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BB SO R el C 8k C++ WP B i, [EV6E A4 S 75 Python BL%aRThAE. ARLAAIAR
B PAEFEHI R, WAl DAE FEHI B E & H 5 ¥ (method) . SC{HEI 28t @&-flivd anfal 1 Python
FETHIA S — W R, (E R FTRE S (extension language) (] . 5%, B & RN WA Hi s A L
ﬁﬁﬁ*ﬁ%ﬂ, fEARLCR AN W DAE) R (FE3EATIE) B AR EES T, T RIREEE RS A R
Wit

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

B 52 B4 1 Python/C APL FEAINAH, F52[E)5) 4h—1) c-api-index.
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HERNS=ATH

B e E I T Ik CPython MU FHRALY) . A ST SRR A T H. 5= T H, Bilfn Cython, cffi.

SWIG Fl Numba, {4t T 5 [EIfdy 2 &% (FIEFkRY £ 3, 3R[E Python 57, C Al C ++ fE 7.

hz%:
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SR AT DA AR A T e B AR A T, gt E M S 0 AR T R R I 1
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CHAPTER 2

MERE=AITEBIHESR

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

2.1 ) C g C++ #E3t 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

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

211 —{AEEEH

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) .

fiiE: [T Python MBS & L —LERETESESE R BSERARE L SR AL BRARE L, PRIMAE L & AR AR
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. RERF=STREIRT
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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

When a function f that calls another function g detects that the latter fails, f should itself return an error value (usually
NULL or —-1). It should not call one of the PyErr_* functions --- one has already been called by g. f’s caller is
then supposed to also return an error indication to its caller, again without calling PyErr_*, and so on --- the most
detailed cause of the error was already reported by the function that first detected it. Once the error reaches the
Python interpreter’s main loop, this aborts the currently executing Python code and tries to find an exception handler
specified by the Python programmer.

(There are situations where a module can actually give a more detailed error message by calling another PyErr_*
function, and in such cases it is fine to do so. As a general rule, however, this is not necessary, and can cause
information about the cause of the error to be lost: most operations can fail for a variety of reasons.)

REVEL 2200 P — N 2R O R BRI I B S, S AR ARV ] PyErr_Clear () WaXHbBEE
Br. CAIEN Y4 PyErr_Clear () HIME—IH B UIR T AECRHE G AR A 2 h 5 0ok
W (PTRE 2 A, SRR HET) -

FRR KM malloc () JEAHEE S — R, malloc () (3% realloc () ) WIELEE & LA HiH H
PyErr_NoMemory () Fik [ IR R. A X RO RE (Fl40 PyLong_FromLong () ) BE&X 4
T, AR RN T B malloc () WK,

WEFENZ, BT PyArg_ParseTuple () SFEEAYHIAL, IR [MIFEECIR S ) R F500 3 A2 1 0] 1
ERFRMI, WA -1 FIREN, 40lE Unix RGEHH—FE.

W5, SRR R R A I B R B . GRS IR E 28 X 52 04T Py_XDECREF () 1§
Py_DECREF () & H)!

PEPEG| WA T 2 BT AR E4F . FTA PE R Python S # A XTI A I C XF4, il
PyExc_ZeroDivisionError, {RUTPAEEEM A EA1. 244K, RN 248 ik 8 8 — A B
PyExc_TypeError RFR— P ILERFTH G KM % H PyExc_IOError). WIRSHIIFEA M
#i, PyArg_ParseTuple () MREUEFE 51K PyExc_TypeError. WHRIRAHE—NSEMIE LA T
R Y I 2 N A A LA 254, IS B H PyExc_ValueError.

PRUALAT DA AR AR i S ME— R B 7 . 5 AR SCPF AR A P — N Sx e Ae &, n:

static PyObject *SpamError;

HHAEARB BRI EL (PyInit_spam () HREH— DX QAR

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 R N4 Python 4% 2 spam.error . Jif PyErr_NewException () B PABIE—NZ, H
FJH Exception (RIERZ T — LML ALIEH NULL ), 452, bltin-exceptions .

2.1. ) C & C++ #E 3 Python 7
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MR B R 2@ R RAE T SpamError H—51H, X2

SpamError BT & B a4t
—2>118 PyMODINIT_FUNC fE R éﬁzz_lilﬁﬁgmﬂm
spam.error i A DAEY AR h il |

1 PyErr_SetString(

AEW 8T B BRI s, 75

) KB, Ak

static PyObject *
spam_system (PyObject *self,
{

PyObject *args)

const char *command;
int sts;

if (!PyArg_ParseTuple (args,
return NULL;

sts = system(command) ;

if (sts < 0) A
PyErr_SetString(SpamError,
return NULL;

llsll’

}

return PyLong_FromLong (sts);

&command) )

"System command failed");

2.1.3 EIZEH
W BTG 00 T, ARV A% EH R T A

if (!PyArg_ParseTuple (args,
return NULL;

"s", &command))

WERAES RO S P A 21

F PyArg_ParseTuple (

ﬁ%ﬂ’l‘f‘éﬁﬂfﬂﬁ%ﬂ%ﬁE“\Li%l%ﬂi“zﬂﬁ“ér'?EI’J FFER (RIAERRHE C A

R, I:KH:L_IEI NULL GRE AR X SR F8 £ 0 eR BT (0 I A TR R ), X e
) WEISE . FEHMTEO TS FEF R E S DR RRAE & command.
A5 5 command [V 24 4% IETfHY

7HHA const char *command),

N—A &AM UNIX 248

PRE system() , EEAMAISEZEN AN PyArg_ParseTuple () HUH

E’\J:

sts = system(command) ;

|

AT B spam.system () B % AR
PyLong_FromLong () J3ZF,

o] sts [ {H fE & Python X} £.

’return PyLong_FromLong (sts) ;

FEXFEOLT, =ik

o] —NEEEON G, GXNRFGLRTE Python M HUHAZEE) .

If you have a C function that returns no useful argument (a function returning void), the corresponding Python
function must return None. You need this idiom to do so (which is implemented by the Py_ RETURN_NONE macro):

Py_INCREF (Py_None) ;
return Py_None;

Py_None ;24§¥k Python Xf 4 None Xt 1) C #F5. &

WFATPT,, JEEAERZH LT SO ERE AR

J&—AEIEfY) Python X1 A && NULL f841,

Chapter 2. RERF=STREIRT
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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)

2.1. ) C & C++ #E 3 Python 9
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LR
/* Add a built—-in module, before Py_Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

}

/* Pass argv[0] to the Python interpreter */
Py_SetProgramName (program) ;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
Py_Initialize();

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule ("spam");
if (!pmodule) {
PyErr_Print () ;
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0;

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

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

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

2.1.5 YmiFfnsEEE

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

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

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

spam spammodule.o ‘

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

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

10 Chapter 2. RERE=FTREITRFE
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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 XAE I R B CHAT Y o 2R —A C 3 R IR, 38 2 s S B A [ AL A

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 UH XA, 4 RS B ARAT Python pREW £ 1R 4T, HEIHH (Py_INCREF ()) HHghns|
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 LT’@:}%W%%&%W%% 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 EiTIZ/I\J:TjCEP 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 Eﬂf%ﬂzﬂﬁ/\@zio B S HH I 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);

1. kL C & C++ #E3% Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.
PyObject_CallObject () & —MX HSH 51 HITHIC X" W 6l 9o g f 1
SR, I HAE PyObject_CallObject () ZJG V. RMi T Py_DECREF () .

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
— LI L )

#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. L) C & C++ &3t 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

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

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)

14 Chapter 2. FEMAE=HTARBIIKFE
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(R L —5)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 WEERIE

XANRES PyArg_ParseTuple () RAAMEL, AT :

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

ERZ— M THH, 5 PyArg_ParseTuple () MlF], {HESHnAUE 5L SR HBIETEET (i A28 bR
B, AR ). BRZGR [ —> Python X R ATk [A] C e& %A 45 Python fUA5.

—A~5 PyArg_ParseTuple () WIAREZ, J& il fETH 5 EoR IR [ —4~7c4] (Python S8R E 2

TN IR oCd), i T 45 HoAth Python sRE(AS4I. Py_Buildvalue () HAREEAEMITAH,

HEZT 1SR FERFR RS A UTH, MR X FEAFER MR B None , —ANSHNEER %S

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

Bl M2, A2 Python {HE):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_BuildValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 4506)
Py_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 S5|ATHE

TE C/IC++ BT T, BIY R TT S4B B e heap 4 i INAF. 78 C B, JHad B%i malloc () Al
free () R5EM. TE C++ HUZHAE new Fll delete SRSZHUMIE I TIEE .

/N malloc () AMRMIINTES:, RAETR free () BT HNAEMET . MM free () 1Y
LR B, R —NNFIRE T free () WA SENIEE, XHNIEIERE T 45 Bk o vk EHT
. XA A AR TR RS free O TUAE, AN 84 M, WIFERR
mall;c() Em%ﬁw\]ﬁ%%ﬁmﬂ% DI 2764, ZE [T R VIER LB, core dump, #iR4%
F PRLAY AR IS

AP RE AR S AR A — U RN WL AR i T Bt — AR ORI RAS BT S8, RS
REMCNATER o BUAE— L eR R A T RESE I T M A M D 2 0, SRS P i AR RGR e T
RARA G e EB BRI N AE, Rl R . XA N, —BSIA, lER AR AT
MELAINE] ,  BESR H  Bs R A, T BEAR R I SO R BRI RSN A, B AT (A K 3z
A SO SR G R RSO A AR R . R, A R AR A AT & SR R /Mt
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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 %E@@%ﬂé%ﬁéi}%
Mo ATXAHB @A), AX#%FJH#@’%‘~/\?Em Q%%ﬂxﬁ%@?‘éﬁ

SN O] WEIEI i A Py_INCREF (x) Fll Py_DECREF (x) ? FRATE E5IA—LM&. WA N
B — AR5, TU\J})ﬂﬁ*AéUﬂﬂé/\XT% *AXT%E@E[I%TT@EX%?}H%%]H%E@f&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
DR o i AR BBk A E'*ﬁbﬁiﬁﬁﬁﬁﬁﬁ%iﬂﬁfﬁm—fﬁ}i%f WA FALE SRR

T AT, il # M Py_INCREF ( AL PE 2RI ERRS. X4
WIS N, R TRalia & T (?ﬁﬂﬁﬁﬁ%ﬂfﬂ"%ﬂ’]&%é‘]ﬁ%, ?M%ZHIJE’J%‘)%%%%M%)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%§%15°x¢%ﬂ@%ﬁ§|ﬂﬁo ﬁ/l\ifﬁﬂ% PyLong_FromLong () 44 7 —MNRATENZELR, Il
DA ] 2 G2 4730 H 85 1

WL H — DR ERBOT R EE, WaEids XA, Bl PyObject_GetAttrString() . X
B A IEW, — 2R K IR 2 B 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

RN ELREE . —NMHBRZARR Python 435 73X A bug f9A5F, 1ii—L \ETR TR EIEIAE C iAa
FEFHRNA _del () HESEM.

AN R 5 RS DL A 05 | VS S AR 7S Rl . %, Python fifReds L2 AR TLEHE AN 7Y
PR, PRS2 RS Python X 250 (HA] DA% Py_BEGIN_ALLOW_THREADS Hllfi
IPREGX A8, FORTER I Py_END_ALLOW_THREADS . Xl i I SE7EFHZE /O W 4F, fifsHAbL
TR DAFESELE VO MR AL BEAS o 29K, W sRES IR 2 BN — R I A

void

bug (PyObject *1list)

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

Q)
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(R L —5)

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

NULL {8%t

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

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

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

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

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

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

21.11 £ C++ b REY R

BT ATE C+ gn G i, FURASEME. AR 427 (Python M) 2 C G ke i Al
HEER, RSN RS SN BE T . AR Ct SRR SRR AL A X . AL
229 Python RS ] GH A AU BRI IR B ATl extern "C" o T2 7E extern "C"
{...} B4 Python SKICPFNMIAZAB AT L, POAUIARE X THFS __cplusplus ME 42X 4 /W]
BT A B Crt it e i SOXAF5)

2.1.12 5 RIERIZ{E C API

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

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

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

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

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

Python provides a special mechanism to pass C-level information (pointers) from one extension module to another
one: Capsules. A Capsule is a Python data type which stores a pointer (void*). Capsules can only be created
and accessed via their C API, but they can be passed around like any other Python object. In particular, they can
be assigned to a name in an extension module’s namespace. Other extension modules can then import this module,
retrieve the value of this name, and then retrieve the pointer from the Capsule.

SMIROEA IHA KSR 20520, S RAIER T, AR IR TR Z AR .
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_ New ()
takes a name parameter (const char*); you're permitted to pass in a NULL name, but we strongly encourage you
to specify a name. Properly named Capsules provide a degree of runtime type-safety; there is no feasible way to tell
one unnamed Capsule from another.

WAL, Capsule T2 C APL, HA 7 VAR08 40 H LTS

modulename.attributename

@?Fl éﬂl PyCapsule_Import ( ) AT PAJT R 3 A 2 Capsule #2447 C APT, {{fF Capsule [ 44 - IEHit
it 1702k C APT ] it \T%TEE@%%T%EE&/\EE%H’J C API,

The following example demonstrates an approach that puts most of the burden on the writer of the exporting module,
which is appropriate for commonly used library modules. It stores all C API pointers (just one in the example!) in an
array of void pointers which becomes the value of a Capsule. The header file corresponding to the module provides
a macro that takes care of importing the module and retrieving its C API pointers; client modules only have to call
this macro before accessing the C API.

SHAEHE IR E spam Bk, Sk H 18 &) B, PR spam. system () A EIZRA C FEREL
system() , {H— % PySpam_System () &FTTIRA, S4IRPLH & T2 42EL (B AN i "spam™ |
A4, K PySpam_System () & FHAHAMY RS,

PR%L PySpam_System () 244l C AL, Al static gt HAH AR

static int
PySpam_System (const char *command)
{

return system(command) ;

}

PR spam_system () #HEANF B

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 PylLong_FromLong (sts);

}

FERHIT Sk, FEHATIR

#include <Python.h>

IE ANy

#define SPAM_MODULE
#include "spammodule.h"

#define JPTHACKSCFF RO G T AT, AR Pk, A&, BHHIHI IR 1L Bb 2 i
TTHILR1 C AP H5 5144

PyMODINIT_FUNC
PyInit_spam(void)
{

1. L) C 8 C++ I&3 Python 19
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(e )

PyObject *m;
static void *PySpam_API[PySpam API_pointers];
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 ; HWAMEHELSHE PyInit_spam () 45 ETH KR!
Sk spammodule . h B —HE AR, FHifERWMTHIR:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */

#define PySpam_API_pointers 1

#ifdef SPAM_MODULE

/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

r

it

L

IREE)
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import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;

i

#endif

#ifdef __ _cplusplus

i
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B i AL R 2T A 4] e A R R HL R R T BRI AL import _spam () (ECH ) A BE DT ) 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;

}

XFPITIAR) EE B R, XfF spammodule. h i FRIR. MR, MENEFHARE, BEALTH M
1, BreA RS EaE] R,
f o it HAR R Y2 Capsule $2 04t 7 BISMYLHRE, T 17 AE Capsule BLAYHE B9 A0 BORORE . 40

5% 2% Python/C APl 2% F it E Y capsules Fl Capsule f5Z 3 (£ Python Y55 % 745K Include/
pycapsule.h fil Objects/pycapsule.c).

Fe
22 HENT REE: #Hi=

Python fL¥ 45 C 4 AL E UnT LA Python fURSH B HBTRAL, XMRBNERY str FI List K0,
PR SR AR ERREOG — IS, HRAERTT IR AT, R T —Leany . X S XA~ 3

A4

2.2.1 Efll

The CPython runtime sees all Python objects as variables of type PyObject *, which serves as a “base type” for
all Python objects. The PyObject structure itself only contains the object’s reference count and a pointer to the
object’s “type object”. This is where the action is; the type object determines which (C) functions get called by the
interpreter when, for instance, an attribute gets looked up on an object, a method called, or it is multiplied by another
object. These C functions are called "type methods”.

FIPA, ARARAREEE SORT Y eI, R A ET R I R

XEFE LB B ERE, X BN/ MEESEEER RS, ST HZEBI Custom 7£ C ¥ )&
Pt custom H.,
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il X BRI AR E X static T REBIES k. PTG G KERA Ak, C AP n] L AEHE
EATHY AL, fiH PyType_FromSpec () BEL, EATEARATTHITE.

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

typedef struct {

PyObject_HEAD

/* Type-specific fields go here. */
} 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 [T X2 CustomType 541K, HE LT —HERRRMBREERET, SIR @RS
BRI ERAE.

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

typedef struct {
PyObject_HEAD

QS
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} CustomObiject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and
defines a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these
can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract
away the layout and to enable additional fields in debug builds.

f#iE: FERAEL PyObject HEAD JFIA T . BAMNIING-S & S A SR .

MR, MR THE PyObject _HEAD fEEEEAN, ABIMEE; BN, WnFE LT FnifEfy Python % &
e

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

AR A RN E

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

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

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

FA ek, R TFE:

’ PyVarObject_HEAD_INIT (NULL, 0)

XA m R, ARG e EFE RN ob_base FB:

’.tp_name = "custom.Custom",

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

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

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

Note that the name is a dotted name that includes both the module name and the name of the type within the module.
The module in this case is custom and the type is Custom, so we set the type name to custom.Custom. Using
the real dotted import path is important to make your type compatible with the pydoc and pickle modules.

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

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

All types should include this constant in their flags. It enables all of the members defined until at least Python 3.3. If
you need further members, you will need to OR the corresponding flags.

We provide a doc string for the type in tp_doc.

.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) < 0)
return;

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

Py_INCREF (&CustomType) ;

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

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

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

That’s it! All that remains is to build it; put the above code in a file called custom. c and:

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

in a file called setup . py; then typing

$ python setup.py build

at a shell should produce a file custom. so in a subdirectory; move to that directory and fire up Python --- you
should be able to import custom and play around with Custom objects.

XHANME, XfH?
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Of course, the current Custom type is pretty uninteresting. It has no data and doesn’t do anything. It can’t even be
subclassed.

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

2.2.2 Adding data and methods to the Basic example

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,

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

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

}

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

}

return O;

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

bi

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

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

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{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,

Cr

I

1

k%)
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.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

Py_INCREF (&CustomType) ;

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

return m;

This version of the module has a number of changes.

We've added an extra include:

#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.

The object structure is updated accordingly:

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

} CustomObject;

Because we now have data to manage, we have to be more careful about object allocation and deallocation. At a
minimum, we need a deallocation method:

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

which is assigned to the tp_dealloc member:
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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.

fi[E):  The explicit cast to dest ructor above is needed because we defined Custom_dealloc to take a
CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject * argu-
ment. Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!

We want to make sure that the first and last names are initialized to empty strings, so we provide a tp_new imple-
mentation:

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;

and install it in the t p_new member:

.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 is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated) and any
arguments passed when the type was called, and is expected to return the instance created. t p_new handlers always
accept positional and keyword arguments, but they often ignore the arguments, leaving the argument handling to
initializer (a.k.a. tp_init in Cor __init___ in Python) methods.

#(E): tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the tp_alloc slot to allocate memory:

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

Since memory allocation may fail, we must check the tp_alloc result against NULL before proceeding.

#i[F): We didn’t fill the t p_alloc slot ourselves. Rather PyType_Ready () fills it for us by inheriting it from
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our base class, which is object by default. Most types use the default allocation strategy.

HiE: 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.)

We also define an initialization function which accepts arguments to provide initial values for our instance:

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;

by filling the tp_init slot.

.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;

But this would be risky. Our type doesn’t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the £1irst member; or that destructor
could release the Global interpreter Lock and let arbitrary code run in other threads that accesses and modifies our
object.
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To be paranoid and protect ourselves against this possibility, we almost always reassign members before decrementing
their reference counts. When don’t we have to do this?

* when we absolutely know that the reference count is greater than 1;

+ when we know that deallocation of the object' will neither release the GIL nor cause any calls back into our
type’s code;

e when decrementing a reference count in a tp_dealloc handler on a type which doesn’t support cyclic
garbage collection?.

We want to expose our instance variables as attributes. There are a number of ways to do that. The simplest way is
to define member definitions:

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

and put the definitions in the t p_members slot:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the /2 7! /2 4
‘& 72 section below for details.

A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can be assigned
to the Python attributes. We expect the first and last names to be strings, but any Python objects can be assigned.
Further, the attributes can be deleted, setting the C pointers to NULL. Even though we can make sure the members
are initialized to non-NULL values, the members can be set to NULL if the attributes are deleted.

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;
3

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)

! This is true when we know that the object is a basic type, like a string or a float.
2 We relied on this in the tp_dealloc handler in this example, because our type doesn’t support garbage collection.
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Note that we have to check for the possibility that our first and last 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.

Now that we’ve defined the method, we need to create an array of method definitions:

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)

and assign it to the tp_methods slot:

.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_custom?2 (), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

Finally, we update our setup . py file to build the new module:

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 Providing finer control over data attributes

In this section, we’ll provide finer control over how the £irst 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;

} CustomObiject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;

}
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;

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

;

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

;

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

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

Py_INCREF (self->last);

return self->last;

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

QS

22. BENLT REE: HE 33



Extending and Embedding Python, £[F) 3.10.11

(R L —5)

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

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

To provide greater control, over the first and last attributes, we’ll use custom getter and setter functions. Here

are the functions for getting and setting the first attribute:

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

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

static int

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

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.

We create an array of PyGetSetDef structures:

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

and register it in the tp_getset slot:

.tp_getset = Custom_getsetters,

The last item in a PyGet SetDef structure is the “closure” mentioned above. In this case, we aren’t using a closure,
SO we just pass NULL.

We also remove the member definitions for these attributes:

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

bi

We also need to update the tp_init handler to only allow strings® to be passed:

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{

(N otaRsh)

3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their reference counts,
however, we accept instances of string subclasses. Even though deallocating normal strings won't call back into our objects, we can’t guarantee
that deallocating an instance of a string subclass won’t call back into our objects.
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

}

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

}

return 0;

With these changes, we can assure that the first and 1ast members are never NULL so we can remove checks
for NULL values in almost all cases. This means that most of the Py_ XDECREF () calls can be converted to
Py_DECREF () calls. The only place we can’t change these calls is in the tp_dealloc implementation, where
there is the possibility that the initialization of these members failed in tp_new.

‘We also rename the module initialization function and module name in the initialization function, as we did before,
and we add an extra definition to the setup. py file.

2.2.4 Supporting cyclic garbage collection

Python has a cyclic garbage collector (GC) that can identify unneeded objects even when their reference counts are
not zero. This can happen when objects are involved in cycles. For example, consider:

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

In this example, we create a list that contains itself. When we delete it, it still has a reference from itself. Its reference
count doesn’t drop to zero. Fortunately, Python’s cyclic garbage collector will eventually figure out that the list is
garbage and free it.

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:

4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary st r subclasses and therefore still create reference
cycles.
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#define PY _SSIZE_T CLEAN
#include <Python.h>
#include "structmember.h"

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

} CustomObject;

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

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

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

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;

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

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

{

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

return 0;
i
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 = "customé",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC

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

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

Py_INCREF (&CustomType) ;

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

return m;

First, the traversal method lets the cyclic GC know about subobjects that could participate in cycles:

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
;
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
I3

return 0;

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 provides a Py_VISIT () macro that automates calling visit functions. With Py_VISIT (), we can mini-
mize the amount of boilerplate in Custom_traverse:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0;

#i[E): The tp_traverse implementation must name its arguments exactly visit and arg in order to use
Py_VISIT().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return 0;

Notice the use of the Py_CLEAR () macro. It is the recommended and safe way to clear data attributes of arbitrary
types while decrementing their reference counts. If you were to call Py_ XDECREF () instead on the attribute before
setting it to NULL, there is a possibility that the attribute’s destructor would call back into code that reads the attribute
again (especially if there is a reference cycle).

#iE): You could emulate Py_CLEAR () by writing:

PyObject *tmp;

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

Nevertheless, it is much easier and less error-prone to always use Py_CLEAR () when deleting an attribute. Don’t
try to micro-optimize at the expense of robustness!

The deallocator Custom_dealloc may call arbitrary code when clearing attributes. It means the circular GC can
be triggered inside the function. Since the GC assumes reference count is not zero, we need to untrack the object from
the GC by calling PyObject_GC_UnTrack () before clearing members. Here is our reimplemented deallocator
using PyObJject_GC_UnTrack () and Custom_clear:

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,

That’s pretty much it. If we had written custom tp_alloc or tp_free handlers, we’d need to modify them for
cyclic garbage collection. Most extensions will use the versions automatically provided.

2.2.5 Subclassing other types

It is possible to create new extension types that are derived from existing types. It is easiest to inherit from the
built in types, since an extension can easily use the PyTypeObject it needs. It can be difficult to share these
PyTypeObject structures between extension modules.

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

CNotaRs:)
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>>> print (s.increment ())
1
>>> print (s.increment ())
2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return Pylong_FromLong (self->state);

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

bi

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

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

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

Cr

I

1

k%)

42 Chapter 2. FERKE=HTREIKRFE




Extending and Embedding Python, [F) 3.10.11

(R L —5)

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

Py_INCREF (&SubListType) ;

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

return m;

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;

The primary difference for derived type objects is that the base type’s object structure must be the first value. The
base type will already include the PyObject_HEAD () at the beginning of its structure.

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

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

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

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The tp_new
handler should not actually create the memory for the object with its tp_alloc, but let the base class handle it by
calling its own tp_new.

The PyTypeObject struct supports a tp_base specifying the type’s concrete base class. Due to cross-platform
compiler issues, you can’t fill that field directly with a reference to PyList_Type; it should be done later in the
module initialization function:

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) {
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Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

Before calling PyType_Ready (), the type structure must have the t p_base slot filled in. When we are deriving
an existing type, it is not necessary to fill out the tp_alloc slot with PyType_GenericNew () -- the allocation

function from the base type will be inherited.

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic

Custom examples.
I3
23 ELY BRER: EFXER
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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 */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

RXHA R 2Tk (HRAZERIL, WORREE 2R, i AR Z LRIk

AR RN, FATEE R G R B o PROAA R 17 S S AR S i 7 B e
I ABRATA SRS E A TS5 P B SCR U JF . Gl AR A 5 R 3 — B & R 2 7 Ba Bl 7
IR AR E ZE AR 282

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

KRBT - E—ERIEN, SHIERZHTT, LTS T WA, Sl — a7,
X WARA ) -

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
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const char *tp_doc;
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destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)—>tp_free ((PyObject *)obj);
}

AERARBI I SRR IS, TR I 24 7 T BT B 5 7 Be 2 HTJA ) 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);
i
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PyErr_Fetch () fl PyErr_Restore () HRECRIZI:

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 */

(N dkse)
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PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

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

i AR BETERE AR R BT AT BAE R A PR oG, A0SR AR Y 28 2 S Re B el (7
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h=%:
PEP 442 ff R T &4 4.

23.2 WEHREBRT

7E Python ", A AN 20 0] DAE BTG SCAR R IR: repr () BREURT str () AL, (print () ESH
BRI str (). ) IXEEACTRRR 02 Al k) .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALIRRRT W AZIR A — ARG, K a ST e SLOlmFRsIER. T — A R 5l
-

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

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’s tp_name and a
uniquely identifying value for the object.

tp_str AP T str () B EAR tp_repr LB T repr () —H#E: WALRU, BESEY
Python fURTEARAIXT S SEASLHI_ B str () WA ERSEHS tp_repr lEARFAHIML, (HH
GEORTFATHRRMEARERMN. WERRAEE tp_str, WM to_repr BAMRIE .

DA 2 {1 ff e ) i 91 -

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

XA SR B BRI R, AR AR AL AR BT T h R MR O N s 8. TR 2 — 1 RE
KRB R (WRE L TR ) 24 5 — R st B (AR BRI . BiRE
PR —PRFIATE DL, FEBURGOU N ZAL 45 A BRATAR Y B {E 4 NULL,

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement the functions

for one pair. The difference is that one pair takes the name of the attribute as a char*, while the other accepts a
PyObject*. Each type can use whichever pair makes more sense for the implementation’s convenience.

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

S xS

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are generic
implementations which can be used to provide the PyObject * version of the attribute management functions. The
actual need for type-specific attribute handlers almost completely disappeared starting with Python 2.2, though there
are many examples which have not been updated to use some of the new generic mechanism that is available.

ZERENER

REBY TRIBAMM WidpEtl, o, Rtaibmicts “fs” Ver HFEE e ML
1. 43/l PyType_Ready () I, WAUHIEEMERI S K.
2. AN ERRR AL BRI SR M R A B R e, TR BRI R R A

TEERL, BCHNFAR PR BRSSO 56 B i A7k Xt A AT B A«

24 pyType_Ready () i, &2l 28800 S 5| H Al = A 2 506 61 2 5 g B 3] S 2R 1 1) 7
e flydescriptor . AR g IR SE BT G0 — A @RI . A FE R TR MR A RS
#B A NULL, W% SR A BT R R B AFOk iy @, I HaB R 241k tp_getattro fll
tp_setattro FEIRFEN NULL, DAt RS BUAL HEIX S 14

T IA object:: AU = AT B

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

ISR tp_methods AN NULL, W& Mg —H PyMethodDef ZE A4 i EeH . 4%
H AR 2R 5 A R ) — A S

typedef struct PyMethodDef {

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

I 24 R R B PR IR A L — 2 H 5 MWIERIRARFCR T IAA TR E A H . IHEAERE
n—AEOMYEH; B MRICBASTR A H o XA H Y ml_name FBULJICA NULL.

B AR A SCEEECR WU RIS B P R SR R . ARG C JEBUy Z 8IS0 Ry, I B gy n]
PAI s . R P aii i SO

typedef struct PyMemberDef {
const char *name;
int type;
int offset;

Qi3

48 Chapter 2. FERKE=HTREIKRFE




Extending and Embedding Python, [F) 3.10.11

(R L —5)

int flags;
const char *doc;
} PyMemberDef;

MFERPRFENFE, R A descripror FHS PN A il L BEGE M SL B S5 H A P BUE . type 7
BB 45 7E structmember . h SO E CRYFN RIS s ZELRF RO R0 E QT Python {1
el CHSE R . £lags FBORFRUT R AR 1t i AR s 170 A TR o

DA i B 8 A file: * structmember.h *; B4 T0] DAfHT i bitwise-OR 20 & .

BE B
READONLY WA 5
PY_AUDIT_READ | FEiZE(Z Hi%&1E—1 object._ _getattr__ FHiTFH{Ff.

3.10 fix *H %: RESTRICTED, READ_RESTRICTED Ml WRITE_RESTRICTED G #¢f # H. 1B
&, READ_RESTRICTED /& PY_AUDIT_READ Hj — 4~ 3l 4, I % % T RESTRICTED &
READ_RESTRICTED [ FEH ST K154,

1] tp_members FARM B Tz TR S EA — AR SR AT AT AR5 2 SO J PR
] ATR] B o A P B (I SCAR B B IR SO AT e . SRR AT AR B 4 APT A
XHGARBU RS, HHH __doc_ JEMEARIRBOTH FATH -

5 tp_methods F£—F¢, FFEA—MEN NULL fJIH 4 H name,

RBEREMENERE

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only differ-
ence between the char* and PyObject* flavors of the interface. This example effectively does the same thing
as the generic example above, but does not use the generic support added in Python 2.2. It explains how the handler
functions are called, so that if you do need to extend their functionality, you'll understand what needs to be done.

tp_getattr AP STEN TR BARBMER AT . BN EL S — 12K __getattr__ ()
7B FH B DA T
S5 A [E) -

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

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

tp_setattr AP SHE BRI — A RELBIRY __setattr_ () 3 __delattr_ () HIERBIEHH.
WA BN YR, B=ES% - NULL, FHEE— M EEMT ] K B e R se 2
PRAEEERY, M) tp_setattr ALBAINGN 244X M NULL,

static int

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

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

richcmpfunc tp_richcompare;

tp_richcompare AP AET EHAT W BTBE M . BROT %, il _1t__ O, ¥
£k PyObject_RichCompare () fil PyObject_RichCompareBool () FriE M.

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

NHGE ARG, BRI IR YRR ST AR MR A Y

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

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;
switch (op) {

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : ¢ = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

;

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

return result;

2.3.5 R LZHF

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

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

FRE AL EE NULL 9 O, T DA B R AR B — M LA, (H ARG T RE AR AR T AR

)

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

WERARA BRI XS S AT R — D Po s X 52, 2R S E — S8 T C 2
PyNumberMethods, PySequenceMethods B{ PyMappingMethods, 45 A mI bl . /REEM 7RG
2 A GX LEZE R A . AR AT DATE Python YRS LA Objects H g R BX X 24 H I HER
il

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

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

}

Py_hash_t j&— M ESL T BT G RAAH5BESA. M tp_hash R[] -1 FoR &4 THIR,
DR AT 2R 2 P S Az S R [l e, A0 B TR Y

ternaryfunc tp_call;

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

W =S5
1. self 2RV B Frr0EEEZEBISF . AR IH 2 ob3l ("hello'), N self  objl.
2. args RWETHSEE T . VR AEH PyArg_ParseTuple () RIS
3

- kwds 2 AR KT SRR . EPRE AN NULL HARSCHRE R SR, AT 6
PyArg_ParseTupleAndKeywords () RIEMSEL. ARARAE SRy 57 S 400 & JF NULL
fH, W&5% TypeError P —MMERA S KT SHTHE

TR ANER YRR tp_call SEHE:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

3

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

KL R B AL T XA SR . AR AR sz — MBS, BIVE AT TR A sk R ) S5 491
HARE—ADHEI . MR, ENNMYSRE N FEIFRR NULL. tp_iter %FL T Python
__iter_ () F¥, WM tp_iternext %W T Python __ next__ () F¥.

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

o XPTALASCHE 2 RS Z B (SIRATTAL) . M STERUE I tp_iter BHRIEIF
AR [ — AR AR

23. BN REE: ESXEH 51




Extending and Embedding Python, £[F) 3.10.11

o HBEROE WA SR (R 20 TR AEAER I s md, BIanscrixt ) wl AR ml—> 416
H BTG UIREI tp_iter — 3 HONHGE R 5B tp_iternext ALPRAIAN.

AEATiterator S8R 24 [RIINSCFE tp_iter Ml tp_iternext. — P ECEEAY tp_iter AMFAINNN 241K
]S RZEC S BE . B tp_iternext AMBRATNGR 43R [A]— A% AU AVE R T — ARt 4
B, WREA T — R E. MR EREEEKRE, W tp_iternext A[PAIR[H] NULL i AiX
S, SCE WA AER ] NULL BRI 419N E StopIteration; @S5 W DAF=AE B AFAGMERE .
SRR T PRI E R, W tp_iternext WY R RBCE R TR F NULL,

2.3.6 HEIAXE

One of the goals of Python 555 | I SEHLIY H b2 — @ AVHMERER S 5555 B G R 278 E L AR 1 X
G (Blangy) bt gishITey.

W%

weakref FRHRIF SR .

XFT RSG5 IS, 9 B b5 i 4

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. ff tp_weaklistoffset AN ARE N C XU REM M b Lk FBA MR, XFEMREARBIRER
A7 A BOZ T B .

FARSRDE, R e — DRV NG S R A s BA B i 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, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
bi

ME — B A4 #b 78 2 W AR B b NULL W tp_dealloc 77 ZHE BRALAT 5 51 A GE & M A
PyObject_ClearWeakRefs ()), :

static void
Trivial_dealloc(TrivialObject *self)
{

/* Clear weakrefs first before calling any destructors */

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

Py_TYPE (self)->tp_free ((PyObject *) self);
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23.7 ESEI

N T2 WA AR B 2R B S BT AT R e T3k, TR CPython YRS JEA Objects H3k, A5
£ C PRICPE R E co_ I EARBEEIR R &L (B0, tp_richcompare). VRRFHREARALZISL LY o8 1Y
BilF

YARFFEIIE— DX RIR T AR IS BAR LI, 351 PyObject_TypeCheck () Hifl. B
A — AR BT

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

}

hz%:
F#& CPython JRfCHSRRAS . https://www.python.org/downloads/source/
GitHub |-JF% CPython JR{CiZIY) CPython JiiH .  https:/github.com/python/cpython

24 W C/IC++ V'R

—~ CPython ] C §"Ji& /& — AL #E (FlU— Linux A .so, o{# Windows [f) .pyd), H&EGH
N /KRR E

AT A, R NAE PYTHONPATH AR, HOA A4 iy 7, il iy . 4
distutils i}, 2 [ 34 BOERAY SC44

VIR BB B R AN T

PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.

XTFAE ASCIL 455 it 42, BB R PyInit_<modulename> , $f <modulename> i Akt
1245 4% f] multi-phase-initialization f}, FRiFd 9 ASCI Znfd it 44 . LRI AR 1k BRI 44 -
PyInitU_<modulename> , [fij <modulename> 7L Python f] punycode 9t , HEFSFHEH A L]
2%, 1f Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PAME SRR S 2 AR, il AR R 1 AR AT S A A
e, PO I AR TS R A S B R 7 —A B e S AR FYY, fE PEP 489 T
[T IEZNEP

2.4.1 {EH distutils {93 C 1 C++ ¥ &
PR RT DU distutils SRy, iXJ2 Python HAlf . distutils 32 Fpa0 8 —dE 6, H P Ioie disas m
distutils G RELEEY R,

—A~ distutils A E T —PIKEIHA setup. py o X4 Python 3L, KZ B R R T H:, HiEK
W
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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])

WL setup.py , MM demo. e, BfTHIT

python setup.py build

X2YEF demo. ¢, RIGTAE— AT BB demo 7EH Sk build B, KT RS, B SCHFS0E
HEATHFRFE U build/1lib. system , ZFA[fERZ demo. so B demo.pyd .

FECMF setup.py B, FPASIER A D setup B xR AR Z [ R R v 24, B
T F 1 R T — 74 FRRITREE R0 TR E THRERIUEE, AREE TENE. EE—
ML EFEL B, WR Python RYJRASEIHL . OB, T4 . 5S4 distutils fY3CRY, 7E distutils-index
KT EHEZ distutils PRFPE; AT AR H BT R 2

HH B S setup (), MBI I A, F a0 b ol F K setup () 11
ext_modules Z¥ & —F| ¥ A, A2 Extension R BlFHmSEBlE LT R
44~ demo , MIEL—IFEE LM E demo . ¢ o

WL, W RAERNL , FHEAIMYTAE B g SCRIPE . 417 )1 s T X2t

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
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.
LN B |

ext_modules = [modulell])

(I R setup O FEVHIITBIOME S T UL, RIEHERM ARG, PR R, H
AT HUALEIRE X, include FSE, PEESE, FEo MOBUTARIRRS, diswtils SRS AL b B AT
P BIIIAE Unix b, Z55URI0F 5% d &

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

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

BEESATACRS A TR H Y5 distutils ] PR %M (5 distutils SEIERGTE .
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2.4.2 HAIREYY RIRIR

B RO LI, A= 2R E .
R Pl R AR B R, W] DA 2517

’python setup.py install ‘

B AES P N RIS AL BB n] bhs T

’python setup.py sdist ‘

HEERT, FEAERMEMGOROESEIMICE; Xl MANIFEST . in SCHFSEEL, £ manifest
RS .

IRV 2 AT RO, dEfPa i il DAGIE bR A AT . Bk T RS, DU i —A
A LA SR 58 UL AT 55

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 7 Windows t#3& C 1 C++ ¥ |&

XA T WA i ] Microsoft Visual C++ £ Python f{) Windows 3 R, SR G ARG # K
TAEAUEE RGN S5 B X IR HR] i3 T Windows F2 3 2% > #4978 Python § 2 PA & Unix 2
JF 2 3 ] A2 JEE Unix F1 Windows _E 2 BB B AN B 2

S I ERAE S 5 distutils J7 SORM Y AR, A AT rfliiR i 5. AROIRF R B C i
5 #) 7 Python; 3 %A Microsoft Visual C++,

i) XK T 2 MG E 4R Python ARSI 4 o XS4 AR R XY RUAS R A3 s
S, X R RITE ) Python &AM ERUAS T 'Y " KRR IUASS . B, QAR T F )
&2 Python 2.2.1, XY ¥k 22,

2.5.1 AR

1£ Windows 1 Unix [ HJ Y EAHAA R 20 (I distutils @RISR, 4T ahi
fE. distutils 0iE AT REZEP R A distutils WEMFTEY AR SO I distutils-index., 4]
AR B IR 77 BT #E, AW —F winsound FRUEERHAG I H SCF Rl BE SR A 15 BY

2.5.2 Unix #1 Windows Z gl =%

Unix Hl Windows % T AURS A AT NG T 58 A RIFE FEARZE i T gh 2 i 2 i,
T TR R G e TARRY

£ Unix o, — IS (L so) SCPEP SR AR P R BT I ACRS , B 6 S 7E AR Fe h ] Bk B 1) e 0
PRAIE R - J:letﬁ:%ﬁ/\#@J%Er% I, A SCPEACRD ok 28 e BRI B 1) 45 | TR S SO R [ AR
Hh R RSN AE N A7 BT IRCE R SE R B . XA B — M BER AR

£ Windows ", —DEIESEEREE (A1) SUPFR B BHERIS I o el — AR AT ok i
PRI . A T DLL AU A et T T B 0 AR, AU E LM 7 DLL &k, If
HAEIZAT IR S B AR ) 5 1) R BRI A

A8 Unix 1, HAFFE—FPESCHE (La), BHEERAZ MG (o) B, FERIEIL X RICA T (. so)

MEERE R BL, BEEAS nTRE S A LB A HHE R MR R R AR MR HL E S o SRR AE A I R RS G 3L
AT WRE T E, GEHES S Uk BN RSP D
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f£ Windows 1, fFIEPFPIESAL, BSEMTARE §RAEZ - 1ib). EHSPELLLIT Unix 19 . a S0
EUEHELEN T ORENANE . SAREREAR FAUH TLEEER e e e An IR 2 A e, I BoRE
DLL % iy th TR 7 b o X FEREHE 8 AT 60 H R B S A 05 5 A A 4R 3R DABE i F oK 046 7E DLL
HEPRIRAT . 24— AR P E DLL #8820t , wReEll— NS AR, BR80T R
DLL H AR A {1 X L4455 1) DLL.

BRARIEFERFE A BN B Al C, BTN 2440 — S Ao £ Unix b, /R RERFA.a
RS HEEARVE N B.so Fll C.sos P FECEREFEMIR, XM B A C R4 alla el s o4, 16
Windows I, 4@i¥ A.d1Ll KF[EBf2miF A. Lib. /R 2 S5 A 1ib FAEHEARH T BRI C. A.1ib HFAH
TR B HAERAEE TR T U A AERE R .

AE Windows I, #i S APEAE MM import spam; ‘EilARW LAV spam H{ZFR, HHAN A
H—ASFMEIA . 7E Unix b, #4523 NETFHRZ from spam import *; EoAE#—HMAIA.

2.5.3 DLL gYschr{EMR
Windows Python J&¥E Microsoft Visual C++ HR Y (i ) Hofl dmisas vl RE S Wl REAR & TAE. AYagH:
A AN MSVC+H 1Y

47E Windows 1 DLL i, {RUAURF pythonXy. 1ib fe45dEfds. 241 M 1> DLL, spam fll ni (&
1) spam HREREN ) C sE0, RN AR AT fir -

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

FH— A RE T =430 spam.obi, spam.dll fll spam.lib, Spam.dll AU {Tf] Python pR%Y
(It PyArg_ParseTuple (), {HElE pythonxy. 1ib A AKIIE UM E B4 Python 1Y,

BRI T ni.d1l (PAJ cobi il . 1ib), EHBEAMTA spam LA Python RJHAAT SO Fr 2 i
a9 BRI

AN REATRRFI S S H B AR R SRR EAE T H AR (035 Python) #REER BIARAIARINAT
RE | _declspec (dllexport) , FUUNFE void _declspec (dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) HI—Ff,

Developer Studio f il AK AR A ELIE TR B ALE, HARE ATAT SCHER/NE N 100K, BHRBEEA],
T 00 H S S TEHE R BE BRI R 88 B BONE o RFIEMIN msvertxx. 1ib iRHNE| S|P
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AE KR AE FHERN CPython IE{THRIE (runtime)

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

3.1 EHE App [[J#gr A Python

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

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

HI, &8 A Python, sEEifefty cmyFE/T. WIFFEMNFE 2 —i2 W i1k Python fERE#S.
/BRI Py_Initialize () . 4 LER] M IE FH A [H] Python (£ Ay 11540, Z JGRIMT MY H
TR B AT Anr b U R R 1

U e ) 5 XA 5 JLAP: W] [e] PyRun_SimpleString () f& A—M28 Python iEA] A F4FH,
Al [ PyRun_SimpleFile () & A— stdio SCEFFREAI—ANSCb4 (UESS R G B R EHESER) .
AR DAV FH R T8 A v 282 )G J2 8V SR A 1 - FH Python X 42 .

%

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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(R L —5)

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

}

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

def multiply(a,b):

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

c=c¢c+b

return c

RIGER I %2

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

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

Py_Initialize();

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

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

pValue = PyObject_CallObject (pFunc, pArgs);

MK FORITI, pvalue B4 N NULL, 2SN eRBOR MHMERITIH . 956 PR 58 ERE0Z5 1 .
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3.1.4 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 —--1ldflags -—embed will give you the recommended flags when linking:

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

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

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

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
o ATDARIR:

o e AR ARSI . AE— S ICIC R 2 E AT (delimiter, BIANSESR. J5fE9%. E45
SRE=519%) [, sRTEHEE — R E/ifR (decorator) 2 1%, ZH AFRAHERS, HH)5 shell #
/I TH L Python $278°FIC.

o FF# Ellipsis,

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

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

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

annotation ([EJff) —HELSAEL. class BME. pRCAY 2k ml AN BB O AEE) . IR, &0l F ARAE
[Eltype hint (BIEFHER) .
FEFEATIE (runtime) , [W53 SO (ERR VA DA I, (R A3k o, class B MEAN R X AOE)R, ErorE)w:
TEAEAEBLAE . class fIBR) __annotations__ FiRE M.

#5 2 [Elvariable annotation. function annotation. PEP 484 F1 PEP 526, =202 %A Hh e ERA .
IR I VR 1) o {4 B 8y Y25t 2] annotations-howto

argument (51%0) WP R OREREELIR AR funcrion (method ) FME.. 5 I3CA Wi :

o B4 7| B (keyword argument): FERZNIFIY 1 DLERE)IT (identifier, 4 name=) BHFEMIT 3L,
o2 DA < * 1A dictionary (7i) EIAGME M EIERS 2. BN, 3 F 5 #HIZPAT complex ()
WY H g B g = [

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

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

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

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

asynchronous context manager (JEFIZBINBIEMEY) 0] DAFEH] asyne with BUAZUH B FUEREERY
Y, MERBRERR _ aenter_ () fl__aexit__ () method (F7¥E) Ke=Hli. i PEP 492
FIA.

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

B ATHEE 3 AR F R — AR R EA g ek 2, (B, AR FRER FEA BERX
% (asynchronous generator iterator), #—RFIEN) B ERENERE, IO A 2 LAMHE, DABEIE;
.

— AL A EVE 2SR AR await BRI, PAK async for fll async with PR,

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

& & —Masynchronous iterator (FEFIEENLAE), B EDA __anext_ () method NPy, &r[a]{EH—
T % R4 (awaitable object), %I ATAERIAEEAE S AR 0, EEBE T yield
i yield ErEg R Miie )y, Rt BHATRE (O s 8O M E 1Y ry BAR) . BaE
R FEA BERE LS P __anext__ () EMEHF ] SEEY A RO IR, & a5k rib
FHEEAT. 752 (E PEP 492 f1 PEP 525,

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

asynchronous iterator (JEFRIZBEMRZS) — M E/E __aiter_ () F __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % F5 ¥ F) . async for & AT Ak [ 4 B 5 1Y
__anext__ () method Fr[EE K AT ZGM1F, HP|'E5|%E StopAsyncIteration 4, Hf PEP
492 5| A

attribute (Jitk) —EEEY A BB AOME, %00 KL Re7E R 6 FH 2543 BR #3520 (dotted expression) )44
gz M. B, WERYMH o 5 —REME a, HIEZEIEREI o.a #2 1R.
WR—AY 7, BT —M% R 2l identifiers fT & 382 sE)fF (identifier) (1)@ M2 A
TRERY, BIANfEFH setattr () o BIE BN & M A e L 50 FH 240 P 55 ORI, 1 2 7 0
getattr () FKEISGE.

awaitable (WZEfFPME) — (T AYE await SEE X Py . ©r A2 —Mcoroutine () |
®E A __await__ () method [, 5% (E PEP 492,

BDFL Benevolent Dictator For Life (#E{" 2583 ), X4 Guido van Rossum, Python [ 833 .

binary file (_iERIER) —EAEER N R Abytes-like objects BN TCHER I 1) file object (REZEE).
TIHERIAREPIP T DL R (rb L 'wb B 'rb+') BEAEZE. sys.stdin.buffer,
sys.stdout.buffer, PAJ io0.BytesIO fll gzip.GzipFile B,

st sEext file (XFHEE), ER—MHEEERIREA str WRERYM.

borrowed reference (M) 7 Python g C APLift, (/2 UL ~WEHI(FHOZ I, EA AL
P 2 BRI (reference count) . QAR XY BESHE], & & WUE)— {1 2E 3% 4545 (dangling pointer). {3
fn, —¥R B3 Ak (garbage collection) T ARSI 141 1% — Wl strong reference ([F1HR), Tid$#%
Py H(E
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¥tborrowed reference WENY Py_INCREF () DAMFE J5HY (in-place) ##[F[Elstrong reference 24 B L
W, BRARZYE R RETE R K A 2 IR i B(E]. Py_NewRef () Rz AT IR EESr— 8B

H)strong reference.

bytes-like object (Kifijcalsi®fl) 1 324% bufferobjects H AEFIMEH! C-contiguous & W 1. B4
AW bytes., bytearray fil array.array ¥, PARHLE BB memoryview Y. $H
AL TCAR E P AT R i B e R A T AR TS S E A R R AR . A T A R AE
socket (i) #Fik.

AU AT R R PR . (EIRA SR @k Se A RRE) [T sl & e A R A 1 L
PSR G (E W ) Y4 bytearray, PAK bytearray [} memoryview, JHAlff 555 28 ik
il R A TEA AT Y (TMERER A TR ) s S (s bytes, PAM bytes
P4 memoryview,

bytecode (fiiyC&Hf) Python 1) ﬁﬁﬁﬁ%@?ﬁ?ﬁﬁ)ﬁ@ﬁzﬂﬁ% ‘B & Python #£x{7E CPython F 3% 1Y)
HRFIRYE . NS i A -pyc LZELTN U\@Hﬁ#{}\iﬂﬁn TR SR EET e (m]
PAAS I ARE 5 2 85 55 %-hﬁzﬂﬁ%) JEAE [P [H]EE T (intermediate language) | {5([E)&i#E T —
i viriual machine ([EERRS) I, szEeARs G fT B4R A7 C AL 3 E AU M2 (machine code).
B E RS, ISR bR AR [ #Y Python [FIHEA& 88 2 EAERY, HASREXEA A A HY
Python 2 [ fRFFEEE -

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

callable (W[WEIYHyPl) —1f callable ;& n] DAREIFIY A #p44, WERYIRE il BEA N ADE A A — 45 13 (5%
Hargument):

’ callable (argumentl, argument2, ...)

—Aill function BLELIEAR jmethod Ff /2 callable, —{#H EHAE __call__ () F¥EM class 22 Bl 21

callable,
callback (IPE)  FEE]S [ #5epl (IR ) — M EIFLL (subroutine) pRizX, e A AR A S I [ B LA T

dass (JHE]) — 0 A8 7 0 & E BB . Class B9 7€ 3218 % € 97 method ) EFE, &L
method 7] PATE class B BB i THR0E .

class variable (HEIS%) —fH7E class FHESE, FIERZ LAETE class IR (FEEIAREFE class A ECBIH)
DI

coercion ([EIiRIEIHRL)  FE¥5 K Wil AR ZLE S | v Ve fe b, i — R EIAG B 3 [EIE) 55— R 2L
&= E(E) (implicit conversion) i@ . B4, int (3.15) &z EEssFIE#e 3, {HAF 3+4.5 1,
B G BR AR RE (—0 int, —F float), i Wi 5 | #H B4 Bl EIEIA [ 0 B4 E) 2> 4% 7 fg
A, SRt E 5% TypeError, WIREMGEIHREA, BEVEFTA WS SR ESHE, EIMERNE
%Hﬁii B% T IE#AE (normalize) [EIFH A IME, B4, %A £loat (3)+4.5 MIARERE 3+4.5,

complex number ([EJ%) —EILMATMHBRGIIETE, TEHITA BT @R [El— 18 25—
ARz A F#u2EEE A (-1 frrR) e, REEF R tynE i, £T
e as(E] 5. Python [EV 1 HEIM 1%, ERMEE MR RES: [ERaHE Mz
B 3 PewES, BN 3+17. E Y math BEAAE THSEO0 N RES, #0H cnath B4,
i%g£m~ﬁ%ﬁﬁfﬁﬁﬁ%@%mﬁ IARAREE 2R E M TR, IRERT-RERE 2 VR nl A%

Hb 2 A

context manager (T§BEEPRAY) — ol DA with BRIA AT BB Y08, T2 %M E %
__enter_ () Ffl__exit__ () method 3l . 3H2[E PEP 343,

context variable (§His#%) — B E, G DURE L F SO mA Ir A . 8 B RAT 4 17
fi#i f7 5 (Thread-Local Storage), £ rv, — {5 /e 3 (L1745 ] e B A N E. AR, B
T, AT T RE A 2 HEEE, Tfﬁf*ﬁ“%tﬂ’]i%)ﬂl_7 ETI??B@#EH%EE’%
(concurrent asynchronous task) 77, 3} #R BB BE) . #52[[F) contextvars.

contiguous (JEAN) WNH—H4EH W 2Z C-contiguous 55 3% Fortran contiguous, RI|'& €5 g1 [E) 28
#H1 . FE4fE (zero-dimensional) [ 4% 18 [ AR /& C I Fortran contiguous ., 7F—#f (one-dimensional) [§%1) H,
AT H W ZRAE RO R A AR RS TR G TR 18 25 B AR IE Y - #E 2 41 (multidimensional)
C-contiguous iz, FeRo R HE 7 0L IE 37 & EIH H IR, e — MRG0 fb et 28, #¢
Fortran contiguous [§i51 57, 55—f2 5| 8 kAt .
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coroutine ([fifit) 1f#2 2 f|FEs\ (subroutine) 1y — R EIRE MY TE . Rl 22 A I (0 e [ ol e A
P73 —(ERE B IGR . AR T DATERF 2 R IR e W Bt A R . B MAEEIA async
def BRIARB M. i S[E PEP 492,

coroutine function ({jFEr=) —1E B Ecoroutine (HHFE) WFRIE . — KX FEVL asyne def
A oes, EfEE{d await. async for Ml async with BT . iR H PEP
492 5| A,

CPython Python #23{5E & MAZHE B {E (canonical implementation), #{%§7i{E python.org I, [CPython] &
TEATFEAE LB AT, DA I BB B B F W ELAE, 191401 Jython 5§ IronPython,

decorator (:ffigN) —MER, B EES MR, BHETGHH ewrapper 5, M E—ER
5[ (function transformation), ZEAfIELIHH AIM & classmethod () Fl staticmethod (),

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

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

@staticmethod
def f (arqg):

Class WA [F MRS, (EAEAREILBOAR T H . B ethidn i e 2 B2, 552 (Em0E R class
SE S IR S

descriptor (fiii&2%) AEMTEFET _get (). __set_ () B __delete_ () method FJ¥{k. ¥#—
18 class J& 12— AL, CMRRE A TE G re A R e g s . W%, M a.b ACHUS .
S S EIR S LR, @FF a 1 class FIP AR AMRE b (0, HWR b2k, Al
HH B FEA 2 method G gy . SEHFEAR R FEAR 2 VR AR Python [ BISE, WEIEMERTZY
BEny A, SHTEEemIEER . method. J&VE (property). class method. [EJAE method, DA %3} super
class (SCHIE)) 12,

BRI A S method fYSE 2 ¥EaH, w52 {E] descriptors Bl & 61 57 .

dictionary (‘y2Mlt) 1 B W[5 (associative array), HH (T2 4 88 € g WGy 2 (H . §8 ] DAL A5
__hash__ () fl_eq__ () method (¥4, 7 Perl Wi #EF)5%E] (hash).

dictionary comprehension (‘P i&sPiisY) BB VA, HAESE @ T ER YR 2 seR
T, EH AR FHE 1, results = {n: n ** 2 for n in range (10)} &
EAE— i, EaE T n MUHEE n ** 2. 552[E comprehensions.

dictionary view (FZMLEE#) 7 dict.keys (). dict.values () M dict.items () [E{EHY 0T
st B3R T HOPIEE B AR, SRR E I BB R, AR O RS e
B A B EI A E) e B list (H251)), M list (dictview) . #52I[E dict-views.

docstring (W Hy)  —fH¥E class. R EBAL b, VRIS — S A B0 FEp SR, R EEEN
HATHFEr ol 2%, (e aeianes e, EWOAFTE class. B EEALN __doc_ JE@YEH.
JAEIRA =58 ] DA )4 (introspection) SEEVER , K e & W A (EIRH SCH-FE R A AZEE (7 B

duck-typing (W§1HIE]) —FEREAGEREME, B EHE RS — Y B E R 2 & e i HAa 1Bl
AT B2 A9 /2, method B & I & WAL WP I s 6 . (TR B &R ARG — (B 1
Hyg kg —EE T, BEE—Ee—EET. ) HEERN IS ERE, R
A5 RE £ L (polymorphic substitution) A8 i & A EE TG 1. 18T BUEIZ G A type () 3§
isinstance () #FTHIEL. ((ER2a5HEE, W FREN DAY %4 & JalE] (abstract base class) A
7o) BRI, EEEEEM hasattr () PEt, SUREAFP BEAGEERTENE .

EAFP Easier to ask for forgiveness than permission. (35K EA i KFA T EAS ) 5% R Python %if
JEUE Er e B Sk B B R A, (D 5 (S ol T el PRl A 091 1o 35 Tl i () LR g S
HEF O RIFAET LW try fl except PR, B2 HMEET (Fl0 C) & WALBYL &%
e T ¥ 1

expression (FEFIR) —BDAEHEELREAREE . EARRE, —MEE e oy . A, B
B, B 7ol pR A S R TR B, I8 Lo ERRE el . B HAMEE SRR
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5=, [AEFTA ) Python 355 MG H @A . BAINE —Lstatement (BEA) AHEWL ML,
Fln while, BR{H (assignment) HI2BRiA, 1A A,

extension module (i FEBE41) DA C 3 C++ ARESHYBLAL, & fH] Python fr) C APT ACHAZ. I il 2
R AT

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

file object (F¥Wnft) — {0 3 (& 5 @4 L & i (file-oriented) API (1l read () 5{ write () %
method ) SRELAVEIRIRE GIRM Y IF. ARSEAE R YO 5, e Re ) o o8 3 B B A AR 58 L
& HAWBAL ) AR SRR B (PIAnERES A / B . sOtRBE) 5. socket (4fi)E) . &
(pipe) %5) MYAFHL. HERYHBAREEI A% £ 1 (file-like object) B8 % iR (stream)
HIE L, A=MAERY M R =& 5048 5% B =& A48 ST % . BEMINAHAE o
B e R . B R YR 2 open () MR,

file-like object (JRERWPE) file object (REEWIT) HIFFET .

filesystem encoding and error handler (K§ZXZRFMUEMEEREIIARA) Python B ili F i) — T 4 A F1 4
PRIEHER S, SRS BEE RSB, PASGK Unicode #nfl§EIMEZE R4t

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

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

filesystem encoding and error handler (&2 2 &% 4 1% F1 8% 32 g T 6 =) & #£ Python [E] & I |y
PyConfig_ Read () PRI KALE: #&[F filesystem_encoding, DA PyConfig [ E
filesystem_errors,

#t % (Ellocale encoding (@IS 4HE) .
finder (SHbgy) — MY, & EWEIELEY import A F K loader (WAZE).

¢ Python 3.3 §4&, A WTERRIA SRS 1 UIAAE F 48 22 (meta path finder) € {§i[f] sys .meta_path,
Mis44€28 B ¥ % (path entry finder) € {#Jf] sys.path_hooks.

#%2[E) PEP 302, PEP 420 fl PEP 451 DL T fift 58 2 40 .
floor division (In] FIUREBRIL) 1] 1 MG - 25 B R i B O OB B vk 1) N BBUBR RV IE S 12

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

function (X)) —HHABIARK, EREEI N2 Ll B0 AR EESEK LM &, &
SUT | AT B 5 R R A B AT . s 2 Eparameter (23%) . method (F53%), DA function £
i -

function annotation (FXERY) K2 8EEEAE R —Mannotation ([EIRE) .

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

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

bR A EIRE A R FE function ZEE AT wEANfRRE .
st 2 [Flvariable annotation #1 PEP 484, Y a I hRemdiiik. BN EREMRETER T, 3

annotations-howto,

e
W
6]

_ future__ future ffiA=: from _ future_  import <feature>, G5/ HiELS i HILEAE Python
AR A PR B EIME (R BEEE, AR R ni A . T __future_ BHAIREET
feature (Fh#%) WIRER(E. Fith import PASTAH FIS A BORAA, 1R DAE W— BT B e (TR 1
WHCHE R BRES T, AR EMEsE (e s) mETHEZATEE:
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>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (Lp¥mlly) HEFCIEHEA TGRS, A4 HBYEFE. Python ST EIL, 2iF
12 WG (reference counting), DA K — 1 RE[E g A A B 2 HEJG B (reference cycle) ()G EE 735 1]
i (cyclic garbage collector) ZR5E . 3 IR i LA g #5438 A T il .

generator ([E14:2%) — & nl{Hgeneraror iteraior ([EVERFENCEE) B . EHEERGE FHIEFER,
EARFKZEEE T vield #AN, fELE—RFIWME, @S] ik for [EE, #i2PA next ()
R, BRI — R
TE A AT R o AR S EVE R R, (AL e, i gE R FnE A BERE. B 4%
R EARERERE, IR e s, DAk 36,

generator iterator ([EIZ:23EFUCES) —{f generator ([EVAERS) KT ESLA .
B yield S5 EHifey, [ERt M BRI TIRAE (3E R M E P ay BAR) . #(E
i)%iﬁ%%[ﬁlfﬁﬂ%%, B I AT (BTSSR 2 T B 4 1) R = T AN
[A]).

generator expression ([EEZNETA) —HemEERRGERTN. BEHERG -MEFETX, %
Wi for 4], ez T DB E . MR L MRS 1 70, S amEdNe
(150 e S E A 22 {4 -

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

generic function ({Z%IpA5X) — 8 d 2 M sRA AR, ek 0GB W 1 R E AR B R, IF
LY S01 o B 2 2 P WORARR £ 1, 2 ol i BETE 3300 (dispatch algorithm) 2K(ETE

a5 2 [Flsingle dispatch (B—3FRE) #3E#RMH . functools.singledispatch () #EAfi#efl PEP
443,

generic type (JZIMIE]) —fHAEEID; 2 81k (parameterized) [Fnpe (ZUE]); H#H 2 A258E, Bt
list fl dict. EHHAE ER = MEE,

2z 2E4AE. PEP 483, PEP 484, PEP 585 fll typing 4.
GIL 352[Elglobal interpreter lock (430 22858H) .

global interpreter lock (4IRFEFENE) CPython HEEAR I OMEH], H DARECRERE A — BT 4%
REHLAT Python [f)byrecode ({iTCHHA) . SRR (WHEMEYERAFE, 1dict) HEH
G [ETA7HL (concurrent access) [ fE i, A% I AT DAfE b CPython () E{/F . SHw BEqM ELaas, € fi
HE A S BE Z WA T4 (multi-threaded) , {HAAE 2 S dni 2 SR FEZH M 2 BEERR AL — G
2471 (parallelism)

SRIM, AL Femial, Mm@ BEmse st =0, Mt e T 4 o () S 5 R 4
(computationally intensive) FJ{E#::, W DAMEES: GIL. 54, ¥E#fT VO Wy, GIL 482 Eryhfidis: .

R S TR GIATAE ] e (A S AR AR 8 e L R B S ) A% IR AR
oy, HEFE— ) R B E T, ke era rBsk. —BRE, FEaiE Masem e, el
PR ERMERT 2, JEIAT 0 ) A A A

hash-based pyc (#EEZRHEN pye) — (7 CALES (bytecode) W f7AR , & o FH AR EME T N & 3 ME S AE i 52
R IG MURe ], A A 3. 55 2(E] pyc-invalidation.,

hashable (W[#E[EIRY) WR — WY A — LM, ZEEEEGEY PR WS (BFE M
__hash__ () method) , HA[E AW EMILE (EFHE—M _eq () method) , HEE
=T 2 E . el 4l SRR 5 i 2 m] S 2, e 0 ZE A A [ it A (EV

A HEEINE (hashability) (—{E 4 (F Al JIE dictionary (F4t) MY8EA set () HKE, HEELE
T R H TR T AR E M

KZ W) Python A 5 [FE ) (4R 2 AT BE TR s Als# A 2sss (B4 list B dictionary) [FIARE; mWiA
Az e (510 tuple (JCAHL) Al frozenset) , A EEMKICE 2R EEN, EMA & A 2] 5
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By, AR HE AE class FEB, JE Sy e piEL B 3 ER . ©M7E A g A
EAMEN (BAFemMeE g ), meMisEEENRAEE e ido .

IDLE Python f#] Integrated Development and Learning Environment (¥4 BH 25 BLEL B FEEE ), idle 2 —fHE A
() A A LR AR IR BT, BRI Python FUEETESEATRROAS— 2 g AR 11t .

immutable (Anf88¥E)  —HEAG EEEAYE. A3y, A wple (JT4) . B8
PSRN RERE Y o AR — O R (LB A, MBS, — R e . e MAE TR B
EME T, PHEE A6, B0 dictionary (7#) i — 1 4

import path (FEAPKAR) A6 E (54278 B ) 53, MARLA B ErE import FLAHNE , & #liparh
based finder (FRAIRIFMES) SN E . 7F import IR, M7 EHFEEZHRE sys.
path, {H¥A & (subpackage) M5, BEWAEERRKHLEM N _path_ B

importing (FEA) —ffliffE. —EBIALH ) Python RexURE AT DAZE IS M A, W5 —MBAL 1) Python

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

interactive (FLEhI)) Python A7 H. B H s, & Fm 1T DATE L i B 7 0l A B ORE
H, SCHATEMEHERI MR . REES) python, RTEALMEIH (ATHRERE b 7R IRIY
FEN Y s g R ) . JE R WIRUMTAA SR BRI SR ERER I (G help()) .

interpreted (Fii#ff)) Python &R ARG T, M AT, N ME S TR Lol WEA
(L TCALE (bytecode) Ak HIAFAE . 5/ IS W] DA B BEEA T, AN WAt 57 5 —fl el
FTAE, SREFPATE . AR S T LA S B/ BREREN, A EMmERREEE
HEATREANG . A2 Eineracive (HEH)) .

interpreter shutdown (FiFEgsBP) 7 Python EEANVGEKBIPARE, & &t A —(HFRIRRF B, FEHE
G RE I A W B AR, BRI AN A AR B SR R AL M . Bt & 2 KIE 35 S ele % (garbage
collector), & REEIMBEEME ¥ A E R 0 (destructor) 5% 553 | F 17 [ I (weakref callback), [FI3
PR RECRS . 72 B BB B T AR A EriB B 4 A 41, IIEE BT R AY EVE ] BEAS A 1R
AT (R E) T pa X B A 2 2 i )

ERER B E 2R, 2 main_ B EUERGEATHEA O AATIE

iterable (W[[EfCHPE) —TEBEE)—k [ 08 Hob s S 4 o W EMR I R B 38 BT A 1 551 24 )
(82 1ist. str fll tuple) FIFLLIRFHIBIE], B)E dict ., #2400, PARARITEFRAYEAT class
Y, HEJRYE class 5 __iter_ () method B{J& B {ESequence (JF%)) wEEM __getitem__ ()
method, #Z¥I{4 2 W EMR P

A EURYI AT S for EIREIAIFF S HAL T 2 FSIAHT (zip ()« map () ...). &—EATEI4)
PHEES | g A E R iter () KB, B GERZY A REHERR . HEMR R 7 et
—#AfH AT (one pass) JEA. T HIEUCARE, WH A—EEIFY iter () B ATEEERLEY
F. for BEIAN G B BMEREIE LS, B adr YRR A M2 8, FRTEEIE b AR
HZEUE . BigzElierator (EURES). sequence (JE%)) Flgenerator ([E1ERE),

iterator ([EURZ%) —MHEFERERRAY:. EEHPEYESCESH _ next () method (B &1 T &
KR next () ) ERFEERNR P AISIEE - & AT R, 154 stopIteration
Bilsh. BLiE, ZEMCZIYEC AT, MET3HE _ next_ () method [yif—2 Ny, #F €
PR % stopIteration, [EIREFNZEA M __iter_ () method, T & [mHEMCEMIIFAE,
BT AR EMR 2 A2 nTEM ¢, BT DA A K 22 s ) HA T [EU (i35 . — 1 I BE A 151
Gb, RERZMER (multiple iteration passes) FUREAX A . AP (B2 1ist) ERRIREE
BLES iter () RREHE for BT HEHA TR, MEELE—MEHmERS. AR ER K
i (?Eﬁ) e, g e AT —m EMC g AR . R e A R ER e, HER
WG — S A .

£ typeiter SCH ] AR B £ &

CPython F{fi:4fi: CPython [EIAZ ip 4t — i arifds (DRI AESRE __iter O ) EMEM
7E o

key function (ZpAx) k=37 58 = (collation function) & — 1 B BERY (callable) pE =, ‘& & [a]{#—

18 F A HEF (sorting) B %E [ (ordering) FO{H. B4, locale.strxfrm () Bl FAREIE —{i 7 fif [ ok
B HEF B HE 8
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Python T2 TR, #iHe3Z DAGE ek A A il T 20k 24 8 7 X B EFE min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Fl itertools.groupby () .

H YA DA S, SRS, B4, str.lower () method ] DAVEEIAS 43K /INES HEFF Y 88 oFi
Ko B, — AR WA lambda R PEE, Hla0 lambda r: (r[0], r[2]). 54b,
operator BAHFRAL T =18 bR = RS ER =X (constructor): attrgetter ()., itemgetter ()
methodcaller (). BERMUN]E ST Al AR pR A, w2 EATHET .

keyword argument (B3t 5|8) w52 Eargument (5]31).

lambda [ ¥i—expression (JEZE) FrALSH—E 2447 E)K R (inline function), A% b PR B SR AH .
#£57 lambda KX HFEVE 2 lambda [parameters]: expression

LBYL Look before you leap. (= JEMIf&AT.) 15 4 5 EU S e e A7 ny sk 2 42 2 1, PRk S [E g
o EEEREEAFP FERE L, HENSOLEA7 L 1 BAIEE.

TE—HZ s, LBYL a7 [ =B Al (%17 Z 5] A T 8iEW&{: (race condition) 1)
JaBE . FITNPA T AESCHE if key in mapping: return mappinglkey], WA — @457
W2 ARMEAEE IR Z /T, 1€ mapping HRERR T key, HIRZARACHSRE € K%L 1.1@ ] DA 85 (lock)
o {fi fl EAFP %t 7 =R fR(E

locale encoding ([sJ3§4fl) #£ Unix I, &2 LC_CTYPE [B 3% E W 4 5. =l A locale.
setlocale (locale.LC_CTYPE, new_locale) KiiE.

1r Windows |, B2 ANSI{UCHEE (code page, iUl cpl252),
locale.getpreferredencoding (False) A DA AREUA: 5k 4 A .

Python fii [l filesystem encoding and error handler (F%¢ 22 4% 4t A8 5= i HH PR =) 7 Unicode fi %44
RN TCAHRR 222 F 2 K T ()

list (H#3%51]) —1# Python [El#(K)sequence (J73). EVE B4 T4 list, & H B R HADE = i —1{@
W% (array) MiEEANE — {045 5B 51 (linked list) Ilﬁﬁﬁ?ﬂ@ﬁﬁl%f 72 O(1),

list comprehension (H3IEEAHESE) 7 SRR HE {0351 v i 30 ulih 0 e R, [EDHE S HH 45 SR DA— 1

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

1 GEVE— e list, HoP s 0 2 255 @EE], Ara s+ sl (0x.), if 74
SEEEEEERT . AREREE, M range (256) ITA TR IR

loader (H{AZY) —MAEERABANYIM. BUEEFR MAE Load_module () ) method (J5%).
WAL E T W finder (SA58%) [, HLZAEGHRE PEP 302, B ikabstract base class (55t
JEHE]), #%2[F importlib.abce.Loader,

magic method (BEHTJiik) special method (F§5R75%) W9—EARIE XA 35 .

mapping (¥HW) —FEERYE, BB EN A, HABE/E abstract base classes (15 &K
[E]) &, Mapping 8{ MutableMapping fif & & ) method. #if{fJ4E dict. collections.
defaultdict. collections.OrderedDict il collections.Counter,

meta path finder (mﬁ%ﬁﬁﬁﬁ%ﬁ) —FEKEH#F sys . .meta_path [ E 1 finder (FAfies). JCEEEH
M AR EEL YL AE 38 B S48 35 (path entry finder) FHBI{HEAIA] .

A A TC RS AR %*ﬁ%ﬁgﬂiéﬂ method, #32[F] importlib.abc.MetaPathFinder,

metaclass (JCJE]) —7& class [ class, Class EZ%i1BFE €87 —{f class 2458 . —1f class dictionary (¢
#), PAK 1 base class (JJIRHHE]) (19513 . Metaclass £ 5545 3738 — 1518, [FVE7 3% class. KEZ#
E’J%#Fli%; I FE U G it R B /E . Python AYHFE]Z XY & REIEVE ST F %1 1Y) metaclass.
TR B AR T B TR, (R H 7R ZERF, metaclass F] DASRAEEIR HAEFERRE %, B
%T)ﬁ@?&g‘.@ PEAFEL, ST s et BEW S . EER G (singleton), Ux&%?%

H: TF

T £ % A AE metaclasses Z5 i 1R F) .

method (Jjik) —fi7E class A<BBEIE AR . 412 method {EIELH class T2 — (I g, A
EAF G R B B E e S argument (5180) (M5 #ERE HREE self). &[] funcion
(BEX) Hlnested scope (HLRAERI) .
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method resolution order (JjiEfEHINT) 7 EEMRATIE T /& AE AT 4R IR S, base class (RIS
[E)) BHARFMIET . BRES 2.3 4, Python ELREAR Il M LM, F52(E Python 2.3 it
DTV SEATNE o

module (i) —f##5{E: Python P25 HY A4k ¥/ (organizational unit) F4 . BLAHA — 18 iy 4 25 A,
EWEEE Python Y. BLALEFE timporting WEAE, WA A Python,
58 Fpackage (£45).

module spec (B#IBIRE) MR H, B HREAMSLR import FHEH & . B/ importlib.
machinery.ModuleSpec [—1{HEH.

MRO 5 %[Elmethod resolution order (7 H:8EATIET) -

mutable)(ﬁ]‘ﬁ%ﬁ:) AR AR T AOME, (AR EMA id O « BiE2Eimmutable (A58
%),

named tuple (Fif#7C4H) 757 [named tuple (Fff#47C4) | J2461¢ tuple AR AL ATZEIEY class, HERY
2275 (indexable) TCF LT LA PR 4% B PEAAFIL . S LERU(FTaR class ] DARAT HA AR

A UE)7# A ([E)E named tuple, {935 time.localtime () Ml os.stat () FEFE. B—FHHT

B sys.float_info:

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

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

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

True

45 %% named tuple ZEIZEFE] (1 E6). 5%, —1# named tuple 157 DA —1fi IE X1 class & 362K
By, NG class 248K H tuple, HEFR THIZMNAL (named field) BJw] . E81Y class IJ AT T
e, AT DAE A TRkeR =X (factory function) collections.namedtuple () AL, BFH Mt
Y —LEEHAMY) method, 35 2% method W] fE 2 7E T 55 ok [EJ## Y named tuple H, VAL F]K) .

namespace (M%) SEPEAAHY . G4 MEPA dictionary (FH#lL) BEE/E. AN, 2
) KR 4 25, TEY R (78 method ) A SR G2 25 . v 4% 25 RIEE f iy 1k v 44
g, AWM. BN, MKl builtins.open fll os.open () @iFim T M1 4 25 [ AR
IR i 4 2 T S H EH A w0 IR A A B — M R X, 2RO o vl s e A T bl 1
4, B4 random.seed () B{ itertools.islice () BiREHIE R, B2 ESEH random
Ml itertools BIAHAEEAE.

namespace package (Ar#%sMIAEME) —{H PEP 420 package (40F), &I\ REFE T450F (subpackage)
—fHERE. A AP AT R EVA B 2k, T LA PR 2 — Mregular package (iE
AP, FEEMEES _init .py EEHE.

FtizElmodule (F4) .

nested scope (HUR{EIIK) HEEIZ B AME 3% (enclosing definition) H1 8 B BE 17 . S0 2K(E], — 1 bR
RN — MmN wEsE, el rsNgwm b, sSeE, rERElr, 8
STRAE P 0 P 7 2 B, e IR o [t et B e A A (B 1 Y el B S B . TR, 4
Tl st R A A A 44 23 T s U 2 B9 . nonlocal 5 ANEAME FIGETE A

new-style class (BiAME) — &4, ©RIGBLEFA K class P78 B 6 1) class Jakg. 765 101/

Python it i, HA M class 7 GEfI ] Python BT . ZHRIITIEE, %@ __slots__ . ks
(descriptor). J& 1 (property). __getattribute_ (). class method (¥H[EI}3%) Fl static method ([EF]

REE)
object (¥fF) HAIKE (BIESME) MgiERWITE (method) WATATE R . & HRTAMnew-style class
(BrUEE]) At #K base class (FEEHHE)

package (%£:ff:) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module witha __path___ attribute.

Rt Flregular package (IEFEA:) Flnamespace package (4423 BB .
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parameter (ZY{) 7Efuncrion (PR3() B method i FEH ) — iy 24 B4 (named entity), B F5IH% KX fE
(B2 —Mfargument (5190), sSAERLAFE TR 2518, SAH TR ) 2 Bosz

* positional-or-keyword (VBB BHSET) + 5] DAd 8 45 5 iR VR R 48 5 5| Spl R
58 BRSHWITESAL, BUPA TR foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only (PEFRAIEL) : H5I]—8 HAEH IO ERpR (A 5 | . ek 2 8 R
W/ FoC, W] ATERZ T OCHI T E SR A E 28, BIUILATR I posonlyl Fl posonly2:

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

* keyword-only ({EFRBAGET) : f80]—08 H A8 ABH S F e iy 51 9. e =y 2 30 %
W A — WAL 2 R 5 2 8 (var-positional parameter) B{ 2 BEATNY * T, BUATDATEHAR
ERIEREABET 2, UL TR kw_onlyl F1 kw_only2:

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

* var-positional (fEREHEIE) : 45U —HRELMER VI gHR L A E5 1 3 (TEC P2
EZHUEMIOIET | M2 AN . BRSO ERE 2 WA E L~ AGERR, Bl

args:

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

* var-keyword ({EEHEMGET ) FEAPTHHRENEEHORBE TS 8 (FECyH s 2
HATA B 5 | 8z 4h) . BSOS LS AT E i L > AR, Bl L
B kwargs .
ST PAFE IS | B R E A B TR, AT DAE)— S8 1) 5 | S o TR
bt 2 BN B £ Wargument (5180 H. # A EF RG] M2 B 2E. inspect.
Parameter class, function Z i, DA PEP 362,
path entry (PEFSIEH ) FEimport path (EABAR) WH—MNLE, Wipath based finder (FEABEAR R AR
%) S E AR import (KA .
path entry finder (PEFEIEH =-Mi2%) W¢ sys.path_hooks H1 Ay — 1 0] BF 1Y 47 {4 (callable) (7 R —
\Epath entry hook) ft [l 8¢ —F finder, BFI1E WA DA— AW path entry g iF4H .
BT IR AR TH H A EY EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,
path entry hook (PRRIHHE]) F£ sys.path_hook %13 Fff— 1 BT FERYH{2F (callable), #8158 4na]
FE—W4E Bipath entry h IR, Rl & [l —{Wpath entry finder (BEFRTEH FAEE).
path based finder (FLRERFEHITIEZY) THRRAUIEIE F 48 B (meta path finder) Z—, B8 {E—1#import
path GBI .
path-like object (JEMETS¥IME) WL RERE RS BIEDIEITDUR—BF RSN st
5 bytes Y, B —MHEAE os.PathLike WMWY, BEEIFIY os. fspath () R, —ff

%48 os.PathLike W E MY ABHIE(EIE str 5 bytes R AFIKLL; 1M os. fsdecode ()
I os.fsencode () HIAMEA]JHAHEM: str I bytes BI&EHE. |1 PEP 519 ] A,

PEP Python Enhancement Proposal (Python [E4#222), PEP &3 aksHEIR S0, B #EE] Python #HEER
R, sE AR Python 1 —ff #r DI RE s s D RE MO AL P FIER % . PEP JERZ B (IL i i B AT &
DA B D) RE G TE 1 S5
PEP W7EAE H Y, 22 E B ThRE R 5. AL R o BRI 0 B R i = e, AREAA
Python % FHERERYFEE), & Sbil Ay 3 Hl . PEP AV B e s et B sk Fre B 5
B

#H2([F PEP 1,

portion (J34y) FEH —HEMMM—HESE (WATRERAAAE—M zip fE) , BLUEEEE —HHH
EA{4 (namespace package) H T EEL, HWI[E PEP 420 PR ERR.

K

A
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positional argument (i 51%() FE2Eargument (5]%%).

provisional API (¥47 API) 47 API 245, 102K = E W B2 (backwards compatibility) {7 3
W, WCEREHERR Y APL, BESR G, HEE MR EE TR, M EEReE ERNE T,
EARAZ OB N BREELE, W ieg BB mEAHAN ST (LR aEERE N m). S
s EN s[4 —— G API %ﬁ%ﬂ)\Zﬁﬁﬂi%?%l%ﬁiﬁzﬁﬂﬁﬁ?ﬁf%ﬁﬁ, BMA gL,

RIS BT 4T APL, [a)4 A28 s o th Sl E) [ Rz A ARIEDS 28 ) — STl B 5 ) )
158K G ST BB — MR [ AR AR A AR E) )y 22
T I 30 A (S AT v o =X R o R TS Bt Tl S R 2 A 2 1 W ) 25 B A R ) s Bt
i 2[E PEP 411 TR 240 .
provisional package (¥1784F) #E&Eprovisional API (84T API),

Python 3000 Python 3.x R ¥ A ERE (RACARTAITER), B 3 MM 2 EEE AR, ) ol
PAKEESE) [Py3k].

Pythonic (Python JaU%1Y)) —(EMAEVES—BAECAS, BEM T Python 555 &l RIEMRE, MA M
P HAWFE S RIS A EERE . Bil4n, Python g Rpg—MHEME MY, 2 —M for B
W, ST ER Y T A e R AT ERE . Fr2 iSRRG SRS, FTAANAE
Python [ \AG e & i ] — R B R R A%

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

HIBZN, DA IAEREAER . BAA Python Jl# :

for piece in food:
print (piece)

qualified name (BRE#RE) —MH [EEO PR R, B BURIE— WAL A 2/ 1 ek 21 a2 A5 4 b e 610
class. pFzUEE method [ [#%48 1, 40 PEP 3155 W@ %, ¥R TEE MU class 5, BRE 4
i H R4 R ] -

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

>>> C.__ _qualname__

IC’

>>> C.D.__gualname_

'C.D'

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

wRIRG | AR, 7 ATRE & & (fully qualified name) j2 3R i WA 1) SE BE BE 0 IR BE AR, AUHE(TAn]
WA, Bl email .mime.text:

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

reference count (SMGIE) HR WY HNS BIREL & FEDF0 2 REHET R, ©aiE
FRFCE (deallocated). 22 M 510 3 7E Python F2:0AEH & A E|, (H'E ENRCPython BAE ) — 1 B 8
JCE. sys ﬁ%ﬁﬁ%ﬁT*@ getrefcount () BRI, &7 RHHRT AT DARTIY 5% R =X 20 (] 81— e
Y 2 BT B

regular package (IEBUEME) —EE G package (E1F), Hlan—@EEE _init__.py HEMHIE.
2 Flnamespace package (4453 &) o
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_slots__ 7£ class [ER R —AE 4y, BRI TEICE S BOEER 2, AR E ) dictionary (i),
HETA TR, BEARZRNTIREE , (HE 7 B DAIE e, Al PR B AR IR E — (o
(memory-critical) [ FH R 2 v A7 e S B 491 ) 2 LIS (ED

sequence (JE5]) —fWiterable (\JEUCHIE), BB _ getitem__ () special method (457532 ), i
HRG | AR FRCEM TR, [EE®R T M __len_ () method FR[H{H %P5 (. —Lk
Flry) BFfFE 1ist. str, tuple flbytes, FHER, MR dict WHHE _ getitem ()
Ml __len_ (), {HEWAEIE B (mapping) AL F5, PIEHA 7 226 AL & 1immutable
o, AR

4 E M) (abstract base class) collections.abce. Sequence F3% | — B N E & A1,
AMERFY _ getitem_ () Ml __len_ (), BT count (). index (). __contains__ ()
M __reversed_ (). EEMIETANTRE, AAMH register () PHfEsbEIE.

set comprehension (fEA&sAEES) —MEBE A A, A B — {8 T E 9 2 Hh i) 42 3R 8 R 4 o
=, [EH e P45 S DL—1# set [0]f#, results = {c for ¢ in 'abracadabra' if c not
in 'abc'} gEA—MFHF set: {'r', 'd'}. #E2([F comprehensions.

single dispatch (¥.—J)%)  generic function (ZTER) FAIEN—EE, FElt, BEVER) RS R
—5| # i AE],

slice (VIl) — MY, ©HEEEE— Bsequence (JFH) MK —a. & BRI ER
i R 45 5% (subscript notation) [1, #57 E 4 2 ¥, MY MMM E %, #wm
variable_name[1:3:5]. FEFE9E () FF880ERT, &6 slice Wit

special method (¥§%kJi#:) —7ME €y Python H BFFIY(¥) method, Ji it Hm A E A7 AR EE, Fln
hnyk. 1578 method 144 Al & /e BREEAN S A W H T ICE]. Special method 7 specialnames F5 #EA4H
[E1H.

statement (BBsR) BOAZE A4 (suite, —(HFENES TFIRL) A9 F0o. BORRATLAR
fBlexpression (GEFX), SU2EHHET (B if. while u{ for) MEMAHKL —.

strong reference ([F1%) 7E Python ff) C APL 1, [FIZ MR — WIS, TEEHHL RS @i ne%
P 2 BB (reference count), 76 @ EI R IRE I & (E)/ Dz (41 2 BRI
Py_NewRef () MizUnl IRES—WEWFMEZ K. @5, ERIEESRGENERZE, WHTE
[F)% 1IN Py _DECREF () zL, Dkt ER—Mms .
AiisEborrowed reference (&2 ).

text encoding (SC#if%) Python Hf¢ 52 EE 2 —1{# Unicode #5 2} (code point) 1741 (FEEFE U+0000 --
U+10FFFF Z[H]). AERAFSEREEFES, BUEgTIMLE— e F 5 .

ﬂ%‘*@??f?‘ﬁﬂﬂzﬁﬁ%ﬂ?ﬂ, FRE) 4w, WAL TCALT 5 EH o a% 7 o R RRED [ g
(decoding) .

A Z AR ST PSR (codecs), EMBESIREE [ 0741

text file (SC7HER) —MREEFEBNE A st W —1file object (REEWIM) . WH, CFHEEE
BE b R AN TCAHE ] (& R (byte-oriented datastream) [F€r [ & g Fitext encoding (SCF &) .
SCEREN G T POCFERE (o0 5w ) FERARZE. sys.stdin, sys.stdout PLJ
io.StringIO HIEH.

i Elbinary file (—HERIRESR), B MHAEEREBURI S A8 1204 ¢ 49 1t (bytes-like object) IR
ES7/ LN

triple-quoted string (= 5[95El ) =55 ( <) SHE5158 O) WIEEER N —FFE . BERTM
EEA R LE R S | 5 B AT 3 AN RE, HERFZ A, B2 RA K. M@ Re
PAYE 75 FP A & A BEE) (unescaped) (1 B85 | S8 AN 5] 5%, 1M H & " A 55 #4857 JC (continuation
character) 5 A DABS R AT, 35 A5 & 94 4 55 (E)IH 7 R R R BV 1

type (%U[E)) —ff Python ¥{F 1 HEEE T & ERE MY FEYAHRE —MAEE. @Yt
HRERTANEM __class__ JBHAAFE, =LA type (ob]) AR

type alias (REIE44) —ERER RS, S ZEE €4 (EFT (dentifier) ST,
HIEFIE)4 i 42 [FI32 = (type hint) 84 . Bid:
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

FIPARGERG, BRAT AT

Color = tuple[int, int, int]

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

w20 typing Hl PEP 484, A IWIIRERHEIA .

type hint (BERR)  —Hannowarion (EIRE), EfgE —REE. —{H class B — K12 Hak ]
FHH{ERTEINAE.

RUEH RS IR, A28 Python [EIHIF, {H M EIReZIE 4 T HACA A, [EREHR B) IDE
St RE A #l 4 (completion) Al E ## (refactoring) .

4 3 5 . class JB MR ORI R 2N O & I s ) M B EHR R, AR A LA A typing.
get_type_hints () RTEHL.

2L typing #l PEP 484, £ HLIIRERIHIA -

universal newlines (GlJHEF73I0) — MR E SCFIR (text stream) {53, @44 AR i 1915 [ElR EE)
—AFIIEE R Unix 721 H '\n'. Windows 1] "'\r\n' FI# Macintosh €] '\r'. #H2([E
PEP 278 1 PEP 3116, DA bytes.splitlines () WYMHINTIE.

variable annotation (S28{(EIF%) — (R 8EL class JB i annotation ([FIf).
(EVRES sl class JMERE, BRELZSEFRIER) :

class C:
field: 'annotation'

SYEREE T AR L ERRT (ype hint): BN, FEES BRI RIS int CEE) (A

count: int = 0

5 B ERR 1Y) REVATE annassign T2 6 A FFEAR I R .

st [Flfunction annotation (FE[EIEE ). PEP 484 F1 PEP 526, 4 ILIhREHIA . BN EREN L
B, 75 2[E annotations-howto.,

virtual environment ([EIfERES) —H %/ EE (cooperatively isolated) [ F 7B LS, fiEi# Python f¥){di /1]
A R RE UG DAL SE RN THA) Python BREIE (4, RIS € 38 i) —fH &R 414 T A9 HiAth Python JfE F 72
KT EEATE.

s venv,

virtual machine ([EIEERERS) — 8 5¢ 4 b 0CHE 7 2 S8 19 BB (computer). Python [ [E) e #% & & #117
Hibytecode ({TCALTE) Ak B ¥ A9 (L TCALTS

Zen of Python (Python Z[F]) Python st HISEPT 5%, HIEIAA BR SEARAGE T e = - sl
KA A EE) X RATICRIMA [import this] AHREIE,
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APPENDIX B

BARELEFIRA S 14

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

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

et
e Fred L. Drake, Jr., Jflf Python SCPF T HAERYAITE # DA K — KM EIERIVES
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

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

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

i E IR

C.1 &icio

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

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

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

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

BERRA | BA Fh #EE GPL 114 7
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2=
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 5
2.1 2.0+1.6.1 | 2001 PSF 7w
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 DAL 2.1.1 2001 £4- | PSF =

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

C.2 FANREMHLIEMFGXER Python BHISHER

Python FCHFIEI SR RZAE 2 LR PSF 424 &4

% Python 3.8.6 B4R, [EIHASCH:rpagaifl, R BN HAWRE XA, 2908 FEIZHE (dual licensed) 7 PSF #%
WEA #1 VA K Zero-Clause BSD % #¢ .

A LEHAN A Python SRR BLA R R B0 S5 SEARRER G BB REZ LR — g . B RE 2
FHERI A SERETE L, 2 O T 3R 09 34 20

C.2.1 ¥ PYTHON 3.10.11 §Y PSF % &%

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

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

3.10.11 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 3.10.11 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 3.10.11 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 3.10.11 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
3.10.11.

4. PSF is making Python 3.10.11 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 3.10.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.11
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.11, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.11, Licensee.

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

C.2.2 Fj* PYTHON 2.0 j BEOPEN.COM B &

BEOPEN PYTHON BHRIZHESZI5E 1 I

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

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

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

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

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

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

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

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

C.2.3 ¥ PYTHON 1.6.1 g CNRI iR &#

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

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

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

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

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

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

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

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

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

C.2.4 Fi* PYTHON 0.9.0 E 1.2 §§ CWI {R{EEH

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 Fj? PYTHON 3.10.11 [FlEA 3 4 [FI#2X iE#9 ZERO-CLAUSE BSD i%i#

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

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

C.3 #usrIekRany iR 8 MBI

ARG AN S B AR AU N Y P E SR BN B, 502 AE Python BEEIUAS BTk [Eiy 35 =T ik
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C.3.1 Mersenne Twister

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

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 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)

C.3.2 Sockets

socket B4 /Tl getaddrinfo () fil getnameinfo () K=, B WIDE 8% (https:/www.wide.
ad.jp/) [E), AU [A) A D L 8 v e G -

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

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

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright

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

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

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

without specific prior written permission.

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

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

C.3.3 JERFI#¥ socket fR¥%E

asynchat il asyncore 40 A5 DA R :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies HEAH LS DA R :

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

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

(N Baksr)
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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 #{TiB[I

trace B E AT B
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

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

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

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

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

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

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

C.3.6 UUencode E& UUdecode &E=

uu BRAL R DA :

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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

(N Baksr)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML Eixf2 ey

xmlrpc.client AL E AR EIY:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll B E DA A :

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

(N Baksr)
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the following conditions:

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

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BLFEfHY kqueue 71 Al & DA R -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.10 SipHash24

Python/pyhash. c %4 Marek Majkowski’ 554 Dan Bernstein f{) SipHash24 JEEVERIEE. B8
R

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

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

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

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

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

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

C.3.11 strtod Hi dtoa

Python/dtoa.c fHE4-AL T C [ dtoa il strtod pRX, A C 1) EERS B2 17 B BOR 7 5 HAHEE . 3% 4R
274 H David M. Gay 257 H [RGB 25, 153 BAE R AR hitps://web.archive.org/web/20220517033456/http:
[lwww.netlib.org/fp/dtoa.c T#E. it 2009 4F 3 H 16 H FFkZ2 0 iGRE 226067 DA MURE B 37 e ] -

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

*

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

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

* % o

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

* % o

* % o

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

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

C.3.12 OpenSSL

10157 OpenSSL B3 HUATHE -3 R GEA 1, B hashlib, posix. ssl. crypt Bl (I ASLIHL
. IHAh, [HIE) Windows il macOS i) Python 8T i 0.9 OpenSSL B HHEIA:, Pk Mz
S OpenSSL 42 HEf I

LICENSE ISSUES

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

OpenSSL License

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

*

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

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

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

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

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

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

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

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

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

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

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

Original SSLeay License

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

by Eric Young (eaylcryptsoft.com).

*

*

*

* This package is an SSL implementation written

*

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

Q)

90 Appendix C. ;BERiZiE




Extending and Embedding Python, [F) 3.10.11

(R L —5)

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

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

the code are not to be removed.

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

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

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

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

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

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

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

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

[including the GNU Public Licence.]
/

L A e I S N S S S S N S N S A S S N S S S T SR S S S R S S N N N S T S T S S

C.3. #ugFIakienyIR{E BB N




Extending and Embedding Python, £[F) 3.10.11

C.3.13 expat

M AEAE B pyexpat K EE] ——with-system-expat, #HIZHETEH—MEE expat JFAATE
) A S

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

BRAEfE R E _ctypes PR EE] ——with-system-1ibffi, FHHIFZMETT & H—(HES libfi JFAA1HS
B B A AR

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

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

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

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

URAE R S BAR B 2lib A KR PABOR Ik R 2110 JE5E, ARz se g M — M EE 2ib [5G
AR R A 2

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {#i Y 3EEIFE (hash table) F4E, J2DA cfuhash B2 ([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

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

C.3.17 libmpdec

MAETEEE _decimal BiAIEF R EE] ——with-system—1libmpdec, 7 Al %41 € H—H(E] 2 libmpdec
PR B A ) A A

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

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

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

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

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

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

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

C.3.18 W3C C14N B|RE#

test B CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #fu} https:
[Iwww.w3.0org/TR/xml-c14n2-testcases/ githizx, HAEH A 3-clause BSD I HEw 4t

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

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

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

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

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

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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...,63

2to3, 63

>>>, 63

_ future_ , 67
_ slots_ ,74
ETTL

PYTHONPATH, 53

A

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

annotation ([EE) ,63

argument (3] #) ,63

asynchronous context manager (3 [ ¥ &
HEHEE) 64

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

asynchronous generator (FEFFEA £), 64

asynchronous iterable (3 & T EI 47 4F)
, 64

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

attribute (B¥) ,64

awaitable (&4 H) |64

B

BDFL, 64

binary file (ZiE#|# %) , 64

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

bytes—like object (LT E4H) ,65

C

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

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

coercion (%ﬂ%iﬂ) , 65

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

coroutine (#H#) , 66
CPython, 66

D

deallocation, object,46

decorator (HEAF#E) ,66

descriptor (H®%) ,66

dictionary comprehension (FHiF4AEH),
66

dictionary view (FHMRH) .66

dictionary (F#) ,66

docstring ([EJ# = %) , 66

duck-typing (% FA[F) , 66

E

EAFP, 66
expression (EBHER) ,66
extension module (#EFAEAL) , 67

f-string (f &) ,67

file object (HZEWH) ,67

file-like object (MM EMH) ,67

filesystem encoding and error
handler (1§ £ # % %4 % fn 4 % K
EEHR) ,67
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finder (E# ) ,67

floor division (| THE &%) , 67
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function annotation (& R[[EE) ,67

function (®=R) ,67

G

garbage collection (B E ) , 68
generator, 68

generator expression, 68

generator expression ([El4&#BEERX) |68
generator iterator (é%’%ﬁ%&) , 68
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generic function (A &) ,68
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IDLE, 69

immutable (R 24%) , 69

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

importing (EEN) , 69

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

iterator (Tﬁ%&) , 69
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key function (#® =) ,69
keyword argument (B85 5|#) ,70
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lambda, 70

LBYL, 70

list comprehension (B7|44EH) ,70
list (&%) ,70
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locale encoding (E %) , 70
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magic
method, 70
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special, 74
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PyArg_ParseTuple (), 12
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PyErr_Fetch (), 46
PyErr_Restore (), 46
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Python 3000,73
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single dispatch (E—3# %) ,74
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special

method, 74
special method (4% 7 i) ,74
statement (E#RR) ,74
string

object representation,47
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