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CHAPTER 2

MERE=ATIEREIZY R

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

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

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

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

il C ¥ JEHL LR CPython, 7 EASHILIAAEJLA Python KB B TAE, 7ERZEIGILT, MiZlERS C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 =N EBBBF

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

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

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

SCPE R IHRI A T2 -

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

XA Python APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

Wikt T Python Wb 28 LSRRI R LIRS OB RAS A X, A M 0 e E A
Sz H, AR LR Python . h,

#define PY_SSIZE_T_CLEAN g HI50] Py_ssize_t W 4FEH-2L APT /0 %s int ffiffl. ‘B2A Python
33 ROATFFE, HIEMEEH T FIHE . WS arg-parsing-string-and-buffers FREUZ 2 (154 «

JiA#E Python . h HE L PRI ILAAF S8 A Py 88 PY AIZE, CAEARESL SCIR P 8 LR LEEER A1 . 25 &
FNER M, T HAE Python s ) 2, "Python.n" & T—2hRIEL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>. WRJGH L SCHFERP RS EAGFAE, BEESHBEFHK
¥ malloc (), free() fl realloc (),

NN C BREEN YRR, M spam. system (string) WEMURNE, GRATMESEZITEN):

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) ;

}

ANHERESESIRNTTE CENPIT, B "1s -1") 2224 C RBIZE. C mEUE A M
SR, WHA T self Fl args .

XFLRGE BREL, self ZRERTIBBNS R ; XTI IE MR [ % G501

args ZH et 17—~ Python 1) tuple X R FEEE, KW &S, &4 wple XY — MRS XS
Hth 242 Python XIR - ZAEFATHY C eRECH O T E ATl T2 a0 Hoe ey C {E. Python APT H 4 e 450
PyArg_ParseTuple () SAGASHRMIFRIFAN CH. E B FATH B E T 2 S BB K
FAEDCRAR AR C A B2 AL, A5 KF RS S LR .

PyArg_ParseTuple () {EATE SEHE A IEHZER H2H M40 15 7 ore A% 16 08 sk i ik BELE 3R Bl L (JE
). HAEMGATUSEETR MR (). fERSEBFH, AR e S, (T8 85T DAFE R [l
NULL (t5t 2 617 B L)
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21.2 XFHERHFE

#A Python RS REAH — NN iR BG4 — D REGE T RIGES, BN Y4 E— N RE &I
REl—AHERME (EHN -1 8 NULL $54F) . B8 A BRFEMRR SRS =AW b . WiRH 75
W EATH{ES NULL. ZEHARIE M N EN]E sys.exc_info () Frik [l Python JLHM M AN C XY . B
1A i R SR SE BRI T 5 . BRAR T AT T B A S W 9l A5 26 1 B B

Python APT 5 LT — 26 pR BRI B 2o 1

B # 0 Wt & PyErr_Setstring (). H Z ¥k
PyExc_ZeroDivisionError XFETIE L4, C

FRERRT AT N R RIRAE

TG AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 45T HEN R B RAFEME
F PY_INCREF () e s 2 H Al ph £ S HO 5 | HH4L

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR Y H RN SR, 5
HARAR A MR [B] NULL. AR % AT 2 PyErr_Occurred () RER KB Pd &4 14
e, OARRZREMR [BHE A k.

— AR f VS — AR g RN E G2 AT, f 24 A CaRE—MERE GEH A NULL 8¢ -1). E
TREPHFEA PyErr_* pREL - XERRBC L8 g W T . f I &Rl G 1Y 2438 B — M ROR IR €
eI, [ARE R PyEre_*, fRUILIEHE - B R g e N 2 2 B i e 2 By R 7. —
E?g% ﬁ;?ﬂiﬂj Python f#REgR I TGN, B R4 HHATHY Python fCAS I 22348 H i Python #2751 r g
FE ) S AL PR o

(FEHCLERE DL BB SERERS i W L PyEre_» pRBORS BN DO B, IF BAEX SO
7 A DAOKAR . (EUZ 4 IR, X RALERY, H RS ECH R RME R ZR: KBSl T
LS GSITEN ey

TR i — AR GO eR RO BT BB S, R AR P AUE LR ] PyErr_Clear () RICHLR IR
C AU B2 i) PyErr_Clear () HYME—FEOLR AR EANERF R E AR g R A 5e 2 b A CoRALBEE
(ATRE RSl , B BB hAS ) -

R KM malloc () P8 HSAFE N — 545, malloc () (8 realloc () ) AY ELIE VR H & 2008 H
PyErr_NoMemory () HRiRFIEE KR . Fra X5 a0 8 K%L (Bl PyLong_FromLong () ) E&XAM T,
Fr A AR AU T BV malloc () AL,

WEERER R, BRT PyArg_ParseTuple () SFEERYHISL, 1R[] B HOIR A Y R KICHE AR J2 1k ] 11 {5
TRFIRIIE, MPA -1 Fon KM, AnfH] Unix REE0 M —FE.

s MARR B AR PSR A B B B B IR GEA AR T B R X R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PeFE G K WEA 58 56 2 WU TR I 3 47 . BT A5 Python P ¥ S5 & R A X W 19 1 7 B C Xf 4, #ildn
PyExc_ZeroDivisionError, RAJPAELEMEH EAMT. HA&, WM YHHMEFERE - FEMH
PyExc_TypeError RFE/R LA TLIEFTIF (RTREMN % PyExc_OSError HWEE) . GRS H£A 1)
i, PyArg_ParseTuple () BREUHAH 25| K PyExc_TypeError. WERARA R — NS EINELATER E L
@Wﬁﬂ‘ﬁﬁﬁﬁ(ﬂ%{*, )”Uﬁﬁ{éﬂﬂ PyExc_ValueError,

VR AT AS VR R A ME— A S o J5 SR SCPR T A I — S R AR,

FEMEMC FHH. RENR -RER
TP AR SR R, s el — A Python ¥

[static PyObject *SpamError;

HAER IR AR RR AL (Py Init_spam () HFFA7 X GO Kl TR 1k

PyMODINIT_FUNC
PyInit_spam(void)
{
ST

21. (R C & C++ ¥ & Python 7
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(% L350
PyObject *m;

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

SpamError = PyErr_ NewException ("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
Py_CLEAR (SpamError) ;
Py_DECREF (m) ;
return NULL;
}

return m;

}

HHEEIZ R XL H Python & FR°N spam.error., PyErr_NewException () AW PAEI & E 2N
Exception 2 (BIFEA T B— KM AZ NULL), 10 bltin-exceptions 1 FFhfid i)

R SpamError AR T— AW AIEN T HEEMGIH X2AEAZE! BT 5E RS sMRA
M IR, PR EIE — X HZ R 5 H AR E A2 A5, MIMTT3 spanError Jih—4~E
ZFE . WRREHE RN ESIRE, W5 K% E 1 C A 582 5 80% 0 8% i sl AL T 2 S8 By 52
i

AFEGIRY JG #1118 PyMODINIT_FUNC E A B AGR M B ) HI s

AEY R H ] PyErr_SetString () 3|k spam.error F%, WFFIRN:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PylLong_FromLong (sts);

2.1.3 EZ|HF
I B BT 01, AR 1R T A A

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

WERTE S 400 A N B 45 5%, B KPR 18] NULL GZ A O 1010 5 45 B A e 0 B e Fd /), Ik T
PyArg_ParseTuple () BEMFH . fEHAMN I TSEM FAFRE 2SN F R R command, X2
— MR IR T HARA BOZAE SUE I8 [ B 547 8 (IAEARTE C . AZ B command B 4§ IE LR B R

const char *command),

8 Chapter 2. FERE=HTANRYE
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AN ERE ] UNIX REEREL system (), RSB SHOENIA M PyArg_ParseTuple () BUHY:

[sts = system(command) ; J

FHATH) spam.system() B& 4 A1 DA Python X 42 i JE X 1% [l sts Y {H. X Je i 1 (i 1] o6 4L

PyLong_FromLong()S%ﬁimh

[return PyLong_FromLong (sts) ; }

FEXFEOLT , SRR R, (XA G &AE Python i HUAE B .

WARAR ﬁ*ATLIEIﬁﬂ%%%IE’J C k% (HPREl void WEREL) , WIXSIVY Python AR 0] None, 44
WA XA E T (B Sdilid Py_RETURN_NONE 23K SEHLAY)

Py_INCREF (Py_None) ;
return Py_None;

Py_None ;2f§¥k Python X5 None FiXf i) C ZF5. B & —MEIER Python XfRIMANE NULL 484, W3k
IIFTL, JEEAERZE LT SCOPEERE AR .
2.1.4 ERFERMMIGILER R

P B R F R i A Python 2/ il ] spam_system () o B4, IAVFELE “HHER” $AIHE
F) 44 FR AN bk

static PyMethodDef SpamMethods[] = {

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

{NULL, NULL, 0, NULL} /* Sentinel */

bi

HEHB =A% (METH_VARARGS ) , XM rdifsE A C A WiHl. AIiE(EH METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 ftFEffi/l PyArg_ParseTuple () HIKIHZ &,

fn S Rl ff ] METH_VARARGS , PR #{ & % £F Python f% >k tuple #% X 19 = %, H Hx & i A
PyArg_ParseTuple () #47ffMT.

an SN 2R R B S BOAL 4 % R B0 AT DUFE BB = A S Boh i B METH_KEYWORDS L 4F . 7E
W T, CREN M ZHE =4 Pyobject * £ Z, BN I H XEFAHAMHY F M, FH
PyArg_ParseTupleAndKeywords () Elé«{%é%éﬂlﬁﬂd‘ﬁjg@é&

AT IRRALITRIIE LEEH TSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=i, /* size of per-interpreter state of the module,
or -1 if the module keeps state in global variables. */
SpamMethods

bi

XA E R AL ATAERER AW 0 A R RO T A i 2 AR - WI AR AL PR B iy %04 Py Init_name (), HHt name
SEBH AR, HF BRI b E L ME—FE static & H:

21. (R C & C++ ¥ & Python 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

{1 PyMODINIT_FUNC FfpR (A PyObject * RI[EIZEAL, FEHH T F-& B sK AT RRiket s = i,
HERT = C++ KR E N extern "C",

24 Python F2 /7 H U A spam BB, PyInit_spam () FFHMM. (F RiKA Python FTEREZ LT 3. )
EXF A PyModule Create (), ZHEILIRE— MR &, FFHETIEBRYGE L HRBIMER (—D
PyMethodDef Z5H R F5 A B R EO S48 A BB QYRR . PyModule_Create () 1R —/M4F
) B B ATRAIRR SR 5T . BN RES AR E AR E S R AL, BCEAERLSRICTR BRI Sh A 3 [1]
NULL. WJAa0eR Bl BB SRR [ 45 R 3, AR HAE A S sys .modules Hi.

2k A Python i, [R3FE PyImport_Inittab #HHLKH, HMASHIWA PyInit_spam() K. %
FHEHGR B P, M PyImport_AppendInittab (), RIWEFEREG S AL

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

int

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

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig (&config);

/* 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 */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
I3
PyConfig_Clear (&configqg);

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

(B0

10 Chapter 2. RERE=FTHREEYT R
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(#z E70)
// ... use Python C API here ...

return O;
exception:

PyConfig_Clear (&confiqg);
Py_ExitStatusException (status);

#ik: M sys.modules MERSLAAD T A CRIFMHIRE] A DEREHLIY 2 MRS (S fork () TS
exec () ) RTE— LY R B RGO TR B AT DAYERT IR 0 N R AR G A I 4 HH 4

W2 TR I SL B 143 &4 Python Y55 & 10 ) Modules/xxmodule.c W, IR PARE A AEAR
AR B 22 ST A

#H: ABFAN spam Bl T, xxmodule il T % Mrfan4s 16 (Python3.5 FFAE|A), PyInit_spam £k
[1]—~~ PyModuleDef 254 {4, SR 501 R B S ANLH] . 407152 PEP 489 (L [y Bowiihik .

2.1.5 ZmiFfnsdis

FEARBECE RIS MY R Z A, VRIETEEAMMIE S flH Python RGEAIHIFMBER . URARNE I BhZE 0
B, X T AR AR RGBS AL A5 B S5 i R T (A3 C/C++ 7
A7), PAKAE Windows EZIFFEAIBIMER (/£ Windows L3 C Fo C++ 77k F71).

WERARAE AN E, s E YK APERIFE S Python fERESR IO —B5) , ML AUE IR FL E e, I E
RS . B2 TE Unix BRI, HERZHARM U ( spammodule . ¢ B BOEMEE 4IRS 41T
) Modules/ HZEF, BM—47%] Modules/Setup.local JEHiMVRAY S/

[spam spammodule.o J

RIGAETUZ H %1247 make SREH RS . IREATPATE Modules/ T H R /l] make, (FUg{RUASEH
# Makefile XfF, SAJ5izfTmake Makefile’ fir%-. (VREFRKIBE Setup U BEX A, )

WERARB BT BN G, LS AT A IR B SO L, 2852

[spam spammodule.o —-1X11 J

2.1.6 7£ C Shiff Python FH#

w4k, B —EAEERE &P Tk Python 1] C e&i%l, HSLrad kb RA M, w2 C i/ Python i
B XAEMIP R AP ICHA M . AR —A CE ORI, IR 2SI E L] -

SEizfys2, Python fRed: & LRy (IR, FF4a5iE Python sREFR A THRIER: 1T . X HLi A FFPER AT
Python FAFERAVE N AR 3, AR 4B PAZ%5 Python/pythonmain. ¢ K —c ipATUH. )

i F Python pRAEUAR 5L, 4 5¢ Python F2)7 B24% 28 Python pRAX G20 WV IZAR B pR 4 (At FE 1) K523
B XA B, 4R AL TR A Python eREM SRS, IEEPR ] (Py_INCREF () KI5 4L,
BN ERAERWEAT 2K TR 2T, QR R RERBLHUE L —E )

21. (R C & C++ ¥ & Python 11
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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;

}

LR B ] METH_VARARGS JEAR M B MBERERS ; X IFFEAL R 7 ik Ao 46 1 3 — 7 PRI IR
PyArg_ParseTuple () PREUSLIHSEUR SO WAZ I 4nh o4k — .

Py_XINCREF () il Py_XDECREF () X A7 A BE I/ /b —A 45| T4, 9F H 24077 NULL $84FH
AT IR 24 ((HIE R AEX A R SCH temp A4S0 NULL), 2 (5 BiES% 7| A it 40 315,

oIS, 4ZEH IR A, RFFH C %k PyObject_CallObject (). ZREAM NS5, EN#ET

BEF, F8MMERE Python Xf42: HJ Python pR%, KMHSHEIFR. SEH|FUMEE—TeHS, HEKER
SRR . BT SEO R ] Python pREL, WML A NULL si—/%57cdl; Ear— S E0HH T, WEA
g/l\ﬁﬁzﬂo Py_Buildvalue () & HAEXFIFREME X EFES W ZEA 32 A% AT IR [ —A~
JeeH. filhn:

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) ;

PyObject_CallObject () iR [ Python Xf % #§ 4, X o & Python M %t 1 & A {H.
PyObject_CallObject () s&2— X HSH 51 Hit 5L X" W E. Bl FH o cde gl T2
%, HHAE pyObject_CallObject () ZJG s BIffifl T Py_DECREF () .

PyObject_CallObject () MMERILESE “H" 19 BRI HAREAXR, HinT
SRR BTOAR ARG SE AR At A R B, R ZEAPk AR Py_DECREF (), B0 LI
AR5 R

ERAERIX 2 i, AR BN — SRR BE A NULL, W2 AYIE, Python pRELS A L5 & 2
W PyObject_CallObject () [ CAUIEETE Python A i ), B R 24 37 Rk o] — N ik 4h
HIH: Python W I35, PATEARREARAEFT EAR MII{5 B, s 1LVEJ7 Python A REALBIZ R . WX Tk
MR A GATE, WY 2S48 H pyErr_Clear () KiERF. Bilan:
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if (result == NULL)

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

RET AR I R ek 5, AR 2RI — 243135 PyObject_CallObject () o FERLUNIL T SHIIR
se 1 Python FEfr S (i), i £ 11 L 2 IR R RO R o AR ] AU X B A . 55 S 2L AR
BHRYE—B CHDR G 2 A Sl B w2 Py_Buildvalue () BREIE wple. #4617, R
1&g — A A I T DA 20 AR

PyObject *arglist;

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

V1 Py_DECREF (arglist) FrfEAbX LB, TESRRIAZ AT, MRIEEER LR AR EE R, i
Py_BuildValue () FJRES MM NIEAN B,

LURE ] R A T B R, H B FE S B0 PyObject_Call () , fRE P ESHA X EFESI. H
anan LA, FAIEH Py_Buildvalue () SRHESFM.

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 RBRY REHHSH

% PyArg_ParseTuple () WA :

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

SR arg W AIE—ICHRXR . W& Python f£4y C BENSEBN K. format ZRLITZE— X TAF
Hi, 1HIK1HZ% Python C/APL i 1Y arg-parsing. FRSHCEA AL RAVHLL, FE S FRFHRXTI

HEE PyArg_ParseTuple () AaillfiF5 24 Python 2R, ATy N &4 fhiy C A2 Esbhk, 2R
XM T, WRESAEANAPRILE AR, /M.

FERAEAT ] 2 B ik Python XRG4 Ra9 5115 AZLEBENHT HTE
— L BT

#define PY SSIZE_T_ CLEAN
#include <Python.h>
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int ok;
int i, 3j;
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, &j, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
{
const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */
}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple (args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */
}
14 Chapter 2. RERE=FTREIET R
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format %5 PyArg_ParseTuple () HREPFTE XHI—E. kwdict 652 1E R =125 Python iz
TR U K= F i . kwlist JE 22 DA NULL 25 BRI FAFER SR, ERARGRES: ZNAERL 5k
H format P2 BUE HAHDLAC . QRHKATHSN, PyArg_ParseTupleAndKeywords () 2RMIE(E, IR
EHERAE I 5 K —A 18 4 1 55 o

ik HER G R R T SR TCIR AL, ANTE kwlist ) KB F SRS B8 TypeError [,

W BT KB S B TR, 1135 2 Geoff Philbrick (philbrick @hks.com):

#define PY _SSIZE_T CLEAN
#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.
74
{"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,
(B )
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(% L350
keywdarg_methods
bi

PyMODINIT_FUNC
PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;

}

2.1.9 WEERIE

X% PyArg_ParseTuple () fRAHL, FEHUIT:

[PyObject *Py_BuildValue (const char *format, ...); ]

EZ P, 5 PyArg_ParseTuple () MlA], (EU2ZHbie A& (b 5 5 G A% s 2K
T ). 2R Al —A> Python X 4id & T3k [0l C s i 45 Python RS

—A~5 PyArg_ParseTuple () A[EGE, JEIH P RERS ZHYE KR ] —A~T02 (Python S HRM B2 FE N
IR ICH), WA TA% 45 oA Python BRZLPAZ L. Py_BuildvValue () HAREEABITH, 2T
1 SR FFF R AR ST, AR FE A A2 MR [B] None , — DS HUN B 2R [F1Z S WX 5
QR BRI AE R — KB 0 i9CdH, sl — Do R oed, TR A o L3S .

BI5 CZEM2IRA 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_BuildvValue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" () ") ()
Py_BuildvValue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,1i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 S|RAE

TE C/C+ i, FRJY R ASTEh &S HEAN Bl it heap 24 ity A7, #E C B, ilad % malloc () Ml free ()
HKIERL. AL C++ HZHRAE new Hl delete SREHAMF AL EE .

BN malloc () ZMRCHI NAFBREAHRLY Ml i 15 4 — 0 free O BT R EI2 AT NAFb b 980
free () MNHLAEREE, AR DBMALPEESITEA N EIIT £ree () WM, BTSN AFERF A
G52 R ICIARER B o SR A AR 50— 5T, PR N — YL T free O RJSA]
RS IZ N, B S S — malloc () WA NAFSREV T (™ Evh o8 . ARy A &
ALY N o ERTE IR RS 5 AR BIR R — A — ODFE . BRIREER . ROMIHBIRSS.
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AR EE A R AR T — 28I AN DR AU R AR LT FEan— DR T INAFLAS , T 283158, RIEREIL
WAL BAE— Lt LZI%%IE’J{P‘EAIT ESIR TSR AR I B A 1, AR A RO 0] T, X ARZE
Sy iCAEIB M AR A AY, Rl s B A . XM A, —B5IA, AR I RIHRE AR 2
BRI WA T AR R AR ﬁﬁf)uﬁ%ﬂﬁlﬁ#ﬁ@ké@ﬁﬂﬁﬂﬁ, JIr ARt (A a2 B S8 it
PR A AR . IR, AL BRI , l I AR MLV S SR Rt MU R 2R

Python jfiid malloc () Ml free () E& KA NAF FCARERL, [FRRTE ZEREG0 N AF it AN P 6. it
Wik 51 R st a. HEBECRE MR B XERARAL  — TTRs , TT RS el 5 % 55 | B D
X, MFHTECY 0 i), FRNRELBA AR, R AR T .

H— RS B FhEReni. (ST EE MR SR mokn, TR X B 5307 AR ).
H B3R S O S0 AR TR R T free () o G5 — MU HCEE BB N AARET, SATX I
ANME). BREGEN C, B AR A SRR g, G RO A AR RS AR SE B (LB malloc () Al
free () AR, XM CAREHLRI). WIFLAEA —RE BRI RARRY A Sk mIes (AL
HIRATA G5 TR T A,

Python (i I GEM5 I HITHECSE L, BAROL TORERIGINE: , JHLMEIS | IIAER . SXOEF5 M 1 Jo 40O B e )
R TIERAT I, T TR — S A SRR NR (T RE B M5 TALr, B
EFR AR R G5 | TR A 2 0. LAY | T BTG ISR T 5 | AR i 42, SE w3
PG IUHBIXES, RGBS TRERASMY ST .

DEE I A BERSAS I IR [ ORER I BE IR EA ] o g BEBERME T —Fhigf izl 47977 3K (collect () B
B0, PARZAEE R O AT IR AR A D fiE

Python S5 | Ait#

HWiA% Py_INCREF (x) fl Py_DECREF ( iiﬁ%’[ﬂﬂfrﬁﬂ’ﬁ*ﬁé Py_DECREF () W&¥E5| Hit43|
ik O BPRETION 4 ﬁTi{E ?T“TAET%FJ% free( , TR ARG 2 20 2§ %E’J@éﬁ(i"ﬁﬁﬂéﬂﬁﬂio KT
XANE Y (SHARR), B LIE RS — AR H %*Eﬁﬁ%é’ﬂ a4t

T KRB IH - B ] Py_INCREF (x) #l Py_DECREF (x) ? ATE I A —LME&. A N HH
— X5, R TMiﬁlﬁﬁ/\elmﬁué/\ﬁ% *’WT%E’J%‘IFHW?&EX#\J%%%‘IH?E’J?ﬁli SIAMINE &
HIAEVH Py_DECREF () , 7E5I AT EN . 5IHBHA X R0 ARG H . A =FIpk b EMAa 15|
i fGh. 7. V8 Py_DECREF () . SicAE— ARSI H & SE NI

EFDA A5 —ARRE I . S5 HARR%E M Py_DECREF () o i HIFF AR RERFA X Gt id
P A I TR] o AEHI A AL B SRS AR 5 | A R, i 58 A i
AR5 AR R O B A kA B RS I, BCEUL, I i AR I 0 A O £ X
Wro A5 IR iR — S EOR IE AR AR _ LR T RESTEII A H AL B R TR .

AT LA NI, adad i Py INCREF () o EAXPIHCEMHFINAERRSE. X8
WHIAESIN, HETearmiia#Est (%‘ﬁéﬁ?ﬁiﬁ%l&w (EE PGV R ?XT%ZHUEI’J%%%%K*i)

AHEAN

YW RG LI — R BORT, SRR 1 VA% ds E P KRB R a5

K2 Kok BOR B — A X 5] #1"5 SIHMAE XR. E@F, AU ENZWEE, Flan
PyLong_FromLong () Al Py_Buildvalue () , @& #E X R2AIE. NERENEARZEIETD,
1/J\1E?Z§Hf%gft1%5(¢%lﬁ‘]§rzﬁ§|ﬂ3o — Sl PyLong FromLong () 43 7 ANRATEMESE, IR E
ELZ A7 H s H

2ARE G AT RAEEERN: IAH AT 5L
PRRAS IR DA 1 B, SRR S AT DAY R AR, A AT R HAX S BT«
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WEH PR EREFEHEE, B EEgH X R, HlU pyobject_GetAttrString() . iX
B 00N 08 5 M, — SOR K R0 I AR 2 5 AN PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R&REIMITA. 5. FHEEHPKIGIH

P& PyImport_AddModule () &R BIMEASIN, WA AT AR B GQIRRIX R AT REA -9
HHIG| MR EAFAEAE sys .modules H,

R — X E E 7 — A RO, R RS A . AR, B Py _INCREF () K
A MASE A . XA A AN EZERBISL: PyTuple_SetItem() Ml PyList_SetItem() . X4
PRECBE AL B 2 %, WSt (R PyDict_SetItem() RHFERASBEZEIH LR, M1
& IEHE).

Y~ C e ¥ Python I, MR IT RS BAE MG H. AEIAXRNTI, oA ms]
A A fis JEL T AT AGRAIE S R Sl 1] o LSS A5 B 5 | 76 2EAT R s Ay, s SOOI 95 R, did i

H Py_INCREF () ,

Python i I C eREGR [l (XS 525 | Ih A A@41A 195 | -3 K R BN R B L i 25 R o

e BIE K
AVEER T, ARSI HAERRICE, HAR SRR, Xl N R n R, Il e sE
FHIIA F AL EIX AT

T B HNE R OLE M Py_DECREF () B —ANJERXG, WX XG5 3 — PRI IC
o AL

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

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

XA SN — 50 List (0], ARJEEH List (1] WfH 0, HIGITHEMIGIN. BERILEHERZ
e, (HAIANE.

TEFRATIR B R AEA PyList_SetItem () . FIEINAX LA LEMEIH, W45 HE 1 g, &
WIEFFIRIGAE 1. BERMNEBREESRE 12— P @ R SLE], Ht— B iEkE LT —1
_del_ () FHik. WEARZELGIWGIHTECH 1, IBAEFERPRRHHE __del_ () H¥k.

BT B2 Python 85 1), It __del () HIEAPAPATE R Python fCH%. B2 A AR bug () Hx}
item WG FHRELIE? 4RATPA! BEE A bug () IFIFEFTAGE __del () FiEVIH, Bt AT —4%
}%"ﬂifjﬂb de;[L list [0] MIRCR, BEX RIS ERE KRG, ElaREs 2 A KRB NAE, A
i item 2%,

PRI, AARANE T BRI, AR5 T IS TR AR e A SR A

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) ;
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PO AELSRR . —AMRIFBTA Y Python 20 & I IR IE R, A ATE C iR IR E s T
KR, A F A _del__ () Jrika s

KA ) 55 R O R A S B SRS Rl . 3B, Python SRR B AN TC I HE AN T I 8%
7%, FANEAN2 RS E Python B4 250 . (HA] PAE I % Py_BEGIN_ALLOW_THREADS fllfi i B iiL
AN, BEHTAREU A Py _END_ALLOW_THREADS . iXifi# FlSEAEFHZE VO WM A1, (i fSH 28 FE v] DAYE S5
F5 VO AR FALBRES . AR, WF RS IR Z BN —FRAY A A :

void

bug (PyObject *1list)

{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL {84t

W, HZXR5 | VEASE BN AR 45 B NULL 485, I H MR AR 5% 0 (B07E
PAG S B2 DR ) o IR IEIXTS5 | sREICE 5 BAEEE I & A4 T R B A IR 1] NULL . AR NULL 2400
JE R 33K 2 bR B8 R AT T B A o S A% 2 A R I - SRS R ARSI NULL, R S BOREN
TUAARG I T A2 1 TS B 2

EAFRMEERAE TR LA NULL, RPERRCE]— N FTRESN NULL (484, Bk 3 malloc () 52
— AT RET | S 1 R B %

Py_INCREF () fll Py_DECREF () %7 A&l NULL $54f - {H2&, BT M Py_XINCREF () Fl
Py_XDECREF () NJZAG .

TR X R KA % (Pytype_Check () A&l NULL $84] - [FREM, A KRB S IELLIR X
BeF R MR — XSGR UM R BN R —, R BITAR IR . ANFELEN A NULL Kl 28 4
C R E0H fﬂﬁ%ﬂ%%ﬂ%ﬁ C R SED R (FRBIT R args) 4828 NULL - S2fi_ BB S ARIEH G2
J—A~Tedlts

FEATEBERE NULL $55t “HHEE” 45 Python ] PRS2 AN E I 4E IR

2.1.11 £ C++ fREVE

ATDAE C+ o G4 fesib, FURASEIRE . AR EREF (Python fRREAS) J2 B C 2 iR K e 13 A %
1, 4RSS R A SR AR BE R o AR C+ iR R AR XA WA R %25 4 Python
TR SRR GE B LR BRI I L R B0 SRl extern "C" ., TIETRAE extern "C" {...} HAH
Python SCSCPENIAEIR AL, PFEAIIARE XL TS __cplusplus MEZ02X AR T (FrA 2R C++
G IR 2 X))o

4 BAREEA IHZ RS TR 205 i, XS IEAR B, R IRIAEAE TR EZ IR T
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2.1.12 4% FRiERIR{ C API

R B GRBE 7370 eR BRI S L Python (], (EAT I frASH HL A4 AU RS AR T ARSCHA ™ RS B ik
BN, — A R R] PASE I — A~ collection” F AR AR SE BOA T Y. W42 Python IR, 4 C
AP AV A BRI ZAES 5132, XL G IRINT DIA — 3 C s U T4 HA Y B EE G

TR EARR G HFHEME R OCR NN static), $RAUGSILICME, A CAPLEYSCR ., SEpx
AR Y RELHHA R S HEE £ Python RGN B2 i DI AR . ABIR DAUSE SR ERE Iy, — VA
B 55 1 SO ABEHOR AT L. W] WA Z0 T OB B R S8, LB RGEH0 Python AR B 1 42 ey fir
25 (6] (140 Windows), A LEMTEGER N 72— "I C R ASFFSIIE (— BT AIX), iRtk
AN TR SHEm: (40 Unix Z851). BIERAT 524 mml WA, R EEE ] ARt nT B i A2k

AR AT BN REXT A5 o] IWAMEMUT AT B . XEWREY R B T /58 %A static, BT
BRI IR AL pR AL, SRt e 5 HA Y R g ay 24 vh 58 (FEBC TS A3 7 ik dm s 1L B 4 Hihig) o IXEIR
ERFT V% oL RaE et HAth S O SOkt H A 3 A B )

Python $2 {7 — 45 SR HL I F R M —A T AR ) 55 — AP R £33 C )2 015 B (F841): Capsule, —
A~ Capsule 52— 7 T 5% (void*) ) Python $(#525%4 . Capsule H BB &1 H C APT @)@ Al , {H
BT LABAT A HoAth Python X 5 —FEm L1 . FrBild, BT AREIRIE LA I bl 44 25 1) v i — S 24 FR
HAh " FRAHCRE T DA AGX MR, SREBUZ AR W IME, 985 M Capsule HHAREUFEET -

Capsule W] LA ZF007 501 C APL 459" iS4 ek B0nT LA H © /Y Capsule, 3 A C APT 4540 1A
FAEE— A L, B e PR AT 45 Capsule. fEAEFIFREUR ST A 28020, HF& FimBib i .

TCRRBEEEMEA ¥, MR Capsule $8 818 24 1) 4 FRAPR B2 . M%L PyCapsule_New () %3 name
2% (const char*); FLIFARE A—A NULL AERNZFR, (HIRATHRZIHEERIE 2 2478 . IERf L2417 Capsule
LT E BT T e 4 s I AT AT 5 3 RE X BSR4 Y Capsule.,

WHEADL, Capsule il T 285 C APL, HA 7 WAL G AT LI :

[modulename.attributename J

fE %L PyCapsule_Import () AIPAATEAYE AT Capsule $24iEf C API, {UfE Capsule )44 F-VEECHT
XAMT AR C APT ) R4 T v BE R ff 2 R 3R Y C APIL

NG TR T AR D A2 4 T AR A S A AL BT 3, SO B RO R AR
BRI CAPLIES (FEXPI T B —A!) Rl —> void #8414, BN —A> Capsule FY{H.
SRR I A Sk SR AL T — A5 R B ABLRAIPRIBUL C APTI84; % i B AL 5 A1 C API
Z IR AN BT

SRR XA B S0 ) T ) spam AREREIE . RN spam.system () A EZEAH C PR AL

system(), TMEHH K% PySpam_System (), X eREFEBLSLH 2SR Al L& =it (Lt
TERE A HAN I “sapm”) . %EE%L PySpam_System () tH&GHIA HALY R b,

PR PySpam_System () f&— 4 C iE%L, 1B HARE—FEEIH A static:
static int

PySpam_System (const char *command)

{

return system(command) ;

}

PR spam_system () T AR Bk

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

const char *command;
int sts;

T
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(#z E70)
if (!PyArg_ParseTuple (args, "s", &command))
return NULL;
sts = PySpam_System (command) ;
return PyLong_FromLong (sts) ;
}
EBITT S, FEHATIR:
[#include <Python.h> J

A WA T

#define SPAM _MODULE
#include "spammodule.h"

fdefine T Ak AR OA IO, TR RE . B, BT B AT 55
Wk C APIfikHHR4L:

PyMODINIT_FUNC
PyInit_spam(void)

{

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

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

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

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

if (PyModule_Add(m, "_C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

EHER PySpam_API #FHI N static; HNFEEELLSHE PyInit_spam () AR KR!
3 spammodule . h B —HE TAE, BHERWT PR

#ifndef Py_SPAMMODULE._H
#define Py_SPAMMODULE_H
#ifdef cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/*

C API functions */
(BT )
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(# E30)
#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.
7

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam API != NULL) ? 0 : -1;

}

#endif

#ifdef __ _cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B BB RS 15 7 R AL Py Spam_System () BT eb B0 =19 502 75 H A 45 A ok 5 8 T e &R (52 Fs B

£9%) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

AT BRSO spammodule . h il AR, MR, WHEEELT IR, BEAGEH R,
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P AR T3] IR

5 T PRS2 Capsule $23E THISMYTIEE, HTAEM7E Capsule B4 AFE D ECRIREIL. 7S %
Python/C API Z:2% F i} 32T capsules F1 Capsule (28 (£F Python A% & 47H1% Include/pycapsule.h
Fil Objects/pycapsule.c).

&t
22 HENT RER: HiE

Python 7ei/4 5 C §"ARHLE L n] PAM Python {URS IR FRAL, XMBNER) str F1 1ist KA. i
YRR AR R — B, (RAERTTHAZ B, T2 T — Loy . XA SRR A N4

2.2.1 Eill

CPython 24 T2 RF i Python XA A PyObject * KB AR &, XA Python X4 “ILAEAL”,
PyObject ZEHAA G RS X ireference count FNFRIMAT G “HRBINIG” WiHa5E. 2 sERTE X1 H
Fro KBNS e ke 20 TR LE (O) ek, BN, fextg E&ER—AE, MH— %, 55—
AR TR, X8 C RERR Y R,

FIPA, ARARAREE ORI eI, R AIEOIT R I R

KRR R R MR, T eIMESERE IR, BFE C PRI custom FE LT — AN
Custom HHTIEA:

i X HJRRI R E X static §TERBIMAE S k. T PATE G & . C APT Wn] DA AEH#E b
LR RERAL, i PyType_FromSpec () BREL, EAEARATTHRITE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

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

bi

&)
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(% L350
PyMODINIT_FUNC
PyInit_custom(void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

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

}

return m;

X RE G HR, X2 N TEEJ:#"%@EX]L%J: IR S LT =
1. —/> Custom Xj‘%{@/‘lﬂ’j}?ﬁ X2 CustomObject ZEMIMAR, B4R Custom LM 4H—IK .

2. Custom 9’3’“‘5’]47%7 X2 CustomType S5HMA, B LT —4UBARAI R e T IR E U R
AR RIS U TR A

3. WA EE4L custom *;%ij% X PyInit_custom FRECZEXTNH) custommodule GEH{A .,
SRR U2

typedef struct {
PyObject_HEAD
} CustomObject;

AR HE O RIF LA EHINE . PyObject HEAD ik fil BORMUERR MR M IR 2 B2 L—1
%7} ob_base [} PyObject KRAMWFE, Ho & — M A GA 5| TR HaEr GXPIE AT A% 5
i1 Py_TYPE Ml Py_REFCNT KX J3) o 1 75 4 28 ey 2 K 1 SR 4t SR IFAE i w136 o v D B
FB.

Fril: FERAER PyObject HEAD JG¥H 7T . BANNIND S & FEG RSN H

IR, XFGE T HE PyObject HEAD fEfERAN, G EINEE; BN, a0 F & LT R Python 17 S 4L

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

AR I R Y E S

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

(ZF50)
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(# E30)
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,
bi

Fris HEREGEAANE CO9 WAEHIRIEARTL, LABEGSN LR A ) PyTypeObiect FB, HAMREZRIFATFE X
Y, SRRt RT DA S T B ST o

£ object . h PSLPRiE XY PyTypeObject BA M EESCEZM 7B, FIRINTEBSH CHIFRNE
RIS, WHPIMGERABAHIEE TN, AR THEEN].

FAedbi—aa, BR—17FE:

[.ob_base = PyVarObject_HEAD_INIT (NULL, O) ]

XA sl R, AR RN B3R 2 ob_base T

[.tp_name = "custom.Custom", ]

FMIPZERI PR R BAEFRATH N R BN SCAR R I A e D B, Bl

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

R AR S 2 FR, E R RS FRARE R i 2R 2 k. A PR custom T2
U2 custom, HLIRATRRALFRIE N custom. Custom. (B IE R 551 S AR TR 28
5 pydoc fll pickle WiHtfF A R EEN.

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

XAERELL Python JITE 4 QUHHT Y Custom LRI EBLZ DNAT. tp_itemsize [UHT Al ZE R/
GAEHAWATOL AR A2

ik WUCRARAY B AR IR R AE Python gl 1284k, IR HAR A I8 BRI B AY R 38 A H A A [ Y
tp_basicsize, AT REX B R 2 HARK N . RAYERLR Python i) FRMMAEH _ bases
HRER 2R TS e pi TR, 5 AE TR AR 2R __new_ () JyiEIPRFS A . ARAT DA IR AR AR I 26 Y
HA W HER R KR tp_basicsize (FORBEGX AT, TERZHONME, XHERRATVARY, HME AR
BHMJE object , FAMRFE ARG INEG A, M ITHEIHA N

AT RESR N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py TPFLAGS_DEFAULT, ]

JI A 2R BN A E B AT AR T AR IR R . 1% R R T 220 Python 3.3 Z i E I TRIS R . AIRAR
TEEZRGL, ARR R 2O B R AR UEF T OR G258

AN tp_doc FRAURAL— SR AT H.

[.tp_doc = PyDoc_STR("Custom objects"), ]

RN RO, ROTUASLHE—A to_new LEFEER. XF(T Python J53k __new_ (), [HUbZi iR x(HifE
E o AEXFPGOLR, FATATLAGEA] APL &% PyType_GenericNew () FriRfiERIASEHL .
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[.tp_new = PyType_GenericNew,

BT PyInit_custom() HEHELEACHAS, OO b b H Al A 28 I AR AR 72 2 B A

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

RN Custom AU, Sy LN BRIRFEE MY BONE, SR RNHERI LRI B4 NULL ) ob_type.

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

}

DRI E S . ARRATHE RS 1] Custom FERAIH Custom SLHI:

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

FREAE! TR TAERRMFE; K LR SIAS N custom. ¢ 3L,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

#°H pyproject.toml By3CFH, HfH

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

FE4 N setup.py BISCHEHS ARIGHIA

[$ python -m pip install .

1 shell H1 % SHEF B F 24— 30 custom. so H4%¢%6E; BAE )5 3 Python --- R 24 fE g 01T
import custom 2R fHi ] Custom %4,

XFAE, g7
IR, AR EE SRR IO . ERCAEEE, BT R R ARER TR

2.2.2 EEFRBIFMBITEFT E

TEFRATE IS I — LB O VR X AN R ARG o AR Z 2R AT DAVE N R . TR R —
IR custom2 P INIX LET)FE :

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

typedef struct {
PyObject_HEAD

(B0
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(#z_E70)
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;
} CustomObject;
static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
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;
s
self->number = 0;
I3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
&first, &last,
&self->number))
return -1;
if (first) {
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_XSETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
(N30
22. BEMT RER: #E 27



Extending and Embedding Python, % {Thi4 3.14.0a0

(#z_E70)
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi

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

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

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

bi

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

bi

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

bi

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

m = PyModule_Create (&custommodule) ;
(N30
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(#z E70)
if (m == NULL)
return NULL;

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

I3

return m;

BB R A 5% 2 B P

BUAE Custom KA C EHMAHAH AN EARIEYE, first. last M number . Fo first Rl last 28 52405 43 A
YEECH Python P45 . number J& 12—~ C AL

X R A A5 R APOAH Rt BE

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

} CustomObject;

Ejﬂf)ﬂ” ERATALIRFREAE L, FANTLAE /N ORI PR A BRI . 20, BATREA — R

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self) >tp_free ((PyObject *) self);

}

ESBIR{ES tp_dealloc JHiA:

[.tp_dealloc = (destructor) Custom_dealloc,

WS e 25 W1 Python JRMEAYE | FTT4(. Py_XDECREF () AJPAIEAIALEESH0CH NULL (AL (X AT RE
1 tp_new URKM LA . BEJGERHRXT S IA tp_free it (il Py_TYPE (self) 11E55])
RBEHOT RN HERX R LB DA Z CustomType, F XL AT EEE A>T 2RAYLH .

it PEFEE G destructor 2R AFKNTE L T Custom_dealloc #5—> CustomObject *
ﬁ%ﬁ fH tp_dealloc HMEFEEI T Z—A> PyObject * %k, WA RXFA, ZifaiikiEs. X
In;qFPﬁiF]XTﬁﬁéﬁéiuJ !

AR B — DR — DA PRI 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);

(BT )
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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;

}

(% L350

HAE tp_new A HLHEE:

[.tp_new = Custom_new,

)

tp_new ALBIZE FIITAIEE (MIARWIIAIL) HHAEUUXIS: . BFE Python B EN _ new () F¥k. BEAR
T ZE X tp_new MG, R EIFZ Y RETSE MM TN PyType GenericNew (), #fR T Custon
R — N IRA PR . FEBR LT, FRATEN to_new ALFRARRNF £irst 7 last WAL A

4F NULL (1 ERIAE

tp_new FHEZHLHILARE (REERA CustomType,

RSB E—T3) PARAE IR LAY

M AR SH, FEHUR R RSB, to_new ALPREF SR HZ M EAMXE TS, HEIILE
KBMGX SR, MRS EUE I E A9 afe (B C Wil tp_init 3 Python i) __init_ pREL) Jrikk

W7

#i: tp_new AN RAMIEH tp_init, FNBRERSBITHAE.

tp_new LI tp_alloc WAL/ HEAAT

[self = (CustomObject *) type->tp_alloc (type,

0);

M AT EE T RES RN, FRATUATEGREERATZ HiR & tp_alloc FURHHIAHAN NULL.

Pk ANEA BT tp_alloc flifi. 1MZH PyType_Ready ()

T I AT B SRR TN T 7T

B, HABRIH object . KHR/FIUHAR e i BRINAY 70 B -

il WORAEAE - ME to_new (EXTAMEIMN tp_new i __new__ (), AR FAefEiz

A It s T O R AT I e B T ik . e 2

AHLA E VR B TR RAL, FHFERRRE e

tp_new, B2l type->tp_base->tp_new. WIRMRAXFEML, VRSB [EIFELEK H HE d Python
€ 2L Python TR AT RETCVRIE S TAE. (RRMBUL, /RATRETC VLRI AR R TR LM 2 25 K&

TypeError, )

FATIEE LT — MRS HAR N TN 5 B UERT IR (W) 46 1 B L

static int

Custom_init (CustomObject *self, PyObject *args,

PyObject *kwds)
(BRI

30
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

if (first) H{
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;

}

(% L350

AR tp_init fE{7.

[.tp_init = (initproc) Custom_init,

)

tp_init A(ZAE Python EFN _ init () Jrik. ERHRAERIEXRIGR TR . Wi fas

SR EM R TSI BT YTEE R ] 0 AR AR E] -1,

AT tp_new ALBEZR, tp_init ARUE—EXPIAH B0, BN T pickle BEHUN SAERMFE

BB __init (). BIEABERZ UM . AN DAERATRN G EJAN __init_ O J5ik.

P, AN B E R AU S BIMRIEARS £irst BUBUKIHE:

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

}

HRX RS A . FATHRIBA RG] first WAL, HIE R UM FZERIXR . B0l LAt
A= PITEAXTT M first AR RINTHAS . S ZATHaE: T RE SR 2 B A AF 25 4 FF R A

FEHAN AL AFIsf TRV RS IRATHIA R -

N T RFREFI AT XA T BV, A DLT- B8 EAE A B 5 | TR i E AT 4

A FATT AT AN A6 PRIAFARR?
o YFATIFIIES AT 1 ke
o LIRAVHBEXT SR WEAR LR GIL WA GBS FATT A ZE T AR 1 [ 5 1 o
o« 24— tp_dealloc ARFRAR AN SCRFIRFF AR M2 AL 5 | T HEC e

AT REAERFFA TSP e R FE AR . AU 0] DA — e ey B 07 2 i SUS b e 7

VYA HIE I R T EARAL, AR T s B R B e
AR ERATFHE tp_dealloc ALFRAFH X —HLE], BIRFRATNHBUR SRR DK
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static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi

HRp g i 3 tp_members Fl i H:

Custom_members,

[.tp_members

BB AV LA R A st VSRR AN SCRE AT R o ST IR 2 2R 12 52 /IR
TN . section below for details.

BT BB 5 2 B B SRR AT IR 45 Python JEYERXT A ik . FATHUY first il last )4 5
HFAFER, (LB AR LTS Python X5, BUAL, X LEm{kin nf ARMER, F4F C 4548 NULL.
BPBEFAT RS AGRUEIX £ B B3 BRI A f ol NULL fE, A0 Rk L J M e X 22 i B3 47 T 45 NULL

FAMTE ST —DHPAY I YL, Custom.name (), ERFAFGA FRE i first 71 last fYHFEE .

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
I3

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

}

BITEAR S BUE A — %52 Custom (8:class:/Custom [11-38) SLHINERH— SR C ksl TrikEae
TR AEPWENF DS TR RN A BN R TSR, (AP RN TREZAL M S HEAT
RIRZAAEZHOCH SRR T SR, RITIRE M T PAT Python J5ik:

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

W ERNLAGE first Fl last MHEHATHEN NULL, K2R EATR ARG, ZEER T ENS
%Eii&iij NULL. SAFRB0E AR B RN R % 28 J& M5 TR A A (B R 1 A 8t o FRATTRFFE ™ — 7 T MR anfer fi =)
X

Ao

BAEFRATE 2o S 77k, FRAFE 2Nk SO AL

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

(HHERIANMH T METH_NOARGS ARG I AN &% 32 B self PAAMOATATZ4))
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HHFHIK L tp_methods F:

[.tp_methods = Custom_methods, J

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

AT PyInit_custom () B N PyInit_custom2 (), ¥ PyModuleDef S5#K it R, 7
Wi PyTypeObject itk hpyseiai4 .,

e, FATEH setup. py SCHARMITHTAIBIR,

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

1)

NG BATE B 2 MEREDS import custom2:

[$ python -m pip install . ]

2.2.3 REX T IR R E EAR

TEAT T, FATPREXS Custom/m Bl first il last JEMEMR EIEAT RIS . EFAT] E—BUARR B
H, SEBIASR first A last ATDARCBCONAETFAFEREE ZP0MER. N 1m B R LB n A U & 777

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

(& F )
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Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
I3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0O;
}
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->first);
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
(N30
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(#z_E70)
Py_SETREF (self->first, Py_NewRef (value));
return 0O;

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

return Py_NewRef (self->last);

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

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
(N30
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.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom3 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

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

Py_DECREF (m) ;
return NULL;

return m;

N T AR first Rl last JEME, AR A& LR BERE BB S R E PATT 2 T SRR
B first JRIERIREC
static PyObject *

Custom_getfirst (CustomObject *self, wvoid *closure)

{

Py_INCREF (self->first);
return self->first;

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

}

BRI R B2 — > Custom XMRA—A “HIW”, FER—DERE. ARG, Zafan. (1
SCRRIFE SRR AR I 20 BRI RIS B A 0 S U ik . BN, AT DARS R R iF— 2R BAS F EL 2 o R Sl
PR 1 ot e s RS O B B A TR ) o

BB R LA Custom MR PEMPMI . FrE M A8 NULL, XM oL TR IERA . B0
ABLEAR T, AR R P B s AR R A P AR I &5 R — M iR

A4 PyGetSetDef Z5HIAMHLH:

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

HHE tp_getset A M E:

[.tp_getset = Custom_getsetters, ]

1E PyGetSetDef ZE R G —W & LSRR “Ha”. FEAGIY, FRANEAMHAC, HEERIITHE
f£ A NULL,

TN TEFE IR T3k L8 Jm MY I 5 L

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

bi

FATEFENRF tp_init ABEEHN LAV 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,
&first, &last,
&self->number))
return -1;

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

(B0

3 BUAEFRATVANGE first il last i GURDRFARFER , RILRVFRA AT DA B WS DR TTECR A NVD, R, RN IE B2 A T2
S BRI A AN R FATH AT, FA T A BEARAIERE R — A5 ER T2 SE B AT TS SAT T
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}
if (last) |

tmp = self->last;

Py_INCREF (last);

self->last = last;

Py_DECREF (tmp) ;
}
return O;

}

WX R, FRAIREEAIIR first Al last MR —EAR N NULL AERATREFE I LFFra 15 0L N4 NULL
{EAGE . X ERE KRS Py_XDECREF () A FI#P AT AR 40l Py_DECREF () P . FRATAHESH X 2L
FHME—37 & 2AE tp_dealloc SEPLH, FHLIX BLRL B M)A LA AT BEXE tp_new FRIK .

AL E a4 T BRI R BRI AR A R R PR BR, RN Z BBy —#F, AL setup.
py SCHERIN T — BN E o

2.2.4 ZHHEWLIREIW

Python H.AT—A~1] DARR IS FERT BAYXT R IE 3R 2 =l 25 (GO) BIEE TS VO AR I E . XAl i
SAENRIAEERT I K. B, A

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

AT, BATEE T M A JWH R SRAOTMBRE MR, SRRk B A S
ﬁjl)ﬂ o BT RN ZE . SEE 12, Python GERIIIR ISR fie 4 K %5 302 T0 B 1R
.

¥ Custom /RHIEE A UAH, FRATAVHERRAA RAFMEE) first 3 last @R, BW4h, 7EH
FEE=AIRA S, FATE ARV T Custon, FHFEAARIMEREM . BT XA T A —A4,
Custom XfRHE I PAIAJGER :

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

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

LAW—PMAG G Custom SEBIRERAER GC ILMA AL, FATHY Cust om FAUFHE LRI FEHA>
BN RLFH 30— RERAC J X LAl £ -

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

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

} CustomObject;

B0

ST H, RV RE AT AR B AR SE ), PR AT ME LR st PR ARG T | B .
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static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arq)
{

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

static int
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;

I3
return (PyObject *) self;

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

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

&)
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if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0O;
}
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->first);
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return O;
(N30

40 Chapter 2. RERE=FTHREEYT R




Extending and Embedding Python, 4 {ThRZ 3.14.0a0

(#z_E70)
s
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("%$S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
{NULL} /* Sentinel */
bi
static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi
static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi
PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;
m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
(N30
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if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;

}

return m;

}

B, wIrIAEERR GC HERERS S IR X5

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
I3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
return 0;

}

SR DUIMAIGIRI A5, FATETRERA visit O R, BB Amli k. visit () B
%%i%?‘ﬁ%%ﬂ%ﬁﬁéﬁﬁlﬁ ITEBINS I arg (EAHSHL. BRI —TEH AR ZAE I AR 0] R4

Python 2 fit 7 — 7] B g i visit B &Y Py_VvISIT () . A Py _vISIT (), FATH PAFR/IME
Custom_traverse PR TIEE:

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

Py_VISIT (self->first);

Py_VISIT(self->last);

return 0O;

%1k tp_traverse LB HSEEN 44 4 visit 1 arg DAEEH Py_VISIT(),

B, AT ER PTG B AT T n] AS G ERAY X 51

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return 0;
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R Py_CLEAR () ZRIBH . BEE BT LR W8 @ i s | By e B2 /05 K.
ARAR %ﬁiﬁhfﬁ)ﬁ MRS NULL 2 [a) 78 J@ P F I A Py_XDECREF () , WJEMEAIHTHIES A 7] 682 | B
BEBGZ @ RS CE A & DR AR S | B RIS «

ik URATPAE AL DA S5 R Py _CLEAR () :

PyObject *tmp;

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

TES AT, AEH I B RN G 25 ] Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
Fe H AT BR AN ) AR I . 1 RN B DA A B MR !

Bl Custom_dealloc Al RESTEIHIRE MR TH AL A . XEWREIGIR GC 1] DATE & EL A -9k fih % o
T GC i | T ECN A, FATFRZLE S M Pyobject _GC_UnTrack () kil GC 5 1E3B EAH AT
%, FHE2FA1# ] Pyobject_GC_UnTrack () #l Custom_clear E%ﬁ*}m@%ﬁﬁi%%

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

}

e, AR Py_TPFLAGS_HAVE_GC AR IS SR

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, ]

EFEMZEAZ T o WERBNIHE T AE XN tp_alloc B tp_free ALBRE:, WIFATHR ZEUHIEER LR 9L
KRBT . KZH AR A SRR RS

225 FoRMLH MDA

BEIRA: BB BB BR B R A TTREN . I 2 WMEE R M N B AR, (R AT DA (R0 &
T PyTypeObject, FEAMY ALY [B] L 505X 88 Py TypeObject L5414 N2 AIMER) .

FEAG P FRATRA B — K H N E 1ist R SubList 8, XAHRALE 2 AT IS F, (HKF
P —AEMNY increment () F¥EM T B3 YRR A (E :

>>> 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>

(B30
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typedef struct {
PyListObject list;
int state;
} SubListObject;
static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{
self->statet++;
return PyLong_FromLong (self->state);
I3
static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},
bi
static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0;
I3
static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.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;
(N30
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if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {
Py_DECREF (m) ;
return NULL;
I3

return m;

}

AR L, A S Z B L Y custom R BIAER AL, FATRZE—Hr e Z 1A i 32 2 X5 .

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE BN G 10 32 B A T H I X R A R LA 55— ML BRI C e A AR I L s T

PyObject_HEAD (),

24— Python X4 J2& subList [SEBII, BERY PyObject * $551 il AR sk il 4% 4}y PyListObject
* Ml SubListObject *:

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

}

FATAT ATE_LTE B B ANl R P AL B B L 2R dindit_ () Yk

XA TE M S HA H & X tp_new fll tp_dealloc WA MEABFREE. tp_new MHAAN HEAE
tp_alloc X SEFRABCNAE, TiseibiE2Emid M B On tp_new RALHE .,

PyTypeObject X #Ffl tp_base 8 @ R AW LR E K, BT TG HIFAS 8, R ICHE M X
PyList_Type 5| R B FTZ T B BN 4B IS ERR S w) bh 4k sR 8 b 58 Al

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;

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

I3

return m;
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TEVWH PyType_Ready () ZHi, REEMELIMCZIHT tp_base {7 MRATNIARBRAER,
NFFERF tp_alloc {IHFE N PyType_GenericNew () - 3K H BRI /) Bk LR S AR K
25, A PyType_Ready () FRFERBUGRESIM BN P g #2 5 EAE) Custom /Rl —HE .
RV ST - 3 48
23 EMY RAER: BEoEREHE
ATEHT H A PR A& AR ] ASE I 28 307 VA S D BER T R 4
iXJg C A pyTypeObject & X, g T HHT Wil +E:
typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
/* Methods to implement standard operations */
destructor tp_dealloc;
Py_ssize_t tp_vectorcall offset;
getattrfunc tp_getattr;
setattrfunc tp_setattr;
PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */
reprfunc tp_repr;
/* Method suites for standard classes */
PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;
/* More standard operations (here for binary compatibility) */
hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;
/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;
/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;
const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;
/* delete references to contained objects */
inquiry tp_clear;
/* Assigned meaning in release 2.1 */
G
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/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

// Strong reference on a heap type,
struct _typeobject *tp_base;
PyObject *tp_dict;

descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;
Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;
freefunc tp_free;
inquiry tp_is_gc;
PyObject *tp_bases;
PyObject *tp_mro;
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

unsigned int tp_version_tag;
destructor tp_finalize;

vectorcallfunc tp_vectorcall;

unsigned char tp_watched;
} PyTypeObiject;

/* Low—level free-—
/* For PyObject_IS_GC */

/* Type attribute cache version tag.

(% 50

/* Attribute descriptor and subclassing stuff */

borrowed reference on a static type

memory routine */

/* method resolution order */

Added in version 2.6 */

/* bitset of which type-watchers care about this type */

XEA RS I HRAERIL, WERIREE N RAL,

AFTEELB A BITE.

IEIRRE IR, BATIEE— PPN GRS R B . DO R b ek na 7 B siEe , Bt

PATRATIAS AR E A IAESS A4 7 B SCR I PHA

AR{E B AR B 22

AR E DG RHF RN TR T, R

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

]

R4 7 - E—ER N, SHIERZHTT, JUPamEE h T A . sl s, Xt

]

TWARAH D).

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

X B R A TR QI XA A B R R I TR B B2 DN AF . Python Sy T RIS K EEI A5 (MR :
e, Judl) AENE S, X2 tp_itemsize FRAFTEME . X EB GRS

23. EXTRER: SH%ER 47



Extending and Embedding Python, % {Thi4 3.14.0a0

[const char *tp_doc; ]

SRR DL — B 7R (RS EI0HRAL) , 4 {iAE Python BIACH | b3 . doc_ & BB SOk
Tk,
AR — R EEARI I - K TSI SR T

2.3.1 KLEFNAERER

[destructor tp_dealloc; J

YRR SCBI 5 VRO % H. Python MR AR ZL MR, REUR ) BERR . ISRARAY AL N
AR T A B, AR DME BRI B e WA By T X HUREI . PATT e BRI 91 -

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

ARSI SRR A, ARG I 24 7 T BT B 51 7 Be 2 WA ] 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);
}

— A E BRI PR AL BRI R R B THCE AN S X AR B2 AR S ol R Re2 0 i
M, Ui FEREE (MAEIERRED, ANSFAEATIMNERI RS B B — D08 MR E . GRS
AT R 2 FEE MG N E Python LA RAG A R BRI E . X IR T EURRERS iR R R . IR
Ry, TEARMANLERERAER, RERRSERE, REHEHLEERE . H P PAEE PyErr_Fetch ()
Ml PyErr_Restore () PRECESZH:

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) ;

&)

48 Chapter 2. RERE=FTHREEYT R




Extending and Embedding Python, 4 {ThRZ 3.14.0a0

(% L350

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

Py_DECREF (self->my_callback) ;

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

ik URBEALERE A o B P L AT R AR R A IR, e, R AR B IS B SR S 0 el e (T
tp_traverse fl/Ek tp_clear), XFRAYARN MG AT AE I tp_dealloc WP B A4S, Hk, 1E
tp_dealloc H!, REUXIRRFAATARERE: ERFUITEETE . ALAHEHEBREN R 8 APTRE (0
TR R B TR S AT RE SR tp_dealloc, SEUNEMMOF KA .

M Python 3.4 JFif, #EFFAEAE tp_dealloc A ZMLALERMS, M2 A tp_finalize B,
S UL:
PEP 442 R T B & 457 %

2.3.2 HRER

TE Python Hr, BRI 0] DAAE AT S 1 SCARRIR: repr () BREURT str () pR%L. (print () RESEHEM
o str (). ) XS TR AR 2 kY o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALBFRIF VAR FRAHXG, HA S e pli2oniBa. e if] 1

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

fﬁq%&?ﬁd’é% tp_repr ACFHES, fARESRIGHEME— AN KA tp_name AR IEZ DA B AT SR ) ME—FRH
tp_str ST str () LA iR to_repr AFEEENT repr () —#F; W2V, ‘B4AYE24 Python 14
TOFEARA X G2 B A2 B st () WM. BRI tp_repr lREEEREMML,, (HHER TR Z
PEANEEFR . WRKIEE tp_str, WA tp_repr AFEERAER .,

NIRRT B

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

XTI SCRP RO XT G, AU R SR A I TP il SR RO S e . F 20— B I 3
JEYER R AL (ANAE ST AT IE) B2 5 — RSt w e (R AR EE) . BiREER—
FHRFIRTE DL, FEBUIGOU T B 45 b BRER BT {E ) NULL,

Python SCHFWIAT I PEALIRG : —ANSCRF IR ML SRR 0 A B S XSO, P22 BIAE T x4
Z char* (ERIRMEATR, 115 XHEEZ Pyobiect *. AR RORIAS AT DAZER MM T2 S0 0 FIPE K 3
7R

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

/% oaa *f

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T ) — X R JE AR B2 A B A (IXREAE T SCHEATARRE) | DAY — 283z 1 S B mT Bl o £ it
PyObject* A EMAA LR . A Python 2.2 JFAERT-IMU 4 Ja i) Ja PEAL PR Y 52 P 5 2 LT B 58 421N
K, RUEIRATAER VIS 1 AR BRI B Ao iy ml e AL e 315«

RBRMER

REHY RIBEH Wi gEt:, e, i@l “fim” 2 HFRZWE N0
L. 4] PyType_Ready () W}, WAHUHIEJEMERI AR,
2. ANREHFIRAEHR OB R B A REORE , WA TEAMRIEE R

TR, WAIFARKHE VR . R0 A ) B AR & e i 776 2Rt AT AT BR 46

X4 PyType_Ready () $ N, B 2B RS | =2k 4 8 B0CE 2 A0 4 i1 5 i
Wdescriptor . A FE RN SEHINS R B —DEIERTT I BRI ATIERY . MR =R EH Y NULL,
WU B SE B A I E TR RE AR ORI B I, I HaB IV 241k tp_getattro fll tp_setattro ¥
Beffs oy NULL, PASRIA SRR A P L R 1

WA object:: FEALMY =47 BL:

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

IR tp_methods A% NULL, MELAI— I PyMethodDe £ Z5HIRAL AR, A4 H A
R — A5

typedef struct PyMethodDef ({

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

124 RIS T SRR E N H s BB ROR B IETE i SR H . IR EAEAR N
— BN Bl MR AR H o IR A H 9 m1_name FBUAAUN NULL,

B AR SCEEE ARG SR B JE . M Isn C RN 23508, FF Him oy Xl Ak
Ry . R g SOh:
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

MT RPN EHE, B A descriptor FEERINE 2528 (il H BB 0 M 52 B 25 A (R h 2 Ul . type FB
WAL —NEAI AN Py_T_INT 5{ Py_T_DOUBLE; %{HNFH T4 & Wi{i ¥ Python {E 544K C {HEK S 2 .
flags FE T ARAEE @ 2k B AR5 1 AR . AR AT DAY H% Sk Py_READONLY PABJ 1l Python UA% %
BHE.

il tp_members FHRAE T IBFTH YR 2EEA —AA BRIV SRR DX FP Oy 3 SO S pE#R vl A
AT B 3 3 AE R P R SO SR B B AN IR SCRY AR . — NIRRT DA F E A APT MZEXT S 1R
HEARSE I doc_ B RIRBURY 745 .

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

RBEREMELERE

AT B, X B HEUR char* U4 name JEZ 2R char* Fll PyObject* KU O 2 [A]AGME—X
Blo XSRS bR AT 5 iz s G E R FE (B3 [ FE Python 2.2 Hyni iz i k. B
BT AL B B IR Y, BRI A SR AR SE TR Y R E IR EIEE . VRSB 42 W B
tp_getattr A STEXN R FEMTEEA R EREHNSEE 1KMW _getattr__ ()
D7 EERE 03 AR ] o

it

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

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

ML __setattr_ () 5k __delattr_ () HIEBS SV tp_setattr AbPRES. M7 LMk
—ANEMR, FEAESH N NULL, FE — AR RS R S E BT R e SR AR Y,
tp_setattr AbPRERI PR NULL,

static int

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

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

[richcmpfunc tp_richcompare;

tp_richcompare ALPRERATETR ZHAT R BT HA M . BRMT &HRFE, #il _1t__ (), Hapk
PyObject_RichCompare () #ll PyObject_RichCompareBool () .

I BR B E FH RS A% A1 Python X R A BAFE M S8, Hrha8 458 Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT { Py_GT Z—. ‘BN 24l 4§ & 11z F AT K LR W XS A R VR T iR [F] Py_True 5%
Py_False, QI HEERERISL P B 2l HABXT 52 U4 i iR 0] Py_Not Implemented, B{E IR
WE T 5 WA [F] NULL,

NHGE RO, BRI IAIR YRR ST AR/ IMHSE A A S

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

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;
switch (op) {

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : ¢ = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

}

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

return result;

2.3.5 R LZHF

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

XLl g% AR Z AR 2 (e Python SEELTF A B E L. i, 205 WA SN —IF Rt 2
22 Python MLLHR Sy« FABYMINZ G AR o« X TR LE kK B S8R S AL PR BRI HMSOR UG
BEIR B PSR SORSREUNE G 5 | A AL BEAR B ATk T BEOHT A MM BOR UEAE TR AR G s A B Al
{37, FAA — ISR LR HE AR GE B2 RS RS A . (LU (I AN 2 R W (B E NULL
RS DL, AT DABCE IR R A8 B — B LR, BRI AT REARFF R RARES )

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

QR ARA AR R AT R R — A EF . PN X 5, I A ARsE 2253 B E — A SE il T C A
PyNumberMethods, PySequenceMethods i{ PyMappingMethods, B85 A B ik RN 57 03 24
MBI A S E5 7k . /R7] ATE Python YRS &AL Objects HsgH R EIX SEXT R4 H M R B
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[hashfunc tp_hash;

RARVEFE SR UL R, B R 2 A AR A R SR 2R ) S AR [l — IS A KB T T e — R 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 & AESEEBOLT B FE-EIA TS E5EE . M tp_hash & -1 FR &4 THIR, Xk
FE A AR 24 3 B B G A M A s S A R B, A0 b T B R Y

[ternaryfunc tp_call;

BURRELSHE TR VRAEE B SL BRI , 280K 16, A0SR obd 1 BRAYEIEZ ALY ST Python Ji
AT objl ("hello"), NFAEIHH tp_call AP .

W Z = AS 5L
1. self ZAE R B AR BEEEASLF] . AR /2 obil (*hello'), W self 2y obil,
2. args RUTTAMSHWCH . RATAA] PyArg_ParseTuple () RIS,

3. kwds B HEAN XEFSHABWFH, MR AN NULL HAR S X725, 0w i
PyArg_ParseTupleAndKeywords () RIRSE. WIRARAE LR KBS 500 B SV 3E NULL {4,
M 25| % TypeError I — M HERA LR T SEEIHE B

NHE— MR PR tp_call SCH:

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

PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

}

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;

T2 pR R A T X AP SR . XA B AR Rz — B S, BB ATR0E A i g 52691, iR
B —ANEE I MRS, BTN BE—A 55 R B NULL. tp_iter XfF Python __iter_ ()
i, M tp_iternext XPWT Python __next_ () hF¥E.
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{EArfiterable X} ERNSEI tp_iter ACPRER, ZALPRERNIR [0]—Aiterator 342, I 525 Python 2EfT [
T[] — A5 S )

o XFT R LASCRREZ AR AR 2 e (g RAoCd ), W M AER R tp_iter WFAIEIFR[E
—ANB A -

o HEERER RIS GEEZ M TERBEN A2, flnscrExg) al AR Bl — g1 H
DB IR tp_iter — FF HOBIIERY 2450 tp_iternext ALFHAS.

1A iterator St G#8M 24 RS2 tp_iter Fl tp_iternext. — LI tp_iter AbFHILR 243R [6] —
MG ZIER ST . B tp_iternext ALBRERN 23R [m]— N5 ) B A ERAER T — N R HE 1
WA T XL ME. R ERERAKRE, W tp_iternext WPURM] NULL MiARERE, di&d
Al PATEIR [B] NULL f LRt b RN StopIteration; wEG R AT AP~ A B HIMERE . ANSR &2 T S8Rl
B, W tp_iternext W4 R 2 BE A5 R [E NULL.

2.3.6 H5|HZE

One of the goals of Python 55| FiSZBLEY H AR 2 —J& VAT = 2K 2 5 555 | AL H 0 A 276 AL BE X 5
(Blangs) br=E@isbIrey.

S U

weakref B SCRY .

RET AT A4S, 5 RATSAIRE tp_flags FE) Py_TPFLAGS_MANAGED_WEAKREF HAF(L.
IHRX W) tp_weaklistoffset FENW U{FEFHE.

FARHIE, PATF At i B R 28U G A 1

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... other members omitted for brevity ... */
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME—RYEIMD S JE tp_dealloc FRENHRTAES5] H GHLHH PyObject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

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

2.3.7 ESEI
N 2T AT AR R SR SR AR T vk, BRI CPython PR . BEA Objects Hig, SRJFTEC
PSR ER to_ IN_EARAEZIA A (BIAN, tp_richcompare). RFFRBIIRAEZ LU R BT

MR B UE— DX R R AR I B B AR SL By, 5] PyObject _TypeCheck () M4, EM
— R BT

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

(BT 30
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(#z E70)
return NULL;
}

UL
T % CPython JR{RASARA .

https://www.python.org/downloads/source/

GitHub |-JF% CPython JE{Ci%11Y CPython JHi [ .
https://github.com/python/cpython

24 ¥ C/IC++ ¥ &

—/~ CPython [t C ¥ B2— 4L =% (B a—4> Linux /) .so , 5(# Windows [ .pyd), H&GH—4
?}Jiz“ﬂ(, B H

HT A, S FELHE PYTHONPATH 4| Y, HaAi# MBI A AR 44, A LR B4 . 24
i setuptools i}, 2% H B SIERH) SO

WA PR P B AN T -
PyObject *PyInit_modulename (void)
R EGR ] e B i A e, B—A> PyModuleDef 5Efi. 14 initializing-modules | fi#i¥:1%

ST A ASCH it ki 42, REULITE PyInit_<modulename> , ¥ <modulename> %ﬁjﬂ‘ﬁﬁ&
M4 5. 248 | multi-phase-initialization F}, Foi/F{fi 3k ASCIT gt i 24 . BLETH) 46 1 R 5L 1) 44
PyInitU_<modulename> , Jfij <modulename> FF%LH] Python [ punycode it , iEF D%?*é?ﬁ%jﬂ?j&ﬂ%%
7r Python H:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PME—ASh A LRt 2Rk, il LD TS AT T5 AT S BER ol F E SCAAR
DA R I AR T SO IR S B &R 7 —A B 2 Z Ak BT, AE PEP 489 [ 241
RE

2.4.1 {EH setuptools #3§ C 0 C++ ¥ &

Python 3.12 M T B AR A FAL S distutils. i52:5% https://setuptools.readthedocs.io/en/latest/setuptools.html |-
Y setuptools A4 Ll T AN H setuptools JRAG R4 K& CIC+ ¥,
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2.5 7£ Windows t#J3 C 1 C++ ¥R

X — B A B4 T A 5 ] Microsoft Visual C++ £l 73 Python f) Windows § Atk SR 5 B A & H TAE
LTS S5 B . XSy IR R}HE S FH T Windows F2)7 512 > #4978 Python § DA K Unix &7 512>
HIa] A= BAE Unix Fl Windows Y588 B S AL #2000

SR distutils J7 ZORM A AL, A AT IR 7. RO FEMEA C kit
¥4 % Python; 3 %5~ Microsoft Visual C++.

ks X—EER KT 2 UFEC g Python JUA S 1 U4« X SESC24 AR R R XY IR 52603 7
ScHr, X RERARET A A Python S AR ARSI Y RERIRIRAS . Bilan, QiSRRI 2
Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

54E Unix bF—#¢, 7€ Windows &Y A A PR 70 (] setuptools s Hlfy IR, B¢
FHETFIEAE. setuptools 17Xk H T K25 ; i/ setuptools M EFNFT Y AL H SR L1 7
setuptools #3E C Fo C++ 4 e o WERIR A MRE R T ET M, IAHFH—T winsound AR FEBLH I H
T RE SR A F ). standard library module.

2.5.2 Unix 1 Windows Z gl =5

Unix I Windows X TAUR AT E ] 1 5 AR AT FERel g nl sh a2 fy, %
I T IRARBT I AR Ge 2 ander AR -

£ Unix /1, — IR (Cso) SO ERF th AR PR BT A ACRD , L SRR e T B4k 31 1 o 2044 A
A o 24 SRR T BRIy, R SO AR FHosk 28 R BRI i ) 4 v | AR 2 RO H 10 AR e v ek 4L
AL AAF P I B S PR B XA b — DR

1 Windows 1, —EIEHEREE (. A1) XA BRG] . e i i — AT e Bl i i
Vi s fTi DLL AU Aozt dif g Mo, RC26M T DLL fy&fdk, FHAz
FrIEEAR R S PUE T AT 175 5 1Y R ORI -

& Unix 1, AFEAE—FESCHE (La), EWERAZDNERIT (o) BRI, TERIEIE MR I (Lso) 1Y
HEREY B, HEEAR AL AE S R BT A HIE R AR IR R AP L E S . SRR AR A P B R SO P A 4R
B WRE T, S S AR BN GO A R

75 Windows 11, {FZEWiRIIERT, WASHERISEARE (FRAHRE . Lib). MASHERMT Unix 1y .a i ©
B TE B TR AR RS, 5 AR b (T LB B R R R 2 ¥Ry, FLIFE DLL
AT TR . SRR B T G R 15 AP o R 8 A5 4 DL 8 K (076 DLL 108
HF. AR B DLL BERERERT, TAES B~ AR, 4 B0 T B 73 DLL 11 i
1A I S DL

BAAR IETE G IR BN B F1 C, BTN 4I5S A 78 Unix |, IR RENRF AL a 1545
FEREARE N B.so fl C.so; P RECEPEIEFIK, XFE B A C R 5IHA B CMEIA . 7 Windows
b, iiE A.ALL FFFEEHRIFE AL 1ibe R B S5 AL Lib A EEEASH T BRI Co AL 1ib IFAEE R &
NSRBI T A ARSI R .

1£ Windows |, S ABER SBEMA import spam; BEiLARAT AT spam A FR, (HIFASA]#
—ANEMEIA . 7F Unix b, #E28—PNEFEBE from spam import *: BEE—ASEMMFEIA,

56 Chapter 2. RERE=FTHREEYT R


https://github.com/python/cpython/tree/main/PCbuild/winsound.vcxproj

Extending and Embedding Python, 4 {ThRZ 3.14.0a0

2.5.3 DLL BY=cBriE
Windows Python /2 7E Microsoft Visual C++ HHH4 A5 il AR ie 2 ] BE S T RN & TAE . AR HAH
A REE T MSVCH++ 1.

M YE Windows H )7 DLL B, VRO A0R pythonXY. 1lib B854y . TR DLL, spam £ ni (&1 ]
spam HHF ) C KD, VRI U AR v

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

2O E T =430 spam. obi, spam.dll fl spam.lib. Spam.dll A& {E{] Python % (7l
il PyArg_ParseTuple ()), {H'E# pythonXY. 1ib A PAFIIE WA+ 2] fr 75 A9 Python LAY,

’“”g%s/ﬁ/\ﬁﬂ@T ni.dll (PAJ .obj Al . 1ib), BEHIEAMA spam PA L Python AJ AT SCHFH R E Fr iz Y
PR

AR 20 T B AR R R AR BT ] HA A e (60FF Python) #RAEA BRI FR AT,
RIAE | _declspec (dllexport), BLUIME void _declspec(dllexport) initspam(void) Bf
PyObject _declspec(dllexport) *NiGetSpamData (void) H—Ff,

Developer Studio UM IR Z AR A HIEFEM AL, A AR AT S0P/ MEIZ) 100K, ZHRBEAT,
TR P T 38 o A R ) B R T R B eE BRI o FFIERIR) msvertxx. Lib IRIE] S FH .
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CHAPTER 3

A E KRN HAZ R CPython iZ1THY

A, AZEANEAE Python fEREAS A LN AR THIY RE, 1M 24 S5 CPython iz fTHHR A B B
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHENAERFEA Python

HIJLESHE T A%} Python HEATY R, w2 tfal ] C eR &A™ i€ Python HYZIAE. Sl Rtig nlPARY: Ff
Python fix AFl| C/C++ MR i R 5 O fiE. XA A AT ALY AR Y A Python SRECBIMELLTIfE, A2
M C B Cr+ . MBS AMRE: HAARVFH i Python %5 — LU, DA RE il b AR P AL 7oK e ARt
LETRE ] Python i HE KR I NE ), IEATF RN ACMEEX AT

Python IR AR T, HAGE M. ANFEZAATET, §7& Python R LT 1 #2715 9% 2 Python
fifRESs, TR Python B EFEF R G5 Python 584 Jo ¢ — T4 W I FE 7 1 S L8R 43 15 /K < I JT] Python
fifREAR KB T— 28 Python fURD

B, #24k A Python, FREHRMEH M ERT . W FEFTEMUN G Z — 2P 451k Python fi#fEds . 2/0
YA R Py_Tnitialize () o A LERERYIE ] AT 1A] Python 1% e 4TS24 Z G I A R FPiY
AR Any s 758 R

P R XA &) LRP . TT] PyRun_SimpleString () & A—/U% Python HA]FAFHE, AT
PyRun_simpleFile () f& A—A> stdio SCEHEEHAI—D 304 (EERHRE R PR BRBER) . &mT AR
JHFIITE 748 3 4 TR 2 48 R AR 3 I ) Python X 42 .

S U

c-api-index

AR T Python ) C 21 . 3% BAT K ELERIE .
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3.1.1 BEXE#RA
I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#define PY_SSIZE_ T CLEAN
#include <Python.h>

int

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

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

/* optional but recommended */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
I3
PyConfig_Clear (&configqg);

PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}

return 0O;

exception:
PyConfig_Clear (&confiqg);
Py_ExitStatusException (status);

£#51:: #define PY_SSIZE_T_CLEAN #{H3KI80H Py_ssize_t W 4FEHLEE APT 8% int [f1H. BN
Python 3.13 IR AR 2L, HIRAMIREA EH T M FH#% . 1523 7 arg-parsing-string-and-buffers FR % 72 B4
iR,

HE PyConfig.program_name W 4¥F Py_InitializeFromConfig () Z wi#kii DA & AR R4S
Python 21T} E )B4, T2k, Python BRI Py_Initialize () K¥IGRIL, SRIGHATIE GmAd )
Python JHIAFTEN th HIWFIESE] . FEMZ )G, Py_FinalizeEx () YR XPAIMERERY, MIRISSRER Y . AEH S
FIFEF R, URATRETS EE M A AR I Python AR, sl M SCAR R A IS . SOk B R 555 . [
PyRun_simpleFile () MECAT DA A7 SCHFHRER Python A%, 33X K5 2 VR4S 25 43 L P 25 T R 28 ST A
P2 1 SRR
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3.1.2 SEHB/BERERANBIBRS: Hlk
PR A T RE A IR R A TAE AT Python AU, (R 2D 2 it T 2 A M BRIBTRY o A0 7 ATl , I
ARG AT . JLT AT ASEBUL AT IhaE, U520 C U,

PR, R EEAR, {17 Python Alik A Python FyS M. F LT e i R 2 B F AR
AR ATV, AYRE—F M Python 3| C i AU ENRM T (14

1. ff Python HYERFE N C A%,

2. JFA R I RdEAT C R i s BRI

3. FFIR AR [ R . C ety Python 4% 3K,
ftk A Python I, 32 IS SoX R

L. f C Hllaf%is sy Python #53K,

2. ARG AR AT TR Python 5 11T B KA

3. FFIR AR [l i X A Python S2H C A% 3K

AL R B B P PR T — R IBUT DA B T8 B At o ME— Y DX 3R AE I U e 2 [l
R BRBOR A FEPRATY RIS, PR —A4> C eR%L, T RATHR ARSI A9 24> Python b4

IO BHEUMARF S A Python B4 El C 2K, [ZIMR. 75 SN MRGE BE# RENS LA B 5 | FF AL EA 2
F Tk ey S AR Y R IBCA X B, 3625 il i) B AR P R 0 e 8L

3.1.3 RERA

55— MR H AT 2 04T Python MIASH AGSEAS ek 8. LB R UEE LIIRKE, Python R REARHT A S ELH S B
MREFFBATACE, (HF— 4R i — A -

BLisAT Python AR b SR AL, AL 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 is a new reference */

&)
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if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++i) {
pValue = PyLong_FromLong (atoi (argv([i + 3]));
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 (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

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

return O;

LR RASSEFI A argv (1] JNZE Python B4, FEH argv (2] $8EMMEE. REESEUE argv #5141
A . SR 25 T 44 AR (MLALRHR AW PATREFARAE call) |, I B AT Python B 7,
4 :

def multiply(a,b):

print ("Will compute", a, "times", b)

c =20
for i in range (0, a):
c=c¢c +b

return c
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RIGER I %2

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

ST IR, AP BT IR, (EOHER U2 I T Python I C 2 [a) ) Bicdfe e, DA A i
%, #iA Python HUAERER T ML TT 46 -

Py_Initialize();

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

WItR LR 2 J5, WA PyImport _Import () MIEEIAR. BLeKEH) 2407 21> Python FFiFH, —H]
PyUnicode_FromString () BlHi s B E ) 74755 o

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JHA—Em#kse s, #e M PyObject_GetAttrString () EREMEAFR. WRAAALE, I HRFEZ
A%, B2t o RS SRG AR Ak sL AT, MEE RSB CH . RE A A
J Python R % :

[pValue = PyObject_CallObject (pFunc, pArgs);

MR FORIEI, pvalue BAN NULL, 2SN eRB0R MHERITI T  556 PR 58 ERE0Z5 1 .

3.1.4 xR A Python ThEE#ITH R

FIHAA L, AR Python fERERRIE A REVT I I AL P AR LY DI fiE . Python APL ey ik AFRRRAS KL T
X—nle LRV, AR SR PLH R B AR RS UEA T I . AR EARA LR ., (WSO ARl
ke KBS RACR W AT IE3) T Python R . MHEN HIARFF A e —H 71y, RIET—LRKA
ik Python {Jj M iX £ FHEF, W45 W@ Y Python 4 JEREfF—HF. filln:

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 PyLong_FromLong (numargs) ;

}

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

bi

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

bi

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

}

FEmain () EEZ HITEA LRI HAEJHH Py_Initialize () ZHITHADL N BSKIER]:

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

IE

RPATAIEAIIAIL T numargs 484, HR AT Python f#REES 1T LAY M) emb . numargs () ML, HlidiX
P, Python AT DARAT AT #:4

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

TERLSSH Y AR, XA IARHE I ) APL 2255 4% Python fH/1] .

3.1.5 £ C++ thigg A\ Python

AT PAKF Python ik A C++ FEfFH 255 BVIHINE, SCHUT PR T CH+ REERILBANT; —RFTH C++
%5 ERRE, FEH Cr+ GiR R AiF BT . AT L C++ HEB4F Python AL

3.1.6 £3¢ Unix R hymiFFoskss
Y Python fERE R AN AT, 4R EIE B0 1O 90 16 S BUML 45 g 148 (FIBERED FHARD 3, Rl @2
Python Y FEREHE DA C B Y Je (.so 3CiF) miEaseti.

N TR R RS AR A S L, WTIAT pythonX. Y-config A, BRAEZHE Python A (H
A REFFAE python3-config HIA). HMAGILNSE, HAATIANSHSEEAN:

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

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

pythonX.Y-config --1dflags --embed W45 HAEEEREN B R

$ /opt/bin/python3.11-config —--1ldflags —-embed
-L/opt/lib/python3.11/config-3.11-x86_64-1inux—gnu -L/opt/lib -lpython3.11 -
—lpthread -1dl1 -lutil -1m

.

ik O Tl Z A~ Python ZAMAST] AR AL (FFAIRAE RS LA H CHiFRAzm) , #UH
pythonX.Y-config fHELR AR, W EBIFTA.
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MR EAR T EARMEM RREAHIEXT A Unix 280784 UG H bug 45 ) , SRR G X T3S
FBERERYSCRY, FEHGEE Python [ Makefile (Jfl sysconfig.get_makefile_filename () RF|TEAIE)
MHiESEL. XBf sysconfig @A A LR, W HmE T ARG H A —EMEEE. -

>>> import sysconfig

>>> sysconfig.get_config _var ('LIBS"')
'-lpthread -1dl1 -—lutil’

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

>>>
interactive shell KA Python ST, A:FE S R T HEPA S 177 S A MRS BT I RE D (T2
HAAT AL

s interactive shell Higy ANFFIRAAD I ERINHY Python $&7R7F, Fpik I g dEr MRS, 2o it 43
WAr (S IS, ol =E5155%) 2N, S0 e PRI )5.
* Ellipsis NEFH.
abstract base class -- fili% &3k

G ELER/PR ABC, @Xfduck-typing [#h 7, B T—Fe O R#H 7=, Mz N H A5 T4
W hasattr () BT FRMBCEHMWEHR (FIMEH BEA ). ABCHIATRIITIE, XMMFItE
ok H HAZE, HAMIEERE isinstance () fl issubclass () FriAAl; UL abe B CRY . Python
B 142 N EK ABC HI TS50 (FF collections.abe i) . HF (FF numbers bk
). P (FF 1o Bedr) . S AERSAMERS (FF importlib.abe ). FRATAMEH abe FRbk
KA H O ABC,

annotation -- Fxif:
KERBIHEAN T KEME. REUES SR IBME MRS, B2 Ve 2 20 2/ SR
SR AR AR B TR AN U ), (H AR RIE MR R B AR T 2 MO . RN R i
__annotations__ kg H.

Z: W variable annotation, function annotation, PEP 484 F1 PEP 526 , %} W B e A N4 . 7515 2 I, annotations-
howto | (5 AR i dpe (S Bk

argument -- 5
FEVH FH BRERHE 45 funcrion (8method ) W){H. 5053 RWiFh:

o XA A TERRBOR I PRI A PR AT (B0 name=) SEEAE N A S ERTTEATA ** 197 S
PEAE A . 28BI5K0E, 3 F1 5 FELA R X} complex () WY A FE T 2 7S5

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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c EAAEC ART RETSESH. ESEOTH BTSRRI L A LS5 e A
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

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

SR PR L s B P B Rl AR e A7 RIS I, calls —7 . MRAETETL, ATk nT
HRFTR—ASHG AT BE IR R Y Y SR AL

#Z: Wparameter RUEFZEH , FHWFEF ZHGESHIXAAL PEP 362,

asynchronous context manager -- 5535 | N g3
PR Sl X __aenter_ () Fl_aexit__ () H{ERX async with ifA) R E T .
H1 PEP 492 5| A,

asynchronous generator -- 535 1 i% 2%
1R [BME ~asynchronous generator iterator YR . B 5 async def E X HPMERBARAHLL, ANFEZ
WHET BT yield Rk P —RSIATE asyne for JHHH I IME.
WARTEE F 2T 570 AR e bR gL, (BAERLUEAL R AT RE 2 TS 7 A R B R E . WRFEIEERE
SRS S, T PR AR TRIE: .

AR AT RE L await RikRE#H asyne for L async with i,

asynchronous generator iterator -- 535 1l ik 75 G 3%
asynchronous generator FRELFT AR 4,

WX R & T asynchronous iterator, 4[] __anext__ () Jrik A £0& [l — AT 2R SR T 5240
A Rl R B BR AR LR R — A yield Rk

4> yield SIFHEHFLE, RSO FNTRS (QFRIERRRN ay ). 4% F44
B R B _anext () BURIIIILILT S FEXTGA MILIT, & 2 MNBIFOLEASENGT. 5
i, PEP 492 #11 PEP 525,

asynchronous iterable -- 5335 ] 2 {Chf 4

— U PATE async for B ERAIXTSR . DILES B __aiter_ () FERE—A asynchronous
iterator, H PEP 492 5| A,

asynchronous iterator -- 52551054
— T _aiter () Ml __anext_ () FIEMXS. _ _anext_ () MR B —A awaitable
¥4, async for &AbHR A LALLM __anext () Jy TR AR TS AN 4 B B B & —A
StopAsyncIteration F% ., B PEP 492 5| A,
attribute -- &1
KRB —ADXTR M, B S SRR AR . 250G, WERXTS o G JEME a W] PA
H o.a k51 HE.
WERXT G AV, KR E R identifiers (1) JEAR T 44 FR A AE— XS 00 J@ o 42 7T AR, il dn it A
setattr (). XFERYJEIERFTCIEME AT RIXZORTIF, e tEid getattr () RIRE.
awaitable -- WZEFENF 4
—AA[AE await FIRX P H TS, AR coroutine B2 HAH __await_ () HFEHNE. S W
PEP 492,
BDFL
CRBCZEMBRE WP SC4EE, Bl Guido van Rossum, Python [ 6158 .
binary file -- —JEHISCAk:
file object BEMBIEEE F 7 A0t %o 3B SO Bl HE A HIES (e, "wbt 3 rb+ ) FTHFRI ST
{4, sys.stdin.buffer., sys.stdout.buffer P\ io.BytesIO Ml gzip.GzipFile BSLEMHI,

S Weext file T fRRESILS str MRS .
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borrowed reference -- i A 5| H
1€ Python [t C APT v, 5 5| HIZIE—FXIRE M, 2R REIFE AR IZT I H . R 58
YN B A B AN B TR e I, SR R RS T ARS BRI B 1 B 5 strong reference SRR E

HeFELEborrowed reference LA Py_INCREF () PANF IR0 Ay strong reference, BRAER 4iZXH To ik
TR AG IR JG— R Z B . Py_NewRef () BEELAT AR T RANEE— A Hil1sorong reference.

bytes-like object -- “FYi %%} 4
7 ¥ bufferobjects H- H g G H C-contiguous ZEf ¥4 . XHFEA bytes. bytearray fll array.
array X%, PARFZ I memoryview X5 . TR R AT e L fh —dF Rl E@RSAE R A X bk
VERLHE AR . PRATE R 3R SO DA i i e ik %

SRR T A R . RO RAE SR PR CAERE TR ARG R
Bl 7fliE bytearray PAK bytearray B memoryview, HABEEARE SR —Jf il Bl A7 T A nl 28 %t
G HEETRMART) s XA GAIHT4E bytes LK bytes XA memoryview,

bytecode -- ‘7= 515
Python JEACTE 24215 751, R CPython f@ s 1 3&/R Python F2J7 I RS . Pk & A7
TE cpyc CHFH, SOREEE R AT IRl — SO BE e (RT A KRS B g i M iy ) o XA
HEIE S 12 TAEARSE F AT RS AT A AL RS ) virtual machine 2 1., 3573 5N Python FEHIML_E )5
AR —EEH, WA—ERETEA[H] Python fiUA_F 3% .

FATDHEAF)FE T PATE dis B SR .

callable -- W] {& FI %} 4
AL G2 T AT E X 4, T RERTHY — S8 (B Wargumenr), i DAF

[callable(argumentl, argument?2, argumentN) ]

function, BRI JEF method 55, BT AVAMX G KT _call () JIARIZEHSEBIHR)ET Al
JIROE

callback -- ]}

—MERS BRI PATE AR B9 A 209808 FH ) 1B RE R 4
class -- &

RGN P SO SR ABR . 28 8 SCE R S X% R SL B T ER O e o
class variable -- 2375 i

TR E AR, I HLAURAEZERZ S BB B A Z2AE2ER L0 R IE 0 -

complex number -- £ %}
X SRR G, Hrh A IR R A — S — A AR AL RO UL (-1 19
PR BYSERE, BETERCE TR i, LRSS 5. Python PE TR RN SR, R LA
FRMCTTEG BRI —A 3 S8, BN 3+15. WIERTEE math BILRNXI GRS BORAS, w5
cmath, SZEWEEHR IR EEECARRE . WARAREGE A B2, ZIEENRILTPARF AT

i) R

context manager -- |- F SC55 PSS
TE with BAETE Y __enter_ () Fl__exit__ () FYEREHIIFEDRSHN S . S0, PEP 343,

context variable -- |- F 325 1t
—MRIEE T E R LR SO AR A AN FEE A . R TAELR RHRAE P AT LB AR
HARRMWARME. Ak, T ETFCEERE, —MUTERET RS2 LT, M E TR
1) F BRI R S5 A i TiE R . 20l contextvars.,

contiguous -- 7EZE
— AN NR SR C & B Fortran & B 90NN LN . B0 /Z C fl Fortran 2 . 7E—4E
B, Brf 4 H O AHE WA P AR S HES ), SR EIFIRIB ISR )Y . 2 4k C-iE85H
f,ﬁjﬁ:ﬂ:‘;?ﬁg\iﬁﬂﬂﬂﬂ i B e — AR5 V) 45 H s B fepi . {H27E Fortran S0 H U2 FH 26—

SR RR.
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coroutine -- i
PR T BRI — . FRIRE A DAYERE— S A e S — R o PVRE DA DAFEVF 2 AN [R] 1) 5
EREA L BERWKE . EA1EE asyne def iBAPKRSEEL. £ 1L PEP 492,

coroutine function -- BpfE s
R [l —coroutine TR EREL. PMERE T asyne def &A1 E X, LS await, async
for fil async with J4ETF. XLRRZEH PEP 492 5] AK.

CPython
Python ZRfEiE 5 RIMTE LI, 7F python.org [k ffi. "CPython™ — 1] F F1E B fRE b S -5 HAth SE B
541 Jython By, IronPython #H X 51| .

decorator -- gy
R EME N 75— R B R AL, Sl @wrapper AT AORIAT B S . St 13 L1160 35

classmethod () fll staticmethod ().

PMAREAR USRI, DU A eR S SR S R Se 45 i

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

@staticmethod
def f (arg):

FAEROBR SR N T8, (Rl E R A . A AR TR PT 2 0 eR B0 SOM 2858 SR SOR

descriptor -- {{fiiA %3
EAEXLT __get_ (), _set_ () 8 __delete_ () FIEMXNE. B— N KEH AR, B
HIRFIR IS EAT S TE R PEE IR Bl A . SR IHOLT, A a.b RIRHL. W EBMBR— @ PERT & 7E
a KW FHAPERLATN b RS, BAUR b2 RS, WX ARSIk . BRI AL
FIAE 2 S 2 B Python (1) 08, RN @ VF 2 B SRR PR AL, HFEREL. k. FHEEME.
Rk BT EA BB G] S5

A KB ERITIEME 25, HZ 3 descriptors B {1 Hi7 e .

dictionary -- Tt
— AR, H P AR S B AR B (R . B DARAEMI A _hash__ () Ml _eq () ik
%4 . A Perl 1HK-A hash,

dictionary comprehension -- ‘2 HiL{fi: 3,
A PR —N AT IE A G ) A SO TE R I R I G5 R ) — PP R B H . results = {n: n **
2 for n in range (10) } RAEM—HE n BIE n ** 2 PIBUHHAYT# . 2 1L comprehensions.

dictionary view -- = HILF ]
M dict.keys (), dict.values () fil dict.items () RFEXTRIR N FHAE, BT F
WAL HB—SHE, XERE Y FIBUER, PR A I . BRSO I i i 4 oy FLIE
RFE, W{EH list (dictview) . SN dict-views,

docstring -- SCFf P AFH
TERZE . R 2 NI EE— AR U B P AR R P . EAEURE BTN 20 2m, Haw
GiiFar R B ATTES . BRI __doc_ JEtEd. mT eI TAUENE, IR
(9 SR PR LT (o

duck-typing -- 113371
FE—FPgRFE RS, B AREE A FRXT G AR o HOR A HAT IR 1, T2 e s 8 Ly
EEUENE (“BRRGBN T, RGN, IBAEEHEN ) hT R D dERR e A, wt
RAFP A T r 2 S RORIRTE R, 1R800 M type () 3{ isinstance () ¥,
(BEE SN 2R DUEE R 40 208 % AE RS ) TSR hasattr () KllBUZEAFP 4afk.
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EAFP
CSRIEW IR EL S MM . iXFh Python 3 AU 40 5 XS 2 e B 35 I B B @ MAe e, I
TR E AR AR o o SR AN P WS B U@ K iEIZ ) try Fl except if47] . T HARX ) )
FEFTHLBYL W%, #ULT C 43 2 HAEF .

expression -- ik,
AR HEAME R A OT . AT, — N RIBAR RIB T K0T, 4. BN, 2
B RER LR, ENRLE SRR —AME. SF2HMESAE, HEIrgEswaaeE
Ko AEEA BRIV ER B Wy statement, Bl while. TRIEHE)E THEMMIERIA.

extension module -- §JEEibh
PA C 5 C++ 4 B, {fif] Python #) C API SR 51EFZ.0 LA PRI 722 5 .

f-string -- f-2f5H
WA B F BT A E R AR AT B ARSI S . 20
PEP 498,

file object -- L%} 5%
XFAMATFIIR SO APL (A read () B write () %57%) PAMERTFERIERXS . AT
IARIE, SCHARTG T DA BN B SR S0 . AR B A7 sl AR B A 1 U i) (90 an s v s A/
. NHEZMIX., BT, BlES%). USSR EEIRN R 280 R,
S b A =R R SO G SR G =) P, b =) S DARCSUAR S BT 8 L
TE io i, QI SCURT R X2 open () BR%K.

file-like object -- SCPEXIR} 4
file object W [R] id] .

filesystem encoding and error handler -- 3CF RS 4t hs X 5 5L PRES
Python F] ok M #EAE 2R GE A 15 ER Al I 45/ E R Ge 4t Unicode 112 iA% =05 B 1R AL FEAS .

ARG G A A A PRIE R R RS K BEAE 128 AN W IrA = o R SO R G dm i X e vE 1R
ML AR, W) API BREL AT fE< 5| &K UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREATHYE SR AREL
R G R S A IRAL S

filesystem encoding and error handler JZ4F Python JE B4 PyConfig_Read () HRECKRAECER: ESH
PyConfig [if) filesystem_encoding fil filesystem_errors ZHl.

FHiE S Wlocale encoding .

finder -- #7573
— e B R S A B loader WIXTS .

FEAEMIRRRBUM A 4R AN Lok 12 4% %5 B sys.meta_path ffifl], PAKGEIZ25 A £3%% BLA sys.
path_hooks ffif§.

12 % importsystem fll importlib DA TS 24075 .

floor division -- [n] U7k
] A B R B B R . B BREE AR /o B, Rk 11 7/ 4 @it
HEERE 2, MS 2R S EIERERE 2.75 o {E (-11) // 4 23R4 -3 Fh 2
-2.75 @ FEHABRIRLER. W PEP 238 .

free threading -- [ [hZ&#:
— PR AR AR [ — R B A 2 AN R ] DA FZ AT Python 515, 5 ILAH XS Y S global
interpreter lock , FE[R—Z] K ARG — D LIEHUT Python =515, £ PEP 703,

function -- %X
AL RA I 2R ] EAME A — 2B o 3R RTRA AR ABA B2 A S FEAE R R BT R . 5

W parameter, method 1 function Z£77 .
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function annotation -- FFR{:
B3 e E0E 2 5k BB i annotation

PREFREE R T 2047 BIANRA R R BTE Z 4> int ZHOTHUR Bl —A> int {H:

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

PR AR VB I AR UL function —5 .

Z: Wvariable annotation 71 PEP 484, H. A T I IhfE. 5125 annotations-howto DA T 5 F A1 11 B
FESE .

__future__
future {&47, from __ future_  import <feature> F§/R iS4 1 KEAE K kAT Python & 1 i
BRI FRE R A RIS SOR G 4 RIS . _ future_ BUSCRYICSE T AT RERY feature JUH . i FA
ﬁ;ﬁ%gx){,& HORME, R0 AR BRI PEAE T I B i O ABNZ B S A KBRS (5E) ]
il g

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

garbage collection -- 3 J% A
FEHORN PR T i A7 2SRl i A . Python St ad 5 VA — D BERS A I AN T B AR 2R | AR DR BRI
IR g o AT SR RS o T DA g AR il 3 [l Wic i «

generator -- 7 i 73
R [a]—A~generator iterator ] BREL b%iﬁléfﬁ‘d% FEREL, A [ﬁl,ﬁﬁ?,ﬁ\@@ yield FikA AL
?ﬁﬂﬁﬁ\,ﬂ for-JEHl F Bl /2 it next () BREGE—IRIL

AR AR R AL {BT%%F%T’LET%*E% FAREENRE . WRFEEFERBEMT I, W6
Jﬂéﬁ%&ﬁéﬁj‘ix

generator iterator -- 22 g 2% %1028
generator PRI BN 4

t/l‘ vield RIGRIEFALIE, CAEYHAEITRES (O R RAEER vy 154)) . 2% £ &
BN BN, ENBITALEIRSERAT (X543 AR AHIT 4 )8 168 R H 22 B ) o

generator expression -- 2L g%k 1,
R [l —A~iterator {expression, "EERRBRGEE LI GHACE X T —MEHRLE, WHE for ¥4],
PAR—ANFIERY if FA). PAUNEAFRBLS HINZREUE K —RINA:

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

generic function -- {Z % R
SRS [ () 2 23 S BAH R4 E 1 2 A R B0 LB eR . R P s 2 el 8 3 B30V R 112 fT P IR A 5
M.

Y2 Wsingle dispatch RiEFES<H . functools.singledispatch () HE/igeA K& PEP 443,

generic type -- {2 %
WS npe; E R 1ist B dict XA AandE. BT R 24T FLEif,
WL S 2R 5424 . PEP 483, PEP 484, PEP 585 fll typing Hibk,

GIL
2 Iglobal interpreter lock .
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global interpreter lock -- 4 & fift Bk 2 il
CPython ffféds B R I —FpBLE], B Rl PR IR — 2] A — N ARLE AT Python byrecode. ML i
PR RREA (45 dict FHEEPNERM) HXIH KU 22 F L T CPython L8, 4N
R AR 2 LRI T (8, AU WA 7 e 2 AL P ERIFFAT

NG, FESEHRUE R B =07 R R B ROT  FE ATVT S R AT 55 1 S 4 W A IRPRR I GIL
BEAh, FESAT VO HefEmth 2 SR GIL.

1E Python 3.13 1, GIL A[Affi | ——disable-gil giiFRl & REEH . 76 A %I 451 Python 2 J5
RAGAZIPIHAF -X gil 0 ZEEAERE PYTHON_GIL=0 HIFAA R JGElT. B4R 2 LN L
¥ ia YERRIR T L SRR i 24 CPU WoA%E Y . L2417 S 7 PEP 703,

hash-based pyc -- 3£ T-My %511 pyc
A58 FH XS 7 088 SC A B LT A i J 46 e B 1) SHe i o LA RO E I 2 RS 2 A7 S0 4. 2 L pyc-invalidation,

hashable -- W[5 #5;
—AXG AR B AT HAE AT N R E A (BERFEA __hash__ () F¥E), FHATRARH AT
STV (BFREA __eq_ () L) BN TToeA XI5, AWk G0 HAGHE IR B MG A (E 1L
BRI .

]IV CERERT G REAS T SR A A G B, TR Ry B 2 ) A P AL

RZ % Python KR TI AL A XS QAR R AT G A 1Y) 5 IR (BIAnSREF i) FATIGA ARlAs
s (BIANTC A frozenset) (24 EATHYICRIY Ny Al G Ay I A 2 PTG A0 7 SO LXK
NG ENTERE R —E AR (2SO HE) . ENmma L s T e
id ().

IDLE
Python ()5 I K557 ~J Rk idle S Python Hifl B AT I Y EEAS G i o A AR RE AR 3R 0

immortal -- 2} %} %
R AN G AER, WS HHEUKIE A S giE e, IS KA SR

Built-in strings and singletons are immortal objects. For example, True and None singletons are immortal.

#1521, PEP 683 ~Immortal Objects, Using a Fixed Refcount,

immutable -- <028} 42
HA B EERNS . A RAFERT . FAR AT . RSN ERAE . MR —
ANEPHE, WAAIEHIIX SR . BNERES &R A E TEAEH, Gl g,

import path -- § A %1%
HEMIE (B34 25 0 ) HBNSIR, SEBIRpath based finder FIREH FABIR. TEFARS, I
B RIBFEARE sys.path, EXFRFARUBATAENR B FRAUR __path_ &,

importing -- S A
e ) Python AU RE R 75— B Y Python (RS T 6 AL 72

importer -- 5 A %3
BRI MBAHAIR G WO RBEJE T finder g T loader

interactive -- 33 1.
Python 7 — A HAMBERERS , X EME VR ATEMERESS PE /R A7 G i At AN 23k, S RISV 4
FEHER., AFEARWSHHEE) python iyd (0] DAFEVRIA TR A 38 5 i g FAH B S8 JA0i ) o 7
T3 AR B AR A L [ BB 2 3R 8 (24 help (x) BRED) . A XL EAXWIER, S0
tut-interac,

interpreted -- fi@ R
Python — 2 FRREAUE S, SR RMmIFALETS , BAWE X AH T 71 gt W AATE N 2
B X EME VRSO LB BT AN A B @ v AT SO AT R ALE S EE A
b G iR B E T A R I AR, (R KRR P A A TS 8 . S Winteractive.,
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interpreter shutdown -- fiEREES A
WP TR KR, Python fRREZRIFH#E A — MRS TR BT B BT A C A BU v, o WA 4%
FhoCERNTREE I . B SZ WA R e . Xk P E AT a5 5 | 1R g RS P
1To FERMB BHATIAIES T RE B B S R, BRI IR A AR (8 W 6l14 1%
R a2 AL 5 ) -

fREAR T 2P 2R N main_ BB TS AT A 58 AT .

iterable -- W] LR} 4
—FPEEIS B IR m N R IR RS . RE R SR B TR A AR AL (4 1ist, str Ml tuple
&) DARCHEEAR P A AN dict, ST 2 PARARMIE LT __iter_ () J¥EESEHL T sequence 15 3
) __getitem__ () MY HE LEMITE .

AIERTR AN T for MEFRVA LI Z HANTZ— A FFI 5 (zip O, map (), ..)o H—A A
MEANERBHAL R ERE iter () I, EREHZXTRIIENL - Lﬁl%ﬁ%&ﬁﬁﬁ?%ﬂﬁ%/*ﬂ’]
— U I o e T IE AR S 4L%Trﬁ%ﬂﬁﬁ iter () B HOAHRNARNG. for iBHS
H B ARAL BIREE B0, G — NI R iy 44 42 E'HH@WEET S PRAFIE AR . & Witerator, sequence

Flgenerator,

iterator -- 3EC%%
TR FoR —TEBEBIRN S . BEEFAERSN _next__ () I¥E (S HALE N E R next ()
FFBA R B T, 24 3% A BE T HWH%%IZz StopIteration . Xk HExf 4
Eﬁ%ﬂzﬁ%‘lﬁaﬁﬂ, GBI HE __next_ () HEHRSFIRE| K stoplteration. HEAARUMELAL
__iter__ ﬁ&)ﬂ%LEI?ﬁ{t%%XT%QE SN SE AT VAR 1k St B Y AW O ST -9 c e it = X1 A
%ﬁﬂ%ﬁﬁaﬂ’ﬁciﬁ%%/—* — AR E B AN & Z R L V5 BT AR . A RERg (Fan
list) FEMRERRIEHAL A iter () BREEURTE for MEIA R IFER S =28 — TR aE AR . QSRTE L
& 0L R ARZ R AR AR ) 53R lﬁlrz HIE AR PR F] 5 AT &, BRI G 21
A o

W25 E £ typeiter.

CPython SZBE4NYi: CPython YA RHIHEITIEMAFE X __iter () MEOK. BEEENRZ A h4&A:
CPython JF A RAEE g R LA 22 4

key function -- £t pR %}
SHPR AR R AL, 2 RS R ] THEP SRR AT X4 . AN, locale.strxfrm() W]
T AR AR 2008 1 HE 6

Python g 1 2 T H & fuF B R ORI e R HEAL 84y 41 7 K H AP 36 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapq. nlargest ) PA X
itertools.groupby ().

A2 A AR EE— R gk B, str.lower () ﬁ?ﬁﬂ%ﬂ??ﬁ@ﬂlﬁjﬁd\gﬁf?é@%@ﬁo 114
H, R AE N lambda FAACRAIEGIAN lambda r: (r[0], r[2]). MAP, operator.
attrgetter (), operator.itemgetter () Fl operator.methodcaller ) R =

e AR 1T R A 1] 6 e ) 7

keyword argument -- JCHE 2 E
2 Wargument ,

lambda
Hi A~ B fexpression A5 JS Y S 44 N HR BR AR, KRB SAE VA ISR (H . @18 lambda o8 £ ) ¥4 K
lambda [parameters]: expression

LBYL

A JBRER I SO X RGNS KUk AR TR A s A U A TR A . K
WG EAFP Iy sAG BOA H, R R KRB 15 154,

EZ LA, LBYL 7l RE “&F” M “BER” 2 KBS ). g, DAY if
key in mapping: return mappinglkey] W] fEHI TIEM AARNEZ IS HAMLREI mapping %[
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T key TS o XA AT RT G N B s 1 EAFP J7 SRR

list -- 313k
— i Python N'& sequence. IR RHIFR, BETFRLTHMET PrgdmaEaER, BT cRm
IS A4 O(1).

list comprehension -- 51| 4 5 X
Ab BE—AS TP 5 v i B A SRR Ay TE R IR IR I S5 R P R — Fh R H A, result = ['{:#04x}'.
format (x) for x in range (256) if x $ 2 == 0] B4 —> 03] 255 JLFE N 1S 35 (8
%ﬁgﬁfﬁ?ﬁ% (Ox..) WFR. H if TAHZAER, WA range (256) PHYITH TR
AEFE

loader -- I#2%
MBI G . BOE X 4N Load_module () WA, MBS ET H—A>finder 12 1] . 4%
Z: L PEP 302, X}Fabstract base class A]Z: I, importlib.abc.Loader,

locale encoding -- 15 2 DX I 2 i #% 5\
£ Unix |, ‘B4 LC_CTYPE & & KM 4id 5. BRI PAEd locale.setlocale (locale.
LC_CTYPE, new_locale) Ri%E.

JE Windows |, ‘BJ2 ANSI LR T (40: "cpl1252"),

JE Android 1l VxWorks [, Python ffi[f] "ut £-8" {ENiES K ZiLHE= .
locale.getencoding () W AIRIRUE T KA.

515 2 [Fl filesystem encoding and error handler

magic method -- i Jj i
special method W3EIEZ[F] .

mapping -- 5}
— T EBHE R LN T collections.abc.Mapping B{ collections.abc.
MutableMapping IR KM E AN AR WL B T445 dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCIRIETE TR 7%
sys.meta_path W RIER WY finder. TCPEFRARET S path entry finders FFHE RIRABH A o

A A importlib.abc.MetaPathFinder T fBEICHEARTTRas IF LB T VE

metaclass -- LR
—MHT AR, FowE LA EL . BFERAELDER. oRATTHEZ LR =ASHOF 0 @4
B2, KA T ) X R B R AR T 5 AR S PR A — N ERIASEEE . Python 4% 51 2 AbFETF 1T AR H 22 Xt
2, RERAH PAGEARTT EXA T H, (Y535 PR, ot Kim it o r 2. eMe
M TIEsR BT H & IR e, RIS 0H, sSCElag], PARHMFZAES

T 13152 I, metaclasses.
method -- Jj

TEZE TR E LR R A WERAE R M LB — AN @ MRV, R 2 RIS % e A Ry LB —
Aargument GBI 4N self). £ function Finested scope.

method resolution order -- 75 3: /@473
T B TR UT 2 A A R R i R BT . 3 2 [ python_2.3_mro T 2.3 & 1iffE Python
il R T (o R 1

module -- itk
X5 2 Python AU —FhZH LU o A BEHEA IS B v 44 25 18], FIAL A Python Xf 4. ]
iH it importing BEAERENEF] Python Hr

5 Wpackage.
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module spec -- i LR
— g A, s AT X R AFE . & importlib.machinery.ModuleSpec
S

MRO
2= Wmethod resolution order ,
mutable -- B 2%} %
AR AT DAER 1d () PRAp I 2 IR 00 R U HBUE . 533 S Wimmutable .
named tuple -- H %504
ARif <RI WA TALM 4K 5 ocdl, H HILH RS | TR AR 44 Fr @ Mk U7 1) 1) 28 AL 5
Fo EFER BB W] REAT A HLARREE
HUEHNERBETHACH, 1 time. localtime () fl os.stat () FREMEH. 5 —A0lF2

sys.float_info:

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

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

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

True

HrAZTHRZNERE (L EEmsF) » soh, HZedHiRn @i 2 E XM tuple 4k
I AR E AW B fOok A . XAEMETT AT TS, SiE W PAES 4K typing.
NamedTuple, B{# i T.J BR¥ collections.namedtuple () . F—MFXBLSEHEMN—
LUF T 45 5 5 N B B4 ST IS A I vk

namespace -- iy # %3 [A]
A BRI BT . A SRE . SRANER, 82 inEmaasm (s
Z W) .t SRR B Ik 45 i o8 ok ULk . AN, %K builtins.open 5 os.open() ]
A B a4 A3 TR R DX A3 i 44 25 T 34038 ok R iff R A B S I A e B30 5 Bl 8 v mT s R ] 4
P, BN, random.seed() B itertools.islice () XAEVEIH T XL R EE N random 5
itertools BEH/r BISZERARY o

namespace package -- iy %23 [A]fu
PEP 420 73] Af)— R L8 705 2 ipackase, 4 78T DAY SUURA R, HLRIA 7=
Hregular package A7), FUAEATRA __init__.py X{F.

S A] 2 Womodule

nested scope -- iR £ 1)
TE—AE SGEE NG HASBIIRE 1. BN, 7575 —REiz e LR BT A | Al A & . HER
HREAE HERA B0 5 A RO TR TR R S B AR IR T I EE . 2RI, &)
A5 RS WIVE T4 Rfn 4 258) . 1#1d nonlocal X ARG E ASNEVE .

new-style class -- JAR
XHBIE N T A R REWIEFRE. ER 58 Python A, HAa #2806 H
Python BB RiGFK, 41 __slots_ . fiidds. FHEEME. __getattribute (). KL EME
SHEE.

object -- %%
M EARGS (BMESUE) PARTE AT (i) B . object t 2T new-style class 1) 5 T0Z %
R4,

optimized scope -- CLILAL I g
2 AR DY i PRI G 12k 2 78 20 IS H AR Ry 28 B A4 AR TR, 3 ARV RTX B84 R B2 5 R4 T 04k
FEXTRREL. A ids . VMR, HESEUMA iE AR Rl ar 4 S R XA T E R . R K
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P REAR UL ALRE I T B VR I, R AR T C R SR A IR R AL 4 PR AR B A A & )
IR 2O fE k.

package -- {1
—Fh ] A R B H ML S Y Python module, MR ik, BE2EFHF _ path_ JEEWN
Python f5iH,

%2 Wregular package Flnamespace package.

parameter -- JE 3
function (B{H7E) & SR SEAE, BIeE RET AR — A argument (BUERLEIFILT, 24
%%), HAMES:

« positional-or-keyword: (LB XEHT , H5E—ATTAMER 1 5 54 6 AGATDMER 3 525 5 4 £
A5 ERINARTE SR, IR foo 71 bar:

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

* positional-only: {L{FROIE, & —H BB L ARWS . (WRAETE S m] i A R BUE X
WIESHNEHENZ IR E A/ FARES, IR posonlyl I posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... J

o keyword-only: {URRKEEY, FHE—NHEGE RBEFAEANSE R4 TS ]l 2 e R AL
& XS KPS AT B S ETEL NN EES Z i * KE XL, BT
T kw_onlyl F1 kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

* var-positional: AIZERIE, F5E A AR — ME BB LB SEH R TS (FOIE AT 2
CERZNNESHZIE). RIS AR S AR * KE XL, BIFE args:

[def func (*args, **kwargs): ... J

* var-keyword: WJZERARE, P AT DABRALAE AR 1 AR E SR (FPINTE HARTE 2 2 332 1) %
FEHZ)G) . ERMIES BT S AFRHINE ** k@ X, BN B kwargs.
FEZ AT DA E W A S 4L, thn] AR LE ] e 24000 s B A -
F3Z Wargument RiEFRZH . S GESHDN T ILFE, inspect .Parameter 2. function —
I % PEP 362,
path entry -- B A 1
import path | E— AL, 23Bpath based finder FRATFRELF AR
path entry finder -- J§1% A L7325
FE—[ N2 sys.path_hooks (Blipath entry hook) 3& 8] [ finder , MFPs%t4 G818 i3 path entry &
SENEER
5% importlib.abc.PathEntryFinder DA T f#IKIEA D EIRAF I LI A T
path entry hook -- J%42 A 1181

— MRS, EAERGE AR E path entry PRI LL T RESMET sys . path_hooks 5
Rk [l—A path entry finder .

path based finder -- J& B 120 #k 55
BN —Fh U312 3% %E , AIAE—Aimport path TR

path-like object -- J§ 2R A5

RFE— DRGNS . BRI R A A — N Fn N str 5% bytes X4, v P —
AL T os.PathLike MM S . — 4% FF os.PathLike P XT Rl M os . £spath ()
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PREEL R str B bytes REIF RS 4E; os. fsdecode () fll os. £sencode () A4 5
RS str ok bytes RBHLEE, G2 PEP 519 5] AK.

PEP
“Python 35 FE W WIS . —> PEP i@ — Wit SCRY, ok Python £t IXHRAL(E B, sifliid
—A~ Python 3R K HEBE S 30 . PEP [ 24 H RS ff 1) 452 AR RUAR I T4 8 M A s B T
PEP [ VE A de th U s R DR 1) S 15t DA R A5 Python BT HL R 40 5
SCREEEERLE] . PEP BVEE AT SHEAEAL K IS LR, IR ) 2 I Bie A SR .

%10 PEP 1.

portion -- {54y
FA RS — 1 44 25 () B A BEAS H SR SO E A (WATREAERCT —A> zip U, Bk E XL PEP 420,

positional argument -- {3 ¥ 23 %
2 Wargument ,

provisional API -- #7%¢ API
B2 APT 259 T HEBRAEAR T E 1 ) JE A A RAIE 2 AN Y I iz 11 . AR IR N A&
HERAS, HHBEEAMONE E, ST BETER O I & B 1 8 A U B T O T 3517 ) JE AN AR A 1 o
M (EEAFERERIZEE ) o WSO S BEREIET - (E APT B IN A Z B K 2% [ 3 i 7™ 5 SL At v
BRI & B A ] B 2 XA -

ISR A2 E APLRUE, (a5 AARA Rt S PN I a Moy 587 — AR 1R AR DA )6
SRR R B — Fh ) S A R R T R

X APAE B AR SR VPR E PR RS AT L, A 2T M KRBT SRIE BT IN . 115 W PEP 411,

provisional package -- #7740
2 W provisional API,

Python 3000
Python 3.x &7 RIBERR (X4 FAEMA 3 B RTREIE TR e B 7)o AR s
yg cch3k770

Pythonic

Fo— Bk —BoRAS E % 5 E T Python 55 5 i B KU FIEE A, A0 AS i () LA 55 v T e
SRS PACRD . B, Python [ F RS 2 (fi ] for {EAIEIR M i —AS o X S P i T T .
VP22 B A XA 250, TR AR ZGE Python (19 A I &k B0 F — MU TS

-
for i in range(len(food)):

print (food[i])

I 7B 55 57355 B Pythonic (7535 /& X FERY:

for piece in food:
print (piece)

qualified name -- [}t ¢ %55
—NPAS SR AR, s B 4 R VR I B b e AN R AR
AH I UL PEP 3155, X Fhemn ZH BRI, BRE a5 g m—2

-

>>> class C:
class D:
def meth (self):
pass
>>> C._ _qualname_
ICV

(£ F )
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(#z E70)
>>> C.D._ _gqualname_
'C.D'
>>> C.D.meth.___qualname_
'C.D.meth'

MW T HI HBRES, %ERE & AR B R A DS S R A i A, i B TR AL
A, il email .mime.text:

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

reference count -- 5| /1%
TR X E 5 R . S— X205 i 8% B, et Rk, Kk immortal 34 H.
KA AE T ITE, PRIGX R S KA R 511206 Python AR SR UiiE & & A
ALY, AHE @ CPython SEL—AK4ICER . BT A LAV sys.getrefcount () BRECEIERAIFR;
ERTZ 5 AL

regular package -- ;{0
g B package, HIANELEH —A~ __init__.py XM H R,

%2 Jnamespace package.

REPL
“EERL-SR(E-FTEMEFR” read-eval-print loop (46 , interactive ffRERS shell 155 — 4.

__slots__
—PWEFES TR R, 38 A TS P R S S X S RS B S R AT A . A R IR
AT, BB ARG, B AR DEIE N RA, GIAFE AR Y AR, HF B
ST XN

sequence -- J3- 4]
—Phiterable, © 3 FFE __getitem () FEIR VAR BRI HITREAMICE VI, I X
T REPIKER __len__ () k. WEMFHIZEEA list, str, tuple fll bytes 5.
BEEMR dict BEFF __getitem () Ml _len_ (), {HEHIEZAMGHAETS, HAEHHE
Bimmutable ST A ECRE R ICE,

collections.abc.Sequence IZ H LK EN T —TEFEEWE D, BAE __getitem__ () FI
_len_ () ZA4b, BEIT count (), index (), _ _contains__ () fl _ _reversed_ (). SEF
W R ORI DV register () RN . TIRECE 268 H 790 B E L S, 155
5] 38 PR

set comprehension -- 41T 3K
A PR —AF RS R A B T R R F SR E AR R BEH YR, results = {c for
c in 'abracadabra' if c not in 'abc'} ¥ERFFEES {'r', 'd'}. S comprehen-
sions.,
single dispatch -- ¥R
—Fgeneric function 53IRIE, HLIRET PASEIRBORIESRT .
slice -- Y )y
W AL TR sequence [ —F A M4 . U)o i R ARbRic R EU8, 78 11 Thas LA
B 5 WNEcE, il variable_name[1:3:5]. F#E%5 (FAR) ARCAENTREH slice X4,
/S|
25 AN S B P T 2 5 R AR (B T B AR AT AR PR AIE 22 4 1) APT Bsf 5k T AR FH 505 AR
AR APTATISRAR BAFESCR o e, (R FRLRST R (SE5RIIHE) -

e (RERL) CRET IR ERZEAE T A SBEIAL APT IR
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Ti— N ERMRRFEHAS K &L
Z: i, PEP 387: Soft Deprecation,

special method -- $¥5% J5 1
—Flih Python Bt 7, SR S/ AT BB R 225 . SRy S0 4 PRI o
HR AT RIZE . H5k T VR S0 2 1 specialnames.

statement -- {41
BRI B (— MU “H”) MR —ZR B )R] AR —expression SN KRBT HIZEH
Bin if. while 85 for,

static type checker -- FF ARG 75 7%
BEHX Python IS IF AT 4T, PATIR M GIAIDF SR INT LR . 7SR £ 2427 A typing
Bk,

strong reference -- 5 5| J1]
7t Python #J C API W, 555| F2+ ARa 5| AR B E RX 25 . e 35 | i nl 8 14 5
Py_INCREF () RFRHUGRSG| M AEMRS | H Bl Py_DECREF () RBEHE .

Py_NewRef () PREXATHH T OB — A n0ams | . @, SR B FA RS | B9 1E 7 %
w5 _EVE A Py DECREF () PR%K, Mﬁ’é’aé‘lﬂ%mnﬁﬁ

i 2 Rlborrowed reference.

text encoding -- LA 4G H% X
1 Python Ht, —/NFAFHRZ—H: Unicode 55 (FEFI A U+0000--U+10FFFF). b T fAMak (& H—A4>
FHRHEH, BERERTIMC— BT
PN FAFER IR — NP IIRERR N “ahs”, TSP 9 b B Q3 AT ER R “ffns .
HEMAFEPI ST galihds, BTSN SUAR GRS,

text file -- SCA Lk
—FhRBHE S str XF4LW file object T8 — A SCAS SO S s A 17 0] — N T ) 217 1 B o O B s b
Hrext encoding o SCA SCAFIBIFAFEASCAR ("o 5 'w' ) FTFFH . sys . stdin, sys. stdout
PAJ io.StringIO HSEH.
Fi S Fbinary file T fREREBTLE A3t 2 WSS

triple-quoted string -- — 5|5 45
HRESW SAESENES (7) 83 %515 () WFAH. eNEg LS5y BN 5 5t
TFEEETAARE, HEGZMAAL. ENTATIRIETZE NS R G XS SN 5, HH
A PABSHER Z AT Jo i M AT, RS SO AT R IR BT A

type -- 23704
KB Ye g —A> Python X[ R JE TAHAMIE; B MXERAEA—MEE. TRHTEXZWEE, TARE
M) __class__ JaMk, BZiET type obj ) SKEARHL.

type alias -- J3713j] $4
—ARA R S, B SR R AR A 28 R AR IR
RGN 2 m A A2 faffk 22 2 o2 A% . filn:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
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Color = tuple[int, int, int]

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

Z 0, typing £l PEP 484, H 7 %t I T RE ORI

type hint -- J3% 7§
annotation KA. RJEVE. RERIE S SR FIME S & ARG 23,

RN AT PERY A /2 Python SRR, HEATR A X240 & 5 RA AL, BATEREN ) IDE
ST EEI s R

SRR IR R B KRBT AGE ] typing. get_type_hints () KU, {HJRHAL
TR

Z )L typing fll PEP 484, HAA Xt eI RERYHEAN 14 o

universal newlines -- i JI| #i47
RSO, AR A S BRSO . Unix FOF45 205 " \n" . Windows 1
25 "\r\n"' PAJZIHM Macintosh [ 2% '\r ', Z: I, PEP 278 il PEP 3116 fll bytes.splitlines ()
T RN Z U o

variable annotation -- 25 & bR7i:
ot AR v 2K @ Pk i annotation

TERREAS RSB IERT, af n] e oy HLN(E

{class C

field: 'annotation'

AR EARHEE F RO R A 0 BINDA R AR B2 int JRARO(E:

[count: int = 0

AZ AR EEVA I A AR I, annassign —7 .
Z: I function annotation, PEP 484 F1 PEP 526, H. A T IINEE. J53% 2% annotations-howto DA T fif i
FHARE I A 52 B
virtual environment -- JfZ {3555
— PR AP B S TR A, fuiF Python I PN B FH AR P AHE 28 FIFHEL Python 43 R A B AN &1
PeBIi— &% Lzt HA Python [ FIFEF AT R -
HZ venv,
virtual machine -- JE L
— G FEAEA A LT EAL. Python JBHUML AT AT 1R R 185 T AL iU byrecode o

Zen of Python -- Python 2 fifi
Sl Python BLLFIGEN SH2E , BT IS ORI o7, 73R U YA T A4 BB A o
¥iA”import this”,
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APPENDIX B

i A

XA R Sphinx M reStructuredText JAE BT, Sphinx f&—~% AL FE Python SCEY I 4 5 1Y SCRY A A28 -

AR BIC TR IF S, AT AR5 2 587, IR Python 7 o WIS S A th BEk, 3 i
reporting-bugs T ARAIIT 25 . Fell Bl UL i |

SRV
* Fred L. Drake, Jr., J5iffy Python SR T HAEZ G55, ARZ SRZ A1
o T4 reStructuredText Fl Docutils 241 Docutils Wi H ;
* Fredrik Lundh [/ Alternative Python Reference i | , Sphinx M H{5-3| T i £ {F i AE V.

B.1 Python T8y Rk

F 2%} Python 57, Python FRifEFERT Python SURYA TTHAIY A, B Python JEAAD 4 K ) Misc/ACKS {44
T ER A TR

477 Python +LE i AT, Python 45 T WG H: (649 TR WHAHAAT!
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apPENDIX C

5 FFATIE

C.1 ZHHFrIm s

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#] pA %% %] Digital Creations (¥} Zope /2 ]; W, https://www.zope.org/), 2001 4, Python #{4- 4>
2% (PSF, I https://www.python.org/psf/) 7., iXJ&—A~% AHA Python AH I RIH AU A @ i S FIZHZE
Zope AT IIAE /2 Python 3R { B G eI 51 o

JI A7 ) Python FAERZITRR) (A KIFURHYE L2 https://opensource.org/ ) o P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

b &i) 7 Y = Fh FrEE GPL & ?

09.0% 1.2 n/a 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI o
2.1 2.0+1.6.1 2001 PSF o
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 ys
2.1.3 2.1.2 2002 PSF =
22 FHE 211 2001 &4 PSF B2
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#ik: GPL #6409 140k #% Python 76 GPL F %A, 15 GPL AKlil, Fif Python Vil HEHK FoF (4 % 16 80U
HOSSAS, T T TFURPF I S5 . GPL 3V THIE G5 Python 1T DL FUEEAE GPL R A %k P4 £ W
IS RV TN AAT o

AR ZAE Guido 1753 T TARRISNTEIEE , (IR LA SN AT RE .

C.2 FRERs{ LAE M5 &M Python By F0F ¢

Python A SCRS ) 1 V7 W] 3BT PSF 4 T #7330

M Python 3.8.6 JF 4, SCR{HFAYRG] . BRAEHE AR AR R A2 PSF VF AT PSRN 5 25 2 BSD 4T HYME
VAT

K850 6575 Python th I BPHET R RO VT, ST & AR T 2 TR IS — B0t 5 sy
BRSBTS B T4 0 7T 5 8 i,

C.2.1 FF PYTHON 3.14.0a0 & PSF #a]#iX

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

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

3.14.0a0 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 3.14.0a0 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 3.14.0a0 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 3.14.0a0 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
3.14.0a0.

4. PSF is making Python 3.14.0a0 available to Licensee on an "AS IS" basis.
PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.

<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.14.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.0a0

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.14.0a0, OR ANY_
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.14.0a0, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM #F &l

BEOPEN PYTHON FF5 /5 ] P& 1

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.

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

This License Agreement shall be governed by and interpreted in all respects

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

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

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#F o] il

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

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

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

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

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

&)
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 HF PYTHON 0.9.0 E 1.2 g CWI iF o] Hpi¥

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

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

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.14.0a0 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 Wk ol S5
AT 2 Python ATHU IS =y BOPF VAT RIBINITIA, WRIF RS e FLRIBE A K

C.3.1 Mersenne Twister

fE°F random Bt N Z M _random C §" &40 4% & T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html RS AT & A RS Y 52 B e R

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

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

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

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

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C3.2 EfEx

socket ffiffl T getaddrinfo () #l getnameinfo () WIDE I H i [6] Y5 S04 H: https://www.wide.ad.jp/

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C33 RLEEFRS

test.support.asynchat f test.support.asyncore FHAS LRI, -

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

&)
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copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

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

C.3.4 Cookie &1

http.cookies Bilhal4 DA RS 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

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 HTIEER

trace B E AT

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

&)
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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 E UUdecode &l

uu e RS AR L 35 AR 7

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

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard
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C.3.7 XML E3i=iEH

xmlrpc.client FBHEE DA R ER:

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.test_epoll Bt & AT ULH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 Select kqueue

select Ml XF kqueue B AL S DA R AEH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

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

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

C.3.10 SipHash24

Python/pyhash.c 36 { Marek Majkowski’ %} Dan Bernstein [ SipHash24 Sk SEH . &85 AR E:

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

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

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

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod #0 dtoa

Python/dtoa.c XML T C B4 dtoa Fl strtod, T C XUKE BEBUEFIF4F 5 Z M 640, EIRA: A B
David M. Gay 4r'5 1] 44 304 . H BliZ U AT HE hitps://web.archive.org/web/20220517033456/http://www.netlib.
org/fp/dtoa.c T[], 7E 2009 4 3 H 16 HAZZRENWJFE LG SCFELE AR BSR4 ] B

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

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E I

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

E

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

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

C.3.12 OpenSSL

WA EAE R G A LF hashlib, posix fll ss1 2x{#iff] OpenSSL FE KR THERE. L), Python [¥) Windows
Al macOS 352 /7 W] g 2>t 45 OpenSSL FERRIAS, Fr AFRATHAE ML AL HE—1% OpenSSL ¥F A IEMREIAS . X} T
OpenSSL 3.0 kA5, MESGEATAEMRA, ¥{#iH Apache License v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.
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"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
(N30
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institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and

may provide additional or different license terms and conditions

for use, reproduction, or distribution of Your modifications, or

for any such Derivative Works as a whole, provided Your use,

reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade

(B0
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names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat ¥ @2 ] It dE 1) expat JRRIARA R, FRAEALE T ——with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

The above copyright notice and this permission notice shall be included
GETH)

C.3. Wi HaYiF o] S5 H 99




Extending and Embedding Python, % {Thi4 3.14.0a0

(% L350

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

YEh ctypes BT R _ctypes C ¥ 2 1 A1 4% 7 libfi P50 6% &I A A Y, BRAEM B A E T
——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

R ARG EAREIY 20ib AR IH M SR TR, M L5 zlib JACH 8 DR 2 1ib 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

&)
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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 M F M SE L EE T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.17 libmpdec

fEH decimal B FER) _decimal C ¥R 4145 1 libmpdec PR EIAMER, BB RTCE T

——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14N i EH

test ALY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) $2HUH W3C W% https://www.w3.
org/TR/xml-c14n2-testcases/ FHARYE 3 £53i BSD ¥ 1] E K& 17

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
"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,
&)
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SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT 0] E:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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.3.20 asyncio

asyncio BURIHLEIF K H uvloop 0.16, ‘E2ET MIT ¥l UL A4THY:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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
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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.3.21 Global Unbounded Sequences (GUS)

A Python/gsbr. c ity subr_smr.c 41 FreeBSD fi#)”Global Unbounded Sequences” 424> NAZ R & . %
AR ET 2 4555 BSD i a[IE A K

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 "~ "AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR 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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method —-- F ¥, 80
HEEE

PYTHON_GIL, 73
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HFHH,T9
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method —— F i, 75

A

abstract base class ——- %, 67

annotation —-- AFi, 67

argument -- ¥, 67

asynchronous context manager —- 3 ¥
TXEHEE, 68

asynchronous generator -- 354 &%, 68

asynchronous generator iterator —- #
¥ i AR A, 68

asynchronous iterable -- ®B % 7 % X & £,

68
asynchronous iterator —— ®¥ %L, 68
attribute -- B, 68
awaitable -- W &4Ex £, 68
B
BDFL, 68
binary file —- Z3t#| U, 68
borrowed reference -- fEAE| A, 69
bytecode —- F ¥, 69
bytes—like object —— FHFAXL, 69
C
C &%, 69

callable —— THiAAXTZ£, 69

callback —- [E, 69

class —— 2,69

class variable -—- X% &,69

complex number —— Z ¥, 69

context manager —-- T X%, 69

context variable -- FTXZEE, 69

contiguous -- # 4, 69

coroutine -— Ph4E,70

coroutine function -- MAEE %, 70

CPython, 70

D

decorator —-- % 70

descriptor —- R, 70

dictionary -- FH#,70

dictionary comprehension —-— 5?3 J}%\L Eid fa’i ﬁ,
70

dictionary view -- FHMHE, 70

docstring —- XHIFEHE, 70
duck-typing -- WFEA, 70

E

EAFP, 71

expression —-- Rk R, 71
extension module -- ¥ EHH, 71
F

f-string —— f-F4®,71

file object -- XfX%£,71

file-like object -- XH&R £, 71

filesystem encoding and error handler
-~ XHRAGHEDBAGHERLER, 71

finder —-- &H#H %, 71

floor division —-- [ FEZERKRE, 71

Fortran # %, 69

free threading —- H W%, 71
function -- E#, 71
function annotation -- EEArE, 72
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G module --— ##k,75

garbage collection —- 3% [E Ik, 72 module spec -- HRH, 76
generator —— 4 48,72 MRO, 76

generator —- 4 &k #,72 mutable -- FEXZ,76

generator expression —-- 4 KEFXRHKRA, T2 N
generator expression —-- 4 KEFRKRA, T2

generator iterator —— 4 pk#EiE R, 72 named tuple -- HE % T4, 76
generic function —— X A& ¥, 72 namespace —- # 4% %[, 76
generic type -- R M,72 namespace package -- @& X [64, 76
GIL, 72 nested scope —-— #kEEHH, 76
global interpreter lock -- 4 BB %44, new-style class —— H A%, 76

73 O
H object —-- X%
hash-based pyc —- ®ETFW%HHEWH pyc,73 B 2, 48
hashable -- #%%,73 AN, 48

object —— X#£,76
I optimized scope —-- Eﬁtf{ﬁ/ﬂﬂf}ﬂﬁ,76

IDLE, 73 P
immortal -- KAEXZ,73
immutable —— A HZEXZ,73 package -- 4,77
import path ——- BAEKR&,73 parameter —- %,77
importer —— & A\ 4,73 path based finder -- X THEANERKAE, 77
importing —— B A,73 path entry -—- B#&AH,77
interactive —— X %,73 path entry finder -- BHRANBDEHKE, 77
interpreted —-- @ER,73 path entry hook -- BH&ENHHTF,77
interpreter shutdown —-- B E XM, 74 path-like object —-- EEXXE, 77
iterable —- HA R 4,74 PEP, 78
iterator —— # R %, 74 Philbrick, Geoff, 15
portion —— 4, 78
K positional argument —-- {I & 5%, 78
key function -- 4 E¥,74 provisional API -- ¥ & AP;,78
keyword argument —- X4 %%, 74 provisional package -- ¥ <M, 78
PyArg_ParseTuple (C %), 13
L PyArg_ParseTupleAndKeywords (C &#), 15
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