE LB SN F R & AT AN B S AL AN AN EES 2 i1 * RE X,
B0 R E ) kw_onlyl £ kw_only2:

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

* var-positional: WIAZRE, € AT AR — MEREE R AL E SHA B TS (e A
BZEEZMMESHZ)GE). BMESWEETEES AR = KE L, IR HEE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZ KGR, H55E A DMRIUE R R TS (MIIEHAES S 20 K
RYSHLIG). ZFESEEAEILSAREINS ~* RE 3, BIA LR kwargs.

JEZ Al PARIIN 35 5 AT MG RE SR, tha] DA R el e SR e BRI E -

5% Wargument RiEFEELH . S ESHX P HE ILE S, inspect .Parameter 2%, function
45D\ % PEP 362,

path entry - BAE A 11 import path WRI—ANERMAL L, Stipath based finder IR B P AR
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path entry finder -- ¥4 A A ES AT — 7] 8 I X % ] sys.path_hooks (Bipath entry hook) & [f]
[ finder , RIS RETE L path entry g iFREHL o

5% importlib.abc.PathEntryFinder DA T #BKIEA BRI LIS T

path entry hook -- BFEA LVEy¥ —Fhal 8 05, FER038 AT & 4R e path entry TR LA 1K DL T BE
%[l sys.path_hook ¥R [E]—"path entry finder.

path based finder -- J£ TP FRMIAE IR ES BRAM—Fp Uik 12 &3R5, AIHE—Nimport path AT FATS

path-like object - JEIRRRX R NFE DU REHENX L. BELXNZT IR — RN ERER str
BH bytes XA, B[ PAR— TP T os.PathLike MPINAIR . — 1 H+F os.PathLike
PR R AT E S os . fspath () RGN str B3 bytes RAEW LM RGEFE; os.
fsdecode () fll os.fsencode () AIHE 5 RIMLRIRAT str B bytes HRBPLIL . XI5 2
i PEP 519 2| A1,

PEP “Python iR U" MHEHHE . —> PEP L@ (it S0, JHKia Python #LIXFRAEMER, 2l
TR~ Python {3tk M Hlk BE Bk BAEE . PEP 1 2448 BORS i 0 F52 A KRS A1 T4 BURF 1 A S FR
ip
PEP [ A i ) RO R U WA OGRS S DR S 15 DA S R b 20U A Python ALV B3R
9SSRI AL . PEP A4S A STUEAEAL X RS IR, IR R R S AT A SOR .

%10 PEP 1.

portion -- 5y 4 BNy 44 23 AL BAAS H SR SCHH R A (BT REAFICT —A> zip SCUE) , Bk X
i, PEP 420,

positional argument -- i & %5 S Wargument.

provisional API -- #5¢ APT ¥ 5¢ APL 2 $545A R HERRTE AR UE P 1Y 1) )5 2 1 PRALE 2 AN I ) SR 2 1
IR Dl E AP ERUCE, HREHMAMC S &, il BB DT B 1 & A A0 B
TN HEAT R G (LR ZEED ) . WAEBOF A X BEREIET - AUE AP N
N RIS FEH ) ™ B BL A P G B 0 BRI AT BB 2o ik AL
B2 X APTSRUL, 15 AR BB il “ SRR 587 —— A A I
R R AT R SE SR B —Fh ] S5 A T R T R
AL B AR SR VAR HE PERF SN BT B, N 2= TR0 MR KR MBSO BRI T . TR L PEP
411,

provisional package -- 8¢ {U, Z: Il provisional API,

Python 3000 Python 3.x A RMMERR (X4 FHERAS 3 1 KA IEEE T R 2B 1) o A
HBAEE N “Py3k”,

Pythonic 35— Lol — B AURD S 25208 T Python 1555 S JH 00 KU FIBES: 1 AS 2 ) i 5
AR AR SE BT . BN, Python [y I A2 B £or TEAIFER A Py — A m] & AU SR
WA TCR . W2 HAE F B XRS5, IR 2428 Python ) AAT I & e 1 — N7t
K

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

TR ¥ B 15735 5 Pythonic (77 4 /& X FEY:

for piece in food:
print (piece)

qualified name -- FUE AR —A-PAUS S0 FRZFR, Tm MBEH )4 R E k8 2t v g A2
BRI YA “BRART, MOEE XL PEP 3155, XFi i EHRI R B2, FREZFRSX 54—
2

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

(P oUgkzh)

7


https://www.python.org/dev/peps/pep-0519
https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-3155

Extending and Embedding Python, %1 3.9.18

pass

>>> C._ _qgualname_

L} C L}

>>> C.D.__qgqualname___

'Cc.D'

>>> C.D.meth._qualname_
'C.D.meth'

R TG AR, R IR S AR AR R AR DS A B B A AR, e S A
ACHL, U email .mime. text:

>>> import email.mime.text
>>> email.mime.text._ name_
'email .mime.text'

reference count -- 5[50 X EFE XS 0951 AR . 24— NZ 05 % 2B, Bra B 9 TR
BORERC. 51 IO Python A5 Sk Uil & @ AW LAY, H'E & CPython SEL— D X4EICE . sys
HE LT —A> getrefcount () BREL, R 51TV F B R [MIRFE XTS5 | AL

regular package -- W Ml L5 M package, BIINALEA—4 __init__.py SUFRTHR.
%2 W namespace package.

_slots__ —FEFEIS NIRRT R, Gl FSE PR W SO JE A S X R I R R S B MR AT N A . AR
BRGAT, (BAE A ARY), Sl AR B DU R, B AE A A7 A 1 1 AR
Fe, HF HH A& KRS,

sequence —ffirerable, ‘B FHE __getitem () FRIKI AR A BEERT | BT R ICR YT, IF
FESLT —AREFFIRERN __len_ () Jrik. WEMFIIFMA List, str. tuple flibytes.
R A dict H¥H _ getitem () Ml _len_ (), (HEFIINETHSMAEFES, HAE
FEARIN LR immutable ST AEHEEL .

collections.abc.Sequence IR ELEN T —NTEEEWED, BIfE __getitem__ ()
_len_ () ZANXEINT count (), index (), __contains__ () fl __reversed_ (). LI
W R AR DARE I register () SRR

set comprehension -- A4 X Ab B —ASALEAR XIS A e B A U BRI IR I 45 AR G — Bk
EY¥E, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} BN FEFEE
& {'r', 'd'}. & comprehensions,

single dispatch -- Y5}k —Fhgeneric function 73JRIL, HELHEET BASHIZERIREREN -
slice -- Y)Jy @ 75 AL T & sequence f—T IR G U1 R 2l (8 AR CoR A=Y, £ [1

BRI AE B4 nEiT, il variable_name[1:3:5], H¥EE (Fhn) FRicfENFRHEH
slice X%,

special method -- $¢5% Jj ik —F' i Python [R=XiH 0 5 vk, HIRXT AN SR PAT R BRAE B QnAH fn &5
& XMOTEM TR E RECIRUN L . FEIR AR SRS L specialnames .

statement -- {54y 15 RFEFEL (—AMUE “H) ARSI, — B AT AR — A expression BHEANT
B RAEFRIZER, Bl if, while 8 for.

text encoding -- LA HIS#E I, 7E Python H, — PF£F 872 —H Unicode 0% & (FEH SN U+0000--
U+10FFFF), N TAFEEUES— N FArH, BEFREHTIMeh—R51y.
R —DFERFRITFINCH— N FAF N b, TNFA 790 h B B @ AT R iRy R
7,
AEFAFE ST gy, ENTGIRA” XA ghag =",

text file - SCASCHE —FURENS T st r AP I file object, B — A SCASCAFS R U I — AT 1015247

R T A Ak ext encoding. SCARSCAFI B F ARG ASCAB ("o 5k "w') FTIHFAY S0
sys.stdin, sys.stdout PAf io.StringIO M.
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7S Fbinary file T FREW LT F 9 AT 2 BSCHEXTR

triple-quoted string -- = 5|'5FfF R B RAW = NELENG]S (7)) HEHEE]S () MTFEAE. EANED
e LS5 E RS H A5 SN PR R A ANE, (A ZRL. ENRVFRETFRNE
BARGH URG SRONE 5, I Bl DS AT Joi B AT, 29 S SCRY T4 EB B R B
i

type 21 E —> Python X5 & T4 M2 BAXTSAREA —Fh2EAL. BUNTEXT S AT, AT AT A
T __class__ J@tt, si@iliid type (obj) KIKHL.

type alias -- RMU$4 — R E SO, A1 X2 BIRE 5455 2 AR IHRAT o

RGN R i 22 AF . Bl

def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
LA HEETG T B
Color = tuplel[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

Z W, typing Hl PEP 484, H AR HINRERITEAIAGIA -
type hint -- JORIEfR annotation AR FJBIE . AL S BOR I 1 E UG 2R 2L

TPEARIE T AT, Python RERAYE, HHAT RS AT TR, I7 Hph IDE 923
ey 27

SRR RV R KRB T AT typing.get_type_hints () KiJH, [HHA
B PA.

Z)L typing fll PEP 484, HAA7 Xt LI RERY HEAN il i4: o

universal newlines -- il JH#A7 —FPRE L SCARA T2, R AR ITA A AR IR BN TES AR . Unix (1947
LZER Y05 '\n' . Windows (25 "\r\n"' DL IHMK Macintosh [Z5%E '\r', Z I, PEP 278 1 PEP
3116 fl bytes.splitlines () THEHEZL HEH.

variable annotation -- bRl WA E BB M annotation .

TEARHEAL T AP , 6] ek HOR A

class C:
field: 'annotation'

AR R FE AR R A - BIANDA N A B2 int JAUROME:

’count: int = 0

AR AR ETE VAR AN fRRE I annassign —37 .
&% function annotation, PEP 484 1 PEP 526, A5} ILsh fEA E4NHGA .

virtual environment -- JE{EREE — R0 SR A E SIS BB 4TI BRES, A0 Python J PRI AR A 2028
AT Python 42 % U £ THE] [l — R4E LIZ AT RIS Python R fITRLFFIIFT A
Tz venv,

virtual machine -- JEIPL — & 56 40 1 B4 € LA THEAL. Python [ S AT AT =7 45 b 4 3 e FIr A2 7l
) bytecode

Zen of Python - Python il 51111 Python Vi N S, A B TR S Mo AL RhiE 27, 677 HLILIK
N FEAZ BRI R A" import this”,
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APPENDIX B

SCREERA

IXBESCRYAE A H reStructured Text JJE3CRY, | Sphinx  (—~% 724 Python SCRY 5 Y SCRY A s ) BIEE.

AR SCRARIE I L FUBEROTF 552 4 R A S 52 AMAY , T Python 42 &5 —HF. MRS Sk, 5
1% reporting-bugs T AN Z: 5 . FATRR UGB i) 5 A !

FEHE st
* Fred L. Drake, Jr., @& T J .10 Python SURYHY T HAE, PARIRE TIEH 2301
e Docutils #{4-4 TiH , 17 T reStructuredText SCAAE AT Docutils #4144
* Fredrik Lundh [/ Alternative Python Reference i | , Sphinx M H{5-3| T i £ {F i AE V.

B.1 Python SCFYwiik#

AIRZ % Python 1575, Python FnifE A Python SCEAA GTRRAY N, B Python YA A A Misc/ACKS 3¢
PESIH T3 DTk -

T Python X By ARITEAR, Python 474 T MM GBY SORY - S !
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C.1 ZEk IRy

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

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

2000 4E 1. H , Guido A1 Python #%.0>J & ] A %% %] BeOpen.com {2 ## T BeOpen PythonLabs [#{BA . [A]4F
+ A, PythonLabs [#] pA\ %% | Digital Creations (¥{ >}y Zope Corporation; [, https://www.zope.org/), 2001 4|
Python # {34 2% (PSF, Ul https://www.python.org/psf/) B, % &% R34 Python AH & H1TH AT
Az dEE FlZH4E . Zope Corporation FFE 2 PSF Rl L5

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

KARA | EA AEfy R GPL %7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2=
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 7,5
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF 2
2.1.1 2.1+2.0.1 | 2001 PSF =2
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 REE | 201 2001 %% | PSF =

{Efit: GPL A A EWRE Python #£ GPL R &1 . 5 GPL AJA|, Frf Python ¥ nJEAR SRR A4 K AG R
JaBIIAS, T TR IR T R . GPL )V n]E 45 Python W PAS H B e GPL R A& ff YAk 45
EER; B HENATT.

77


https://www.cwi.nl/
https://www.cnri.reston.va.us/
https://www.zope.org/
https://www.python.org/psf/
https://opensource.org/

Extending and Embedding Python, %1 3.9.18

AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRINsKLAILAl 5 AL Python 5k Mz 1

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

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

H2e 0 S 7E Python FRAR @ BT AR VAT . XEEVFal S MV Z TR —FF . A Kk
VAT R SEBE 51 48 S RO Fe Ak PR ey 35 TG 5o 33t

C.2.1 I J- PYTHON 3.9.18 1y PSF ¥ n] [lpi%

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

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

3.9.18 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.9.18 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.9.18 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.9.18.

4. PSF is making Python 3.9.18 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.9.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.18
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.18, 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 3.9.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 Ji] - PYTHON 2.0 1} BEOPEN.COM - wv] bpiX
BEOPEN PYTHON FFJi4 A M3 &5 1 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(R
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7.

granted on that web page.

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

C.2.3 JII'T- PYTHON 1.6.1 [¥] CNRI ¥ v Bpi)l

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

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

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

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

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

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

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

(N oiaRs:)

80

Appendix C. pj¥ AVl Uk




Extending and Embedding Python, %1 3.9.18

(£ L£50)

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 J}] - PYTHON 0.9.0 £ 1.2 /j CWI ¥ n[ B

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.18 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

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

C.3 WMORERAFI U Uk i

A58 Python Z A7 SR I 50 =7 FPFRVF TIOR8, %0 B AN se B BRI R 19
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ 2 /)
1. AR 2RI eI (F)

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)

C.3.2 £y

socket #H{# [l getaddrinfo () il getnameinfo () EREL, XLEREFE IS WIDE Wi H  (http:
/Iwww.wide.ad.jp/) R EESE SC R,

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright

(FgkzE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

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

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

C.3.3 &tk riiss

asynchat fll asyncore fHE & A R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &8

http.cookies FizRal4 DA H:

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
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pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 Piritaks

trace BHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 45 UUdecode pfi%

uu AL DA R

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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

(CFgkzs)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML it #E i

xmlrpc.client fEHEE DA FHEH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

C.3.8 test_epoll

test_epoll MR F AT AEI:

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
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the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BERIKT kqueue [ AL AR FHEIH:

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [} SipHash24 2 ¥ERISEH . EREPAT
—=
FEH:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

Q)
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all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #il dtoa

Python/dtoa.c XML T CIEF MY dtoa Fil strtod pREL, HIT-KF C 1B F WP BRI FAF R 1 TG
iy David M. Gay 19 [q) 4% SCEFIRAETNSE, %0424 5 m] M http://www.netlib.org/fp/ F#%. 2009 4F 3 H 16 H
For 2R 3 1 J 1 SO B AR BSOBCRIA W] e B

/‘k*‘k*‘k*‘k*********‘k*‘k***********‘k*********************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

* % o

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

C.3.12 OpenSSL

WERBEAERGEN ], W hashlib, posix, ssl, crypt BBR{ii/f] OpenSSL R mPERE. BLAh, &M
-+ Python [j Windows Fl macoS 2427 nl g {7 OpenSSL FEi#5 UL, B AESLAR 1] T OpenSSL ¥
FIUERFE 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.

*

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

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

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

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

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

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

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

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

* % ok X % ok %

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

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

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

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

the code are not to be removed.

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

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

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

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

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

[including the GNU Public Licence.]
/
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C.3.13 expat

BRIEBEN ——with-system—expat BB THE, T pyexpat AR M5 expat YR DG

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

C.3.17 libmpdec

AR ——with-system—libmpdec Bl E THZEE, &N _decimal FEHERE F A4S libmpdec JE H#2
DURE 7Y

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N i £ 14

test LAY CI4N 2.0 iR 4E (Lib/test/xmltestdata/cl14n—-20/) $E2HLEH W3C Mk https:/www.
w3.org/TR/xml-c14n2-testcases/ FHARYE 3 55 BSD 4 Wik & 47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

Q3]
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"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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JRAX

Python 53 SCHY:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

A RSEBM VALV, 200 L AeF Tk,
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_ future__, 66

_ slots_ ,72
SRR
PYTHONPATH, 52

A

abstract base class —— %35, 63

annotation -- ¥p¥E, 63

argument -- Z%{, 63

asynchronous context manager —- R{
B SCE AR, 64

asynchronous generator —--— R4 RES, 64

asynchronous generator iterator —-- L=
R AR A AR, 64

asynchronous iterable -- % A 3% A4 X}
%, 64

asynchronous iterator -- S iEU#, 64

attribute —- J&JE, 64
awaitable -— AJZEFEXT4, 64

B

BDFL, 64
binary file —- —3HEHISC{E, 64
bytecode —— FI51Y, 64

bytes—-like object -- FHHXIE, 64

C

callback —- [A]¥F, 64

C-contiguous, 65

class, 64

class variable —- F45H, 64
coercion —- BRHlFEAIEL, 65
complex number —— B, 65
context manager —-- _|RICEPESE, 65

context variable —- L FIAHE, 65
contiguous -- #%E, 65

coroutine -- JME, 65

coroutine function -- PHMEEZEL, 65
CPython, 65

D

deallocation, object,45

decorator -- ZLffigE, 65

descriptor —- ¥iiR#E, 65

dictionary -- i, 65

dictionary comprehension -- FHUifig,
65

dictionary view -- FHALK, 66

docstring —— CRYFAFER, 66
duck-typing —- WF-7, 66

E

EAFP, 66
expression —- Fikz, 66
extension module -- J @I, 66

f-string —-- f-F£1E, 66
file object —— N4, 66
file—like object —— C{HINIA, 66
finalization, of objects,45
finder --— ZFHS, 66

floor division —-— [ FHEK[EE, 66
Fortran contiguous, 65
function -- PR, 66
function annotation --

G

garbage collection —-- Xhiflk[E[g, 67

generator, 67

generator —- NEE, 67

generator expression, 67

generator expression -- AJ#RFEIEL, 67

generator iterator —- S ENLY, 67

generic function —- ZHIEKLL, 67

generic type —-— Z8, 67

GIL, 67

global interpreter lock —-- 4 & i B #%
B, 67

BACHRLE, 66

H

hash-based pyc —- RETMHEMN pyc, 67
hashable —- HAJM5H, 67
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IDLE, 67

immutable —- ANA[ZAEXT4, 68

import path —— SAHKIE, 68

importer —-- S5 AZ%%, 68

importing -- JA, 68

interactive -—- X H, 68

interpreted -- R, 68

interpreter shutdown -- FERERSXM, 68
iterable —— WXL, 68

iterator —-- #E#E, 68

K

key function —-- K%L, 68
keyword argument —- XHEFZSEL, 68

L

lambda, 68

LBYL, 69

list, 69

list comprehension -- #|FEH#fEFL, 69
loader -- finzk#s, 69

M
magic

method, 69
magic method -- BEARFTE, 69
mapping —- WL, 69
meta path finder -- JUEEIAS, 69
metaclass —- JGZK, 69
method

magic, 69

special, 72
method —— F¥E, 69

method resolution order —-— J5 ¥ f# A i

7, 69
module, 69
module spec —— BiHEIKE, 69
MRO, 69
mutable —— H[AE%F4, 69
N
named tuple —- HAZIG4H, 69

namespace -- fiy%4%5|a], 70
namespace package —-— fyAS[AfL, 70
nested scope —-- {REAEMHE, 70
new-style class —— &, 70

O

object
deallocation, 45
finalization,45

object —— X%, 70

P

parameter —- %, 70

path based finder -- ETIKEMERLE, 71

path entry —- &AM, 70

path entry finder —— EEFAOELL, 71
path entry hook —-- EEAHHT,71
path-like object —-- HAEINIH, 71
PEP, 71

Philbrick, Geoff, 14

portion —- 4, 71

positional argument -- {iEZ4L, 71
provisional API -- ¥ API, 71

provisional package -- EEM,71
PyArg_ParseTuple (), 12
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch (), 46
PyErr_Restore (), 46
PyInit_modulename (C %K), 52
PyObject_CallObject (), 11
Python 3000, 71
Python $mEi

PEP 1,71

PEP 238,66

PEP 278,73

PEP 302, 66, 69

PEP 343,65

PEP 362, 64,70

PEP 411,71

PEP 420, 66, 70,71

PEP 442,46

PEP 443,67

PEP 451,66

PEP 483,67

PEP 484,63, 66,67,73

PEP 489, 10,53

PEP 492,64, 65

PEP 498,66

PEP 519,71

PEP 525, 64

PEP 526,63,73

PEP 585,67

PEP 3116,73

PEP 3155,71
Pythonic, 71
PYTHONPATH, 52

qualified name —- [RELFR, 71
R

READ RESTRICTED, 48
READONLY, 48
reference count —-- B|fITHL 72
regular package —- ﬁfﬂ@, 72
repr

[FIH L, 46
RESTRICTED, 48

S

sequence, 72
set comprehension —- HE&HEF, 72
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single dispatch —- E43E, 72
slice —- YH,72

special
method, 72
special method —— #FiKH¥E, 72
statement —-- 15/, 72
string

object representation,46

T

text encoding —— CANYRiSAEE, 72

text file -- A4, 72

triple—-quoted string —- Z=5|SFFFE, 73
type, 73

type alias —-- Z8H%I44,73

type hint —— ZEHIH:AR, 73

U

universal newlines -- J#f#fT, 73

\Y

variable annotation —- ZAFEFRE:, 73
(B & bR %k
repr, 46

1,70
virtual environment —- JE{IFFEE, 73
virtual machine —--— JE#INL, 73

W
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Z
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