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CHAPTER 1

HEHFHNE=ATH

This guide only covers the basic tools for creating extensions provided as part of this version of CPython. Third party
tools like Cython, cffi, SWIG and Numba offer both simpler and more sophisticated approaches to creating C and C++
extensions for Python.

S

Python Packaging User Guide: Binary Extensions “Python Packaging User Guide ” ANMIH 5 T JLAN a0 — 3t
w9 AT TR, BHe T A Je ) E@ Y B & A .



https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

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

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

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

il C ¥ JEHL LR CPython, 7 EASHILIAAEJLA Python KB B TAE, 7ERZEIGILT, MiZlERS C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 =N EBBBF

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61



https://cffi.readthedocs.io/
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

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

XA Python APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

Wikt T Python Wb 28 LSRRI R LIRS OB RAS A X, A M 0 e E A
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 NE

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES th ) 2 M, "Python.h" B & T —2FRHESL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFEILSCHAERI BRSG EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WEMURIELE, GRAIMESERITEN):

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args Z4 e 17—~ Python ] tuple XFRAYFEEE, KW S S8, &4 wple XY — MRS XS
Wb 4= ¥ 2 Python X4 — ZAEFATHY C pR B GE BTl 75 2 SeKF H A4y C fE. Python APT H ) bR %Y
PyArg_ParseTuple () SAASHRMIFRIFAN C(H. E M B AT A Bl E T Z ST K
FAARPERAR AR C AE R2RAL. A5 KF RS S LR .

PyArg_ParseTuple () TEFTA SHCHA IEHHZE AL H AL SER 4% WU BCEE AL s ek g Mkl B, R 1 (3

), HAEGATUSEET R (). RSO TH, BabssE S a, (508 & £0] DAFEfFR [
NULL (H5t 2 611 B L)

6 Chapter 2. FERE=HTANRYE
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21.2 XFHERHFE

HA~ Python ﬁ@%%%%%énﬁ*"ﬁﬂ?@fpﬁ’]ﬁ%f Bl M= BEB TR, BNV Y IRE— R R #F#
R AR (GEH - -1 B3 NULL $84F) . i (5 E %ﬁfﬁﬁﬁ%%}%m@zﬁﬁﬁ% WRBA 5
WENTREA NULL. FEHAAE 0T B2 sys.exc_info () [l Python JLALM M 1 C XA - Tz
1A 2R i SEBURI AT G o PR E AT TR T BRARGE 1 A gl (2 b it AR HE B

Python API Hrg U7 — S0 pR RO 18 X S A

# JH 1 # 2 PyErr_SetString( ,\zﬁ%E%X¢%$ﬂ CTrfidh. EXMNR—-BER
PyExc ZeroDivisionError j *iE’JTﬁKEXXT% C AR5 R A, ﬁ%ﬁ%ﬂlﬁ%jﬂ /> Python

PR RATRE R SR RHRE

T AR R PyErr_SetFromErrno , EZ AN RENE, REMREEELFEZ R errno
W, Al B R BGA /& PyErr_SetObject ( @/‘Wi/\f%&z SRS R AR . RN
J Py_INCREF () RI4hfE %3 ﬁ{mﬁﬁmﬁ%é&ﬁ%ﬁ%l)ﬂfrﬁ

PRATAE S PyEre_Occurred () FEAGE MBIAR 1 0L P AT R BCE TR 8 . KRR RS AT R4, B
HARAR A MR [B] NULL. AR % AT 2 PyErr_Occurred () RER KB Pd &4 14
e, OARRZREMR [BHE A k.

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.)

RECEE 2 R — S IO o R BT B LR S, SR AR R AUE L R PyErr_Clear () RAUHLPEFR.
C UL 4] PyErr_Clear () HME— Fﬁmﬁﬂ%”ﬂf*ﬁh%ﬁmﬁ?é"%’ﬁ%ﬁﬁﬁ%*ﬁ%%EEEE,'EH&IETZ
(Aragse Sl HAb I ¥% jﬁzﬂ?ﬁ%&ﬁ ) o

WK malloc () PHH W —A5FH. malloc () (B realloc () ) W H E I H & L ATTHH
PyErr_NoMemory () JFiR[FIH55MHER . P Xt S0 8 %5 (Fl 4] PyLong_FromLong () ) E&XAM T,
BT AR AU T H A malloc () AU,

HEER R, BRT PyArg_ParseTuple () SFEERYHISh, 1R[] B AR A Y R HGHE # AR A2 1 ] 1E {5
LRI, MPA -1 FoRKM, nfH Unix RGEHRA—F.

E, MARR Bl — AR AR R AR B B B R GE IR 28 @ XS $FT Py_XDECREF () B
Py_DECREF ( ﬁ)ﬂ)

PG| WA 558 58 2 W TR E 7. Fr A N E 1) Python S5 # A XF B 19 T 5 B C X4, fil4n
PyExc_ZeroDivisionError, IR AEZMEH BT, S5, KW YHEHEFERE - NEMHH
PyExc_TypeError RFE/R— TR OB KM 1% ] PyExc_IOError). WIARSHIY|FEA
i, PyArg_ParseTuple () HEGHETE X5 K PyExc_TypeError, WIRARHZE — NS HELAAL THEE
«EI%ZW&MZW@”E,HJ@/«#F %JLH@H% PyExc_ValueError,

PRALAT AR AR AR i S ME— B o . 75 SR SCPR R A I — N sx e &, n:

static PyObject *SpamError;

HHAEVRR BRI IR LR AL (PyInit_spam () HEEH— M pmxtgorpinfe:

21. (R C & C++ ¥ & Python 7



Extending and Embedding Python, %% 3.12.0a0

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;

HE RN Python 452 spam.error . Il PyErr_NewException () BRE] PAGIE—ZE, HEZE
b Exception (RIER S — 2L APAEH NULL ), 4772 I bltin-exceptions .

[ REE R 2 QIR RAT T spamError (— A5 XA TR - N T B LBk i, 75 0] spamError
By 2 I B 1T

~zﬁ%PmeM1£wcW%@ﬁﬁ@%ﬂ%%&o
spam.error S I DAFEY A il it PyErr_SetString () BREGHM, WT:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts);

2.1.3 EEHIF
[l ST BT, RN % R A

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

WARAESHBN R PRI 508, ERFIRB] NULL G (R IR [0 G4 604 o8 R0 () 9 Bt ), IOk T
PyArg_ParseTuple () WEMFH . EHAMN I TSEN TR E2PHE N F /AR command. X2

8 Chapter 2. FERE=HTANRYE




Extending and Embedding Python, %4 % 3.12.0a0

—MEFIR(EH HARAR AR SCE B 1 i 747 H (HBAEpRfE C o, A command B 24 97 IR iAo

const char *command),

T—ANEA ] UNIX 2GR system () , HZiBBMKSEZN AN PyArg_ParseTuple () HUH:

’sts = system (command) ;

AW spam. system () RELARI] sts FIELEH Python XF4: . il i f# H %X PyLong_FromLong ()
HeSL

’return PyLong_FromLong (sts);

EBAMBL T, SIBI—AMEEHON S, GG & 7E Python 3t HL T H) .

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 2k Python X} 4 None Xty C K. E&—HEIER Python XA IMAZ NULL $84f, N3k
T, EEERZH T PR EWE “HR7.

2.1.4 ERFGERNIIGCERL

TR spam_system () Q{4 Python B/F IR . S8 eKECR A AT DARE Python A, FHESEE L—A0
¥:2¢”method table” ,

static PyMethodDef SpamMethods[] = {

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

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

HEE =S5 (METH_VARARGS ) , X Mg M C 1R i EH. " i%{5f METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {f 0 ft#(#if] PyArg_ParseTuple () HIFEIHAS & .

SR M fi ] METH_VARARGS , BR (& % i Python f& % wple #% X 2 %, H R A MEN
PyArg_ParseTuple () #F7M#T.

METH_KEYWORDS {HF /N2 KEFSE . EMIEN T C REFR L ZE =1 PyObject * X§, FIRF
HMBE, #iJfl PyArg_ParseTupleAndKeywords () Rf#tr 4.

AT IRR AL ITRIE LRSI -

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

SER RN IIAL S 25 R RE A A AT U fE R R . 9T IR AL PR UL i 4% 8 Py Init_name () , HH name /2
*%ﬁ%ﬂﬁ%%, W% e SCHAE static, ELT@%iJSC#FE

21. (R C & C++ ¥ & Python 9
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PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

#= PyMODINIT_FUNC ¥ s 87y PyObject * iR [EEA, 75 T AT~ & B SR i Rr Sk s 5 R
HERR C++ KR BRI extern "C",

24 Python T IR S A spam B, PyInit_spam () A . (G X FA Python (EERBES LR C.) B
P A PyModule_Create (), ZEREISIR A —AMBIHNT G, I E T AR E SO 30 ) 05 P R B00T
SARAZF Q@M (%R &1 PyMethodDef Z5HKH4I4H ) . PyModule_Create () i&[H]—4-4f
)& P A @ BT S 55T . ' RT BE < DR R /™ R S e v 1k, BUCE TR IO Wl G AL i [m]
NULL. HJIAMEREOLAGR IR R A HA A, X PAgHE A% sys.modules Hi,

ik A Python i}, PyInit_spam () REASHHIEA, BRIERAE PyImport_Inittab FH ., BRI
HEIEEE, i PyImport_AppendInittab () , WEAYIRE BT 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);

/* Add a built-in module, before Py_Initialize */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

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

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

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

PyMem_RawFree (program) ;
return O;

ik ZM sys.modules MFRSLIA ST A TG iFARE]— IR HLAY 2 MRS (BB fork () T

10 Chapter 2. RERE=FTHREEYT R
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exec () ) XA LLY B BT IR . PR AT ATERI IR (0 YRR 45 A I 4

B2 R TR B2 Bt & e Python Y 1A Modules/xxmodule. c Ht, EXLEICIFN] AIIAEARAGL
A, BiEaE~] . A modulator.py 5 YEYEAS A4 THE Windows 223, ML T MR HLEY GUL, JIok
P S R RIS &R, HAT AR IS AR . B4R 7E Tools/modulator/ H 5%, £ README A
TIRARE

ik AMEFEAIHY spam BT, xxmodule i T % Y145 1L (Python3.5 FF4R5| A), PyInit_spam &R
[n]—~ PyModuleDef £54{4& , SR )5 BIB R HUE] 5 AMLE] . 052% PEP 489 £ M Biwl iRk .

2.1.5 YmiFFOskesE

TEARREM AR B R HT, RIETREM S, [ Python RERGIFMEER: . WIERAREE 3N
B, P T R R ERE RGBS ENLE . B2 EEIESH Y R Y (hd C/C++ &
FAY), PAKAE Windows b 4iid a5 BEIIME B (£ Windows L3 C Ao C++ 7 & FTT) .

WRARAE SR, 8 R E RO AR VE N Python MERERS I — 5, SEOAUE il B K&, I E
T RS . s ETE Unix BRI, HFRZHARA S ( spammodule . ¢ R Bl BOTEME 40 RS &1 T
i Modules/ HEFR, BIl—478| Modules/Setup.local FRGEBIRE A

spam spammodule.o

IRJETETIZ H 3KI21T make SREHM ARG . IRWATLATE Modules/ 1 H {1 make, HZ{RULZISEH
# Makefile fF, )5z make Makefile’ fir%-. (VBB Setup SR BEXFEERAE. )

SRR BT BB A, X LEA AT A I AR B SR L, 285

’spam spammodule.o —-1X11

2.1.6 7£ C hifFH Python F#

145Nk, Blil—HIBERE 14Tk Python A C ph%k, HLRIRMMBA M, /2 H C A Python pg
B XAERIEEEPOIUHA o R4 C ORI, A2 S B A [P .

SEIZMYsE, Python flERER 2 LA RN, 4 4R1E Python pREGRAL TARMERE 1. (X A TR A i@ T
Python EAFERAE N AR 20, RA 48R P22 Python/pythonmain. ¢ Hff) —c 5. )

Y H Python pREAR 5L, 75 5C Python F2 /7 BL% i Python pRELNT S . ML AL A (Bl Rz 1) RS2 8.
LU XA R, 4R B ARAT Python pRECH S AUF5%T, HZH A (Py_INCREF ()) RHm51 Hit4k,
VRN R BN AXR. 2840, WFRET R R e ) —B4)

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");

(T IUakss)

21. (R C & C++ ¥ & Python 11
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(£ 50

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;

3

return result;

}

XA BF Kb 5 d ]l METH_VARARGS A5 i {2 f RE 2, X FEAL 3 77 ik R Ao s 10 3 3 BT & iR,
PyArg_ParseTuple () BREUSLHSEIR) SCRYAERR Iy B 40 534 o

Py_XINCREF () fll Py_XDECREF () XA~ Al 840/ b— X5 T, IF B 2407 NULL F84F i)
AT BRHIEZE 4 (IR AEXAS BN SCH temp ¥6A450 NULL), SEZ A A5 BiES % 7] Al it &5,

Bife, 428 A IR A, RFFI A C %k PyObject_CallObject (). ZREEF NS5, ENEET
TG54, $8MAERE Python X4 : R Python B4, MHSHHIFR. SEINRULHEZ—AToHIS, HKER
SEAEE . BN SEOE ] Python BREL, WIfE A NULL 8425704 Zay— S 80R M, WIEA
—ANICH ., Py_Buildvalue () 7EHAME X FERFBRE G X RFES M EA 82 A& A R 8] — A4
Jedl. Bl

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);

PyObject_CallObject () iR [] Python X} % 4§ 4, X B & Python K % 1 & A {H.
PyObject_CallObject () & MNXHSH 5| H It L X" . TP cdelEH T2
By 3, I HAFE pyObject_CallObject () ZJG 3 Rl T Py_DECREF () .

PyObject_CallObject () MEMILERE “Hi” M BAR—AHRIRNG: BARCHME, [LHNT
SR AR IR EE R AR R, 7 BEAT MR Py_DECRER (), BPHEFAT LA
pre (KEBI) R4

EHRAEX M2 b, REER— A IR M{EAE NULL., WG, Python S EHG Kk FH .
WM PyObject_CallObject () [ C A Z7E Python A, BN 2457 BRI Bl — Mk
HIH: Python W FH 2, DAEERERSREST ENAR [R5 B, B35 1L J7 Python ARG REALFRIZ ST . WIRIX TCE
RSN A AT, WM 248 PyErr_Clear () SKiEFRFH . Bl

if (result == NULL)

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

AT LR R R R, ARiE 2R S H81| 58] PyObject_CallObject () o fEFLUFIL NSRBI
s H1 Python REfF S iy, dad B 1 P4 2 M R Bont 5 o XA ] AR TE B R AL185 . 7) Ah— LI
FRTE AP TR ISR SRR T2 Py_BuildvValue () BAUMIE wple. 28067, JREE
i — A FHEACRS I AT DA AC:
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PyObject *arglist;

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

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BAREHE SN ER, i
Py_Buildvalue () ﬂﬁ%%ﬁi@ﬁﬂﬁf&##o

ARTE R BT IR TR B, RS HAA PyObject_Call () , RELFFFESHM S HTESE. A
i BB, ?iaﬂ]ﬁﬁﬁ Py_BuildValue () Rtk =F i,

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "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

K% PyArg_ParseTuple () WU :

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

ZH arg AR ICHRX R, A Python fZi64y C AN SHINK . format ZALUI 2 — X TAT
H, AT 5% Python C/APL F-J} 1] arg-parsing. ’TJ%?%&CE%/I\’* AL, KA ek AT

JI PyArg_ParseTuple () £kl 75221 Python SRR, AJGyEAG AL R 45 flly) C A8 bl , fnif
itﬂ%ﬂT, Tﬁﬁ%fmﬁqﬂ%m'ﬁAfF@, Iy

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT T
— R BT

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

int ok;

int 1, 3;

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!') */
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ok = PyArg_ParseTuple(args, "11ls", ¢k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f("'spam')

f('spam', 'w')

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

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

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */

2.1.8 A RBMHXBF SR

K% PyArg_ParseTupleAndKeywords () mHEILITF:

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

arg 5 format JE% 5 pyArg_ParseTuple () MEUITE LH—8. kwdict TEZ2AE N5 =S5 Python i
TR X F i, kwlist JE2 )2 DA NULL 5 BP0, ERRIRIRES: AN AEEL 5%
H format W ZEAAE EAMICHL . QRHATIE, PyArg_ParseTupleAndKeywords () £ik[EE(E, HNR
WERAE 5| K18 M4 A3

ik EMICAHEM ] KB PSRN TR AR, AE kwlist )R TS FE TypeError 7.

AR B2 KT SR B TR, 3252 Geoff Philbrick (philbrick @hks.com):
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#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
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 oAt Python BREPASEL. Py_BuildvValue () JFARERAEBITH, HEZT
1 MEX ARSI, AR FEAF S 2 MR ] None , — DS B H2R F1Z S EW X 5 .
R SRR A BN 0 o, s — A e T, FEEAFAR R LS.

Bl CZeM2RA, A2 Python {HE52):

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,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 SRt

TE C/IC++ BT, BT R TT8h A/ Bo A RSO heap 24 NAE. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFFAYTIRE

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% kA
BRI TORERS T, X5 VBB — 53 . SRR 4 (TREEE) M5 T4, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

GBI I 4 BEDS AT SR (ISR ER I BE IR EA ] g BABERML T — Pz d izt il 47977 3K (collect () B
B0, PARZANBCE S RIS T I A A 25 X D B -

Python shiy5| Hit4k

AW % Py_INCREF (x) fll Py_DECREF (x) , & AbH5| it . Py_DECREF () th&7ES | H 43|
KOO S . N T RIG, HASHERM free () , M2l %00 223 2R RFAH. T
XAH A ECHA), AR R B SN R A B S A TR .

BRI AEKIE: ] Py_INCREF (x) fil Py_DECREF (x) ? ATHEHIA—EMtE. ®aAN #HE”
— X5, RATPA RE —AFIR B — A5, —XRNEAECE SCAIAE S NECE. 5IRMIEE
HTATVHH Py_DECREF () , 7E5|HAHHRER . 51 HIHAE X R A EH. A =gkt B3an51
M k. F76%. V8 Py_DECREF () . &icdb & MIA M5 HSSENTER .

WATPA A5 A2 — AR5 . 5] AN %R Py_DECREF () o {5 H#& AR e A X
YA FAS B IR . AR &AL B S a M A S A G, NiZseaitn’ .

AR T 5 AL AR AR e T LB AR AR EACRD AT, BB U, o i AR IO 1H0 A7 e 1 X
W i Rl U — SR ER IR R AU _ B ] FTRESAEIA H AL B S R

T AZE A S, P8 Py_INCREF () o XAXPUIC LA WIAE RS . X0=— 0
WG, HETRENIAETT CHlridia & waits 4 B5U0, SR aiia E k) .

HHEHN

MR RG B — BNy, SRR 3% A% A8 E P K R B2 B a5

KEZBEEGR B — AR W51 H, LS5 BMA XK. B, iAol #@ugmmE, f
PyLong_FromLong () Al Py_Buildvalue () , &f&#byif X RARHICE . EE X5 ARREIE#HT,
ATIER P ASRAR X R BT 5 | o — A58 /& PyLong_FromLong () 43 T —ANRATEMZAE, I AT DAIR[E
BRI HHE -

WZhH— DX ERIT 2R, B Esg] H X FR, FlU PpyObject_GetAttrString() . X
B AEIEN, — A K G R 2B S8 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SERFIMICH . FF. FHEAEHKE]H.

PREL PyImport_AddModule () &M AEIEIH, WHMA T BES R BIAIE IS XA 6 A — 4
HHIG| MR RFMEIE sys .modules B,

MRAGEE—XIZ G R 5 — AR E), Gl RS B IR TR AR, A Py_INCREF () 3k
AWML A E . XA EZEFISL: PyTuple_SetItem() fll PyList_SetItem() . X4k
B BB XA, WMaad! (4 PpyDict_SetItem() NHFRALEZEHEER, Hif]
= IEFER).

24—/~ C RHE Python W I, ST RS EAE NG . WHFEPAXRTUT, BroAfE w5
A fi S S AT DAGRAIE S e B0 0] I S 05 1 5 | R Sl e e g, i A g a5 D, i i
JH Py_INCREF () ,

2ARE G A ARSI AL RAES| R
PRASUIIHEE A VB, SIS S AT AEC R TR, HA AT BRI S BT«
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Python [ A C eREGR [ YRS R5 | I AR 0A 195 | -4 X RPN s B % i 4508 3

fERSEY K
AOBAEOT, NG IEERICE, (HAI RSB, Xl H e ROV R, Rl RE e E
FURIAE A EX AT

T 5E T B A RS DU M Py_DECREF () B|—IoRXR, WX MXRIGUH A H— 1512070
o BB

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

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

XA RBOE AER A5 1ist (0], SRJEEH 1ist (1) A 0, IGFTEMERAMEIH. EEELER
e, (HEIARSE .

BATREEHIFRAEA PyList_SetItem () o FIEIGEGIH THEHIAB G, FrPAYSA R 1 s, s
AL FESR R 1o BIEERESR AL 12 P RS, HARBEX AN ZRE LT __del () Hik.
WA RELBI G HECE 1, I EIERSTEA __del () Fik,

WESR /& Python B, _ del_ () H{ERIPAPATAE R Python f{AY ., 275 A REYE bug () W item JE L5 HIE,
. BRIYFAEHE] bug () &8 __del () HIEVIA, LI APAT—MEARSEE del 1ist[0] ,
RIGIBRBEX R G — AR5, R ERENAE, MM {#i15 item TR,

FRERTT G ARANE T BRI, SRS T IS NG T IR iR B ek SRS -

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) ;
}

BN ESEEE . —NEMCAH) Python 435 73X 4> bug #9728, 1M—28 \AEZ% TR SR ETE C s b
EFHMA _del () FESKRI.

A ] B 45 R O AR T R 5 B e R AR A8 Fh . T8, Python fiRRERs HL 2 SR AL IO VEE A 7 1 B%
7, FRAEAERPRTE Python #4245 10] . (HA A % Py_BEGIN_ALLOW_THREADS SRl REIL
XA, BRI Py_END_ALLOW_THREADS . iXill % Bl S3/EFH2E VO A Ah, (HAS 22 vl AYESS
5 VO JaI AL FESS . SAK, Q07N RS IR BN —FEAY [ A

void

bug (PyObject *1list)

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

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

NULL i8%t

W, SN RG N SR KB A AR EAT] NULL 4851, I H SRR S0 (B
PGB DR ) o IR D055 | T Y R E0H 3 RTER ] A A T S I A& 0] NULL. A NULL S48
A PRI 3K 28 b M 28 3 S B AT T A 0 R A 2 LA R K - AR A BRI NULL, & R EORER
TUAKSI I A6 AR IZ A TS 1% -

AR R AE “YR3K” BRI NULL, BPFERRICE]— AT HE A NULL f484F, BIAk H malloc () B2
— AN RES | & S 1 R BT BB

Py_INCREF () fll Py_DECREF () S 7% A&kl NULL $54F - (H2&, EA1M A F Py_XINCREF () FI
Py_XDECREF () A&,

AT IMES E X RIEU % (Pytype_Check () ARl NULL $54 — [FFEHL, A KRB S ELLH X
LET R DR A UAA AR —, A MOTRITIN. AFFAEATA NULL R A2 1K

C %A ?L%'J%ﬁiﬂ*’?éﬁ‘ C MBS HINE ARBIFh args) A &8 NULL - Sibs EESARIEHEZ
H—A e

LA RS NULL 4541 “WtgEE” 45 Python IR &2 A" EAYHE IR -

2111 £ C++ P REY &

EATDALE C+ o G4 fedbitl, FUR A LR . WIS 27 (Python ffRER) Je i C g el R dmidk Al L
1, )R SR SR Sl A REMUT o AR Ct ik e R BERAY LA XA . RS9 Python
FRREARTRT GE A 2 BRI AL B K0 TN extern "C™ o T2 RAE extern "C" {...} B4y
Python SKSCPFNIA AR 2 B EL, PUAUIRE LT 75 __cplusplus WMELZX AHEMN T (Fra B C++
PR 2 X)) o

2.1.12 £ RIEREHE C API

MY B 787 R BRI S Python (], (HAT I EALH HL A A AR T ABCHAAh Y AL ER i)
B, —Ay LR A] PASE B — 2 A "collection” L A2 BA Y1) . Wi Python 41|32, {4y C
APL SUVFY AT HOR QM ZAES 9135, XA HHYAR G AT DA — i C e U T4 At ™ RAS e 3 6

TR R AFEEEGRE Cof Al static), Feftia A3 3crf, PAK C APTISCR . Sibx
EAEPTA Y LA 2 S % 2] Python BRI R I2 W] DAIE T TARAY. ARIH ASL S gl vy, — ML
B AT E SO — AMBLBRAN AT UL . AT UL AR OB T4 E R G, — L RGN Python fEREAR O 1] 42 R iy
#25[8) (F4n Windows), A EEMIFEGERE I 52— IR E R AL IR (— BT AIX), s ftn] it
AN RIS (40 Unix Z851). REERATS 24 Ryml Wi, ARESJE A rAs i n] 68 i R N2
TSR B RENS AT A WL MUE T R . X RE Y R LR T A S HR I i Il static, BRT
BRI IR PR AL, Al G5 HA Y PRI Y iy 44 vh 58 (LEBRTE AR M 77 i Ao s 1L R 2 Hifig) « IXEEIR
BT IR oL R H A 7 SO A R T 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

4 BAREEA IHZ RS TR 205 i, XS IER B, R IRIAEAE TR EZ IR T
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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.

Capsule FJ DA ZF0 750G C APT 454 il . AR &l DA A © Y Capsule, =3 firfy C APL g5t 1] DA
B A B, B b F & AT 4 Capsule. TFEAEFIFRBUREHE AT DA 2800520, (L& Fmbis i f .

Whichever method you choose, it’s important to name your Capsules properly. The function PyCapsule_New () takes
aname parameter (const char*); youre 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 I AZEL06 40 H ALY :

modulename.attributename

fEF| K% PyCapsule_Import () AJPAKEAYZER AT Capsule $2{1Lf) C API, {XFE Capsule 4% FVCRCHT .
XAT A C APT H FHAI T BE R B e MR S IE B ) C APLL

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.

SRS H spam BiHe, SRE AN Ea9 ) T BiY%. RAL spam.system () A EHIZWHH C EREL
system() , (H—pKEL PySpam_System () XRATTH, MRS 2T 228 (FIAN N spam” F] &34~
). P%I PySpam_System () &S H 2 HALY RAibe,

PR PySpam_System () 244l C WAL, M static gifp HAbd A0 kE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () #HEANTF Bk

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong (sts);

}

FEBEIT S, FE AT )R

#include <Python.h>

NIIPE RN

#define SPAM_MODULE
#include "spammodule.h"
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#define T HML UM FEA G H PRI, MAZE P, &%, BURAHILG R B

WIth1k C API H541H %4

==
2l

PyMODINIT_FUNC

PyInit_spam(void)

{
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;

VEE PySpam_APT mHN static ; MAMEHELHLRAE PyInit_spam () S5 EIHE!
St spammodule . h B—He TAE, HEFUT Frn:

#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 */

(Qi¥i#3)
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static void **PySpam_ API;

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

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

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam_API != NULL) ? 0 : -1;

}

#endif

#ifdef __cplusplus
3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B 7 i A5 R b A0 AE ) 46 Ak R K0 4% Y I T BR AL import_spam () (&) A BE Ui ) B AR
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;

}

AR LR AU, XfF spammodule. h i TR, MR, XM RRE, BEARGEHZ MY,
PR AR G252 —iR
i SRR )2 Capsule 424t T HUSMYTIAE, M T77k1E Capsule HLIWHE4T I AAF S BCMIREIL. 402 %

Python/C API Z:2% F i} 35T capsules 1 Capsule (328 (£F Python % & 4741 Include/pycapsule.h
fl Objects/pycapsule.c),
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&t
22 HENT REE: HiE

Python fL¥F 45 C 4" JEAEE L n] AN Python {URS AR, sXMRRNERY str Ml 1ist KA. Jr
A RIS — R, HRECTHAZ A, BHE T L4y X0y SO XA AN 4

2.2.1 Eii

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”.

JIPA, UnRARAREE ORI SR, R AET R R
XA ARG TeRE, X BN — i MU ESE R AR | 5 SC TR 2SN Custom 78 C 37 AR

custom H,

ik BRI TR X staric I TRREIR G, TTOME PRI . C APLULTT AE XAEHE b
MY EAM, (il PyType_FromSpec () ¥, (HARZEARAITHITE,

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

(Rt
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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;

}

XS AR Ty B, X TR B RERE B XSO T =R

1. Custom ZKIXT4: object @,é\TI CustomObject 4E#y, X2 FHEE Custom SELFIHH—IK.
2. Customtype {474 iXJ& CustomType G5, Hig T —Hebn N FIsR BTG E, S48 ks Bk

KIGHAE
3. ¥hEAL custom L PyInit_custom ERECHIXTN I cust ommodule 4EH{A .,
SR Y2

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and 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.

ik JERAEZ PyObject HEAD A /5. BANNIN S & FEEU RS IR A

WK, G THE PyObject HEAD fEEEAN, A EINEE; BN, @R & LT FrifEfY Python 17 4L

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

FOALR BRI E L

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, )
.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
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’PyVarObject_HEAD_INIT(NULL, 0)

XA flp e, AR LN B3R 2 ob_base T B

’.tp_name = "custom.Custom",

FATHRBA LR K HBAEFRATIXT SR AR SCAZ R AR LA I S, Bln

>>> "" 4+ 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 cust om and the type is Cust om, 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,

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.

41 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
inits __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 t p_basicsize than its base type does. Most of the
time, this will be true anyway, because either your base type will be object, or else you will be adding data members
to your base type, and therefore increasing its size.

AT HERR N 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,
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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 Custom 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.

XIFANE, XfE?

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

$47::  While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools library. Documentation on how
to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 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 */

(Rt
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int number;
} CustomObiject;

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

static PyObject *

Custom_new (PyTypeObject *type,

{
CustomObject *self;
self = (CustomObject *)
if (self != NULL) {

PyObject *args,

self);

PyObject *kwds)

type->tp_alloc (type, 0);

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,
{

{"first",
*last = NULL,

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

if (!PyArg_ParseTupleAndKeywords (args,

&first,

PyObject *args,

"last",
*tmp;

kwds,

PyObject *kwds)

"number", NULL};

n |Ooil|,
&last,

kwlist,

&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 0O;

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

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

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

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

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

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)

(Rt
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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:

.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 t p_ 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.
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5 1F:  The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject * argument.
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 t p_new implemen-
tation:

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. tp_new handlers always
accept positional and keyword arguments, but they often ignore the arguments, leaving the argument handling to initializer
(ak.a. tp_initinCor__init___ in Python) methods.

$&1¥: tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the t p_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.

1 We didn’t fill the tp_alloc slot ourselves. Rather PyType_Ready () fills it for us by inheriting it from our
base class, which is object by default. Most types use the default allocation strategy.
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412 If you are creating a co-operative t p_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) ;

}

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

}

return O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

The tp_init slotis exposed in Pythonasthe ___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 tp_new handler, there is no guarantee that tp_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 call the
__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;

* 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 ;= 7! JZ, /4 5 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 Custom (or Custom 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:

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

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

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"
b
{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 first and last attributes are set in the Custom example. In
the previous version of our module, the instance variables first and last could be set to non-string values or even
deleted. We want to make sure that these attributes always contain strings.

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

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

} CustomObject;

(Rt
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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,

{
CustomObject *self;
self = (CustomObject *)
if (self != NULL) {

PyObject *args, PyObject *kwds)

type->tp_alloc (type, 0);

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,

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

PyObject *args, PyObject *kwds)

"last", "number", NULL};

NULL, *tmp;

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

return -1;

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

}

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

}

return 0O;

sfirst, &last,
&self->number))

(Rt
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static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->first);
return self->first;
3
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;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->last);
return self->last;
3
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;
3
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 = wvalue;
Qi)
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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);

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

bi

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

(Rt
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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
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 0O;

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 Cust om 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 PyGet SetDef structures:

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

(Rt
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"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)
{
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 t p_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.

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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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:

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

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

} CustomObiject;

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

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

static void
Custom_dealloc (CustomObject *self)
{

(FItakss)

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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PyObject_GC_UnTrack (self);
Custom_clear (self);

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

static PyObject *
Custom_new (PyTypeObject *type,
{

PyObject *args,

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

type->tp_alloc (type, 0);

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

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

}

self->number = 0;

}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

PyObject *args,

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

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

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

if

return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
3
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,
"custom number"},
{NULL} /* Sentinel

number) ,

*/

PyObject *kwds)

PyObject

"number",

n |UUi",

*kwds)

NULL};

kwlist,

0,

(Rt
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bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->first);
return self->first;
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->last);
return self->last;
}
static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR (self->last);
self->last = value;
return O;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
Q)
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"last name", NULL},
{NULL} /* Sentinel */
bi

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

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

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

bi

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

bi

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

bi

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

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) ;

(Rt
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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;
3

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 minimize
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 0O;

£41:: The tp_traverse implementation must name its arguments exactly visit and arg in order touse Py_VISIT ().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:

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

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
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again (especially if there is a reference cycle).

$11: 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
PyObject_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 Py TypeObject
structures between extension modules.

In this example we will create a SubLi st type that inherits from the built-in 11 st 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))
>>> g.extend(s)

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

(R Itgkss)
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typedef struct {
PyListObject list;
int state;
} SubListObject;
static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{
self->state++;
return PylLong_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;
m = PyModule_Create (&sublistmodule) ;
if (m == NULL)
return NULL;
Qi)
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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 object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
* and SubListObject *:

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

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

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The t p_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) ;

(Rt
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if (PyModule_AddObject (m, "SubList", (PyObject *) &SubListType) < 0) {
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.

23 BV RER: 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 */

(Rt
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unsigned long tp_flags;
const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;
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’const char *tp_name; /* For printing */

|
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’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);
i

ARARB I SRR A, ARG I 24 75 T B AT B 51 7 Be Z TR i PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obij) ;

Py_CLEAR (obj->other_obj);

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

}

— A RS PR ECE L ER 2 IR T R e R CE AN Sl . X AR LR R 2 R A A 1
M, MUEFFERBE (MAEEERRED, ANSEEMINERT RSB B — 5505 MR e . IR
AT R 2 FEEF IS N E Python LIRS S R BRI E . XTI R FEURREAS IR SRR . IEH
BRI, TEARMIA 8RR, R RE, REHERLTEREWE . HW T PyErr_Fetch ()
M PyErr_Restore () PRECESLI:

static void

my_dealloc (PyObject *obj)

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

if (self->my_callback != NULL) {

(Rt
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PyObject *err_type, *err_value, *err_traceback;

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

;
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALPFEF VIR — PR, KA e SR Epli2onER. e — M Rmp) 1

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 ALBATHIR T str () U0 Lk to_repr ALBAAIRT T repr O —#F; WELEU, ERTEY
Python fCRTEARAYRT G LB EJA st O WHIAM. EMEIS tp_repr lEERFEAHIML, (HHELR
TP RBARERR . WRARIE to_str, WL tp_repr HAMARAE.

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

23.3 EHER

XF TR T SRR AR G, A B AR A T4 il R M PRIy Sy s . A — D RE R R
JEPEM R (WAE L TR Y) %A 0 — PR ATtk EEE: (MR AR EREE) . BREER—
FRPIRIG DL, TEMCE OL T BAL 45 A PRI (A 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 K/

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 imple-
mentations 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.

ZEREtER

REBY TIBAMN Widpmil, o, Rtaibmidts “fis” Ver HFEZ e ML
1. 43/l PyType_Ready () I, WAUHIEEMERI 2R
2. AT ERRR AL BRIC R MR B P R, AT BRI R U A

LR, BCONFRAR IR PR BRSSO 56 5 i A7k =Xt A AT B A

¥ pyType_Ready () #{REAIR), B2 b BI04 i | G =4 3250k ) il & 3 R B0 4 i) = i
Bydescriptor . HEAHAR A HIXT LB S0 — BRI IR . BN FER R AR IR = AN R4 NULL,
DZ AR SEBRF G N E TR R B AR Y g, I Hif W 241k tp_getattro fll tp_setattro F
BefiArh NULL, AFRF B AR A A Tk 2

FWEFE N object:: RALP) =N FE

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

4 tp_methods AA NULL, WIEAJiHg]-—1H PyMethodDe £ Z5MIRH AL . FHHIHAZZHAR
SEREERIA ) — 5213

typedef struct PyMethodDef {
const char *ml_name; /* method name */
PyCFunction ml_meth; /* implementation function */

(T IUakZE)
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int ml_flags; /* flags */
const char *ml_doc; /* docstring */
} PyMethodDef;

24 R i R e LR BT AR E L — A H . MR AFOR Y T AR 24 H - TR IN—
MEOMIZH S BRI AR IR A H o IR H 19 ml_name P BTN NULL.

S AR R SO E M R S P B R JE . &R E R C RN Z 3 3, IF By AT Ak
Rl s . RAPRIETHERYTE SCh:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XTFRAWEANZE, KB Ddescriptor T INE LT (BRSNS P A R IUE. type T BV
MALETE structmember  h KO AP E CRYFEASFRAG AR 5 SR(ERFOT SR & AnfrfKf Python {4445 C
HEHERZ . £lags FEORFOT AR A A2l Ja t T AR by 7] A A

PAF R & 8 X AEfile: * structmember.h *; ‘B4 T0] DAfHi FJ bitwise-OR 2H & .

HE SE
READONLY WA ] 5

PY_AUDIT_READ | FEEEBUZ Hi%&E—> object._ _getattr__ B ilZE{f.

£ 3.10 fix ¥ #k: RESTRICTED, READ_RESTRICTED Ml WRITE_RESTRICTED © #f # M. {H 2,
READ_RESTRICTED J& PY_AUDIT_READ fJ—1 54, HILI8E T RESTRICTED B{ READ_RESTRICTED

M BT | & d T

i) tp_members FRA B T2 T IR ZRE A — AR 0 S 2 AR ] DA Ay X0 Ly JE PR AT A
AT B 3 ) AE R P R L SOAS SR B B AN IR SCRY AR ER o — NIRRT T DA E 2 APT AR S 3K
kg, HEAHE __doc_ BHRIKBOCRYFESFE .

5 tp_methods F—Ff, FEAH—H N NULL E 4 H name.

KBEREMEIEEE

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the only difference
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, youw'll understand what needs to be done.

tp_getattr PGS TENT G TR HA R BERBEH . SNBSS — LK _getattr__ () &
SRR A I DU ]
Bl n:

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{

if (strcmp(name, "data") == 0)

{

(QA)
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return PyLong_FromLong (obj—->data);
}

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

tp_setattr AFAAHSTEE I H — LAY __setattr_ () B __delattr_ () FIERHIHAH. X4
— N EEN SR, 55 = AMES R NULL, 2R S | R SRR BT AR SR R A
B, M tp_setattr AFRAINGI 244X N NULL,

static int

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

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

2.3.4 MRLLE

’richcmpfunc tp_richcompare;

tp_richcompare AR STETR EHAT IV A . BROT HEHE, il _1c__ (), Hopk
PyObject_RichCompare () #ll PyObject_RichCompareBool () FriHH .

1 R KSR ISR A2 AR Python XFRAEHAFME A S8, H a5 A7l Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT 3 Py_GT Z—. ‘BN 24 FI 45 2 142 AT 2K H BN X 2 -7 HE B4 AR D) B 3R o] Py_True B
Py_False, QISR EARD LI I 220 52 LU 7 LI R [0] Py_Not Implemented, B(#E ISR
W T R R [F] NULL,

NHGE RO, BRI IR YRR AR/ IMHSE A A S 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->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

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

}

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

}

2.3.5 RN

Python SZRFZFf b 2 P05 BAR AR A X 284 119 € 118 D SIS 1L abstract HEE R

XL G AR Z AL 2 AE Python SEEUIT A R E U - e, B07 . BISANF SN —IT it E 22
s Python AYLLAGR I o HAR PSR S RIS o TR Lo 5 23 S B4 A BE A9 1R ) P OB
BRIHA MR E TR I | A AL BRI A AT BBk o Xk T80T 04 SO BETE T2 8 BN G2 rp i A7 A1
AOREE, IFA — DB LR R WA %A (LT 724 h Rk 2 . (BUHERR TR S8 IR (L AR
NULL B OL, T DAR B TEAR R R W — M LA AR, (HIASOZ AT W] BEORFF AR IH AR IR A )

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

WRAR A BRI X R AT BB — N EFE . P o) sk X 5, AR E o BICE — AL T C 28
PyNumberMethods, PySequenceMethods B PyMappingMethods, MZE MR ML, VRS 550618 24
IMEIE AKX SEEE K . /RTT PAFE Python JFACHS AT IRIY) Objects H SR LEXT 545 H 1 E R B

hashfunc tp_hash;

IRARVEFR S UL R, U Y 2 A AR R S 2 ) SE AR ] — NS A RfEL. T T — R 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 2 MERERRT B GIAFF58EEER . M tp_hash iR -1 FORKA T HR, Xl
e AT 2R 2 R AN A s R IR [ e, A R

ternaryfunc tp_call;

MRS AE T PRIEIE RSB gR F . 280k U8, Q2R ob3 1 RARAEHE AL A SL BT Python JI
AAET objl ("hello"), NPFAEHH tp_call AAPRAIHA,

IR Z =24
L. self Je BRI AR B ALSCH] . R/ objl ("hello'), M self fj objl.
2. args BESTAZSENICH . IR LAMER PyArg_ParseTuple () FRESE.
3

- kwds JEHAE AN T S AN . R AN NULL HAR SR RTS8, WA
PyArg_ParseTupleAndKeywords () R42EHSE. WRAVRAAE LR X B S50 B M IE NULL {H,
N2s5] % TypeError I — MERA LR KEEFSEHEE .

MR MR PERY tp_call SCH:
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static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

I 88 R ELHRE AL T X E AR B SR PR AL BRI AR ER H 22 — AN E S, RIE T8 R A B Jr 058 1) 52
B, FHRE—HGH . M EAERE, BTN SR E 55 R ] NULL, tp_iter X} T Python
__iter_ () H¥, M tp_iternext XN T Python __next_ () F¥k.
fEAaTiterable XV to_iter ACFRAINN, ZAEFR AR LIR 8] — A iterator X5 . T &5 Python 28
JT Y P[] — 4 S D -
o XFFRRASZRF 2 MBS 2 T4 (ny)FRAMoTd), WV AERRIHH te_iter BPE)#EIFR 1]
— LA
o HEBRER RIS G 2R T EREBENMA R, FlanscfExtg) nl st E-—A~F51m H
SRS RS tp_iter - - HNILIA Y M5 H tp_iternext AbPFRATAR .
A iterator ¥t 5N 24 [ BFSCPE tp_iter fl tp_iternext., —PiECSEHY tp_iter AMFHAAE N 24 3% 0]
— M RZIEREFEIH . B tp_iternext AFRAINN 241 [0 —AF8 [ EACEAER) N — X S0 H5 |
M, WREE T2 MR ERDEEKRE, W tp_iternext AJPAR[E] NULL MR E F5, 5
FW A PATEIR 9] NULL LAt b RN & StopIteration; G R Al PAF- A AP PERE . WIAR & A T 58
PregfiiR, M tp_iternext VY402 E > H &M NULL.

2.3.6 555|HZHF

One of the goals of Python 555 | S BLIY H AR Z — & VT 2K 8 2 555 LTI A ST M EERE X 4
(Blangs) Lr=AgisnTes.

Z Y

weakref BB SCRY,

For an object to be weakly referencable, the extension type must set the Py_TPFLAGS_MANAGED_WEAKREF bit of
the tp_flags field. The legacy tp_weaklistoffset field should be left as zero.

Concretely, here is how the statically declared type object would look:

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

The only further addition is that tp_dealloc needs to clear any weak references (by calling
PyObject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

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

237 EZEW
%T%ﬁﬂﬁﬂﬁﬁﬁﬁE‘J%ﬁ%ﬂl?&%i%ﬂ&ﬁ%féﬁ% W RELCPython YA . /\Objects H, SRIEHEC
PS8R to_ I BRI BREL (BI40, tp_richcompare), VRIFHRENRALE I R £ 51

MR B UE— DX R BT ARSI SR BARSL By, 5] PyObject_TypeCheck () M%. EM
— R BT

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

}

S

T #; CPython JEfCHRAS .  https://www.python.org/downloads/source/
GitHub | J% CPython J#fCH51F) CPython JiiH .  https://github.com/python/cpython

24 EC/IC++ TR

—A~ CPython [ C ¥ 2 — A FLZFE (B il—~ Linux [ .so , 53 Windows [ .pyd), H&SH 1
?JJ&“ (et &

To be importable, the shared library must be available on PYTHONPATH, and must be named after the module name,
with an appropriate extension. When using setuptools, the correct filename is generated automatically.

WIURAL BB R BRI
PyObject *PyInit_modulename (void)

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

XTFANAE ASCI 4t piide 42, BREULATE PyInit_<modulename> , ¥ <modulename> ik A
H 25 2418 | multi-phase-initialization i}, FoiF(f Fl 3E ASCIT Zg 5 B 44 . DL A 46 1k bR 5500 22 7 2
PyInitU_<modulename> , [fij <modulename> T Python Y punycode 4t , ETFSF W N FRIL.
7£ Python Hi:
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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 AME—A SR L 2, Gl LD WIS TS A AT 55 SRS R B E S AR
DA BRI AR T SO BB Sk B #R 7 —A B 2 § 8k JY, AE PEP 489 TR HE 241
RE

2.4.1 Building C and C++ Extensions with setuptools

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation at https:
//setuptools.readthedocs.io/en/latest/setuptools.html to learn more about how build and distribute C/C++ extensions with
setuptools.

2.5 £ Windows E#33 C 1 C++ ¥ &

% R BEA 28 T il {85 ] Microsoft Visual C++ £l 7t Python [ Windows 4 BRI 5 LA 26 H T AE
PR 55 E . X LUt B RHE S T Windows F2J7 5124 > #)# Python § A & Unix F2)7 b12% >
g A B FE Unix ﬂl Wlndows IR TR R AT

By AR distutils J7 ORA @Y AL, A AT TR i 2. AR R 2L C dmiddiok
¥z Python; 3% >k Microsoft Visual C++,

i X —FER N T 2SR Y Python A S 1 SCIF4S o X844 PSR R R XY IIRA SRR3R 18
S, T RENARETE I Python KA ERA S Y R IRA S . Bilan, WERARET A 2
Python 2.2.1, XY ¥k 22,

2.5.1 iz i5EA

There are two approaches to building extension modules on Windows, just as there are on Unix: use the setuptools
package to control the build process, or do things manually. The setuptools approach works well for most extensions;
documentation on using setuptools to build and package extension modules is available in Building C and C++
Extensions with setuptools. If you find you really need to do things manually, it may be instructive to study the project file
for the winsound standard library module.

2.5.2 Unix 1 Windows Z gl =5

Unix I Windows X TAUR A AT AE ) T 58 AR AT FEfReil g nlsh S i 2 fy, %
ST IRRI %%%ﬁn@ﬂ’ﬁ .

A& Unix 1, MR (- so) AFH SR AR PR BN BN, RS 7ERe e i nl B B 1 e B4 A
K o é‘uiﬁ%ﬁ’*‘#ﬂﬁ?ﬂlﬂﬂj‘ X SO AR H I 28 R ORI A 4705 | R i i Tl R o R K
ANEIRAE WA P TBCE R SE PR AL B XA [ — N ERARAT .
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1t Windows 1, —ANBIASHEEE (A1) SO ECAEHER T . il — AR AT e R R 1Y
Vil . IAEZATI DLL USRI AT B G b, I E &M T DLL iydrkk, IFHAnz
AT R S WAE VAR 5 7 1 R ORI -

e Unix 1, RAFAE—FESCIE (L), BEERAZ IR (o) B, FEaE LRI (Lso) 1Y
HERZIT B, AR AR ] RE S A E A ALNER RPN S SO SR AR A AR G SR AR
B WERRE T, BRSSOk BRSO A UG

1€ Windows W1, fELEWIRERTY, BSEMPAE @ RBLHE - 1ib). BSERMT Unix 1Y .a X &
AL EAE LB A AR D . SRR AR FAUH TR 2 RETH R4 S AR IR 2 &1L, 9 HoRFfE DLL
BOMERET TR . R v R B AR MR B A 0 3R DA A AR L5 7E DLL A5 iR
o M—A-N HFRF e DLL giddient, et — NS AR, TR 28 T W R e DLL H Sk fir
R T IX A5 DLL.

AR IEFE S IF WA S I E AR E B 1 C, BT 40— A0S A, 78 Unix b, R RE¥FA.a B4
BERE N B.so fll C.so; IR FFECEREFEFIK, XMEB A C 1o 33A B8 EEI4A . ¥£ Windows
b, G A dLL FFEBTRIF AL Libe R 2 S5F AL Lib AT B A Co AL Lib A ERE; &
S REa R T A RS AY(E B .

1E Windows |, S AR mG 2 inport spam; BEibARAI ATl spam &4 FR, HIFAA]E
—ANEEIA . fF Unix b, #E2E—PNEFHE from spam import *; BEoE—AEMEIA,

2.5.3 DLL 8Y=cPr{EH
Windows Python J&#£ Microsoft Visual C++ HAg )5 i F HAB R 1845 vl RE T REA 2 TAE . AT H AT
A3 25X MSVC++ 1)

247 Windows Hifl|7d DLL i}, /R2ARF pythonXY . 1ib (G544 4% . BigqiEi1> DLL, spam Fl ni (£ {8
spam FEENF) C KE), R4 HA T s

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

B2 A T =43 spam. obi, spam.dll ] spam.lib. Spam.dll A& {Ff] Python pREL (15l
W pyArg_ParseTuple (), {HEM pythonXy. 1ib Al ARITE AN $£5] Fr Y Python fUAS .

KA QIEET ni A1l (UK .ob3 Bl . 1ib), BHEEANTA spam bAJE Python THT SCPF HHREI BT A1)
AL

AR R 2 b S B . SRR A TSR B (03 Python) #RAET 51 RIHH R4
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) H{
PyObject _declspec(dllexport) *NiGetSpamData (void) Fi—Ff,

Developer Studio il A K BARFH A FIE TR EHFALE, AR AT IR/ I 100K, ZERBEAT, if
0 H BCEAIEHERY SR IR IR E BoEBINE . FFIERAY msvertxx. 1ib ININEI SR
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A E KRN HAZ R CPython iZ1THY

A, AZEANEAE Python fEREAS A LN AR THIY RE, 1M 24 S5 CPython iz fTHHR A B B
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHENAERFEA Python

BILFEHE 7 W% Python #E4TH &, WatE W H C sEUEY i Python FTNEE. St K@ vl AR : FF
Python g A Bl C/C++ . R/ FH 5 HIGE. XA AT PALER HFEF ] Python R SE B AELETfE A2
HCH C++ . HiESAMRZ: ansavr M A Python 55 —SUIAS  DAGHEE il B AR 7 i R 75K . it
LT EE ] Python Zi Bk N2 5, B4 KNG H O WREX 4T .

Python (iR AZRBITP R, (EAEEME. ANFEZAFET, §7 5 Python WL T 1 EREF558 2 Python
iRty , it A Python B A2 FF M AE-S Python 584 J0 96— 1M & B R P 1) 5 2838 4B /K <1 il Python
RS RIB T2 Python Y,

I, #EHm A Python, stERf(tH O BT . W EMA I 2 —itEwihik Python fi#fiss. £/0
HEHREL Py_Initialize (). A7 LERT A TH A v [a) Python /£ M A4T2 480, 2 5 Bl W AR P 1)
AR AnT 3 I8 R ARRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () & A—AMU% Python B4 4AFE, Wnlm
PyRun_SimpleFile () & A— stdio SCHAEE IS4 (UFEHIR(E BB AER ) . B 7T AR
FH BT A28 1) IS 2 B SR A 1 I (5 H] Python X4 .

S U

c-api-index A SCIEANANZT Python iy C 421 . X HUA RELEMFE L.
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3.1.1 BEXE#RA

I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#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 0;

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAFEREETE4 Python i54T
PEREEFE. #Rk, Py_Initialize () ¥)4Afk Python fifREss, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 2 )5, VM Py_FinalizeEx () KMIMERER, BITER. FEESERET Y, ATRETRZEM AR
J5ARHL Python JIAS , s iF e M ICAR i an A . SO, siE A EdE. FIA PyRun_SimpleFile () bR
O] DATE S M SCA: g B Python RS, BT 48 2540 T AT 25 TR RN 28 S04 P 28 R JRR 0T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 FR AT AL A Python (RS, {H 28 /Sl ml SR A XA IBRIGTRY o Q1 5 2 A e i, B
ARG . TP A BUL AT IhaE, U520 C U,

WATERE, RUGTEERI, {04 Python AIEA Python ST FAR ML, ATILEE it 6 #0k 2 B R 4
B3 B TR, YA FM Python 5 C 3 R IENRAL T -4

1. Python py%daftit oy C #53L,

2. AR EEEE AT CREF IR AR I

3. KR AR ] St A C 46 Python 445X
fix A Python Hif, 422 11 A5 25 XA :

1. C Hdlaf4sly Python 4%,

2. ARG EAEATRT Python 2 1) sk £

3. KU IR 1] Kt A Python B4k C 65X
Al SR BAR L B A TN IUT, DA B TE T A R 1) ME— A DX R AE PR R SR e e TR
MBI RECRE . FEPATY R, WH—A C R, MHRATHR AR 124> Python B%L.
A SCRATHE ARG A Python 3463 C 2, 2 MR 5 ANERE 3638 BEAS IE AR 6 1 5 | T A FL e i
T X SeHh )y S RS Y R IAA XA, 3 S5 Wi B E Y ARG BT A5 B

60 Chapter 3. EEXBNARFP#ERA CPython ia{Tht




Extending and Embedding Python, %4 % 3.12.0a0

3.1.3 REHErA

SR H AR 2 AT Python JIA RS eR K. LR )2 UCHE UIBRE, Python f#RESRH A S B 5 Y
MR BEATACE, (R — 4R A i — A1) o

BisAT Python A b U R &L, 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;

(R
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(£ 50

I3
t
else {
if (PyErr_Occurred())
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;

}

AR SER A argv (1] n#k Python A, FEA argv (2] f8EMRRE. REBRESHCE argv 4
IR A . AR50 a4 R (MAL KR & ] AT FFRAE call) |, I B $A7—> Python 7,
Bl :

def multiply(a,b):

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

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

SRR, AR B PR, (EORHER (U2 I T+ Python I C Z [a) i) Bicdlife e, DA S AR i
Bt A Python A HRER 7 LT 4 -

Py_Initialize();

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

WAt R 2 5, W PyImport_Import () MEMIA. WEEKSEE 24 Python 47, — A
PyUnicode_FromString () B sk B0 # 1 F4FE

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—Bm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
J Python R4 :

’pValue = PyObject_CallObject (pFunc, pArgs);

LK FORIIN, pvalue T2 N NULL, B2 SN eRBOR MHER)TI T  556 PR 58 ERE0Z5 1 .

3.1.4 3f#x A Python ThEEEITH &

FIHAA L, AR Python RS BETT I IV AL P AR LY T BE . Python APL 4" R AR RRAS KL T
RX—nio WlEUt, MM RO R BRHRA BRI T . RARVTER A L e, (BB oM
ko BRI AL MR T /S5 T Python fi#Réd: . LN AR FHIEE—H Y, REE—HEKAY
ik Python {Jj [ iX £ TAEF, W45 L@ Python 4 JEREfF—H. filln:

static int numargs=0;

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

}

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

bi

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

bi

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

TEmain () KA HIHEA LRI HAEHMH Py_Initialize () ZHITHAPA T H&IER]:

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

RXPATIUEAIAAL T numargs 484, ik emb. numargs () BRELRERHR AN Python MEREAS DTS A 17X
Ly g, Python AT DABRATIRAIA T T fE

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

TEESCHI N R, XA IRRHE Y B APL 25547 Python (1] .
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3.1.5 7£ C++ thigr A\ Python

BT PAKE Python ik AF C++ R s Il SCB7 0RO T Cr+ BRI — B C++
%5 ERE, FEA Cr+ GRS R A IFMBEREAL T . AT EM C++ HEH%F Python AL

3.1.6 7E3 Unix RGpomiFFnskis
N T Python MRS AN AR Y, $RENIE 6 19 9 13 S AL 40 i e (RIEERRED) TR 3, Fenl2 ok
Python A FERHLE DA C BaSY i (. so 3CiF) mfENseilif.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘BE/27E 7% Python I (th
A REFFIE python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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

$ /opt/bin/python3.4-config —--cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g —-fwrapv -03 -Wall.
——-Wstrict-prototypes

* pythonX.Y-config --ldflags f§4 HEMINEHES L.

$ /opt/bin/python3.4-config --1dflags
-L/opt/lib/python3.4/config-3.4m —-lpthread -1dl -lutil -1lm -lpython3.4m -Xlinker -
—export—-dynamic

ik N TSR 2 Python 24 AT IR AL (FRARAE R G LA A C oA 2 |]) , 2
pythonX.Y-config f§EAXT AL, N LB FTA .

WER IR ZARMER ORBEARIEX T Unix 784K GADEEH bug 45 ), SR FIRRE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGIFESE . X sysconfig Bia @A A TR, v AgGE T IRNFEHAE BN EE. Ln:

>>> import sysconfig

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

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

>>> 7 H A L ERIA R Python #8/R4F . RS BoR T B8 DA By e MR A T AR A0S 2 il o
. BAEPUFE X
o RH A L i ARPIRACRS T B BRIARY Python $8/R4F, (046 b aSHe, Bixtiy sz i
(5. s, ek =E55), Safe M G.
* Ellipsis NEHFE.
2to3 it Python 2.x fURS#44 Ky Python 3.x AL T H., I AEHTIRED , 8 Dy fATAT, AbER s X 2 Boke il 1) 1)
NGRS AR
2t03 A AEAREE Y, B4l 1ib2to3; $2HE T A0 & Tools/scripts/2to3. N 2to3-

reference ,

abstract base class -- 4 3ER G LB ABC, @Xfduck-typing [AFNTE, BEFEML T —Fp i SCHE: 0 0087
X, M2 FHAMS G E hasattr () BT AMEE MR (FlHantEH BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FRAR; #
UL abe fHSCRY . Python H 4% WE R ABC HTSLIEH454 (7F collections. abe #idkHr) |
BFE (FF numbers fEE ) L W (FF io Bitkh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

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

JRrR A R AR AR B A T AN TG, (B4 A . B MR R B b & 2 A O . 8RR ALY
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 F1 PEP 526 , %} I B e A /T4 . 751 2 I, annotations-
howto T A {57 A ) B A S e o

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

o XA A TERRBOR I PRI A PR AT (B0 name=) SEEAE N A S ERTTEATA ** 197 S
PEAE A . 28BI5K0E, 3 F1 5 FELA R X} complex () WY A FE T 2 7S5

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s EEAH ART RKBETFSHSEC MESHEI TSRO ERTT S AR/ S AR a4
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

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

SR PR L s B X B Rl AR i A7 RIS DL calls —47 . MRAETEL, ATk n]
HRFTR—ASHG AT BE IR R Y Y SR AL o

3% Wparameter RIEFRFH , HILFES SEGESH K 5I0A K PEP 362,

asynchronous context manager -- 5325 |- F S PIEY AR E I E X _ aenter_ () Ml __aexit_ ()
JrERXT asyne with @A) P RFREEIATEE S, B PEP 492 5] A,

asynchronous generator -- 532522 K% 1% BB Masynchronous generator iterator IR, B 5 async def
& SUPIFE R BARFAML, ARZAEET B yield RKiEX LA E—RIIWAE asyne for JEERHH
FME.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo

— A AR R BT RE LY await RiAHX B asyne for DL} async with i),
asynchronous generator iterator -- 525 2 R85 5028 asynchronous generator FRELFT B EE IR 4 .

BEXS R & T asynchronous iterator, 4{Ef] __anext__ () J7iKIR IS iR [0l — AT SRR R AT 54
Az g R B U BRI —> yield SRkt

B> yield im0 B AL B A TR (BIE R AR ry 15h). 4% F ¥
ARBEENREGHAM __anext_ () REIWATERRABIKE R, ENBEIF I ELENTT. S0
PEP 492 f{] PEP 525,

asynchronous iterable -- 2B [ B 7] #£ async for i A) o g A A9 X 4. 6 J0E B W
__aiter_ () F¥ERE—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 525088 ST _ aiter_ () Ml __anext_ () HFYEMIXIE. _ _anext_ W)
R Bl —~awaitable ¥} 5. async for SACFEREIEMREIN __anext_ () LTI [a] o8 A ZE R4}
%, HINHF| K —1 StopAsyncIteration BH. H] PEP 492 5] A,

attribute -- J& 1 A value associated with an object which is usually referenced by name using dotted expressions. For
example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable -- \[ZEFEX % BETE await FRX PSR . W PARcoroutine 2 B __await_ () HYEM
%%, 20 PEP 492,

BDFL “&5{-z&h#E" WP 4i5, B Guido van Rossum, Python (A3 .

binary file -- “HERISC: file object BEMEIEE F 1 ot %o B SCARRE TR A SRR (T, Twb!
or 'rb+"') FTHM A, sys.stdin.buffer. sys.stdout.buffer DA io.BytesIO fil gzip.
GzipFile HysLH.

7S Weext file T fRREBILS str MRS .

borrowed reference -- fif A 5)l] 7 Python [¥) C APT 1, f§AGIHEHE— MU RII A EAKBERIZE T
o RN R BN E LB — AN TCH e BAN, SR RIS T AR R G IR e —Astrong
reference B E

WeAZAEborrowed reference 1 fH Py _INCREF () PARFHJEHBFEA Rystrong reference , R 24120 5 ok
TEMEAT IR RIG— IR W Z B % . Py_NewRef () BRECH] AR HI R AN —AN B strong reference.
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bytes-like object -- ‘P i3 % % FF bufferobjects 7 H.GE T i C-contiguous Zup X% . X WHEFIA bytes.
bytearray fll array.array ¥4, PARVFLZE# memoryview 5. AN R0 #E L fp il
BAEEAE PR XSG RS PR RSO A SGE T B R AR

LSO TR BN AR ) TR . X R AE SR PR S AT W AR 4
Bl F i35 bytearray PAJ bytearray [ memoryview, HAWMHEAEZR —H#EH BT AW AEX)
% HEEFI A XM R 6 T44E bytes PAK bytes X4 memoryview,

bytecode -- ‘¢ {ifith Python JFUHS 24 g1t R 7565, R CPython fifRegs 3R/ Python )7 i ER AL .
IR S EZAFAE cpyc SCHFH, SRS IR IAT IRl — SO s BE TR (PT DA G 25 REVRAS B8 2 135 R
AIRG) o XA FENE ST B TIERIE F AT A TH N AILER D (K virtual machine 7 L. ¥R /NIF Python
B LR P A—EE A, mA—ERELEA Python iliAs 345 .
FATHE A HFE AT DALE dis BEHL) SR R AR .

callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implements the __call__ ()
method is also a callable.

callback -- [ —ERSEW L AL DATE AR 59 AN 2095 08 F 7 T B R R AL
dass -- & FRAEFH FE OGRS LS WA B S A THRAE ) e o
class variable -- J328 iy 7ESrhE WA, I HAUBRAZERZ G BB e (A& ZE S 3L FP & 2l .

complex number -- 525 3Pl KBRS R, HA A BCFEBER R A SR R A . REAR
SRR, (1 B AR) RYSUAER, BHAERCAT SN 1, TR SN J. Python NE T XA
By scfe, RN TREARic 20 g —A 5 52, BN 3+15. WPRFEZ math BEHRPAXTG AxT
WARBURA, WEA cmath, ERMER DB REARE . WSRIRBOER AL, ZIEE
LA A AL [ L

context manager -- | F SCAFAIEY 7F with A p i, e L __enter () Al _exit_ () FERE
HIFFELRS X R . S UL PEP 343,

context variable -- |- F 30 & — Rl o 8 ) _E R SCRT ARAR A E AR B . X B TIEL R JRihAT
PN PATEBE T ARG AR EE. A, WFETF3CBERR, —MUTERET RS a 2
A ETFSC, WE TR SO R R BRI R AT S AR B TIEER . Bl contextvars,

contiguous -- ¥ — N AR E C i 425 Fortran 3% S S BON N TESLY) . FE4EZ o2 C Fl Fortran %
SRH . AE—YERUALT, BT 4k H T NAE R A AR HES , R BRI RS Iy . £
A C-IESEUH D, M3 NAF L HEY B B 5 — AR5 V51 5% B B B ek . {HU27E Fortran JEZE4AH
HuE S — RS etk

coroutine -- PpfE tHEER THIFERTE — L. FHIRE N AFERE— S EATAE S — B H . PRI AT DAYEVF
ZAFR S EHEA L IBHAKE . B asyne def iBAREI. S0 PEP 492,

coroutine function -- PpRERREYL 1R [B]—~coroutine SR RE . TMERBT T asyne def iIBASEE X, IF
T REfLEr await, async for fll async with F#5, XEEM2d PEP 492 5] AHY.

CPython Python if21E S HIIRTESEIN, £F python.org | & ff. “CPython” — il JJ 75 LA B i 6 1 SE 3 5 oAt
SEFFIAN Jython BY, IronPython AH X 51l

decorator -- 3 IR E N I — P RE R AL, WE ST ewrapper IEETEACRITRBUE . R ATERT
T35 classmethod () fl staticmethod () .

MR R —FEIRNE, DA R0 SR S ESse 4
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def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

FRERR SR T8, (B F R A . A SRR N 1T 2 0 eR B0 SR 2858 SIS0

descriptor - §iih2y TATENL T _get_ (), _set_ () o __delete_ () HIEMXE. H—REMHE
HEIRERES, BRI ET S B A R . EEE T, a.b ARE. B E SR
— DB ST a MRFHAPERATN b FIXTE, BAR b — R, WS XTI b 2%
. BRARE AR SO &2 2 IR PR Python (1) 5688, RN 4L EEERE ELAE, 0GR %K.
Tk B R, BRSO EA O 5] T A .

A RAWIBER IR EZAE R, 7S 17 descriptors B A4S 6 H79 «

dictionary -- ‘y it — /N EBCEAL, Hod gL B A ER ML G B A . B9 (. BERTDAREMEA __hash_ () f
_eq_ () HEWIXS., 1E Perl i = W #5 A hash,

dictionary comprehension -- 2 Jitffi G 5K bR AN G ) I SR 3 JC R T AR Il 5 SR B — R
BE:, results = {n: n ** 2 for n in range (10) } ¥R H#E n B n ** 2 kR
FIH R 7 . 2 I, comprehensions

dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fil dict.items () IR [EHITRBEIRNF
HWALE . AR T FRAH D ESHE, XEWE Y FHRAR, RSN A ZRE
MR R R o ELE R 813, IR 1ist (dictview) . I dict-views.

docstring -- SCRY FRFHY 028, BB 2 NS — AR U B P AT R P I . EAEAUH AT &
B, (Hu R R B A R ERIRAY __doc__ @M. mTEr TN,
PRI I X R A TR A O

duck-typing -- 18 7R8I F5—FhgRfR XA, EIFAMRKEERXTZ AR e 2B A EMmED, meH
BRSO EsUErE (CRAERGN T, nEREGN T, IBasEmen ) hTumiEE
FUAERrE 288, it RIS v i e 2 S RORIR T R ME . 19 T2 BLE 0 ] type () B
isinstance () #pill. ((HEHERERG BRI PAME 40 28 % VENRb 7S, ) AL R A hasattr ()
K 2 EAFP 4hf .

EAFP RJFIHCRVF AR S BYSESCHS  ixXFh Python 8 HACRS 2 5 WU 2 (B0E I ws (1 B SR MEATAE |
FHAEBE FRIHIH PS8 o X PRI PR XA IR @ Kz ] oy Ml except 1A, THAIN Y
W& FrigLBYL W%, HILT C &2 HAiE = .

expression -- Fih A W DK FAMEMTEE BIC. BAihyl, — DRk FE RO TR, 45K,
JEEDTI . EEATER RO LA, ENTREAMSR B —ME. SUZHAES AR, ARG ES
tPEEE IR IBAFAEA BRI ERB S Wsiatement , Bl while. WR{ERREE T AERRA.

extension module -- §JEREI DL C 5 C++ Zi 51, {8 ] Python [¥) C API >k 515 F %0 A K A P A E
T3 H.,

f-string -- f- 24 7 £ 5P AU TR IEE E AN AR B AR S AR R A
W5, 0 PEP 498,

file object -- SCPEXTGR XML ) S04 APT A 2SR S (A A read () B write () XFEHIH
¥5) o MRPEHAE AN, OO S0 DG BEXT B SRR SC0F, WP HA R B, sl Xl iR &
T (BIARHER A . AR X, B, FiE%% ). USRIl & 250 4.
SEBR IR =R B SRS TG =2t ) S, SR = ) SO DA UM BT I E 3
TE Lo i, BB SR Z IR 22 H open () BREL

file-like object -- LR G file object W R] Xid].
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filesystem encoding and error handler -- SCfF e 4ufh k% X SRR M Python [k M #1E R GE gL 71
RN B E R S4B Unicode (1) Z i 205 B R AL BRAIA .

A ZR B YR A AS A TR BE N A K AR 128 PATN B R . 2R S R G g i =S o k4R
AL ARGE, W API pRE ] E4 5| & UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () FREAIHE S AREL
ARG i s =5 A R AL BRI .

filesystem encoding and error handler ‘245 Python JE3E 1 PyConfig_Read () HRECERER: HEH
PyConfig H{] filesystem_encoding fil filesystem_errors i Hi.

HiE 2 Wlocale encoding,
finder -- A REY —Fh ARG T AR loader XI5

M Python 3.3 JEAEAE AR BU I A $k 48 Lk 12 & 45 % BLH sys.meta_path i, PAKpath entry
finders fit & sys.path_hooks ffiff].

LTS 0 PEP 302, PEP 420 | PEP 451,

floor division -- [ F VBRI 7] 1 45 A B ST BB B A Bk . 1al NI BRE B BT 2 /7 o BN,
Fiks X 11 /7 A WITEERE 2, M S Z MR F SN EIERERR 2.75 . FE (-11) //
4 2R -3 RPAXSE -2.75 @ TRy AREI45 8. Il PEP 238

function -- pA% W] DA H FH 2R 0] EAME ) — 411 A) . 38 0] DA HAE A BA B A -4 I7E R BUAR ST
B . % Wparameter, method F1 function 537,

function annotation -- FRECkRTE B4R BB 2 80K [MHE ) annotation
PRECFR YR T 4% 7« BInPA R BRI 2 A int ZEOFHURR [ —A> int {H:

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

PREPR TR IR YRR L function —7

Z: Wvariable annotation 1 PEP 484, H.A iR T I EhfE. 51525 annotations-howto DA T &5 F A1 11 B
FESC .

_ future__ future 157, from __ future__ import <feature> FH/RgwiFas{di F¥H1E K F Y Python &1
WA R AR U B TEE RS SOR g Y B . future_ BEHLSCRYICSE TR AR feature BUE . @
AR AR B R, ARTT AR B IR R M T i O A BHZE S A E R (EE)
TEATE A BRI

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

garbage collection -- K I REHOAFE9E 8 F 0 A7 23 1A B 3 fE . Python 238 1 5 | F T HECRT— AN REAS ARG
FFTREAGEIRG | G IR BL IR [Pl USce Ae A T B3 RIS o PTDAGE g AR e 4 il sr 3% el

generator -- ZEREY IR [8]—Ngenerator iterator [ PREL. EAEERMBG L EEE, AHEDSAETHAE yield £
B PATE =2 — R A BLLE for- PGl Bl 2l 1T next () BREGE L.

W RTEAE AR R, (B EESL T TR 2T AR B R RE . WRTEE BB E L, W
FHAFRPARE G L.
generator iterator -- 2l R ESERES generator BB AT .

BA> yield 2R, ICEYUHIMEITRES (HF AL BRI vy 154]) . 4% £ R
B RBIKEZIS, B NEIFALERSIAT (X593 U AR AET T 46 451 B A ZE AR K ) o
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generator expression -- /LR AR X R P —PMEAANRE KX EEERMRE S E RS LG EEXLT
—AMERAE R JEREIN for A, PAR—DWER) if T4, PAREARBNS WINZ R —F
HIMA:

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

generic function -- JZ RIpR B A [ ) S S B [+ SR 1 1) 224 R RSO 2L IR e K. 3 I 2 by DR BE SRR
R R L ik VR A~ S B

Y52 Wsingle dispatch RiEFESH . functools.singledispatch () HEigeA K& PEP 443,

generic type -- {Z IR W[4 S LW ype; JHE MIEAN 1ist Fl dict ) container class. W] fF % 2 = 4%
FliriE.

WA, WS 524258, PEP 483, PEP 484 , PEP 585 , fll typing i,
GIL 2 Wglobal interpreter lock

global interpreter lock -- 4> i BEZS i CPython RS R AR —FPpHLH, BERRE—N %2 A — AR
AT Python byrecode, BEALTE T B E AT GARR ([HE dict GEENEIRM) X R 5AR R4
AT CPython SEB. 258N ERESS B (H 1M RERS 2 R RE B AT (8, AR W24 4E T 2 40
R FROH T

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

QI —A (PASORSARLEE R B E 3 2 8dir) A i Zie” APRESRI S IARIRIFIT), ARk 4t
TEA0 FAL AR DU T BOTERE o 9 (7 e AR B8 170 R A T B S BRAR A A %, AT A DA
o

hash-based pyc -- K& Wy AvI¥) pye (i FH G B 5 S P4 e (I T = e J 18 o5 B 1) A i A 30O i 2 1 i G A7
4. £, pyc-invalidation,

hashable -- W[Wy 4y — /> Xk G2 A W i (6 0 2R A 2L i o I N 268 08 ik Tee A (EFRERA
__hash__ () Jrik) , IFATLAIRIAX AT (EFERA _eqa 0 k) « AIGAXIR Y
IERAT AR G A (L LRSS R A A ]

AT A PE SRR RAE AR T IS AR S A BT, DA S R S5 A A E Y R B I A (L

RZH Python H AR AL W EXS SRR AT G AR5 IR Zeds (BIANSREF i) FA ISR AlAs
iy (BIANTCA frozenset) (M ENIRITCR I N ATMG A A R AT A Y & SRS BIN R 3
WA A ENTERE R —@E A AE (B2 S H O HE) . ENmm LB T e
id ().

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable -- AR[EXR HATFEEERIXIR . AR RAUSHECT . FARFICA. AR R A RERIL
Ao QERIDIAERE— DA FRE, WD ABIEFAIRTR . EAERR S B A Er RS TR,
BUANAE A~ S

import path -- S AW HE M IE (B2 458 ) AMMPE, SglEipath based finder FEERFA
Hbr. tESAR, HAETFREFKE sys.path, HEIFRFA NGB ATRERH LRAR __path_
JE .

importing -- A 4— /M) Python (TS EE K 5 — NS o i) Python 865 B H A3 A2

importer -- S A 2% AT IAIXT S WA RERET finder & F loader

interactive -- 23 i, Python 475 — A2 B fERERY, RIARY] DATE MRRESR /R A9 Ja i ATE A ANk 5K, A7 HP 3R
It EREHRLSR ., HEARWSHMED) python 4 (WA ATERIGTTHEMLIF 4 3% B e £0R0 1 3% B
i) o A DU T AR R B A R A i B P X by s AR 8 (1 IES T help (x) ).
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interpreted -- figBE %Y Python —@FMBREALE T, 52X @4miFAE S, SIRWIE X5 i T 1 4
AR BIAFAE I AT TR o SRR PRSP T DA s A T AN A6 S X B v AT SO a7 R
BT R B B R A AT AR UR Y, R HAR P RIS TR R . & Winteractive.

interpreter shutdown -- fEREZTCPH B ZR I, Python MERESRFIEA —MNEIRIZ T TR BOFE 2 BT
HOEECTE, AT R XN A5 . BRI A DI g . X bk A P e i
a2 555 U R A AU HAT o 78K PRI BERAT R AU T RE B B A R s, PR LB MR ) B U
EAFARC (F L0 7A R sl L 45 ) -

FRREAR 5 2R I ERE A __main_ BUBREHTIE T IA E 58 AT -

iterable -- W E{CX} 4 An object capable of returning its members one at a time. Examples of iterables include all
sequence types (suchas 1ist, str, and tuple) and some non-sequence types like di ct, file objects, and objects
of any classes you define with an __iter__ () method or witha __getitem__ () method that implements
sequence semantics.

AIERXT ST T for TEFRARIS 2 HA TR Z— NP5 )y (zip () map () ...)o H—A0[EEA
MEANERNSEAL /N ERE iter () B, BEoRENZNEIERE . XFMERNE A TXEEEH—
UCPE 7 o AEOE R P AT Z B, IRIEFEAFTEA iter () B0F B OABERIXNER . for iBASH
YR B A PEARLC A, QAN I 2R i 24 A8 5 R AETE IR 0] SRAFE R 2R . S Witerator, sequence
PA S generator

iterator -- EAUAF JORFR —EAHBLIRRAR 5. EREPEAEN _next__ 0 Jrik (BCHHAELHNE
PR next () FFBAR LA Y BEA BTG % stopIteration FH. FXmfk
HAR R PR BRI O AR, RE I __next_ () AR SR StopIteration R, &
RADARA __iter () JFIEAPRIRWZEARXIR B &, HGE A t2 RN, A
AT HARREAR GE K6 — D BEWBISNEIRLE S 2 R BT R A (O . A
X (B List) FEARBERIHAAA iter O MEEURTE for JEEFRAP AT EMER S 4 — DRIk
s WERAEBEHE O T AR A AU S ) 20 17 2 1 1 AU AR R I A [F] — iR AU x5, LR
BRI R —DER A

W25 B &R typeiter,
CPython implementation detail: CPython ¥ A% — W LR E X __iter () MYEER,
key function -- SpR% FH PR KRR B RR 40, 2 BEAS AR ] 1 T HE P e HFOLBOE R AT X4 BilAn, Locale.
strxfrm () AT —AFEREE IR 29 % RHER 1 .
Python H 47 ¥ 2 T 2K o ¥/ 1 6 pR B0k 22 ) oo R A2 80 4 05 e A 4 min (), max (),

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

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument -- 33t 58 £ Wargument,
lambda tH—A> i lexpression 14 BUP)EE 2 IR %L, RPN SAET R B BORIE. B8 lambda 3£ F)VE N

lambda [parameters]: expression

LBYL “SE&FEHER" MRS .. XA E XA SAE TR ) s 40 il e s A w2 F . 1k
W5 EAFP J5 XA O e, HAR R R B 1 £ 154
TEZ LAY, LBYL il 38 “&F" M “BER” A4 M. Bildn, PATFAEY 1£

key in mapping: return mappinglkey] W[ REH TIEREEAEZ 5 HAMLREIN mapping FHF5 R
T key T H 5 o XA ) AT JE B ) EAFP 5 R bk o
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locale encoding -- i & X I 4t 4%, On Unix, it is the encoding of the LC_CTYPE locale. It can be set with
locale.setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

list -- 314 Python [N Ef)—Fhsequence. BIRA JFNF, (HHEAMT HALEF PRy Bdlim R, Bl
VM TR ]S 24 O(1).

list comprehension -- FI#eifl: X Ab BE— A5 91 b 1 B A BB 23 0T 3R 9T 0% [ 45 2R 5 i% ) — Fh 5K H k.

result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥HEK—70
F| 255 JEHE S SE R BON B FEAFE (0x.) AR, Hi if ?/UXET Y, A AE g )
range (256) PHFTA GRS AT,

loader -- JIERAY ATTINBBIREINT S . BUME X4°H Load_module () B MMEAEE H—Afinder
R, S PEP 302, %FTabstract base class B] 2=, 1mportllb .abc.Loader,

magic method -- AR Jji: special method W)AEIE =R XA .

mapping -- WL} A container object that supports arbitrary key lookups and implements the methods speci-
fied in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder -- JCPRFEA LS sys.meta_path FERFTIREI finder . TCERAREE R 28 S path entry finders
AFAE A I A AH A

B8 FE importlib.abc.MetaPathFinder [ fRIGEIEEEFRoe I SL B 715 o

metaclass -- JLI — P FQIEERZE. JoE LW RS . RPMAERYR. JoRNATHERZ b =13
HERUEMINIIYSE . KT ) % G SRR 5 AR P it ERIASEEL. Python [RF5HIZ ALHET 1] PARY
LEEXE?’@ KES P AGEATEXA TR, (HYFH 2 By, e TSR A i PO g o7
EMNEHUNTEREETI H G, BMARR2att . mRESTRAIE ., KRB, ALHAFZATS .

Biigﬁéf Z: Il metaclasses.

method -- Jj ik TEFNTE CHYBRE. ARV AIZ R LI — BRI, TR SR B SAE R
HEE—A~argument GRE 44 M self). 5 function fnested scope.

method resolution order -- J5 i RT3 AT I & e A 3R A O s 8 2R TP B2 B R S 5 I o 1
B Python 2.3 J5 ATy 7 f#H 2.3 IGE Python fEHT# AT A AH ¢ BE A 1R

module -- il %52 Python (U — gl EH AN . AR LA M7 i f 44 25 18], Al 4 & T 7 Python Xif
% BEHRTIE i importing FEVERE N E] Python Hr,

5 Wpackage.

module spec -- BiJ R — A~ 2 S0, Hd &l T s B g1 X 3 AF E. & importlib.
machinery.ModuleSpec [SZH.

MRO % lLmethod resolution order
mutable -- RSN} W[ASXF RO DAFEH: 1d () PRERREDE SN MO HBUE . 53152 Wimmutable .

named tuple -- H.# e8] ARify “HAT4” ﬁfﬂ%ﬂ‘ﬁﬁ%%ﬁjﬁ?ﬂ I BI85 TR I RE T 44 KR
PEARVTIAE B . X REM SISt il RESI A HoA R

FUNELRRETHAICH, BFF time.localtime () fl os.stat () BIREME. J5—01F2

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

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

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

True

e HL A T R P R (I ETE BT ). BeAh , B T nl A H R U tuple QR IT E X
AIRFER AR A XFEMEFT AT TS, s L) %k collections . namedtuple ()
Bl Je—Fhor Rk s In—2e Lo 5 al P & H 4 TCH e IS i

namespace -- iy 42450 44 2 B AF R RN . e A R, ERFNER, AN iRE
A A m] (FEHEZN) . firsh 235 [BE B a2 o 58 R SCRpbiefb . N, % builtins.open 5
os.open () Al 4 H 12 25 AR X Ao iy 44 25 1) 0 38 A0 BH ff W6 I A e S BB A bR BSOR 35 B R 5
W AT 4. BN, random.seed () B{ itertools.islice () XPE LN T X LR EE
i random 5 itertools B BISZHLA .

namespace package -- iy %43 W48 PEP 420 5| Afg—F U8 A R8s ipackage, s 2510430 AT
HEEFoRY), Haid I Sregular package AN[a], FNEAIEA __init__.py X
B[ % Wmodule,

nested scope -- iR EE IR 75— GER NG HASEIRE 1. BN, 75— REZ e L sRET PAS |
HIE A . TR ENE A S AR AR o3k, /R B Sz R TN 21
M. K, &R ENESWER TR0 . #id nonlocal RS AAIFEAINZEH
.

new-style class -- JAR XIT H\iC gy T R R I ZSE 2 IHFRIE o A5 6 Python fitAs i, AT
BN E ] Python B Ay SE RIEARFIE, BN __slots__ . FliidAfF. FHLJEME. __getattribute_ ().
RITIEMEE IR

object -- MR ALATHARE (JBIHESME) PARTUE XATH (Orik) B%diE. object g fEflnew-style class i)
RIREERS .

package -- U —Fp ] & FAEE 8 IH A5 ) Python module, MR L, @A __path__ J&§
P Python ARk

%2 W regular package Flnamespace package.

parameter -- JE5 funcrion (BJ5{k) & XA, B ERBT VAR Z I —Dargument (BAERELETS
WK, 2409%%). ALMES:

« positional-or-keyword: (IS XHET: , A TTVMNER (2 5 5 i A6 AT AR % 4 5 53 16
AHI5S. SRIRAESER, BT foo Al bar:

’def func (foo, bar=None): ... ‘

* positional-only: {URALE, & —DHAEE O A AR SE. (URALETE 2 0] il 76 R H0E
MIESHIRFENZREE A/ FRRE L, IR posonlyl FI posonly2:

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

o keyword-only: R FKEET, FHE— N HEGEN XEFEANSE. PR 47 IE S ]l 7 R AL
BN IES ) RGBT E S B AE 2 N AN B IE S Z B < ok S, Bl
TR kw_onlyl 1 kw_only2:

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

* var-positional: ]S, € W] ASRME 1 — MERECRE A LB S B BT (FEITEHALE 2
EERZNESHZIG). ZFES RS AR * KE X, Bl FE args:
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def func(*args, **kwargs): ...

o var-keyword: W] AT, F5E I AT R ECE 1) R E S0 (MEINE LAY 2 0 8321 K
FBRZIG) . XMESWELSAEESARAINEE ~* ke X, BN EiEw) kwargs.
TS ] DAFI B8 PTE R S48, AT DA R SEn] e S50 i B
W& Wargument RiIEFZKH . SEEESHX BT HE L E S, inspect .Parameter 25, function —
DL PEP 362,
path entry -- Y42 A 0 import path YW — BN E, SWipath based finder I A RIS AR,
path entry finder -- J%12 A D28 (F—R[ TR AN 20 sys . path_hooks (Blipath entry hook) & [8] ) finder
IR SRR i path entry g iABEH o
iZA importlib.abc.PathEntryFinder PA T fREEIEA DA AT ITSL B A ¥k
path entry hook -- B#EA LNEy¥ —FP [P IS, FERIGE WMo & $R 4 e path entry W BEHR 5 5L T BEAE (1T
H sys.path_hook | FEiR [El—A path entry finder,
path based finder -- J& TR AR BUAR—Fh L& 2 538 5, AIE—ANimport path IR,
path-like object -- JIERXR TN X RGNS . KX E AT LSRR RN str 80
bytes X%, L@ LM T os.PathLike PS5, — A3 FF os.PathLike PMUAIRTS

TS os. fspath () BREFEW KN str 8{H bytes BRI ZFE LS os.fsdecode () Fll
os.fsencode () A B RMMERIRS str 3 bytes KBPWLER . XI5 & PEP 519 5| Al

PEP “Python 321" AYSEICHHSE . —A> PEP w2 Midit 30k, Al Python #EIXARAUEE, sk
—A~ Python [T HRFAE B HHE s ERSE . PEP I 24 S (HORS M 1) B AR AR AL T4 BURF P I BEBE R
PEP WA A3 HH T2 2R I Wk DO 5 RSB A B R 625 Python YL R S
SO E NS . PEP BFEEA SHEAEA K A& S, AR AR 2 I ARIC A SR
%1, PEP 1,

portion -- {5} A48 —A>fir 4 ZS (A AL AN H SR SCIFER G (ATREAFICT —A> zip SCPFWY) , BesE S
PEP 420,

positional argument -- {i % Z%; 2 Wlargument,

provisional APT -- [ API 7 5¢ APL 2480 A RHFIRTEAR HE FE Y 0] J5 A PR CRUEZ AP Y ) A e 11 . f
SRS H Tl A 2 A ERUUE, HHBEHYARMC R €, ST RBTE O 81 e A LB R i i
FHATE AR (EEAFERRIZED) . WAESOFASBER T - (FE APLBEINAZ 1
5 B ™ HE B PR B RE Bl A B AT BE Sk FEAAL
R @ X8 APTRUL, 105 AR E il “BJa IR 87 — A A R i A B
EJRNINi = veaan Ry Ui DI Ep SR S
PR SO VPRRIE EHF S R ITHOEE, T T HA A KB RITIE . 1A% PEP 411.

provisional package -- #5103 Il provisional API,

Python 3000 Python 3.x KL MIMERR (XA FAEMUA 3 AR R TSR B 1) . AR
AN Py,

Pythonic F§—™ L B% s — B ACHE B384 1 Python i 5 fi i FH W KU RIS, A & foff A Ao 5 bl A
MRS SLBLACRS . B4, Python f# HI XA 2 for IBAITEI KM Jj— ] RS i IrG oo
. 2 HAMESIRA XN, B Python i G B £ 08 Fl— MG

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

TR 2 B 157 5 B Pythonic (77 35 k& X FER:
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for piece in food:
print (piece)

qualified name -- ROE#FR —UARUS D EIIA R, RoR WBRHRK 42 Rt IR B b o SCRR AN 2E
BEOER AR, M E LW, PEP 3155, X Fiem/Z R mEmnE, e S/ Ramr— ﬁt

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

>>> C.__qualname_

L} C L}

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth.__gualname
'C.D.meth'

MW T HIHBRES, % 8 RE S AR ECAPRR A DS S R A i A, U B TR AL
A, il email .mime.text:

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

reference count -- 5] i}-%t The number of references to an object. When the reference count of an object drops to
zero, it is deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package B 15565 Mpackage, PIMELEA—1 _init_.py XPRIGH .
72 Wanamespace package .

_slots__ —FhEAEARPNEREY A, 38 1015 7 B SE R PR S R RS B SL B LR T A . AR R
IRAT, (HARE AL S, el RAEEDEIEN T RA, GluFENFR YRR, i
HHE A5 K &5

sequence -- Jp51 —fiterable, "BIZRHEIT _ getitem_ () FRIR T EORMHREERG [T R TR,
HEXLT—MREFHKER __len_ () Hik. WEE’JJJ? |2RAA 1ist, str, tuple fll bytes,
WEEAR dict H3HFF __getitem__ () ﬂl _len__ (), HEHINNETESmMAETS, HAER
R AT B immutable BT AEREEL
collections abc.Sequence H%%%%XT#&EﬂE%E@TQD BIE _getltem () M

_len_ () ZANXNEINT count (), index (), _ contains__ () fil __reversed_ (). SZHLIL
Tfﬁ?ﬁlﬂﬁ’]%’@ﬁ—‘fu\@ﬁﬁ rengter ) Rl =
set comprehension -- 451 LB NI IEACKTR B ITA SR TR IR IG5 R E AT — ﬁ%é%\‘ o

results = {c for ¢ in 'abracadabra' if ¢ not in 'abc' }«{j‘éﬁj@?/’f?%%
'd'}. 20l comprehensions.

single dispatch -- iﬁﬁlﬁ —TFhigeneric function 73R, HILBUREET BAANS RSB PEFRAY o

slice -- Yy % R0 & T4 E sequence H—33 0% 5 . W) A 2@ P ARFRICHRAN ), £E (1 LA
JUAPAE %ﬁ‘?ﬂ’]ﬁﬁl%, il variable_name[1:3:5]. H$E5 (Fhr) ARiCfENERMH slice X
%.

special method -- }§5% Jj ik —Fi Python [ ARk, RIS HASFER A THE E BRI AAR INSF 45 X
MM FRIE RRHBUT 2o FEIRTTIAI 32 W, specialnames .
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statement -- {54y HAERFE (—AMUES <) BN, — BRI A DAE —expression BUEANHEAT
KHEFIEER, Bl if. while 5 for.

strong reference -- 55|} 7 Python ) C APL . 55| HIEX G5 HI—Fl, Y ERAENAF SRS
FHTHCT 24 E A B3 e U 2> Dol DX 2 5 | R

Py_NewRef () PRERIHH TR —MXRAEG | . EH, S7ER B ARG | 1R RS e %
5| FIE A Py_DECREF () PREC, DAREGT| A o

FHi& S fborrowed reference,

text encoding -- 3L ARG {E Python 7, —PFFERE—H Unicode {05 5 (FEE N “U+00004--U+10FFFF ).,
N T AR A, BRI — R

R AFAFRIF IV A FAPINGAR N S, 10T 551 B R P A HR PR RS
ABFA R SCAFIE b, EAIREN N SO

text file -- SCAR LM —FPEES LS st X5 file object o JHF—> SCA U5 B i@ 17 18] N TR ) 2750 1R
W B sk Bext encoding. SCAR U FAFEASCAE ("o 8 'w') FTHFHISCH. sys.stdin,
sys.stdout PAM io.StringIO HJEEHI.

FiESFEbinary file T fRREW RS F 5 23 7 BYSCIRISR .

triple-quoted string -- = 51'5 FAFH RN = ANELNGS (V) HFHBGS ) KT, EIT7EEE
ESERAM G SRERN TR AT AR, HRAZMAL. ENAFRETA RN TR
SRS RS SAING S, IF BT AR AT M o T S R AT, 7RSS SURY A £ IR S 4 A

type -- J_M R F e E—A Python ¥4/ TH AR BARGEAA—FER, BHEXRAER, [TpA
PiRER __class__ &M, o2t type (obj) KIKEL.

type alias -- JSRUNF, — A IAUE[R] SR, BT AURIE BRI 4R E RIBPRIRAT o
KB Z Bt A 2 22 i Biln:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

AT DA R g ] e

Color = tuple[int, int, int]

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

Z: 0, typing Fl PEP 484, A LI RER EANHE A .
type hint -- RENEfE annotarion 785 FKIEME. REIE S B0R A & TR ZE 8.

AR T A, Python ABOREEML, (HHAAERSLRA M TREMEN, FF 7T i) IDE LA
b SE .

A, RIBMERREI RN T A typing.get_type_hints () Hyhi], {HJHAS &N
AHAPA.

Z I, typing £l PEP 484, H g %t b T RE I

universal newlines -- {47 — PR SCAR TN 2, RA T Ir A5 A&R R B T4 AR Unix 194745
RASE "\n'. Windows [HZJ%E '\r\n' PAMIHI Macintosh [ Z5E '\r', =i, PEP 278 Fil PEP 3116
Flbytes.splitlines () THEHEZ HEWMH.

variable annotation -- 28 Hbii: A & B B M annotation
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FERREAS R R R, 3 ] e HO

class C:
field: 'annotation'

A RIS PO R 22 A BIANPA N AR B int JERAY(H:

count: int = 0

AR RARETE L TR fRE L annassign —75 .
2 function annotation, PEP 484 1 PEP 526, H iR 7L IfE. 731 24 annotations-howto DA T i
FIARER B 5L R

virtual environment - JESLERSS —FOR FI P fE 5 Wi B9 MO A7 FREE, S0VF Python JIL P RIS BB A6 24 A
TH Python 4% AR 2 THREN — R0 FIZA I Python S TAL R R9F 4.
FHZL venv,

virtual machine -- JEIBL — & 58 2 2 F0F E SO TS ML, Python i $IAIL AT PRAT 57 45 15 4 138 48 JIr 26 A
Wbytecode.

Zen of Python -- Python 2 4| i Python ¥y W 59727, AW THE SN XAIES . AEHAEN
FAER RSN AT P A" import this”,
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APPENDIX B

i A

XL AR R Sphinx M reStructuredText YE A2 i), Sphinx 2&—~% S ALFE Python SRS T 9% 5 1Y SCRYAE L4 -

AR R THEZ IR, BT EREEZSE T, IMG U0 Python A B o USRGEARy HUAE Dok, 355 P 2
reporting-bugs AN S5 . FATREI WCUH ) G BEE |

R i
* Fred L. Drake, Jr., J5lfi Python U THARZ BIl5E %, AR SRZ A1
« the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh [}] Alternative Python Reference 3l H , Sphinx M FP15-3] T4 L2 -1 AH .,

B.1 Python T8y Rk

AARZ X Python 157, Python FifE A Python SURA TR A, Bl Python YRS % 1) Misc/ACKS 3CF:41)
T TR

AT Python 4L XY ARITIHK, Python A7A 1 AN H (R SCRS— HEHARAT!

79


https://www.sphinx-doc.org/
https://docutils.sourceforge.io/rst.html
https://docutils.sourceforge.io/
https://github.com/python/cpython/tree/main/Misc/ACKS

Extending and Embedding Python, %% 3.12.0a0

80

Appendix B. 3C#%4ii%EA



apPENDIX C

7 B FiF AT

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
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AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

PR ZAE Guido $55 F TAERSMNTEIEE , MG LE 2 A8 vl fE .

C.2 FRERE LAH B E A Python Bk FOF ¢

Python 541 SCRYS A 34 v] 35 B PSF 34 5T #0936

M Python 3.8.6 JF4f, SCRE A AYZASBI . AEHE- AU A TR R TR & PSF VR ] PRSURI SR 45 2 BSD +F T HXE
VAT

HLe 4] & 7E Python H A EPERE TR A A4 0] o X BeF 0] & 5N 40 2 B — [R5 H . A X seifa]
HIAN SRR F3 S DI Fe S 04 57T 5 o8 3t

C.2.1 FHF PYTHON 3.12.0a0 #Y PSF e[ Hpi¥

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

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

3.12.0a0 software in source or binary form and its associated.
—documentation.

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

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

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

distribute, and otherwise use Python 3.12.0a0 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All._
—~Rights

Reserved" are retained in Python 3.12.0a0 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.0a0 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.12.0a0.

4. PSF is making Python 3.12.0a0 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY REPRESENTATION.

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

—THE
USE OF PYTHON 3.12.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.0a0

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.0a0, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.12.0a0, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 #f BEOPEN.COM #F o] {ipil

BEOPEN PYTHON FFi 4 a] pS 5 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.

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

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

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

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#F o] il

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

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

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

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

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

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

(Fotakss)
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7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
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 HF PYTHON 0.9.0 E 1.2 g CWI iF o] Hpi¥

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.0a0 DOCU-
MENTATION

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

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

CFItakss)
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OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 WrRER Y o] S8
AT Python K ATHUCTAG S5 =7 B b VAT RIECAITT R, AT MR A 28 FLR A

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the orig-
inal code:

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 EEx

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.33 RLEEFRS

asynchat fil asyncore B4 DA R EEHA:

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. Wi HaYiF o] S5 H
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

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

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

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

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

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

C.3.5 HITERR

trace HHALE AT A

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

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

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML i T ERAH

xmlrpc.client fEHVELEPARAR:

The XML-RPC client interface is

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

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

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

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

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll A PATR ERE:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

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

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

C.3.9 Select kqueue

select BT kqueue [ AL AR FEIH:

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

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {443 & Marek Majkowski’ X} Dan Bernstein [ SipHash24 B VEF 2P A& A R EEHA:

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

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

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

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

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

The author of this software is David M. Gay.

* % o

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.

* % ok X

*

*

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

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

*
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*
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C.3.12 OpenSSL

WREERGE P, W hashlib, posix. ssl. crypt Bifi ] OpenSSL R4 HERE. Hwoh, EHT
Python [¥) Windows Fl1 macoS %487 1] GE U $E OpenSSL JERI#E D1, FrAFE AL HH T OpenSSL /7 W] HIE)
1

LICENSE ISSUES

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

OpenSSL License

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

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

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

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

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

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

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

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

L S I I R S S SR R N N S N S S S S SN S SR S S NS S N T .
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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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L T R T T R S N S T IS S N S N

Original SSLeay License

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

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

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

*

*

*

*

*

*

*

*

*

*

*

*

*

*

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

* the code are not to be removed.

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

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

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

*
*
*
*
*
*
*
*
*
*
*
*

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

modification, are permitted provided that the following conditions

are met:

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

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

3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

(Rt
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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. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

P I TR S NS S S S SN S SN S N SN S S S N

C.3.13 expat

BRI ——with-system-expat FLE I, B pyexpat §EHVE M5 expat JRIHE DAL E R

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 NONINEFRINGEMENT.
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.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

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

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

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

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

C.3.15 zlib

R ARG EARBIRY 21ib BAKIHTCR N TR, a5 zlib JEACH 5 DR 2110 3

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

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

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

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

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

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

Jean-loup Gailly Mark Adler
jlouplgzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#i M A M S IR AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ~——with-system—1libmpdec:

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.

(Rt
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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 i EH

test LY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) F2HUH W3C W%k https://www.w3.
org/TR/xml-c14n2-testcases/ AR 3 253 BSD ¥ R]IE & 17

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 Audioop

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 Jeftrey S. Lee jlee@smylex.uucp War-
ranty 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 mod-
ifications 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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E"E$'E context variable -- FTXZEE, 67
....65 contiguous —— #4467
2t03, 65 coroutine —--— Hh4E, 67
>>>. 65 coroutine function -- HEEZ, 67
_ future_ , 69 CPython, 67
__slots_ ,75 D
TRELE
PYTHONPATH, 56 deallocation, object,49
decorator -- EM#E 67
A descriptor —- ## &, 68
abstract base class —— £ #H %, 65 dictionary —- FU, 68
annotation -- #Fi, 65 dictionary comprehension —- F # 3 & &,
argument -- F ¥, 65 68
asynchronous context manager —— 5 # | dictionary view -- FHALA, 68
T XA 66 docstring —-- XAHIFEHE, 68
asynchronous generator --— F %4 ik #, 66 duck-typing —— ®F XA, 68
asynchronous generator iterator —-- =3 E

¥k R AEERE, 66
asynchronous iterable -- ¥ f % Xt £, EAFP, 68

66 expression —- FikH, 68
asynchronous iterator -- R ¥ %R E, 66 extension module —-- ¥ BHH, 68
attribute —- &, 66

awaitable —— F&#&X4£, 66 F

f-string -- f-F{FE, 68
B file object -- XX 4,68
BDFL, 66 file-like object —— X34, 68
binary file —- Z3t#| U, 66 filesystem encoding and error handler
borrowed reference —-- 8\ E|H, 66 — XHRAHEDHERNSERAEAM, 69
bytecode -- F¥#, 67 finalization, of objects,49
bytes-like object —-- F¥ AW L, 67 finder —— #Z# £, 69

floor division —-— i BB, 69
C Fortran contiguous, 67
callable, 67 function -- E#,69
callback -- [, 67 function annotation —-- FHAFiE, 69
C-contiguous, 67
class —— 2,67 G
class variable —- X% &, 67 garbage collection -- 7% [E X, 69
complex number -- £ #, 67 generator, 69
context manager —— T X%&HE, 67 generator -- 4 &%, 69
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generator expression, 69

generator expression —-- 4 K EExRHKRA, 70
generator iterator —- 4 kA& R E, 69

generic function —- B & E#, 70

generic type —- R A KA 70

GIL, 70

global interpreter lock —- 4 B &4,
70

H

hash-based pyc —-- ET%HHFW pyc,70
hashable -- %\ 7,70

IDLE, 70

immutable —- A EXTZ, 70
import path —— & AKR&,70
importer ——- BA#,70

importing -- &A,70
interactive —— X &, 70
interpreted —- EA, 71

interpreter shutdown —— B HEXHA,T1

iterable —- H#AXZ,71
iterator —— #R%E, 71

K

key function —-- # &%, 71
keyword argument —- *&F 5,71

L

lambda, 71

LBYL, 71

list —— %%, 72

list comprehension —-- F|Xk#HEER, 72
loader —-— fn##,72

locale encoding —-- ET K H4EEK X, 72

M
magic

method, 72
magic method -- JEAF %, 72
mapping —— B4, 72
meta path finder —— TLEAZHEEE, 72
metaclass —-- J%,72
method

magic, 72

special, 75
method —- Fi%,72

method resolution order —-— 3 4 7,

72
module —-— 7]‘3@3’%’ 72

module spec —-- LI, T2
MRO, 72

mutable —- W@fﬁ?ﬁ, 72

named tuple -- B 4G4, 72
namespace -- 4 %A, 73
namespace package -- & X H4, 73

nested scope —-- #%hEEHH, 73
new-style class —— #FH A%, 73

O

object
deallocation, 49
finalization, 49

object —-- X %,73

P
package -- 4,73
parameter —— H#%,73

path based finder —- ETRZEWAEHEE,

path entry —— BH&EANH,74

path entry finder —— BAEANDHEHKE, 7

path entry hook -- B#ZNO4#T,74

path-like object -- BAEEXL,74
PEP, 74

Philbrick, Geoff, 14

portion —-- ¥4, 74

positional argument -- {I & 5%, 74
provisional API -- ¥ % API,74
provisional package -- ¥ ZE M, 74

PY_AUDIT_READ, 52
PyArg_ParseTuple (), I3
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch(),49
PyErr_Restore (), 49
PyInit_modulename (C function), 56
PyObject_CallObject (), 12
Python 3000, 74
Python #EFHEN

PEP 1,74

PEP 238,69

PEP 278,76

PEP 302,69, 72

PEP 343,67

PEP 362,60, 74

PEP 411,74

PEP 420,69, 73,74

PEP 442,50

PEP 443,70

PEP 451,69
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PEP 484,65, 69,70, 76,77

PEP 489,11,57

PEP 492,66, 67

PEP 498,68
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PEP 519,74
PEP 525, 66
PEP 526,65,77
PEP 585,70
PEP 3116,76
PEP 3155,75
Pythonic, 74
PYTHONPATH, 56

Q

qualified name —— [RZE &R, 75

R

READ_RESTRICTED, 52
READONLY, 52

reference count —-- 5| H##, 75
regular package -- H#A,75
repr

B & & %, 50
RESTRICTED, 52
S
sequence -- 4,75
set comprehension -- £4# &R, 75
single dispatch —- H# 4K, 75
slice —— Y k,75
special

method, 75
special method -- 4%k ¥, 75
statement —- &4, 76
string

object representation, 50
strong reference -- 5|, 76
T

text encoding —-- X A%, 76
text file —- XXAXH,76

triple-quoted string —— ZB|EF#&,76

type —- X#,76
type alias —— (A F 4,76
type hint —- XA EH#, 76

U

universal newlines —-- #H#4T,76

V
variable annotation -- ZEAFE, 76
R

repr, 50

virtual environment -- &I, 77
virtual machine —-— &M, 77
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