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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

ik

C 7 JE# O CPython, A ICIATEH Mh Python SLB ETAE. AERZHAFOLT, Miktis C ¥
FE, RORFFRIRSAENE. 2240017, WRREHBIAN T C ESAGEM, IRMIXF B ctypes filk
o coffi fE, MARACE C B, XEBERAVIRE Python UGk 0 C AU, M H RN EL. A
AT RN T
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211 = MEBEBF

EFATEE MBI spam (Monty Python 3 22 e B 4K IH) EE4)...) H HARZLRI RS C BRI system ()
¥y Python % 1 o iX R A2 — > LA null Z5RAYFAFH SHOF IR [0l — 4% T A4 82 0] PAZE Python H11A
AR 75 A e R

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

B @#— 4 spammodule.c . (FF4 b, WHR-— AN spam, XM SEEE ) C SCHAY
spammodule. c; WX AR FAEH K, Ll spammi £y, WX AR SO T PAE N spammify . c.)

SCPEFRIT IR AT 2 -

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

X2 A Python APL (BISRAREN, ARAT DATEIX HLAS AR H AR RS B HERR) .

#Hik
Hi T Python ] GE&x 28 X —SURBAESL 4L R G S W bR Sk SCOF I PIAL B 88 2 X, PR A A AT AT A o Sk SC
2 8, R LM Python. h,

W7 M 2AE Python . h BiE X PY_SSIZE_T_CLEAN , BHERIY & 46 Ak R TN ENEL N
%

B AE Python . h HigE CR I ] LR FF S8R HAT Py B PY BIZR, CAEARESL SCIR g CRYARLERRAb . 5%
BIEAIE, ok T HAE Python ERERS il 2, "Python.h" AL T —LEkRiEL SO <stdio.h>,
<string.h>, <errno.h>fll <stdlib.h>. WERJFHE KRR RGE EATFLE, BibS HER R
¥ malloc (), free() fl realloc().

NN C BREEN YRR, MM spam. system (string) WEMURIEE, GRAITMESERITEN):

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) ;

}

ANEEMESESIRNITE CEANPIT, B "1s —1m) BIEEEE C MEMISE. C BB RAMA
SR, WHA T self Fl args .

XLRE BREL, self ZRHRTBBNS R ; XTI IRNFE [ % G501

args ZH e 17—~ Python [ tuple XFRAYIEEE, KW & S%. &4 wple BIX MRS XS
K 4R i¢ Python X4 - BAEFRATHY C e8P 6 ENTHERE LT HAL 4N C {H. Python API HH R pR %L
PyArg_ParseTuple () SAASHRMIRIFAN CH. EHUMBMR AT H Bl E 75 2 S HE B K
FAEBCRARRIERY CAZ B2 AL, AR RS S LR .

A A O D A FERRIERE os HLT, 3K LIRS — AT BT EL B

6 Chapter 2. FERE=HTANRYE
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PyArg_ParseTuple () TEFTA SEHA IEAH2EA H 2 R4 5 WU O7E A4 b 2k st LA, G el B (Jk
B, HIEEANTCRASH R IR (), FEEE0 B, iSRS, AR B 5T LB AR ]
NULL (H5t 2 617 B L)

2.1.2 XFHRHFE

HA~ Python fRREAR RGEA — N UNR Frid B AR 24— DR BGat T RN, BN SR E T AT
R[E AR (E# N -1 3 NULL $55F) . (B TEMRE S ARSI =R o R e
WENTHES NULL. FEHABAE 0L R B2 sys.exc_info () k[l Python JLAM M AR C X1 . B
oA 2RI Sew LB X 5. BEAREATX T BEMR A 2 I g fe i i AR B

Python APT 15 XL T — 4 KOk 1 X S05 B

W H M B8 & PyErr_SetString(). HEBHEFH N LM C /. RET L KB
PyExc_ZeroDivisionError IXFEMHIE X4 C FIFRIGIHRHIRH, I8 —4> Python F

FRHRR QAT N S H Y RIAE

H—1E A EEZ PyErr_SetFromErrno () , {UIEZ—NRENER, REMROSESE R ® errno
. ORI EREUE £ PyEre_SetObject () , WAPINERL, A BUNFRRAEMBERMIA. (FRHEM
M Py_INCREF () H{fNA% %5 H b s O S HO R 95 | T4

YRATPAE I PyErr_Occurred () FEAGE MBIARIFOL MR E M ICE TR0 . XRFR ERY R AR, o
HANRAR A SHWIR 8] NULL . ARE % AR 2R PyErr_Occurred () KR KB e A4 T 4
e, PUAIRBIZBEM IR MHE A ok

YRR f W5 — e B g WS R J5 IAE T, f 2 H SR M RME GER N NULL 8 -1). B
AR HRA PyEre_* pRAC-— XRRBC LY g VAL T f AU RS B8 2408 [0 — RS BORARR €
AR, [RE R PyEre_*, MKLISHE - SRR IR SN © 28 i Sl B B Ry s et 17 —
HXAMEBE]IA Python fERESRIY LARER, B &P 1LY HIIAITHY Python (U H- X4k th i Python F2/7 51 it
SE I S A B -

(FEHE LU DL T BB SRRl R L PyEre_» sBORSG BN IS DN E,, HF B 0L T
72 1] AR o (ER % IR — B, SR A, AT RESECA REFREE R K KBHRESHT
RGN )

REVEL 20 b — 1> R W) bR B T B B B S, SRR AR AGE A PyErr_Clear () BaCHWBEIE B .
C RGN 4T PyErr_Clear () MIME—IE LIS IR G AR R L A e e R A et 3 O ok abHi e
(TRl s, SO HAY) .

R RWH malloc () FHHBHHEG N —A5F5. malloc () (8 realloc () ) By ELFH FH & 4 211H H
PyErr_NoMemory () iR I IREHER . Ira XS A2 R (Fl40 PyLong_FromLong () ) E&EXAM T,
Fr LA AR AU FEEEVH A malloc () WIIHHL.

WHEERERE, BT PyArg_ParseTuple () FEERFISL, IR [FIEEFCIR DAY bR HGH 5 #S /2 1R 1] IE(H 5K
FORFTRIT, MPA -1 FRKM, nlF] Unix RGN -—FE.

JE, SRR Bl — AN RS R A I B B IR GE NIRRT S8 @ X 2 AT Py_XDECREF () &
Py_DECREF () #HH)!

PG| K WA 8 58 A BB TR 5 8. BTy Python A B 53 5 #A X B2 ) TR B C X 4, oIl
PyExc_ZeroDivisionError, RWI DA IEGE N EAT. 248, VR 2 BB ML 1e £ 5 i — R 2 fd )
PyExc_TypeError KRR AL I (W RERL % PyExc_OSError WHEF) . MRS HI KA N
#l, PyArg_ParseTuple () MHUEH &5| % PyExc_TypeError. WRARFAE— SR LR ETE
| P e 0T e HoAth 25, W) PyExc_ValueError,

PRALAT DA AR AR SC— N ME— R B 7 o 5 AR SCPF TR A P — N Sx e &, e

[static PyObject *SpamError;

21. (R C & C++ ¥ & Python 7
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HAEBHBIHI ALK (PyInit_spam () FHFAF R F X GO HA TR IR 1!

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

}

TH W E1Z 5 5 X4 ) Python 44 Ff 2 spam.error, PyErr_NewException () pREUT] DAG) & E 5N
Exception (2 (RIEEA T 5 —1KIMAZ NULL), 10 bltin-exceptions H FFHl iR i) -

WYERE SpamError ARAH T — M SN SHEENG I A X2ERNZH! BT R RSN
PR, IR B A — D RHZ R G AR E AR5, NIMTRE sSpanError BUH—4 M
EgEr. R REERBCNETIRE, W5 kizsEn C AN]R8 5 8008 il s LA TN 2 S5 By 52
M

AKEBIRE 5/ 11E PyMODINTT_FUNC AEH R IR [l 3L ) F v

AAEY AR R iE ] PyErr_SetString () K5 A& spam.error 7, WIFHIR:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts) ;

8 Chapter 2. FERE=HTANRYE
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2.1.3 EFHIF
[ EVHTIR AT, AR AR A

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

WRAESBY R PR B 4515, BRI NULL (GZ{H & 1R b4 5 45 5 0 o6 Fn 85 iR 48 n), X e 1
PyArg_ParseTuple () WEIFHE . TEHAMEL N SEFAFRE 2P D2 /A R command., X2
— D FEERAE I HARAS A% AE BB BT 48 a0 #4558 (R LAEARIE C 1, A8 & command B 248 iE A 7= B
const char *command),

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

[sts = system (command) ; J

AT spam.system () M &L AT LA Python XF & 1 B X ik [0 sts By fH. X 2 i i i 1 & %L
PyLong_FromLong () SEH.

[return PyLong_FromLong (sts) ; ]

FEXAEOLT , SR — RO R , (X G AAE Python HERLEH) .

WERARA — AN ANIR G S50 C R (RIRE] void WIpREL) , WIXT Y Python pRZLLAR [H] None., 4
WA XS (‘B2 Py_RETURN_NONE 2R SEHL)

Py_INCREF (Py_None) ;
return Py_None;

Py_None &k Python X} 4 None Xt C K. B2 —A~EIEM Python X4 i A& NULL $5%F, K
T, EEERZH LT O EWE “HR7.
2.1.4 ERFERDDIGERE

PR B ) KRR A A Python 27 HH ] spam_system () . 145G, WATFELE “HER” PIHIHE
Y44 FR AL :

static PyMethodDef SpamMethods[] = {

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

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

bi

HEFE=AZSH (METH_VARARGS ) , X MrifgE @A C A B6l. W ¥E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

R Mk ff ] METH_VARARGS , R %0 £ 4% £F Python f% 5f tuple #% =X 1) = %, I s & (A
PyArg_ParseTuple () #F7M#T.

AR B 2R O B S BUAL 4 ik B RO TT DAFE BB A F B i B METH_KEYWORDS M 4F 7. 1E
WAE LR, C MR Y8232 55 =4 PyObject * B Z, ER A —TH XBFHRYFMH, FH
PyArg_ParseTupleAndKeywords () XS5BT N KL

XA IR AL ITRIE LR BT -

21. (R C & C++ ¥ & Python 9
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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 EEF AL TAE R W A A R RO T A i 2 AR - WA PR KA 6y %04 Py Init_name (), Ht name
SEBIRII AR, HF BRI b E L ME—FE static % H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

t

VPR PYMODINTT_FUNC #F MY Pyobiect * EIET, P T V-4 BBk 60 FE(THFPR HEHeS ],
FHEFNT = C++ R EGE BN extern "C",

24 Python FEFE K S A spam filkif, PyInit_spam () ¥F@EH. (4 X# A Python FHRES LR 3. )
EXFHH PyModule_Create (), %EA SR M— B4, HRETERYE LR EFIHER (—4
PyMethodDef Z5FIRMIENLL) K5 P B B BOS G238 A BB @ s . PyModule_Create () iR [Fl—A~§
)8 TR BT G 185, BT RES SRR P B R AR 1k, s AR TE Y B AR AL SR (]
NULL. ¥R eR AR SR [l A 2R H 2, MBS HIE A S sys .modules Hi,

Yk A Python I}, [RiE PyImport_Inittab RHHLKH, BMALHIWEM PyInit_spam() L. %
PSS BRI iG b F T, W PyImport_AppendInittab (), A[3ESERH G T AR

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

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

}

/* Add a built—-in module, before Py _TInitialize */

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

}

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

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

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */

PyObject *pmodule = PyImport_ImportModule ("span");

if (!pmodule) {

&)

10 Chapter 2. RERE=FTHREEYT R
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(# E30)
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0;

ik

ZM sys.modules MHERSEAEC T A C i ] — A 2EAE B A0 2 AR (BB fork () T
exec () ) RFE— LY AL B RGO, TR AT DAYERT IRt N R A A A I 45 HH

B K TR ISR il 1 & E Python Ji% %A ) Modules/xxmodule. c Hio BUICHFAT AR AR
P B2 > R B o

ik

AGFATHY spam BT, xxmodule il T % MrE& #9145 1¢ (Python3.5 JF445| \), PyInit_spam &R [H]
—A~ PyModuleDef Z5#41A , SR 50 EE S ANLH . 4175 S% PEP 489 1) & M BavIR1L -

2.1.5 ZmiFfnsdis

TEARBEME RGBT S Y B, ARIBTT ZAAICEE : (] Python ZRGERAmIERIBER: . WIARAREEH BhZ
B, XBORT ARG A RAE R GRS S E; 25 IS5 iy R T (i O/C++ Ik
FAT), VANAE Windows b4 LRBIMEE (& Windows 43¢ C Fo C++ I & A7)

QAR BhaS ek, s M ELEARUR A MERIAE A Python fERERS ) —4), L AVE R iCE e, I
RS . iz I 2TE Unix BRI, HFREHEARI UM ( spammodule . ¢ S l) UCTERR 48 IRAS &4 T
W Modules/ H3EF, #HII—478] Modules/Setup.local WA RE) S

[spam spammodule.o ]

IRETETRZ H 5KI51T make SREFIM ARG . IR TTLATE Modules/ T H {1 make, {H2{RUISEH
H Makefile XfF, SAJ5izfTmake Makefile’ fir <. (VREFIRIBEL Setup U BX R, )

WERAR AR T SN RS, X e A AT AS R AE I B SO L, 285l

[spam spammodule.o —-1X11 ]

21. (R C & C++ ¥ & Python 11
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2.1.6 7£ C Shiff Python ¥

45Nk, BAl—EACHERE 4Tk Python ] C e&i%l, HSSGdRBMRA M, w2 M C i Python bR
Heo AL PRI R P ICHA M o AR A CE ORI, A2 B A AL -

Stiziijg, Python R LRI (R InIREY , F-4atnifE Python sRBRAL T hRifERE I . (X LA PR AT
Python “FAFERAEAHI AR T, WRA X8 PAZ% Python/pythonmain. ¢ Wi —c ar AT, )
1 Python pREAR {7, ¥ ¢ Python 2 fF 21412 Python AN S . MAZER M BRI (BUH AR 1) RSB,
L XA RS, 42 R AR RAR AT Python pREN G264, ISR (Py_INCREF () SRIGMGHITEL,
BN ERERBBAT2KER . 220007, AR R o] RERBLEE L)

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;

}

DL PR B A0 ] METH_VARARGS FEARTEM B RERS ; IXWFFEAL e 77 i & Ao s 10 2 — 7 PRIk o
PyArg_ParseTuple () PRECSHSEURN SO WA I 40l 24— .

Py_XINCREF () il Py_XDECREF () X A7 n BE I/ /b —AXF 45| T4, 9F H 24077 NULL $84F
AT ERAIE 2 4 ((HIE R AEX A R SCH temp ¥ A4S0 NULL), 2 M5 BiES % 7] A it 40 &5,

oIS, 4 IR A, ARFF A C pi%k PyObject_CallObject () o ZREAWNZSEL, EN#FET

gEt, 8T Python X§4:: [l Python iK%k, KHZHF|FEK., SEINFRLMEE—DIcdNS, HEKER
SR ECER . TR S HGIE ] Python pR%L, ML A NULL s{— 2300l 2y — NS0 E, WG A
ﬂ/l\ﬁﬁzﬂo Py_Buildvalue () & HAEXFAIFREAE X EFES I ZEA 32 A8 AT R [ —A4>
JeeH. filan:

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 fH.

12 Chapter 2. RERE=FTHREEYT R
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PyObject_CallObject () 2 —MXHSH 51 it L X" WM. HlTFH e cdedlTs
¥y3%, HHAE PyOobject_CallObject () ZJE L B#Ef] T Py_DECREF () .

Pyopject_Callobject ) MIEPILEIL 41" )2 BAJL AYRiOR: BLREAIG, (]
i B?W%ﬂt%ﬂ‘ﬁﬁé*%%ﬁféﬁﬁgqj {fkeks XA~ (EA 1] Py_DECREF (), HMSEARRH H iy
s (L) ARG,

HRAEARIX M2 7T, REER)— SR AR BMEA & NULL, WERZAYIE, Python pREIS A EIFEI AR
MR Pyobject_CallObject () Y C {5 2LE Python H & & TH Y, bfﬁiEﬂLE*A%ﬂH&Eﬂ:
HIEL Python W &, PAEAERESSREFT Eﬂﬁzlﬁlﬁﬂfg B, 8L 5 Python (U AEALFHIZ S8 . X To ik
MWESOR GG, WY 24 pyErr_Clear () KiERRFH . Bl

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

AT LR R R B, AR 2R — S48 %5 PyObject_CallObject () o FEFLUFIL N SHBIFK
s H1 Python FEFF S it , ﬁﬂ%lﬂﬁ%ﬂ@ﬂ@ﬁﬁ% R AT AN R AL Eiﬁﬁi‘%ﬁ?@. 73— LI
BTSSP TR ISR TR J7 32 Py_BuildvValue () BRAUMTE wple. 280617, JREE
it — A FEACRD I AT A ﬁDFﬁﬁ%:

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) ;

TR Py_DECREF (arglist) FRfEALS RN, FEMFRIGA Z /T, SRR — LR A EE e,
Py_Buildvalue () A fEQ BN B 5%,

AR R BT IA TR B, RS HAA PyObject_Call () , RELFFFESHM SR TSE. A
angn EGlFH, FRAEH Py_Buildvalue () RMIEFHL,

PyObject *dict;

dict = Py_BuildvValue("{s:1}", "name", val);
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) ;
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21.7 BB REHHSH

K3 PyArg_ParseTuple () MYFHEBIAITR:

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

SR arg W AIE—PICHRXR . W Python f£54y C lENSHBNK . format ZHRIT R — G TAF
Hr . 1HIK15Z% Python C/APL i 1 arg-parsing. FRSHCEA N RAVHLL, FE G FRFHRXT I

HEH PyArg_ParseTuple () Al F5 2R Python 2R, ATkl &4 fhiy C A2 sbht, 2R
XM, WTRESAENAFPRILE AR, /M.

FERAEAT R 2 B 03k Python XPR5 2 45 ka9 5115 AZLEBENTHT T
— LR BT

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

int ok;

int 1, J;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

ok = PyArg_ParseTuple (args, "1l1ls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &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:

(B30
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(% L350
£(((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) */

2.1.8 LY RAMHXBEFSHN

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format £ 5 PyArg_ParseTuple () BT E XN —H. kwdict TEZ 2155 =125\ Python iz
TP ) R F i, kwlist JTE 202 DA NULL Z5 RIS 5%, EMARIRRIES; AN ERG 5K
H format 12585 BAHVCES . AR AT 3, PyArg_ParseTupleAndKeywords () iR BEAH, 7Nk
FHERAE I 5] K —A 18 24 1) 75

ik
IREMCAAE ] R TSRO ICIRARL, A kwlist FI R TSHS FE TypeError FH .

AR B2 T SR B TR, 352 Geoff Philbrick (philbrick @hks.com):

#define PY SSIZE_T CLEAN /* Make "s#" use Py _ssize t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;
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(# E30)
static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void (*) (void))keywdarg_parrot, METH_VARARGS | METH_
<~ KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;
}

21.9 WiEEEE

XANRES PyArg_ParseTuple () RAA{RL, AU :

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

Bz AT, 5 pyArg_ParseTuple () A, {HE2SH00002 FA Bk FEE G A A REL,
AR ). 2R [ —A> Python X§ 43 & TR 2] C BREH H 45 Python {4,

—5 PyArg_ParseTuple () WIS, JETR AERR ZEA)ZK R B — 04l (Python S HLIR WAL ZFEN
ERf AR I, Hean T %8 245 HoAth Python pREPAZ %L . Py_Buildvalue () HFAREAEMITA, LT
1 AR & A oo, T a0 SRS AR R 2SR ] None |, — NS0 B 3R FHA S AU 4 .
SR ERER AR S — MR 0 e, siE & — N IeE e, FEAES X FEAE N B

Bl M2, A2 Python {HE2):

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

Py_Buildvalue ("{s:i,s:i}",
(BEF00)
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(% 50
"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 SR

1 C/IC++ BT, 7 A TTah S BUA DO heap 24 g NAE. #E C HL, il % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFAFAITIRE

B malloc () rBCH A B AH Y L@ i 15 4 — K0 free () BRI [RI2) 0] A7 8
free () WIHLARR EZ ., WER—PNHHIEPOSS I A A BT free O M, EFr B NIAERFZ
LW TCIR B R O o AR M AR, S — 7T, AR A — AN BB T free () SRIGAD
RELA RN, EXF Sl malloc O WX ENAF RIS 7= A vh 28 . SOMAR N A &
By N o BTN R RS 5 I RVIR A —ARREEE — BODFehE . SHRATR . ROMIBIESE.

WA EEAE A R AR TE— L5 AN DL ACRD A Bl A — DR BOR TS T INAFLAS , T 2858, SREREL
WAFBR . BIAE— S0k R R 8 25T RS XS A A B 2, AR P AR R ] 7 AR

SACAEIR AR, Febe s B g A . XA ARt —HSIA, Gl AR IR E ARG 21
BB LA SRR, T B R S AR E ORI REANAE B AR (UL R A 7 et B8 it I
PREUN A SRR . L, AL EERE G A, AU AT 2 SHms o dre/ MU ISR B 2

Python jfiid malloc () Ml free () W& KR NAFEAREL, FIFEFE SO N 7F it A B 95 6. bk
MR 71 R T ac. HRP LRI BRI S — TR, TR IS IS X R G L e
S, M5 AT 0 i, RRNREEAFENE LT, S50 AR T .

H— AL 8 FHBEIREDk. O RGUITT BRI mokms, TR X A B30 HPAX 2 ).
I S BR mIC O 2 PR TR ISR free O o Ci—MMEARBCEHESNERA, KX IF
AXE). BEGEN C, WA RS AR Y E SRR w151 IO R AR AR S (R % malloc () M
free () BRFUEW Y, Xthie CARMERREY . WIFAEHE — KM I AR B SR gy, EAEL
HIBAT S 5 TR T A,

Python i JIALGERYT I TR L, At TORERIEINES, JHDAGING | HIPERR . X (A5 I Jo /5 1H 0 B e o)
FAAE TG I, X5 TR — 55 5. BIRITERR @R G (TRE ) BISIH TAS, A
JEER PR XE SR T RCE A 2 0. SRS | T RCE BTCIE mIOeF5 DHARFR h Xt 5, 5 WA ER
BrslHBIASR, WA BCA TR ASNRS T 1.

GBI I # BETE A I B3R (ISR PR BE IR E AT o g AR T — Mzt iz il #3977 3K (collect () B
B0, PARZAECE R DRI T AR A i D RE -

Python g5 | Fit#

B W% Py_INCREF (x) Ml Py_DECREF (x) , £xAbH5| FIT4ng, . Py _DECREF () tWafES] T3
5O BPREHON S . AT Ry, HALSHBERA free () , M@0 £8 2 2 0 mREGSE K EHH. AT
XANH A @A), B R RSN SRR S TR .

BORBY A EUKIE Il Py_INCREF (x) fil Py_DECREF (x) ? ATHEHIA LML E. WA N 347
— ARG, ARATA A —A SR B A%, AR s e SO S RS BIHIE &
HTALW Py_DECREF () , TESIHAFTRER . 5IHHA LR A EE. A =FpiE kA E3Ha 15|
i ik, f7fk. WM Py_DECREF () . micdb&E—MHAEMGHESSFENFIHR.

EFTDA A5 — XSRS S MBS A% Py_DECREF () o fif HI#F W J0 IR BERFA 0 Gk
POAT A ) o AEPHA A BG5S | A U1, 58 A e

PRE R —ABI I RAEAIESI: IH G IRAES L.
RAETHTEED N | A, SRR S W AEC SRR AR, I T RERH AR ST A
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AR T 51 AL AR AR R T OB AR AR EACRD YT, BB UL, o i AR TC 5 1H0 A S A X
Wro 5 MRS — SRR LA (U _ B T RESTEI A H AL B S R R .

M RTAZE A G I, P8 Py_INCREF () . EXAXEHIE LA NI E RS . XoBIE— 8
MIETI, HETRENIEETUE Cridia & waite 4t 50, SR alia Z 90k .

HEAN

B MRG LI — BN, SRR O %R E P KR M2 B S5

KEZFRBGR B — DX LWEIH, HEEGHMAE XA B, a2 2awi, 6l
PyLong_FromLong () Al Py_Buildvalue () , &f&#IA X RALWE . MIEEXNEAZEHIERT,
PRATER AT ARAS X S B85 | . — 5862 PyLong_FromLong () ZE9 T —NiATEM LT, I RAR M
EV AT H B35 .

RERH DXL RBTEWEE, Wiy HXR, FlA PpyObject_GetAttrString() . iX
BN G, — LA KF B B2 Bl 4B PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZRERMMICH. FFE. FHE(EHYE]H.

PR%L Py Import_AddModule () W&REUEM MG, WA TR R EAIERX S XA R h— 4
BHH5] XS R AAETE sys .modules B,

PARALIE—XTRE B 5 — AR B, T R B AE A . R R, Wi Py_INCREF () 3k
AR ST A . XA A EZERFISM: PyTuple_SetItem() fl PyList_SetItem() . X4t
PRECIE Z AL RIT I X R, WS KRIK! (13 pyDict_SetItem () MHEFEASEZTIHXER, fif]
= IEET).

M—A~ C Rt Python P HI B, SMIEH H & ROSEMERSIH . HAEIANSEIH, B AfERmE]
FAE i R AT AR S sR BGR [0] . 405 05 | 75 BAE s 8, iAo A s, it
J Py_INCREF () .

Python i ] C BRI [l XS R 5 | P @40 1975 | 3045 & RO BR B 13 25 T o

e B K
AOBER T, ARG HAERRICE, HAR SRR, Xl R R R, FF TR TR
TG E AL EX AT

BRI INE R O N Py_DECREF () B|l—TERMR, MHXMWREGIH2 N B —131%RIT
o BB

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

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

ii’l‘}%%ﬂlﬁﬁ'ﬁ%ﬂ%*ﬁ‘%[ﬂ% list[0] , A8 1ist (1] NfH 0, RIFITEHMEMMTIN. BHEEILER
I, (HAIRE.

A TIRFEIERIAIEA PyList_setItem() . SUIRIPANHITAZHNGIN, FILZHE 1 g0, €
WAREFFEIAH Lo AERAVRBURIG S H 1R — A e RIS, Ht— P Ri%IesE L7 —4
_del__ O Jik. WERRFEEBIKGITECH 1, IAEZFFERRFRTE _del () ik
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T B2 M Python @51, It __del () JriEnl PAPATAERL Python fAA%. B &5 W] PAME bug () HiX}

item PG FHAELIE? 4R AT DA REL A bug () IFIERTTABE __del () HiEVIA, BRI AIT—4

E/ﬂifjﬁl del 1list[0] MIRCR, BEXEXZMNENERIG—IRGIH, MRS 2 MH B NAE, MM
item K.

MRPRTT S, MARAIE T BRI, Sy 1 WIS I IEBUAS A pR AR AT -

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

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

KR ANEEREE . — R IHRAR) Python B £ & b M BIRYAELTER, A A CIEF T T
KEWE, AFEHE M) __del () HESKW-- -

XA ) R A AR R A S | AR A Fh . B HS, Python fERERE L 2 AN AFE TCIEIE AT 7 1 %
7%, NEANE BRI E Python #X 545 10] . (HA] DA ] %% Py_BEGIN_ALLOW_THREADS Il b B
XA, EHTAREEH Py_END_ALLOW_THREADS . Il # [ S87E fHZE VO W A1, (A5 HAB L AR n] DAYESE
5 VO AR FALBRES . AR, WF RS IR Z BN —FRAY 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, LZAET | HE NS B R AL A BT NULL $84F, IF H MR R 5 a0 (80
PUG S EAZ DA ) o IR IBIS5 | s EGE & HAEEE I 4 T R 43R 8] NULL. AR NULL 507
JERIAE 33X B pR B 20 SR B AT T BRI R A 2 oA pR B - S SR BR B RG NULL, K& S BORER)
TUAKG I A ASB A RS
I RIME A PSRRI NULL, BRFERRIRE]—AN A RE A NULL AOFEER, BIACKE H malloc () BiE
— AN RES | & S5 B RR RO BB
Py_INCREF () fll Py_DECREF () % 7% A&l NULL $#84F - HE, BT Z R Py_XINCREF () Fl
Py_XDECREF () M.
F A4 2 X 5 28R %2 (Pytype_Check () NG NULL $841 - [AlkERL, A KBS ESE X
BTSRRI LR [ TR — | OB A TR BN . AAFAEH A NULL A AR 1A
C R ER A fﬂﬁ%ﬂ%%ﬂ%zﬁ C S EBNFE (ARG N args) 4R 44 NULL - bR BB S ARIEH R 2
F—ATTh .
FEATTIHEERS NULL 4541 “JEE” 44 Python ] FYER&x AN ™ B4 1% .

S ou R IHR RS20 I, S E R, A BRI AE TR IR AR
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21.11 £ C++ bR EY R

AT DATE C+ g S JAsise, FURAT BEpR] . 4028 A% 7 (Python fRERR) 26 C Gk ae o g 1A k4%
1, @R SR S SR A R o AR Ct Gk R BER AL XA L. R &2 9 Python
EREASVE I GRS SR I L R B0 LIl extern "C" . MME7AE extern "C" {...} HH
Python SKSCPENIAEIRATEEL, PEAIIRE L THFS __cplusplus MEZGEX AN T (A B C++
G 2 E XA

2.1.12 45 RIERIZ 4L C API

Ry AL SR B T i) B B SSAL L Python (], EAT I AR LA ACRE AR AT RARI AL ™ JRASLER S 1]
Blan, — R R] PASE ) — > collection” F L A e A T Y. 52 Python 51| RKAL, 4 C
APL AAVFY AR QM ZAES 5132, XAHHYAR G I DAA — e C e BU T4 At ™ RS B G0

IR RAMR R AFEEERE Cof N static), FRIUE ARSI, AR CAPTIICR . SLbx
AR I RS J i S R B Python ARRE RIS (L2 W] AR TARMY . RIS DAIE e glefiemy, — M
B A5 E SO — AR RT UL . AT UL A0 O T4 E R S8, — L8 RGN Python fREAR (1] 42 Ry
£ 25[8) (BN Windows) , A LEMFEFERE I 52— ™ IR E S AL S IR (MBI T2 AIX), s ftn] it
AN TR S (A Unix 3851). BIERAT S 24 mml WA, VR EEE ] BB RT B v A 2K

RS B RENS AT Al WL EMUE T R . X RE Y R B T A5 #R Y Il static , BRT
BRI AR R, Sl S 5 HA Y AR 1 i 44 b o8 (FEBGE Ak 7 & R A s AL A FRhig) o X R
BT NI oL IR AL HA 5 7 AOR PUH A AR 517

Python 42t 1 —NRERIRIHLH R — A AT ) 55 — A9 iR {218 C IR0 5 B (35 %h): Capsule, —
/> Capsule g g — M7l 7455 (void*) fY Python i 3$% . Capsule HAEiHH C APLREBIEAMT, H
BT CABALATH A Python X G —AERitL . F5HIHL, B0 ABIRIELS P REALER Ay 4 25 [A] Y — D4 5K
oAby FEAEHLRE I DA A AMEEER , SREUZ A ARG RL{EL, #RJ5 A Capsule FRAREURE .

Capsule W[ DA Z #0051 C APL 434 Rtk . SR T A B 21 Capsule, 5% T4 C APLESEH AT DA
FERETE— R L, B T A 45 Capsule, AFAHAISRIUE AT A 2 F05 2, BE& FomAsibe il 1]

TERARVEFEMIATr ik, NARH) Capsule 48 € 1 M4 4 FRAMRE 2. B PyCapsule_New () $52—> name
J£Z (const char*); FAVFRIEA—A NULL MR AFK, (HERATIRAERARIR E 4 AR IERfHbA 44 1) Capsule
PRt T RTINS A BOA AT T ARE D BSR4 1 Capsule.

WAL, Capsule I T2 C APL, HA 7 W AZEL06 A0 H ALY :

[modulename.attributename ]

fEF| K% PyCapsule_Import () AJPAKEAYZER AT Capsule $2{1L) C API, {XAE Capsule 4% FVCRCHT .
XAT AR C APT I PRI T BE R B e MR B IE B ) C APLL

B TR T AR T H L 2 T R A 5 A AL BT 3, SO T T B RO R A IE Y .
BRI CAPLISH (FEXNBI TG —A!) f#fFE]—A> void fREHEAL, BRI —4 Capsule f{H.
SRR L Sk SCPFFR AL T — AN AR A B R ABIRAIZREUH C APL 54 % P imiibk R 2AEVi ) C API
Z AR XA EI

S HR XA 1 0y ) F 5B spam B AGE . BRE spam. system () HAEZEIHH C JEEE
system(), MEHH K% PySpam_System (), X EREFEPLSE T 2SR L2 0y it (Hean
RS PN “sapm”) . ZPREL PySpam_System () 4T H A HAY R,

PRE PySpam_System () z&—4l C %L, BHADRE—FEFIN static:
static int

PySpam_System (const char *command)

{

(& F )
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return system(command) ;

(% 50

PR spam_system () B4 N R B

static PyObject *

spam_system (PyObject *self, PyObject *args)
{
const char *command;
int sts;
if (!PyArg_ParseTuple(args, "s", &command))

return NULL;
sts PySpam_System (command) ;
return PyLong_FromLong (sts) ;

FEBERIT Sk, FERAT)R:

[#include <Python.h>

NSRS RE

"spammodule.h"

#define SPAM MODULE
#include

#define T HMLUMFHEA G HFMAEIRL, AR P, &%, BURAHIIG LR Bun i 1153

WIthAk C APT $551 44

PyMODINIT_FUNC

PyInit_spam(void)

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

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

m
alis

/* Initialize the C API pointer array */
PySpam_API [PySpam_System_ NUM]

(void *)PySpam_System;

/* Create a Capsule containing the API pointer array's address */

c_api_object = PyCapsule_New((void *)PySpam_API, "spam._ C_API", NULL);
if (PyModule_AddObject (m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object);
Py_DECREF (m) ;
return NULL;
}
return m;
}
W PySpam_APT #iHIN statics fHIFEEHEZHATE PyInit_spam () AE5HTEK!

K3 spammodule . h B—HETAE, BT IR
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#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam. C_API", O0);
return (PySpam API != NULL) ? 0 : -1;

}

#endif

#ifdef __ _cplusplus
s
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B AR R GRS 1 1) B Y Py Spam_System () FF MUY % w2 7E How dn Ak R £ b o8 FH e R (S Fs

) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule) ;
(BEF )
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(# E30)
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
return m;

}

AR BRI A, XfF spammodule. h il TR, MK, XTI R RE, EAZH R,
It AR B2 2] — 1K

I JE TR E RN 2 Capsule $2 (it THSMYTIRE, H TAFMEFE Capsule B 55 NAED BLFRERL. 4175 %
Python/C API 2% F-JJ} 12 capsules Fl Capsule f3E3H (£F Python JEf% &K fT41H) Include/pycapsule.h
il Objects/pycapsule.c).

&t
22 AENYT REE: #HiE

Python FL¥F 45 C 4" JEAHUE Ui PAM Python RS H BEANAYHI R, SXARMRINER) str Ml List KA, F
AP R AR RL G — M, (BRI IR, R 2 T Lean Y . X0y SRR XA N4

2.2.1 Eill

CPython i2fTH} 255 i Python X} #M A PyObject * JRAINAR R, X2 Python X4 “IEREAAL”,
PyObject ZEMIAA & HAL & X G Preference count FNFRIXTGRIP) “SEBIRTLR” WifaEr. X 23MEIrE XTI H
Bvo BN G s iR LU VR LE (O) R, BN, 7EXTZR E&ER—AEdE, WA, 55—
AKTGATRSE . X8 C BRI “RAVEY,

FIrPA, ASRARAR B SO I, T EBIEF AN R

AP FE H R B R R, T /IMESERE IR, BAE C PR custom HE L TN
Custom AHTIEHY:

ik

X BRIRIG B2 X static Y JERBUES 5 W DGE AR i . C APL W] DASE SCFEHE b4
YRR, [ pyType FromSpec () ¥, EATEARAITHERIE.

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

typedef struct {

PyObject_HEAD

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

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

&)
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(#z E70)
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

XIS T HR, XN Tﬁﬁiﬁiﬁﬁﬁ%ﬁ%i XA S E LT =
1. —/> Custom M2 E’J}ZF@ XA CustomObject Z5MA, B4 N Custom LB H—IK.

2. Custom RMIIYITH: X2 CustomType GiH4MR, B T —AUEA R s BT AR RES AE U B
BAERER I AT A

3. Wl EE4 custom B X2 PyInit_custom RS HIT [ custommodule SE5F{4
SR — U2

typedef struct {
PyObject_HEAD
} CustomObject;

e — N HE XA E S EHNEA . PyObject HEAD &5 il R IR X S 851k 2 Bl /8 SL—A~
%K ob_base ) PyObject KA FEL, HP & — 8RB S M| FTHERTeE (X W& T DA% 51
i % Py_TYPE I Py_REFCNT 3RX4) o i FH 72200 B b A2 R JRpd 42 SR A 134 138 i b b s B
FB.

ik
WAL PyObject HEAD JFIAH 5. BAMNRNIGB £ SR IR
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IR, XGR T AE PyObject HEAD fEEEAN, G EINEIE: Blan, a0F & ST FrifEf) Python 37 M4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

BB AL FB R 1 E S

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

bi

ik

FEFEGE A0 _E C99 KAk wItatl, PAEG S BT A ) PyTypeObject FB, HAMREZZIRATHE XL
f, ORI AT DA S O 7 B i SO -

1k object .h FFSLPRE XY PyTypeObject HA M EE SCEZM 7B, AN TEBaH CHiFRMNE
RIFE, EHEPMERARAHIE TN, BRAMREREEA].

Aok, R—TFE:

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O) ]

XA skl A, T CARIIR RN B3R 2 ob_base T

[.tp_name = "custom.Custom", ]

TR PR o R BAEFRA TR X R BN SCAFIR L A LA R, Bi:

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

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

WHEARE A A S 2R, B iE L PR i 2R ZFR . A P SR custom T2
32 custom, HILKATRRBLFRE N custom. Custom. i I EIERHT 55 1) S AR T HR 28
5 pydoc fll pickle BRI A BB ELM .

.tp_basicsize = sizeof (CustomObject), ’

.tp_itemsize = 0,

XFERELL Python JITE 4 QUEHTHY Custom LRI L BLZ DNAF. tp_itemsize [UHT Al ZE R/
GMAEHARE L TR A2

o |

22. BEXLT REE: #HE 25



Extending and Embedding Python, {74 3.12.4

WARARA BARAY SR AU W] A Python i 12640, I HARBIEBME R B AMFEIR tp_basicsize,
2RI RESIB ] 2 TR U, RAYZEZUR) Python T TARUAHEH: _ bases__ FRIFIRAYIII L
FRAUTET, T WAETARRIZERAY __new_ () TPk A . AR0T DA B PR AR 9 S B HLAT L LRSS
B KA tp_basicsize [EARBERX M. ERZSEHIE, XHZALAR, HHZEAIRKHEIT R

object, FANRKFAVRAYEEISBUATIMBARI R, TG IHA N

AT ERRX N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT,

1

JIr A 2R B R A E E AT AR T AR IR R . 1% RERF R T 220 Python 3.3 Z 1 E I TBIM R o A2RAR

TEELMLL, PR R E A AR 24T OR 1B 5.
AT tp_doc RAURME— SR FAFHR.

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

1

TRX G, TATLARME—> tp_new ALBEZR. XSF 4T Python Jrik

new__ (), {H B HFE

SE o AEXFPGOLR, FATATLAGE] APL &% PyType_GenericNew () Fri i ERIASE L.

[.tp_new = PyType_GenericNew,

BT PyInit_custom() FFRYILLEARELASL, SCPFErb i HAt N 2 BAZ AR 75 2 B

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

RAFRIIGIE Custom 262, Sh— S8 Al BUREE M HYBOAE, BIERITIERI IR NULL ) ob_type.

Py_INCREF (&CustomType) ;

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

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

}

BORHES B A B B R T . XAEFRATHEREE L A ] Custom SR AIE Custom SLHI:

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

FUREAE! TR TAERRHFE: K LR SASL R custon. ¢ (3L

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

%K pyproject.toml B3CEH, I H

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

FE4 o setup.py BISCHEH ARIGHIA

26 Chapter 2. RERE=FTHREEYT R



Extending and Embedding Python, & {Thi4 3.12.4

[$ python -m pip install

TE shell H1 Vi & 7EF H % B 24— 30 custom. so %3 E; BAE S5 Python - /KL 24 REWS I AT
import custom 2Rl Custom %4,

RXFFAHE, R ?
MR, UETH EESCEBARR IO ERA RS, AT . B RN TRAL,

2.2.2 EERRBIFRMEIEFS X

TEFRATE LGN — LR Ay o X AN AR ] o LEFRATT AR IS T DA R . TR
AP custom2 AL LET)fE -

#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->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)

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

return 0O;

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

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;
}

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 = "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,

(% L30)

&)
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(#z E70)
.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_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

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

Py_DECREF (m) ;
return NULL;

return m;

BRI 5 22 A B

PUAE Custom MR C FMik g =N EdEN:, first. last Tl number . HH first Fl last 2% B2 405 44 51
W EG Y Python EAFH . number J@ 2 —4> C 4.

X R A SR PR Rt B

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

} CustomObject;

FENIAERRA T AR T 248 B, AT/ N O HAN ST iy U AR . 20, RATTFEA — ROy
%
static void

Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

ESPIR(ES tp_dealloc ifA:
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[.tp_dealloc = (destructor) Custom_dealloc, ]

WSS 25 Wi Python JRMERYE | F1T4L. Py_XDECREF () AJPAIERALFESH0CA NULL ()5S (X AT RE
1E tp_new HFIRKMIN &4 . BEIGEERFEIIX SN tp_free i (iliid Py_TYPE (self) 11E455])
RO RN WHERX R LB DAIAZ CustomType, FAXFLR AT BE A>T 2956

ik

bR A destructor FEFAFEANTE X T Custom_dealloc #%Z—4> CustomObject * &
%1, {H tp_dealloc RHHEH FUAREZ— 1> PyObject * S48, MIRAXHM, HMiFHIFLHES. X
2 CHlHEE RN Z !

A B — DRR DA S TR, RIEFATERIE T —4 to_new LB

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}

HHAE to_new MG LA E:

[.tp_new = Custom_new, J

tp_new ACHEZR A TTRIE (MAZWIIARL) ZEBENTS. EFE Python FH{RFE N _ new () k. EA
TREE X tp_new WG, ks BIFZ P RER SR AHE M PyType_GenericNew (), #if% L1l Custom
KRB — NIRRT IAREE . FERIEOL T, AT to_new LbPRERRF first Al last BHERIIRIE N
3k NULL [ ERIAME

tp_new SFEZPLGILIIREL (RZERN CustomType, WERPELBILI R —TIE) PARAEZIBBIH
TR AT S5, HR E TR 320, tp_new ALPREF RRHEZ AL EM BT SH, HENSZ
DBMEXEESRY, MR SEAE P E A Iia (B C R) tp_init B Python 1R __init_ pR¥0) J5ikRk
AT

#ll
tp_new AW EAMPM tp_init, FEAMERASSATRMNE.

tp_new LM tp_alloc MR HL N
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[self = (CustomObject *) type->tp_alloc(type, 0);

M AT RES RN, AT AAEGREERATZ HikEE tp_alloc FURHHIAHAN NULL,

ik

FATEA AFTHESE tp_alloc M. M@l PyType Ready () il NBATHIE R RBRNTEAE,
HAEA N object o K r AR I BRIA ) 20 BT o

ik

R 2 — PN IMER to_new (BT RE LAY tp_new 88 _ new__ (), AR R iAEE T
Ak a0 7 S AT I SR 1 o8 BER R I . AR R WS HO A AR B 2R B, HFEEAAHE
) tp_new, B{Eiid type->tp_base->tp_new. HRRAXFEM, REEBREFERELGEK 5 HE
Python & . )25 Python F-2En[ g Toyk IR TAE. (B4R, /R0 e oIk EX AR p 2R SL Bl 2 2

5% TypeError, )

FATd5E ST — RS HAR NN L BT AERI IR () 45 1 R 2

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

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

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

}

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

}

return 0;

}

WA tp_init FE{.

[.tp_init = (initproc) Custom_init,

tp_init f{LE Python H & EEH
St MUEM K TS, BN SAE SR ] 0 7 1 A IR ] -1,

init_ () Jiik. ERABRIEQIEXRIEX AT . iR teas s

AT tp_new ALBEZE, tp_init AMRUE—EXPIAM B, FEBINTELLT pickle BEHUNSAERMFE
LHIEPIM __init_ (). ELATREWMZ UM . LM AK R AERANTN G EJHH __init_ () Jiks
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PRI, FATE R R ERT E R A% S NG o BRI RS £irst B RE:

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

}

XA R AR . FATHRBBA R first MUAREA, HILEA DU EMFEIXIR . Eal ATl
A—MaPATEAT 1 first WARMRERONHS; BT g ] e SR 2 & A 3 4 LRSS
TEHABLAE Fs TV ANE AT 5

N T PRI R A TR X R AT RETE, FATLP B2 B A R 15 T Al ENTEIR . (4
AT TT DA A6 PRI REA

o LIATHBRIES A ITHEOCT 1 Ak
o BEATHIERT SRR B LREGIL A2 FEUL AR A2 AR 17 [ 8 g 1422
© DA tp_dealloc ALFRER A SCREBIREIR M 205 | THEC B
AT RESARFFA T LB A R R E N R . A JUAR T 2T AR X — 5o e ] B 7 2 i SO i E

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

FREE SUHCE S tp_members Ff{izH:

[.tp_members = Custom_members,

BRI SGERA B PR 2R3, Wil DA AN SCRY A ER o TS R N IR 2 22 b 72 Nk
THRPER . section below for details.

AR S 2 — B A SRR ] TR 25 Python JE RN R IETAY Ik . FRATTN first F1 last 144 FK
TR, BB PABIRAE VAT B Python XF4. BEAN, X S6/@ b vl DAREMIER: , F-FF C 541Xk NULL,
RPAEFRATT AT DAGRIIEIE 22 158 e w0 A A E NULL fR, A0SR 28 J& Ml A B £ a 53 475 T 91584 NULL.

FAMTE ST —DEPAY L, Custom.name (), ERFAFGA PRk 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;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;

(& F )

"SI AV A SR TR, T4 R S AU R A
P HEATRBIPEATHE tp_dealloc ALEIRRH X —HLH], BIRFATHSEEUR STRERLR k.
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(B LE10)
‘ return PyUnicode_FromFormat ("$S %S", self->first, self->last);

}

BITIRAR SE BB R —M%52 Custom (2l(:class:/Custom 1) 1-38) SEHIERF—ABHUN C B, Tk
T ATBUENE NS TREEERZ A ENRE TS, BRI PRITR AT M S AT
HEZ A ESHOCAH SR T ST ST T AT Python 753k

def name (self):

return " " % (self.first, self.last)

EERRATDARGA first Fl last B GUZE ATREN NULL. RPN BT AR, AEME N Ei1s
Bl NULL. SR ML e By 1E MR L8 SR P R IR PR (R BR A A P s o FATPRAE T — 10 T AR AN ]

X
PUAERATC 2858 S T I7vk, ANTE QI — Tk A

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

bi

(HHERIRAEH T METH_NOARGS JHAR NI L I A NE &R self PAAMNAAEATZ4k)
X HIRZE tp_methods fEAV:

[.tp_methods = Custom_methods, ]

BT, APRHEFAN TR B AT AEIRAE TR0 . AT O HIRATH T R ABEEA A 2Bl e 9
DU X 2R, P AT A5 2 B2 FF Py_TPFLAGS_BASETYPE YSIE|FA TSR L h:

[.tp_flags = Py TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE, ]

FA1¥ PyInit_custom() EAMZ N PyInit_custom2 (), ¥ PyModuleDef MR AERZ FR, I
W PyTypeObiject L5 TR 4 .

B, ATHEH setup.py SCAREFEH B,

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

1

RIGFATE B Le2E DAERENS import custom?2:
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[$ python -m pip install . ]

2.2.3 REXTHIBRE M EAR

TEATH, FATRXS Custom 7w Bl £irst Ml last JEMEABCE AT ERSANAYIEH] . LEFA] E— AR
Hr, SEBIASR first M last ATAREBCONARTFAFEREE 2 P0MER . N 1A B fRX LB PE IR A W &7

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

34 Chapter 2. RERE=FTHREEYT R




Extending and Embedding Python, & {Thi4 3.12.4

(#z_E70)
&self->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_SETREF (self->1last, Py_NewRef (last));
}
return 0O;
I3
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);
I3
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (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, void *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;
(N30
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}
Py_SETREF (self->last, Py_NewRef (value));

return 0;
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 = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

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

bi

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

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

(% L30)
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return NULL;

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

}

return m;

}

N TIPS first M last JEfE, FRATRFEEN A& SCREREES A 2R 8. DA b T SO
B first BRI

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

Py_INCREF (self->first);

return self->first;

}

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

}

PR AR — A~ Custom MRM—A> “MIE”, JFER— 2w, AT, %M. (M
SCRRIFE SCER AR 3 28 SRR FI B AR A S UM vk BN, AT DARSO R e vr— 2 AR B A Bl R RSO S
P v B Bt v SO BB Y TR ) o

BCEAFRBAE Z A Custom MR FHEMM . SFHERREN NULL, FEX AP oL T B PERr g bR . 7234
ABLEAR T, SRR I B s AR A P AR I 25 | R — iR

AN —A PyGetSetDef L5 A%

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

HAE tp_getset flf M E:
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[.tp_getset = Custom_getsetters,

1E PyGetSetDef ZEt R G —i & LIS E0 “Ha”. FEAGIT, RANAHEHAC, HERIITHE
£ A\ NULL.,

AT T I L8 Ja P ) B DA

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

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

}

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

}

return O;

}

WX R, FRATREE AR first Fl last M RA—EAR N NULL DAERATRELE LT Fra 15 L TR K NULL
fEARE . X FEME KIS Py_XDECREF () & FH#F AT AR 468 Py_DECREF () PH . FRATABETE tliix 41
JHHIME—3 &2 7E tp_dealloc LR, ARE XL B WAL A W RETE tp_new F1ZRIK,

FATEE A4, T BTG R BRI IR A R B P IR AR, R BN T Z BB U —#¢, FATILR setup.
py SCPFASINT — BN E Lo

3 BUAEFRATVANGE first il last i GUAR R FAFER PRI VFRRATT AT OGBS B M5 DRTECR NG, 2, FRANTIE P2 A T2
Sl BIVRORE I 7 AT A AN X FATHO ST 1, FA T BEPRIERE I — 57 ER T A SE PR XA TR R AT 1 -
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2.2.4 ZHHEWLIREIW

Python HA5 —AN1] DAAR IR FERF AR R I I8 3R 32 30 =Dl 25 (GO) BIME BTG HTHEOEA A E . XA il
SAERRPAEIG I 24 Bin, B8

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

XA, A& T - MEEH A SR YRR, SRR EE R H A S
%&FFJ o BEMEIRTHEOFRRE AE . SEERE, Python IEIIR IR B 4 R BL%5) 22 T0 R B3k o1 R
e

1E Custom /RIS A RA T, BATARVHEREBINS L AA#EE] first 3K Last JEMEH. Ioh, HEHE
S =A A, FRATIE A 728446 Custom, H HFZ0ARIMEREYE. B FX B4 5 A A AT —A4,
Custom Xf AL AIATEER :

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

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

LAW—PMAG IR Custom SEBIRERAEP GC IEMAIIFIILE, FATHY Cust om FAUFHE R FEHA>
BN AL 0 — SRR A J ) I 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;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

}

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

}

static void
Custom_dealloc (CustomObject *self)
{
(ZF 50

ST, BN E R B AR L], PR R AT DME AR st TP I RERE T | AR
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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,
&first, &last,
&self->number))
return -1;

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
I3
if (last) |
Py_SETREF (self->last, Py_NewRef (last));
I3

return 0;

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

bi

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

{
return Py_NewRef (self->first);

(% L30)
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static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
I3
Py_XSETREF (self->first, Py_NewRef (value));
return 0;
I3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
I3
static int
Custom_setlast (CustomObject *self, PyObject *value, void *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;
I3
Py_XSETREF (self->last, Py_NewRef (value));
return 0O;
I3
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);
I3
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} r
(N30
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(B L)
{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;

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

Py_DECREF (m) ;
return NULL;

return m;

B, WAL GC HUARES S MR T X5

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

&)
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if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;

}

return O;

}

XFFEEA R AIIADGIRA TR G, AT B visit ( uiﬁl EXWLBABN IR, visit () KL
%xﬁ?ﬁ%%ﬂ% L T ﬁﬁéﬁ%ﬁﬁl\%ﬁargﬁjﬂ,\/a& AR ] ANEH AE R EL TR [n] (14 R A

Python #& fit 7 —A~"1 5 ) 4 J visit B 8HY Py_VISIT() K. i/} py_vIsIT (), FRATW PASK/ME
Custom_traverse R T/ERE:

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

ik
tp_traverse SEPMICK S BER v 24 o~ visit 1 arg MBI Py_VISIT ().

B, BT ER P TR RGBT AS G ERAY X 5%

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

}

THTER Py_CLEAR () R . B G BRAL BRI B Bt @ M el D 5 | T B 7 4 B2 4z i 75 5K
UNSRAR B AR R NULL Z ()@ 4 B Py_XDECREF (), WIS AEA 1] GE 2 [ FHR
BEPOR B R AU (i 31 = RS | PR 3E) -

%
YR PAIE A PA N B ¥R AR Py_CLEAR () :

PyObject *tmp;

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

TS andar , 7 M e Hj‘ilﬁ‘@}ﬁ Jfl Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
HRR R HEA S M. HAZESRK AL A R ML !

FEgAs Custom_dealloc AIRERAETH IR BIER A ML R A . XEWEIER GC Al DATE B 0N B9 fil 42
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i1 GC AU S | HT A AE, BATFE @A pyobject _GC_UnTrack () Hik GC 5 (k38 ERAH K AXF
%, FHEFKNEH Pyobject_GC_UnTrack () fll Custom_clear B ELIMATBIES:

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

Ja, AR Py_TPFLAGS_HAVE_GC AR INE| SR

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

REEZEAZ T WRIMNHE T HEXW tp_alloc B tp_free APEAS, MIFATH ZATXIEERELIR B4k
KRBT . KBE A A SRR A

225 FRMLHMAE

AEIRA: B EIA BB B R B A TREN . I 2 MBEE R N BB K, R ] DA (3 b (5 &
TR ) PyTypeObject . FEAMY A2 [B] L X4 Py TypeObject L5 AR MNIE AIMER) .

HEARGIR AT #— R H N E 1ist 2B subList B8, XAHRBLR 2 AT MAIFR, (5
WH—HIMY increment () JyiE M T BB RV R AU :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

}

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

bi

(T30
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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;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

IR L, A S Z B L Y custom R BIAER AR, FATRE—HrE N2 1Y 32 2 X .

typedef struct {
PyListObject list;
int state;

} SubListObject;
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TRA AU G 225 RAE T H LR R RS A DU 5 —ME . BB O R A IR L 4E T
PyObject_HEAD (),

% —~Python X422 subList HYSEBI, B R PyObject * fi4l il AR =it il #6454 PyListObject
* 1 SubListObject *:

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

}

AT DAFE_L 1 7 B AnfarRE A A s B A dndt () H¥ES
XA AE G S HA H E X tp_new fll tp_dealloc M AMEAENBEE. tp_new MBI AN HEA
tp_alloc WXL LR BCNAE, M2 TERISE M HCW tp_new KA E.

PyTypeObject L Ff il tp_base f§ & RAAY IR B K, ) T 85 -F & % 1 & 008, 1R Jo 34 B 1 *F
PyList_Type W5 HIREHIHFIXTBG B MBS TERHA 46 o o £ h 58 il

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

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

TEPIH PyType_Ready () ZHl, KEEMAUMNCRITE tp_base fifii. LEAIMIALBIRER, E
ATTENF tp_alloc MIHFEN PyType_GenericNew () -- 5 [ HRAUAY 7L B BCRF SRR o

TEAIRZ 5, P PyType_Ready () HR2RAURAS MBI b i id A2 5 EAY Custom /R B2 —FERY.
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&t
23 ELY BRER: EFEXER

ARFEAT H e P — AR R AT ASE B 2207 Yk S I BERY R R 2
X2 C XM pyTypeObject B, &M TN I ER 7B

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* 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 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
(25 N30
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Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

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

XHA RS IR HEAZRIL, WRAREE LR, A B IR Tk

IR R —FE, JATIEZE 35— ﬂﬁiﬂﬂ’?”’%ﬁ‘&lﬁ%ﬁ? ﬁﬁﬁ% D SRS B, B
PABRATAS ARG E N RS H PR HLE SO D . Sl R AR A 5 8| — M R B v Ban il 1, e

ARE B AR B2

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

J

KA 47 - E—FREIR, SMERZHTr, JUPamEE TR H . Sl AT, X

T RA B

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

IS BRI TN RS A BT QN 5 25 B2 DN A7, Python Oy 1 RIS K e (LT -

PR, oodl) ALENESRF, X2 tr_itemsize FRIFIEMIEH . X R IS AERE

[const char *tp_doc;

X HARATDACE —Ber A s (B ERMhE) , 24RAE1E Python JIZRTI ] obj . __doc__ Wik [mIX B SCR
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BAERANIRT — T EALRTTIE - REBY RIEBRF LB T3k

2.3.1 REFAERER

[destructor tp_dealloc; ]

LA BI G| T B 2> %I H. Python MR AR 2L eI, KFR I BE R 2. WRARAY RN Y
AR A T ARV B, ARAT DA B L. W R A B SR X BRI DA 2 BE R B R 1) -

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

USRARAY I SRR e, AL g B 24 A3 BT A8 R B Z Wi ] 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 AR bR ECE L ER 2 IR T R e R CE AN Sl . X AR E LR R 2 RS O i
M, Ui FFERBE (MAEEERRED, ANSEEMINERT RSB B — 505 MR e . IR
FEAAT AR 2 B MG N ) Python ACHE AL £ S 5 B W E . X P AE S BURRERS iR AT R . IR
RIPITEE, TEARIAR L EEAERT, AR, RGELEREWE . HWPAEE PyErr_Fetch ()
M PyErr_Restore () PRECESLH:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

(BT )
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Py_DECREF (self->my_callback);

I3
Py_TYPE (obj)—>tp_free ((PyObject*)self);

ik

VRAEAERERAR PR AL H L& PATHI RN A TR EE, WERARAEBL SR BIR [ (B tp_traverse
T/ tp_clear), XFZHYEIT A FTATE A tp_dealloc MIRHHZEALE, HIK, F£ tp_dealloc
B, ARR SR T ARERTS . BERGUITTEEETZ ., AR IEBIREXT 580 APL AR (An_E w4 7R Bl
PIrfifi)) e ARl GE S FRRIMN tp_dealloc, SEOWERMO KA A

M Python 3.4 JTif, HEFEAZHE tp_dealloc AL AMALNED, M2 MBI tp_finalize 8877

S0
PEP 442 f#RE TR ARG R

23.2 HRBR

7 Python Ht, A W7 A 0] DAZE X R SCAR SR repr () AN str () B (print () BESEILR
M str () o ) XLEAFRAR PR 2 T IR o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHRRF BAZIR Il —FAFER SR, Hh &R ER LA ERRE. i — M E R 61

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

WRAIEE tp_repr APREY, MRS RHRML— N 2EAU) tp_name FFRTE DA BOU 4 ) ME—A5 1H
i

tp_str AFENTTF str () BN Bk A tp_repr AMFIEEXT T repr () —4f; WELEUL, T SHEY Python )
TEAEARBY XTSI FEA LB BV str O WA . EREBYE tp_repr MECIEFAMLL, (HHGER PRS2
HEANEEFN .. WRKSEE tp_str, WM tp_repr ABEEERAE.

MR AR 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 AFEERY S P H 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; J

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

XSO G AR 2 H8 2 AE Python S A& Y HL IR & L. FEaIHE, 807, BRI SN —FF i3t e
222 Python LGRSy . FABRSONLE GRS o« XFF RO e 28k B 28 S0 B A0 HE 28 1 F2 A PSR L
BIHM P SCHRBON G IS | AL BEER A AT e e o 0T8T I PSR A 32 S8 BN G v il A i A ) il
BL, A — D TRERR R 1 B AR O 24 B R Rk o (MLHEAR O HE AN 2 15 BAG A7 ( JF NULL
PTG, AT PAS B AR AR B — MR AL AR, (HIA LA A] BEARFE AR I AR AR )

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

RN A BARBI X R BT R — D EF . PSS 4, I AR EE o BICE — A SE il T C 28
PyNumberMethods, PySequenceMethods B PyMappingMethods, £ AR HbE . VR0 37618 24
HELIE A X e gh 1 (A . AR 1] PATE Python JEAAS & AT Objects H R B 2EXT 5 4% B (R .

23. BN REE: EFXEHE 53



Extending and Embedding Python, {74 3.12.4

[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 &SR T RE-FE AR5 BECR. M tp_hash R[] -1 FoR&4ATHiR, Xtk
AE 2RI 24 R A NG A SN IR B B, BT IS AR R o

[ternaryfunc tp_call;

1

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

VLR B Z = A2 4

1. self ZAERVE A H AR EEEZEZBISLR] . W HH 2 obil (*hello'), WM self yobjl,
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 XIT A PASHRFZ AT R Z WA (g FRATCA) , WY S7ERRIAA to_iter BHEIEIR 0
—AFHE A
o HBBHE R RIS GEHE b TR, fanscrExtg) ol Ras R El—A g1 B
BHHE R tp_iter - I HONIGA R 24508 tp_iternext AbFEZR.
fEAiterator XFRHFRN M RIS SEH tp_iter Ml tp_iternext, — M IEARHY tp_iter ALPRZRY 24 [A]—
A IIZE RS FEI . B to_iternext ACHIZEN 23R [m]— NP5 A BAER N — X2 HE
WHIEH DR EE. WERERTBEARRE, W tp_iternext AIPARE NULL MR E RE, SEE
A DATEIR[F] NULL () Lftl b #R4MEE StopIteration; G sta vl DU A BEAFPERE . Q2R &4 T SEkRi)
B, W tp_iternext WY BRI E—AFH IR N NULL,

2.3.6 555| A3

One of the goals of Python 5575 | FSEBLHY H AR Z — & AAVHE BRI S5 555 LG A A H AR X4
(Blnges) b BB T4

S,
weakref BIHLIYSCRY,

SFT A B8 FRA S, §REELUAIRE tp_flags FE) Py_TPFLAGS_MANAGED_WEAKREF M4,
IHR K tp_weaklistoffset FENW BFENE.

FLpsti, PATH U2 SR I i 2SR R AR T

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

ME—X&IMPTE 2 tp_dealloc FFEEMRATLMES5] H B H 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);
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23.7 ESEI
N2 U AR R B SC AR AR T vk, G 3RICPython P3RS . BEA Objects Hik, SRJFTEC
PSR ER to_ I EARAEZIA R A (BN, tp_richcompare). RFFHREIIRAEZ LU R R H T

MARTFEIAUE— DX SR ARSI R BRI B, 35661 PyObject _TypeCheck () M. ERY
— AR BIT:

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

S UL
"F#&k CPython JR{CESIRAS

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

GitHub [-J]-% CPython J§{Ci%(#) CPython GiH .
https://github.com/python/cpython

24 ¥ C/IC++ ¥ &

—/~ CPython ) C §"B2— 3L =% (B U—4> Linux /) .so , 5(# Windows [ .pyd), H&FH—4
Z‘JHI“ LA

AT A, EFEAE PYTHONPATH A, HOAi5 AR A FRan 4%, A B P B4 . 2468
H setuptools i}, 2 H 24 BUERIY) SCHE4 .

b AT SGONEL E I R
PyObject *PyInit_modulename (void)
PREGR [l 23R b AR R | Bi—> PyModuleDef 532fj|, {E#F initializing-modules | i1

Xﬂ‘?ﬂ?ﬁ ASCII S A 42 . BB 2 PyInit_<modulename> , $f <modulename> i Mtk
M4 5. 248 Jfl multi-phase-initialization i}, iRl 3E ASCIT gt (B 24 . BLIHT 46 b R 5 1) 44 5 42
PyInitU_<modulename> , [ <modulename> 2% [ Python [1] punycode il , 72383500 F R4k .
7r Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A ME—ASh A LSt 2k, il & LW TS AT 55 BTSSR
PR A I AR TSR B RO 2 B R 7 — A B Zah 34837 FY, {E PEP 489 [ AR 24
RE
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2.4.1 {§f setuptools #3i C 1 C++ ¥ &

Python 3.12 J B I AN A F-ELS distutils, 52 % https://setuptools.readthedocs.io/en/latest/setuptools.html |
[ setuptools UYL HL T fEANM i ] setuptools KA AN/ & C/IC++ §

2.5 £ Windows E#3% C 1 C++ ¥ &

X —F R U Microsoft Visual C++ 47! Python [¥) Windows ™A, SR 5 FHR A R TAE
PLERR TR T SE R . X LU HIRPRHF RS T Windows F2J5 512 >] #7 Python 4 PA K Unix F2/7 527>
Al A BCZE Unix I Windows |35 RE B Eh R A 21

SRR distutils J7 ORI A AL, A AT IR 7720, RO FEMEH C gtk
¥z Python; 3% >k Microsoft Visual C++,

ik

X—FR K T2 I E 4 Python BUAS 1S4 o IXEESCIEA PAR RN XY IUIRAS SRR FESL
Berb, X R AR BT Y Python A U FARAS M 'Y RENURIRAS S B0, A0 RAR R Y2
Python 2.2.1, XY ¥ 22,

2.5.1 iEzi5EA

57E Unix _F—H#, 7£ Windows G4 BB A WA 1 setuptools fREHIM AL, 5
FAaTNEAE. setuptools J =& H T REZHP fe: il setuptools MFEFITT LY ALY SR, L 1% 7
setuptools 1) 3% C Fo C++ I o QAIERARE MR ER TR LT Sh84E, IBAMFIE—T winsound Friff FEATHR 11T H
T RESR A FH ). standard library module.

2.5.2 Unix 1 Windows Z gl =5

Unix I Windows X TAUR AT 15 AR T FEfRel g nl sh Sk 2 fi, 2
T T IRARBT AR Ge 2 ander T AR .

£ Unix /1, — IR (-so) SO S th AP R BT A AURD 0 S 7EAE e Hh vl 4k 31 A o 404 A
A o 24 SCFREA T B ARy, O SO AR Ao 28 R BRI s ) 4 v | AT & B 8 10 AR e o ek AL
AL A7 P I E R S PR B XA b — R

1 Windows H1, —ANEIESHEREE (A1) XU A BRG] . i i — A AT e B e i iy
Vill. HUTEz T DLL A BTEIZfT N T ol A, RIS E LM 7 DLL ji&k, 7F HAeis
AT e BB VAR 1 5 7 1) ok SRS

1 Unix o, RAFE—FESCME (L), BRERAZAXRIT (o) B, FEa)E X3 (Lso) 1Y
HEREY B, HEEr vl AR S R ILE AN RIE R AR IR R AP L E S SRR REAE A R B R SCHE P AR
B WPRIE T, SRR S AR H O GO A R

£ Windows i1, FPAEPIt R, EESHEMSAE @ RAHE . 1ib). HESERLIT Unix 1 .a XF; B
AL E N RAAE RS . S AR B OUN TiE a8 RE A PR € AR A2 AR, I HAFAE DLL
PO BT R o AREERR R AT O IR B S AR {5 B A A R DABE (8 ) R B 5 /E DLL A ift
ffo H— AN IRE B DLL Bt , nIie A2 A R, ERF 20N T AR 8 DLL ARk i
AT X 264551 DLL.,

TERBARIEAE AP SIS EALR B A1 C, BTN A0 — MU A, 78 Unix b, IR RREF AL a 24
HEEAREN B. so Fl C.so; M FECEMBIEMIK, XA B A C K0 3A BN A SHIEIA. 7£ Windows

2.5. 7£ Windows t#JE2 C f01 C++ '@ 57
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L g AL ALY RIS AL Lib, /R 2S5 AL Lib (RAHERAS AT B AN C. AL 1ib FAUFAM; E
RS RAEs TIRBONTU A AR fE R

£ Windows b, ] ABEA fRRM import spam; BEALAKAI LA spam Hg4 R, HIFA LA
U4 . FE Unix b, 8EZR—NERBZ from spam import *; BRI ERMAIA.

2.5.3 DLL BYscBr{ER
Windows Python ;& 7E Microsoft Visual C-++ HRJ [ s (i F] HAh 21548 v BE S il BE A & TAE . AT H R
A AN MSVCH++ 1.

U f¥ Windows 147 DLL i, RUAUKF pythonxy . 1ib fE454ERAG . B4i%Wi1 DLL, spam Fl ni ({0
spam HRFIY C eRED, ARPLAFEHAF v

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

AU E T =430 spam. obi, spam.dll fl spam.lib. Spam.dll A& {E{A] Python R4 (7l
4 PyArg_ParseTuple ()), (HE#L pythonXY. 1ib W] RAKITA AN 2] fr 7 HY Python A,

B BI# T ni.dll (MK .ob] FI . 1ib), ‘ERIEAMTA spam LA Python R PAT SCHFH 4R B BT Y
I:Z—lﬁo

ANREANIR AR T B AR WERARAR B AL (f13% Python) #\EEH SR M 4R AT,
RIS I _declspec (dllexport), FLUIEE void _declspec(dllexport) initspam(void) Bf
PyObject _declspec(dllexport) *NiGetSpamData (void) H—Ff,

Developer Studio UM IR ZARH A EIEFEB A, g AR AT S0P/ MEIZ) 100K, ZHRBEAT,
TE (P I 38 o A H R R R T R 0 BB BRI o FFIERIR) msvertxx. Lib IRINE]ESFH .
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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 ARMAT 97, HASESME. AFEZAFET, 7@ Python i L 7 ) A2 F394 /& Python
fRERS, T A Python i f¥) F-A2 7 M BE5 Python ¢4 J6 XM 42 W F AR 11 S 25358 /0B /R £ i Python
RS RIB T2 Python Y,

P, #7254 A Python, REZARMLH M FAE . M ARy B SHE 2 — a2 0 4h 1L Python iR REd: . /0
PR Py_Initialize (). A LERTEEAYIH ] A] ) Python f2idar oAT2 8. 25 Rl YRR ¥ 1Y
AT An[ 3t 75 8 P ARG 17

VAR T A B JLAE: Wl PyRun_SimpleString () f& A—~ Python iR FAFH:, tnl1)
PyRun_SimpleFile () f& A—A> stdio SCAFHEEIAI—ASCHF4 (UERT R S HEENIRBIER) . R AT
JH R 725 3 (4R Z R A R A3 (1) Python XF4R .

S0

c-api-index

AICEM SR T Python B C 1. X HUA RELEIFEE.
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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([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

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

}

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

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

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return 0;

}

The Py_SetProgramName () function should be called before Py_Initialize () toinform the interpreter about
paths to Python run-time libraries. Next, the Python interpreter is initialized with Py_Initialize (), followed by
the execution of a hard-coded Python script that prints the date and time. Afterwards, the Py_FinalizeEx () call
shuts the interpreter down, followed by the end of the program. In a real program, you may want to get the Python script
from another source, perhaps a text-editor routine, a file, or a database. Getting the Python code from a file can better
be done by using the PyRun_SimpleFile () function, which saves you the trouble of allocating memory space and
loading the file contents.

3.1.2 RFFEBERBALIBRE]: H#HR
A 1 R IR A TAE AT Python (0, (L5 A Se et T UUR AR M RAT Y . I8 75 B Sl , o
B BARGA T . JLF AT ASCHUT R ShRE, AT LM C R,

PR, REEEAILE, (HY & Python Ali A Python B BEAH 2L, HIJLE e AR SRR
AR AT UK — 5, AWk AE— T Python 3| C Y4 e AURS I RAM T (4

1. f Python MRl C A%3K,

2. ¥R EdEIAT C R R AR

3. FFR TR [ B A C 248 Python 53K,
iR A Python I}, 32 I AR S 3K AEAC:

L. ff C Hllaf%i o Python 53X,

2. AR R AT T Python 5 1 R B

3. KFUAR JiTAR [m] i %tk A Python 5645k C #5K.

AL R e P B T — R, DA B 8 At ) o ME— 1 DX A T RS e TR
RO AESRATY FEIS, PR —A> C e, MHAATHR AT 5221 Python pR&K.
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AT TR AR LA Python B C 20, R ZIRIR. 53 SMERUE B RERS LE 0 B 51 JF AL TR 2%
H Tk LT S AR Y RO X B, 36275 il ) E 1 AR PR F 9 R

3.1.3 RgErA

RSP H hn2 AT Python AT (KA B bR S 200 LOIREE, - Python SREGRIF A 2 B S 1Y
R, (HF— R A X — i)

PizAT Python AR ipE LR &L, ALRSANTE :

#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 */

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

&)
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(B LE10)
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;
I3
}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
s
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
I3
else {
PyErr_Print () ;
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
I3
if (Py_FinalizeEx () < 0) {
return 120;
I3
return 0;

}

RIS A argv (1] gk Python A, TR argv (2] f8EMEE. REMIESEE argv Hidl
A R 550 a4 %R (MAL R & AT AR AE call) |, I B $A7— Python 7,
4n:

def multiply(a,b):

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

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

SR IR, AR BRI PR, (ERHER (U2 I T Python Al C 2 [ i) Bicdfife e, DA S AR i
B A Python AT HRER 7 LT 4 -

Py_Initialize();

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

WA R 2 5, W PyImport_Import () MEMIA. RS ETE 24 Python 47, —
PyUnicode_FromString () B sk B0 H# 1 F4FE

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

SR
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(B LE10)
if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

A — B m#Ese s, e PyObject_GetAttrString () EIRIEMEA K. WRAFAAAE, I HRFEZ
RIS, BT e o R SREREF RS T, ARSI T . SRE AT U
Ji Python K%y :

[pValue = PyObject_CallObject (pFunc, pArgs); ]

MR BUR M, pvalue B2 4 NULL, ZEAMEXREPOREMERGIH . w660 78 FREZE 1 .

3.1.4 kA Python ThEE#ITH R

FIHAA L, AR Python RS REVT I I AL P A B DI fE . Python APL I 4" R A FRRRAS KL T
X—nle WYL, R AR SR P el B i AR RS AR EA T I . ORI R LA ., (HW PO ARl
ke RSN RACR W AT R3) T Python e . MHEN HIARFFE e —H Ty, RET—LRKA
ik Python {Jj M iX £ FREF, W45 L@ 1Y) Python 4 JERE/F—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 PylLong_FromLong (numargs) ;

}

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

bi

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

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;
I3

fEmain () BRECZAEEHA LA, FAERM Py_Initialize () ZHHEHALATHAE):

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

I

XPIATIIS RN T numargs 284, H-lijx A X Python f#REAR T LAY emb . numargs () BR%L. HidiX
PR, Python AT PASAAT AR #5245
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import emb
print ("Number of arguments", emb.numargs())

TSR B REF o, XA R B9 APT B85 47 Python {1 .

3.1.5 7£ C++ thigr A\ Python

IR PAKF Python ik A C++ FEfFH 255 BbIHINE, SCHUT AP T C++ REERILBANT; —FH C++
%5 TR, FEA Cr+ GiRE R AIFMBEREAL T . AT E A C++ HEB%F Python A5

3.1.6 7E3 Unix RGpoRiFFnskE
N T Python MRS A N AR Y, $REIE 60 19 9 16 S AL 40 i e CRIBERRED) TR 3, Fenl2 ik
Python I FERHE DA C By e (. so 3CiF) mfEalsetig.

N TRBIPr R SRR A SR, WTIAT pythonX. Y—config WA, BAEZHE Python A (H
A REFFYE python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

* pythonX.Y-config —-cflags &5 HE BN IESEL

-
$ /opt/bin/python3.1l1-config --cflags

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

pythonX.Y-config —--1ldflags —-embed HF45 HAF R I B0 B AR

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

ik

N T G2 A~ Python T IRAG] AR EL (FF AR TE RS L R IAM A CMiFRAZR) , EIH
pythonX.Y-config ff@iXf%4e, W EBIFTA.

AR EIA T RZARER CREARIEX T Unix 287G 8ARG BGDEEH bug k4 ), USRI RE X TI&
BRI SCRY, TG A Python ff) Makefile (Jf] sysconfig.get_makefile_filename () ¥HEIFIELIE)
FIGIFESE . XHf sysconfig B @ MMM THE, THE T SIRNFEHGE—EWREE. b:

>>> import sysconfig

>>> gysconfig.get_config var ('LIBS')
'-lpthread -1dl -lutil'

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

>>>

Python % HAEA R ERIASE/R AT o 35 T ATE REAEARREAS Fh S BT AU s B R B 5

HAAT AL

2to3

o MGG ARSI, DARAE XL 2 s (165 riss . RiGTE=51%) W,
BRAE S 8 B s 2 5, ACH.3X Python HIERIASR/R AT«

* Ellipsis NEFE.
KA — 22U Python 2.x ACBFEH A Python 3.x AR T, 3@t AT P AR 1k [y A b ok Ak BHR
TR AN A )
2t03 IFRIEFE N 1ib2to3; ML A SN Tools/scripts/2to3, £ 2to3-reference.

abstract base class -- i JE%

G EL IR ABC, J&Xfduck-typing I#b 7, BHEME T —FhE G Ry =X, M2 R AR T B
W hasattr () B TRIMBSCE RS (Gl H BRI ). ABCHIAT BT, XMtk
Aok 5 HABZS, (BAMIEERE isinstance () fl issubclass () FFAR; L abe R, Python
HHFZ NEM ABC AT SEWBIESH (F collections.abe Biledr) . ¥ (¥ numbers Fibk
). W (FF io i) S AEIRIAINEL (7F importlib.abe i), JRATPAGEH abe Hibk
JefEdH O ABC,

annotation -- Fr{¥:

KRB A B KEtE. REUESEERIEMEMIRS:, B2 £ 200241 R .
SRS B AR AR B AT AT 5 1R, (He fmAs & 2B PER R AR 2 2 BT OB . SR R 5L
__annotations__ [pikEM:.

2 W variable annotation, function annotation, PEP 484 1 PEP 526 , %} W B e A T4 . 551 2 I, annotations-
howto T A I ARYE Y fe RS R

argument -- 5

TEVE R ERAB 45 function  (8{method ) W{E. S50 RWifh:
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o KT A TEREOR A RN A AR RS (BIA0 name=) SCEAE N STERTIA A <+ Y5
ME A 28BIKE, 3 A1 5 FELATRXT complex () MR HIJET K724

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

s AL E g ART RETSHNSI ESHTH T SR ENIT L AR G A A A
* Wyiterable LB TCRGAL A . 2B, 3 A1 5 FELA A g T8 S 4

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

SRR A RO o I 1 SR A B AT SR (BN 22 0, calls —¥5 . ARHEIEYE, T3k a0Epn]
HRFIR—ADBHG BRI E SR X 1 SRR AL 5

HZ Wparameter KiEFRZFH, FIWLFEF S E5HSH X AL PEP 362,

asynchronous context manager -- 5335 |- F 35BS
PR Sl E X __aenter_ () fl__aexit_ () FERX async with iFA) PR T il .
Hi PEP 492 5| A,

asynchronous generator -- 535 42 ik 3%
IR BB K asynchronous generator iterator YR, BE5 ] async def & X HMERBAEMLL, RNFEZ
WHETEES yield Rk DAL —RFIATE async for JHHHEHHIME.
WARTEE #2875 A A bR AL, (BAERLOE AL R AT RE 298 7 A R B % RS, IRFEIEELL
FLRE SC, 0 AR DA
— RN ET RS await £k E#E async for PAK async with 154,

asynchronous generator iterator -- S35 1 & 75 2%
asynchronous generator RELHT BN 4 .

SERFS R F asynchronous irerator, Y4l __anext__ () 7 I 2R AT S 4 RN 54
A A R R BUA BB R A yield Rk
B~ yield 2GR, ISR ACEHATIRGS (R RMAE RN ay 15A)). 4% 754
AR E R B __anext_ () FRREIHAW T SR RAUIKE R, BN BEH AU ESEMTT. S
Il PEP 492 F1 PEP 525,

asynchronous iterable -- 525 ] 3Gk 4

—ANA[PAYE asyne for BRI MG . OAESER __aiter_ () FEERE—Aasynchronous
iterator, H PEP 492 5| A,

asynchronous iterator -- 525 k{053
— AT _aiter_ () Ml __anext_ () FYEMINIS., __anext_ () IR [E—A~awaitable
X5, async for XAHFHEMAIRN __anext () JyEIrR BB W] SE AR5 BB 5] A
StopAsynclteration B . d PEP 492 5| A,

attribute -- &
KERB|— XTI, WSS RB ARG H . 280 UL, WERXTS o HAEM: a WA
M o.a K5HE.
WX G AV, R N identifiers (1) AEARTH 24 FR A AE— X G0 Ja@ Mo A& T DAY, il dn fifi
setattr (). XHEMEMHRFICEM T S-S FB 0k, @Al getattr () KIKEL

awaitable -- n[ 245X} 4
—ANEE await RIKRPUA KRG, 7T U corouine SR RAT __await () FEHXR. B
PEP 492,

BDFL
CRBATZEMFET WIS, B Guido van Rossum, Python fEi % .
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binary file -- - JEHISC Ak
Jile object RERSEEE 5145 .. R SCPRRYH) TR BERIBIR ( xb e, rwb? ok " rbe ) FTIFO
ff. sys.stdin.buffer. sys.stdout.buffer PAN io.BytesIO fl gzip.GzipFile MJSEH.

A5 Wiext file T fRRESTES str RGISCIFRTSR .

borrowed reference -- i A 5| H
1 Python [t C APT v, 55| HRZIE—FMXREIH, SRR IZG I H . X5 8%
PN B A B — A B TR e B, SR RS T ARS BR AT G 1 B 5 — S strong reference SRR E

HetELEborrowed reference LA Py_INCREF () DAY b4 Ay strong reference, BRAEZ 4iZXZ To ik
TEEAG MR G — R Z it 5% . Py_NewRef () MECH] AR RAE—AHiistrong reference.

bytes-like object -- =i HIR%} 4
I 5 bufferobjects - H.fE S H} C-contiguous Zip X% . XI5 A bytes, bytearray fl array.
array X%, PANFZEHE nemoryview X5 . FATRIXN R ATE L P bR AR E R A X b4
VERLAE AR . PRAF R 3R SO DA Sl i B e 7 i % o

LSRR TR BN AR B IR . X RAE SR R S TSR A AR 4
Bl FfuFE bytearray PAM bytearray [ memoryview, HAWMHAEZIR Z#HI B AT AW AE %)
%O HEFENENE"); XM RGF1E bytes DA bytes X4 memoryview,

bytecode -- ‘7= ifty
Python JEACHS 29438 =765, Bl CPython f#RERS HH /R Python F2J7 1) NS . ATl &84T
TE .pyc SO, SRERSE IR T IR — SCPRR R R (AT DAGe 205 TR B3 4 13 0 505 ) o X R
HIENE S s TEARSE F AT R A TA AL SRS i virtual machine 2 1., 3573 5 N [H] Python ML)~
AR —EEH, WA—ERETEAR Python fiiA F 3% .
FATIS RSP FR W DATE dis By SO AR R

callable -- W] {& I %} 4
A G2 T AT RE X 4, T RERT Y — 2S5 (B Wargument), i DAF i

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

function , BRIy JEF method &5, BT VAN G KT _call () JIERIZEHEBIHR)ET Al
JiROE

callback -- [n] i)

—MERSE AL A A DATE AR B9 A 209808 FH ) 1B R R 4
class

FHRAN A o SO SBT3 SCHE R0 B X% R SE B T A E O e o
class variable -- 2375 i

TR E AR R, I BAURAESE RS BB (AR AEZE ) L B FHE D -

complex number -- £3 %}
XA SRR G R, Hoh A SRR R R R — N SR — AN R AL R B (-1
FOAR) SRR, MEARCE TSN 1, TR E 5. Python N E T XA SCRE, RA TR
FAMC G BERTE A 3 A, Bl 3+15 . WRTRE math BRI PIXT ST A B AS 3
cmath, REWMH AR EFEEFRRE . WERRESEE A BT, ZEENEILTEASH T

i) R

context manager -- |- N LS PIZS
1E with AT E X __enter_ () Fl _exit__ () FERIEHIFERRSHIN S . 20 PEP 343,

context variable -- |- F 348 1t
—MRIEE TR R SO AR A AN FEEN A . SRR RHRAE P AT & BT AR
HARRMWAS R, Ak, ST ETF OBk, —MUTERET RS EZA LTI, WA E
1) FERE R I R RS AR i TiEER . 20l contextvars.,
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contiguous -- Y:4%
—NEMNR S C i 425k Fortran & B 90N 2 L0 . B2 C Fl Fortran S . 7E—4E
B, A 2B SAHE NP IS HHES ], SRS IGRB RS 0y . fE24E C-IE8L 5
o, U A HBEEHES IS B e — A& 5 U5 A 5% B R B e . (E27E Fortran 12250 2H )2 56—
e-Cli -3

coroutine -- L
PR T HIRE I — BB, FRIRE T DAYE R — 'EJ&A?F%E% SR PMREN AT DAEIFZ AN [R] ) 55
FREA L BERWKE . EAfEE asyne def iBAPRSEEL. £ 1L PEP 492,

coroutine function -- P %k
&8l —~coroutine W AR IMERETEL asyne def 50K E X, HJfEflE await, async
for fil async with XK. XLREEEH PEP 492 5| AR,

CPython
Python ZRFR1E T RIMTE LI, 7F python.org & ffi. "CPython™ — i I F1E B fRE b 52 -5 HAth SEER
5141 Jython BY, IronPython #H X 1] .

decorator -- 3%y
R UE R 7 — A R R L, BT @urapper BT ARSI TRRECS . e AmAN ) LG EE

classmethod () fll staticmethod ().

PMAREAR FUE RN, DU A eRB0E ST S ESe 45 A

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

@staticmethod
def f (arg):

FAEROR SR T8, (Ul F R A . A BRI TR TT 2 0 eR B0 SOM 2858 SR SORY

descriptor -- {{fiiA %3
EAEXLT __get_ (), _set__ () B __delete_ () FEMXNE. B—NKEH AR, B
HIRFRGS AT S TE R PEE IR Bl A . S IHOUT , A a.b RIRHL. BB — @ PER & 7E
a KW FHAERLATN b RS, BUR b2 RS, WX ARSIk . BRI AL
FIAE SR 2 B Python (1) 08, RN @ VT 2 B BRr PR AL, HFEREL. k. FHEEE.
Kk BT EARBIEN G 5%
ARG T EREZAE L, S0 descriptors B, FiiA a8 A5 H

dictionary -- i

— AN RIREH, P W AE R SEER BIAH S A ST DURAEI RS __hash_ () fl _eq__ () HI&
%4, 7E Perl HH#5A hash,

dictionary comprehension -- “pliL{fi: 3,
W FR— A EAS S W T A BB e R R E G R ) — M BB Y. results = {n: n **
2 for n in range (10) } FFAEM—THE n FE n ** 2 FIIREH EK S2 ML . 2 L comprehensions.,

dictionary view -- = HILF |
M dict.keys (), dict.values () fll dict.items () REIMXIREFRAFHIME . EIHRHETF
HWAAH A SIE, X EWRE YIRS, R A R A . B B P 5 T A ol EOE
RFZE, W{EH list (dictview) . S, dict-views,

docstring -- SCRY 4 H
VERZE . REER 2 NS — N Fk U I AR R e . ETE R T 9 2w, (Hoxwt
AR RO BT EZS . BRI __doc__ J@MEd. T EWHTRIENE, FIEEICTE
() SCRY R
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duck-typing -- - &7
FE— P gAE WA, B AREEA R AT ROk i 2 R R B A IEMny 2 0, 2 B8 s i 5y
waEtE (“BRRGN T, WERERGN S, I e ") b RIEE: R e A, Wit
RAF A AT e s 2 SR ORI T R iG . 1872 BL A type () B isinstance () i,
(ARG A DU 48 58 % VE MR TE. ) TS R hasattr () K2 EAFP it

EAFP
CSRIFEW RIS S MY .« iXFh Python & AR 40 5 XS 2 e B 5 I B B A AE , I
TERE SR AR o o XN T P WS i U@ K iEIZ ) try Fl except 1841 T HARX A )
FEFTHLBYL W%, # UL T C 43 2 HAEF .

expression -- ik,
AR FEAME R A OT. AT, — N RBA R BB o KO MFHE. A5, BTN, 2
B R B IC R, ENsAE SR E—ME. 52 HMuEEARE, e iE s e®
Ko MAEEAR BRIV ER B W statement, Bl while. TRIEHE)E THEMMAERIA.

extension module -- § JEEibh
PA C 8¢ C++ a5, i Python ) C APT 3k 51 F %0 A K P ARS#EF T52 L.

f-string -- f-2fFH
WA P WS R TR EEE R AR AR REN A S, S0
PEP 498 .

file object -- SCIEX %
AN A TFIR ) SO APL (7 read () B write () Z5¥:) VAR TERERNS . HRIEHA )T
SN, SCRT G AT DA P B SR se R H 2R B R A sl AR s D ) (1 AnAm v s A/
H. WAEZMIX., BT, BE%). SUHXREPFRN R 28 A
SR b A =R R SO G B G = ) SR, ek = b ) SO DASGSUAR SO, BRSO e Y
TE Lo b, BB TR R HTE 2 UE M open () BREL

file-like object -- SCPEXIR} 4
file object W [a] iA] .

filesystem encoding and error handler -- SCF RS 4t hs X 555 PR
Python >k M #EAE ZR Ge 5 715 5 A ) 45/ E R Ge 9wt Unicode 1Y 4 A =l 5 AR AL BERS o

S R G g A A 2 A RAIE BE B RS K BEAE 128 AR WY FTE 75t . AR SO R G dm A X R
ML ARAIE, W) API BREL R fE< 5| &K UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PREATHYE SR AREL
ARG kg X S AR AL A .
filesystem encoding and error handler 24 Python JE B34 PyConfig_Read () HRECRAECERY: ESH
PyConfig [if) filesystem_encoding fll filesystem_errors ZE{Hl.
F 2 Wlocale encoding

finder -- k4%
— ARG T AT loader ISR
TEAEW AR SR A 2 Tk 12 53X 2 it & sys.meta_path ffifl], PANRZLEH 538 % BlE sys.
path_hooks ffifg.
12 7] importsystem Al importlib PA T AR L7,

floor division -- [in] | B3R
] i A B B BB B Bk 1o N ORI B A e /7 o B, Rk 11 /7 4 it
HERR 2, M52 MR S EIER ORI 2.75 o R (-11) // 4 2RN -3 R
-2.75 M T EHALEINLR. WL PEP 238 .
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function -- PF%%
AT DA A R B B — 2B R . B 0] A HAR ABAS S 2 220 AR BRI TR A . )

TLparameter, method F function 257,

function annotation -- FRECkRI:
REF X} pREOE 2 8GR [MIE B annoration

PRATRE R T 200w - BINRA R BN Z S int SHOFHUMR Bl —A> int {H:

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

PR ETE R B 8 I function —7

Z: W variable annotation F1 PEP 484, Hp3iiA T HIIEE. 512 5 annotations-howto DA T B FH A1 5
FESZ .

__future__
future $54], from __ future_  import <feature> F&/NIRiFas il FB-7E K 3 ) Python & 75l
BRI AR UE B EE RIS SR GRS piii . future_ BEHSCRYICSE TR HENY feature BUE . @it SA
ﬁ?gﬁ%gﬁﬁ?&iﬂ?ﬁ, ARAT AT BB T R AR BB B OMA BN E S R AR ER (BE) FEf
Bt R BRI

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

garbage collection -- Ly % [A] 1k
FERCA RO B N A28 () 1 A . Python J@3d et 5 | VHERI— S BERSAS I AN TREIE 2R 5 | I Y A R
T S R ARAT BRI o FTPAGE ] oo AR 28 fhl i el i 2% o

generator -- H: 7%
R [Bl—Agenerator iterator WIpREL . ERLARMBE-EREL, AW GTET HAE yield Rk A 4E
—FRIMEALE for- IR BRI next () BREGE—FKHEL.
AR A AR R AL, (HAERELE L AT RE R HE £ m BA R E . WRFEIHERBBARE L, w6l
I AEFRDARE G55 S o

generator iterator -- Zf 2% 0%
generat()}’ E{%ﬁ%@u@ﬂ@%f%o

B~ yield SUGRIEFAIE, O/ EHAPRES (BRI RREERY ty 1HA) . 4% £ R

RHREWEN, EXMNEFFACELLEIAT (X580 HERATF U6 13858 s 5 IR ) .
generator expression -- /[ )% 25 4 k R,

REERAFNFRILX . BREERG - NEEREX, JFERE 1 keyword:/for 41, & X T— Ml

A, JEFEF—AN AR keyword:if Th]. PN ARBR L NINZRECE R RIIE:

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

generic function -- {2 % 1%k
SRS [A] B 2 28 S B ] B A 1 22 A PRI 2 B PR . U] FH k2 Pl ) SR SR it o I3 050 FH IR A 5
Mo

Wi Wsingle dispatch RKiEFR4S<H . functools.singledispatch () HEMizePA & PEP 443,

generic type -- {2 %1
2Rk R Ipe; BH N 1ist B dict A AR HT X237 FUzAf.

WL SN, T B4 4% . PEP 483, PEP 484, PEP 585 fil typing fibe,
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GIL
2 W.global interpreter lock .

global interpreter lock -- 4 )} fif e 23 4
CPython R B R N —Fp AL, BHROR R 2) U — N AT Python byrecode. WHLE T
BCEN G (045 dict SFEENEEM) HXIH RV Z2F L T CPython L8, 48N
FEAS N B IRERS 22 AR Ty B, AU W W T 7E 2 A3 ERYIFATIE.

ANad, KRB E B =07 R I R BT AR AT TSR AR AT 55 0 s 4 s A R GIL
BEAh, FEIAT VO #RAE B2 SR GIL.

PAMERIBIE S <A A b ROfRERs (REVATEANRORLIE BiUE St 2 idin) B0%5 i, oM TEs
TR AL B g P RE S 2 BN . AN, SOMRIERE M & O Se B AR AR A s A 2%, AT i 4
P

hash-based pyc -- 5 T-W#5 11 pyc
A5 FH St 7 Y S A A S i (T A e i 5 S s T SR AT R E ) T RS G2 7 S0 . 2 1L pyc-invalidation.,

hashable -- nJI5 7y
— AR AR B AR N RN SE S AE (BEREEA __hash__ () F¥E), I RTRAF AT
igﬁtﬁiﬁ;g%ﬁﬁ _eq_ () HIE) WREEFRN TeeA X4 . RIS b EL A AH R (e A (E L
G 2.

TG A PSR SRRSO SR AR B A B, PR DAk S B 2 A P B0 s A fE

KZ% Python H R AT AE N EXT QA2 AT WA v i) AR (Blng) Reliy ) #A R A s ARl
iy (BIATCA frozenset) (M ENIHI TR RIS A A R AT A Y @ SRS BN R 3
WA AR ENTERER—2E A ME (B2 S A HR) . e Er BT e
id ().

IDLE
Python YR IT A H2£ ) #18. idle J2 Python FRifl A AT PR HT ) B A i e MU REAR IR B o

immutable -- s[5 %} 4
HAREEMIXN S . NN R OFENT . PAFRFICH . RN RA BRI A . QiR — A~
ANFEIE, WABEIEBTIX S . BT 25 B S A (R i E mEAEM , Bl b g

import path -- S A #815
HEME (341258 ) HBNFR, SR path based finder FiRERFABIR. AR, It
PSR HERE sys.path, EXRHBAEBEHEATRER B FHREM __path__ J&ME.

importing -- §: A
AL ) Python (RS E A 55— MBLH (1) Python AR B T i) i 72«

importer -- 5 A 2%
BRI MBAIRARI R WS RBEE T finder & T loader .

interactive -- 28 I,
Python A — A HAUMERERS , XA VR ATEMRRESS I ER /R AT T A B ik, AR Sr BT
HAFR . HTEAERASEED T R8I python (WA MIE, A ATHENLAY 3= 3 o 3k
BEkED) o 2N A SRS B AN — R EE R A RO 2 G T “help(x)©) S
interpreted -- iR
Python —@fFREAGE S, 52X RmIFANET , BAWE Bl T A M gisas W AEAE T 2
B . X R E TESCOE ] A AT I A S b B v AT SO st T RRENE F i A
Mg iR A0E S BRI LR, (BR HRFAAEITS R . S Winteractive,
interpreter shutdown -- iR REES X ]
WPESR KA, Python fERERSIF#E A — MRS TR BOT B R A A BU st IR, Bl anas i
FhOCERNIREE I . B SZ WA R e . Xk P XATF #8555 | ] A g RS Pk
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7o TER B BT R A TS AT BE B B4 A, BB R SR AR TR AL (6 WL 1A 1R
B AL ) .

FRREAR S SR I R A __main_ BEHREHRIE T IA C 58 AT -

iterable -- W[ k%
—FREAS AN IR B B 4. ATERS RG] TR T PSR (W 1ist, str Al tuple
8) PAREEEAEFE S ZRAN dict, ST 2 ARATMIE LT __iter_ () HESSEH T sequence 18 X
1 __getitem_ () VAR HE LERRE.

LRI Z TP T for THPASKISF 2 HAB TR Z— P H T (zip O, map (), ..)e H—A0[EEA
WGNENSEEL N ERE iter O B, BE&RPNZSAERE . XAE RS T HEE AR
— R DT o FEM RIS, REFE AT EMN iter () 808 B OABERINSR . for B2
H 3 AR B EE B, AN 0 R i 44 A8 5 FDORAEDEER A R PR A R o S Witerator, sequence

Figenerator,

iterator -- JE1CEY

PR FER— R EIR AN . BRI _ next_ () F¥E @G HAEE N E R next ()
FFBA R R 2438 A Bl v S5 & StopIteration S, F X Ak AR 28 X S
FEIE T EFER, eI _ next_ () FERSHIRE| A Stoplteration, IR AL
_dter () FEEACRRENZERZN S A Y, FILERSLEWRE A ERN S, I H T HAb T
ERX LB A KIS — D DEFRGIINE AR S L2 R EE P BI85 % (il
list) FEREFRIGHAA iter () BREEURTE for MHEA A IR S 728 — TR A0S . QSRTE L
T 00T AR A 5 AR I 2238 IR 2 Bk A AR Pl R R ] — s e &2, AR R 2 —1
DR

W25 B £ R typeiter,
CPython B4 Yi: CPython A4 — R IR E L __iter () MZEK.

key function -- 3 pR %}
PR A R B R A, AR aR B T HE R s HE R E R AT XS . N, locale.strxfrm() A
T — AR AR DR 20 1 HE P
Python WG i 2 T. HL#F o1 M 8 s Ok B W oo R HEAL 5 H 7 0. A48 min (), max (),

sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PL A
itertools.groupby ().

2 Fh ] LA AR, BN, str.lower () HYER DAHAEZRE K/ NG HEF ) B R AL, B
%, BRI ET lambda FEAFCEAEFUN lambda r: (r[0], r[2]). 4P, operator.
attrgetter (), operator.itemgetter () fl operator.methodcaller () 24K E ) =11

e AR HEFHET R EA {1 6 e 0 7 1«

keyword argument -- et 55
Z: Wargument,

lambda
> B fltexpression K5 B B 24 N IR R AL, FR N TEVH I BH R oRAE. B lambda bR %51 4] %5 K
lambda [parameters]: expression

LBYL

CSEEREHER WIS . XIS GRS KA S TEFE T A B R 2 B A A R AR X
K& SEAFP Jy =G Rt I, AR AR RS 1 £ 154,
TEZLAEMEY, LBYL (&R “E&F/" M “BR” A AEFZMATwg . flan, AR if
key in mapping: return mappinglkey] AJREH THER A EAEZ G HAMLKAE N mapping H R
T key T H AR . XA R ETAT 38 B Ek i H EAFP J7 O ffk o

list
— Python PN Eisequence. B IRA AHIFR, (HEBERMIT HALE F PRy mIEeER, FATIHITER
RIS 4= O(1).,
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list comprehension -- 51| Hi: 5 2,
W IR —ASFE H ) T B T R IR B S5 R R — Fh BB YA, result = ['{:#04x}".
format (x) for x in range (256) if x $ 2 == 0] B4 —> 03] 255 JLFE N 17535 18
%ﬁgﬁfﬁ??@% (0x..) FIFR. Hr if FAZAIER, AREIEN range (256) WA TR S
AbFE

loader -- I# 2%
TTMBRIAIRT G . BOE X 4N Load_module () BJrk. MBS ET H—Afinder 12 5] . ¥4
Z: L PEP 302, X}TFabstract base class A]Z: I, importlib.abc.Loader,

locale encoding -- i% % X IR L k% =,
J£ Unix |, B4 LC_CTYPE &5 XK 4td . Br DAL locale.setlocale (locale.
LC_CTYPE, new_locale) FiKH.

£ Windows |, B2 ANSI ACHE T (Ul "cpl1252"),
7£ Android 1 VxWorks [+, Python {fi ff] "ut £-8" /i T Kifgmidss=.
locale.getencoding () AI#{HIRIEEUEF X igig .

1% 2[5l filesystem encoding and error handler

magic method -- A J5 7k
special method W3EIE 2[R .

mapping -- Wt}
— fh TR E B E KR T LI T collections.abc.Mapping B collections.abc.
Mut ableMapping i 45 BT BLE /7 L0 A B % . ILFRTSHGf T4 dict, collections.
defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCIR IR $R2%
sys.meta_path B RINR B finder. TTEARE AR Spath entry finders FEAE FEABIAH I .

{EAFE importlib.abc.MetaPathFinder [ GRS LM 3.

metaclass -- JtR
—M AT REEN . e LOEEY . BPMMELRYR, TRNTTER ER =S HOT R @ H Y
FIZE . A3 T Ta) X S B G AT 5 AR PR —ANBRIA S 3. Python 451 2 Ab T n] DABIEE B & LT
B KERAH PAGEATT EIXA T H, (HY53EE B, Jodsnl i iten Kim it e 2. BN
TR EMETA H & SRt IR a . LG, DA HAIF TS .
22 ), metaclasses.

method -- J5 i
FEFE TR LR WRAE I SL 0 — N BRI, R S RS X G4 S H s —
Aargument GBI A4 N self). £ function Finested scope.

method resolution order -- J5 iL fiR b i)y
T SR S 2 AE A 4R B HE R BN . 52 7 python_2.3_mro [ fi# H 2.3 LA iGE Python
AR T B 1R

module
X552 Python UG —Fh2H LA . AR A ST v 44 25 18], P 5{F 3K Python X4 . Bidln]
W@ iLimporting BAERENZEF] Python H1 .,

5 Wpackage.
module spec -- i LR

—Aa ), AP T IR X B AFE . J& importlib.machinery.ModuleSpec
5215

MRO

2 Wmethod resolution order .
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mutable -- A[ZE%} 4
RIS AT ATE L 1d () PRAFIEE I 00 T B A . 5316 Wimmutable
named tuple -- H. #5041

ARif “HAICH” W TALMYR B ocdl, BB RT 1 I0 38 BE 6 44 R 8 1R U 1 A 28 2
Fo XFERYFBUERIE T REH A HALRRE -

AU ERRET A4 T4, 35 tine. localtime () fl os.stat () KERFIE. %A 6T

sys.float_info:

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

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

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

True

FUHZ o RN ERA (B BEmsT) o sesh, BBl 5 I E UM tuple 4k
T SUHE B AR By ok A . XAEZRTT AT TS, siE T PAEd 4K typing.
NamedTuple, B{E M T.J B collections.namedtuple () FAliE. F—M BT IN—
SUF T 45 5 5 N B 224 ST IS RN vk

namespace -- iy # %3 [A]
A2 (B RAT AR BT . RSB . ERANER, G5 R2PRinEmash (%
ZW) . fmBss IEﬂLJiI%LI:ﬁ‘%FFﬂ%EEEZTﬁ%ﬁM& Biltn, PN builtins.open 5 os.open () A]
A4 B B4 2SR X Ao i 44 25 18] 340 3 3k I A A ke S B A b B5OR 35 B 2 v T i P R T &
P, BN, random. seed() B{ itertools.islice () XMEEH T X LEEEHEH random 5
itertools FEHHISEIY

namespace package -- iy %25 1] {0,
PEP 420 fir5| Af—F A A E T B 2% ipackage, G4 23 18140 0] DATCA SERFR Y, Hoflid 53X,
Yregular package RIF), FNENTNA __init_ .py 3.

A Wmodule

nested scope -- {R E{E %
A SGER NG A RGeS . BN, 765 —mREiz e W R ET PAG | BT E AR & . iHHEE
HRENE RN BT | A M AT TC A R s e 52 R T N EER . RUR, 2F
TRNESWER T &Rt 4 25 0. it nonlocal KSR ARIFE ASNZ1EH .

new-style class -- JiA R
XFH ETC YA T A EX R RTE X IHFRY . 7R85 Python it 4 /\75¥ET FE % it
Python iR I, W __slots__. iidds. FHiEJEME. __getattribute__ (). FKHEME
BHEE.

object -- %%
AT EARGS (BHEEE) PAKHUE TR () Wi, object (T flnew-style class 1) i T9 25k
K4

(0

—FpR] A TR B Bl 5 U M A S T ALY Python module, MBEAR Fik, BEEE _ path_ BHEW
Python &,
%2 W regular package Flnamespace package.

parameter -- JE 3
Junction (B7VE) & X4 Sk, EAE BT DAREZ 1 —Pargument  (BTERLEEIL T, 24>
55). HLHGE:

* positional-or-keyword: {7 BB BT, F5E D0 DMERNE T A2 8 AW AT DAVE N X 48 F 2 1%
AW, X RBATES AL, IR K foo F1 bar:
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[def func (foo, bar=None): ... ]

* positional-only: {L{FRAIE, & —H BB L ARNS . (WRAETE 2wl i1 ek BUE X
ISR EMNZ IR E A/ FARES, IR posonlyl I posonly2:

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

o keyword-only: {{FRKHET:, F5& A~ HABHE LT RBEFAE AN SE. AR FIE S 0] 7 iR
E X IESH) R b & AT AL E TS ST L2 N AN B IE S Z Ji— * ke S, Bl
TATHY kw_onlyl F1 kw_only2:

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

 var-positional: WIASRLE, 447 0T DA — LR HCR O AL E SR B A (MR 2
BRI ESHL R XML S LS 4 FREINE * e 3, BT FEH args

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

* var-keyword: FAZRBEF, HEE A DASRBUE AR S T S A (BT MBS O #2054
TEHZIE). RMESAEEIIETESAPRATMEA ~* K@ L, BIA LR kwargs.

TS AT VALFI N E PTEAN e 2R, ] AS LT e S Hidit s BROAMEL -

W2 Wargument RIEFZKH . GRS X BT E)E ILE S, inspect .Parameter 2%, function —
DL PEP 362.

path entry -- J%12 A Il
import path WH)—AFRMAIE, SPpath based finder I RAIKEE T ARIBIR

path entry finder -- ¥ A LI T3 2%
F—R] AL sys.path_hooks (RBipath entry hook) 12 [Bl {1 finder, HWAhSt R GEM L path entry F
TERIARE
5% importlib.abc.PathEntryFinder DA T f#IKIEA DB IRAF I SLIA AT

path entry hook -- J&1E A 0541
— MRS, EAERGE AR E path entry TP LU T RERSMET sys . path_hooks %
ek [l—A path entry finder .

path based finder -- J& B4 121 AE #k 25
BRANR)—FPTgs 2 & 4R %, WHE—ANimport path AR

path-like object -- PEIER N4
RFE— DRGNS . IR A — N Fn RN str 5 bytes X4, v P —
ANSEILT os.PathLike MM BINTS . — % £f os.PathLike M A% 2 Al 378 H os . fspath ()
PREGE R str i bytes RN XM R G HAE; os.fsdecode () Ml os. fsencode () A4l
RIS str 3 bytes RABIRLER . X4 2 PEP 519 5] AKY.

PEP
“Python 43R WY LLHE . —4> PEP gi@ — it 3k, JokIa Python #H XEEHEFD, Biifiid
—A Python [T HGRH: S BB ERSS . PEP I 2 AR 1 1) B AR RIS T T4 SURF A JE B
PEP WA A4t = SOR R . WA DO RR A 1R B Bt PA S R Z5TII. Python (T HR S5 5
SR E AL . PEP M/EE A THTAEAL XA IR, LR A B I ARIC A SORY
%10, PEP 1,

portion -- ¥4y
F I —A~ i 44 25 (AL BN H SR SCAF S (AT REFEICT— zip SCIF) , HAk g UL PEP 420,
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positional argument -- {3/ ¥ 23 %
Z: Wargument,

provisional API -- £ API
B APL 25 0A EHERTEARE R ) S 3R A E IR UEZ A . g 11 o BRI R4 1l A 2 7
AERUCE, BRBEHPNCHE E, 3R O L& i e A W B E LN 3T 10 5 RN SR R B
W (R EFERBRRZEE ) o WA EMOPAN SRR HAT - U APT 8 IN A Z 1l & 25 &3 1) = L v
R P A I A 7T BE 22X AR
RIS @ X APT R UL, 05 AR B S il B eI 287 — 1Al A R B oA B
PRI Ve e Ry TR EY E:h g N

X APAE B AR SR VPR E PR RSN IBT IR E , A 2 T MR KPR T SRIG BT IN . 115 L PEP 411,

provisional package -- #7 ¢ 1
Z: W provisional API,

Python 3000
Python 3.x RZATHEAMMERR (X4 FHERUA 3 i RIS B IC IR IR T I T) . A a4 5
y\j (prsk” .

Pythonic

FE— S — B U SR G 1 Python 15 7 50 B MMM, TIAS 2 (8 P FG b 57 v e 1 R
ARG . i, Python (% IR 2 for iBAIEIA MM P — N EAT R P T A TR
VF2 HAWTE 5 B0 XRS5, DA S Python B AT I S8 6 — ey s

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

L

T FE I Y B 1575 B Pythonic (77 34k X FERY:

for piece in food:
print (piece)

-

qualified name -- [ 5 % B
— PSS BRI AR, s ME 4 R VR S B s e SR RN BRI VA) “BEAR
FHICE L, PEP 3155, X T fcim 2R BRI, BREAFR SR 45—

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname_
ICI
>>> C.D.__gualname_
'C.D'
>>> C.D.meth._qualname___
'C.D.meth'

.

295 T 5 B, 7 TROE & AR BRI PSS o TR R B A, Hrh S A AL
A, Bl email .mime.text:

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

reference count -- 5| it%k
MR SXTRE5I TR A ER, RN, FLEXtge AhrT, H
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B FFHUK A 2B, PR Sk AR 2 B, 51 407 Python (UR U3 A AT I, {22
R CPython SZBU)— AN K ITR . R BT AT sys . getrefcount () BSICRIHIERE X 41151
L.

regular package -- ¥ Hi{0
B B package, BIAMS A —A _init__.py UM H %,

%2l namespace package.

slots__
—FNEHES BRI, A TG A R S 1 S X S RS R S B LR AT AT . BRAAX R IR
WAT, (AEERAGEAARS, Sl AR DRI T R, GluRFENFr N AT,
WAL RSl
sequence

—Fiterable, ©SZFEET __getitem () FRERTVERM HEEBREG I HITRAIICTRITN, e X
T—MREJPHKER __len_ () 75{2 WEH@V?U%’@@% list, str, tuple fll bytes & . T
BHEK dict H3HE _ getitem_ () Ml __len_ (), HEHIAZ B AETS, HNEMHE T
Bimmutable ST A B RECRE R ICE,

collectlons abc.Sequence %%%%%XTQ/]\EEF%E@ED, BAE __getitem__ () M

_len_ () ZA4b, BEINT count (), index (), _ _contains__ () fl __reversed_ (). SEF
ﬁt?ﬁ%i‘ilﬁﬂ’]?’@ﬁi‘fl%ﬁﬂq reglster ) RN . EIRECE Sl 7 R E SR, 155
5] 38 PR

set comprehension -- 441 A
AL PR — AP IR AT B T A s TR IR B 45 R E G — R BB Y. results = {c for
c in 'abracadabra' if c not in 'abc'} ¥ERFEEES {'r', 'd'}. Sl comprehen-
sions,

single dispatch -- ¥R
—Fhgeneric function PRI, HEIEET BN HHIETINEFER .

slice -- Y )i
W DAL S T REE sequence W) —FRAM IS . YIRS 6 T RARICR BRI, £ 11 e ILARA
B 0RrET, Bl variable_name[1:3:5). FHi5 (FHR) FRctEHEIA slice X4,

special method -- %555 J5 ik
— il Python Ba=Xi I 73k, FRXSHEAS KRB T4 B E B AnAR N 4545 . X R yE R A PRI
FORBUF R FRIR 709 S0k 2 WL specialnames .

statement -- jE4i)
BRI B (— A “H) BN, — 25 TEA) R DASE—Pexpression S{UHEANHTAG KBTI S5H4)
Blin if., while BY for,

static type checker -- FARTUKS A5 5%
L Python AUHSH AT /04, AR Bl NPF FERNIMNB TR . AiES L 227 A typing
e,

strong reference -- 5 5 | Jf]

1 Python /1) C AP W, 385| JH 235 AT AR BT A i 0951 o AECI2ES | i al @ 1 8 1
Py_INCREF () KIREGRS | HTHAEMIERS [ vl Py _DECREF () KRREE

Py_NewRef ( @é&ﬁ%ﬁ)ﬂﬂ:@JLJ\ﬁ%Eﬁﬁélﬂﬂ W, AHEIR B ARG | /R A
S5 A _EVE A Py_DECREF PR, DARESRE | F v o

Jit & fborrowed reference,

text encoding -- LA S A
1 Python Ht, —ANFELFER 22— Unicode fURS 5 (FEEI A U+0000--U+L10FFFF ). K T FAAE & i —A>
AR, BRI — Ry
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R NP F I — PRI i, A F T8 B QAT R a7
A BRI R SCAFIE b, BRGSO FR A

text file -- LA
—FhEENE EE st XFGR W file object s 3 H— > SCASCAE L bR & 1 ) —ATH ) 275 B Ecds i oF A shik
Hrext encoding o SCASCAFIBIFAIEASCARI ("o 5 'w' ) FTHFHI . sys . stdin, sys. stdout
DA% io.StringIO AYSLH,

HiESFbinary file T TRREW RS F 5 2 7 BYSCARISR .

triple-quoted string -- = 5| 'S P45 it
HRAWZAESENG S (7) SRS ) WFEFH. ENERE LS ERAH— A5 SRt
A 2R, H2AEZFALL. BETAFREFRF RN E R A L RE 1 SHXG 5, HH
T DABS AT T M AT, TEgn S SR A A H IR i A

type
R P E—> Python XfRJE T A4 DX REAA —FEA. ZREXRWER, ATPAVIFE
) __class__ J@tk, B2l type (obj) HKIREL

type alias -- S35 #

—NRA[E ], B AU R R B R 45 R AR RAT -

e iU B A (YA P il a7 (IR

def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

AT DARCRERR Al

Color = tuple[int, int, int]

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

.

Z W, typing Fl PEP 484 HAxf I Ih eI 4R o

type hint -- 287835 /iR
annotation K5t JEVE. RENIE S B0R MHE TS E BRI ZEEL.
FPAVPRIR 2 AT R T A& Python 5 I HK ,, (HEANIRE4A X246 & 5 WAL . EM1iLsEME) IDE
SEIAAD A A
SRR FIRMERIEBIN BT AR typing. get_type_hints () K, (HJRHA R
AHATPA
Z: L typing fl PEP 484, H g X} DI REIGTHELNREA

universal newlines -- i ] #i47
RRHECR IR A5 TP K BRBG TR R  Unin A0FF45949%E " \n' . Windows
Z1% "\r\n"' PAKIHNR Macintosh [ %E '\r' . Z 0, PEP 278 f1 PEP 3116 fil bytes.splitlines ()
TREZ AU .

variable annotation -- 28 & brii:

ot AR w B 2K @ Pk i annotation
TERREAS o IS SRR, T ] ek HLR A :

class C:
field: 'annotation'
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AR EARAEE T RO R AR 0 BINDA AR B2 int JRAURO(E:

[count: int = 0

A R YA PEAN R I annassign —77 .
Z: I, function annotation, PEP 484 F1 PEP 526, H. 3§ T IINEE. 551527 annotations-howto DA T fiffi
FAFR R B AR 5 i

virtual environment -- J{ {1 25135
R A M BR BHGIE TSRS, LEF Python J PRI AL 28 FTIE Python 4% (IR 2 T
LB [F— R G _Fast T HAh Python N FHARFITT A4 .

HZL venv,

virtual machine -- JE L
— B AR E LT, Python HEAUIML AT HAA T A58 S it I 2R i) byrecode .
Zen of Python -- Python 2 #fi

FI|H5 Python BT IEIN S5¥72, A B TR S M NXFES . AFHRIANATAER B SRR A
By N”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
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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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GPL A H A2 Python 7£ GPL N % ffi. 5 GPL A[H|, A Python ¥F Rl EAR LI G840 A A& BRSO i
A, T ICTE IR R . GPL JEZ5 ) VF Al IE(#45 Python W] A5 H B HE GPL R &7 AR {445 A 1 5
{HEE MR NAT T,

JEPIARZAE Guido $55 F TAEMSNTEIEE , S L A A o T e«

C.2 FRERs LAH 5 E A Python B)RmFOF ¢

Python A SCRS ) V7 RT3 5T PSF 4 T #7330

M Python 3.8.6 JF 1R, SCR{FFRYRG]. BRAEHESAIHAR AR R HIAY 2 PSF VFR] PSRN 2 25 2 BSD 4T HYME
VAT

oS Ar¢E Python R ERT R IRV . 3B VETT & SR 2 FEORED ST . 7 5L vea]
B 52 REB1 R 2 DM Tk P 95 °T 5 o8

C.2.1 FF PYTHON 3.12.4 §§ PSF iFo]{ini

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.4 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.12.4 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, 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 3.12.4, 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

(% L350

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.

C.2. FESHLIHMBHAXMEA Python BaRERFOZ M
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCUMEN-
TATION

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

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

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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(% 50
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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(# E30)
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.

(% L350

C.3.6 UUencode E UUdecode &l

The uu module contains the following notice:

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3. Wi HaYiF o] S5 H
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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

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived from
that, the Apache License v2 applies:

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
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exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
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)
SR
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with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
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.

(ZEF )
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat ¥R FT 45 expat JERIARA N, BRIEBE 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:

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

£ ctypes BT R _ctypes C ¥ 2 AL 4% 7 libfi J5 649 B A 200, BR AR B R 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 EAR BN 21ib BARIFT ek TH g, 5 2lib ST DR 2110 3 :

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

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

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

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

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

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

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

tracemalloc {§if{ MG F 2SS L AT 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.

(% L350

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/

12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and

consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio BERHYHFLEEIF K H uvloop 0.16, ER2ET MIT ¥Rl UEAFTHY:

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
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. WrRERHayiF o] 518t
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RRILER B

Python 53 SCHY:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

XSGV RTERVF AT 5L, W3 05 & A T iz,
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