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CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

2.1 {#f C 5 C++ 3" & Python

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

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

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

il C o L N Hifis CPython, 4RI ICIALEH A Python SCBL ETAE. YERZHAEOLT, MiZkt s
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 =N EBBBF

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

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

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

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

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

Fril: 1T Python WRESE L —LUREAEILLE R GE B WAARIEL SCPFRY AL BRES i 3L, TR AE B S AT (A
WS SUHE2Z /T, AR SRS E Python . h,

A7 BJRAE Python . h FilE X PY_SSIZE_T_CLEAN ., EHZIY & 4l 5 K TN ERN L
N

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

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

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts) ;

}

J

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

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

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

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

21.2 XFHRHFE

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

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

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

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

B RS T AR g IR RS A T, f B E R el M R{E GERON NULL 5 -1).
BRI PyEre_* R RO 20 g WAL T f MR BSR40 0] — A ok
fers e ey, [AAE AR PyEre_*, MRILASHE — BERAY BN PN 28 oy Se A 22 1Y e
Bty 7o — HXAMHE R E]IR Python EREARII LIRER, B 1k M ATHAATHY Python fURS Ik i i
Python F5 7 53 I8 € 14 57 5 AL BRATAR o

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

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

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

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

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

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

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

[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

}

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

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

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

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts) ;

2.1.3 @3 HF
I ES =T R A VAT A | S T AW T B
if (!PyArg_ParseTuple(args, "s", &command))

return NULL;

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

B A const char *command),

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

[sts = system (command) ; ]

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

[return PyLong_FromLong (sts) ; }

FERXFPIGOL T, SRS, GXRFGRTE Python i HUHE ) .

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

Py_INCREF (Py_None) ; }

return Py_None;

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

8 Chapter 2. FEFS=%TAMEY R
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2.1.4 ERFGERNIIGCERL

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

static PyMethodDef SpamMethods[] = {

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

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

RS =S8 (METH_VARARGS ) , iX/Ma&fgE MM C W6, ik METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 £ PyArg_ParseTuple () WJFEIHAE &,

R B i ] METH_VARARGS , bR #{ & %5 £ Python f% 5% wple #% X1 2 8, LM
PyArg_ParseTuple () #EfTMEMT.

T2 R 24 8 5 B - S 50 4 % R B0 W] DATE BB = AN F B i B METH_KEYWORDS FE R fi. 7
WA LT, C BB M #2325 =4~ PyObject * B %, BR A — Dl XEFHRMFH. FH
PyArg_ParseTupleAndKeywords () JXFSEURNT N RS

AT IRR AL E LRSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

XSGR AL IAERR AW UG AL R B AL B 25 ARE & . F IR AL B 6 %O PyInit_name (), Hif
name EREPI LR, FH LIV ZR IS A E LME—TF static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

TH VLR PyMODINIT_FUNC KfeR AN PyObject * aRk[a I, PRI T -5 B SR WAL Rp R 7o
B, FEE3T = C++ B R EGE N extern "C",

%4 Python F2JF I I F A spam BB, PyInit_spam () K@ . (5 XA Python FERES ILF L. )
BREH PyModule_Create (), ZMEESIR ARG, HEFERYE Ch#BI0mE (—
PyMethodDef ZEMAAIEAL) K N E REOT S4E A Z B B B . PyModule_Create () iR [H—
ANE W E B3 BT R B F8EE . BT RE S SRR E AR AR Ak, SRR IO R v G
fERFIR B NULL . W1 iR Ak s B TR X G2 3R 0] 45 R 2, PABERFEHEAE AR sys .modules Hi,

2k A Python i}, [R3E PyImport_Inittab #HHLKH, HMALEHZNWA PyInit_spam() K%L
BB BRI ik, WM PyImport_AppendInittab (), FIEERERG T AL

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);

(T

21. £/ C & C++ ¥ & Python 9
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(750
/* 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 O;

ik B sys.modules MHFRSEIA T A O PEHCEE] — A IERE BLIY 2 AV RE G (S fork O i
Boll exec () ) SAE— LUy B L= AE 4R IR . T BT v AFERD da A R S A I 4 HH e o

B2 K TR LS B 540 & Python JEAS 1Y Modules/xxmodule.c Ho X283 {FA] DA AEAR
W ACR R, B2~ . A modulator.py £ 85 £ YR A% A AT i S Windows 22 v, 4R T —Afij By
GUL, JHK W] 2 A ek MRt g2, I Bl DA SR (A5t . I ARTE Tools/modulator/ FH 5%, #
% README DA [ f# 3%

i AMEFEAW span ¥, xxmodule [T % Mr-f4n4s 1L (Python3.5 FH5IA), PyInit_spam
£xiR [a]—A~ PyModuleDef Z5#4 {4 , SR 5 Q1@ AU E] F AN . 4079557 PEP 489 12 M BAIIG 1k .

2.1.5 YmiFFOaEEE

TEVRRER AR BT S 1Y R Z 1, ARBTG5 MM EFeE - 1] Python REGERGmiFAGER . ARIRMH
M, BT IR A RAE R SRS S MBS E2 G RESH Y AR ST (¢
C/C++ 4 Je 751Y) , PAKTE Windows A IFFFEMIBIMEE (£ Windows L3 C 4o C++ 47k F5Y)

WERARAS G shasmak, sSCE BB HOK A PERI1E R Python fERESRAY 34, WL & it B 150,
TR AR . B2 FE Unix FARMIR, RFEEIRE S ( spammodule. c KBl O AR 46
TS A TEM Modules/ HEF, WI—47%] Modules/Setup.local RFIRVRI SCH::

[spam spammodule.o }

IRGTETHZ H 11T make SR E B EERAS . /AT PATE Modules/ 1 H % ({)i] make, {H@/RAL%T
JeH# Makefile UM, AJFizfrmake Makefile’ fiv4d-. (FREHRIZIL setup SUPFHRT ZOXAEERAE )

QERAR AR T SN RS, X SE A AT AS R AEIC B SO, 285l

10 Chapter 2. RMEAE=KT AR &R
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[spam spammodule.o —-1X11

2.1.6 7£ C hifH Python FE#
SRk, FAT—EHIEE E Tk Python 8 C pRi%k, HSLSGIRMAARAH, 2 H C ¥ Python
@é& XAE R R BRI A . WA C i EE, BBt s B A AL .

SEIZHY/Z, Python fRed @ LB fEMITHRY , FFZHRiE Python s EER AL TARMER 1. (X HLEA FREA AR
#r Python “FRFH N B AR T3, WA @R PAZ% Python/pythonmain. c H1H —c fr 4T
)

BRI (B 171) SRS
) RIEG|

iﬁ]ﬂ% Python pREUAR TR, 15 Python F2 /5 %4415 Python BB 4. Wiz A4
o MUE XA RE, 2R EARAF Python pREN S R EN, HEHA (Py_INCREF ()
Jﬂfrz&ﬂz YRR R RREAAX R, 20T, G7F RET fE B E SR —3B4)

NULL;

static PyObject *my_callback

static PyObject *
my_set_callback (PyObject *dummy,
{

PyObject *args)

PyObject *result
PyObject *temp;

NULL;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError,

return NULL;

"parameter must be callable");

}

Py_XINCREF (temp) ;

my_callback = temp;

Py_XDECREF (my_callback) ;

/* Add a reference to new callback */
/* Dispose of previous callback */

/* Remember new callback */

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

}

return result;

}

LR ELN I ] METH_VARARGS JHARVEM EI B RERS ; Lﬁﬂw&ﬁ%%\%m% oy — R R
PyArg_ParseTuple () BB HSEUR S WAL B & 5440 B4k

Py_XINCREF () fll Py_XDECREF ( i_ﬁii/\fTi*ﬁn/vja/lb/\ﬁ%E’J%Iﬂﬂfriﬂz It H 24P NULL# &t
HW&T%IE;@ (CERE {azihz/l\tTjUP temp ¥$ 45k NULL), BZAHKERESH 7| A t4 &

B, 4 Z R R B, VRIS C BRi%L PyObject_CallObject ( @éﬂlﬁﬂﬁ’*?”%%{ bﬂ]%[i
JETF5%F, F81{L R Python XT%! RI Python pRi %k, MHZBHI%. éﬁzﬁﬁw T — NN S, H
K Eﬂ%ﬁﬂﬁ/\@zio BN S B Python PR, ML A NULL 8{— 2504l Ear— S50

o

B, WEA—IHIE4. Py_Buildvalue () RAEHMATAH UG X ETESNAZA 22 MR
fg i i [m] —A~Je4l. Bian:
int arg;

PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

arglist Py_Buildvalue (" (i)", arg);
result PyObject_CallObject (my_callback,

Py_DECREF (arglist);

arglist);

21. £/ C & C++ ¥ & Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.

PyObject_CallObject () s&— DX HSE” SN X7 Wk . B 7o p ol )@ i T

SRR, I HAE PpyObject_CallObject () ZJG LBl T Py_DECREF ()

PyObject_CallObject () WRIMEER B B: WAR—MHEIXER; WaREAMNER, (A

TSR FrABR AR S R AR A E A Ry B, ARG EXNXAMEME ] Py_DECREF (), HPfEAR

XTI AR (R ) R ER.

HRAERX A2 wT, AR BB — 5 A R B A A& NULL. QR 2935, Python AL
. WHFH pyobject_CallObject () W) C AU Z7E Python H &R AY, &M 2457 BRI [B]—A4 45

151 %5

DRI Python I, PAMEMEREARRETT EIAR I (5 6., 234 LEVR A1 75 Python fURS REALBE XS4 . 4N

RIXTCEMEN A GATE, WY@ pyEre_Clear () RIGERFH . BIAN:

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

T HAR B R R, ARIBEHR A2 HFHE] PyObject_CallObject () o fEHLUFILTZSEL
&t 1 Python RS fitrs), lad £ 1 FEAL 2 [mli R Bonk 5 o AR ] AR AR B R L e tl ik . o3 4h—
YOI AR E A S — BT T AR SR i B A2 Py_Buildvalue () BRI tple, 2%

BT, AREAL A FEARS I R] DA G

PyObject *arglist;

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

J

VLR Py_DECREF (arglist) FIfEALLSLRIAN, FERHRMEZ AT, YR ETEE L MAYHT R,

W Py_Buildvalue () W] AR AR 255,

LRV R A TR, AR TSR Pyobject_Call () , HEFFETESHM KM TS

B A belh, FEAMEH py_Buildvalue () etk 7,

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) ;

2.1.7 R REHHSH

BR¥ PyArg_ParseTuple () HEHIMIR:

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

)

ZA arg WAR—ICAIN G, A Python #4145 C sEUNS IR format SRR — AT

Fi, LI5S % Python C/APT F-jif 1) arg-parsing. FIRSHCRA AL RAYHAE, RAELGHEX

RO o

=z S

T

YL PyArg_ParseTuple () 2 MIfliF5 21 Python 242, AJCIARRIN ek 4 fibiy C ARt , 4n

RIXHEHH T, nTRESTENTFHRINLE AR, /M.
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FERATAT ] 2 B2 k) Python XRG4 ka9 515 AZLEBENHIT HTE

— L BT

#define PY _SSIZE_T CLEAN /* Make

#include <Python.h>

"s#" use Py_ssize_t rather than int.

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

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple (args, "");

/* Python call: f() */

/* No arguments

*/

ok = PyArg_ParseTuple (args, "s"

, &s); /* A string */

/* Possible Python call: f('whoops!') */

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

/* Two longs and a string */

ok = PyArg_ParseTuple (args, " (i

/* A pair of ints and a string,

i)s#", &i, &j, &s
whose size 1is also returned

/* Possible Python call: f((1, 2), 'three')

, &size);

*/

const char *file;

const char *mode = "r";

int bufsize = 0;

ok = PyArg_ParseTuple (args,

/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000)

"s|si", &file, &mode,
/* A string, and optionally another string and an integer */

*/

&bufsize);

int left, top, right, bottom, h, v;

ok = PyArg_ParseTuple (args,

n "

((ii) (11)) (11) ",

&left, &top, &right, &bottom, &h, &v);

/* A rectangle and a point
/* Possible Python call:
£(((o, 0), (400, 300)),

*/

(10, 10)) */

Py_complex c;
ok = PyArg_ParseTuple (args,

/* a complex, also providing a function name for errors */

"D:myfunction",

/* Possible Python call: myfunction (1+23) */

&c) ;

2.1. &M C = C++ #'/& Python
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

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

ik BN CAEM ] K T SR TR, ANTE kwlist WP KB P SR 38 TypeError St

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

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC
(T30

14 Chapter 2. REHE=FTHOIET R
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(750
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 WEERIE

XA RIS PyArg_ParseTuple () RAH{EL, FEEAUNF:

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

BRI THH, 5 PyArg_ParseTuple () M, {HESHnAUEIEA B RBIETEE (AL R
B, MARR D). FRZAR [ —> Python X 4RE &k [nl C e& % 45 Python fUA5

—A~5 PyArg_ParseTuple () [ARFEE, J&MH A AETR 20 ZKIR [ —A~ 7041 (Python S R4 B2
TENFRIAR R Td]), Hoin i F1&i8 25 HiAth Python pR%AZSEL. Py_Buildvalue () AR ICH,
LT 1 X FARRTS A NoTd, MR AR E] None , — NS B B4R 1% 2
?MN%OW%%*ﬁﬁiméﬁﬁﬁﬁomﬁﬁ,ﬁ@ﬁgﬁﬁ%mﬁﬁ,%ﬁﬁﬁﬁ$ﬁ$¢ML
E5 s

Bl M2, A2 Python {HZ54):

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

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

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

2.1.10 5| AVt

TE C/IC++ BT, BJF RN TS B s e heap B NAF. 76 C B, @it %L malloc () Al
free () R5E. £ C++ HUZ2HAE new fll delete SRSLHAMHFEAITIRE

£ malloc () AFFECAIINAEEL, AER free () BFE W AN ERZ. MIHH free () 19
RHLIER T, R —DNGFIRET free () M SEONGFIN, X NFIERE TSR B0 LEEN
M. SO A AR, TR Rl — I FESE free () TUAE, BAM—F85FFuis i, WIFR i i
mall;c() E%gﬁﬂﬁ%@ﬁ#ﬁ%o XU FF a5 4. S [T R ARL R 8, core dump, R4
S PR ISR

WA A A S AR A — S8 N WL ACRD AR B Etn— AN R BOR T T INAFRAS TSR, RS

RN AF S BAE— 29500 bR B B O] RESE X S B I AR I S DR AR, SR G R R RO ] 7

XARA Gy S EIR B RTRE N AE , R RIS . XA AE, —HEEIA, @R AR A

SEVARIN R, B R R A A A, T BRI SO AR B BN A, B DA (U KWz

gﬁﬁ%ﬁﬁﬁﬁ@ﬁﬁﬁ%ﬁﬁﬁioﬁ%,ﬁﬁ%ﬁﬁﬁﬁﬁﬁ,ﬁﬂﬁﬂﬂ%%ﬁﬁ%%¢%%
Hixo
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Python iffijf malloc () il free () W& KA AAFDBCHRERL, AR 2000 APt IR B 1641 . fluik
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

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

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

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

Python shEy5| Hit4k

H W% Py_INCREF (x) fll Py_DECREF ( Mié'lﬂﬂﬁ*ﬁtﬂﬁi*m Py_DECREF () W& TEG| it
BER 0 BPREHOT 4 ﬁTi(ﬁ AR Aﬁ%ﬂﬂﬁ free () , MWL RTERM) XA 2F %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—LM&. 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 XR DA A =Fhpgokat
BIWAMGIH: ik, 7. ﬁﬂ% Py_DECREF () ., &icAb®E — 85 H & S8

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

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

T 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. BIMERNRARZEIED
Y, 1h%7ﬁﬂ%3%15°x¢%ﬂ@%ﬁ§|ﬂ3u ﬁ/l\ifﬁﬂ% PyLong_FromLong () #E4P [ MNiATEHMNZAE, FHA]
DA ] 2 G2 4730 H 85 1

WL H — DR ERBOT R EE, WaEids XA, Bl PyObject_GetAttrString() . X
B AEIER, — 2R K 0 BIRE 261 4MY PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R2RIEIMITAL. FF%. FH BRG] H

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

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

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

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

fERSagE K

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

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

void

bug (PyObject *1list)

{

PyObject *item = PyList_GetItem(list, 0);

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

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

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

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

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

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

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

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

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

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
(BEF )
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LT
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL {84t

HH, RGNS B BN A B AL E AT NULL 48481, I HA IR 25 0 (5
TELAG S BUZ0RAR) o R B0 35 | Y04 o GE 7 A ZHR W] AR T S AR 9] NULL. Al NULL
SR S RAE T 1 2 bR R R E AT IR X G A 25 FOA e B - AR s BRI UL, F5&
SFEOCRA U M A T 8

I IOMEERAE “YRL” FAGI NULL, EPZERRIRE)— AN AT RSk NULL pg484F, Bk H malloc () o
I RET | K S8 I R R sk o

Py_INCREF () fll Py_DECREF () &% R2# M NULL 54 —— (B2, B2 Fh Py_XINCREF () HI
Py_XDECREF () Mk .

T ARIRE 2 X R IEBUA 2 (Pytype_Check () Al NULL #8541 — [A R, A KA & L
XA ML — X R N UM R BUNE R Z —, XA STTRI. AIFEH AT NULL &
TAEIR

C s O AL 2 PRI 4y C BB S HIN R BBl args) 4R 204 NULL - SEFR_EE SRR
B h—Aodt.

LA GRS NULL 4541 “WtEE” 45 Python IR &2 1™ LAY HE IR -

2111 £ C++ P REY &

O] DAFE C++ RGP it FURA SRR G, Wi F 425 (Python fERERS) ST C JRikas K gmikAn
B, 2 RuESA SRS AN RE M . MR R C++ S iRae R A B XN A8, %R
24 Python fi R i ] GHE BB IR L D) U N extern "C" o (/275 7E extern "C"
{...} B Python SKSCAENIA IR A 2E, MU E X T4 __cplusplus M 42X 4 R
M7 A B C++ ikt o e SUXMF5).

2.1.12 459 RIERIZ{E C API

REY FEBHRAL T B s BB Python i1, (EAT I REALER LA AUt n] AGCH b ARt
o Blan, — A9 R AT ASZ N2 collection” e L2 WA T . k152 Python 51| F227
?ﬂ%ﬁ{C APT VR A HOR QM ZAE 515, IXASHY RG] A — M C BT T 45 Hofth 7 i bk
FAEM .

TR ARG R AT EHE R EFRFEWE static), SAMAAILICIE, AR CAPLISCRY. 5K
b EAEPA 3 A iS4 2] Python MRRERRI 2 i AIER TARR) . SR A R gy, —
AMBLER AR5 SO 7 — AMEHOAN T L . AT LGRSO T B R S8, — 28 R GEHY Python ffRE SR (4 1)
&Rt 4 25 18] (B4 Windows), A LEMIAESER IR &5 25— AR E S ALFS L (M T2 AIX), 2K
HPRHE T ER A RSN (U Unix 251). BUERAHS2 4Rl WA, R I ARt T 6 i A 2k .

T REAE LT BN REXAT S ] WA B . X REWRE Y R L BT A S X A static
B ARSI AR (L eR R, RIS S A R i 4 o R (FE B AR 7 ik R A s A B B PR
XEMERT T o4 0 1 HA T 1 75 2R A AT

Python $2{#t 1 — Rl AL R A — 9 B i ) — N i i id C 25 B (1%1): Capsule,
—|~ Capsule it — M7 fif 74 (void*) ) Python $#li2¢Z. Capsule H fiEidid H: C AP RBIE A
1], HEATA ABAL AT HAL Python X5 —FEREMLEE . Frlih, B4 DABIRIE ST A 42 25 [R] iy
— AR HALY R AT DA A KA, SRIBOZ A FRX I AIME, SRS\ Capsule HHgRIRUEE .

S BAREEET IHZ WA TR 2052 i, XS HEAR AL, R IR TR EZ IR
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

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

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

[modulename.attributename }

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

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

SRR X — A SR 09 0] T F ) spam AERE . BEEL spam. system () HAEEIHH C JEK
B system (), TR PySpam_System (), XA eREEPLIH 2SR O 2L T A ZAY 1
(HenFesE 2 A iRn “sapm”), %% PySpam_System () oS H A HALY AL,

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

PySpam_System (const char *command)

{

return system(command) ;

}

PR spam_system () C4ANF R Bk

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

const char *command;
int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBHRIT K, FE AT

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

#define SPAM_MODULE

#include "spammodule.h"

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

PyMODINIT_FUNC
PyInit_spam(void)
{

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

(ZF 30
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(B L)
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;

EH R PySpam_API #FE N static; HNFEEEALSHE PyInit_spam () A4 K!
Sk spammodule . h B —HETAE, HELWT IR

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam API_pointers 1

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

#define PySpam_ System \
(* (PySpam_System RETURN (*)PySpam _System_ PROTO) PySpam_API [PySpam_System NUM] )

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
7
static int
import_spam(void)
{
(BT 1)
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(750
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_API != NULL) ? 0 : -1;
}
#endif

#ifdef ___cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

& AR L RES 17 10) BR AL Py Spam_System () BT AZRA ) =1 il 2 7 oA e Ak R B0 JE F e R (B
%) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RFITIAR ERERAUE , UF spammodule h il TR, MK, XHEANE T AR KL, BEARGEH 2 AL
1, BreA RS EeE ] —ik.

IJa e iR 2 Capsule $24E THUIMYTIRE, M TAAAMETE Capsule B FEE 09 NAE - ECAIREAR . 4
72 % Python/C APl 2% F-JJ} 1 Z 5 capsules £ Capsule [ 33 (fF Python JE S & 471 Include/
pycapsule.h fll Objects/pycapsule.c),

&t
22 HENT RER: HiE

Python R ¥F4iE C ¥ AL E U] PAM Python RS HH RGN B 2L, XRIQNEN st Al 1ist 2eAL,
Efiﬁ;f SRR ER NG — A, (HRAEBI G2 o, R TM—Legidy . X0 e x4~ 3
BN

2.2.1 Kl

CPython iBATI £ ¥ BTA7 Python X REMA Pyobject* MM AR R, R4 Python YR “ELAik
A7, pyObject ZEMAAR G Q& X RN reference count NIRRT G “KRIG” 1455 X 2ENER
ORI H B RIS G ple s AR SR MR LE (O) e& Bk, BN, FEXFR EER—AEdE, WH—Irk,
HE 57— R GMRSE . XL C KBl RN

FIPA, AR E ORI SR, R AR R .

XA R AR Ol ok R, T — e/ MESER R, EAE C P REUR custom g LT —A>
£k Custom FyFT2H:
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i XHRRRW R E L static PR BINL G k. AIAE & KBSl . C APT WA PARE AEHE
EATHY AL, fiH PyType_FromSpec () BEL, EATEARATTHITE.

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

typedef struct {

PyObject_HEAD

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

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

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

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

typedef struct {
PyObject_HEAD

(T
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(B LEm)
{} CustomObject;

AR A E I GRF R EI N . PyObject HEAD i il SR AR R GLA5A 1A 2 Bl I 3 L
—/N4 4 ob_base [ PyObject KRB FEL, & — AR RB RS T EIHEE (XM
ATPAZ S % Py_TYPE fl Py_REFCNT RIXJ:) . I 7 A B i K611 SRR h R I g
SR iy IS SE S

Frik: VERAEZR PyObject HEAD JR¥A 5. NN 52 FEG AR A .

;:;% X4 TH#E PyObject _HEAD fAfig#dash, AN Flan, WHE X T HRIER Python 77 /5

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL AR B E S

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

bi

i HEFRUT I E CO9 WS RIBIRML, VAREGRSIFTA R PyTypeObject FBL, HARZZIFATE
TR, AR AT DA G K T B E W -

1 object . h PSLERE XY PyTypeObiect AA WA I XHEHY FE. FAMTEA M C i/
BRI, MBS R BRI E TN, RIS RSN

A ekt —ma, fR—TFE:

[.ob_base = PyVarObject_HEAD_INIT (NULL, O)

XA R B, AR LN B4R B Y ob_base F B

[.tp_name = "custom.Custom",

AT PR o X BAEFRA TR X R BN SCARFIR L AL A BT R, Biln:

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

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

W ERAFRE S S HA, B R AR R A () 2RI R, AR B L custom
M2EAE Custom, HILIRATFRBLFRIE A custom. Custom, fi [l EIEMH 55 1 T A BT T
RIZEALE pydoc Fll pickle B R EEHA RN E TN,

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
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XFERELE Python JIE 4 BIHHTRY Custom LRI FHEAMLL DNTF, tp_itemsize [UHT AR/
X GRMAE HAMAE DL AR A

ik WRARA BARR 2R AE Python W4 1264k, I HLARAY SR BN B oy B SR I FLUA R [ 1Y
tp_basicsize, IPAVRTTRESIBE| L EAPKE . IRIGFEALY Python i) TRUAHAEH _ bases
HORE VR SRS R B w5 MR VR BLAY _ new_ () D7y YARPRFS . ARWT DA S PRARIY
R BA WHBE IR K tp_basicsize [ERMBERX N FERSHNE, XEZATLARY, H5%E
2R EIAE object, BEANRREAVRAYEEBANMBE MG, AT RN

A TEEFRN A Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT, }

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

AT tp_doc KRAURME— SR FAFER.

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

TR XA, FATBAFLHE—A> tp_new ALBAIRN, XS54 Python J5iA __new__ (), {HAAJIE
XM SE . AEXFFOL T, FATATLAGEH] APL &%k PyType_GenericNew () FrifftayERIASLEL.

[.tp_new = PyType_GenericNew, }

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

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

KRR Custom KA, Jy—Le i SUR TG M HYBAE, EIRFRATIERILGI B4 NULL /Y ob_type.

Py_INCREF (&CustomType) ;

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

}

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

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

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

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

#°H pyproject.toml By3CFH, I H.

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

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

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

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

2.2.2 EERRBIFRMEIEFS X

TEFRA T S TN — LR AN R X A ARG o AL FRA TR ] DA . AR
BB custom2 SRESHNIXLET)fE -
#define PY SSIZE T CLEAN

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

I3
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,

22. HEMT REE: #iE 25



Extending and Embedding Python, & {74 3.12.2

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

if (first) {
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_XSETREF (self->last, Py_NewRef (last));
I3

return 0;

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 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;
I3

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 = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
bi
static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,
.m_name = "custom2",

(B L)

R

B

~

)
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(B L)
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

I3

return m;

}

BRI 5 22 AT

UAE Custom LMK C G5 = AN BARIEYE, first. last Ml number. e first 1 last 28 52 (5 47
FIEIRH) Python F4FH: . number JEIEIE—1> C AL

X R A S5 R PR RSt B

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

} CustomObject;

N EIAEFRA A BT A, BATLAE /N O AL BEXT G ) B AR . B/, WATFEH — R
O
static void

Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free ((PyObject *) self);

}

ELWIR(ES tp_dealloc i bt:

[.tp_dealloc = (destructor) Custom_dealloc,

W2 IE WA Python J@PERYS | 114k, Py_XDECREF () n] DAIEMALFESHCH NULL BB O (X 1]
AEFE tp_new FR KIS KA ) . BfE EXFUH X R 28 tp_free bt (il Py_TYPE (self) i1&
55]) KRBT G NAT . HHEENREBAAZE CustomType, FAXG A HER TR 5LH61,

ik LR B OE  # H destructor B M F AT E X T Custom_dealloc ¥ % — 4
CustomObject * &4, {H tp_dealloc REFREI LR —14 PyObject * &%, WRAIXFE
W, iRl & L. X C s i a5 2 451!

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

}

HAE tp_new MO E:

[.tp_new = Custom_new, }

tp_new WP ATRAIE (MAEWIIEML) ZEBRS . BFE Python h¥iRFEHN __new_ () HiE.
EAFEE Y tp_new W5, Lhr FiFLP EEMEREHEN PyType_GenericNew (), #ifg Fif
Custom R —MAFIARKE . ERCREBL T, FRATHEH tp_new AAFRAIMRKF £irst fil last
JEPERIIAI A EE NULL (I BRIAME .

to_new FFHEEZE LML CRERN CustomType, WHERPEEGILHE—DFH) AKAEZIE
B L AT AT S50, H TR o] i @) #8128 to_new AbFRAING A 2432 07 B A X SR
HENERSZRIXESE, MRS ER BG40tk (B C H1fY tp_init of Python H1fy __init_
PREL) EERIAT

#rik: tp_new ANMWAMIAM tp_init, POMERGS BITRAE.

tp_new LB tp_alloc MLk HEAAT:

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

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

frik: JAIBA AT tp_alloc . M2 PyType_Ready () il MIRATH RS AT FA]
Fore, HABIAH object. KER/IIUHAR I BRINR 70 BO A -

ik R E A MES to_new (BESTA RN tp_new 8{ __new__ (), HBAM FRETE
T AT R AT L S R R P ) 3 A2 R R S H A R R R P R A, I LR
‘B tp_new, B2l type->tp_base->tp_new, WHRARANXAEM, FRIGZEAW FEFEG A HHE
i Python & X (251 Python W BB TCIEIE R TAE. (HLARMIDE, RWT BB JC YA G @ AR 1 2 1 SE 3l i
B45|% TypeError, )

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

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
(BLFT0)
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

if (first) H{
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 0O;

}

(B L)

AR tp_init fE{7.

[.tp_init = (initproc) Custom_init,

)

tp_init MA7E Python REEN __init_ () J5ik. BERUNRIEQIEI RGN HIA TR MRL. FIihie

R M EM R TSR, BN ST IR ] 0 e R AR m -1,

AT tp_new ALPAINN, tp_init APRUE—E X BORM (BN, ZEBANE LT pickle BIRANSTERR
BB BV __init_ (). BIEWRESZ UGN AT AKRRT DIAERATHOR G B __init_ ()

Jrike PL, BATEN B ER A SN BIMRIEAES £irst i BUK(E:

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

}

HRX A REA G . FATHIZEBIPA RG] £irst MAMIRE, HILE T DUREIFSRATRISL
WA —DPATEXTT M first AR RSHINTE; B2 T RES RIS B A+ 25 4
AU A ZAR Tzt TR U5 M AE B AT X 52

‘En LA

FFibAE

N T ARFFE T JF AT X AP aT REYE, FRATDLP B EAE A AR T | VB B8 B AT E R -

-2 HEFAT ] AAS Db PR AR ?
o YFATIFIIES AT 1 ke
o LIRAVHBEXT SR WEAR LR GIL WA GBS FATT A ZE T AR 1 [ 5 1 o
o« 24— tp_dealloc ARHRAA A SCREIRI SR 2R AL 5 | THEC B

FATATRE SRR BT L B R N Jm k. A UR D7 ST M IX — i iy 8 7 20 SO Y

X

static PyMemberDef Custom_members([] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},

BT
DM A G TR AR, AR T A SO A R
2 AEATR O EAT 752 tp_dealloc ARBMAIAOR—HLH , DAATRATHIAZUA SRRl
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{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
5 SO E S tp_members F {7 H:
[.tp_members = Custom_members, }

RSO U R AR BB A&, DA SCR A . WS N2 2 3 72 /N
A3k TR . section below for details.

W7 SNl 2 — 2 B B SR PR ] B {45 Python JEMERYX RRBAYIME. FLATTUY first A1 last 1y
ZIRN TR, BB ABIRAE VAL L Python XF 4. Ak, X L8J@ PR v AR, H5F C H5EHK
N NULL. BMEFRATAT AGRIETX 28 10 SRR A6 (Lo JE NULL fB, ARG 28 J@ PRI B i 2 18 53475 T e Ay
NULL.

FAMTE ST —DEPAY I L, Custom.name (), BERFAFGA FRE i first R last AYHFEZ .

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);

J

‘ﬁ&%%%ﬂﬁim*A%QOBWmﬁwawmm%?%LﬁﬂﬁﬁﬁgAﬁﬁmCuﬁ ik
R ANEOWERNE—NSE T EARREZ BN CRTE S, (ARG RITREZ TS
ﬁ&f SRR N BESHOTA S B E ST . R EE N T RAT Python ik

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

THERRA LG A first Ml last W GUEMATAEN NULL, X2 R BT ARNER, 7EHR LN E
?%w%ﬁNELOE%%Mﬁ%ﬁiw%ﬁ%%ﬁ#ﬁ%ﬁ%ﬁ@ﬁ%?ﬁ%oﬁmﬁEFQ%T%
N3] X —

PAEFANE G b 7535, AR R — IR SO

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

bi

(EHEEFANEH T METH_NOARGS T R R A5 Z I A HERT 13218 self AINYATATS50)
HRF HMEZE tp_methods fH/{i:

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, J

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

i, BATER setup. py UFERBITFRIBIL,

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

1)

RIGFATE 2 A RERS import custom?2:

[$ python -m pip install . J

2.2.3 REXTHIBRE M EARE

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

#define PY_SSIZE_T_CLEAN

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);

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

Py_DECREF (self) ;

(Cawy
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return NULL;
}
self->number = 0;

I3
return (PyObject *) self;

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

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

if (first) H{
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return 0O;

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

bi

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

{

return Py_NewRef (self->first);

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

{
if (value == NULL) {

PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");

return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (self->first, Py_NewRef (value));
return O;

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

{
return Py_NewRef (self->last);

(B L)

EF 0
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(% 750
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;

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

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

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

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

bi

static PyTypeObject CustomType = {
.0ob_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

I3

return m;

}

(B L)

J

N T HEAHER] £irst 1 last J@IE, FATRHO A2 SOYERER RIS EAR AL LA SR T SE0R

W first JEPER AL

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

}

BRI RO — > Custom WRAN—A “HW”, J5H 2285 TEABIH, %P piZng. (M
RSRS8O 1 20 BRI ANV EAR B BN IR . BN, X AT AR SR Fe v — EH IR A B 2 bR

ORI PR B0 ) B e v s S B B O SR )

BCE AR Z 2 A Custom MR BH{EAM L. Br{ERAE NULL, FERXME 0L T @R g ER . 7E

AT E S, WRE OB ECE MR HBEA R AR I &5 K — M k.
AN —A PyGet SetDef L5 A%

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

"last name", NULL},

Cawy
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{NULL} /* Sentinel */

bi

(B L)

HAE tp_getset flf M E:

[.tp_getset = Custom_getsetters,

)

1k PyGetSetDef SRR G —e LRI P, FEARGIH, FRAIBA MMM, Pl

HAL A NULL,
FATIEFLR T X 2L J@ A0 il 51 e

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

bi

FAVEFLNRF to_init ABAIRTE RN R AR vFfe A7 Ara

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

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

}

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

}

return 0O;

}

WX LW, ARSI first Ml last Wb —@EAR N NULL AERATRELE LA 1 0L R %
NULL {5 . X R MR E KHRS Py_XDECREF () i &R W] DARFE4 >l Py_DECREF () WM. FAIARE
MO S O ME— 37 & 2 AE tp_dealloc SEELA, HRHLXLERL BRI AL A T BELE tp_new I,

FATIE FE Ay 4 1 BT AR A B8 ORI IR A0 BR B R O REER A Bk, R F AT 2 BB — B, AT

setup.py CAFININ T — M E Lo

3 BRAEFR ATV NG first A last B GERR FAFER, UGBS TAT OGS ENTRF R TTECR S RN, (LR, FATR 32 545
TRAGEB] . B EREECE I8 TR R A XAV ST, Ff T EA BEAERE A — 45 55 T I SE B X FATHIXT Z

ATl
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2.2.4 ZHHEWLIREIW

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

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

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

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

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

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

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

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

}

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

}

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

(Cawy

ST H, BRI AT AR B AR S, PR ME LR st PR AR BT | T8 .
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static PyObject *
Custom_new (PyTypeObject *type,
{
CustomObject *self;
self (CustomObject *)
if (self != NULL) {
self->first
if (self->first NULL) {
Py_DECREF (self) ;
return NULL;

}

self->last

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

s
self->number = 0;
I3
return (PyObject *) self;

static int

Custom_init (CustomObject *self,
{

= {"first",
*last NULL;

static char *kwlist[]
PyObject *first NULL,

if

PyObject *args,

type->tp_alloc (type,

PyObject *args,

"last",

(!PyArg_ParseTupleAndKeywords (args,
&first,

PyObject *kwds)

0);

PyUnicode_FromString("");

PyUnicode_FromString ("");

PyObject *kwds)

"number", NULL};

kwds, "|UUi",
&last,

kwlist,

&self->number) )

return -1;
if (first) {
Py_SETREF (self->first,
}
if (last) {
Py_SETREF (self->last,
}

return O;

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT,
"custom number"},

{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self,

{

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,

return -1;

offsetof (CustomObject,

PyObject *value,

Py_NewRef (first));

Py_NewRef (last));

number), O,

void *closure)

void *closure)

"Cannot delete the first attribute");

(B L)
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if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

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

return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0O;

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

{
return Py_NewRef (self->last);

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

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

EF 0
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.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomTIype) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

5, W ITELER GC HIERENS S NIEER R §X 5

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

{

int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
I3

return 0;

KEFAEA AT AN ATGERR) T35, RATEBFREH visit () R, BEWE RSB k. visit ()
PR EEE 2% TR R AL 1B 4538 ) 5 E AN S arg fE RS EL. BRI —ANEH R AR H I A9 R
EERELEEIE

Python #2 {7 —A~W] B Zh i Ji] visit K Py_VISIT() . (M Py_VISIT(), AT DAdz/IME
Custom_traverse PIHESR T/EE:

{static int W
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Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
Py _VISIT(self->first);
Py_VISIT (self->last);
return 0O;

ik tp_traverse SLHULAURE S EEM 44 0 visit Tl arg DAEE] Py_VISIT(),

F 7 BANF RS IR ARG BRAL A 0] AS PRI T X R

static int
Custom_clear (CustomObject *self)

{

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

}

R Py_CLEAR () I . B2 1H AT 2 2B A A5 B v b Hs | 8 ks ey B 4y
Ko WHRARBESRFAE R B % NULL 2 [A{EJ@ % F i Py_XDECREF (), MMM 284 1] GESx H]
PR BGZ B RS (% 30 2 WSAETES | I EERIITE) -

Ptk ARAT A AN SR B Py_CLEAR () :

PyObject *tmp;

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

JCIe WA, fE B & 1 B 4G & i ] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () ¥ BB HEAS AN . AL DA A R MLk !

BEES Custom_dealloc AIRESTEIE RIE MR AT E MG, XEWREIGER GC AT PATE R EL P TRk il
%o, BT GC IS HITEAAE, FiFE @S REHA PyObject_GC_UnTrack () ik GC 5 1EiB E
FHREN S . FHZFKAMIHH PyObject _GC_UnTrack () Fll Custom_clear B HSEELREIES:

static void
Custom_dealloc (CustomObject *self)
{

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

}

wJa, AR Py_TPFLAGS_HAVE_GC AR INE| SRR -

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

RFEZEAZ T . WERIAN S T HE W tp_alloc B tp_free ALPAIAN, JUFA I ZETXIEEREL
W CRAESE . KR HY AR A Shfe A
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225 FRMLHMAE
QUEIRE PR BRI A TR . B o) MO N 2R UK, D i el AT b8 )
BT ER) PyTypeObject . TEAFY ALY (A3 X 4 PyTypeObiect Gt AR NI FXER .

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return Pylong_FromlLong (self->state);

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

bi

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

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

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

(Cawy
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.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

IR L, RS Z B L Y custom mBIAER AL, FATRE—aHrE N2 1Y 32 2 X .

typedef struct {
PyListObject list;
int state;

} SubListObject;

J

URAE RIS G 1 T B2 S AE TR BT XN R M R 5 — M. BB/ C B E LGSR T35
5T PyObject_HEAD () .

24—/~ Python X} 4 /& SubList WJSEHIR}, B # PyObject * F§ 4l nl DA 4R 2 4 b o il 5% e
PyListObject * fll SubListObject *:

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

}

FATAT ATE L TH B B ANl R P AL B B FE 2R dindit () YA
XMEATERE B A H & X tp_new fll tp_dealloc B RAIMZEBIREE , tp_new PR N H
£ tp_alloc X EFR D ECNAE, MiseibiE2Emd A H O tp_new RALHE .,

PyTypeObject X Fffi] tp_base i & FMM SRR, i T 851 &5 i 4 (0 A, AR T vk B %
PyList_Type W5 HREHIRFIXT B BN B AERHA 46 o o £ b 58 il

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
T3]

42 Chapter 2. REHE=FTHOIET R



Extending and Embedding Python, & {ThR% 3.12.2

(750
return NULL;

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

Py_INCREF (&SubListType) ;

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

return m;

TEP ] PyType_Ready () ZHl, REEMEMHNC LI tp_base i, HIATMIA LKAIRARS,
EATENRF tp_alloc MAHIT N PyType_GenericNew () -- ¢ F B 73 L bR AR S B4R -

TEARZ )5 . VA PyType_Ready () FAFREUR QSN BIRH PgE FE 5 BA ) Custom n il —HER) .

23 BELY BRER: EFXE

ARFEAT H e P — B AR 0T ASE B R 2207 Yk S I RERY R 2
Xjg C KM pyTypeObiect MY, M T HNT Il 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;
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/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;

XHA R 2796 (HRA R, WRAREE 2R, i AR E LD R II5.

IR EIR— A, FATIEZ P PPN 2SR B Y . RO KR jjﬁ"i@%fk%ﬂﬁ%&ﬂ’]ﬁiff%
I ATRATIAS 2 AR5 B AT TAE S5 40 1k B SRR JFf . S AR 25 R 3 — M B IR R Z i B 1
IR A 208 I AR TR S
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[const char *tp_name; /* For printing */ J

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

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

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

[const char *tp_doc; }

X HRATABCE — B 478 (B ERIHE) . 24 RIETE Python IR obj . __doc_ WHE[RIXBLIC
(EEZNLER
BAERANIRT — T EEALRT A - RE B RIEBRF LB Tk

2.3.1 KEFRNEER

[destructor tp_dealloc; ]

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

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

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

URARAY I SRR e, AR e B2 24 A3 BT A 8 R B2 iR ] PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;
Py_CLEAR (obj->other_obj);

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

}

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

static void

my_dealloc (PyObject *obj)

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

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

/* This saves the current exception state */

(BETID
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(B L)

PyErr_Fetch (&err_type, &err_value, &err_traceback);

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

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

P RBEE RS R AP A PATHHAE 2 AR M. e, AR VR 28 BY SRS 3R I (fsE A
tp_traverse fI/tf tp_clear), X RIAFT AT DIAETH tp_dealloc BJ#HE 28444 . Hik, 7£
tp_dealloc 1, fRIUXTGRHE T ARGERE: EW5IATHEETE. E0XTEHEBREXT 48 APT ¥
(o T 7 BT ) S AR T BES TR tp_dealloc, FEONERESOIF KA AR

M Python 3.4 J1 1y, HEFFAEE tp_dealloc BE A LENR, T2 AHM tp_finalize KAy
S0

PEP 442 R T B AR 4575«

23.2 HRBR

1£ Python H, G WA =0 AT PAAS BT i SCAR R repr () BREURT str () BREL. (print () RESH
B str (). ) IXSEAL PR F N2 W] R .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAPRRTVIZIR E—ANFERFREX S, P ETHH BRI ERER. T — a5
¥

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

ﬁﬂﬁgﬁ%ﬁi tp_repr ALFAN, RGBT R tp_name MIFIRIEA LA KX G ME—
AN/ IERS

tp_str ABAN T str () B EARR to_repr AP T repr () —H:; WELZU, BEA1EY
Python fUSFEARATXFRAYFEA LB LA str () WM. BERSEIS to_repr sACEERAML, (HIH
GEORTATR AR ERN. WRAKRSEE tp_str, WEMH to_repr HAMRIE .

R A R R BT

static PyObject *
newdatatype_str (newdatatypeobject *obj)
{

T
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(750
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);

23.3 BHER

XEFREAAT SCRE BRI R, AR AR B AR BT T R MR O N s . F7 2 — 1 RE
R BRI R (AR SC TR R E) %A 75— RSt B rE (WR At Em ) . BERE
PR —FRATE DL, FEBURGOU T 2L 45 A BRADAR A B {E 4 NULL,

Python SF PN J PEAL BRAAN ;. — A S @ P B AR R I G B Se H p — R s k. PIE R ZERITE T
—XIHER char* fERRIEMFR, M7 —X 352 PyObject * . SRR AUHRAT ASEER G A 5 B (3
AP A TSR

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

7% ooo ¥f

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

QRS ) — S0 G0 TR RS2 R TR R A GORRTE T SCHEATARRE) | DA — 2892 Ji) S B AT i 0 o 42 it
PyObject* AHEIEE BLERAL. M Python 2.2 JRUEN TR L R i SR P AL BATARNAY L PR g 2 LT B 58
AR, SREIRATERVFZ i AR BUH A (MR n] iz AL R 101

RBRMER

REHY RBBEH WipgEt, e, Ftaib@ias “fFim” le? NFREWE N0
L. 4] PyType_Ready () I}, WAHUHIEJETERI AR,
2. ANTRERIRIV IR B R B AR, WA T LRI ERIERAE

LR, AIFERKH R PR . B3 A ) AR & e 76 2Kt i AT AT B A6«

24 pyType_Ready () #HR, &6t 2R 5 575 | 19 = A 26 8 01 2 5 B 3 R A 5 19 7
[y descriptor. A IR ERE H LB R0 — AN BER VTR . AR Z R MR =N FELE
RN NULL, WZZEAL RSBk A B AR B B AR S i @ i, ELIR Y 243k tp_getattro Al
tp_setattro FRHRFE A NULL, PASRIF RSB AN P IX LLfE P

FW R A object:: ZERU Y = AN B

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

4 tp_methods AN NULL, NWELAZIFEH—4~H PyMethodDef Z5MIAH A . FH A%
H #B AR S F A ) — S5

typedef struct PyMethodDef {

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

const char *ml_.
} PyMethodDef;

doc; /* docstring */

I 24 R % B PR B DO VEAR R E L— A H 5 MERRBARFOR R TR T 8 Uk H .« IR TREAER
Em—A8shaH s ER—MRC SR RAH . ZHER&A K ml_name FBuWil NULL,
B AR E SCEE WSS R LB T s . AR RS C JANEY 2 850K, I Hys iy =(n]
DA R B . R RS g e SOA:
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

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

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

RBEREMELERE

N RN, XHEER char* ijiA; name JEEHYEALZE char* Ml PyObject * KA 12 a] i ME
— 5. XA IR ER BT 5 BTz R GIAR R RS, (B30 (817 Python 2.2 WA 2 1] 52
§° ERE T AL PR R RO TR R, PSRRI SE TR Y R E AT IR, (Rt a4
Fe T B o

tp_getattr AW S AEXNZFEE T EEERNERH. EHEHANIAEE 1KY
__getattr__ () F¥EEWEAHIEEHE .

Bilhn:

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

PyErr_Format (PyExc_AttributeError,
"'$.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name);
return NULL;
}

MIFFRLEBIN __setattr__() B _delattr__ () HIEMRSAM tp_setattr AR, YFHH
MR — AR PRS2 =AESHEN NULL. Rl — M G SRR BIT AR SR AR Y
N tp_setattr APHAINN Y44 NULL,

static int

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

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

[richcmpfunc tp_richcompare;

)

tp_richcompare {CFRAIHAET EHAT LR BTHE M . BROT %, il _1c__ 0, ¥
4k PyObject_RichCompare () fll PyObject_RichCompareBool () THH.

I PR SR VR ISPREAS A Python X R Az EAFE NS4, iz 8478 Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT 5 Py_GT Z—. ‘B M4 82 s EA ok L A X G 1E LR B E S iR 0] Py_True 3§
Py_False, IS HEERVER B SLBIH W 2 HAb X4 i )5 R W3R 8] Py_NotImplemented, E(#
WA E T A R ] NULL.

NHGE ARG, BRI IR YRR ST AR MR A Y

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

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;

size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

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

}

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

return result;

2.3.5 R LZHF

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

XL G 12 LR 202 AE Python SEBUT R FUIGE SUIK o e, K05 BRSEANF SU PSON—TT it
42 Python AL ARy o A MRS S RSN o T HOBERELE A ] SIS 4 b BRAT AR (52 £
BORYE, BUHRI P E ORI G5 | A AL AR T . T BO8T A PSR BE7E 32 2R U 42
IR BONREGL, HATA — D ISR AR WA IR (L I 24 R R A 2 . (BUBTRR I A 2
FEPIREOL(E AR NULL (0L, AT PABCE IR AR A I — M ALY 7 AE , (ECA AT T AR PR B AR

)

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

WERARAT BARBIXT R BIAT R DECFE . TP INBI XS5, IR AR o s — A58 T C AL
PyNumberMethods, PySequenceMethods B{ PyMappingMethods, 45 A mI bl . /REEM 7RG
MPEIHAGK BEEER 1K . AR AT PAFE Python JEACHS A 1MUY Objects H R H R EIX L 445 H B AR
Bl

[hashfunc tp_hash;
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WRARVESE L BE BRI, TR R 24 S AR A A S 2R ) S ) 3k [l — IS A (e T T2 — AT ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

}

Py_hash_t @ — NI T BP0 E M S BECEE. M tp_hash k] -1 F/RA4ETHIR, X
WA AT AR 24 Y R S e W v ia B DI AR BB, b T BT s AR

[ternaryfunc tp_call; }

BCRRELETE “PR” VRBG BRI g i 28 BRUE, R ob 3 1 BARA BRI AL A 5L 511 Python
JHAALS T objl ("hello'), MIFFEEIHA tp_call AbHAIMR.

W =S5
1. self JEAE AR HFRBEERA LB . WRJE S obil ("hello'), Mself b objl.
2. args RWETHSEE T . VR AEH PyArg_ParseTuple () RIS
3

- kwds J2 AR AR KT SR T RER Ty NULL HAR SRR K7 28, W R 6
PyArg_ParseTupleAndKeywords () RIEMSEL. ARARAE SRy 57 S 400 & JF NULL
fH, W&5% TypeError P —MMERA S KT SHTHE

TR ANER YRR tp_call SEHE:

static PyObject *
newdatatype_call (newdatatypeobject *obj, 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;

I3

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;

KL R BRI T XE AP S R . XL BEATARAR R — MBS, BB T9l R A i T g s
B, HRE—NFGI . MAERE, BN RE D FE IR F] NULL, tp_iter XfL T Python
__iter_ () F¥, WM tp_iternext %W T Python __ next__ () F¥.

{LAfiterable Xt HERL I to_iter ALBLAIH, IXAL BRI ZITIR (0] — A iterator XF 4. "R Hi72 5 Python
R Y TR] >4 T S

o XPTALASCHE 2 RS Z B (SIRATTAL) . M STERUE I tp_iter BHRIEIF
AR ] AR A
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o HBEROE WA SR (R 20 TR AEAER I s md, BIanscrixt ) wl AR ml—> 416
H BTG UIREI tp_iter — 3 HONHGE R 5B tp_iternext ALPRAIAN.

{FAiterator W} GHRR 24 [FIFSEIE to_iter Ml tp_iternext. —PIENRMH tp_iter ALBRAINR 23R
[l — AR IZE ARG . TR tp_iternext AMHAIRAR 2438 [m]—AF [ A BRVER) T — A4
BB N, AR T — M RHE. WRIERERAKRE, W tp_iternext AJPAURIE NULL i AN ix
BRE, BCE AT DAEIR A NULL f 56t E #9 8 StopTteration; 4R Al DA AL EAFAYTERE
R AT PR, W tp_iternext N EURBIE R IFRE NULL,

2.3.6 555|

One of the goals of Python 555 | I S IR A H bRz —J& ALIHAT B 2R A 2 5555 FHALHI A 218 = AUM: AE A )
% (Flngey) EreAEgANTEY .

Z W

weakref BB SCRY,

YT R ARE 5G5S, PR LA E tp_flags F B Py_TPFLAGS_MANAGED_WEAKREF
fii. IH:M tp_weaklistoffset FENW HIHFNZE.

FARHIE, PATF AU i B 280 gL A 1

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

ME—RYEIMP S JE tp_dealloc TRENHRTAES5] H GHLVHH PyObject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

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

23.7 ESEI

N T WA AR B 2R B S BT AT O3k, TR CPython A5 . HEA Objects A3k, A5
15 CPRICPF AR co_ I EAREEIR R L (B, tp_richcompare). VRIFHREARALZISL LAY oA LY
BIFs

AR EIUE— DX SR RSB B BAR LIS, 356 PyObject_TypeCheck () BRL. E
(8 — AR R BT

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

}

S
T %k CPython JR{URSARA .

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

GitHub | J% CPython JE{Ci%1F) CPython JiH .
https://github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ) C §" &2 — AL (FlU— Linux Ay .so, mi# Windows [} .pyd), H&E&GH
—A~ s FE

AT A, EFENIFE PYTHONPATH HFI Y, HaAGR IR A TR 44, A EMY R4 . 4
i setuptools Ff, £ HahA MIEM A SCH4 -

WIIRAL SR R BRI -
PyObject *PyInit_modulename (void)
PRBOR B 2B G Ak i e, Bi—> PyModuleDef 5Cffl. 5% initializing-modules T fif# 141 -

Xﬂ‘?{lﬁ ASCII B4, sRED S PyInit_<modulename> , $f <modulename> i Akt
M2 5. 248 ] multi-phase-initialization [}, FRi/F{d1 9 ASCII 4wt b4 . LT 4G 4k R U 24 2
PyInitU_<modulename> , Ji <modulename> 5% ] Python ] punycode 9gts, EFS TN X
2%, 1f Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PME— B BV 28R, Gl E LA PIR R A T AT F5 AT o B B H E A
i, PRI AR TSR M R S B R 7 —A B 2aY S AR FY, fE PEP 489 T
fREEZ A0

2.4.1 {#f setuptools #3J3£ C 1 C++ ¥ @

Python 3.12 K BE # A T & distutils, 1527% https://setuptools.readthedocs.io/en/latest/setuptools.html
1Y setuptools SCRRTE LM T AR 1) setuptools HAGEFN 5} K C/C++ § .

2.5 7£ Windows E#J3 C 0 C++ ¥ &

X—EE RSN T WA T Microsoft Visual C++ f1]# Python f{) Windows 3" R, Sk G AR X H
T AU BT R . BB BRI E T Windows £ 5125 Bk Python 4 DAL Uni 2
JF 42 > WA] A e Unix F1 Windows _F ¥ RE 2 4 A B2k

S AR ] distutils Ty SORA Y AL, TN AT IrfliRn =X, RO FHEMEH C 4%
AL 7 Python; 1%,k Microsoft Visual C++,

i X T 2 IE T gD Python A (13U o X B84 DA R XY IIRAS 52k 3R
TESEEH, X K RAREE ) Python B AT F AT 'Y ' RERIRIRAS . B, WRAR i iy
&2 Python 2.2.1, XY ¥k 22,
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2.5.1 iE=\i5EA

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

2.5.2 Unix #1 Windows Z [l =%

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

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

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

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

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

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

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

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

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

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

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

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

AR IRRFH 2 BB AR R MRARE AL AR (1135 Python) #REEH BIRIIARINATF,
RILINE | _declspec (dllexport) , LU void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—Ff,
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Developer Studio AR Z VRH AEIET ZH AR, a4 IR0 T AT XA R/ ME Y 100K, EHRBE
7, A E B TEAE P BT R AR E B BINE . FFIERIN msvertxx. 1ib FRE| S #
He
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A E KRN FE RN CPython iZ1THY

A, e S EAE Python RS R4 LN N RE s THY €, 1l & A 6 CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

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

Python MR AW T ¥ &, HARERME. KNIFEZATFET, ¥/ Python I I FE 7Y £ TR 2
Python fiff 2, MM A Python I i F 4% 7 AT BE-5 Python 5¢ 4 Jo ¢ —— M e M. AR 7 A L LE i /R &
1§ Python R REE AIZ T —2LE Python fU1H.

i, #7 84 A Python, FREHRALH M FREF . I F BT EHUN ST 2 — B2 W 1R 1L Python MRS .
BRI R Py_Initialize () o A7 LEuBERYIE I W] 6] Python iy 94728, Z S RI AT A ]
7 AR AT by ] AR 1

P R AR Oy U & J LR W] [H] PyRun_SimpleString () f& A—/UE Python A FAFH,
"] [] PyRun_SimpleFile () & A4 stdio SUAHREHHI— S (IHESE A5 B HEEIRBIER) .
I HT AR BT A 45 IR 2 AR R AL 1 5T T Python XFR .

S U

c-api-index

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

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

N

#define PY_SSIZE_ T CLEAN
#include <Python.h>

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;
}
Py_SetProgramName (program); /* optional but recommended */
Py_Initialize();
PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
PyMem_RawFree (program) ;
return 0O;

}

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

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

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

1. Python HyEA N C 453K,

2. WA RREER T C R R B0 AT

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

1. ¥f C Edfaf4s ol Python #45X,

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

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

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

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

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

BLisAT Python A b U R AL, LS ANTE :

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

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) |
pValue PyLong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;

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

}
else {
if (PyErr_Occurred())

G0
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(B LEm)
PyErr_Print () ;
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%$s\"\n", argv[1l]);
return 1;
I3
if (Py_FinalizeEx () < 0) {
return 120;
I3
return 0;

}

J

RS SEAH argv (1] Bk Python A%, FHAM argv (2] FEMMRE. MARIRMSHIE argv £
PP AR AR 5T 50 SRy (AR A I PT PATREFFRAE call) | 3 B AT—> Python
A, i

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+tb
return c
J
IRIGEE R IZE

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

SR HINREINT T, SAEF AR P, (BT AU 2 T Python Al C Z AWK e e, DA KR
HdiiR. A Python AT B> MILTT U5 -

Py_Initialize();

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

WItA RS 2 )5, W PyImport_Import () M#EMA. WEEINSEE & Python F&5H, —4
Fl PyUnicode_FromString () ik sl B0 & 1 7455

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

A —Hm#Ese s, s PyObject_GetAttrString () ERJBMHEAFR. WRAFRAFFE, H HgH
BTG, BTt o s SRR ARSI, IR E R SEE R T . SR R A
772 JH H Python pR%K:

[pValue = PyObject_CallObject (pFunc, pArgs); }

MR BOR M, pvalue B2 NULL, B2 EXREPORIMERIG T . w66 78 EREIZE 1 .
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3.1.4 kA Python ThEE#ITH R

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

static int numargs=0;

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

}

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

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

bi

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

}

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

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

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

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

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

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

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

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

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

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

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

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

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

#ll: N T2 Python LR HUAT AIRAL (Rl R TE R G LA A H C 9wk A2 (1)), @HUH
pythonX.Y-config f§E XL, AN BTk,

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

>>> import sysconfig

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

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

>>>

A AL b ERIARY Python $#/R4F . LS IR T RELASCE Ty AR AR BLIATRORE B AU IS 2 1

HAAT AL

o ZH AL b A ARPIRACHS AT ERIA R Python $&/RA, GLih: FEaba QR , piu o
ZW (BT 465 SR =E515), sugiiE— MRtk ZE.

e Ellipsis NEFE.

2to3
it Python 2.x AR5 %44 Python 3.x fAASH T E , i MRATIRGD, & IMEATRT, Ab3mas K 250
F WA A

2t03 WL ETEAMEE T, BHRAZ O 1ib2to3; 424L Tl AT 45 Tools/scripts/2to3. M
2to3-reference.

abstract base class -- i 3R
G IR ABC, J@Xduck-typing fRhFE, EHE T —FpE O B9Er =, Mz R AT
Bl hasattr () BN FRMEE AR (FIIEEH BEAR ). ABCHIA TR, X
I FEoR 5 HAZE, (HAMBER; isinstance () fil issubclass () FIAA; FENL abe fHSC
4. Python HHrFZ N E I ABC HI T LS5 (fF collections.abe Billr) . % (7
numbers FHH) . i (7E io B ), SAELARAMESS (£ importlib.abe Bidr). IR
AIPAEH abe BiHORAIE 5 O i ABC.

annotation -- biif
KERBIHAZ G KEtE. RPUESEORIEMNARS, BAEIER &= R .
JeiRAE R AREAEBA TR T U510, (HA R AR & R R A B B ARTE 2 70 BRI . 2SN R £
M __annotations__ 4F#ikJEM:.
2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XTI INGEWE N, AiES W
annotations-howto | 8 AR Y 3 s i .
argument -- 5
TEVE T BRI AE 25 function  (8{method ) WH. S50 RWifh:
o XAEF A AEREAH TP RNEAT A PR IRAE (B name=) SFEAE A ETERTHANA ** 19T
W EE A Z8BIRUL, 3 F1 5 FELAURXF complex () M H )8 T XEFS5
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complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

s AL A AET KB TSES . MESEOT T SEN RN ITK LA L/ 85 VR wih
WA * Witerable BETCEPAL A . 2BIKUE, 3 F1 5 LA NI PR T ES 4

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

BAL L PR R B RS B A RIS calls —47, ARARIEE, FEMTFi
AT FoR— D BHG AT O 2 WA XA 5 P B

HZ Wparameter KiEFRZZH, FILFEH SR S5HSH XA L PEP 362,

asynchronous context manager -- 535 |- F 3045 PRYS
AT Gl 2 L __aenter_ () Ml __aexit__ () H¥ERXT async with iFA] IR IETT
. o PEP 492 5] A

asynchronous generator -- 535 42 % 25
IR [B{E “Aasynchronous generator iterator IR . B-5MH async def & L ERBARAMLL, A~
2 e FEaE vield #BAX =4 —FRFIWTE async for FEHHEHIKE.
WARTE 238 50 AR s R g, (BRSO I NPT BE2 48 75 A B RS . WIRFEEE
FARBME , EEH AR AR L.
— AR SRR GBS await FIAK B H asyne for AN async with iE4].

asynchronous generator iterator -- 5335 1 i 73 {0 2%
asynchronous generator ERELHTBIEAI X4

WXt J& TFasynchronous iterator, Y4 __anext_ () Jy¥EREH B2 R B —A 0] EE R0 4 SR P T
S A AR R R BUA B T —A> yield Fikx.
BAS yield IGHFE A, 0L ERITRGS (RI5)REA RN oy 58)) . 4% 7
WA MR EEREET __anext_ () PR B HA TSR R ARIKERT, B MBI &gk L:
AT, 20 PEP 492 fil PEP 525,

asynchronous iterable -- 525 0] G4
— A0l PAFE async for iEAHME AR L. LAEAEMN _aiter_ () F¥EIRE]—
A~asynchronous iterator, fj PEP 492 5| A,

asynchronous iterator -- 5525 %03
— AT __aiter () Ml __anext_ () HFYEMIMS., _ anext_ () MR [E|—" awaitable
W4, async for PR ERERN __anext_ () JriER B W SRR R B2 HT [ A —A>
StopAsynclteration B . {1 PEP 492 5| A,

attribute -- @
KIREN— X R, WE AT RIEXIEAFOET I H . 20RUL, WS o BAJEME a WAT
DA 0.a KEIHE.

MRS G AV, FEARPE LN identifiers [ EAR RS FRITAE— DX G0 J@ M2 AT AR, 1 40 )
setattr (). XFERYJBIERFICEME AT RIXACRTIF, MU AtEid getattr () FFREL.
awaitable -- n[55EFE%} 5
—AAHE await FEX NS . WL coroutine 82 BA __await__ () FERXNE., &
I, PEP 492,
BDFL
CRBATZEMBET WP, B Guido van Rossum, Python fA1iE % .
binary file -- — k] SC 1k
file object REASHEE 7 A2t %o BB SCEFRO B TR HERIBER (' xb L twb 8 rb+ ) $THF
M3, sys.stdin.buffer, sys.stdout.buffer PAfK io.BytesIO fil gzip.GzipFile
RSB

7S Wiext file T REEBTES str MRIYSMAR S
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borrowed reference -- fi5 A 5| J1]
1 Python 1) C APT v, fEHIGI M L5 1, HHZN RN ZT I H . anfxt
ZOEH BN TS B — B TR e B, B3 liicds T ARS R G B e )5 — A strong reference
R E.
HEFEAEborrowed reference M Py_INCREF () PAKFEFEHbELI Kystrong reference, B5dF224%ZX15%
TEEFEMEA G A G — R Z a5 . Py_NewRef () BREUAT ARE AR ATE— A8 strong

reference.

bytes-like object -- Sz %%} 4
% #¥ bufferobjects 3 H fE5: 1 C-contiguous LB HI% 4 . XIEFTE bytes. bytearray fil array.
array X%, PARFZIHE memoryview X5 . FATBIX G A2 Fp AR EIE R X
SO VECLIE RS . PRAF A SO A S GE A B R R .

TR BRI BB . BE R A SO PR TS AR, WA
LHIPI T35 bytearray L bytearray i memoryview, HAMREESR —HERBRAERT A
AT ¢ RS AR T4E bytes LI bytes AR memoryview.

bytecode -- ‘¥ Yifit}
Python J§ AT 29 413 A F 1R, B CPython f s H1 3/ Python 27 N ERAAS . FAridid s
GATAE cpyc SO, SRREE IR PUATIR SO B R (PT DAGR 25 U BB G e N RS ) 6
P W BE S B TR T R A T AL S B virual machine 2 .o {7 ANR] Python FE U
WL ER AT A — @, WA—EREFEA[A] Python FiUAS b 34,

T FNR AT LATE dis BURH) SO &R .

callable -- W] & % 4
AL G2 v AP TR s BT 4, v RERTHT — B8 (B Wargumenr), i DAF i

[callable(argumentl, argument2, argumentN) ]

function, B FEE|method %, BT RBANE. LT __call_ () FEMRNELFAWET
CIRG)EDOE

callback -- 1]
—MERSEAL A PAH DATE AR B FA I 209808 F () 1Bl R

class -- &
AN P SO R BIR . 288 SCGHEE L B X R SL B T ER e s
class variable -- 23725 5

TEZE P E AR R, T HAURAES MR G B (AR AEZE R L Bl B D) -

complex number -- £ %
X SRR G, Hoh Ay B AR 3R A SRR — AN R R . R RO, (-1
WP AAR) BOSEREEL, BEAEREFETE N 1, FE 1RSSR 5. Python W& TXIEEM LR, R
TR R B —A 5 5%, Bl 3+15. 533 math B Py 4 1t i 48 $iiR
A, A cmath, EEEHE AR SR EEE R . MRS LEE, ZREiIH
I A A [ A8

context manager -- |- F L5 PISS
TE with igAlEdE X _enter_ () fl _exit_ () HERERIHBDRESHAS. S0 PEP
343,

context variable -- |- F {2 H:
— PR LT JE R SO T AR RN R (AR B X AL TR A SR R A i A A T R AR T
AEHA AN E. A, M7 E R38R, —MUTEET R a 2 LT3, mETF
SCAE R BRI K R ATR S AR B TIBER . S contextvars,

contiguous -- ¥:4%
— NG C & 425 Fortran & S X WON R TSN . F4EG 0 /& C il Fortran JELL) . 7E—
A, Prf 5% B O WA R AR SRR HES ], SR B IF IR R 0y . fE24E C-i&
SRR, YR AR HES B B S — R ST R4k B BB AP (HJEHE Fortran JEZ 440 h
g s — ARG methe
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coroutine -- i
PR ORI T — BB FOIRE ] DAE R — S e ATFAE S — B o R AT PATEIFZ AN H Y
AR BHBAURE . BTl asyne def {EA)RSEIL., S0, PEP 492,

coroutine function -- BpfE s
iR 8] —A~coroutine WG H AL VIMERB T asyne def iBARE X, HTREEE await,
async for fll async with 85, XL PEP 492 5] AR

CPython
Python ZRAZIE T HMTELEL, FE python.org & . "CPython” — i) F 15 2 ZE iR b 5L B -5 HoAth
SEFEIGN Jython 1Y, IronPython FH X 41l

decorator -- gy
REME R T — A RB RS, W ewrapper iBVEE AR TR B e, 2R A0 7 0L 151+
f3E classmethod () Fl staticmethod () .
R Mg Hog—PnBIERE, AN BRECE XAETE L E5E 2550

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arg):

FRERIRE S IE T2, (Rl R/ R . A 228 Mg T il 2 0 R EBCE ORI 258 LAY SC
4,

descriptor -- {{fiiA %
EMENT __get_ (), _set_ () B __delete_ () HIEMNG. Y—ARIEgM AL},
CHERI AT M S TE B A R & . GEFIEOLT, W ab RAEEL. wESMER BN
BF&FE a B FH P ERAFRN b XI5, (HUER b 22— DAL, W8 XS B i b 2%
PRAFFE IR R MRS 2 E IR 2 R B Python [ 548, BROMiX @i 2 EEERERGALAY, S5 RE. Tr
R FHIEJEME . . BRSO ARSI | 4%
KPR IVERI 25 K., 725 descriptors BY, fiiA#s 4 F5 7

dictionary -- it

— A REREA, HP AT A R B A N e . T PARATMTEAE __hash__ () 1 _eq__ ()
FHIEWIRTS . 7E Perl H1#74 hash,

dictionary comprehension -- “yzliL{fi: 3,
Ab IR — AW IE ARG ) BT B A e R T IR M 45 R M — P R R H k. results = {n:
n ** 2 for n in range (10) } ¥FER— A~ n B n > 2 WG BT, S0

comprehensions.

dictionary view -- 5= L ¢
M dict.keys (),dict.values () fldict.items () JR[EIFIRTEPHRAFIME . EAHREET
FMELH— DS, X ERE 4TI AR, R SR A . B A P 3 i 5 oy
BEIFMAFE, v 1ist (dictview) . & dict-views,

docstring -- R4 45 H
TERZE . REEE WIS — D FREX R I PR . BRI TR 29 20, (He
BRI R AR . BREEUIR ) __doc__ J@tk. T EFTHTREAY, HIER
TR G SO A AR

duck-typing -- - J3%
FE—FhgnfE XU, BRI H R R 8 2 5 A IR A2 11, T2 B R B A
FiESEE (BRGNS T MEROAANS T I A s EEM T.7) B Fam e O AR e A &
TR A RS AT T e 2 SRR T R G M2 AE i type () B isinstance ()
Tﬁgﬂﬂo (B RS 2B T A 40 28 % VRS ) AR R A hasattr () #lls @ EAFP
i o
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EAFP
SRIF ORI )" Y SCHEE « XA Python 3 F A 4 5 WUtk 2 B T 75 1 S BB MR AR AE
FEAEARE B DI AR S o X P AT PR KA B R U2 Rz i) try Ml except i), T HAH
XA NE FrE LBYL WA, & 0L T C S5 2 HAIE 5 .

expression -- ik,
AR S ME R A R OT. Bmihv, — PRI RIA o EZ O, A, B,
AR EPOAH PLE, ENTREH SR —ME. SFE2HAMEST AR, eI E S
RIRX . IBFIEARRE IV ER L statement, BRI while. WM E TiEMMAERIEA .

extension module -- §JEEibh
PA C 8¢ C++ 4B, (] Python ) C APT 3k 51 F %0 A A #4752 L.

f-string -- f-2f5H
WA £ EOCE RN EE S Ay AR B AR EA R EENA S .. &
i, PEP 498,

file object -- L%} 5%
XN AT 1) SCEERS APT (A read () 3 write () 073A) AR NZ IR 5. ARIEHAI
B AN, SCPEXT G mT AR B B SR 350 . Hoh 28 B A SO A5 1 A 1 g 1) (3 an s ofe
WA WAFZRIX, BT EE%) . SRRl 2 28R,
SEPR B3 SRR BRSO G JRbR = R S, SR = iR S DA SR S BRI E
SSFE do e, G SCAXTR A 22 M1 open () B

file-like object -- SCPEXIR} 4
file object W [R] id] .

filesystem encoding and error handler -- 3CF RS g% X 5 HE AL PR A A
Python & MERVE R GEMRRS 77 HR Al ) 5V E R G045 Unicode F 4 AtA% =5 5 1R AL BRATTAR .

ARG g A% A A RIE RE DI R RS K AR 128 AR R . AR SO R G gmtidag =0
VAL ARAIE, W) API (LRI fE2 5| & UnicodeError.

sys.getfilesystemencoding () ffl sys.getfilesystemencodeerrors () PRV #% 3k
IREUCAT 2R 48 i =X 5 AR AL B AR
filesystem encoding and error handler JZ¥F Python J2 8/ E i PyConfig_Read () HRECRELER: i
Z: i PyConfig ) filesystem_encoding fil filesystem_errors Z R .
F &2 Wlocale encoding

finder -- k4%
— e EE R T AR loader BIXT4
M Python 3.3 FRfEAE RN AL A4k i Tk 12 54X % il sys.meta_path i}, VA Kpath entry
finders fit & sys .path_hooks ffiff].
WL SR 0L PEP 302, PEP 420 1 PEP 451,

floor division -- [in] T B85 1
] R A B B R B A B . ] U BREIIE BT /. B, Rk 11 /7 4
WHERE 2, 52 RIF A HEERERE 2.75 0 R (-11) // 4 2&E -3 FH
XE -2.75 @ FEAGEIMER. I PEP 238 ,

function -- %k
AT DA 2R I HEAME R — 25 ) . B P DA HAZ A B A A4 HAE R P T g A

5 Wparameter, method F1 function 2575,

function annotation -- FRECkR:
B R EOE S 8aR [BIME i annotation

PREPR A TR 27 BIANCA T s Z A int Z2HOFHIER I —4 int {E:

def sum_two_numbers(a: int, b: int) -> int:
return a + b
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BRI B TR ) AR UL function —7

Z: Wvariable annotation F1 PEP 484, H.4{iiA T IIGE. 551555 annotations-howto DA T i F #5
e fESE

__future__

future 1E41], from __future_  import <feature> FE/RImiFFEHE A AN AT Python & 1fi il

A AR R TEE RIS SR i Y mi A, _ future_ BEBHSCRYICSE T ATRERY feature BUH .. il
o S A BRI X AR R SRAE, RAT AR BB RS AR TN 5 O A BT 5 AR E R (5
B ) FEfTHf BRI

>>> import __ future_
>>> future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L ¥zl

FERCAS PR Y 723 18] 193 A2 . Python Sl 5 |V HEOM— > RERS G AT BEARERS | 114 97
PRI SRS R AT S8R IR o AT DARE T g bt il rit [ i -

generator -- 7| i 33

S [l —A~generator iterator WAL, ERRAMEEBEE, RFAETHEE vield FikRAE
Ptk — R4 for- IR B I BRI next () BAE .

SRS SR, (FER LR I R T AR AS Bk KB . MR Zh Ak X, i
eSS DY 238

generator iterator -- 2} g 25 %1028

generator PREITRIEMRT S o

B> yield 2GR, LAY A EIIPRS (BIF R RMEER vy 154)). 2% &
B s A KBRS, B MBI EARSEIAT (X5 BRI ERACHTIT A 1035 1 pR B 22 IR ) -

generator expression -- /[ g 75 K5 A,

iR ] — A EACA R IA . EREARMRBE @R 5 A E ST — MEHA R JEF for
TAY, AR —ANATIER £ ). DA REGRIAK S NINZ KB R I fE:

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

generic function -- 72 7 g %

SR AN [ ) R TR S B ] #5422 A R AP AL RSP B e 8 2l 81 B S A 2 17 32 G5 ) W
AL

YWiE 2 Wsingle dispatch RiEFESH . functools.singledispatch () HEfigsA K& PEP 443,

generic type -- {Z %

GIL

A SHER I npe; WEN 1ist B dict KRR s, AT X AR T Azt
WL S 2R 427 . PEP 483, PEP 484, PEP 585 fl typing Hitk,

2 Ilglobal interpreter lock

global interpreter lock -- 4> Ja) fR FE 734

CPython fEREAS I RT ) —FILE], B8 LR Rl — I %) U — AN LARAE AT Python byrecode. AL
I BCER R ((U4F dict FRENERR) FAFFRIIKRZ2fL T CPython S,
A TR IN D RS REAS 2 AR AT T B8, AV W2 THEZ AL B AR AT -
A, SR P B =07 R T R AR DA BT R TR ATV SR 2R 55 G Hs 4 e A B RR
GIL. BtAh, FEAT VO HAEmHi B2 SRk GIL.

QUE—A (PASEREAIR EERBUE I8 ) B AR RIS I M RIRG, X &
PR T AL PR D0 T I PERE . AR Se R Al RE DR ) FE R B S AR A 2%, AT B
HMELAZES
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hash-based pyc -- 3& T-W& 714 pyc
65 X8 I Y8 SC AR B W A (L T A i 5 A8 o R T R B LA ROPE I T RS R A . B L pye-

invalidation,

hashable -- W[I5 7y
—AXF GNP A LA G N AR SCE S A (BEFREA __hash__ () J7¥k), FFTRAR Al
MEHATIHE (BEFEA _ea__ () H¥E) BBFRR TTobA A 5. WG A X G A B A A R 1 i
L EN ARG ey

AR SRR G REAE VD SR A A BB, TR Ry S 23 ) A Pl e 7L

RZH Python "FHYATIAZ NEX SRR W A ISR gy (BIANFREF i) ARG Ay A
AR Ry (BIANTTAA frozenset) (M EAIRTCREI N AT I A2 FTWA A . T SRR SEHI
XGNPI A . ENTEREIN—E AR (RIS B O ), e A ER AR S 5
TEMH 140,

IDLE
Python WY TT K 527 > B85 . idle J2 Python BRifE 54T R PR 4 L AR G e MR RE AR 15

immutable -- s 28 %} 4
AR EEPIRG . NIRRT PRI, RGN L . AR il
—AAERE, MBRIESHIN G . A TER B S A [y i HEAEH , BanfEh 7t
H

import path -- S A ¥4
MEME (S04 125 0 ) HRmMsNR, 2RI parh based finder FIRER T A B . £AR,
IAESFRIEHE R EH sys.path, EXNRPARUBATRER B FHAR __path_ J&@%.

importing -- A
LMY Python AT RE K 75— MBI Python AURL T 19 72 .

importer -- S A %%
I MBS G WS R E T finder & T loader .

interactive -- A3 I,
Python i — A HAMERERS , BIRV] ATEMERERR IR AT Je i A B AN 26k, ST PI T A =
i, HEARWSEHES) python /4 (WA DATEARAG T EHLIT 4R 32 B BB AH B 22 3R 0) » 7
DT AR R TR B B A B P B FH X b U AR (8 (BI85 help (x) ).

interpreted -- iR
Python —@FPfREALE T, S22 X4 IRAUET , BAAWIE B A H T i 4 s A7 1T
DA TSR o X R ME TR SCOE T DAE B AT AR S S Hb A 8 vl A TS s AT SRS
A W gn i 8Os A0 IT AEUR I, (R HAR P A A T 8 . & Winteractive.,

interpreter shutdown -- iR REES ]
TR KPR, Python fRRERSRITEA— MNRRIRSTTH B BAP BT © A B9 UR , Bl s A
BRPRAENTREE . BRSZ WM R el % Xa il % P e XK es e 555 | EHE A ag £t
AT FE XA B B AT RS n] BE 2B 2 PP S, BN BT Ol i) Z IR AN FA 3L (3 L 191
T PR 2 S HLH 45 ) .

FEREAS 5 2R P R A __main_ AEHREIRIE T IA B 58 AT -

iterable -- W[ Gk} %
—FHBENS B AR [ H R B XS 5 o Al BRI B T IrA P FI 2888 (W 1ist, str fil tuple
&) PASCHEEEE AR dict, Ut 7 PARARATE LT __iter_ () F¥EE L T sequence
W __getitem_ () FEMIHEE SRS .

AT LT T for MR IFZIHE ST (2ip O map (). ). ST
PRGN B G A B AL Ster O I, & 2R DXt itk T BE . S0 Fh ik 1B I T
BT TG TEEARE R, (A R R Ster O SU# F CALTZE TR,
for iFIA HEN N IRALFIIREBAE, Bl NI G 4 At FR TR B R R . 5

Witerator, sequence Flgenerator,

iterator -- JEC8%
MRFR— R R SR, EREFHERR _next__ () F¥k GORFH AR 25 N 5 K 4L
next () RFZE R EF AP, 24385 A5 dE T N5 % StopTlteration i, FIXEF %A
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XTGP EIEIIE AR, SR HE _ next_ () HERSFIRE| A StopIteration, #fR
MUAEA __iter_ () HEMKRREIZERIINEE Y, HILERRSLE BRI ERAXS, 1]
BT HATTERXS SE KT 6. — N RBERFI NSRS 2R ER 7RI AR .
ZEERRTE (BN List) FEAREER G HAE A iter () BREERAE for MRER A MR <77 A — N8
FIEAR AT QISRAE RIS L T AR H 2% R 28 23R [0 7E 2 Bl B AR R e R ] — 2R AR AR X 42
ARG E SR

W25 B EF typeiter,
CPython SBi4H 1i: CPython WA S —M LM E L __iter () MZEK.

key function -- Zt PR %}
SHE BRI B BRI RE P R A, 2 REAS AR [0 ) T HE P BHE AL R AT A4 B, locale. strxfrm()
AT AR B M AR I HE P 258 T HE P B
Python A7 ¥ 2 T HHR sui/F ] B sk HOR$E H T Rz 80 5 5. KP4 min O, max (),

sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA
M itertools.groupby () .

A Z Ry 0] AR — R R R BN, str. lower () HERTARAEZRE K/ NS HET R EL . 851
F, BERBAL AT lambda FHEACEMEFIUT lambda r: (r[0], r[2]). 4k, operator.
attrgetter (), operator.itemgetter () #ll operator.methodcaller () ZHEREH =1

Hids. WAE HEFFAET RARERTEA G 6 o6 B s il

keyword argument -- JCEE 55
Z: Wargument

lambda
B —A™ gl expression K4 U TE 2 R R EL, FBASTET IR . B8 lambda pREL 4] R
lambda [parameters]: expression

LBYL

OEERRBRER” IESCHE . X AU S WU AR ST IR A 4R AR A A e A
SRS S EAFP J7 2GR R KRR £ 1547,

TEZ LA, LBYL X FE “EF” M BRI Z R AR AR ME S M. flan, DU
if key in mapping: return mappinglkey] AJBEH THER & #ANEZ G HAWLAE I mapping
HRSRR T key T4 . PP ETRT I I g sk 55 EAFP J7 Ok fiRdke .

locale encoding -- & & X W i #% 2
TE Unix |, B LC_CTYPE if5 5 K it . BRI PAET locale. setlocale (locale.
LC_CTYPE, new_locale) ¥ikKH.

& Windows |, 'B42 ANSIfCASTT (U: "cpl252"),
J£ Android 1 VxWorks |, Python ffiff] "ut £-8" /EMiE S Kidgmidsg=.
locale.getencoding () BI#Ef SEIRBUE S K gmiotg .
5% 2 7l filesystem encoding and error handler

list -- 1|3k
— i Python P #isequence, EIRF RH)FR, (HEHERLOTHMES P rgdmAEaER, WAoo
EIWEHEE 2250 0(1).

list comprehension -- 513k 55X,
SR PR—AN 7B H i BT B0 TR IR M S5 RS R — P BB E . result = ['{:4#04x}".
format (x) for x in range (256) if x % 2 == 0] JFAE— 0 2| 255 JLRE N1~k
B Y. FAFE (0x.) Mg, H if FAZAER), WRA#EN range (256) HIFTAH T
KA AL I

loader -- I#E 2%
ATTMBAIIIXT SR BUHE X440 Load_module () M. MMBEREE H—A>finder 12 1],
e S 0L PEP 302, X} T abstract base class ] 2=, importlib.abc.Loader.,

magic method -- Ji A J5 7k
special method W3EIE 2[R .
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mapping -- Bt}
— Y ERE AR I SCIH T collections.abc.Mapping B{ collections.abc.
MutableMapping IR HEITHIE HEMARANT SR . WRXTE A T35 dict, collections.
defaultdict, collections.OrderedDict PAS collections.Counter,

meta path finder -- JCIRIETE TR 7%
sys.meta_path B RINR [ § finder. TTEARE AR Spath entry finders FEAE FEFEABIAHH I .

& E importlib.abc.MetaPathFinder [ fEICEER B IR AR AT LI T VE

metaclass -- JGR
—MATAEENE. B LR REMAERT R, ok hveEz LR =S H0F 0] 84
&E@%o FHR T )R S R iR 5 AP 2 R — A ERIA SE B Python YRR ) 2 AR FET AT AR 28
o KA FKIEATEXATH, (4TI, JoIET RS A o ) i Ty %
bTI]E%&'ﬂﬂ:ﬂ%@ PEDIIA) H A IS INRAR L 2k BRE A Sl fl, DA 24155 .

L% S I metaclasses.

method -- J5 i
TEAS TR LI RREL . WNSRAE R S — A SR TR A, s S R B R G R 2 —
Aargument GBI N4 N self). £ function Finested scope.

method resolution order -- J5 {: /@B
T VE SRR A A PR A I R R WS R DU o« W25 Python 2.3 J7 by 1
fift E 2.3 Wik Python f#HT#% T FAH X B35 0

module -- il

X5 Python RS —FPH BN o A BIHEAG M A ar 44 25 (0], PIE4E& Python X4, #4
BenT i importing BVER N 2L E] Python H1.

Y Wpackage.

module spec -- EEHu LR
— A amE, S H TSR X FAFE. & importlib.machinery.
ModuleSpec HJSEH .

MRO
2 Wmethod resolution order ,

mutable -- n[ 25 %} 5
BRI ATE RS id () PRAFEE GO R e BB . 53355 Wimmutable.
named tuple -- B %04
A “HATTH” "W TAE MY e, I HI PR n 25 | R fe i 4 PR s ik v ) iy 2 23
B, SRR R B ZRIA W] RES A AR
FLNERMET AL ICH, 035 time. localtime () Ml os.stat () WEREMH. 5H—AFT2

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

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

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

True

FLEAATEALR N ERR (Bl sl 1) o thsh, A IT4le g H MR E UM tuple 4k
I AR B T 2Ok B . XKW AT THE, siF M 1) K% collections.
namedtuple () @&, J5—MI7r2UL 2UIN—LF Lo S N B R A T4 i s ik

namespace -- iy # %3 [A]
A B R R mAZSEA R ERMNER, AN PRmEmL 2 m (FEh
2. g s Ilﬂl_ﬁﬁﬁﬂ:/ﬁ%ﬁl”ﬂeﬂ@i?fﬁ%ﬁ%% Blan, % builtins.open 5 os.open ()
AL 4% H W44 2SRRI Ay i 44 25 (8] 340 3 Ao HF A R A ke S B IR A o 50Kk 35 Bh 4 i mT sk
ArT ek, Flin, random. seed() B¢ itertools.islice () XFPE I T iX LK %02 M
random 5 itertools 4 HISZILAY o
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namespace package -- iy # %3 A4
PEP 420 it | A —P VE TR 28 fpackage , fin 24 235 [0 G 0] DA SER TR Y, HAH ATy
L Hregular package RNIa], F-NEANEE __init_ .py X,

FHA[Z Wmodule

nested scope -- {fk £ 3%
E— N GEB NG AR R 1. BN, 1650 —RECZ e X sREmT AS | RTE AR & . 153
R EANE FSER A HATS A m R RAE TC A . Jeil A B i S S 02 BR T de 9 2 VE . 28 4BLi
2R RS WEH T2 R4 250 . @it nonlocal K] FRIFE AINZ1E I

new-style class -- JiAR
Xt H BT E R TR 2 0B HFRE . R A9 Python A H, A B X2 AEE £
Python i B R 1EFK, W1 __slots__. fiiR#F. FHE/EME. __getattribute_ (). EKH
MBS ITES.

object -- %4
AT RARGS (RMsiE) PARIE XATR () BI%dE. object tig FAnew-style class 1) TR
EHREH .

package -- {1
— T A A TR B B33 U M F 2 401 Python module. MAZA G, L2 HA _ path_ @M
Python f5iH,

52 W regular package Flnamespace package.

parameter -- JE%
Junction (BJ7¥E) & LA Sk, EAEE R A2 —argument (BTERLEIEHLTR, £
MEZ). HIMES:
o positional-or-keyword : i B E 4T, o — N DMER 5 B A5 A5 AT DAVER % 42 5 At
A5, RN SHA, BRI foo B bar

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

* positional-only: {USROZE, F5E—HAEEW A EE ARNSE. (WROIETES E e R BUE
MBS EAENZ IR/ FRPRES, BIUIR T posonlyl Fl posonly2:

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

o keyword-only: {{FRFCHET, FHE— A HEEHET KB FEAMSE. (R XTI S HETTE
PREUE XML S5 R P& A2 0 B S B E L2 ARG ETE S 2 Hii—A * 2RE XL,
BT kw_onlyl £ kw_only2:

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

* var-positional: WA, 455E W] ARG — IMERRCR A GBS B RS (FE e A
EZEEZNMESHZIG) . ZAESEEAETESAFRAMS * KE L, BT HEE args:

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

o var-keyword: T]7AF SEARSE | $5E W DARHME R BCR N B E SR (MHmEHME S O 8 2m X
BESHZIG). XFIESELEELSZREINE «* Kw L, Flan Eme kwargs.
TEZ 0] AR B8 @ PTRE A S 40, AT DA HESERT Be S 40048 BRI -
H 2 argument RIEFFKH . ZEEESHX B RE ILAE, inspect .Parameter 2%, function
—I5PA S PEP 362,

path entry -- B A 1
import path W —AEAI B, 2Wipath based finder F AT TG A RIAFLR

path entry finder -- J%1% A 1175 £52%
F—a[ AN S0 sys.path_hooks (RBipath entry hook) 1& [Hl{f) finder , WFhXt5 GEi@ i path entry
e IR
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2% importlib.abc.PathEntryFinder DA T D ARSI SLIAI AN ¥

path entry hook -- p%12 A O 5T
— AR X R, EAERIE A B AR E path entry FHEIBEREGIE LU T REAS B sys . path_hooks
B FER []—A path entry finder .

path based finder -- J& T BRI AR 2%
BN —FhUsbi2 &35, AIHE—Aimport path ThE AR

path-like object -- B12J%} 4
PP R IO % A T LR R BRI stx i3 Dytes W%, i
A PARE— BT os.PathLike PPAIXTHR . — A~ X Ff os.PathLike P XF 52 ] i i 1
M os.fspath () LN str B3 bytes KB RYPEIE; os. fsdecode () fil os.
fsencode () AH I RBAER RS str B bytes KRAIRLER . WAT5 2 H PEP 519 5] Af).

PEP
“Python S5 R IL” HYFLLHTE . —A> PEP e —(h Bt SCh, IR Python A IKIRMLEE, Bifl
7R—~ Python {3 s 4RIE & Holt BE B3R 3E . PEP [ 24 $ (RS 0 A 2 AR HURS BT SR SR 1 1) S P 33
N

PEP [ A Rt RO AR AU WSt OGRS S AR S 15 DA B R e 20U A Python ALV Bk 5
'S SCRIR EEDLE] . PEP IAEE A SAEAEAL I TR E S S0, I RCREAS [F E WARIC A SR

%11 PEP 1.

portion -- ¥4y
P R — AN 4% 25 1A BEAS H SR SO E S (WATREAERL T —A> zip SXEW) , HAkE X, PEP
420,

positional argument -- {3} ¥ 2> %[
Z:Wargument

provisional API -- £ API
B APL 23R 0A B HERRAEARHE P 0 7] 5 3R A MR Z AN . A 101 . AR MR A
DA ERUE, (HRBEHYARMCHE E, T BEEA% DI K1 A BRI O T 67 ) JE A iR
FWE (RRAFERRZED) . WAESOF A SR E ST - (FE APTREINA Z 71K 2% &2 ™
SRR SR B A BT A W] BB 2 XA -

2R 5 APTARE, S AARA A L el i m iR J7 587 —— A M RE A A I
HR AT B S 2R B — b ) S5 AR A AR T 5

X ARAL PSR SOV R SR T BE R 2 TR0 A I B BB BT IR . P45 UL PEP
411,

provisional package -- #7 ¢
2 W provisional AP,

Python 3000
Python 3.x A i EAIMERR (X2 FHEMA 3 i R AE RS T Rl L B 1) o A It 4
B “Py3k”,

Pythonic

AR B U S A 1 Python 15 7 S5 W KRS RIBELE , 1M AS 2 ) HoAt i = i
AR R SC B . BN, Python (%5 ] WAR S (1] £or TRAUIRPRAM P — >l ik AU R Hh (14 By
AICR . WL HAE S BA ARG, IR Python fY AT I &b 8 — B T s

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

L

TR 2 ¥ B 157 5 B Pythonic (77 34 /& X FEY:

-
for piece in food:

print (piece)

.
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qualified name -- 1 @2 8%
— AT R AR, BoR B 4 Je Vs it SO HEAN 2R, sREE B B8
7, ME I PEP 3155, XF 2R RBHIZE, BREAFRSXRAFR— 2

p
>>> class C:

class D:
def meth (self):
pass

>>> C.__ _qualname_

ICV

>>> C.D.__qualname_
'C.D'

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

295 T 5 BT, 7 IR E & AR B AR N IZIBR I AR5 B B B A, Hh e S A )
ALHL, Ul email .mime.text:

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

reference count -- 5| it%k
MEE G A ARG AT AR, B, ALextgae ok4E” HGI T
BOKIEA S WAE Y, P AP GG A ORI . 5111806 Python ﬁﬁ%?ﬁlﬁél_ 2 /NAT LAY,
BB ZCPython SLELA—A KREETCER . BT APTLAMA sys.getrefcount () pRECER I E T
S5 4.

regular package -- ¥ Hi{0
g B package, FHIANESH —A4> _init__ .py XHRIH R

%52 W namespace package.

slots___
—MEFER NIRRT, G S B S SR M S R R R B S 9 R T A E . BRI T
RyAT, (HARBRIFAIAL ), wlf AR DRI R, BIAAE N Y AR, IF
H A8 K S
sequence -- J3- 4]

—Fiterable, TR __getitem__ () FRR LR R HTEAMICE TN, HE
T —AREFFK R __len_ () ﬁ{i WEIMFHNFEEA 1ist, str, tuple fll bytes 4.
HEERAR dict HFr _ getitem_ () Ml __len_ (), {HEHEI NS HIERS], HAE
it AT R immutable BEAS S BEEORE R ITE

collectlons abc Sequence M%%%ﬁzXTQ/\Ei%E’J%D BAE __getitem__ ()

_len_ () Z4b, BEINT count (), index (),__contains__ () fl __reversed_ () S
IAIfETf%T%DB@%@ﬁJTU\@% reglster ) R A Eﬁtmﬁﬂél_ﬂ%r?ﬂf{fmﬁgj@é
WS RPN ELE.

set comprehension -- 441 A
Qb PR — AT IE AT S i B A B e E I IR I G5 R E G B —F BB F . results = {c
for ¢ in 'abracadabra' if ¢ not in 'abc'} FAENFEMFELES (', 'd'}. B0
comprehensions.

single dispatch -- Ji4 IR
—fhgeneric function SMRIER,, HEEIZE T S EN 2B R £E1) .

slice -- Y )i
L%R@E‘T%%sequeme BB IR S Y1 R R E R RRbRiC A, AR (1 AL
/;U\ S MECT, Bt variable_name[1:3:5]1. F3&% (TFR) 7FTLE‘7EI7\11|31§H3 slice
POE-
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special method -- %554 J5 i
—F iy Python =X A /73, R A IEAS B PA TR & BAE G ANAE 4545 . X R E i 2 Fk i
HRACHIBUFRIZ . FRIR TR S0k 2 WL specialnames .

statement -- {& 41
BT (— MRS “B7) MAUSERAL. — 2B )R] AR —expression BURANHTA K EEF
ZER), BN if. while B for.

static type checker -- Fi 2RI A 2
P Python ACRY H #EAT 404, DA R Gl PF S 4R AME TR BigS L L7 AR
typing B,

strong reference -- 5 5 | Jf]

1 Python fij C APL W, 35| /248 A 51 BB IrIA B 0951 . FER) 5] i aTE Lt
M Py_INCREF () RIRHGHES | HMAEMERS | I Pli@ it Py_DECREF () SREEE .

Py_NewRef () MW TOIE—AXTRMRE I H . 85, OOFER AR5 H B 1E S e
%385 F_EA A py_DECREF () sREL, DARESS | H A .
Wi Zborrowed reference.

text encoding -- LA 4% A,
1E Python 1, —AFAFHIE—Ha Unicode fUR% A% (FEMEH U+0000--U+10FFFF ). A T AFAE B &4
—AFERFER, EREWTIME T,
FF—NEFFRIF IR — DT FINEFRAN D, TN FE I P E R AR ARl <
ﬁ’%” R
HEMARERSCARIF I Fldds, EAESENCA” UGS,

text file -- LA Lk
—FEEIS LS str WG file object. 3 H— > SCAS S S B 2 v 1) — AT ) 2717 (R B O B
Ak Blrext encoding, SCASCHFRIE T AFEASCARIR ("rr 5 "w') FTHHI M. sys.stdin,
sys.stdout PAM io.StringIO [H3LH,
JH S Hbinary file T FREGILE 5 5 20 £ B9 SCHEXT S .

triple-quoted string -- = 5| 'S =45 Ht
HWRAW =AESNGS () gEH515 () WFEFER. eNEgk SRS H—A 515
AR AT AR, HE2a 2Lk, BENAVFREFZS R NS REH LH 5[5 FE]
Z, HF H T AES AT o M AT, RS SO AT HR IR AT .

type -- 2394
R YL —> Python X5 J& TAF AR WARIGERRA —MIEBL. BHLEEX R, AT
FER __class__ J@tk, 8U2HiT type (obj) FKIRHL.

type alias -- J8%45}] 4
— ANRBR ] SGH], A8y SR R B 255 R E iFR R4
HA G2 BOE R A2 e 2 A= A% filan:

def remove_gray_shades (

colors: list[tuple[int, int, int]]) —-> list[tuplel[int, int, int]]:

pass
“ J
LA T
p
Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:

pass

Z: L typing HI PEP 484, HAA XS LI BRI TEAN A .

type hint -- J8%47: i
annotation N5 . KEM. REIESB0HR RMESS E TR 2RE,
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BAUR R SR ] BERY A /2 Python AYSRTIECK,, (HEAD %45 X 240 E 5 WA R EIERETE
IDE sSCE ARG b4 5 EA .
st FR BB K E AT DA typing. get_type_hints () TH, s
PR TT DA,
Z: L typing fll PEP 484, H g X} I REIG TR REA .

universal newlines -- i FH#47
— PSRBT, AN A RS AR A T A R AR & s Unix BATE5 R ZYE "\n', Win-
dows B Z)5E "\r\n' PA KX IH R Macintosh {25 '\r', Z Il PEP 278 il PEP 3116 ] bytes.
splitlines () THEHEZ AU,

variable annotation -- 25 5 bi7E
X AE F B R @ ) annoration

TERREZE RSB IERT, af m] et oy HLNKAE

class C:
field: 'annotation'

AR EARHEE TR R A o BINDA T AR RS2 int JRARO(E:

[count: int = 0 }

AR ARETEVA R TEANARRE W, annassign — 7,
Z: Wl function annotation, PEP 484 F1 PEP 526, H WA T IHINEE. 53527 annotations-howto DA T
fR M A ARYE ) B A58 R

virtual environment -- ) IA5BE
— PR M E IR BB TR PAEE , 1 Python FH PRI F AR P AE 22 B Fl FH4 Python 43 & A i A
2B — RS Lz TryHAD Python [ FIREF 94T 4 -

HZ venv,

virtual machine -- JE#J#L
— B S AR AT E ST, Python HERUUBIL TS5 15 i S 3 Fi A2 L) byrecode

Zen of Python -- Python 2 fifi
A1 Python &3t By JE M 5372, HHNTHM S X MIES . AF RN T AR
i A import this”,
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com F-4H % T BeOpen PythonLabs B . [&]4E+
H, PythonLabs [#] J\%%%] Digital Creations (J{ "5 Zope /A ; U, https://www.zope.org/), 2001 4, Python %K
{542 (PSF, I https://www.python.org/psf/) J8AL, 3% &—% A Python AH & HITH A G 1 HE
BRI, Zope T HAESE Python B B4 i HE B I B o

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RERA  FB F1n FEE GPL %% 7

09.0 % 1.2 n/a 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI %
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI &
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 R 2.1.1 2001 &4  PSF =

#il:: GPL A A EIRE Python ¥ GPL N %ffi. 5 GPL A[A], Ffy Python ¥ RIUEHR SLvF A A1 L
JERIRAS, T TCFRE IR BT S EE. GPL 3B 1A AIEf15 Python W] DAL HUETE GPL "R KA AR 1445
AR EHERFAHENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRERS( LAH &M Python B)RmF0F M

Python A SCRS ) I V7 AT 3BT PSF 4 T #7350

M. Python 3.8.6 JF i, SRS, HRAEHS SR AT R IR PSF VFRIHSAI S 4 % BSD 7T fY
L AT

FE 4 B AE Python H RS T ARG VF AT X LBV AT & SRR VAT 2 R AU — 5 . A R
AR SE RS RS TP T A a9 75T 57530,

C.2.1 HF PYTHON 3.12.2 4 PSF o] {ipil

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

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

3.12.2 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.12.2 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.12.2 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.2 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.12.2.

4. PSF is making Python 3.12.2 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.12.2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.2
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.2, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

of agency, partnership, or joint venture between PSF and Licensee. .
—~This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

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

third party.

8. By copying, installing or otherwise using Python 3.12.2, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 ) BEOPEN.COM #F ] il

BEOPEN PYTHON JF-J5 4 ] P AR 1 A

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(BF )
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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 FF PYTHON 1.6.1 g5 CNRI ¥#F o] il

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
does not grant permission to use CNRI trademarks or trade name in a trademark

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

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

C.2.4 FHF PYTHON 0.9.0 E 1.2 ) CWI ¥Fe] il

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 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.2 DOCU-
MENTATION

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 Wik al S5

A2 Python B AT GRS =y AV RIEOING B, %3 B2 A S8 B AR .
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C.3.1 Mersenne Twister

YE°/ random i R Z ) _random C ¥ B3 E T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html "R, AR 2 A A 58 B RE:

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)

C3.2 EfEx

socket ffijfl T getaddrinfo () 1 getnameinfo () WIDE 3 H iG] YR S04 H: https://www.wide.ad.
o/

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

EEFTD)
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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. 1IN 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.

C33 REEEFRS

test.support.asynchat fl test.support.asyncore FHAEPA UL, :

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 Bzt &L FEH:

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
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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 HITIEER

trace FRHALE DU FEHA:
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 5 UUdecode F#

uu AL DA

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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

Cawy
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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 Z&3i=iEH

xmlrpc.client BEHEE DA R AEER:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

C.3.8 test_epoll

test.test_epoll BHAI5PATULHH:

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
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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 BB T kqueue Y AL & AT FERA:

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

Python/pyhash.c {4 £ Marek Majkowski’ %} Dan Bernstein [} SipHash24 ZY¥EMSEH . BESPAT
P

<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

(BT ID
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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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

(B L)

C.3.11 strtod #0 dtoa

Python/dtoa.c CHFEMLT C pEL dtoa Fil strtod, T C XURE BE BUE AN FA4F Ff 2 R 5640, B R
4 B 1 David M. Gay 45 5 11 [a] 44 S04, B HiiZ S0 FTHE https://web.archive.org/web/20220517033456/http:

//www .netlib.org/fp/dtoa.c 35 . FE 2009 4E 3 H 16 H R B A JFIE ST 8 DA R BRACRIE v] 7 HE:

/*********~k***********~k****k*******~k******************************

*

* 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.
*

E

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

C.3.12 OpenSSL

WERBRAE R GRMSCRF, W hashlib, posix, ssl, crypt BIR& )] OpenSSL FEsffdmithfg. Mo,
Python [ Windows #ll macOS %2y i fE 2>t % OpenSSL FER AN, BT AFA AL I ALHE— 17y OpenSSL

VFATER RIS . XFT OpenSSL 3.0 i K HISEEATA LA, 298] Apache 17 1T IE v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all

(ZF50)
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other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of

this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,

EF 0
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use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.
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6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat I M I35 expat JHRIARA 2R, BRIEACE T ——with-system-expat:

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,
Cay
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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

YEH ctypes B FZH _ctypes C ¥R 28 A5 1 libffi JEH @A B R, BRAEM R EE T
——with-system-1ibffi:

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

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

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

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

C.3.15 zlib

R ARG EAREBIRY 21ib AR IH T JCyk TR, W 55 zlib PG 8 DR 2 1ib 3 J:

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.
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jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {f {7 AL AT cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

C.3.17 libmpdec

Y4 decimal BIR T2 _decimal C § e i1 f4% 1 libmpdec FEfRIAMI R, B ARH H L E

T ——with-system—libmpdec:

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
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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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N X EH

test fHH) C14N 2.0 M3 4E (Lib/test/xmltestdata/c14n-20/) $EHUH W3C Mu} https://www.
w3.org/TR/xml-c14n2-testcases/ FHHHg 3 £k BSD 4 A] iIF & 47

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 audioop

audioop FEHLEH T SoX il H i g771.c SRR EREARD . https://sourceforge.net/projects/sox/files/sox/12.
17.7/s0x-12.17.7 .tar.gz

B /2 Sun Microsystems, Inc. f)7™ i Al I ICBR B A o P T DAFS DLl it AR
Hy i FEA A} B 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.

FRALAY Sun JEACHD AP 52 AR SZEFHE H. Sun Microsystems, Inc. %A X455V A . HEGS
CDERTEN

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.

FEALAHH BT Sun Microsystems, Inc. S5 AT A BRI 451 25 SO ARFIR G . (B HE RS
i E 15T, BIE Sun CREE AT BE A AR IR .

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

C.3.20 asyncio

asyncio BERAPLLRR R A uvloop 0.16, "EEET MIT VFAlUEAFTH):

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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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RRILER B

Python 51X {3 SCAY -

JRALBTA © 2001-2023 Python Hffhk4r 2. OR B AT AR

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU
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B
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C
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context manager —— Lt TNXEIEZE 63

context variable -- FTXZEE,63
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coroutine —-— Ph4E, 64
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D

decorator —-- EMi%, 64
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64
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E

EAFP, 65
expression —- Rk, 65
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F

f-string —-- f-F{FH, 65

file object —— XHX £, 65

file-like object —-- XHAX %, 65

filesystem encoding and error
handler —- Xﬁ:%%%@%ﬂﬁ
&R AL AR, 65

finder —- #&E, 65

floor division —-— & BB, 65

Fortran #4063

function -- I, 65

function annotation -- HHArIE, 65

G

garbage collection —— I3k E U, 66

generator —— 4 A #, 66
generator —— A &k #, 66
generator expression —— 4 EKBEFRIER, 66
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generic function —— Z A& ¥, 66
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GIL, 66

global interpreter lock —- 4 F i B #

41, 66
H

hash-based pyc —-- ET%HHFH pyc, 67
hashable —- HWHF, 67

IDLE, 67

immutable ——- LA HEXZ, 67

import path -- S A%, 67

importer —- B A4, 67

importing —- §A\, 67

interactive —— X &, 67

interpreted —— @EA, 67

interpreter shutdown —- FE & %M, 67
iterable -- H&ERW 4, 67

iterator —- # R &, 67

K

key function -- %% ¥, 68
keyword argument —- X% F5HH, 68

L

lambda, 68

LBYL, 68

list —— %%, 68

list comprehension -- #|Xk#HEE R, 68
loader —-- fn# #, 68

locale encoding -- #E% K H%E#%R, 68

M

magic method -- JBEARF %, 68
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meta path finder -- TEELERKEHE, 69
metaclass -- T2, 69
method —-- F i

HE Pk, 73

BEA, 68
method -- ¥, 69

method resolution order —-- % 3 & # I

JE, 69
module —--— ¥, 69

module spec —— A, 69

MRO, 69

mutable —- H L4, 69

N

named tuple —-- B4 T4, 69
namespace -- & X H, 69
namespace package -- W% X [H4, 70
nested scope -- #%ZEEHH, 70
new-style class -- ¥, 70

O

object -- X%

BHE A E, 45
wAAL, 45
object —— X £,70

P

package -- 4,70
parameter —-- K%, 70
path based finder —- EFHBEHEHKE 71
path entry -- B#&AH,70

path entry finder -- ERZABEHKZE, 70
path entry hook —-- EZANBHTF,71
path-like object —-- BFEEX£,71
PEP, 71

Philbrick, Geoff, 14

portion -- #4771

positional argument -- fL&S#, 71
provisional API -- # % API,71
provisional package -- #HZE A4, 71

PyArg_ParseTuple (C FH#k), 12
PyArg_ParseTupleAndKeywords (C H#), 14
PyErr_Fetch (C &%), 45
PyErr_Restore (C %), 45
PyInit_modulename (C function) ,52
PyObject_CallObject (C Hk), 11
Python 3000, 71

Python H¥IEZ; PEP 1,71
Python #EEZ; PEP 238,65
Python #IEZE; PEP 278,74
Python #IEZEN; PEP 302, 65,68
Python #IEZE; PEP 343,63
Python HEEZ P ; PEP 362,62,70
Python HIEZ I ; PEP 411,71
Python #IEZE; PEP 420, 65,70, 71
Python #IEZE; PEP 442,46
Python #IEZEN; PEP 443,66
Python ¥EEZ; PEP 451,65
Python HHEZ Y ; PEP 483,66
Python HEEZ P ; PEP 484,61, 606,73, 74
Python #IEZE; PEP 489, 10,52
Python #IEZE; PEP 492,62, 64
Python #IEZE Y ; PEP 498,65
Python EEE; PEP 519,71
Python HEEZ P ; PEP 525,62
Python #IEZE; PEP 526,61, 74
Python #IEZE{; PEP 585,66
Python #IEZEN; PEP 3116,74
Python H#EEZ I ; PEP 3155, 72
Pythonic,71

PYTHONPATH, 52

qualified name —- [RZ&FK, 72
R
reference count —-- B fit#k, 72
regular package —- ®#AE, 72
repr

WE B, 46
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sequence —- J¥7%|,72
set comprehension —— £4#ER, 72
single dispatch —- B4k, 72

slice —— Y H,72
special method —-- ## 7,73

statement -- &E4,73
static type checker —- # & K A& & & &,
73
string
Xt & R, 46
strong reference —- #E|H,73
T

text encoding —-- X ALK, 73

text file —-- XA, 73

triple-quoted string —— ZB|5F#&,73
type —- X#&,73

type alias —— (A H 4,73

type hint —- XA EH#, 73

U

universal newlines —- i /JH#AT,74

V
variable annotation -- T EAFE, 74
WE K

repr, 46
virtual environment —- EWIFIE, 74
virtual machine --— E#A#L, 74

W

WM, N, 45
AN, R, 45

Z
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