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B0 EH ORI AE C 8 C++ Hrgu B b, [EM6H F BTN S 7¢ Python FL3Re T BE. ARLUBA AT
PAEFERY R, tn] DU SR U E) S v (method) . SCEHEIZS €A anfa 4% Python FFREHRA
F— M ERARR A, ME-EE RS (extension language) (HH . Fef%, ‘B & i /m U] A B aH 45 0 Fo b4,
AR v DA SR (FE3EA TR ) Bl A B E AR, Al E R SA IR E M6 .

1& Uy EIRH SO B 5 EL A Python () BB . BN IEEE S 19 ARIER N 41, 75 2(1 tutorial-index . reference-index
T IE S EEIER N EFK. library-index FRE T BT I RE 5 B2 B S R 9 R E] . pRaEE ((EVEHR AT A
Python # &5 1Y) 4.

BH i~ 5E LY Python/C APL SEAHY4R, w5 2(E)7 #b—1r c-api-index.
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RS =77 TR

BN F R0 EE T I CPython IR FTER LAY . HI DAESZHER A TR, 5 =77 TR, {40 Cython, cffi,
SWIG Fl Numba, $2{t 7 s/ 5 5 sEEEeiy 28 77%, 2K(E] Python #57. C I C ++ 5.

b4

Python EfZEMi)i #idima:  HERI9% 52 Python 34 4E{i 1] % 41 B (Python Packaging User Guide) A5 1 B fi
AT DA 2R A e i S e AR TR, e wfamE e S — (R R ST RA FT RE e R B it
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CHAPTER 2

A S =07 TR % 78

AfEE i E— O EN, FEEH S =07 TRMBHIT, WflEsr Cfl C++ i5E. & R AR
THMBIEZN, MARREIRE H O/ C Bk .

2.1 U, C o C++ P3¢ Python

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

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

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

filE): C ¥ 474 CPython, 3 EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZiEh5 C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 AT BT

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

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

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

SCPE R IHRI A T2 -

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

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

f#iEl: BT Python nJRES E L —LL i HE e R G5 1 ARiE Sk SCHE AL B 18 S, TRIOAE A 5 AT A A v 3k S
22 wr, 5 P * include X404 Python.h.

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 NE

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

NI SRR C KBS I EI AT R, 24 Python ik spam. system (string) HORIEM
B (ARG 26 B E R L2 WTRaR i e) -

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);

}

ANHILERES S RNTE GUMAMmE “1s-1") 2248845 C RS CRBEZAMAISH, |
AT self Hl args

XFLRGE BREY, self ZRHRTIBBNS R XTI IE MR [ % G551

args ZH e 4t 17—~ Python 1) tuple XFRFEEE, KS5S80, &4 wple XY — MRS XS
Hth 242 Python XFR - ZAEFATHY C eRECH O E AT T2 a0 Hoe ey C {E. Python APT H 4 e 450
PyArg_ParseTuple () SAAS RSB IFAN CH. E B FATH Bl E T 2 S HE B K
FAEPCRAR AR C A B2 AL, A5 KF RS S LR .

PyArg_ParseTuple () TEMTA S A IEAHIS AU HLALSGH 0440 ¥ AL s e A Lk LN, 3R ol L

). HAEMBGATUSEETR MR (). fERSE0FH, AR e S, (U8 &80T DAFHE R [l
NULL (t5t 2 617 B IL)

6 Chapter 2. A4 = Ji TR w5
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2.1.2 Y FHEBASH

HA~ Python fFRESR R GEA — MU IR A B 2R B - 21— DR EUSFT RNy, BN S BE R R
R — AR (GEH Y -1 B NULL #5851 ) . (5 BARAERS ARSI = BUR . ARBA S
WENTRES NULL. FEHAAE 0T B2 sys.exc_info () [l Python JLAM Y C X &
1A 2R i SEBURI AT G o PR E AT TR T BRARGE 1 A gl (2 b it AR HE B

Python APT H1 5 SC T — 8 s Ok 8 B SR f

B & Bt 2 PyErr_SetString (). H SR 2
PyExc_ZeroDivisionError XFETIE L4, C

FRERRT AT N R RIRAE

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

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

BB VRN — R g WS B S AT 1, f B4 A Sk e RME GEFY NULL B -1). B
FRAZPA A PyEre_* () BREL - XIERMC AW g M 1o f BT RS M 20k o] — MR Dok 4R
™ e, R R LI PyEre_* (), MU - SR URAY IR RN IR E 2 o v ST 2 2 R AR
WA T — HaX R E A Python MEREGRI0 LARER, E & 1LY HTHATAY Python U254k i) iy Python
FEFF SUBT 2 1) S T AL AR

(FEHLEREOU T, B SCREAS S TR T L PyEre_» (O RS R MR A UGN, IF HAEIX SLt i
7 AT DOKAR o (EUZ R IR, X RALERY, TR SO R RIEN I B £ REBHRES
H TR b 5 PR i 2 I )

TR i — AR GO eR RO BT BB S, R AR R AUE L ] PyErr_Clear () RICHLAER IR
C USR] PyErr_Clear () HYME—FEOLR AR EAN IR AR R A 5e 4 h A CoRALBEE
(ATRE Rl , B BB HAS ) o

B L) malloc () &SR —D 5%, malloc () (8 realloc () ) B ELE:E F 3 2 498
PyErr_NoMemory () iR 45 RIER . A XG0 @ R4 (Fili PyLong_FromLong () ) E&XAM T,
Fr A AR AU T EIEVHH malloc () WIIHHL.

R, BRT PyArg_ParseTuple () SFEERYBISL, 1R[] B HOIR ARG Y R KICHE 7R J 1k [a] 11 {5
TRFIRINE, MPA -1 Fon KM, Anfe] Unix REE0HH—FE.

s MARR B AR PR A B B B AR IR GEA AR T BT X R AT Py_XDECREF () B}
Py_DECREF () J&H)!

PEBE 5] B MBS S o0 A B TR0 5 4. BT N LY Python S #5G X B 1) 1 75 B C %F 4, 63l 4
PyExc_ZeroDivisionError, IRAIAE M A EAMT. MK, RN 24U H k& 7R W - A2
PyExc_TypeError RFR— X TLIEPATIF OIF KM 1% PyExc_IOError). WIRSHI| LA H
&, PyArg_ParseTuple () BHUHE 25K PyExc_TypeError. QIRARAEZE— NS HAELHAL THE
fﬁlﬁzmﬂjﬂ‘@jﬁ/@ﬁ:ﬁﬂ%ﬁ:, )”Ulﬁﬁ@ﬁﬁ PyExc_ValueError,

VR AT AS YRR A ME— A S o T SR SCPF T A I — S R AR,

SR C . RENR - KER
TP AR SR R, s el — A Python ¥

static PyObject *SpamError;

H HAEARBI BRI UG R %L (PyInit_spam () HEH— A58 X SR IR L

PyMODINIT_FUNC
PyInit_spam(void)
{

(Rt

2.1. U C 5 C++ #; 3¢ Python 7
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(R —H)

PyObject *m;

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

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

return m;

W S N4 ) Python 44 72 spam.error . |l PyErr_NewException () EREAIPAGIE—N38, R
A Exception (RAER A — 1 FME A LA NULL ), 4752 L bltin-exceptions .

IR R AR Q@R T SpanError M—AN5 1, X @B I 0 T 7 IRk ik, 5 W) SpamError
BERS 2 SO EFHRE

—2 e PYMODINTT_FUNC A4 B 50K 8] 28 L1 I

spam.error FH A AYEY RMLH R, it PyErr_setString () M, AIF:

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 %1
I S G B0 T, AR % B R T AR

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

WEARAES BN F PRI 55, BRAR F] NULL GRIELZ R [P 35 610 e B0 8 A (R A5 R 7R) , i BT
PyArg_ParseTuple () BB R . EHME N TS0 FAHE S DL 2| fHEAE # command, X2
— A FREFTRAE I FARAS BAZ G 20 B8 a4 5 (R EERRIE C o, A8 B command B 2445 1E A 7= BH A

const char *command),

T—ANEA)H UNIX 2GR system () , HZiBBMPISEGZEN AN PyArg_ParseTuple () HUH:

8 Chapter 2. A4 = Ji TR w5
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sts = system(command) ;

FAH) spam. system () RELLALRE] sts [ELEHA Python Xf4 . Xt (i K%L PyLong_FromLong ()
RS

’return PyLong_FromLong (sts) ;

FEXAEOLT , SRR R , (X RFG&AE Python HERLEHY) .

WARARI) C B A A FRERIEME GRIB] void WIRRED), NIXTR ) Python pRHULJIR ] None, ARAZifH
XA ER: (ATPAELT Py _RETURN_NONE ZZ3EHE) -

Py_INCREF (Py_None);
return Py_None;

Py_None &5k Python X} 4 None FiXf ) C ZFK. B —AEIEM Python X4 i A& NULL $54F, g
T, JEEERZE T AR EWE “HHR.

2.1.4 B ikAmuis bl

H TR spam_system () Wil Python #2 /7 . L eR$5RE B R m] LARE Python 8, FFEEE X—ATF
3¢ method table”

static PyMethodDef SpamMethods[] = {

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

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

RS =28 (METH_VARARGS ) , X/Mr&EiEES MM C W AMGl. vik{EA METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 fRZEf{#i/fl PyArg_ParseTuple () HFRIHA &,

15 Bk fff il METH_VARARGS , MR 4k 2 % 1% Python 1% 3 tuple #% =0 19 2 ¥, I & & f# [
PyArg_ParseTuple () #47ENT.

METH_KEYWORDS {H#E/RNE% XEETFSE. XMHEN T C BT EHZE =/ pyObject * X%, FRTF
HZH, il PyArg_ParseTupleAndKeywords () KT HE S,

AT IRR AT TE LEEH TSI -

static struct PyModuleDef spammodule = {
PyModuleDef_HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per—interpreter state of the module,

or -1 if the module keeps state in global variables. */
SpamMethods
i

XA EE R R AL 25T 1 25 AR O R SR AL BR S . HIR AL BR AT i 44 4 Py Init_name (), JA name J2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(Rt

2.1. U C 5 C++ #; 3¢ Python 9
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(R —H)

{

return PyModule_Create (&spammodule) ;

}

£ 7 PyMODINIT_FUNC i $(A W] PyObject * iR[BIEA, FHTALAT-F- & BT SR 10 Rk k4% A 1
FHE C++ FF R AR extern "C"s

24 Python F2JF IR A spam B}, PyInit_spam () &8 H. (4 XA Python (UEHRES LT X.) B
FH PyModule_Create (), ZMRELIR B —MEEHT S, FFETIERHUE SO 383 19 208 D) & R £
SARA N HQ B (%% 52— PyMethodDe £ Z5M{AI%I4) . PyModule_Create () iR[E—A4F
]E IO R R AR EE . BT BE S PIRR e s R b 1k, s AR TE Y BT AT AR AL R [A]
NULL. HIIAMERBOLAGR T R 5 HAH &, XFEE ] PABHE A% sys.modules Hi,

itk A Python i, PyInit_spam () REASHHEA, BRAEAE PyImport_Inittab FH ., RN
HeEpatkE, i PyImport_AppendInittab () , A[IEMJERE —HEHEI A

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

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

}

/* Add a built-in module, before Py_Initialize */

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

}

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

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

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

PyMem_RawFree (program) ;
return 0;

fiEl: ZM sys.modules MIERILAB - FA CYRIFMIHE] — A HERE B 2 REES (BB fork () T
exec () ) RFE— LY R E R § RS W] DAFERT IR 0 N R AR 4 A I 4 HH e iy

10 Chapter 2. AU 05 T HAE 95
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T 42 SRR R S A 81 T4 4 7 Python JERS ALY Modules/xxmodule . c B, XS SCHAT DA FIVEMR G
AR, BiE > . A modulator.py £ & FEYRMY & 4T ek, Windows Z3E v, $24L T —/ MRS GUI, Ik
P RS BB R BRI &, FF HAT PAAE IS A B4R . B ASHE Tools/modulator/ H 5% . #57& README DA
TR

HiEl: SMGFAP spam Bl T, xxmodule /] T % WM& #144 1L (Python3.5 FFIG5| A), PyInit_spam &R
[1]—/> PyModuleDef Z5#4 {4, SR J5 Q1@ ARHUE] S AMLE . 40575% PEP 489 (LB Bl iRk .

2.1.5 GiiEHIuE:

FEARBECE VRIS I Z T, VRIETEZAMMIE 1% flH Python RGEAIHIFMBER . U RARGE I BhZE N
B, X T AR AR R GRS SIS A5 R S5 i RS T (103 C/C++ 7
A7), PAKAE Windows EZIFFFEABIMER (/£ Windows L3 C Fo C+ 77k F71).

WSRARA BB N, 2 R B BOR AP 112 Python ERESHY —&7), MU il B L,

FA AR . BB EAE Unix BARMTHL, HFFEEARI) LM ( spammodule . ¢ S fl) HCTEfR T 48 J5AS &4 T
) Modules/ HREF, #M—47%] Modules/Setup.local JEHiMVRA 4

’spam spammodule.o

SRIGHETZ H %1217 make K F A R . VRUBATDAYE Modules/ F H Ml /il make, {H2RA%00 G H
## Makefile XF, #XJGiz T make Makefile’ fiy4. (REFRIBIL Setup CAERTT BLXFEHEAE. )

WERARBO BT RN G, LS AT A ISR B SO L, 284S

’spam spammodule.o —-1X11

2.1.6 1t C vpifJH] Python pfi%k

45Nk, BAl—EACHER 4Tk Python ] C &%k, HSSGad RBMRA M, B2 M C A Python pf
o EAEPITRREHICHA . MR C HE M R, A28 B SE X A mHE L] .

SEis (e, Python fRERR & LB (EIIVANY, IHE54RifE Python BRI W ARIMES: 1. GX B AR AT
Python UM AR 53, AARA X4 PAZ% Python/pythonmain. c i) —c a4, )

1 Python pRi %k, 755E Python 27 2L4% 1% Python BREION G WAZER A BR &l (SR 171) SRS . 241 1

XABREOR;, 4R R RAT Python eV RAHRES, B ZHRA] (Py_INCREF () SRIGMTI AL, 284
WM& R R ARR . FlanaT:

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 */

(Qi¥iE3)

2.1. U C 5 C++ #; 3¢ Python 11
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(R —H)

Py_XDECREF (my_callback) ; /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;
}
return result;

}

XA PR B0 ] METH_VARARGS hr i VEMF B MR RERS, IXAEAL ¥ 7 ik & fo i ds 10 3 30 BT & ik
PyArg_ParseTuple () PRELN HSEOY) SCRYHESR B e oy ah 53 o

Py_XINCREF () fl Py_XDECREF ( :;%/\fTi*Jm/ujZ/'\—/\xf%E’J%lH%Vr%ﬂz I H 24 FF7E NULL 5% B)
AT T ARAIE 224 (1Elwa&ﬁfﬁ/l\ﬂfjcﬁﬁ temp FFAN K NULL). BHZAH A5 BT f%%é | At 4 3T,

BiJS, 4ZLH IR A, R C %k PyObject_CallObject (). ZRECAWNSEL, EN#EET
F5%F, $8MAEE Python X4 : R Python pi%k, MHEHSHBFEK. %ﬁﬂ%ﬁ@ﬁ, e ondixt g, HKEER
SRR . AT SEO R Python pREL, WML A NULL s—/%5cdl; B — S H0HHE, J”'H’%/\
#/\%Ezﬂ Py_Buildvalue () &FEHEX AR M E X ETES NHEA L X EHR

JGZH . Bian:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iR [ Python Xf % $§ 4, X L /2 Python & %t 89 & 9] {H.
PyObject_CallObject () & — X H S %Iﬂﬁﬁiﬁwﬁ%” i) R H. 15l %*%ﬁﬂﬁméﬂﬁﬂ@ﬁﬁ?%
iy, I HAE pyObject_CallObject () ZJG . BRIl T Py_DECREF () .

PyEval_CallObject () HREMEAEZ “H H): BARDHEHIS; EAaRUANS, HENT5]
Jﬂf(r%&o FJ;W\MH *E?Eé*%ﬁéf Té)% S ARER XTI AMEM ] Py_DECREF (), RIHARXT LAY N
7 (RN AR

HRAEARX AMZ AT, REEN— U2 AR {EAE NULL. W5A52H3E, Python RETS A IEIF5| K7
USR] PyObject_CallObject () [ C {UfS24E Python Hi AR TH i), bré‘ligpl_[ﬂ*/\%&b—:ﬂéﬂ:
I Python i i 3%, DA EREE TTED*J%IEI@MQ K BRI AT Python fURS REAL B S o AN ICIk
B SAGAT, WM AN PyErr_Clear () RigFRAH . Bl

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

AT EL AR 1] e 14\1_%5%51 —ABHFEF| PyEval_CallObject () . fEHEFILTSHIIRE
Hi Python A2 fF @ Iy, lad £ 11 FEAL 2 Bl ek 2. ARSI AT AU TE U B A i . 0 b — LU AR B i
— By tuple%%i%’éiﬁl MR T Py_Buildvalue () BT ple. B0, fREALE—F
PERF G T A
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PyObject *arglist;

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

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BAREHE SN ER, i
Py_Buildvalue () 7] B IR 255

PRIFFEEE, HXEFSHH pyObject_Call () , FHEIIEESEM A BTSE. A Lo+
W, &M@Hﬂ Py_BuildValue () RAiEFl,

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

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

21.7 RENY e BIIS

K% PyArg_ParseTuple () WU :

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

ZH arg AR ICHRX R, A Python fZi64y C AN SHINK . format ZALUI 2 — X TAT
H, AT 5% Python C/APL F-J} 1] arg-parsing. ’TJ%?%&CE%/I\’* AL, KA ek AT

JI PyArg_ParseTuple () £kl 75221 Python SRR, AJGyEAG AL R 45 flly) C A8 bl , fnif
itﬂ%ﬂT, Tﬁﬁ%fmﬁqﬂ%m'ﬁAfF@, Iy

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT T
— R BT

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

int ok;

int 1, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

2.1. U C 5§ C++ 3 Python 13
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ok = PyArg_ParseTuple(args, "11ls", ¢k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f("'spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 P R B CHE P B

K% PyArg_ParseTupleAndKeywords () mHEILITF:

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

arg 5 format JE% 5 pyArg_ParseTuple () MEUITE LH—8. kwdict TEZ2AE N5 =S5 Python i
TR X F i, kwlist JE2 )2 DA NULL 5 BP0, ERRIRIRES: AN AEEL 5%
H format W ZEAAE EAMICHL . QRHATIE, PyArg_ParseTupleAndKeywords () £ik[EE(E, HNR
WERAE 5| K18 M4 A3

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

W R X PSR B TR, 4372 Geoff Philbrick (phibrick@hks.com):

14 Chapter 2. A% =05 TR P5E
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;

2.1. UJ C % C++ % Python 15
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2.1.9 KAt

XA %S PyArg_ParseTuple () fRAHML, FABHUNITF:

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

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 HoAt Python BREPASHL. Py_BuildvValue () JFARERAEBITH, HEZT
I ANBEI A RICH, TR A SBR[ None , —ANSE0N B ER FHZ S5 4 . 052k 4
AWK CA, SE8S—NeER I, FEEEXFEAER N EES

BI5 CZeM2RA, A2 Python {HZ52):

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

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

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

2.1.10 5%

15 CIC++ 5, AR ST Eh &S 2 BOAN Bl i3 (heap) 24 PG INFF. 76 C WL, ilid % malloc () Al
free () R5EM. TE C++ HUZHRAE new Ml delete SRCBUMIFRITIAE.

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% kA
AR TORERG U, 5 VPRI — 5 . SIIRIE N G (TREE ) 09511 TAS, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

PEPRGEI 25 PT ARSI Br R AGER I B . go BRI T A Rs 78RR (collect () BED , T H W PAYEE
ATHIHECE 2R RIS . TEIRIAR AR i, BOARE S, Wr ATEM @R 2E R, #E Unix -5 (2
$E Mac OS X) ffi il ——without-cycle-gc 3% configure A, TSGR EIMEBZER, gc Bt
AT .

Python by 514

A W% Py_INCREF (x) #l Py_DECREF ( Miélﬂﬂfréﬁzﬂﬁi*m Py_DECREF () W&7E5| T4
ik O BPRETION 4 ﬁTi{% HA AET%U“]H% free( N ipssiEupoE i Sty %B@@ﬂﬁﬁﬂéﬂ%ﬂio KT
AN H A (AR, B S A — A5 1 B Ex*éﬂﬁ%@ a4t

TR BRI - i Py_INCREF (x) fil Py_DECREF (x) ? ATHCHIA—LME. AN #HE7
— X5, K] M%ﬁ#\%l)ﬂﬁh/\ﬁ% ~/\5<T%E’Jé'lﬂﬂw+§&m>4ﬁ¢ﬂiﬁé'lﬂ%Eﬁéﬁzg S HIAEE
HIALIMM Py_DECREF () , TE5|HIATFRER . 5] A X R AR . A =FIpER b S A 15|
Ji s G < N i Py_DECREF<> o It E—MHATG I H S SENF

EFDA A5 —AWRE I S5 AR R%E N Py_DECREF () o i HIFF AR RERFA X G it
PO A I IR] o AEHHA A B G A5 05 | A R, 58 Ak i

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

RV APA S, I Py_INCREF () . X ARXPIHT 26 M A & ARG, X o@D
WHIAESIN, T eanila & e (%ﬁé’ﬂ?)ﬁﬁ%ﬁﬁ T BE U, R R IIA E A .

AL

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

K 2% Kok BR[| — A 4151 H, #1’? SlHPAH XR. @HE, A B Z R A, Bl
PyLong_FromLong () fl Py_Buildvalue () , &fE#BHH X RLHEIWE . BHEEXNEAREEHT,
1'/J\1)572§EI%39?T%X¢%B"J%?§IH§D — AL 2 Pylong FromLong () 4P T —ANRATERIZELE, HT LR
BRI H B -

W Hm PR ERBT R R, WLy X R, fli PyObject_GetAttrString() . iX
BN G W, — A8 K BB 2 B 488 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZREIRMIMICHL. FE. FH B EHE]H.

PR%L PyImport_AddModule () &R EME RS, WA RES IR FEIER XS XA AT R8I — 4
BRGNS RAAAETE sys .modules HL,

RGN Z G R AR B, GEE RS B R TF R, S Py_INCREF () 3k
AR ST A . XA A EZE G HI S PyTuple_SetItem() fl PyList_SetItem() . X4
PREIEZ LRSI X R, WS R (5 pyDict_SetItem () RHEFEASERZTIHXER, ]
2 IEFR).

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

S pan | HHEE A | B, BT B DA O 2R I L, 4 T AR LAt 5 B A
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Y~ C e Hiwt Python I, S MR T RIS EAE R G AEIAXRNTIA, oA mms]
A A= fis JET T AT AGRAIE S R Sl 1] o US55 | 76 AT R s Ay, s SOOI 95 N, did i

H Py_INCREF () ,

Python i ]\ C eREGR [0l (XS 525 | T Ik Z@40A 195 | 304 K R BN R BUL i 25 R o

fE R vk
AORILT, BHGINAERRICE, HAN SRR, Xl F oy R, Il sE
FHIIA F AL EX AT

BT B HNE R DL ] Py_DECREF () B AMJERXG, M AXE G5 B — oI
o B

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

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

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

HATRELHIRIEA PyList_setItem() o FIFINAETIHN THEIA WA, BroAX0 | PO, pia
AL BRI 1o BAEIRBLEOR AR 1 o2 ) SORSEBl, HARBGX AN EE LT __del () Jiik.
WA RSB T T O 1, A ESER AT __del O Jrik.

WESAJ2 Python 5y, __del_ () JiIARASAATAERE Python {URY. R FIHELE bug () By item K IET|HIE,
. BBANFELES] bug () 2 _del () TIEFIN, AT PAPAT — M IEA)REEL del 1ist (0],
IR BB G RX RGN, S BRI ATr, IS item JTE5fk.

ORI, MARALE TR, A5 1 IR TR IERR AR i eR AR AT

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

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
I3

RN EER . —NHBUAR) Python 185 7iX A~ bug (YAER, il —LL AFEE T KR E)1E C #idds b
BTN 4 __del () TELEM.

A ) R ) A R A T S L SRR A B, @7, Python R B2 AR AR TLIEHE A )y I B%
7, FAEAERBRTE Python #ANXT 425 10] . (HA A % Py_BEGIN_ALLOW_THREADS Il REHL
XA, FHIREUIH Py_END_ALLOW_THREADS . I3 %% B 2476 [H 22 VO VR A1, (5 HAh LR AR Al DAYESS:
5 VO el FALFESS . AR, Q0N RS IR BN —REAY ) A

void
bug (PyObject *1list)
{

(Rt
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(R —H)

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

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

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

NULL #%t

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

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

Py_INCREF () Ml Py_DECREF () & H ALK NULL #541 — (B2, A2 M Py_XINCREF () Fl
Py_XDECREF () <A .

HATRRFER R I (Pytype_Check () Ao NULL $54F — [k, A KGR 2 ESE X
BLANMAL— DX R R UM R I 2 —, XA TR AFFAENA NULL A S (A

C t@%&iﬁﬁﬁiﬂfﬁﬂ%ﬁiﬂ?éﬁ C MBS R FmBlH oy args) #4404 NULL - Sk EESRIEH 2
H—Aoedlt.

LA BERS NULL 4541 “JHtEE” 43 Python JiJ R i2 1™ EAYHE IR -

2.1.11 £ C++ P45y g

AT PATE C+ g B JAsie, FURA BER] . 4028 A% 7 (Python fRERR) 26 C Gk ae e g 1A k4%
1, R SR S SR A BB o AR Ct it R BEB AR XN AL BR &2 9 Python
AR BV GRS SR B BRI I AL B B IS BN extern "C" . TIETRAE extern "C" {...} HEH
Python SKSCPENIAE IR AL, PEAIIRE L THFS __cplusplus MEZGEX AR T (FrA B C++
F AR 2 XA

2.1.12 4P B C API

R AR B T 3H7 Y pR BRI S L Python (], (EAT I RSt HL A4 AU TS AR PT ARSCHLA ™ RS il )
BN, — R R] PASE I — A2 collection” F R A2 B T HY . 42 Python 51| RKA, 4 C
AP AAVFY A HOR QM ZAES 5132, XA HHYAR G IR DU — i C e U T4 At i R L G

TFIRARRAMRE R AFEEERE Cof Al static), FRIHAHISSCHE, AR CAPTISCR ., Lbx
AR IR HRS J i S R £ Python AR SRS (U2 W] AR TARMY . RIS AIE e gefiemy, — M
B AT RE SO — AR UL . ] DL A0 (R THE R S8, — L8 RGN Python M REAR (1 1] 42 Ry
Az ) (10 Windows), A SEMIAEFERIN R B — DI C S AR S IR (— DM T2 AIX), stk
AN TF] SHEm (4 Unix Z851). BIERAT S 24 mml WA, R EEE RO BEH n] B v A 2K

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

4 MAREEA IR RS TR 295 i, XS IEAR B, R RIAAEE TR IR T
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Python F2fit T —MRFHIRHLEIR AL 2 C FUlfE & (685D, M— 9 R 7 —4>: Capsules, —> Capsule
5&—> Python Hi AL, S R-AFHRET (void * ). Capsule HAgE I C APL KA EFIVIH, (HR] AR IAL
Python X R—FEf ik, @l#, AT LASRE M Ry & 2B 4 7 o HoAh g B T AT A
B, SRPOXAAFIE, S5 Capsule ZREUEE

Capsule W[ DA ZF005 i C APL 454 Rtk . SR 0T A B 2 Capsule, 53 T4 C APL 5T DA
FERHAE— R L, B T A1 4 Capsule., AFAHAIERIUR BT A 2R3, U8 Pomisibe il

TERAREFEMR ATk, IEHIHUA IR Capsule iy 4 F R 2. AL PyCapsule_New () % DA FKIE
Z (const char *); SUVFRME A—AS NULL M4 FR, (HIRATSRAVEBRSE E — 4Pk IERb a2 1
Capsule fflt | —E e/ F B TR G 45 A WIATHY DT SUBE IR 70 PSR fir 44 1Y Capsule.,

WHKYL, Capsule JI] T555 C API, HoA 7 WAREERUIH ML :

modulename.attributename

A %L PyCapsule_Import () W A2 A Capsule $2{5f) C API, {{¥E Capsule {44 F-VERCHT .
XAT AR C APL ] FHRAE T 8 B 2 MR A IE R C AP

R Bl R TR AR A il T IR EE 1 T3, TR R R . AP PT A C AP 5%t
BlF BIUH—) £ void feEHAYRAL R, H-OH(EASS Capsule. X W IREHCK SCPHR L T 244 BT AR
BANZRE C APL 54T & i U BT C APT AR X4~ 75 R el

S HEEEHUE N H spam BB, SRE AR08 T Biig. RE spam.system () A EIZWHA C FEREL
system() , (H— ¥ PySpam_System () & BTV, MIRILI & E A ZL 2 (F1 W1 spam™ F|4&EA4>
). B PySpam_System () &5 H 24 HAhy b,

PR PySpam_System () &4l C lREL, P static gifg KA HRFE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () MR B

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBEHRIT K, FE AT

#include <Python.h>

B SR

#define SPAM _MODULE
#include "spammodule.h"

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

{

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

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

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

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

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

return m;

"
1T

PySpam_API HHIN static ; IAMEHBLSTE PyInit_spam () S5 J5iH 4!

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

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

#define PySpam_System \

CFoiaks:)
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(R —H)

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

7 i AR B 0 A H W) 46 A R K B 4% G U8 T BR & import_spam () (& ) A BE U5 ) B £L
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RAPIAM EEERR, SUMF spammodule . h i FAL. B, WHREELTHAREL, FEAGTHZALIL,
JIr AR B2 2] — 1K

a2 Capsule $2 (it THSMYTIRE, H TAFMEFE Capsule B P55 I NAE D BLFRERL. 41575 %
Python/C API 2% F- 2 capsules F1 Capsule f3E3H (£F Python JEf% K fT4IH) Include/pycapsule.h
Hl Objects/pycapsule.c).

E
2.2 [ LRI Fit

Python fL¥F 45 C 4" EALHE Cn] PAM Python OB BEANAHI R, SXARMRINER) str Ml 1ist R, Jif
AP R R ARRLG — M, (HRERTT IR, R 2 T Leaiy . X0y SO X XA AN 4
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2.2.1 JEal

CPython 347 I § B4y Python X RAML K KA Pyobject* Az f, R4 Python Xf R Y7 HAh 2",
PyObject FEMJIRA LI TR R W reference count FIXFRIY” AN 427, RN G 5 AR b ot 0] 11 WA
$8(O) %L, Bln— B — DR, IR, SEE SR AR AN XL C AR (2
Eilly7R7. N

BrEA, BRARAHEEE SO R, T2 QR iR 42

XA R BTk, X BN — A/ IMEESE R RO, 5 ST TSR Custom 7 C 7 AR

custom B,

) X BRI TR E X static R LS 071k, PTPAIE & K 8. C APLWn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 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 = {
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;

(N IUERED)
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(R —H)

}

return m;

}

KRR Gy H, X2 TR E—FERei e o XA Sefe LT =R
1. Custom ZEHIXT4 object f1 5 T : CustomObject 454, X2 MAE] Custom SEF AR —IK .

2. Customtype (4728 iXJ& CustomType 454, HE TR MR BUREr, S mfgReds 215
R

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

typedef struct {
PyObject_HEAD
} CustomObiject;

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

filll: JERAEL PyObject HEAD AT . AN & RIS 3 .

MR, XGRER THE PyObject _HEAD fE#%EAL, ABIMIE: BIan, WFE L7 FnifEfy Python i x4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR I R Y E S

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

bi

WE: RO L C99 RURIIAIIA, WBGSIHBTATH) PyTypeObiect B, HhRZ UKL
DK, SRPELAT DRSS X FE T B2H 2 SR

& object .h FFSLPRE LI PyTypeObject A M B SCELZH 7B, AT B2 m CHixsHME
SRIATE, WHEPMOE A RAHIEEENT, BRAMRhSEHEEA ]

ek —un, BRI
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’PyVarObject_HEAD_INIT(NULL, 0) ‘

XA d AR, AR EFREI) ob_base FBL:

’.tp_name = "custom.Custom", ‘

FMIPZERA R R BAEFRATHI A RAY BN SCAR TR I AR L 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

HE, A7 MW ENAY, BIEES R R R FR. ARG B E custom, REZE
Custom, FrPAFRATRIZEBIAZ N custom. Custom. I EIEM AR FABRGREZ, nTAGRGEES
pydoc fll pickle Bi3F%,

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

IXFERELL Python HIGE 246 # 1 Custom SLHIRIFREAHL L D NATE. tp_itemsize [T W AR K/ X
SMAE A 0L AR M

i AR AR A AR K BN A Python gl T 24K, IF HARMY R HA 5 H Bk 2 A [H) 1
tp_basicsize, HBAARATRES BT Z HAYPRK MM JRIGISEAE Python HHY TAKFALMAEH _ bases
HORFR ) 2R BRI T, S EAE AR SR _ new_ () Jr ki@ BN 6. AR AT AE il PR AR
AR I B A UL RIR NS R tp_basicsize (ERBEGILMIET, TERZEONGE, AR T PAR), BME
BARERIZEAC) object , BEARA MARA BRI B o1, I BTN R/N

FATEIETEVR N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JITA JEBER R AR E N TR IR T B B o 0 R T 22 Z0FE Python 3.3 22 B U4 B 5. AISRAR
TEEZRL, ARR R ZO Y R AR T OR G254

AT tp_doc KRARME— SR FAFER.

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

ZR XTSI, FANTHF M tp_new ALBAJHN. XAEHT Python J5i5 __new__ (), {202
g . EEXATE, AT ABE M APL R4 PyType_GenericNew () FrfgfBtrskilscil.

’.tp_new = PyType_GenericNew, ‘

AR AR 2 BOZAMR A S B, BR T PyInit_custom () ARYRELEAY:

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

FFRIERL Custom AL, Sy—f o B SEE M BOAE, BIEFATIERI RN NULL [ ob_type.

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

(Rt
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(R —H)

Py_DECREF (m) ;
return NULL;
}

DORHERB I B 7 il X AT REE L P ] Custom ZRAIE Custom SLHi:

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

T BRI R T F LI R4 custom. ¢ BYSCIFRRE:

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

14N setup.py B SRIRHIA

$ python setup.py build

3| shell o1 RV 24 2 AE— A B S e 4 0 custom. so; 3 A% H SR i547T Python --- {5 24 REME 4T
import custom FH22i{#i ] Custom %f4 .

I, X
BN, METH A ESCEBARE IO ERA RS, AT . R R TRAL

lE: EIAASCRYIER T A C 9 RIMARIE distutils iR, (EFEBLSCIA 5 i Jg PR B0 ST L4k
PRIEAF) setuptools . A K HIARISCRIE I TASCHRTE R, 7] AT;IF) Python F101 11 7 i 19 Re3K
B

2.2.2 [ AEAS B ARA 5 1

TEFRATE T TN — BB N VR FRIX AN FE ARG o AT AT 2R A ] DAVE R RS . FRAT R —
DB custom2 RUSINIX LET) FE:

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

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

} CustomObject;

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

(Rt
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HEH L5
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
I3
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
;
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
;
return 0;
3
static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
Qi)
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(R —H)

i

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) H{
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;

}

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

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

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "custom2",

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

.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

(Rt
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(R —H)

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

}

return m;

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

< 0) |

BRI TR 5 22 A
FMIE LA M—IMEFA

#include <structmember.h>

AR AT AR A BB PR, IR AR TR 5 i i -

HITE Custom KA C G5Hafp A = ABARIRIE, first, last Fl mumber, 3L first A last 255 AL 85 Sk

K—A4 R ) Python FE4FH . number J@ 42—~ C 3%k,
K5 110 235 R Rl A B b B

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

} CustomObiject;

A BUAEBRATA Bn 5 2B, FRAT A SN/ Cot A PR G 73 B HIRE T -
i

/h

HAF A RO

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

}

BLIR{EY tp_dealloc b

’.tp_dealloc = (destructor) Custom_dealloc,

YA 2 et 25 WA Python JE S HIT4L. Py_XDECREF () RIERHIALBRHSHCN NULL HE N (X
BETE tp_new IR &R ) o Bl S & 15U X S 2 AL tp_free bt (GEid Py _TYPE (self) XJEES(XT

REM) KBS RI AT HERENRERA AR Z CustomType, BEHXIRHA]

‘H‘E%*A?ﬁ LBl .

HE): FEEER S destructor BFENIRATE N T Custom_dealloc ¥i5%
241, fH tp_dealloc R¥LTR %ﬁﬁﬂ;ﬁ% Z—/>PyObject * 4. WXL, Jﬁw%ﬂﬁitﬂ

e C I I R G 2 5!

Z—A~ CustomObj ect *

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

2.2, FE YRR B
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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;
}
return (PyObject *) self;
s

HAE tp_new MO E:

.tp_new = Custom_new,

tp_new AFAINNTATEEIE (MWL) ZEREXTSR . BFE Python HHREEN __new () . B
ANFEEE L tp_new fi b7, Lhr LiF2P BERLSFH P E PyType_GenericNew (), ¥t LZE—HK
Custom RAFERIEE. TESERL T, AT to_new AFLAIMIRKF first Ml last @RI MR
NULL BN

tp_new SFEZPLHLIIREL (AZERN CustomType, WIERGLBILIIE—TI) PALAEZITYE
M ARUEAT SR, I IUNR [ Br QU L. co_new AMPRAIRNE 2 EZ A EM KH# TS, (HENLE
SELBMEX SR, R SEUE BB 91tk (R C PAY tp_init B( Python WY __init_ BR%K) Jrik
HKIAT

fE): to_new R EAMBA tp_init, FAMBERSATHAE.

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 FPRHHIAHAN NULL,

ffilEl: FAIBAT BT tp_alloc Mfi, M@ PyType_Ready () S NEATHIERIFORB AT E
B, HAEGAN object . KR FEIUAR G BRI 73 HE SRS o

fE: WERAREAE#—ME tp_new (BT AR tp_new 5 __new__ (), AR REFEBlT
it 2242 (5 O Y T O SR A R G YR . R R B S U AR R 2R A, HFEEREA TN
tp_new, B 2ilid type->tp_base->tp_new, WIERRAXAM, VRATIEBLH [FAEM H A Python & LIS
R A Python T2 REICYEIEMA TAE . (RrHb, /K0T BB JCTA QI BLX AL T2 W) SE T & 2551 & TypeError,
)

FATERE LT M EZSHOR N TN SO BRI R 46 E R L
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

;

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

;

return O;

WL tp_init 7.

.tp_init = (initproc) Custom_init,

tp_init AAZLE Python HERESN _ init () Jrik. ERAPRIERRWEIREHIIHLE . WIiGfis

ZAEN KBTS BN ATESEN IR 1] 0 Mi7E A R [e] -1,

ARTF tp_new SLHAIMN, tp_init APRIE—ESFIRM GBI, EBIAEILT pickle BIRA ST

BHYSEHIERN __init_ (). EEATREHEZ WM B AERAT AERATRR VA __init

O J7

Ro HTFREANEMA, FAENEIEBOFE R AR /D . AT RS P0RT, IR first MR

M

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

i

HRX RS AR . FATRIBA RG] first WARRE, HIE R DUREMFERINR . B0l LAt
A—ASPITZARVTT first ARG B SR nTRE SR & 5 i 25 0 LR AU

FEHADLAE Fsf TRV RS IR AT R -

N T PRFFETE R A Tl X T RELE, AL B2 B A 5 5 T A mi g e TR (4

ISP AGE AT AT AN A6 PRI AR ?
o LIRATIABHRIES JHTTECRT 1A
o LIRAVHEXT SR WEAR LR GIL WA G BT TS FATT A ZE TR AR Fr [ 5 1 o
o« 24— tp_dealloc AMFRAA AN SCREIEI SR R 2 AL 5 | THEC e

VTV A SR R AR, AR R S AR RS DA A
P AEATR I ERATH L tp_dealloc ABARGX—BUH], FOMBA 2R SRR .

2.2, FE YRR B
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FATATRESARRFFA T L B AL F R FE N . A JUAR T AT AR X — o e ] A 7 2 i OB A E L

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

bi

HEREE UK E S| tp_members A

.tp_members = Custom_members,

B E SCERA B4 FR . R WAl . Vi ERRFI SCRY AT ER o TS A R R 2 22 b 22 NIk
TR . section below for details.

B RS 2 — 2 B B SR HERR ] T BB 25 Python JETERXT S B Ipgk . FRATTFI first Al last (144 FR
HFRFER, LT ABIRE AT & Python Xf 4. WAL, X SE@ A n] ARG, 4 C #5841k NULL.
RPAEFR AT 0] DAGRAIEAX S B R W AR 6 A HE NULL A, 0 5Ras 46 Jag P B3 36 26 1 53 475 w] 15 >k NULL.

FATE LT —ADEMATTL, Custom.name (), ERFAFRA TR 4 first il last ZFRAGDEE -

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

}

WP SRR — A% Custom (8 Custom KT SN H—BHNG C WAL JERRES
AN A B SRR U RRCT B, AP Rl REAE G 5 B A B
FRESHOCAS T SHT I POTES AT RAT Python Jrik:

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

TR IA VARG AT £irst M last WA AT HE NULL, X RO ENTRTABIINER , FELLIGEL T
;Eﬂ‘]%%ﬁiﬁzg NULL. SAFAIR 2B LN ER X L8 Jm MR R R A (E R A P A ef . FATREAE T —55 1 A
AR X R

BAEFRATE 2o S 77k, FRAREEQNE— ke SO AL

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

bi
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(IR AI 6 METH_NOARGS ARG L I A UE R 3Z self ASMNAATfIZ50)
FEALRUR tp_methods HIf:

.tp_methods

Custom_methods,

g, BATEMEIA TR T I EIRAE TR RS . FNTR DR B IRAT 7 2 AMEEA TS Bl E
A sk i X G28Y, T AFRAT ) 35 B 52/ Py _TPFLAGS_BASETYPE ¥ N EI AT A R & X

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

AT PyInit_custom() AL N PyInit_custom2 (), i PyModuleDef ZEM K p it , If
H3H PyTypeObject Stk se R4, .

i, BATEHFAN setup. py SCAARA MBI

from distutils.core import setup, Extension

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

1)

2.2.3 SR HERF T Bodhs s PE A SRS A

TEA/NH, ATRA Custom RBIH first Fl last JEMERIB B AL E MBGR#EH . EFRNT E—HRAR
M, SEBIARRE first Al last W DAREBCAIEFATH EE ZHMBR . JAIm X LR IE LR T h.

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

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

} CustomObject;

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

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);

(T IUaksE)
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(R —H)

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

}

self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,
{
static char *kwlist[] =
PyObject *first = NULL, *last =

if

return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}

return 0;

static PyMemberDef Custom_members]]
T_INT,
"custom number"},
{NULL} /* Sentinel

{"number",

*/
bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,
{

PyObject *tmp;

if (value NULL) A

PyUnicode_FromString ("");

PyObject *args,

{"first",
NULL,

(!'PyArg_ParseTupleAndKeywords (args,

offsetof (CustomObject,

PyObject *kwds)

"last", "number", NULL};

*tmp;

kwds, "|UUi",
sfirst, &last,
&self->number))

kwlist,

= A

number), O,

void *closure)

PyObject *value, wvoid *closure)

(Rt
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2.2, FE YRR B

EHE—5)
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;
i
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->1last);
return self->last;
I3
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;
I3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("%S %S", self->first, self->last);
}
Q)
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
b
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.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 = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

N THRBRT first Fl last BIEHSRAIER], BATRHG B E RN E R A T e 1T 5
IR first JRIERREC

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

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

}

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

}

R %24~ Custom WA “ME”, TR AR, ZHAS AN, (ZHa
Pl R AL A S IS AR S I . BT, 53 AT AR Ok il B4 352 BRURT 5 5 B SRR B 4 1)
B e T Bl S Y SR )

B EA AR Custom MR PH{EPAKPI L. SBH{ER DAY NULL, fERCIE UL T R gl . 7EFA1RY
BCEART, AR R TR R e AR e R A 2 AT W FA TR 5] A .

A 1BIEE—/ PyGet SetDef ZEMIAMIFILH:

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

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

HAE tp_getset i PEME:

.tp_getset = Custom_getsetters,

1£ PyGetSetDef FE R G —Wi e LI 20 “Ha”. FEAGY, RANEAEHAQ, HERIHE
£ A NULL,

VAR T X B JE PR 8

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

bi

T AT 2 to_init LA R AV AT
3 PAERAE first A last VAR RFATER , PBCEVFRATAT AR A ERI005 TSR A L, (U2, Hofl1id4: 2

"

K
i
=

THT

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

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

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

;

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

;

return 0;

}

Tt XS, FRATREWS PR first Fl last MHL—@EA N NULL PATEFRATREAE LT i 15 oL F R R NULL
{HR A . XEWRE KRS Py_XDECREF () W H#A ] AR#5# A Py_DECREF () J#IH . FRATASHE S o 2L
R ME—3j & 2HE tp_dealloc SEH, P HLXEL A B AT AL E 7 RELE tp_new HR K,

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

2.2.4 SRR

Python HA —AN] AR RN TR BRI R0 08 335 38 el 2 (GO) BT AT A I E . X AbE
DAER ZYAEIRG I R4 BN, A

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

XA T, FAa0E T M HE SR SRR EraHE, R EE I kEHASY
S5IH. ERGIRITEOE AR NE. EiBfE, Python FMEFRLIIR [T #ERF i 2 K B8 52 0 F B3k - ¢
T .

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

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

(N IUERED)

Sl BRI P A A N O FATHOO R IAT 1 , FAT T AN BEPRAERE R — A7 ER T SE B XA TR R AT 1 -
ST E, BB R AT AR B TR SO, PR AT MR AMERE st TR RERE BT | I AEFE .
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>>> n = Derived()
>>> n.some_attribute = n

ARSI | HEERT Custom SBIEAEER GC ERHIMIFRIT B, FRATH Custom AT I T
TSN (EH I P 3K LR (57 P T

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

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

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

Py_DECREF (self);
return NULL;
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}
self->number = 0;
}
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return 0;
}
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->first);
return self->first;
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
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;
Qi)
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}

Py_INCREF (value) ;
Py_CLEAR(self->first);
self->first = value;
return 0O;

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

Py_INCREF (self->1last);

return self->last;

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

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom4.Custom",

(Rt
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.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi
static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "customd",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi
PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;
m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
Py_INCREF (&CustomType) ;
if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;
}
return m;
}
B, WPTIrELEER GC AN BB S TR T A5
static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
YA

42

Chapter 2. AENISE =05 THE Bk




Extending and Embedding Python, %[ 3.9.19

(R —H)

return vret;

}

return 0O;

}

MTREAGRE SN TR, FATEERA visic O W5, MEEAE L. visit () REdkZ
BT RGNS RO AL 4 T IR BN S8 arg I: R [5]— AL 25 AR R ] B U

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

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

f#ilE): tp_traverse SLELNIGF HSEUER G4 M visit Al arg DMERFH Py_VISIT ().

B, BN ERA A IT IR R AL AT ] PAS AR TR

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

}

THER Py_CLEAR () EHYMN. BRIHRERRBA LI BT G T By ey Bt 4xn9 07 5.
URAR B AR B NULL Z ()@ 1 B Py_XDECREF (), WIS MM A% A 1] BE 2 [0 FHR
BEPORE R A (G 3] = RAFAES AR 35) -

) ARTTPATEL DA S5k AR Py_CLEAR () :

PyObject *tmp;

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

TEW U, FEMN R J@ 1 i 15 248 ] Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
R T B R G th Al . A ZEZ R AR R s U MR !

BEjies Custom_dealloc Al RESHETH IREMERTH AR EAS . XEMEIGER GC 1] ATE BR £ A HR 9k i &
T GC HiH5 | TR AE, FRATFFZE @S Pyobject GC UnTrack ) ik GC {5 1138 EEAH KX
%, N2 A1HEH PyObject_GC_UnTrack ) fll Custom_clear E%}f;&ﬂ,ﬂ’]ﬁﬁiﬁ%

static void
Custom_dealloc (CustomObject *self)

{
PyObject_GC_UnTrack (self);

(Rt
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Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);
}

)i, AR Py_TPFLAGS_HAVE_GC AR INE| SEHEAR -

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

XFEZEAZ 7o WERIHANHGE T HE XA tp_alloc B tp_free AFAIAN, IFA T 2N IEPA LI 0]
WoRBHE . K2 H RO B SR AL A

2.2.5 TPALIABIAY
OIEIRA: B A BRI AR AT RERY . B S MG R N B R IARR RO 3 T AT (3 11 & i
3 22 PyTypeObject . FEA[Y RIEHLY [AIIL X Py TypeObject LM AR HXER) .

HEXANB T RATRFEI AN H N E 1ist KA SubList B, XA 52 2 A A%,
(R —ABIHME) increment () SNBSS A (E:

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return Pylong_FromLong (self->state);

}

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

bi

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

(Rt
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self->state = 0;
return 0O;

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

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

TARITIL, BEIEACHES 5 2Z Fil /N Y custom R BIARTE AL FRATRFZE —PHRE A2 R 3 X 5,

typedef struct {
PyListObject list;
int state;

} SubListObiject;

TRA AU G F 225 RAE T H BRI R RS AR 25— ME . BB O R KA IR L 48 T
PyObject_HEAD (),

24—~ Python ¥4 /& SubList HSEBIN;, BH PyObject * f84F1] AR 4SS 454k PyListObject
* Ml SubListObject *:
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static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0O;

}

FATRT ATE L1 & B a8 ) R A __init_ YA

BTG S B AT B2 X tp_new fll tp_dealloc A MRBARE L. tp_new MIAHARN K BA
tp_alloc BIXTELPRATECAE, M eib 2 TiH A O to_new RAHE .

PyTypeObject X #f Ml tp_base @ KA MW LARE K. BT & HiF4 18, /R IJCE M H X
PyList_Type W5 | FREIIAFZ T B BN 24K JEFEEA 45 1k s 20 5E i

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

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

TEH PyType_Ready () ZHl, EEGEMIALHCRIET tp_base #ifii. SIRATMIALBIRER, &
NEBR: tp_alloc HifIHIE N PyType_GenericNew () -- % H R /0 Bt sR B S0 40K

N2 IR, JI PyType_Ready () IF IIBEIRIIAIN 42 S HAN Custom R HI—FEN.
ik
2.3 e LY ERA: B RTd

AEENT H AR R — SRR TT LASE B SR AL )y v B I RER T B 4
X2 CHM pyTypeObject ML, &M 7 TN 7B

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

(Rt
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/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

CFoiaks:)
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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;

} PyTypeObject;

XHA R 27k AHRAZRIL, WRAREE 2R, i ARSIk,

IEAMRIE RN, FRATIEEE PN AR BRI . RO KR A P e RS i 5 B ik, o
PATRATTA AR E A eSS R B ORI I . B H I ERE A SRS — M RB RN T B e 1, RE%
AR H B AR B2

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

R4 T - E—ERBER, SHIERZHTT, LR N TISWH . Sl —Mrs 7, X
TWRANRD)

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

X BRI AT I E R I B RN T 2 E 2 DN AF . Python S TRIAZ KR EEY (R : 7
PR, oodl) AEENESRF, X2 tr_itemsize FRIFTEMIEH . XM RIIGAERE

’const char *tp_doc; ‘

RCHLURAT AT — Be P e (BUEERYHL) , 24RAETE Python JHIZRTG| ] obj . __doc_ Ik WX Bt SCRY 7
FFE
BAERAN IR — T EEALRTTIE - REBY IR LB Tk

2.3.1 ZERINAFREI

destructor tp_dealloc;

MR R BB 5 | T8RS 2 . Python fFRESR B IR, R0 R 2. QRARIMRBLE N
T (U el AT AR HE, R ] DA B e B . XA B AR e X R . DAR A2 R B 3 -
static void

newdatatype_dealloc (newdatatypeobject *obj)
{

free (obj->obj_UnderlyingDatatypePtr) ;

(Rt
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Py_TYPE (obj)-—>tp_free ((PyObject *)obj);
i

ASRARAY ST SR e, AT AL g B2 24 1 I BIAE A8 R T Be 2 B Il PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj->other_obj);

Py_TYPE (obj) —>tp_free ((PyObject *)obj);
i

— AN E LR PR ESE L ER 2 AR T R e R R AN S . IR AR E R R R RS S W AR R
M, UEFFEREE (MAEEFERRED, ASEEMINERT R E B — A 55 MR E . LR
AT AR 2 B ANE N ) Python ACH ARG Er 7 B W E . X W] AR S BURRERS IR A R . IR
RIPTEE, AR L EEAERT, RS, REELEREWE . HWPAEE PyErr_Fetch ()
M PyErr_Restore () PRECESLH:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

WiE: RS B P ZEPAT R E R A BRAY. e, SRR AY 28 1Y SRR b 3wl (i A
tp_traverse HI/E{ tp_clear), XZEMITS AV ATETEH tp_dealloc BIgiEas el &4k, Hik, ¥
tp_dealloc H1, fRIXFEIFAL T AR BWFIHITEETZ . F SRR 58 APT A (a0
T R BT e AR T BE2 BRI A tp_dealloc, ‘SEONEREHOR &L AR .

M Python 3.4 JFif, #EFAANEAE tp_dealloc A ZMLLERRS, M2 AN tp_finalize RA .
h=%:
PEP 442 ffRE T A4 .
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2.3.2 X% R

7 Python #ft, A W7 A 0] DAZE ST SR SCAR SR repr () BREH str () B (print () BB EIEM
M str (). ) XLEAIRAR AR 2 TR «

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHRREF BAZIR Ml —NFAFERN R, Hh &R e LA ERRIEA . i — M E R 1

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

WEREAHEE tp_repr ALHARSY, MERESRHRUE—MEM to_name MIFRTRIEA VAL R ME—FRIR(E.

tp_str AHAGINRT T str () AN Lk co_repr SLBLAIHNXT T repr O —#F; HELR2UL, BERTEH
Python U TEARAIR A SLHI_ BV str O WEIRAM . BRI tp_repr sEARFMML, HILE
TR RMNLERN . WRARIE to_str, WL tp_repr BAAME.

R R B

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

2.3.3 BT

XTI SCRPR MR IO XT G, AU R SR I T il SR RO S e 8. 5 20— B I 3R
JEYER R AL (ANAE ST AT IE) B 2AT 5 — RSt w e (AR AR E ) . BiREtER—
FRRIRIG O, TEBUHE DT AL 45 A BRI R NULL.

Python SZRFMIXH EMEAL BN — NS5 R B R A TR S B — R s . W A 22 A E T — X
#3Z char* fFENJEIEAFR, T —XNHEZ PyObject * o ARSI AT AR X T 52 LAY A # R 1d
A =R —Xt

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

S xS

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AT I — S G R A B i T A B A GOREAE R SCHEATRARE) | DU — S 1) S 3 ml 1) ke 42 it
PyObject* A B EL. A Python 2.2 JFAER TSI 4 J i) Jo AL BRATA ) S P i 2 LT B 58 4
9, A IRAFAEAG VF20 1 AR ST R (1 R ) e iz ALl ) 311
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{Z R kA B

REHY RBEBEH WigEr:, B4, FtaibEras “fim” e? NFREWE N0
L. 4] PyType_Ready () I}, WAHUHIEJEMERI PR,
2. ANREHFIRI BRI OB R B A REORE , WA TEAMRIR R

LR, HAFRKH R PR . BRI B AR 56 B 16 2Kt i AT AT BR A6«

2 pyType_Ready () $HREHES, & b ZEBIXT4 5| A =~ 2R 0 8 B HCE B 2R B0 4 0 7 i
[ descriptor . RFE IR AR TR LB G0 — AN J@YER T . BEA-RESE R AR = AR 42480 NULL,
MZ B SR AT BT R SRR B RO Y JE i, I BB 241k tp_getattro fll tp_setattro F
BrRHF A NULL, RASRI h SR b2 B A P 2L J

FPE TR object:: Tl = ANF B

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

U2k tp_methods AN NULL, WIEHIEE— 4 i PyMethodDef 454 AL AL, FH a2 HAD
SE G R — NS

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

124 I TR B A DT IAEE LA H . MR FOR AR ZA H . b TR EAEAR R —
MO BRI AR A H o IR A H 9 m1_name FBUAAUN NULL,

B AR AR E SCEEE AW B SR P B A JE . R sn C RN 28508, FF Him oy Xar Ak
Ry . RS RpsE SOh:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XFRAEANFKE . FHE— D descripor FFESINE B FEILREM ML BIZEM IR HERIUE . type T B
MALETE structmember . h K ICPEHPUE RS FERURG AR 5 SRAERFA T R0 1 AnfrKF Python (%45 k C
HEE R Z . flags TR R MRl JE AT DA 7 ) 1 AR

DA i & 8 A file: * structmember.h ’; B4 T0] DAfHT ] bitwise-OR 20 & .

WAL B

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

RESTRICTED TEZ R A, IS,
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] to_members FORM BN T T I RTASEA — A BRI GRATAT LA AR T7 20 S Ja PR ] DA
{7 BRI S AR P P SCAR B B M SRR SO 45 5 o — R AR Al AGE A A & APT X GL3RI
flidds, O __doc__ JBIEARKBUEC FAFH .

5 tp_methods F—F¢, FFEA—MEN NULL fJIEIESAH name,

PRI ) i J VA B

AT REEGE DL, X B HE/R char* ]id; name JESRYEALE char* fl PyObject* XUk M1 2 [H] 1) E—X
Blle XASRBISE R BT 5 Bz s GIAE R S0, BRI AE Python 2.2 Hrfiniiiz i 3 Fs. B
T AR R BCZ AN A Y, A SRR SE TR R EAITIAE, RSB A 202 720 .
tp_getattr AN STEXN R FH LA B ERGIH A . ERHHMEL S — M _getattr__ ()
VEBRR S DA ]

il

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

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

tp_setattr AP SHEEPH — LB __setattr_ () o __delattr__ () HiEHBHRH. 24
— A JEEN SR, 5 =ANESH N NULL, RS2 — AR RS | & a7 AR A S 2 AR AR
B, W tp_setattr AAPRAJHRL 2445 i% A NULL,

static int

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

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

2.3.4 x5k

richcmpfunc tp_richcompare;

tp_richcompare AR TE T LT LRI A . BT BHEE, Bl _1t_ O, Haw
PyObject_RichCompare () #l PyObject_RichCompareBool () AT .

1 B RO T INPRE AL A1 Python XYR A2 AT NS KL, HAus®AFh Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT B Py_GT Z—. BN 24l 45 & 1918 AT K LA ARG FE R R B B3R 7] Py_True B
Py_False, QIR HEEAERP LI N 228 HABXT G LB T A8 MR 7] Py_Not Implemented, B HIR
W T 54 Wk 5] NULL,

R ARG, RN R A I SEA 2 A A
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static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op)

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

3

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

return result;

2.3.5 %2 Hy

Python SZRFZFf b 2 S0 AR AR A X 2845 11T 19 & 1182 1 LTS 7E abstract "

DXL G AR Z AR AE Python SEEIT A i e SR . i, B07 . BISALF S BN JT it E 2
»& Python AL G 7Y o HAR PO S SR ER NS o T HORRE Lo 19 283 S B 4 b BE A ApS 911 ) M SOR e
BEIRA HM B OB R IS | ) A AL BRAT AR A ] B bR o Xk 80T 4 P SOR DA 23RN G2 rhad A i St
MRS AL, A — D PR LR 18 A %A (L I 24 R ek e . (MERIERR AL AN & 18 WIS L AR
NULL 00, AT PABE BRI R I — M AL AEAE , (A OLAT) T REOR R AR I SRR < )

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

WRAR A BRI X R AT BB — N ECFE . P sk x4, AR E o BICE — AL T C 288
PyNumberMethods, PySequenceMethods B PyMappingMethods, BIZE MR HE . VRS 7 35618 24
FMEIE AKX SEEE K . /RTT PAFE Python JFEACHS AT Objects HSEHRENX LEXT 545 H 1 E R B

hashfunc tp_hash;

WERARHE SR B LR, B LY 24 S VR B ST A S IR 0] — AN A B R T — A ] B 7 1)

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;
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Py_hash_t & AESEEBOLT HIARF-EA TS E2EE. M tp_hash & -1 FR LA THIR, Xk
ST MR 24 B e A iy ia B AR W, a0 T TR .

ternaryfunc tp_call;

BURRELSHE TR VRIEE B SL BRI, 28006, Q1SR obd 1 BRI EIEZELA ST Python Ji
AT objl ("hello"), NPFAEHA tp_call AAPRAHA,

IR 2 =55
1. self J2AE AV A HFRBGERBSLH] . WRIEHZ obil ("hello'), W self }j objl.
2. args RUTTAMSHWICH. RATAMIA] PyArg_ParseTuple () RIS,
3

- kwds & H B AN AT SRR . R E AN NULL HAR SR T S8, AT A
PyArg_ParseTupleAndKeywords () RIS E. WRARAE LR BT S50 E S 3E NULL {4,
N2s5] % TypeError Iy — MERA SR X FSEHE

T2 AR tp_call SEP:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

result = PyUnicode_FromFormat (
"Returning —- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj—>obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

X L8 R PR AL T O SR AR B SR A AL B AR KA 2 — AN TE S, BB AT R s i {1 S
B, HRE =TI MRARRE, BNV 4% E 55 IR E NULL, tp_iter XJ[ T Python
__iter_ () F¥, M tp_iternext XfW T Python __ next__ () F¥k.

fEARfiterable X G ERAFILI to_iter ACBANA, ZALPRAINN AR Bl — A iterator 352, Tz 25 Python
F T Y G T] — 45 S B )

o XFTRPASCRR AR AR 2 e (g RAoTH ), W SRR tp_iter WFEIEIFR [
— A HHIE AR -

o HEERER x4 (T ERBAEA M, FlanscHxd5) ol PAE R B E
SRS FRSEH tp_iter - IFHONIGIAN 245CH tp_iternext AbFRAJHA.

1 Aiiterator StHEHR 24 [ B SZHL tp_iter Ml tp_iternext., —PIECSEH tp_iter AbFEAINGY 24 ]
— A RIZIERERIHE I H . B tp_iternext AAFLAWRL 2R B — A8 B EAEIER N — A0 200551
A, WREE TN RE. WREREFERRE, W tp_iternext AIPARIE NULL i AN EFH#, 5
HW T DAFEIR ] NULL (50l I 4745 StopIteration; by ] AP AL EATAGTERE . QSR %4 T 5K
Prugsii, W tp_iternext WY @RE — 5 iR H NULL,
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2.3.6 55 IS HE

One of the goals of Python 555 | 5L BLAY H A2 — & L VT 5 288 2 5 555 ML 7 A 24 LT BE A X 4
(Flangks) br=Agorras.

W%

weakref BRI,

XFT IS5 IS, 9 R BT {4 2

1. 7£ C W a5k aHE—A% 1T T 5551 HPLHIY Pyobject* B . ZAT A MM ESE M 4118 R
A NULL CY{f FHBRAR) tp_alloc HHXRFS HEIKE).

2. ¥ tp_weaklistoffset KA K E N C X R AP R FE WA R, XAEMRERS L RE AiE
QRART s ) AME 0% B

FRAIE, R — U NS G R A g s oy B B 7 B

typedef struct {

PyObject_HEAD

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

DA AT S WY SR 2 G P AT I A8 A

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

bi

ME — B9 A b 58 2 0 2R B A S NULL W tp_dealloc 77 Vg KR AL A 55 51 0 Gl o 4
PyObject_ClearWeakRefs ()), :

static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 WHHER
N T A2 A AR BRI I SRR E TR, AR CPython AU . BEA Objects Hk, RJ57EC
PSR to_ I EARAEZA A (BIAN, tp_richcompare). VRFFREIIRAEZE LU R KA T

MR ZEUE— DX R R ARSI B B AR SL By, 7] PyObject_TypeCheck () M%. EM
— R BT

if (!PyObject_TypeCheck (some_object, &MyType)) |
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;
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hz%:
F#& CPython JRfCHRRAS . https://www.python.org/downloads/source/
GitHub |-JF% CPython JR{CigI) CPython JiiH .  https:/github.com/python/cpython

2.4 i C/IC++ § )i

—~ CPython f] C " J@g /2 — ML (Fla—4> Linux FfY .so , o3 Windows A .pyd), HESH—4
451 FF

KT HSEA, EFEVAE PYTHONPATH A RL, HAFir & WG, @idiE Sy g, S48 H
distutils [F, 2% H 3l A BUIERA I S04 -

WAL PR E A A AN

PyObject* PyInit_modulename (void)

R HOR P e B IR AL R, B—> PyModuleDef 5£fi|, #¢% initializing-modules T ff#5E 2 4075 .

XTFANA ASCIH 4is g iibe 42, BREULATE PyInit_<modulename> , Y} <modulename> il AL
B4 F-o 248 H] multi-phase-initialization s}, FRiFf F 4 ASCIL g5 5 A ER 44 o G B A7) 4 AL bR B0 44 - 0
PyInitU_<modulename> , [fii <modulename> §5%% ] Python ] punycode 4, EFSFHEW N TR,
7£ 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 LATE— DS P BL R I 2 MR, il i LA B T AT 2T SRl S A
PR BRI AR T SO BB S B #R 7 —A B 2 $ 48k BT, A5 PEP 489 T H 241

-

BiE]

2.4.1 fiif] distutils Fy4t C #il C++ ¥ )¢

PR nT DL distutils S 4, X & Python 4 1. distutils 037 @ @ —HE 642, P Jo TR dh ke i
distutils L RELEEY R,

—A~ distutils {15 T —PIKBIEIA setup.py o XE DAL Python S, KRB RRR, FERWT:

from distutils.core import setup, Extension

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

ext_modules = [modulel])

S setup.py , ML demo.c, BTUIT

python setup.py build
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XGiE demo. ¢, ARG A— AT BRI demo 7E H % build B, KT RS, BIHCSCHESER
AMTHZFEFM build/lib. system , &4FA[HER demo. so B demo.pyd

TS setup.py B, IrAIMERA D@ setup KEL. ZRET A2 AR B XS4, Bm
B R T Fralf s mmslre TR ITEE, IEIEE THENE. BFE - TMat
FELZ AL, w8 Python FUYRRIGELEL . SO, T4, iS5 distutils f3CHY, 7E distutils-index 2 T £
distutils PRRE; ASEEST HARRER EY RABLHLER4) .

WH T HESE setup (), MEELFF IR IAS . A a0 BB 1%L setup () ) ext_modules
SHGE YRR, A2 Extension BAYSLHF. Bl FHEYSEEIE LT Y RG4S A demo , MEA—
VAL S 7 demo . ¢

ELmE, W RAERNL , FHEAIMY LB g SCRIPE . 417 1 Js T X2t

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '"1"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,

long_description = '''
This is really just a demo package.

ext_modules = [modulel])

Bl R %L setup () FER M RESME i ool S, SERERMEMEN I NE. B TX YR, HiE T
PIALPAZRE X, include H3%, FEHR, FE. HBITIFAS, distutils ib & 1 HAL DT AL (s B 4n giids. Bl
£ Unix B, SE5G2 40T g i<

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

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

BT TR H Y5 distutils PR %M distutils BEIERETE A .
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2.4.2 KA B

B RO LI, A= 2R E .
R Pl R AR B R, W] DA 2517

’python setup.py install

B AES P N RIS AL BB n] bhs T

’python setup.py sdist

|

HUENT, S5 EAEIRS &Z A A S #ANY SCF; Xl MANIFEST . in SCHSEEE, #F manifest T fi#41
s

BSAIRIS R A T WD AR, A3 i w] AR R AT R Bk T RMTG, AT — AT A
FHARSEMILAT 55

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

2.5 1 Windows [-y% C fil C++ ¥ it

X — R AT AA] i ] Microsoft Visual C++ £ Python [¥) Windows " JRARER AR5 AR LA & H T4
MU LN (5 . 3 B8 I AHR) ] I F T Windows A5 5122 3) Ky 7t Python §" DA% Unix F25 Fi2% )
WA= JAE Unix F1 Windows | B B AR &2 4528

SRS ER (] distutils J7 ORI A AL, MAGE H AT IR m L. RIS FEMEH C ek
¥4 % Python; 3 %5 A Microsoft Visual C++.

) X B K& T 2T A Python ARSI 34 o X EESC R4 AR R XY A S R 78
S, X REAURETE A Y Python KA AR H FERRAS T 1Y R RIRARCAS S A, A SRR B 2
Python 2.2.1, XY ¥k 22,

25.1 iRl

1t Windows I Unix M E JREBERA PR [ distutils WORIERIMEIIRE, B80T aRfE,

distutils 7720l TR 2 e I distutils MENET Y AL SCR I distutils-index., Q2R AR % BH
VREASETR BT AE, IBAWFTE— T winsound ARifE BRI H AT RESRA D) -

2.5.2 Unix #l Windows 2 [a]i1) 5 5

Unix I Windows X} T AU A AT T 5 AR AT FEfReil g nlsh Sz fy, %
o T RAR BT AR Ge R aner AR -

AE Unix 1, — AR (-so) SUUFH & i R R ST A9 AURS , AL S TERE R v il B4k 31 A o 444 A
A o 24 SR T B Py, R SO AR rhoisk 28 o BRI i ) 4 75 | AR 2 B H 1 R e v ek 4L
ANBHRAE WA P T SCE R SEPR AL B XA o — N ERARAT .
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1t Windows 1, —ANBIASHEEE (A1) SO ECAEHER T . il — AR AT e R R 1Y
Vil . IAEZATI DLL USRI AT B G b, I E &M T DLL iydrkk, IFHAnz
AT R S WAE VAR 5 7 1 R ORI -

e Unix 1, RAFAE—FESCIE (L), BEERAZ IR (o) B, FEaE LRI (Lso) 1Y
HERZIT B, AR AR ] RE S A E A ALNER RPN S SO SR AR A AR G SR AR
B WERRE T, BRSSOk BRSO A UG

1€ Windows W1, fELEWIRERTY, BSEMPAE @ RBLHE - 1ib). BSERMT Unix 1Y .a X &
AL EAE LB A AR D . SRR AR FAUH TR 2 RETH R4 S AR IR 2 &1L, 9 HoRFfE DLL
BOMERET TR . R v R B AR MR B A 0 3R DA A AR L5 7E DLL A5 iR
o M—A-N HFRF e DLL giddient, et — NS AR, TR 28 T W R e DLL H Sk fir
R T IX A5 DLL.

AR IEFE S IF WA S I E AR E B 1 C, BT 40— A0S A, 78 Unix b, R RE¥FA.a B4
BERE N B.so fll C.so; IR FFECEREFEFIK, XMEB A C 1o 33A B8 EEI4A . ¥£ Windows
b, G A dLL FFEBTRIF AL Libe R 2 S5F AL Lib AT B A Co AL Lib A ERE; &
S REa R T A RS AY(E B .

1E Windows |, S AR mG 2 inport spam; BEibARAI ATl spam &4 FR, HIFAA]E
—ANEEIA . fF Unix b, #E2E—PNEFHE from spam import *; BEoE—AEMEIA,

2.5.3 DLL iYyszbrfdi
Windows Python 27F Microsoft Visual C++ HA4#H); {l F HAthgRiFas il BE S WAl BEA & TAE. AT HAH
B MSVCH+ 1.

247 Windows Hifl|7d DLL i}, /R2ARF pythonXY . 1ib (G544 4% . BigqiEi1> DLL, spam Fl ni (£ {8
spam FEENF) C KE), R4 HA T s

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

B2 A T =43 spam. obi, spam.dll ] spam.lib. Spam.dll A& {Ff] Python pREL (15l
W pyArg_ParseTuple (), {HEM pythonXy. 1ib Al ARITE AN $£5] Fr Y Python fUAS .

KA QIEET ni A1l (UK .ob3 Bl . 1ib), BHEEANTA spam bAJE Python THT SCPF HHREI BT A1)
AL

AR R 2 b S B . SRR A TSR B (03 Python) #RAET 51 RIHH R4
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) H{
PyObject _declspec(dllexport) *NiGetSpamData (void) Fi—Ff,

Developer Studio il A K BARFH A FIE TR EHFALE, AR AT IR/ I 100K, ZERBEAT, if
0 H BCEAIEHERY SR IR IR E BoEBINE . FFIERAY msvertxx. 1ib ININEI SR

2.5. f£ Windows |-fg%t C il C++ " Ji 59
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CHAPTER 3

TER R E AR i A CPython i#47335% (runtime)

AIRFE, AR ESL A5, FHAE Python FEas h ] ME(E) - A =UIEAT , SN CPython JE#ATHN
A A SR R P ST I A T 2 L ) 5 UL AT 35 i S R A

3.1 {iH & App [Elitx A Python

BILEHE T W%t Python #E474 R, Wt/2 i C &% & Python fIhfE. Sad R 2nT AR :
Python g A Bl C/C++ . R/ FH 5 HIGE. XA AT PALER HFEF ] Python R SE B AELETfE A2
M C C++ . s AMRL: inseid P i Python 955 —SEIAS DA Hil bV AR 76 2 75 oK. QSR A
LT EE ] Python Zi Bk N2 5, B4 KNG H O WREX 4T .

Python iR ARMAT 97, HASESME. AFEZAFET, 7@ Python i L 7 ) A2 F394 /& Python
fRERS, T A Python i f¥) F-A2 7 M BE5 Python ¢4 J6 XM 42 W F AR 11 S 25358 /0B /R £ i Python
RS RIB T2 Python Y,

L, #EHR A Python, stERALA M TARF. I IFEFEMAFE 22— 2 ¥ ih1k Python gy, £/
HEHREL Py_Initialize (). A7 LERT A TH A v [a) Python /£ M A4T2 480, 2 5 Bl W AR P 1)
AR AnT 3 I8 R ARRERS T

VA AR RERR 0 A I LRP: W) PyRun_SimpleString () & A—/MI & Python 1A FAFHR, LA i)
PyRun_SimpleFile () & A— stdio SCHAEE IS4 (UFEHIR(E BB AER ) . B 7T AR
FH AT 203 0 S 2 A SR A4 15 - ) Python X 42,

%

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

I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAFEREETE4 Python i54T
PEREEFE. #Rk, Py_Initialize () ¥)4Afk Python fifREss, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 2 )5, VM Py_FinalizeEx () KMIMERER, BITER. FEESERET Y, ATRETRZEM AR
J5ARHL Python JIAS , s iF e M ICAR i an A . SO, siE A EdE. FIA PyRun_SimpleFile () bR
O] DATE S M SCA: g B Python RS, BT 48 2540 T AT 25 TR RN 28 S04 P 28 R JRR 0T

3.1.2 SEMER IR KR AP Btk
7o A% H RE A, IR 7 FR AT AL A Python (RS, {H 28 /Sl ml SR A XA IBRIGTRY o Q1 5 2 A e i, B
ARG . TP A BUL AT IhaE, U520 C U,

WATERE, RUGTEERI, {04 Python AIEA Python ST FAR ML, ATILEE it 6 #0k 2 B R 4
B3 B TR, YA FM Python 5 C 3 R IENRAL T -4

1. %4 Python [AHE{E %] C,

2. M R E R T C BPRR B, PAK

3. RFUR TR R B A C 4 A Python g
A Python H}, 352 LA S Al :

1. &4 C iy %dIE{E 3] Python,

2. AR R E AR A T Python 42 IR eR AR A

3. KR T 5] ) ds A Python 354854 C g
] W R R B p A TR TR, DA 518 S B 1) ME— PR DX IR AR T YR B s e 2 () )
MR REOR . EPATY RS, A —A C %L, MHATHRARE 121 Python BK%L.
KAV ATRFEE A Python #4631 C 2, 2 MR J3SMAMERE B235 Bes (R A 5 | F T AL FEAT 5%
T ik 2y SRR Y A XA, WS 2% HI T ) AR IR R R
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3.1.3 4lijiik A

SR H AR 2 AT Python JIA RS eR K. LR )2 UCHE UIBRE, Python f#RESRH A S B 5 Y
MR BEATACE, (R — 4R A i — A1) o

BisAT Python A b U R &L, LS ANTE :

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

int

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

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

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

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

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

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

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

(R
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(R —H)

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

}

LRSS R argv (1] JnZk Python A, FEH argv (2] $8EMEE. REESEURE argv £141
A . AR 205 T 44 R (MLAL R & AT R AR AE call) |, I B AT Python BIZR
it

def multiply(a,b):

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

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

JUERIN BRI, %A B ek, (HR UG 2 11T Python M1 C Z MY EUEHe e, DAR AR
%, KA Python AR A BETT 46 -

Py_Initialize();

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

WAL R 2 J5, W) PyImport_TImport () MIEHAR. HKEH S5 21 Python 4P H, — M
PyUnicode_FromString () Bk HOH ) 7475 o

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—Bm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
J Python R4 :

’pValue = PyObject_CallObject (pFunc, pArgs);

LK FORIIN, pvalue T2 N NULL, B2 SN eRBOR MHER)TI T  556 PR 58 ERE0Z5 1 .

3.1.4 x}itk A Python Jjfgil ™ g

FIHAA L, AR Python RS BETT I IV AL P AR LY T BE . Python APL 4" R AR RRAS KL T
RX—nio WlEUt, MM RO R BRHRA BRI T . RARVTER A L e, (BB oM
ko BRI AL MR T /S5 T Python fi#Réd: . LN AR FHIEE—H Y, REE—HEKAY
ik Python {Jj [ iX £ TAEF, W45 L@ Python 4 JEREfF—H. filln:

static int numargs=0;

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

}

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

bi

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

bi

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

TEmain () KA HIHEA LRI HAEHMH Py_Initialize () ZHITHAPA T H&IER]:

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

RXPATIUEAIAAL T numargs 484, ik emb. numargs () BRELRERHR AN Python MEREAS DTS A 17X
Ly g, Python AT DABRATIRAIA T T fE

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

TEESCHI N R, XA IRRHE Y B APL 25547 Python (1] .
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3.1.5 1t C++ hijix A Python

BT PAKE Python ik AF C++ R s Il SCB7 0RO T Cr+ BRI — B C++
%5 ERE, FEA Cr+ GRS R A IFMBEREAL T . AT EM C++ HEH%F Python AL

3.1.6 1E2& Unix REh 4kt
N T Python MRS AN AR Y, $RENIE 6 19 9 13 S AL 40 i e (RIEERRED) TR 3, Fenl2 ok
Python A FERHLE DA C BaSY i (. so 3CiF) mfENseilif.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘BE/27E 7% Python I (th
A REFFIE python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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

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

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

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

fE: T k%A Python 2 US| RIRFL (RpHILETE R G LAMUAFI H C ik iiA 2 0] , #iH
pythonX.Y-config f§EAXT AL, N LB FTA .

WER IR ZARMER ORBEARIEX T Unix 784K GADEEH bug 45 ), SR FIRRE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGIFESE . X sysconfig Bia @A A TR, v AgGE T IRNFEHAE BN EE. Ln:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED'")
'-Xlinker -export-dynamic'
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>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
o ATDARIR:

o e RIS IR . FE— SRR 2 E AT (delimiter, BIANFRSE. JrHfo%. IEHG5REL
=519%) DR, SURTEHRE —MR4EAHES (decorator) 2 4%, Z AFEAGIRE, HESX shell BRI
¢ Python $275°F JC.

o FF# Ellipsis,

2to3 —fHFEHf Python 2.x FEsUAGE(EIE] Python 3.x FEaAGY TR, B2 it SRR A A2 M AR I
BCE R, T SRR 2 R 5 30 BT 5 G P i R F AT T Al 1 2

2t03 FE R AMEHE R U DA 1ib2to3 Bl Bt 7B LA N8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (% JECHE)) i EEE (URE ABC) $#4ET—FE #NMmin i, 1EEduck-
nyping (W THIE) MREFE. HABERIMEAT, 42 hasattr (), HISEGSMEREA MR (5]
W EEART J7 ¥ (magic method) ). ABC [E ] [EE(Y subclass (F4HE]), B MEIRHERK H 75—l class (JH
[E]), H5n#f isinstance () M issubclass () ¥l #52(E abc BALAEI . Python A 7%
[EJ@f ABC, FIRNERIGEHE (78 collections.abe #i#l). ## (7F numbers #ifl). Hifi (¥£ io
FE4L) J% import FAG A ARG (F£ importlib.abe f4). YRATLAMEA abe AL HST H O ABC.

annotation ([EJfE) —HELSAML. class JEME. bR ZCAY 22 ik [ml (AR B B RO AEED . FRIEG, & W AR AEE pe
hint (BIEHER) .

TEFEFTIF (runtime), [83ak 58 # 0 (FVRRME LB AF L, (HAtaksst il class @ AN R R ER, & 0 [Eplifk
TEAERAH . class flIpR=AY __annotations_ HpikE e,

#52(Elvariable annotation. function annotation. PEP 484 F1 PEP 526, i5SeEti A I aenyEI .
argument (518() PR IGBLELE S funcrion (Bimethod) [W{E. 5 %CH M :

o M4EF 7| 8 (keyword argument): FERZNIFIY, DAFREISE (identifier, U0 name=) BHUEMYE]#L,
B2 PA ** 1R 1 dictionary (i) [EIFE B EIERSIE. BN, 3 F1 5 #ZPAF complex () MEY
) B S |
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

* 12 % 5] ¥ (positional argument): ARG T 5 BT 8. A7 E G | BOTHE— 85 | B R AE 1 52
B, M) EE * 2 & iWierable (PJEWCHIIE) PICRBEE. B, 3 S #2LA RIEm b
HALEL T | B

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

5 Er e e 4 ek o E B P A I . B SRS P AR LR, 2 calls B, FERE
v b, ARAER T DAY AR E R — 5 B S e gl s o 45 I s
a2 EsEE parameter (280 WH . & REESRRS M2 B2E, DAL PEP 362,
asynchronous context manager (JE[RIBEEHATAGY) BT AEH] async with PRIACH T RIS
F, MERBEER _ aenter_ () fl_aexit__ () method (J7¥k) Az, h PEP 492 5] A
asynchronous generator (AE[|2BEIN:2S) — 1 & 8] Hasynchronous generator iterator (JE[F) 24 25 EILHE)
FIR . BEREERGE ML async def & FEHY 1 K 2\ (coroutine function), {H AR ZEME T
yield HHE X, BEAM—FRIT R async for [EREMIMHE.
B A ATREE A AR — AR E A g, EAER e R F R ER YA BEKRE
(asynchronous generator iterator), H#—E LM R IENERERE, Ao BOMTHE, DUBIEFE.
—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.
asynchronous generator iterator (JEFIGEIE:ZSENUCES)  —1{W Hasynchronous generator (JEFRIZEIAESE) R
PSR

id e —flasynchronous iterator (AEFIAEURES) , HEPA __anext__ () method #EIFIIE, € [u] {3
[ (awaitable object), AT AR A E A SR R A HEBS T yvield EH
K.

B yield SrE{Em Ay, ERtfE0 B ik (A5G s s e iy wy A . BaER ¥
E14 BERE LA — MW __anext__ () [BVERWERFYAA SO0 R, & a5 ka0 #4859
1. 2 PEP 492 1 PEP 525,

asynchronous iterable (JE[F]2Bn[[ECITE) — (@ W, BRIDATE async for WA gl . WAERKE
W __aiter_ () method [A{&—{fasynchronous iterator (EFIZEMLEE). i PEP 492 3| A,

asynchronous iterator (JEFRIZBEMRES) — 1 B /E __aiter_ () Hl __anext_ () method [ ¥ 4.
__anext__ WA [EIE—Hawaitable (FTE1E14). async for GRHTAERIAEMERA __anext__ ()
method ft [l E A SR, EHE|'E 5% StopAsyncIteration fil4h, i PEP 492 5| A

attribute (JEPE) —(ESLIY) PR BB EO(E, a2 (A REIZ I T 36 23 R E 5K (dotted expression) f) 4% FBE 2
Mo B, WY o A —MHEIE a, MIEZEIEREA 0.0 BB 1K,

awaitable (WZEfp1E) (T AYE await SER X PG HBOYIME. BRI AE—coroutine (h#8), 502
—{fA __await__ () method fJ¥{}. %iE2(E PEP 492,

BDFL Benevolent Dictator For Life (#%E{"ZEM## ), X4 Guido van Rossum, Python f8II3& 3 .

binary file (" ifEHIRER) —MEEEEBUNE Abytes-like objects (BEALIICALEEYIE) fAfile object (FEZEMI:) .
TIEFIREENE A AR ('rb', 'wb' 5F 'rb+') BAENNREZE. sys.stdin.buffer,
sys.stdout .buffer, PAMK i0.BytesIO fl gzip.GzipFile B,

FiitisElext file (SCFREE), R MHEEEREFIEA str W REYE.

bytes-like object (EifijcalE¥fk) —1f 518 bufferobjects HREFIME ) C-contiguous %5 W WI1F. BHEIE
FrAH) bytes., bytearray fil array.array ¥, PANHZHE BRI memoryview ¥4, BG4
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E?ggmﬁéﬁfﬁiﬁﬁﬂﬁ*iﬂﬁ%ﬁﬁﬁ; TS R RA . AT IR R AE M socket (4

A L T A R TS . [EIW] SOl e L R E) [T B e R A ) T
B S 1o [ ) WD 4% bytearray, PAMN bytearray i) memoryview. HAWM) R T EE _HE
RIS AEATT Y (TN THBYE]) o B3 bytes, DL bytes YIFH

memoryview,

bytecode (fsC4HM5) Python [ ) 4R 15 & A i UL TCALAS , B2 Python Fs(7E CPython B i [EVEY
Fonike MTCABS R GO AEAE oye BEP, DASESE “YCRAT IR — A AE SR ks R Pt (Al AR
JAAE I 85 2B A (M (7 O AL A ) o B [P ISR (intermediate language) | 48L& EATHE —{f virmual
machine ([EVgER&RS) |, zEVEERR 2 Gl 7 7B i 1 CLCAL S S ERI MRS % (machine code). TR,
7 TCALAS I A _b 2 A AE N ()1 Python [EIERERS 2 FEAERY, AN BRZEAS R CAR 1 Python 2 R4
TE o

(L TCALAS 5 212 AT DATE dis BEAHAYERA SO 4 3] o
callback ([IWF)  VEE]S | S LR A — A &I (subroutine) bRz, Er7EAR ACHILAR IRF I BE DA T -

class (JEE)) 10 FH A 22 7 i 11 35 A F8 ) (O ASEAL . Class 119 5 3838 % @ 62 7% method /)5 3§, 35 2% method
AT PATE class [ EE ()b atEf T4 .

class variable (AES2S) —fF7E class e, HRER HRETE class MK (RERIAZTE class INELHI)
LG 2 e

coercion ([EVRIHGRY)  £EHS K MR A 7 24 E)S | B /e AR o, 45— R 2 (B 8 ) [EIE) o — R AU B B X
##[E] (implicit conversion) ##F2. B, int (3.15) G FE B EIEES 3, HAE 3+4.5 1, &S]
WO AR BIE] (—{# int, —{# float), 1738 WA 5 | S e B EIEA W A ZUEL & A4 REAT N, 511
W &5]4 TypeError., WUREIGEIGIER, BTG RS EEIESHIZS, B2 b AR T Al
IERIE (normalize) [EIFH[RIAGME, B0, ZEH float (3)+4.5 MIARENIE 3+4.5,

complex number ([E) —HEJZMABNERALKATETT, 76T Bey-#h € bl R [E— 0 2 A— M E
WA, [Els 2 ESEA (-1 B R) BB, WEALEE AR PR 1, A RS
#HI[E 5. Python [EJzd T ¥ X%, ©RHAZENREAFIREY: EReHE MERY I v
B, B0 3+13. I math AALER) T RS R ES, #EMEH cmath H4. ESWEHZ—
TEAHE M B R SR e . WRAREIA 2 2B B MRk, AREIRT-RE e & R ] DA e Z e .

context manager (5B HIZY) — MW AT AWl with BRAX P IF RIEEN DM, ME 258 E %
__enter_ () fl_exit__ () method 4=HI. w2 PEP 343,

context variable (1%§Bi58) —(E &8, HAH VT DURSE LN XM A R . 35 B AT 4 3 £
{7l (Thread-Local Storage), 7EH A, — 8 #AE R MAATH T BB A ARRIMME. R0, BEREE
W, AT TR 2, SR O SRS, RAEE TR AERI$ L% (concurrent
asynchronous task) H1, ¥}t HUIk e KEE]. 55 2([E contextvars,

contiguous (FHAHM) 05— {1 45 ff [ 2 C-contiguous B, 5% Fortran contiguous ., FI| ‘& € e 1] b4 45 [ 12 8 48
M. ZE4E (zero-dimensional) 1) 4% 8 [ AR 2 C X Fortran contiguous., 7F—#f (one-dimensional) [#%1 1, £
TH H WA ZHAE RO IR S R AR AR HE S, T R S IE )y R BB IRE NS . #E £ 41 (multidimensional)
C-contiguous [ %1 /1, Fe R 5 #8720k 19 IE 7 55 B 4% (M IH H IR, IR — MR 5108 b, R, 7
Fortran contiguous [#41) 4, 2f—{#R5 | 8L R R

coroutine (1jfE) 1iFEZREIFER (subroutine) i) —FEH [EEFR ML . BRI AE L0 R ] B bl A EHE 5
—{H B E . AR AFERF 2 AR AR B A . B AIEE . EMEEEPL async def B
NP EAE. HF2(E PEP 492,

coroutine function ({FLeA=;) — W[l Ecoroutine (HFE) WK . —MHFERAEPL asyne def [
R EsR, R AEer 4 await, async for fl async with B, S EEFEH PEP 492 5|
Ao

CPython Python F£3{zE = IWAEHE E/E (canonical implementation), #F#EAIFE python.org . [CPython | i F4#f
FEAELEIRFRE R, DA IR BN T RE S B/, 140 Jython E{ IronPython,
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decorator (H:ffigy) MR, EEBES MK, WHEGHA ewrapper 3E¥E, HEHE-—ER K
I%4(F] (function transformation), HEffire REi% 2 classmethod () Fl staticmethod () .

et AR SRR . AT w8 e o FRAERR 3R R AR -

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

@staticmethod
def f (arg):

Class WAFAEAH R RS, (EAETREILLBORE . BN SEahig i E L E4, 52 EpkUE s8R class E 56
AR SO

descriptor ({iiA%S) FMEFET __get_ (). __set_ () 8{ __delete__ () method {4, & —1H
class JE M2 — A, ERRRESSTE e @A R e . %, A ab RS ‘;’Eﬁﬁfc
EIR S VERE, G7E a (1) class I AR A FRE] b P 0F, (AQUIR b 22— GRS, ﬁU*H%E@E"Jﬁﬁ
it method Ergiifny . SRR A HLREE IR AREAE Python (RS, HEICMEFFL e R, Bk
e mEIEE R, . method, J&VE (property). class method. [FJE method, DA S ¥} super class (ACHEE)) 2
HE .

B2 2% method YL, #52(E descriptors BRI 46 .

dictionary (?lﬂl) — A |3 B [ 1) (associative array), H: o AT 2 1) SR & Bl e S B0 (E . S RT DA AT A A A
__hash__ () fl_eq__ () method {3, #E Perl i fg[EI3EE] (hash).

dictionary comprehension (‘pFUEZAIERY) —FEBEM T, HAUER— 0 T ECH 0 b g 5 ekiB 4 oo
=, [P EIEE RN —MEHE 1, results = {n: n ** 2 for n in range (10)} GFE—
7, EAETE R n ** 2. #2[E comprehensions.

dictionary view (‘FHUGPL) £ dict.keys (). dict.values () M dict.items ( IEI%EI’J%{#%}&%@.
TS MR T M I H B AR, B RN U S B, E/Z*?%E‘%fiﬂﬂh_ib A
BEEH i E) 52 8 9 list (52%1]), AT 1ist (dictview) . FH2(E] dict-views.

docstring ([EW<pih)  —fA1E class, pRaREBALT, (RES— (R B 7 H S0A . BESRETEE M
FTRF e, (e Ergsiseds gtak, [EOAITE class, s __doc_ @Yk, diitER]
FER A AZEBEA (introspection) SRIEVEE, FRIE @Y FHEIR SCPFAF R R E R E o

duck-typing (WF%IE]) —MEREGEEHENE, ©REHE g — (4 (i B E) e 2 e 15 oA IEfERY /Y
T B2 A2, method S J& € ¥ AGLHBGEIF M S 6E . (T AnS e A s —(EVRS 7im Hnue s
—[Egr, WEE—et—EE. ) HEERN mmIESe2E, o satifAasaeaE L B
(polymorphic substitution) I & () &M, 15 RUEIZR G type () B isinstance () JEFTHI
i (1E|7EHH/£E', A4 [FIR] DL 48 2 38k 28 (F) (abstract base class) H{%ﬁﬁ?ﬁ ) SR, EiE "’ﬂﬁ.)ﬂ
hasattr () Wik, BOREAFP FECEEEHEFS o

EAFP Easier to ask for forgiveness than permission. (55K EA R HEAS ) a5 RAY Python 45 &
G SRS R S B A, (B s AR Bt B RS P A (50 41 . B AR E) Lk i JalA , o
RATAET 2 try il except BUA . FEFAELFF 2 HAMGE T (5140 C) & WIWLBYL JEASTE L T %
.

expression (FESEX) — B LARRASELR A REE. EAEEE, MBS s, 4. B,
T SR U SRR TR SR, 1M 75 2L PR RE [ eI fﬁiiF%ﬁﬁEnanWE’ﬂ%, [El4E
JIr A ) Python i 5 AR BRI . 70 AN —Lsatement (BGAX) NREBUNMEER L, FilU while,
Jil{E (assignment) L2 oA, MA@ .

extension module (¥EFBi4) —ADA C 5 C++ g fid, &l Jf] Python 11 C API BEEHAZ. > K f ] 5 F5
AASHET T HE
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f-string (f2p) DA £ w5 'F [ERTER A0 FEp SO B RRE]) (1 73], B RAS I T SCAR I 4 55 .
35 2(F) PEP 498,

file object (FSRWfE) — 10l & BB L& (file-oriented) API (4l read () Bf write () %¥ method)
REEAERE IR . AR B e i =X, & R o 3 B B A A 22 ol L 228 ) £
RS0l E (B A / . SOIEREEIE M . socket (48 ). &(E] (pipe) &%) MIFFHL. 1
LYt g R EI 28 4% Z 41 (file-like object) B, B iR (stream).

L, A=FEERYE: AR = R 5 B —E RS LT A . BETIRINTETE 1o B
HRE SR @ﬁ%ﬁ%#ﬁ‘ﬁ%iﬁﬁ?ﬁ%@ﬁ open ( lZlit

file-like object (RU§ZRYIME) file object (REZEMIME) WIFIFET -
finder (M%) —MPMF, EEEREIELER import E‘J’fﬁzﬂ%?ﬁloader (AR -

f Python 3.3 BHLG, A WMMEMEBAFAGEY: TEAE F ¥ E (meta path finder) € {#i[f] sys.meta_path,
M 344838 B 42 2 (path entry finder) €7f§i [ sys.path_hooks.,

%5 ([F| PEP 302, PEP 420 1 PEP 451 DA T fift 55 2 410 .

floor division (1] FYUCIERRIE) 16 N HEMR {2 25 B B e T Be ) BB v . 1) N BURS Ry i A T2 // il
o, A 11 /7 4 WEHESSRE 2, i float (FREREL) ERRYEATEIER) 2. 75 AH. fER, (-11)
/7 AMEERRE -3, HER -2.75 #hié FEEFeSE. i52(E PEP 238,

function (FAX) —HPBRHAZ, BREEI R IFIE RME—L0E, S nT AR EE S 20 7] 3, ELks|
BT e R R AR B AT %pﬁ/.paramcter (228 . method (J73), VA function Zffi.

function annotation (F=XEIRE) RS HELEEEN—Mannotation ([EF).
oR U E IR w il i AR 2 (13 =« N, S (M ek NTEIH &5 2 Wi int 518, [EEA M int [m{E{E:

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

bR S ERR A R AE function ZE60 A7 AN R .
st 2 [Flvariable annotation #1 PEP 484, %45 W INGEFIHIA

_ future__ future FiR=: from _ future_ import <feature>, @5 /N en(d FATLEYE Python ok
ﬁiﬂﬁéﬁ?ﬁﬁﬁﬂi*ﬂ%}ﬁ’]‘%@ﬂﬁﬁﬁﬁﬁﬁgiﬁy ﬂ@%ﬁﬁ?ﬁﬁﬂﬁﬁﬁﬂ 1M __future__ BFHAIFLE T feature
(%) WREMI(E. #i import HAAH F13 A BOR (H Vﬁﬁfﬁﬁﬁﬁﬁl%ﬁ 1) 33 RE 2 AT IRF 1 YR 3 2
lﬂﬁnnm , AKEATRES & (S0 48) ﬁil?ﬁ R ILIfE

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

garbage collection (hi¥elmll) EFCIEHEA ﬁ?ﬁiﬁﬁﬁ F, MR R AR . Python SATHIR Mk, J&iEiH
2 W58 (reference counting), DA S — 11 i [F) A% ) A1 A B 22 FE PG BR (reference cycle) A& R 7 % o] 5 #5
(cyclic garbage collector) HE5E il . $5/3% A W%—I PABER] gc AR4H 3 Ef T

generator ([F/:Z%) i € [alHgenerator iterator (EVAZREURER) M. EHERRE MHIEFHHEL, H
AR REMET vield RN, BREE—RIIGMAE, B AR for [FE, 802 next () Mk,
BRUARR A —H(E .
i—ﬁiﬁl?ﬁﬁnl_%ﬂﬂﬁ{%ﬁﬂﬁl.ﬁi%%uf faf%ﬁbfii‘tqﬁ, WA FRE A SERE. B HEE

generator iterator (li%%lﬁ%%) — 1 th generator (.i%ﬁ) PR TS

M yield gE AR, FRAMERIITRE (57 RS MO P oy A0 . HEE S
(V&R 2 RS, s LI BT (BB LA ] RS FE 0 B a1 e U IS ] )
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generator expression ([E/EZHERR) —(H &R EEMCEIEE X, BHEERS —MIERFERNX, &
Tl for T4, W T EE . HE AL i T A AERGENE
bR B (1A Z2 A

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

generic function (JZMAR) i ZMEEXALY R, ek G 3R R ZUEEC R s R, iy
S R R G R RE B4, 2 b R BRI S (dispaiteh algorithm) SRIE7E

#5 2 (Elsingle dispatch (¥—FAR) #HsEE&H . functools.singledispatch () HEffi#efl PEP
443,

generic type (ZHIMIE]) W SHLHpe; WHE A List ok dict XFERY 888K, AT L2257 AL,
WL 50 7R 4255, PEP 483, PEP 484, PEP 585 fll typing f&Ht,
GIL 352(Elglobal interpreter lock (430 H 22858H) .

global interpreter lock (2RELRASHT) CPyrhon BLERAR T RN BOMH], I DAREOREEUCHR U — IR 8047 4 e
AT Python fjbyrecode ((LTCALAS) o FB MR (45 B EVEALE], 0 dict) HB)HEESR
(EJ4 775U (concurrent access) [f& K, BLAHI AT PAfI{k CPython [UBEFE. S BE(M By, SO0 E M
B 5 IEI Z #4744 (multi-threaded), {HAQ 2 G 10 20 JE I SR O RS RE ISR AL — KER 4R PAT 7

(parallelism) ,

IR, A SE TR, MR R E Y BOR S = Y, B R R AT A O ()4 R R AR
(computationally-intensive) FT5 s, ATVAMERR GIL. 5341, FE#iAT /O Iy, GIL A2 ez,

2SS TR TA | R (DASE RS A0 R S e S ORI B ES ) 1SS R )
[ElE— i B — R FEHE N, sk ARk, —RE, HERREMARemE, aierEes
[EIMERT 2, AT Y S o P AR AR

hash-based pyc (HEIZLHEN) pyc) —{H (LTCALES (bytecode) T A7, & FI A VB T AN 2 38F B LA R R 1Y
RARME ORI, e AR . 752 [E pyc-invalidation,

hashable (WEENY) WR —HY4E —MEEE, gEEXEGEH PR LS (EHFE—M
__hash__ () method) , H AEELH ALY H A K (EFFE—M _eq_ () method) , IREIE 52
— (=T 2 [EM 1. il REA S 2 T 3R E 2, &AM b G A IR ) A EVE

AHEEM: (hashability) (i— A4 {F 0 JI 1 dictionary (°8) HUHERI set (Se6y) RUME, HIELGLEERIGS
RERTE HE R 1 A EMEL

K2 B¥) Python A ] 8 [y (4402 nT ST s nlspg 2888 (B4 list 5% dictionary) [EIAAE; A
S zses (B0 wple (JCAL) 1 frozenset) , HAHEEMAYICE ] HEER, EMA G A 20 #EEK .
TR E E class B, JIE Lo (el T E 3 )R o e T AT EUHR AR N A AR
(BAFeME A C i), e M sEEE R E B B MK 1d0) .

IDLE Python f¥] Integrated Development Environment (¥4 5H%$3845 ). IDLE & —{f A1) gl g il B R a8
5%, B Python [HAFHEREA TICAS— i gl .

immutable (An8E) —FEAEEERNDIE. ATy ORERT . SR wple (Joi) . SR
B RBEH Y . AR RN R (Db E R A, R — B . B R e N E
My, I E A A, B0 dictionary (L) AR — {4

import path (FEAPETE) —MEE (544298 B ) WFIR, MABLEA ERETE import BLAHIRE , € #iparh based
finder (FEFBEARIFAGAT) BWEBBAN A E . 7F import SR, M B FKEH R H sys.path, H
HATE A (subpackage) M5, EWMATRERHKH LEM) _path__ EPE.

importing (MEA) A, — (B4 Y Python R A W] DA I FE , B 55 — 4540 P ) Python 2
KAGMHH

importer (FEAZS) —MHREESK LBABAMYI; BB inder (F2%) Wiloader (BALF) YT,
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interactive (ZLEjIY)) Python £ —ff H B E AR, 8RR AR A] ATE BLRE & A94R8 7 on il A BOd sURE S
KX, CHHTEMEEAZIEMMER. JZE® python, NFTFEAEMTIE (7] AERE 4RI BN
PSR E) . ERNBUNT LSRR A QR EEEIR I (FFRCAE help(o) .

interpreted (ELi#if)) Python @M E T, MA S ERE S, /NhiE M 84 T 87 L], HEH T
AL (bytecode) HiiE#n MIAETE . 18 PR IGTH S v DAE OGBS T, ORTE IR @ o) — AT, 28
BHATE. HEsESmw haessl oA AR BaEE / BREsE, A e A Re i & taEf T A e .
Wt & Flinteractive (HBI) .

interpreter shutdown (Pii#asBPH) & Python B :esdi ZoRBAPHIE, B A — 1@%5*5%&7 TE M B
*%ﬁﬁﬁﬁ HORCE &, B ilﬂﬂ‘%ﬁﬂﬁ‘ﬂ%@ B EI &5 . Bt @& ZKIFIY 3538 =Dli % (garbage collector),
15 AEEDME 5 05 2 B 2 O i pR 5X (destructor) B35 5 | I A [E] I (weakref callback), .iﬂﬁ/ﬁ\ g
ﬁ%o AE [ P B Bl AT AR A il 2 A 4, IHENE k) @I nl A TAER T (3 R Bl
T2 R QAR A Bl R A )

HG I F 2R, 2 __main  BUHBEPOESTHEIAC BT

iterable (WJEfCHIME) —FEAEE— K ol — (@ H ol B R84, W EMCH 459 B 1 645 BrA 1 1751 L (ED
(22 1ist. str fll tuple) FIMLLARFHIRE], B2 dict. #2400, PARARETEFRAYTAT class 1)
fF, HER class 5 __iter_ () method B2 E ESequence (JTH) 3EEM __getitem__ () method,
YR T ER 4

AIES AT R for [EIREAFF 2 HAb 52— WP 2 (zip ()« map () ... & —fE AT ER 14
VEES | i R A E K iter O B, B EEZY R ME—mEECE. EK.W%%@%B’\%%*ZH@
ATl (one pass) FERE . [ FAEICHRIE, WHEA—CEMTNY iter () K AFTEIERZYF. for B
WG B ENRE G L, g YRR R a4 s, AR E B R s R 2%
Y z(Eliterator ([ELRE). sequence (J¥3)]) Figenerator ([EVERS).

iterator ([EMfC2%) —MAFRERRRYE. EEHIEYESCEEH __next_ () method (B2 & HIEL
B next () ) EKFRIMEERT TS ER . BATA &R, HlE5% stopIteration fil
Gho BERE, SZENCEIEC AR, M3 _ next_ () method [jE—0nY , &R H G ks 5
StopIteration. [EMCEFLAA M __iter_ () method, ‘B € EHEREIA S, B DA%EHEE
A AR PTENC 4, FLRT AR A K 22 o A A T BN 35 A . — I ERR Bl oh, 2B ZE
#EIX (multiple iteration passes) (2. —MZ28F (52 1ist) FERRAIEMHIEL iter O
B fE for [EIRE i B s, ARErEE MBIy, AR ER LS (ZRER) K,
W M EAE T —m B P A . A E g S EU R, ARG R — S A 5

1E typeiter SCH AT AR B 2 .

key function (ZpAx) # k=37 K= (collation function) J&—1f B BEHY (callable) PR, ‘& & [B{E—1
A HER (sorting) B %€ (ordering) . BN, locale.strxfrm () #JHAEIE—8 1 fif W HE
B HE 8

Python Wi T2 T H., #R#EZ DAGE ok XA A e Rl e e 8oy Y 0. BEMAHE min O L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

AR DU S SR K. B4, str.lower () method W] RAFEEIA 2 K /NEs HE A S8 iR
Xo B3, —MEEEAWT] PARE lambda SR AP AR, FIA0 lambda r: (r[0], r(2]). 54,
operator AN FE AL T = 1M 4 o8 = i 72 #5 5K X (constructor): attrgetter (). itemgetter () Hl
methodcaller (). BRIz ST AH ek X861, w52 ETHE T .

keyword argument (Bt 51%) F2Earsument (513).
lambda p B—expression (FEE) Fral Ay — {1 2 F7EIR X (inline function) , A 5% oK AP R SRAE . 7

57 lambda pRCIEEVEE lambda [parameters]: expression,

LBYL Look before you leap. (=447, ) i/l 45 EA% @ (ERATIFI s A s 2w, Wbl Se A
B EASELEAFP TR, HERRORE AR 1 BT,

73
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- EZPATHIRS T, LBYL A7 [ =8 fl [#47] Z 51 AT BE: (race condition) [ JE
Boto BIANPANAEZ if key in mapping: return mappinglkeyl, WIERS—ME#ATEEFEH]
ZARMBAEEIRZ T, 4 mapping TRERRT key, RIaZAEAGmL€r L. & M1 R T PAH 85 (lock) sl fifi H
EAFP #fil i AR ARE] .

list (#1%1) —1H Python [El#fsequence (J751]). EVETRIZ T list, T HEEREOUHANRE T oA — R
% (array) TI# AR — i $l4% HR 41 (linked list), PRIEIAFHOC 2 A5 R EVRE 2 /2 O

list comprehension (HpFI&FAIETY) M F AR HL—(H 551 Hp () TR R e R, (B B H A SR DA— 1 List
EMEA RS YL, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
0] GEA M5 list, Ho a8 0 %) 255 @EE), Fra @y /308 0x.). 1f T EsR ik
. QAN e, H range (256) HFTA TCREAD T HERL

loader (WEAZY) —fHREERAMAWIE. ELHER MAE load_module () i) method (J53%). #&
AZHBE 2P finder (FARES) FME. FEZMEHFHSE PEP 302, Bljitabstract base class (#1558 KHH(ED)
#HA[F importlib.abc.Loader.,

magic method (BEHTJjik) special method (F§3KT5%) W9—MEAE X R 5 -

mapping (¥H) — AWM, BRI EENER, HAEE{E abstract base classes ({5 IKHEE])
Mapping Bf, MutableMapping ff15EH method, #FIfFE dict. collections.defaultdict.
collections.OrderedDict il collections.Counter,

meta path finder (JUEEFESMLY) — KM sys.meta_path [ FE K finder (FAGAF) . TCHEIETAR
FRBAFAAZ I B F ¥ 5 (path entry finder) MHE{HE AR .
B A TC IR R A P EAE ) method, 352(F] importlib.abc.MetaPathFinder,

metaclass (JCHIE]) —71F class [ class, Class & FEiBAE & #7—1H class £ 5%. —1H class dictionary (F-8t),
DA —1 base class (FEHEEE]) 195134, Metaclass B E1E57E =858, [EI#ES73% class. REHWY
3 e R URE e R — R T B . Python (4FEZ BEAE Y E REEE . H 5T HY metaclass, K4y
Wl E AR FEE N TR, (R FESRE, metaclass 7] DUBRILFEI R HERMME L. MO8 HR
OB YEEE. S TaE ek, B erE s . BRI (singleton), DAKFFE HAL AT % .

B %2 % HI ] DAYE metaclasses Zf5 HHFR 5] .

method (Jjik) —fH7E class A<BAEIW 2 AKX . WIE method VEEIL class BEFIAG—H B A pEn, Al
A B E R E S S —Margument (518F) (M5 #GEF #EREE self). 2 E funcion (9
) Flnested scope (ENRAE L) .

method resolution order (J5 i) 7 iEMATIE T 2 A E A B AE T, base class (F)HHE])
VOB SIET . B 2.3 iUZE 4, Python B3R aS Bl FH B VEANAT, w5 2(E Python 2.3 i )y IL Ml
JET o

module (Bifll) —fE#E{E Python F£xCA51)4H 4% B 1 (organizational unit) 4 {4, HAHA —M M2 25H, B
AL EATLE N Python (4 BEALEHE thimporting WIRFE, BEHUA E Python,

st Epackage (BF).

module spec (BLZALRE) — & =S, BSHREABAR import MBI & #l. B2 importlib.
machinery.ModuleSpec —1E &1 .

MRO #2:[Elmethod resolution order (J5:fRATNET)
mutable (R[88¥0F) TP LRI DARCE B MM, (AARFEMN 14 0 o BEE2Eimmuable CRWEYI0FE) .

named tuple (F#IC41) H75E [named tuple (Fff44 CAL) ] 2454 tple 4R AT REB class, H W]
25| (indexable) TG 1] DA I 44 B M AAF L. 38 LEFU(EIEX class 1 m] DAUSLAT oA A RF 1

A HEZERE) 2 named tuple, 3% time.localtime () fl os.stat () [FEM(E. B—MF T2

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

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

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

True

4 %% named tuple J2[EEA(E] (40 EF)). 80, —1f named tuple t 1] DAfE—fH IEBIAY class 5 AT,
HE class 2K H tuple, HEFRTIHAMNAL (named field) RIT] . S8 class A AT TA%s, thn]
DA Tk ek 2 (factory function) collections.namedtuple () B . BHFHRHIEIM T —L%4
HMY) method, 75 4% method FJ B2 7EF 55 s [EJ (1) named tuple 1, MEHEFE.

namespace (@ #4%5H])  BHEWREFROH T o 4 252 A dictionary (S8l ) BEECIE . A7 A . 43k K [E)
A, MAEY I (78 method W) AT HLHIRAG M 251 . v 44 25 FHE Hh B 1 24 1858, AR 3%
Btk . fln, K3 builtins. open Ml os.open () s T M A4 25 AR B A I . s 25 [
5 £R BN % 2 2 MR RS AE B A — R pR X, RIS W] i Pk S v AR . BN, & random. seed ()
of itertools.islice () WifEhF/R, BLmAHEEH random Al itertools HHHTEE(E.

namespace package (@ #2MEF) —{f PEP 420 package (£fF), ©HAEAEETEMF (subpackage) f—1{H
Adn. A EMEMTRES YRR, M HAEKEEMABRRE—WMregular package (IERENT),
FEEMEESR _init_.py SR,

iz Emodule (F4) .

nested scope (HURTEMN) REF)2 M 4ME 52 3 (enclosing definition) H 58 B RE 17, SEGIZRIE], —H R =
MR — M piEsR, el RoNEm0hp sl s, AESEET, SikE
P 0 A 22 M, T e P AR e S B R A I (B A R 3 s R B A . TR, A deiss i
BAE G4 2 B P SIS A . nonlocal A FFEINEVEFIREFTE A

new-style class (HiARE) —HEY, CRIGBEIA N class YFIH Y class &A% . 7653 Python
A, HA B class A REfHH Python B . ZEMIIEE, 52 __slots__ . #ifiik+s (descriptor),
J&VE (property). __getattribute__ (). class method (%) Fil static method ([EIRET:).

object (#fF) HARAE (BrElE) KpiwnifiE (method) FUEMTE R EUHLRAEMnew-style class (#i
AHE]) Ayf#& base class (FLJRHFE)

package (£if}) —1{f Python [Ajmodule (F¥i4l), B0 LAEE T4 (submodule) B i2EEIF T4 (subpack-
age). MY EME, EFRHEA _path_ JEYER—{# Python FiA.

Wak2Elregular package (TFFLEME) Fnamespace package (64423 MEM:).

parameter () 1t funcrion (PK§3X) = method JE F&H i) —ff iy 24 FL Y (named entity), ‘& #5H]% R 2 BED)
W — Bargument (51%0), STERSEE TR 2518, S06H TR ) 2 8o

* positional-or-keyword ({i e BT ): FEU]—H T DAz e A2 5 R AR 585 7| SCp R 5 9.
RS EBHA, BIUNLATHY foo F bar:

’def func (foo, bar=None): ... ‘

* positional-only (BEFRALE): W8 HAEH AL EBHR ALY T . ER=UERM SR E
—f8 /o0, iR PALERZ T OUHI T E SAERR O E 2 8, BIANLAR ) posonlyl FI posonly2:

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

o keyword-only ({EFRBH#ET): F5IH—0H BB AR S8 bR ity 5 |8, fEmCE RS £, 1
A — 0T 2 YR B 2 8 (var-positional parameter) B2 BLAER) * FI0, BUAT DATE AR )5 E AR
B2, BIPATR ) kw_onlyl Fl kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘
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* var-positional ({EEWERALE) : S8 —RREDMERF IR LI AL 5 | B (TEC WM 2 W2
MR S [ 2 4h) . BB ER ERIEHS WA R T E L~ AOGERM, GIILA T args:

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

« var-keyword ({FREBURBIBEF) TR BLIG (R BOR BISE T3] B (FEC WEILAL S BB
(ERBRTS M 5. RS BRI BB i L ACE 3y, B L g
kwargs,

S BT DATE IS | USRI S TR 1, LT DAL e SRS M 15 | P o TE AL

B2 ENEEF M argument (5180 B H . & REEH R 5] M 2 82 MK 2E], inspect . Parameter
class, function Zfi, DA PEP 362,

path entry (3&FRIH) fEimport path (EABEAE) T—(ELE, WMipath based finder (F7A BRI FA54R)
TS 4L E AL import PRI .

path entry finder (PEFSIHH =-Mi%%) ¥ sys.path_hooks H1f¥— 1 0] BERY#) £ (callable) (7 B —1{Epath
entry hook) FIf [BMEL () — T finder, &8 U] A—A path entryi@ (VLA .
B A R AR TE B A2 EAE method, #52(F] importlib.abe.PathEntryFinder,

path entry hook (J%f%IHH(E]) 7F sys.path_hook #1|3&H1i—{H w] FERY Hy {2 (callable), 5 & %038 QA7
—{EREE Wpath entry HRARREA, Il [l E—{Eparh entry finder (BFRIEH FAEER)

path based finder (JERBEISAIBIZS)  THERM TIAE 548 5 (meta path finder) 2 —, ‘EE&AE—Aimport path
Hr g A .

path-like object (RURRESMIME) — M FIRIE R RGBS BRSP4 7T AR — 8 RN BRI str
5 bytes Y, B2 —MEA os.PathLike @M. FEHIFI os. fspath () K, —ff3Z

$Z os.PathLike W4T DA [EIE str 8% bytes #RASIKLR; M os.fsdecode () K&
os.fsencode () BI4MEIT] AR str M bytes &S, B PEP 519 5] A,

PEP Python Enhancement Proposal (Python J[F422%2), PEP 22—k sHEIR e, B HEE] Python R {L %
i, BORAA Python (—H BT D REESGX Y BERIRE P PR . PEP JE % 2B ML £l I 04 45 7 A i DA S Bl
FIREMENE I
PEP WfFfE HIY, 2B REIE SR TIBEMHR 2 . A0 o R A 0 R o s, DA A Python
Pk FHER YRR, SRR 8 s . PEP (KES & et s sk Ere B s e A
#H2E PEP 1.,

portion (¥4y) FE¥—HEPW—4AEHE (W REREAEAE—MM zip f ), S UM R AR S — a4 = HEN
(namespace package) &L, 0[E PEP 420 F1[)E$%.

positional argument (¥ 518) ##H2Earsument (3135).

provisional API (47 API) 4T API 245, fCAZEE R ER B ME (backwards compatibility) 475 /7,
W HERR A APL, BESR I, R REETH, B EEAeAERREE, HinE
o0 N ERREE LT, WATREE B A AR ST (LR EEBRNE). SESEFAG
fi i [(F) A= HA AP A 2 BRI B R A GG g e, EMA a4,

BT AT APL, [ A RHZS 5 St Er el ] [ smcfz O MRIED 38 ) — ST s B R, A7)
SR T B — M I AR A RO AR E T 5%

s M1 O RS A A o e O I 2 IR TS T A, T 3 S e 2 0 (R PP R P 20 B A P R R s B vk 5
2[EI PEP 411 TR Z 40 .

provisional package (B[f7E4k) w2 [Eprovisional API (4T API),

Python 3000 Python 3.x RFMRAMERGE (RAVABTAIGE Y, HHRESS 3 AR EEE R K. ) ] DAKE
&[E] [Py3k].
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Pythonic (Python Jal#it)) —(HAAE—BefesUAG, MM T Python 3 B FUANIE MIRE, 02 Bl i
filah 5 R AR NG, BN, Python wiid Ry —REEBUNIE, RN —M for PRk, ¥
— (A BRI A CRE T IR . 7F2 b S EEA B2, AR Python YA
A R o — (0 B e R e A A U -

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

B2, AT IEERMER. B HA Python J&UHS :

for piece in food:
print (piece)

quallﬁed name (RRE#RG) M [EE0MMAR], B BURTE— AL A0 Ik 3 s AL P 2 3811 class.
pRUEL method 1) [FE4R ], 40 PEP 3155 HrfiE 2. B TEE 1Y pR =R class 177 7, B A2 44 F 4 14
F4 A [ -

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

>>> C.__qualname___

lcl

>>> C.D.__ _gualname__
'Cc.D'

>>> C.D.meth._qgualname_
'C.D.meth'

NG| AR, TATRE & & (fully qualified name) 5327~ A A 1 52 BE B PR BE AR, B E(EA 1)
RLEM:, Hlil email .mime.text:

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

reference count (ZWGHE) B P2 IBREL &MY 2 BEHECRREE0, B ey
 (deallocated), 2 MEHEGE #1E Python F2a0H5 B AE], HEERCPython BAEK—(HBSITE. sys
B EF T M getrefcount () PR, RPN AT AT IY 5% o =X 2K [ 3 — Ry 2 W0 2R 10 2 BEF T

regular package (IEMUEME) —ME SR Ipackage (B0F), BII—MEE __init_ . py HERM AL,
k2 Elnamespace package (fiv 4 2 MEM)

__slots__ 7£ class [EJf i) — M &4, ©#Fh BT BB M, PAKIERREH dictionary (F84) |
A TR, BEARRE BN, (e B DUE R, SR P A R A I O B
(memory-critical) [ 8 FHI R 2 7 AE R B B 491 ) 2 LA (ED

sequence (JE4]) —{fiterable (RJ[ECHI1E), BiEi# _ getitem_ () special method (Jp5k77%:), i
BHMRTIR L BECRRTEAIR, EE®RT M _len_ () method 5REMHZFHHRE, —&
Ela s BEFE 1ist, str, tuple fl bytes, AR, MR dict X _ getitem_ ()
__len_ (), {HEWAHEE M (mapping) i A, HEHA I 26 AT E A immuiable 8, i
=238

W% H i HE[E) (abstract base class) collections.abc.Sequence fEFE T — B 58 i & %) £\ T
AR getitem () il __len_ (), ®EWINT count (). index (). _ _contains__ ()
__reversed__ (). BEEMIRANHEAIEIE], WA register () HHAREHIEIE.
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set comprehension (fiA&RAIES) —MEZEM Y, ARl ECY - i B a oo, i
BRI GE R DL —H set [M]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
B set: {'r', 'd'}. #2[E) comprehensions.

single dispatch (¥.—3E) generic funciion (ZZ4pRN) AR, 7E0L, EIERELSENE-—5]
A,

slice (V) — MY, B WS — Bequence (JF5)) 13— 5. &S — B YR W7 &2
N BEAF 9% (subscript notation) “[1*, 75 44 2 (M 87, HIFE 82 W 6EH E 5%, #la in
variable_name[1:3:5], 7E5&5% (M) FFofi0ERS, &6 slice it

special method (¥§9kJi) —TE @9k Python H BIFNY () method, F A% FmE A [FI AT B AR 5, il 4o
V. 15 method 1144 R & 1F B EE AN 45 B A WiH R IEE]. Special method 7F specialnames H1 45 #E 41 FJH .

statement (BRAR) BHIAE —HEAL (suite, —HFEZE [ W) HH9—%  BA AT AR — 1 expression
GERE), SRS AMEY (Flif. while o for) MWL —.

text encoding (3L #if%) fF Python H7, —PF&FHE 22— Unicode 0% 5 (FEHIH U+0000--U+10FFFF ),
R TS AL G — AR, ERET M — R AT
FF—NFERFER I — N AT PN EFRN < ﬁ'ﬁ/\)\?%?ﬂ*i%ﬁﬁﬂ@?ﬁ%?ﬁ%ﬁ “fEE”
HEFARRPSCARTFIL difidds, NGRSO g%,

text file (SCFHER) —MHBREERBUNE A st YUH—1f file object (REEYIE) . BH, CFHEEE LE
AEEU TCAHE 1] 1 & BHA (byte-oriented datastream) [FI€r [ 8 ji Blrext encoding (SCESAE) . SUFAEEM
BlFA: DAISCFRR (" 5 'w') BIEAEZE. sys.stdin. sys.stdout DA io.StringIO
B,
it 2 Ebinary file (ZHERIRER), B AEESEEE AL T B 1 (bytes-like object) HIREZEY)
o

triple-quoted string (=5[55F i) o =555 ( ) G5 O MIEERER N —EFH . BEREME
1A FEAEEA 5| 95 7 5B il AN oh A, SR FEZ IR, B MR ARAE . e MRl AET
g1 i R BKE] (unescaped) (1) BE5 | SEANEE S [5E, 1 H & M~ F5 08 18457 JC (continuation character) 5
DA AT, AR e 4 & [E = 2 R E A

type (ME)) —1{# Python ¥Ry MEEE T B AR S EEE —mRE. —FHY ke R
EFTPAHER __class__ JBHARGFH, A type (obj) HAGE.

type alias (REEH) —ERERFESEE, FEiis 2 EHE E & — WIS (identifier) HCHN.
HEFEZ #R 2 R F (type hint) A . Fl0:

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

FTPARISE R, SR AR

Color = tuple[int, int, int]

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

3 5[F typing Ml PEP 484, 4 ILIhREMIHEA

type hint (MRERR)  —Mannowarion ([ERE), EHFE—MHEH . —1 class Ja 5k — 18 bR 5 2 Wk ] (B8
T 2R (.

RIERR RS 2SR ERY, T2 Python B R, (HEMEHEIRAE M TEMRA A, Rl IDE 5
AECHE 4> (completion) A1 FEA# (refactoring).
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AIEEAH. class BEFI R (R & it s) mBERR R, #5IAMEH typing. get_type_hints ()
HATFHL.

3 5[F typing Ml PEP 484, 4 ILIhREMIHEA

universal newlines (iliJHEf77o0) —TEMESCF (text stream) 55, &5 AR A (G ERREE-—1F7
W45 Unix /7EERF '\n'. Windows &% '\r\n' FIE 1 Macintosh & '\r'. 5% PEP 278
I PEP 3116, PAKAIA bytes.splitlines () BIFIINHIE.

variable annotation (S28([EIF%) —{E%8EL class JB P annotation ([FIf#).
[EVFE 5 3, class JBIERE, R(E SR EN) -

class C:
field: 'annotation'

SYEREE T AR ERRT (ype hint): BN, FEESEHEIEHIG int (%) (A

aE

count: int = 0

SEWEIRE A REAAAE annassign B A FEAT MR
it 2 function annotation (PR[EIRE) . PEP 484 F1 PEP 526, A5 HIRERIHIAE .

virtual environment ([FJ#E82EE) — (R /EMEEE (cooperatively isolated) 3 fTHE 5%, fE:# Python ({5 FH & il

WA AL 22 4RI T Python BEEVESPE, 11 S35 240 LA FROCAD Python JE FI AR Hyf T (F)
[EVA:T48.

W2 (F venv,

virtual machine ([EIEHERS) —F58 4 HIELTE RN (computer), Python [¥[EEMEES € 1T H bytecode
(PLC#HAls) wmeas B b i oA .

Zen of Python (Python 2[F]) Python st st BT B 515, HIEAA B BUERIGE I ILh = . i) T
PRz BB R F IR EMA [import this] HHRFIE.
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APPENDIX B

R 73 Se B S

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

et
e Fred L. Drake, Jr., JR4f Python U T HAEAY A 1E & DA K — R EI A B9 1EE .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
* Fredrik Lundh [/ Alternative Python Reference i H , Sphinx M H{5-3| T 5 £ {F A AH .

B.1 Python {1 ok 411

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R 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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apPENDIX C

MEERE S P

C.1 ikisaTiL

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
Al , B2 EE—HEREE ABC 355 W& EE . [ Python 1 T #2224 H HA N E L, Guido
TR EAEE .

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

#ERA | HA Efy et GPL tHA %
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 5
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
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 DAL 2.1.1 2001 £4- | PSF Z=

fiE): GPL HiZEEIRFRIKME1E GPL F#(E] Python. ARf§ GPL, Fif7 1) Python FZHEH! 1] DA A8 [E) 1Bk
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RAGHAS, (HR— s AT 8 S REIB . GPL AHZR (Y BHEMIS Python 7] DA%S A HoAbfE GPL R E£{EfEX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEE AT, (7555 LERUA Y B E T RE

C.2 [IRAF I sk AR5 X Python fy45 &9 ik

Python ¥ AR U B HE R BL IR PSF 424 & 4.

it Python 3.8.6 Wit [EWTSChFh 1, BESHORISCURERAS, Rt TUA7HE (duallieensed) ft PSF 214
#I1VA B Zero-Clause BSD %7 o

AL 40 A Python H il 2 L AN TR KR HE . 18 Se 2 RE i & B H R HE 2 AR U —ile g i . B 8 B4
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 J}jA PYTHON 3.9.19 |¥) PSF £ZHEA )

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSEF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.9.19 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights
Reserved" are retained in Python 3.9.19 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.19 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.9.19.

4. PSF is making Python 3.9.19 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.9.19 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.19
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.19, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.9.19, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 J{jjA PYTHON 2.0 /) BEOPEN.COM $ZHEA 4

BEOPEN PYTHON BHiFIZHES #1568 1 I

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

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

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

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

C.2.3 J{jix PYTHON 1.6.1 1] CNRI £ZHi A4

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 THEREOF.

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

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

(FItakss)
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(R —H)

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

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

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

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

C.2.4 HjA PYTHON 0.9.0 £ 1.2 /) CWI £ZHEA K

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 Jiljj PYTHON 3.9.19 [F)W] 3¢ EFRE %51y ZERO-CLAUSE BSD #ZH

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Bk (I v 452 Hl Bl et
A R A B UM A SR BRI AL, $50R7E Python BEEVSUAS s B B 26 =y e

C.3.1 Mersenne Twister

_random &A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
HREEBEORENXT. AR 2R RS ) 58 5 -

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 4] getaddrinfo () fil getnameinfo () KR, B4 WIDE 2% (http://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

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 JElH2L socket Jits

asynchat fll asyncore fAL AL & DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3. el [k A 5 M B }
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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 HATiL[F]

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 £l UUdecode 3

uu AR AL AR RN -

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 g iy

xmlrpc.client M E AT

The XML-RPC client interface is

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

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

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

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

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

C.3.8 test_epoll

test_epoll HIgL{l A FHgH:

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 HIAL¥SA kqueue 7N AL LA A :

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

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

C.3.10 SipHash24

Python/pyhash.c 5% 17 Marek Majkowski’ 37 Dan Bernstein [ SipHash24 JEZ VLR EE. BESPAT
TEEHH -

<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 kil dtoa

Python/dtoa.c HZEIML T C 1 dtoa Fl strtod p&X, JHANE C (Y EERE HEIF B SO 7 ep BATHIE]. 252
A7/ A David M. Gay #5715, & BUAE T DASE hitp//www.netlib.org/fp/ T#. 2009 4F 3 ] 16 H
PR ) S A 2 A 2 DA R R B2 A 1

/*********************~k****k*k******~k******************************

*

* The author of this software is David M. Gay.

*

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

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

* % o

*

(Qi¥iE3)
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*

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

C.3.12 OpenSSL

15 OpenSSL. 5 sk HEAT HeAF 3 Z BT, M hashlib, posix. ssl. crypt WML G FI e S FHALAE.
J£4b, FIE Windows 1 macOS ff) Python %4 Fist i A4 OpenSSL Bzt Wil 4, i bATk to ZE D
OpenSSL #Z Rl

LICENSE ISSUES

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

OpenSSL License

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

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

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

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

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

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

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

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

L S S S S R S S R S S SN S S SN S S S S S N S e S S

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

L I R R T e S S N S N S N N

Original SSLeay License

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

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

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

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

the code are not to be removed.

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

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

Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

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

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

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

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

[including the GNU Public Licence.]
/

C.3.1

WA B pyexpat JEARFREE ——with-system-expat, #HIFEHFTEH—MEE expat ST

3 expat

AR

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd

Permi

and Clark Cooper

ssion 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 al

1 copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,

EXPRE

SS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEE S _ctypes PRI R ER ——with-system-1ibffi, 7 HIFZH% 7 & —ME 2 libf 5 iEH51
B AS 2 7

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

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

C.3.15 zlib

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &l
AR

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

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

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

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

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

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

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

tracemalloc {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([FI3LRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

GAEfE R _decimal BiglMiik EF) ——with-system-1libmpdec, 75 H#%i4H & Ff—{M(El 2 libmpdec ¥

2R R AR A

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.

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

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

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

C.3.18 W3C C14N st £1t

test XA H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uG https://www.
w3.org/TR/xml-c14n2-testcases/ #hgE, H 2R 3-clause BSD 1% FE 5 (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.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3. el [k A 5 M B §
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Python 13z 3 [EJHA SCH4- 04 IURE :

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

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) .

SERMR R G 2 05 .
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