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B Gy EIH SCAE R AR AT C B C++ g STREAL, [EV A B4 % 78 Python B3 4shfiE. ARLLARALAN
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
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https://packaging.python.org/guides/packaging-binary-extensions/

Extending and Embedding Python, [ 3.10.16

4 Chapter 1. ##EME=FITH



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 —{AEEEH

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 A T, f B E R el M R{E GERON NULL 5 -1).
BRI PyEre_* R RO 20 g WL T f BRI BSR40 0] — A ok
fers e ey, [AAE AR PyEre_*, BRILASHE — BERAY BN PN 28 oy Se A 2 2 1Y R
Bty 7o — HIXAHFREIL Python EREERIY HI6EF, B 4P IL M AIIATHY Python AU I 22104k th
Python ) (3 JIr4it i 1) 5 5 Ab BT -

(FERELA O BB S REAS 3l 1 U6 LB PyErr_» pRECRA N IR AN B, IF HAEX S O
TR DAIAEMAY . (EZ R I, RN AR, AT RE B KSR B B RS U e
2l TR R R TR )

AELZ0 W H — 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 — 5% . malloc () (8 realloc () ) BBV E LATEH
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 () WEUET L5 K PyExc_TypeError, HIRVRMEE—DMSEBELHALT
TR YO B 2 N B2 e HA A, 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_lﬁlﬁﬁgmﬂm
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 EIZEH
W BTG 00 T, ARV A% EH R T 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.
iiz%ﬂ/l\f‘éﬁmﬁ{ﬁﬁﬂﬁﬁE”\Li%%ﬂl?@ﬁ“ﬁr’rﬂE‘J??v’f% (R BLAEARE C AR command W 244 IE A

7HHA const char *command),

T—AMEAH ] UNIX 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 ) .

AHRAR ﬁ~/\T1_lEl7ﬁﬂ%f<§kE’J C &% (BlaRH] void MREEL), WIXTA AY Python &4k 0] None.,
PRI X M5 (‘B2 Py_RETURN_NONE 2K SEPLAY )

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 WAE A Pyobject_Callobject () W) C AU ZFE Python H AR, B M 2457 BRI [B]—A4 45
kA Python YA 3%, DAERREARREFT EDARIEIW(E B, s ik1# A J7 Python AURS EALBLZ R . N
RIXTCEME SR G A, WS 4@l F pyErr_Clear () SRiGFRF# . Bl

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
— LI )
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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 ifiid malloc () fl free () & KM WA BCARERL, [FIFETE BEEE G A AN ET FE 6. fhik
Bkt st R R B BRI S — R, THEER B S X RS R
WE AR, U5 HIECh O, RN ROCEEAFENE LT, ST AR 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

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

Python hgg5| Rt

H W% Py_INCREF (x) fll Py_DECREF ( Mié'lﬂﬂﬁ*ﬁtﬂﬁi*m Py_DECREF () HW&TEG| it
BER 0 BPREHOT 4 ﬁTi(ﬁ AR Aﬁ%ﬂﬂﬁ free () , MWL RTARM) KA 2F %Ex@@&%ﬁ%ﬁéi}%
Mo ATXAHB @A), Axﬁ%ﬂaa‘@4‘~/\?5m Q%%ﬂxﬁ%@?‘éﬁ

SN O] WEIEI i A Py_INCREF (x) Fll Py_DECREF (x) ? FRATE E5IA—Li&. WA N
B — AR5, T[/J\/’f)ﬂﬁ"/\ﬂ}ﬂﬂ*/\x_f% *AXT%EGE(IH%TT@EX%?E%%]H%Eﬁf&io 51
WEHEAT Eﬁﬁﬂ Py_DECREF () , FE5|HIAFFER. 5IHMIA KR ARG A =Fhpgokat
BIWAMGIH: ik, 7. ﬁﬂ% Py_DECREF () ., &icAb®E — G851 H & S8

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

A T3 B S R o R OB A e EAUMERYS I, BCE3E, a5 FARTC/RH O N AR Y
Ao i T R 2 — LR R IR AU _E A5 TE‘E%T WA FALE SRR

AT A AT, il /M Py_INCREF ( AL PE 2RI ERRS. X4
WIS N, R TRalia & T (?ﬁﬂﬁﬁﬁﬁﬁﬁﬁf"%ﬂﬁiﬁglﬁﬂ, ?)E@ZHIJE’J%‘J%%%%K?F%@)O

AHEAN

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

K Z BeRFGR B — X 25 H, ﬁf?k.%'lﬁﬂﬁﬁﬁé? W, A A g R A,
PyLong_FromLong () #1 Py_Buildvalue () , & #IMA X ZALBIE. BMERMN R ARZEIED
Y, 1h%7ﬁﬂ%3%15°x¢%ﬂ@%ﬁ§|ﬂ3u ﬁ/l\ifﬁﬂ% PyLong_FromLong () 44 [ MNiATEHMNZAE, 7]
DA ] 2 G2 4730 H 85 1

WL — DR ERBOT R EE, WaEids X R, Bl PyObject_GetAttrString() . X
B AEIER, — 2R K 0 GIRE 261 4MY PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R2REIMITAL. FF%. FHEAEHPKGIH

PRI PyImport_AddModule () HZRIMMEMIAYSTIA, WP AT RE Sk o GG X4 XAl RER S —A>
WA BT RRAHTE sys . modules LI

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

2ARE ST A AR IENNG: WA L URAET KL
SRAHHECE A VBT, SRR ST DAFEC AR AR, A T AR A S T«
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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 $ it T —NREABIALEN R A — 9 AR IR ) 75 — 9 i A4 1% C 2 (5 B (F6%1): Capsule.
—~ Capsule it & — Ml T4 (void*) [ Python ¥#i38 2. Capsule HAEIH L H: C APL R BIEA;
), AHEANTA DABATAT Hopth Python Xt G2 —RERteh . e, EATAT ABIRIELS P R i 44 23 8] Hh iy
— AR HALY AR T DA AGK AR, RBUZ A XTI AIME, 28)5 M Capsule RIS -

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

TR AN T3k, AR Capsule 45 1 24 (9 4 PR L 22, AL PyCapsule New () %4
name J£Z (const char*); FRFRIEA—A NULL AERAFR, (EIERATIRZHER RS E 4 AR LR LAy
# 1 Capsule $241L T — € RIBATIN AL s A AIATHY 7 URE X B> A iy 44 1) Capsule.,

WH YL, Capsule T2 C APL, HAL T WAL an HVE -

modulename.attributename

fEF| %L PyCapsule_Import () A DA EAYEAE T Capsule $#2{1Lf) C API, {{AE Capsule [144 VL
ffe X7 R C APL ] it T%FB@%@%@%&AH@E@ C API,

B TR R T AR A A 2 e A R AL BT S, T I A R R 4
EH. BRI CAPLIEH (TEXAE T HIUE—!) fFE]—A> void feEH4, bﬁ&jr/\
Capsule f{{H. GRIH R H3K SR IE T — A2 ﬂéﬁ‘ﬁ}%?f/\ff%ﬁﬁﬂf BOH: C APT 8 20 P i
3 ZAEVT ) C APT Z JE X A2 BT

SRS E spam b, R H —1E £ 586 BiY%. A spam.system () N EHEEWM C FEREL
system() , (H—/ KL PySpam_System () X MATTWH, AP HIT Z228 (B Q05 spam” |
BAA). ML PySpam_System () e 25 HALY R,

PR PySpam_System () &4l C AL, AP static gifq A HRF::

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () FHANR & 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);

}

FEBHRITSK . FEHAT)S

#include <Python.h>

I3 Sty

#define SPAM_MODULE
#include "spammodule.h"

#define HFHAEL IR LA S A FIMAVEIEE, MAZE i, 52, BRI R Bb i
IRt C APL 45544

PyMODINIT_FUNC
PyInit_spam(void)
{
PyObject *m;
static wvoid *PySpam API[PySpam API_pointers];

(N gksr)
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(e )

PyObject *c_api_object;

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

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

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

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

return m;

7 pySpam_API mHN static; ILAMEEIEHISHE PyInit_spam () &5 JGTHK!
33 spammodule . h B —HETAE, BT s

#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 1if there's an error.
*/

static int

import_spam(void)

{

i3
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R E—F)
PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam API != NULL) 2 0 : —-1;
}
#endif

#ifdef __cplusplus
i
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

7 v A e b 5T AE H A B A R 5 HL 2 W R BR AL import _spam () (ECH At ) A BE T A B& 4L
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RAITIAR ERB e, S spammodule . h if TA . MR, XM EEF AR EL, EAL A
1, BreA R EeE] —Rk.

5 T B TR Y 22 Capsule $2 4t THUAMYIIAE, T A7M#7E Capsule HLE 85 (1 N 775 RO ORI 40
%2 Python/C APl £ F-JJ} ) Z575 capsules #1 Capsule (123 (£ Python JE Y & F7 M1 Include/
pycapsule.h fil Objects/pycapsule.c).

e
22 HENT REE: HiE

Python fL¥F45 C 4 JEAHLE i LA Python fURSH BN HFRA, XMRBANER str 1 1ist 288,
BT 2R B AR AL A — B, (RAERIT IR AT, R 2 T MLy . X SCH@xtix A&
A

2.2.1 Eiif

CPython BT &K T AT Python X REML A Pyobject » AR, X2 Python YR “ELftik
A7, pyobject ZEMAA T LS Rireference count FIFRINM RN KRR BIHE. X 2shER
AR H AR SRIUN G ol M REAS R TIRLE (O) e %, BN, FEX R B — N Et:, JN—AIrk,
HE SR GRS XL C BRBIRR N “REITRT.

FIPA, ARARAR S E SORT Y eI, R AT R I R

X EFE LB B ERE, X BN/ MEESEEER R, ST HZEBI Custom 7E C ¥ )&
Pt custom H.,
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M) X HURIRIG R S static I TR BUL G k. WILAE & RH S k. C APLHLTT DU UAEHE
AR AL, i PyType FromSpec () BR&L, {EALEARATTHIHE.

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

typedef struct {

PyObject_HEAD

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

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

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;

XE R Z B, XN TR E—FRent b XA S0 LT =R
1. Custom ZEHX}4 object 175 T : CustomObject Z5Hy, X4 M Custom SEF|E—IK.

2. Customtype 47/ iX/& CustomType Z5MfR, Hg LT —HAR R MR ETEE, S8R
B R A HAE .

3. #E4L custom fEbL: PyInit_custom RECHINT V) cust ommodule EH{A .
SRS —U2

typedef struct {
PyObject_HEAD

QS
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} CustomObiject;

AR A E X GRFREINA . PyObject HEAD S5k fil SR E SRR GE5A {4 2 B H 3 L
—% N ob_base [ PyObject MW TFEL, HA @& — g m A0 GG st (XM
ATPAZY B 7% Py _TYPE il Py_REFCNT RIX7)) o (R BR 2 R0 SR 4 th SR 1 izt b
SUEVELLIE2E S

fHiE: FERAEL PyObject HEAD JFIA T . BAMNIING-S & SRS 3 .

MR, MRER THE PyObject _HEAD fEEAh, A BIMENE; BN, 07 E LT FriEfy Python % £
e

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

AR A RN E

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): R a0 _E CO9 KU IIRIIAML, ARSI TA 1Y PyTypeObject F B, HHRZ ZIRATE
R, AR AT DA G K T B E T -

1 object . h H5LkzE XY PyTypeObject HA AN P LHELH) FE. FARTFER2H C %ixdi
LRI, WHABIERA BRI EEN, BRAMRELHEEN].

FA ek, R TFE:

’ PyVarObject_ HEAD_INIT (NULL, 0)

XA H R, AR e EFE RN ob_base FE:

’.tp_name = "custom.Custom",

FATRRBUA PR R BAEFRA TR X R BN SCARFIR I AR LA R, B :

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

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

HE, AR ENAT, IR FRAREE b R AR A REUE custom, ZEALZ
Custom, FrPAFRATRIZEALZ K custom. Custom, I EIEM SR T ABRRE S, ATRAMIRIGZEHY
5 pydoc fl pickle BIRAR%.

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
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This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize
is only used for variable-sized objects and should otherwise be zero.

f#(E):  If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its
base type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type first in its __bases__, or else it will not be able to call your type’s __new__ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

AT kRN Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JI A SR BURR Y S AE E N TR AR 3R IR i % R 220 HE Python 3.3 2 B SCAY AT . 4N
RAURTEE LRI, VRRETE WA A TR 2E1T OR J 53,

FATH tp_doc FRAURM— SR AT H.

.tp_doc = PyDoc_STR("Custom objects"),

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
__new__ (), buthas to be specified explicitly. In this case, we can just use the default implementation provided by
the API function PyType_GenericNew ().

.tp_new = PyType_GenericNew,

Everything else in the file should be familiar, except for some code in PyInit_custom():

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

This initializes the Custom type, filling in a number of members to the appropriate default values, including
ob_type that we initially set to NULL.

Py_INCREF (&CustomType) ;

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

This adds the type to the module dictionary. This allows us to create Cust om instances by calling the Cust om class:

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

T BROREMI R e F B UEIE 4 custom. ¢ BYSCPERARS:

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

TE4 N setup.py HISCHEH RIGHIA

$ python setup.py build

F| shell H1 ) B oAg—AFHFEH 74 30 custom. so; 38 A% H 54T Python - {15 24 REME AT
import custom 22 {#i ff] Custom %f4:,

XHANME, XfH?
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MR, YUETHY EE SCBARR IO BB RS, AU . R RN TRAL,

f#E):  While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained set upt ools library. Documentation
on how to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 EEARRBIFRMEIEFS X

Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a base class. We'll
create a new module, custom?2 that adds these capabilities:

#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;
}
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,

22. HEMT REE: #iE 25
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&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;

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

bi

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

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

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

bi

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

QS

26 Chapter 2. RERFE=ATREIRRE




Extending and Embedding Python, (] 3.10.16

(R L —5)

i

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

bi

PyMODINIT_FUNC
PyInit_custom?2 (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;

BRI 5 2 AT
HME LA mg— T A

#include <structmember.h>

AR A T A PR AR, IR AN TR 5 i i -

The Custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

Xt SR (R S5 R B RS B

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

} CustomObject;

ﬁﬂ%ﬁ?ﬂl‘]ﬁiﬁfﬁ%?%fi, FATATE /IO HAE TR G BRI . 20, BATFHEA— R
WOk

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

EWIRIES te_dealloc fiia:
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.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the
case where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_free
member of the object’s type (computed by Py_TYPE (self)) to free the object’s memory. Note that the object’s
type might not be Cust omType, because the object may be an instance of a subclass.

WilE): b 7 %9 % # destructor SO # M1 X T Custom dealloc $it % — 4
CustomObject * Z¥{, {H tp_dealloc HREIS4 FiWH:Z — /> PyObject * Z¥. MR A AE
e, S A B . 2 Cils Pl W R I 2 &k

AL — DRR DA S TR, PRI T —4 to_new LB

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
3

HAE tp_new MO ZAEE:

.tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in
Python as the __new__ () method. It is not required to define a tp_new member, and indeed many extension
types will simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this
case, we use the tp_new handler to initialize the first and last attributes to non-NULL default values.

tp_new FFEZPLBILAYAA (RZERN CustomType, HURPELHIMLAE—TI) PARAEIRRR
VAR AR SR, AR I re @ 5B, tp_new ALPRgS EUR B2 EA KRBTSR, H
=4 1)1]%'%%@5%@%73& MRS R P 2500046 (BF C Ay tp_init 5 Python "f) __init B
) TR

filE): tp_new AN EAXMPA tp_init, FNERESSHITHAE.

tp_new LB tp_alloc MR HLAAT:

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

T WA EC T BB RN, FRATAAEGRSERAT Z Hik & tp_alloc ZURHHIAHAN NULL,

filE): FAIBA AT tp_alloc M. M2 PyType Ready () i NFATHI B FA]
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BvE, HAPBOAH object. KA ISAUHN G BRI 73 FC SN -

#iE: If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new__ () ), you
must not try to determine what method to call using method resolution order at runtime. Always statically determine
what type you are going to call, and call its t p_new directly, or via t ype—>tp_base->tp_new. If you do not
do this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)

FATIESE LT — MR SR N TN L B UERI IR (W) 46 1L B AL

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;

}

WA tp_init L.

.tp_init = (initproc) Custom_init,

The tp_init slot is exposed in Python as the __init__ () method. It is used to initialize an object after it’s
created. Initializers always accept positional and keyword arguments, and they should return either 0 on success or
—1 on error.

Unlike the t p_new handler, there is no guarantee that t p_init is called at all (for example, the pickle module
by default doesn’t call __init__ () on unpickled instances). It can also be called multiple times. Anyone can
callthe __init__ () method on our objects. For this reason, we have to be extra careful when assigning the new
attribute values. We might be tempted, for example to assign the £irst member like this:

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

}

HR2IX T RE A faky . FATWEAA RG] first MUIAMEAL, FILE T DARAEMIFIZRATNIS . B LA
WA DS RATERVT N first WA RMRITLG: sG] EEaREE & it 35 40 kT
B AU A AR s AT AR ARSI AT X 52

N T RFFETT EEFA TR X AT BEE, AL B8 ZAE A A M5 | T8 A e AT E B -

22. HEMT REE: #iE 29




Extending and Embedding Python, [ 3.10.16

A HBERAT AT A I P FEA
o BIATHFFES HIHEBOCT 1 ke
o BEATVHTER SRR B LR GIL AR 2 FEUTATRT AT I 0 A A 11 1] 8 1 142
o 24— tp_dealloc ARFRAR AN SCRFIEFFAR M 2R 21 5 T HEC e

BATTRE AR RATH LB AL B2 TR N EME . A LR 2T AR X — . e fai Bl = 8 U Y
E X

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

HHE SO E S tp_members fH{

.tp_members = Custom_members,

BEA L SCEA R A PR BB, . DiEARRSOR AR . IS N2 A & b8 72 /N
53k TfiRiEs . section below for details.

W7 SRyl 2 — 2 B B SR PR ] B 45 Python JEMERYX R INE. FA TN first A last 1y
PWRHFAFER, BB AR A AR Python X 4. JEAh, X E8J@ MR T AR IR, H-KF C $54HiX
0 NULLo RIEFRATAT DAPRIEX 28 i AP i A JF NULL i, QSR 28 Ja M b i 22 180 STl i Ay

NULL,

We define a single method, Custom.name (), that outputs the objects name as the concatenation of the first and
last names.

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

}

The method is implemented as a C function that takes a Cust om (or Cust om subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as well,
but in this case we don’t take any and don’t need to accept a positional argument tuple or keyword argument dictionary.
This method is equivalent to the Python method:

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

Note that we have to check for the possibility that our first and 1ast members are NULL. This is because they
can be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to
restrict the attribute values to be strings. We'll see how to do that in the next section.

VTR ATV S SR RS, A R S AR RS DA A .

AR EATFE tp_dealloc AFAFH X —HLE], BIAFRATNHBUR SRR Tk
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BAERANTE G S0 T I7ik, BATTEA 7 ik SCRE:

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

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
FRFHIRST tp_methods F{iL:

.tp_methods = Custom_methods,

Finally, we’ll make our type usable as a base class for subclassing. We've written our methods carefully so far so that
they don’t make any assumptions about the type of the object being created or used, so all we need to do is to add
the Py_ TPFLAGS_BASETYPE to our class flag definition:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom2 (), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

i, BATEHFAN setup. py SCPAARA S HIBLR

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 RN T HIBE M EAREE

In this section, we’ll provide finer control over how the first and last attributes are set in the Cust om example.
In the previous version of our module, the instance variables first and last could be set to non-string values or
even deleted. We want to make sure that these attributes always contain strings.

#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)
{

Q)
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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;
t
self->number = 0;

3
return (PyObject *) self;

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

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

return -1;

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)

{

PyObject *tmp;

QS
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if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return O;

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"

He

QS
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{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

To provide greater control, over the first and last attributes, we'll use custom getter and setter functions. Here
are the functions for getting and setting the £irst attribute:

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) {

(FoHED
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PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

The getter function is passed a Custom object and a “closure”, which is a void pointer. In this case, the closure is
ignored. (The closure supports an advanced usage in which definition data is passed to the getter and setter. This
could, for example, be used to allow a single set of getter and setter functions that decide the attribute to get or set
based on data in the closure.)

The setter function is passed the Custom object, the new value, and the closure. The new value may be NULL, in
which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value
is not a string.

A0 PyGet SetDef Z5HRHI%LH:

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

ITE tp_getset MM HHME:

.tp_getset = Custom _getsetters,

1E PyGetSetDef ZEMA G —Tie LRI AY P, ARG, FRATEAER M, Fital
H A& A NULL,

FATERE IR T ok 48 M 1 5 e L

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

bi

RAVEFENRF tp_init AIRZFEHN H AV ATRRH:

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,

(N otaRsh)

> BAEFRATV NG first A last GAERR FAFER , PUHFSRATAT OB A ENTRF R BOR R/, (B2, FATE 32 545

TRAGEB]. B EEREHCEE T R A XAV QAT , Ff I A BRI — T4 55 1 F SE B A X FATHIX G
il
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sfirst, &last,
&self->number))
return -1;

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

}

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

}

return O;

}

WX LW, RATAESHIE first Ml last Wb —@EAR N NULL AR NTRELE LA 0L R 2%
NULL {#Ar . IXEMRE KHR5 Py_XDECREF () W &R W] DARFEH N Py_DECREF () WM. FA1AGRE
PO ST F O ME—3 A7 2 AE tp_dealloc SEPLHY, HARHLIXELA B AW ILAE AT RETE tp_new H1RIK,

AL E Ay 4, 1 BT AR AL B8 ORI IR A0 bR B R AR B, R F AT 2 BB — B, AT
setup.py XPFAIN T —AEAMK E Lo

2.2.4 ZHHEMLIREI

Python HA5— /W] PAR IR AS PR B0 X 42 1 4 37 35 8 =Dl 22 (GO) BB 108 FITEOE A . 3 fh
THOLSTEN RYAGERT | I 2 A N, BeAt:

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

EXAE -, AR T M HE SR SRR TR, BRIk B HA
S50 RGO RN . SFizn2, Python BITRFRELIR M aS R i & K ins | =2 T
BRI E .

In the second version of the Custom example, we allowed any kind of object to be stored in the first or last

attributes*. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Cust om objects can participate in cycles:

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

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

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the cyclic
GC, our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

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

typedef struct {
PyObject_HEAD

(N dkze)

I, BRI R R G AR L), PR R AT DME AR RS str TIEBIRERE T | AR
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PyObject *first; /* first name */
PyObject *last; /* last name */
int number;
} CustomObiject;

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

Py_VISIT (self->first);

Py _VISIT (self->last);

return O;

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

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

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

CustomObject *self;

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

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

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

3
return (PyObject *) self;

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

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

return -1;

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

}

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

}

return 0;

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

bi

static PyObject *
Custom_getfirst (CustomObject *self, woid *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;
3
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 O;

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

Py_INCREF (self->1last);

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)) {

QS
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PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR (self->last);
self->last = value;
return 0;

}

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

bi

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

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

3

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

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
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;

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

Py_INCREF (&CustomType) ;

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

return m;

B, WHITELEER GC HUERE S MIAIAN FX R

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

return 0O;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the
traversal method. The visit () function takes as arguments the subobject and the extra argument arg passed to the
traversal method. It returns an integer value that must be returned if it is non-zero.

Python 4t 7 — /0] {2 A visit BRI Py_VISIT () %. i Py_vISIT (), AW PAs/Mb
Custom_traverse HHELR TIEE:

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

fill): tp_traverse SLHMIUR LB EER 4 N visit Fl arg PAMEFE Py_VISIT() .

B, AT R TR R R AT A n] AS G IR X 52

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;
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THER Py_CLEAR () KR . B2 B RSB A Sds s s 0 %Imtfﬁﬂﬁfﬁfﬂﬁﬁﬁéﬂ’}ﬁ
Eiv il[l%%%ﬁﬂﬂ” K@ NULL Z [7E @ LR Py_XDECREF (), JWWJEPEIIMTAAR A I fES ul
P PR OL B PR AR G 5 QR A AE S | B ERY ) «

W PR DAL DAR B3R AR 4 Py_CLEAR ()

PyObject *tmp;

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

To TR, AE BN 8 & 1k i 45 4% i ] Nevertheless, it is much easier and less error-prone to always use
Py CLEAR () #2H R HFEAS BERN . HAESLX AR E R A i MR !

BEjil#s Custom_dealloc Al RESTEIH bR EMEIVH AR EAN . XEWRENEIS GC 1 Turuﬁmmw
%o HT GC S| HITECRN A, HA1FE @A PyObject_GC_UnTrack () #ik GC & kiE
MRS . N2 H PyObject _GC_UnTrack () Ml Custom_clear HHSLIIIREIE:

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

Finally, we add the Py_TPFLAGS_HAVE_GC flag to the class flags:

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

EEMEARZ T . WRKNRE T HE LW tp_alloc 5 tp_free AFERE, WFRATFHEE XHEEFR IR
ISR E . KEEP AR B shiR s .

225 FRMLHMAE

A EIRAE B BUE KRB RS B TR . e 0 A R NN BRI, AP ] DAy S Hb
BT E) PyTypeObject, TKHTJ”%’I‘%E&ZIEUA%LM PyTypeObject AN A XERT .

In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will
be completely compatible with regular lists, but will have an additional increment () method that increases an
internal counter:

>>> 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;

Q)
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static PyObject *

SubList_increment (SubListObject *self,

{

self->state++;
return PylLong_FromLong(self->state);

static PyMethodDef SubList_methods[] = {

bi

{"increment", (PyCFunction)

SubList_increment,

PyObject *unused)

METH_NOARGS,

PyDoc_STR("increment state counter")},

{NULL},

static int

SubList_init (SubListObject *self,

{

if (PyList_Type.tp_init ((PyObject *)
return -1;

self->state = 0;

return 0;

static PyTypeObject SubListType = {

bi

PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT |
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,

static PyModuleDef sublistmodule = {

bi

PyModuleDef_ HEAD_INIT,

.m_name = "sublist",

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

.m_size = -1,

PyMODINIT_FUNC
PyInit_sublist (void)

{

PyObject *m;

SubListType.tp_base =

if (PyType_Ready (&SubListType)
return NULL;

&PyList_Type;
< 0)

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

Py_INCREF (&SubListType) ;

if (PyModule_AddObject (m, "SubList",
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

PyDoc_STR("SubList objects"),
sizeof (SubListObject),

Py_TPFLAGS_BASETYPE,

n

(PyObject *) &SubListType) < 0) |

QS
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As you can see, the source code closely resembles the Cust om examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE RN G 1) 2 B2 S AE TR R R DR S —ME . EEAUG O 2 5 R ik
57 PyObject_HEAD () .

When a Python objectis a SubList instance, its PyObject * pointer can be safely casttobothPyListObject
*and SubListObject *:

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

We see above how to call through to the __init__ method of the base type.

XEATE G B A HE X tp_new fll tp_dealloc IR BIRREE ., tp_new AFEERAN HEAG
tp_alloc WX SLPR A BENTE, T eibiE2imid MM H On tp_new RALHE .,

PyTypeObject ¥ #;H tp_base fE R MM LMEL., HTHEVG %5154 A8, KICHE X
PyList_Type 5| R BEHEFTIZFE: BN 24BE IS ER S0 GG 4k 5k 8 b 5 il

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

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

TEVH ] PyType_Ready () ZHj, RKELMELMC AT tp_base flifii. MILAIMNIA LEIRA: B,
EANTER tp_alloc M{IHIEN PyType_GenericNew () -- R B ERAU AL R BCHF 20K .
After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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2.3

ENLT REE: EF%REA

ARE AR IR AR AT ASE I SR AT vk B I RE R R R 4

X2

C KA pyTypeObject HYE L, AW T HNT Wil 7E:

typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

i3
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iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

XHA RS IR HEAZRIL, ARAREE AR, @5 AT E Ik,

AR RN, AR — R GRS R B o PR AR 7 S SR S i 7 BLiHE I
JI AFRATIAS SR A TR S5 40 Tk B LRI DF . T8 R A S R B RS IR E By 6 7,
IR G A 203G AR T S

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

R T - E-EREEN, SHIERZHIT, JLT-EEE N TEWHR . Sl M7,
X WRA T B -

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

X BOLRIB A TR X A L H 0 R T B e DN FE . Python Sy T RIS BERgZEH (JEF
TAFER, oudl) ALENESHRE, X2 te_itemsize FBAFAEM I . XIS MR .

’const char *tp_doc;

BT — B (S E ML), MRAEE Python I3 ob3 .__doc_ BHERIKEC
By
BUAETATRAT — T HEAST Iy - KO SR ST .
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destructor tp_dealloc;

MR ZEB LB 5| T RO I H Python ARREE R I B IS, R e B, ASRARAYEALE
WA AT ORI s A T A 3, AR FT DB B X H . R RA B W 2K R PAR 2 I B 7
il

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

}

ANRARR B SRR AU, WA R 25 I 24 78355 B AT A A T B Z BT ] PyObJject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj—>other_obj);

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

— AN E BRI R AL IR 2 IR T RO R CE A S . X R E B PR S W R &
WH, MFERBE (MAEERRED, AAEMINERIPRREE S — DR8I E . R
A AT AT AR 2 5 B A ) Python FUHE KA S R G IR B . 3 W] B3 BUBRERR 1% 3%
BiiR. BRI R, TN ERIERT, RS, RETEHEREIRE . &7 Al
PyErr_Fetch () Ml PyErr_Restore () HRECEILH:

static wvoid

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult);

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

Py_DECREF (self->my_callback);

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

fi(E:  ARAETERE A B 8 h L PATIORAE R A R, B, AR AR 28 84 S Rp 53 Il i (71
tp_traverse fl/m tp_clear), XGRIHIT LG A IFER ] tp_dealloc PG SHA 4. HiK, £
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tp_dealloc i1, fREM R TATERS: EMTIUHTHEEETE . EAOJEBRET R e AP Y
CUn_E T 87 BT e AR AT RE S PRI to_dealloc, SEUNEREMOIF KA.

M Python 3.4 JF4f, HEFAEHE tp_dealloc BUILZRMALHES, M2 MEIHH tp_finalize S

hz%:
PEP 442 iR T A& % .

23.2 WRER

1E Python ", A AN 20 0] DAE UG S ) SCAR R IR: repr () BREURT str () AL, (print () ELSH
PR str (). ) IXEEACFRRR A0 2 T 1R .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AT IVIZIR B — A FERFEX S, K& THH BRI FRRER. T o)
I

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

ﬁnﬁ?ﬁﬁf‘éﬁz tp_repr AbFEAR, MRAREARFHRAL— M 2B tp_name PFRRIER AT G ME—FR
PUHE.

tp_str ALBEZENTF str () St B tp_repr ABENTT repr () —FF; WU, ‘B 472 Python
FRASTEARI XTSI FA L VR st O B . B to_repr lRECEEFMML, FHERT
et NEAFN . WRRIEE tp_str, MM tp_repr ALBRERAE

DATT 2 {1 ff e ) i 91 -

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

23.3 EHER

KT SRR E BRI R, AN AR AL AR BT T h R MR O A s 8. F7 2 — 1 RE
KRB R (WRE L TAEMEME) B4 5 — RSt B (AR ERE) . BiRE
PR —PRIATE 0L, FEBUIG UL T 2L 45 A BRI R NULL,

Python S JE PEALBEG ; —ASCRpJE MR AR S A R S U — X B e B W 22 0 T —
X2 char* fEBIELAR, 15 —Xt W2 Pyobiect . RS AUHR AT DATEHE A T3 T SE 2L (A1)
PAE A TSR

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

S K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;
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AR — A% S0 R R SR T AR GSORTE R SCHEATARRE) | WA — 2832 Ji) S B mT i ) e 42 it
PyObject * MAHJEIEATBLRAL. M Python 2.2 JFUAXF TR L Jm i) B IEAL PRAR 1 S il ZULT-C 58 &
I, RAEIBATAERE VF2 1 AR BT R (T BE A i) ml sk 22 AL ) 311

RBRMER

REFY RBEBEH Wi Et:, e, FaibEias “fFim” e? NFREWE N0
L. 4] PyType_Ready () I}, WAZUHIEJETER A FR.
2. R EARRA IO B R S RS, AT AR R B

TR, AR E RO . A0TSRk IR AR € 5 i 77 2t AT AT R 6«

2 pyType_Ready () #AHE, &6 H 2B S 5| H B = A2 R 00 2 25 E 3 R B R 0 7
o descriptor . IR AR H L FIRT G  —ASJBYER A . AEASRES PR R SR A
HRM NULL, %2R SRR LA B AT RSB R Sk i @ i, H Hab W 241k tp_getattro Al
tp_setattro FERREN NULL, DA BE RS A A0 X S8 %

FEW A A object:: T = AN B

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

WA tp_methods Ak NULL, WIELAFIFE—4H PyMethodDe £ Z5HRL KIS . RPN
H #R 2 % 45 R AR (g — A~ SE )

typedef struct PyMethodDef {

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

const char “*ml
} PyMethodDef;

doc; /* docstring */

5724 H % R PR B O VEERE L — I H 5 IR AR ORI T AT H . EHEAEARRE
m—HOMIZH; Bl MRICBAST R H . 2 H B ml_name FBUL/A NULL,

S AN RPN E SCEE WS R LB T e . AR C ANy 2 850K, I Hys iy =]
DA R B . R g e SOA:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

MFRPBFNFE, A descripror FHS MBI il L BEGE SL B S5 A P BUE . type 7
B Y5 AE structmember . h SISO AE SU RN R ACI s (R0 SR 2 AfAKf Python i
ol CHBE R Z . £lags FBORFRUT R AR A2 Sl B 1 i AR5 170 A IEAR o

PA R R & XAE file:  structmember.h ; ‘B A TR] DA{# F bitwise-OR ZH 4.

GE SE
READONLY WA S
PY AUDIT READ | FEeHUZ Hi &1k object._  getattr__ Wil 4.

3.10 fix ¥ #: RESTRICTED, READ_RESTRICTED Ml WRITE_RESTRICTED © # # H. 1H
&, READ_RESTRICTED ;& PY_AUDIT_READ Hj — 4~ ¥l 4, I 3% % T RESTRICTED &
READ_RESTRICTED [ FEx &g w134,
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1 to_members FARM B T AT A RS EA — AR P8 SR AT AT AR5 2 SO J PR
] ATR] B A P B I SCAR AR B B IR SO A e . — SRR P AT ABE T B 4 APT AR
XHGAREUIAS, HOHH __doc_ JEMEARIRBOTH FATH -

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

RBEENENER

AT R, X B R char* R4 name IES AL char* fl PyObject* KU 022 [A] A ME
— G XA R SE b AT 5 R R BR[O 2R, EBEE (3 B AE Python 2.2 FREINAY T2 A 2
ﬁ" TR T AL B R ECE W9 i ), B SRR S TR 2 R BN DIRE, RtaHBaA 42
7 BRI

tp_getattr APEESASTEXN R BALBEER A . EHIHAHNER S — 2R __getattr_ () i
YRR AR DU ]

S A(E]

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

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

tp_setattr ACHEERSTEE I —MREBIN __setattr_ () B{ __delattr_ () F¥ENHH .
W ARV MBI, 8 S AE S NULL, R 2 —/ME S | & S 0 QSR ik mf o2 12
YRASEL), W] tp_setattr ACBEARE M9 N 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 HHRILE

richcmpfunc tp_richcompare;

tp_richcompare {CFRERAAET EIAT LR ISHIM . EROT BHETE, il _ 1t 0, &
#f PyObject_RichCompare () fil PyObject_RichCompareBool () .

I PR SR VR FH ISP RFAS A Python X R Az EAFE NS4, iz 87 Py_EQ,Py_NE,Py_LE,Py_GE,
Py LT 5 Py_GT Z—. ‘B M4 82 s HA R L A X G 1E LU A E S iR 8] Py_True 3§
Py_False, IS HEERVER B SLBIH W 2 HAbXT 42 i ) A WGR 0] Py_NotImplemented, E(#
WA E T A R ] NULL.

NHGE RO, BRI IR RS AR/ IS A A

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

Q)
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(R L —5)

PyObject *result;
int ¢, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0obj_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;

}

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

return result;

2.3.5 HER LT

Python SZHFZ A b 27 MhSC; Wl oA (X 2845 10 % 1132 LTS AE abstract AL .

XLl G DR Z AR 2 AE Python SEBUT A B FINWOE o H5slih, Bow . BUETRIT S SON—TFdast
C 42 Python Ry o HAMYSUNNE S RGN o T HOBERELE R F S22 g B AR A Hip
K, BEIHEMROE ORI G2 BT | Y AL BRES A AT RE bR o X T BB i PSR A E 2R R id
ABOMNARERL, FAA — DR G AR B (L B 24 th AR R A A . (BUBAR AT AR S $5 9
FEAAMEARE NULL B9R§OL, AT ABCER AR R I — R A, (EIAR AT T RE AR AR TR )

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

WRARA BARBIRT R AT AR — N RS X%, BB 2R Al s — e T C 28
PyNumberMethods, PySequenceMethods B PyMappingMethods, I&if A& FHbE . VRE &
MAPEIE A X S5 R A . ARV PATE Python JEACHS AU Objects HsH#R2IX SEXF 546 H W H ¥
Bl

hashfunc tp_hash;

WRARVERR SR BE IR R, B Y 2 A AR R SR 2R ) SE AR ] — S A e, T T — T ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

}

Py_hash_t @ MEW LRI T RIET-SRAF5HEEER, N tp_hash R[] -1 FoRkA THIR,
DR AT 2R 2 LR S Az S R B, A B TR TR A
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ternaryfunc tp_call;

BERRECAAE “TWH” VRA BRI B S B aR 28 Bk UL, 2R obJ 1 RARRY BRI S BT Python
AL T obil ("hello"), NIRFAEIM tp_call AbPESE.

IR B 32 = A5
1. self 2AE A B AR SRS . R Z obIl ("hello'), W self fj objl.
2. args BESTAZSEN A . R LAME R PyArg_ParseTuple () FHESE.

3. kwds &t fe N KT SECA MM T M. AR E A NULL HLAR SR K 28, Al
PyArg_ParseTupleAndKeywords () KRS WIRARARE SR K8 2400 e 44k NULL
{H, WM&5IK TypeError 9?Fﬁ%*’*hﬁfﬁi%ﬁééﬁ%%éﬂlﬂﬁ?‘ﬁﬁo

NHE— MR PERY tp_call SCH:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

X2 PR EL PR AL T AR SR . AR BEER A R A2 — AN S, BB TR R B T 8 g S 40
IR E—ANH G . MR ERRE, BN 415855 R ] NULL, tp_iter X%f5. T Python
__diter_ () H¥, 1M tp_iternext XN T Python __next__ () F¥k.

{LAufiterable I GRAPILILIL tp_iter ABEAR, RALPLAS AR [u]— A iterator 3F5% . T ii/2-5 Python 3¢
JIT 2 B[] — i S

o XFRAPASCIR 2 MR Z AR (WS RFIEA ), WY e I to_iter IFQIEIF
AR [l — B IR AR o

o HEERER —kIXI S (2R TEREEMMAr ), Flanscfxdg) AR al—4~F51m
Q%B’J%ﬁ%lﬂ% K tp_iter - FHHAILIB WV 2Y45LH tp_iternext AbFIZE.

fEfufiterator X GER N 4 FIRFSEE0 tp_iter Al tp_iternext. —ANEMRERAY to_iter AbHHRI 23R [H]
— AR RE AR HEI . B tp_iternext ﬁfi%%&%uilé/ﬁa B ARERAE R N — DX
é'lﬂﬂ, WRIEH TN RHE. REREEEARRE, W tp_iternext W PAR[H NULL i A5 E 5
W, BUE WA DATER A NULL AL b 219N E StopTteration; MR W AP A AT ERE. Q0
WL T PRI, W tp_iternext W4 R 2 E—FH IR [F NULL,
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2.3.6 HE5IAXE

One of the goals of Python 5575 | i SEELY H A2 — & AVHMER KRS 5555 AALHI A 2 AE ELME BRI 4T
% (Iangs) breAgsray .

W%

weakref BRI,

XFT IS5 IS, 9 R BT {4 2

L TE C R REH R P i — L T T T 555 ALHI Pyobject* FBL. R RATHIE SR ik E
PREEH NULL CHBEHBOAR te_alloc WEXKF& HBhBE).

2. f§ tp_weaklistoffset AN ABE N C X REEM M b ERFEBAI M, MRS HiRE
TE QAT P RME 0% B

FARAIE, R — RN G Eh i R A g s oy oA B 7 B

typedef struct {

PyObject_HEAD

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

AR AR S P WA 20T 5 P A I A8 B

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

ME — [ A5 Ab b FE R 0B B R S NULL M) tp_dealloc 9% BE0& W AE AT 55 51 0 Gl i 94 1
PyObject_ClearWeakRefs ()). :

static void
Trivial_dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 EZEW

N T AR B SRR B S BT R 073k, T8RRI CPython JiAAHS . JEA Objects Hk, A5
5 CESCPF P E co_ I EARBEEER R &L (B, tp_richcompare), VRIFHREIARAL TS LAY oA KL iy
BT

MARTFERUE— DX RIS AR BAR LI, 36 PyObject_TypeCheck () BR%L. B
AR BN

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

}

L%
F#k CPython JFfCHSRAS.  https://www.python.org/downloads/source/
GitHub |-J3% CPython JE{Ci%) CPython JiiH . https:/github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ) C " J@g & — P ILZHE (Fln—A4> Linux Y .so , 53 Windows ) .pyd), H&FH
—A~ SR E

HTHFA, ZPRANAE PYTHONPATH gk, HAM 43 AR 7, lE My . 240
distutils i, £ F 24 OERHY SCIR4

WIAHAL R B PSR AN -

PyObject *PyInit_modulename (void)

ZEREGR [0 5e B i A i, Bi—4> PyModuleDef SEfil. i initializing-modules T fi#E1 .

SHFAE ASCI 45 (R 42, BRELE PyInit_<modulename> , $f <modulename> i Atk
45 . 24 A} multi-phase-initialization i}, FVFEH IE ASCI 4ufidiisid s . TG R £ 2 72
PyInitU_<modulename> , Il <modulename> §5%H Python [{{] punycode 98t , EFSFHEW N T LI
2% . ¥F Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PAE— B B A, il E XA RIIRIC R T AT 5 AT 5 el B 7 S A
ar, POMBAE I XY T S RO Sk . R 7 —A B 24 548k 5517, 1E PEP 489 |
fREZ A0

241 {EH distutils {32 CfnC++ ' B
PRl DU distutils SkFZEE, iXJ2 Python Hap ). distutils 32 RpA0E “dEHI6, H P ICRs dissas
distutils LREZLSEY R,

—~ distutils A T PIKBIA setup.py o X4 Python SU, KEHNRIARFHL, FHiEAK
LUNE

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])

Wt S setup.py , FISCH demo.c , BT

python setup.py build

XHF demo. ¢, RGP E— Y REHIM demo FEH F build B, KT RS, S HHE
HEATHFREUW build/lib.system , Z4F A4 demo. so B demo.pyd .

TS setup.py B, ITEIEMADET setup pREL. ZRET AR Z Al AR 5E A B F S8, kL
HEF R T — AT, FrRlfEEEmel e TR ITER, AAdEE TN . iE—
MESUFELZ M, 5% Python YRIBELEL . XY, FR55. TS HL distutils [ 3CRY, 7E distutils-index
TR £ distutils RN ARTET R ARREAL @Y AL R4 o
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W WA E S setup (), MEE KWL BIA. H i Lol 7R setup () 11
emgmmmsﬁﬁ%*ﬂﬁ%&ﬁ,tAaéﬁEmame%WQWoW?*%iWEXTV%
4l demo , M EA—JFERL A demo . c .

W2, WE— M RAEIRNZ , TR B SO . QTR il R 1k 2

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

BIF AL setup () FERATBOME S TIOOE S, BIEF LM UMWERNE. XY R, Hig
E T IALPARE S, include H3%, PEHS, . HOBIT 41T, distutils 32 HTHAN T S 5 5 40 4 12
e BIAAE Unix L, SRR A0 Giikanr &

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

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

TR TRARE R distatils ] A0 distatils BEIEAAE

2.4.2 HHIREYY RARIR

B R C LN P Y ﬁzﬁﬁﬁ%ﬁm*D
A Pl AR, W DA

’python setup.py install

B BRI ;. RSl AIsA T

’python setup.py sdist

|

BHEERT, FHFEAERMEZAAROSFIM I Xl MANIFEST . in CPFSCP, 2% manifest
RN .

USRS A AT g R S Al e an al AR b AT . Bk T A, AT S R
DA R SE LEAT 55

python setup.py bdist_rpm
python setup.py bdist_dumb
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2.5 7 Windows F#33 C 1 C++ ¥ &

X —FE R B4 T Wu] {5 ] Microsoft Visual C++ £l Python /] Windows B, K )5 PR A &I
TAENEEA AT S5 5 . X LEULRA A RHA i T Windows 27 5127 > #4 2 Python 4" i A & Unix F2
J 72 3] BT A FAE Unix F1 Windows 35 B S A4 @ B2«

AR A distutils 7 XORA Y AR, TN AT i iR e . RIS FHEMH C 4%
oA Python; 3 #; 4 Microsoft Visual C++,

M) X T K T 2 MR T SRS Python A S WS4 o iX S84 AR R XY IAS R A3
TESEEr, X KRR Y Python A A LR ERUASC ST 'Y ' K RRIRASS o BAn, WSRARBT 6 Y
& Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

1t Windows I Unix A4 RALHERA PR 20 (1 distutils WRAHIMEIIR, S8 T3
. distutils T8 T REZH@ B M distutils MEFIFT ALY REELRAY SO L distutils-index. 41
RARKDUFH LT EF A, IEAWFIE—F winsound FifE PERHL I H SCPF T BESARAHT B -

2.5.2 Unix #1 Windows Z [l =%

Unix 1 Windows Xt F-fURS Bz A7 IR 2 6 i 1 58 AR B9, FEReil Mg nl gh S E i 2 A,
BHE T RUR T AR G T T AR

15 Unix i, — ISR (L so) SCPFP LR AR P R BT RO AU, B LS 7ER e v ] Bk B i) R 40
PRAEE . 243 FR A BRI i, X SCPRACURD Fh ok 26 e JORI Bt ) 4 v | R S oA i 1) A
Hh BRI AE A BT BCEL R SE B B I BEAS B — N BER AR

{5 Windows 1, —NEIASEEBEE (. d11) SCHFh AT EHER T P . TR A e e A 00 B B
ST . TEEFTA DLL RS RAATEZFTI IS0 HI s, (URSE 261 7 DLL fisik sk, If
ELAETE AT 1 3 2 1w DA e 2 Y B BRI R

£ Unix H, HAFAE—FRPZESCIE (- a), BRERAZDXGICT (o) RIS, TEBIEILZXRICE (- so)
MR T B, BEHEAR T RE S R ILE A ANE AR IR A E I B S o BEREAR-RFAE AR X G 30
FARE ARIRE TR, HERSHR S IR BN RS RS .

1 Windows W1, FPAEPiRRESS, S PARE (TRAHEE - 1ib), BESAEIRMIT Unix ) . a SCMF;
EUEELENATPAAIERN A S AERA EAUN TLEREEAS RER DR E v IR AT R Bk, IF HoRAE
DLL @i BT R 7 Ao S RRBERERS T 15k 3 AR A5 S 7 A 1 32 DA 6 71 R (45 7 DLL
IR IR 24— R AR B DLL gy, nIRELEmM— DS AR, EXRFR 2N T A7 5
DLL AR B A K Tk Le4F-5 1) DLL.

AR IEAE R EPID SN BRI B I C, BTN YL — Ui A, 7E Unix b, /R REFFA.a
RS HEEARVE N B.so fll C.so; IR FECEMAIEMIR, XFE B A C Ko 3l#Aa M HCHWEIA. 7
Windows |+, ZiFA.dLL R 4iFA. 1ib. f ¥ A 1ib EAMRESHT BM C. A 1ib HAE
A B RO RESITRH T Ui A FARIEREE .

1E Windows I, 1 S AFEA SBEM A inport spam; BilARA PAVIIA spam A FR, {HIFARLA)
B—AHMEA . #E Unix b, #5828 NFEER 2 from spam import *; Bl ASHMEIA .,

2.5. ¥ Windows t#J% C f1 C++ ¥ [& 55
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2.5.3 DLL g93chr{Ef
Windows Python J2¥£ Microsoft Visual C++ FFREE) 5 (] HAh 4 iR 2§ v BE ST REAR & TAE. AT H:
A RAE N MSVCH++ 1) .

247E Windows H141 7 DLL B}, {RUAIURF pythonXY. 1ib (4585 . B4 4> DLL, spam Fl ni (£
] spam HHR BN C pRED, RN 24 H AR i

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

2R T =AY spam. ob], spam.dll fll spam.lib, Spam.dll A& Python %K
(4 pyArg_ParseTuple (), {HEM pythonXY. 1ib A AJIE A+ 2 BT Python LAY,
B AAIE T ni.dll (ALK .obj Fl . 1ib), BEHEEUMEA spam PA K Python W]HiFT S H 4R 2 i
TR L

AR R AT H B AR E . SRR BT A (£035 Python) #REEA EMRIMIARINAT,
RILINE | _declspec (dllexport) , iUIHE void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—%f,

Developer Studio A K BRI A EIEF LR FARE, SR HAT TR/ 100K, EERFTEAT,
5 I H 5% B EE AR BRI R 2w BN . FFIERIN msvertxx . Lib YIS Y FE .,
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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 :
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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. *Ff Python y%das% 45y C #83K,
2. AR EEEE AT CREF IR AR I
3. KR AR I it A C 46 Python #45X
X A Python H}, 43 QTS S X REAL :
1. 5 C a4y Python 4%,
2. AR5 BRI T Python 42 1104 BRI H
3. KR TR 1] Kt A Python B4l C 55X

] 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 REHErA

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 0;

}

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

RIGER I %2

$ 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 .

60 Chapter 3. EEXHFE AR E#k A\ CPython E{TiRIE (runtime)




Extending and Embedding Python, (] 3.10.16

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

e pythonX.Y-config —--1dflags —-embed H-45 HAF I B0 1 AR

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

fE: 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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APPENDIX A

>>> 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,

#5 2 [Elvariable annotation. function annotation, PEP 484 F1 PEP 526, =025 &G o BeEIRA .
IR A VR 74 5 A B 8 Y75 2 () annotations-howto
argument (5%8() WFIY R XIRFPLEE LS funcrion (Bimethod ) WIE. 51 8CA WifE:

o B4 7| B (keyword argument): FERRZNTEIY F1, PLFRE)IT (identifier, 4N name=) BHFEIT |3,
B2 DA ** 12 1A dictionary (Fih) [ERUEMELERS 3. B0, 3 F 5 #RZPAT complex ()
L] v ) [ 5 |

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[]2BEI:ZSENRES)  — 18 Hasynchronous generator (3E 6] 2 [E1 4 2%)
PR AT BT A

& & —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 (JENIZw[[EUCHITE) — M4, B0 PALE async for BIAX P . WAZETE
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 (Ji§tk) —FEEEY A BB AOE, ZE KL REE R M 24 BEi#E A 2 (dotted expression) ()44
gz M. B, WERYMH o 5—REME a, HIEZEIERE o.a #2 1R.
WR—EYE T, BT 4 FAZ H identifiers T & 382 skE)FF (identifier) (/)& M2 A
THERY, BIANfEFH setattr () o BIE BN & M A e 5 50 FH 240 P 5 ORI, 1 2 7 0
getattr () FKEISE.

awaitable (WZEf5PtE) — (T AYE await SEE X Py . ©r A2 —Wcoroutine () |
HE A __await__ () method ¥, %E5%(E PEP 492,

BDFL Benevolent Dictator For Life (#E{"25M 3% ), X4 Guido van Rossum, Python 183 .

binary file (_iERIER) —EAEER BN R Abytes-like objects (BN TCHER P ) 1) file object (REZEME).
TIHERIAREP T DA R (rb ., 'wb' B 'rb+') BIERAEZE. sys.stdin.buffer,
sys.stdout.buffer, PAJ io.BytesIO fl gzip.GzipFile B,
i s(Bliext file (XFRER), Ea—MAEERIRE A st YIHRREREYE.

borrowed reference (f%J]ZM4) £ Python [ C API 1, f& 5| H2H5—Fhxtgal B, %4 mft
HHAFEAZEI . WERXRPE BN B — 2588 B, SR e ] AR ERRTR
W) B 5 —strong reference AR E .
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¥tborrowed reference WENY Py_INCREF () DA E JH# (in-place) ##(FI[Elstrong reference 24 Bk 1L
¥, BRARZYE R RETE I R K A 2 IR i B(E). Py_NewRef () Rz AT IR EESr— 8B

H)strong reference.

bytes-like object (JEfLjCZHH M) —1f 5738 bufferobjects H EEEINE H C-contiguous B R IIYI: . B
AW bytes., bytearray fil array.array ¥, PARHZLE BB memoryview Y. $H
AL TCALER P A ] A S P e ) R A T S R R R AR . AT R AR A
socket (i) #Eik,

AU AT R R PR . (EIRA SR @k Se A RRE) [T sl & e A R A 1 L
PSR G (E W ) Y4 bytearray, PAK bytearray [} memoryview, JHAlff 555 28 ik
il R A TEA AT Y (TMERER A TR ) s S dE bytes, PAM bytes
YA memoryview,

bytecode (fjC4Hf%) Python [ IAHE € 1k 4 22 1M 7 JTCALES , & J2 Python #£37E CPython H 3% &% v i (E)
R R ACALTE L e e AR .pyca‘@%%qﬂ DA — R4 T ] — (A S A s b (]
PAAS ﬁﬁﬁﬁﬁ%i?ﬁﬁﬁ%lumﬁﬂﬁ%) AR [P EE S (intermediate language) | {5([E) i@ T7E—
i viriual machine ([EMERES) L, szEeARs i T BLAE L C AL 3 B A M55 (machine code).
BEHENE, ujlzzﬂﬁ%fi iy I e AN [ ) Python [EJHEA% S8 2 REVERY, A REFEA A AR 1
Python 7 [ R IR 2

(L TCALAS R 212 AT DATE dis BEAHAYERA SO 4 3] o

callable (W[WFIIBITE) —{f callable 5277 DABEVE I, VIR TTRELA K UL A4 — 31 (3
Hargument):

’ callable (argumentl, argument2, ...)

—Aill function BLILIEA fRimethod /2 callable, —BA EHAE __call_ () F¥EM class 22 Bl 21

callable,
callback ([I")  {EE)S | Bohl R ) — B F22 (subroutine) pRxC, & oA AR A L A R [H] B A7

cass (JHE]) — 0 58 7 & E BB . Class B9 7€ 3218 % & 2 & method )€, &L
method 7] PATE class B BB FHEFTHEAE

class variable (RHES80) —fH7E class 38, FLMERZ L RETE class R (LRI ZTE class L)
BiAE T S

coercion ([ENHIERL)  AE30 K Wi A A [ 2405 | g s vE AR b, R B o R S — A ER
k&= (F) (implicit conversion) #F¢. G40, int (3.15) @ FEHEFIE#S 3, HFE 3+4.5 1,
BT HOR A FRE (— int, —{# float), T W5 | B BLE g EIE R BB 2 % 4 6
I, FHRIHLEE1%E TypeError. QUREGEIHIER, Eﬂﬁﬁ)ﬁﬁﬂd%‘l%@l B, e ZA
%Elm; BT IE#IAE (normalize) [EVFH [ AR, BIAN, %A £loat (3)+4.5 MiAREHE 3+4.5.

complex number ([E1%) — A3 HH AR SR, Eﬁt}@?ﬁ%&?%ﬁ@%ﬁ%ﬂ?~ﬁl§‘%ﬁ%ﬂ~

ARz A F#u2EEEa (-1 frrR) e, REEFEER Rl i, £T

e (E] 5. Python [EV 1 HEIMY 1%, ERMEE MR RIS [ERa gz

B 3 PewES, BN 3+17 . EEH math BUAE THASEO0 N RES, #50H cnath B4,

i%g§m~ﬁ%ﬁﬁ?ﬁﬁ‘é’“%@%mﬁ IARAREE 2R E M TR, IRERT-RERE 2 VR nl A%
Hb 2 A

context manager (T§BEEPRAS) —fH ol DA with BRIA B AT BB Y 08, T2 %M E %
__enter_ () Ffl__exit__ () method 3. 35 2[E PEP 343,

context variable ({%Biss) W8, HAEW AR LN XAy S ImA A . 880 AT 4% I
fi#i 71 (Thread-Local Storage), fEH:", —{fs¥ER AT T B R A A EMME. SR, B
TEE e, @ﬁﬁ%ﬂlﬂ_fﬁé'@ﬁz{@rif*, Wﬁf*ﬁ”%ﬁlﬂ’]i%ﬂh_7 ETIﬁB’JHIEHbHﬁ%

concurrent asynchronous tas 5 BB #H2([F] contextvars.,
t asynch task) 1, EREEUIRERBE. 521 text

contiguous (BHAN) UNF—H4EH W 2 C-contiguous & Fortran contiguous, R’ € fE) g1 [E) 28
#H1 . FE4fE (zero-dimensional) [ 4% 18 [ 4R/ C A Fortran contiguous ., 7F—#i: (one-dimensional) [§%1)
T H W EAE RO RS T A A b HES ), L ZR G NE T R A 2 B AR IE R . 7E 2 419 (multidimensional)
C-contiguous i v, HEp EHE 70k E) 735 4RI H IR, et — M RG b et 28, 7&
Fortran contiguous [#i41 51, 55—{Z 5| 8 bt .
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coroutine ([fift) [fiF2 2 fIFes (subroutine) [y — M EEIRE S TE . Rl 2R A I A ey ] i e A E)
P73 —(ERE B DIR . AR T DATE R 2 AR IR e W Bt AL R . B MAEEIA async
def BRIARB M. i 2[E PEP 492,

coroutine function (WFEif) —MEEEicoroutine (THAE) R . — AR EEDA asyne def
A oes, EfEErfd await. async for Ml async with BT . 15 4R#T H PEP
492 5| A,

CPython Python 23 3E & MITEHEE /E (canonical implementation), #%$fi{E python.org |-, [CPython] &
TEATFEAE L ZERF T AT, DA IC B R B B B F W ELAE, 191401 Jython 5§ IronPython,

decorator (BffigN) —MER, B EES MR, BHETGHH ewrapper 5, PEME—ER
54 (function transformation), ZEAfELIHH A& classmethod () fl staticmethod (),

Fetiian ik FUZRRRRE . DA W ek o FRAERR SR 2 SR

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

Class WLAFAERH A MMES, (EAEIREIIARE . BREEMZ N ELEE, w2 ERUEFM class
SE SIS

descriptor (#iiB%) (EATEFRT _get (). _set () B __delete () method F¥{f. H—
1 class B VL2 — AR, R R TE S B A R R 5t . %, M ab KREUE.
e B EISR B B RS, & 7E a (1) class FIUR AR A RRE) b (4 1F, (HANE b 2R, 1
HHE HE R A2 method €y . SRS FLARE A FLAE Python fYRASE, HWEITME#£LT)
BEny T, SHThAEmEIEE . method. J&VE (property). class method. [EJfE method, DA 3% super
class (SCHIE]) 192 M.

B M A 2% method B 2 &I, w52 (E] descriptors B A #H (I 5 H «

dictionary (‘y2Mlt) 1 B W [%1) (associative array), (T2 0 S8 € g i 21 (H . 58 o] AR AT A5
__hash__ () #1__eq__ () method [}J¥{4:. FE Perl gt FREIZEE] (hash).

dictionary comprehension (‘pUi&syisy) BB VA, AR @ T ER YR 2 seR
T, EH AR FHME 1, results = {n: n ** 2 for n in range (10)} &
A — (i, B T n MEE n »* 2, 72([E comprehensions.,

dictionary view (F2MLE#l) 7 dict.keys (). dict.values () M dict.items () [E{EHY 0
B8l MR at T R I EH B AR, B RN I SR, R € S s s s
B, A REH I AR E) e ey list (HR%1)), ZHH 1ist (dictview) . FHZ[E dict-views.

docstring (I Hy)  —fH¥E class. R EBAL P, VRIS — MG BN FE SR, R EEEN
WATHRE G 2, (e G asial, EWO AT class. pRaRERALNY _ doc_ EIEH. H
JAEIRA -8R ] DA (E)4 (introspection) ZE[EVEF ,  [R It & Je 94 A ETRH SCHA-A7 RO HE L B

duck-typing (M5 7MIE]) —ERAEAXRFEM, EAEHEBEE EY O BERE S © 2w HA EikE
AT B Z (42, method Bk J& 4 € B AL gl Pl sl . (TR e Bl Ak g — WG 1 if
HuEskg—EE 1, KEE—E2—EET1. ) HEEREA RS ERE, HoRami
WG EE 2 TE R X (polymorphic substitution) AT 885 . W6 T ZUEZRA A type () 2K
isinstance () HEATHEIE. ((HEHE, WFREIN AR 6 248 K 38 (E] (abstract base class) A
Fe.) R, Bl GEM hasattr () JE, SU2EAFP BT .

EAFP Easier to ask for forgiveness than permission. (55 >R B LFERF AL ) B LAY Python 4§
JEHS e B R SR B R A, (B % A S A R R P 50 41 o 38 R (B Lt s
HEF O RIFAET LW try fl except PR, B L2 HMEET (Fln C) & WALBYL &%
e T ¥ 1

expression (FEFIX) B DAREREAGERR(ERFEE . EA)EE, —MER Gt . 48, BT
B, Al pR Py S B OT R B A, TS LT RE R . B2 HARE AR
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52, [AEFTA ) Python 555 MG H G ER X . BANE —Lstatement (BEAR) ANEERLH VL,
BN while. BR{H (assignment) #3 2 BA, WA A,

extension module (#EFEEi4) MDA C 5 C++ S B (WAL, ‘B A Python 1) C API ACEEAZ. 0 K (i H &
AT HE) .

f-string (f2p) DA £ 8 'Fr [ERIB0 PR SO EBREE [f 78], R 78 SO 4
2. ([ PEP 498,

file object (REWik) — 0 38 i J] 3% 3% B 7% 22 & iy (file-oriented) API (1] read () B{ write () %
method) HCHEEAE G G 1F. IRIERSEW o i X, & BEE 0 58 2 B R 22k
& HAWBAL ) A7 SRR (FIanERMES A / i . SOt BEI 4 W, socket (i) . B[
(pipe) %) MYFFHL. HERWHBRREI 2848 £ 41 (file-like object) B % 37 (stream).
HIE L, A=MAERY M R =& 5048 5% B =& A48 ST % . BEMINAHAE o
W E SR . BRI 52 open () M.

file-like object (KIKERWINE) file object (FEZEWIF) WIFFET .

filesystem encoding and error handler (K§Z & MUSFEESOEPIFX)  Python JIT i I it — i &5 i 1 45
IR, SRS BEE R FIIALICAL, DAL Unicode i 23 R %t

T % R S A A ZE PR B RE TR A FIr g /it 128 BN TeA . WA R R S AN v E R L bR es, HI
API {0 &5|%f UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () I A HAEL
A 8 2R 00 A A R £k B P R 2

filesystem encoding and error handler (¥ 25 & &% % 1% Tl 88 52 g ¥ 08 =) &5 /£ Python [F) &) I 1h
PyConfig_Read () PRI KRALE: #&[F filesystem_encoding, DA PyConfig [ E
filesystem_errors,

#t % (Ellocale encoding (@IS 4HE) .
finder (SHBi%) —MWYE, & EREIELEY import (A F K loader (WALE) .

¢ Python 3.3 §1&, A WTEHAIA SRS 1 UIAAE F 48 22 (meta path finder) € §i[f] sys .meta_path,
Wis4 1878 B F 4 2 (path entry finder) € {fiff] sys.path_hooks.,

%2 [F] PEP 302, PEP 420 1 PEP 451 DL T Z 401 .
floor division (1) FHUEEERTE) 1) N AR & 5 B B BUW BB R L. 1) U BRE R E R T2

/). Bm, AR 1L /7 4 WEHEASRE 2, H float (JRERED) ERIEIIRIMER 2,75 RE. @
HE, (-11) // 4pEERRE -3, HER -2.75 #ié T EEA4E 5. #H2([E PEP 238,

function (P:X) —HEABRKBIAX, EREEEMEE EE L, SR AgEIES MK LM &, &
Se | oAl (A eR A BRI AT . s 2 Eparameter (Z280) . method (J735), PAM function &
i .

function annotation (pRsXEIRE)  pE 2 88k B EAE ) — W annotation ([EIFE) .

ek BE R R 2 [ElR o g, e AT @S2 W int 5180, ElgH @ int [
H{E:

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

bR U EREAYREVATE function FEEiA REANERE .
i 2 Evariable annotation fl PEP 484, %A HINGEMHTA. BRERRAEEEIE, B2

annotations-howto,

_ future__ future Az from _ future_ import <feature>, €45/~ &niEae{di AP LLAE Python
KB BEA UAS A BV ) REE Bk RE SR, RS pi B4 1M future_ ARAHIFIE T
feature (Fh#%) WIRERIME. it import PARIAH FS A BORAE, AR DAE W— R BT B e (TR 1
WHCHE R RES T, AR EESE (SREs) mETESATEE:

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

garbage collection (hi¥elu) FrCIERECARTERLEE A RE, AFHBERAYERE. Python $AThiIR ML, 2
12 MG (reference counting), DA K — 1 AE[E g I A B 2 HEJG B (reference cycle) ()G EE 735 1]
2% (cyclic garbage collector) 2&5¢ i B [mlUscas o] DA gc #R4H S 9

generator ([EI/E23Y) — & [l Hgeneraror iterator ([EVERSEIRES) K. BHEERSG —MHIEF K EX,
HARZEES T yield #EX, fBEE—RINOME, SLEEN R for FIE, SUZPAnext ()
B, BRI i — R
TE R ARTRE S ARF R —EE g R, (AR, e RnB e SERE. B—H%
FEMEERNERERE, IS B mE, DB S,

generator iterator ([EVEZSEMRES) — MW dgenerator ([F1AERE) R FTESI ML,
B yield iP5 Ry, [ERCANIEMATIRE (G35 s SO M E P iy uy BOAR) . %(E
i)%iﬁ%%[ﬁlfﬁﬂ%%, EERAT Iy B RAT (BB LE AR VR IRy E T B A 1 bR A BT A
[f]) o

generator expression ([F/EZNEHIA) — @G RIEEIRS0ET . ©ERRG MEFNERL, %
i for 74, e s TR, B DA KB 1f A s AER e
()M ok B E A 22

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

generic function (ZIpAR) M 2R XARY R, % G A R g B EE A ) E R . I
Y S0 o] OB 2 0 P WORARR £ 1, @ el E I8 3903 (dispatch algorithm) 2(ETE

a5 2 [Flsingle dispatch (B—3F) #i3ER&H . functools.singledispatch () ffi#ef PEP
443,

generic type ({ZZRIM[E]) —fHREEIDE2 MAk (parameterized) fnype (ZUE); MR —M A4AE, B2
list fil dict. ERMAREER=RER.

52z 2E 4 BE. PEP 483, PEP 484, PEP 585 il t yping 164,
GIL 3#52:(Flglobal interpreter lock (410 H.3258484) .

global interpreter lock (A FLFEATH) CPython B4R Ir (0 WA H], FH DARE PR AR G — R T 45
RESLTT Python [{bytecode ({7 CALMS) . MY (EIGEYERME, 1dict) HEjH
HEGEIf T (concurrent access) (/@ F, BT AT A /b CPython AU EIE . SHEREMH B SRy, &l
B A S MEIZ 3744 (multi-threaded), {HACE 2 Sk b 22 P AR O AR REEIRR AL —GHB
2471 (parallelism)

SRIM, AU Femial, Mm@ EEmse st =0, Mt e A T 4 o () S 5 R 4
(computationally intensive) FfT35HE, R DASEIG GIL. H4h, 7EghfT VO K, GIL 422 Erylifiis: .

R S THERRGIATAE ] AR (A S AR A 8 e L R B S ) A% IR AR
oy, FEFE— ) R E T, ke era rBsk. —BRE, FEaiE Maser e, el
PR ERMERT 2, MR O ) A A A

hash-based pyc (FEEZREY) pye) — G TTALES (bytecode) W 7AR , & FH AREME T AN & 38 ME S AR i 52
IR G MUREH] , ACHE E HoA 3tk . 55 2(E) pyc-invalidation.,

hashable (W[#E[EIRY) WR — WY A — LM, ZEEEEGEY PR WS (BFE M
__hash__ () method) , HFJEHAY ¢ EAHLE (BEHEE—M __eq () method) , HEE
T B, s RER S 2 M T R E, M E A A R A R ENE .

A HEEINE (hashability) f—{EP 1Al JIF: dictionary (F°4i) Y8R set (S£6) RKE, HEELE
T R H TR T AR E M

KZ W) Python A 5 [ (F4R2 Al BEEIRY s Als# i 2sgs (B4 list 5 dictionary) [FEIARNE; WiA
A2 e (5100 tuple (JCAHL) Al frozenset) , WA HEMAICEZ A EENY, ©MA & A 2] 3
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[Elry. AP EH#H B E class E’JEWH B3 S e iy e T (B e () bTFﬁfEffH HERR IRFAR
RAMER (BRAFEMEECHR), meMpEEN 204 3 EMr 1d(

IDLE Python [} Integrated Development and Learning Environment ( #%4 %5 Hil &2 ?é'% ), idle —fHEA
1) AR A LR AR IR BT, BRI Python AYEEMESEATRCA — 2 g A it .

immutable (Anf88¥flk) —FEHEAEEERPI0F. A EY OGS . 58RI wple (JTAL) . BEW
PR N REREC S o AR — (R A P Rt A, SULb R S, — R . B e R e i
[EMERHTy, PHEEZMAE, B0 dictionary (FHL) rl—{HEE.

import path (REAMETE) —MQE (Skesea 8 ) WEIE, MARLEN Bt 2 FE import LA, E¥iparh
based finder (FENSERIT gy ) BN E . 7F import ][, B EFFEEZKE sys.
path, {H¥A & (subpackage) M5, BEWWREZKHLEMM __path_ .

importing (FEA) —ffiffE. —EBIALH ) Python RexURE AT DAZE IS I AR, W5 —MBAL 1) Python

FEAHE A -
importer (FEAZ) —MREESHLBMABMYIE; EWER finder (Fgds) Widloader (BALR) P
.

interactive (7[Bhi¥)) Python A7 —{i F.EI X E s, AE SRR AT LAZE LR (1 50 7 ST B\ PROA A
A, SLEATEMEI HAE R EMmEE R . HEES) python, ANFFEALM5I# (Al GRS (IR
FEHKIY TR E) E%iﬁﬂﬁfﬁ‘ﬁ*ﬁﬁﬁfﬁéﬁiﬁ%ﬂ@é@EIF%‘j(ﬂ‘]???i (Ffwef: help(X))

interpreted (Pi%M%) Python & ff & &G, SRS, ANRiE M T REA L, WEE
fr AL (bytecode) Hifan ATAE. BN E‘ 11“71‘ F] DAEAZHGELT, AT WA T S — R
7R, SREFWATE .. HiE sl o oA Fam b / R, NMRemmi=Esd
EITI5H08 . g2 Einteractive (HEIHY) .

interpreter shutdown (FiFEgsBP) 7 Python EREAVGEKBIPARE, & &t A —(HFRIRRF B, FEHE
L{i’f%ﬁiﬂfﬁﬁ@ﬂﬁmgﬁ B AR AR D 4% T B S (B 4 M . B B 2 RIP Y3 3R eDle %5 (garbage
collector), & REEIMBEEME % A @R =0 (destructor) 58 552 A 1) [ 1 (weakref callback), [FI3
ﬁ,ﬂéqjﬂ’ﬁazﬁﬁ% AE B P B Bl A TR RE RS B B A RE B4, TE) S e 6l e AN A 1
T CF R 2 bR 2 AR A Bl 2 e i )

EEG P E2ER, & __main_ BUHBEPOEFTHEIA T AHATIE

iterable (WIECHIPE)  —MEREIE— Y[l — AP B P o TR P A 155 B A 1 51 24 )
(1842 1ist. str Ml tuple) AIFLARFEHIAIE], 22 dict . 48 £ 41+, U\ZU T E FR A class
Y, HEIRL class 5 _ iter_ () method BY 2 B {ESequence (J¥4) #EEZM _ _getitem__ ()
method, #%#){45k2 AT EIR P14

AERY R R for AR 2 HMFEZE—MFHIH)Y (zip O« map () ...). BT EIAY
PAEE S MR A EE KR iter () B, e R E—HER L. lﬂ:.ﬁ%ﬁ@ﬂﬂﬁ"ﬁlﬁ
—#H{EIEA T (one pass) JES . (M FHEICARRE, WHEA—EZIPN iter () B HITERERZY
fF. for BUAX G HBHIEIRESESF, Baar— YR AR a2 528, H R 0 4
HZEUEs . BigzElierator (EURES). sequence (JEH) Flgenerator ([E)E#E),

iterator ([EMCZY) —MWFERERRNYE. EEHPEEREEN __next_ () method (2T EIE
KN next () ) ERFREERNR P AISIEE - & AT R, 154 stopIteration
Bilsh. sEiE, ZEMCZIYEC AT, M3 HE _ next_ () method [if—2 Ny, #F €
KRG % stopIteration, [EIRERNZEA M __iter_ () method, & mHEMCEMIFAE,
BT PARE M E R 2 B 2 v [EM 4 HTU\ﬁHﬁAkﬁﬁpﬂﬂ,ﬁ\ﬂﬁﬁﬁ%{ﬁlﬁlﬁ‘ﬁ%/ﬁo — 1t BF B 151
Ah, B ZmE (multiple iteration passes) [JFEZUHE. —HAAMYIF (B2 1ist) FER RS
BEEL iter () KNEFE for [EIE P TRE, #8EEE —MammER. fHERZEER
il (%J&lﬁ) e, Sl — B EC i HE e . e SR ER s, LA
ARG — 1 = MQ%

£ typeiter 3R] AFR 2 B £ E.
CPython F{:4ffii: CPython [FIAZIGH I —bas @igdr [ERIMAER __iter O EHEH
5E o

key function (X)) § KX ()7 B3 (collation function) /& W] BFEAY (callable) KX, & € [l H—

18 F A HERF (sorting) B %€ [ (ordering) [{H. B4, locale.strxfrm () Bl FARIEIAE i 7 fif [ ok
e HEF I B HE 8
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Python HiyiF 2 T A, #8He3Z DAGE ek A il T 2 e B4 8 7 X e B E4E min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Fl itertools.groupby ().

H YA DA, R RS, Bl4N, str.lower () method ] PAVEEIAS 43 K/INES HEFF Y 88 oFi
Ko B, — AR WA lambda R PEE, Hla0 lambda r: (r[0], r[2]). 54b,
operator BAHFRAL T = 188 bR = BERE R X (constructor): attrgetter (). itemgetter ()
methodcaller (). BERMUNA]EE ST Al AR pR B, w2 E T HET .

keyword argument ([t o18) #H2Eargument (5135).

lambda [ B -—expression (GEE ) FraHL B —H B 4 fTEIE R, (inline function), 5% oK =X HE T N ISR A
#£57 lambda FHFCHEEYES2 lambda [parameters]: expression

LBYL Look before you leap. (= JHMI{217.) M i % @ /e MEA TP s gl 1, W RE R e M
F. EHEMEEAFP Jrx0E R, HENRFARGATZE 1 f BUAXIAFE.

2T aEEES T, LBYL a7 [ =B Al [#%47] Z 51 A T #EWE: (race condition) i
JaBE . FIINPA T AESCHE if key in mapping: return mappinglkey], WA —{E# 7457
W2 ARMEAEE IR Z W, 1€ mapping HRERR T key, HIEZARAAGRE € %L l_ﬁl [ W] DA 85 (lock)
o ] EAFP & fi =X fRlE

locale encoding ([sJ%&4fl) #E Unix |, & /2 LC_CTYPE [B 3% E W 4 5. = A locale.
setlocale(locale.LC_CTYPE, new_locale) KiiE.

1r Windows |, B2 ANSIfUAEE (code page, fllll cpl252),
locale.getpreferredencoding (False) A DA AREUAE: 5 3k 4 Al .

Python fifi Jf] filesystem encoding and error handler (F%¢ 22 4% AL 5= K =) 7 Unicode fi %44
RN TCAHAR 222 2 K T ()

list (#351) —f{H Python [ElEisequence (J751). [EREEMIA T2 list, B HECERUDHANRE = P —1
(51 (array) TN — B84 51 (linked list), HEFFBOTEM Hj“ 2 O(1).

list comprehension (H3FI&EAESY) 7 AR B 311 - 9] Fh i B sl oo &=, (B 4% SR DA —1

list [EEL A B vk, result = ['{:#04x}'.format (x) for x in range (256) if x %

== 0] GBI list, HAas 05 255 @EE, Fra@es /S0 8 (0x.). if 74
SEEEEEERY . AR E, M range (256) PITA TR G IERL.

loader (EAZ) —MHAEEHAMANYIE. B0 ER—HAE 1oad module () ) method (J5).
WASE T LW finder (FA8E) . W2 A 7#H2E PEP 302, EEJ};T/\abvtmctbave class (% HE
JEHEE]), #%2[F importlib.abce.Loader,

magic method (BEHT 1))  special method (FEp5kI5E) B—E3FEER R .

mapping (¥HW) —FEERY M, B XIREEEN AR, HAEE/E abstract base classes (15 &K
[F]) #, Mapping 8{ MutableMapping fif & & 1) method. #iffJ$% dict., collections.
defaultdict. collections.OrderedDict il collections.Counter,

meta path finder (713%1 ﬁiﬁ ) —FELKHEE sys.meta_path i [B{EP finder (F458%). JTLEEKE S
AR ELpA 42 58 B 34 %% (path entry finder) FHE{EZAE

A A TC RS AR %*ﬁ%ﬁﬁ{/ﬁé’ﬂ method, FE2[F] importlib.abc.MetaPathFinder.,

metaclass (JCJE]) —7& class [ class, Class EZ5BFe &7 —1{f class 4%, —1f class dictionary (¢
B, AJ—1H base class (£JEHHE]) 9513 . Metaclass £ 3545 3238 =15 |4, [FId73% class. KEZ#L
E’J%#Fli%; R RE S et — A B /. Python AYRE JEAE A fEEIE ST H 5T metaclass.
FE I B R AT ZUTH, (HRHETERF, metaclass 7] ARALEIR HAFERMRE 2. E1M
E%E }3’\‘;;.)% PEFFE. st c etk BE . BRI (singleton), PAKFFZ

H T 7

T £ %A DAFE metaclasses Z5 i 1R F) .

method (J5jik) —{BI7E class A BEV4: 5w 3610 i3 . W14 method FEEVH class 5l — M8 B PE g ey, HI
EA R B S S — W argument (5190 (M5 BEBHHMEE se1f). 552 E funcrion
(BR=) Finested scope (EMRAE FHIEL) -
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method resolution order (JAfENTIDY)  J7iEMRATIE) T RAEAT I A P AE, base class (F:IEHT
[E]) BTy, BIRSS 2.3 24, Python LRI 6 IR EEME, 552 Python 2.3 il
I7 SRR o

module (Bill) —f##5{F Python R A 4% B (organizational unit) Fy#) 4. HEAHA — 1 Gy 4 25 A,
B GEER Python ¥y, BALERE Himporting (A, YA S Python.
58 Fpackage (£45).

module spec (B#IBIRE) A= H, B HREAMSLN import FHEH & . /& importlib.
machinery.ModuleSpec [—1{HE M.

MRO 352 [Elmethod resolution order (J5 ARMTIEIF ) o

mutable)(ﬁj‘ﬁ%ﬁ:) AR A B ME, (EAERFE MY 1d O o 32 Eimmuable (A5
)

named tuple (Fif#7C41) #7ak [named tuple (Fff447CH) | 2451 tuple RIILATREIEY class, HE M
A 5] (indexable) TLF L AT AN 4% B HEAAFI . i SEZETE class 0 H] DA HABAYRF -

A UE)# A ([ESE named tuple, U35 time.localtime () fil os.stat () AMEFE. B—FHT

B sys.float_info:

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

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

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

True

45 %% named tuple SZEIZEAE] (1 E6). 50%, —1# named tuple 457 DA —fi IE R class & 362K
sy, HEL% class 2K H tuple, HEFR T MIAMAL (named field) RIT] . 8% class A] AT T
4ier AT DAE H T kR =X (factory function) collections .namedtuple () AL, BFH it
T —LLEESME) method, 15 4% method W] BB 2 7E T i [EJ2 1) named tuple H1, EEFKE

namespace (M%)  SEPIEAARHY . G4 2 PA dictionary (ML) BEE/E. AR, 4
) KR g 25, TEY R (76 method ) g SR A& 25 . 4% 25 FTE fr By 1k v 44
g, AT, B, Kl builtins.open fll os.open () @i T M1 4 25 [ AR
IR i 4 2 TS E A w20 IR A A A B — M R X, 2R o vl s e M T b . 1
4, B4 random.seed () B{ itertools.islice () BifEHIE R, B2 ENEH random
Ml itertools BIAHAEEAE.

namespace package (@ #2%M4EfF) —fH PEP 420 package (£14F), EHAEMELETE {4 (subpackage) [
—{AA . s HEM A REEA ERRRE, W HABAREE MR G RR —Wregular package (IE
HEM), AEeMDEs __init_ .py SRR,

FtizElmodule (F4) .

nested scope (HUIRTEII) REIEIZ: B AN 5% (enclosing definition) A S BT RE Iy . S0I2RIE], —1ip
K MARAE S — MR e s, WEERE2 Mg M. @i, EHREET, &
RATE RIS PP 2 T S P o [t S A BT A (R A Pl U R A TRV, 4
Ik U TE A 4 a5 U BT A . nonlocal AFFESNEMEMIEHEITE A

new-style class (Wi AKIE) — M4, ©RIGHAEIA K class Y 04FFT 6 Y class . 7851
Python fitA<rr, HAG B class 74 GEff ] Python B, ZHkITIEE, B2 __slots__ . ks
(descriptor). J& 'k (property). __getattribute_ (). class method (¥H[EI}3%) Fil static method ([E]

eII5) -
object (¥ufk) FAMAE (EMEs(E) MpiERMATE (method) BAEMTERL. EWRAEInew-style class
(B E)) A4 base class. (FEIRAHED) .

package (££fF) —Fh ol & T H g0 )5 M AL & T 19 Python module. MFiAR B, Wa2HEAF
__path__ J&EERY Python 5.

Yt 2(Eregular package (TFHEAE) Flnamespace package (%53 MEM:) .
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parameter (%) Frfunction (PRZ) B method EZEH I —{F v 44 B % (named entity), B F5PH% K=\ HE
EE 20— argument (513%), sy R 2G| 8. A A LEAR T 2 8

o positional-or-keyword (VBB BHEET) 5] A48 45 5 iR VR R 48 5 5| Spl R
8. BRSEWITESHAL, BWPA TR foo 1 bar:

’def func (foo, bar=None): ... ‘

« positional-only (PEFRAIEL) : H5I]—8 HAEH IO ERpR (A 5 | . TEpR=UE S 2 3R
W/ FI0, W ATERZ P OCHT A E SR A E 28, BIUILAR Y posonlyl FI posonly2 :

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

o keyword-only (FERREASHET): 50— L AEARRSEZ iR b5 | 8. 7Em e 2 &,
£ Zr — BT B BB 51 B 2 B (var-positional parameter) B2 B4l * 9T, SR AEHABR H &
HRIEREBET 28, FIILTH kw_onlyl F1 kw_only2:

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

« var-positional ({EREHEAIE) : 89 —HRELMER AR L i E5 3 (TEC B2 2
EZHUEMIOIET | M2 AN . BRSO ERE 2 WA E L~ AGERR, Bl

args:

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

o var-keyword ({EREBUEBIGT ) feH ORI B EE BET S 8 (FFC 82
E@gfﬂ%ﬁﬁ%?%lﬁi{z&b)o BHZHEEEREHLSEAREE N~ e, Bilan b
B kwargs .

ST PAFE IS | B R E A B TR, AT DAE)— S8 1) 5 | S o TR
bt 2 BN B £ Wargument (5180 H. # R EF RG] M2 B 2E. inspect.
Parameter class. function Z i, DAK PEP 362,

path entry (PEFS3EH ) FEimport path (BEABAR) HH—EALE, Wipath based finder (FEABEAR R A%
) G2 E AR import [YARAH .

path entry finder (PEFSIHH =-5%S) #¢ sys.path_hooks F Ay — 1 0] B 0 4 {4 (callable) (7 R —
i path entry hook) Jf [ {HLf—FE finder , "BEHNIE AR PA—Epath entryiE (V540 .
BT IR AR TH H A Y EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (J%f%IHH(E]) 7£ sys.path_hook 53— Al RERY 414 (callable), #5158 Q]
TE—{BFE Bpath entry " FIAEA , HI & Bl E-— @ parh entry finder (FSIEH AR o

path based finder (FLREEFEMITGZY) THRRAYUIEIE S48 2 (meta path finder) Z—, B &r{E—{#import
path 1 FL .

path-like object (M fEHITE) —(HFEREEARAKBKEHYM. FREY T DR —HF R str
i bytes P, i@ —MEIE os.PathLike WHEMYIIF. HERIFIY os. fspath () Kz, —1H
%18 os.PathLike W E MY ABEIE(EIE str 5 bytes R AFIKLL; 1M os. fsdecode ()
I os.fsencode () HIAMET] AT str J bytes B&EHE. 1 PEP 519 ] A,

PEP Python Enhancement Proposal (Python 3¥4[E14222), PEP & —3aksHEIR 0, B #EE] Python #HEEE
AR, sE AR Python i —{f Fr DI RE sk s D REMOAL P I FR % . PEP JER% B (IL i 10 B T &
DA B D) RE G TE 1 S5
PEP W7EAE H Y, 22 E B ThRE R 5. AL R o BRI 0 B R i = e, AREAA
Python % HERERYFOE, 5 el Ay M Hl . PEP A/ B e st B sk Fre B 5
B

#H2([F PEP 1,

portion (34y) 7EM —HEH—AMEE (WATREREFAE— M zip ), BEEREE —MHS
{2 (namespace package) A4 FTE Rk, 1I[A PEP 420 J#)5E 5.

K

]
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positional argument (¥ 5[5 #FH2Eargument (5]4%).,

provisional APT ('¥if7 API) 17 API j245, FEAE k= )sif ) 2 A 2Pk (backwards compatibility) £ 5
OB HERR Y APL. BESR AT, HEEMREUREE N, B EER A ER T,
EARAZ OB N BREELE, W ieg BB mEAHAN ST (LR aEERE N m). S
s EN s[4 —— G API %EZ,%P@)\ZFJTJ%%%H‘Jﬁiﬁﬂiﬂﬁﬁ%ﬁ%@%, BMA e,

RIS AT APL, [8)48 A A2 A0 88 0t it ) [ t8 MR )y 38 ) — 30 ML A ol 8 B A 1 1
5% G T T REFR H — MW I AR 2R O AR E T £
T 8 200 R el A A R = B B IR T AN i A, T S R A (R 1 I T 25 B A R B R Bk
i 2[F PEP 411 T 8 2 404
provisional package (¥[f7E4t) #E&Eprovisional API (4T API).

Python 3000 Python 3.x R ¥ A ERE (RACARTAITER), BREE 3 A m 2 e EE AR, ) ol
PAKEESE) [Py3k].

Pythonic (Python JaU%IY)) —fEAEVES—BAEAS, M T Python 555 &l RIE MIRE, WA M
P HAWFE S RIS AR E A ERE . Bil4n, Python Hig Rpg—MHEME MY, 2 —M for B
W, ST ER Y T A e R AT ERE . Fr2 iSRRG SRS, FTAANAE
Python [¥) A5 IRe & it i — R B m e AR A5

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

HIBZN, DA IERERER . BAA Python JEl# :

for piece in food:
print (piece)

qualified name (K@ #fE) —0 [Zo AR, BHEURKE — AL S E0E I 3] 24l b E =1
class. pRzUEE method [ [H4E 1, @ PEP 3155 @SR, BHNEE KU class 5, FRE 4 7
SH ) {444 R AR ] -

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

>>> C._ qualname_

IC’

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

>>> C.D.meth. gualname
'C.D.meth'

wR G AR, 7 ATRE & & (fully qualified name) 23R WA 1) S L BE A IR AR, AUHEATAn]
WA, Bl email .mime.text:

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

reference count (ZWGIE) Bt YIS BRE. &0 S BEHECT %R 2R, B auiiE
FRFCE (deallocated). 2 M 5140 3 7E Python F2:0AE R & A E|, (H'E EHRCPython BAE ) —1F B 8
JCE. sys ﬁ%ﬁﬁ%ﬁT*@ getrefcount () BRI, &7 RHHEH AT DARTIY 5% R =X 20 (] 81— e
Y 2 BT B

regular package (WEBIEANE) — S package (B4F), Hla—MEE _init_ .py BEWHE.
2 Flnamespace package (4453 &) o
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__slots__ 1 class [FIFBIY—H B, ER M EEE S OB N2, DAIERECH) dictionary (L)
ARETETCIERE . MEARZ SR, (HEA R AR AT, Al PR B AR — R e PR B
(memory-critical) Fr 8 I R =X H FEAE i B 91 ) 5 LA D

sequence (JE¥l) —fiiterable (WEMRHILE), ‘E%E# _ getitem () special method (455K 75¥%), i
BRT | A C B AR TR, EEFR T M __len_ () method Z[I 3% FHI R, —Lk
Fl )y BFHFE 1ist. str, tuple flbytes, FHER, MR dict BWHHE _ getitem ()
Ml __len_ (), {HEWAEIE M (mapping) AL, HEHAHR 26 AL & 1 immutable
B, AR
4 B M) (abstract base class) collections.abc. Sequence FEF% | — 5 I E & A6,

AMERF _ getitem () Ml __len_ (), BT count (). index (). __contains__ ()
Ml __reversed_ (). EAEMBEFNMAEE, WA register () PIHFEHEIE.

set comprehension (EALAIER) —FEZHW I E, FACE B — 8w [EC 4 44 Hh i) 42 30 5 4 e
=, [EH e P45 5 DL—1# set [0]f#, results = {c for ¢ in 'abracadabra' if c not
in 'abc'} GEAE—MFHE set: {'r', 'd'}. 7H2[E comprehensions.

single dispatch (¥.—3H)¥) generic function (ZHIK) TR, FE, BEASRSE AN
—5 [y e,

slice (VJ)y) — @Y1, & WS — Bsequence (J¥5)) WH—a0. @ —BY RN TR
i R 4T 5% (subscript notation) [1, #7 4% 20 #5, HIAESF 2 M6 HE %, #w
variable_name[1:3:5]. FEFE9E () FF880ERT, &6 slice Wit

special method (¥§¥kJjik) —FEE W Python HEJIFFIYfY method, I3 AE R (FI AT SRS, filan
Ty &8 method 144 AR5 & e B VA 45 2 4G Wi FIR[E].  Special method ¥E specialnames H14 34
IR .

statement (BiAX) BAXZ —HEH (suite, —FAFEXAE [WM]) Pw—Ho. BARXTIZ—
fllexpression (FEFEZ), SUESHBET (U if. while o§ for) WIEZMELMZ —.

strong reference ([FJ%1) 7E Python ) C APT Ht, 83| JTLELHE R4 5 10 (S 447 MO Xt e 5 T
FERIEES | JH N AT E I8 1 Py_INCREF () AFREUGH S| W AE MRS I T i# i Py _DECREF () K
Fme.

Py_NewRef () Mz TR H —MEWAER IR, 0%, 1rilhEIS B 61, W
#%[E)12 8 10 py_DECREF () Bz, DABGENE—H2 .
A2 Elborrowed reference (f5H2M1).

text encoding (3L #if5) Python H A2 EE 22— Unicode #5 2} (code point) {74 (HEEALE U+0000 --
U+10FFFF 2 [H]). #EREFo AR —MEE, EUE I SLE— 5 e P .

A8 TR S B JCALF 5, R [4mfis) , 148 7 o AL 51 B i or % 7 H B AR ) T A
(decoding) |,

A Z AR ST AL SR (codecs), EMBEAIREE [ 3745 1.

text file (ZCPRER) —MRBEFENE A str W —{ffile object (REEYIME) . WH, UFHEE
BE R L B TCAH 2 1] 1 &R (byte-oriented datastream) [F) €5 [ B i Bilrext encoding (SCF 4 ) o
SCFRERMB A AU (o 3K 'w') BAERESR. sys.stdin, sys.stdout PAK
io.StringIO WEH.

Syt 2 Elbinary file (“HERIESR), ©R—WAEERIRAIE AL T4 B4t (bytes-like object) IR
EWE.

triple-quoted string (= 519§El5H) i =558 ( ) SUHE15E O MIEEREA M —MFR. MEREr
BEEFH R HEER 557 Lo sh e, ERERFFZIEE, e A . eMsiee
PATE - Hp 14 5 R BE(E) (unescaped) fr) B SERIEE 5] 5%, 1l H& AT {8 1 i# 4 5 IC (continuation
character) AT DABS AT, S (13 € 17E A 53 [E] AR A T

type (M(E])) —{# Python ¥ WA EIE € T e EEE WY SHEY A —MEE. —mY
FRETRT AR ER __class__ BHARAFE, #iPA type (ob3) HMR.

type alias (REIE#) —EREMFEZER, Z8H2EEE 4@ RERF (dentifier) 27,
HEFEZ SR 2 R (ype hint) A H . B4
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

FIPARGERG, BRAT AT

Color = tuple[int, int, int]

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

w20 typing fl PEP 484, A I RERHIIA .

type hint (BERR)  —Hannowarion (ERE), EHgE —MEE. —{H class B2 — K112 Hak ]
HH{ERTEIZE.

R SRR, A28 Python [EHAY, (HEMB(EREAE M THMRAE A, [EfER D) IDE
St FE R #E 4 (completion) FIEAE (refactoring).

4 3 5 . class JB MR ORI R 20 O & I s ) B E R R, AR A A A typing.
get_type_hints () RIEHL.

2L typing #l PEP 484, I RERHHIA .

universal newlines (iJHEf7'700) — R SCF (text stream) F 53K, @44 AR i 19 15 [ElR EE)
—ATIIEE R Unix 72 F ' \n'. Windows 1] '\r\n" FI# Macintosh 1] '\r'. 3H2[E
PEP 278 fil PEP 3116, DAKJHA bytes.splitlines () WP

variable annotation (Z28{(EIF%) (& 8EL class JB i annotation ([FIF2).
(EVRE 5 k. class JB PRI, MR EIEMENY -

class C:
field: 'annotation'

SEREE T AR L ERRT (ype hin): B0, EESEEY GG int CBE) H:

count: int = 0

5 B (EVRE () REVAAE annassign T 6 2F 4 14 Al RE .

st [Flfunction annotation (FKILEIRE). PEP 484 1 PEP 526, 4 ILIheEHIA . BN EREN L
B, 7 2[E annotations-howto.

virtual environment ([EERES) — W /ER Bk (cooperatively isolated) [ ¥ILf TS, fiEid# Python [ {di /]
FH A R RE UG DAL SE RN TH4) Python BEEIE (4, RIS € 38 i) —fH & 4% 134T A9 HiAth Python JfE I 72
KT EEATE.

%) venv,

virtual machine ([EIEERERS) — 8 5¢ 4 b CHE 7 2 619 BB (computer). Python (¥ [E) e 4% & & #147
Hibytecode ({TCALTG) Awee sk i AL,

Zen of Python (Python Z[E]) Python st HISEPTEL 51 %, HIEIA A B R SEAR AL ILRh = - sl
KA A EE) X RATICRIMA [import this] AHREIE,
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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

ECIE
« Fred L. Drake, Jr., 5l Python SC{4 T HALM A& DA — I A Ve
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh ¢4, Sphinx #2ftBf¥) Alternative Python Reference wf3#| IS LT £ .

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.

BERA | BE Fh HaE GPL A& 7
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 B
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.142.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 2=
22 PAE 2.1.1 2001 4 | PSF =

fiiE): GPL MIAREIAZ RN 21E GPL 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 3.10.16 &Y PSF {R#E&#

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

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

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 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 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY.

—DERIVATIVE

6.

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

This License Agreement will automatically terminate upon a material.

—breach of

7.

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any.

—relationship

of agency, partnership, or joint venture between PSF and Licensee. .

—This License

Agreement does not grant permission to use PSF trademarks or trade name.

—~in a

trademark sense to endorse or promote products or services of Licensee, .

—or any

8.

third party.

By copying, installing or otherwise using Python 3.10.16, Licensee.

—agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 FjA PYTHON 2.0 [y BEOPEN.COM {E#£ &

BEOPEN PYTHON BAVRFZHES 4055 1 i)

1.

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

Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

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

This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at

(N gkze)
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http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 ¥ PYTHON 1.6.1 B CNRI i &#

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

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

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

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

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

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

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

(N maksr)
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does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 Fi* PYTHON 0.9.0 E 1.2 g CWI iZ{E&#H

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

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

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

C.2.5 Fi? PYTHON 3.10.16 [FIBASC #4[F#2X 5589 ZERO-CLAUSE BSD i%1#

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

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

C.3 #usrIekRany iR 8 MBI

A AR SE B R AN A S S G B, PR 2FE Python FEEIMCAS b Bl (Y 55 = e
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C.3.1 Mersenne Twister

_random B&H S T DA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {1} N #&
7R EEARE A A . DAT 2 AR Al Y 5 48 iy -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

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

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

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

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Sockets

socket B /Tl getaddrinfo () fil getnameinfo () K=, B WIDE 8% (https:/www.wide.
ad.jp/) [E), AU [A) A D L 8 v e G -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright

(FgkzE)
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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 FEFH¥ socket fR¥E

asynchat il asyncore 40 A5 DA R :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies HEAH LS DA R :

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

(N Baksr)

C.3. #ugFIakienyIR{E BB 85




Extending and Embedding Python, [ 3.10.16

(R L —5)

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 #{TiB[I

trace B E AT B
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.

C.3.6 UUencode Bl UUdecode &Fz

uu BRAL R 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.

(N Baksr)
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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 iZimf2 gy

xmlrpc.client A& DAY :

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. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll B E DA A :

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

(N Baksr)
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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 BLFEfHY kqueue il & LA R -

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

Python/pyhash. c f§ %% Marek Majkowski’ /¢ Dan Bernstein ] SipHash24 HEVEREE. B0
R

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

The above copyright notice and this permission notice shall be included in

Q)
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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 fZ4AL T C [ dtoa Fl strtod pRX, A C 1) EERS B 15 B BOR 7 5 FAHEE . 3% 4R
A4 H David M. Gay 2257 )[R A 25, 153 BAE R AR https://web.archive.org/web/20220517033456/http:
[lwww.netlib.org/fp/dtoa.c T#E. it 2009 4F 3 H 16 H Tk 0 G R 22 067 DA HURE B 37 e ] -

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

10157 OpenSSL B3 AT 9 -3 7 GiffE 1, B hashlib, posix. ssl. crypt Bl (I ASLIHL
i, s, PIE Windows il macOS ) Python Z45RE X T A % OpenSSL B s MM, FFbATE M5
S OpenSSL HZHEAY HI 4

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.

*

Q)
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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. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

R T S A R S e R S N S S S S N S S e R S S N S N S S N S N S S S N I i S N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

by Eric Young (eaylcryptsoft.com).

*

*

*

* This package is an SSL implementation written

*

* The implementation was written so as to conform with Netscapes SSL.
*

Q)
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This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. 1i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

AR B pyexpat T EE] ——with-system-expat, & HIZMHETEEH—MES expat JFHAT
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

BRARFE R E _ctypes PR EE] ——with-system-1ibffi, FHHIFZMET & H—HEE libfi JFAA1HS
B B A AR R

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

URAE R S BARBIY 2lib A KA ABOR vk R 2110 JE5E, Rz se g M —MEE 2ib [5G
AR R A 2

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {Ji ¥ 3EEIZE (hash table) E4/E, DA cfuhash BZE([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

(N gkze)
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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 B4l EE) ——with-system-libmpdec, 7 Il #%REi41 € H—F(E 2 libmpdec
PR B 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 B|RE#

test B CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #gu} https:
[www.w3.0org/TR/xml-c14n2-testcases/ githizR, HAEH A 3-clause BSD 1 REg: 4L

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

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.
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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.3.19 audioop

audioop HEHLE ] T SoX Tl H ) g771.c LI AR . https://sourceforge.net/projects/sox/files/sox/12.
17.7/s0x-12.17.7 tar.gz

B AU /2 Sun Microsystems, Inc. [ i Al (IEJC R B HLE T . 7l DAFS DLl 18 el e AR
T TE25 AT 2 o

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

FRALR Sun JEACRS AP AR AR S 9 H. Sun Microsystems, Inc. W35%A7 LMD HAE A . HEGE .
R BE G .

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

FEALATE LT Sun Microsystems, Inc. AN AT Arf S A sl A1) 45 2 sl HAAAR IR G . [RIE RS TS
SERIENTE, B Sun SAEAAI] e KA IR E .

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

=
i
|mit
If

Python F13 {73 [ HH SO0 HUHE -

BB A © 2001-2023 Python #{PFREG: 25 . PREF BT RUA -

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

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

SERMR R G 2 05 .
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EFE
...,63

2to3, 63

>>>, 63

__ future_ , 67
__slots_ ,74
ETTL

PYTHONPATH, 53

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

borrowed reference (EHAE) , 64
bytecode (fLT#lL#) ,65

bytes—like object (LT HE4H) ,65

C

callable (F[=Fey44) , 65
callback (E’]“?) , 65
C-contiguous, 65

class variable (H[EI##) ,65
class (#[E) ,65

coercion (%ﬂ%iﬂ) , 65

complex number ([Fl#) .65
context manager (‘%Jﬁ%ﬁ%&) , 65
context variable (¥ ##) ,65
contiguous (EAH) , 65
coroutine function (HEER) ,66

coroutine (#H#) , 66
CPython, 66

D

deallocation, object,46

decorator (HEAF#) ,66

descriptor (H®%) ,66

dictionary comprehension (FHiF4HEH),
66

dictionary view (FHMRH) .66

dictionary (F#) ,66

docstring ([EJ# = %) , 66

duck-typing (% FA[F) , 66

E

EAFP, 66
expression (EBHER) ,66
extension module (IEFAEAL) , 67

f-string (f &) ,67

file object (HZEWH) ,67

file-like object (MM EMH) ,67

filesystem encoding and error
handler (1§ £ R % %4 5 o 4 % K
EEHR) ,67

finalization, of objects,46

finder (EM ) ,67

floor division (| THE &%) , 67

Fortran contiguous, 65

function annotation (& R[[EE) ,67

function (®=R) ,67

G

garbage collection (B E ) , 68
generator, 68

generator expression, 68

generator expression ([El4&#BEERX) |68
generator iterator (é%’%ﬁ%&) , 68
generator ([FJ4#) ,68

generic function (A &) ,68
generic type (ZAAF) ,68

GIL, 68

1
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global interpreter lock (éiji}*i%
68

%&éﬁ) b

H

hash-based pyc (?ﬁ. %é’] pyc) , 68
hashable (T 3[EH) ,

IDLE, 69

immutable (R £4%) , 69

import path (EANEARE) ,69
importer (EANZ) ,69

importing (EEN) , 69

interactive (ZLEH) ,69
interpreted (H#H) ,69
interpreter shutdown (E% SHIR)
iterable (Wﬁ%#) s

iterator (Tﬁ%&) , 69

K

key function (#E =) ,69
keyword argument (B85 5|#) ,70

L

lambda, 70

LBYL, 70

list comprehension (B7|44EH) ,70
list (&%) ,70

loader (#AH) ,70

locale encoding (E %) , 70

M

magic
method, 70
magic method (EMTFiE) ,70
mapping (¥#) ,70
meta path finder (TGEZEZFmE) ,70
metaclass (7’535,5) , 70
method
magic, 70
special, 74
method resolution order (FEMAHTEF) ,
71
method (7\7’«‘2?) , 70
module spec (f}%%ﬂfﬂ%) ,71
module (*}%?ﬂ) ,71
MRO, 71
mutable (T&44#) ,71

N

named tuple (Fﬁ%ﬁlﬁﬂ)
namespace package (’TJ‘%

F"i ) .7

deallocation, 46
finalization, 46

object (4#F) ,71

P

package (&) ,71
parameter (%) ,72
path based finder (ERKLEHWBEHE) ,72
path entry finder (BRBIEEHSHE) ,72
path entry hook (B&IEEHFE) ,72
path entry (BEEEH) ,72
path-like object (*EEZ\W%]#) ,72
PEP, 72
Philbrick, Geoff, 14
portion (#4) ,72
positional argument (&3 #) ,73
provisional API (¥4T API) ,73
provisional package (¥H{TE#) ,73
PY_AUDIT_READ, 48
PyArg_ParseTuple (), 12
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch (), 46
PyErr_Restore (), 46
PyInit_modulename (C function), 53
PyObject_CallObject (), 11
Python 3000,73
Python Enhancement Proposals

PEP 1,72

PEP 238,67

PEP 278,75

PEP 302,67,70

PEP 343,65

PEP 362,04,72

PEP 411,73

PEP 420,67,71,72

PEP 442,47

PEP 443,68

PEP 451,67

PEP 483,068

PEP 484, 63,67, 68,75

PEP 489,10, 53

PEP 492,64, 66

PEP 498,67

PEP 519,72

PEP 525,64

PEP 526,63,75

PEP 585, 68

PEP 3116,75

PEP 3155,73
Pythonic (Python JE#s#) ,73
PYTHONPATH, 53

namespace (@4 =MH) , Q
nested scope (;ﬁ%{kﬁf)ﬂﬁj@) ,71 qualified name (fRZ47%%) ,73
new-style class (F=%[[E) ,71
R
O READ_RESTRICTED, 48
object READONLY, 48
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reference count (%M #) ,73
regular package (EEHEMH) ,73
repr

Bz & X, 47
RESTRICTED, 48

S

sequence (JF7|) ,74
set comprehension (£44%4&4E %) ,74
single dispatch (E—3# %) ,74
slice (1K) ,74
special

method, 74
special method (4% F i) ,74
statement (E#R) ,74
string

object representation,47
strong reference ([EJ& %K) ,74

T

text encoding (XFE#4#) ,74

text file (XFHE) ,74

triple-quoted string (ZB|3EF#) ,74
type alias (AEE4%) ,74

type hint (E[EH#RF) ,75

type (R[E]) ,74

U

universal newlines (BAEUTET) .75
V

variable annotation (##[EF) ,75
Bz & =X

repr, 47
virtual environment (%ﬁ@%{ﬁ) , 15
virtual machine ([EJ##%) ,75

W

WRITE_RESTRICTED, 48

Z

Zen of Python (Python Z[F]) ,75
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