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BB SO R el C 8k C++ WP B i, [EV6E A4 S 75 Python BL%aRThAE. ARLAAIAR
B PAEFEHI R, WAl DAE FEHI B E & H 5 ¥ (method) . SC{HEI 28t @&-flivd anfal 1 Python
FETHIA S — W R, (E R FTRE S (extension language) (] . 5%, B & RN WA Hi s A L
GEEFCRA, (RSB T DAB) REML (FEIEATIE) WA B ERESSh, AiRRIREEE R S R EM
ifg.

T2 3 [ERH SO B 5 ELAf Python A RSB . B IGEE S IEIE RN 4R, 752 [ ttorial-index .. reference-
index % T It 7E = HHIER AU E . library-index 50E 70T 5 & BE 2 E A 40 i - E) . st ([
BRI DA Python S5 1Y ) AAH .

B 52 B4 1 Python/C APL FEAINAH, F52[E)5) 4h—1) c-api-index.
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RS =07 TR
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CHAPTER 2

A S =07 TR % 7T

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

2.1 U, C o C++ P3¢ Python

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

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

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

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

211 AT BT

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

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

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

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

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

#E): i Python W] AES: i SL—SL M BE L R G0 AR Sk SCURI AL B A2 S, PRI TE A S AT AT A Sk
AEZ BT, R *F 5 * include XS0 Python.h.

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

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

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

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts);

}

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

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

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

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

W

2.1.2 TR RE

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

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

71— A MBI EE PyErr_SetFromErrno () , fUEZ—1TREMNE, REMAOUEESRHZLE
errno P, FilHEREGARE PyErr_SetObject () , WEWHINESH, 70 B RENSEMBEERLR. K
ANTFEMEH Py_INCREF () SRIGMAL 83| HAL R E I SEO S 095 FTTHEL

6 Chapter 2. /RHEI%S )5 I HUAk ks
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YRATPAE L PyErr_Occurred () FEAE MBIAHI G OL MR 2 ICE T 530 . XIFIR ] 24 B S H 52
oCE AR R S R S IR 8] NULL, RIS H AT EIAN PyErr_Occurred () KAF AR 2% %
AT EEDE, PUOAIRBOZREM IR ME A& ok

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

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

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

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

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

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

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

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

static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

}

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

21. U C 5 C++ $ 3¢ Python 7
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] BE R B2 B PR AY T SpamError W— G, XRA K. N T B g s, 50
SpamError Kl &M EF 1

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

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

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

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

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

7HHA const char *command),

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

sts = system(command) ; ‘

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

’return PyLong_FromLong (sts) ; ‘

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

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

Py_INCREF (Py_None) ;
return Py_None;

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

8 Chapter 2. AV =05 THA I 5
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2.1.4 B IGikFMoIia b %L

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

static PyMethodDef SpamMethods[] = {

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

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

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

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

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

XTI IRR AL ITRIE LR BT -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

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

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

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

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

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

Q)

21. U C 5 C++ $ 3¢ Python 9
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LR
/* 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;

ffilEl: 2 sys.modules MRS GA CARFRYLE] — IR By 2 RES: (S fork () 1
Bl exec () ) AE—LEy AL B4R IR, 3 REBTHEE AT AERD fR A N SRR S AR I 4 HH e o

Eg %?*ﬁﬁ%é@%iﬂ@%?@’éﬁ Python ﬁ@@ﬁ@ Modules/xxmodule.c EP ° ﬁ%iﬁ:ﬂ V/Uﬂﬁﬂh
AR, sE 5> . B4 modulator.py 10 & E JRAS & 17t Windows 2245 v, AL T — /MR R
GUI, AT P R BORIxT 4, I BT PAZE B E A BB . I ASHE Tools/modulator/ H 5%, 7
% README DA T fi# %

HEE): NMEFA spam T, xxmodule il T % & #7441k (Python3.5 FF455] A), PyInit_spam
2R [A]—A> PyModuleDef Z5t4 {4, SR 5 QIE RO E] T AMLE] . 4017555 PEP 489 W Z K Biwliqft.

2.1.5 ZuikItEs:

TEVRBEME AR BT S R Z W, IRE 75 MM 4 - (1 Python REER gniflstse. WIRREH
ShASmE, XBHFRE A EEREN SN B2 FELESHRFY R ET (e
C/C++ Fr e TT), PAMAE Windows FIgiFFREMBIMEE (& Windows LA CHo C++ I & F7).

WERARA GBI ER, s BB AP 1 Python ARREZHK— 3R 2>, Wb 08 o i S

I RS . SEERAE Unix BRI, HFREIEARI S ( spammodule . ¢ B O E 45
PR A7) Modules/ HER, Wl—47%] Modules/Setup.local AR SCHA::

spam spammodule.o ‘

IRIGAETIZ H ST make REHHEMRER . (R A AME Modules/ 1 H R make, {HR2IRLH0
JEH# Makefile I, R)Fia T make Makefile’ 4. (FREHAIEIL Setup ST ZOZAEERIE . )

R TR BB B, X LS AT A I AR SO L, 28 S0

10 Chapter 2. AM¥EHISE = )5 THE 5
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spam spammodule.o —-1X11

2.1.6 1r C vp i} Python pf%k

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

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

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

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

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

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

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

21. U C 5 C++ $ 3¢ Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.
PyObject_CallObject () & —MX HSH 51 HITHIC X" W 6l 9o g f 1
SR, I HAE PyObject_CallObject () ZJG V. RMi T Py_DECREF () .

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

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

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

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

PyObject *arglist;

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

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

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

PyObject *dict;

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

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

21.7 RTINS E

BR¥ PyArg_ParseTuple () HEHIMIR:

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

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

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

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

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

const char *s;
Py_ssize_t size;

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

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

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

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

21. U C 5 C++ $ 3¢ Python
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2.1.8 4 B w28

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

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

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

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

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC

(T IgkED)

14 Chapter 2. AMdi 4 =05 THE LR
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(R L —5)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 WA

XANRES PyArg_ParseTuple () RAAMEL, AT :

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

B2 — R FEA ., 5 PyArg_ParseTuple () H[FE, (H2SHUNMR A B HIEFGE G AL E
B, midkEH). R A Python % 4iE & Tk 8] C p&E0 I 45 Python {45 .

—A~5 PyArg_ParseTuple () WIAREZ, J& il fETH 5 EoR IR [ —4~7c4] (Python S8R E 2
TEWFERRA ), Lol T1% i 25 HiAth Python s PASEL. Py_Buildvalue () HAEZA4MITH,
HEZT 1 NSHE S AN, R EE SERE None , — SN H R FZSERIT 5. W
RFEOR R A — KA oedl, s g— e R e, FEEKFEASE T RS .

Bl e da M, A2 Python {HELR):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world'")
Py_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_BuildvValue (" (i,i)", 123, 456) (123, 456)
Py_Buildvalue("[i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 1%

TE CIC++ BT H, BF BT ahiSa Bl (heap) 24 g NFF. 75 C B, Wi R malloc () Al
free () K5EM. 7E C++ HZEHAE new fll delete S FAYTIHE .

3~ malloc () AFECAYNAEER, IRZAHREIH free () REFIW HNAAR BRI 2. WM free () M
PR EE, MR ANFRET free () W SFEUNAAM, X TAERE 45 A B JCIRET
o XU A AR . TSR [ — N FEBR free () TRAKG, BAM—I84F T, IR
malloc () RXRNFFLFEPR . XM e84t R TN ARMIGARI LD, core dump, FFiRES
A, PHRLE AR IS .

AT R AR S AR A — SO RN WL AR i A i bt — AN R BOR T TN RAE, BT S8R, ARG
RS BAE— L8508 eR B A BT REHE XS MO AR I A IR A 1F SR S A R BB ] 1
XARA T e EB AR N AE, Rl S . XA TR, —HEIA, R AR A
MELARGIN Y, R R T A B A, i B SO AR BRI BRI AAY, B ARG {FE K Uiz
Ao SR G R RSO A AR . R, A B A A AT S SRR /Mt

2.1. U C g C++ $3 Python 15
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Python jiiid malloc () Ml free () W& KRN BCNIRERL, [FIARER TRk A 77 Mt AN BT 44T . bt
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

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

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

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

Python 5 %%

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

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

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

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

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

AT AL

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

void

bug (PyObject *1list)

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

Q)
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(R L —5)

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

NULL 5%

W, X5 MEASEH RO Ay BARE 45 E T NULL 3541, FF HU ARSI (2K
TELAE S BOZ LR ) o R IR |14 R B0 5 A 28 I AR 1 S i AR 1] NULL., A NULL
SR I AT X 28 R R 28 8 SR E AT T T MO X G A8 25 A bR A - AR i B AG NULL,
SFEOCE I TUARARI M A U T 18

HRFRMEARRAE “PEL" EARIN NULL, RIFERE]—SalAE0 NULL B85, AR A malloc () B{
e NI HES | 57 Y R AR IR

Py_INCREF () Ml Py _DECREF () ¥R AKX NULL $84 — (H2, B4R Py_XINCREF ()
Py_XDECREF () W& .

FAT AR A 4 KU (Pytype_Check ()) K&K NULL $51 - FAEHL, A KBTS & &80
FCEE A M G A R LR R R FIRAY —, Bol 2 RITUARIIIR . RAFLEAT NUTL &
e

C R B AL 2 PRUEL 48 C BB S ARl args) A& NULL - S2br EE S RUEH
B h—Ind

LA RS NULL 4541 “WtEE” 43 Python iR /&A™ E Y HE IR -

2111 {f£ C++ P4 Y g

BT ATE C+ gn G i, FURASEME. AR 427 (Python M) 2 C G ke i Al
HEER, RSN RS SN BE T . AR Ct SRR SRR AL A X . AL
24 Python fEEREAA I Gl H SR AIAN LG LR BD AR extern "C" , TIIETHAE extern "C"
{...} B4 Python SKICPFNMIAZAB AT L, POAUIARE X THFS __cplusplus ME 42X 4 /W]
BT A B Crt it e i SOXAF5)

2.1.12 4P R C API

REY FEBHRAL 1B ek B AL Python i, (EA I REALER BLAY AU th n] ACH b AR R 1l

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

gﬁ é AP AV RAHCR BT AES 512, XA A2 DAA — Mk C s8I0 T4 Hofth g i
B

TR EAAR G AT EHE A CofRAEIh static), SRAUAZAILICHE, AR CAPTHYSCRY. 5K
b EAETA I R 2 S A 2] Python RRERRIT U2 Ml DR TARRY. AR DUIE gk, —
ANBER AR RS RE SO 75— BRI L. AT LTS TR R S, — 28R GEH Python ARREAR (4]
R4 25 ) (B0 Windows), A LEMIFEHERE I 75 20— A I 2 R ALF S8R (— MBIl 12 AIX), K
FPRPERTERA R s (A Unix Z851). BVERATS-2 4Rl WA, REER F ARt T B i R 2 .

A REAE LT B REXIAT S AT WA AT R . X TEWRIE Y R L I A S 7R static
B TR RI AR LR A, R S HA Y AR G dir 4 vh e (FEBE AR 7y R R Ae s 1L A TR
XEWRERT S A% 24 FUE I HA T 1 07 2R A Y A 1) o

Python 42 fit T — M BIRIHLEI R AL 1% C ZEE GEED, M— AP B 5) —4>: Capsules, —
Capsule ;2—> Python ${#li2k2, {77484 (void *). Capsule Hfigidif K C APLREIEANTI, {H
"] AR AL Python X 52— HEr i . %, FRATHIDASEE — A9 Rt a2 25 M 4 5 HoAh ™ AR
DA AR, BREGXN 4 FRIME, SR)5 M Capsule ZREUR

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

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

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

modulename.attributename

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

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

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

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

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () RN H & ek:

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

}

BT, FEHATA:

#include <Python.h>

A S PiAT:

#define SPAM _MODULE
#include "spammodule.h"

=

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

PyMODINIT_FUNC

PyInit_spam(void)

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

Q)
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(e )

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;

R PySpam_API FH N static ; HWAMEHELSHE PyInit_spam () 45 ETH KR!
Sk spammodule . h B —H#ETAE, HERUT IR

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam. C_API", 0);

i3
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(R L —5)

return (PySpam_ API != NULL) 2 0 : -1;
}

#endif

#ifdef __ _cplusplus
}

#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B Ui AL R 2T A 2] i A R R HL R R T BRI AL import _spam () (BCH ) A BE DT ) eR 4K
PySpam_System () o

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;

}

XAITIAR) EE R R, XMF spammodule. h i FRIR. MR, WA EFHARE, BEALTH AP
1, BreA RS EEE] —R.

I 5 w7 AR R 1) /2 Capsule $24IL T #AMYTIAE, H T FEfEAE Capsule ML H5 5T 09 W AE 70 BUFIREIC. 48
5% 2% Python/C APl 2% Tt E Y capsules #il Capsule f5Z ¥ (£ Python Y55 % 174K Include/
pycapsule.h fil Objects/pycapsule.c).

a4
2.2 FIEX Y I H

Python fL¥ 45 C 4 AL E UnT LA Python fURSH BN RBTRAL, XMRBNER str FI List KA,
PR SR AR ERREOG — I, HRAERTT IR AT, R T Leany . X S XA~

B4

2.2.1 3Lk

CPython AT T4 Python X #0257 PyOobject * (7454, B Frfy Python X} 42 1" LAl
PyObject ZEMIKAR B8 T XS reference count FIXFGAG” BN 527, AN G 2 R A v 1]
WELL (C) %k, Blan—AS@EbEEif— Mg, — AN B, SE5S DR, XL C REER
R CRBUEEY

FIrPA, AISRARRRE E SR 2R, FR LA B 2R BN 42

X HAE B FERe, X B — /MU ESE R AR, & TR 2B custom 7E C P @
Pt custom HL,

Ml X BLURIRI ik X static 3 RIS LG5 AT VAE AR & . C APT W] DAE SCTEHE
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FAYERY LR, i) PyType_FromSpec () BREL, EHATEARAITHEITE.

#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,

i

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;

return m;

X RE G R, X2 N TR E—=aexi# b XA S0 T =g
1. Custom ZEHIXT4 object 15 T 1 CustomObject £, XL NEFA Custom SEFHHE—IK .

2. Customtype IfT4: XA CustomType 541K, HE LT —HEbRR IR EEEST, PRk
BRI

3. #hEAL custom L PyInit_custom ERECHIXTN H) custommodule ZEH{A .,
SR Y2

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
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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.

flE): ERAE PyObject HEAD JGIH 45 . RAMNNINAS & SRR IFAHLR 4.

WK, XEER THE PyObject _HEAD fHEa sl , A BN E: BN, a0F & X T HRUER) Python i 55
.

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR IR R Y E S

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

fE): O L CO9 KRNI, VARSI FTA Y PyTypeObject FBt, HAREREATH
T, IEAE AT DAE G KT T B E W -

1 object . h 5Lk E LK PyTypeObject HA AN EE NHZH) FE. RIRHTE2H C %iikds i
BRI, WEHEIBE A RAMITEENT, BRIRIEFEEN.

ek —akn, BR—I7FE:

’PyVarObject_HEAD_INIT(NULL, 0)

AT dl AR, AR A EFREI) ob_base FBL:

’.tp_name = "custom.Custom",

AT PR K BAEFRA TR R BN SCARZ R AL A BT R, Biln:

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

HE, &5 ANgT, WIS BT AP REHE custom, ALE
Custom, FrPAFRATRFRILZL BN custom. Custom, I IER SR B AR EZ, AT AR SEE
Y pydoc fll pickle I,

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

X FERELE Python JIiE 4 6 55T Custom SLBIINTHEIHLZ PNAT. tp_itemsize (AT AIZER/NH
X GRMAE HAAE DL TR A2

fiE: R AR A R AR BT AE Python g TR AE, I HLARAY S A A 5 H B2 AUAE W]
tp_basicsize, ARAVRAIREL B 2 HAPK FIR . VRAGZEIUAE Python HHAY T AAFAAEH _ bases

2.2, FESP KRR B 23



Extending and Embedding Python, %%[F] 3.9.19

HORFURIG RSN e w5 W EAE TR AR R R AL __new_ () DRI B RN RS R ARA] DAL A
PRARAYE LA L BRI R tp_basicsize (EREHRILIEL. fERZ RN, AR DARY,
PR BCE PRI EERIZE A object, BE RS MARMERIZE B MBS 01, FH BN

A TEEFR %A Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

P A BRI M AE E TR R AL E B . % R e ) 2240 Python 3.3 2 Bl A8 . Al
RARTTEHE B, VRIFR 2O R AR JEAT OR 4257

AT tp_doc KBRS FAFER.

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

R Mx A, AT ESR M tp_new ALPAIRN. XSFHT Python J5iA __new__ (), {Hi2 /i
RAHARE . XN F, AT AE M APL K%L PyType_GenericNew () Frf@ftiBRilsisl.

’.tp_new = PyType_GenericNew, ‘

BROCHEREA R MRS R A S B, BT PyInit_custom () HRYRLLAUR:

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

RRFRIIRE Custom A, S— o i S EE 24 U BOAE, FEFRAITERI UG 5 NULL 1) ob_type.

Py_INCREF (&CustomType) ;

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

}

RORHERS I B 7 il . X FATREE L P Custom ZRBIE Custom SHi:

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

G T REMA R A IR T R R UEIE 4 custom. ¢ BSCFHARS:

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

TE45 0 setup.py BISCPEAS SRIGHIA

$ python setup.py build

| shell W1 24 & AE—ASF-H g P24 S0 custom. so; #EA% H 3R FH154T Python - {57 24 BEGS AT
import custom F22i{#i ] Custom %f4 .

I, X
BIR, HETH A SRR DR . ERa R, AT . R R TRAL.

flEl: BRSO T T C 9 APRIE distutils M, (EAEELSCI) i @4 O A s
HAEPRFE LAY setuptools . A KHAAR ORI T A SO, AT PATI I Python T4 Ji] 1
JiH RAREL
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2.2.2 [ HAS BT I B 5

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

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

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

} CustomObiject;

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

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

CustomObject *self;

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

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

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

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

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

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
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(R L —5)

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

}

return O;

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

bi

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

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

3

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

bi

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

bi

QS

26 Chapter 2. AM¥EHISE = )5 THE 5




Extending and Embedding Python, %[ 3.9.19

(R L —5)

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

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

Py_INCREF (&CustomType) ;

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

3

return m;

}

RIS 5 22 A
HME LA M— T A

#include <structmember.h>

AR B A TR A BB AR, IR AR T 5 i i -

PUAE Custom BB C g5k =N ERIEME, first, last F number . HH first FI last 25 fd 53—
DRIR AR Python “FAFER o number J& P24 C #4L

Xt R (R G5 R R S B

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

} CustomObiject;

?ﬂﬁ?ﬂl‘]ﬁ%ﬂ%ﬁ'ﬁ?%%@, FATTZ0 /N HOAL FEXT 2 A FE AR . /0, FRATTFEA — 1R
WO

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

}

EWRES te_dealloc fHiia:

.tp_dealloc = (destructor) Custom_dealloc, ‘

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

fii [F: b1 5 59 ] % it destructor 2 M F AT E X T Custom_dealloc % —4

2.2, FESP KRR B 27



Extending and Embedding Python, %%[F] 3.9.19

CustomObject * 4, {H tp_dealloc REFREIHIM#ERZ 1 PyObject * &%, WIRAIXFE
W, kel & L. X C IS i R 5 2 451!

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

3
return (PyObject *) self;

}

IAE tp_new WA HLHE:

.tp_new = Custom_new,

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

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

flE: tp_new A RAMPAM tp_init, FN@RERSATRNE.

tp_new LM tp_alloc MR HL AT

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

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

il A BATHFE tp_alloc Mifi. MMi2H PyType_Ready () Mid MIRATHIERGPR A A
HE, HAEOAH object. RERIMISAUHN G BRI 23 FC SR -

) ARARERIE — A ME tp_new (B LT AELEY tp_new 5] __new__ (), AR RiLfEiE

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

) tp_new, B2l type->tp_base->tp_new, UURRANXFEM, VRAZEELA R HE N HiAth Python

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

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

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

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

}

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

}

return 0;

}

WIS tp_init f8{7.

.tp_init = (initproc) Custom_init,

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

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

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

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

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

}

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

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

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

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

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

2AEATR IR FATFRE tp_dealloc AP R —HLH, FENTRATRIZEBUR SR BRI
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

HRp g i 3 tp_members Fl i H:

.tp_members = Custom_members,

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

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

NULL,

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

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

}

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

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

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

PAERATC 258 S T I7vk, AT E QN — Tk A

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

bi

(R IATEE N METH_NOARGS MR AGHIZ I AN ME R self LAINKALATZ4K)
FERFEHIRSE tp_methods FE{:

30 Chapter 2. M= Jj T I il




Extending and Embedding Python, %[ 3.9.19

’.tp_methods = Custom_methods,

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

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

i, BATEHFAIN setup. py SCPARA MBI

from distutils.core import setup, Extension

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

1)

2.2.3 HEAON T Bl PR ity SR A i

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);

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

Py_DECREF (self);

return NULL;

Q)
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(R L —5)

}
self->number = 0;
3
return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

PyObject *args,

"custom number"},
{NULL} /* Sentinel */

bi
static PyObject *

Custom_getfirst (CustomObject *self,
{

void *closure)

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

static int
Custom_setfirst (CustomObject *self,

{

PyObject *value,

PyObject *tmp;

Py_INCREF (value) ;
self->first value;

PyObject *kwds)

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return O;
}
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,

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;

void *closure)

QS
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(R L —5)

Py_DECREF (tmp) ;
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)
{
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;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return 0O;

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, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

QS

2.2, [T R B 33



Extending and Embedding Python, %%[F] 3.9.19

(R L —5)

.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 TERBEXT first Fl last JEASESRAGEER], FRATRGEM B & A BRBORB B K& F Il 1 ik
WOMIBEE £irst EERREL:

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

Py_INCREF (self->first);

return self->first;

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

(FoHED
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return O;

}

BRI B 52—~ Custom XPGA—A “PI”, ER—DER. A0, S apiZng. (%M
AL SRR SR % 25 BRI AR RN B AR BERY I - BN, 3T DA TR Fe i/ B2 T3 BRI 58 o AR Al
PR H 1 Bt e s S O B B Y J - )

BCE AR ECRH% 32 Custom X4, BEVA KM, BrfEnl LAY NULL, fESUHOL T B gk, a3k
RSB, WSRO R 28 MR E R B EA R AT AR R AR5 e — iR

A4 PyGetSetDef ZEHIAMHLH:

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

bi

HAE tp_getset flf M E:

.tp_getset = Custom_getsetters,

1E PyGetSetDef Z5MAT PR IG W2 LI R0 “PHA” . FEARGIR, FRATEA R A, HItIRAl
HAiL A NULL,

FNTEFE IR T3k L8 Jm MY i 5 L

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

bi

FATEFLNRF tp_init ABAIRTE RN L ARvife A7 AFE

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) A
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

;

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

(N gkzR)

3 BAEFRATIHNGE first Al last BUGVAR R FAFER , BCVFSRATAT ORI A BT TR i /NG, (R, FoATE 32 45
Tf%iﬁﬂ o RIMEREHGEE 747 B A 2 BATHIXT ST, BAVEAR REPRIEROI— 74 3 TR SEBIAR 20 BAT X 5tk
7l
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Py_DECREF (tmp) ;
}

return 0O;

}

WX e, FRATRES I £irst M last W —@E AR A NULL AEFRATRELE LT Fr G 1% O R RS 1R
NULL {HIH . X RE KHRSr Py_XDECREF () W H#S W DARFE el Py_DECREF () WM. FKATAGEE
PO SE T FH O ME— 37 & 2 AE tp_dealloc SEELA, HRHLX LA B I LA A AT BELE tp_new PRI,

AL HE Ay 2, 1 R AR AL oR ORI 36 10 B8 B h AR A B, bR I 2 BB — B, AT
setup.py PRI T — M E Lo

2.2.4 SZFRAEEABL YN

Python HAG— 1] DAKRIEAS P35 BI04 (48 37 55 =Dl 22 (GO) BB 108 FITTEOE AR . 3 fh
THOLSAEX RPAIEIRG A A flan, A

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

TEXABIFrb, FATRIE T — MO EH A JWsR. SRR ErmEE, BR0REA— ok EHA
S50 ERGUHTTEORRIENE . Sz, Python [FEPRELIR MG e 2 K B A 2 To T
BRI REE

£ Custom RBIMH “AA T, FAIAVHER S LI RAFEE] first o last @HEP. MO, £
B TAREE AR T, ATE A T2k custom, I AP ATIMERRIE. H T XA A
HIFEAT—A>, Custom XFGHRA] A AEER:

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

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

BV BINE AR Custom SLHIBEEF GC IERHUIMERIF L, FATH cCustom BRIFEIAT
PIANBI M 7 S I LA (o A AR

#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, woid *arqg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

}

static int

Q)

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

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

return 0O;

static void

{
PyObject_GC_UnTrack (self);

Custom_clear (self);

static PyObject *

{
CustomObject *self;

if (self != NULL) {

Py_DECREF (self);
return NULL;
}

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

}

self->number = 0;

3
return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

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;

Custom_dealloc (CustomObject *self)

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

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

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

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

self->last = PyUnicode_FromString("");

PyObject *args, PyObject *kwds)

"last", "number", NULL};
*tmp;

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

if (!PyArg_ParseTupleAndKeywords (args,
sfirst, &last,
&self->number))

kwds, "|UUi", kwlist,

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

bi

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

Py_INCREF (self->first);

return self->first;

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

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

Py_INCREF (self->last);

return self->last;

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

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

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

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

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

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

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi
static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

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

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

}

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

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

#iE): tp_traverse SCILIH S BAER 645 K visit F arg DAMEFH Py_VISIT() .

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

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

}

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

) R0 PAE L A N SRR Py_CLEAR () :

PyObject *tmp;

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

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

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

Ja, AR Py_TPFLAGS_HAVE_GC AR INE| AR -

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

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

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

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state);

}

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

bi

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)

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

self->state = 0;

return 0O;

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

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&SubListType) ;

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

return m;

WARFT W, RS 5 2 BN ) Custom R BIAEEEAIL. FRATRZE—IHRE N Z H A F3 X 5.

typedef struct {
PyListObject list;
int state;

} SubListObject;

IRAE R R TR AL T HR X R A R AL TR S —ME . FERALKF C 2AE AR Ikt

57 PyObject_HEAD () .

24—~ Python Xf 4 /& SubList HJSEBIMf, EH) PyObject * $5 4t W] DA 2 4= b 5 il 5% e

PyListObject * fll SubListObject *:

static int

(N oiaRE:)
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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;

}

FATAT ALE LB B A B dnit_ vk

A TE G 5 HA H E X tp_new fll tp_dealloc M AMKEMARET ., tp_new BN A H
H tp_alloc HIXFRERRDECNT, M 2ibE2EEd A O tp_new RALFE

PyTypeObject [ tp_base & ERBAY LRI, T B FE gk a8 M, R J0vE )
PyList_Type 5| R BEHEFTIZ TR BN 240 e ia 4k o Borb e 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;

}

TEP ] PyType_Ready () ZHl, REEEMEMHMC LRI tp_base i, HIATMIA LKAIRARS,
EATENRF tp_alloc MiAHIE N PyType_GenericNew () -- ¢ F B 7) L bR AR S B4R -

B2 )5, MH PyType_Ready () H EBHFINZRADN G2 5 EAN Custom mBl—FE1)
ik
2.3 5 Uy IEIA: DK

AEAT H AR A AP n] PASE B 288 Ty vk R LI R A 4 -
g C KM pyTypeObiect MY, M T RN T #N7E:

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

/* Methods to implement standard operations */

destructor tp_dealloc;
Py_ssize_t tp_vectorcall_ offset;

Q)
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getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

(FOAkED)
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PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

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

destructor tp_finalize;

} PyTypeObiject;

XHA R Z IR AHRAZRIEL, WRAREE 2, il AR E LD R I5I5.

AR RN —FF, AR — R 4R R A BIAR 7 o PR AR 7 S SRS i L
I AFRATIAS S AR IS5 TR B SCRI P DR . R AR R 5 R3] M S IR TR 2 7 Ba 4 7,
IR R A Z B AR T SR

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

RER 7 - LR, SMIHERZHIT, JLPaEen TIoHHI . Sl — a7,
XTI WA H B

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

XL BEG R Is A TR A X AN X R T 2 B 2 DN AF . Python Sy T RIS BEIgEEH (JEF
FAFER, Judl) AENESRE, X te_itemsize FEAFTEMI . XHRI RS HERE .

’const char *tp_doc; ‘

X HRAT DABCE — B e (R Etel) . 247487 Python JIARS | obj . __doc__ W& MIX B¢
(EERL R
BAERARF — N EARIITIE - REE LRI 15

2.3.1 ZHNATREIR

destructor tp_dealloc;

R SRS B 5 ) RO 2R . Python fRREss AR MICE I, K58 FH M eR . QRARI 2B ELE
AT PR A T M L, ARV AR E X B . XA B TR B ik BUOREiL . AR 2 BL R AU 7R
il -

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

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

ARSI SRR IS, ARG I 24 7 T BT B 51 7 Be 2 BT ) 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);
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— N EH B AR AR I ZOR BB T A R R HCE A S . XA EELE PR S R &
WH, SRFEREE (MAEEFERED, N AEMINERI RS E B — 5 MR E . SR
A AEATAT AR 2 T B AN ) Python FUHE SR AG A 2 R IR . X W] RE R BUBRERS 1% 21
BiRe IEMRPIORIP EE, AR LMD, REFAR R, RETEHSE UG . T A
PyErr_Fetch () fl PyErr_Restore () BRECELIL:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback) ;

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

fiE:  REEAE RS AP e PATRBRAE R A BRI &, W SR AR AY 2 2 3 5 b 3 el e (ffF A
tp_traverse fll/E{ tp_clear), XIRMFBUAT] DAFETI A to_dealloc Bf#EE 844, . HIRk, £
tp_dealloc 1, MREFTERHAETARRERS: EM5IHATEETE. S0xH IR AP fg¥E A
Can_L T 7 I Spe 2B T RE X TR tp_dealloc, FEONEREHOT K4 Al

M Python 3.4 JF4fy, HEFFAEAE tp_dealloc MUIZZRMIAL MG, MR HH tp_finalize JATF

hE%:
PEP 442 it fE T i AR LE &,

2.3.2 HRIE

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

reprfunc tp_repr;
reprfunc tp_str;

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

static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{

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

CF U gksr)

46 Chapter 2. A =07 THE PR



https://www.python.org/dev/peps/pep-0442

Extending and Embedding Python, %[ 3.9.19

(R L —5)

obj->obj_UnderlyingDatatypePtr->size);
}

?g%?ﬁﬁi“éﬁi tp_repr ALPIRESY, MRESRIFHRAL— AN tp_name BIFRRIE AKX RAYHE—FR IR

tp_str AAFAREXTT str () BN EIRE to_repr AABAREXTT repr () —FF; WELRUL, ESFEY
Python RASFEARART S A LB EIE A str O B . BRERYS tp_repr RECIEFAML, (HH
FIRFAREHARERN . WRAIEE to_str, M tp_repr BEAMRAE .

MR AR B

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

2.3.3 JmPEAE B

TR SRR E BRI R, A AR AL AR BT T R MR O A s 8. F7 2 — 1 RE
KRB R (WRE L TAEMENE) B4 75— R st E R (AR BRI . BiRE
PR —PRRTE 0L, FEBUIGOU N 2L 45 A BRATAR Y B {E 4 NULL,

Python S kMR FEALBRAIA ;S FF TR MR 1 22 A BB b IO BR. PI I25 e T
CXHEZ char* MEAJRMEAFR, 1105 XU PyObiect *. 4RO TAS AT LR I TS50 (8
A BE T A 2 SRR 4

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

S xS

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR VT R — AR G SR A SR B TR GOREE R SCHEATARRE) | WU — 2897 I S B m] i SR e it
PyObject* AKJEIEE BLERAL. M Python 2.2 JRUA TR L Jm i J@ P AL BATANRY SE PR g 2 LF- B 58
R, RAEIRATARE VE 2 W R R A (5RO i e iz LA i 81 1

{Z 7 A B

REHY RIBEH Wi Et:, Ba, i@l “fm” 2 HFRZWE N0
L. 4] PyType_Ready () W}, WAHUHIEJEIERI AR,
2. NRZRFIRIEHRI OB R B A REORE , WA TEAMRIEERIAE.

TR, WAFARXHEPEROME . A5 A ) AR & e i 776 2Kt AT AT B 46«

24 pyType_Ready () #VH AR, &6 1 i 2B 2 55| B9 =42 K 01 2 55 B 2 R A 5 09 7
ML descriptor . B IR ER B0 SE BT G — AR A . AN RES R PT RN R AR A
FRR NULL, WHZZRA G SEFRE G M EATT R SRR Bk @ v, I BB 241k tp_getattro fl
tp_setattro FERFEN NULL, DA SRS B X S 14

WA object:: FEALM =47 BL:

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

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

I 24 R % R R B O EERE L — N H 5 IWEERZE AR ORI T AR A H . EHEAERRE
M—HOMIEE; Bl MRCBAHS R H . A H B ml_name FBULJiCA NULL,

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

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

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

AL X

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

RESTRICTED TEZBREG AT, AT,

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

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

R J A g VA L

AT R, X B HER char* R4 name JESHEALE char* fl PyObject* RH&HE 2 8] A ME
— 5. XA RBISE b AT S B R IR [ RO R, (EBEE (B AE Python 2.2 FREINAY7Z F 52
o BB T AT AR R BCR AR A, R SRR SR Y R AT ThEE, RSB A4
T T BN -

tp_getattr ARSI R FEERBEERNBERA . BN S — 1KMW _getattr_ ()
T YR TR FH 1) 1 DA ]
il

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

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

return NULL;

tp_setattr AHIAHSTER I —DREHIN __setattr_ () B{ __delattr_ () HERHIEHH.
W ARV MBI, 8 S AE S NULL, R/ ME e | & S 0 a0 SR s mf o2 12
PRAEERT, W) tp_setattr ALHVAINEL 24415 NULL,

static int

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

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

2.3.4 %%k

’richcmpfunc tp_richcompare;

tp_richcompare APIAN AL TR B AT LI B M . BERMUT B, il _ 1t o, I
24 PyObject_RichCompare () il PyObject_RichCompareBool () Fri .

PR IRl IRRE A% A B Python X8 filizs BAFVE A S5, iz H A7k py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT B Py_GT Z—. ‘BN Y4l F$5 & Hs 847 K L A A G AR U B E i B iR [8] Py_True B
Py_False, NS HEERVERBE LI W 2l HAb T 52l ¥ MR 0] Py_Not Implemented, B
AR E T S R [E] NULL,

R ARG, RN R A I S A 2 A A

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

PyObject *result;

int ¢, sizel, size2;

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

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

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : c = 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;
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2.3.5 % PriseH

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

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

/[g\o)

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

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

hashfunc tp_hash;

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

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

}

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

ternaryfunc tp_call;

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

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

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

TR tp_call SLP:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

N oiaRzs)
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return NULL;
3
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;

TS R B AL XA SRR . AN BRI Lz — MBS, BIVE AT TR A sk R 1) S5 451
IR E—ASH G MR ERREN, BTN Y41 E— 55 R ] NULL, tp_iter XfL. T Python
__iter__ () F¥E, i tp_iternext X} T Python __next__ () k.

fEAufiterable X} G ER WA LI tp_iter AEFRAIHN, ZALIR AR LR [B]—Aiterator X 5. R &5
Python &I . ] B4 [l — 465 S )

o XTFAPASHRZ MR ACAR I Z I (WIFIRAICAL) , WY Y Ae R IR to_iter BHAIEI
AR [l — B A o

o HBEROE AN SR (R TR AEAER I Emd, BIanscrExi ) wl LA R ml—4> 4 1
H SRS R to_iter — IF HOWBLIAY 245230 tp_iternext AFHAIAN.

{FAiterator Xt 523N 24 [RIBHSEHE tp_iter fl tp_iternext., —PiECEEHY tp_iter AEPHATRNN 241k
Bl —AFEAZIE RS . B tp_iternext ACFRAINN 241 [l — 5 A B EAER R — N X%
B, R R, R EREFERE, W tp_iternext A[PAIR[H] NULL i A%
B, SR PAFEIR ] NULL (g EERE_ | 8RN E StopIteration; GRS AT DAF=AE AT ERE .
QR A T SEPRE AR, W tp_iternext M4 R E— N E IR E] NULL,

2.3.6 5yl HZHr

One of the goals of Python 55| i SL LA H ARz — & AAVHME R R AL S 5 5951 FIALHITH A 2 7E BRI 4T
% (Ianges) br=Agahray .

W%

weakre £ R SR .

RO REEE I TEODOE S e <AL

1. 7E C X gt ik P adh—A &1 A T35 HPLEIR PyObject* FB . AR IESRI M1l E
PR A NULL CYHAE RN tp_alloc BHXF2 Bk E).

2. ¥ tp_weaklistoffset KA BHEE N CXREM MR IR TFEM MR, SRRt aE
TE AR 1 A 0% T B,

FARAE, R — UG G R A g A B 7 B

typedef struct {

PyObject_HEAD

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

DA AT S P WA S IR0 R P AT I A8 A

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */

Q3
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.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

ME — 19 & Ah b FE 2 2R B A S NULL W tp_dealloc #F EE BRAL A5 51 ) (Gl i E A
PyObject_ClearWeakRefs ()), :

static void
Trivial_dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 HLEIN

N T2 A AR B SRR B S BT 5 03k, TR CPython AR5 . JEA Objects Hak, A5
15 CESCIF P E co_ I EARBEERY R L (B, tp_richcompare), VRIFHRBIARAL B HLAY o8 KL i
BT

ARTF R — DX RIS RIS ) BAR LI, 3] PyObject_TypeCheck () BR%L. B
AR BN

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

}

L%
T #; CPython JEfCHSRRAS .  https://www.python.org/downloads/source/
GitHub |-JF% CPython J5fCi%IY) CPython JiiF .  https:/github.com/python/cpython

2.4 i C/IC++ § )

—~ CPython fJ C " J@& 2 — I (Flan—A Linux ) .so , 33 Windows /) .pyd), HEFH
—A s R AL

KT, L FEARAE PYTHONPATH g2, HAAMlfn 4 MR T, Wil E U . 24
distutils [y, £ H 34 SOER I S04 .

WIHRAL SR P BT -

PyObject* PyInit_modulename (void)

R BOR M SR e A AR, B{—A> PyModuleDef 5:fj]. #57 initializing-modules | fifF5E Z 4175 .

XTFANE ASCI 45 g it 42, BREULE PyInit_<modulename> , $f <modulename> i Akt
)45 F . 240f f] multi-phase-initialization K, FVFEFIE ASCIL Zgid Bt . IR b R £ 24 702
PyInitU_<modulename> , [fij <modulename> 754 Python f] punycode 9if, HEFSFH7EM A L]
2¢. 1F Python Hi:

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

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

W PAE— BB SH 2 AR, dlid E LA . T A5 AT S A E A
e, PRSI XY T SR 2 kB B 7 —AF ey 3483k &4y, £ PEP 489
fREEZ A0

2.4.1 {§ijj] distutils {34t C fl C++ ¥ )i
PR AT DA distutils A9, %2 Python 7. distutils 37 G —dERIA, P o B gRisasin
distutils FEREZLEY &

—A~ distutils A5 TP IKBIIA setup. py o X4 Python SUF, RZ BN R IR, FHikAk
LU

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])

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

WA S setup.py , AL demo.c, BITUIT

python setup.py build

X2 GIE demo . ¢, )G E— Y R demo FEH Sk build B, KT RS, BIHSUHFSE
HA-THZEFUN build/lib.system , &5 A]fER2 demo. so B, demo.pyd

TEXAF setup.py B, PrAIfEMA LELL setup B8, RO DA 28BS i P 28, b
Y EF 2 T — 74k R EE R0 T E TR IEE, AR TENE. @F—
MO WIEL B, WR Python AYJRIGELEL, SO, T4, TESH distutils Y3CRY, 7E distutils-index
K TR Z distutils FURFYE S AT BRI ) .

W AT B R setup (), MEEF LS WALIKEI B A, A LBl 7 K8 setup () 1)
ext_modules ZHJE —F| ¥ R, HNE— Extension LB, Bl FHEEHE LT Y E
44k demo , M EA—YFRL LA demo . c .

WL, WE— N RAERNZ , FHEBIMYIAL B SR . 417 1R T X2,

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 = """

CFgkzs)
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This is really just a demo package.
LI )

ext_modules = [modulel])

BilF-rH e &L setup () FETHHIEOME D TIOCE R, RIEGE LM OMENINE . XA, HE
. BIHIE Unix I, SRR FAIEMRS

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

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

BTG A TR H Y5 distutils F PR %M (S distutils SEIERETE A .

2.4.2 KAVRINY R

B—AYIRE LN, A =R 2R E.
IRZ OB AR B, DA Ais T

’python setup.py install

B AES R N R IR AL BESEn] bhs Ty

’python setup.py sdist

HEFERT, FEAERM AR OESEIMICE; Xl MANIFEST . in SCFSEEL, £ manifest
RN

AR IEAD B AT R R, 4P vl DA g R R AT . BUR T EAAES, ARSI —A
A AR RS BSEAT 55

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

2.5 1 Windows |-fy% C fil C++ ¥ it

XA T WAl A ] Microsoft Visual C++ 4173 Python () Windows § BARHL AR 5 FR4RALG & H
TAEALEE RGN S5 B X S iR AR R B 38 F T Windows F2 5 52 > #4 78 Python § 2 PA & Unix 72
¥ B2 ) AT A= BUAE Unix F1 Windows |35 68 i D44 8 il 54

A E R A distutils 7 SXORA Y AR, TN AT iR e . RIS FHEMH C 4%
#a A5 Python; 3 # >k Microsoft Visual C++,

fE): X —E R K T 2 MIEE i Python fRAS A SCI4 o X B8R4 AR A XY IRA SR A0 5
TS, X REARITE ) Python AT WU ERUAS T 'Y " R IUAS . B, QAR F )
& Python 2.2.1, XY ¥k 22,
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2.5.1 il

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

2.5.2 Unix il Windows 2 [i]I¥) 25 5

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2.5. 1t Windows I-}#y%t C fil C++ ¥ Jig 55
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CHAPTER 3

FEH R AR P A CPython i#4THRES (runtime)

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

3.1 {iH & App [Elitx A Python

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

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

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

PR AR 7 s 1 JLRP: T 1] PyRun_SimpleString () f& A—/55 Python i AIH 47 H:,
"] [6] PyRun_SimpleFile () & A—A> stdio SUAFREFI—D3CF 4 (UERRE R R BRBIEN) .
T DAY R 725 3 B4R Z R AR M 3 (1) Python XF4R .

hs%:

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

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

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

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

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

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

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

2. ARG EHEIT C R RBOR A, PAK

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

1. 45 C %dE{ES) Python,

2. AR5 R TR Python 42 1104 BRI

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

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

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

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

BLisAT Python A b U R AL, LS ANTE :

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

int

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

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

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

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

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

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

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

}
else {
if (PyErr_Occurred())
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(R L —5)

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

}

RIS HH argv (1] Iz Python AR, MM argv (2] FEERIRE. REEES IR argv L
AP HA . R iF ot a3 %Y (e A i o ATRETFRIE call) |, 3 HIE $hiT—> Python
B, 5

def multiply(a,b):

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

c=c¢c+b

return c

RIGE R %

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

SR RETT =, SRR P AR M e, (R U 2 T Python Hil C Z IR EHE e, DA RAR
IR A Python [ 8RS LT 4 -

Py_Initialize();

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

ViR 2 J5, WA PyImport_Import () MZEMA. RIS EE &1 Python FHFH, —4>
F PyUnicode_FromString () Hdiik i s B0 @0 7455 .

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

MIA— B m#kse s, s PyOobject_GetAttrString () KBS . WRAFRAAE, I HiRH
B2l XS, DTl o . RGP RS T, IREWEB SRt . 25 A
7= H Python pR%:

pValue = PyObject_CallObject (pFunc, pArgs);

MK FORITI, pvalue B4 N NULL, 2SN eRBOR MHMERITIH . 956 PR 58 ERE0Z5 1 .
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3.1.4 Xfix A Python Jjfgtfrd™ it

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

static int numargs=0;

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

}

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

bi

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

bi

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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>>> 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 AR ARSI . AE— S ICIC R 2 E AT (delimiter, BIANSESR. J5fE9%. E45
SRE=519%) [, sRTEHEE — R E/ifR (decorator) 2 1%, ZH AFRAHERS, HH)5 shell #
/I TH L Python $278°FIC.

o FF# Ellipsis,

2to3 {334 Python 2.x s HEIE) Python 3.x L MEAY THL, & 3 B4 AL ZEHE A
PR 10, T 32 L R AT DS T S 30 T BT At

2t03 7E A MEHER X FE DA Lib2to3 Bl A s B3t 7B 1 i A8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (MIZAEEHIE) M EIEHE (XAE ABC) R4t T e R MM ik, 1
Elduck-typing (W F2UE]) MH7E. HABRERI AT, B2 hasattr (), HIBHAER A A5
IS5 R (40 B JBE AT 7% (magic method)) . ABC [EJ A [EJ#ER subclass (F4HE]) , B MEIARER
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python 45 ¥ £ [EIE ) ABC, HNERIEER (F£ collections.abe i) . #F (£
numbers i) . H (FF 1o B4L) KX import FAFAR AL (7F importlib.abe #i4). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJff) —HELSAEL. class BME. pRCAY 2k ml AN BB O AEE) . IR, &0l F ARAE
[Eltype hint (BIEFHER) .

AETEATHE (runtime), [ 3a0 8 SO (ETRE S0 A7 B0, (HASImis . class J@ MMk X0 R, o0 (Elk
RETFAERAL. class FIBFAY __annotations_ 4SFRKEMEF.

#52[Elvariable annotation. function annotation, PEP 484 F1 PEP 526, i5S0EHi ¥ I aenyEIH .
argument (518() IR IEBLELR S funcrion (Bimethod) B, 51 %CH MfE :

o Bl425 7| 8 (keyword argument): FERRXIEN | PLERE)ISE (identifier, 4l name=) BHHEMIYE | L,
o2 DA <+ 1A dictionary (F4) BB EIERS 3. B, 3 F 5 #HIZPAT complex ()
L] o ) [ 5 |

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): AJe B4 5 WG H. FUET | BOTHE— {05 B LA E IR E
B, A (2) fEE * 2k Wierable (PEWCME) PTHOTCHEBER. G0, 3 F S HRLAT
RN IVATCIE &

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

5| BB o A e R B PR [ oS B, R SCILIE R i i AR A R, 5 2] calls i 72
g b, ARAE S AR T AT ARG s — 5 18 HRPAS (B o 6 [ s 0

Syt 2 ORI parameer (Z280) W&H . & REETH5ER2 82 ML, P& PEP 362,

asynchronous context manager (JEFIZBINBIEMEY) 0] DAFEH] asyne with BUAZUH B FUEREERY
Yk, MERBRESR __aenter_ () Ml _aexit__ () method (k) sy, H PEP 492
FIA.

asynchronous generator (JEFIGEIEZS)  —{W & Bl {Easynchronous generator iterator (3E[R 2 E14E #EEM
%) . EERERGE ML async def EFIW AR (coroutine function), {HAS[H][1) 2 E Al
HT yield #EEX, BN —RIA IR async for EREAYHE.

15 (AT REAE 7 A RS — AR A EA 2SR, (AE L5, Bl aE R FRER FEA BEIK
% (asynchronous generator iterator). #—FIEM R ERENERE, IO e B AOWTRE, DABE G
Fé.

— A EAE 2 R R AT RE A await B, DL asynce for fl async with k=,

asynchronous generator iterator (JERIZBEI:ZSEUREY)  — 1 thasynchronous generator (1R 2 [E14: £%)
PRI N R

& & —Masynchronous iterator (FEFIEENLAE), B EDA __anext_ () method NPy, &r[a]{EH—
T % R4 (awaitable object), %I ATAERIAEEAE S AR 0, EEBE T yield
i yield ErEg R Miie )y, Rt BHATRE (O s 8O M E 1Y ry BAR) . BaE
By EA ZEXRES A __anext_ () BIEM W EEY A RIBRIER, ©aReE R
FHEEAT. 752 (E PEP 492 f1 PEP 525,

asynchronous iterable (JE[RZLnf[EfCHIfE)  —(E(F, BRIPATE async for BR= PR . SZE1E
B __aiter_ () method [E|fE—{E asynchronous iterator (FE[RIZENLES). B PEP 492 5] A,

asynchronous iterator (JEFRIZBEMRZS) — M E/E __aiter_ () F __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % F5 ¥ F) . async for & AT Ak [ 4 B 5 1Y
__anext__ () method a1 ] EREYI1:, EHEI'E5]%F stopAsyncIteration fi4b. i PEP
492 5] A

attribute (E1E) — 8 S CFAR BB, A% EAEZE I B T 36 20 i FE 35 (dotted expression) 1444 4
S BN, WERYICE o B — B o, RIFZEIEREDL 0.0 2 1K,

awaitable (WZEfp1E) — P DATE await SEE PR H . BRI — W coroutine (THFE) |
BE—A __await__ () method [g¥iE. ¥ #2[E PEP 492,

BDFL Benevolent Dictator For Life (%5 {-2&### ), X4 Guido van Rossum, Python BRI

binary file ( “HERIER) —(FBEEEBURIE A bytes-like objects (AN TCALEE W15 ) 1 file object (K& = H15:).
THERIAE R T AR ("rb ., "wb ' 8 'rb+') BIEAE S, sys.stdin.buffer,
sys.stdout .buffer, PAM io0.BytesIO fl gzip.GzipFile .

st 2 Elext file (SCFHER), ER—EEEFRAMTA str WIREED 1.

bytes-like object (JAfLICALERYITE) i 7 3% bufferobjects HEEEIRE H C-contiguous &1 [ AHI14. B
TGN bytes., bytearray fil array.array ¥4, AXFHZLH R memoryview Y. K
(ETCALER YT S B B o ] EORE AE EAR E S AR A . R I RS
socket (ffiJ88) #fik.

A UGER TR R R W . B SCUREE EE e R TR R AT R .
]S AR P 4% bytearray, VAR bytearray i memoryview. HAK)#A 20 i
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HEOR R AAAE A T S (TMERE AT R D) s e dE bytes, PAK bytes
YA memoryview,

bytecode (fiiyC&l#5) Python FYJF4AHE € bl 4 A (7 JCALAE, ‘& J2 Python #25X7E CPython % &% K
IR NS e oy fEEY, DAHEE TR A R BB E sk (]
PAAS FARE S5 4 1085 T s (E) (7 AL ) o &8 [P 1555 (intermediate language) | {8 [EE# A 74E —
virmal machine ([E¥EMRS) I, szEERRS S BT BAE AL CALAS 35 E AU M 2S5 (machine code).
BVERR, AOCALAE R 2 VAR R[] () Python [FIHERE RS 2 BEVER), AN BETEAN [ A1
Python 7 [ R 558 E

(LTI 25 2 n] PATE dis ASTAH R SO 4R 3
callback ([IMF)  VEE)S | bl R ¥ — I FIAESX (subroutine) B, 5 ARSI A IRy T BGBBUA T -

cass (BE]) —8 FH A g 7 & E RYF RN, Class /) 5 3818 % & {1 & method 1Y E 3, B4
method FJ PATE class it L (51]_L 3 f 7 #4

class variable (JHEIS%) —fH7E class i se, HIMERZLARTE class G (FEEIANIETE class [ ECHIH)
ARG

coercion ([EJiRIMR)  7E9 K (AR 7 ZUE)S | oM R by, R — AL [El gt 5 [E)E) 55— A [E Y
FE=CH(E] (implicit conversion) /2. i, int (3.15) GAFFESEIERES 3, (A4E 3+4.5 11,
TS B AFERRUE (—18 int, —{# float) , i M 5 | Bob HAE B EIEIN [ i 2 El2 421 5k
R, SR @51 TypeError. WREMGEIRIEAL, RIGEATA M5 MERES M2, ML
TP IERUL (normalize) EIRHIFIAGE, BN, % float (3) +4.5 MIAREH/E 3+4.5.

complex number ([E#() —EFMPABME BRGNS, 1EHTA BTG o2 [E— 0 5
EER A, [EgogeEEEEAr (-1 P m) MRy, BB HEREP a1, T
e Ri(E] 5. Python [Elg 7 EB X%, ERMEHWRIEAREREE; ERfafiE—mi
B 3 WEES, BN 3+17. A math BUATRIR THASHO0 N RER, #FMEM cnath 4.
%E@g@%rﬁlm%ﬁﬁﬁ%ﬂﬁﬁgmﬁ& WARAREA G E S e MR, ARERCT- REREE IR T DA%

A e,

context manager ({HBEFFANE) — M T A M with BRI RESNY M, ME L2 BEHER
__enter_ () fl__exit__ () method 4HIN. sH2(F PEP 343,

context variable (%§5i88%) sl HALT DAREE BN SCAOESE A BRI . 8 SIS A T 44 [ 3,
fi# 17 [% (Thread-Local Storage), 7EH: 1, — il % #E R BMAT A AT RE LA A AOME. A1, B
T, TR AT RE G M, WS EE A g, EEETHIER BB
(concurrent asynchronous task) 11, 3SR EREE]., #52[F) contextvars,

contiguous (VE&N) R —HEE T 2 C-contiguous B2 Fortran contiguous, HI|'E &) g iR [E) 258
HEH) . Z4E (zero-dimensional) f % 1f [ #&& C A Fortran contiguous ., 7£—# (one-dimensional) [#i%1] 77,
A IH H W ZEAE RO 3 AR AR HESY , TR T IE) P2 A P LR IE RS « 78 Z4E1Y (multidimensional)
C-contiguous [Hi#1Hr, $Zac FEHS Ak B NE 735 B A (I H IR, el — R 51 sl R, 7E
Fortran contiguous [ rfr . 55—1{R 25 [ 5 bl

coroutine (Ijfe) 122 EIFE (subroutine) ) — R B [E)EE L. BIRE A2 AE S0 09 el Fl 26k e AL[E)
TE S — R R . AR T DAYE SR 2 A A i e i B ekt AL B A E1E . BAEEIDA async
def BARWEME. Hi52F PEP 492,

coroutine function ([FERAX) [l Eicorouine (HF2) YiFREA. —MHFERXBEP async def
AR Ess, FnJfeefls await, async for fl async with BE. Bl PEP
492 5| A

CPython Python F£=3E & 1 HE B AF (canonical implementation), #{#$7i{E python.org . [CPython]| 18
I AARAELS BENFRE ST, DA AMILECESLILE: # R 20/, 140 Jython 5 IronPython.

decorator (H:ffigy) M=, TERMES MK, WHE G ewrapper 55, BiEHE-—FEH
F1y%E(E] (function transformation), ZREffi#eny & WHiH /2 classmethod () #l staticmethod () »

Fetfian ik LU RRRRE . DA W ek o SRR 3R R SRR

def f (arqg):

(N 4kZE)
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(R L —5)

f = staticmethod (f)

@staticmethod
def f (arqg):

Class HAFTEA RIAMES: , (HAEAREILLEBOR® . B ethigi B 2 M, 52 EmAE A class
SE S IR S

descriptor (FiA%y) (FEFET _get_ (). __set_ () B{ _ delete__ () method HJ¥{4:.
18 class J& 12— HEIARZRIE, MR 451 T E) e 8 A PR R Bl Al L% i/ ab KEXM
e ok B SR B My, &FE a 1 class %ﬁ*gﬁﬁﬁﬁ. b, (HIR b 2 — kg, A
HHEE HE R HilA 2% method €y . ARSI BLARE A FLAE Python fYBASE, HWEITMEH£L)
BEny T, SHThEeIEE R . method. J&VE (property). class method. [EJ#E method, DA %3} super
class (SCHIE]) 2.

B A R % method f B AR, 5 2(E] descriptors Bl 4 2 I 157

dictionary (‘y2Mlt) — 1/ B W 51 (associative array), HH (T2 4 88 € g WG 2 (H . S8 ] AT A5
__hash__ () 1 _eq__ () method f¥{4. 7 Perl i #EF3%E) (hash).

dictionary comprehension (‘pUL&iARERY) B A) YA, FIACOEEE-— {0 AT [EUCH 2k 1) AR e R 4y
T, FH ML RA—MFHE 1, results = {n: n ** 2 for n in range (10)} &
EAd:— i, EaE T8 n BEE n »* 2. #2[E) comprehensions.

dictionary view (FZMLE#!) 7 dict.keys (). dict.values () M dict.items () [E{EHY10HE
E St . B3 TR I H ) B R AR ﬁ%ﬁﬁ?ﬁﬁ@%ﬂﬂ%, w2 A e I LiE L s
B, ZEEH g s E s sy List (28%1)), ZEfH 1ist (dictview) . [ dict-views,

docstring ([EIW*yH3)  —{H¥E class. AL b, VRIS — S A B0 FESOR . R EEEN
WATHE G Zms, (e apignEasial, EWOA TS class. pRaNEiEALNY _ doc_ EIEH. H
B 7 E ] L EE)A (introspection) SRIEIER, [ & 2 W04 1) (B IH SO ABE AL

duck-typing (W§FHIE]) —FEREAGEEEME, B EHE B — Y B E R 2 e 2 IE
(AT B AR Z (42, method =X J& 7 @ B AL b gl P il w4 . (TR e Bl Ak — I 1 if
Ak —EET, BEE—E2—EE1. ) HEEFNENIESEEME, KR
A5 RE £ L (polymorphic substitution) A& i & A EE G 1. 18T BUEIE G H type () 3§
isinstance () EETHIE. ((BREHEE, WREITAH IS 2 4L & 2(E] (abstract base class) HEAl
Fe.) SR, EEEEGEM hasattr () PEt, SUREAFP BEAGERHENE .

EAFP Easier to ask for forgiveness than permission. (F5 >R KA HAS ) BEH FAY Python 4§
AR G e AR A R S S R A TE (BT % (R o s A1 T e TR B 91 b o 3 el () LR 1 A
HFF O RIFETT 2 try fl except BRI, AT 2 HABSES (F40 C) # WIMLBYL J&A%
TERLT ¥

expression (FEFIX) B DAREREAGER(ERFEE . EA)EEE, —MER Gt . 48, BT
B, 5ol o 2 S A G A BB, 18 ST AR RE . B AR SN A
52, [EHEFTA Y Python 555 M # 2 A X, 74N —Lsiatement (BAZR) RREP A EERA S,
BN while. BR{H (assignment) #0 2 BA, MA@ E .

extension module (#fFEEE41) —fE DA C 5 C++ S B A4, ‘B H Python ) C API HCEEAZ. 0 K (i &
FEUAG AT 5

f-string (f2ip) DA £ 80 'Fr [ERI0 FEE SO EBREE [f 78], B R 788 SCAR I 4
5. HiE2[F PEP 498,

file object (FSWft) — 10 3 (i 1 & 5 @4 2 B i (file-oriented) API (1l read () { write () %
method) ZREEVEIRIE EIRAIYI 1. WRIERE R Y Ewid i 3, & nelE o o 3 2 B i 2 5t
RHAER W e Ol RS (B Es A / . RO S R4 @ . socket (JFiJE) . E(E)
(pipe) %8) MITEHL. HEEW I WREEI 348 £ 4t (file-like object) B, % 37 (stream) .

TEE, A =RERWIE: JFARE =& R4 5 SRR =& Sl RIS A . BEMRTIRAE Lo
BAL P BE SR @jﬁiﬁé%#lﬁ@%?ﬁﬁﬁmﬁﬂﬂ open () Mz,
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file-like object (KK§RWME) file object (REFRPIMF) HIFRIFEF .

finder (S4%Y) —MWYH, ©E&EREIELLY import (BT K loader (BALE)
¢ Python 3.3 F';ﬂﬁ ARSI Y SRAR RS LIRS F 4 B (meta path finder) € {#i ] sys.meta_path,
Wisk 1278 B F 4 2 (path entry finder) €fiff] sys.path_hooks.,
w2 PEP 302, PEP 420 1 PEP 451 DA T f# 58 £ 411 .

floor division ([a] FHUIERR:) 18] N SEARF 4y 25 B dpe e U S B B B2 [ vk . o) S BBURE R 1 B T 2
//o n, A 1L /7 4 WEHEASRE 2, B float (JRERED) ERIEFIRIMER 2,75 RE. @
HE, (-11) // 4pEEHRRE -3, HER -2.75 #ié T EEA4E%. #H2([E PEP 238,

function (FAX) —HHAIBIARK, EREE R0 R L, B0 A EESEK M| &, &
Eb%l%f[—f%ﬁﬁ}fﬂﬁ/\@’tﬁ AT . BEE2Eparameter (2¥). method (J7#:), PAJ function 2=
i o

function annotation (&X[EIF% ) PR —tﬁ%[% [EMEAE [ — @ annotation ([EIFE) .

Fg;ﬁclﬁl_.%%ﬁﬁ)ﬂ RREGR T g, EEEEY a2 WA int 518, Elgf M int [

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

pR S ER W A function ZEE0A FE AN RAE
st [Flvariable annotation 1 PEP 484, Y45 W IhRE iR .

_ future__ future [FiA: from __future__ import <feature>, €15/ E s {d FHTLEAE Python
*Klﬁ’ﬁﬁ?ﬁﬂﬁﬁ-‘*ﬂ%ﬁi.ﬁ{ﬁﬂﬁ EYREEEER, ROEERIRAL. 1 __future_ MRALHIGEE T
Jeature (Fh%8) VIREMIME. il import JABTAH S A BORAA, VRVT AR BT Tl BE 2 (TR 1
W\W%ﬁiJ?[JEE%%% , PAEEMR e (e ss) mlETEZrIhhE:

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

garbage collection (L) HFCIRBNTIROE I, MR @A . Python BIFTHIR AL, 2iF
i 2 BFH (reference counting), DA K — {18 REIEVRS I I v B 2 G B (reference cycle) {1447 R4 [u]
Wi (cyclic garbage collector) HC5E . s [l Wi AT AGE T g o MLAH 38 HOgEA T2 -

generator ([E13y) —ME € [ml{Egenerator iterator ([EVEZREES) BIR. BEERG —FHIEFE,
EARFRKZEEET vield #EAN, EAE—FRSWME, S2E AR for [EE, 5i/2PA next ()
R, BRI —E{E.

T R AT RERE AR R — R gl (EAER LS, e FonEle SERE. %
B EAENGEEE, At g, DAk,
generator iterator ([EVEZSEURES) —(fthgenerator ([F1A4%) R FTEST YL,

T yield GEERMAR)Y, EIRSEMEIITRE (G5 BB E A uy BAsC) . (T
)lﬁ IEH’EH% G L A AR AT (BRI VA I IR B T B A 14 R 5 P
Ifl) .

generator expression ([EV/EZHERR) — e REERSERN. EEERG —MEFERTRX, %
WM for T4), w e T EIBSE M. &E AL — M BHN 1£ Fh). ZAeEE g
(150 e i E A 22 {4

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

generic function (JZRIFRR) 8t 20K XA R, 5% 68 20 B8 W] i 2L EEC VA R B 5
W30 ] e PR B4, =2 el A BE U S9-94 (dispatch algorithm) 2R(E)E .«

a5 [Elsingle dispatch (—3HR) #aE#RM5&H . functools.singledispatch () Hffifefl PEP
443,
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generic type (JZZIMIE]) W BHbIpe; WH A List B dict AR 8828 IR 2= AL,
LTS T Z B4 28, PEP 483, PEP 484, PEP 585 il typing FiHt,
GIL #2:[Flglobal interpreter lock (438222 481) .

global interpreter lock (ZIFLFFaTS) CPython BLaa I MM H] , JH DAREPREEER UG — (B T 45
REELAT Python fJbytecode ({iICALMG). MY AEA (WHEEEYERME, dict) HEjH
WG [EIF 77 (concurrent access) ff@ R, AT TT AR fk CPython [ Ei1E . $ 2 B MM B ae, Erfl
MR S E 23474 (multi-threaded), (AR & @i itk fw 22 IR PR ER A 2 RRIEHR (LAY — KB
447 (parallelism)

SR, A Se e FERiAL, a2 AEM RS = n, B s e AT R Ayl e (B &5 51 A 4
(computationally-intensive) [ {F#5HE, A DAMRS: GIL. H4h, AT VO Wy, GIL 48 2yt fis:.

W FER A (ARG ATAr ] ERRE (DAE R B A BUE L2 ORI B ) 1055 I EIR
Iy, HEE—fry i — MG I T, BAREera k. R, FHEoTGE R, &6
TR EMRTZ , AT S S A A

hash-based pyc (HHEZUREE) pyc) —MAAICALES (bytecode) BIAFHE, Tl AREMELIN A2 BB UG
iR B BOR ), Ao E HoA %tk 552 [E] pyc-invalidation,

hashable (n[ZEEINg) WR— YA — W EEE, ZEELEGE PR S (BFE M
__hash__ () method) , HA[ELH ALY HEA LK (BEFZE M __eq () method) , HEE
e — =T EE. i I 20 T3 E 1, e ZE A A I i e M

ALEEIE: (hashability) fi— Y71l JiIF dictionary (F4tt) RYSEAI set (Ffr) MIME, HEELE
R BT T A ENE.

KZ ¥ Python Al S(E Y (F# 2 v MBI s W ag2ses (B4 list 5 dictionary) [EIAE; iR
AR AE (140 tple (JC4H) F frozenset) , WA EBEMM TR ER, B4 5420 5
By, AR HE AE class BB, HlE Sy e pirE LB ER . ©M7E A g R
AR (BRAFEMEE O ), e M EE R AE BB id ) .

IDLE Python [} Integrated Development Environment (¥4 BH%855%) . IDLE 21 3 24 1) 4 i i 0
ARIREE, BAN Python BYEENEEATIRA — R P fe fit .

immutable (An[8EW0E) — WA B EEADE. Sy T . T8l wple (Jodl). BSHEY
PHRARER A o QIR —EAS [ (B A R AT, SR ST —RBr A P o B e TR B e
EME AT, PHEE SR A G, B0 dictionary (73L) it — 1 4

import path (FEAPRAS) MR E (Sp41228 0 ) WMEIFE, MARLEA B2 1E import ALAHRE , & 9iparh
based finder (ELABASHITAAY) BSBAAOE . 7F import [, MALES|EEH EHKHE sys.
path, {H¥AFE | (subpackage) M5, BEWAEEERKHELEM N _path_ E.

importing (FEA) —ffiffE. —EFALH ) Python RxUHG AT DAZE IS M AR, W5 — (B4 1) Python

FEAHE A -
importer (FEAZY) —MREESH LBMABMNIE; B2 finder (Fhgds) Widloader (BALR) P
.

interactive (ZLEhIY)) Python A7 —ff B E i as, & F/m 1RAT DATE LR B 7 ol A BR AR ORI E
H, SCHATEMEHERI MR . REES) python, RTFEALMEIH (ATHERE bR IRIY
RN s B ) . B R WRUMT A SR E R A G EREER I (FFRUE help()) .

interpreted (Fii#ff)) Python @ —FEEERE T, M ARMEET S, ANBiE M E D 1] REA LoRl], WEA
(EICALE (bytecode) Mk HIAFAE . T8/ IS W] DA B EEAT, AT W Rt 57 ) — il
AR, RRTTRIATE . LWRh T LA SRR S AR R/ BRI, R e MR
HEATIREANG . A2 Eineracive (HEH).

interpreter shutdown (FiiesBP) 3 Python EEAVGEKBIPARE, & &t A —(HRrIRR B, fEE
BRI W B AR, BN A TR B SR R A M . Bt & KI5 e le % (garbage
collector), & REEIMBEEME % A E iR E 0 (destructor) 38 553 F 17 [ I (weakref callback), [FI3
R R RECAS . 76 B BB B T AR A el B 4 AR 41, INIEVE BT R V5 v] BEAS A 1R
T O B2 bR 2 AR B 2 5 1 )

HEG P F2AR, 2 __main B BEPOEFTHEIA O AHATIE
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iterable (WIECHIPE) —MEREIE— U [l — P SRR P o TR PR 155 B A 1 5 24 )
()2 1ist. str Ml tuple) FMELEIREHRIE], Bid dict . #5404, U\Zﬂ T E FE AT A class
Y, HERE class 5 _ iter_ () method BY 2 B {ESequence (J¥4) #EEM _ _getitem__ ()
method, #%H {4k AT ER 14

AIE ] iR for BRI Z HA TR 2 — M5 (zip O « map () ..). &M ATERY
AR | R A K iter O B, BEEZY AR E—MERL. ﬁt.ﬁ%ﬁ@ﬂ?ﬁ"ﬁlﬁ
—HAfE ATk (one pass) R . HTAEMRERE, WHEA—CEIENY iter () B HTEMERIEY
. for BdsEr B EEWREBLE LR, B erdy YRR Ay 42 2, A E R 0 R A
HuER e, Bigzliterator (EWCEE). sequence (JFH) Fgenerator ([FVAERE).

iterator ([EMCZS) —MFRERNRMYE. EEHFYERLHN __next_ () method (BT EiE
KR next () ) ERFREERNR P AISIEE & AT R, 1§54 stopIteration
Bilah. suiE, ZEMCZWECHH T, MET3HE _ next_ () method [if—2 N, #F €
PR % StopIteration, [EIREFNZEA M __iter_ () method, ¥ & [mHEMCEMIFA L,
Fr PARE M E R 2 B 2 v [EM HTMﬂﬁﬁAkﬁﬁLﬁﬁ/ﬁ{&Tlﬁ%#B’ﬁ%/ﬁ‘ — i B S 51
Gb, EEMZMENL (multiple iteration passes) FIFEAAG . —HAERIIM (B2 1ist) FERRRKE
HIEA iter ( Lﬁcdzf for [EE A ER, #WEEL:—MEmnEReE. FHERZSER
o (%ﬁlﬁ) W, @ AR —mEUYC B @ . R E g S EU g, AR
AR — M 25 (24 -

A typeiter SCH AT AR 22 Bt

key function (ZtpA=) ek E )T K= (collation function) & —1f B FENY (callable) pE =, ‘B & [a]{E—
1 AR HER (sorting) B JF (ordering) fI{E. BN, locale.strxfrm () ¥ FAREIAE i 7 fiF i ok
R HE AR B HE o

Python Hr 12 T B, {32 DAGE o LRI H e R e 7 sl 80 =0 BMAFE nin () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () .

&R BT DA ST — (M, B, str.lower () method 1] AYEEIA 4> K/ NEs HEF no 4t R
o B0, —HERA WA A lambda R AY AR, FIUl lambda r: (r[0], rl[2]). 74h,
operator BIAHFEAL T =18 o Y BERE R 2 (constructor): attrgetter (). itemgetter ()
methodcaller (). BRI E S A ek B, wE2ETHET .

keyword argument (BH3tEs|¥) 52 Eargument (3]381).

lambda 8 —expression (GEE L) FFaH Y —{8 B4 1TEIE = (inline function), 5% ok =X 9T MY IR SRAE
## 57 lambda pRICHYEEVE R lambda [parameters]: expression,

LBYL Look before you leap. (=S AT, ) M 4w WS G 7E A TPl sl Al 2w, WA IR e[
. EHEEWEEAFP 720 T, HERNROREARTL 1 £ A,

2 iTaEE T, LBYL aCaE [ =] Al [#%17] Z 5] A T 8iE&{: (race condition) f1]
JEBgE . BIAIPA FAEHS 1f key in mapping: return mappinglkeyl, @R —(HBITHTE
WERZ B EAEE R, 1€ mapping WRERRT key, RIFZAE=CHGHE & 24K JJEI R T DA 8 (lock)
o (i Fl EAFP i fl 7 =R fR(E

list (351) i Python [Efsequence (JP51). [EREERIA T2 list, T HECERUDLHAMNRE = P —1
(51 (array) MG —AHES5H3 1 (linked list), HIEFFIROCR MRS EREEZ O,

list comprehension (HiZ&EAMER) T8 AR 7 51 h 1) &R EGHR e ER . [ENGEH A R A1/
list [Pl EFFSL A, result = ['{:4#04x}'.format (x) for x in range(256) if x %

2 == 0] GEAE—EFH list, Hor 0% 255 @EE, Fra M /s 0x.). if 74
FEREIRIEN . WPREMEE, I range (256) HRYFTAICHER G HIER .

loader (I{AZY) —MEEEEASLRIYIE:. BUEEFR—MABE load_module () [ method (7).
WASE T W finder (AEE) IE. W2 A7 2(E PEP 302, ]%EJHAabs[mct base class ({5 H
Fﬁﬁ), %%% importlib.abc.Loader,

magic method (BT J7i:) special method (FE5k77H:) B—E3EER R K .

mapping (EH) —HEERY M, EEZ%E%?@EE’J§& H.BEF{AE abstract base classes (415 £ IE 8
[E]) ', Mapping 8{ MutableMapping fif #§ & ) method. #if{fJ$E dict. collections.
defaultdict. collections.OrderedDict il collections.Counter,
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meta path finder (GERFTEAHERS) T 0 ovo .meta_path M AHY finder (1R4E). JOHHE
M AR EL YA AE 38 B S48 35 (path entry finder) FHBI{HEANIA] .

B A TCER R A P BAE ) method, #52(F] importlib.abc.MetaPathFinder.,

metaclass (JCJE]) —7f class ) class, Class E 2B FE €737 —{H class 24 f%. — 1M class dictionary (¢

#), PAS—1 base class (ﬁrﬁﬁl) [51 3 . Metaclass & 515238 A5 |8, [FIE# 57 3% class. KZ ¥k

E’J P i R R S R R TR BL/E . Python AYHRE) JETE A REIEVEE ST H %1 Y metaclass.

PN \B’J@iﬁﬁ%‘fféiﬁﬁﬁ%ﬁﬁtiﬂ, 15 J&H T ELRE , metaclass AT DABRHEEIR HAEMEMMEE D 2. B

E%}j’iﬂﬂ?’f;ﬂ.% YERFEL. ST as et BEW S . BAERE A (singleton), PA K FFZ
HAh A%

T £ %A DAFE metaclasses 25 1R F) .

method (J5i%) —MH¥E class ANBE[EIW: E FE A R . WNSRE method VEEIH: class B i) — ﬁl%ﬁ%ﬂzﬂ}m{, Hij
EH e S B B E e 1S — W argument (5]4%) (M5 BEEFEWREE self). #H2[Efunciion
(eRX) Flnested scope (FEARAEFHIK) o

method resolution order (ﬁii:ﬁi@*ﬁllﬁf“ ) TYEMRMTNE T R A PR AR A SRR, base class (JEIEHH
E]) $EFRNET. BIRE 2.3 lLES, Python HL e A B YA, #52([E Python 2.3 fit
T YESENTIEY o

module (Bi%l) —fE#E{E: Python F£=A511 #H 4K ¥A7 (organizational unit) (¥4 {4, LA — M a4 25 [,
B AEREN Python . BIAHEFE Himporting IWi8FE, ##H A % Python,
Sit%(Elpackage (£44F).

module spec (BiZBIRE) — MMM, BT RE AL import #H B & 5 importlib.
machinery.ModuleSpec —1{HE M.

MRO #2:[Elmethod resolution order (F7EfREATNETE ) o

mutable (W[5E¥PE) WY ABCEEMIE, (EAERFEM 1d 0 o« SRSEimmuable (A5
).

named tuple (Fif#7C4H) 755 [named tuple (P44 7C41) ] 2451¢ tuple K AT FUEIEY class, HEHY
n[ 25| (indexable) JGZE A W] DAF F 4% J@ PEARAZE . 3 LEZU[FIEK class 0 m] DAELA HA AR

5 287 [F )2 named tuple, U3 time.localtime () Ml os.stat () [FENME. H—MHFT

B sys.float_info:

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

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

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

True

454 named tuple SZFIZEA(E] (1 E6). 503, —1# named tuple 157 DA —fi IE XY class & 385K
s, HEL class 27K H tuple, HEFRTFIAMN, (named field) RIT] . 3E%HMY class A AT T
e AT DAEE A TRkeR =X (factory function) collections.namedtuple () AL, BEH it
a7 —2E%E A method, 35 L% method W] fES2AE T 55 i ([FZ2 1Y named tuple 7, MEVEFRF Y .

namespace (¥ #A%30]) SBEPHAFMHTT . G425 FE DA dictionary (L) B EVE. AR, 4
(1) K [ i ey 44 25 FEJ MFEY P+ (78 method 1) &ﬁé‘&ﬂké’]‘ﬁ% ]E'EJ /"B@ S HFE i Bi7 1k 44
flijge, AL . B, K3l builtins.open fll os.open() & BAM I A 24 25 R AR [
AR, A2 AS S H IF AR 1 40 2 MR R AR A A B E— ek X ﬂ{i‘@—ﬁ%@&—ﬁ'ﬁ . B
4, B4 random.seed () B{ itertools.islice () BEHIE R, 82K ENEH random
Fl itertools RBIAHIEEAE.

namespace package (fﬁ%élﬁﬁﬁﬁ) — il PEP 420 package (£{F), & HAEAEETE{F (subpackage) 1)
—fAE S s HEFATREEA BN, T HABREE 1A 82— regular package (1E
MEM), AEeMPER __init__.py BAHEE.

Rk Flmodule (F54H) .
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nested scope (HUIKTEIIR) REEIZ: B SN E 5% (enclosing definition) HHi S B RE T SR, —1il e
KM — MR e s, WEERE2 Mg mhmas. @i, EHzEET, &
ARATE PRI P P 2 T S P T [t S A BT (R A Pl U R A TR, 4
IR R AR A 4 S W U BT A . nonlocal AFFEINEMEMIEHTEA .

new-style class (BiAME) — &%, ©REIGBAEFA K class P78 B 6 1) class Jakg. 765101/
Python fitA<rr, HA B class 74 GEffI ] Python BT . ZHRIITIEE, B2 __slots__ . ks
(descriptor). J& 1 (property). __getattribute_ (). class method (¥H[EI}53%) Fl static method ([E]

eIII5) -

object (#ff) HAREE (ErEsfE) KwERMITE] (method) MAEMTEEL. B RAE(Tnew-style class
(B E)) A5 base class. (FEIRAHED) .

package (£fk) 1 Python f¥ymodule (FE4) , &7 LA T4 (submodule) 2 i [F] 1 14
(subpackage). FATLIMF, EfFpE A __path__ J& R —{F Python i,

Wk Flregular package (IEFEA:) Flnamespace package (fi44 23 BB .

parameter (2Y) Frfunction (PR=;) B method & i —{F 14 B i (named entity), B 5% K=\ HE
B[ 32 1) —ffargument (514%), SHESLEE N R 205 8. S TR RG22 8os s

* positional-or-keyword ({7 B BT ) FEIH—( Al A4 e 4 B sl 2 VEEIR 42 5 5| S g
518, EeSMTHBEE, FIanPA TR foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only (PEFROZE): $&H]—MH A BEHL I OL BAHR BT | B, 7E ek S8 2 80 R
W/ Fou, W DAERE T OUHT I E R RO E 28, BIINPAR Y posonlyl I posonly2:

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

o keyword-only (JEFREAST) : FEHH—1H H AEARH S F o iRt A 5 8. ek X E R B 8 %
o, AL AT R R (67 B 2 B (var-positional parameter) B HLAER) * S0, BERTATEHAR 7
TERIEREABET 2, UL TR kw_onlyl F1 kw_only2:

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

* var-positional (fEREHEIE) : $EU]—ARELMERF VI gR Bt i B5 1 3 (TEC P2
LT | M2 AN . B2 ERERE 2 MM E L~ AGEFRR, Bl

args:

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

* var-keyword ({EEMCRBGET ) FEAPTRHRALAE B HOR RIS [ (FEC Lt 2 HiE2
HATA B 5 | 32 4h) . BB E M LS MAT T E i b > AEsR0y, Bl L
By kwargs .

SYAT DS | Mo S R B TR A, R] DAE—SE RSP ) 5 | R S TR

75t 2 WM s R Wargument (5180 R H . & R EE D582 82 MW 2£E. inspect.
Parameter class, function Zfi, VAN PEP 362,

pathentry (J44%iH) ALimport path (FEABREE) dp)—EAIE, Wipath based finder (F:AEEEE I A8
) 2 EALUE ARF I import ARIAL .

path entry finder (P&FEIHH =-5i%%) #¢ sys.path_hooks H¥ iy — i 0] B Y 4 {4 (callable) (7 B —
\Epath entry hook) it R8¢ —F finder, "BFI1E W] DA— AW path entry g R4 .

B A AR TH B A L B /E R method, 352 [F] importlib.abec.PathEntryFinder.,

path entry hook (Jf$IHH(E]) 7F sys.path_hook 5| ZH)—fE ATIFIY 4 {F (callable), 24T HIGE 4nfa]
TE— MR E Wpath entry B3REH, Rl E—(Epath entry finder (BARIHH FA548) -

path based finder (FLRERFEHTTIEY) THRRAUIEIE F 48 2 (meta path finder) Z—, B &{E—1®import
path H 3 5H
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path-like object (JEMSTS¥IME) —HERERERFBEELYE. BUEEDET LR —HFE R SRR st
5 bytes ¥, B —MEAE os.PathLike WEMYHF. EEIFIY os. fspath () R, —ff
718 os.PathLike WM LETT DAk iEFIE] str 8% bytes R RSIELE; T os. fsdecode ()
I os.fsencode () HI4HEIR] AR str M bytes J%EH . B PEP 519 5] A,

PEP Python Enhancement Proposal (Python ([E#24¢). PEP J2— skt 4, ‘& fEl) Python #HEEHR:
HEEER, BUEHIA Python [ —H B U GRS 3% DI e M AR 7 MRS . PEP M % BLPL (L R i B¢ 7 R i
PASAE R ST R A S P

PEP (WAFA/EH Y, &SR E R AR o AR PR 58 . AL o BH P S B R0 B4R, PARKE A
Python [ FHEISRIMFCE], 5 2Ll =2kl PEP WO Z & i ert it B g i B Re ) 3
.

#4([F PEP 1,

portion (¥5y) TEH—HERH 4R (WA zip ) , 15 SURE S RS — 18 v 44 25 TH]
£ (namespace package) T EJEL, N[E PEP 420 F11EFR.

positional argument (fL¥E5[%() 2 Eargument (5]4#f).

provisional API (%47 API) 47 API 245, 102K = E M M2 (backwards compatibility) {7 3
R REHERR K APL, BESR LAV E, R B e MR REE T, B EEREE ERRE T,
B Z O AN BRRER LT, e g BB &g A AR EE (B2 aHERs m). SE
sEEEIR e g EI A — G APLAE A L B 258 10 i AR B G B aR R, A &84 .

ISR AT APL, T A2 58 S8 Gl ) [ R MRy %2 ) — S TRl B
ATB9R € 2 ] REH 1 — 1 1) AT AR A AR E )y 52

e {28 A (S A A 4 o X R B B IR PN BT, T B SR AR B B R 1 Ry ] 25 B A I REL Y et Bt
2L PEP 411 T 5 2 41 .

provisional package (¥17E4;) #&Eprovisional API (47 API).

Python 3000 Python 3.x R4 A ERE (R ACARTRITER), BRFE 3 A m 2 e AR, ) tnf
PAKEES(E) [Py3k].

Pythonic (Python Jalfki)) —fEAEADK—BAR AR, EMEN T Python 55 e ST ARG, A2
JHFCAbE 5 A S A ERE A . BN, Python R WA REE A, 2 for B
B, H— A ERY T TR TEE . 32 HAsh 5 DEH SRR A, T AR
Python it A AT IR & 8 1] — (0 e e AU -

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

2T, PAR AR R . 5AA Python Jalf :

for piece in food:
print (piece)

qualified name (FRE#fE) —H [ZEoBEA R, BHEURKE — AL S IE0E I 8] 4l b E =1
class. pR3EE method (1 [#§A81, 41 PEP 3155 i@ g%, ¥R E)E MRz class 15, FRE S
HLH Y24 R ] -

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

>>> C._ qgualname_

YC’

>>> C.D.__qgualname___
'C.D'

>>> C.D.meth._qgualname_
'C.D.meth'
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RGBSR, ©ATRE & & (fully qualified name) j& 3R sz AR SE BB 73 PR ER AR, ALFEATAT
MAZEM, Bl email .mime . text:

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

reference count (ZMGHE) BN MY 2 IR B &S BEHECR R 2B, © e
R E (deallocated), 2 WA 514G # #F Python F2CHE - F A, (HEEECPyhon BV — 1 BH 8
TCE. sys HAEFE T M getrefcount () R, FEFRHTAAT LAPRE Y 5% pF 2 A 0] 48— 45 22
LGS

regular package (IEBIEME) —MHE G package (B, HlA—@EEEF _init__.py HEMHE.
ek s Elnamespace package (423 L) .

_slots__ 7E class [FIEB— M 545, ERHEHFUCESEABENZSHE, PAKIHEREH dictionary (L),
RETA TS . MEARRZ R TRk , {5 bﬁ%ﬁ%ﬁ%EFﬁiﬂ%Fﬁﬂ% B U BR AR AR TE — T R L o
(memory- crltlcal) 1) T RE 2 TP A K R B0 5 U )

sequence (J3:41]) —fWiterable (A[[EMHI1), BB __getitem__ () special method (45K ¥%), i
BRG | HS RRACR TR, EEFR T M __len_ () method FR[HI 3% PR E . —L&
Fl ) BEFE 1ist, str, tuple flbytes, TR, MR dict WFE _ getitem ()
Ml __len_ (), {HEWHHEIRE B (mapping) A 745, PIEHA 26 AT & i immuiable
P, AR
% B () (abstract base class) collections. abce. Sequence F3% 1 — {8 1ML & 1/ ,
A R _getitem_() M __len_ (), EMIT count (). index (). __contains__ ()

M __reversed__ (). EEMIEANHEARE, ATPAHH register () #iHfEHEIL.

set comprehension (%A%? BESE) - REEEM O, A H R R ER A ) AR R 4 o
Z, FYEr4E R A—1 set A, results = {c for c in 'abracadabra' if c not
in 'abc'} GEAE—MFH set: {'r', 'd'}. #H2[E comprehensions.

single dispatch (¥L—J{))  generic function (ZZLKX) PHEEM—FEEA, FEdL, FIEM SRS ER
— | 2 (E].

slice (WJ)) — MWW, B#E QS — Bsequence (JF5)) WH—ER5. B —BY R 072 8
R BE4F 9% (subscript notation) “[1%, &% Z M #w, HIFEd 2 MM E 9%, Bl in
variable_name[1:3:5]. FEFE%E (M) FF9ERIERT, G slice ¥4,

special method ($#5%Jj7k) 7 @4 Python H B)IFIYY) method, SR AFIS AT RAE ST, Bl
TNy, 87 method 444 B8 &7 B SE AN G5 2 A Wi E 1 R(E. Spemal method 7E specialnames H1 45 #E4H
.

statement (BARX) BOARKE —MEM (suite, —EBRXA [EIE]) Pry—ar. BARKUE—
fiexpression (FE), SR2FHRET (FlAif. while B§ for) MEMEEHEZ —.

text encoding (3C#if%) fF Python 1, — PNF4£F g 2 — B Unicode ﬁﬁ%}ﬁ (& & Uu+0000--
U+10FFFF). N TS — DTS, ERERTIh—B

FF— A FRR IR — D F N FIIERRN Rt ﬁﬁM?%f?ﬁU*i%ﬁﬁﬂ@?ﬁ%?ﬁ%?ﬂ “fi
E—E:,J”o
HEMARFERSCARITF I Hlidds, EAEENA” UGS,

text file (ZCPRER) —MREERBUNE A str W —{ffile object (BERYIVF) . WH, LFHEE
B b R AN TC A ] (1 & kL (byte-oriented datastream) [FJ€r [ B i Firext encoding (i%%ﬁﬁ%) .
CFBRMETA: ACFRR ('r 2k 'w') BAEMREE. sys.stdin, sys.stdout PAK
io.StringIO WIEHI.
HigzBEbinary file (ZHERIEE), B—REEEFEBUNE A 815 T4 B 4t (bytes-like object) HIAE
ZEWE.

triple-quoted string (= 5I98EFyil) = (AE5]5F ( ) BCH515% O BEEEA R — TR, BT
BEF R HEER G5 R gsrshae, ERERFZEE, e s . eMsee
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PATE 75 A5 R BKE) (unescaped) Ay B BEAI&E 5] 58, 17 H& A 756 48 % JC (continuation
character) 3] PABS#ERZ AT, 35 (A5 &4 4 3 [E1RH 5 R AR .

type (¥[E]) —1# Python ¥y HEE @ T &2 EEE Y FEY s — R, —®EeE
FIZETT DA ERY __class__ BHARAFEL, #iPA type (obj) HAGR.

type alias (WEE44) —EREW RS, FE2EE &4 — R (E (dentifier) AT,
HIFIE)4 $ it a4k 2 [FI32 = (type hint) 84 . Bildn:

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

ALARTRGERK, SR T

Color = tuple[int, int, int]

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

i 2 typing #l PEP 484, 7 M INRERIHEA .

type hint (MI[ER7R) —FHannotation ([EFR), BsE—Ma 8. — class B P —0# & =0y 2 8k a]
A R FE (),

HEH RSS2 4% Python [EIHIF, H M3 EIRZIE 4 T HACA A, [EREHRH B) IDE
SE N RE A #l 4 (completion) Al E ## (refactoring) .

4 3 5 L class JB MR ORI R U OR & I s s o) M B EHR R, AW LA typing.
get_type_hints () RIEHL.

#2([F typing Al PEP 484, 4 IWIHAERIHGA .

universal newlines (WJHEfTyo0) —TEARESCFR (text stream) F =, @ LA FIrA 11 B3 (EIE)
—ATHIAE A Unix /72 4EB] ' \n', Windows i '\r\n' FI# Macintosh ] '\r'. FEHZ(E
PEP 278 il PEP 3116, AN bytes.splitlines () WY&

variable annotation (S28{(EIF%) —{E8EL class JB Y annotation ([FIf#).
[EIfE 58T, class J& PEfRy, (2B ER -

class C:
field: 'annotation'

SHMEREE T AR L ERRT (ype hint): BN, FEESEEINEHIG int (CBEE) (A

count: int = 0

S EIRENRHAAE annassign B0 A SEAH IO AR RE
sE 2 [Flfunction annotation (RZEfE). PEP 484 F1 PEP 526, B4 WIhEEMIHIIAR.

virtual environment ([FEIERYEE) — M5 /EMEE (cooperatively isolated) [ f 7B, fiEid Python 1) {Hi ]
HAE R RE UG DAL S RN TH) Python BE[EIE M, RIS € 38 ] — 10 2 &5 _L AT A9 HoAth Python JE I 72
KT EEATE.

Haa(F venv,

virtual machine ([EI5EBEET) — 0 5¢ 4 i BCMS BT 2 S8 /Y9 %6 I (computer). Python ) [EJ 358 1% 25 €1 £ 17
Hibytecode ({TCARLIG) Ak B 8% A (LIRS

Zen of Python (Python 2[F1) Python 3¢5t Il Bild B p 512, HUEI A7 B BEARR AN B 1 B 5 o s
FA AR AT IORMA [import this| AHRIE,
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APPENDIX B

BR 7 e B S

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

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

B
* Fred L. Drake, Jr., J5lf Python SC{ TR AR M RIEE DA R — K EIAHI1ER .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh ] Alternative Python Reference i [ , Sphinx M F 153 T 4L {FHyAEE .

B.1 Python {1 ok 411

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

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

HEETEEE P

C.1 ikisaTiL

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

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

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

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

#EmRA | FHA AEfy Bt GPL Az M
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI =
1.6 1.52 2000 CNRI 7,5
2.0 1.6 2000 BeOpen.com | 75
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 =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 2
22 PAE 2.1.1 2001 £4 | PSF =

fiiE): GPL MIAREIAZ RN 21E GPL N #[E] Python, A4 GPL, 1) Python $ZAEHS AT DA 455 (1)
BRI A, (A B 5 o IR . GPL AHZR B #2 HE 1S Python W] PA%S & A7 GPL R
SE R HH B ERRERIARTT.
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IR 2SN T, £ Guido FRE NIATH, FfHE LA 1 B [ R(E AT A

C.2 B A¢ ISk DL IR )5 XA ] Python fy45 &9k

Python FCHFIEI SR RZAE 2 LR PSF 424 &4

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

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

C.2.1 {jA PYTHON 3.9.19 1¥j PSF £ZHEA S

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

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

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

distribute, and otherwise use Python 3.9.19 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, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

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

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

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.19
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.19, 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{]ji* PYTHON 2.0 1 BEOPEN.COM i 4

BEOPEN PYTHON BHIRFZRES 4055 1 I

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

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

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

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

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

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

(R
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7.

granted on that web page.

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

C.2.3 J{jiA PYTHON 1.6.1 1] CNRI £ZHi A4

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

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

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

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

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

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

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

(N maksr)
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sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 J{Ii PYTHON 0.9.0 £ 1.2 1) CWI £ZHEA &

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 Jijjt PYTHON 3.9.19 [EW] 3¢ fFFIf2 A A% 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 B[k fté iy 152 il B B

AT A S R O Y R SR G B, B2 AE Python FEEICAS H P [Ei 55 =ik i .

C.3.1 Mersenne Twister

_random BAH S T LA hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html ] N
EZFIRE RS . AT 2R AR U Y 52 8 i -

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 fHAH{H ] getaddrinfo () fll getnameinfo () R, B7E WIDE EZ (http:/www.wide.ad.
ip/) [El, AT R A 28 rh i Al -

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.
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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 AL DA :

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML s i sy

xmlrpc.client PEAHALE DA FE:

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test_epoll HIgL{l A FugH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select B kqueue 71t & DA R RN -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash. c #§% 4% Marek Majkowski’ 5L i* Dan Bernstein f{] SipHash24 JE V5 EAE .
PAT R -

a3
@
o

<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 Ei dtoa

Python/dtoa.c HEHALT C ) dtoa Fil strtod B, K C BB B 7 BE MO 75 HAHEE]. A%
Z 2T A David M. Gay @7 [ 4445 %8, 1235 BLAE T AGE http://www.netlib.org/fp/ N#. J* 2009 4F 3

H 16 H kg 22 i) I it 5840 5 DA T iCRESEL A A Y -

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

The author of this software is David M. Gay.

E

*

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.

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

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

C.3. Hlk(Eik B2 M St
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C.3.12 OpenSSL

402 OpenSSL pRsURT BEAE3E R B, Ml hashlib, posix. ssl. crypt BLALE M EAIETIAL
fiE. BLAP, Windows FI macOS [ Python 2242 BE £ OpenSSL pRzUEHRIEIA, i AR BAE

IHEHY(E] OpenSSL HZHEM Rl A -

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 t
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN 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)
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% ok X ok X % ok X

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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

Lo R S A S N S N S N S S SIS S S S S S N S S T T I S S N S T S . N S S

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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

Q)
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(B —1)
* QUT 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. 1i.e. this code cannot simply be
* copied and put under another distribution licence
* [including the GNU Public Licence.]
*/

C.3.13 expat

PrAFTE R pyexpat FERFREE -—with-system—expat, HHIRZEE G AL expat FUATS
(R R AR P

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

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

C.3.14 libffi

PrARfEE _ctypes AR FBUEE ——with-system-1ibffi, HHIRZHEFEE M —MEY libfi JFAA 1S
P A A

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

(N gkse)
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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

UPRAE R S EAR BN 2lib A KB ABOR Sk R 2110 BE5E, Rlzdiss g M —MEE 2ib 556
(R R A P

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

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

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

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

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

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

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {#HY4EEIFE (hash table) EE, DA cfuhash BLZE([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

(F D
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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

MAETEEE _decimal B4 EE] ——with-system—1libmpdec, 7 Al #% 41 € H —H(E] 2 libmpdec
PRy 2 JEE 1) il A R

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14N it £t

test XA CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #fu} https:
/lwww.w3.org/TR/xml-c14n2-testcases/ #ehgEz, HIZH R 3-clause BSD 7 HER: #5(F:

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:
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* 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.
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JREE

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) .
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asynchronous iterator (JERIZEIFEE) |64
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B
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D

deallocation, object,45

decorator (#:ffigg) , 65
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dictionary comprehension (FHM&EEEE),
66

dictionary view (FHLIEH) , 66

dictionary (5FHL) ,66
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E
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F
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file object (HEZEW:) , 66
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finalization, of objects,45
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floor division ([ FEUEEYE) |, 67
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function annotation (pRIEIRE) |67
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G

garbage collection (I¥k[l[k) , 67
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67

generator iterator ([FJAEZSEILEE) |67
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generic function (WHIEKZ) , 67
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68

H

hash-based pyc (HEEIZEHER pyc) |, 68
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