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B0 EH SO A AT AE C 8 C++ H g B A4, [EM6H F BTN S 7¢ Python FL3Re T BE. ABLOBA AT
PAEFERY RS, tn] DU SR A BE) S o v (method) . SCEREIZS €A infaf 4% Python F R A
F—ERARR A, ME 7S (extension language) (1 H . £z, € /R U] S S H 45 I Fo A4,
fEARLUAR A v DAB) B (7EEATHE) BiE AR Eagas ., it IKBIEE R FA IR E M.

5 U EVRA SCAAAR % 43 EL A Python [ 3B A1, . B A IEE S IR IERAN4E, 752 [ tutorial-index . reference-index
T MEE S EEIE A2 S8 . library-index F0E) 1 BT ILRE 5 Bz B A A A (R 24 TE) . R ([EV A A DA
Python %i %5 1) #54H.

BRI 5EHE Y Python/C APL BEAIN4R, w5 2(E)5 #b—10) c-api-index.
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CHAPTER 1

HEENE=ATH

BRI 0 EE T I CPython iR FTER LAY . M DUESZBER A TR, 5 =77 TR, {540 Cython, cffi,
SWIG il Numba, 2t s EIfd 8% EEEREAR £ 7%, SK(E Python 57 C Al C ++ 5t

b4

Python EfZEM)I #ifima: iM% 52 Python 3 4E(di 1] % 4 H (Python Packaging User Guide) A2 | B fi
AT DA 2R A e i S e AR TR, e wfmE e S — (R ST RAL FT RE e R B i



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

MERFE=AILRBIEKER

AfEE i E— O EN, FEEH S =07 TRMBHIT, WflEsr Cfl C++ i5E. & R AR
THMBIEZN, MARREIRE H O/ C Bk .

2.1 ) C g C++ #E3¢ Python

WRARE R C, WIHTRY Python P BEEHRAMRFE ., LR PIAFAEER Python B, W LA extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

TSR, Python APT (W HRRFAmAidi 1) 5 LT —RINKE. ZAAHE, FLATI Python jZ4 7 £
LR TR F A% . Python [ APT W] DAEETE—A C¥ESCIFH5I A "Python. " KICIFRAM .

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

il C ¥ FdE CPython, " EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZih5 C
PR, ROAFFAIRAENE. 250007, WRARA NG T C ESCRGEA, IRF%% B ctypes fiblak
offi B, T A H O C AU, XS AAVFIRS Python fUfSoR4% 1 C UM, IF BARR T4 5 M 4% C 9%
BB, IEAEAN ] Python SEBLZ 1] HAT B iy Y ] RO AL -

211 —{AEEEH

EFRATENE — AN R spam (Monty Python # 2Z i B3k I B 4)...) H HARZLQIHERT LY. C PR system ()
¥y Python $2 1 o XASBREHEZ— DA null £5 A FATH S HOFR [l — B8 ATA BT ATE Python H1DA
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 —AEM 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 APT (MIRARFEVC, ARAT LATEE BLES i H ARAUBUAL f B KR o

fiE): T Python I AES: E X —SURETE R LE R G0 LS MARHE Sk SO R TiAL BRLgR 18 S, TR e A 4 AT Al A o
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BB X PY_SSIZE_T_CLEAN ., AFHZIUN B F4ad 30 3k TIREAN R HEZ 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 i) 2 M, "Python.h" B & T —2FRHESL S <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFETSLSCHAERE RS EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WRMURIELE, GRAIMESEFITEN):

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 SHUZHE I~ Python 1) wple XL ATHEE, Hori oS %e, B wple TS %, XS
ot A Python XF5 —— BERATRY C SR TS AL 5 /45 JLRE 40 C (B, Python AP iy
PyArg_ParseTuple () 2Kt SACKMIHF HELSN C (1. & 0 BEAR e il 2 T B SR DL I
TR C A FERAS . AR RERYR .

PyArg_ParseTuple () ZENFA S MO T 020 LA HCHR H-HE T BOZE f R L R, 3 ] 2 (o

), HAEEATUSEETR IR (). RS TH, BabfrE S a, (508 R E0m] DABE R [
NULL (H5t 2 617 B L)

6 Chapter 2. RERE=FTREIRTE
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21.2 XFHERHFE

#A Python RS R — NN iR S ZEMG1 . M — D REGE T RIGET, BN Y4 E— N RE &I
R AR GEHE N -1 30 NULL $541) . S8 E B AE MR ARSI =AU . R 7w
W EATH{ES NULL. FEHARIE I N ENTE sys.exc_info () Frik[Elf¥) Python JLHM MM C XY . B
1 AR FE A, SR sL O I AT e o BRARE AT PRAFES 12 QT gl A% 2 ) JE T 2L

Python APT H 5g 31— 6 pR KR 14 Bk SEAF &,

BN B & PyErr_Setstring (). HZ R
PyExc_ZeroDivisionError XFEHTIE L4, C

FEERRTGAFRE N S H R RIRAE

T AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 43NS HEN R B RAFEME
J Py_INCREF () feIhinfs iz 3| HAb ek £ S 5060 S 151 T4

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR YRR, 5
HARAR A R HE MR B] NULL. AR % AT 2 PyErr_Occurred () RS KB Pid &4 14
e, RN ZBEMAR [BHE A H k.

— AR f VS — AR g BRI B G H AT, f N2 A CaRE—MERE GEH A NULL 8¢ -1). E
TREPHFEA PyErr_* pREL - XERRBC L8 g WIS T . f I F Rl G 1Y 243 B — MR IR €
eI, [ARE R PyEre_*, MRUILIEHE - B R B e N 2 2 B i e B B R 7. —
E‘Eig% ﬁ;?ﬂiﬂj Python BRI TG, B IEY A THY Python fCRS I 22348 H i Python #2751 PIr g
FE ) S AL PR o

(FEHLENE UL MR SCRERS 3 T L PyEre_* BRSBTS UGN R, I BAX LT 2
ﬂ%‘zﬁ—ﬁiﬁ’ﬂo)@%i’i’cﬁﬁ#ﬁﬁﬂﬂlﬂ, KRB, HFATREFEA REHRIE R Z K KRS T 0
GENSIIPNE

REZL W i — AN R GO eR RO BT BB S, R AR P AUE L ] PyErr_Clear () RICHLER IR
C USR] PyErr_Clear () HYME—FEILR AR EANERF R AR gs R A 5e 4 b A CoRAL B E
(ATRE R, SO BB HAS ) -

R L) malloc () &SR —D 5%, malloc () (8 realloc () ) B9 ELE:E F 3% 2 498
PyErr_NoMemory () iR [FI45RIER . A XG0 @ R (Fili PyLong_FromLong () ) E&XAM T,
Fr A AR AU T EIEVH A malloc () WIIHHL.

WEERER R, BRT PyArg_ParseTuple () SFEERYHISL, 1R 1] B HIOIR A Y R KICH AR J 1k ] 11 {5
TRFRINE, MPA -1 Fon KM, AnfH] Unix REE0HH—FE.

s MARR B AR PR A B B B AR IR GEA A RE BT R X R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PEBE 5] B WEAS S o0 A e TR0 5 4. BT L RY Python S #5G % B 1) 1 75 B C %F 42, il 4
PyExc_ZeroDivisionError, IRAIAE MM EAMT. MK, RN 24U H ks 7R W - A2
PyExc_TypeError JRFR— X TLIEPATIF OIF KRR %M PyExc_IOError). IR SHI| LA H
A, PyArg_ParseTuple () BUHE 2G| K PyExc_TypeError. QIRARAEE— NS HAELHAL THE
fﬁlﬁzmﬂjﬂ‘@jﬁ/@ﬁ:ﬁﬂ%ﬁ:, )”Ulﬁﬁ@ﬁﬁ PyExc_ValueError,

VR AT AS VR R S ME— A e o T SR SCPR T A I — S R AR &,

FHEMGEH C FRAd. RENR—BER
TR AR SR R, Il e — 4> Python ¥

static PyObject *SpamError;

H HAEARBI BRI A R %L (PyInit_spam () HEH— A58 X QR IR L

PyMODINIT_FUNC
PyInit_spam(void)
{

(Rt

2.1. ) C &} C++ #& 3¢ Python 7
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(R —H)

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;

R TR Python 4542 spam.error . Ml PyErr_NewException () REUAIAGIEE 2, HESE
A Exception (RAER A — 1 FE A LAE I NULL ), 44752 I bltin-exceptions .

IR R AR Q@RS T SpanError M—AN51 1, X @B I 0 T 7 IRk ik, 5 0] SpamError
BERS 2 SO EFHRE

—2 e PYMODINTT_FUNC A4 B B0R [0 28 L1 IV

spam.error FH A AYEY RIS R, ilid PyErr_setString () ML, 41T

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 EFEH
[ 2 F AT 1), AR T T AR

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

WEARAES BN F PRI 55, BRAR F] NULL GRIELZ R [P 35 610 e B0 8 A (R A5 R 7R) , i BT
PyArg_ParseTuple () BB R . EHME N T SEEFAHE S DL 2| HE A # command, X2
— A FREFTRAE I FARAS BAZ G 20 B8 a4 5 (R EERRIE C o, A8 B command B 2445 1E A 7= BH A

const char *command),

T—ANEAH UNIX 2GR system () , HZiBBMKSEGZEN AN PyArg_ParseTuple () HUH:

8 Chapter 2. RERE=FTREIRTE
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sts = system(command) ;

AT spam. system () REULERE] st s F{EAE R Python %4 . 33X 14 F %k PyLong_FromLong ()
KL .

’return PyLong_FromLong (sts) ;

FEXAEOLT , SRR R , (XA G&AE Python e L) .

WA — ARG A SE0 C RE (BRE void fYsREL) , MIXHRAY Python p&ALUAA ] None ., fik
WAE XA E Y (B2 Py_RETURN_NONE %K SCH) )

Py_INCREF (Py_None);
return Py_None;

Py_None ;2F§Jk Python %5t None FIrif V) C # %, E&—FIEMY Python XF 4 A2 NULL 458, 413K
T, JEEAERZRE T ORI ERE iR

2.1.4 BERFGERNIIGCERL

KT IR spam_system () Wil Python #2 /7 FH . HEeR$5R B R m] LARE Python 8], THFEEE X—ATF
3¢ method table” .

static PyMethodDef SpamMethods[] = {

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

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

HREE =28 (METH_VARARGS ) , X/MrEfEES MM C W AMH. ik A METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . fH 0 fRZE{#i/fl PyArg_ParseTuple () HFRIHA &

WA B ph {1 METH_VARARGS , PR #U & 4% £F Python £ 3K twple 4% X9 2 %, I & & i 1
PyArg_ParseTuple () #4TENT.

METH_KEYWORDS {H#E/RNE% XEETFSE. XMHEN T C BT EHZE =/ PpyObject * X%, FRTF
WZH, il PyArg _ParseTupleAndKeywords () KT HE 4.

AT IRR AT TE LEEH TSI -

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
i

XA EE R R AL 5T 1 25 AR O R SR AL BR S . HIUR AL PR A T i 44 4 Py Init_name () , JA name J2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(Rt

2.1. ) C &} C++ #& 3¢ Python 9
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(R —H)

{

return PyModule_Create (&spammodule) ;

}

£ 7 PyMODINIT_FUNC i $( B PyObject * iR[EIEAY, FHTALAT-F- & BT SR 10 Rk k% A 1
FHE C++ FFRREFE N extern "Cs

24 Python F2JF IR A spam B}, PyInit_spam () &8 . (G X4k A Python (UHERES LT X.) B
FH PyModule_Create (), ZMRELIR B —MEEHT S, FFELT7ERHUE SO 383 19 200 D) & R £
SARA R H QB (%% 52— PyMethodDe £ Z5{AI%L4) . PyModule_Create () iR[E—A4F
]E IO R R AR EE . BT BE S PIRR e s R b 1k, s AR TE Y BT AT AR AL R [A]
NULL. HIIAERBOLAGR I R 5 HAH M, XFEEin] PABHE A% sys.modules Hi,

itk A Python i, PyInit_spam () REASHHAEA, BRAEAE PyImport_Inittab FH ., RN
HeEwatkE, i PyImport_AppendInittab () , A[MEMJERE —HEHE 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 0;

fiEl: ZM sys.modules MIERILABFA CYRIFMIHE] —AHERE RO 2 RESS (BB fork () T
exec () ) RFE— LY R E R § RS W] DAFERT IR 0 N R AR G A I 4 HH e i

10 Chapter 2. R{ERE=ZHATHAEIIRT
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B K TR IS ) il 1 & E Python JiR% A7 ) Modules/xxmodule. c Ho BUICHFRAT AR HIAEAC
RO SR B2 > R B

i) AEFRATY spam filF, xxmodule T % i an4s 1L (Python3.5 JFHA5IA), PyInit_spam &k
[1]—~ PyModuleDef Z5#4 {4, SR 501 @ ARE R S AN . 41752 PEP 489 £ BLAI IRk .

2.1.5 ZmiFfnskis

TEARREM AR B B R ZHT, AR M [T Python RERJGIFMEERE . WERAREE SN
B, XTI E RGBS ENLE . 2 EEIESE Y R Y (hd C/C++ &
FAT), PAKAE Windows b 4aidaR BINAIME B (& Windows L3 Cde C++ & T ).

WRARA G B N2, s A EBHUR AR Python MERERSI)—7) , Wl AUE ke B R A, I

B ERRERS . SEIBHYRTE Unix EARMEH, HFTEHURM SO (spammodule . ¢ i) HCEE i 40 RS A4 7
) Modules/ HER, BhI—478| Modules/Setup.local FHGBIRE S

’spam spammodule.o

RIGTETUZ H 3K154T make SR E ARG . IR ATDATE Modules/ T-H ki /I make, {E2 iR ASEH
## Makefile (fF, SAJ5izfTmake Makefile’ fiy%. (VREFIIEE Setup UG ZOXFEHRAT. )

UERAR IR BB AR, X LEN AT A I AR B SO L, 28 S

’spam spammodule.o —-1X11

2.1.6 7£ C hif Python F#}

A5 Rk, Felil—EHABHERE STk Python 1 H C %L, HLFGIRWARAH, w2 M C i Python p§
B XAERIEEEPOICHA o R A CEE AR, 52802 5L B A [ JE L o

SEIBHYE, Python fERERS 2 LR IR, FE4PRIE Python BREGRAL TARMERE . GX s AR F A fd b
Python “EAFERAE R AR, WA PGB PAZ% Python/pythonmain. c 1Y —c ap 7. )

VW H Python pREXMR B, 79 4C Python F£ /5 4% 3 Python pRENI 4. MAZFR U REL (s HAth g 1) RS2 8.
XA R, 4 RAE S ARATE Python pRECH S AUF5%T, W EJH A (Py_INCREF ()) SRHmsg] Hit4k,
VRN R RNEAAXR . BT, N RET e R E ) —h4

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

(R Tgksn)

2.1. ) C &} C++ #& 3¢ Python 11
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(R —H)

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

}

return result;

}

XA bR £ 06 A {8 B} METH_VARARGS A5 vEM B fERERS, XAEAL e 7 ik A Ao dnds 10 3 3 BT S fli ik
PyArg_ParseTuple () B HSEAISORAER I B 3 400h B4 o

Py_XINCREF () fll Py_XDECREF () X A% a8 /80— A X 5 T, I B 24074 NULL F84F i)
AT BRAIE 2 4 ((HIE R AEX A R SCH temp ¥9A45°0 NULL), 2 A5 BiES % 7] A it4e 35,

oS, 4 IR A, ARFFH C %k PyObject_CallObject () ZREAWNZSEL, ENHET
Fe4t, 8T Python X§4:: Rl Python p%k, MHZSHF|FK., SEIRLMEE—DIcdS, HEKER
SR ECR . BN SEOhE  Python s, WL A NULL 8{—/45 el B — S E80HHE, g A
*/I\ﬁﬁiﬂo Py_Buildvalue () &fEHAEXFAIFR A E X EFES HEA 32 A8 AT R [ —A
Jeel. filan:

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 () & [ Python Xf % #§ 4, X 0 & Python & %t 1 & A fH.
PyObject_CallObject () @& —MXHESH” 5| H It L X Wk Fl P Hmcdazdi s
HH#E, H HFE PyObject_CallObject () ZJ5 B fl T Py_DECREF () .

PyObject_CallObject () MRIBIEER “Br” f: 2R —DHENXIS; WARCAME, (AT
FUHTTE FrABRAR R A R R A A 4 SR A e, ARFE 20X AME# M Py_DECREF (), RIMEARNS LAY
WA (Real!) RS HR.

(ERAERIX A M i, AR EEN)— SR AR ME A NULL, W2 AYIE, Python pRELS A IEH5] & 2
TR JHH PyObject_CallObject () [ CAUIEETE Python & i 1Y), B M 24 37 R [a] — N k45
HIH: Python W13, , PATEARREARAEFT EIAR MI(E B, s LA J7 Python AL REALBLZ R . WX LIk
MR A GATE, WY 48 H pyErr_Clear () KiERFH. Bilan:

if (result == NULL)

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

T Bl R g, ARid 2R — 248113 E] PyObject_CallObject () o FERLUNIL T SRR
sy Python FEfr S (i), il £ 11 PHL 2 IR R B0 R o AR ] AR B X AL . 55 Sh— LB AR
TR E—ASER T4k L SR R BT S Py_Buildvalue () pREMIE tuple. 25001, fR%
83— A ARSI T DA 20 ACAS:

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);

(FUTakEh)

12 Chapter 2. R{EHE=HATAREIIRFT




Extending and Embedding Python, (] 3.10.16

(R —H)

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) ;

JER Py _DECREF (arglist) AL RN, FEMFRIGA 20T, MANE SRR — W MR, L
Py_Buildvalue () ] e ME NN R 55,

DRV R BT IA TR R, A XSO PyObject_Call () , RELFFFESHA L BFESE. A
anan b, FAIEH Py_Buildvalue () SRAESFH.

PyObject *dict;

dict = Py_BuildvValue("{s:i}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

21.7 RBY REHBHSH

% PyArg_ParseTuple () WA :

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

SR arg e — LA G, A Python R 45 C BB S MBI . format ZHRLL e — Mg X FA4F
N Python C/API F-Ji} 1] arg-parsing. FRSECES ML RAHIIE, FEABE R AT

R PyArg_ParseTuple () &AM TE ) Python S8R, HITLIEA & 25 by C AR Bk, Wig
XHEHBET, ﬁfﬁﬁ%ﬁﬁ\]ﬁ*%m%)\?@, I

VIR LA dh 8 ALY Python X4 IR 45 008 : ARSI E 11031 HH4C
I

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

int ok;

int 1, J;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

2.1. ) C &} C++ #& 3¢ Python 13
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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 () mBEILITF:

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

arg 5 format 25 PyArg_ParseTuple () HREUTE LN —. kwdict TEZ 216 N5 =125\ Python 1z
TR BRI B KB P . kwlist JE S & DA NULL Z5 R FAFERSI R, EHARIRRIES: AN AERH 5%
H format (A5 BAIPLAC . ARAATINEN, PyArg_ParseTupleAndKeywords () 2iRBIFEAE, IR
MBI 5] K —AN1E 24 1) 75

f(E: i E R ST R AT SR TR, ATE kwlist PR TF SR T3 TypeError .

AR B2 KT SR B TR, 325 /2 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, ...);

B AT, 5 pyArg_ParseTuple () A, {HE2SH0002 FEA Bt HEE G A A R %L,
AR ). 2R [B]—A> Python %1 423E &1k 8] C R %# F 44 Python 75,

—5 PyArg_ParseTuple () WIANESE, JETHI] AETR ZEA)ZoK R 0] — 04l (Python S HLIR ML ZFEN
ER AR I, Hean T %8 245 HoAth Python pREPAS %L, Py_Buildvalue () HFAREAEMITA, LT
1 AR & A e, T a0 SRS A7 R o 2SR ] None |, — SN B 3R FHA S EU X 4 .
WNSRERER AR B — MR 0 e, s S — N IeEW o, FEEE X FEAE N EIES

BI¥ CZeM2RM, A2 Python {HEZ5R) :

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 A TT8h A/ BU A RSO heap 4 N AF. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFHFAYTIRE

4~ malloc () HECMNAEEL, RZAEER free () BEIF T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ISR EOR AN - X
0P AR o AR (] — A7 free () TG, 3 5h—MEE-FRDI, MR A malloc O &1
RRNFF B XM #7454t SR T R ROIIACRI RIS, core dump, FFEREEH, MIRLAIAIBISE .

AR R A R AR A — S8 TP AN DR AU R AR LT FEan— DR s T INAFRAS , T 283158, ARIEREIL
AT, BRAE— SO0 R AR 15 24 T BB T S A I A I A B2 0, ARSI B R BGR ] 1 IXARZE

SACAEIR AR A, Feabe s s g (R . XA TR, — BEIA, SRR IR E DA 2]
R AR R, T BRAC U SO AR E ORI BN B ARG (AR KU A et S8 D it O
BREN A AR L, AR A, e AURS LT SR R R M 2 B iR

Python jfiid malloc () Ml free () W& KRR NAFECAREML, [FFRSS ZEREG0 N TF it AN B F5 6. it
Mk 51 R T dc. HRPR LRI BRI S — TR, TR IS I 0 R G | SR
S, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

T3 AGE A FH R e, CHING T BB PR MR Bl Bk, TRaX " B2l H AR Pi#) .
Bl b7 3% S O 502 A TR E TR free () o (5 —MEAURSCEE S MR, SATMX I
AXE). SRR C, B RS AR B SR w5 IO R AR AR S (% malloc () M
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free () MAUZEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mcRs, (EAE
HIRATA G T TR T A

Python (I GEMT RS BE, Wt TORBRIGINGS . DA R GER . X (50 1 Jo s 1H 0 A% 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 4 BEDS AT SR (SR ER I BE IR EA ] g BABERML T — Pz f izt il 479773 (collect () B
B0, PARZANBCE S RIS T I A A 25 X D B -

Python 35| At #

AW % Py_INCREF (x) fll Py_DECREF (x) , & AbH5| it . Py_DECREF () th&a7ES| H 43|
BOMREICT S . N T RIG, HASHERM free () , M50 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—EME. ®AN #HE”
— X5, RATPA RE —AFIR B — A5, —XRNEAECE SCAIAE S NECE. 5IRMIEE
HTATVHH Py_DECREF () , 7E5|HAHEHRER . 51 HIHAE X R AEE#. A =gkt B3a 51
M k. F76%. V8 Py_DECREF () . &icdb & MNIA M5 HSSENTER .

WATPA 452 — AR5 . 5] AN %R Py_DECREF () o {5 H#& WA e A X S
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

R RTAZE A S I, P8 Py_INCREF () o XAXPUIC LA WA E RS . XBI=— 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 RARICE . EIE RN 5 ARREHIEHT,
RATIER P ASRAR X R BT 5 | o — A58 /& PyLong_FromLong () 43 T —ANRATEMZAE, I AT DAIR[E
BRI HHE -

WZhH— DX ER—IT 2R, B Esg]H K FR, FlU PyObject_GetAttrString() . X
B A IEN, — A K G R 2B S8 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SEREIMICH . FF. FHEAEHKE]H.

PREL PyImport_AddModule () &M HAEIEIH, WHMA T RES R BIAIEPIXTS: XA 6 A — 4
HHIG| MR EFMEIE sys .modules B,

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

24—/~ C RHWE Python W I, ST RSEAE G . WHFEPFAXZRATIT, B s w51
A fi S AT DAGRAIE S R B0 0] . I S 05 1 05 | R Sl e e g, b A A 5 D, 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 [R5 | IS A1 95 | -4 X RPN s EUL i 45 VA i 3

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

e B AR S DU M Py_DECREF () B|—PJLRXR, 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 .

BATREFEZEHIRAEA PyList_SetItem () o JIEIGETIH THEHIA G, FTPAYSA R 1 s, s
AL FESR R 1o BIEERER AL 12 P RS, HARBEXANZE LT __del () Hik.
WA RELBI G HTECE 1, IS EIERSTEA __del () Fik,

BESR 2 Python B, _ del () HIEAIPASUATAE R Python f0H% . A AIHETE bug () AY item B IF5HIE,
. BRIRY)FAEHE] bug () &8 __del () HIERTVTA, LI APAT—MEAPRSEEE del 1ist[0] ,
RIGIBRBEX R G — AR5, RS EREONAE, MM {75 item JTRUIL.

FRERTT G, HARANE T BRI, SRS T IS IS T B RCA 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) ;
}

KRN ELWME . — A IHRA R Python £15 73X~ bug [FAF, 1 —2L8 \AESS T K EBEIFE C J#ilas
EFWANA _del () FESEI.

Tk )R 4 A e L A S | T B S R R A R, %, Python fERESE B2 AN AR TLIETE AT 1Y B
7%, WAEANERPURDZE Python B4 25 6], {HA] PAfI F %% Py_BEGIN_ALLOW_THREADS RIfGHREL
XA, BEHTAREI A Py _END_ALLOW_THREADS . iX i # I Z3/EFH2E VO W 4h, if5H M 28R n] DAYE S5
5 VO WE) 6 AL BRES . AR, WTF RS IR Z BN —FERY )

void

bug (PyObject *1list)

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

(FUakEh)
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(R —H)

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

NULL 5%t

HH, BRI SEH KB BARME L EAT NULL $5851, I FS IR 2 8 0 (B
PGB DR ) o JRIBD0 G5 | Y R 4GH 35 AR A AR T S8 I 43R [B] NULL, Al NULL 2450
J5 PRI T 1 6 bR R R DR E AT T T R G A 45 LA PR 5 - AR e BT A NULL, R 2 R EORE )
ARG T AR IZ A TS E G20

B RMEIAROUE “PCK” BRI NULL, BIFERRCE]— AT HEN NULL i945%E, BIAIKHE malloc () B
— /A RET A S 1) eR R IR

Py_INCREF () Ml Py_DECREF () & H ALK NULL #54F — (B2, A2 M Py_XINCREF () FI
Py_XDECREF () <A .

FH TR A 2 X 5 2581 %2 (Pytype_Check () A& NULL $841 - [RIAEHL, KRS & L0 F X
TR — XTSRS N LR [ TR T > — | SRS A TR BN . AAFEH A NULL A0 AR 1A

C ¥R jﬂfﬁﬂ%ﬁiﬂ%éﬁ C MBIZHINE AnBlth args) A &8 NULL — b EESARIEHEZ
H—Aocdlt.

LA RS NULL $54T “WHtEE” 43 Python FI Pl g AS™ EERI4R LR

21.11 £ C++ hRpEY R

AT DATE C+ g S JAsise, FURAT BEpR] . 4028 A% 7 (Python fREAS) 26 C G ae o g 1A k4%
1, &R SX R SR A BB o AR Cr+ i g A S XA WA BR824 Python
RS VR GELH SR I (L R B0 LIl extern "C" . MME7HAE extern "C" {...} HH
Python SKSCPENIAE IR AL, PEOAINRE L THF5 __cplusplus MEZSEX AR T (Fra B C++
G 2 E XA

2.1.12 45 RIERIZHE C API

R AR B 7374 eR BRI S Python (1], (EAT I frASi b HL A4 AU TS AR T ARSCHA ™ RS R ik )
BN, — Ay R AT PASE I — A~ S A collection” kLR 2 A T Y . 42 Python 51| RKA, 4 C
AP AAVFY A HOR QM ZAES 5132, XAHHYAR G I DAA — i C e U T4 At i R G

TR EAMRE R AFEEERE Cof sl static), FRHUAHIIGSCHE, AR CAPTISCR . Lbx
AR I RIS J i S £ Python AFRRE SRS (U2 W] AR TARMY . URIBDAIE e glefiemy, — M
B AT E SO — AR RT UL . AT UL A0 (O T3 E R 48, — L8 R GEHY Python M REAR (11 42 Ry
2 7518) (BN Windows) , A LEMAESERE N 52— "IN E S ALFFINER (P12 AIX), s iRk
N [R5 (0 Unix 251). BTS2 4Rl WA, AR T RORCHR o n] B8 4 A 4

RS FR B RENS AT Al WL MU TR . XGRS B T A SR % Il static, BRT
PRI AR R, At 5 HA Y AR 1 i 44 b 58 (FEBE ALk 7 5 R A s 1L A FRhig) o X EIR
AT NI oL IR HoA 5 Hh 7 FOR B A AR 517

Python $2 48t 7 —NFp B AL R M — AP AL ) o5 — 9 RSB tL i C 20 fE S (F7%): Capsule. —
/> Capsule g2 — 76l 7385 (void*) ) Python #5362 . Capsule HAEiHdH C APLREIEAMT T, H

4 BAREEA IR RS TR A 205 i, XS IEAR B, R TR EZ IR T
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EANTR MRAEATH A Python X G —HEglfid . i, EA07T AR S 3 R b fiy 44 25 0] ) — D4 A5
Foft g AR AT A AKX AMEE SR, SRIBOZ A PR W AYME, ZRJ5 M Capsule HHARIRIES .

Capsule 1] DA ZF07 20 C APL 4597 @B . ek B0n] DAJT H © 1Y Capsule, 535 ity C APT $i%f [ A
FEtAE— A L, b hE A A %5 Capsule. (ERERIAREUIREB AT AR Z Ry, 2 Pt i .
TERARBEREMATT ik, SAARI Capsule $5 38 MY Z AR 2. s PyCapsule New () #5—> name
J£Z (const char*); AVFIRIEA—A NULLAERNAFR, HIATRIMELIRIEE LK. IEHHLA 4 ) Capsule
PPE T —E s T R A o AT SRR A~ K fin 44 1) Capsule

WAL, Capsule 248 C APL, HA 7 I iZs fif 4 LT -

modulename.attributename

R %L PyCapsule_Import () AIRAJEAGE AL Capsule $244k) C API, {{{E Capsule [) 4%~ VEFCHT
AT Rk C APT I PR AL T s BE i MR 30 A E A C AP

B TR T AR T H AL A T AR A A AL BT 3, SO0 TR B RO R A IR R .
BRI CAPLISH (TEX MBI HAF—A!) (AR —A> void FREMEEAL, ERFBh—1 Capsule F{H.
SRR IR Sk SR T — AN 75 RAT B ABLERAIZRIUH: C APL IR % b A 35 e C APL
Z AT XA BT

TR W H spam BB, SR H—1E £ ) Bk, KA spam.system () AL EAEP C AR
system() , H— %L Pyspam_system () XHITIM, YIRBLSE PR L (BIANHS I "spam” 454>
ir). B PySpam_System () oGl 4y HALY IR

PREY PySpam_System () &4l C pi%k, FH] static g H AR AREE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () AN BBk

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);

}

FEBHITSK . FE AT )G

#include <Python.h>

B ST

#define SPAM_MODULE
#include "spammodule.h"

#define AT H AL U FREALS A FHELL, MARE ki, 2, BRI LE 1L R Eun i st
WG4k C AP F84 184
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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;

"
1T

PySpam_API N static ; BAMBEEEHLHE PyInit_spam () Z5f)E1HA!

St spammodule . h BR—He TAE, HEZUT 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 */

static void **PySpam_API;

#define PySpam_System \

CFoiaks:)
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(R —H)

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B 7 i AR P 00T H W) 46 A R K B 4% G U8 T BR & import_spam () (& ) A BE U5 M BR 4L
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RAPTAM LB ERR, SUMF spammodule . h i FAL. B, WHREELTHAREL, FAGH R,
JIr AR B2 2] — 1K

a2 Capsule $2(E THSMYTIRE, H TAEMEFE Capsule B PR 5 I NAE D BLFARERL. 4175 %
Python/C API 2% FJJF 127 capsules #1 Capsule BYSEH (£F Python JEf% K4 T4IH) Include/pycapsule.h
1 Objects/pycapsule.c).

Fe
22 HENT REE: Hi=

Python A4S C " EALHUE i) PAM Python fURD H #EANAYRI R, SXARMRINER) str Ml List A, Jf
AP R R ARRLG — M, (HRERTT IR, R 2 T Leaiy . X0y SO X XA AN 4
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2.2.1 Ei

CPython ja4 T T A Python XFRHARILA PyObject * KAAYAE R, X2 A Python XFRK) “HEREIA”,
PyObject FEMIRA G A& X R i reference count FIFGIAXFRIY “HRBI L M8, X REENIH
P FIRRUE MRS 2R FIIELE (C) s %R, BN, FEXGR EAEH—ENE, WMk, SES55—
ARIGANRE . XL C RBBRE N “RRTTIR”.

BrEA, BRARAEEEE SO R, T2 QR R 42

XA AR BTk, X BN — s/ IMEESE R RO, 5 ST TSR Custom 7 C 7 AR

custom B,

) X IR TR R E X static M RBERA LS 071k FTAIE & K 8. C APT Wn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITHE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

PyMODINIT_FUNC
PyInit_custom(wvoid)
{
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;

(N IUERED)
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(R —H)

}

return m;

}

XIS REE GBI, X2k TR bR Lo XA S0 e LT =
1. Custom ZEHIXT4 object 175 T : CustomObject Z5#y, X4 A Custom SEF|H—IK.

2. Customtype (4770 iXJ& CustomType 454, HiE TR RN BUREr, S mfgReds 2%
R

3. #E4L custom fEHL: PyInit_custom ERECHINT N H) custommodule GEH{A,
SN —PU2

typedef struct {
PyObject_HEAD
} CustomObiject;

kR HE TR RS ERINE . PyObject HEAD &5 il R HCAE RN A S 5 iR 2 i 8 L—1
#°M ob_base ] PyObject BRI FEL, HP @S —IRRIEBTE RG] HTHEFaE (X BE T RA 31
% py_TYPE fll Py_REFCNT 3RIX4>) o i F Z2 W f /2 K5 10 JRrdi 5 H SR I 7 VA1 S 13 R w0 1 RS T
FE.

fHilll: FERAEL PyObject HEAD JGIA 4T . AN & SR H R T .

MR, XRER THE PyObject HEAD fE#EEAL, ABIMIE: BIan, WFE LT FnifEfy Python i &L

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR I R Y E S

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

bi

WE): RO L C99 BRI, WBGSIHBTATH) PyTypeObiect B, HhRZ UKL
DK, SRPELAT DRSS X FE T B2H 2 SR

& object .h FFSLPRE LY PyTypeObject A M EE SCELZH 7B, FAKTEam CHixsHME
SRIATE, WHEPMOE A RAHIEEENT, BRAMRhSEHEEA ]

ek —un, BRI
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’PyVarObject_HEAD_INIT(NULL, 0)

XA flp R, AR LN B3R F Y ob_base T B

’.tp_name = "custom.Custom",

FMIPFEBAY PR R BAEFRA TR R BN SCAR TR I A L D B, Bl

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

HRE, AFe MW ENAY, IR PR R R 2R B PR, ARG B E custom, REIE
Custom, FrPAFRATRZEABLA BN custom. Custom. ffi {EIEM SRS AMBRESZ, W AERKETY
pydoc il pickle iR IFFL,

.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.

#iF): 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 thanits 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,

JI A 2R B R A E E AT AR T AR IR R . 1% RERE AR T 201 Python 3.3 Z i E A TBIS R o AARAR
TEEZRNGL, ARF 2O B R AR UEF T OR 125

FATH tp_doc FRAGRM— SR AT H.

.tp_doc = PyDoc_STR("Custom objects"),

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

.tp_new = PyType_GenericNew,

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

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

This initializes the Cust om type, filling in a number of members to the appropriate default values, including ob_type
that we initially set to NULL.
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Py_INCREF (&CustomType) ;

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

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

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

T ORI e e R BRI EEI 4 custom. ¢ SR R)E:

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

TE44 0 setup . py WISCHEAS SRIGHIA

$ python setup.py build

| shell W LY. 24 2 AE—AF H s =4 0 custom. so; #E A% H sk 1247 Python --- K. 24 REWS P 4T
import custom FH2i{#i ff] Custom %4,

RXFFAHE, R ?
MR, MUHTH EE SCRBARE TOlR . ERCA RS, AT . BER RGN TR,

#§[E): While this documentation showcases the standard distut ils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained set uptools 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 EERRBIFRMEIEFS E

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

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

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

} CustomObject;

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

(Q9)
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EHE—5)
Py_TYPE (self)->tp_free ((PyObject *) self);
}
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
t
self->number = 0;
}
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
}
return O;
}
static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
Q)
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(R —H)

"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"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

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

bi

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

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

’

(Rt
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Py_INCREF (&CustomType) ;

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

}

return m;

}

LR TR A 5 22 A
AN LBMPE—INBFA

#include <structmember.h>

AR IERIRAT RS BB PER A B, IR AN AR s P il i o

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

X R SR PR L3t B

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

} CustomObject;

Ejﬂf)ﬂ” ERATALIRFTREAE R, FANTLAE /N ORI PR A BRI 20, JATREA — R

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

ERWIREL tp_dealloc MG

.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 t p_new failed midway). It then calls the tp_free member
of the object’s type (computed by Py_TYPE (self) ) to free the object’s memory. Note that the object’s type might not
be CustomType, because the object may be an instance of a subclass.

#E): FEEEm R destructor BRI NIRATE N T Custom_dealloc 5% ﬂ/\CustomObject *
24, {H tp_dealloc uiﬂ(?‘é?ﬁﬁ%ﬁ%i*/\ PyObject * S, WIRANXFAM, midaife kb
& CHEE A5 r 2 351!

FAA B — DR — DA S AR, TR T —4 to_new SCBL:
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

HAE tp_new MO E:

.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 1ast attributes to non-NULL default values.

tp_new SFEZPLHLIREL (AZERN CustomType, WIERGSLHIMLHE—TI) PARAEZITPEH
MR AL SE, H PR ] P @ 5L 0. to_new JBIG SRR M AN KB TSR, HEILRE
DBMGX SR, M SEUE P 4R (B C Wiy tp_init B Python Hify __init L) Jrikk
AT

ffil): to_new AR RAMIIM to_init, FMREGRSATTIRTE.

tp_new LI tp_alloc MAIk /M HEAFT:

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

T AFE M EE T BB RN, FRATAAEGREERAT Z Hik & tp_alloc FPRHHIAHAN NULL,

ffilEl: FAIBAT BT tp_alloc Mfi, M@ PyType_Ready () S NEATHIERIFORB AT E
B, HAEAN object . KR JEIUAR G BRI 73 Ho SRS o

#(E): If you are creating a co-operative tp_new (one that calls a base type’s t p_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.)

AT ST — MRS HOR NN LB FR AR AR ) 45 1 R 2
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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;

ELHTE tp_init 7.

.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 O on success or —1 on error.

Unlike the t p_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;

}

(R T RE A k. FMTAORBBA R first MOARGSE, PHICE N ARAEMFR RIS . EiT Al
A—ASPITZARVTT first ARG B SR nTRE SR & 5 i 25 0 LR AU
FEHADLAE Fsf TRV RS IR AT R -

N T PRFFETE R A Tl X T RELE, AL B2 B A 5 5 T A mi g e TR (4
ISP AGE AT AT AN A6 PRI AR ?

o LIRATIABHRIES HTTEORT 1 I
o LIRAVHEXT SR WEAR LR GIL WA G BT TS FATT A ZE TR AR Fr [ 5 1 o
o BPb—A> tp_dealloc ACFEER A SCRAEFRELR IS 22 5 TR0

VTV A SR R, AR R S AR RS DA A
AR RATFE tp_dealloc ALFAEH X —HLE], BIRHFRATNHBUAR SRR K.
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FATATRESARRFFA T L B AL F R FE N . A JUAR T AT AR X — o e ] A 7 2 i OB A E L

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

HREE UK E S| tp_members A

.tp_members = Custom_members,

B E SCERA B4 FR . R WAl . Vi ERRFI SCRY AT ER o TS A R R 2 22 b 22 NIk
TR . section below for details.

Wy A s 2 — 2 B PR i AT IR B 45 Python JEMERIXT R EBIMInvE . FRATTHUY first F1 last (1) 44 5
HFAFER, AHEATTRT AEIRAE AL Python XF 42, BLAk, X 2eJg bl AR ER, R C 845 NULL,
BIEEFATT W] AGRUEIX L8 B A AT AR A A NULL A, WX 28 Jag M N 3 48 180 B3 47 T 48k NULL

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

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

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.

PAEFANE G b 7535, AR R — IR SO

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

Hy

(N IUERED)
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{NULL} /* Sentinel */
bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
IR H 4 tp_methods FH{i:

’.tp_methods = Custom_methods,

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

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

e, BATEHFAIN setup. py SAARA HEHT IR

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

1

2.2.3 RN TFHIBE M EREE

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

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

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

} CustomObiject;

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

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

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

type->tp_alloc (type, 0);

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

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

t
self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

PyObject *args,

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

static char *kwlist[] =

PyObject *first = NULL,

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

return -1;

if (first) |

tmp = self->first;

Py_INCREF (first);

self->first = first;

Py_DECREF (tmp) ;

3

if (last) |

tmp = self->last;

Py_INCREF (last);

self->last = last;

Py_DECREF (tmp) ;

3

return 0;

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

number) ,

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

void *closure)

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

PyObject *kwds)

"number",

n |UUi",

NULL};

kwlist,

0,

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

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

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;

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

(Rt
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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"
b
{NULL} /* Sentinel */

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType)
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
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the functions for getting and setting the £irst attribute:

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return O;

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

The setter function is passed the 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.

FARIE— PyGetSetDef ZEHRNIE4:

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

IHTE tp_getset HEAHYEME:

.tp_getset = Custom_getsetters,

1F PyGetSetDef iAW G —H2 LR “M” . EAG T, RANEAEHMAE, BRI
£ A\ NULL,

FNTIER B T % L8 J P B A X
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static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

FAVEFENRF tp_init AIRZEHON H AV ATFRRH:

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;

}

WX R, FRATREMSHAIE £irst A last BB —E AN NULL DAEFRATTREAE LT P A1 I AR NULL
AR . XM K4 Py_XDECREF () i HI#S AT AR 44>, Py_DECREF () W .. AT HEHE HuxX LLi
JAIME—3) A =AE tp_dealloc SEEA, BEHLX LR B W41 A P BEXE tp_new HIZRIK,

HATEE a4 T BRI G R BRI AR A R PR B, RN TZ BB —#¢, AL setup.
py SCHAIN T — BN E o

2.2.4 ZHF AL EI

Python HAG— AN 1] DARR RN T3 B A G 14 3 7 3 8 = i 25 (GO) RMEBEATI S HEOEAR . XL
STEXSRIAEERG T KA. B, A

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

FEXABITH, FATeE T A Bask. AR ERIHE, TRMARAG R BIHA S
SR ERGIUTEORRENE. Sz, Python RFFERIIR M UCHs-F-fic 2 IS4 T2 M A BEROT R
B

3 FAEFA VA first A last SRR TP, BB VAR AT DU E I3 ARG G , (HR, Jfl iR B A T2
HOSEH. BDBEREMOEI 7 ER R ST M ST, FoN TR BRI REAL— PR T2 SR SO AT X R AT
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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 Cust om, 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, void *arg)
{

Py _VISIT(self->first);

Py _VISIT (self->last);

return O;

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

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

STE, BRI R R B AR SL G, PR ME AMERE st FRAEM AR BT | A .
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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

{

PyObject *first = NULL, *last = NULL, *tmp;

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) ;

3

return O;

static PyMemberDef Custom_members[] = {

"custom number"},
{NULL} /* Sentinel */

bi

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

Py_INCREF (self->first);

return self->first;

static int

{
if (value == NULL) {

Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

static char *kwlist[] = {"first", "last", "number", NULL};

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

{"number", T_INT, offsetof (CustomObject, number),

Custom_setfirst (CustomObject *self, PyObject *value,

0,

void *closure)

(Rt
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PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0O;
}
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)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
return O;
3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("%$S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
Q)
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}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

B, W IrIEEERE GC RERERS S IR X1 5

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

int vret;

if (self->first) {

(Foak%:

)
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vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
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 #2 k7 — />0 5 & if H visit lHELH) Py_VISIT() . fHH Py_vISIT(), AW A&/
Custom_traverse HHER T/ERE:

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return O;

il tp_traverse SLELLUCKHBHUMER 4% R visit Tl arg DA Py_VISIT ().

7, BAFE RS DIRE A BRAL A n] DAS IR T X 4R

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

}

THER Py_CLEAR () EHYMN. BRIHHRERLBA LR BT B DT By ey Ho2e 49 07 5.
URAR B AR B NULL Z ()@ P BV Py_XDECREF (), WIS MEMIATIAEA 1] BE 2 [0 FHR
BEPOZE R A (G 3] = RAFAES R 35) -

) ARTTPAEL PAR S5k AR Py_CLEAR () :

PyObject *tmp;

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

T UM, T JE A i 45 28 ] Nevertheless, it is much easier and less error-prone to always use Py_CLEAR ()
Hi e AR R HEA G A A B DAL i Mt !
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FEAS Custom_dealloc A BERTETHIRBMERRAERE A . XEMENEER GC n] RAYE bR 5L N B il &
T GC U5 A A%, FAIFZLE S JHH Pyobject_GC_UnTrack () ik GC {5138 ERAH KX
%, FHEFKANEH Pyobject_GC_UnTrack () fll Custom_clear EH LM BIES:

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,

RFEZEAZ T WRIANHGE T HE X tp_alloc B tp_free PR, WA LA XIIEERELIR 14k
KRBT . KZH ARG A SR AR

225 FRAHMAER
BIEIRAE H A KA H R BLR A T RER . A5 W02 M E R TR, R4 i ml Ay (S &
TN PyTypeObject . FEA[FY B AL Z5X 8L Py TypeObject G5H A MIE FIXERM .

In this example we will create a SubLi st type that inherits from the built-in 1i 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

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong (self->state);

}

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

(Rt
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i

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,
.tp_flags = Py TPFLAGS_DEFAULT |
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,

bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "sublist",
.m_doc =
.m_size = -1,

bi

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

&PyList_Type;
< 0)

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

Py_INCREF (&SubListType) ;

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

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

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

Py_TPFLAGS_BASETYPE,

"Example module that creates an extension type.",

(PyObject *) &SubListType) < 0) {

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;
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int state;
} SubListObject;

URAE BN G 14 32 B2 A T H I X R A AR AR S — ML BRI C e AR IR s T

PyObject_HEAD (),

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 0;

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

XA AE RS HA HE X tp_new fil tp_dealloc W BAMRABEE., tp_new B AN HHAE
tp_alloc WX SEFR A BENAE, i eibiE2Smid M B On tp_new RALHE .,

PyTypeObject ¥ ¥l tp_base 8 @ XA W LKL, BT T 6 HIF48 R 8, /R ICHEM X
PyList_Type 5| R B FTIZ T B BN 4B IS e GG 4k sR 8 b 58 i

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

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

WM PyType_Ready () ZHl, EREMEUNIMELIET tp_base flifii. JIFLATNIARAIRAER, B
RNEFW tp_alloc fli{yIHFE N PyType_GenericNew () -- % B EEW /B R ECE S 4K .

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic Custom
examples.
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&
23 ELY BRER: EFEXER

ARE AR IR AR AT ASE I SR AT vk B I RE R R R 4
Xjg C KM pyTypeObiect MYE L, M T HINT il 7E:

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

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

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */

(FoUARZE)
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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;
} PyTypeObiject;

HA RS Tk ARG, WRAREE DR, @w H i E s ik,

IR IR, FATIEZE PN G R PRy . PO R I SR na 7 Bk
PABRATTA AR E N IFEST VR B SCR I IHE . @R A 5 ) — DS IR B By il 1, ,HFE&
AR E B AR HI AR

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

RN LT - LR By, SBREREZH, JLFEMWER N TI2WHK . Sl Mra T, 5t
TR A # Bl

’nyssize;t tp_basicsize, tp_itemsize; /* For allocation */

FREIFEA TIAE QNG A R BO R I L B2 DIAE . Python O 1 ARG (BT
ﬁ$, méﬂ) ALNELR, X2 tp_itemsize FRUFAEMI . Xl e R

’const char *tp_doc;

%i%ﬂ%ﬁﬁlﬁ*&?ﬁ% (BEERL) , 4RIEAE Python IR obj . __doc_ ik Ml B SCR 5
TR,

DAEFANIRE — T EALRTTIE - RSB LR TE
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destructor tp_dealloc;

YA SCBIA S VRO > Z - H. Python f R A ZL MBI, RFUR ) BERR & ISRARAY I N
AR A T A 2R, AR DM B X B e W RAS By T X HUREI . DATT e e R R n 1) -

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

ARSI SRR A, ARG I 24 7 T BT B 52 7 Be 2 BT i PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj);

Py_CLEAR (obj—>other_obj);

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

— BRI R AL BRI R R B TICE AN S X AR B2 AR S ol R Re 2 0 v
M, MR ERBE (MAEIEERED, ANSFAEATINERI RS B B — D5 MR e . ISR as
AT AR S B MG ) Python AU A A A i R AR E . X P AE S BURRERS Y iR A 1R . IR
yporitie, TEEMANEERRIEET, RERIRTE, RIFTEHZERUGIKIL . F VAl PyErr_Fetch ()
Ml PyErr_Restore () PRECESZH:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)->tp_free ((PyObject*)self);
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i [E: PR RETE RE A oK R 22 A AT I B AR A IR, SR, AR AR A 28 B S R I i (fi
tp_traverse /B tp_clear), XFRAYFRN NG W] AEI I to_dealloc WP s & 4, Hk, 1
tp_dealloc !, JREMGFAATARERE: BRGIHITEETE. LAXHEHEBER gl APT R (N
R B ) AR AT BE SRR tp_dealloc, SREUNEREMOF KA H .

M Python 3.4 Jfhfy, #EEANEFE tp_dealloc JEAAIALETS, MMM tp_finalize FAIE,
%
PEP 442 ffiff T 4457 % .

23.2 HRBR

7 Python #t, A W7 A 0] DAZE ST R SCAR SR repr () BREH str () B (print () BB EIER
M str (). ) XLEAFRAR PR 2 TR o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHRRRF MAZIR Ml —MFAFER SR, Hh &R ER LA ERREA. R — M E Rl 1

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

WRBAIEE tp_repr APEES, MBS RHZAL— N 2EAL) tp_name FFRTE DA BOGT G ) ME—A5 11
i

tp_str AFENTTF str () BN Bk A tp_repr AMFIEEXTT repr () —4f; WELEUL, T SHEY Python )
TEAEARBY X AL BV str O WA . EREBYE tp_repr RMECIEFAMLL, (HHAERFASZ
HEANEEFN .. WRKIEE tp_str, MM tp_repr ABEEERAE.

DA 2 {1 ff e ) i 91 -

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

23.3 EHER

RETE AT RIS, IR A AU TR RO R . T — MRS R

LB (U5 ST FERTIRPE) 55— IR (IR AV RRE) . B R —

FIRFRISOL, AECNEOL T B2 AL BRI BT EDY NULL.

Python S BRHREALTIES : AR EBR RS20 A B SC LI BRA. P22 BIAE TR

5 ehar: (AR, 17T 2yopject . SRS DR G T 500 Rk 30
RS 3.
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

ARG ) — AR A SR Ak B2 A B AR (IRXREAE R SCHEATARRE) | WA — 232 J S B mT B o £ A3
PyObject* iRAHIJEIERE B &L . M Python 2.2 JFHaXS T2 4 Ja i JE VAL PR 1 SE P il 2P B 58 421
K, RAEIRATAERE VI W AR B 0 AR ) Tz LA 17

ZBERENER

RELZY RIBE Wispmtt, A4, RAFAILEMARRT “fijs” Ue? HFRZ e T LA
1. 4] PyType_Ready () I, WAUHITEE MR 2 FK
2. AN BRI AL BRIC R SR M R B P R, AR EARYE (R BURAE

TR, WONFAR R IR B V5 1) SO 56 et i A7k =Xt A AT B A«

24 pyType_Ready () #UEART, ‘B2 s 2230605 05| B9 =4 200 0 i B0 3 R A0 S ) 7 i
descriptor . BENFEIRERE HIXT LB G 00— A @R T . BEASFESZ TR R = AR 4248 NULL,
WRZ AL SR S A M EA TR R AR i a1, I Bl 241k tp_getattro fil tp_setattro
BRHFA NULL, RASCVF R B AE S B A FIX 28 JR

FHA N object:: AU = NFB

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

4 tp_methods AA NULL, WI'ELJiHg]—1H PyMethodDe £ Z5HIRL AR . R A FEER
FELLEF R — 52

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

P24 R IR I LR B AT AR E LA H . MEERIZRIMAFCR I T AR 24 H . TR In—
MO ER - MRCAE AR IR A H - IR A H ) ml_name “F BN NULL.

B AR A E SCE RSB SO AR JE A . AR C BB B S0k, I BT sXmT b
Hgrsiins . RAPrEimgoE SOh:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XFRPEANZE, A descripior I3 INE 287 v i HREDE M LI L5 A H IR BUE . type TBIMW
BEETE structmember . h Sk SO E AN RIS 5 %1 R 7€ A Python {H 554l C
HE & 2 . £lags BT M AETER S e vk aT DAAnAal 85 1 i) B g
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PAF R i & 58 U AE:file: * structmember.h ’; ‘B4 10T DA ] bitwise-OR 2H &,

GEd SE
READONLY WA
PY AUDIT READ | FEeHZ Hi &1k object._  getattr__ Wil 4.

3.10 Bt ¥ #: RESTRICTED, READ_RESTRICTED #HI WRITE_RESTRICTED © #f # /H. {H &,
READ_RESTRICTED & PY_AUDIT_READ fJ—1 54, HIL$8E T RESTRICTED B} READ_RESTRICTED
B g TR

i H] tp_members FAAE M TBATHIRNREHEA — NGB U8 RURATAT DA AR 75 208 SR e PE#E AT DA
] BP0 300 2o R TR SOAR RS B — A BRI SO A R . — SR R T AR 48 APT XTSRRI
ks, A _ doc BRI FERTE .

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

KEERIEEER

TR L, BHHR char* RS name G %A char* Al Pyobject * Ui 12 IHHE—K
Bl BRI TS 00 R GURRG IR, (E 5 B E Python 2.2 e iz s . Ei
FE T ALSRZR R HOR TR TG , PRI AR 2 T NSRRI i (2 R 26
tp_getattr MFRATERIRHEERBILIBIAN . CHILH RIS — %0 getattr () Fik
S A S L

L PRIk

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

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

tp_setattr AHERSFELRH—NREBI) __setattr_ () 3 __delattr_ () HYEMRBIAMH. 24—
A @R U BRI, 55 =AES R NULL, RIfE AN S | 2 S w B AR S e R AR Y
N tp_setattr ALFEZFI Y4 1% NULL.

static int

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

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

richcmpfunc tp_richcompare;

tp_richcompare AbFIZF AT EMHAT IR BIA . BRUT FIHWEFE, Gl __1t__ (), H28
PyObject_RichCompare () #ll PyObject_RichCompareBool () FriiH.

I BR B E FH RS A% A1 Python X R i BAFE M S48, KB 458 Py_EQ, Py_NE, Py_LE, Py_GE,
Py LT { Py_GT Z—. ‘BN 24l 48 & 11z F A7 K LR W XS A R VR i T R [F] Py_True 5%
Py_False, QI3 HEERNERM L P I 2l HAOXT 52 U i iR 0] Py_Not Implemented, B{E IR
WE T 58 R B NULL,

NHGE RO, BRI IAIR YRR ST AR/ IMHSE A A S

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;

}

result = ¢ ? Py_True : Py _False;
Py_INCREF (result);

return result;

2.3.5 R LZHF

Python SZRFZFf b 2 S0 ; B ARG X 2645 11 19 € 118 1 JERATS 7E abstract Fh & F .

XLl g% AR Z AR 2 A Python SEEITF AR B E i i, 205, WRSAF SN —IF iRt e
22 Python HZLER Sy« FAMYMNZ G AR« X TR LE ok B S8R S Ak PR BRI HMSOR UG
BRI PSR SO PRI G 5 | A AL BEAR B AT Bk TR A MM BOR YEAE TR G s A B/l
{37, FAA — D IBRR LR HE AR GE B2 R e A A . (LU (LI AN 2 FeWIRE (2B E NULL
RS DL, AT DABCE IR R A8 B — B LR, BRI AT REARFF R RARES )

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

QR AR BRI R AT R R — A EF . PN X 5, I A RsE 2253 B E — A SE il T C A
PyNumberMethods, PySequenceMethods i{ PyMappingMethods, HJ 5 A B Huhik MR T3 24
MBI AGX S E5 7k . /R7T ATE Python A & AT Objects HsgH R EIX SEXT 54 H M R B
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hashfunc tp_hash;

RARVEFE SR UL R, B R 2 A AR A R SR 2R ) S AR [l — IS A KB T T e — R ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

}

Py_hash_t & AMESEEBOLT HARF-EIA RS E2EE . M tp_hash & -1 FR L4 THIR, Xk
FE A AR 24 3 B B G A M A s S A R B, A0 b T B R Y

ternaryfunc tp_call;

BURRELSHE TR VRAEE B SL IR , 28008, Q1SR obd 1 BARAYEIEZALAY ST Python Ji
A ET objl ('hello"), NFAEHH tp_call AbPEZS.

MR =4S4
1. self JBAE RV H AR BEREAISLE] . R H R obil (*hello'), W self jobil,
2. args RUTTAMSHWICH. RATAA] PyArg_ParseTuple () RIS,

3. kwds B HEAN XEFSHABWFH, MR AN NULL HAR S X725, 0w i
PyArg_ParseTupleAndKeywords () RIRSE. WIRARAE LR B S50 B SV 3E NULL {4,
M 25| % TypeError I — A HRA LR T SHAIHE B

TN EARER tp_call SLPE:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T 2L PR FHR A T X AR P SR . IS BRERES K2 — AN 2, BB ATRe)E A ik e (8 i S50, 93 [l
—AEHGI . SR ARIRE, BV SR E D EIFRE NULL, tp_iter XV T Python __iter ()
i, M tp_iternext XPWT Python __next__ () h¥E.
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EAiterable XFREQUALI to_iter AEFRES, ZALBRERAAUR | —Aiterator XF4R . N5 Python e
FR ] —A - 0

o XFTRLASCRRZ AR AR 2 0dE (g RAoCd ), MR M AER R A tp_iter WAL
—ANB A -

o HEEREER RIS GEEZ M TERBEN A2, BlanscrExg) AR Bl — g1 H
SHEG IR tp_iter — FF HOBIIERY 2450 tp_iternext ALFHAS.

fEAufiterator XFRERN M FBF L tp_iter il tp_iternext. —PEMHERAY tp_iter ALIAR Y MR 0] —
MG ZIE RS FTI H . BH tp_iternext ZEBRERN 2R [m]— N5 ) B AR T — N R HE 1
WA T XL ME. WRERERAKRE, W tp_iternext WRURM] NULL A RERE, di&dh
Al PATEIR 9] NULL Rt b 2R /MEE StopIteration; wEG R AT AP A B HIMERE . ANSR A& 2R TS8R
B, W tp_iternext W4 R2BE— A3 R[] NULL,

2.3.6 BHEIAXE

One of the goals of Python 555 | F S B H AR Z — & A VTR RS 5 555 ML A 276 S APERE I X 4
(Blanghs) br-Agsrres.

W%

weakref FRHRIF R .

PO RUIEE AN TEODOE S e il AT 8

1. 7E C X 45 P a5 — AL T T 355 HHLEIK PyObiect* FBt. XM E SR 241 B4R
A NULL CH I BRIA tp_alloc BHEXRFS H B E).

2. ff tp_weaklistoffset KM HEH CHGLHIKh AFEM A B, RMREA LA
A % B

FLARRAL, T Nl N R G G (A U e i B T i B

typedef struct {

PyObject_HEAD

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

PABAE S PR W S IR0 R A A AH Y B

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),

bi

ME — 1 &b Ah T 2 W OR F BN SN NULL W tp dealloc FF O R AL A5 9l N GE G E
PyObject_ClearWeakRefs ()), :

static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

Py_TYPE (self)->tp_free ((PyObject *) self);
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2.3.7 EZEW
BT 2 ST I R B ST 0, WRIRCPython RIS . HEA Objects FI, MFTE C
WECPF R tp_ I AR BEAIBREL (A1, tp_richcompare). HOR-HRE] MBS BB HO B

MR FF R UE— D GO T AR B R R A B SEBI, #EH] PyObject_TypeCheck () M%. B/
— M HERBINT:

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

}

L%
T #; CPython JEfCHSRRAS . https://www.python.org/downloads/source/
GitHub | JF% CPython J5fCi%IT) CPython JjiH . https://github.com/python/cpython

24 BB CIC++ ¥ R

—~ CPython [ C ¥ g2 — ML= (Fli—A Linux B .so , (% Windows L) .pyd), H&FH—4
Z‘JH“HCLA#;

N AR, HEEALNAE PYTHONPATE A AL, HAAfy 44 SRR, 7, i@ Y i . M6
distutils B, 2 5 a4 BIER ) SCH4 .

WAL R B PSRN E -

PyObject *PyInit_modulename (void)

R EOR A SE B I A R, B—> PyModuleDef SXfil. 1AL initializing-modules 1 ffH .

XTFANA ASCH g ki 4, REULITE PyInit_<modulename> , Y <modulename> *E’F?ﬁ&j\j*ﬁij%
B4 5. 240 | multi-phase-initialization i}, FuVF{ H 4 ASCIL g5 py i 4 . BLHH W46 6 R £ 8 44
PyInitU_<modulename> , [fj <modulename> F5%% ] Python [¥ punycode 4t , H5F Eﬁ%}ﬁ&jﬂ?iﬁﬂ?ﬁo
7£ Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

N DAE— AN A L 2R, il U ARG R TS AT 7R B R B H E AR
PR BRI AR T SO BB BT Sk B, &R 7 —A B 2ah $ 48k 59T, A5 PEP 489 T RE L4
RE
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2.4.1 {EH distutils 332 C f0 C++ '@

PR T LA distutils SR 78, 3% 2 Python [ 4714, distutils 537 #56 Z —HEHI40, P 038 4 ik ge i
distutils JLRELEEY .

—~ distutils 5% 7K A setup.py o K& Python S, REZBHMEAR M, FHEAUT:

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])

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

LS setup.py , FISCHF demo.c, BITUIT

python setup.py build

XL GiF demo. ¢, ARJEAE— YR demo FEH sk build . BT R4, B SCHFSHTER
MFEHZFEFA build/lib. system , %5 A]fEE demo. so B demo.pyd

FESCHF setup.py B, FrAsifERIA Dl setup BREL. LeRBR] AR 2 AR K0S R 24K, B
BIF R T — AT RS EERRA TR E TIRERIUER, DARIEE TENE. @ aat
LR, W8 Python AYJRIGRITE . SIS, T3, 1S4 distutils BYSCRY, 7E distutils-index 5 TR E 2
distutils [RRpPE s AET I ARREAEY REASLRT 2

WETHE S setup (), HMEFELFHLELIKSIIAS . FH W EFFE%EL setup () ) ext_modules
SRR —HY R FA R Extension RAGEHI. Bl FrRAGSEBIE XL TP M4 N demo , M EA—
VRIS SO demo . ¢

HZmME, WE— I RAEIRNZ , TEBIMITAL IS E S . QR Bl 1 s T ik,

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'7],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,

long_description = '''
This is really just a demo package.

v

ext_modules = [modulel])

(7 setup O FEHIMGSMEDS TICH L, RHERE L AT I AIG . XETRAD R, JUHE T
BUALELZR L, include 3¢, BEH S, B AROBIT4%A, distutils 8201 ILHT 202 35 BLA G 25 0140
18 Unix |, GEAURATFSiE @S
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gcc -DNDEBUG -g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

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

AT T R/R H A distutils PR %HIE distutils SEIERTTE A -

2.4.2 HHIREYY RIRIR

B RC LI, A =M AOR M E .
A Pl F AR B R, W] DA 20517

’python setup.py install ‘

R AES RIS AL BESEEln] bhas Ty

’python setup.py sdist ‘

75 SERENLT, SR YRS A AL S AN SO Xl MANIFEST . in SCRSEEE, A manifest T f#4H
TJ °

SRR A AT ST A, dEgr b n] AR TR AT e . BURTRAF G, AT Ay — 4l A
FHRSE IR IAT S5

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 7 Windows t#3 C 0 C++ ¥ &

% — 25 R A48 T IR {5 ] Microsoft Visual C++ )] Python /) Windows ¥ @i, SR PRt 2 H T4
PR AN S5 E . X LU APRHE B i A T Windows #2177 5127 > #4578 Python # i€ A I Unix 27 5127 >
Quu] 4= BAE Unix A1 Windows YRR AL R A

S A H VR distutils 7 eCORAG Y REASERL TS AT Ir iR ng o AR Bl C gRidas ok
¥4 % Python; JH 5 A Microsoft Visual C++,

fiE): X —E R K T 2 AMMIEE i Python JRAS A SCI4S o X B8R4 AR N XY IR SRR 7
S, X REARETEE A Y Python KA AR H FERRA ST 1Y R RIRARCAS S B, A SRR B 2
Python 2.2.1, XY ¥4 22,
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2.5.1 iE=\i5EA

1t Windows Hl Unix _EM B RBHAA PR [ distutils MORERIMEIIRR, S8 eTaRE,
distutils 7720l I TRZHY e 1 distutils WMEAET Y B SCRY I distutils-index., IR 4R % BH
VREASETR BT B AE, IBAWFTE— T winsound FRifE BRI H S AT RESARA HE )

2.5.2 Unix #1 Windows Z [l =%

Unix 1 Windows Xt T fUR A A7 N2 1 58 AR B9E . FEARel i d nl sh S i 2wy, %
58 T IRARET A %\%z‘%ﬁﬂﬁif’ﬁ .

£ Unix 1, X5 (Cso) AR E R AR M A, WA EERE I bRl Bl 21 64 R B4 B
K o é‘lif#%ﬂi“#iﬂﬁazf?*ﬂi X SO AR H I 28 bR ORI A 4705 | TR S i i 1) R o R K
FIRCHEAE AT P B R S PR AL B XA b — R

& Windows 1, —DEIESHEEE (A1) SO P RCABHERIG I . @l il — AR R I T bR Bl i iy
Vil HAEE T DLL A RTEE TN T o A, RIE LM 7 DLL &k, 7 HAeizs
FYI AR R S PUE T AL 17045 E 1Y R BRI -

£ Unix 1, HAFAE—RRPESCHR (L2), BERERAZDXGI (- o) WU . (ERIEIL X GIT (- so) 1
HERRIY BL, AR ] RE S A I E AN ALE R MR IR AE M B S SRR A A PEA R G S rp A4k
B WREE T, SR S AR HN GO A AU

#£ Windows 1, FAAEMIFEEA, SRSEMIS AR (T RAAGE - 1ib). BRSHERLIT Unix 1Y .a SUfF; ©
W ETEL N AT PR RIS . S AR E AU Tk aE s RE A DRr AR IR AT 2 YRR, I B E DLL
OIS BT REFP o OAREERE S AT Ok 3 S AR 15 A A $ DA BE (8 ) R B 15 7E DLL A Al
Ffo M—AIFEfF ok DLL g st , nTRe Al AR, BXRFR 20N T AR 8 DLL AR i
A RAMT IX L4511 DLL.

TERBCARIEAE SR PSSR B A C, AR 3505 — MU Ao 7E Unix |, 18 RRKF AL a (B4
HERZARVEN B. so Ml C.so; M&FEE %EZ@%W@{J\, SKEE BRI C 4440 BHIA E T F CLEGRIZ. 22 Windows
., G AL dLL RIS AL 1ib. 4R 2 %xHA lib RAEHEESMNT BAIC. A 1ib FAUEN; €
RSB TN T A BRI (E S

7€ Windows |-, il S AR S48 2 import spam; ‘EiLARTT DAY spam H & FR, (HIEAS 262
—AHPREIA . FE Unix b, 81— PNEEGRZ from spam import *; BEAlE—HMEIA.

2.5.3 DLL gY=chr{EH
Windows Python /&7 Microsoft Visual C++ HAJZERY; ] HABSR g v fE S W AT REA & TAE. AR H AR
A ER MSVCH+ 11

247E Windows H141| 78 DLL B, #RIMIUCRF pythonXY . 1ib (B4 5ERgS . B4~ DLL, spam £ ni (£
spam I EN) C &, RN YA fird:

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

B—LmAOAET = /\jm'fF spam. Obj spam.dll fl spam.lib. Spam.dll A& {Ef] Python BR%L (3
W PyArg_ParseTuple (), {HEML pythonXy. 1ib A ARITE AN R3] FrE Y Python (LAY .

AR T nidll (U\& obj Al .1ib), ‘ERHLBEUIM spam DA K Python n] AT 3L 4K 2 Fr g i1
PREL

RNRENFHEAFE S T B AR R WK AL H A e (235 Python) #\EEH B4R 145 AT,
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) B{
PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—Ff,
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Developer Studio Rl AR AR A EIETEIFALE, SARETAT AT SO R/NE I 100K, ZHRBEEAT, i
0 H R EAERE R SRR R B BINE . RFERII msvertxx. Lib IRINME SR,
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CHAPTER 3

EE K FEREX FHEr\ CPython JE{TIREE (runtime)

AIRFE, FHEBCRESL—E 5T, (HAE Python Fas h ] ME(E) - AR -UIEAT, SN CPython S#ATHN
A A SR R P ST I A T 2 L ) 5 UL AT 35 i S R A

3.1 #EHE App [Eli )\ Python

BILEHE T infal %t Python #E474 R, Wt/2 il C &% & Python e, Sad R 2nT AR :
Python {x A El| C/C++ W )7 =5 HIGE. XA AT PALER HFZF ] Python R sE AL LETfE A2
M C C++ . s AMRL: Winseid i Python 95 —SEjIAS DA dil bV AR 76 2 75 oK. QSR A
T RE H Python 4R St RN S, AT ENRHEWEX AT

Python fiR AZRAT 9, HASELME. AFZAFET, 7 Python B[ R 7 ) 2P 39% /& Python
fRERS, T A Python B f¥) F-F2 7 M BE5 Python ¢4 J6 X — 1M A2 W, F A P 11 S 25358 7B /K 8 /i Python
RS R IB T2 Python UL .

i, A Python, stERALA M TR . P EMAFE 22— 2 ¥ h1k Python sy, /0
HEFHREL Py_Initialize (). A7 2ERTEEAGTH A v [a) Python £ M A4T2 480, 2 GBIl AN AR P
AR AR 3 7 I R RRRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () f& A—AMU5 Python B4 45FE, HnlmH
PyRun_SimpleFile () & A—A> stdio SCHFRE— 04 (IUHFERS G B EEESIER ) . 0] DA
FH AT 203 0 S 2 A SR A4 15 91 ) Python X 42,

%

c-api-index A SCIEANNZ T Python 1y C 421 . X B RELEME L.
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3.1.1 BEXE#RA

IR TR BT Python i ATE 2 R AR H R 204 0. %38 1) H AR R T—B Python A, T G751
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 *argvl([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

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

}

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

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

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return 0;

}

fEPy_Initialize () ZHI, Wi/ Py_SetProgramName () pREL, DA [HfERERR45H Python i1
ERIEEAR. Bk, Py_Initialize () &x¥J4R1k Python fEERERS , ARG HATAESRAL Y Python J|IAS, FTEDH
HIAFIE . 25, W Py_FinalizeEx () KPAMERERY, BRIP4, FEELMWFEFH, nTRETRZMHAb K
JRAREL Python fHIAS, S @M SCA AR GIRE . SO, s BN . FIH] PyRun_SimpleFile () B
BT PATE S B SO ARER Python AR, AT 48 2543 P 472 8] RIIN 28 SO P 28 X RR T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 F A TAL A Python fURS , {H 28 /DSt ml SR A XA JBRIGTRY o Q1 T 2 AT e i, B
S BARGON A . TP ASESBUL AT IhaE, U520 C U,

W%V, R EEARR, A4 & Python A Python [ FRAL 24K, B JLES e i 2 B3 ik 44
AR N THIIX— 4, REidE— A Python 3 C i R AT RM T4

1. *Ff Python y%das% 45y C #83K,

2. AR EEEE AT CREF IR AR I

3. KR AR I it A C 46 Python #45X
X A Python H}, 43 QTS S X REAL :

1. 5 C a4y Python 4%,

2. AR5 BRI T Python 42 1104 BRI H

3. KR TR 1] Kt A Python B4l C 55X
] R A IR T, DA B S AL R ) o ME— A X B AR PR B R e 2 (R
MBI RECRE . FEPATY R, WH—A C R, MHRATHR AR 124> Python BE%L.
A SCRATHE ARG A Python 3453 C 2, 2 MR o ANERE 363 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
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3.1.3 REHErA

SRR H A2 04T Python JIA KRS eR 8. U8R )2 UCHE LUIRRE, Python f#RESRIH A & B 5
MR BEATACE, (R — 4R A X — A1) -

BLisAT Python A rh e SR &, AURSANTE :

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

int

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

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

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

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

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc 1s a new reference */

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

(R
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(R —H)

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

}

LRSS R argv (1] JnZk Python B4, FEH argv (2] $8EMEE. REERSEURE argv £141
A . R 25T 44 R (MLAL R & SATREF AR AE call) |, I B AT Python BIZ
il

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+b
return c
IRIGEE R L2

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

JUERIN BRI, A B M e, ER UL 2 1T Python M C Z AR, DAR AR A
2. KA Python AR M BETT 46 -

Py_Initialize();

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

WG RERS 2 5, W PyImport Import () MIEMAS. BB S 47 21 Python FAFHE, —4H
PyUnicode_FromString () Bl FOH ) 74755 o

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—BEm#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
H Python pR%{:

’pValue = PyObject_CallObject (pFunc, pArgs);

LMK FORI, pvalue T2 N NULL, TSN eRBOR MHE RG] . 556 PR 58 ERE0Z5 1 .

3.1.4 3fix A Python ThEERITYH &

FIHAA L, AR Python RN REVT I I AR P AR LY T BE . Python APL 4" R A FRRRAS KL T
RX—nio WYL, MM HREF RO R BRHRA BRI T . RARVTER A L e, (BB o
ko HECR AL MR T /S8 T Python fiéds . N AR FHIEE—H 1Y, REE—HEKAY
ik Python {Jj X $8 TA2Y, AtAR% 5@ ) Python 4" AR F—HE. fHiln:

static int numargs=0;

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

}

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0O, 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 LA, HAEHMH Py_Initialize () ZHITHAPA T HAIER]:

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

XTSI T numargs 484, ik emb. numargs () BRALRERIRA M Python MEREAR DTS A 17X
Ly, Python A ] DAPRATIIA T I 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++ thiir A Python

BT PAKE Python ik AF C++ R s BdIted, SCB7 RO T Crr BRI SN — B C++
%5 FRE, HEH Cr+ GiRg RO EEEAL T . AT C++ HHS1F Python 4L

3.1.6 73 Unix RGP YmiZFoikis
M T 45 Python MRREESHCA R FIRL, 3REIE B I 5% 5 Kok S 248 (RVBESEEED AR5 49, IR N
Python MY FEEEHLEIL C B0 JE (. s0 SCPF) OTRARSEHI.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘E/27E 4% Python AL (th
A REFF(E python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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

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

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

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

fE: T %2 A Python 24 UAR S RIRFL (e BT R G LAMUAFI H C gk iiA 2 m) , #illH
pythonX.Y-config f§E XL, AN BTk,

WER FIA T ZARMER ORBEARIEXT T Unix 784K GEDEEH bug 45 ), USRI RE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGiIFESE . X sysconfig ey @A A TR, v AgGET IRFHAE BN EE. bn:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED'")
'-Xlinker -export-dynamic'
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>>> H B3 shell PFEE Python fe/R 5 0. H N RETE ELaAR 1 AL B 7 S\ AT i R U i 181
o ATDARIR:

o fE— MR R A IR . 7E— B UCACH) A E AT (delimiter, BIANSESE. TrHh9E. fE59EK
=519%) TR, SURTEHRE —RHEMRS (decorator) 2 4%, Z AREAGIRE, HE)SX shell BRI
¢ Python $27%°F JC.

o FZFE# Ellipsis,

2to3 —fHF{EHF Python 2.x FEsUAGE(EIE] Python 3.x FExASY TR, B2 it JEFLR TR 4 I AH 2 M AR I
BB, T SRR 2 RE 25 30 BT G i R F AT i A 1 2

2t03 FE R AMEHE R U DA 1ib2to3 B EfRMt T B LA N8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (G ERHEIE) R ERME (UREE ABC) 424t T —F @ N v, (EEduck-
nyping (WFHE]) Hw7e. HABEUREAT, %2 hasattr (), HIEESEMENA MR (5]
Nl JBEHAT )7 (magic method) ). ABC [EIF (B2 subclass (FH(E]), ‘EMEIRHEK H 75— class ($
[E)), {Afin] 4 isinstance () Jk issubclass () Filis w2 [E abe FAHMEIRA . Python 77 %
[ ABC, FIAERIEEHE (FF collections.abe #i8). B (¥£ numbers #i4H). i (FF io
H4L) I import AR HE AL (FE importlib.abe f#H). YRATLAME] abe BAHLHN H O ABC.

annotation ([Ef#) —(HELAE. class BV bR K 2 80k o] EEAR BB O AE] . MR IE 6], &8 AR AEEhpe
hint (BIEHER) .
FEFEATIRE (runtime),  [R038 588 B0 (B DR ey i A7 B, (R 43k . class B MEARI R =R B, & o B ik
FHEBA . class fIpRZU) __annotations_ FFFRE M.

#t2(Elvariable annotation. function annotation. PEP 484 1 PEP 526, 526 %G Hh e ER . B
(EIFE F e AR B 188 5 375 22 [E) annotations-howto ,

argument (51%) 00 R ARFPEELEAS function (Bimethod) WI{E. 5I8cAH Witk :

o M43 7| ¥ (keyword argument): FERRANPIY G PLEKE)S (identifier, Al name=) BHBEMIS %L,
o2 DA ** f&1H] dictionary (i) [EIR(EPELEN S H. Flan, 3 15 #BREPAT complex () WY
) B S | 8
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 1z & 71 & (positional argument): A 2R HE 75BN S| B, A0 G | BOTHE— (5 | B0 SR A 46 5E
B, F (k) FEE) * 2 A&k #iterable (WTEVRHME) sPETCRBER. BIA0, 3 715 H2 LA T
HOEVA-E1E &

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

SIBCEr Bt i Ay ek s R P I A IS B, B SR A 2 AR B, 52 () calls Tofi. 7ERE
WEE, ARAE S ST AR RS — 5 | U ARl & i o2 A [ sk 2

st 2 BRER I parameer (Z90) H . & LHEET5 8RS 82 M 2E, Ak PEP 362,

asynchronous context manager (JEFRIZBI%EEPURS) — M vl PATE M asyne with BAR Jir RIBBE Y
F, MERBHER  aenter () Ml _aexit_ () method (J7¥%) Ay, h PEP 492 5| A,

asynchronous generator (JE[FRIZBEIA:RS)  — W & 8] Hasynchronous generator iterator (JE[F 2 EA 25 EILHE)
IR BAERRG P async def &M FE R 3 (coroutine function), (H R EEMEE T
yield @, BEEM—RFNIHR asyne for [EREMIMHE.

B R TR 3 R IR — AR EA gk, EAER e, Rk R R ER Y EA ZERE
(asynchronous generator iterator) . & — M FIEM R ERENERE, IO e mfiag, ARG,

—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.

asynchronous generator iterator (JE[RIBEEZSENRES)  —MW Hasynchronous generator (JE[FHEIA28) K=
v @S

&2 —MWasynchronous iterator (FEFEHEURES), HEPA __anext__ () method #FEAY IR, &5 [a] E—{H
W R P (awaitable object), M) PEAFHLAT I S EV AR B A, P ELBEL T yield AR
.

WM yield @EEIAT, ERAOIEHATRE (OGRS MO E i oy BEAR) . H3ER 5
E2BEREDR -8 anext () BRI PEG0R 60, & & (P IE19A0 B
1. #2(E PEP 492 fl PEP 525,

asynchronous iterable (JE[F]2Gn[[EUCEIE) — (@, BRIDATE async for WA gl fH. WAERKE
W __aiter_ () method [E{&—{fasynchronous iterator (EFRIZEMCESE). i PEP 492 B A,

asynchronous iterator (JEFRIBEMRES) — 1 B /E __aiter_ () #l __anext_ () method [ ¥ 4.
__anext__ WMHEFRME—Hawaitable (P FEYF). asyne for GRHTIERIEERE __anext__ ()
method It W[ R A SR, HE|'E 5% StopAsyncIteration ffil4h. i PEP 492 5] A

attribute (EPE) BB LA BB, S {E K2 REE (0 F 257 i 5K (dotted expression) fit 44
WS B B, WY o A —HE M a, HIFZEIEREL 0.0 B3 .
R FESLHE, H T R F A identifers 7 96.2 AT (dentifer) O RLA7 T
(1, GIANfE setattr () o BRIE R B A MEy O ) B 20 B 5 XORAE I, T2 FE B getattr ()
AT E

awaitable (WZEfpPpf:) —EVDATE await B X P HPE. BRAR—coroutine (), o2
—{fA __await__ () method [J¥{. AiE2(E PEP 492,

BDFL Benevolent Dictator For Life (%5 {-25M## ), 44 Guido van Rossum, Python [l

binary file (_fERIKER) —MRBEEREIURE Abyres-like objects (FANITCHEBYIME) Wifile object (REZEPIE) »
THERIR RN AR (rbr. 'wb' B 'rb+') BAERIEZE. sys.stdin.buffer,
sys.stdout.buffer, PAJ i0.BytesIO fl gzip.GzipFile .

i 2(Eext file (SCFHER), B HREEREBAMEA str YIFHHHEED 1.
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borrowed reference (ff/l|Z2M4) 7£ Python ) C API H, fS5HBIH M5, B ARG ZKRLH
AFEEZT I WX R B W Bt A8 W — S d0 e BN, B3R MRS FT ARS BR AT 5 1 i 5
—Nstrong reference AR E .

$borrowed reference WEY Py_INCREF () PASSE i (in-place) ¥ ([FI[Flstrong reference 245 g ik MM
BRI R BB R AR K A I 2 IR 2 i gisEE). Py_NewRef () eRzUH] I BT — Wi srong

reference.,

bytes-like object (JEPLCZHEWIM:) — 1 4% bufferobjects H EEEI[E ) C-contiguous BRI 1. SO
JiH W bytes, bytearray fil array.array ¥, PARFFZH WK memoryview ¥4, FHTH
E?@ﬁﬁﬁfﬁﬁ T B R A TR A A R R TR R A . R R AR R FNE R socket (1

AUGER TR R R nT . [ SCrRE s L M REE TR BT A Y ]
S S T I ) W36 bytearray, PAMN bytearray i) memoryview, HAhF)EE T2 S &
BHE AR Y (THESRSACAHABRY D) s By s bytes, LA bytes Yy

memoryview,

bytecode ({ijC&l#%) Python [ 54T € 1 4 % B 7 JCALES, B2 Python F23U¥F CPython H %% Hh i EAS
FORYE . ACAS R S coye RSP, DAMES AT — A R R REE S P (R DAR
PR AA S B AR BN C AL ) . B [HEIFES (intermediate language) | $8[E)2 8 F T#E— M virual
machine ([EERRs) I, s EIEEMERES €07 THLEE (17 0 AL G 3 HE (K 25 A (machine code). BLH AT,
P TCALAE P G 2 VR AE AR [ 1 Python [EJEMERS 2 IHEAVERY, tUARBELEAR R AAS Y Python 2 [ 44515
E

(TG 6 24 27T DATE dis ASSAH A [ HH SO H 4R 3
callable (n[PERUPfl) — i callable 2 W] DA IF I 9 9 1F, WF U IRg AT BE LA R TR A — L5 1 80 (5%

Hargument):

’ callable (argumentl, argument2, ...) ‘

— Al function B EHE AR fymethod HB2 callable, —{HG BEVE __call__ () FIEH class 22 B Bt )21
callable,

callback ([nIMF:)  VEE)S | bl R ¥ — {8 @IS (subroutine) B, G 7E A I KA IRy BB T -

class (JHE)) i F A e r A & 2 e B . Class 197 761 & € {2 7% method £ 38, 15 %¢ method
AJ PATE class [ B BIl_E T THAE

class variable (Bi[F5) —{H7F class T E s, HIEZ HAELE class JEIK (R HIAZALE class (I EGIT) ¥
B RSB

coercion ([EViIEIRL) e ¥5 K Wi lAS [ 24 [E)5 | #r Vel AR v, e — R BTG B0 [EE) S — R 2 (B ) gt
#(E) (implicit conversion) #A%. B4, int (3.15) EiiF B (EE 3, (HFE 3+4.5 H, &
WOR AR R ZE] (—# int, —{H float), i Wi fl 5 | #s 8 A E B EIER R A B E 2 2 A4 REAH I, 550
WM &r51% TypeError, AIREIGEIGIEAL, BRI H5 | BEUES 2, ©IEL 2 b ARG
IERIE (normalize) [EVFH[EI M, B4, %H £loat (3)+4.5 MiAREHE 3+4.5,

complex number ([EJ%) —HFMABHEBASMIE, EBITA BEF# & 1m0 23R ([E)
bz Al o R ESAL (-1 BPFAR) BBy, B AR E R p (] 1, 7R T AR AR
%3 3. Python [FI 1 #FIMAY 4%, B2 MEHMRERFREY: EaRE —MRMN 5 Pim
B, B0 3+15. AEE math BUAHER T AR M R ER, #FH cnath B4, 8002 —
TR R BRI RE . WRAREV A G BB B M aRoK , IREI ST REREE IR AT DA% 2 b 2 E A

context manager ({HBEFFANE) — M 77 A6 with B ir REBEENY M, MERBERER
__enter_ () fl _exit__ () method ZR¥HIM . #E2[E PEP 343,

context variable (15Bissl) — s, HAET DARSE LR SCHIREIRTN A BT Al 15 JE AL AT 46 I 3k i
{71 (Thread-Local Storage), #rH: W, — RS MERMAITH TR A ANRIME. SR, B ESE s
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W, AT TR Er A 2R, R A E L, RAEETHIER AT H (concurrent
asynchronous task) H7, %Mk EEE]. #52[F) contextvars.,

contiguous (&) IR — W % MH 5 2 C-contiguous B & Fortran contiguous, HI|'E €] gt [F)2 8 45
M. ZE4E (zero-dimensional) [ 4% E AR s& C M Fortran contiguous. 7F—# (one-dimensional) [#%1) 1, 4%
T H W ZEAE RO IR S T R AR AR s HE S, i LR B R 0 B LR IE N . 7E 2 4E1Y) (multidimensional)
C-contiguous [ 41 v, 4 5 A7 1k (9 JIEUF 97 B9 4R I H IR, B — R R [ s fb i, AT, 7
Fortran contiguous [§51 51, 5—{f3 5|15 (bt

coroutine (If#%) 1A 2 AIFE (subroutine) fy—i S EIREFRAYIA . BIRE R AE KL 05 1 BBl A [EIE 5
— IR I EEBOR . AR T ATERFZ AR I B BB A . BN EMBEEIRA asyne def BR
RABEAE. SIRES(E PEP 492,

coroutine function ({FFEEA) —1F [alEcoroutine (FHFE) PR, —MHFER R EEDL asyne def [
R EsR, ERAEer 4 await, async for fl async with B . SLLpEH PEP 492 5|
Ao

CPython Python F2£E = U IEHE T /F (canonical implementation), #{#EAiFE python.org ., [CPython | i&{F4#f
FETENV LRI, DAL ICEEE L B RE S W EL(E, (9140 Tython 5§ IronPython,

decorator (:ffigy) M, BEEMES MK, EEEGMHH ewrapper 7, B HE—HHK L
HY%#(E] (function transformation) . S ffigefi)H A&l 2 classmethod () Fl staticmethod () .

Aetian ik HUE AR . DA 8 e U FRAE R 3R R SRR -

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

@staticmethod
def f (arg):

Class WAFAEM A IS, (EAEARELEBA T M. B EL %, H2ERUERA class E 5%
IR A

descriptor ({iiA%S) FMEFET __get_ (). __set_ () 8{ __delete__ () method {J¥{. & —AH
class JB 12— AR, ERR RS T E ere @A R s . WH, M a.b KRB, E
EIRR AR Ry, Er7E a 1Y class FHLAP AR A ARE] b iI1F, HA05E b2 — b ey, RIATSEEA
%% method G . SHEIAZR A BEAR I VR AFLAR Python (RS, WEIEME LRI, Ei
IREfuFE R, . method, &4 (property). class method. [FJf method, DA J% ¥} super class (SCKEF)) Hy2
e

Bl 72 4% method YT &, 752 (E descriptors BRI 46 .

dictionary (‘72) — & BH H [ 51 (associative array), o 4T 55 1 68 & Bl WL ) B (E . G8 mT DU AT A W
__hash__ () f1_eq__ () method (¥, FE Perl higifR[EIZEE] (hash).,

dictionary comprehension (‘P L&sAIERY) — BB TE, AR08 T EC 14 o i 43 s 4 o
2%, [E I oA -— 7 ia {5, results = {n: n ** 2 for n in range (10)} &F4f—
Ao, BAETHE R {En ** 2. #2[F) comprehensions.

dictionary view (‘FUUEE#B!) 7 dict.keys (). dict.values() M dict.items () [A{EHFH9HEE
FHuigtl. EMRA T Al I H B B, EFORE TS E)NE, Al g s e g .
TSR EIE R List (H351)), ZHMH 1ist (dictview) . #EZ[E dict-views.

docstring ([EIW<pzih)  —fA1E class, BT, (RES—MER U B 7 H S0 . BERETEE M
TR B 2m, (D Erpmaas Pt [EHOA BT class, B _ doc_ e . diREw]
TR LAIBIBER (introspection) AESE, Pt e 2 W H i ERA SO A BEE AL
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duck-typing (W5FRIE]) —RERECREEHENS , ©AEHE A4 (i B E e 2 B e 5 HoA IEfERY A
T BUm A2 B S, method ol & P @ B A DG RF Sl . (TR & B ke sk 5 —EIG 71 FLn e s
B—EWs+, WEE gt EgT.)) REEREAEmEEEEE, fofstmiE(aeg e s
f, (polymorphic substitution) &8 E () & iH M. TE T RUE R type ( jﬁlSlnstance T
W (1Hmuﬁﬁﬁ', W7 BUET T DA 4 % 28 R B8[E) (abstract base class) ﬂiﬁﬁﬁ ) BRI, Bl P’ﬂﬁ-ﬂ%
hasattr () HIE, BR2EAFP B ETEME .

EAFP Easier to ask for forgiveness than permission. (#53REXHFERT I ER Y ) BfEE R Python %5 &
G e B B R Sl B M AR, (B 5% B B R P 151 b . 33 R i (B LM v JRes , HL
O RIFAEFF 21 try Fll except PR, ZEMEFFZHMEET (Fl0 C) # WHILBYL JEM I T %
s

expression (FEFX) — Bl DAREFEAGERRME AL, EAEEE, —MEE e oy, 2. BT
B R U Y SRS AT PR B, T iE LT AR RE [ 4 — (R . Eﬁi%%/ﬂ;mnnmfﬂé’hz, Iﬂlﬁ
JITA 1) Python 55 5 HErE AR 2 E B . 7N —Lstatement (BAR) ANEew /EEE X, fla0 while,
HR{H (assignment) t2BRIAS, AR ER .

extension module (HEFEEi41l) —1HPA C 5 C++ S B3 AAL, ‘& fi ] Python 1) C API ZRELAZ . I f ] & A%
AASHET T E

f-string (f2Hp) DA £ 50 'F [EIRTERAO R SO B ARE] [ 75 ], B RS R SCAR I 4 55
552 [F) PEP 498,

file object (R¥Wfk) —RSE{d ) & A 22 & A (file-oriented) API (1] read () B write () %% method)
REVEIRIE IR E . R Z YT a9 2R, & REE % o 3 B B mi AR 28 ol 2 LAt S 28 ) i
TEAsuGERICE S (BIAEREE A / S OB ES . socket (3 ). 4F(E (pipe) %) MIFEHL. A%
LYY REE 5848 E Wt (file-like object) BY % 3% (stream) .,

L, A=RREEYO: AR =B A0 5 BRIEm = A AU T AR R . BEMMNTITE 1o B
HRE . B AR EYITRIEEE TR R open () B&xX.

file-like object (KERSZRMM:) file object (FEZEWF) HIFRIFHRFE .

filesystem encoding and error handler (F§RR&MUEMEREMER,) Python At ) 1 — T &5 A5 F11 45 5% i
Hpra, ARRRES 2R L VESE RS ALICAL, PALK Unicode #3136 R 4%

R 58 2 S S A 0 ZE PR B B LT AR AR U /N 128 (A TCAH . ANARAE R R S am S e vA IR AL L ARE , Al APT
FRECE 5|3 UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () PRI N EUASAE
ARG USSR IEHL R

filesystem encoding and error handler (ﬁ’é" 20 4 A R 8 R 8 B pR X)) €5 AE Python [E] B I i
PyConfig Read() BB KM &: #H 2 [F filesystem_encoding, l//( K PyConfig )% B
filesystem_errors,

Witz Fllocale encoding (|REIHHR1E) .
finder (Sh%Y) —MEWM, ©&EREIELAYE import PR Floader (BALE)
¢ Python 3.3 BlR, AWM FMEY: TIAEF K L (meta path finder) E{F ] sys.meta_path,
Wi ¥448 78 B 4 % (path entry finder) € {ffijf] sys.path_hooks.
s 22[F) PEP 302. PEP 420 11 PEP 451 DA T i 2 411 .

floor division () FHUIERRTE)  [a) T EEAG{FA 20 31 F e i R O Bl B vk o WTEXMP%%E’J@.%ECE / / WJ
m, EHEX 11 /7 AREHEERE 2, 8 foat (FRENEL) BERRWEFIIER) 2.75 K. dEHEE
/] A REERE -3, HER -2.75 gié TG . i52(E PEP 238,

function (PR) —EPHIERIA, TZ@EI[’?H}HLI%IEI%Q%{EO EMA AR RS M 20 7] &, ELET]
WO T R AR AT . S § 2 Eparamerer (2W) . method (J53%), LA function FEHf.
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function annotation (pX[ERE) &R 2 8k B E(E Y — [ annotation ([EIF#) .
oR X E I i i A A 2 (E13E =« N, S (M sk SR &5 2 Wi int 518, [EEA M int [B{E{E:

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

bR U EIRE A REAE function Z2fi G FEAN AR R .
75 2 [Elvariable annotation 1 PEP 484, 'S4 IWIhfE . MR EBNREEBFE, BE2

annotations-howto .

_ future__ future [fiA=: from _ future_ import <feature>, @5 /Nim=and FHABLLYE Python
BB A p o R E R A BB A SRR SE, ARmee s mi 4. T __future_ BUHNIFEET feature
(shee) PIRERYME. i import MUARAH S HARBORME, ARTTAG S {RB T B8 AT IR oy V3 )
BT, AREMEEE G (REs) mEmEZRA6E:

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

garbage collection (Li3MIlk) Rt fEBEA PRl T IRe, I CREY A . Python ATHIIR A0, /2%
2 JEHL (reference counting), DA K —{ BE [ Ag I 71 o i 2 B4 B (reference cycle) f 77 B 4535 Ml 2%
(cyclic garbage collector) ZRFEAL . B3R IS AT PAGE ] gc ALAH 3 L EEr T o

generator ([E14:2%) — M €ralfHigenerator iterator ([EVEZRENCEE) M. BHEEKRG —MHERHKEL, H
ANRBRERET yield AN, REEE —RIIMME, BLE AR for [, ZJ2PA next () B,
FRRAG R A — (.

B AR R R — B g ha, (HAE R, AR FoREA BERE. B HEE
(2 BUREE RS, ARkl A se R HeE, DA 3%

generator iterator ([EA:ZSEMREY) M tigencraror (E1AZR) BT P
M yield ¥R HART, ERCAMIERITRE (FO4E B s s e Py BOA) . EEIA %
B 28 IS, B e s kA b B AT (B VR ) P PRl B2 T3 B A ) bR U R[] )

generator expression ([E:ZHERR) e mEHESCHRERR . BRENRMG MW IEFEER R, ZiiiE
F—W for 4], Z e 7B, HE DAL SRR if ). A AERgEINE
bR B (1A Z2 (e -

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

generic function (JZ%IpAR) — Mt 2R A AR R, 7% ek 2 & SR ) i B EDEE VR AR ) S5 gy
SO B R G VIR RE 1, 2 by SIS 3Rk (dispatteh algorithm) SRIEJZE

%55 2 Flsingle dispatch (B—3FF) #H3E#EMH. functools.singledispatch () HAizEFl PEP
443,

generic type (JZZIMI(F]) — 1 GE[E B 2 Hqk (parameterized) Hrype (BLUE)) 5 JEH 2 —M AREE, §2
list fll dict. BN EE = fEE.
2Pz B4 HE. PEP 483, PEP 484, PEP 585 fil typing 4.

GIL #2[Flglobal interpreter lock (4382228 81) .

global interpreter lock (ZIRFLFFESBY) CPython BLREARITGE A BN, A DARECRER R A — LA T 46 g
AT Python [fjbytecode (FiTCHIA) o B YRR (4GB E A RE), G dict) [y
[EVf 747U (concurrent access) [ &/, MAKHI W] LA fL CPython W EEFE. S B ERan, @00 HEAE
W25 (EIZ 117 4% (multi-threaded) , {FAAE 2 @ 4Pk Bi 22 B PR 48 1O A28 REEHR L — K0 P4 T4

(parallelism)
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SR, A7 Lo AL, MR R EE BRSO, B MRS O AT IR A e A () & R s 4
(computationally intensive) f{/EH5HE, AIDASEK: GIL. B4k, FE$fT VO B, GIL 482 ey fiis:.

B [T ] RS (VA R ARSI BUE SE R Bt ) OS5 R, H
[EFE— ey i — RS G SR, Mk, — R, AediuafBne g, &aEEs
[ERrL, MM S A A

hash-based pyc (#EEIZURER) pye) — 1 (7 TCALAS (bytecode) B f7A, & (ff FH A 1T AS /2 3 B SR B il 22 119
BB, R EH A RE. 752 [F pyc-invalidation.,

hashable (n[ZEEN) 40 5% — 8 W 14 A — 18 5 B, a%ﬁfﬁiﬁlﬁﬂtlﬂmfﬂz“‘ (B FE—M
__hash__ () method) , Hu[EEH AP FHEA LK (BFE—M _eq () method) , HEIE 2
— =T 2 E H:%ﬁ%ﬁtﬁ%ﬂ%%@ﬁ%%#, Eﬁﬂﬁxﬁ%malﬁmﬁ%&ﬁc

A[ #EEME (hashability) i —{##7447] A1 dictionary (778) AR set (FE4) MR, HIELEL &R,
REEAE HERR A T A ENE.

RZ Wy Python AT ZAEIAY(FA R TN s WTARA R (AN list 5 dictionary) [EVARZ: TiA T
S5 Ay (B4 wple (JCAL) FI frozenset) , HUEHE M2 nT A EN, EMA S A 2 EER.
LR E class ROEBI, RIS L8 (4 G i I—PF’EIEI’J EATE A O IR & A A F Y
(BrFe Mg ), mermREERATE B EMY id(

IDLE Python [ Integrated Development and Learning Environment (%‘Aﬁ;ﬂﬁé ) . idle 2 —EE AL
AmEA I ELRE AR TR EE , BN Python HRUERMESA TR —E g fit.

immutable (Anf8s8fE) —HEAREEEMDC. N8P EREET . F9A wple (Jodl) . BN
SERRER Y . ISR — AR (R RO (EL L BB o A7, R ST — R B . & (e 5 2 B s A (B
MHL T, P R A, B4 dictionary (F-HiL) FR At — i 4

import path (FEAMEE) —MALE (B{yk/858 B ) F95F%, ARSI B2 A import BAHI: , & ipath based
finder (FPBERAFAGES) AL E . 7F import JH[H, A EHFEHEKH sys.path, {H
A T4 (subpackage) M5, TMATRER K H LEMH) __path_ Gk,

importing (FEA) —fEiEfE. —fEMAL A Python FEAGHT AZ B ILIBAE, Bl o) —AAL T ) Python £&
X AGHE o

importer (FEAZS) —MHREESR LBABALNYE: BB inder (F5%) Wikloader (WALE) P,

interactive (ZLEhiy) Python f7—{f B EAR , (B FRIm AR F] ATE LR & 19478 7 on il A BOA sURE S
X, ZHRTEMEEARI TR . QEEH python, ANFEALMEIE (7] RERE 4RI B
POERFLRIETE ). Emiﬁﬂ%ﬁ%ﬁ*@%@iﬁﬁéﬁﬁ%ﬂ@E‘Jﬂkﬁlﬁﬁﬁﬁ& (FERLAE help(x)) o

interpreted (FLi%I) Python j&— M B il 5 T rE S, ARS8 ] BE A LEAROR HEE {5770
SR (tcnodr SiER AT S don A T B A A Skt . 2
BEATE . Hisih s W s s A E AP / BesER, A e MR =X & i T g .
Wt s Elinteractive () .

interpreter shutdown (Y;#25BP) & Python EELR#i TR BIPAIE, BEEA— Tﬁlfhﬁﬂiﬁﬁubﬁx, TE B B
T T Bl e A A WJZIH*%@*IJ%@ B SEERRAES . B & 2 WRIEIY 338 =k % (garbage collector)
15 AE I 5 0 F 2 F 5 RO Al A% pR 3K (destructor) B 555 F Y [A I (weakref callback), [EJ#47H: A AR
5. B EA B BEp AT O RE RS el B & G b, REE B E TR TREA A ER T (8 A B
T2 R AR AR Bl R A )

HEG I F2ER, & __main_ BUHBEPOEFTHEIA T SHATE

iterable (W[[EfCHPE) —FAEE— R o] {8 — 8 b s B i 9 14 Efﬁ%@ﬂ@%?@%@?ﬁﬂ@f?ﬂﬂ
(8Kt 1ist. strfil tuple) FRELEAFAIME], B2 dict. Hi bt , ARARPTERMLAT class 4]
ff, HEIR class /5 __iter_ () method By 2B ESequence (JF4) #EE M) __getitem__ () method,
YR T ER

W ERE TR for EIBFIFFE HAUH E— M FFIRHT5 (zip ()« map () .). HW—fE W E
(S BB 4 Dt dter O B, & @RI F P WIS JLIED S A A oL
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HE4T—ki (one pass) MHEE . (i HEMCESH, WBHEA—E R iter () 8L {ATEIENCESI:. for B
W F B EMR RS L, Gy R R Ay A A, AT P W O s B R
Wi s(Eliterator ([EIFCHE). sequence (J¥3))) Figenerator ([EVERS).

iterator ([EICZY) —(HFRERRMDE. EEMPEYEMREA __next_ () method (o & EIEL
B next () ) EKFRIEERFTASER . BATA &R, HlE5% stopIteration fil
Gho BERE, ZENCEIEC AR, M T3 next_ () method fiE—0EnY , &R H Gk | 5
StopIteration. [EMCERLAA M __iter_ () method, E€rmEEMRIWIA S, B DA%HEE
A BAE T ENC 4, FRT AR A K 22 i A A T BN 35 A . —RIIHERR Bl 5N, 2B ZE
#[EIft (multiple iteration passes) [JREXM. — AP (B 1ist) FERFRARMEHIES iter O
pRNETE for [EIE A ERE, #eFE MaemnEResg. gABERHSERLE (ZimEft) K,
W e a—m B P A . A g S EU R, ARG — S A5

7E typeiter SCH AT AR 2T 2 R
CPython FL{i:ANEI: CPython EURNRIGH N @i [EFAESR __iter_ () ] BMEE.

key function (EpAs) 4R =CE )T R (collation function) & —{ AJIFNY (callable) pE;, ‘B & [Hl{E—1F
JAHERE (sorting) B 5E ¥ (ordering) [A{E. i, locale.strxfrm () ¥ ACEIE—18 T fif WIEds o HE
JFE B HE 78

Python W2 T H., #4532 DA s AR HT R o 7 8 A 730 B EdE nin () max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby ().

f TR AT A S — M R . B, str.lower () method 7] PAYEEITN 4 /N85 HE 1 48t R
Ao B0, — MW A lamoda ER AW, fIA lambda r: (r[0], r[2]). FH4b,
operator FEAH $& M4 T = 1 5 o8 =X B 2 5 8 =X (constructor): attrgetter (). itemgetter () Fl
methodcaller (). BRI A ek A6, w2 BT .

keyword argument (3 o18) #H2Eargument (3]3).
lambda H 8 —expression (FEE) FraLai)—8 E 4 TEK 2 (inline function), A 5% ok s EIY ISR (E . #
57 lambda PR EEVE 2 lambda [parameters]: expression

LBYL Look before you leap. (= JRM&AT.) &M Al EAS S 7ERATIF I sl 2 w7, WML SE AT«
EHEENEEAFP 7 0, HERROGREAHZE 1 BikHIFTE.

2R, LBYL =Ua7E [ =1 M [#817] Z W5 IA T BEWR{: (race condition) 1
M. BIUnPA FAEZCHE if key in mapping: return mappinglkey]l, UISEH—{EIATEELE HIE
2 BARAE B e o, G mapping TSN T key, MIRCEESCHERE k. 5 AR DAY (lock) 2 i 1
EAFP #i i /5 X AARE

locale encoding ([#J®%iiE) 7£ Unix b, ¥ & LC_CTYPE [& I 3% & W 4 5. & 7] A | locale.
setlocale (locale.LC_CTYPE, new_locale) KR#E.

7E Windows [, &2 ANSI U E (code page, filfll cpl252).
locale.getpreferredencoding (False) H] DA AR HUAS: |5 duk 4 A .

Python {ifi [ filesystem encoding and error handler (R§58 R4 SmAE ISR I K ,) 7F Unicode & 244 f A1
PLICHLAE 244 R g A i)

list (:#3510) —fH Python I ysequence (J75)). EEERILTIE list, & HE TSRS = iy — {6
51| (array) M AME—(AGEA RS (linked list), PRIEFHOTER IR I EHEELZ O(1).

list comprehension (HiFI&EAIES) AR 5 PG R JC 2, [EL I BERAS A1 list
EMEA RIS, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
01 &EVE 5 list, Hh a0 3 255 EE], FraMEun /s 07 8 (0x..). 1f FA)28 8%
M. WREIEE, H] range (256) HRYHTE TCEAS 9 R .

- Appendix A. fijEE%



Extending and Embedding Python, (] 3.10.16

loader (RAZ) —MHAEEHABELONIE. THAGER BAE load_nodule () i method (7).
ABSH I 2 finder (FA58%) ME., B2 2(E PEP 302, Bjitabstract base class (315 1 HAE)),
#%2([F] importlib.abc.Loader,

magic method (JEHW J51:) special method (FpifI5k) B9—AM3EE RS .

mapping (¥H) —HEZWIE, BB RHENEIR, EARE{E abstract base classes (JlZ B ITHE])
Mapping B{ MutableMapping frfgE 1) method, #iflfl4h dict. collections.defaultdict,
collections.OrderedDict fll collections.Counter,

meta path finder (JCIEISapbEES) —MHLK MW sys.meta_path T BIEH finder (FA5#s) . JCEEE G
B yh 12 o8 F 4% %5 (path entry finder) FB{E 2]
BTN TCIE R B A PY B AE ) method, 352 ([F) importlib.abc.MetaPathFinder,

metaclass (JCHIE]) —7# class [t class. Class & &A% & @7 —fH class 7. —1H class dictionary (F3t),
DA, —1H base class (F:JEHAE]) AY%F%. Metaclass 5718 =058, [EE73% class. KEZHWY
PR HE  GrB I — R B Python MOAFELY B & GBIV 7 37190 metaclass. s
WA TERFZM TH, H2ETFHEERE, metaclass 7] DR ALEIR BAEMMMEE S 2. Mg min
FCEVEYEAFEL, AT A GBE R EERBIEE (singleton), DA KT HABAT -
% % #R] DATE metaclasses 25 i Pk 5] .

method (Jjik) —fH7E class A MEIH e SRAYRA. QIR method (EEIH class Pl — B HEgnn, HI
e G BRZ BV A B 1 88—l argument (5190) (M5 BGEHEWREE] self). &2 Efunciion (
) Flinested scope (HMRAEREL) -

method resolution order (J5iEfRMINAT:) 5 AR IE T RAEE I B E R LT, base class (FEHHE])
W AR NEF . BIRG 2.3 iUE 4, Python a8 A (i F A AILANE, 52 Python 2.3 Jift )y VA fil M
JIE o

module (Bigl) —1FE&{E Python F2=A% 1K 414k ¥4/ (organizational unit) 414, FEAIE —Wa4 s, ©
A E AR Python {4, BIALEFE thimporting AR, PEEA ZE Python.

it 2 Elpackage (£1F).

module spec (BZBIRE) — a4 25, © A5 HREABAE import B &il. © /& importlib.
machinery.ModuleSpec H—1E & .

MRO 7 2:[Flmethod resolution order (J7¥ERMTIEIT) -
mutable (W[EEPE) WY DAMCE B MO, (HAERFEM 14 O o B2 Eimmuiable (AT EYI1:) .

named tuple (Fif#7C41) #i5H [named tuple (Pff44C4) | 2 461¢ tuple AR AL ATAUEISE class, HEMH]
27| (indexable) TCFR LT DA FE 44 S A I . 35 6 TREK class 0 1] RAFL A HABFRIE

A HE7ZE R named tuple, 3% time.localtime () fll os.stat () [F{EM(E. B—HH T2

sys.float_info:

E
]

>>> 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

4 named tuple J2[FIARIE) (40 1f6). 3%, — i named tuple th AT DAGE—{H (E XY class & FEACHT
HE class 2K H tuple, HEFRTIAMRAL (named field) RIW] . 5E8iY class A AT TAw%s, thn]
DA Tk e =X (factory function) collections.namedtuple () &, BEF AT T —L%F
SMi method, i 2% method W[ A& 7E T s [FI4 %) named tuple 1, HEVEIRFIAY

namespace (fir #2%5IH) SEMBEREFFIOHLTY . firds 25 M2 DA dictionary (FF00) BEEEAE . A7 RIS . Axiekiry K [E)
HR 42 W, TEYEH (78 method H) AT SRR fiv 44 23] o i 25 I oh By L a4 5, ARO0R
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WA L. B, sl builtins.open fil os.open () EFE#E T M M4 25 AR H . 428 M
FE £h BB 5 2 2 MR RASTA AR B A — R pR X, ARSI PTG Pk S v Akt . BN, & random. seed ()
B itertools.islice () MR, B K ENEH random fll itertools MAIFEFEE,

namespace package (M2 WEME) Ml PEP 420 package (£1F), ‘B HAEEEI T4 {4 (subpackage) [#)—1H
e s BT REEA R E R, 1 E AR RE e AR —regular package (IEREM),
HEEMEES __init_ .py BEEE.

Wit Elmodule (Fif) .

nested scope (Ui /IK) REEIZ I 5ME & 2% (enclosing definition) Hi ¥ S 8K BE 7. SR 012K(E), —fH R
R RS MR rh ez, WEERE2EsNEm PR, s, EESEET, #EiRE
PR A 2 IR, T A R . (e s R A e [ S s L A TR, Axdeisda
BAE I 4 2 B P B 55 A . nonlocal ZFFSHMNEVE AT A

new-style class (FiAHiE) —EEE4, ©RIGHEEN AN class Y FIT I class B . e Python
A, HA B class A RE{H ] Python BB . ZHMIIRE, %2 __slots__ . #ifiik#F (descriptor),
JEVE (property). __getattribute_ (). class method (¥H[EIJ7{:) i static method ([FJREF ).

object (W) EAIRE (BHEE) AiliE#NITE (method) WAETER. BWEEATnew-style class (7
FHAE]) e #& base class (FJEHE]) .

package (£:F) —Fhnl & el T & 1 Python module, A Pk, WEHA _ path
JE Y] Python A5,

A2 Eregular package (IEFIEA) Flnamespace package (x4 a3 &) .

parameter (2) Tifuncrion (FX) = method & &H i) — 1 fiy 4% T (named entity), ‘E5I]5% b\ REE
B2 —Mlargument (5190), SAERLASE T HR 2518, SGH TR R ) 2 B

« positional-or-keyword (V' ELBCBHHET): HEHA—(f W] DA e 1n 5 Bl ARIEIR 48 5 7| Sl 5 | I
ERZ UM EBZHA, BIAILATHY foo FI bar:

’def func (foo, bar=None): ... ‘

« positional-only (FEBRNOZE): FaW]—E e+ I AL E B fitny s [ #. fERXERMSHIIRT &
—f8 /o0, WA PATERZ T OUHT T E SRR A 2 8, BIANAN Y posonlyl A1l posonly2:

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

o keyword-only ({EFREHSET): 50— M0 HAEDARH S PR b5 [ 8. ER=CE RN HIFE S, 1
AT R U L ¥ 2 ¥, (var-positional parameter) B2 B4 * o0, SURT DATE AR 77 SR KR
BASET2, BITIPANH kw_onlyl Fl kw_only2:

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

o var-positional ({EZWEAIE): FEW]—PRREVMEREF /ISR BRI AET | B (FEC P2 Wz
WAL ES | A1) . BB EREHS WA R T E L~ AERW, BIILATH args:

’def func (*args, **kwargs): ... ‘

o var-keyword (FERESCRBIRET) : $50TT BHL0E0 FER MR IR 5| 0 (6 ML S CH T 1)
(ERBIRT I B2 A . S YR Bt B WA BT B L+ ACESRNY, AN LT i
kwargs

SYOT MRS | Mo S R B TR A, mT AR SBR[ R S TH LA

%%@ﬁf%%ﬂgargumem (%I%() &l%ﬁ N ﬁﬁﬁﬁ%*ﬂ@%l%ﬁﬂ%iﬁz FEEJ E‘J%\ inspect.Parameter
class, function & i, AN PEP 362,
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pathentry (J%4%iH) ALimport path (MEAPSER) H—WALE, Wipath based finder (FEFEEAEIIZAEES)
T 2% 55 B AF AR L import B

path entry finder (P&7EIHH =-8i2%) ¥ sys.path_hooks H1FJ— 1 B BRI {2 (callable) (7 Bl — 1 path
entry hook) Jr [REE () —T& finder , & HE AT PA— Bl path entry g SiASEH o

BT IR AR TE H SRS EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (BfRIHH[E]) f£ sys.path_hook 5|3 i) —{f i 0 M {F (callable), & HIHE 4T 7E
— AR R path entry WAL, W & W —{Epath entry finder (FAEIHHE 240 ) .

path based finder (FLREEFEMIERGEY)  THRRAYTIAAE F 48 22 (meta path finder) Z—, "B E&AE—{#import path
i AR .

path-like object (BURISHIME) — A LR E RABWY . BEEEY 47T AR — M £ R BN str
5 bytes ¥, BB os.PathLike @ MWWIF. FEHIFIY os. fspath () R, L
18 os.PathLike # E W4 DA EIE] str 8% bytes # R RS IELE; M os.fsdecode () &
os.fsencode () HIZMER FHRAEMR str & bytes B&5H. B PEP 519 5] A

PEP Python Enhancement Proposal (Python }4([Fl#£%¢). PEP J2— a3, ‘B HEE] Python #HRE k&
i, BOZ A Python (1) —fE T DI BESRL I REMRR P FIBEEE . PEP [ % SR (L R 1Y B AT 3 8 DA S e
FEIIRERE A .

PEP [(WAFTEH W, 2 MREE I DI REAFEEE . AL T Hh BR A 50 R G 72 e, DAL WA Python
fos st EsR ), S m A 3 . PEP (O i sie D M s S H.
#2([F PEP 1,

portion (¥s5y) TEH-—HEPR—MMERE (M RERFEAE— M zip Bh) , BLEERE Mas = HEN
(namespace package) B 5k, WE PEP 420 H1)EF.

positional argument (¥ 5[5 %2 Eargument (5]#%).,

provisional API (%47 API) {7 API 245, A5 ok =X )8 Y a8 FH 2514 (backwards compatibility) {47571,
MR WHER Y APL, BESR IR, HRErMeE R B iy, Mam BER e ERR s E, (Hing
BTN BB EE L2, MR BB BAHAER S E (OB BRE ). Sl EErg
fE i E) = A APL YA Z B AR ZSE N B ARG G it ge iy, M A g3k,

BT AT APL, [ fR N AHZ 8 S L G it (B [ e MRE 5 — St B R, 1)
SR AT R — A I AR AR I AR 2R

T2 A A A B A o X R RE R 2 R R A it Ak, AT RE S RE B AR = 0 R [ 25 BHUE T R RE A s T B R o i
2[EI PEP 411 [ f#t 55 Z 401 .

provisional package (¥{7E1t) #E&Eprovisional API (4T API).

Python 3000 Python 3.x RINMAKIERE (RAARTAIRERY, EREE 3 A Esm 2R AR, ) Wl A%
#[E] [Py3k].

Pythonic (Python Jalki) —fEAHKE— B (AS, EMEM T Python 38 5 ek WA I, , A2 6 H:
i RS ACE AR RES A . BN, Python Hr L — MBI L, 20— for BuAX, %
— T EUC R TR TR AT EE . w2 HAbE S A SRS AR, FT AN A Python A
A TR (o] — (A B e AU

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

2T, PAR AR R . 3 A4 Python Jalk :

for piece in food:
print (piece)
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qualified name (P # /%) —f [EMEARE], BHEURTE— MBI S AE F 3 R A 2 819 class.
PR (Dl method 1 [BAAE 1, W1 PEP 3155 R ESR. S HATRIG )RR UA class T 7, FRE 24 RS
A REAHA -

>>> class C:

class D:

def meth (self):
pass

>>> C.__ _qgqualname
o
>>> C.D._ _gualname_
'C.D'
>>> C.D.meth. qgualname
'C.D.meth'

AT BN, ©ATRE & & (fully qualified name) J2&32 7R sz A 1) 52 B B 7 PR B AR, AHEATA0 1
LM, Fll email .mime . text:

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

reference count (ZW1H) B YR 2 BREL A0S G F ISR, e g
H (deallocated) ., 22 W8I #GE H7E Python R H AR, (HEENZCPython BAEK)—MBISE K. sys
WHEFR T getrefcount () PR, FERFREHTAT AT AR MY 5% o X 2K [ 3 — {45 0 12 ) 22 BEGG H

regular package (IEBUEME) —ME S package (BF), HlI—MEEE __init_ .py FEMHE.
Wt EFlnamespace package (f44 25 MEME) .

_slots__ ¥ class [FJEBI— (8 B 4, BB e E S E OB M, DAY B dictionary (F-H) |
R RO . BEAR BRI, (E e BEEE DA R, e S DR B 4G SR A — {1 AR Y B
(memory-critical) {1 i F A2 2 T A e RSB B 1 2 LA T

sequence (J:81]) —AHiterable (PIECYI(E:) , EiE# _ getitem_ () special method (455K 3E) , ffi
BRI R LTSRN ORI, EE®R T M __len_ () method AR [EHZFHHRE, —L&
BB [EMSFE 1ist. str. tuple fl bytes. sEE, R dict 3 _ getitem_ ()

__len_ (), HEWHEE B (mapping) AT, HEHA R XM AT immuable # , i
A,

% 1 HE(E) (abstract base class) collections.abc.Sequence E 3% T — 0 W1 & 1,
AEIA _ getitem_ () 1 __len_ (), EWHIT count (). index (). __contains__ ()

__reversed_ (). EEHIEARNEIEE, ATPAMH register () #HFEHEIE.

set comprehension (SEALAIER) —HEZENHIE, FAOERE—M T EYCH ¢ b iRl a s, Ei
BRI GE R PL—# set [A]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
B —fEE set: {'r', 'd'}. #E2[E) comprehensions,

single dispatch (¥.—3H)%¥) generic function (ZHR) FAEN—MEER, TELL, BEMSRERERE—F]
A,

slice (WI)) —M94, BHlE S —Bisequence (JF5) WIHE—TB4. B —BUI R 2 B N AT 9E
(subscript notation) [ ], #EAH LM, HESFE MEHEHE S, il variable_name[1:3:5],
TERESE (N FF5RmERS, @i slice ¥t

special method (¥§%kJiik) —FE @9 Python [ BJIFIY (K method, F i MR AT HAE @S, Biltnin
V. 5 method 1144 R & {F BIEE AN 45 B4 WifH RIEE]. Special method 7 specialnames H1 ZE4HEIRA .

statement (BjiisR) BOAZ (L4 (suite, —EFECHG [ R ) i —AB4r . BRIAKTT VAR —fexpression
GEFHRX), SO ARET (Flanif, while 5f for) MEMAHZ—.
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strong reference ([F}Z21) F£ Python 1Y) C API #1, 585|238 A5 H I A rx 51 H . 7
A7 | Al B Py _INCREF () SRAHGRS | H mAE MRS | B al i Py_DECREF () KRBT .

Py_NewRef () pRzUR[ FR B, — B HREI2 IR . @H, 7R B E2 WA 1E R b, WEEZE
Z M ERFY py DECREF () R, DAk ElR—M 2.
WaksElborrowed reference (&2 H).

text encoding (3L 44i%) Python Hi )57 5 2 —1{f Unicode 5 %f (code point) ) 7% (&iE¥E U+0000 -
U+10FFFF Z[H]). A BB ERE T, BUWEGFILE—E A CALTF 51

ﬂ%*ﬁl?%f?ﬂﬂ:ﬁﬁ:%ﬂ?ﬂ, FRE) T4, WAL IC4H 7 5 88 % - ep U RRE) [R5
(decoding) J .

A ZREARIF SCTF P LSRG (codecs), EMBEALRE [CF#is .

text file (SCPRER) —HEEEREBRE A str YR A file object (FEZRWIMF) . B, CFHEEEBR LE
FEBUN AL [ 1 &R (byte-oriented datastream) [El€r [ &) g Hitext encoding (SUFEHAE) o CFHEEM)
A DAICFRR (e 5% 'w') BIEAEZE. sys.stdin. sys.stdout PAJ io.StringIOo f}
B,

FitEbinary file (EFIER), B2 —HEEEFBUNE A 81504 S 91 (bytes-like object) IREZY)
4

triple-quoted string (=5 [9E[Ely=H) B =558 () S5 19E O) WTEELE R — M7 . SR e MEE
A ERAEEA S 58 B i AN R, EEERFZ RN, B RAEAE . e MR AT
WA R BEE] (unescaped) (1 55| SEAEES |55, Wi H & A 7504 I # 48 7 JC (continuation character) 5f; A]
PABSH AT, dE AT e 4 5 (P 7 R AR A .

type (#[F]) —1 Python ¥R EEE T & 2HESR MY S HEG—MmAE. —mEy ek
EIRTPAH B/ __class__ JBMWARAFE, SPA type (obj) HAEK.

type alias (BEIEH) —MEZUEY RIS, Zimts 20 & 4 — AR ET (identifier) ¢
RAEVEL SRR [EIR T (rype hint) ARG . BI0:

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

ATUARS BGOERE, SEEA T

Color = tuple[int, int, int]

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

i 2[E typing Fl PEP 484, f HIIRERIRIA .

type hint (BEWE/R)  —Tannorarion ([ERE), EHEE M5, — class 81451 p& 2 ) 2 ik o]
f T I 2.
RIEHR R E BB IERY, 1A 289 Python B, (HEMBERAE M TERA M, Ehgl;B) IDE 5
AR S )4 (completion) A B (refactoring).
SIS class BRI ORI ) rRERRR, #rT A typing.get_type_hints ()
AT

2L typing #l PEP 484, 5 I RERHHIA .

universal newlines (ilif[EJf7'y ) —FEARE SCFIR (text stream) B9, €% AT A S ERREIE-—47
M5 . Unix F7RBES] '\n'. Windows &% '\r\n"' FIE R Macintosh {&%) '\r'. %[ PEP 278
I PEP 3116, AN bytes.splitlines () M.
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variable annotation (52U(([EF%) G class B annotation ([EfE).
[Ef 5 ok, class B PERE, (B2 SeIEMEN:

class C:
field: 'annotation'

SWEREE R AR R ERR T (ype hin): B0, EESEFH RIS int CBE) -

count: int = 0

5 EVRBI A P annassign BE0AT REAIARAE.

# 2[Elfunction annotation (FRF[EIFE) . PEP 484 11 PEP 526, WA IIhGER. BN ERN R
B, 535 2[E annotations-howto .,

virtual environment ([EJ#ER5E) — (A /EMGEE (cooperatively isolated) [ F 785, fE= Python [ {s F &
E}Eﬁ FEAAGF AT 4% Python B5[EIE:, A G [A]—{ R &5 L iEF7a9 HAl Python JE R 147 (E
B,

W2 (F venv,

virtual machine ([EMEEMERS) 50 4 th WM T 3610 RS (computer). Python [YEBEMERS €81 T i byrecode
(FLTCALRS) Ak T8 0 A7 TCALAS .

Zen of Python (Python 2[F]) Python S¢rts BT 5 %, HIEZAA BRI GEH ILRE & . ses T
PR H B IRAFICRIMA [import this] AHUREIE.
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APPENDIX B

BARIELEFIRA S 14

18 e[ St Sphink  (—{# H(E] Python [EJH SCE ISRy 0 SCFJEREAS ) 1 F reStructured Text 4#57
1) SR s i L T 7 i

4l Python [ 5, i#ith A1) %5 ) I SCPRELERHEAR H BT TR . F AR IR A ik, 75 5 reporting-
bugs FUIH, [ESAHB . FoAM o Bapm B G A

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

B.1 Python {895 Bk 1

#r % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeNDIX G

C.1 &icio

Python 2 1 a7 Bl S22 N 5B B EL BT 9T E2 61 (CWI, K, https://www.cwinl/) ] Guido van Rossum ji& 1990 4F
REW TGS, HiR2 EE—HERE ABC S %L . [F)4F Python 15 T #FL 2K H HA AN ERL, Guido
TR EAEE .

1995 4, Guido FEAET JE 5N &5 HriE it Bl Z Al BT822 1) (CNRI, i, https://www.cnri.reston.va.us/) 4 &7E
Python () T4, [EIERREIEEE) T a8k 1 22 M IUA .

2000 4E 71 H , Guido Fl Python #%.[» B %% [# B 125 31| BeOpen.com [Elji{37. 7 BeOpen PythonLabs & % . [F4E1 H ,
PythonLabs [ [ ##£% 3 Digital Creations (Hi[F] Zope Corporation; [, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https://www.python.org/psf/) T, & &S EHEF Python FH B 1)k A TR I A1) 57
(k7 F| 4% . Zope Corporation /2 PSF ) —fH # 1) & & .

JirA7 B4 Python AR BRUAY (A B BRURAHY E 5, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, /2 GPL AHZ 1 ; DAF A4 &1 A i 22 (E.

ZERRA | BE Fh HaE GPL 1H& 1 7
090 1.2 | AEH 1991-1995 | CWI =
138152 |12 1995-1999 | CNRI p=s
1.6 1.5.2 2000 CNRI w
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF p=s
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF =
22 P41 2.1.1 2001 24 | PSF P

fiE): GPL HiZEIRF RN E1E GPL F#(E Python. ARf§ GPL, Jif7 1) Python FZHEH! 1] DA 8 )BTk
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RIGIA, (HR—E AT 8 B REIF . GPL AHZR (Y FHEMIRS: Python 7] DA%S A HoAb7E GPL T E£{EIX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEEFRIAT Y, (EATIE LA A B E vl RE

C.2 FRFRHHMFGXER Python BIEHIER

Python #CHAIEIR SRR BE R L IR PSF 4242 & 49

i Python 3.8.6 B, (EWISCFui il PRk MEATICIPEATS, R RN (dual licensed) 4 PSF SEHE A
#I1VA B Zero-Clause BSD 3% 7 .

PERLTTLUN Python WS AR R ) B HE . 35 SO e BB HE 2 R RS — A g o o BRI A IS 2847
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 ¥ PYTHON 3.10.16 i) PSF iR &#

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

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

3.10.16 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSEF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.16 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights
Reserved" are retained in Python 3.10.16 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.16 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.10.16.

4. PSF is making Python 3.10.16 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.16, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ¢4 BEOPEN.COM % &%)

BEOPEN PYTHON BAVEFZHEA 4145 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 THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#EHE—1)
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.

7. 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 Hj® PYTHON 1.6.1 B4 CNRI 1R &

1. 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.

2. 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."

3. 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.

4. 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.

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

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

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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(R —H)

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 ¥ PYTHON 0.9.0 £ 1.2 g CWI B &

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 F}* PYTHON 3.10.16 [FBA3 #4132 §#Y ZERO-CLAUSE BSD 1%

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

_random A A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
R, DT R FEARE G 52 i -

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

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

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

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

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

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

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

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

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

socket A ] getaddrinfo () fl getnameinfo () KR, B4E WIDE B % (https://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

C.3.3 FERF#¥ socket fRFE

asynchat fll asyncore fAL A& DA R AERA :

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.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

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 #{TIEN

trace B W& PAT I
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 £ UUdecode F=,

uu AR AL AR RN -

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 iEif2 prrgoy

xmlrpc.client EAHME DA EA:

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 HIglL{l A FHgH:

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 HLAL¥SHA kqueue 7 MHIAL {5 LA A :

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 1% 57 Marek Majkowski’ i Dan Bernstein 1) SipHash24 {2k EAE. BESUAT
TEEHH -

<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/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c FFEHRML T C /Y dtoa I strtod B, R C (18RS B 77 25 B 7 5f HARBE(E]. %A%
2 B4 | David M. Gay 7 [0 [ 4528, % & BIZET] DA hitps://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N#E. 2009 4FE 3 H 16 H itz il R GAHE 256 & AN iR R B B2 fE = 0 -

/*********************~k****k*k******~k******************************

*

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

*

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

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

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

* % o

*

(Qi¥iE3)
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*

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

C.3.12 OpenSSL

4015 OpenSSL UM AT 3 R AL, Il hashlib, posix. ssl. crypt BIALE M A .
J5b, TAIE) Windows il macOS 1] Python %754 i A 4 OpenSSL s S MM IAS . DA It £ S e T
OpenSSL FZ il

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-corelopenssl.org.

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

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

L S S S S R S S R S S SN S S SN S S S S S N S e S S

(T IUakss)
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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
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N 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 (eaylcryptsoft.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

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N
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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.]
/

L A T S S S S N S N S S SN S S S N .

C.3.13 expat

BRIEFE B E pyexpat MR ER ——with-system-expat, %47 & H—MHE S expat JFIAHS ) E]
A

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

GARAEEE _ctypes WM EN ——with-system-1ibffi, &HIF%HE7E & H—MEE S libfhi J5 44 151
IR

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

WNARAE Z 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi se & —MES 2dib a5 &l
AR

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

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

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

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

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

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

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

tracemalloc {# H¥4E[EIZE (hash table) EAE, DA cfuhash BLZE([FIRLRE:

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

GAEfE R E _decimal BiglMiik EF) ——with-system-1libmpdec, 7 H|#%i4H & FH—M(El% libmpdec ¥

2R R AR A

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

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

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

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

(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 B EH

test R A H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 4HuG https://www.
w3.org/TR/xml-c14n2-testcases/ #ehgE, H 2R 3-clause BSD 1% HE 4 #5(E) -

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

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

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

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

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

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

audioop LR ] T SoX I H Y g771.c AR EREACHS . https:/sourceforge.net/projects/sox/files/sox/12.17.7/
sox-12.17.7 tar.gz

BEIEACHS 2 Sun Microsystems, Inc. {877 it H- Al (G BRAIHUAT A o P AT DARS DU Bl A28 e e A AT i
T
SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING

THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

P Sun JEACHD AR I F AR 32 559 HL Sun Microsystems, Inc. 34 X4 VpBhELli . HEAS . &
langai

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

TEFEATH 5 F Sun Microsystems, Tnc. 57X (E (e A BRI S s LMK . IIH00 R 251
B, B Sun ORI 4k 5

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

..., 67

2to3, 67

>>> 67

_ future_ ,72
_ _slots_ ,78
BRS8N

PYTHONPATH, 56

A

abstract base class (#HZEEHE) , 67

annotation ([EE) ,67

argument (3] #) , 67

asynchronous context manager (JE[F FIF#E
EILE) 68

asynchronous generator iterator (3f [F %
E4 #EMRE) ,68

asynchronous generator (FE[FF[E4%E) ,68

asynchronous iterable (R F TAEIRYE) ,
68

asynchronous iterator (j}ifﬁ]ﬁﬁ%’é) , 68

attribute (BM¥) ,68

awaitable (F&#&4H) |68

B

BDFL, 68

binary file (ZiE#|# %) ,68

borrowed reference (EH%E) ,69
bytecode (fLT#1#) , 69

bytes—like object (LT E4H) ,69

C

callable (FHFey44) , 69
callback (E’]“?) , 69
C-contiguous, 70

class variable (FE#%) .69
class (#[E) ,69

coercion (%ﬂ%iﬂ) , 69
complex number ([FJ%) ,69

context manager (FHEEHEHE) ,69
context variable (¥ 2% ,69
contiguous (EHH) ,70
coroutine function (BHEER) ,70
coroutine (#42) ,70

CPython, 70

D

deallocation, object,49

decorator (#H&F#) ,70

descriptor (#Hr %) ,70

dictionary comprehension (?;ﬁ,ﬁ%éﬁﬁ) s
70

dictionary view (FH#AgIE) ,70

dictionary () ,70

docstring ([EJBHF#®) ,70

duck-typing (%FA[E) ,71

E

EAFP, 71
expression (EHER) ,71
extension module (EHAEAL) ,71

F

f-string (f F&) ,71

file object (#ZEWH) ,71

file-like object (4% ZH#) ,71

filesystem encoding and error handler
(BEAGEBIERRERR) ,71

finalization, of objects,49

finder (ZFfp#) ,71

floor division (1 FEUEKRE) ,71

Fortran contiguous, 70
function annotation (& RX[EIE) ,72
function (®=R) ,71

G

garbage collection (Jr3gE ) ,72
generator, 72
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generator expression, 72

generator expression ([H4AZREHR) ,72

generator iterator ([E4HBEIRZE) , 72
generator ([EFl4 %) ,72

generic function (BEE®ER) ,72
generic type (ZAME]) ,72

GIL, 72

global interpreter lock (43 HEEE) ,72

H

hash-based pyc (#[[EZE#EHN pyc) ,73
hashable (" #[[EIR) ,73

IDLE, 73

immutable (RT&4#) ,73

import path (EAKAR) ,73

importer (EAZ) ,73

importing (EA) ,73

interactive (E#H) ,73

interpreted (ETF?Q/J) 73

interpreter shutdown (HZEHEHHE) ,73
iterable (AERSH) ,73

iterator (Tﬁ%%) , 74

K

key function (#® =) ,74
keyword argument (B¢ 5|%) ,74

L

lambda, 74

LBYL, 74

list comprehension (HEF|&AEE) ,74
list (&%) ,74

loader (#AH) ,75

locale encoding (B 4&#) ,74

M

magic

method, 75
magic method (BH#TF %) .75
mapping (#Bk) ,75
meta path finder (TGEREFKE) ,75
metaclass (fl]%kﬁ) , 78
method

magic, 75

special, 78

method resolution order (F EM@ArIEF) ,75

method (F) ,75

module spec (M) ,75
module (#%H) ,75

MRO, 75

mutable (F&4#) ,75

N

named tuple (Mf&G#l) ,75

namespace package (& =XMEH) ,7

namespace (#%&=M) ,75
nested scope (ERIEFH) ,76
new-style class (F#[E) ,76

O

object
deallocation, 49
finalization, 49

object (##) ,76

P

package (£#) ,76
parameter (£%) ,76

path based finder (%ﬁé%@ﬂ']%—’ﬁ%&)
path entry finder (B{EEE ZH )

path entry hook (B&IEEHFE) ,77
path entry (BEHEEH) ,77
path-like object (¥KELEHHE) ,77
PEP, 77

Philbrick, Geoff, 14

portion (#4) ,77

positional argument ({L %3 %) ,77

provisional API (¥4T API) ,77

provisional package (¥4T&#) ,77

PY_AUDIT_READ, 52
PyArg_ParseTuple (), 13

PyArg_ParseTupleAndKeywords (), 14

PyErr_Fetch (), 49
PyErr_Restore (), 49
PyInit_modulename (C function), 56
PyObject_CallObject (), 12
Python 3000, 77
Python Enhancement Proposals

PEP 1,77

PEP 238,71

PEP 278,79

PEP 302,71,75

PEP 343,69

PEP 362,68,76

PEP 411,77

PEP 420,71,76,77

PEP 442,50

PEP 443,72

PEP 451,71

PEP 483,72

PEP 484,67,72,79, 80

PEP 489,11, 56

PEP 492,68, 70

PEP 498,71

PEP 519,77

, 77

, 17
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PEP 525,68 Z

PEP 526, 67,80 zen of Python (Python Z) , 80
PEP 585,72

PEP 3116,79

PEP 3155,78

Pythonic (Python M) ,77
PYTHONPATH, 56

Q

qualified name (fRE4%%) ,78

R

READ_RESTRICTED, 52
READONLY, 52
reference count (& EB3#) ,78
regular package (EE¥EH) ,78
repr

[z & =X, 50
RESTRICTED, 52

S

sequence (JF%|) ,78
set comprehension (A% A6EHE) ,78
single dispatch (E—3 %) ,78
slice (1K) .78
special

method, 78
special method (%% F i) ,78
statement (E®RZR) ,78
string

object representation, 50
strong reference (Zéﬂﬁ) ,79

T
text encoding (X FE##) ,79

text file (XEHE) ,79

triple—quoted string (ZB|3EF#) ,79
type alias (REE4%) ,79

type hint (E[FHRFR) ,79

type (HE[E) ,79

U

universal newlines (EAEMTET) ,79
V

variable annotation (##([E) ,80
[z & =X

repr, 50
virtual environment ([FJ##&3) ,80
virtual machine ([EJ## %) ,80

W

WRITE_RESTRICTED, 52
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