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CHAPTER 1

HERNS=ATH

AFEE T TR I CPython A — b7 SR (i G P R A T B 25 =77 T.H N Cython, cffi,
SWIG Al Numba $ {1 5 fij B B B2 2% ) 77 20K Python G113 C 71 C++ 37 f2.
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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 R GERY K7 A% . Python (1) APT n] DAEAE—A C IESCFH5I ] "Python. h" KPR -

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

1Eff: C 47 N CPython, 3 JEAIHUICIALE HA Python SCBL ETAE. YERZHAEOLT , Mzt 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")

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

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

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

Efi#: 1T Python W] A& S—LEREYER LY RS0 S MR Sk SCIFRO TAL B AR 2 5L, PR A E A & AR ol
WS SUHE2Z /T, AR SRS E Python . h,

et 2FE Python. h Bl E X PY_SSIZE_T_CLEAN , BHEZIY B H4 58 R TN ENES
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);

}

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

(FEHELA O T BB S REAS 3l 1 U6 L E PyEre_» pRECRA N IR AN B, IF HAEX S O
TR DAIAEMAY . (EZ R I — R, RN AR, AT RE B KSR B B RS UHAE
2l TR R R TR )

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)!

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

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

static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

}

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

21. £/ C & C++ ¥ & Python 7
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] BE R B2 B PR AY T SpamError W— G, XRA K. N T B g s, 50
SpamError Kl &M EF 1

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

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

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

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

WAL SR 3 HPAG I B FE R b']TL_IEI NULL ({E 2R W S 38 415 R BT (38 A A 1R ), X ek
F PyArg_ParseTuple () WEMFH .. FEHAME O FS2E0 T4 RS8035 U 3 534 & command.
ﬁ%*ﬁ%ﬁﬁﬂﬁﬁ%ﬂ%ﬁ@iﬁ@‘ﬂiﬁ@ﬁﬁT’ﬂﬂ@?ﬁ“% (R BLAEARE C AR command W 244 IE A

7HHA const char *command),

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

sts = system(command) ;

|

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

’return PyLong_FromLong (sts) ;

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

WARAR ﬁﬁ/\fl_lilﬁﬁﬁf%&lﬂﬁ C o (HPIRE] void HYBR%L) , MIXSLZAY Python pR AR [T] None.

PRI X M5 (‘B2 Py_RETURN_NONE Z2KSEPLAY )

Py_INCREF (Py_None) ;
return Py_None;

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

WFATPT,, JEEAERZH LT SO ERE AR

8 Chapter 2. RERE=FTREBT R
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2.1.4 ERFGERNIIGCERL

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

static PyMethodDef SpamMethods[] = {

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

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

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

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

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

XTI IRR AL ITRIE LR BT -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

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

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

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

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

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

Q)

21. £/ C & C++ ¥ & Python 9
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/* 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 ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0O;

HEff: T sys.modules MR SEMAR B S B4 FBOEE] IR RL 2 MRS (SN fork () M
Bl exec () ) RAE—SLy BT B /R4 R . 3 REBTHE AT ATERD SR A N SRR 4 A I 4 HH 2 o

2 e T A B AL B B 11577 Python YRS Modules/xxmodule.c H1, X &8 SCHAT DA FHAEIR
P ARG, BiE 24> . I modulator.py £ & 78 YRS & 4Tk Windows 2225w, AL T — AN fA] B
GUI, ks AR se ol i sk BORIN 5, HLa DAAE BUBEE A AT . IASEE Tools/modulator/ H 5%, %
& README DA T f# ¥

Hfi: AMEEATN spam BT, xxmodule i T % M 47451t (Python3.5 4G5I A), PyInit_spam
2xiR [ —A~ PyModuleDef 514 {4 , K501 @ MBS F AN . 417552 PEP 489 2 B IG 1k -

2.1.5 YmiFFOsksE

EARREE AR S Y R ZHl, VRETEEMM s B Python REEAIFMEER:. W RIREH
AN, X REH A EAE R G SSIMEBYLE 2 EEIES % RIEY R =Y (e
C/C++ Fr e FT), PAMAE Windows FIRiFFRENFIMEE (£ Windows LA C Ao C++ ¥ & F7).

WA BRI E, SCE IO AR VE R Python R —F5r, UG MOBL &I &

HEH R . a7 Unix EARM, HFTREHARM SCH: (spammodule . ¢ SN HCEE MR H 45
PR AT Modules/ HR'F, WI—478] Modules/Setup.local FIRVRIA S

spam spammodule.o ‘

IRJETETIUZ H iz 1T make SR E P EERAS . (R PATE Modules/ 1 H (/] make, {HEIRAAZI
JEEH Makefile UfF, M5z rmake Makefile’ fir-. (YRR Setup SCIFHRT ZEXFEERAE. )

URARI BT BB AR, X LE AT A I AR B SR B, 28 S

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

2.1.6 7£ C hifH Python FE#

oAk, FAT—EHACHEE L THE Python ] C e %, HSLGad R ARG M, wiie i C ¥ Python
IZ@I XTE Rl R EC P CHA A WA C O R, 822 S XA [l R .

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
)

iﬁ]ﬂ% Python pRAMR i B, ¥ 2 Python 27 3244 1% Python BB S . W% B (B A% 1) Skesk
o MUEHIX AR, H 4R SR Python sREU G0 FEr, EYH A (Py_INCREF () RIm5]
Jﬂfrz&ﬂz YRR R RREAAX R, 20T, G7F RET fE B E SR —3B4)

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

AR Bl METH_VARARGS Fr i VE M B AR REZS :_Hkikﬁ,%%ﬁam%ﬂc AT SR,
PyArg_ParseTuple () BB HSEIN SUEFER 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 &

Bl J, 240 DL R B, RRFJE A C Bk PyObject_CallObject () . %ZEREANSEL, bﬂ]%[i
JET8%r, /TR Pythonxfﬁ% R Python s, RHSHHIE. éﬁzﬁﬁw M E— e g, H
K Eﬂ%ﬁﬂﬁ/\@zio BN S HHI Python PREL, WL A NULL 8i—25 4l B — A~ S50 H
B, WEA—AHIG4., Py_Buildvalue () SfEHAME RN FAFR A S X TS N ZE N2 1t
f Bt [m] — A~ o4l . fBilf:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

21. £/ C & C++ ¥ & Python 11




Extending and Embedding Python, %% 3.10.13

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

PyObject_CallObject () MJIRMMEEZ B 09 Zak MHERNE; HakeAXER, (A
TSR FrABR AR S R AR A E A Ry B, ARG EXNXAMEME ] Py_DECREF (), HPfEAR
XL NS (R ) AR

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

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

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

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

YR R EA TR R, A XEFESHHM Pyobject_Call() , WEFFFESHM XETS
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, B Python #4145 C sEUNS BN format SRR — AT
FiHy, 1R E% Python C/APL T A1 (1) arg-parsing. FIRSHCE AR MhE, KRB GKFHF
ORI o

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

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

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

const char *s;
Py_ssize_t size;

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

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

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

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1. {#f 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

MR BN CAE M T S RN O AR, ANTE kwlist WK KB 7 S8 8L 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.
*/
{"parrot", (PyCFunction) (void (*) (void))keywdarg_parrot, METH_VARARGS | METH_
< KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC

(T IgkED)
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(£ L£50)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 MWEERIE

X% PyArg_ParseTuple () fRAHL, FEHUIT:

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

BRI TAH, 5 PyArg_ParseTuple () Ml[F], (HE2SHUAUEEARHIETEE (AL 5
B, MR . 2GR R —A> Python X4 & Tk [0 C s i 45 Python RS

—~5 PyArg_ParseTuple () [AREE, JEIH P AETRZE M 2K B —A~J04 (Python SR B2
TENFERRA ), Leln T A& 25 HiAth Python i PASEL. Py_Buildvalue () HAEZ4MITH,
LT 1SR FERF RS A RTTd, RS X FEFFER S WIR B None , —ANSHINEER %S
fﬁ(é‘]i@‘%o AR ER GG A B — AN BN 0 BT, s &— IRt FEEEFAF SN b
55,

Bl e, A2 Python {HELR):

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

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

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

2.1.10 S|RAE

1 C/IC++ BT, FEF R 5T 80 A BRI e heap 24 A7, 768 C B, (@ A% malloc () Fll
free () K5EM. 1F C++ HEENE new fl delete ELHAHE TN EE.

Nl malloc () AN, RAEIR free () BEETHNAMET . MM free () 19
LIRS, R DNFRE T free () WS SEONFMNG, XH N TEAERL T 55K il o vk B
. XU M k. T AR — N AEER free () TUAJE, BAM— RV N, 0
malloc () B HXINESSENSE . XMM 2354t SR T06H R G r9 %, core dump, 4545
T, MR B

AR R AR R AR E— SR8 LA AR T . e — AR B TNV, T2, S5
RERNATHE . BUAE— S0 R FR 1 6 el mT RES i X+ 5 0 I Sl ARG I A R 2 1, SR e M BRI BRGR e T
AR Gy i Ae iR mTREON A, B R R I s s A . XA NI, —EHEIA, @ AR AR
MEDAKGINEY , G5B H AR AR A, T B L SO R B R R RE AN AR, B DA K i
A e s B RO A AR . L, AT A, B A R S R Sk /MBIt
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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 IENNG: WA L URAET KL
SRAHHECE A VBT, SRR ST DAFEC AR AR, A T AR A S T«
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YA C R Python P FIIF, 2 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
AOBUAFON, RS AEARTCE, (HAIT RS20, Sl w2 ROy Reas i, Il aE
FEGIRIWAFE AL EXGIH .

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

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

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

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

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

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

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

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

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

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

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

void

bug (PyObject *1list)

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

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

NULL {84t

HH, HSZ RGN SR BN A B E AT NULL 48481, I HA IR 2 5 0 (5
TELAG S BUZDRAR) o R B0 35 | T4 e GE 7 A ZHR W] AR T S AR 9] NULL. Al NULL
SR SR RAE T 1 2 R R0 R E AT IR X G A 25 FO A e B - AR A s BRI UL, Fi&
SFEOCA TUAARIN M AR T 8

I IOMEERAE “YRL” FAGI NULL, BPZERRIRE)— ATk NULL pg484F, Bk H malloc () 5§
T ITRET | K S8 1 R R sk o

Py_INCREF () fll Py_DECREF () &% A2 NULL 84 —— (B2, B2 Fh Py_XINCREF () Hl
Py_XDECREF () NG .

T RIRE 2 X R IEBUA 2 (Pytype_Check () Al NULL #8461 — [A R, A K8 AU & L
XA ML — X R AU R BUNE R Z —, XA STTRI. AIFEHAT NULL &
TAEIR

C RO AP 2 PRI 4y C BB SRR BBl args) 4R 204 NULL - SEFR_EE SRR
B h—Aodt.

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

2111 £ C++ P REY &

SETTAAE Ct FA SRR, FURATREIR. AR LR (Python fIRER) JE M C ik i
BERER), 4 R A X G AR AR R P SR ot 2R R BB S A . b8
2 Python MRRESTAT GE 6L HLH I L B RT) AL ATFWI Y extern "C, T ATE extern "C"
(...} HLALE Python SkSCPENIAR RIFATEE, WA L TH% _ cplusplus NCLZ R4 A
19T (FATBLAL Cr A SR AN ).

2.1.12 59 RIERIR{E C API

MY FEBHRAL T B s B2 Python i, (EAT I REALER LA ARt n] AGCH b AR Rt
Mo B0, — A9 R ] PASZ N2 collection” e L2 WA T . k142 Python 51| F227
?ﬂ%ﬁ{C APT AAVFY A HOR A ZAES 515, IXASHTRY RG] DA — M C BT T 45 Hofth 7 ik
FAEM .

TFIRAR ARG R AT EHE R EFRFEWE static), SAMAZAILICE, AR CAPLISCRY. 5K
P _EAEA 3 RS ORS J A HERE 2 Python fERESR 002 PT ATE R AR . MBER DAL PR RIS, —
AMBLER AR5 SO 7 — MEHOAR T I . AT LGRSO T B R e, — 28 R GEHY Python ffRE SR (4 1)
&Rt 4 25 18] (B4 Windows), A LEMAESER IR &5 20— I EL S ALFS L (T2 AIX), =X
HPRHE TR A RS (A Unix 251). BVERAHS2 4Rl WA, R I ARt ] 6 i A 2k .

A REAE LT BN REXAT S ] WAEMUEAT . X REWRE Y R L BT A S X A static
B RS RI AR (L eR R, RIS S A R di 4 o R (FE B AR 7 ik A A s A B B PR
XEMERT S 1% 4 0 1 A 1 75 2R A A 1

Python ${#t 1 — Rl AL R A — 9 B i ) — N i i id C 25 6 (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 AL 42 23 [R] iy
— AR HALY BB AT DA A KM, RIBOZ A FRX I AIME, SRS Capsule HHgRIRUEE .

S AR IHZ WS TR 2052 i, XS HIEAR AL, R 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 J£Z (const char*); FRVFRIEA—A NULL AERAFR, (HIRATIRZER RS E 4R LRy
K1y Capsule 3245 T — & B T A ZE M WA AIATRY T 2 BE X SIS K 4% 14 Capsule .,

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

modulename.attributename

H | %L PyCapsule_Import () A PAJ A E AGE LT Capsule 2L/ C API, {UAE Capsule 1144 FVCH
B o X7 kA C APL F Pt T%FB@%@%@%&AH@E@ C API,

B TR R T AR A A 2 e A R AL BT S, T I A R R 4
ER. BRI CAPLIESE (TEXAE TR IUE—) fFE—A> void feEH4, bﬁbﬂiiﬂ*’*
Capsule [, RPN 3K SO AL T — A2 EEH@IE%/\*%J%?’FDT IBUH: C APT 5 20 P i
3 ZAEVT ) C APT Z JE X A2 BT

SHARBE I E spam i, SRE A 2096 T B . B spam.system () A EHIZHH CE?LI
B system() , (H—A K% PySpam_System () & HTTMA, J:‘WHJLDUPAEE*‘“Q (B anys i spam”
A1), A PySpam_System () oS4 HADY R,

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

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () $HANTR & ek:

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBHRITSK . FEHAT)S

#include <Python.h>

I3 Sty

#define SPAM_MODULE
#include "spammodule.h"

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

PyMODINIT_FUNC
PyInit_spam(void)
{
PyObject *m;
static void *PySpam_API[PySpam_API_pointers];

(N gksr)
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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;

R PySpam_API FH N static ; MWAMEH AL SHE PyInit_spam () 45 ETHK!
Sk spammodule . h BUH—HETAE, FHERAT Frs:

#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

#1ifdef SPAM _MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

Q9]
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(& b))
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;
}
#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B i AL R 2T A 4] i A R B B R R BRI AL import _spam () (BCH ) A BE DT I eR KX
PySpam_System () .

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RATIAR BRI AR, S0P spammodule h id TR, MK, XMEANEFI AR KL, BAGH R AL
1, BreAR S EEE] R,

I 5 7 PR 1) /2 Capsule $2 4L THAMYTIAE, H T FEf#AE Capsule ML 455 0 N AE 70 BUFIREC. 48
5% 2% Python/C APl 2% F 1Y capsules Fil Capsule fJ3Z ¥ (£ Python Y55 % 7458 Include/
pycapsule.h fil Objects/pycapsule.c).

&t
22 HENYT REE: Hi=

Python fLi 45 C 4 JEAHLE UnT LA Python fURSH BN HBTEAL, XMRBNER str FI List 280,
PR TSI AR ER RGN, HRAERTT IR AT, R T Leany . X S XA~

I

2.2.1 Efll

CPython =TI &K T A Python X REILA Pyobiect » FIMA G, X2 A Python XAy “ELfii2E
A7, PyObject FEMRA L R EXI G reference count FIFRIMR G “FBURIG" WHEET . X2 BERT
FEXFO F AR . RIS G b MRREAS SR WRLE (O) el Bk, fltn, FEXAR EAR— |k, WAk,
E 5 — DM GANRSE . X2 C RBRAR N “RAITK”,

JITPA, ASRARAR B SO RS, T AR X &R

X L e B FRe, X B — /MU E SRS, & T HR 2B custom 7E C 9@
Fid custom HL,
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R XY Ik & X static I EIEAUNALGE 5 TE . FIDAIE &R g . C APTWATAE LAEHE
AR ERAL, i PyType_FromSpec () BR&L, {EALEARATTHEIE.

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

typedef struct {

PyObject_HEAD

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

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

XE R Z B, XN TR E—FRent b XA S0 LT =R
1. Custom ZEHIX}4 object f1 5 T CustomObject 454, X2 MAE] Custom SEFSHE—IK .

2. Customtype 47/ iX/& CustomType Z5MA, Hg LT —HAR R MR EFEE, S8R
B R A HAE .

3. #E4L custom fEbL: PyInit_custom ERECHINT NV H) cust ommodule EHI{A .,
SRS —U2

typedef struct {
PyObject_HEAD

QS
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(& b))
} CustomObject; ‘

XAt A HE RIS U E N . PyObject HEAD il fil ZERAER: X G451 2 Hil 5 L
—/™4°4 ob_base [ PyObject KM FBL, Hot & —AMRMIISRNG T BU0H64 (XPE
FTPAZM AN Py _TYPE Ml Py_REFCNT RIXJp) o ST Z B i Re A1 St G th R FHAE g i3 o
O R B

M FEEAEZ PyObject _HEAD [ A 5. BANSIMA- T2 FE R IE s .

IR, KGR THE PyObject _HEAD A #dash, A RN Flan, W& X T ARIER) Python 77 15,
EY8

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR 1 E S

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

bi

TR HEF AN _E C9 WAk MRl a1, PABESS T ) PyTypeobject FB, HHMREZZIRATE
T, IAEL AT DAE G KT BU E W -

1 object . h H5EFRE LK PyTypeObject HA AN EE N HZH) FB. RIRHTE2H C %iikds i
TREE, WHIBIERA BRI ECN, BRAMRALHEEN.

ek, SRR

’PyVarObject_HEAD_INIT(NULL, 0) ‘

ATl R, AR A EFREI) ob_base FBL:

’.tp_name = "custom.Custom", ‘

FMIPIFEBAYZ AR R BAEFRATHI N R BN SCAR TR I A L D B, Bl

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

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

HE, AT ENAT, OIS R R R B A FR . AP R EE custom, AR
Custom, FrPAFRMTRFEIUA BN custom. Custom, i EHIER) SRS AR EZ, AR ZEHY
5 pydoc fll pickle fRHFEZE,

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

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

AT kRN Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JI A SRR AR E N TH AR A% MR i R ) 220 FE Python 3.3 2 B SCAY AT . 4N
RARTEE LRI, VRRETE WA A BTR 2E1T OR J 53,

FATH tp_doc FRAURM— SR AT H.

.tp_doc = PyDoc_STR("Custom objects"),

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

.tp_new = PyType_GenericNew,

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

if (PyType_Ready (&CustomType) < O0)
return;

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

Py_INCREF (&CustomType) ;

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

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

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

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

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

TE4 N setup.py BISCHEH RIGHIA

$ python setup.py build

F| shell F1 [ 4 AF— T HF 774 30F custom. so; A% H #1247 Python - VRE 24 GEf% P 4T
import custom Ff2=iRf#i F Custom X142,

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

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

2.2.2 EEARRBIFRMEIEFS X

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

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

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

}
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&sfirst, &last,

22. HEMT REE: #iE 25
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&self->number))
return -1;

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

}

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

}

return 0;

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

bi

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

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

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

bi

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

Cr

I

1

k%)
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bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

BB A 5 2 A B
HAIE LA Mg—IMESFA

#include <structmember.h>

This include provides declarations that we use to handle attributes, as described a bit later.

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

X R A AR PR Bt B

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

} CustomObject;

IR IRA T BB TR 2P, RATLAE /N O AL BERT S 2 BU AR . B0, RATFEHR —MR
¥

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

ESWIRIES tp_dealloc Jfibi:
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.tp_dealloc = (destructor) Custom_dealloc,

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

W b AT R R destructor 2 W IR AT E X T Custom_dealloc % — 4
CustomObject * Z4(, {H tp_dealloc MEIRE FIH 52— PyObject * Z%, WIHR AKX
W, ik & . X C BSR4 2 351!

AL — DRR DA S TR, PRI T —4 to_new LB

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
I3

HAE tp_new MO ZAEE:

.tp_new = Custom_new,

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

tp_new KEZPLBIMAYER (RZERN CustomType, HRBELHIMLHE—TI) PARAEIRLEM
B AR SR, FHHU0R ] By B 1 SE Bl . to_new AbBEAIAN B2 52 7 BN KT S
HENSRZMIXLESR, MHSEERESIGE (B C H i tp_init B Python If) __init
BREL) JiERARAT

Efif: tp_new AN WAMIAM tp_init, POAMRGSBITRAE.

tp_new LB tp_alloc MR HLAAT:

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

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

MR FATA BT tp_alloc M. M2 PyType Ready () it MIRATHYEISAF AT FA]
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e, HAPBOAH object. RERIMISAUHN G BRI 73 FC SN -

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

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

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

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

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

3

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

}

return 0;

}

WA tp_init L.

.tp_init = (initproc) Custom_init,

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

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

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

}

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

N T RFFETT EEFA TR X AT BEE, AL B8 ZAE A A M5 | T8 A e AT E B -
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A HBERAT AT A I P FEA
o LIATHBIIES A IHEBOCT 1 ke
o MEATVHTER SRR B LR GIL AR 2 FEUTATRTFA 1 ZEZL0 A A 11 118 1 148
© A tp_dealloc ARFAIA AN SCRFIEFFSR M2 AL 5 | THEC I

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

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

HHE SO E S tp_members fH{ A

.tp_members = Custom_members,

BEA L SCEA R A PR BB, . DiEARRSOR AR . IS N2 A & b8 72 /N
73k TfiRiEs . section below for details.

W Ak S 2 — 2 B A PR BE R B T RE 4 Python JEPERINT S ARBUR Ik, FRATHUM first F1 last ()
AR TR, AHEATR AR AT 2 Python XF4 . AL, XELJE MR v AREMIER, 97K C F84M%
A NULL. BPEEFRAT AT DAPRUEX 6 A% S3 R 4k o 3E NULL ), 20255550 26 Jg PRl ) i 26 1 AT ml e sy

NULL,

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

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

}

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

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

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

UM VRIS A R TR, AR ST O R B e
2 AEATRPIPERATFE tp_dealloc AFAR R —HUH], FNFRATRZAR SRR M.

30 Chapter 2. FiERE=#TANETR




Extending and Embedding Python, %% 3.10.13

BAERANTE G S0 T I7ik, BATTEA 7 ik SCRE:

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

bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
FERFHIRST tp_methods (L

.tp_methods = Custom_methods,

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

i, BATEHFAN setup. py SCPAARA MBI

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

1)

2.2.3 RN T HIBE M EAREE

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

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

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

} CustomObject;

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

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

Q)
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CustomObject *self;
self = (CustomObject *)
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;

type->tp_alloc (type, 0);

}
self->last = PyUnicode_FromString("");

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

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

PyObject *args,

{"first", "last",
*last = NULL, *tmp;

static char *kwlist[] =
PyObject *first = NULL,

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

return -1;

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

}

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

}

return 0O;

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

number),

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

void *closure)

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

static int
Custom_setfirst (CustomObject *self,

{

PyObject *value,

PyObject *tmp;

"number"

n |UUi",

PyObject *kwds)

', NULL};

kwlist,

0,

void *closure)

Cr

I

1

k%)
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(8L 7))
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;
I3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->1last);
return self->last;
3
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;
3
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);
i
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
}I
(N oiakzn)
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{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

Py_INCREF (self->first);

return self->first;

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

PyObject *tmp;

if (value == NULL) {

(T IU7EED
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PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

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

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

AN E#—A PyGetsetDef F5HIARIEAH:

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

bi

HAE tp_getset A M E:

.tp_getset = Custom_getsetters,

1E PyGetSetDef Z5MATh iR G —Wi 2 LI R0 P FEAGIR, FRATEA MR, HitIRAl
HAL A NULL,

FNTEFE IR T3k L8 Jm MY i 5 L

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

bi

FATEFEZHR tp_init AP R AV A TR

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

Q)

3 BRAEFRATV NG first A last BEGAERR FAFER, RIS TRT OB A EN T URVHECR RN, LR, FA T3 545 5
TRAGEG] . BV ERERCE B TR A QX FATHIT R AT, Ff A BEERER— T4 8 T I LB 2R FATHIXT G
Fr Il .
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sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

}

WX B, RATAEMSHIE first Fl last A —E AN NULL DAERANTELE LT A 1500 T %%
NULL {HAS# . X E M KERS Py_XDECREF () W AR ARl Py_DECREF () JHH . F1AGRE
WX SEE W ME—37 A R TE tp_dealloc SEEHT, A ELX LU G AT AR A AT BEFE tp_new H1RIE,

AT E Ay 44 T RHRAT AR A B& ORI U6 A0 B8 B R BT A B, IR T AT 2 BT BT — B, FRATTE )
setup.py XIFAIN T — SN E Lo

2.2.4 ZHHEMLIIREI

Python A5 —N ] PAKR IR AS P22 B2 6 42 1 4 37 35 8 e Dl 22 (GO) BB T8 B AR . 3 fh
THOLSTEN RPAGERT | I KA. N, BeAt:

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

EXAEF, AR T NS H A SR SRR TR, BRI — kB A
S50 RGO RBENZE . SEizne, Python FITRFREIR M WS & A iz s g T
BRI E

In the second version of the Custom example, we allowed any kind of object to be stored in the first or last
attributes®. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Cust om objects can participate in cycles:

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

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

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

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

typedef struct {
PyObject_HEAD

(N gksr)

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

} CustomObject;

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

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 0;

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

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

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

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

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

{
if (value == NULL) {

return -1;

}

if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,

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

return -1;

}

Py_INCREF (value);

Py_CLEAR (self->first);

self->first = value;

return O;

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

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
3
if (!PyUnicode_Check (value)) {

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

’

Cr

I

1

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

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

bi

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

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

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

bi

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

B, dPTEETER GC HLE RS SNIRER I T 5

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

return 0O;

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

Python $& 4t T —A~0] B 2l I H visit B Py_VISIT () %. fiH Py_vISIT(), FRATA PAFH/ME
Custom_traverse HHEE T/ERE:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

HfR: tp_traverse SLEUNAUG HSHMER Gy 44k visit Fl arg DAEEH] Py_VISIT ().

B, AT R PTG R AT 0] ASIAGERY X 5%

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;
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THER Py_CLEAR () R . B2 B RSB A Sds J s 0 %Imtfﬁﬂﬁfﬁfﬂﬁﬁﬁéﬂ’}ﬁ
Eiv il[l%%%ﬁﬂﬂ” K@ NULL Z [I7E @t LR Py_XDECREF (), JWJEPEIIMTAAR A I fES ul
P PR OL B PR AR G 5 QR A AE S | B ERY ) «

R VRATPAE S DA S5k Py_CLEAR () :

PyObject *tmp;

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

Te e WA, E N % T8 1 I 4G 4% i 1] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #2H R HEAS BEN . HAESLX AR E R A i MR !

BEjil#s Custom_dealloc A RESTEIH bR B H AR E AN . XEWRENEIS GC 1 Turuﬁmmw
%o HT GC S| HITERAAE, FA1FE @A PyObject_GC_UnTrack () #ik GC & kiE
MRS . N H PyObject _GC_UnTrack () Ml Custom_clear HHSLIIIREIE:

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

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

EEMEARZ T . WRKNRE T HE LW tp_alloc 5 tp_free AFLAIMN, WIFRATTE ZE X IEIALL
WRORIERE . KEEP AR B shi b oA .

225 FRMLHMAE

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

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

Q)
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static PyObject *

SubList_increment (SubListObject *self,

{

self->statet++;
return PyLong_FromLong (self->state);

static PyMethodDef SubList_methods[] = {

bi

{"increment", (PyCFunction)

SubList_increment,

PyObject *unused)

METH_NOARGS,

PyDoc_STR("increment state counter")},

{NULL},

static int

SubList_init (SubListObject *self,

{

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

self->state = 0;

return 0O;

static PyTypeObject SubListType = {

bi

PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,

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

static PyModuleDef sublistmodule = {

bi

PyModuleDef_ HEAD_INIT,
.m_name = "sublist",

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

.m_size = -1,

PyMODINIT_FUNC
PyInit_sublist (void)

{

PyObject *m;

SubListType.tp_base =

if (PyType_Ready (&SubListType)
return NULL;

&PyList_Type;
< 0)

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

return NULL;

Py_INCREF (&SubListType) ;

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

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

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

Py_TPFLAGS_BASETYPE,

n

(PyObject *) &SubListType) < 0) {

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

URA AN G Y 1 25 e T B X G G5 R B B — B FERALR B A S5 MR p Tk
T PyObject_HEAD () »

When a Python objectis a SubLi st instance, its PyObject * pointer can be safely castto both PyListObject
* and SubListObject *:

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

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

XA TE G S HA H 2 X tp_new fll tp_dealloc M AKKARMRET ., tp_new ALBIAEA N A H
A tp_alloc HIXRERRDECNT, M 2ibE2EEd il HOn tp_new RALFE

PyTypeObject [} tp_base 5 ERBAY LRI, BT B LG ka8 M, R J0vE )
PyList_Type 5| R BEHEFTIZ TR BN 240 et ia 4k s Bob e i

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

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

Py_INCREF (&SubListType) ;

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

3

return m;

}

V] PyType_Ready () ZHl, FKELMAEBLMC LI tp_base 7. JIRATMIA LAIRA: 1],
EATES tp_alloc HAIHSN PyType_GenericNew () -- 2R H A AN/ FLRECRH S A .
After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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&iE
2.3

ARE

X2

ENLT REE: EF%REA

T H AR PR AT ASE B BT VA S LD RE R R M 48

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

typedef struct _typeobject {

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

i3
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iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

XHA AR 27k (HRAZRIL, WRREE 2R, il AR LB Rk

IEARIE RN —FF, AR G R B o PR R 17 S SR S i 7 B e
Pt AFRAIAS 2 ARG E NI E SR A B SCRO R IH . 183 AR R 5 R B — M SRR i 7 By i 1,
VR GNP EINA S eIt

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

R T - E—ERIEN, SHIERZHTT, JLT-EfEE N T WA, Sl — a7,
XIS RAT B -

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

XS B RIB A TINTEAE X A KA B0 I T L2 D A7 . Python Sy T RIS K FERYZEH (REF
TAPHR, udl) AYNESHE, X2 te_itemsize FEATIEMI A . XHBIR ISR .

’const char *tp_doc;

X HRATDABCE— B 48 (BCEERHL) , 24 RIEAE Python IR obj . __doc_ WHR[FIX B3
(ERRHAEE
PAERATRE— T EARIITIE - KSR BRI 75
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destructor tp_dealloc;

MR BB T | T RO I H Python ARREEH R MBI, R BEpR . ASRARAYEAL,
WA AT ORI s A T A 3, AR FT DB B X H . R RA B W 2K R PAR 2 I B 7
il

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

}

ANRARR B SRR AU, WA RA 25 B 24 76355 B AT A A T B Z BT ] PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj—>other_obj);

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

— AN E BRI R AL IR 2 IR T RO R CE A S . X R E B PR S W R &
WH, MFERBE (MAEERRED, AAEMINERIPRREE S — DR8I E . R
AR AT AT R AR 25 5 B A ) Python FUHE A4S S R S IR . 31X W] B 3 BURRERR 1% 31
BiiR. BRI R, TN ERIERT, RS, RETEHEREIRE . &7 Al
PyErr_Fetch () Ml PyErr_Restore () HRECEILI:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

WA IRREAERE AR REC P R PAT I BAE R A BRAY. B, MR AR S S B3 ml i ()
tp_traverse fl/m tp_clear), XGRIHIT LG A IFER ] tp_dealloc PGS HA 4SS, HiK, 1E
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tp_dealloc 1, fREMEIALTARERE: ERGIHITHESE TR B IEBREAT S APT 1H 1
CUn_E T 87 BT e AR AT RE S PRI to_dealloc, SEUNEREMOIF KA M.

M Python 3.4 iR, HEFEAEAE tp_dealloc R AL, M2 BN tp_finalize KAL)

S
PEP 442 fiffé 7 Hii & 4507
23.2 WRER

F£ Python Ht, A PRI 2T DA SO SR SCAZRR: repr () BRAA str () AL, (print O RBSH
B str O . ) IXLELTARPHR 2 TR .

reprfunc tp_repr;
reprfunc tp_str;

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

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

?D%%ﬁ?‘éﬁi tp_repr APAIN, ARREERIHR IR to_name MYFIRTE A LA G ME—
IR

tp_str AFAREXTT str () A1 EIRE to_repr AABAIREXTT repr () —FF; WELRUL, ESFEY
Python RASFEARART S A FEASEBI LA st O B . BRERYS tp_repr RECIEFAIML, (HH
FIRFAR R ARERN . WRAIEE to_str, WA tp_repr BEAMRAE .

MR AR B

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

23.3 EHER

XTI SRR AR RAEART G, AR SRR A I T4 s MR sU s . 75 20— e
KRB R E (WRE L TAEMEE) 24 5 — R st B (AR ERIE) . BiRE
PR —PRRTE DL, FEBUNGOU T ZAL 45 A BRATAR Y B {E 9 NULL,

Python SCRFHIN @ AL IR AR ;. — SRR P B AR e A LR S U o — R R . P Y 220 T
—XHHER char* fERJRIEMFR, M5 —X W52 PyObject * . SRR AUHRAT ASESR G T 5 B (3
A A A TSR3

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

S K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;
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AR — A% G0 R R SR R T AR GSORRTE R SCHEATARRE) | WA — 2832 Ji S B AT i 0 R 4 it
PyObject* MAHYEIEABLERAL. M Python 2.2 JFUENS TR L Jm iy J@ P AL BRATARAY SE PR 2 LT B 58
AR, SRAEIRATAERR VFZ i AR BB A B MORT (4 n] iz AL A 19 1

RBRMER

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

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

Y pyType_Ready () #AMHE, &6 H b2 G 5| H B = A2 R 00 2 25 E 3 R B 2 0 7
o descriptor . R IR AR HIXT L FIRTG0 —ASJBYER A . BEASRESZ TR IR =R A
HRM NULL, %2R SRR LA B AT RSB R Sk i @ i, H Hab W 241k tp_getattro Al
tp_setattro FERREN NULL, DA SRS A A0 X S8 a4

FEH I object:: FETA = AN By

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

WA tp_methods Ak NULL, WIELAAIFER—4H PyMethodDe £ Z5HRZ M AIELH . RPN
H #R 2 % 45 R AR (g — A~ SE )

typedef struct PyMethodDef {

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

const char “*ml
} PyMethodDef;

doc; /* docstring */

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

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

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

MFRPBFNFE, FHE— A descripror 35BN I il L BEGE M SL B S5 A P BUE . type 7
B Y5 AE structmember . h SISO AE U REA AU 5 I (ERF0H SR 2 AMAF Python i
el CEBE R . £lags FBORFRUT R AF A2 B 1k T AR i35 170 A IEEAR o

PAR RS & X AE:file: * structmember.h ’; ‘B4 10T PAf# ] bitwise-OR 2H 5.

e a=
READONLY WA S
PY AUDIT_READ | FEeHUZ Hi &1k object._  getattr__ Wil 4.

FE 3.10 fix ¥ #: RESTRICTED, READ_RESTRICTED Al WRITE_RESTRICTED © # # H. {H
&, READ_RESTRICTED ;& PY_AUDIT_READ Hj — 4~ ¥l 4, I % % T RESTRICTED &
READ_RESTRICTED BT i 113,

48 Chapter 2. RERE=ZFTHEET R




Extending and Embedding Python, %% 3.10.13

1 to_members FAM B T a7 A RS EA — AR U0 SR AT AT A R 5 2 SO J PR
] ATR] B A P B I SCAR AR B B IR SO A e . — SRR P AT ABE T B 4 APT AR
XHGAREU IS, HHH __doc_ JEMEARIRBOTH FATH -

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

RBEENENER

AT R, X B RN char* JiAds; name JEZRZEALE char* fl PyObject* RU&IE 0 2 [B]F)ME
— G XA R BISE b A TS R R AR R A R, EBE B L AE Python 2.2 FRINAY 72 F 52
ﬁ;ﬁﬁ?ﬁTﬁﬁﬁﬁ/ﬂ%@ﬁ%ﬁﬂﬁ%ﬁﬁm B, PR AnSR AR SE R B R E I TIRE, S A A
T T B o

tp_getattr LB AINSAER RFTGEAIIBIER B A . EPRAMMREILS KW _getattr_ ()
T B R AR ] o

B

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

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

tp_setattr AP SHE R — A REEFIRY __setattr_ () o __delattr_ () H¥EHHHA .
W ARV MBI, 8 S AE S NULL, R —/ME S | & S i a0 SR i mf o2 12
PRAEER), W) tp_setattr ALFAINEL 24415~ NULL,

static int

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

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

2.3.4 HHRILE

richcmpfunc tp_richcompare;

tp_richcompare AP TET EHAT VISR M . BR0T &%, il _1t__ O, ¥
24k PyObject_RichCompare () fil PyObject_RichCompareBool () FriE M.

I PR ESCR VR FH ISP REAS A Python X R Az EAFE NS4, iz 570 Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT 5 Py_GT Z—. ‘B M4 82 s FA Rk L A X G 1E LA E S iR 8] Py_True 3§
Py_False, IS HEERVER B SLPIH W 2 HAb X4 i )y R W3R 8] Py_NotImplemented, E(#
WA E T A R ] NULL.

NHGE RO, BRI IR RS AR/ IS A A

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

Q)
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(£ L£50)

PyObject *result;
int ¢, 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 : c = sizel < size2; break;
case c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;

}

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

2.3.5 R INZH

Python SZRFZ i b 2 S0 ; AR AR A X 2845 11 19 & 118 1 LRI 7E abstract P&

XL G AR ZHR 2 AE Python SEBUIF A I FIIBOE . i, Bor . BAHHIP S SON—TFaRst
482 Python AL ARy o HA MRS S RSN o T HOBERELE A [ SIS i3 A BRATAR I £ P
BORYE, BIRBI NS E SRR S B | R AL BRI T e . T BEOR R PMSOR BEAE 32 2R X 5
A BONIREAL, HAA — D SR AT A AR IR (L I 24 R ok R . (BLREAR G AN
FEIIREOL(E AR NULL R0, P PASCE AR AR AR I — M AL 7 AE , (HICA LTS T R PR B ARITEIAR

o)

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

WRARA BRI AT AR — AT P S X 5, BB 2R A s — N SE B T C 2
PyNumberMethods, PySequenceMethods B PyMappingMethods, I&if A& FHNE ., VRE 7T
APEIE A X S ZE R A . AR PAFE Python JEACHS AT Objects HsH R X S6X§ 524 B ) H¥E R
Bl o

hashfunc tp_hash;

URARVERR SR HE LR R, U R 2 A AR R SR 2 ) SE AR ] — S A BB, T T — R 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 @& MEWREPRT RAEV-ERAFF5H-EEER ., M tp_hash R[] -1 FoR&AE THIR,
RO R A 2R B 2 T A Az S R [l e, A BT TR -
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ternaryfunc tp_call;

BURRELSHE “TRH UREO BB SLBIgE A, 25BR1UE, MR ob 3 1 BRAEIE AL S5 1 Python
A ST objl (*hello"), NPRFAFRIHA tp_call AbFRAIHA.

g Z =24
1. self 2AE AV B AR SRS . R Z obIl ("hello'), W self fj objl,
2. args RS ENITTH. IRATLAEH PyArg_ParseTuple () RS
3

. kwds &AM K BF S AR FH. R T NULL HARSZ R s S8, W er
PyArg_ParseTupleAndKeywords () REERSE. MR SR RS 800 © A 4E NULL
i, M&51% TypeError A —MERA R KT SHIH L .

NHE— MR PERY tp_call SCH:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T 2L R FR AL T XL AP SR . IS BAARER R 22— A B S, BB ATT9 R A ik et A i s o1
HaRE—AHWTI . YRERRE, BN Y& E D R5F &R NULL, tp_iter X} T Python
__iter_ () ¥, 1M tp_iternext XN T Python __next__ () F¥k.

{LAiterable X ARSI to_iter LB, RALBRAINLLIITR (8] —A~iterator X4 . "R ifi/2-5 Python
ST B T — >4 S

o XFRAPASCIR 2 M AR 2 A (WS RFIEA ), W e IR to_iter IQIEIF
AR [l — B IR AR o

o HBERA NI R GEF R T IRACEAER I Em, BISCrExdge) n] A R [ml—~4 1k
HE RGO tp_iter — HF HONHGE N 5B tp_iternext ALFRAIAN.

{EAiterator 354 24 RS2 tp_iter Ml tp_iternext. —ANECIEH tp_iter AbFHAIHRY 24 3%
] — AN S FZE RSB . B tp_iternext ALFAIRRRY 241 [ —A 38 [ AL BEERY R — 05
BHEEIH, WREE T — M50 WRERCEEERRE, W tp_iternext W PAIR[E NULL i AN
BFE, ST PAFER ] NULL (&AL b 39S StopIteration; MG I AP A AT IIPERE
R RAE T SRR, W tp_iternext W RE I E— DR IR NULL,
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2.3.6 HE5IAXE

One of the goals of Python 55| Fl SEELIH H AR 2 — & VTR 28 A S 5 555 | B G T A 278 S R A T
% (Iangs) breAgsray .

ZUL:

weakref BRI,

XFT IS5 IS, 9 R BT {4 2

1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The object’s
constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. ¥ tp_weaklistoffset KA HRE N C X REM KT LR FE IR R, XML mEE
TE AT 7 1R A O - B

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

typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

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

ME — [ A5 AD b FE R 0B B R S NULL ) tp_dealloc 9% BE0E W AE A 55 51 0 Gl i 9 T
PyObject_ClearWeakRefs ()). :

static void
Trivial_dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

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

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

2.3.7 EZEW

N T2 A AR B SRR B S BT 5 03k, T ERICPython JiAAHS . JEA Objects Hk, A5
15 CESCIF P E co_ I EARBEERY R L (B, tp_richcompare), VRIFHREIARAL TS LAY o8 KL i
BT

MARTF UL — DX RIS N AR ) BAR LI, 3] PyObject_TypeCheck () BR%L. B
AR BN

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

}

S UL:
F#k CPython JEfCISRAS.  https://www.python.org/downloads/source/
GitHub |-J3% CPython JR{CiZ) CPython JiiH .  https:/github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ] C " J@g 2 — 3= (Flan—4> Linux 1Y) .so , 53 Windows [[{) .pyd), HoFH
—A~ SR E

KT HSA, EPENAITE PYTHONPATH G R, HaA 44 B Gy 5, i id 4y . 4
distutils B, 2% H 342 BUER I SO 4

IR AL PR PR AN

PyObject *PyInit_modulename (void)

R EOR [0 sE R s Akt A 54> PyModuleDef S, 757 initializing-modules T f# i1 .

SHFAE ASCI 455 (it 42, BRELNE PyInit_<modulename> , $f <modulename> i Atk
4% . 24§ H] multi-phase-initialization I}, FRVF I ASCI 4mfi it . BRI AG R £ 24 70
PyInitU_<modulename> , [fij <modulename> Z55%H] Python [ punycode %, 558N T R
2%, ¥r 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 PAME—ABhSE B h 2A, lid i XA RIIR LR T AT 35 AT 5 el B 7 S
#n, BRI AR R T SR A R SR . B AR Ea S Ak BT, £ PEP 489 T
fREZ A0

2.4.1 {#fH distutils 332 C #1 C++ ¥ R&
PR HeRT DU distutils Sk, X2 Python Hap . distutils 37 R0 —dEHI €, H P ICRs gissas
distutils FLREZLEEYRE,

—A distutils WA T PNIKS A setup.py o X244 Python S0, REHEHEMARFH, FHilLk
R

from distutils.core import setup, Extension

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

ext_modules [modulel])

Wt S setup.py , A3 demo.c, BT

python setup.py build

X demo. ¢, RIEE— Y BB demo FEH SF build B, KT RS, B HHE
HEATHFREUW build/lib. system , Z4F A4 demo. so B demo.pyd .

FEXAF setup.py B, PrAIfERA LEL setup B8, RO DA A8 B> 0 P 28, b
BT HE T — 74 FERIFREE RS E TIEERICEE, ARSEE TENE. @
MO WIEZ B, WR Python AYJRADEHEL . SUR . T4 . 524K distutils (3RS, 7E distutils-index
KT Z distutils FURFE s ASEEY BRI A) .

24. ¥ C/IC++ ¥R 53



https://www.python.org/dev/peps/pep-0489

Extending and Embedding Python, %% 3.10.13

W WA E S setup (), MEE KWL A, H i Lol 7R setup () 11
ext_modules S¥{ & —F| ¥ AL, !:/\E'*/l\ Extension ML Bl F P SEBE LT R
4 M demo , M EA—JFERL A demo . c .

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

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

BT KL setup () (ERAIBOME S TIOCE S, B LM UMER A XY R, Hig
E T IALPARE S, include H3%, PEHS%, . HOBIT 4R, distutils i 2 HTHAN T AL 6 15 5 40 4 12
e BIANAE Unix b, Z5RU2 A0 F Giikar &

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

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

AT RIS OUH TR H Y distutils P NA%AH(E distutils B8RRI .

2.4.2 HHIREYY RARIR

B R C LN P Y ﬁzﬂ'ﬁfﬁﬂéﬁﬁﬁ”ﬁ
A Pl AR, W DA

’python setup.py install

B BRI ;. RSl AIsA T

’python setup.py sdist

|

AUENGULT, T AR 2 A e A S UM SOMF s Xl id MANTFEST . in SCPFSEHE, £ manifest |
FRANY

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

python setup.py bdist_rpm
python setup.py bdist_dumb
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2.5 7£ Windows t#J3 C 1 C++ ¥R

X —E fH B A4 T 4 i ] Microsoft Visual C++ 1] Python [ Windows §" A, X 5 P2 (g 3 H
TAENUHE AT S5 . X EE BB RRE S H T Windows F2 )7 524 > #4 78 Python #™ & PA & Unix 2
JF B2 3] il A JSEE Unix F11 Windows |35 B8 S AR B4R 2

AR distutils 5 XORA Y AR, TN AT il iR e . RIS FHEMH C 4%
# ol A7 Python; i # >k Microsoft Visual C++,

Hff: X TR T 2 NUFEC 4 Python MUAS S (1) U4 o X BESCIEA DA R R XY IRAS Sk A 365
TESCERH, X R ARETE Y Python B AR FEHRAE 'Y $FARRAS . G, AR Y
& Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

1t Windows 1 Unix EAGE REIRAA PR (] distutils MoREHIMEIIRE, S T3
o distutils 7 GE T REZHE I M distutils MEAIFT ALY BB SO I distutils-index. 41
RARK BRI L T EF A, IEAWFIE—F winsound FifE PERBHL I H SOl BE S ARAHE B -

2.5.2 Unix #1 Windows Z [l =%

Unix I Windows X} T AU B AT ] 1 58 AR AE. e Rl i d nl sh S E i 2 /i,
BHE T RR T AR G Al T AR

15 Unix i, — ISR (L so) SUPFP LR AR P R SR B0 AUH , a0 S 7ERe e v ] Bk B i R 4
PRAVEE . 243 F A BIRR R i, X SCPRAURD Fh ok 26 ek BRI Bt ) 4 v | AR S oA A 1 A
Hh BRI E N A BT BCEL R SE BRI BEAS B — N BER AR

1E Windows 1, —EIASHER A (. d1L) SCPEP A B 5 U o i@l i — AP AT T bR Al gL
WA . PRIAEIZ AT DLL AU AR TEs AT A T MR, (U E LM T DLL ik, 7
HAEIZATIS AAR R 2B DAL )R 1 oR B bl o

£ Unix H, RAFAE—FRESCIE (L a), BRERAZDXGIT (o) RIS, TERIEILZXRICF (- so)
MR T B, BEEAR T RE S R ILE A ANE AR IR AE I B E S o BEREAR-RFAE AR X G 30
FARE ARIRE TR, HERSH S IR BRI RS .

£ Windows w1, FRAEpiRZEEA, SRSENI AR (T EAHGE . 1ib). $EESEREIT Unix (Y . a SCHF;
EUEELENATPAAIERAI .. SAERA EAUN TEEEEAS RER DR E v IR AT R Bk, IF HoRAE
DLL it BT R Ao S RRBERERS T (8 115k 3 AR A5 S 7 2 e 32 DA 6 71 R (45 7 DLL
IR IR 29— AP B DLL gy, nIRELEmM— AR, EXRFR 2N T Ay 5
DLL AR B A K Tk Le4F-5 1) DLL.

BRBARIELE PR SIS EARE B il C, BTN 2455 —MRUASH A, #E Unix |, /R RERfFA.a
RS ARVE N B so fll C.so; MR FECEBAIEMIR, XFEB A C Ko 3HAa M HCWEIA. 7
Windows |+, Zii¥ A.d11 ¥FFIEIGRIEA. Lib, /R M SR A Lib AR T BAIC, A.1ib HFAH
A B HASRESITRH T Ui A BAREREE .

1€ Windows I, (AR SBEMA inport spam; BilARA PAVIIA spam FEAFR, HIFARLA)
BAHMEA . #F Unix b, 858 NFEER 2 from spam import *; B ASEME]A .

2.5. ¥ Windows Lt#3§ C #1 C++ ¥ & 55
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2.5.3 DLL ty3chriE
Windows Python f2-¢E Microsoft Visual C-++ HUSZI : (i M4 IF28 TTRE S W ITRER & THE. AWHISE
A X MSVCH+ ().

M AE Windows H161 7 DLL B}, YRUMAUE: pythonXY. 1ib {£45455:88 . Tomikp- DLL, spam £l ni (&
i spam HRFIR) C BRED, VR 240 H DA R fin s

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

AR T =AY spam. obd, spam.dll fl spam.lib, Spam.dll A& {T{a] Python R4
(Bl PyArg_ParseTuple (), {HE#d pythonXY. 1ib " PAKIE A4 2 i 751 Python A fH.

AR T ni dll (AKX .obj F . 1ib), BEHEEWTA spam DA K Python RT3 4% B B
TR L

AR IRRFE 2P B E R R MRRE AR AR (f03% Python) #REEH BIRIIARINATF,
RLIE | _declspec (dllexport), FLUIFE void _declspec (dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—%f,

Developer Studio il AKEARIFA LT LM FALE, BARAY AT SCR/NE I 100K, ZEHEBEAT,
T T H BRI R e B BINE . FRIERA) msvertxx. Lib BME|FES) R,
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CHAPTER 3

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

BILETE T W%t Python #4749, a2 i C BR&U%E D e Python FyIhfE. Sid Rt 2 nT PARY
Ff Python g A F| C/C++ W AL £ & HIhfE. X Ar AR DATER 2 ) Python e s2 P26 fiE |
MAEH CHl C++ . Higa A MR2E; inadr M Python 475 —LEJA DA E il B I FR 17 196 2 757
Ko ARFLET)RE A Python R G R TN ), AT RN R HEWREX AT,

Python f{ir AKX FH R, HEAZEEMFE. NFEZAALET, PR Python Bf N R TF 1 £ P58 2
Python f# 4%, Ttk A Python B[ 2 F2 /7 W] fig 5 Python 5% 4 Jo &Ml J& I 8 7 B F- 263 /R &
U H Python ffR#R ki1 7—LE Python {75,

HIt, #%EHg A Python, iRt A M FRT. MR B0 F1E 2 — 2 W h 1k Python fERERS .
/SR Py_Initialize () . A LN H W] 0] Python (£ Gy 47540, 2 Ja BRI T AN
TR B AT Anr b U R R 1

R R A EF JUR: Tl PyRun_SimpleString () f& A—/ & Python iEA I FEAFH,
Al [ PyRun_SimpleFile () & A— stdio SCEFFREAI—ANSCb4 (UESS R G B R EHESER) .
BT AR FH Rl TR A28 55 1) IS 2 B SR A 15 I (5 F Python X 42 .

S U

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

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

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

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

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

1. 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 1s a new reference */

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

}
else {
if (PyErr_Occurred())
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(£ L£50)

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

}

IR RESSERH argv (1] Iz Python A, FHEM argv(2] @WK REMNEBEHSEE argv I
A AR QRS F 040 T (AR AR T PATREFFRAE call) |, 3 B 47— Python
JIA, il :

def multiply(a,b):

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

c=c¢c+b

return c

RIS RN %

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

SR HINREIT S, AR AR JER, (ER U2 T Python F1 C Z IRttt DASAR
HhfiR. A Python FRA BRI M LT -

Py_Initialize();

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

WAL R R 2 )5, I PyImport_Import () MMEMIA. WEEISEE £ Python F5E, —4
i PyUnicode_FromString () Hi% i sk B0 E R 7457

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JHA—Em#kse s, #ie M PyObject_GetAttrString () FRJEMEAFR. WRHBFRAAAE, HH HigH
F TR A S, B2t o k. SR REF RS iAT, M E SR cdl. S5 DA
753 Python pRK:

pValue = PyObject_CallObject (pFunc, pArgs);

MR BRI, pvalue B2 NULL, BEAMEXREGRIEMERIG I - 366 ER 58 R REZ5 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
B 2HERE . H B IIL 2 Y AR ¥ B3 1 Python iR . MHEN AP AR M THY, RE5
—LURRACRLE Python T5 X L8 7R, iR Sl 1Y Python I RAR 4. B4

static int numargs=0;

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

}

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

bi

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

bi

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

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

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

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

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

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

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

3.1.6 7E3 Unix RGpomiFFnskis
NT4F Python fERESHIR AN NIRRT . BN LR IFSRAL B oiFas IS HHARSF, Feale Rl
Python I FERHE DA C B Y  (.so 3CiF) mfEseilig.

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

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

$ /opt/bin/python3.11-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

1EfR: 4 TS24 Python R HUAT | AIRAL (Rl R TE R G L A H Camik A2 1)), d@HUH
pythonX.Y-config f§E XL, AN BTk,

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

>>> import sysconfig

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

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

>>> A7 H 40 TP BAA Y Python HURAF. A4 Bon T REARE By sUAE M Rea B AT RO RE B AR RS 2 i o
. BHAENFE X
o A H A L AR A AT B ERIARY Python $E/RAF, fdh: gAFR AR, UMY 43 PR AF
2N (JIES. FiEe. #ESH=8515), d2iiE M EmesZ 5.
* Ellipsis NEHFE.
2to3 4 Python 2.x AR %%k Python 3.x ARG T H. | JHATAEATIRAD , 3 Dy AT, A3 R 2 B0kl
FI RN I 8
2t03 WA FEARMERE R, BN 1ib2to3; FRME T ML A AN Tools/scripts/2to3. L

2to3-reference ,

abstract base class -- fIR M TR KPR ABC, J@Xtduck-typing BI#h 7S, BHEAL T —FpE S O 3%
Fa, M2 FHALR G EU hasattr () B TRMECE HEC R (FlangH EAR5). ABC
SIAT T2, XM IEg& B HAb3S, (HAWIRERY isinstance () Ml issubclass () ik
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp), 807 (FF numbers ) i (FE 1o i), S ABRASFIMESS (F£ importlib. abe
i) o ARATPAE ] abe BHCRAIE H 21 ABC.

annotation -- byl KECR| AR, KEME. REBOES SR MHEMIRE, e lEh £ 20207 SR .

SRR LA AT R TV, R4t . SRR IR 2 BIER . ARt
B __annotations__ #piRJEMETF.

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XfWIGEHENFH. HiESW
annotations-howto | fig i F ARyt i fefE 5L B .

argument -- S5 7LV BREUHE L function  (B{method ) WHEH. S50 RWiFh:

o RAEF A TERRBOM I P ETTEATAARRAT (B0 name=) SUEME N ASTERTTEATA ** 15
PCHLER A 25BRUE, 3 F1 5 FEPA X complex () WM @ T X BT SEC

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

s 2 E A ANETRBTSHENSE. MESEOTH T SBIN R IT K CA R/ 805 15w
WA * [iterable B TCRBAE A . 2EBIKRUL, 3 F1 5 FELA M S JE T A8 S 4
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complex (3, D5)
complex (* (3, 5))

B0 S4B POV B0 S s SR BN B 0 calls — 5. U, (F A4
SR FIRAR— B RO 2 BB R R 2 Rt

7 & Wparameter REFZEH , H ST ZHGESHIXAAL PEP 362,

asynchronous context manager -- 5720 | F3CHEISY L FP X f @ i ¥ X _aenter_ () A
__aexit__ () FEEX async with i) IEITEES. B PEP 492 5] A,

asynchronous generator -- 55252 K 3S 1% [BI{E Masynchronous generator iterator R B-5{JJ async
def & LW REARAMLL, RRZAAFET BEMEE vield Kb A4 —RFIATLE async for
(2N U AN =S
WARTE 2 48 b AR e R, (BAERL LU I NPT BE2 48 7 £ A%
FERERE S, PR DA

SRR LA avait FAREK asyne for M async with .
asynchronous generator iterator -- 525 7 85 5028 asynchronous generator FRELFT B EE IR .

WXt )@ Fasynchronous iterator, 24 H __anext_ () JF¥EE B2 R B —A 0] EE R0 SR P T
A A R RS B T —1 yield ik,

B4 yield ST EALTE, 044 AL ITARAS (o RbaE RERTRER Y ry iH60). 4%
Bk BHREGIM _anext__ () BEMT SR GARIREN, B2 M BIFRBASENTT
Z: I, PEP 492 1 PEP 525,

asynchronous iterable -- 5[ KU R W E async for i A) gk H 09 X 5. 26 0 & B W
__aiter_ () F¥ERE—A asynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 52B3% 08 SEM T __aiter_ () fl__anext_ () FEMNIE. _ _anext_
WMHLR [l —A~awaitable ¥4 . async for SACHIRLIEMARN __anext_ () FiEFTREIF A4
s, HAHEG| K — StopAsyncIteration B . H PEP 492 5| A,

attribute -- JEY: SCHCE| N RPME, EHE SIS LB ARG . 200, WS 0 BF
JEM a MW PAR o.a k5 HE.

AT ALV, 5 A X identifiers H-JE BRI F A — AU QA IBHEULE T DAY, 01l
setattr (). SRR R TCHE G ks, TR getattr () HAHL.
awaitable -- \[25FFX R BB await FIRX P MHIXS SR . WA coroutine B2 A __await_ () J5

EHXT. 20, PEP 492,

BDFL “Z& 5 {-2Eph#E" MIE X455, W) Guido van Rossum, Python )i .

binary file -- —3FHISCIE file object REMG LS F 7 Kb o “HERISCHR B R A BRI (Teb,
"wb' or 'rb+") FTHH M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
Fl gzip.GzipFile fJSLH,

7S Wiext file T RAEBTES str WRIYSTIR S

borrowed reference -- fff A 5|/l 7£ Python [¥) C APL H, fEHGIH 235 —Mx L5 M, iz 240
HAFEAZGI . MR RPN B2 N — B Taet. B, SRS ol ARSER AT 511
55— strong reference 55 E o

HEFFAEborrowed reference ' Py_INCREF () PARFHFbGESR Kystrong reference, AR 24104
TEEAEBE AL NG — A Z Al R . Py_NewRef () BRECT AR R B — B i strong

reference,

bytes-like object -- ‘FYix 4 & 1% bufferobjects H H. f8 T ) C-contiguous ZZ M )3T %, X350 A
bytes. bytearray fll array.array %%, WARIFLZEE memoryview X, FHEIE
AIFEZ b BRI E PR XSG SR . PRAF N R SO A Sl i B KRS
FELCEAE R BRSO . XFION RAE SR PR AT AT R . ARG ppokt
ZHBIf1FE bytearray PAJ bytearray [ memoryview. HABEMEER —#EHIEERAEHT A
ARG (0 HEEATENTA) s XX a0 146 bytes PAK bytes X4 memoryview,

9

%
?‘,ﬁ

SR E. WERFEHE

o
T
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bytecode -- {5ty Python J5{URS 2741 74785, HJl CPython fi# Rk o171 Python A2 )7 1) P AUAD .
FHMIERGAAAE pyc S, X “UCRAT IR — SCPFRPE BE SR (AT A 2000 I8 58 24 15
TR ) o XA T AE E B AT T R AT LSS B ) virual machine 2 Lo 5 RN
Python FEIIAL_ LR 7S A—Ed@ ], A -—ERELEA ] Python A A% .

TR FIFRATLAE dis BLRE) SRR &R

callable -- Wl PJIIREER AT A G nl ABAT TR s R &, AT REME i — 4S8 (B Wargument),
B PA R Tk

callable (argumentl, argument2, ...)

function, BRI JEF|method &5, WIET MM R . LI T _call () JEMFEMEHIHET
CIR)EROE

callback -- [ —AME RS04 A DA PATE A K 5 5~ B 209t FH B 1 (51 R e 4
cass FHRAIE FH FE OGS E N, ZE S A8 AR A S B A TR E IR i E o
class variable -- QR348 40 eI g AR &, I HAUSRAE SR )29 B (M @ FE 20 326 B 20 .

coercion -- BRI 7o S AH R R B S B BB, — PP 2R AL SE ) B Ut e 4k o4y g —Fh
B, BI4N, int (3.15) JERFIRPE AR RS 3, HTE 3+4.5 1, SRR (—
& int, —A~i2 float) , PHF LA AR ZEBUA BB, BRI K TypeError. QI EA
RV, )7 UG TR AT A S H0H— AR 2R R, BINZE S, £loat (3) +4.5 T
ANE 3+4.5,

complex number -- 535 X ELHARGIN YRR, o B B B R R N — A S — A R A
HERCRFERCAE (-1 BOFITAR) BOSEAid, W RSl 1, FETRH 5 j. Python N
TREZRI IS, R TARAARICTT R A —4 3 A%, fli0 3+15. WERFEE math B
PR SR A RURAS, i cmath, REEIMEZ— A B S R Rr . WRARRGE
A, BWENEILT- A,

context manager -- | F SCFBISS 7E with (A, #idE X __enter_ () fl _exit__ () HiE
KA FRBARSHINT S, 20 PEP 343,

context variable -- |- F 30 —FRIEIL I E M LR SCT ARA AR FEIPMER A . X BT LR R
AP NPT LA AR EE. Ak, PRI SCEERE, — M HIT&fEh T aes
HZAEF3, mE R RN R RN & RS A& B . 20 contextvars,

contiguous -- ¥E8: —MNEIPUIRZE C i& 425 Fortran i s PN MR IELEN) . 4G i /2 C Al Fortran
LN . YR, IrA 2 B U ATE AP LA S HESY RIS IR s e =5 DY
TEL Y C-IES R, 3 NAFHHEHER I 5 — R 5 115 11 2% H Il B e bl . {H 2 HE Fortran
SR N S —RT ER

coroutine -- Ppf tHREE THIRENE ML, FHIRERT ATERS— St ATFAE S — AR . PN AT DA
FEHFZ AR S B BERKE .. BA1E asyne def iHARSEHL. S 1L PEP 492,

coroutine function -- PpFEFAEL IR [B]—coroutine RS TIMEREAE T asyne def i5A)KE X,
FA[REML S await, async for il async with X4F, XEEEH PEP 492 5] A1,

CPython Python gf£i5 FHME LB, FE python.org b7, "CPython” —ii] | T-7E 0 ZEHRF I SE L5 L
{52 450 1 Jython B IronPython FH X 51

decorator -- ZEUREY R ME RN — A REEI AL, EHE M ewrapper AL AR TRECL . 2E1M
PRI LA 35 classmethod () Fl staticmethod ().

AR U IR, DU A eR B0 SR S R Se 45

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

@staticmethod
def f (arg):
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E#E‘J%ﬁiﬁiﬁﬂ%?%? HIEF R AR I o A A R TR P2 0L e BI0E RN 2858 LAY SC

descriptor -- §liid2y TfTEX T _get_ (),__set__ () B __delete_ () HIEHXS. H—1K)E
PENREAZRET, ERRPRIS EIT ST B AR & . MERT, H a.b KARI &E
SR — A B TR a ZRF IR B A FR R b BTG, (HANSE b 22— MRS, WS XY,
FIFIRAS T . BRARF IR SR IO 2 IR JZ IR B Python [ ¢4, TRAX &1 2 BB FIE RO RL A
HUAERRE. k. B, VR, BSTEASHEBRN G &4,

A KRB IIRNE Z (5, S descriptors B i i hi e«

dictionary -- ‘yJiL —ANSCHEAL, HA TR AR R AH B ME . BT DURAE(THA __hash__ () Al
_eq__ () HEHINIS . I Perl &5 FPFHRN hash,

dictionary comprehension -- “plLifi: 35X Ab A>T SR ARG Y BT A B0 A3 oT B I IR B G R L —
FEEEY, results = {n: n ** 2 for n in range (10) } FFE W — P HEn F{Hn ~*
2 B B i, 2= I, comprehensions.,

dictionary view -- ‘FHLHK] M dict.keys (), dict.values () fl dict.items () iR BIHIXTERIEFR N
FHAE . BN TFIFEEH O —DNEISHE, XERE L FHRSER, EESHHN A, 2
FF AL B R 4 HIERY S 3R, AT 1ist (dictview) . 2, dict-views.

docstring -- SRS FRFH {1028, RBEBLER Z ISR — AU B A 8 I EAEUS AT
P2, (HSPRERTRBIF A BPESR . B __doc__ @Mk . T eEn i
TSN, DR X R AT TBOSCR F BEor E

duck-typing -- 18718 F5—Fh g KUbE , BIFAREE R R BB w2/ A B D, m
R EER PSR EEUENE (BRGNS T, MERRSEN T, s e T.”) hT
SRR T AR E R A, BT R AR ] I fe i 2 SRR T R . Mg -2 H 00 i )
type () B isinstance () fill. ((HEAERRG-F2An] DAGE A 40 208 & Vb 7e. ) MIEAESR
Ml hasattr () fs/2EAFP 4hft.

EAFP KRG HCRVFATER S B9ESCHiE . X Fh Python # F US4 5 WUk 23 (B e i s 1 B 5l J A7
TE, AR E B R AR SR o KRR RT3 pRt WA TR RS i 2 K s ] try Fll except 184]. T
HARXF A NZ Bl LBYL WA, & UL T C 12 HAthiE 5 .

expression -- A A T PUK HFEAMEANIBERIC. Ha)igul, —PNERBRER T ENFEE. 4
R BT EEASEREOR LR, EAREAH SR —ME. S HMESAE, IFE
Fr ﬁij@if@ﬁ%ﬁ%%{iﬁﬁo ISAEARRER I E R X Wy statement, HIIN while, WREHZ)E T1EH
M AEFE R

extension module -- §JEH DA C 5 C++ i B, {# ] Python ) C API 3R 518 F %0 AL AR
T2 H .

f-string -- f- P45 A £ B0 P BTN FAF R FRMDEE RO AR B Ag bR A
HH 5. 20 PEP 498,

file object -- SCPEXF S X AN AL ) SCH APT DA R 23ISR (A read () 3k write () XFE
WIT7YE) o ARMEIHANE T A, SCHRTS T DAL BN B SERE A S0 rF, W HAM B AE, s x)
Eiﬂ?%é@iﬁ W) (FanbRER A . ARG IX . BT, BFiES%). SRRy Xt
;ECX%— E‘ ‘/‘/ﬁo
2 AT RSB SCPE 4 SRR = 2 S, e = A DL A, B T
SCBHE Lo BUHf. QIHECHERE R ML SR open () B

file-like object -- SLPERXM G file object W lR] Xid].

filesystem encoding and error handler -- 01k R4 s R SR PN Python 3£ M -1/ R S iR 15
e 1 B SR Unicode TG Ly AL IR A .
S R G AR T AR A A ARIIE RE AU ARG A BEAE 128 DA BT Ed . AR S R G gmt s X 0
EREAEILARIE, W) AP s RES 5| & UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREAI#HE T ¥k

AREOCCIT R GE 2 i 5 B AL PRI -
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filesystem encoding and error handler JZ4F Python JE 8/ E T PyConfig_Read () HRECRALER: i
Z:F] PyConfig ) filesystem_encoding fil filesystem_errors .

F 2 Wlocale encoding
finder -- 4R 2y —Fh S22l A gl ALK loader FIXTS

M Python 3.3 FLAFAEPHFR R T A 3R 4% Usk 12 53825 Bl sys.meta_path ([, PAKpath entry
finders it sys .path_hooks ffiff].

WL PRS0 PEP 302, PEP 420 1 PEP 451,

floor division -- [n] F VBRI 1) T & A B e B B R B E R ﬁTﬂM%%M£ﬁﬁm//'W
w, F#arkX 11 /7 AMITEEERE 2, M52 M RRIF S EIERERE 2.75 . R (-
// 4 2R -3 RS 2. 75\‘71?‘%’/\1%1% 3. WPEP238,

function -- pA%L T DA U 35 2R [ AME R — 215 4] o 38 0] DA AR ABANE 2> 240 HFFE R BUA I T
PR . Y5 Wparameter, method F functlon A,

function annotation -- FREChRTE B4 2R B 2 80 MIE ) annotation
PREPR I TR 242 BIan DA R BRI Z A int SEOF R E—4 int {4:

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

PR AR VB I AR UL function —5 .

Z: Wvariable annotation #1 PEP 484, Hrpdiid T IhfE. Y512 [# annotations-howto DA T B FA 45
PR B

_ future__ future 75/4), from _ future_ import <feature> I§/R 4 iFas i F ¥-1E K ) Python
RATHR P SCAARME R TEE RIS SOCR AP Y IR . _ future_ BIHRSCRYICSK T A BERY feature B
o 3 FA SIS HASBRAE, VR DAE BRI R A ] P8 e O A BB S R AR E
(e ) FEMTHE R BRI

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

garbage collection -- K8 Rl FEHCAFI0E I 1 N A7 25 B 9 A2 . Python J&3@ 44 5 VAR — A~ REAE A
DUFNF TG ER ﬁl}iﬁ B IE A ASI [m Se 2 SR TR A T BE IR IS B o W] DA g Al St s il 1 1% [l e 2%

generator -- /L)% 3y iR [Bl—"generator iterator (R pR%L . BB ARG HEEL, AFESAETHMAE vield
%ﬁﬁuﬁfgﬁi*?ﬂﬁfﬁ% for- {82l i next () BREGE IR,

TR R A AR R, (AAERLE UL T BT A A A B A RS . WERTE B ERA BAAE C, 7
ﬁiﬁﬁéf’ﬁu\ﬁﬁaﬁx

generator iterator -- 2K 2 KICES generator pREUITAN T4 o

A vield UG EEAM, CEXHALANIPRE (R L try ). % &
& E AR EPRE T E%/\}\%ﬂiﬁﬁ%?‘*m” (X 53U AR B IT U )3 g&%jﬂ@ﬁ)

generator expression -- LR AL X R MERLFN RSB EHEERBGLE L%%ljfwiﬁfrﬁﬁ 7E X
Tﬂ/\gﬂ’* L BRI for T4, U\&~/\Tﬁﬂﬁ 1f Fh). PUNEGFHRIRN S RINZREUE R
— 5

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

generic function -- JZ RIS ] 1) 2 20 S B R 45 VE G 2 A sR B0 LB pR . 6 U8 R & ph R 3
N A nAVATA DL S

i 2 Wsingle dispatch RiEFRS<H . functools.singledispatch () HMizeA & PEP 443,
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3

generic type -- {2 W[ 4{bHnpe; HN 1ist B dict KR AR TR 2T FLZAf.
WEAS N Z A4 R . PEP 483, PEP 484, PEP 585 fill typing Kitk.
GIL 2 lglobal interpreter lock

global interpreter lock -- 2y BEZY BT CPython fFRERR TR B —FOHLI], &R PR Al — i 2 A — 42
FELEINAT Python byrecode, MALHITE T BEEXT SRR ((14E dict SGEEBNERA) HXIF LU
ke 4xfifk T CPython SEBi. Z B MPRE SR IN B (I RE S 2 LRSI TS (8, AR D240
PETAEZ A PRES BT

A, SR E P B =07 PR T R AR SRS BT R TE ATV SR 2R 55 0 Hs 4 e A B RR
GIL. BtAh, fEHAT VO #Emth B2 2R GIL.

Bl —A (PAERSAURLED RS S8 ) A R RIS M RIRS R, o e
RGP A A PR A AR DL N PR BE o R S IR R R R R R B AR A AR, AT
MELAZES

hash-based pyc -- J& WAy I¥) pye (XY Y SC A (4 WG (B0 T FE 355 18 0B TR R ff o A s v i 10
S 2, pyc-invalidation.

hashable -- n[Wy 7y — N3 G2 e A (0 R AE AR dy N6 R B8, i pcl a4 (BERE A
__hash__ () Jiik), FFAIDARIFLMXS RIEFT I (ETRERA _ea O K)o AIIGAXGR AL
W EA AR TR R A (L LA S 2R A A ]

T A QA X GRS A1 SR AR B IR A BT, PR Ak S Bl 2 A A PRS0 s A fE

KZH Python R R4S P B X R A TG A ) s AR Z5gs (Blans Rel 7o) #ARTAA: AN
AlARZR R (BIANTCALAI frozenset) (4 BEATKICE I NG AR AIBA T . P2 SRS
MG BRI T TRAR . EAERERE—EAME (BRAERSHCR), BN Er A e
FEM id ().

IDLE Python [{) 4 T & 524> BRI idle S Python ARl 2 AT P 1) BEAS o A AR AR AR R0

immutable -- AR[EXR HAREEEAXIG . ARG FAFER AT, XN AN RERY
A o ARAAITAFAE— AR FRIE, WA BTEFT X SR . EATHE T 20 B A (E A Ly 3
TERL, BN/ S b i o

import path -- S AWt HZAME (B4 248 ) AR, SPREBpath based finder il R,
SAH. AN, AEREFKH sys.path, (XK ERUEATEER A LHEH
__path__ J@fk.

importing -- ‘F A 4— M) Python AU AES 75— S Python AURS B 6 AL 72
importer -- A ZY AR MBRIIEIRT G WX RIEET finder g T loader

interactive -- 22 . Python iy — P H AR, RIRAT DATERRREAR S /77 ot ATE ARk, SERp
PATHERELR . AFAWSEIHE) python fyd (HHT DAEARI T ST HLIT 46 3 B b e A0
PSRBT ) o FEM LU B R BB A S i MR A O NSRRI (FICA M help (x) ).

interpreted -- i FE%! Python —RMEREALET, SZMIXARHIFALET, SR I DO d T3y
b G e A A T 2 AT TSR] o T R WR G YR SO T DA BB AT T A b 2 S 38 T R T SO i
1o RPRE IR T 0w B A R A A RO A AR R ), HR AR PR g, &

Dinteractive,
L

interpreter shutdown -- fRREZTCPH 44 BRI, Python MERERR-FAUE A —MEIRIZITI BT 22 B
BOTH 2 REHEIR, BB Tl BN TG 55 . BIE R Z WM A DI S o XA
SE ST sl 5 L R A ARG AT . RS PIB BET I AU T RE a8 B 45 Fh s, DRI R
B PHRC A TR R (F R BT R s LS5 ) -

fRREAR S 2R I ERE A __main_ AUHREHTIE T IA C 58 AT -

iterable -~ WIRRIR AEGH IR o R BUTRORE S . PR G0 B T ELIE DA RIS (BIA 14 st
str Al tuple) DARHSEARF AP dict, A % MURE T _iter_ () Jikst2sis
T2 ENE __getitem () HEMAERE B E XA

AR T for PEFRLA K2 HAb T Z—DFFIRHTT (2ip O L map () ...)o 24— ]
BRXIRVEASHAL RN ERE iter O B, BLBREHZXRHEN S XA AEREHTXME
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EAR MRy TR PTEAR RN, REEATERMN itter O Bl A QAR ALERTE
For IR H ST, U IR o445 i SRR (1L 28. 5
Witerator ., sequence VA Jtgenerator,

iterator - R MR AEHBUEION S, TARMBERIMN _next__ O ik (RLELAN
BHH next () FFBARIH . M8 BRI IS % StopTterat ion 5. Bl
BHER ST Z PR BIETC R, KEFHHE _ next_ () HEHRSHIRG| A StopIteration
St . IR UAHA __iter_ () FEMRRENZERISIN R EH S, BIE S0 e e ik
Xt T T LM AT A GOE MR . — A BRSNS AR 2 2 K A P 2k
T AIE . At (Fan List) FERERRMEAL A iter () BMEECRTE for TRERH T B IR
KA A AERAE I DL T AR 12 15 A 0 22 [T 7 2 i 2k AU R A R i [
—IEREN G, HHAERRRE S A .
W25 B &R typeiter,
CPython SBi41i: CPython WA SN kM E L __iter () MZEK.

key function -- BEF% 1 o B EOPR R B R A, 2 BB A% R 0] T HE Y BOHEGL (A Y TR S B4,
locale.strxfrm () AJ A M —MFEHEE XIHE T 20 1 HE 7 i .
Python W 17 2 T B fuir A A s EIOR ¥ e Z M HE 80 4 =0 Hd AdE min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
J itertools.groupby ().

AR 2 M. B, str.lower () JEn] ARIVEZME K /NG HEF R 55
b, HERRAI AT AT 1ambda Fikz ORI, #ilU0 lambda r: (r([0], r[2]).fH operator
R T =AM R B 25 . attrgetter (). itemgetter () flmethodcaller (). iEAH
AARTHE 15 PAZREA RN 4 pR B s 191

keyword argument -- 38t S8 £ Wargument,
lambda Hy—/> i lexpression F I S 44 INEKCER AL, Faka N TE I BB RAE . Q)22 lambda pRE07) F)vA

> lambda [parameters]: expression
LBYL “Jofif JGBkER” W35 . XU S KRS AR TR A sl 4k 2 i e s A mi e 2 5
PRS- 5 EAFP Jy SR IO L, AR RUR KT 1 £ 1A

2B, LBYL X380 “&/” M WK Z R AR S K. fan, PURAR
if key in mapping: return mappinglkey] W REH TIEREEAEZ 5 HABL AR mapping
RS IR T key T AR o XA DU R] A N E ] EAFP Oy HOR .

locale encoding -- if% 75 X4k X 7F Unix [, B & LC_CTYPE i 5 DI i i 4% =X, & vl LA i
locale.setlocale(locale.LC_CTYPE, new_locale) ﬂéﬁﬁo

T£ Windows |, ‘B4 ANSI AT (Fil: cp1252).
locale.getpreferredencoding (False) ﬂ?ﬂiﬂ% %%Hﬁiﬁ%&ﬁ%ﬁ%@ﬁ o
Python {§i [f] filesystem encoding and error handler 1i Unicode 31444 FN75 H8 SC{ 44 2 (A b 764

list Python P E [)—Fsequence, BSR4 MFNFE, (HHE AT HAE S gl m AR s 53¢, R T
TR RIS R O(1).

list comprehension -- BIAHESEA LT 51 1 FA7 S 5 762 45 1 45 SR AU P B
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] RF4EL—
A~ 0 2 255 FEHE N oS BEREEOS AR (0x.) BYFIR. H 1 A2 ATEERY, A4 gl
range (256) WA TCERI AT,

loader -- LSS 05T BN F . BUHE X4 K Lload_module () K. fIER R b —
A finder 128 . FEES I PEP 302, XfT-abstract base class W] 2 JI, importlib.abc.Loader,

magic method -- AR Jj ik special method §)AEIEZ[F] LiA]

mapping -- Wit —Fp SRR R B E R OIF L T Mapping 3 MutableMapping 5 5 28 i i B
HHERIBERIT SR, R H T35 dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,
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meta path finder -- JLEAF AL sys.meta_path WY R FTIR A finder. TCRKAR A KA Spath entry
finders FEAERFRIAFF AL -

5% importlib.abc.MetaPathFinder T fRICIARTA Hoas T SE I 71k .

metaclass -- JUJ& —Fp ] T RIS, 2w ARy RPMMERY| R, oRnTTE2 Lk =1
SHOTRIBA N IS . A T X B I AR E S AR TR AL — N BRIASE B . Python (W45 2 AbTET
Al PAGIEE B SOt . KA H FOKIEATT 2ax A TH, (HYFRE B, o nT HAtam K fe e
PRI EACHH TIC B HAE . WMLt IRERT S A8 SCHlpel, DAk
HAbVF 2455 .
27 E 2 I metaclasses

method -- Jjik TEIEPHE W REL. WIERERIZ R LB — AN @R A, iR 3R x4
Ve WS — A argument GRE R4 N self). &l function fnested scope.

method resolution order -- J5j LM 5 3 AEATT I it i 62 1 0 b i 48 2R A R B 28 T FH B9 S JE o
WA Python 2.3 JryEfAT Y T AEE 2.3 BGE Python AT BT FHAH S5 vE R -

module %}5: )2 Python fCAS AT —FPZH 2N . AABTEELAG ST Yy 44 25 18], A2 /T 5 Python X142,
W]l i importing BAERENZL 3 Python Hr

5 Wpackage

module spec -- BERLAEE —>fiv 44 25 (6], HoP s T R A X S AMFE. & importlib.
machinery.ModuleSpec HJSEH .

MRO Z: lLmethod resolution order
mutable -- WEXF G FIAERSRATDATER id () PRFRREIERTOL T BUEHIBE. 532 Wimmutable.,

named tuple -- 4508l RifE “HA04” W TR B ool I HHPR RS TR 4
PRIBHER T B EE  SXARA 2 B 230 m] e A AR

ALENERRETHALITH, {04 time. localtime () Flos.stat () WIRIAHH. H—1HlT =

sys.float_info:

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

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

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

True

HLEAATCALR N ERR (Bl BT sl 1) o thsh, A& ITdle il w2 E UM tuple 4%
I AR B T Aok A . X RA AT THE, siF M 1) % collections.
namedtuple () @&, J5—MIrsGL LU IN—LF TSN B R ST A s k-

namespace -- iy 443 4 25 [BEAFCAE R . v 25 [0 Jail . 2R NER, 86 X2 IiRE
AN (FEHEZ N ). 4% 25 R LB 14 0h 58 K SCRpsibifb . 4N, Bi%builtins. open
5 os.open () Wil B 12 2SR XA A 44 25 () o B A A5 S BRI pRESOR T Bl
el T 4. B, random.seed () B itertools.islice () XFPEEIHH T IX
YRR random 5 itertools Bl HISLENAY

namespace package -- iy $ 53[0 {0 PEP 420 5[ Af)—Fp U AE TR A 8 ipackage, fir44 23]t n]
PABA LR Ry, gk I Sregular package N[A, M ENTEA _init__.py fF.

SR Wmodule .,

nested scope -- iR EFEHIR 75—~ SGEE NG A RARES . BN, TE5)— B e R s 0T DA
S B RS R TR AR RO 5 | A RO X IR ETC . R B S IR T A
WZERE. U, SRS WERT2R64 2 0. @il nonlocal XTI AFE
ASNZAE I

new-style class -- Fr\R X T H §i 90 T A KA 20 2RI X IHFRIE. 76 5561 Python Hi A<
Hr, R BN E BB S /1) Python il iy o8 RIEAEME, HIA0 __slots . #BFF. FHAEJEPE.
__getattribute_ (). EHEMEFSHES.
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object -- X5 AT ARG (JEMESE) PALTE AT (k) B%dE. object H2 LA new-style class

e U2 H 24
£ — A B TR e ok B S 604 ALY Python module, MIEAR L, M2 EA _ path JRMERY
Python f5iH,

%2 W regular package Flnamespace package.

parameter -- JE% funcrion (B(J7k) & HPHIGA SR, A ERET AR I —A>argument  (BAEH
BRFILE, 21M%%). FLfES:

* positional-or-keyword: B BT, F5E— T DAMER AL F 520 A AT DA 5 42 -4k
BARSES . FREARES KA, BIANHR foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only: {UFR{OZE, F8E—HAEMEL A EL AR SE. (WROIEIES Al e R H0E
XHIEBINRAFENZIFEE—A / FHREL, BTN posonlyl Hl posonly2:

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

o keyword-only: {{fRXKHET, F8&— D HAGHM XL ANSE. (R AT Sl TE
PRECE LB S AN F R & AT AN B S AL MBS 2 i1 * ke X,
BN R kw_onlyl F1 kw_only2:

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

* var-positional: WIAZ(E, € AT AR — MERECR R CCE S B TS (e A
BZEHEZMMESHZ ). BMESWEETEES SRS = KE L, IR HEE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZRHEF, H55E A DMRIUE R R BT SH (e HAES C 2 im0 K
BYSHIG) . BMESEEIETES AR ~* KE X, Bl LHE kvargs.

TEZ: 0] DA B4 28 AT I S50, AT DR R L8 nT BE S 40048 BRAE -
2 Wargument RIEFEFKH . ZHEESHX B FRE ILAE, inspect .Parameter 24, function
“SDLJ% PEP 362.
path entry -- B A 11 import path " E— BN E, S 8path based finder |l KA IR B AR,
path entry finder -- $§4E A NALRES T — 0T X 2 | sys.path_hooks (Bfipath eniry hook) 1% |9
() finder , WA G REIE S path entry € B
1§2%F importlib.abc.PathEntryFinder DA TR A BRI SCILAI S 1 .

path entry hook -- J&4E A V81 —Fp a8 XS, 6 R0 Qe & 345 F e parh entry W R BLH 1 500 g
% (fi [l sys.path_hook ¥ FER[E]—" path entry finder.

path based finder -- 3£ T ¥AERGAL RS ZROAR—Fh T34 2 & 3855, AIFE—import paith WP FRAR L,

path-like object -- JFEH X4 0 F DU RGE LIS . ALK R TR P FRBEN str
% bytes W4, B PALE AL T os.PathLike Ml f*t 4., — 4% #F os.PathLike
XIS AEE T os. fspath () RN str 80H bytes BRI RFE IR os.
fsdecode () fll os.fsencode () A5 HIHRIALRIAT str B bytes KRMPLER . HXTZ2E
i PEP 519 5| A,

PEP “Python 451 HYH A4S . —> PEP S& Bttt SCi, K m Python #h IXERALE A, SH
PR/~ Python {3 Bt % HLHE B sl R385, PEP I 2445 (IS 10 10 57 A JUAR 1T B2 080 ek ) B L 33
HH
PEP WA VR HE T S v s e DO 190 80 S B3t DA S R o 23 Ain A Python f 351 e3¢
9 5 SR EENLE . PEP fIVEE A TATAEAL X B R, I RS [R5 W 30 A SRy .
%10, PEP 1,
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portion - {4y LA 4 25 (B R A H SN SCEE S (WATREAAICT —A> zip SCE) . Bk X
T, PEP 420,

positional argument -- i & %5 2 Wargument.

provisional API -- #5¢ AP1 3¢ API 2 $5450A R HERRTE AR IE 2 Y 1] 5 A28 1 PRALE 2 AN I ) S 2 11
RIS DA F A ST HRUCE, (HASZHARIC R &, ol m] RETERZ LI A 1 5 A AL B
TN AT R AR (LRI D) . WAEBOF A X BEREIET - AUE AP N
N RIS FEE ) ™ E BL A P G B 90 A B AT BE S ik AL
B2 X E APTSRUL, 15 AR RSB Wil “ SRR T 587 — A A I
R R AT RE e SR B —Fh ) 5 A T R T 5%

AL B AR SR VEARE PERF A BT B, N 2= TR0 MR KIS RIS T . RS L PEP
411,
provisional package -- [ ¢ {0, £ Il provisional API,

Python 3000 Python 3.x AR MMERR (X4 FHERAS 3 I &AM IR EE T R S B 1) A
A4S “Py3k”,

Pythonic $5—™ELal — BEAURD S 25206 1 Python 1555 S JH 00 KURS FIBES: 1 AS 2 ) i 5
AR SR SE BT . BN, Python [y J A2 £or IEAIHRER Ak P — A m] e AU SR
WP TCR . W2 HAE F B XRS5, IR 2428 Python B AT I & e 668 ] — N7t
Huds:

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

TR I B 157 5 B Pythonic ({77 5 k& X FERY:

for piece in food:
print (piece)

qualified name -- g #8% — DMPASS R AR, ToR MBI 4 J5 1 H 3 it e SO HEA- 286
PREREL YRR “BEARY, MO LWL PEP 3155, T 2R ERIZS, BRE AP SX 524 F5—
2

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

>>> C.__qualname_

ICI

>>> C.D.__qualname___
'C.D'

>>> C.D.meth. gualname_
'C.D.meth'

MR TS A, B IR G AR BRI AR5 A PR B A AR, S A Y
24, N email .mime.text:

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

reference count -- 5 PH8 XIRFEXT RGN . 24— DXRIG IR TR, I BTt
BRI 51T Python AU K ULE F & AR UL, (HEZCPython SEHA— A KEEICEK. sys
BPE LT —A> getrefcount () AL, FERF 5L RTIR A E AR IR X G005 T4

regular package -- AL (LG8 Wpackage, BITNELEH—4 __init_ .py U HE.
%52 Wnamespace package.
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__slots__ —FEAEZ P ERAGEE I, 3 990 50 75 BH S J 1 S R G AL [ S R AT A A . BRI R
IR HmAT, ARG AEY, i RAREAE DRG0 T R, 5 QAR AE A7 10 B 2
., HHE AP RS,

sequence —fiiterable, T _ getitem () FRERTIERA SR MR CE I, I
FESLT—NREFHIRKEER) __len_ () H¥E. WERFFIEAA 1list, str, tuple fll bytes,
WEER dict ¥ H _ getitem () Ml __len_ (), EEH/HBETHSMIETN, HAE
P B AT B i immutable T JEEEER

collections.abc.Sequence IR HLKENT—TEEEWED, BYfE __getitem_ ()
_len_ () ZAXESINT count (), index (), _ _contains__ () #l __reversed_ (). L
I e R R AT register () SR

set comprehension -- A4S R AP — AW EA XS T A SR TR IR M 5 R E SR —F SR
EY¥E, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} B NFEHERE
& {'r', 'd'}. &0 comprehensions,

single dispatch -- Y5y —Fhgeneric function 73JRIL, HELHEET BASHIZEROREREN .

Stice -~ Vi 5 5685 T 55 sequence 10— ARG, B P RUB R B T ARARICR QIR 72 (1 o
BN LAE S RIS, Bl variable_name[1:3:5]1. FH55 (FAR) ARicte N
slice X%,

special method - §§7kJyik —Fhili Python KK VI )7 35, JIARFREA T e B 10T 5
o XFINRMIATRRE AT RIZ . FRIR AR SRS I specialnames .

statement -- ifif) HAERRTE (— MU B WAL, — BRI DUE—Dexpression AN
B XTI, BN 1f, while 5 for,

strong reference -- 55 |}fl 7£ Python [fJ C API wr, 35| H 245 a5 | AR IriA o £ m51 1 . 78
BT Al @ JE ] Py_TINCREF () RAREGRS | M 7E M ERS | A By Al i@ Py _DECREF () R
e
Py_NewRef () BRI #E TR MsRG 1 . 85, 0FER ARG 1E e
%585 R H py_DECREF () pR%k, DAREST | FH At .
g2 Fborrowed reference.,

text encoding -- LA #& X 7F Python i, — A FE4FH 2 — 5 Unicode fC 15 & (FE 2 U+0000--
U+10FFFF). N TAHESUEH — DT, EREGITIME I —B 7.
P A FRF R AR — D F RPN i, T FTT 5 o A AR R RO R
7,
HEFPAFESCARF L Fildas, ENENA” ORGSR,

text file -- SCARSCMF —FHREAS 1525 str WG file object. 38— SCAS SO 52 B 7 1) — AT ) 7747

F B AT B sl A Bllrext encoding . SCAR SCAF B TG PASCARE (Ter 3K 'w') FTFFHY SO,
sys.stdin, sys.stdout PAf io.StringIO HJSEH.

HESFbinary file T FRREGIERE F 5 3T % BISCUEXTSE

triple-quoted string -- = 5|"5*fF 1 RAW S AMELNES (7)) ERES () WERFE. BIEY
e LS E RS A5 SR EA R R A AANE, (RFZR L. ENRFIREFFR N
TARGEE RS S AE 5, I BT DAES R A7 1M Jors I 3AT , TE9R S SCRY 4 5 IR il i
i B

type ZEHIHLE —> Python X4 )& THHA M BEAXTREREA —Fh2EAY. BUEXT ST, nf AR
B _class__ J@f, sl type (obj) FRIRHL.

type alias -- 8B ¥, — KA R 3], B 7 2O I AU E 45 15 AR HAT o

b P (S PR RS RE S N 1 I

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
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Color = tuple[int, int, int]

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

Z: L typing fl PEP 484, H g X} Y REIG TR REA .
type hint -- 3874 annotation "R . EME. RBWIESa0R RIETS E W28,

KRR T T, Python REERELAL, (FECHTAHIASKIAT TEGRAN , 9 by Bh IDE 55
R4 Tt

AR RIEMEREEI BB A typing. get_type_hints () Kihn, (HEHAE
AT DA,

Z W, typing Hl PEP 484, H AR INREMITEAIAIA -

unlversal newlmes -- ﬁﬂi Pef7 — RSO AT A £ %%‘KWE%"J?@ TEEAARE : Unix 91T
ZER A E . Windows [Z55E "\r\n"' PAMIHR Macintosh [ 5E . Z I, PEP 278 Il PEP

3116 F bytes .splitlines () TEEZ ML,
variable annotation -- 28 b {d: Xa‘ﬂ'ﬁigz%!é J@ i) annotation
TERREAS B IS TR/, T ] ek HR A

class C:
field: 'annotation'

AR BRI BT A R 2R AR BINDA R AZ B2 int FREURO(E:

count: int = 0

A AR TEVA I R AR RE I, annassign —{y
2 W function annotation, PEP 484 F1 PEP 526, H. iR T IHINEE. Y1527 annotations-howto DA T
PSP bR ) A R S

virtual environment -~ BEDEREE —FIRJIYIMAE U BSROIZATITERAE, ALVF Python JI P AR BP0
FITF2 Python 4 % AW & THLF] il — RS0 LA 719 oAl Python R JHEEFF 047 0

HZL venv,

virtual machine -- JEIHL — & 5E 20 A E ST, Python FE LML AT AT 751 g 3% 7 FIr 25 B
H)bytecode.

Zen of Python -- Python 24 51k Python B3 PRI 545 . 1 00T B S5 60 L M 5 . 4 SRR
BT TR A 1 A" import this”,
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XL SRR Sphinx M reStructured Text JEA4 i1, Sphinx &—/~% M ALFE Python SCRYT 48 5 11 SCRY A I,
o

AT REEZ I ), WAETEIEE 2557, A3 Python A8 o AR AR BUf i TTmk, 5 P
reporting-bugs AFANAIZ 5 . FRATHEWUH o) G R |

RN -
* Fred L. Drake, Jr., J5ff Python SR THAEZ B, ARZ SCHIZ AR
o T 4% reStructuredText F11 Docutils {1 Docutils i H ;
* Fredrik Lundh 1 Alternative Python Reference 3 [ , Sphinx M 183 T4 £ iFa94H%E .

B.1 Python {44 SifkE

AARZ X} Python 157, Python 5 Al Python SUHAT TR, [ Python JRACAS /) % 1) Misc/ACKS 3¢
PRSI T vk -

AT Python # X (i AFNTTHK, Python A4 Ui €1 SCRS——HHAHMRAT!
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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

RWAE | BB Fh mEE GPL %% 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %4 | PSF =y

{Efit: GPL A A EWRE Python #£ GPL R &1 . 5 GPL AJA|, Frf Python ¥ nJEAR SRR A4 K AG R
JaBIIAS, T TR IR T R . GPL )V n]E 45 Python W PAS H B e GPL R A& ff YAk 45
EER; B HENATT.
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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 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

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 FF PYTHON 3.10.13 §§ PSF ¥ a[#il

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

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

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

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

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

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

distribute, and otherwise use Python 3.10.13 alone or in any derivative

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

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

Reserved" are retained in Python 3.10.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.10.13.

4. PSF is making Python 3.10.13 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 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.

—DERIVATIVE

6.

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

This License Agreement will automatically terminate upon a material.

—breach of

7.

its terms and conditions.

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

—relationship

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

—This License

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

—~in a

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

—or any

8.

third party.

By copying, installing or otherwise using Python 3.10.13, Licensee.

—agrees

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

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM # &Il

BEOPEN PYTHON JF5 4] P AR 1 AR

1.

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

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

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

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

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

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

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

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

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

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

C.2.3 FHF PYTHON 1.6.1 i) CNRI o] #pi¥

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

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

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

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

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

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

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

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

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

C.2.4 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ 5] H#piY

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 3.10.13 DOC-
UMENTATION

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 WrRERfFa91F o] S5 35

A2 Python K AT GRS =7 BAFRIVFRTRIBOINE B, %308 FUR A 8 B HRITHE R
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ 2 /)
1. AR 2RI eI (F)

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C3.2 EfEx

socket fEHEH T getaddrinfo () Ml getnameinfo () ZRE, BT WIDE i H A
PB4 hitps://www.wide.ad.jp/ .

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

(T UgkEE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

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

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

C.33 RLEEFIRS

asynchat fll asyncore fHE & A R EH:

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 FizRal4 DA H:

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 HiTERR

trace BHALE AT A

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#k

uu AL DA R

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.

(CFgkzs)
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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 & i 2=EAH

xmlrpc.client fEHEE DA FHEH:

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_epoll MR F AT AEI:

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 BERIKT kqueue [ AL AR FHEIH:

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 {47 Marek Majkowski’ %] Dan Bernstein [} SipHash24 2 ¥ERISEH . EREPAT
—=
FEH:

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

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

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

Q)
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all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c XML T C K%L dtoa Al strtod, T C AUN BEAUE A A7 5B 2 [ 640, BIR
£ H i David M. Gay 44 5 1114 45 30 H HIZ SCHERTFE https://web.archive.org/web/20220517033456/http:

/lwww.netlib.org/fp/dtoa.c 151, ¥ 2009 4 3 H 16 HK:ZR B AR IG ST & DA RACHITEA] 7= HH:

/‘k*‘k*‘k*‘k***********‘k***********‘k*********************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

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

* % o

* % o

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

* % o

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

C.3.12 OpenSSL

WERBEAERGEN ], W hashlib, posix, ssl, crypt BBR{ii/f] OpenSSL R mPERE. BLAh, &M
-+ Python [j Windows Fl macoS 2427 nl g {7 OpenSSL FEi#5 UL, B AESLAR 1] T OpenSSL ¥
FIUERFE DL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/*
* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

*

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

Original SSLeay License

* % ok X % ok %

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

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

Q)

88

Appendix C. FSEFI¥FoliE




Extending and Embedding Python, %% 3.10.13

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

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

the code are not to be removed.

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

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

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

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

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

BRIEBEN ——with-system—expat BB THE, T pyexpat AR M5 expat YR DG

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

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

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

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

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

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

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

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL T 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)

(N gksr)
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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

AR ——with-system—libmpdec Bl E THZEE, &N _decimal FEHERE F A4S libmpdec JE H#2
DURE 7Y

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

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

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

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

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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 LAY CI4N 2.0 iR 4E (Lib/test/xmltestdata/cl14n—-20/) $E2HLEH W3C Mk https:/www.
w3.org/TR/xml-c14n2-testcases/ FHARYE 3 55 BSD 4 Wik & 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

Q3]
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"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 audioop

audioop FLHLH ] SoX Wi H 1) g771.c U A5 B fi:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jleel@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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...,63

2to3, 63

>>>, 63

_ future_ , 67
_ slots_ ,73
TRELE

PYTHONPATH, 53

A

abstract base class —— £ E%,63

annotation -- #FyE, 63

argument -- F#, 63

asynchronous context manager -- 3 %
EFTXEEE, 64

asynchronous generator —-— 354 i %, 64

asynchronous generator iterator —-- =3
P AR R A, 64

asynchronous iterable -- # % ¥ #% X
%, 64

asynchronous iterator -- #FH&RE, 64

attribute -- B4, 64

awaitable —-- F&%#FXT4, 64

B

BDFL, 64
binary file —— Z 3% XfF, 64
borrowed reference —— fAF| A, 64

bytecode -- F¥#H, 65
bytes—-like object -- FH A4, 64

C
callable —- HHAFAXZ, 65

callback -- [E, 65

C-contiguous, 65

class, 65

class variable —- X% &, 65
coercion -- W& XA H#, 65
complex number —— ¥, 65
context manager —- T X% &, 65
context variable —— FTXZ &, 65
contiguous —-- #4465

coroutine -- 4, 65

coroutine function -- WA EI, 65

CPython, 65

D

deallocation, object,46

decorator —-- M, 65

descriptor —- #R &, 66

dictionary —-- FH#,66

dictionary comprehension -- FHIESRK,
66

dictionary view -- FHAME, 66

docstring —— XHIFEHE, 66
duck-typing —- #WFEA 66

E

EAFP, 66
expression —— Rk, 66
extension module -- # EEH, 66

F

f-string —— f-Ff &, 66

file object —-- X4, 66

file-like object —-- XHEHFZ, 66

filesystem encoding and error
handler - X Z & % & #H X 5
4R AL A1 AR, 66

finalization, of objects,46

finder -- #&E, 67

floor division —-— & BB &, 67

Fortran contiguous, 65

function —-- E#, 67

function annotation -- EEARIE, 67

G

garbage collection —- 33K [, 67
generator, 67

generator —- 4K #, 67

generator expression, 67

generator expression —— 4 KBEFRER, 67
generator iterator —— 4 K &% K E, 67
generic function —- Z A H#, 67
generic type —-- Z 7, 68

GIL, 68
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global interpreter lock —-- 42 F @ B #

41, 68
H

hash-based pyc —-- ET%HHFH pyc, 68
hashable —— H W%, 68

IDLE, 68

immutable —-- FAHZLXZ, 68
import path —— & AKHR, 68
importer ——- B A%, 68

importing -- & A\, 68

interactive -- X &, 68

interpreted —-- f@EA, 68

interpreter shutdown -- R XM, 68

iterable —— HXERA %, 68
iterator -- # &%, 69

K

key function -- &3, 69
keyword argument —— X#F %%, 69

L

lambda, 69

LBYL, 69

list, 69

list comprehension -- F|XKI#HKEHER, 69
loader —- #n# %, 69

locale encoding —-- EZ X HETHKR, 69

M

magic

method, 69
magic method -- JEAF %, 69
mapping —— B4, 69
meta path finder -- TEZELELE, 70
metaclass —- 0,70

method
magic, 69
special, 73
method —— ¥, 70
method resolution order —-- 77‘&% 7]‘)? it
7,70
module, 70
module spec —-— HES A, 70
MRO, 70
mutable —- FZXZ, 70
N
named tuple -- B &G4, 70
namespace —— @4 % d, 70
namespace package -- @ % X84, 70

nested scope —- #®EEHH, 70
new-style class —-- #FHA%,70

deallocation, 46
finalization, 46
object —— X£,71

F)

parameter —— H%,71

path based finder —- ETFEBEHEHKE, 71
path entry -—- B#ANH,T71

path entry finder —— BEANDEHKE, 71
path entry hook -- BHEANBHTF,71
path-like object -- BEHFEXL,71
PEP, 71

Philbrick, Geoff, 14

portion —-- #{4, 72

positional argument —-- {I & 5%, 72
provisional API -- # % API,72
provisional package -- #EM, 72

PY_AUDIT_READ, 48
PyArg_ParseTuple (), 12
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch (), 46
PyErr_Restore (), 46
PyInit_modulename (C function), 53
PyObject_CallObject (), 11
Python 3000, 72
Python #EEN

PEP 1,71

PEP 238,67

PEP 278,74

PEP 302,67,69

PEP 343,65

PEP 362,64,71

PEP 411,72

PEP 420,67,70,72

PEP 442,47

PEP 443,67

PEP 451, 67

PEP 483,68

PEP 484,63,67,68,74

PEP 489,10,53

PEP 492,64, 65

PEP 498, 66

PEP 519,71

PEP 525,64

PEP 526,63, 74

PEP 585,68

PEP 3116, 74

PEP 3155,72
Pythonic, 72
PYTHONPATH, 53

Q

qualified name —- [RZ&FF, 72

R

READ_RESTRICTED, 48

@) READONLY, 48
object reference count —-- 3| H#%, 72
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regular package —-- %%ﬂ/@n72
repr

)& & %, 47
RESTRICTED, 48

S

sequence, 73
set comprehension -- £4# &R, 73
single dispatch -- B4k, 73
slice —— ¥ K,73
special

method, 73
special method —— 4% ik, 73
statement -- iE4,73
string

object representation,47
strong reference —— #&5|H, 73

T

text encoding —- X AREEKR, T3
text file —-- XA, 73

triple-quoted string —- =3 5Ff&,73
type, 73
type alias -- %R 54,73
type hint —- RAEME, 74
universal newlines —-— 3@ Ff#4T, 74
variable annotation —- T EAFE, 74
EE 5%

repr, 47
@9 71
virtual environment -- E#MIIE, 74
virtual machine —- B, 74
W
WRITE_RESTRICTED, 48
Z
Zen of Python -- Python 2,74
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