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B EIH SO R Il C 8k C++ WP B, V6 A 4L S 75 Python BL%gRThfE. APLAIAN
B PAEFEH R, AT DAEFEH I A E & HO5 ¥ (method) . SC{HEI 2Rt @&-livd anfa 1 Python
REAHIA S — M AR, (E]—TE 535 (extension language) i . fief%, ‘B & /R W] 4 i A ik
R TOAA, (R LEAA AT DABIRE M (FEIEATIE) MBI ER, mi 2K E RS A RiEM
Wit

& 1y [E) A SCAIR R s B Python (BB . BN IEE S A9 ARIER N 40, 72 wrorial-index ., reference-
index %4 P I wE = EEIE XK E S . library-index 5EE 7 BT M EE 5 B2 ) & B R E) st (B
AYAIPA Python $i & 1)) #i4H .

B 52 B 1 Python/C APL REAINAH, W52 (E)Y) 4h—1r c-api-index.
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HERNS=ATH

B e E I T Ik CPython AR FFRALY) . AT SRR A T H. 55 =5 T &, Bilfn Cython, cffi.

SWIG £ Numba, 24t 77 s [EIfE 8 & W EIERERY 21 7775, R(E Python 57, C Al C ++ fE 7.

h=%:

Python BHEE ] #f :  iEfil#% &£ Python 5 4& (i # 555 (Python Packaging User Guide) AN 2 T
SR AT DA AR A T e B AR A T, gt E M S 0 AR T R R I 1
Vi



http://cython.org/
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CHAPTER 2

MERE=AITEBIHESR

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

2.1 ) C g C++ #E3¢ Python

WIRRSH C, TIHTE) Python PN E AR R M. DA WA REH Python FLIZMAY R, wIDAE N
extension modules HeSZP: SEPLH N BEXT S22 JHH C MEREM ARG R .

NT AENE, Python APT (W IREFF St 1) €T —RIKE. RHASH, ATLATIIF Python iZ1T
I AR GEH R > %S . Python ) APT AT DAL AE—A C YESCHF I "Python. h" SKICPFRM

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

filE): C 4 J 4% N CPython, ¥R ICYELEH A Python S8 b TAE . YERZHEGILT, Wik 5
CYJE, RGN, 220007, AR BN T C SRS, RN Z%Z% A ctypes
B cffi ), A2 HEE C AU, XERER A VFRE Python [Ufgski 0 C UM, I+ HAR T HE A
ik C 9 AR, 1773 AE AN Python SEBLZ 1] LA S R Y T A AR

211 =N EBBBF

ETATO P R spam (Monty Python # 22 f% 5 XK (0 & 4...) I ELAR LA @ X . C & o 4K
system () ! fij Python 3 [, XA BEEEZ—APA null 45 B F4 R SEOFR B — A5, JA17ET
PAFE Python H DAGNR 5 X I8 A I R AL

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

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

SR IR R AT A
VAN 1 B AAERRIERI o5 LT, SRR — AN BT BB T



https://cffi.readthedocs.io/
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#define PY SSIZE_T CLEAN
#include <Python.h>

X3 A Python APL (MIRARFVC, ARATLATEE HLAS I Fid s H ARHUSAL (SR o

fiiE: [T Python WL E L —SEREESESE RGBSR L SR AL BIARE L, PRIMAE L & AR A
WS SUHE2Z /T, AR SRS E Python . h,

et 2FE Python. h HiE X PY_SSIZE_T_CLEAN , BEZIY B HH 58 R TN ENESL
N

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

R C pRELENY R, ] spam. system (string) BRI, GFRATRE BRI

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong(sts);

}

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

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

args ZHUZAR 1 —> Python [ tuple M RAH5E, HH WS 2H. 4> wple TR —MEH S XL
SR 42 Python M4 - ZAERATH C BT il E N TR 2R HAL ol C {H. Python API H1f¥y
PR PyArg_ParseTuple () SESHIADFIRFHIAN C (0. BB Rl E 7 BRI B HEE
BUPA RAF SRR (R C AR REEA . ARTRERS S o

PyArg ParseTuple () TEAE SECENA LG HAL /045 I i fe A% 36 36 S g ik BN, 3R 0]
AEZE) . HAEEA TSR S (). ERSefl T8, o Bss e 5w, (EA5E ) sk 50T DAL
1R8] NULL (552611 B 0L

21.2 XFHRHFE

F&A Python fERESR RGAH — U R TR E BRG] : U4 — D REU T RIS, BN Y REE A5 & F
Rl —AERE GE#H N -1 3K NULL $84F) . S# G B AR EEMRR SRS = A R . Wit
HREMEMRME R NULL, FEHAMEN B2 sys.exc_info () FriR[alf#) Python JLA AL i1l C
Ko AT BRI R SLBIRAIR TS PR AT T B AR R A B AL e ) A R
Python APT H g SC T — 48 R 0K 1 BHX S0AR

I M W B /&2 PyErr_SetString (). HBHEFH XN LM C /M5 H. FHEXN L K2R
PyExc_ZeroDivisionError XL TIE XX 4. CHEFFEREHRFEIRHE, 95540~ —1 Python
TR AT ) < RBRAE

T NH M K% 2 PyErr_SetFromErrno () , [UEZ—1THREXNE, REMTOEELRHZLE
errno P, FilHREGARE PyErr_SetObject () , W NS, 7B REXNSRMREERLR. R
AN EAH Py_INCREF () RH4niL s 2| HAL R A 2 E0F %005 | T4

6 Chapter 2. RERAFE=FTHREITIKFT
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YRATPAE L PyErr_Occurred () FEAE MBIARI G OL MR 2 ICE T3 . XIFIR ] 24 B S m 52
BCE AR AR S R S IR 8] NULL, AR H AT EIAN PyErr_Occurred () KAF BRI 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_* () B - XRRBC AP g VAL T o f B0 G Ry 240 [m]— 455
DORAER Cay M, FRE R Z A PyEre_* (), MRILIEHE — SRRV ER IEAN 5 N 28 th i S 2]
BB 1. — HX M RE Ik Python EREAR I T IHER, E & IL4HTITHY Python fURGF 22144k
i i Python F2 /7 53 BT 4t 5 ) 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, Rl e ECE R RIER N EE ER: KZ
B b TR PR T 2R )

AEBLZ0 M p — A 2 W) R B ] T B B R S, SR SRR A AT ] PyErr_Clear () RaUHb#H
Br. CAUIGN 4IHH PyErr_Clear () HIME—IHOLE IR E AR RE AR 2SR HE R
AhEE (TRl M s, ol BB Ay ) .

BRI malloc () A A — 2% . malloc () (8 realloc () ) BB E LAEH
PyErr_NoMemory () Fik [ IRKHER . A XSO K% (Fl 40 PyLong_FromLong () ) BE&X 4
T, FrPARAN R T B malloc () AU,

RN, BRT PyArg_ParseTuple () SFEENBISL, R [ EEHCHIAHS Y o8& B0E AR 2R 0] IE{H
R FTRI, MPA -1 FOREKM, WnlE Unix RGEH M.

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

PEFEF WA T e BT AR EA4F . BT B 1Y Python S # A X M A= C XF4, filan
PyExc_ZeroDivisionError, R PARLIEME A EA]. 245k, RN 24 HAE bk £ 7o - RNE4E A
PyExc_TypeError JRFRm—P A TCERFTH G KMEN. % M PyExc_IOError). WIRSHIIFEA R
A, PyArg ParseTuple () WEUEN L5 X PyExc_TypeError, HIRVRMEE—DMSEBHELHALT
TR YO 2 N B2 e HA AR, WG B PyExc_ValueError.

PRALAT DA RS SC— N ME— R B o . /5 SR SCPF AR A I — N Sxt e &, n:

static PyObject *SpamError;

H AAEARII BRI AR LR R (PyInit_spam () HEEH— w0 G 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 RENTE Python 4% 2 spam.error . Jif PyErr_NewException () BRI PABIE—NZ, H
HIH Exception (|BIER S —1FME A A NULL ), 4i552: I bltin-exceptions .

2.1. ) 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_lilﬁﬁgmﬂm
spam.error i Al DAEY R Pl i) PyErr_setString () BREUHA, WITF:

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts);

2.1.3 O3 HF
I B FTE G0 T, AR 1R T A A

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 FSE0 T4 040035 U 2 548 & command.
ﬁ%*ﬁ%ﬁﬁﬂﬁﬁ%ﬂ%ﬁ@iﬁ@‘ﬂiﬁ@ﬁﬁT’ﬂﬂ@?ﬁ“% (R BLAEARE C AR command W 244 IE A

7HHA const char *command),

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

sts = system(command) ; ‘

F AT spam.system () B KL 46 AR Al sts B {H fF 24 Python X 4. X il i i & %L
PyLong_FromLong () J3ZF,

’return PyLong_FromLong (sts) ; ‘

FEXAEOLT , SRl RS, (XRG4 AE Python e LA ) .

WRARE) C BREAH AR IE GR B void HIpRED, WIXTRZ K Python pEELAZiR 0] None, ARWAZH
XA EYE (W PAEE Py _RETURN_NONE Z33K5EH)

Py_INCREF (Py_None) ;
return Py_None;

Py_None Jg#$§5k Python Xf4 None FrxfLV i C £ 5. Eje— A FLIERY Python X il A j& NULL $54,
WFATPT,, JEEAERZH LT SO ERE AR

8 Chapter 2. RERAFE=FTHREITIKFT
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2.1.4 ERFGERNIIGCERL

AT R spam_system () Qg Python #2)7d f . HERELFEHA A W] LAY Python i 1, FFEee X—
ANF5 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 il C iy Gl Wik{EH METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 f0#ffif] PyArg_ParseTuple () HIMKEIHZ &,

AR Mkl T METH_VARARGS , bR # & % fF Python {3k tuple #5 X#) Z %, H A A
PyArg_ParseTuple () #F7f#MT.

METH_KEYWORDS ({3 R %2 KBTS AT C iR EEZH =1 pyObject * X%, £
FEMBE, i PyArg_ParseTupleAndKeywords () SREMTHEZ%.

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

¥ PyMODINIT_FUNC $f s $(FHf PyObject * iR[EIZRA, BB TALA0 V-5 Br 2K IR SRk 56 4% 7
B, FEEFRT C++ BFEREGEI S extern "C",

24 Python FEFF U F A spam BB}, PyInit_spam () 2@ . (4 XA Python FUHRES ILF L. )
EXHH PyModule_Create (), RIS IR Bl AMEHT S, HE T ERE R SOh33) 1) 6 9 B R
BOSSAEA R Fr @A (%% 24 PyMethodDef Z5{RI44]) . PyModule_Create () iR
[l —ANE B BRI AT S A 4. BT RE S AR B P B AR E AR R Ok, B AR TR R
ﬁgjﬂzﬁ‘ﬂcﬁa“iélil NULL. FJHAA0 BB M AR S 25 R 3, XAt n] ARSI A B sys .modules

2 A Python I}, PyInit_spam () EREASHHSIEA, BRIEIE PyImport_Inittab RHE. ZR
I 4 iR, [ PyImport_AppendInittab () , A[HERIRE —MEIRKIFA.

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

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

Q)

2.1. ) 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;

flilEl: 2 sys.modules MRS GA CRIFRILE] — D HERR By 2 RES: (S fork () 1
Bl exec () ) AE—LEy AL B4R IR, 3 REBTHEE AT AERD fR A N B S A I 4 H e o

B 22 TR B SE 16 & 7E Python J5RY & i f11Y) Modules/xxmodule.c H1, BE3CHERT RAREH
VEA AR Bl 2 2 ST AR

HE): RGN spam T, xxmodule [T % Y& #1441 (Python3.5 FFEA5| A), PyInit_spam
28] —/~ PyModuleDef Z5#914 , SR 501 B E] S AMLE . 417525 PEP 489 [ Z B Biwlihib .

2.1.5 YmiFFOskeE

TR R B Y R Z o, VRIETHEMP G0 (1 H Python RGN gmiFMetEs:. WRIRMEH
S mE, XSRS EERENSIS MR E: B2 E 8IS S5 RY R Sy (i
C/C++ ¥ & TEY), PAKAE Windows 4R BN IMEE (& Windows L3 C 4o C++ 7 & FAT).

MR H SN, S AT EHOK AT R1E S Python MERERFH—F4, SR AUE BOd B 1

HEP R . a2 FE Unix BRI, HFTREHARM SCH: (spammodule . ¢ SN HCE MR H 45
TS A TR Modules/ HE'F, WI—47%] Modules/Setup.local FIRVRI S

spam spammodule.o

IRGTETIUZ H 51T make SR E B EERAS . (R PATE Modules/ 1 H Rl )i] make, {HEIRAAZI
JEEH Makefile UF, MRSz make Makefile’ fird-. (VREIB N Setup PR B )

UERAR BT TR BB AR, X LE AT AS I AR B SR L, 2852

spam spammodule.o —-1X11

10 Chapter 2. RERFE=ATREIRRE
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2.1.6 7£ C thifF Python F#

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

Szl , Python fERREHE LT BERIANY , F-2ahnifE Python s R AL ARSI (X HLAUA FFHEA AR
Hr Python FAFH A AT, QIRA BN PAZ % Python/pythonmain. c Hf) —c frATUHS.
)

i il Python pREARfA] 1, ' JG Python /7 2443 Python RN . WML eR % (SHAREE 171) e sk
B IR EORT, 4R RARAT Python pADM RINREN, LZIEM (Py_INCREF () ARSI
ML YRR R WA A RKER . 20607, AR KB B E S —i 73

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;

AR BN Fl METH_VARARGS bR VENH B M RERS, X AEAL 3 77 ik & Ao dé 1 i B 3T Sk
PyArg_ParseTuple () RREXM HSEY) STRAESR BU B 3y 20l 540 o

Py_XINCREF () il Py_XDECREF () X PANZ2 Al Bahn/ i/ b— X5 5L, I H 24774 NULL #5841
ET%T%&Eﬁ% (1E'1ﬁ{?ﬁi?"ﬁ/l\J:TjC¢tempHTjﬁ NULL), BEZHXAEEHES% 5| it =

B, BB EN , AR A C B%L PyObject_CallObject () . B PINSHL, MII%B
JETH54, 1517113 Python X142 : Bl Python pi%l, KHZH5%. %UJ%JA e — AN edN S, H
KE ED?’%&E’J/\@IEO BN S HHE A Python pR%L, NIfE A NULL si—A~%50cdl; B — S50
B, WE A4, Py_BuildValue () S7EHASNFAF A S X E$ES N BN H 2 AR
iR Bl —A~ oo, Bl

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () & [l Python X} % 45 4, iX 4 2 Python & %{ 19 & [l fH.
PyObject_CallObject () z&—PX HSH” 51 It X" M. 6l 7+ H a2 i+
25053, I HAE PyOobject_CallObject () ZJG Bl T Py_DECREF ()

1. kL C & C++ &% Python 11
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PyObject_Callobject () MIBEIMLME “H” fy: BAR— RS BARDHME, (1
T3 BT S RARAE L A RS R, (R BEAHX M 1] Py_DECREF (), HMEEAR
PRTRIZE (K1) R g%,

HRAERX A2 b, R EER— S R IR A NULL. WG, Python RIS L5 Kk 5H
o WA Pyobject_CallObject () K C AU/ 27E Python HHMa L), B 24 37 Bk [ — A~ iRk
0 Python 1/ 2%, DAEMFRERS REFT ENAR RIS 2., 801k 77 Python ACTE BEAL HIZ 77 . QAR
TCEMEI SN GAR, WY 2@ pyErr_Clear () RIEERFH . Hl0:

if (result == NULL)

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

T AR A IR R AL, ARiB ZHR 2| K E] PyObject_CallObject () o fENLUNIL N SHL
F 2 i Python A2J ¢S iy, a4 O AL 2 [l R R B 5 . AR AR B SN E R i 5 oh—
SO AR Z S — BT T AR AL SR B L TR Py_Buildvalue () eREHIE wple, 2%
AT, AREAL SRS I ] AT A

PyObject *arglist;

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

M3 Py_DECREF (arglist) FIfEALLIBIHA, TEASIRIAT Z Al MR BTE SN ER,
W Py_Buildvalue () A]RESEBNAAA LHE.

MARE R B AR EE R, AR FSHON M Pyobject_Call () , FEXFFFESHM X ETS
. A BT, FAIEH Py_Buildvalue () RMEF M.

PyObject *dict;

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

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

21.7 RBY REHHSH

K% PyArg _ParseTuple () WA :

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

SR arg WAE—DICAXT S, &M Python (4345 C RIS ESN . format ZENE— A& F
FreR | BRI 2% Python C/API T} h 1) arg-parsing. 4S50 2 & NS EIGHIHE, KRB S5 F4S
SEPO PR

Y PyArg_ParseTuple () MGl ha 211 Python 2R, AUTCIAGIN L 45 fluf) C A2 fEstuht, 40
RIXHEIMEE T, TSN TRIILE AR, .

FERATAT ] 1 2 B 0310 Python XPR5 2 f5 ka9 5115 AZLEBIENTHE T
— LR B
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

const char *s;
Py_ssize_t size;

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

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

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

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

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

f('spam')

f('spam', 'w')

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

}
{
int left, top, right, bottom, h, v;
ok = PyArg ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+235) */
}

2.1. I C g C++ 3 Python 13
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2.1.8 LY RAMHXBEFSH

K% PyArg_ParseTupleAndKeywords () FHIAIF:

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

arg 5 format %5 PyArg_ParseTuple () ERETE X H—5L. kwdict T2 215 R =125 Python
IBATHF R RS . kwlist TR 22 DA NULL 5 R FAF RS, BRI HIES: BN ER R
5K H formar {ARIERAMILE . WRHATHE), PyArg_ParseTupleAndKeywords () £iRIHIHAH,
1 NR FHERAE 5| K — i 24 1 55

f(El: B B TTATE B T SR TR AL, ANTE kwlist IR ETSHA 8 TypeError R,

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

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"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)
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(R L —5)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 WEERIE

XARES PyArg_ParseTuple () RAA{RL, AT :

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

BRI THH, 5 PyArg_ParseTuple () MilF], {HESHnAUE 5L S RHBIETEET (i A28 bR
B, AR ). BRZGR [ —> Python X R & ATk [H] C ek %A 45 Python fUA5.

—A~5 PyArg_ParseTuple () WA, J& il fEH 5 EoR IR [ —4~7c4] (Python ZE R E 2

TENFAE IR o), i T 45 HoAth Python s AS4I. Py_Buildvalue () HAREZAEITAH,

HEZT 1SR FERFRR A RUTH, MR X FEAFER MR Bl None , —ANSHINEER %S

%Eﬁ’?ﬁ%o WRZRGR G A N 0 e d], Sl & PIoENId, FHEEESFEAF o b
o

Bl M2, A2 Python {HE5):

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

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii1)) «(ii)",

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

2.1.10 S5|ATHE

TE C/IC++ BT T, BV RN TT iS4 B B e heap 24 i INAF. 78 C B, JEad B%i malloc () Al
free () R5EM. TE C++ HUZHAE new Fll delete SRSZHUMIE I TIEE .

N malloc () AMRHIINTES:, BRAEER free () BT HNAEMET . MM free () 19
LR B, R NNFIRE T free () WA SENIEE, XHNIELERE T 45 Bk o vk EHT
. XA A AR, TR RS free O TUAE, AN I84FERI M, WIFERR
mall;c() Em%ﬁw\]ﬁ%ﬁﬁmﬂ% DU 274641, ZE [T F R VIIR LA . core dump, #iR4%
F PRLEY AR IS

AP RE AR S AR A — U N WL AR i T B — AN R EOR T TN RAS, BT S8R, RS
REMCNAT R o BUAE— L0 eR R A ST RESE I T M A M D 2 0, SRS i AR BGR e T
RARA T e EB BRI N AE, Rl R A . XA TR, —BSIA, lERARI E)AT
MELASINE] ,  BESR H  Bs A, T BEAR R I SO R BRI RSN A, B AT (A K 3z
A SO SR G R RSN A AR R . R, A R AR A AT S SR R /Mt
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Python il malloc () il £ree () WS KA AFF D BCRREEL, AR Z0E 0 N AFt IR EF 1641, fluik
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

7R B FERen. CA NGRS R S kg, T R2aX By A 30" HPAIX
P E SR B U0 2 PR T BRI free () o G — M2 il BE s A7 6]
SRR FEAME) . SRR C, WA ATRARRY B Sk s, mis] v BOu e AR R AR Y S B (L2
malloc () Ml free () PEUERIHIAY, X2 CHpMEHLRED) . WIFAEA —RK 2 MW BAERY A 3 b
Pelulie s, (HAEBCHTFRA L2055 ik TAE.

Python i I GER05 [ VHERSCIL, WBARBE TARERIGINAS . LA ING | I3RS Fofs4H O B4%
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

TEFFHI 8 T DRI SR IR I g BUHRBE T Ir VEia A IS (collect O B0 , T ELATDL
A BT A P RZE . GRBF PRI 2l 24 JE T, IR A, 0T DAER A5, 5 Unix
T-45 ({04 Mac OS X) ffii] ——without-cycle-gc #EiF] con€igure M7, W IEFRHEIN A
gc BRI T .

Python thiy5| it %

W% Py_INCREF (x) fll Py_DECREF (x) , &ACPRS|HAITHIYEK . Py _DECREF () HHAYES|HT
BEk O BEHOT S . H T RIE, HARSHBERA free () , MAS@XTE M £ 2 2 209 B BES AN ke
e HTXAEH @A), R ERES— 1810 H SRR 1845

KW A EKIH [l ] Py_INCREF (x) fl Py_DECREF (x) ? AT L5 A~ WA N
=R, RATPA I —A 3R B — X . —RERr 5 HECE SCHIA S SR . 51
WAHEASHLVHH Py_DECREF () , #E5| FIRFFRER. 51 HMIIA X R AR L. A =Fapskit
BEIAWGI N 2. fE6E. JHH Py_DECREF () . SICALE — A KI5 S SEN I

SETTLL R —AREREE . TSR R BA%RT Py_DECREF () . A A0 R RE R A X4
AT IR . LT AL TN S 5 0 A P AT R, 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 EWCLME A ERPRES . XS0#—1
BHWATIN, FRTRENIAETUE CHRIAE LA LR ET I, R TR IA EARE) -

HAEAN

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 () , &ZEIMA XRGHEE . MEEXNRAZHIEN
9, ARUISA AT ABRIF R R EOHT5 1 . — 36812 PyLong_FromLong () 4E4/ | —MRATEMIZAF, F1]
PAIR IR E A7 T H B85 1 -

WZ 5 — DR R R R, e BEs X &R, Hlil PyObject_GetAttrString() . iX
Bt A EW, — 2R KE A GIREZ 6 /M ) PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #RZIREIMICH . HF. FHE[ERPTI .

PR Py Import_AddModule () &z BER IS, WA T HE SR MIAIEH X5 XA ATREE A —A
ARG XS EAFELE sys .modules B,

ARG — XTS5 | B — AR B, W E 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 () KHFEIZASEZTIH 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 TR I 7 R USRS G IH - T EIAXTR IS, B eAE A
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 ¥ F M C sREGR [ AIXT 55 | I BF A AUEI0 A 15 | -3 & R R EUE S 458 H &

fERSagE K
AOBUAFON, RS AEARTCE, (HAIT RS20, Sl w2 ROy Reas i, Il aE
FEGIRIWAFE AL EXGIH .

e BRI R R OLR (T Py_DECREF () F|—NIERMR, WX XG5 R 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,

BATREZEHIRIEA PyList_SetItem() . FIERIAETIH THIA KR, FroAY AR 1 9 ent, 5t
WAL B JE AR R B 1. BIERRER I R 1 2 e RSB, HARBEOX AN ZRE X T __del ()
Ik MFIXA LT HITER 1, A EERSTHM _ del () k.

BESK 2 Python BIf), _ del_ () JF¥ER PARATAE S Python A0HY% . 27 A HETE bug () By item JFIFT]
W, 2. RFFELET bug () ¥ __del () FIEVIE, stal ASAT— MERESEH del
list[0] , RIGHREEXEERE XX EMEIH, SFHEERERNAE, MM item AU,

ORI, SARALE TR, RS 1 IR TR IERR AR I R AR AT

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

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

BB . — AN HRAAY Python 4147 T3X 4> bug [ARF, T—28 AFESE T R ERETE C g
FEFH A4 __del_ () FEELKIK.

XA ) R £ R DL AE B 5 P M AR AR R, il E, Python flERESS L2 AR T HE AT )
B2, PEMAA2RBIRYE Python FEAXT5 230 HATPAMEH 7% Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, BFT RIS Py_END_ALLOW_THREADS . iXifi % HIZe#EHZE /O A AN, fifsHAm Lk
FENT DAESE T VO MR AL B . AR, W R RS IR 2 AR —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%t

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 I MO X G A8 25 A bR A - AR i BRI NULL, 5
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 () il Py_DECREF () ALK M NULL 84 - {H2, EfIMAFH Py_XINCREF () F
Py_XDECREF () W& .

FAT AR A 4 KU 2 (Pytype_Check ()) K&K NULL $51 -— R, A ARHD & &80
FCEE A MG A R LR R R FIRAY —, Bol 2 RIUARINIR . RAFLEAT NUTL &
e

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

LA RS NULL 4547 “WtEE” 43 Python J PR g AN ™ ERI4R 1R

21.11 £ C++ b REY R

AT ATE C+ hn G i, FURASEME. AR 427 (Python M) 2] C G ke i Al
HEER, RSN RS SN BE T . AR Ct SR g R SR AL A X . %L
229 Python MRS ) GH A AU BRI IR KD Al extern "C" o T2 {7E extern "C"
{...} B4 Python KICPFNIAZIB AT L, PUAUIARE X TAFS __cplusplus ME 42X 4]
BT A B Crt it e i SOXAMF5)

2.1.12 45 RIERIZHE C API

REY RAPURAE T8 s BN Python fiH] , (HAT I AL H FLAY AR AR ] DARH A g AR B fil

o B, —AN BT PASEH— 2R B collection” 7L 3K 2 1% A HFF 1Y . 55 J2 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 HNFHEHE R CofRAEIh static), SRAUAZRLICHE, AR CAPTHYSCRY. 5K
b _FAETA 9 RIS /2 A B 3 Python MERERR I L2 PTDAIE R AR . M4BTI GRS, —
AR AR RS E SO 75— BN IT L. AT LT R TR R GE, — L8R GEHY Python ARREAR (]
Jryfin 4% 25 (8] (B0 Windows), A LEMFERERE N 75 20— AN I 2 S AT SR (— M 12 ALX), 2K
B PRPERTERA A (A Unix 2851, BVERAFS2 4Rl TR, VREER F AR o T B i R 2 -

RS AR LT B REXIAT S AT WA AT R . X TEWRIE Y R L I A S PR static
B TR RI AR R A, R S HA Y AR Y dir 4 vh e (FEBE AR 7y R R An s 1 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 ZIfEE GEED, M— AP RELIR | 5 —>: Capsules, —
Capsule 52—~ Python #li2K2, SfR7745% (void *). Capsule Hfigiil K C APLREIEANTII, {H
"] AR AL Python X 52— HER i . 0H, FRATHDASEE — A9 Rt a2 25 I 4 5 HAh g A
DA AR, BREGX N4 FRIME, SR)5 M Capsule ZREUSEE

S MIRMEA IHA KU I 205E i, S AIER T, AR AT TR Z AR .
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Capsule i DA Z Fi 505 C APL 5 LI . 44~ 8UT DA F © /Y Capsule, 5(3 fr 7 C APL 454t
W AR — AR B, Bk PR A1 45 Capsule. FEAERIZRBURET AT A Z RO 2, % Pt
(R

TERARBEFMEATE, IEAiH A VR Capsule fy A EMR 2. AL PyCapsule New () #2524 F5E
% (const char *); RVFREA—A NULL ALK, EHRATGRIBBURIEE A8 Tt
{4 Capsule $241t T —E R P AIBATIN A 24 A ATATRY T sUBEX 73 PSR fir 44 1Y Capsule.

WAL, Capsule T 2§ C APL, HA 7 W iZs i 4~ HLie -

modulename.attributename

A REL PyCapsule_Import () AIPAKHFZE AGE LT Capsule ${iLf#) C API, {UfE Capsule {144 F-VLRQ
e XAMT A C AP PR T i BE ARG Hf 2 TSk 2 A IE ARG C APL

W0TR Bl 7R TR R S H AL R S B DT IE . TR I L. TP C APT 45
B (GBI A0 78 void SR IR, IFETHARAE ) Capsule. W N REERK SO UL T 250 B
FABBANGI C APL 545 & P b LG 2AE ) C APT i XA~ 7= /]

S AEEE I H spam iR, S H —/A a6 T BY%. BR%L spam.system () AHEFM C FHE
B system() , H—PpEE PySpam_System () & MTTI A, MIRPISE R &2 4248 (B AN N "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 () #HANF 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 FTEHEL U FEAEA S H B, MIARE Pk, 24, BHA w1 R i
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 ; HWAMEH AL SHE PyInit_spam () 45 ETHK!
k3 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 () (CH ) A BE DT ) BR 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;

}

RXAITIAR) EE R U2, XMF spammodule. h i FRIR. MR, MEANEFHARE, BEALTH AP
1, BreA RS EEE] —R.

I 5 e AR R 17 J2 Capsule $24IL T EAMY T AE, H T FEf#AE Capsule L5 1 N A7 70 BUFIREC. 48
5% 2% Python/C APl %2 F ity E= 7 capsules Fil Capsule 53 (£ Python Y H5 & 1740 Include/
pycapsule.h fil Objects/pycapsule.c).

[F#e
22 HENT REE: #Hi=

Python 72145 C § AHLE LRI AM Python fURSH #RINAHTARAY, ARG N ERY str Al List KA,
PR SR AR ER R G — I, HRAERTT IR AT, RS T Leany . X XX A~

B4

2.2.1 Kl

CPython SEATHPY P Python A SHSUGFM pyobIect MALRE, BIFFAT Python X1 9" JERIZEA".
PyObject ZHI AL L T A4 reference count RIXFGAY JMRFL . SRR S5 WERRS T A
MRS (C) B, PU N REE AR, AT, S5 PRI K C R ER
o SHHTE

FRUA, WA B SRR R, AU T A

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

M) X BLRIRI 7 ik i X static 3 RIS LG I . TDAE AR & . C APTHUA] DASE SCTEHE
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FAYELR Y EERL, ] PyType_FromSpec () BREL, EATEARATTHEITE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

X RE G R, X2 N TR E—=aexi# b XA S0 T =g
1. Custom ZEHIXT4: object f1 75 71 CustomObject Z5ty, X4 N1 Custom LA 4H—IK .

2. Customtype IfT4: XAt CustomType 541K, HE LT —HEbm R EEEST, PRk
BRI

3. #hEAL custom L PyInit_custom ERECHIXTN ) cust ommodule ZEH{A4 .,
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): ERAEZ PyObject HEAD JGIH 45 . RAMNNINAS & SEGRIFAHLR .

WIR, KGR THE PyObject _HEAD fEifdEsL, A EINIHE: Hlun, Wk & LT ARiER) Python 77 15
.

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR IR R Y E S

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

bi

fE): O L CO9 KRNI, VARSI FTA Y PyTypeObject FBt, HAREZREATH
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)

XA, AR LA 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
5 pydoc fll pickle I

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

X FERELE Python JiIiE 4 6 E5HT Y Custom SLBINHEMHLLZ PNAT. tp_itemsize (UHTAIAER/MH
XFGRMAE HAAE DL TR A2

fiE: R AR A R AR BT AE Python gk TR AE, I HLARAY S A A 5 H B2 AUH [
tp_basicsize, ARAVRAIREL BT 2 AR FIRT . VRAGZEIUAE Python FHAYTARFMAEH _ bases
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HRFURIG RSN e w5 W BRI ARR R new_ () DRI B IR R ARA] DAL A
PRARAYE LA L BRI R tp_basicsize (EREHRILIEL. fERZHNME, XHGZERPARY,
P BCE PRI EERIZE A object, BE RS MARMERIZE B MBS 01, FH BT AN

A1 bR % Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

PIrA BRI U AE E TR AR AL IE ML . % R e 1 22407 Python 3.3 2 Bl SRR bR, Al
HRARTTEHE DI, VR ZOUA R AR JEAT OR 1257

FATA tp_doc KBRS FAFER.

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

TRAM G, FATHERAE—A tp_new ALPEZ: . XM T Python 773k __new__ (), {H2ulE
XM SE . AEXDIHF, AT AE A APL B4 PyType_GenericNew () FrigftryBiAscil.

’.tp_new = PyType_GenericNew, ‘

BROCHER AR MRS R A S B, BR T PyInit_custom () HURYRLLLAUR:

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

IR Custom A, S— o i S EE 24 EOAE, FEFRAITERI UG 5 NULL ) 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"])])

1E45 0 setup.py BISCPEAS SRIGHIA

$ python setup.py build

| shell W1 4 & HE — AN H S P24 S0 custom. so; #EA% H3EFH154T Python - {45 24 GEAS AT
import custom FH22i{#if] Custom %4 .

I, X
BIK, HETH A SRR DR . BB, AT . BRI TRAL.

flEl: BRSO T TR C 9 APRIE distutils B, (ARSI i @4 O 1 s
HAEPRFE LAY setuptools . A KHARER ORI TA UM, AT PADT ) Python T4 Ji] 1
JiH RAREL
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2.2.2 EEARGIRMBIEFT E

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,
"first name"},
{"last", T_OBJECT_EX,
"last name"},
{"number", T_INT,
"custom number"},
{NULL} /* Sentinel */

offsetof (CustomObject,

bi

static PyObject *
Custom_name (CustomObject *self,

{

if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError,
return NULL;

}

if (self->last == NULL) H{

PyErr_SetString (PyExc_AttributeError,
return NULL;
}

offsetof (CustomObject,

offsetof (CustomObject,

first), O,

last), O,

number), O,

PyObject *Py_UNUSED (ignored))

"first");

"last");

self->1last);

return PyUnicode_FromFormat ("%$S %S", self->first,
}
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{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 |
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor)
.tp_members = Custom_members,
.tp_methods = Custom_methods,
bi

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

bi

Custom_dealloc,

Py_TPFLAGS_BASETYPE,

creates an extension type.",

QS
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(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 -

PAE Custom Z5HU) C L5/ =ABAREVE, first, last Fl number ., L7 first 1 last 25 &ALk —
FIR—A2FR ) Python “FAFERE . number JE MR —A> C 5%k,

Xt R (R A5 R AP 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);

}

EWRIES te_dealloc fHiia:

.tp_dealloc = (destructor) Custom_dealloc, ‘

U2 JEiE SIS Python @RS 114, Py_XDECREF () W IEAfHIALFE S HON NULL E I (X
[ HETE tp_new HIEKRIGHT A A) . BlG BRI AT SR tp_free Wbl (il Py_TYPE (self) 3K
BOW SR KAL) SRBEHOT SN . R RN PAAZE customType, X RATHE R AT
SEA

fii [F: b1 5 59 ) % it destructor 2 M F AT E X T Custom_dealloc % — 4
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CustomObject * &4, {H tp_dealloc REFREIHIM#ERZ 1 PyObject * &4, WIRAIXFE
W, kel & L. X C IS i R 5 2 451!

A B — DR 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 A HLHEE:

.tp_new = Custom_new,

tp_new AbFEs iR ANE (M ASWIIAIL) ZERUKX L . BAE Python P REE N __new () HEE. B
RFEEE Y tp_new WG, Lhr LiFZ Y BIEAMESHPMEN PyType_GenericNew (), s %
— MR custom FFHAERIBKE. FEHAEN T, FAVH to_new ZLBRESSFF first Ml last BYEWIIATL
HAE NULL BRI

tp_new ¥FEZHLFIMLAI KT (RNER N CustomType, QRBEGILAT R —ATH) PAKFEZLH
HE IS AT S50, FHEFR F AR S F] . tp_new AP B REZ B LB TFSH, H
AR ES AR SR, THSEUIE AWML (B C HfY tp_init B{ Python W) __init B
) HERIAT.

flE: tp_new A RAMPAM to_init, FN@RERSATRNE.

tp_new LM tp_alloc MR HL AT

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

M T A TE T RE S R, FRATUIAER LA TZ Ak AL tp_alloc G5RAITAHA N NULL,

el A BATHFE tp_alloc Mifi. M2l PyType_Ready () Mid MIRATHIERGR AR A
e, HAEOAH object. KA FSAUHN B BRI 73 FC SR -

) AR — A ME tp_new (BESTAELEN tp_new 5] __new_ (), AR RiLfEiz

A IS B0 5 YR AT WU SR A B T ) v . AT R SR AR R 288, B B

i) tp_new, i 2iliil type->tp_base->tp_new, UURRANXFAM, VAT R HE M HAth Python

iﬁ(ﬂ‘]%%ﬁﬂ@ Python &R RETCYAIEH TAE. (RRildL, AR RETCVA B 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, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

}

WIS tp_init fH{7.

.tp_init = (initproc) Custom_init,

tp_init MAFE Python HEFEN __init_ () Jiik. ERHRIEXNIRGAIRISHIGHE . WIind e
SR BN KRR TSR, BTN STEIIR R ] 0 iAE A R ] -1,

ANETF tp_new £bPRZR, tp_init ARIUE—ESPREA @I, FEEAFHER T pickle HUNSTERf#

FRSEE ERA __init_ (). EXRWREMEZ R AL BT AZEFRATAOXT S EIHAH __init_ ()

7};‘2 %?534\)?7 AR B R AR D . RATATRESHHA S, BRI KRS first
i, D IR

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 BIATHBRIES AITHEOCT 1 Rk
o MFRAVHREXT SR WEAR SRR GIL WA G BT TR FATT A ST AR Fr [T 5 1 e
o DA tp_dealloc ALFRER YA SCRFBIRBIR M) 22 5 | T .

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

U SBBAVAE ST B T REARR, W75 P ol SRR st it

2AEAR PRI tp_dealloc ALBEERAFAIX—HUH], FFRATAYZEBUR L3R B% Wk .
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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 2 i R tp_members Fl{y H:

.tp_members = Custom_members,

BEA LA 3 U R A PR BB, . DiEARRSOR AR . IS T2 2 & b8 72 /N
53k THRiEs . section below for details.

7 Ak S 2 — 2 B A PR AL R H T EL4S Python JEPERYXT BRI, FRATHUY first F1 last ()
AR TR, H BT ABIRE A L Python X4, B4k, X S8JE MR mT DAREIIS:, F8F 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,

FAME XL T —DEMAT5IE, Custom.name (), EFFXGRAFRE A first 71 last 24 FRAGHEE -

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);

}

BB BE U — % custom (8] Custom BT SLBIMENE NS HN C sk, Hiku e
Z—ANEBWENE—ANBE Tkt BRI Z A EM KB T2, (BAEARPIPRITR R Z AT S A
i B ZAMES RO SR TSR %IRRT 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 ARAGHIZ I AN ME R self LAINKLATZS4L)
FERFHIRSE tp_methods FE{:
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’.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 45#y{& 1l 4 |
FHHEHr PyTypeObject S5 SERE RS, .

i, BATEHFAIN setup. py SPARA 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 R T HIB R E EARE

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,

{

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

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,
{
PyObject *tmp;
if (value NULL) A
PyErr_SetString (PyExc_TypeError,
return -1;

3
if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

return -1;
}
tmp self->first;
Py_INCREF (value);
self->first value;

PyObject *args,

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,

void *closure)

PyObject *value,

"The first attribute value must be a string");

PyObject *kwds)

void *closure)

"Cannot delete the first attribute");

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

QS
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(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 LA HLH:

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 Z5MA R IG—Wi 2 LI R0 “PH” . FEARGIR, FRATEA BRI, 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

FATEFEZH tp_init IR RN N AV TR

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

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

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

;

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

(N gkzR)

> BAERAT A first Al last R GERZFAFER, B ARRATA ARSI B8] AR B AGE ANV, (R, AT B2 A7 R
Tﬁf%iﬁﬂ o RIMEREHGEE 747 B A 2T BATHIXT ST, BAVEAR REPRIERGI— 740 3 T 2RI SLBIAR 20 BT 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 {HI . X RE KHRSr Py_XDECREF () W H#S W ARFE el Py_DECREF () WM. FKATAGEE
PO SE T FH O ME— 37 & 2 AE tp_dealloc SEEL, HRHLX LA B AT LA A M 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 — MM E Lo

2.2.4 ZHHPEMLIREIW

Python HAG—N1] PAARIHAS P37 B X G (4 37 55 =Dl 2 (GO) BB 108 B AR . 3 fh
THOLSAEX RPAIEIRG A A flan, A

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

TEXABIFrb, FATRIE T — MO EH A BWsR. SRR ErmEE, BR0REA— ok HHA
S5 ERGUHTTEORRIE AT . Sz, Python [RFEPRELIR Bl e 2 KBRS 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;

} CustomObiject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0O;

}

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

Custom_dealloc (CustomObject *self)

{
PyObject_GC_UnTrack (self);
Custom_clear (self);

Py_TYPE (self) >tp_free ((PyObject *)

static PyObject *

self);

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;

static int
Custom_init (CustomObject *self,

{

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

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

return -1;

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

}

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

}

return 0;

PyObject *args, PyObject *kwds)

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

kwds, "|UUi", kwlist,

&last,

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, O)
.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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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;

}

YT RIS S MG XS, RAOTFERA visit () R MIEEAZET k. visit () EEL
e Z %A NGNS HOT 2 A% 55 T 7 E WO S8 arg. BRIl — N 25 AR Z i 3 [0 A B 251
Python #2 {7 —A~Wl 5 3 i JI] visit ) py_VISIT() 7. /] py_VISIT (), FATW DAdR/IME
Custom_traverse FIHHES TAER:

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

Py _VISIT(self->first);

Py _VISIT(self->last);

return 0;

#iE): tp_traverse SCILIGH S BAER 645 K visit F arg MBI 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;

}

WA Py_CLEAR () I . B2l BAT 2 2B A W EUR B M B Ko | 87 B2 4
Ko WIRAREEPEAER B NULL 2 [B)7EJ@ BV Py_XDECREF (), NEMmtiads nlgE<
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, AE I I8 JE 1 B 45 2 {fi ] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #R@ i tt HEA G AR A2 DAL A i o M !
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Bjiles cCustom_dealloc A RESTEIE IR BN H AL B0 . X EREIGER GC ] DALE BR B P 30 1 i
%o BT GCHEHITEAAE, FiFHE@ESRA PyObject_GC_UnTrack () ik GC & 1EiB I
KWL . PN H Pyobject _GC_UnTrack () fll Custom_clear HHiSEI A REILAS:

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,

REEZEAZ T MRS T HE XM tp_alloc B tp_free 4bPi4R, WA EE M IERLIR
BCRIE R E . RZEP AR B shie R4

2.2.5 FI{tH AR
AR B IUE BB R AR B T RE . 5 A R NN BRI, RN ] DA (b
T EH PyTypeObject, FEAFP ALY A ILZ5X L Py TypeObject A NI A XERT o

TEX AT R BATRF R E— K 9 NE 1ist AR subList KA, XANFTARALE5E e A H ALA
%, (HRA —EOMY increment () SRIEIINFRIH R AY(E:

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state);

}

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

bi

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

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 £ /& SubList HJSEBIM, B PyObject * $5 %t W] DAL 2 4= b 5 il 5% e hy

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;

}

FATATALE LB B A B init vk,

XA TEG S HA HE X tp_new fll tp_dealloc M AMZREINBREE ., tp_new AFEERAN HHAG
tp_alloc BIXTE LR BENAE, M EibEdsmid 8 H O tp_new KA E.

PyTypeObject /] tp_base & ERBAY LRI, T B FE gk a8 8, R J0vE )
PyList_Type 5| R BEEEFTIZ TR BN 2140 A i1k s Bob 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, REEEMEMHMCRITE tp_base i, HIAIMIA LKAIRARS,
EATENRF tp_alloc MAHIE N PyType_GenericNew () -- & F BT 7) L bR AR S BEARK -

ETR2LIG, W ByType_Ready () HIBIRIRAIAAA G2 S HAN Custom R HI—FE.
&
23 ELY REE: EFXEAE

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 */ ‘

KRBT - E—FRsdn, SMIERZHIT, JLPaEe N TIoWHI . 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 e T 2 B 2 DN AF . Python Sy 7RIS K (JEF
TR, Judl) AENESRE, X te_itemsize FEAFTEMIN . X HBIA S HERE .

’const char *tp_doc; ‘

LT DI B E (SREEHOMAL) . 24 fE Python I3 ob3 .__coc_ BHEFLXPEC
e

BHERATRA — N EARRITIE - REEY LRI 515

2.3.1 KLEFAERER

destructor tp_dealloc;

RSB SL B  5  HEO8 ZR I . Python fRREsR AR MICE I, K58 CeR . QRARI 2R 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 S, TG I 24 7 T BT B 51 7 B Z 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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— AN BRI R RO R HCE A S . X AR E B2 R R A S R i )
WH, SRFEREE (MAEEFERED, N AEMINERI RS E B — 5 MR E . SR
LA AEATAT R AR 2 T B AN ) Python AU RAG A 2 4 R IR . X W] RE R BUBRERS 1% 24k
BiRe IEMRPIORIP EE, AR LMD, REFAR R, RETEHSE UG . T A
PyErr_Fetch () fl PyErr_Restore () HRECELIL:

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), X R BT DAFET A to_dealloc Bf#EE B 44, . HIk, £
tp_dealloc 1, MREFTERHAETARRERS: BG5S TE. S0x IRt AP fg¥E A
Can_L T 7 I ) Spe 2B T RE X TR to_dealloc, FEONEREHOT K4 Al

M Python 3.4 JFUf, HEFFAEAE tp_dealloc MUIZZRMIAL S, MR2MHH tp_finalize AT

%
PEP 442 ffiff T &4 7 % .

232 MERBER

7 Python v, A PRI 2T DA SNSRI SCA SR repr () B8N str () BREL. (print O HMSHE
B str (). ) IXSEALBRAR P2 AT I o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAFRRRTVIZIR ] —ANFERFREX SR, b ETHH R ERER. TG
¥

static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{

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

CF U gksr)
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obj->obj_UnderlyingDatatypePtr->size);
}

?g%?ﬁﬁi“éﬁi tp_repr ALPIRESY, MERESRIFHRAL— AN tp_name BIFRRIE AKX RAGHE—FR R

tp_str ALBEEENT T str () St B tp_repr AHENTT repr () —FF; WYL, B 4724 Python
FRASTEARI XTSI FA L LR st O B . B to_repr lRECEEFMML, FHERT
et NEAFRN . WRRIEE tp_str, MM tp_repr ALBRERAE

MR AR B

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

23.3 EHER

XTI SRR AR RAEART G, AR SRR A T4 s MR O s s B 75 20— e
KRB R (WRE L TAEMEME) E2A — R st E R (AR ERIE) . BiRE
PR —FRRTE UL, TEBUIG UL T ZAL 4 A BRI R NULL,

Python SCHFPIA JE PEALBEG ; —ASCRpJE MR AR e R R B U — X B e B W 22 A T —
X2 char* fEBIELAR, 15 —Xt W2 Pyobiect . RS AUHR AT DAL R AT T SE B A1)
P A TSR

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 8 TR GROREE R SCHEATARRE) | WA — 2897 S B m] B SR i it
PyObject * MAHJEIEE BLERAL. M Python 2.2 JHIRXS TR L IS I B IEAL AR 1 L PR 2L T B 56 &
9, A IRAFAEAE VFZ0 1 R ST R (o B ) e iz AL ) 11

RBRMER

REBS BB R gk, o, 2HHaibErEas “fm g? HEEsm e L 40:
L. 4] PyType Ready () W}, WAHUHIEJETERI 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 () #VHAE, &6 1 i 2B 2 55| B9 = A2 8 0 2 55 B 2 R B 5 09 7
[y descriptor. A IR AR BT L HIXT R 00— AN BER VTR . BEAERAZ R R =N EL
FRR NULL, DHZZRA G SEERE G M EATT R SRR Bk i J@ v, I BB 241k tp_getattro fl
tp_setattro FERFEN NULL, DA SRS AU HIIX S a1

FREFE N object:: AU = ANF B

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;
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Wk tp_methods AN NULL, WIELZHEMH—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—MHOMIEE; 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;

XFRAMEENFH, FHIE—descriptor TS MBI AERL P REM N SLHI S5 R IE . type F
B 4 fE structmember . h SO E SCRYRAN IS s R ELRF BT KA E Wl Python {5
Fetfoh CHECE R Z - £lags FBURFRU R ARA742 B Ik i AU i35 1A PO A -

PR R & 8 X AE:Aile: * structmember.h *; ‘B4 10 DAf#i ] bitwise-OR 2H & .

BE 2R

READONLY EE 5K

READ_RESTRICTED PRI A ]
WRITE_RESTRICTED | [RHIEA AT E

RESTRICTED T REEU AT 3, ATE,

i tp_members AN E M THu AT TR S IEA — A A UL RO ALAT DA R 2058 S J 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 A, HEIL __doc_ JRMEARIRBOTH P47 HA o

5 tp_methods F—FE, FFEA—MEN NULL fJIEEEZH name,

KBERMELERE

AT R, X HBEUR char* JiA; name ITESZRALE char* fll PyObject * W& 1122 [B] A ME
— [R5 XARBI bR BT 5 A R A R R, (B9 I AE Python 2.2 HrIEAN AT 2
o TR T AR RSO AR Y, R SRR S TR Y R e ThEE, R EAE 4R
TEMAY

tp_getattr PR SHEXT G is WA B BH A . BN S — 120 __getattr_ () K
YETERR FH A1 DU ]

Bin:

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 ACPUBSOAEBYHFH — LB _ _setattr_ () B __delattr_ () R oEH.
WA BN G, SFE= S8 NULL, NiEE— M Bihs | B Eipl 1 WSRIX L2
RABER), W) tp_setattr AEPEERIV M 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 MHRLLE

’richcmpfunc tp_richcompare;

tp_richcompare AP QAL EIAT LRI B M . BEROUT B, fitn_ 1t 0, #£
#f PyObject_RichCompare () fl PyObject_RichCompareBool () i,

PR IRl RERE A% A B Python X8 flliz BAF1E NS4, iz E A7k py_EQ,Py_NE,Py_LE,Py_GE,
Py LT B Py_GT Z—. ‘BN Y4 5 5E Ms A7 K L A A G AR U B E i B iR [8] Py True 5§
Py_False, NS HEERVER B LI W 2l HoAb T 52 HL &y ¥ MR 0] Py_NotImplemented, 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 R LTH

Python SCRFZFf b 2 S0 5 AR ARG X 2645 1 19 € 118 1 LR 7E abstract Hh & F .

XL G2 LR Z D2 A1E Python SEBUT R FUIGE SN o R, K05 ISR S PO —TT it
C 42 Python B AGHR 7y o HAB PSR RSN o T HOBIRELE R I SIS B i b B PR A i
KUl BIHAHME ORISR IS | A AL PR Y R e o X T REORT B PSR DA 12 80 G ik
ARONIREL, T — D TR AT WA ARG (LT 24 th AR R G (BRI A 240
FEALEAE NULL A91E 00, AT PABCEZ ARG I — R LA 77, (EI AR (L) AT RE BRI ARSI )

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

WRARAT BARBIXT R AT R —DECF . PSR 5, IR ARE o BICE — 58 T C KA
PyNumberMethods, PySequenceMethods B PyMappingMethods, FIZEM AR HINE . ARELG0 TERHE
MPEIHAGK LEZER IR . AR 7T DAFE Python YA AU Objects H sk H R EIX X445 H I HIER
.

hashfunc tp_hash;

ARARVEREAR BEIL BRI, UE B2 S VR B S A S Bl [ — S A B (. T — ] SRR s 1)

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

}

Py_hash_t j&— P ESI T BT G RAA5HBEEA. M tp_hash R[] -1 FoR &4 THR,
AR A AR 24T R R ARG Az SRR [ B, A B TA IR A

ternaryfunc tp_call;

BERREL A TR ARA BB SC BB 28 B0k UL, 2R ob3 1 RARIEE J LAY SLHI T Python
AT objl ("hello"), NPKFMLE tp_call AbFEZE.

R =24
L. self J2AE R BRI BER R AL L0 . WRIHH 2 obil ("hello'), W self by objl.
2. args B2EESTASENICH . R AME ] PyArg_ParseTuple () FFREEEL.

3. kwds 2 & AP KRBT S HAA R F M. WEREAR N NULL HAR SRR KRB S8 AT 4 )
PyArg_ParseTupleAndKeywords () JRIRISE. WRRAE L REFSH0M E NIk NULL
B, M&51% TypeError JFH—MERA L R FSHTHE .

RN tp_call SEHL:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

CF o gkss)
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}

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;

K LE PR AL B AL T X R AR VML SRR PN ERERES Rz — B S, RIVEAT TR0 A B 056 1 S 4911
HaRE—AFHTI . MR ERRE, AN Y& E D RE IR B NULL, tp_iter X T Python
__iter_ () A¥E, IMitp_iternext X}W T Python _next__ () k.

{EAfiterable X GERMMELI tp_iter APELE, RAEPREROAAR [ —A iterator X4, T i &5 Python 2
JIT I P 0[] — A S S )

o XFAPASCHR 2 M RG22 T (IBRAIICA) , W U7 R to_iter BfQIEIF
AR [l —ASEr R AR o

o HBEBOE RIS (R 20 TR AEAER I Zmd, BIanscrixtge) wl A ISR ml—> 416
H BB IR SEE tp_iter - FF HOWBLIB N M5B tp_iternext AEBHER.

A iterator Xy GERP 4 RS tp_iter fl tp_iternext, — A EMAH to_iter ACFRERI 241k 1]
—AMERZ BRI EG . B tp_iternext AbFHESR 2438 1] — 1A EAC BRI R — XS A5
SIA, WMREE TR, RERDRIEEARE, W tp_iternext A PUR[ME] NULL A EHF
W, SCE WA ATEIR [F] NULL A ELRE | 3195 StopIteration; s nl AP~ A AFRgPERE. QN
BB T LPRAERHR, W tp_iternext WY R BE A FH & [H NULL.

2.3.6 35| AXE

One of the goals of Python 555 | I SE Bl H AR Z — & R VHMEE RS 5 555 VL A AL EPERE X
g (BIanges) bBr-Emiab ey,

W%

weakref FRHRIF SR .

PSRRI TODOE S e il AT

1. 7 C RGP — AL T TH T35 AL Pyobiect* FB. X RN MRS il
PRFFA NULL CHAE I ERIARY tp_alloc KX HalidE).

2. ¥ tp_weaklistoffset MM RABE N CXREM AP FIRFE WML &, X EEARRBER L RE A
TE AR5 1) AIAG 0% 7 B,

FLARRYL, T — R IR G G R A e i B BT i B

typedef struct {

PyObject_HEAD

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

A AT AT W Y S22 AP A I A8 A

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof (TrivialObject, weakreflist),

bi
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ME — B & A0 b 78 2 A0 2R T BEAR 9 NULL W tp_dealloc i % B AL A 55 51 Gl i 4 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);

23.7 ESEIN

N T2 WA AR B 2R B S BT AR O vk, TR CPython A5 HEA Objects A3k, A5
15 C PR tp_ I EAREZERI AL (BN, tp_richcompare), @Jxﬁ?iaﬂﬁ\u%ﬁd&)uﬂ’]ZéﬁtE’J
BilF

MR ERUE— DX GORT W RSB R A BARSIBIIS , 361 PyObject_TypeCheck () L. E
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%I) CPython JiiF . https:/github.com/python/cpython

24 BB CIC++ ¥ R

—~ CPython ] C §"J@& 2 — 4L fE (Fli— Linux FfY .so , 5# Windows [ff) .pyd), H&E&GH

—~ s FHE .

RSN, HEFEUIAE PYTHONPATH AR, HAM 44 R4 7, i idE Lm0y . 246
distutils B}, 2 H shA: BIERGK) SCH4 .

WAL R B IR AR -

PyObject* PyInit_modulename (void)
Z R BOR W] SR et AR, B{—A> PyModuleDef S:ffl. #57 initializing-modules T 5 2 41747

STFANE ASCI 455 (i 42, BB E PyInit_<modulename> , $f <modulename> i Akt
145 2418 H] multi-phase-initialization I}, FRiFfdi F 9 ASCIL gt it s . LRI AR 1k BRI 44 -
PyInitU_<modulename> , [fii <modulename> T[] Python f] punycode 9ifi, HEFSTHEH A T L]
2%, 1f Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix
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W PAE— B R S 2, il E LA . TS AR AT S i A A
i, PUNEE I X T SCHE A RO S k. &R " — A FE 2y S 43k F17, fE PEP 489 T
[TIEZIREE

2.4.1 {#Ef distutils 3% C #0 C++ ¥ @
PR AT DA distutils SeF9EE, X2 Python R . distutils t 37 £z — b HIaL, P AR g iE A
distutils FRRELEEEY RE .

—A~ distutils A T —PMIKBIHIA setup. py o X4 Python 3L, KZ B RR T L, HiEAK
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])

WS setup.py , AL demo.c, BTUIT

python setup.py build

X2YPE demo. ¢, RIGTAE— AT BB demo 7EH 5K build B, KT RS, B SCHFSE
HEATHFEFE U build/1lib. system , 4FA[fE2 demo.so B demo.pyd .

TS setup.py B, FPASIERA DL setup BB ZRE] AR Z 0 AR Ry S8, &
T E - JEH T — 74 RIS EE R0 E TR ICEE, AR TENE. EF—
ML WFEL B, BR Python RYJFRADEIL, SUR . T2 . 1§ S4L distutils fY3CHY, 7E distutils-index
KT IR Z distutils YRR AT BRI ) o

MO SR setup (), M E LIRS A, A W0 E BT B3 setup () 1)
ext_modules SHUE—9I# JRBIH, &1 Extension 25HYSLHl. BT AOSLH & X T TR
ok demo , MRS demo . c .

HLmE, WHE— N RAERNZ , FHEAIMYTALB g SCRIPE . 417 )1 s T X2t

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'7],
library_dirs ['"/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’',

long_description = """

This is really just a demo package.
LI )

ext_modules = [modulel])
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Bl H e setup () AR EUOMEE T IO R, TR R A A I B T 2 xj‘ﬂf,z/,\yj% oy
%Tﬁj&tfﬂ%&%)\( lnclude E—:RL E:FETZKL E:F W*ﬁﬂ:ﬁ %ﬁ distutils TAH%;H\:,fij—JEﬁ%@ QA,ﬁH:
B8 BIHIAE Unix [, Z5BRRAF 4% ad

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

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

XEEAT RS TR R H i distutils ] PR %A44E distutils BEIERHE T .

2.4.2 HHIREY RIEIR

B RE L, A =M ORI E .
A Pl AR B, W] DA 20517

’python setup.py install

R AES NI AL BESEEln] bhsty

’python setup.py sdist

HLEER T, FTEAERGEGAORAEHIMNCE; Xl MANIFEST . in SCFSEHL, #F manifest T
RN .

USRS AT g R S Al dEfPEam al AR ik AT . BT A, AT S PR —1
A PA SR 5E UL AT 55

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

2.5 £ Windows k) Cf1 C++ ¥ &

X —E R EEANZE T A i ] Microsoft Visual C++ 6] ## Python [1) Windows §” @ik, X )5 42 LA 2 H
TAEMUBRA AT 5605 B . X Syt B AR F I T Windows #2751 2% ) #4 # Python 47 J& DA & Unix 2
J 532 2] Al A2 jAE Unix 5FH Windows _| 3 RE I A B R A

SR HE ] distutils 5 AORA B AR, TN ATT I iR e 2. RIS TR C gk
FRok A7 Python; i 4 Microsoft Visual C++.

fE): X K T ZAMMEFEE af Python UAS 1) SCIEA o 3K BSR4 AR XY BYAS SRR 3
TESEEAT, X KR AREE ) Python A AR ARSI Y ' RERIRIRAS S B, WnfAR B F i
& Python 2.2.1, XY ¥k 22,
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2.5.1 iE=\i5EA

£ Windows 1 Unix A7 AR PR 20 1 distutils WoREHIMEIR, S aT3hH
. distutils T GE T REZHE ;. M distutils MEFIFT AP RELRAY SO L distutils-index., 4
RARE AR LT BT, I AMF—F winsound FRifl FEBLHLY I H ST RESARA HE B -

2.5.2 Unix #1 Windows ZalfdZ %

Unix 1 Windows X U Az A7 R 26 1 7 58 A R B9, FERe il g T sh S E i 2 7,
LSS T RR T R G Al T AR

& Unix i, — ISR (L so) SCPFP AL -0 AR 7 R ST RO A0, A S 7ERe e v ] Bk B i) R 5
PRAEE . 2SR IR I, X SO AR Hh ok 26 ek BRI Bt ) 4 v | R iSO 8 1 A
H BR RO ST E A PR BT ) SE PR B XA e — MR AR

£ Windows i, — A EIESHEEE (. d11) SUFH A BHERIS I il — AR A T4 R Ak
Wi . R eIz T DLL ACH Az TIN U T B R MR, (U E 4 T DLL Ak, if
HACBATIN BRSPS I AT 1745 1 14 R BT -

75 Unix §, JAFAE—FRESCIE (L a), BRERAZDXGIT (.o) RIS, TERIEIL X RIF (- so)
MBER T B, BRI RES R ILE A AE R AR AT A E M B SR o BEHEAR-RFAE A PR X G 30
FARE AURIRE TR, HERSH S IR BN RS RS .

1E Windows v, fEfEPIFPESRAL, HSEMFARE @ RAHEZ - 1ib). BEERLLIT Unix 1 . a S0
BUEELEN T HaFERRN . SAREREAR AU FilsE s te i s e Al 2 aEm, I BoRHE
DLL # il b 30T 425 i X AREEEE 3 o] 1 0k B S AR5 B A $ 2 DA I R (35 7E DLL
HRFREAT . S4— A AR DLL g8, mTResAEM— NS AR, TR E8H T MRy 5L
DLL H AR A i T-iX L4455 1) DLL.

BOZARIEAER PR S ASINEAE B 1 C, BN Y42 — U A, 7E Unix b, /R RERFA.a
R HEREARAVE N B so Ml C.so; MR FECEHAIENIR, XFE B A C Ko lila el H CmEl4. &
Windows |-, ik A.dL1L ¥F[EIAFGRIEA. Libe /R B SR AL Lib AR T BAIC, A.1ib I AH
A B HOSRHESITRH T Ui A BARIEREE .

£ Windows |, (/I AEA RR 2 M inport spam; BEAEARATVAT)H spam L FK, (HIFA A
A RMEIA. fE Unix b, SEEE]—DEERE from spam import *; ERAUE—HMEIAR,

2.5.3 DLL BY3zRR{E
Windows Python 27 Microsoft Visual C++ %1 s il Hfth gt g nl e St nl AR & TAE. AT
R RETRT MSVCH 1

24¥E Windows H1A)| 7 DLL B}, /RUGHE pythonXY. 1ib G455 EHES. Bi4i% M DLL, spam F ni (&
i spam H4RFN R C BRED, R4 MEH AT A s

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

F—&mAAlE T =4 spam. obj, spam.dll il spam.lib, Spam.dll AflE{F{] Python K%K
(1 PyArg_ParseTuple ()), {HEIld pythonXxy. 1ib A DUKITE UM/ E Frif (¥ Python Y.

WA AE T ni.d1l (AJ cobj fl . 1ib), BEHEELAA spam DA K Python FJHHATSCAEH 4R 2
EHIORA

NP S H B AR R DRI EAT AT H A (45 Python) #BREF BRIMIARHAT,
RILE | _declspec (dllexport), FLUIFE void _declspec (dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—#F,

Developer Studio Rl AR EARFFAEIEFREAFALE, SEARETHAT IR/ NS 100K, ZHRBEA],
T P 000 H B AR RS E 2k BRINE . IR msvertxx . 1ib FRANEESFE .

2.5. ¥ Windows t#J% C f1 C++ ¥ [& 55
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CHAPTER 3

EEXRHERER FH#r N CPython E{TERIER (runtime)

AIREAE, IO S, — RIS, (THAE Python Bl fEE R MARAGEST, B AU CPython 4T
BB 2R AR S A0 3 LS S8 AR B i I O AR

3.1 #EHE App [Eli )\ Python

B JLEE T A0 Python BEATHRE, a2 anfar i) C s %429 5% Python HYZIAE. Suid okt il DAY :
Ff Python iR AF C/C++ I AR Fp H 5 BB 3X AP AT DALE B AR 7 ) Python SR SEHL R LL I fiE
AN C 8 C++ o IBSAMRE: HanfeiF i /7 Python 45 —LERHIA, DA E il b 1A% e 12 75
Ko WRFLETIREN] Python S LRI S, AT AN R H O WAEX AT

Python HJIR AT 9 €, ERSEMIFE]. AR ZAAET, §7% Python I I I A% 7 HY 3248 P15 9% 2
Python f#RE4%, TMifx A Python I (1% 2 7 1] fiE55 Python 58420 3¢ il j& W AR P (9 2 Le 35 7 /R &
¥ Ji] Python fFREAS K12 T— L8 Python f{HY.

Pk, #%HmA Python, FEZHEAL A C M FAE . I TR 7P MUY HE 2 — il 2 W14 1L Python f@RE: .
BV R Py_Initialize () o A LEn]BEAIA I W] i) Python (i ar &ATS 4. Z GBI AN
PP AT AT 77 A AR 17

PR AR 7 s 1 J LR T 1] PyRun_SimpleString () f& A—/5 Python i AR 747 H:,
H][i] PyRun_SimpleFile () f& A—> stdio SCPFFREHRI—AN S04 (UFERS R B AR ENRBIEM) o
T DAY R 725 3 F4 2 R R M 5 (1) Python XF4R .

hs%:

c-api-index A SCIEANNZ T Python 1y C 421 . X B RELEME L.
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3.1.1 BEXE#RA

SR ARG Python ¢ AJER Bt RS AR BRIZAOBE L1 482 110 bR R ST — Bt Python B, 117 J6 755
WL ELY B EAE . HCANDA T AR AT DL R HA SRR S

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

fEPy_Initialize () ZHl, MIZSEHH Py_SetProgramName () %L, PATE A fEREHS &2 Python iz
TR IR 2 TR, Py_Initialize () &¥I4R1k Python fERERS , SX G PRI TAE 4L 1) Python JHIAS, $TE]
B HIAFIETE . 2 )5, A Py_FinalizeEx () XHIMRELS, FETE5H  FEELSL AR P, AT RERR 2L AL
SRUFFREL Python JHIAS | 5012 M SCAGREAR BIAE . SCUF, SO A Edi%E . FIH PyRun_SimpleFile ()
BRI RT DATE 7l A S H R ER Python AU, W44 25430 PN A7 2 ) RN 28 ST A4 R 2 oA

3.1.2 SEHBBRRERANBIBRS: Hk
R TR AN AR P A TAE ] Python AUH5, (B 52/ DAz 4 5t vl i AH 24 BRI o AN 75 ZEAs 4 il
LB BARG A VE T - JLT-n] ASE BT T hRE, AU RISEEZ K C AU,

IR, RASRIEIRI, (19 Python A Python HO3 BT, LGN K 24T AR
AR W T BT, AWRA— R Python 5] C TR ILE M T 114

1. %54 Python FER(EF] C,
2. M EMEERIT C BT IR SR, LA
3. REUR R [ B A C #5404 Python 442X

X A Python H}, 43 QTS S X REAL :
1. &4 C By %dIE{E 3] Python,
2. HHEA BRI T Python 4 11 1) s £
3. RER R[] 85 A Python %46k C 452X

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

AR BHEUMTF L Python #6458 C 2%, 2 IR4R . I3 SNEMBUE B RERE 1B 66 15 1 1AL BEES
o HTX ey SRR I DX B, 15275 A Y B AR TR R
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3.1.3 4fiEgr A

SR H AR 2 AT Python A IR s . WUR 2% HIBKE, Python M#REARIF AL EIS
B R P AT ACH, (R — 1R i — %) -

BisAT Python A rh e SR &, AURSANTE :

#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 (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
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 0O;

}

RIS R argv (1] Nz Python AR, MM argv (2] FEERIRE. REEES IR argv £
AP HA . R F a0 %Y (e & i o PATRETFRIE call) |, 3 HI'E $hiT—> Python
B,

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 HINRENNT 55, AR FARBU L JER, (B U2 T Python Al C Z IR, LAKAR
. A Python (A A ML T 4 -

Py Initialize();

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

IR ARR SR 2 I, W] Py Import_Import () JNEkAc. ULeksii 25721 Python FE4FH:, —4>
Fl PyUnicode_FromString () ik sk B0 @0 7455 .

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JIA— 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 eRB0R MHMERITIH . 956 PR 58 ERE0Z5 1 .
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3.1.4 Xtk Python ThEEHEITH R

BIHAI ML, AR Python ERERR A A RETS I B F AR YD RE. Python APL a1 4 Jfik A MHRE AR5
WX WALEUE, YRR RO s EBOTHIR AR RS UEATY . SRR A 252 %, fHib
BOR2HERE . H B RIL 2 Y AR ¥ B3 1 Python fi#Red: . MHEN AP AR M THEY, AR5
— LUK L Python P5 X L8 7R, iR 4 S il Python § AR —HE. Bl

static int numargs=0;

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

}

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

bi

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

bi

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

fEmain () BRECZAFEHA LA, FHAERM Py_Initialize () ZHHHALA T HATE:

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

XTI HIARIL T numargs Z8&, Ifik emb.numargs () ERERERLIK AR Python fERERF T 2. A
TP, Python AT ATATISBIVA T g

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

TEFLSRAY AR, XA IR B APL 225545 Python ] .
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3.1.5 7£ C++ thiir A Python

FETT DA Python i AE Cor BRFFFRZE: HUIHLBL, SSBTSUIFUT Core REEMISAIT : — A7
Crt BT, I Cre RIERRAFRIGERT . A2 Cr+ TR Python 453

3.1.6 £ Unix RFhimiF st
T AF Python fERESHIR AN N AEST . REN LRI IFSRAL S oy IS HHARSF, FealRh
Python A FERIHLE DA C BhaSY i (. so 3U1F) mEaseliy.

N T REI TR g B S S L, "TIAT pythonX. Y-config JIA, BRAEZH Python WA iy
(L ATBEAFTE python3—config WA) . MMAHILNSE, HAA TSRS HZAN:

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 ff4 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: TSR ZA Python ZAHAT | ARAL (FEHETERG LR MUAF A ComiEiiA 2 /), 2IUH
pythonX.Y-config f§EAXT AL, N LB FTA .

R AT EAEER CREEARIEX T Unix 87580 RG UGUHEH bug 4 ), wiS R R G X T
FASEEERICRY, FFHHE Python [ Makefile (Jf] sysconfig.get_makefile_filename () #F|
FTENE) MRS E. XA} sysconfig BB TH, o gy R BHE A A7 K
BlEE. Lhan:

>>> 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 FYTHE Python $&/RFoC. 5 I BEAE B s o AL B 07 sUes AT i AR A 191
o ATDARIR:

o e AR RIS IR . B ICRCR ZeA g A (delimiter, BIANSESR. J5fE9%. E45
SRk =515%) [EIR, sURTERRE —(R$HMids (decorator) 2 4%, Zi AREsUAGIE, H.B)5K shell
HURIYTHREL Python 42/RFJC.

o FZFE# Ellipsis,

2to3 —{H# 34 Python 2.x s TEHEIE) Python 3.x B MGAY THL, & 3 BB KA1 AL ZEHE A
BB 10, T 32 L R AT DS T S 3 T BT B )t

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 (%K) g EEE (XEE ABC) #4t T —MER N ITE, 1F
Elduck-typing (WFRIE]) MG7E. HABSERI AN, B2 hasattr (), HIBEAER A A5
(PR (151N s i 8 A7 5 ¥ (magic method)) . ABC [EJHI[EWEEfY subclass (FHAE)) , B MEIR4K
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python A5 ¥ 2 [EIE ) ABC, HNERIEEM (F£ collections.abe i) . #F (£
numbers ) . H (FF io B4L) K import FAFZR AL (7F importlib.abe ). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJFE) —HEZSA8L. class BME. pRCAY 2k ml EEOEAH BB O EEE) . FRAELG, &0 FARAE
[Eltype hint (BIERER) .

FEIEA IR (runtime), (S S8 BO EVRE VA BEAF I, (RIS . class JBMEAN R U0 DR, 0%k
FEAETERRA . class FIEKZCAY __annotations_ SF5RE T,

#52(Flvariable annotation., function annotation, PEP 484 F1 PEP 526, izt g theh e (EI .
argument (518() PP R IR ELR SR funcrion (Bimethod) (B, 5 9CH FWifE :

o B4 7| B (keyword argument): FERFANEIY F1 ) DLEKEIT (identifier, 14 name=) BISEIS 3L,
o2 PA ** K dictionary (L) [EIR{EW RS ¥, Billn, 3 Al 5 #J2PAR complex ()
WY H ) ) g o [

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): NJe BT 5T B L8 T | BOTHE— {5 B LA E IR
B, A () fEE) * 2 & iierable (PEWCHIFE) PTHOTCHEPER. G0, 3 F S HRLAT
R NCIVATCIE &

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

5| BB s A0 e R B PR [ oS B, B SCILIE R i i AR A R, 5 () calls Bifi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

Sy 2 ORI parameer (Z80) WH . % LHEET 58282 B 2EE, YAk PEP 362,

asynchronous context manager (JEFRIZBRSBIEBIR) —H T PAEH asyne with Bzl d ir REEEEK)
Yk, e EERES _ aenter () fl_aexit__ () method (F¥:) A%k, i PEP 492
FIA.

asynchronous generator (JEFIZBEI:ZS)  — W & [\ {Easynchronous generator iterator (3E[R] 2 E1AE $EEM
) R, BEREREKRG ML asyne def ERMIHFEMR (coroutine function), {HA 124
HT yield #ERX, fEEM RS HL asyne for [FIREMH.

B R ATHEE 3 AR F s — AR R EA g ek 2, (B, AR FRER FEA BERX
% (asynchronous generator iterator), #— ¥ FKJEN HEAREERE, I 2 MHTHE, PAREGEL
.

— M AE[E S EAE 2 R R AT fE 4 await B, DL asynce for fl async with k=,

asynchronous generator iterator (JE[FRIZBE:ZREURCES)  — W Hasynchronous generator (E 7] 25 F 4 #8)
PRI N R

& & —Masynchronous iterator (FEFIEENLEE), BB LA __anext_ () method gIFNY K, &[] {H—
E W% R 14 (awaitable object), %) TAER S E A2 R 88, HEBE N yield
i yield ErEg (R mife )y, Rt BHATRE (O s 8O M E 1Y ry PR . BaE
R FEA BERE LS P __anext_ () EMHF ] EFY A RO IR, & e 5 ki
FREAT. 52 (E PEP 492 1 PEP 525,

asynchronous iterable (ENIZn[[EMCHPE) —HP1:, ERILATE async for PR PRl . 2ZEE
B __aiter_ () method [B|fH—{E asynchronous iterator (FE[EIZENLEE). B PEP 492 5] A,

asynchronous iterator (JEFIZBEMRES) — M E/E __aiter_ () H __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % f5 ¥ F) . async for & AT Ik [ A B £ 1Y
__anext__ () method FrE[H ] SR, EHEITE 5% stopAsyncIteration fiil4h, Hi PEP
492 5| A

attribute (J§M:) —(HSLIEY PR BB (B, 5% (0 AE 58 (8T 70 W JE 375X (dotted expression) (1444 Fi 94
ZH. B, WRYICE o H—HEE o, MIRZEERENL 0.0 2 1.

awaitable (WZ5FFPIME)  — (T DAKE await SEE PR 4. ©r A2 —Wcoroutine (H#R) |
e A __await__ () method F¥1E. ¥ 5% PEP 492,

BDFL Benevolent Dictator For Life (#%E{"25M %), X 4% Guido van Rossum, Python #J8II3& % .

binary file (_iEHIRER) — M BEESFEURIE A byres-like objects RO TCALE YIEF ) 1) file object (K& ZE W)
THERIAE R T A HERIEER ("rb ., "wb ' 5 'rb+ ') BIEAE S, sys.stdin.buffer,
sys.stdout .buffer, PAM io0.BytesIO fl gzip.GzipFile .

Syt Eext file (CFAHR), ER—MEREZEARA st WIRRERY .

bytes-like object (Kifijcal:hE¥fl) —1{ 3% bufferobjects H FEFIME H! C-contiguous il W1t . B4
AW bytes., bytearray fll array.array ¥, PANFHZH RE) memoryview Y. %H
AL TG ER P 4] 7 S P e Rk ) A R A B S R AR . R R AR A
socket (fdfiffE) #Eik.

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) #5200 i
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HEORE R AAAE A T S (TMERE AT R D) s e 0dE bytes, PAK bytes
YA memoryview,

bytecode (fiyC#Hi) Python {15 AR T € P4 AL TCAHNS, © 2 Python #2:U7E CPython B i)
MR AT IS E P AAAE oy BT, PAESE T BT R — A R R R k. ()
PAAS A 5 A5 3 A s (L C AL ) o Sl [P A (intermediate language) | R [E)@ 584 74E —
ffvirmal machine ([EWEERERS) b, SZEVEEME S G puA T HL45 10 (L CALAG E IE R IERS A5 (machine code).
TR, NOTHESIL LR METE R Python [EEME 2 MIHEAEN, WA REFEANIF LA (1)
Python 2 M fRHFHEE -

(L TCAL S 212 F] DATE dis BEAHAY R SCAF 43 o
callback ([IWF:)  E[E) | St R A — R IR (subroutine) BRI, e A A S AR RS A B HEHUAT -

cass (BiE]) — 8 a7 & E RYFH. Class () 5 3818 % & {2 & method 1Y &3, =L
method FJ PATE class [ BB LA 7445

class variable (Ei[E888) —{H7E class PEsR, HERZ HGETE class IR (B RIRNZFE class B ECBIH)
BB RIS B

coercion ([ENRIHIZY)  7E¥5 K Wi A [ ZU[E]S | i BV E AR o, A —FR U [E) B ) [EIE) ) — TR 24 (T
b&=X##(E) (implicit conversion) A2, B, int (3.15) G5B P 3, (HAE 3+4.5 1,
RS | O AR R BIE] (—f# int, —f float) , 15 Wi 5 | B ZE e EIER R ) BUE 2 1% 4 8
I, HRIEEES 4 TypeError. WIREIGEIRER, BTG 5 #HEER L, BIMEWH
S AR R IE Bi4L (normalize) [EIM[RIA(E, BI4N, ZLA £loat (3)+4.5 MiAfEHE 3+4.5,

complex number ([E#() —EFMPABME BRGNS, 1EHTA BTG o2 [E— 0 5
EER A, [EgogeEEEEA (-1 B P i) ey, BB ERRPEE 1, T
FREipas (L 5. Python [FVE 1 HEIMAY IR, ERNRE MR AGIRES: [ERE g —iz
B 3 WEES, BN 3+17. A math BUATRIR THASEO0 M RER, #FMEM cnath 4.
ia{g{;ﬂ%{@m%ﬁ@%m%@ma WARAREA G E S e MR, ARERCT- REREE IR T DA%

A e,

context manager ({§BI¥ARAY) M T DAl with BRIA S b ir RERSE M P 1, 6 2 35 38
__enter_ () fil _exit__ () method ZR¥HIM . #E2[E PEP 343,

context variable (%§5i88%) sl HALT DAREE BN SCAOESE A BRI . 8 SIS A T 44 [ 3,
fi# 17 @ (Thread-Local Storage), £ A1, —{f 8 #AEGHMBMATH T RE LA A ME. A, R
sy, £ TR TRE G A S M Ee, Mg EEM g, REETWIERSAES
(concurrent asynchronous task) i1, ¥As##URAEIBE]. 52 contextvars.,

contiguous (HEZMY) R —HEEEE C-contiguous B Fortran contiguous, HI|'t €] Hig iR [E) 258
HEH) . 4 (zero-dimensional) ) %18 [ & /& C J Fortran contiguous., 7£—#E (one-dimensional) [Hi%1] 77,
2 TH H WA RCR B A AR RS, TR S I EF A T B LA RN « 752 #E1Y (multidimensional)
C-contiguous [HiF Hr,  F e (R HE A2 0k (4 NE 37 ) 4% T H Iy, e —H RS I Sl . JRTT, 78
Fortran contiguous [#51]rfr, 55 —{fl 25 | )52 e e -

coroutine (Fjfe) AR EIFE (subroutine) ) —Ff B [EEE A BIRE RIS AE 5 el i 26k i ALE)
TE 5 — R R . AR T DATE SR 2 A e i e i B ekt AL B A EIE . B AEEIDA async
def BARWEME. Hi52[F PEP 492,

coroutine function (FERAR) — M=l Hcoroutine (1HFR) PFRIE. —MiHERXFE asyne def
AR Ess, Enfeefl2 await, async for fl async with B8, S5 H PEP
492 5| A

CPython Python F£53E 5 I B /F (canonical implementation), #{%$fi{E python.org -, [CPython]| 18
I AARAELS BENFRE ST, DABAMBEECESUILE: # R 20/, 140 Jython 5 IronPython.

decorator (H:ffigy) M=, TERES MK, WHE G ewrapper 55, BiEHE-—FEH
F [ 52[F] (function transformation), ffigs ) M2 classmethod () fl 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 tLAFAEFARI M &, (HAERREI LA H . B R s fiins i o 2%, w52 Em R EFA class
FEFEIEIE S

descriptor (FiA%y) (FIEFET _get_ (). __set_ () B{ __delete__ () method HJ¥{4:.
18 class J& 12— IR ZRIE , MR 451 T (E) € e 8 1 A Pk R Bl Al L% i/ ab KEN
e B EISR B B RS, & 7E a (1) class FILR AR A RRE) b (9415, (HANE b 22— iR,
HHEE HER A 2% method €y . ARSI BLARE A HLAE Python fYBASE, HWEIEMEH£LT)
BEmy T, SHThAE IR E= . method. J&VE (property). class method. [EJfE method, DA 3% super
class (SCHIE]) Wz,

B A A 2 method B2 451, 752 (E descriptors o iR 2 15 -

dictionary (‘y2Mlt) — [ B W [H%51) (associative array), JH: oo {T 200 88 G g i 2 (H. G v DAL
__hash__ () Al _eq__ () method fy#¥{4. #& Perl B EIHEE] (hash).

dictionary comprehension (‘pUL&iARERY) - REBEN) YA, FIAQEEE-— (@ AT [EUCH 2 1) AR e R 4
T, FH A RA—MFHEE, results = {n: n ** 2 for n in range (10)} &
EA:— i, EaE TH# n BEE n »* 2. 5 2[E comprehensions.

dictionary view (FZMLEE#) 7 dict.keys (). dict.values () M dict.items () [E{EHY1 0T
E sl . ML T b I H B e AR ﬁ?@%ﬁ?ﬁﬁ@@ﬂﬂ%, w2 A e I e Ll s
). 2 BEIH I A El e 8 List (FB%1)), ZHMEA list (dictview) . #H2[E dict-views,

docstring ([EIW*yH)  —{H¥E class. R ERAL b, VRIS — S A B 7B SR . R EEEN
WATHE G 2, (e avignEasial, EWOA TS class. pRaCEEALNY _ doc_ EIEH.
JAEIRA -5 ] DI (E)4 (introspection) ZE[FIEE ,  [R It & J W4 A ETRH SCHAA7 BT HE L B .

duck-typing (W5FMI[E]) —MEREGEENERS, ©ARHERGE Y BUE R 2 © e w2 IE
(AT B AR Z (42, method Bk J& 4 € B A b gl p U sl 4 . (TR e Bl Ak g — I 1 if
Ak —EET, BEE—E2—EE1. ) HEEFNENIESEEME, KR
A5 RE £ L (polymorphic substitution) S & (K 88 G M. 16T ZUEI R type () BF
isinstance () EETHIE. ((BREHEE, WFREIT DAHIS 2 A & 28(E (abstract base class) HEAl
7o) SR, EEEEGEM hasattr () PEt, SUREAFP BEAGERTEWE .

EAFP Easier to ask for forgiveness than permission. (55K A LFE KA AL ) B LAY 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
HAFF O RIFETT 2 try fl except BRI, SR ATEEF 2 HABSES (Flan C) # WIMLBYL J&A%
TERLT ¥

expression (FEFIX) B DAREREAGER(ERFEE . EA)EEE, —MER Gt . 48, BT
B, Aol R R S5 O B R, TTE LT AR BE [ fE — R . ﬁi#%ﬁﬁﬂmmTHB’J
52, [EHEFTA Y Python 555 M #l S A . 7 AN —Bsiatement (BAZR) RAEP A VEER S,
BN while. BR{E (assignment) #0 2 BA, WA EE .

extension module (#%FEki4l) —fH DA C 5 C++ S B (WAL, B[ Python 1) C API ACEEAZ. 0 K (i H &
eSS T B .

fstring (F5788) DL £' ok 'F EVRIARIO TR SORBHMBORRE [f 6B ], BRI T HR SOAR K4
. A2 L PEP 498,

file object (REWik) — 0 58 i ] 3% 3% B #% 22 & i) (file-oriented) API (1l read () B{ write () %
method) MRIEVEICE EIRA P15 AR Z W ApE i =X, eE 7 3 B R R 2 ok
R HAER W e ool RS B (BIanEDES A / . SOl R4 . socket (JFiJEE) . E(E)
(pipe) %) HYTEHL. HEBWBWREEI 348 Z 0t (file-like object) B % 7. (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 (KH§RMIME) file object (REREYIMF) HIFIFET .

finder (=hBBay) —MWF, ©&EREELED import B‘J*ﬁzﬁﬁ?ﬁlﬂadﬂ VN IR
¢ Python 3.3 F';:ﬁﬁ ARSI Y SRAR RS TUIAAE F 4 B (meta path finder) € {#i ] sys.meta_path,
Mi¥44& 78 B F 4 22 (path entry finder) €ffiff sys. path hooks.,
#2[F) PEP 302, PEP 420 1 PEP 451 DL TR Z A0 .

floor division ([a] FHUIERRE:) 18] N SEARF 4 25 B dne e U S M B B2 [ vk o i) S BBORE R Y 1 B T 2
//o n, A 1L /7 4 WEHEESRE 2, 8 float (FRENED) ERIEFIRIMER 2,75 RE. &
HE, (-11) // 4WgERERE -3, HER -2.75 #ié T e L. #2[E PEP 238,

function (PAsR) —ARWHOAN, EREEIIFI L, THABERB ML M7 &, &
ka%l%t"f%ﬁﬁﬂ%ﬁ"@ﬂ-‘ MHAAT . ShiE 2 Eparameter (280 . method (J7i%), PAJ function
i o

function annotation (pf=X[EIRE ) PR —E?Q%[% [EMEAG () — B 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

bR 2 E R REVATE function T2 i REANARRE .
st [Flvariable annotation 1 PEP 484, Y45 W IhRE iR .

_ future__ future [fiiA=: from __future__ import <feature>, €5/ & iEasd FHTLEAE Python
*Klﬁ’ﬁﬁ?ﬁﬂﬁﬁ-‘*ﬂ%ﬁi.ﬁ{ﬁﬂﬁ EYREEEER, ROEERIREAL. 1 __future_ MRALAIGEE T
feature (Fh#%) TTRERIMA. it import PUATAH FIS A BORAE, IRV DAE BT B T e /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 (bLi¥ellly) HErCIEBE AP AR, M HBA AR . Python $UATHIIR Rk, 2&
it 22 B8 514 (reference counting), DA K — 1 AE [E g I A1 Hh 7 22 BE A 3R (reference cycle) [ 76 B 57 3% 1]
Wi #% (cyclic garbage collector) AC5E . B [nl s o] DA gc #R4H S Ha T8

generator ([E1/:%%) — (A& nl{Hgenerator iterator ([EVERFEMCES) MR . EHEEFRGE —HIEFHHRR,
EARFRKZEEET vield #EAN, fEAE—RFGME, S2E R for [EE, /2P next ()
R, BRI — R

B ARTRE T AR R —EEE SRR, (AR, TR RnE e SERE. B—H%
FEMREAERE R, R e e iras, DA 36
generator iterator ([FJZEZSENCES) —(fthigeneratror (E1AERS) pRAFTESLYIE.

W yield GEERMAR)Y, EIRCEMEIITRE (8 BB M E A uy BAsC) . (D
)lﬁ IEH’EH% G L A AR AT (BRI VA I IR B T B A 14 R 5 P
Ifl) .

generator expression ([EVEZHERR) — e nEERRERN. EEERG —MEFERTRX, %
T for 1A, % iese TERs . #ilE DA — (st 11 7. Al aER 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 (JZRIPAX) Al LA R, 5% 820G BN R ZUEVECAEAE ] S I
L3012 e PR OR R B4, 2 e A BE US54 (dlispateh algorithm) ZE(EE

W52 [Elsingle dispatch (B—3F ) #isE5R{%&H . functools.singledispatch () Hffizefl PEP
443,
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generic type (JZZIMIE]) W BHALIpe; WH AN List B dict AR 24828 IR 2= ALz,
LTS Z B4 258, PEP 483, PEP 484, PEP 585 fl typing b,
GIL #2[Flglobal interpreter lock (438222 81) .

global interpreter lock (ZIPLFFaTS) CPython BLaan Ui MM S|, JH DAREPRERER UG — (B T 45
RELTT Python [)byrecode ({iICHLAS). FEMMEYLBA (RIEMEMERAE, Wdict) HEH
G [EIf A7 (concurrent access) /&Ry, A% AT PAfE {k CPython W EF{F . SH B ELa%as, rfi
B AL NEIZ 744 (multi-threaded) , {HACE & G4 b £ JE PR AR A0S REEIRR ALY — G
447 (parallelism)

SR, A Lo AL, a2 EEM SRS = n, B st e AT R Ay ol e (B 25 51 A 4
(computationally-intensive) [AfE#E, 7] DAMER: GIL. %4k, fEAT VO W, GIL 482 erokfiis .

WFER A [ AT 4] ERRg (DAE R RS A BUE L2 R B ) 1055 I ER
Iy, PEE—fry i — BT T, BAREEra gk, R, FEoTE e, &6
TR EIMRTZ , AT S S A A

hash-based pyc (HHEZURE) pye) — A TCALAG (bytecode) BIFHE, T AREMEIN A2 B EEUATH
(iR B ORI, e HoAT Rk 552 [E] pyc-invalidation..

hashable (n[ZE[EINg) WR— YA — W EEE, ZEELEGE PR wE (BFE M
__hash__ () method) , HA[ELHABY M HEA LK (BEFEZE M __eq () method) , HREE
e — =T EE. i I 20 T3 E 1, e ZE A A I i e M

AL HEEINE (hashability) i —{fP{F Al HIAF: dictionary (F°3) B8Rl set (S£6) HE, HEELE
R BT T A ENE.

KZ ¥ Python An]s(E ) (H#E v MBI Wag e (B4 list 5F dictionary) [EIAE; A
AR AR (540 tuple (JC4H) F frozenset) , HAEEMM TR MER, M4 S A4 20 5
By, AR HE AE class FEB, HlE Sy e piEL B ER . ©M7E A g R
AR (BRAFEME A O ), e M EE R AE BB M id ) .

IDLE Python f¥] Integrated Development Environment (% & 5088815 ) . IDLE 2 —1{f A1) 4 i 28 1 2L 2
ARIREE, BEA Python RYEEHEEAT IR OA — PP it

immutable (An[8EW0E) — WA B EEAIDE. S Y T . Al wple (Jo4l). SHEY
PHRARER R o QR —E A [ (B A R AT, R ST —RBr A P o B e TR B e
EMER R, I EER MG, FI0 dictionary (i) HHfg—fH.

import path (FEAWKFE) —E6E (54228 B ) pF)2, MARLL S 27 import FLAHNE , & #liparh
based finder (EEABACHITAGAY) BSBAAOE . 7F import [, MALESEEH EHKH sys.
path, {H¥AFE{f (subpackage) M5, BEWWREEKELEMMN __path_ B

importing (FEA) —ffiffE. —EBALH ) Python RexURE AT DAZE B M AR, W5 —MBALF 1) Python

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

interactive (ZLEhI¥)) Python A7 B E i as, & Fm AT DATE B i B 7 0l A BR R sORE
H, SCHATEMEHERI MR . REES) python, RTEALMEIH (ATHERE b 7R IRIY
RN s R ) . B R MIRUHTANE SR ERIR A G ERE TR % (GERUE help(x)) o

interpreted (Vii#ff)) Python @—FEERERE T, M AR S, ANBiEME D 1 REA LoRil], WEA
(EICALM (bytecode) Mk HIAFAE . TG F/ AR S W] DAL REEAT, AN WI Rt 57 ) — il
AR, SRRTIEIATE . LWRh T M LA SRR A AR R/ BRI, R e MR
TG . A2 Eineracive (HEIHY).

interpreter shutdown (Fii¥ZBPH) 3 Python EFRLfgi SR IAPHIRE, B & i A —HFIRFEEL, fEHE
TR T AT WG B R, O A AL AN 4% T B R (R A M . BB 2R IFE Y 32 S Dl 2 (garbage
collector), & REFEIMBEEME % A @R X (destructor) 38552 A 1) [ 1 (weakref callback), [
P RS . e B P Bopcl A7 i R XS il B 5 AR 41, PR E)E BT AR i V5 v] RE AN A AR
T O B2 bR 2 AR B 2 5 1 )

HEG R F2AR, 2 __main B BEPOEFTHEIA O AHATIE
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iterable (WECHIME) R REE— R (ol (8 H b sl B8 . nTEMCY {0 345 e 1 3 51 24 [E)
(%2 1list. strfll tuple) FIFLLLIEFEH A, B2 dict. #EM 4, UJU T SE FEAUATA class
Y, HERE class 5 __iter_ () method BY 2 B {ESequence (J¥4) 3B _ _getitem__ ()
method, %14 AT EUCH

AIE ] iR for BRI Z HA TR 2 — M5 (zip O « map () ..). &M ATERY
AR [ R AT K iter O B, BEEZY AR E—FERL. ﬁt.ﬁ%ﬁ@ﬂ?ﬁ"ﬁlﬁ
—AAfE ATk (one pass) SR . HTAEMRERE, WHEA—CEIFNY iter () SHTEMERIEY
. for BdEr B EHEWREBLE LR, B erdy YRR Ay 4% 2, A EE R 0 R A
HaEEIR . Higzliterator (EULES). sequence (JFH) Fgenerator ([EVESE).

iterator ([EMCZY) —MWFERERRNYE. EEHPEEREN __next_ () method (B2 T EIE
KR next () ) ERFREERNR P AISIEE & AT ERFE, 1§54 stopIteration
Bilah. BEiE, ZEMCZIVECHH T, MET3HE _ next_ () method [ifE—2 N, #F €
PR % StopIteration, [EURERNZEA M __iter_ () method, ¥ & [mHEMCEYIIFA L,
Fr PARE M E R 2 B 2 v [EM HTMH%ﬁAkﬁﬁLﬁﬁ,ﬁJ{ﬁTlﬁ%#B’ﬂ%/ﬁ‘o — 1t BF S 151
Gb, 2B ZmEM (multiple iteration passes) (IR . —HARSPF (B2 List) FERFRIRIE
BEIEL iter ( Lfﬂzf for [EE A ER, #WEE4: —MEmrEReE. FHERZSER
il (%J&lﬁ) e, gl A — B EC e . e SR ER sk, A
ARG — 0 S 27 -

£ typeiter SCH R DAFRE B 2 .

key function (Zex) S BT KR (collation function) & — 1 A FENY (callable) pE =, ‘& & [a]{E—
T8 A HEF (sorting) 5K & ¥ (ordering) f{E . B, locale.strxfrm () P AREIE — {0 T ff [k
R HE AR B 0 HE o

Python W12 T A, {32 DAGE s LRI H e R e 7 sl 8 =0 BMAFE nin () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () .

&R DA, — B Rt BIltN, str.lower () method A DAVEEIA 43 K/ INEE HE T 1) o R
o B, — g RKW AT AR 1ambda @SR AP, Bl lanbda r: (r[0], r[2]). 74k,
operator BAHFEAL T = (8 pR 2 BERE R 2 (constructor): attrgetter (). itemgetter ()
methodcaller (). BFAUIMATE A R0 H, w2 EmmHET .

keyword argument (B3 518) #H2Eargument (3]30).

lambda 8 —expression (GEE ) B —H B4 TEIE = (inline function), 5% ok =X 9T MY I SRAH
## 57 lambda pRICHYEEVE R lambda [parameters]: expression,

LBYL Look before you leap. (=R {=47.) J& M4 /% G 7EEA TP sl te 4k 2 /i, W eI ek
. EHEEWEEAFP 0L, HERNROREARTL 1 £ A,

fE— L3 TaE S P, LBYL A 7E [ =8 f1 [E47] Z M5 AT BENEF (race condition) 1
JEBg . BIAIPA FAEHS 1f key in mapping: return mappinglkeyl, @R —(HBITHTE
W Z B BAEE R, 1€ mapping WRERR T key, RIFZAE=CHGHE & 4K JJEI [ R ] DA 8 (lock)
s fifi il EAFP 455 sC AR ARIE] .

list (351) i Python [l fsequence (J751). [EREERIA T2 list, B HECERUDLHAMNRE = P —1
(51 (array) MG —A5E45H3 5 (linked list), R EFIBOTER IR HEVE 2 O(1).

list comprehension (HBFI&FAIETY) M H AR P75 h A &8 e R, B En A, SR A — 1
list A 27 ¥k, result = ['{:#04x}'.format (x) for x in range (256) if x %

2 == 0] FEHE—MFH list, Heo@d 03 255 @EE, Fra e/ e 0x.). 1f 74
AEREIRIENY . WPRAEMEE, I range (256) HRYITAICERER G HER .

loader (H{AZY) —MAEERABANYIM. BUHEEFR MAE Load_module () [¥) method (%),
AW B finder (FAHES) ., W2 M2 PEP 302, Eﬁﬁ/\abstmct base class (fh%H
Fﬁﬁ), %%% importlib.abc.Loader,

magic method (BEWTJ71:)  special method (BFEHT¥E) mI—MMIEIE X F 355 .

mapping ($H) — {781, Eﬁi%{fﬁﬁ%ﬂﬁéﬁ H.BE L 1F abstract base classes (#ifi 5 £ IE 81
[F]) #, Mapping 8{ MutableMapping Jif #§ & 1) method. #if{fJ$E dict. collections.
defaultdict. collections.OrderedDict il collections.Counter,
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meta path finder (Eﬁﬁﬁﬁfﬁf ) —FELKHEE sys.meta_path [Mj[B{EP finder (F458%). TLERKE S
M pesigk 4258 B F4 %2 (path entry finder) FE{HZEARE .

B A TCER R A P BAE N method, F52([F] importlib.abc.MetaPathFinder.,

metaclass (JCRE]) —7f class [ class, Class E 2B FE & 7 —1{f class 4%, —1f class dictionary (¢
3), PAK—1 base class (JJIHHE]) (19513 . Metaclass £ 3545 335 =851 8, [FV@7 3% class. KZ#
E’J%{ﬁF% I FE A Gt R B /E. Python AYHFE]Z sEXE A & BEEIEL ST F %1 metaclass.
TR B AT Z I TR, (A2 T ERF, metaclass AT AR LEIR AAEMNMEDT . E1M
%T}éﬂﬂ ?C‘EE.J% PEFFEL. BmsfTa et BEYHES . BEERAIE (singleton), PAKFHZ
HABAEFS

T £ AT DAYE metaclasses Z i F1 R F) .

method (J53:) —fHIE class ABEEWE E 60 K. 105 method YEEIH: class B 51— &8 iy, |l
EH e SRR BT E e 1S — W argument (5]3%) (65| UGB EWREE self). 52 [Efunciion
(eR) Flnested scope (FARNEFHIER) o

method resolution order (jj“}é}ﬁ@*}ﬂl[ﬁif‘ ) RN AR SR S B AR, base class (FLRAH
E]) $HEFRNET. BRE 2.3 lLES, Python H R A B YA, #52([E Python 2.3 fif
Ty YEFRATIE Y o

module (Bi%l) —fE#E(E: Python F2 A5 4H 4% BA7 (organizational unit) () (4. HLgHA —MH a4 25 [,
B AR Python ¥y{f. BIHZFE fimporting 8 FE, PHAZE Python,
Sit%(Elpackage (£44F).

module spec (BS&BIRG) — a2 H, EEEHREAMALR import A B & # 5 importlib.
machinery.ModuleSpec —1{HE M.

MRO #2:[Elmethod resolution order (J7¥EfRATIET) -

mutable)(m%%ﬁﬁ) AR DA EMIOE, EARFEMN id O o BFESEimmuable (T84
).

named tuple (Fff#7C4H) 755 [named tuple (P44 7C41) ] 24514¢ tuple R AT FUEIEY class, HEHY
A[25| (indexable) JCZE AT DAFI P 44 8 P AR A7 HL . 35 2L AU[FISK class 1] DALA HABRERE

5 87 AI[F /2 named tuple, fU35H time.localtime () fil os.stat () [FENMAE. 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

4% named tuple J2[EJEZU(E] (40 L61). 53, —1H named tuple 1] PASE—MHIEBIAY class E 2K
A, HELGE class @2#K H tuple, HEFR TIHAMHAL (named field) BIRT . 5Z%H1Y class i AT T
e AT PAE H TR =X (factory function) collections .namedtuple () AL, BFH it
T —LE%ESME) method, 15 4% method W] B2 E T ol [EJ2 1) named tuple H1, JEEFRE

namespace (¥ fA%3M]) SBEPHEAFIHTT . G4 2 HE DA dictionary (ML) BEEVE. AR, A
E’J&.@E’Jﬂﬂ% S, mEYT (FF method 1) ﬁﬁ%ﬂkﬁ@%@ FEJ /“B@ S [ #E fh Bi7 1k 44
g, B . B, K3l builtins.open fll os.open() & BAM I A 24 23 R AR [
. a4 23 [ s B e b [ ) 2 TR AR A A B R — R bR X ﬂ{i‘@—ﬁ%@&—ﬁ'ﬁ . B
4, B4 random.seed () B{ itertools.islice () BREHIE R, 824 ENEH random
Fl itertools FIAHIEEAE.

namespace package (fiy ﬁ??ﬁ%ﬁﬁ) —{f PEP 420 package (E{F), B HAEVEETE: (subpackage) f
— . s MEA T REEE B F R TE, M R R(E e M AMG S — W regular package (IE
MEM), NEeMEIES __init_ .py SMHEZE.

Rk Flmodule (F54H) .
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nested scope (HUIRTEII) REEIZ: B AN 5% (enclosing definition) A S BT RE Ty . S0I2RIE], —1i e
K MAREAE S — MR e s, WEERE2 Mg mhmas. @i, EHREET, &
RATE PRI PP 2 T S P TP o [t S A B A (R A Pl U R A TRV, 4
IR U TR A 4 25 W U BT A . nonlocal AFFESNEMEMIEHETEA .

new-style class (HiAKIE) — M4, ©RIGHAEIA K class Y04 FT 6 Y class 1. 78531
Python fitAxrfr, WA class 74 GEff ] Python BGHTIY) . ZHkIIEE, B2 _ slots__ . fiikdy
(descriptor). J& ' (property). __getattribute_ (). class method (¥H[EI}53%) Fil static method ([E]

ReIII5) -

object (¥ufk) FAMRAE (EEs(E) MpiERMATE (method) BEMERL. EWRAEInew-style class
(B AE)) A5 base class. (FEIRAHED) .

package (£5fF) —1# Python fjmodule (BE41) , ‘BRI PAGLE T4 (submodule) B /2 i FIf) 14 4
(subpackage). #7 LM E, EMste Al __path_ MR —{H Python £4H .

Wk Flregular package (IEFIEAE) Hinamespace package (4423 BB .

parameter (Z¥) 7t funcrion (P3X) = method 7= ) —{H v 44 T (named entity), "B $5W]5% ek
[El 2 —Wargument (5190), BAEFLLFE TR 20518 A TR 12 MR -

« positional-or-keyword ({7 BEa{ BT ) FEIH—( Al A4 e 4 B sl 2 AVEEIR 42 7 5| S g
518, BT BEE, BlPl R foo Al bar:

’def func (foo, bar=None): ... ‘

« positional-only ({EFROZE) : $&H]—MH A BEHL I OL BAHR BT | B, 7E ek S8 2 80 R
W/ FI0, W DATERE P OCHT I E SRR 28, BIUNLAR Y posonlyl FI posonly2:

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

« keyword-only (fEFSBHEES:): $501— [ FAE DA B SRR Bt 7 [ B TER St e 2R 2051 2,
o 47— FE 25 0B 2 8 (var-positional parameter) 52 SLAGNG * 770, #hAT DATE HL 2 7 i
SOEIRBA T 20, HIIILL R kw_onlyl il kw_onh2:

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

« var-positional ({EREHEAIE) : JEU]—HRELMER IR Bt i 5 | 3 (TEC B2 2
LT | M2 AN . B2 ERERE 2 MM E L~ AGEFRR, Bl

args:

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

o var-keyword ({EEBCRBGET ) FEA P RHRHL LS BRI S [ (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

75 75 S BV 55 £ Wargument (51 #%) W H . & WEE 5] #8002 82 M) 2:[F, inspect.
Parameter class, function Z i, PAK PEP 362,

path entry (fSHH) FEimport path (BEAREER) HH—ENE, Wipath based finder (L AR A5
) TS H AL E RS import (WAL .

path entry finder (P&7EIHH =-5i%%) #f sys.path_hooks H1 g — 1 0] BF Y 4 {4 (callable) (7 B —
\Epath entry hook) J Wl {HLf—F& finder , "BHNIE A DA—Wpath entryiE (VH54H .

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

path entry hook (PRRIHHE]) F£ sys.path_hook #I| A f— BT FERY Y4 (callable), #8158 4 a]
TE—BEFE Bpath entry " BIAEA, HI € Bl E-— @ parh entry finder (FEASIEH TR o

path based finder (JLIRPKIRIISMERS)  THIRIN TILIE F 48 22 (meta path finder) 7 —, & FE—{fimport
path 1A

7
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path-like object (FBfEWtE) —HFRREREARFBEEHYT. BEEDEITDUR W FE R SRR st
5 bytes P, B —MEAE os.PathLike W EMPWHF. EEIFIY os. fspath () R, —ff
718 os.PathLike WM LETT DAk iEEIE] str 8% bytes R RSIELE; 1M os. fsdecode ()
I os.fsencode () HI4HER] A str & bytes %S . B PEP 519 3] A

PEP Python Enhancement Proposal (Python }4([El#24¢). PEP J2— skt s, ‘& fiEll) Python #H R
LB, BUEHEIA Python () —HF U GRS 3% DI e M AR 7 FIREE . PEP M % BLEL L R i B¢ 7 R i
PASAE R ST R A S P

PEP (WAFAEH Y, @B E R AR o R HR 58 . At ahe o BH P S B R0 B4R, PARE A
Python (R FHEISRIMFCE], 35 2Ll AR i =2kl . PEP MO 2 & i et it B i B Re ) 3
.

#=2([E PEP 1,

portion (¥#B4y) FEH —-HEFM—AESR (WABERIEAE—M zip B ), ELEREYE —FHH4
£A{f (namespace package) 7 FrE Bk, ul[E PEP 420 ) EFR.

positional argument (L ¥ 515 2 Eargument (5]#%).,

provisional API (‘47 API) 47 API 238, FEAEE k=B M A A M (backwards compatibility) {73
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 IR A8 A (S A A 4 B X B RE B IR PN BT, T B SR AR B R 1 Ry ] 25 B A I REL Y et Bt
2L PEP 411 T Z A1 .

provisional package (¥[{7E11) #E&Eprovisional API (4T API).

Python 3000 Python 3.x R ¥ A ERE (R ACARTRITER), B 3 A m 2 e B AR, ) tnl
PA%EESE) [Py3k].

Pythonic (Python Jald%rf)) —(EAEAD—BARAM, MM T Python 55 et ST ARG, A28
JHHCAbE 5 A S A ERE A . BN, Python R WAy REE WA, 2 for B
B, HEAERY T TR TEE . 32 HAsh S DEH SRR A, T AR AT
Python ) AAT IRy (8 11— (0 B e et A AU -

¥

fi]

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

M2, DA AR R . 5AA Python Jalks :

for piece in food:
print (piece)

qualified name (MU #A%) —M [B50FA RG], & BURE— 08B AY St A T8 R AR b o 5810
class. PR3\E method ff) [B#1E], 41 PEP 3155 @S, B TEE 1Y R UA class T 5, FRIE 44 7
SLHA 2 R A [ -

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

>>> C._ qgualname_

YC’

>>> C.D.__ _gualname_
'C.D'

>>> C.D.meth. gualname
'C.D.meth'
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G RSN, ©ATRE & & (fully qualified name) j2 RNz H E BB 73 PR BR AR, ALFEATA]
MAZEM, Bl email .mime. text:

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

reference count (SWiEHe) ¥R —EY RS UL W — WY 2 BEHECT BRI ZRE, © e
PRECHE (deallocated). 2 JHFHHUE # 1E Python FEsUaGh A R E|, (HE[ENCPython BN — 18 B #
JER. sys BALEFR T —Mf getrefcount () BN, /7 ialHlAT DAY % R A ] o — {6 K i
I 2 IR

regular package (\EBUEME) —MEE &M package (B1F), Hla—M@EE __init_ .py HEEMWHIE.
ek s Elnamespace package (423 L) .

__slots__ 7E class [FRHrg— (& 45, B T E S H OB 2, AIE IR EH] dictionary (FHL)
A TR R . BEARRE BRI , (e B LAEFEM A, o0 O P A IR — {0 i e B
(memory-critical) 1) i F R =X i fEAE A RE B 1 2 A ).

sequence (J3:41) —ffiterable (R[[EMCH{:), BB __getitem__ () special method (45K 7¥:), i
BRG | HCS R R AR TR, EEFR T M __len_ () method ZR[0I 3% FHI L. —L&
Flry B EfFE 1ist. str, tuple flbytes, TR, MR dict WFE _ getitem ()
Ml __len_ (), {HEWAHEIE M (mapping) A7, FIEHA R X026 AT & B immutable
g, AR

4 2 CHA(E] (abstract base class) collections.abe. Sequence EF% T — 3 hn & i/ 18 ,
AEIEF _ getitem () FI__len_ (), MM T count (). index (). _ _contains__ ()
Ml __reversed_ (). EfEMIEFRMERYEE], WA register () ML,

set comprehension (SEALAIER) —FEZH N, I ACE B8 wT EC ) 14 Hh i) 42 3 5 4 o
Z, FYEr4E L A—1 set A, results = {c for c in 'abracadabra' if c not
in 'abc'} GEAE—MFEH set: {'r', 'd'}. #52[F) comprehensions.

single dispatch (¥L—J))  generic function (ZZLRX) PRI, TR, FAEM SRS ER
— | 2 (E].

slice (VJ)) — MWW, B#E QS — Bsequence (JF5)) WH—ER5y. B —BY R 072 8
F R BE4F 9% (subscript notation) “[1“, #5445 Z M #w, MIFE#F 2 MM E 9%, Bl in
variable_name[1:3:5]. fE¥E9E (M) £F5EMENR, & slice Yit.

special method (¥§5kJjik) —FEE W Python HEJIFIY[Y method, FIFA SR Y (FI 47 B RE T, filan
Ty . 87 method 444 B8 & 7E B UEAN 45 )2 45 Wi FIR[E). Special method 7E specialnames H145 4
[ElmH.

statement (PiAR) BAXZ —HEMH (suite, —FEFEXAE TEIE]) Pr—8B50. BB PLE—
fllexpression (FEFEZ), SUESH BT (FlUNif, while o§ for) WEMELML —.

text encoding (SC#if%) A Python w1, — PNF£Fd 2 —H Unicode L% 5 (8 B 2 U+0000--
U+10FFFF). N TAEEUEE — DT, EREGIT I —B .

P FRR IR — DR “Gaid”, AN 75 SR Q@ A A R e <
6%770
HEMARFERSCARIT I Hlidds, EAEENA” XA GRS,

text file (SCRER) —MHREEFBNE A st WA file object (FEEWIM) . W, LFHEE
BE b R AR EUA A E [ 1 & R (byte-oriented datastream) [F)€r [ & i Flirext encoding (SCF 4fl) .
CFBRMETA: ACFRR ('r 2k 'w') BAEMREE. sys.stdin, sys.stdout PAK
io.StringIO IEH.

w2 Elbinary file (—IEHIRES), TR —WEEERBUN R A1 T4 & 4 1 (bytes-like object) IS

Y.

triple-quoted string (= 519§[EI5=) i =558 ( ©) sCHE]5E O MIEERER I —MEFR. BEREr
BEH R HEER G5 B gsshae, ERERFZEE, e s . eMsee
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PATE 75 A8 R BEE (unescaped) Ay B BEAI&E 5] 58, i H & MK 754 J# 447 JC (continuation
character) J ] DABSERZ2 4T, 35 645 & 194 4 55 [EIH 2 R e AR E A T

type (¥[E]) —1# Python Yy EE e T &2 EREE Y B s — R, — @Yk
FIZETT DA ERY __class__ BHARAFEL, #iPA type (obj) HAGR.

type alias (BEE4) —ERENFEZER, FiEs2E 4 — M (EFF (dentifier) ACH ..
HFE % # a2 [E3E = (type hint) 1R W . Bil4n:

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

#H2[0 typing fl PEP 484, 4 I HERHIIA .

type hint (BIEWR) —Fannowasion (ERE), EHeE A, —1 class J& s —H K= 2 Bk o]
AR I ALE.

R 2SRRI, A28 Python [EHIAY, (HEMB(EREAE S THMRA M, [EfER D) IDE
S AR A4 (completion) A EE## (refactoring).

4 3 5 L. class JB MR ORI R X O & I s ) B EHR R, A8 W A typing.
get_type_hints () RIEHL.

#2([F typing Al PEP 484, 4 ILTHREMHEA

universal newlines (GEJHEf7'7I0) — MM SCF T (text stream) 952, &% DA Brf 5945 [E 5L EE)
—ATHIEE R Unix 72 H ' \n'. Windows 1] '\r\n"' FI##) Macintosh 1% '\r'. #H2([E
PEP 278 il PEP 3116, DA /A bytes.splitlines () WP

variable annotation (S28{(EIF%) —{E8EL class JB i annotation ([F1F2).
(EVRE 5 k. class JB PRI, BRIEEIEMEN:

class C:
field: 'annotation'

SYEREE R AR L ERRT (ype hin): B0, EWSEEY GG int CBE) H:

count: int = 0

S EIRE YR AAE annassign B A F A 1 AR RE .
%%@ﬁmcti(m annotation (IZIEE;I%) . PEP 484 1 PEP 526, &4 WYIREMHEA .

virtual environment ([EERES) —[ % /EEE (cooperatively isolated) [ f7BREE, fiEi# Python [¥){Hi /]
HAE RIS DAL S RN TH4) Python BE[EIE M, 1HIAS € 38 ] —fH 2 45 _L AT A9 HoAth Python JfE I 72
KT EEATE.

HEa(F venv,

virtual machine ([E15EBEET) — 8 5¢ 4 BOBS BT 2 S84 B I (computer). Python ) [EJ 358 1% 25 €7 0 17
Hibytecode (LTCHLAG) Hias B % Hh B RLCALAS

Zen of Python (Python Z[F]) Python St /si I ST EL R 51 3, HIEIA AT B i BRI G0 ILRE= . La)
FA AR AT IORMA [import this| AHRIE,
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
« A3 reStructuredText 1 Docutils T E.4H Y Docutils BL2% ;
o Fredrik Lundh f] Alternative Python Reference 3l [ , >}y Sphinx 244 L M) 5T

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
TAT M ERE R, # 7 Misc/ACKS .

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeENDIX G

i E IR

C.1 &icio

Python 2 1 7 B S22 A0 51 AR RL 2T 9T By (CWI, R, https://www.cwinl/) [ Guido van Rossum Jji# 1990
EREBFEALE, i fEE—FRE ABC 3% 4% . (D Python (0 TR ACH HiAb M ETRL,
Guido /52 HFZMEH .

1995 4E, Guido {54 JE 5i N 55 i i B F A9 A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
e Python [ TAE, [EEARETEEE] T340l i 22l AR 4% o

2000 4£ . H , Guido Al Python A%.0» B % H B i 51| BeOpen.com [EJj{57. T BeOpen PythonLabs . [f]
4+ H , PythonLabs [# X% % Digital Creations (FBi[E] Zope Corporation; 5, https://www.zope.org/), 2001
4E, Python BBl 4 6r (PSF, H https://www.python.org/psf/) 37, g —{HEEHEA Python FH 2
EEIRE A7 69 A48 R AL4% . Zope Corporation J2& PSF iy—1fi & B & & .

Jir A7 1 Python AR ZBHIRAY (A BHIBRURAIEFE, (0 hups//opensource.org/) . FEM b, KEH{HAE4
By Python JiAS, o2 GPLAHZHY; DATR A4 G 25 M A 1 22 [E.

FERA | BB FHh HBEE GPL &%
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI =
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =S
2.1.1 2.142.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 PAE 2.1.1 2001 4 | PSF 7

fiiE): GPL MIAREIAZ RN 21E GPL RN #[E Python, A4 GPL, 1) Python FZAEHS AT DA 55 (1)
BRI, (AR B 5 o IR . GPL AHZR 1) $2 HE( 15 Python W] PA%S & A/ GPL R
SE R HH B ERRERIARTT.
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IR Z I AMEE T, A£E Guido 8 NIUATH, fifHE Le A iy B [ER(E AT fig.

C.2 FANREMHLEMFGXER Python SR

Python KBS E SOOI B HE R FL R PSF 224 6 4.

¢ Python 3.8.6 Bith, [ERASCOFR RG], FEaC A AR S, 29 B 524E (dual licensed) i PSF 4%
REA #1VA K Zero-Clause BSD 1% 4% ,

A LERANA Python SRR BLAR R 2R S5 SEAZRER @ BB RE 2 XA — s . B E 2
FHERI A SERET L, 2 EOK T 3R 09 34 SR ECGH

C.2.1 ¥ PYTHON 3.9.23 #y PSF 1% &%

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

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

3.9.23 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 3.9.23 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 3.9.23 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 3.9.23 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
3.9.23.

4. PSF is making Python 3.9.23 available to Licensee on an "AS IS" basis.

PSEF 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 3.9.23 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.23
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, 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 3.9.23, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 A1 PYTHON 2.0 Y BEOPEN.COM #Z## &%)

BEOPEN PYTHON BB FZHES 455 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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(R L —5)

granted on that web page.

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

C.2.3 Hj® PYTHON 1.6.1 B4 CNRI 1R &

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

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

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

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

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

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

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

partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
[QiE3)
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(R L —5)

sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI RS

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 F}* PYTHON 3.9.23 [FEA3 P2 #E#Y ZERO-CLAUSE BSD %%

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 #usr(F#kRany iR 8 MBI

AT A SRR R ORI Y R SR G B, B2 AE Python BEEICAS H BTl [E)i 25 =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. 1IN 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 A ] getaddrinfo () fll getnameinfo () R, B7E WIDE EHZ (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 FERF#¥ socket fRFE

asynchat fll asyncore fAL A& 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 &8

http.cookies HiZH L& DA A :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 #{TIEN

trace B W& PAT I
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode F=,

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 ZEimf2 ey

xmlrpc.client PEAHALE DA R B :

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{1 A FH2H:

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 il & LA HEHH -

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 %64 Marek Majkowski’ %&j* Dan Bernstein ] SipHash24 2 VEHI B AE .
Nk

}
@
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 Ed dtoa

Python/dtoa.c BEHML T C Y dtoa Al strtod s, MK C A BERS i B BOR 7 Hf TLAHIEE. %A%
FefTA4E H David M. Gay @S2I RI B SE, 125 BIAE AT AGE http://www .netlib.org/fp/ "N#. /A 2009 4F 3

H 16 H kg 22 i) It 5840 5 DA T i RESEL 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.

***************************************************************/
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C.3.12 OpenSSL

A2 OpenSSL pRsU R YEAE3E R AL, Ml hashlib, posix. ssl. crypt BLALE M EAIETIL
fiE. BLAP, Windows il macOS [ Python 224 F2 ] fE 4L OpenSSL eI RIIAS, B AR M HAE
IHEHK(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 to
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)

L S S I S ST N S N S N S N S T N S N S e S N S N IS S N T N S
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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. 1IN 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

KrdEfE# B pyexpat IR ER] ——with-system-expat, %R & H—MES expat JFAATE
B B AR AR

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

WRAEfE#E _ctypes fE M REE ——with-system-1ibffi, HHIRZE G H —MES libf A6
B ) A A 7

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

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

(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 BUA KB ABOR Sk R 2110 BE5E, RlRzdse g M — M EE 2ib JFIGHS
(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 {#H¥4E[EIZE (hash table) E/E, DA cfuhash BLZE (IR

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 Il #% R 41 € H —1F(E & libmpdec
PR X JBE A ) A A

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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 H|:XEH

test XA CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #gu} https:
/lwww.w3.org/TR/xml-c14n2-testcases/ #ehgEL, H A2 ER 3-clause BSD ZRER; #5(E:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
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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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Python F13 {73 [ HH SO0 HUHE -

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

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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...,63

2to3, 63

>>> 63

_ future_ , 67
_ _slots_ ,73
EREH

PYTHONPATH, 52

A

abstract base class (%&1?&%%%}5) , 63

annotation ([EE) ,63

argument (3] %) ,63

asynchronous context manager (3 [ ¥ &
HEHEE) 64

asynchronous generator iterator(JE[|%F
B4 #EIfR ) 64

asynchronous generator (FEFFEA £), 64

asynchronous iterable (3 [ T EIR 47 4F)
, 64

asynchronous iterator (j}ifﬁ]ﬁﬁ%’é) , 64

attribute (B¥) ,64

awaitable (&4 H) |64

B

BDFL, 64

binary file (ZiE#|# %) ,64

bytecode (fLTLAAE) , 65

bytes—-1like object (iﬁfﬁﬁ]?ﬂ$%ﬁ’) , 64

C

callback ([Ewf)
C-contiguous, 65
class variable (HE#%) ,65
class (H[E) ,65

coercion ([Fl#|#A) |65

complex number ([El#() ,65
context manager ([FEZHEE) ,65
context variable (FE#EE#) ,65
contiguous (L) ,65
coroutine function (HEER) ,65
coroutine (%) , 65

CPython, 65

, 65

D

deallocation, object,45

decorator (#AF#) ,65

descriptor (%) ,66

dictionary comprehension (?/\ ,ﬁ,’\.é\ﬁﬁ) s
66

dictionary view (FHA#RIE) .66

dictionary () ,66

docstring ([EHF &) , 66

duck-typing (%FAIF]) ,66

E

EAFP, 66
expression (BEER) ,66
extension module (IEFMEAL) , 66

f-string (f F &) ,66

file object (HZEWH) , 66
file-like object (¥t ZEWH) ,
finalization, of objects,45
finder (ZF#H %) ,67

floor division (| THE EE) , 67
Fortran contiguous, 65

function annotation (& R[[EE) ,67
function (®=R) ,67

G

garbage collection (R FEY) , 67
generator, 67
generator expression, 67

generator expression (i%&ﬁ%ﬁ) , 67

67

generator iterator ([El4 Z[EHRE) ,67

generator ([El4 #) ,67

generic function (E&RERX) ,67

generic type (ZAAF) ,68

GIL, 68
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