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BB SO R el C 8k C++ WP B i, [EV6E A4 S 75 Python BL%aRThAE. ARLAAIAR
HERTPAE B E, RTPAEFH Y 4 BUE K ¥ (method) . SCAFEIZ ik infaf 4% Python B
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fﬁ%%ﬁﬁ%ﬂ, AR AN T DAE) fE M (TEUATEREE) B AR Eide s, iR KEIEERARA RkE
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index %5 P aE 5 EEIE & F%. library-index 7E[E 7 BT IHE T B2 BT S E ¢ AE . st ([
HAIPA Python %511 ) B4
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CHAPTER 2

MERE=AITEBIHESR

AdeE P E W E, EEASE = THE T, frE@ss Cfl C ++ 7. BEERR A
AL T HAAIVEE A, AR A O C ECHERS 5.

2.1 ) C g C++ #E3t Python

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

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

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

i) C 4 J4 i CPython, ¥R JCYELEH A Python 53 b TAE. YERZENGILT, Wik 5
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 —{AEEEH

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

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

HoflE#—4 spammodule.c X, (fF4 L, WER—RHIY spam, WX SEHE R C SO
spammodule . c; QIR MERA PR, AN spammi £y, WX ARG SCHF R AE I spammi £y .
c.)
SCPE I IR R AT A

VAN B 1 B AAERRIER os LT, SRR — AN BT BB T
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#define PY SSIZE_T CLEAN
#include <Python.h>

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

fiiE: [T Python MBS & L —LERETESESE R BSERARE L SR AL BRARE L, PRIMAE L & AR AR
WS SUHE2Z /T, AR SRS E Python . h,

et 2FE Python. h Bl E X PY_SSIZE_T_CLEAN , BHEZIY B H4 58 R TN ENES
N

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

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

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts) ;

}

J

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

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

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

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

21.2 XFHRHFE

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

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

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

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

B RS T AR g IR RS A T, f B E R el M R{E GERON NULL 5 -1).
BRI PyEre_* R RO 20 g WAL T f MR BSR40 0] — A ok
fers e ey, [AAE AR PyEre_*, MRILASHE — BERAY BN PN 28 oy Se A 22 1Y e
Bty 7o — HXMHEERE]IR Python EREARII LIRER, B 1k M ATHAATHY Python fURSFH 2214k i i
Python F& 7 51 I8 & 1Y 57 5 AL PR -

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

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

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

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

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

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

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

[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

}

E B IZ 55 X2 Python & FR°A spam.error. PyErr_NewException () BREUA] DAG)HEE2h
Exception I (BRIEE A T 71— A2M A& NULL), 40 bltin-exceptions H Tl [ .

2.1. ) C & C++ #E 3 Python 7
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TH{ER SpamError AR R R E T — A HT B R RIS Lmﬁﬁjﬂzm' S AT RE S B
A B I B, PR LR %i‘ﬂiﬁ*"ﬁﬁ%lﬁ’]?lﬂ%%ﬁﬁ% 2EFE, MIMFE SpamError
HN—A s gst . WRRE RO, W5 Ki%A T%*EI’JCWﬁ%ﬂﬁﬁé\?yﬁtﬁlﬂ\%ﬁ%ﬁﬁ@?ﬁ/ﬂﬂz
ST S o

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

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts) ;

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

return NULL;

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

B A const char *command),

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

[sts = system (command) ; ]

FATH spam.system () bR 00 20 LA Python Xf R 11 30IR ] sts B {E. X & i@ o 68 H] ek %
PyLong_FromLong () SEH.

[return PyLong_FromLong (sts) ; }

FERXFPIGOL T, SRS, GXRFGRTE Python i HUHE ) .

WESRARA — AR A 2500 C %0 (BDRIE void IRE%L), WX [ Python %s%ii3R ] None.
PRaAZAE X A5 (B2l Py_RETURN_NONE %2352 PLAY )

Py_INCREF (Py_None) ; }

return Py_None;

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

8 Chapter 2. RERF=STREIRT
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2.1.4 ERFGERNIIGCERL

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

static PyMethodDef SpamMethods[] = {

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

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

bi

HEH A2 (METH_VARARGS ) , iX/MaEfgE A C W A6, ni%fif METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 fZFEf#if] PyArg_ParseTuple () WJFEIHAS &,

an 2R M ] METH_VARARGS , B %L 2 4F £ Python f% 3k tuple 4% X ) 2 %, IF &g & i
PyArg_ParseTuple () #EfTMENT.

TSR R 24 8 5 B S B0 4 i R B0 W] DATE BB = AN F B i B METH_KEYWORDS [ AR fi. 7E
WA LT, C BB Y #2325 =4~ PyObject * B %, BR A — Dl XEFHRMFH. FH
PyArg_ParseTupleAndKeywords () XS EURNT N R EL.

AT IRRALITRIIE LTSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"span", /* 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

J

XSGR AL ITAERR I YT IG AL R B AL B 25 AR & . BRI LB 6 %O PyInit_name (), Hf
name JERHIAFK, H HRLZRRBESCHE P ME—FE static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spammodule) ;

}

TR PyMODINIT_FUNC K pR S W] Pyobject * IRMIZRA, FEH -3 B BOR AL PRR ikt 5
B, HHXT = C++ FFREHEY N extern "Cn,

24 Python BT B FA spam BN, PyInit_spam () ¥4 . (FXHA Python (OVERES LT C.)
A PyModule_Create (), MMHCAEN —MHOS, HRTAERSGE UhREINE (A4
PyMethodDe £5HIRATEC) 4P ELER KON S0 A B QU AOBLLE . PyModule_Create () JEJI—
STV B QU SRR . T A SRR AR AT P L, e R P
HOIRFRIE NULL. WU BB AU B SR M A A %, DABERELE A S sys .modules .

2k A Python i}, [R9E PyImport_Inittab #HHLKH, HUALEHZNWEA PyInit_spam() K%L
BB BRIk, W PyImport_AppendInittab (), FIEEFRG S AL

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) ;

€ & A}

2.1. ) C & C++ #E 3 Python 9
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(B E—H)
/* Add a built—-in module, before Py Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1) ;

}

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

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

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

PyMem_RawFree (program) ;
return 0O;

fHilEl: ZM sys.modules MHFRSIAEFA TR — DR A 2 RESS (S fork () M
B exec () ) RAE—SLy B B /R4 R . 3 REBTHEE AT DATERD B AL N SRR 4 A I 4 o 1

2 KT RUR IS B 7t &5 7 Python YRS A AT LAY Modules/xxmodule.c i, BICIFR AR
PEACR AR A B2 2 > R

#E: AMEFRAIN spam 7, xxmodule il T % M- #1451 (Python3.5 F455] A), PyInit_spam
2x1R [5]—A~ PyModuleDef Z5t4 {4, A5 Q1@ MBHGLE] T ANLE . 407755 PEP 489 W Z i Bovl iRk

2.1.5 YmiFFOsEEE

TEARREM AR B B R ZHT, A TR EAMN S - [T Python RETRImiFMEER: . WARAREEHZ)
A, XBPEFARME R MEERSEEIESIMENLE: 2 EIESH IRy BT (Fs ch
C++ RSN FH), PAKAE Windows FERIFFRENFIME B (£ Windows E#y3E CFe C++ & TAY).

WRARAGE 7SN E, s BB A PERI1E R Python fRRESRAY—4), WM& it B 30 H
TR AR . B2 FE Unix BRI, RFEEIRE XA ( spammodule. c KBl B AR 46
PR A7) Modules/ H3ER, Wl—47%] Modules/Setup.local SRR 1

[spam spammodule.o ]

IRGTETIZ H 1517 make R EHHIEMERAS . /-] PATE Modules/ 1 H (li)i] make, {H@/RAAZ
JEHE# Makefile UM, AJFizfrmake Makefile’ fivd-. (FREHRIZIL setup SUPFHRT ZOXAEERIE )

WERARB B R TR G, LS AT A IR B SR B, 285

[spam spammodule.o —-1X11 }

10 Chapter 2. RERE=FTREITRFE
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2.1.6 7£ C Shiff Python ¥

ik, Bl T— AR ST L Python i) C e& %k, HSSGIRBMRA M, w2 M C i Python
?éﬁl XA [l R B CHAT o AR A C 3 AR A, I8 A2 S B A [ AL

Szl , Python G LT FERIANY , F-2ahnifE Python s R AL AR 1. (X HLAUA FFHEA AR
Hr Python FAFE A4 AT, ARA BN PAZ % Python/pythonmain. c Hf —c fr AT,
)

i i Python AR fi] 1, ' JG Python /7 2L4L 3 Python pRAIM 5. WARFR LA eR i (SHAREE 171) sk
B IR BT, 4R RARAT Python pADM RINREN, LA (Py_INCREF () A H5|
AL YRR R WA A RER . 206017, AR KB B E S —i o)

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

}

LR B ] METH VARARGS AR RN RRERS s X BFAE AL 7 ik F Fo b 1L 40 — 7 iR .
PyArg_ParseTuple () BREUM SR SR WAR B B 3y 20l A3 —5 .

Py_XINCREF () il Py_XDECREF () X AN22 Al b/ b— X5 5L, I H 24774 NULL #5841
Hﬂ)ﬂ%ﬂiﬁé (1Elwa&ifﬁ/|t?jcqﬂ temp $§ A NULL). HEAXAFEIESH 7| A it 4 5825,

B, B BLRR RN, AR A C %L PyObject_CallObject (). B PINSHL, MII%B
JETH54, 15171135 Python X142 : Hl Python pR%l, KHZBHFE. %@J%@JA\ A edN S, H
KE ED?’%&E’J/\@IEO BN SHO A H Python pREL, W& A NULL sk— 25704l Bair— >S50 H
B, WfE A4, Py_BuildValue () S7EHAS A RE S X EHES N BN H 2 AR
iR [l —A~ oo Bl

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 () & [l Python X} % 45 4, iX 4 & Python & %{ 19 & [l fH.
PyObject_CallObject () @& —MXHSH” 51 HITETC X7 M. 6l oo gl T
S, HHAE PyObject_CallObject () ZJG LBl T Py_DECREF () .

1. kL C & C++ #E3% Python 11
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PyObject_Callobject () MBEIMLME “H” fy: BAR—HIEMAS; BARDHXME, (i
T3 BT AR AR S: RARAE 1 A RS e, (R BEAHX M 1] Py_DECREF (), HMEEAR
PRTRIZE (K1) R g%,

HRAEFX A2 b, AR — S R A IR A NULL. WRZRTE, Python RIS L5 Kk 5F
o WA Pyobject_Callobject () W) C AU EFE Python H AR, B M 2457 RIIR [B]—A4 45
BAREFNIL Python P F &, DATERFREZSAEFT EDER MIU(E B, B3 1L A 7 Python fCRS REAGHEIZ 85 . 10
RIXTCEME SNG4, WS 4 B pyErr_Clear () SRiGFRF# . Bl

if (result == NULL)

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

WHT HLAR A IR R AL, ARiB ZHR 2| K E] PyObject_CallObject () o fENLUNAL N SHL
§ % i1 Python AR S AILAY , il e D PHZ B IR R BN R o AR ] DA I et i 3 oh—
SO AR E A3 — TR JC AR AL S SR S L A2 Py_Buildvalue () REHIE wple, 2%
AT, AREAL SRS I ] AT A

PyObject *arglist;

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

J

M Py_DECREF (arglist) FIfEALL LB, TEASIRIA Z Al MR BT E LN AR,
W Py_Buildvalue () A]RES BN LHE,

MARE R B AR EE R, AR FSHON M Pyobject_Call () , FHREXFFFESHM X TS
. A EETr, EAMEM Py_Buildvalue () RiiET.

PyObject *dict;

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

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

21.7 RBY REHHSH

K% PyArg_ParseTuple () WA :

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

SH arg WFIE— IO S, W M Python 153345 C BN SEY) . format ZEULHE— X F
FreR | 1BV 2% Python C/API T} 1) arg-parsing, 4 S50 2 &AM AF EIGHHE, KB SRS
SEPO PR

Y PyArg_ParseTuple () Ml ha 211 Python S, AUTCIAG L 45 i) C 22 fEstuhk, 40
RIXHIMEE T, TSN TRILS AR, .

VIR FE T E A 060 Python X4e51 2 46 Aey 31 R E 1051 A
S
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#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, "lls", &k, &l, &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:
£(((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. L) C & C++ &3t Python
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

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

f(El: B B TTATE S T SN TR AL, ANTE kwlist IR ETSHA T8 TypeError R,

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

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
74
{"parrot", (PyCFunction) (void (*) (void) )keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
(BHTT—H)

14 Chapter 2. FEMAE=HTARBIIKFE
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(B —1)
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 WEERIE

X% PyArg_ParseTuple () fRAHL, FHEHUIT:

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

A TAH, 5 PyArg_ParseTuple () A, (HE2SHuAUEEARIHIETEE (AL R
B, MR ). HRZGR Rl —A> Python X4 & Tk [0 C s i 45 Python fURY

—5 PyArg_ParseTuple () WAREE, JEIH P AETR B ZKIR B —A~J04 (Python S R4 B2
TENFRIIR R oCH), o T 12845 HAth Python pR%kAZ 4L, Py_Buildvalue () A EEEMICH,
HLZT 1S FERF RS RTTA, WA ERF R 2 WER ] None |, —ANSHUNE R 1% S
f&ﬂ@xﬁ%o AR ER GG A B — AN 0 BT, s & — IR, FEEEFAF S o b
55,

B CZEMEdaM . A2 Python {HER):

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

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

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

2.1.10 SIRAHE

TE C/C++ BT, F2)7 01 11 57 8 A4 B AN [l i3 heap 4 ()N A7, #E C HL, il %L malloc () F
free () RFTEM. TE C++ HIZHAE new Fl delete SRSLHUMIE LI EE .

B~ malloc () AFECHINAFER, BRZAREH free () R B W HNA BRI 2. MM free () 1
WHLAER L, AR —ANFRET free () W SFEUNAAN, KB PTAERE 45 B TR S0
M. SR R AR T A Rl — W FESE free O TUAG, J9Ah— 4845 MM, PR i f
mall;c() ’Eﬂ%%ﬁ%l’ﬂﬁ%@ﬁtﬁ?& XML 2P 5. S5 R RR A (i s, core dump, $5 R4,
A, MBLAY AR .

AT R AR S AR A — SO AT WL AR AR i b tn—AN R BOR TS TS, BT SR, ARG
RERCANATHL . BAE — LU0 RO A T S It PRI A SR A 1, AR5 i AR R [l 1
AR 7 e B AR N AE, Rl S A . XA TR, —HEIA, R AR A
MEVARGIN Y, B R R A A B A, i B SO AR BRI R ILAAY, B ARG (CFE K Wi
AT O SR FH G R RN A AR . PRI, A SRR AR AU AT & SR R /M

KA IR
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Python iffijf malloc () il free () W& KA AAFDBCHRERL, AR 2000 APt IR B 1641 . fluik
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

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

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

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

Python shEy5| Hit4k

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

SN O] WEIEI i A Py_INCREF (x) Fll Py_DECREF (x) ? FRATE E5IA—LM&. WA N
B — AR5, TU\J})ﬂﬁ*AéUﬂﬂé/\XT% *AXT%E@E[I%TT@EX%?}H%%]H%E@f&io 51
WEHEAT Eﬁﬁﬂ Py_DECREF () , FE5|HIAFFER. 5IHMIA XR DA A =Fhpgokat
BIWAMGIH: ik, 7. ﬁﬂ% Py_DECREF () ., &icAb®E — 85 H & S8

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

A T3 B S R o R OB A e EAUMERYS I, BCE3E, a5 FARTC/RH O N AR Y
DR o i AR BBk A E'*ﬁbﬁiﬁﬁﬁﬁﬁﬁ%iﬂﬁfﬁm—fﬁ}i%f WA FALE SRR

T AT, il # M Py_INCREF ( AL PE 2RI ERRS. X4
WIS N, R TRalia & T (?ﬁﬂﬁﬁﬁ%ﬂfﬂ"%ﬂ’]&%é‘]ﬁ%, ?M%ZHIJE’J%‘)%%%%M%)O

AHEAN

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

K Z BeRFGR B — X 25 H, ﬁf?k.%'lﬁﬂﬁﬁﬁé? W, A A g R A,
PyLong_FromLong () #1 Py_Buildvalue () , & #IMA X ZALBIE. BIMERNRARZEIED
Y, 1h%7ﬁﬂ%§%15°x¢%ﬂ@%ﬁ§|ﬂﬁo ﬁ/l\ifﬁﬂ% PyLong_FromLong () 44 7 —MNRATENZELR, Il
DA ] 2 G2 4730 H 85 1

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

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

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

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

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

fERSagE K

AOEEO T, ST HERETTE, (BAI RSB, X2 H oy R =R, T ae
SEEGI NI FELEX AT .

BRI R IZ M A Py_DECREF () B|—MIERXER, TXMXRI5 MM E— 5%
TR . 2B

void

bug (PyObject *1list)

{

PyObject *item = PyList_GetItem(list, 0);

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

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

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

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

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

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

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

KN EEHER .. —MEIRAS ) Python B 240 & IV B AL IE R, A ATE CiE 5 iR es h b 2k
TRENE, AFHEN A __del () FESEM - -

DA ) B 28 R DR S B9 5 3 MR AR A Rh. %, Python fRRERS L Z AR TLIETEAT Y
B, HNAEANE RS Python B4 25 [E] . HA] DA % Py_BEGIN_ALLOW_THREADS Il
IR AN, FEFREUETH Py_END_ALLOW_THREADS . Xl 5 [ S8(E FH 2E VO JH A 4b, (5 HAh 4k
FERTPATESS £ VO R FH AL PRSR . 28K, AR B S BR 2 B AN —FRAY A L :

void

bug (PyObject *1list)

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

(BT —E)
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(L —5)
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL {8%t

W, X5 MRS EH RO Ar BARE 45 E 1] NULL 3541, FF HU AR RSO S AL (2K
TELAE S BOZ 068 ) o R IR | 164 o B0 7 A28 I A8 1 S i AR 1] NULL., A NULL
SR I AT X8 R R 28 8 SR E AT T MO X G A8 25 A bR A - AR i B AG NULL, 5
SEOCE I TUARARI M A U T 18

HIFRIMEARAAGE “PEL" EARIN NULL, RIFERE]—SalRES NULL B85, AR A malloc () B{
e NI HES | 57 Y R AR IR A

Py_INCREF () fl Py_DECREF () &2 RS NULL $84 — H2, B4 Fh Py_XINCREF ()
Py_XDECREF () W& .

F TR A 4 KU 2 (Pytype_Check ()) K&K NULL $541 - FAEHL, A ARHD & &80
FCEE A M SR A R LR R B Y —, B2 A RITARIIIR. RAFLENAT NUTL &
e

C BB AL 2 ARUEL 48 C BB S ARl args) 4R & NULL - S2br EE S RUEH
B h—ed

LA RS NULL 4541 “WtgE” 43 Python i R /& A" EAYHE IR -

21.11 £ C++ b REY R

BT ATE C+ g G i, FURASEME. AR 27 (Python M) 2 C G e Al
HEER, RSN RS SN BE BT . AR Ct SR R SR AL A X . %L
24 Python fEEREAA ] Gl H LR AIAN LG LR ED AR extern "C" , TIIETHAE extern "C"
{...} B4 Python SKICPFNIAZIB AT L, POAUIARE X TAFS __cplusplus ME 42X 4 /W]
BT A B Crt i e i SOXAF5)

2.1.12 45¥ FRIEIRIZ{E C API

REY FEBHRAL T B e B AL Python i, (EA I REALER BLA AU B n] DARCH b AR R 1l

o B, —AN AT PASE B — 28 collection” 75 1 K 2 A T Y . 515 /2 Python 41| 287 |

gﬁ é AP ALV RAHCR BT AES 512, XSGR DAA — Mk C s8I0 T4 Hoth g Atk
B

TR EAAR G AT EHE R A CofRAEIh static), SRAUAHAILICHE, AR CAPTHYSCRY. 5K
b EAETA I R 2 S A 2] Python ERERRINT 2 Ml DR TARRY. AR DAL e gz, —
AR AR RS RE SO 75— BRI L. AT LTS O TR R S8, — 28R GEHY Python ARREAR (4]
R4 23 ) (B0 Windows), A LEMIFEHERE I 75 20— A I 2 R ALF S8R (— 4Bl 12 ALX), K
B PRPERTERA R (A Unix 2851). BVERATS24 Rl WA, VREER ARt B i R 2 .

A R BN BEXT AT AT LT A R . X B WRE I R AR B BT FF S8R % A A static
B TSR AR AL R, Rk S HA Y SRR A Gy A4 vh % (FEBLIE A H 7 ik A A s 1L B A IR o
X MRERFS Y% 42 5 1 Hofth S 7 ORI H At 4 AR e i v

Python F2 {7 — A4 BRI ML e M —A T AL ) 75 — AP b £ 6 C 2900015 B (38 %T): Capsule.
—~ Capsule 52— M7 T H84EF (void*) Y Python $i#ig 2521, Capsule H A & H C AP SRAIHAIT;
], AEEATA] DMRATfT HoAth Python X5 —FEpli . SRk, BT DARIRIELS P i 44 25 6] 1 i
— AR HADY AR AT LS G AR FREBUZ A FRAT N IAE, #RJ5 A Capsule H13RHUFE %L .

S MIRMEA IHA KU T 205E 0, S RIER T, R IKIATEE TR Z AR .
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

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

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

[modulename.attributename }

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

N BT R TR R TUH R 4 T AR S B A B 3, X T R EROR U 2 B
W EXRETA CAPLISE (TEX BT HIAG—A) 78— void fREHEA, B —1
Capsule [{EL. SGRIHNS WK SCPERR L T — A2 RS B ABLRAIIRECH: C APT 55 20 P i
3 ZAEVT ) C APT Z JE X A2 BT

BB X — 18 A 8 ) Y spam BURAIE L. AL spam. system () FHAEIETH C K%L
system (), M2 — % PySpam_System (), XA~ pRETEIL L AP 2 IR S — LU 52 IR F4
(FLAAERE A5 fr S HH NN “sapm”) . IZBRAL PySpam_System () T4 ALY M.

PREL PySpam_System () &4l C pREL, RHAMRE—FERIH A static:
static int

PySpam_System (const char *command)

{

return system(command) ;

}

PR spam_system () C4ANF R Bk

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

const char *command;
int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBHRIT K, FE AT

[#include <Python.h> }
I SN mA T

#define SPAM_MODULE

#include "spammodule.h"

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

PyMODINIT_FUNC
PyInit_spam(void)
{

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

(HERET—TD
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(B —1)
PyObject *c_api_object;

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

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

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

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

return m;

1A PySpam_API g static; HMFEEIELHATE PyInit_spam () AEERE KR!
Sk spammodule . h B —H#ETAE, FHifERWM TR

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

#ifdef SPAM_MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

(HERET—TD
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(L —5)
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam API != NULL) 2 0 : -1;
s
#endif

#ifdef __ cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

& P B AR U7 1) pRAY Py Spam_System () BT AU S S 7E A Ak R B b R eR A (SR
FR7%) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

BURP A B, SO spammodule. h M FAIAC. SR, AP B MIEE, HALE RN
1, BN FE

I 5 w7 AR 1Y) /2 Capsule $2 {1 T#AMOTIRE, M T FEf#7E Capsule MR85 19 N AE /3 BLFIREC. 4
952 % Python/C APl 2% F- /1 Z5 35 capsules £ Capsule 133 (FE Python JEHS & 471 Include/
pycapsule.h fil Objects/pycapsule.c).

[F#e
22 HENT REE: #Hi=

Python fL¥ 45 C 4 AL E UnT LA Python fURSH B RBTEAL, XMRBNER str FI List KA,
PR SR AR ER R 0G — I, HRAERTT IR AT, R T Leany . X S x4~
B4

2.2.1 Kl

CPython =TI K BT A Python X REPUA Pyobiect » FIMA I, X2 PrA Python XA “ELftli2E
27, PyObject FEMRA L A EXIGR reference count FIFRIR G “FBURIG" BIHEE . X2 BERT
FEXFE H AR . RIS G b fRREAS SR I RLE (O) el B, fltn, FEXrR EAR— |k, WAk,
W E 5 DM GANFSE . X2 C BRBRAR N “REITK”.

LA, ASRARAR B SO I, i AR AN &R

ﬁﬁ%%ﬂﬁ%pk%?ﬁ%%ﬁ e — M MESERRIER, EXE C P REH custom FE L T4
#°4 Custom HIHE
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i) X HURIRIY VAR S static 7 TRISBU LG ik WA & RH S k. C APLTT DU UAEHE
AR ERAL, i PyType_FromSpec () BR&L, {EALEARATTHEIE.

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

typedef struct {

PyObject_HEAD

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

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

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

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

typedef struct {
PyObject_HEAD

€ & A}
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(L —5)
L} CustomObject;

A A E RS E NS . PyObject _HEAD J& 5 il BESRBE R R R G500 1R 2 Rl I 7 X
—A~%4°h ob_base ] PyObject KRB FEr, Hi &g BIXT L MG i8R FaE (XHE
Al PAG BIE A %2 Py_TYPE Ml Py_REFCNT 3K IX4) ). {22 (A3 A2 R Rl 52 0 ok A PR g il
e B2 B

ffill): FEREAEZ PyObject _HEAD JEHA S . BAMNRINGS & 58U e dn S

MR, WRER THE PyObject HEAD fEEAh, ICARIMEE; Bln, W€ LT FriERY Python I A
X
typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR B 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

fEl: O L CO9 KRNI, VARSI FTA 1 PyTypeObject FBt, HAREZREATH
T, IAE AT DAE G KT BU E W -

75 object . h ik LI PyTypeobiect BAT MM bt LH 1 FEL. BIAMNT Bl C Higah
BRI, WHOHE R BN S, BRI R

e —akn, BRI

[.ob_base = PyVarObject_HEAD_INIT (NULL, O) J

AT H AR, AR A EFREI ) ob_base FBL:

[.tp_name = "custom.Custom", J

FMIPFEBAY AR R BAEFRATHI N R BN SCAR TR T A e D B, Bl

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

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

RTINS S 2R, B R A FERE A PRI () R B Fr . B REE custom
MAEAE Custom, HMIRATFRBAFRIE N custom. Custom, i ] EIEFHT S5 B9 A B ARl
RIGZEAL Y pydoc fil pickle BIHRFEHA RRE LN .

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

22. HEMT REE: #iE 23



Extending and Embedding Python, %([F] 3.12.3

XFERELE Python JIE 4 BIHHTRY Custom LRI FHEAMLL DNTF, tp_itemsize [UHT AR/
X GRMAE HAMAE DL AR A

M R AR A R AR BT 7E Python gk 7R 4K, I HLARAY EBURIE Yy L A B M R Y
tp_basicsize, IPAVRTTRESIBE| L EAPKE . IRIGFEALY Python i) TRUAHAEH _ bases
HORE VR SRS R B w5 MR VR BLAY _ new_ () D7y YARPRFS . ARWT DA S PRARIY
R BA WHBE IR K tp_basicsize [ERMBERX N FERSHNE, XEZATLARY, H5%E
2R EIAE object, BEANRREAVRAYEEBANMBE MG, AT RN

A TEEFRN A Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT, }

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

AT tp_doc KRAURME— SR FAFER.

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

TR G, FATDAGRAE—A tp_new ALPRE: . XM T Python 773k __new__ (), {HAAJIR I
MR . FEXFFOLT, FATATLAMI APL % PyType_GenericNew () BRGNS HL.

[.tp_new = PyType_GenericNew, }

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

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

IR Custom A, Sy—S8 i UFFEIE BN, EFERATIEVILGI B4 NULL /Y ob_type.

Py_INCREF (&CustomType) ;

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

}

DRI E B drp . ARRATHE RS 1] Custom FERAIH Custom SLHI:

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

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

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

#°H pyproject.toml By3CFH, I H.

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

FE4 N setup.py BISCHEH RIGHIA
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[$ python -m pip install . J

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

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

2.2.2 EERRBIFRMEIEFS X

TEFRA T S TN — LR AN R X A ARG o AL FRA TR ] DA . AR
BB custom2 SRESHNIXLET)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)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
(BET—3)

22. HEMT REE: #iE 25



Extending and Embedding Python, %([F] 3.12.3

(R L —5)

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

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

return O;

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

bi

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

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

I3

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,
.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",

(BT —H)
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(B E—H)
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

}

return m;

BRI A 5 22 A B

PAE Custom 25U C L5kl = EaREM:, first. last F number, A first Fl last 25 B 2127 44 F
FIiE: [CHY) Python “FAFER . number J& M2 —1 C B4,

POE JBEAY AR G IVA: L R

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

} CustomObject;

zgﬂizﬂ” (EFATA R 2, FRAT AT/ N O HAL X S0 o3 AR . 270, FRANTREA — MR
i :

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

EWIRES tp_dealloc fHiia:

[.tp_dealloc = (destructor) Custom_dealloc,

W2 IE WA Python J@PERYS | 114k, Py_XDECREF () n] DAIEMALFESHCH NULL BB O (X 1]
AEFE tp_new FR KIS KA ) . BfE EXFUH X R 28 tp_free bt (il Py_TYPE (self) i1&
S3)) KRBT R NAT. RG] PARE CustomType, FEXTE AT RERE—AS T2 LB

fii [F: b 0 4% e destructor 2 A AT E L T Custom_dealloc sz —
CustomObject * 4\, {H tp_dealloc FREIREI W ESZ— 4 PyObject * %, WMHE A X 7{‘4‘:
M, s S . X2 CIEE PmmX R r 250!

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

}

HAE tp_new MO E:

[.tp_new = Custom_new, }

tp_new ALPEZRATTRIE (MARWIMAI) ZKBMN G . ETE Python PHLRFEAN __new__ () Jik.
EATEE X tp_new I, Lfp LWL REHLMHAMEN PyType_GenericNew (), R LI
Custom KR —NAPAIREE . FEHFILT, FAVEN tp_new ALBEARANF £irst Fl last &
PERIIR A AE NULL (1 BRIA M.

tp_new FFEZPLBILAIAA (RZERN CustomType, HRPELHIMLAE—TI) PARAEIRLR
BRI AR SR, AR I FrE @2 RSB, tp_new ALPEgS EUR R EAM R TSH, H
ggl]é%ii%ﬁ%ﬁﬁ MRS P 2500046 (B C HAY tp_init 5l Python Ff) __init_ B
B IR T

fE: tp_new AN EAXMFA tp_init, FNERESRSHITHAE.

tp_new LB tp_alloc MLk HEAAT:

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

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

ffilEl: FATEA AATHE tr_alloc M. M2 PyType_Ready () flid MIRATHYEE IR AR HA]
Fore, HABIAH object. KER/IIUHAR I BRINR 70 BO A -

fiE): AR EEAE M MER tp_new (BERPAMBEIEMM tp_new . _new__ (), AN RiLTE
ABAT I ARG O YR AT I SR 0 1 VR T B T e SR TS U R VR R T R 262, I B
BN tp_new, HuZillid type—>tp_base->tp_new. HIRARANXFAML, VRIGZEBFFEYR G HE
Hi Python 5E X 9314 Python 2RI BETCVRIE® TAE. (RAMYL, IRATAETCIA QXR800S il

x5 K TypeError, )

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

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
(BTN —5)
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(B —1)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00Oi", kwlist,

sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
}

return 0;

WA tp_init L.

[.tp_init = (initproc) Custom_init,
tp_init {7 7E Python EREE N __init_ () k. EWARAERIEN S EX TG E . WIthik
ARV E R R F SR, BNV 2 STE SR A O TR AR [ -1,

AFET tp_new AbFEES, tp_init AMFEIE—E

SR (i, FEERATE LR pickle BiHURSHEARSR
()

init

HEgEB EWA __init_ (

))o BILHH

EREZ U o ATARL AT il ATEFRATT X 52 _E R )

Jrike PBL, FATEA RO E LA S L o

BIINBIXAEL £irst JGUIRIE:

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;
s
HRXFRESA G, ATHRRBNE ARG first MAMZRAL, FHILE A PUBEMTFZEA 5. B PA

%ﬁ*’l\éﬂ‘}hﬁxﬁw M first AR AIHTIAS: ) BB AT IS AT RE SRR 2 & At 25 40
AU A 2R ozt TR U5 M AE A TR X 52

N T RFFE I RFA TR X ] fEE, FATLP B e ZAE A A5 |V R
A RHBERATAT AN I P FEA

o LIATHFIES HIHEOCT 1 Ak

o BEATVHER SRR B LR GIL A2 FEUT AR FAT I ZEZL 0 A A 1 [l 8 g 1482

o A tp_dealloc ARRRAR AN SCRFIEFFAR M 2R 21 5 | T HEC e

PARARES

A E N E B .

FATAT RE S AERFFRAT I S (9148 B B2 65 M JE Ak . A LRI 5 AT DA — e 7 B Oy 202 SO 5L Y
E L
static PyMemberDef Custom_members|[] = {

{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,

"first name"},

(HERET—T

VAT N R E TR AR, WA SO AU TR A A
P AEATRBIPEATHE tp_dealloc ALEIRRH X —HLE], BIAFATHREUR STRERLR Bk
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(L —5)
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
HRf 2 SURCE S tp_members i H:
[.tp_members = Custom_members, }

BRI SCERA R AR 2R, . TR RSORY AR . iES I N2 A & b8 72 /N
73k Tf#iES . section below for details.

B Bz — R TR PRI T P 2 Python JRTERIXT RN Ipik. FANTTHUY first Al last 1
AT, HENT AT ABRE A AE & Python X4, B4k, X LR IEIE T AR, I3 C falix
0 NULLo RIEFRATAT DAGRIUEX 28 1 AR A JFE NULL {f, A0SR 28 Ja M g i 28180 S Tl i Ay

NULL.
A1 LT — DY 7Y%, Custom.name (), ERFAFGAFRY A first B last FHFHz .

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);

}

N EARSEBE g — 42 Custom (2 class:/Custom 1T SEFIVE N — NS5 C B Hik
RBEZ—NEOERNE DS TR REZ AL E R SR, (ARG PRI EZ S
BT B2 A E SHOTH S KA SR . %S M T PAT Python J7¥%:

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

THERBA LA first Ml last W GUZEATAES NULL, X2 R ENTR DAgNER, 7EIE oL E
g]{%%}ii&?%] NI'J;LO S AR B L M 533 28 o P 5 R P (ELBR o 77 s o FRATTRAE T 47 1/
IR X — Ao

BAERANTE G S T I7ik, BATTZA 7 ik SCRA:

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

bi

(LA A T METH_NOARGS MEAFAR Wy M AN ME A5 32 self DASMIOAEAT S40)
X HIRZE tp_methods AV

[.tp_methods = Custom_methods, }
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G, FATEEIRATHZER AW I VEIR A T2 2. FRATRS D e S FA TR 7 VR DAME B TR S Bl 2R
SERE B R 528, BT AFRATT 5 B 2 K Py_TPFLAGS_BASETYPE ¥N INE|FR AT JE R
FE S

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, J

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

i, BATER setup. py UFERBITFRIBIL,

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

1)

RIGFATE 2 A RERS import custom?2:

[$ python -m pip install . J

2.2.3 REXTHIBRE M EARE

AT, FATRERX Custom /R first Fl last JEPERYBECEIATERGAN RIS . AEFAT E— BRI
P, SCBIAE R first F last Al DABCBOA AR TR (A EPMER . FATHEF R LRI AU E
TR

#define PY_SSIZE_T_CLEAN

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);

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

Py_DECREF (self) ;

(BT —H)
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return NULL;
}

self->number = 0;

}
return (PyObject *) self;

static int

(R L —5)

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

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

PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi",
sfirst, &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),
"custom number"},
{NULL} /* Sentinel */

bi

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

{
return Py_NewRef (self->first);

static int

NULL};

kwlist,

OI

Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete
return -1;

}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

"The first attribute value must

return -1;

}

Py_SETREF (self->first, Py_NewRef (value));

return 0;

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

{
return Py_NewRef (self->last);

the first attribute");

be a string");

(BT —H)
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(R L —5)

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));

return 0;
I3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

bi

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

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

{

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

static PyMethodDef Custom_methods[] = {

bi

{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

b
{NULL} /* Sentinel */

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)

(BT —H)
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PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

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

}

return m;

}

AT PR first Il last J@ME, FAVIGEEH H & XSRS E A R 8. DA atE iU
BE first JEMERYREL

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

{

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

}

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
I3
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

}

BRI R B2 — > Custom WRA—A “HW”, JFHZ— 285 TEARBIT, %M R 2. (M
A SRR RE SR A 2 S A A B B I s U k. BN, 3K mT AR o AR iF— 4R B AR A R
ORI P i ) e R e G B B Y S )

BCE SRR LA custom WR . FHEMPM L. BriEnl 854 NULL, (X AP o0 T @ goir . 75
FATRBLEAR A, AR P B 58 AR E A2 P AR I &5 K — M iR

A4 PyGetSetDef Z5HIAELH:

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

"last name", NULL},
(BT —H)
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{NULL} /* Sentinel */

bi

(R L —5)

HAE tp_getset fE M E:

[.tp_getset = Custom_getsetters,

)

1t PyGetsetDef 5AH ARG — T2 LIHEEIA ", FEARBIF, FATRA SN,

HAi& A\ NULL,
FAVIBRLER: T X e J@ 1 il 51 E

AT

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

bi

FATEFENRF tp_init AIRZFEHN H AV ATFRRH

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

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

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

}

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

}

return 0O;

}

WX, FRATRES I £irst I last Wb —@E AR A NULL PAEFRATRELE LT Fr G 16 O R RSl
NULL {HA# . X RE KHRSr Py_XDECREF () W H#S W DARFE el Py_DECREF () WM. FATAGEE
MO S A ME— 3 & R AE to_dealloc 52, A HLX L6 AL 5 I IE A A AT BELE to_new 2RI,

FATE FE a2, 1 BEERAT AR AL o& ORI 06 10 o8 B h AR A B, R T AT mT B —

setup.py PRI T — SN E Lo

FATad 1)

* BAEFRATV NG first A last BUGVERIZ FAFER , BFSRATAT OB A BT R TECR 2 i/, (R, FoATE R 45
TR BV AR T4 B R QXA TR RIAT R, Ff AR REFIUER — T4 5 T 2RI LB X FRAT TR G0

A7 1El .
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2.2.4 ZHHEWLIREIW

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

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

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

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

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

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

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

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

}

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

}

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

(BT —15)

iH, BRI R R G A AR L), PR R AT DME AR RS st TSR I RERE T | AER .
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

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->1last, Py_NewRef (last));
I3

return 0;

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

bi

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

{
return Py_NewRef (self->first);

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

(T —

H)
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(B E—H)
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;

}
Py_XSETREF (self->first, Py_NewRef (value));

return 0;

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

{

return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return 0;

static PyGetSetDef Custom_getsetters[] = {

bi

{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},

{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},

{NULL} /* Sentinel */

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

{

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

static PyMethodDef Custom_methods[] = {

bi

{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

b
{NULL} /* Sentinel */

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
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

(BT —H)
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(R L —5)

.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;

W5, WAL GC HUARES S MR FXR:

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

{

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

return O;

ST FT A ATEER I T-0 4, RAOTESFEZVEH visit () KA, B BB R . visit ()
@iﬁﬁﬁg%ﬁ%%ﬂ%ﬁ@éﬁﬁ)ﬁ IEREINSE arg fENHSE. BRIl e H N AERE R DT8R
[ F K

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

{static int

(BT —E)
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Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{
Py_VISIT (self->first);
Py_VISIT (self->last);
return O;

f#ilE): tp_traverse SLEULAUKHBEMER 4% K visit Fl arg DAEA Py_VISIT ().

7, BANH ERRMADITIR ARG AL AT ] AS AR TR AR

static int
Custom_clear (CustomObject *self)

{

Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

}

T Py_CLEAR () MMM . T2 iH AT a3 i Bds @ v il D s | A H B Ry B 2245
Ko WRAREEPEAERF @R NULL 2 [B)7E )@t B A Py_XDECREF () , WJEMAItriaesf vl GE< vl
GG B P A (A & SR AELE S | AR FR3E) o

) ARATPAE L DA S5 AR Py_CLEAR () :

PyObject *tmp;

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

Jo1e WA, 7 N R JE 1 B G 4 ] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #{@ i HEAR G A H . A Z2 R DAL P i o M !

RS Custom_dealloc ARESTEIG BRIBIERHE AT E RIS . X EMETEER GC 1T RATE R EL P 9k it
Ko BT GCHUG|IHITECRAZE, FATFE @S Pyobject_GC_UnTrack () ik GC {5 1EiB IR
M EAXTS . THEFMHH Pyobject _GC_UnTrack () il Custom_clear H i SCIAIREILAS:

static void
Custom_dealloc (CustomObject *self)
{

PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) —>tp_free ((PyObject *) self);

}

B, AR Py_TPFLAGS_HAVE_GC JEARS INE SR

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

RFZEAZ T WRENIHRE T HE R tp_alloc B tp_free bRy, WIFA T B4 XHIAFALLIR
IORIEECE . KX ARG A SR LA
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225 FRMLHMAE
QUEIRE PR BRI A TR . B o) MO N 2R UK, D i el AT b8 )
BT ER) PyTypeObject . TEAFY ALY (A3 X 4 PyTypeObiect Gt AR NI FXER .

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return Pylong_FromlLong (self->state);

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

bi

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi

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

(BT —15)
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.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&SubListType) ;

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

I3

return m;

}

IR L, A S Z B L Y custom mBIAER AR, FATRE e Z 1] 32 2 X .

typedef struct {
PyListObject list;
int state;

} SubListObject;

J

URAE RN G 1 B2 S AE TR BT R MRS — M. FRBOR O A SR I3k
5T PyObject_HEAD () .

24—~ Python Xf 42 SubList LB, B/ PyObject * F5 4t Al DA B 22 4l oit il 5% 4
PyListObject * fll SubListObject *:

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

}

AT DAFE L A B Anfer B8 B A2 B 28R _ dndt () H¥ES

XMEATE G H A HE X tp_new fll tp_dealloc IR BIFREE . tp_new AFERAN HEA
tp_alloc WX SLPR A BENTE, T eibiE2imd MM H On tp_new RALHE .,

PyTypeObject ¥ #;f tp_base fE XML M I, B THEV-6 %5154 18, K IC¥E X
PyList_Type 5| R B FTIZ T B BN 2YBE IS e bh 4k sk 85 b 5 i

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

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

Py_INCREF (s&SubListType) ;

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

return m;

(R L —5)

J

EJEH PyType_Ready () ZHi, BRIGEMIALFE AT tp_base fifii. SFANTMINA SRR I,
EATER tp_alloc fl{IHFE N PyType_GenericNew () -- 2 H BB/ FL R ECRF 2 B 4hK o

AR5, VM PyType_Ready () FHHRFRADG R AN B 11 R 5 HAH Custom /mfil & —HEH) .

%
23 ELY BRER: EFXER

AT H AR — DA AR AT PASE LR 2807 vk B I BRI A 4
Xjg C A PyTypeObject MIE X, M T AT L HER 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 */

HEET—F
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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 */
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;

(R L —5)

XHA R 27k AHRA R, WRAREE 2R, il AR E LRI I5.

IEMAE IR, BATIEZ DN G R PRy o DO R I s kS a7 B R
I ATRATIAS 2 AR5 B AT TE S5 48 1k B SR IBUT HFAf . S8 AR 28 50 4R 3 — MU B IR R i F B 19
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[const char *tp_name; /* For printing */ J

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

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

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

[const char *tp_doc; }

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

2.3.1 KEFRNEER

[destructor tp_dealloc; ]

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

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

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

URARAY I SRR e, AR e B2 24 A3 BT A 8 R B2 iR ] 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);
}

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

static void

my_dealloc (PyObject *obj)

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

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

/* This saves the current exception state */

BFET—3
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PyErr_Fetch (&err_type, &err_value, &err_traceback);

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

fi(E:  RAETERE A B h 2 S PATIOBRAE A R, B, AR AR 28 84 ST Rp 5% i (6
tp_traverse fI/m tp_clear), XRIIHIT G P IAER ] tp_dealloc PG SHA LS. HK, 1E
tp_dealloc "', fREXGURETARERS: EMGIHTESETE . LA IEBIIER S E APL AR
Can Ty 7 B D) e AR AT BE S PRI to_dealloc, PEUNEBEH KA B

M Python 3.4 JF4f, HEFAEAE tp_dealloc HUIZZRMALES, M2MEAIH tp_finalize AT

hs%:
PEP 442 ffRE T B A G R

23.2 MRBR

F£ Python Ht, A PIART 2T DA ST G I SCA R repr () BEH str () BRAL. (print O MESH
B str (). ) IXLEALBIAR P2 AT Ik

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAPRREFF W AZIR Bl — ARG, H &R e sLpl #n . T — A a5
I

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

WERBAHE tp_repr ALBE, MRREERRHROL— MM AR to_name BIFTRIE AL R B ME—H5

H

tp_str AFRENT str () B FRA) tp_repr AFREEXT T repr () —#E; WHLEU, 'BSTE2Y Python
FASFEVRIIAT G A LB EJH A st O WM. B tp_repr IREEEFEMML, HHLERS
TR HEARE RN . WHRKIEE to_str, WA tp_repr AAHERAE

DATT 2 {1 ff e Fr) i 91 -

static PyObject *
newdatatype_str (newdatatypeobject *obj)
{
(BET—5)
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(L —5)
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);

23.3 EHER

XA T SRR AR RAEART G, A R SR AL AR A ] T4 s PRI s s 8. 75 25— e
KRB g (ASE CTEMRNE) E8A 7 — Rt EREE (IR AR EEYE) . BRI
P2 PRRFIRTE 0L, FEBUNGOU T 2L 45 A BRI NULL,

Python SRR JE PEALBEE: ; —ASCRpJE M AR S A T S U — X I e . W 22 A
Xt char* fERJBIEAFR, M7 — X W52 PyObject * . ARFISEAUHR T AEER G I TS BLAY (3 71
P A T SR — Xt

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

/% ocoo %Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

ARV — AR G R R SO ] R A GREAE R SCHEATARRE) | WA — 2832 Ji) S B AT i ) e 4 fit
PyObject* iRAHYJEMAT PpR AL, A Python 2.2 JFURR TR L Jw iy JE AL BRI SE PR fg 2L T-E 58 4
R, RAEIEAFAEREVFZ W ARBH B AB) mT ez FAL I 315

ZERENER

RELY RFBIE WispJmtk, 84, RAFALLEMARR “fp” g? HFRE e P LA
L. 4] PyType_Ready () I, WJHEEIERI# K.
2. AR BRI AL BRI SR SR MR B P R e, AR BRYEE R

LR, BCONFAR PR BRSSO 56 B i 7k =Xt A AT B A«

24 pyType_Ready () i, &2l i 28800 G 5| H Al = A 22 506 61 2 5 g B 3] 2 2R 4 1) 7
M descriptor . FE IR ER S H 0 SE BT G — A BRI A . AN RESE P RER s IR AR A
#B A NULL, W% SR A BRI R B AFOk iy Jd b, I BB 241k tp_getattro fll
tp_setattro FEIRFEN NULL, DA HH RS B HEIX S 8 1%

FW N object:: FEAU Y =B

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

G4 tp_methods AN NULL, WELAZIFE M4~ PyMethodDe £ Z5MIARL A EE . R
H AR & % G R B — A~ S

typedef struct PyMethodDef ({

const char *ml_name; /* method name */

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

const char “*ml_doc; /* docstring */

} PyMethodDef;

N 24 R ST TR AL R RS VAR 8 L—AN56 H 5 MR BIAGEOR I R EFR @ XA H . FELER
BEM—M8IMNI%H: B Mt BEdHS R RWEEAH . WHELAHP ml_name SR NULL,

5 AN A SCEEECR WU RIS B P R SR k. ARG C JEBUY 2 8IS0k, I B gy n]
PAI RS . SR g e SO
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

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

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

RBEREMELERE

N RN, XHEER char* ijiA; name JEEHYEALZE char* Ml PyObject * KA 12 a] i ME
— 5. XA RIS bR BT BT R GIAR R RS, (B3 (6 17E Python 2.2 Wi iN A2 1] 52
i‘"ii" EMPRE T B SR R BOR TR Y, AR AR S TR Y R EN TR EhEE, IR aA 22
3 ZAY o

tp_getattr A H B/ SAEXN L FEHITEEERSHAH. S8 ERANSES 1KY
__getattr__ () F¥EEWEAHIEEHE .

S ()

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;
}

MY REBIY) __setattr_ () B __delattr_ () HEWNSHA tp_setattr APELR. 4752
Br— @, 2= AESR O NULL, Rl — ARG |k S B0 15 A S RAR Y,
tp_setattr ALHIERE S5 A NULL,

static int

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

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

[richcmpfunc tp_richcompare;

tp_richcompare (PR AAET EIAT LR ISBI M . BEROUT BHETE, il _1t__ 0, H&
# PyObject_RichCompare () fil PyObject_RichCompareBool () JHH-

I PR ESCR VR FH ISP RFAS A Python X R iz EAFE NS4, iz BAF 8 Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT 5 Py_GT Z—. ‘B M4 82 s E Ak L A X G 1E LA E S iR 8] Py_True 3§
Py_False, U5 HEERVER B SLBIH W 2 HAb X 42 e )y v W3R 8] Py_NotImplemented, E(#
WA E T A R B NULL.

NHGE ARG, BRI IANIR RS AR/ IMHSE A A Y

static PyObject *
{

PyObject *result
int ¢, sizel, si

sizel

size2

switch (op)
case 3
case

case
case
case
}

result = ¢ ? Py_
Py_INCREF (result
return result;

{
€
c
case g @
€
c
c

’

ze2;

sizel
sizel
sizel
sizel
sizel
sizel

True :

)i

< size2;
<= size2;
size?2;
size?2;
size2;
>= size2;

v o=

Py_False;

break;
break;
break;
break;
break;
break;

newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *obj2, int op)

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

objl->0obj_UnderlyingDatatypePtr->size;
obj2->obj_UnderlyingDatatypePtr->size;

2.3.5 R LZHF

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

XL G 12 LR 202 AE Python SEBUT R FUIGE SUIK o e, K05 BRSEANF S PO —TT it
4 J2 Python BYLH ARy o A MRS S RSN o T HOBTRELE A ] SIS i b BRES BAR A i
KUl BIHAHRE SCOASRENT SR IS | IR AL PR A R e o X REORT B PSR DA 12 280 G ik
ARONIREL, FAFA — DTSR AW (L 24 th AR kA0 (MR A 24 H
FEALEAE NULL A5 0L, AT PABCELR ARG I — R LA 77, (EIAS LT W] REBRASF RIS )

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

WMRAR A BARKIXS RIAT AR —ANET . PV XT 5, BB 2R o B E — A5l T C 284
PyNumberMethods, PySequenceMethods B PyMappingMethods, F&5H AR HbE . ARZEM IS
PG LEZER IR . AR 7T PAFE Python A AU Objects HgH R EIX X545 H IR

Bl

[hashfunc tp_hash;

UIRARVEREAR BEL R, U B2 S VR B A LAY S Bl [ — S A B . T T — ] B 7 1)

23. EUYRER: BoREH
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static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

return result;

}

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

Py_hash_t 22— S EHL T LA FEMNAMSEBEEEA. M tp_hash R -1 FREETHIR, X
WA AT AR, 2438 B8 o A W A s S B D R (B, 0 E i e R i AR RE

[ternaryfunc tp_call;

1

BURRELSHE “PH” ARBO B R B SLBIE A, 25FR100, WER ob 31 BRI EHE B SL BT Python
AL T objl ("hello'), MPRFAMRIM tp_call ZbHELR,

VLR B Z = A2 4

1. self J2AE AV A HFRRBERZSLH] . WRIEHZ obil ("hello'), W self kj objl.
2. args RUZTAMSHWICH. RATAMIA] PyArg_ParseTuple () RIS,
3

- kwds 2R AR A F S AT, R NULL HAR SRR XRS5, Wl
PyArg_ParseTupleAndKeywords () REESE. WRARAAE SR REF S50 E A 4E NULL
i, M5]% TypeError HAT— MR R R EFSEIH L .

T EARER tp_call SEP:

static PyObject *

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

return NULL;
}

result = PyUnicode_FromFormat (

obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;

if (!PyArg_ParseTuple(args, "sss:call", &argl,

"Returning —-- value: [%d] argl: [%s] arg2:

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

&arg2, &arg3)) A

[$s] arg3: [%s]\n",

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

1028 R EL R AL T XL AR SR . XA 2 — NS, RIEAT)E A B T 8 A g 52
B, HRE—NFEIH . YRAERIRE, BV RE— N RFEIFRRE NULL, tp_iter X}AT Python
__iter_ () F¥, WM tp_iternext XN T Python __next__ () F¥.

LAwiterable I RAPILILIL tp_iter ABEER, KALPRAS AR [B]— A iterator X4, T ii/25 Python 3¢

JIt 7 P ] i e

o XIFRAPASCIF 2 M AR Z A (WS RFITTA) , IR M AER IR to_iter IAIEIF

i [l —AEr IR AR o
o HBEROA WA SR (GEF 2 T IR

Wi, BIANSCAERTSE) AT PAGE 1 3% [0l — A~ g 1)

HERHG TR tp_iter — 3 WG 245 tp_iternext ALFRLR.
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{FAiterator X5 24 [RBTSEHE tp_iter fll tp_iternext, —PiEfLEEMT tp_iter ALPRESIY 249R n]
— AR ZERES S . BN tp_iternext ALFEERIY 241 [0 — 8 [MIE R EEMER) N — X205
SIH, WREAE T ML RERCHERE, W tp_iternext A PLR[E] NULL i AN BEE 5
W, BCE AT DAFEIR M) NULL LAl | SRS E StopIteration; S A DA A BAFAGPERE . AN
BB T KRR, W tp_iternext W E@WE—RHE IR NULL.

2.3.6 555|HZHF

One of the goals of Python 555 | |} SEELAY H bz — 2 e i L 2 288 2 5555 | HLH A &4 EAUE R X
% (BnET) oA sionIras.

hz%:

weakref BIHLSCRY,

XA AR 51 R4, PR RIS tp_flags F B Py_TPFLAGS_MANAGED_WEAKREF
fii. IHHY tp_weaklistoffset FEWV UIRFFNE.

FLisi, PATR A2 SR I B S R AR T

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

bi

ME—HIESM M TERE to_dealloc i EEIRAEMS T GHLIAM PyObject_ClearWeakRefs () ):

static void

Trivial_dealloc(TrivialObject *self)

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

2.3.7 EZEW

N T 22 WA AR B 2R B S BT AR 2 T3k, THERICPython JiAAHS . JEA Objects Hk, A5
1E C PR to_ BRI R (B4, tp_richcompare). ARAFFHE|VRAEEESLBLM) &£
BT

YARTTEIUE— DX R RSB R A BAR LB, 5§ PyObject _TypeCheck () Bi#. E
g — AR BN

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

¥

hz%:
F# CPython JACHSA .

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

GitHub |- J}% CPython J5{Ci () CPython BiH .
https://github.com/python/cpython
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24 BIICH C++ IEXEH

—{ CPython [¥) C &M — MWL k0B (FIA7E Linux [/ . so #§%E, 7 Windows [ff) .pyd),
& B H— A4 10 3 K

AT RS, LERENIAE PYTHONPATH WA, HaAGHR BB A TR 44, A By R4 . 4
fifi F setuptools I}, 2> H Zh4: BIERAAY L4

WIIRAL SR R BRI -
PyObject *PyInit_modulename (void)
ZERBOR B ek s, Bi—> PyModuleDef 5L, A F initializing-modules T fif#E %

ST ASCI 4t i 44, BB AIE PyInit_<modulename> , $f <modulename> i Akt
M4 5. 248 ] multi-phase-initialization s}, FRi/F{di I ASCIT 4wt (A4 . ILET 4R 1k BRI 24 42
PyInitU_<modulename> , [fij <modulename> FZ5LH Python [ punycode #ift, %5558 TR
2% . A Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PME—A B R 2R, Gl E LA WIIR R A T A F5 AT o i s A
i, PRI AR 7S R R S kB R 7 —A B 2aY S AR EYY, f£ PEP 489 T
AT

2.4.1 {EH setuptools #Ji& C 1 C++ ¥ &

Python 3.12 S B AU MRAS A F-A0 2 distutils, 522 https://setuptools.readthedocs.io/en/latest/setuptools.html
WY setuptools SRR ZH T AU setuptools KA EF 4% C/IC++ §7 .

2.5 7 Windows t#J3& C 1 C++ ¥ J@

X B LAY T i {4 ] Microsoft Visual C++ 4178 Python (1) Windows " @Ak, 4R )5 FRHL it 26 H
TAEAUEE RN R 5 B XS BA AR R B3 H T Windows F2 )5 5 2% 2] #4 78 Python § DA J Unix #2
J¥ D2 > Gl A BEAE Unix ﬁ] Windows _| 35 68 B8 3R

AR A distutils Jy SXORA Y AR, TN AT iR n . RIS FH B C 4%
#R oA Python; 3l # >k Microsoft Visual C++,

fE): X —FR K T 2 AMIFEE i Python fUAS A SCI4 o X BESCPE4 PASEAR A XY IRA SR A0 s
S, X REARITE ) Python & AT WA ERUCAS T 'Y " R IUASS . B, QAR )
& Python 2.2.1, xY ¥k 22,
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2.5.1 iE=\i5EA

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

2.5.2 Unix #1 Windows Z [l =%

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

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

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

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

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

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

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

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

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

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

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

A SRIEET ni. A1l (A% ob3 Al . 1ib), EAGEATA spam oK Python STHTSCHE i eI BF
FIGHAL.

AR IRRFH 2 BB AR R MRARE AL AR (1135 Python) #REEH BIRIIARINATF,
RILINE | _declspec (dllexport) , LU void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—Ff,
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Developer Studio AR Z VRH AEIET ZH AR, a4 IR0 T AT XA R/ ME Y 100K, EHRBE
7, A E B TEAE P BT R AR E B BINE . FFIERIN msvertxx. 1ib FRE| S #
He
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CHAPTER 3

AE KR AE FHERN CPython IE{THRIE (runtime)

AIREAE, IO S, — R 5T, ([IHAE Python Byl fEE T MARAGEST, B AU CPython JH4T
BB 2R R AR S A0 3 LS S8 AR B i I O A

3.1 EHE App [[J#gr A Python

B JLEAE T A% Python BEATHRE, a2 anfer i) C s %42 5% Python HYZIAE. Suid okt il DARY:
Ff Python iR AFI C/C++ [V AR Fp H £ BB 3X AP AT DALE B AR 7 ] Python SR SEHL R LL I fiE
AR C o C++ o IBSAMRE: A feiF i /7 Python 45— LA, DA E il b AR 12 75
Ko WERFLETIREN] Python S il K NEY), ATT KN A HCMEEX 4T

Python HIR AT 9 €, ERSEAMIE. AR ZAAET, §7% Python Inf I I A% 7 #Y 2 4% I /5 9% 2
Python f#RE4%, Wi A Python I 277 1] fiE55 Python 5¢ 420 1M k& W AR P (Y 2 Le 35 7 /R &
¥ Ji] Python f#REAS K15 T— L8 Python f{HS

Pk, #%H4mA Python, FEZHRAL A C M TR . I TR 7P BN S-S Z — 2 1 4A 1L Python MR .
BN R Py_Initialize () o A 2En] IR W] i) Python (i fr 4TS 4. Z GBI AN
PP AT 77 A AR 17

PR AR 7 s 1 JLRP: T 1] PyRun_SimpleString () f& A—/55 Python i AIH 47 H:,
H][i] PyRun_SimpleFile () f& A— stdio SCPFFEEHAI— S04 (UFERS IR B A EEIRBIEM) o
T DAY R 725 3 B4R Z R AR M 3 (1) Python XF4R .

hs%:

c-api-index

AR T Python ) C 21 . 3% BAT K ELERIE .
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3.1.1 BEXE#RA

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

N

#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 0O;

}

fEPy_Initialize () ZHl, MIZEHH Py_SetProgramName () %L, DATE A fEREHS 521 Python iz
TTRERI IR 2 F R, Py_Initialize () &¥IR 1k Python fERERS , SX G PRI TAE 4L 1) Python JHIAS, $TE]
B HIAFIETE . 2 )5, A Py_FinalizeEx () XHIMRELS, FETE5H  FEELSL AR 7, AT RERR ZEM AL
IR Python JHIA, Bii/Fi M SCA SRR A GIRR . SO, BEE A EdEE . FIH PyRun_SimpleFile ()
BRI RT DATE 7l SO H R ER Python AGHS , W45 25430 PN A7 2 ) RN 288 ST A4 PR 2 R

3.1.2 RPFSBEXRERABIPRE]: #ER
3% O RE AN FAAR 7 HR A AT Python fR55 , H 2 /DA Wi vl a2 A 24 MY o N5 T B AT e i ds
WA T RARGNTE A o JLFn] RSB EIRE, RIMEMBEELN C R,

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

1. Python HyEA N C 453K,

2. WA RREER T C R R B0 AT

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

1. ¥f C Edfaf4s ol Python #45X,

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

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

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

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

56 Chapter 3. ZEEXBIFEREX b A\ CPython {TIRIE (runtime)



Extending and Embedding Python, £[F] 3.12.3

3.1.3 REHErA

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

BLisAT Python A b U R AL, LS ANTE :

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

int

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

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

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

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

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc 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;

I3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue)) ;
Py_DECREF (pValue) ;
I3
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())

(BFET—H
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(s —E)
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
I3
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%$s\"\n", argv[1l]);
return 1;
}
if (Py_FinalizeEx() < 0) {
return 120;
}
return 0;

}

AR argv (1] JnEE Python I, B argv 2] FRERIREL. HMEIWIRRESEZ argv £
PR A . AR E st e Ry (AR A R v AT AR PR VE call) |, H B 47— Python
A,

def multiply(a,b):

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

c=c¢c+b

return c

RIGEE RN %

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

J

SN NGBS, AR AR B, (BRI U 2 T Python F1 C Z IRttty DASAR
EfiR. A Python FRIA BRI M LT -

Py_Initialize();

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

WAL RS 2 )5, W PyImport_Import () MIEMIA. WEEISEFE £ Python Ff&FH, —4>
i PyUnicode_FromString () Hi% i s B0 E R 747

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JA— Enzgkse e, w4 PyObject_GetAttrString () AkJEMEAFK. WRAMALE, H HiRgME
FR TS, B2t o s E. SRS REF RS iAT, M E S5 ocdl. S5 DA
753 Python pR%K:

[pValue = PyObject_CallObject (pFunc, pArgs); J

MR BRI, pvalue B2 NULL, B2 EXRBGRIEMERIGIH - 3566 ERH 58 EREIZ5 1 .
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3.1.4 kA Python ThEE#ITH R

BIH A ML, AR Python ERERR A A RETS M) B R A YD RE. Python APL a4 Jr ik AMHRE #R52
WX WALEUE, YRR RO sEBOTHIR AR RS UEATY . SRR 252 %, fHIb
BOR2MERE . H BRI iL 2 W AR ¥ B3 1 Python s . AL AR A2 e TRF, ARG
—LURRACRLE Python T5 X L8 7R, iR Sl 1Y Python I RAR 4. B4

static int numargs=0;

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

}

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

}

fEmain () BRECZAFHEHA LA, FHAERM Py_Initialize () ZEHHALATHAE:

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

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

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

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

BT DARE Python i A C++ FEFF s BUIMBUL, SCBl7 PO T Crr RGERYSCIANTY; — M
C++ 95 TR, I CH+ Gk R id BT . AT C+ BH %1% Python 425,

3.1.6 73 Unix RGchdmiZFoatis
H T ¥ Python FERERSHABLTIRLR: . 1Bl IEHIII AR SRS 2R CRIBEREE) JE RS 35, R BRI Y
Python LAY FEHHLELL C AsH R (. so SCHF) HTEASEBM.

T B R A IR SR, AT pythonX. Y-config A, B EFEZSE Python A WY
(UL REFF7E python3-config ). WHAAILASE, HohL FILASHEA A

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

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

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

$ /opt/bin/python3.11-config —--1ldflags —-embed ]

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

fE: TR ZA Python AT ARAL (FERIETERG LRMUAF H ComiEiA 2 /), 2IUH
pythonX.Y-config f§E XL, AN BTk,

WER FIR T BAEEN CRBEFIEX T Unix Z0F-GHRERG WO H bug 4 ), iR RSE KT
BhASEEER SCRY, F487 Python ) Makefile (JJ] sysconfig.get_makefile_filename () k|
FJTT}_ELE) MImiES4. XHf sysconfig Bk @A A LR, W HgwmER IRBGEH AT —EW
BB H. tban:

>>> import sysconfig

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

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

83X shell (Y FEE Python 7R850, 5 WU RETE B o DA LB 5 e A TR RS S 01

AR

2to3

o TE— WA HER RS IR . FE— BT A A E R4S (delimiter, BITNIESE. 74558, 1E3E
gk =519%) R, sURTEE— Mg (decorator) 2 1%, Tlii AR HEHE, T B2 shell
JRHYTEF Python $2/R5 TG

o Fi# Ellipsis,

— {6 Python 2.x F2 A5 EE Python 3.x FEalAY TH, & BB/ 0 A A A
TERCL I, T L A A R T i A 1 3 R A T g e 2R

2t03 FE ] AEEHE R B DA Lib2to3 gl il Bt T — (MBS A I8, 7E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (il 3L KE])

g R EHIE (REE ABC) $#{IL T M ER N E R E, 1EEduck-typing (B TFE)) A4 7.
HAMBIR TR, B2 hasattr (), AIEASEMEUR M M GA0SEER (61406 FH ST ¥ (magic
method)) . ABC [EJfJ[EJ#E 1 subclass (FHiE]) , BMENHER 5 —1 class (JEE]) , {Hg50]
¥t isinstance () } issubclass () ¥k #2[E abe BALMERN 3044, Python A 7 £ B
ABC, HINERI G (7F collections. abe #ifl). 7 (7F numbers ). B (FF 1o i)
J import FAGERFIEALS (FE importlib.abe BifH). KA A abe B E . H O ABC.

annotation ([FJf)

— BRI class B, BRI 2 B0 R EHE AR BB O RRED . BRIEOL, e AR AE[Eoype hine (B
EHER) .

TEATERR (runtime), [ 353 00 [ RR SV A AE I, (B4Rt 0, class JBMERTR X W EfR, &5
Bl e ASAH . class FIpKEUH) __annotations_ FRFREMET .

#8522 [Elvariable annotation. function annotation. PEP 484 1 PEP 526, 1502 %A tohheERY .
R A (EVRR A A B 8y 75 5% 2 [F] annotations-howto .

argument (5[4)

WY pR 2 R BB 45 function (B{method ) W{H. 5|8CE WifE:
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o B4 7| B (keyword argument): FERFNFIY | PLERE)IT (identifier, 14 name=) BHFEMIS |3,
o2 DA ** KA dictionary (i) [EI{E R EERYS ¥ Bilun, 3 Al 5 #J2EPAR complex ()
WY F ) ) g [

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

* 12 % 3| 8K (positional argument): A ZBHH 5| BN 51#. (7E S | o AE— 85 B RAE R &
B, A (5) fEE * 2 & ierable (PJEWCIIE) TIOTCHEPER. G0, 3RS HZAT
ERCENOIVACGIE &

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

G BCE WA E Sl X M R A A e, R SERE A R AR R I, 552 calls T2, 75
Ak b, ATATE S SR AT DA AR — 5 [ Rl (B G i o A [

St s BRI parameer (Z280) W6H . & LEE D5 ERS ¥ Min2EE, L% PEP 362,

asynchronous context manager (JE[RIZB 5B BIZS)
— i AT AFE ] async with BRIAX i RSP F, MESEMEFR __aenter_ () M
__aexit__ () method (J¥%) AG=MHINY. H PEP 492 5] A

asynchronous generator (JERIBEIA:ZS)
—{l€r [A{# asynchronous generator iterator (AE[F]ZEEIEEENLES) MER . BEREKSG —(HPL async
def E KA FER (coroutine function), ERFIMEEME T vield R, ABAM—RYIAH
i async for [FIREMIME.

T M ATRE I A AR — AR P A ek X, (EAERELiEs , WT e R Fn 3k Bl 7 [E A BEX
% (asynchronous generator iterator). #—HFREN TR ENERE, MO E BN, PAREGE
o

— AR A EVE RS R A R await BRI, PAK async for fll async with PR,

asynchronous generator iterator (JE[R]2G(EIZ:2SEICES)
—{ fyasynchronous generator (FEFEVERY) RSB

& s —{Masynchronous iterator (AEFIEENLHE), B EDA __anext_ () method gIFY K, &[] {EH—
E T % R {4 (awaitable object), %A EAFAATIE A E AR R T80, HEBE N —M yield
B yield GE{E AR, ERt B0 S ke (35 M s M E iy wy PR . HaE
R ¥ EA ZBERENS P __anext_ () [BIMEM WS AR BIER, &R E LK
AT, 52 (E PEP 492 f1 PEP 525,

asynchronous iterable (25 [ [EfCHf:)
— M Y, BV PATE async for BRAA R . UWHREMW _aiter_ () method [A] & —
{®asynchronous iterator (JEFZEICEE). B PEP 492 2| A,

asynchronous iterator (JEFRIZBECZS)
—{HEME _aiter_ () Ml__anext__ () method ¥k, _ anext_ () WEN{E—{#awaitable
(WS E) o async for GENTAERIEENMR AN __anext__ () method i [l /it ] 26 R4 14,
HFI'EG[% stopAsyncIteration fil4h. H PEP 492 5] A,

attribute ()&M)
— R LI A B RO ME, RZ(E K RE 75 1 ) 40 P i 502X (dotted expression) [ 44 g 22 B . 3]
an, WP o H—HE N a, HIFZETERELA 0.0 #i2HE.

WER—E T, 6T — AR B identifiers T e 36 2 #h([E)4F (identifier) 118 14 & 4
FIRERY, BIANGEA] setattr () o 1RIEFRI B 1 M6 0 1 BE 2 B SR xR, T2 5 B
getattr () FKESE.

awaitable (W[ Z:55911)
— [ T AFE await R X P HEEH AP 4. B0 PA R — Wcoroutine (hHE) , @ — A
__await__ () method ¥, 352 ([E PEP 492,
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BDFL
Benevolent Dictator For Life (&S {-28M#3% ), X 44 Guido van Rossum, Python [ .

binary file (- JERIKEE)
— 1 BEEREBURN 8 A bytes-like objects (BN TCHERYIME) W file object (REZEMIF) . iR R A B+
A DAL (b, 'wb 8 'rb+') BIEMMEZ . sys.stdin.buffer, sys.stdout.
buffer, PAM io.BytesIO Ml gzip.GzipFile EHi.

w2 Eext file (CFEE), ER—MHAEERIRIEA str WIRERYT.

borrowed reference (i1 18)
7 Python [f) C API 1, f I 2 —RE WM IR, Hh i o EUSEAEE M2
MR, IR B, o E) 2R R F5 A (dangling pointer). 4N, — K353 ML (garbage
collection) T AFS B39 {41-1) e 15—l strong reference ([FIZHR), T4z rsHE

$borrowed reference WERY Py_INCREF () DA B HE (in-place) ¥ [EElstrong reference 245 ik 1
¥, BRAERZE AN RBTE SR — IR A 2 IR i 8E(E). Py_NewRef () Rz HT HIHA EEr— 188

Hstrong reference,

bytes-like object (JEfc4lhitk)
—1 3 4% bufferobjects H.BEEIRE ) C-contiguous SRV . BHIEHER bytes, bytearray
flarray.array P, PAKEFZ % M) nemoryview Y. FEATCAHER Y4 PT F A B8 AL
R A S SR A A . R AR R RNE I socket (FHEE) k.

UL TR A R AT . (EIIA SR A @RS L AR [ R R S A e AL R 1
AR SR (E I ) Y4 bytearray, PAK bytearray ) memoryview. i85 75 2
BRI AE AR T Y (TN Y])) s B3 bytes, PAM bytes
Y memoryview,

bytecode ({IC&HE)
Python 1) J5% 4 1 & 4 i i AL CALAS , B2 Python F2:UAE CPython BLFEES T YEBFRTE. #% (L
TCAHAS R PR pyc BT, PAESE R TR — AR R R RE s peskl (W] DA 7 S L 18
EgREN CAHME) . S [T EEES (intermediate language) | #2E) 281 THE— W virtual machine
(EWttar) b, sZEW S G AT B 3 1 O AH A% 3 HE A M #3105 (machine code), ZEERMZ, 17
TCAH RS PR a2 VAR R R Python [EHEMEAS 2 HIEAENY , R BEXE AR [RUA Y Python 2 [H] AR+

(LTS8 25 2 7] DATE dis ASTAH A [ HH SO 4R 3

callable (wW:nL#{t:)
—{H callable J& R] ARGIFERY AR 424, WU IR AT REDA R A B0 — A5 1 8 (3% Wargument) :

[callable(argumentl, argument2, argumentN) }

—A function BLEGEAH fjmethod FJ2 callable, —{HAEVE __call__ () J7¥ERY class 2 B il 2
callable,

callback ([a[if)
VIS | S5 R 1) — 18 B 2X (subroutine) R, &7 A A LA R ] B e LA 7«

class (JiE])
— P A A e AR . Class 11922 230 7 @ £ & method £ 3%, 182 method 1] DA
£ class 1B LI THAE.

class variable (HE[E/528)
—fHAE class "PREFR, HIERZLBEAE class IR (RXBINEFE class B ) wiis ok sy,

complex number ([E14%})
—HI AR EHAR ST, TR BT G 2R [ B A — W ERR 2 F. [Eldogh 2
[ElEEA (-1 PR POECERT, AR SR g (E 1, TR RE) 5. Python
[ T HEHE %, ©rARENRERIRES; FRRaE - mesn 5 sime, sl
3+175. #EHF math BEAEIR THERH M RER, F5600 cmath B4, 00 12— A5
MR EEET e . IARIEG 20 2 B e MoK, AR T AR VR T DA% 42 b Z 0 T
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context manager ([5EE5PNES)
—fE ] AFE ] with BRI RERBE:, MELEREFR __enter_ () fl _exit__ ()
method A% H ). #EZ[E PEP 343,

context variable (Ji5hE5s))
— {8, HAE T DARSE R ST SR i A e AS ] o S5 28 U T4 [ 384+ 77 [ (Thread-Local Storage)
eI, — A R AT A T R A R R R(E . AR, BEASBEEB, M T s Re e
BT, MRS EE Mg, RIEETTRYIER2T# (concurrent asynchronous task) Hi, #f
béﬁ%{ﬂj(%ﬂglﬂ ° %%% contextvars,

contiguous (JHAEIT])
R —f 4218 [ 52 C-contiguous 5% & Fortran contiguous, I’ & e Hipi i E S 480 . B4 (zero-
dimensional) {4 [ %S /2 C M Fortran contiguous ., F—#ft (one-dimensional) [#i%1| /| 4518 H W JELERD
TR RS PO A AR RO HES , TR PR P LR IERY . 7F 2 4% (multidimensional) C-contiguous [
Fr, FERC RO NE T A I R, AR — RS s b et 81, £ Fortran contiguous
Wz, ARG bk

coroutine ()
ff2 L2t (subroutine) ffg— M E ROt MRS A AL 0 It A ED 25— S 1
EGR . R AT ALE FF LS N R B IR Bl A L SR AR . EMREEIA asyne de £ BRIAZHE
HIE. HaE2([E PEP 492,

coroutine function (FErA=)
—fA ] i corourine (FhFE) PIFRIRES. — M FEENEEVA asyne def Rz, [Ev]EE
4 await., async for fll async with BT, ELpEH PEP 492 3| A,

CPython
Python F2 555 FIAEHE B /E (canonical implementation), #¢#E7i7E python.org |, [CPython | &1 #F
FHTEL R A, Al M B R B RE F R EAE, 40 Jython B IronPython,

decorator (Z:fiizZ%)
—E R, TR E S R, W E TG ewrapper #EE, B El-—E R X1 8 (] (function
transformation), SEHFESHE REME classmethod () Fl staticmethod () .

Aetian ik HUE AR . DA ek U FRAERE 3R 2 SR -

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

@staticmethod
def f (arg):

Class WAFAEAHIR S, (EAEAREILL O H . B e 2 1%, w2 E e 56 class
S FEMEI S

descriptor (1iiA%%)
EEFET __get_ (). __set_ () 8{ __delete__ () method [9¥{t:. H—1H class J&EE—
TEFRER R, ERERR AT G e B A SR R s . W H, (M ab KBS, st sEIRR A
JEERE, &7 a W) class FHLAP AR A RRE o 0, BIR o 2RSS, TR ER R AR
method ErgITIY . EHEIRER B E IR AFEAR Python (YRS, WEEMEHFLIhREMERE, BLL
hiEHE . method. J&VE (property). class method. [EJfE method, DA J% 3%} super class (4QHHE[E))
e

B 72 4 method YT M, 52 descriptors Bl iR #3467 .

dictionary (zilL)
— I B ¥ [ 51] (associative array), HHT 2 8 G it B . S0 DURATAAEA __hash__ () f
__eq__ () method ¥, #E Perl g FEEIAEE] (hash).,

dictionary comprehension (L4 &iEE)
—MEZEW I, HARER T E Y i s e R, [ B A R DA 52 i ]
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results = {n: n ** 2 for n in range (10)} €EFA&E—FFH, BEESTH n BITRE

n ** 2, #52I[F] comprehensions.

dictionary view (zHURGHL)
# dict.keys (). dict.values() M dict.items () F{EIYIFRREEFZHARH . S MERHE
TR IEH B A, B FR R I BB, A s L B . 2 E G A
HHE)E 8 list (52%1)), A list (dictview) . FHZ(E] dict-views.

docstring ([EIH)
—fHAE class, pRNEBLAL A, VEESE SR U B T SO . BESR T EE AT R € i 20
I GrReap R, [EOIA T class, BASRBEALI) __doc__ BEMEF. i) H il DA
H[EVE (introspection) HC[EEE , A e 2 A B I SCOA7 IO R A7

duck-typing (W f-24[E])
— MR GRS, TR AR A M BB R 2 R S A B RER A BUm AR 2
()52, method I & 1 & ¥ A b Py s . (TSR e AR ARG — G 1 HL e e fg —[E g
T, WEE—EL—EET. ) HEEG e ZE, osksra (@ eegn
(polymorphic substitution) AT () @G PE. W6 T AREI SR ] type () B isinstance () i
rlEt. (ERdvEE, M TRE DA 36 2 48 ik 285 (abstract base class) KR TE. ) SR, BiEH
GEH hasattr () Wik, SiEEAFP R EERTEM .

EAFP
Easier to ask for forgiveness than permission. (FFREXLFERA VT ER S ) BT [ Python 4l
AR Er SR A R S S VR A AE (BT % (R o o 91 T R PR 91 b o 3 el () L 1 A
HAFr O RAFAERT 210 try Fl except BRI, sZRWBFF 2 HALGES (140 C) # RWLBYL k%
TERLT ¥

expression (FHFL)
— B AR R ERAE . EWEEE), — S s, AR, B ek
Y 53 S A T R BB, T ST R R . B 2 HALRE S R, [EHETE
Python 3 FH AR 2 B X . F /MG —Lstarement (BRIAR) AREGHIEER L, FlU0 while, X
{H (assignment) # /2 FfA, MR EEE .

extension module ($% 7 Fi4i)
—fHPA C 5 C++ S B WARAL, Bl ] Python 1Y) C APT AREEAZ .U e fff 5 R U e A T H8)

f-string (f &)
PA T 5 E BRI R SR R [f 2R, B R UM R SO SR . i 2(E
PEP 498,

file object (H§R¥fk)
R T AR 2 1) (file-oriented) API (#ll read () B{ write () 45 method) MRERAEITE ¥
TR RIS g i 2, 6 BB o A 30 B B A A 28 2 LAY 1) ot A7t i
SEE (FlanEEEs A /. RS EsRE R . socket (3. E (pipe) %5) MITFEL. RV
WL REIE) 28 4% £ 1 (file-like object) BY B 37 (stream).,

HEE L, H=REEEY: RN =548 5 . Sl — B 158 SR T4 % . EMMAETE 1o
W e . B REEY R A2 open () .

file-like object (JFRSRit:)
file object (FEZEPIF) WIFFEFE.

filesystem encoding and error handler (43 2 &% i il HIEE 5 i BH PR 2X,)
PYt/lllzon R — AR S AN SR IR R R =X, AR R B AESE R AL, PASGK Unicode %t
MRS

T 22 2R 0 4 R 0 ZEU R 3 BE LN RIS o A /N 128 [ TCAL . ANSRAR R R S s i MEvA TR AL BL AR 35, 1
API {0 &5|%¢ UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () I A HIRNEL
A 8 R 0 A RIS R B i B R X

filesystem encoding and error handler (%8 22 %% & 15 A1 & 52 ) ¥ o () & ¥ Python [E) ) K
PyConfig Read () PRI KALE: #H&[F filesystem_encoding, DA PyConfig [ E
filesystem_errors,
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ek zFllocale encoding ([F I 4RHE) «

finder (=Hi7%)
—E P, e ER(ENEAEY, import A K loader (FALR) -

¢ Python 3.3 BHIG , A WA FMES: TRAE 5 % (meta path finder) €{# ] sys.meta_path,
Wi¥44& 78 B F 4 2% (path entry finder) € {fiff] sys.path_hooks.

#2[F PEP 302. PEP 420 #11 PEP 451 DA T f# ™ Z 411 .

floor division (Jn] | IU%RT:)
) N AR 2 B B B T B U BB IR . ) NIRRT / /. B, ERC 11 /7 4
R RE 2, B float (FREH) EMBIEFTEMER 2.75 A s5ER, (-11) // 4 NEERE
-3, WENR -2.75 ik T 8% . #2(E PEP 238,

function (R
R B S, E REEI R e et T AR IR S sk 2 (M 5| 1, i3 e S gl
JR R R AR EIT. BiEsEparameter (28%). method (J578:), VDA function Zfii.

function annotation (FXEIRE)
oK 3 22 8 [ 1 — M annotation ([E1FE)

A EREE R 2 Ee = g, SMERATEY R WM int 518, Eef—@ int @
e :

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

of 2 ERE R REAE function ZEHIA FEATIARRE .
7t 2 [Elvariable annotation F1 PEP 484, ¥4 WINREM A . BREBWREERTE, Bzl

annotations-howto .,

__future__
future BiAR: from __future_ import <feature>, ®I5/R & =es(H JHATLLLE Python
PRI BE A A rp i B IV P R B 3, ARG B Bl A, T __future_ BUAHAIRE T

feature (7rfie) PIREMY(H. 73l import LA [EIS HAFBOR(E, VRAT DA S — BT D RE 2 ffIRr i
PG BILERF, AREMRS G (REK) WIERSm6E:

>>> import __ future_
>>> _ future__ .division
7Feature((2, 2, O, 'alpha', 2)/ (31 OI Or 'alpha'/ O)I 8192)

garbage collection (3% nlik)
FrSEOI R FA T B A SCRERL 0B, Python BUFFKIML I, 245 i % HUH B (reference
counting), DA K¢ —{l A& [V Ag i F1 v 7 2 BRI B2 (reference cycle) (1) 4 B B3 [ Wi 2% (cyclic garbage
collector) &5 it B3k MR W PAEF g ABE4H 38 JLat A 74 il o

generator ([E/]:3%)
—{ €r [l generator iterator (EVAEZRECER) M. EHEERGE —MHEFHEREX, EARKLE
AET yield EHN, REE—FRINMME, SLE W R for R, 8020 next () KX, HRH
R — A .

T AE TR B AR —EA g, (SRS, T ie R Rl AL SERE. #HE
TR EERERSRE , MEat i se B itral . DABESLE 5

generator iterator ([FJZ:Z$EIC2S)
—{# Hgenerator ([EVEZE) sRCHTESL P

FH yield P EaMAT, FR M Elimikeg (R R M E b1 wy Buk) . #E

3 )%%K SR, BE i Ik AT (B SE g R IRp R 0 B A 1 e U IR
i) .

generator expression ([F)2}: 2§ #55)
— (g mEE RN ERA . EERRG—EEFWERX, B M for T, & e
e TEE s, @R R 1t PR A AER X GESNE w2 E A 2 -
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>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (Z%1pfX)
1 £ 2 R A B pR X, % o X S [ 1) (BB VR [ (Y S P o] 3 % G O A
Y, B EE Y (dispatch algorithm) 2E[FIE .

a5 [Elsingle dispatch (¥—3H) #5565 H . functools.singledispatch () Hffifefl PEP
443,

generic type (Z7I[F)
B 2 WA (parameterized) fynype (RUE) s iE#E (A AC8E), B2 1ist Ml dict, &
OB [Fie = M

g2 AE 4~ RE. PEP 483, PEP 484, PEP 585 fil typing 4.

GIL
#5 2 (Flglobal interpreter lock (43 228481) .

global interpreter lock (4% 8H)
CPython B ws I AR, 1 DARE DR B OH8 U — BT 44 BESLAT Python [byrecode (fizyC#
) . FwEW AP (EFERH Y EIEAE), 1 dict) HEjHLEESETTAE (concurrent access)
WfE B, AT AT DAfE b CPython MY BCAE. 8@ e E e, SRR EA S ME L HAT4
(multi-threaded), {FAXfE 2 Gt 1 2 s LS O M AR RE IR LAY — R4 P4 71 (parallelism) .

SR, A Le PR R4, M R E M a2 =y, Bk s L AT R A ol A (B 5 145 4
(computationally intensive) [RTF5E, ATDARK: GIL., B4b, 1EMFT VO K, GIL 48 2 erihfEig.

WEEA AR (MR ATAE ] B (DAOE R BRI SUE S L R B ) 1055 BRI
U1, WERE—fiys— RSN, Meeeaprak. —BGRE, HEOIGEMAREmE, &
FRSEREIRERT 2, AT 5 A AR

hash-based pyc (ZREIZEHERT pyc)
—{E (L TCALH (bytecode) BT A7AE , & I A [EVE T AS /2 38 HE R AR AR R A B AR A B RE [, RHe E oA
Rtk . #E2(F) pyc-invalidation,

hashable (7] §E))
W E A ENE, ZEAHAEGER F RS (EFR%E MM _hash__ () method) ,
BB A EA O (ETRE— _eq__ () method), HREVE Ml =T #EW . LhE4s
SREH S Z A8 ] AEE 1, e M b ZE A AR TR A EME .

AEENE: (hashability) {fi— PRI A dictionary (F4tt) MYHERI set (Sfr) HURE, HEELE
R AR H TR A TR E .

KZ 81y Python AT S E@ Y402 T AEEY : "SR AEE (BIAN list 57 dictionary) [EVAZ; TR
AR (B0 wple (JCAHL) Fl frozenset) , JUAHEMAYICE R TEER), BMA S 420 i
Efy. AR M A€ class BYECH], HELeY F e B E ] AR ERY . & M7E A LU
AN (RAFEMERCRE), mEMREENRAE A EMY 140 .

IDLE
Python [1}] Integrated Development and Learning Environment (%4 BH 25 BB BEES ) . idle 2 —fH KA
() A A B R AR IR BT, BOR Python BT SEA TR — A2 g 11

immutable (A w[5&91))
— A HA B ER. A3y aiEss. FHA wple (Joél) . BHWIFE A REHISCER
NSRS [ A (b ZE R G A, MBS, — B . MR SR RENE Ry, i E
B, 140 dictionary (ML) i —fEGE .

import path (5] AJf%)
—EAE (SssieA B ) WFER, MARLEALEHETE import #AHKE, & @iparh based finder (FEJAHE
R A es ) BN E . 7F import [, AL E Y FEEEHH sys.path, (HERTEM
(subpackage) 1M 75 , ‘EWAIREEH A LEMNH _path_ EFit.

importing (5| A)
— (AR . —EBLAL ) Python FE=UA AT DAE M BEAR AR, ) — AR AL H 11 Python A2 CHS {5 .
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importer (5IA%})
— (A REE AR XA EBER finder (FAgAR) tRloader (BALR) WF-

interactive ( H.E)I1))
Python A7 — i B BN EFRAS , 16 F/RN IR AT DATE ELRRAS 3R 7 ool A PR AR, ST RIS
MEAER ML R . REES python, NFEALMGH (WTREFE b & VR FE IS ) 5k B st
B). aalE e EEA S IR ER Y (FERCE help(x)) .

interpreted (Pi8RY)
Python j&— M B #3E 5, M S ErE S, NtE I 54 T fE7G Lo, (HIENA (7 JC41A5 (bytecode)
SRR AETE . BN FIAE R T DA E R E AT, MO TRE R N o — AT, AR AT
B HiEa sl i eh oA AR BREE / RS, R e M A AR = A TS g . S
% Flinteractive (HEIH) .

interpreter shutdown (P73 FH)
i Python E{FB#R 9k ZKBHPANY , B arf A— BRIy B, 7 e B i i A s e & s, 11
TR AN 45 TR PR SR EIR A5 M . @& 2 WRIFE U35 3 ) ) 35 (garbage collecior). 38 REEIE#E i FH 2 B
TE WA HERR X (destructor) 5555 | F A1 (weakref callback), [FRf7H A o RE 205 . 7 BH P I B b
%Lﬁﬂ%%;’;?ﬁ%;@i%ﬁ%@%% , WIEE Bk A G IR TREA A TER T (8RR K112 5K X R AL
BOEE ) .

HEG I F 2R, 2 __main_ B EEPOESTHEIA T AHATIE .

iterable (WE{C#1F)
— TR AEE— Wk Il — R R . ATERAD PR 6 T (AR BT A P 7 E] (182 List, str
Ml tuple) FIRLEARFHAE, B2 dict. 4500, PARARFTERIENT class P14, HERLL

class &5 __iter_ () method B2 & {Esequence (JFH)) SEEM) __getitem__ () method, ¥
T E

A EURYI AT A for EIREIAIFF S HALTE B F ST (zip () map () ...). &M AT E4)
PHEES | o A E R iter () KB, B GERZY A RE—MEERR . HEMR R 7 et
— A (BT ik (one pass) . (HEIAS R, WHEA—EEIPN iter () s HITIEEEEIR Y
. for PR G A BHERIEFLZ L H , BRI AR G 2 S, FIREEIRE 0 R
HZEUEs . BigzElierator (EURES). sequence (JE4)) Flgenerator ([E)ERE),

iterator ([E{t2%)
—fHF R ERRA E. EEREERZRA __next_ () method (B /245 & 8 I8 45 [E] 4 oK X
next () ) K7 EEER RS TEH . EAFA ERIE, BIE5]% StopIteration fl4b. Bt
W, ZERSY g s, M E{T%H _ next_ () method [yiE—0EN], %5 H & KD %
StopIteration. [EMU#RMAZEA M __iter_ () method, ‘B &M EEIRIMIEA T, BrAGEHHE
EMRCE AR T EU 2, ELT AR K 22 o F HA T B R 435 & . —RIREEI BI41, =8
#t Z i [EfC (multiple iteration passes) (ARG . — &AM (122 1ist) ERFRREEEELS
iter () MABALE for EBHMEHERE, #HEEE —MamnEes. HERSERLE (2R
ﬁ) e, @ e —mESC BB . W e S ER R, ARG
B 25 [ 254 o

TE typeiter SCHA] DAFR B 22 B
CPython E{fi:4f{i: CPython EI N R A% —H# rigsds [EDRIAEFE __iter_ () BEMM

2

JE o

key function (Z=X)
R U7 R 2 (collation function) & —{f A Y (callable) pRx, ‘& & [mlfE—f FIiAHEF (sorting)
B{SEF (ordering) {E . BIGH, locale.strxfrm () ¥ JH AT A —0 T i e & HE A 1 B HE
JF

Python PiiF2 T H., #RH3Z DASE ek A il e 2 e e el 2 L 7 30 B T3S min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () »

A #IE T AT — R . B, str.lower () method AJ RAYEIEIR 43K/ INES HEFF 11 68 bR
Ao B, — R BT AR 1ambda HAAGO#E, HIH lambda r: (r([0], rl2]). 74t
operator.attrgetter (). operator.itemgetter () il operator.methodcaller ()

=l R 2 F A R X (constructor) . [ T AT 57 A0 P SRR SR SE 81, i 2 E a4 o
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keyword argument (2525 185%)
52 (Flargument (5]35).

lambda
i B —expression (GEE ) 4 — B 4 1TEIK X (inline function), A 3% b8 =04 P 0y sk (A .

#£37 lambda X HFEVE 2 lambda [parameters]: expression

LBYL
Look before you leap. (= RAMIA%AT. ) 5& M Al EUS G 7E A TP sl A bk 2 w7, WA RSB
Pt EHEEWEEEAFP T2 N, HENFOREARE 1£ BUAMIEAE.

TE— M WiTaEEEEE T, LBYL FaUA7E [ =18 Ml [#47] Z 51 AT #EWE: (race condition) f
JEBE . FIINPA T AESCHE if key in mapping: return mappinglkey], WSS — @ iT457E
WA Z AR EAEEIRZ B, 4 mapping PREFRT key, HIazAR=UAGHL € K%L S T T D P 4 (lock)
o i | EAFP il =R lE]

list (Hi%1)
— 1 Python [El@ {#sequence  (J751) . BB 4 T2 list, BHEERURIHALREF oy — 18 )
(array) M AR —(H #4551 (linked list), ﬁﬂlﬁ%‘?ﬂﬁ IRF I EAE L2 O(1).

list comprehension (5 5|45 & 355
— T P A S — {7 50 P AR Ay e 3 (A A SR DA — (1 list [ 2 )y ¥k . result =
['{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[4 — M list,
Hop a0 3 255 §EEE], A s TS fidk Ox.). if ?@%i%f%@%o wRE e,
range (256) WA TCRA SRR .

loader (FEAZY)
— (B ER AL . T EEFR M 4E 1oad_module () [ method (J5%5). i AZLEE
Bt finder (FA452%) FE., WE2HAHH2E PEP 302, Egjﬁl\abxna(lbase class (fhaREHEE), #

%[F] importlib.abc.Loader,

locale encoding ([ 38 Zi5)
£ Unix [, ‘B2 LC_CTYPE B EmM 5. B PLH locale.setlocale(locale.
LC_CTYPE, new_locale) K#HE-

7F Windows |, ‘22 ANSI U E (code page, @l "cpl1252").,
7E Android 1 VxWorks |-, Python ffi ffj "ut £—8" {E[F] &8 4% .
locale.getencoding () HJ DA ACHUAS i tak i -

WA filesystem encoding and error handler

magic method (BT #71%)
special method (FRkITE:) B —1EIEER R .

mapping ()
— AR YA, BB RN AR, HAEE {E abstract base classes (i ¢ &R H(E)
collections.abc.Mapping B collections.abc.MutableMapping FT$5E R method, i
BilfdFE dict .collections.defaultdict.collections.OrderedDict filcollections.
Counter,

meta path finder (JCEETE3HEZS)
— LR sys.meta_path [ [E[{# [ finder (FFAGHR) . TCHERFAGARILILIC A B S48 2% (path
entry finder) M BEZARR

BTN TEIE R A EY EAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHE])
— & class 1Y class. Class & FEimFE & & 57— class 44 . —1H class dictionary (FHL), DAK—1#
base class (JEJEHAE]) (1513, Metaclass B35 #3738 =05 |8, [ 3% class. KUY (F8 )
PR S Gt R EEE . Python FYRRE)Z BE7F A e BEEIE 7. H %11 metaclass, JCH 41
AHERAFEWTH, (HREF N, metaclass 1] ABRBLEIR BRI ME 2. BMEs AR
EF AR BT s att. BEYEES . EERFIR (singleton), PAK L2 HABKITE .

T £ %3 A DATE metaclasses 2 1R 5
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method (Jji%)
—H7E class A BSEIWE & Zm ek, WIS method VEEIH: class B 91— 8 B E g hEny , HI'E e i
FZE A RE RS —fargument (518%) (M5B #HEREE) self)., 52 function (FKRR)
Flnested scope (FIRAE L) .

method resolution order (Jj 7 M IE)T)
T5 YEFRATIE R A2 R S A AR, base class (JEJECHHE]) 48 S A)EF . BIH Python H
2.3 i E RS T RS EE AN, 752 (E python_2.3_mro.,

module (Ki%H)
—fE 4T Python F2=X 1% 2H 4% B0 (organizational unit) fy¥ 4. BIHA —MHdr 4 250, BEASIER
K Python #J14:. HEAHJEFE Himporiing W)L, ##E A 2 Python,
iz Epackage (£14).

module spec (L4 LK% )
—E s, BaE R ALK import #] B & il B J2& importlib.machinery.
ModuleSpec —{EEH .

MRO
it 2(Elmethod resolution order (7RI ) o

mutable (n]5EH1k)
AT A E MTAOME, HAERFEMA 14 () o A2 Eimmutable (RSP )

named tuple (Fff#7c4)
i [named tuple (P45 7041) | /2FH1E tuple #K T RIEIK class, FLEAYTIZR5] (indexable) JC
FA0 AT DA P42 S 1 AR . 15 S AR class R DAL A Hith Al 4k

A E)E A ()2 named tuple, f35H time.localtime () il os.stat () BERE. B—HFEHAT

& 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

A 4% named tuple 2 FIEME (0 EF) . 8, —1F named tuple 7] PAGE — 10 IEHLH class E
FAE L, KB class 2K H tuple, HEFR TH AL (named field) B AJ . @3 class 7]
PAF LHE. "PA/KH typing.NamedTuple K7, A7 DA T WK = (factory function)
collections.namedtuple () RZE.. BEFAHEIEIN T —L4E /M) method, 35 LY method A
b2 e F 57 sk [F) 1Y) named tuple W1, SEVEIRET

namespace (i #23H)
SHBE R . 4 25 RZ DA dictionary (SFHL) BEEEME. A s . Atk K a4 25
MAEY T (FF method H) WA HURAG 44 25 W] v 4% 25 IS B 1k a2 18, SRk . B
fn, PR3 builtins.open fll os.open () s&Zi B M I 4 25 MR E 8. A4 25 s
Al R 1 40 2 TR R AR A A BV — M pR X, ARG ] e M T 4P . N, %5 random. seed ()
B itertools.islice () MEMFE R, BEEKA D ERE random fll itertools BIAFEEAE .

namespace package (@i % 23WEM)
—{ifl PEP 420 package (£) , B HAEIEE &4 (subpackage) i —1H 285, v 45 25 & {4 ] g
EA ERn R, mHEEKRE M A E—Mregular package (IEFEL) , RNEEMEBES

__init_ .py BfffEE.
FtzElmodule (F4) .

nested scope (HUREHIR)
AE(E]22 I8 /M 7 3§ (enclosing definition) FF [RS8 AE Ty BEBIARIE], — {0 R =S AN SR 27 5 — M pR X
e, BIEMREEs WANgm0h s, Fe, AFEEEETS, SR b2
W, T R ks e e B (i Ik P R S B IR, A MU A Ak 44
23 R B . nonlocal ZFEFEIMNEME I TR A
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new-style class (#1%i[E])
—EE %, ERIEBIENTAN class YEIT A 1) class a6 1Y Python fitAsr, HATHi
class 7 e i Python U . ZEPIRE, 1402 __slots__. §iA#F (descriptor). J& {4 (property).
__getattribute__ (). class method (FHEIJ %) Hi static method ([EIBEFTY:) .

object (¥1})
HARE (BrHESE) Ko RmriE (method) MEMTEER. &R TMnew-siyle class (FixHH
[F]) B4 base class (FRHE).

package (£if})
—{[ Python [{module (F541), BRI DAL E T4 (submodule) B¢ 2B EN1 T2/ (subpackage), I
W EmE, EFERA __path_ YR8 Python I .

Wk Elregular package (TFFEME) Fnamespace package (64423 MEAE) .

parameter (Z#)
AE function (PA=) B method 7 3§ P 1) —fH iy 24 B #E (named entity), &4 B 3% bR 2\ BEE 32 32 19—
Margument (51#0), SAEFLEE R 2M5 8. S5 H FRER RS 8EA
« positional-or-keyword (Ri BB BB : 5T (HTT A% 06 2 5 R AETE A 48 5 7] S0 PUE )
1. ERSEMTERER, GIMPAITIR foo 1 bar:

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

* positional-only ({EFROZE) : H5 I —ME L REH& BROL BAR AL T | . EpRE S 28 &£
W /50, nT DAERZ P OCHT T E SR E RO 2 8, HIANLAR ) posonlyl 11 posonly2:

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

o keyword-only (JEFREAHT) : FEHH—1H H AE AR S PR iRt a5 8. AR ERM 2 I %
o, AL S (AT R R E 2 8 (var-positional parameter) B ALY * ST, #UA] DATEHAR T
EFMERREE T2, BIINPA T kw_onlyl Rl kw_only2:

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

* var-positional (fEREMEIE) : 45U —HBELMERF PSR BLi 7 o | . (TEC B 2 8,
HEZEOIET | MZ AN . BRSO ERIE 2 WA E L~ AGEFRR, Bl

args:

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

o var-keyword ({ERESEBET): fHHTTHHMNTEEEERETSH (o Mts ez
?gfﬂ%ﬁ%?%l%&Z%)o B ERE RS EATR T N~ e, 10 1 #
| F ) kwargs

ST AR IS | SO SRR M B TR, AR AT DAE)— SRS 1 5 | e PR A
75 5 2 BV 3B R Wargument (5180) W H . W E 05| S0 2 82 M) 2[F, inspect.
Parameter class, function 2, VAN PEP 362,

path entry (¥&783iH)
Aeimport path (FIAMAR) i MAOLE, WMpath based finder (ERHARHIFIEE) FBHEALHE
Rag 2 import PRI .

path entry finder (PX4%IHH =6i7%)

¥ sys.path_hooks H— ] FERY 444 (callable) (& B)—1Wpath entry hook) fit [a] {8 ff]—F finder
BRGE QMR PA— A path entry g (i H .

BT IR AR TE H A 2SS EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (&% H([E))
1E sys.path_hooks F|FH)—{H AT AL A {f: (callable), #5 & HITE QA 7E— B FE 2 Bpath entry H
FIB, B G B {Epath entry finder (FEEEIAH FAGAY) -
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path based finder (JLRERFERI=H57s)

THBRIY 7UIAAE 54 5 (meta path finder) Z —, "B &AE—{®import path W38 A4 .

path-like object (%% £:¥1l:)

PEP

—EFIRERE R BB BT DU — M RN B R str 3 bytes P, 52—
B/F os.PathLike WEWIWM. HEFEIY os. fspath () KA, —f%X4E os.PathLike W&
] Ak (EFIE str 8 bytes R RASIKER; 1M os.fsdecode () M os.fsencode () Hl
SYETRT iR ERR str J bytes &R, H PEP 519 5] A

Python Enhancement Proposal (Python M4[El#%¢). PEP J&—3 & wHEIM Seff, ‘& fEE) Python - REHE
LR, U IR Python ) — 8 H7 2 REB % TN RERRE P ARG . PEP JE 3% B AL £l 2R 1 1 4
DA 2 T RE A S

PEP [WAEAE H 1Y), REBEIE I DI ae A4 5. A b B A 5 R R 2 RIE, ARE A
Python [t EISRAYFEED, 35 Sem PRy 32 2 . PEP (/8 2 Bt fept i B g v sk (F e [ S 3
R

#2[F PEP 1,

portion (334))

FEE— HEIh i — AR (T RERR (T AE— (M zip AR ), 5 LUAR SR AR — M Ay &4 M E {F (namespace
package)  TEK, HNfE PEP 420 FFE SR

positional argument ({3 ¥4 5|4

52 (Flargument (5]3%).

provisional API (¥47 API)

WA APLZ 4, e o 2 HE Y i 42 M1 281 (backwards compatibility) SR H, R HHERR Y APL.
SESR MBI, RS e MR EE TR, B EER e R, HAURE LR B
Ef %, WrReeh B EAMANEEE (LB ORI . 5% EA g M E A
— U APLYENAZ BIR LR B AN GG sl g vy, B A e

RIS AT APL, [a]4% A28 0 5 Tt e gl B E) [ SeA2 MRE) )y 28 | — ST (] ol 3% B g 1 1
P8R T ] BEFR H — M0 ) AR A R E ) 52 .

T {1 20 A (5 A5 A v o X B R R ) S A, Tl SRR A TR ) 2o B A B ) R s T B R
#2(F PEP 411 TfRE Z 408 .

provisional package (J11£:1k)

st [Flprovisional API (%47 API),

Python 3000

Pythorj3.x FHIARERE (RACARTAIERY, HREES 3 BT R AE IR AR 2. ) WAl AR5 ()
[Py3k ],

Pythonic (Python Jil#41)

—fEARIA BB UR, B T Python R e AR, A2 (i FL bt 7 A
AELVERESCAS. flln, Python i Sy —REE M, 2MH MM for MR, #—MEnERY
TR T e TER . FF 2 HALRE S DEA SN2, FT AR Python ) A H I & i
B E R B AR -

{

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

M2, PAR AR R . 3 A4 Python Jalf :

|

for piece in food:
print (piece)

qualified name (P} 9z #45%)

—{iil [EYrFEAAE], B BURR R e S AR AL P 2 381 class. (Bl method (1)
[EEAE ], 4N PEP 3155 W@ 3. B TEJE i sk UM class 15, BRE 4% RS ) (8 &4 AR ] -
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p
>>> class C:

class D:
def meth (self):
pass

>>> C.__qualname_

IC’

>>> C.D.__gualname_
IC.DI

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

IS BN, % 2 T2 4 % (fully qualified name) S ML 5 A6 BE SRR , 03 AR AT
MAZEM, Bl email .mime.text:

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

reference count (ZW8)
AP S BRI 2 BRI %228, © @ #IRALE (deallocated). A
se R TR (immortal) ] [EIHEA A S92 ek, R IGE RS THGEE. 28
F1HGHE FAE Python 2B AR E|, (HEELZCPython FAER—MBA#CE . ksl DAREY
getrefcount () PRER[EME -8R E W0 2 MG

regular package (IFBIEMt)
—fREG I package (£4F), Fla—ME& _init_ .py R HEIEL

ek Elnamespace package (423 EELE) .

__slots__
1E class [FIESY— M E 1, TREHBUCES BB ZSHE, PUIERRE G dictionary (FHL) , 5K
HPA TN BEOARK B PR , T M DA E RN 0 ), S50 B9 A4 — (T 0l
(memory-critical) f) i A= A7 AE R B 2 5 U T

sequence (J3:41])
—{literable (RIEMRBIE), ‘BB __getitem () special method (45K 753%), i FEHRT KL
BESRE TR, BEFRT—M __len__ () method & [1E %75 E B . —Le[F)7 51 2 [E)
fa#f list, str, tuple filbytes. igiEE, MR dict U3 __getitem__ () fl_len__ (),
{HE Bl [E3 R (mapping) T2 P51, FEHA 07 0 i AT B immutable 88, A

4 2 H(E] (abstract base class) collections. abe. Sequence E38 7 — 0 & & A 1HE ,
AEIRR _ getitem_ () M1 __len_ (), EMM T count (). index (). _ _contains__ ()
Ml __reversed_ (). EEMERAHEAYEE], WA register () #MHMEMEIE. =R
FEAN TR SO, W P A A
set comprehension (&4 4iE)

— RS YR, R BE— 8 v [EC ) 1 G ARG e K, (B 0 P AL SR DA — 1 set
[A[f#, results = {c for c in 'abracadabra' if c not in 'abc'} &[EE—{fFE
set: {'r', 'd'}, #52I[E] comprehensions.

single dispatch ( ¥i.—3qps)
generic funcion (JZZIpR) FHER—MEIER, FELL, BVERSEIER BN B —5 |3 ZU(E,

slice (Y] i)
—fEYIE, Bl —Bsequence (JPA) S8R5 B —BUI R 2 AT 5% (sub-
script notation) [1, #FE44H S MET, HfE#EFE 2 MM A E S, Flil variable_name[1:3:5].
EREE (D) FF9ERERR, &fH slice Wift.

special method (55 Jji:)

—7TE € Python H BN method, A% F A RUEIA T AEE R, Blannyk. 55 method )44
REEr e BBEAN 45 2 A W E FSE). Special method FE specialnames H 45 2L 4HEIHH .
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statement ([iiA=)
BRAAE—MEMH (suite, —AFEMG TEBR]) HIg—FB5r. B AT AZ —Bexpression (FEH
X)), WESHEETE (Bl if. while 5§ for) MIZM&ERY —.

static type checker ([FIfEMI[ERir73)
fristie Python FSCHSEVSHTHOSNIT S, ARkt R, (QROEN TR M RE. 5 2B
[Eli2 7 (type hints) DA S typing HAH.

strong reference ([F/2Ii)
e Python [ C APL Ht, [E|2 FUZ B S IR, W ERA %2 MR s . g s m
58I Py_INCREF () AEEE2 K. [E%2 KIES# Py_DECREF () BB M.

Py_NewRef () pRaCA] N ES, — S EI2 IR, @w, 76E B EI2 EAE Rz b, WELE
#ZE2 M8 N py DECREF () X, DABEGENR—H2 M.

Wt Elborrowed reference ({2 ).

text encoding (3% )
Python 155 2 —1{i Unicode A%} (code point) )74 (#iEFF U+0000 -- U+10FFFF Z i) . #F
B R — T, AT SR E A oA A

15—l 7 5B FE SR B e AL 51, ARIE) [4mfs ), 1 4E 7 Jo A e ) B o7 v - e R ARIED [ s
(decoding) |,

A ZTEA ST L ARG ES (codecs), EAMBATREE [ 307G .

text file (SCFEREZR)
— A RBEEII 5 A st YEI—1 file object (REZRWIME) . BH, UFRHBEE L 2AFIUTH
i) 1R &R (byte-oriented datastream) [E)€r [ B jE Hrext encoding (SCFERAE) o SUFRERPI T4 -
PAISCEREE (e 8 'w') BHEARZE. sys.stdin, sys.stdout PAM io.StringIo IHEH.

Bk Ebinary file (ZHEMNER), TR —HELBEBRNE A8l T4 &1 (bytes-like object) FIE
ES7/ LN

triple-quoted string (= 5|5E[EIH)
ARS8 ) S5 O WEELRS R — 78 MR e MEEA FL AR 5 | 55 a8 T A
HANNRE, EERHZEN, B2 EA K. MR ATE 75 T A8 K BEE (unescaped)
RS SRR EE S 195, 1 B e AN TS 7 A H 4 I (continuation character) 5P AFSZ AT, BT
A S 5 (B - e R A A

type (%[F])
—ffl Python ¥ {4 B EIEE T & 2 ERER AW M@ EERE —ERE. @ik aEnT
PAHER __class__ BHAATHL, B(LA type (obj) HAHER.
type alias (FU[EIEI%)
—(EBIEI 365, ERAGBENE 44— ER(E)FF (identifier) S
HFIEIL # A 2 [EUR = (type hint) R4 F . Bil4n:

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

FTPARIGE R, SR AR

Color = tuple[int, int, int]

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

i 2[F typing fil PEP 484, 7 ILIIRERHIIR

type hint (%I[EHE75)
—MHannotation ([ERE), ‘BH§E M8, —H class J& ok — 1 ok 2y 2 8ok BHEE ) T AUE.,
BIEH RSB PER, WA 28 Python [EIHIRY, (HEMBHEIRE 2 [El & % (sadic type checkers) fRA
A, [E)gelH B IDE 58 254 42 (completion) FIEE# (refactoring).
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4 s M. class B ME ORI X OF & Ik s 8 BB R, A8 LM A typing.
get_type_hints () RIEHL
#H2[F typing F1 PEP 484, 45 W REMIHA .

universal newlines (i J]Ef75270)
— T A SCF I (text stream) B9 720, € DA R A O ERREE—F7 89 45 5K Unix 17 R 1E B
"\n'. Windows {&f '\r\n' FI#¥) Macintosh {5 '\r'. 72 PEP 278 Fl PEP 3116, DAK
JA bytes.splitlines () HYMIIMAHZ.

variable annotation (%%3}[F1FE)
—A{[E 5 BB class JB P annotation ([E1F).

[ Bl class FEVERE, MR(E2 SRV

class C:
field: 'annotation'
S IR B [ (nype hint): I, SE MRS MBUM @IS ine (i) 1
[count: int = 0 J

5 W EIRR I REVATE annassign B2 6 A FEAR I R .

i 2 [Elfunciion annotation (#i=(E/E). PEP 484 #I PEP 526, ¥ iLahfenofiid. BIREREN R
B, 752[E annotations-howto.,

virtual environment ([FJHEERES)
— il {4 VEFR B (cooperatively isolated) (R THIHE, HERE Python [ {5 I 35 A I F2 A5 AR THA)
Python Z(EIE}:, 1A € 36 [H M 2 4% _LE AT HoAth Python I AE AT BRI A T8

Wtz venv,

virtual machine ([EJJHEZS)
— e 4 RS T E 26 EE S (computer). Python [ [EEMERS €811 T Hi byrecode (1LTCHLIG) Hadas
I B TOAHA .

Zen of Python (Python Z[F])
Python 51 HI| BT BLA 51 3, HLFIZA B FRARFN 6 F ILRR = o BLs R nT DA e B 4R
JUEEIA [import this| AR4KF|IE.
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (— & (E) Python [EIW]SCHF IR RS O SCPRIERERR ) 4B reStructured Text 45
TR R AR R i

Wil Python B B, ik H 1155 1 T EI SCARBLE AR BB BAT TR, AR ERI AR, #5572
reporting-bugs FUTHT, [ AH BRIl FAM i BBy B B A

et
e Fred L. Drake, Jr., Jflf Python SCPF T HAERYAITE # DA K — KM EIERIVES
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

% NFR I Python 13 M35 . Python 4223 p% 2 )& A1 Python [FIH] (4 B kil . Python B (E) R 4G i h
TAT M ERE R, # 7 Misc/ACKS .

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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appeENDIX C

i E IR

C.1 &icio

Python 2 1 7 B S22 0 5 AR R 2T 97 B (CWI, R https://www.cwinl/) [ Guido van Rossum & 1990
ERFHETAE, B 2/EE—EEE ABC SEE1E4E . [F)%8 Python 08 T &£ 3K B Hifth A EER,
Guido {32 H FEAEH .

1995 4E, Guido {r4E JE 5i M 25 WriE i B KA B iF 9T A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
fliAE Python fit) T4, EWEAREIEFE 7%l iy 2 AR A .

2000 4£ 7. H, Guido F1 Python #%.0» B % [#] ) 2% 2| BeOpen.com [E])i{,37. T BeOpen PythonLabs [# [ . [
4+ H , PythonLabs [ P53 Digital Creations (¥i[E] Zope Corporation; & https://www.zope.org/). 2001
4E, Python ##43L4-6r (PSF, K https://www.python.org/psf/) 37, g —{HEEHEA Python FHE %2
EHEIRENT A7 1) IR R 44K . Zope Corporation J& PSF f)—H & & &

Jir A7 B Python JRAKSZBHIRAY (A BB EFE, 2(E hups//opensource.org/) . M b, KEH{HAE4
By Python JAS, o2 GPLAHZAH; DAR FARAE 4 25 M A 1 22 [E.

BMRE BB Fn wEE GPL &% 7

09.0%F 12 A 1991-1995 CWI =
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com 75
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.12 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 7=
22 PAE 2.1.1 2001 £4 PSF 2

fiiE): GPL MALIAF R 21E GPL R #[El Python, A4 GPL, A1) Python FZHEHS AT DA 455 (1)
BRI, (AR B 5 o IR . GPL A2 B #2 HE(L 1S Python W] PA%S & A /E GPL R
SHE R EH B ERRERIARTT.
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IR 2SN T, £ Guido FRE NIATH, FfHE LA 1 B [ R(E AT A

C.2 FANREMHLIEMFGXER Python BHISHER

Python FCHFIEI SR RZAE 2 LR PSF 424 &4

% Python 3.8.6 B4R, [EIHASCH:rpagaifl, R BN HAWRE XA, 2908 FEIZHE (dual licensed) 7 PSF #%
WEA #1 VA K Zero-Clause BSD % #¢ .

A LEHAN A Python SRR BLA R R B0 S5 SEARRER G BB REZ LR — g . B RE 2
FHERI A SERETE L, 2 O T 3R 09 34 20

C.2.1 ¥ PYTHON 3.12.3 §Y PSF 1% &1

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

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

3.12.3 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 3.12.3 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 3.12.3 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 3.12.3 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
3.12.3.

4. PSF is making Python 3.12.3 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.12.3 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.3
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.3, OR ANY.

—DERIVATIVE

6.

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

This License Agreement will automatically terminate upon a material.

—breach of

7.

its terms and conditions.

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

8.

third party.

By copying, installing or otherwise using Python 3.12.3, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 4 PYTHON 2.0 ) BEOPEN.COM R &#

BEOPEN PYTHON BHIRFZRES 4055 1 I

1.

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

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.

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.

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

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

(BT —1D
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(B E—H)
granted on that web page.

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

C.2.3 ¥ PYTHON 1.6.1 g CNRI iR &#

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

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

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

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

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

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

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

EET—3
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(R L —5)

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 ¥ PYTHON 0.9.0 & 1.2 gy CWI i1R{EEH

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

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

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

C.2.5 Fi? PYTHON 3.12.3 [FEAX 4+ FI#2 X i5#) ZERO-CLAUSE BSD #%4#

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.2. ARFRHURMFXMERA Python BEHIIER
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C.3 #My(IIBkAS AR 1 B BN
A S AR SE I I G BEESET B, 5% JE Python ST B EDAG 5 =y B

C.3.1 Mersenne Twister

random BLAHIE T _random C #% £ #2402 7 A http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html f F#REIFEERAFERE. PAN 2 FEGRA SR sg g -

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

socket BAH T getaddrinfo () il getnameinfo () K=, B¥E WIDE BEZ (https:/www.wide.
ad.jp/) [E), FARTE] B JE A 2 vh bl 4 il -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 FEE ¥ socket JRIE

test.support.asynchat fl test.support.asyncore FAA SR :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

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 #{TIEN

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

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode &E=

uu BAL L5 DA

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML Eixf2FFueoy

xmlrpc.client PEAHALE DA FE:

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test.test_epoll Bl & DA NN

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select B kqueue 71t & DA R RN -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash. c f§ %47 Marek Majkowski’ 554 Dan Bernstein f{ SipHash24 JEEVERIEE. B8
PAT R -

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

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

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

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

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

C.3.11 strtod H dtoa

Python/dtoa.c fHEHALT CHY doa fil strtod pR, F A C A EEKE BE 17 BE ORI =2 5 HAHE) . AR %
FefiTA: H David M. Gay @7 [R5 , 1235 BIAE W] DA https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G648 2005 DA IR RE B 2 REAZE Y -

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

The author of this software is David M. Gay.

E

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

E O

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.

WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

*
*
*
*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*
*
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

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

402 OpenSSL pRsURT BEAE3E R B, Ml hashlib, posix. ssl. crypt BLALE M EAIETIAL
fiE. BLAP, Windows FI macOS [ Python 22425 BE£1 % OpenSSL pRzUEHRIEIA, i AR MBAE
IHEHK(E] OpenSSL #ZHEMIRIA . 17 OpenSSL 3.0 A< DA K Fh AT AR 1Ay SE KT ARCAS HUJSE Y Apache AT 7% v2:

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

N
Apache License

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

Definitions.

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

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

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

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,

EFET—3
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(B E—H)
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

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

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

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

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

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

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

(BT —H)
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notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

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.

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.

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.

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.

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

(R L —5)
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C.3.13 expat

M AEAE B pyexpat K EE] ——with-system-expat, #HIZHETEH—MEE expat JFAATE
) A S

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

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

C.3.14 libffi

BRAETERIE _ctypes BALUK T _ctypes Mkt € ——with-system-1ibffi, FHHIRZIHKSE
- MEEE Tibffi S5 4R A 1 Rl AR 2

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

URAE R S BAR B 2lib A KR PABOR Ik R 2110 JE5E, ARz se g M — M EE 2ib [5G
AR R A 2

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {#i Y 3EEIFE (hash table) F4E, J2DA cfuhash B2 ([FIRLAE:

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

(HEBT—TD
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(R L —5)
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

MAEfE NS decimal BAIE T _decimal C 7 fE et () ——with-system-libmpdec, %A%
PR & F (M E)55 libmpdec bR =X J8 i Il 4 A 5 -

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 B EH

test AP CI4N 2.0 HIFLEM (Lib/test/xmltestdata/cl14n-20/) 24 W3C #du} https:
/Iwww.w3.0org/TR/xml-c14n2-testcases/ #A52%, HEHR 3-clause BSD #Z#Eyt #(E):

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.

(BT —H)

C.3. #ugFIakienyIR{E BB 95



https://www.w3.org/TR/xml-c14n2-testcases/
https://www.w3.org/TR/xml-c14n2-testcases/

Extending and Embedding Python, %([F] 3.12.3

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.

(R L —5)

C.3.19 Audioop

audioop LA H ] SoX TR ¢771.c fEE P HIFEAE . https:/sourceforge.net/projects/sox/files/sox/12.17.7/

sox-12.17.7 tar.gz

BEPRACHS 2 Sun Microsystems, Inc. F)7™ fit - nl fHLIC KRB BE T o Ji P ml DASE DLl 8 e e A
T JC AT 2 o

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

ALY Sun Y5 RSBt 4 AR 2R H. Sun Microsystems, Inc. %A X 45 B HAS R . HEAE.
LR &R

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

AEALAH AL T Sun Microsystems, Inc. S5 AT A B 451 2% OHABRF IR . (B2 A RIS

SRR, B Sun £ AT A S AL S 3

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

C.3.20 asyncio

asyncio BEHHHHMNEIZ ¢ uvloop 0.16 A, HAELF MIT SZHEACHEE:

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

(BT —15)
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https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://github.com/MagicStack/uvloop/tree/v0.16.0
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(R L —5)
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. #ugFIakienyIR{E BB 97



Extending and Embedding Python, %([F] 3.12.3

98

Appendix C. ;BERiZiE



APPENDIX D

=
i
|mit
If

Python 13z 3 [EJHA SCH4- 04 IURE :

Copyright © 2001-2023 Python Software Foundation {3 & —HJHEF] .

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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PYTHONPATH, 52

A

abstract base class (£ & EH#E]) ,61

annotation ([EJ) ,61

argument (5|%) ,61

asynchronous context manager (3 | ¥
REEE) 62

asynchronous generator iterator(JE[ %
4 #FRE) ,62

asynchronous generator (EFFE4 &), 62

asynchronous iterable (3 # T EI®X 4 #)
, 62

asynchronous iterator (FEFEF[EIRE) ,62

attribute (B#) ,62

awaitable (T &&41) ,62

B

BDFL, 63
binary file (Zi#{rt$%£) ,63
borrowed reference ({EH%E) ,63
built-in function ([EZE &)
repr, 46
bytecode ({Ijt#L75) , 63
bytes-like object (MG HEHHE) |63

C

callable (FHFey44F) ,63
callback (E’]“?) , 63
C-contiguous (C ﬁ%fﬁ) , 64
class variable (’»K/E%%() , 63
class (#[E) ,63

complex number (%{) , 63
context manager ([EIEEZHE) ,64
context variable (‘%fﬁ%%{) , 64
contiguous (HEEH) , 64

coroutine function (HEER) , 64
coroutine (#H#) ,64
CPython, 64

D

decorator (HEAF#) , 64

descriptor (H®%) ,64

dictionary comprehension (FHiF4AEH),
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dictionary view (FH#ARIH) ,65

dictionary (F4#) ,64
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expression (EHZR) ,65
extension module (#EFAEAL) , 65
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finder (&g #) , 66
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1

function annotation (& RX[EIE) , 66
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G

garbage collection (B E ) , 66
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generator iterator ([E4 #EFIRE) ,66
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GIL, 67
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hash-based pyc (#[[EZE#EHN pyc) ,67
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immutable (RH &4 H) , 67
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importing (§|\) , 67
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