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ZORF2XYMT Python £ VX7V R EIRT2HMLVWEY 2 — % T C £1F C++ TE L FiEL
AL TVET, ZOXIRET 2= A TR LVEBZERT 2720 TERL. HILWES, ZoXYy b2
ERTDIENTEET, FFaXy bTRMO7 7Y 7 — 2 > T Python ZIESiEE L THAS 272912,
Python 4 ¥ XY X% 7 7V r— a NITHEDADHEZOVWTHEHLET, KR, TEBOIRL—T 4 >~
7Y AT WD (FATH) B— FEFR— P LTOVRE, HREY 2 —ADBICS A4 75V icu—FEh 5 &
ST, BV a—A%aV AN LY VI T BFRICOWTHI L £5

2O RFaXy bTIE FEEE Python IZ0WTEBNRHFHEZHLEDLETVWE D ERELTVWET, ER
X572 Python SFBD AN, tutorial-index ZFA T 72& W, reference-index Z#idH1E, Python FFEIZ
DWT LK DA RERZEONE T, T/, library-index TlX, Python \ZJJAWVEAEHEZ 726 L TWAEE
oA 7y =2 MU B BLUY (HAAA. BLU Python TEPNLZDDDOWAD) €Y 2 —MZDWTHR
BMLTOVET,

Python/C API 2D LWEHHIZ, AIO FF 2 X2 M TH B, capi-index ZZRL T ZE W,







ONE

EITITHOHY—RKN—FT1Y—

ZDHA EBHIN—FTZDIE. TDN—Y 3 >D CPython D—i e L TR TWS, IERE(ER T 27200
HARMW Y — L7120 TF, Cython, cffi, SWIG, Numba D X 578 — K 8—F 4 OV —)Li, Python @ C B &
O CH+ R ZEK T 27200, KO EEr DX DS AFEZREL £9,

BE:

Python Packaging User Guide: Binary Extensions Python Packaging User Guide (&34 7V JE5R DAE LA E B
WIRBMERZY =N hN=L TV BT TR, ETHDICREINREY 2 -V 2E2 Z e EE LW
DOREA BRI OWTHM L TOE T,


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




TWO

Y—RN—T1 V=G L THRZES

HARDZDHTIEY — R =T 4 V=L OFBELIC C B C++ IEREEN T 2 HEZHALE ST, oh
WFEDEHD CINREERT 28T ITDOHEL VWS LD, FRXZEALDY — L EERT 2 ARTDOHDTT,

2.1 C X C++ IC& 3 Python DR

C7ur77r0FEZHFEZM>TVWE7% 5, Python IZHARHARAAEY 2 =L ZBMT 2DEEXHLDTHET
T ZOHFREY 2 -, HEBREY 2 —)L (extension module) #{ES ¥, Python RNEETA RN _DDZ ¥:
MLWHAAAA 7Y =227 PORE, ZLTE2TD C 7477 VHBES AT a3 — LT 2OHL, 23T
X5XK51TDET,

JEIREY 2 — %Y KR— hF 5729, Python API (Application Programmer’s Interface) Tlx—H DB, ~
7B LOERERMELTWT, Python VXA A AT LDIFL ALY DHIEAD 7 7 A FEERHEL T E
9, Python APT &, ~v & "Python.h" ZA 27— FLT C Y—RIZWHIAHLZET,

IRES 2 —1Da Y XA IVFEEZ, TP 2a—VOHBRPI AT LADREFIFEIEKFL T3, iEMIBROETHHA
LEd,

FR: CHBRDA > & —7 =4 A% CPython IKEBEDSDTH D, ZHUT K BILREY 2 —FiEH D Python
FEETRIIELEHA. ZLOEA. CIEEZEL 2 2BHT TEL D Python D 7= DI 2 HHET 5
ZEWEFAEET T, e RE, BDREVDLEVWIEN C F4 77 VDB AT a—V2RUHT e THS
%G, ctypes 503 cfi 74 77V DHHEZMRETANETT, THHDEY2—MF Ca—Re AV Z—T =
A AL, CHEREZENTa Y A LT 2 DITEHRT Python M D X b & WEBHEEL b -7 Python 23— K%
ErETINET,



https://cffi.readthedocs.io/

Extending and Embedding Python, 'J!J—X 3.10.18

2.1.1 HELH

spam (Monty Python 7 7 > DY TFR) L VWIS HDILREY 2 — AV E2ERTSZICLT. CF477VH
B system() T3 2 Python 4 ¥ X—7 24 AZERLI2VE LET, 1 ZORKIE null THRIHINZZF v
S XA REIBICE D, BEERLET, ZOBKELTO X512 L T Python 25 HE2 5L
WELET,

>>> import spam

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

%713 spammodule.c ZERT 2L TADBMEDE T, (BHtL LT, spam E WO HHTDEY 2 —VZ2AEKT 2
BE. B2 NVOERENA-72 C 77 A V% spammodule.c EMERZ L IZH > TWVET; spammify D KL 51
RIEZEY 2 - VHADHEITE, B spammify.c IZHTEXT, )

ZDT7 7 ANDERAID 2T TDE ST LET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

ZAUC. Python APl #BDARET (REA S, £V 2— AOMRICHT 330, SEERTEZBML ET).,

AMR: Python 13, AT AL TIIEHEAY FOERIIHEET L5277 aby B EREIT-oTVWED
T, Python.h ZWFhDIFEHENY XX D BHHIICA ¥ 71— F BRITHED FEA

Python.h %4 > Z7/)L— K3 ZHIC, HIC PY_SSIZE_T_CLEAN %/EHKT 2 I e BRI NE T, 2O~ vOfE
FUCOWTIE HEERED 2 —ILBABITONS X ZER 2ZRBL T Z3W,

Python.h TERINTWVEL—FhSHAHD > ¥ FUE, RTHEEE Py £7213 PY BMPTnE 3, 7271,
BHEAN Y X7 7 A VADERIIBRZ F T, liH DD L. Python WTAFIIHES 2222 e WnwHHliH s,
"Python.h" IFW K D DIFEHEAN v X7 7 £ )L: <stdio.h> . <string.h> . <errno.h> . B XU <stdlib.h>
EAYINL—=FRLTVET, BEDANY X T 7 A AP AT 4 L2k FHUZE, "Python.h" 2B malloc() .
free() BLUY realloc() ZEHEERL X7,

RIZT 7 A BN 2 NAEE,. Python 3\ spam.system(string) ZiHii3 2RICFEHENE Z 225 C
BT (OB REINCED XS5 I TIE, BRTI D2 D £7):

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

const char *command;

IKDR=12%e <)

T ZOBBADA Y Z—T7 21— 2T TIHEHEE Y 2 — )L os KHD T - ZOBBERALZ DI, B CEENZAIZRLEZWVDS
<%

6 F2E H—RFN—ToV—ILELTHEREZES
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HIDR— % 5D E)

int sts;

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

return PyLong_FromLong(sts);

Z 2T, Python @58V 2+ (flziX, B—oRK "1s -1") 25 C BECETSIRICZOFEEML TV E
T C BIIHE IC o058 RH. HHEINC self BXY args EMHINET,

self 5IBUTIE. EY 2 — VL RNALOEBTHIUTES 2— A, XV v RIZIEFA TV 227 b VAR Y ANEX
nE9,

args 510X, SIBDA 57 Python R INFTI 27 bADERAL VY RIZHRDET, XTVHNOKERIX, HOH
LOBDOFIEY A MBI 2851805 L E T, 5180& Python A 72 =2 bTF - C BBTHIEUE - T
PEITIWCE, A7V =7 bs C OEICE#HEERIER D £ A, Python APl OR% PyArg_ParseTuple()
FEIBOTEF = v 7 L, C DIEICERL ¥ 3, PyArg_ParseTuple() &7 ¥ 7L — b XXFFEMi- T, 5184
TV VoMY ZEhnifiz AN C ZBOMEHRIL 5, TR DVWTIIERTHELIHHLET,

PyArg_ParseTuple() &, 2 TOFIBIELWEREZE > TWT, 7 FLVARE L INLEEBUCET I HEBER L RIE
L7z Z2IWICH (JEEnr) ZRLE9, COMBUINERTIBY XA M2ET el () 2IRLET, REOLE. B
BB 72 B 2 kT 20T, MEHLENE (Flicd 2 £ 512) TSI NULL 2R T LI LTI,

2.1.2 BRE/NGE: T5—cHN

An important convention throughout the Python interpreter is the following: when a function fails, it should
set an exception condition and return an error value (usually -1 or a NULL pointer). Exception information is
stored in three members of the interpreter’s thread state. These are NULL if there is no exception. Otherwise
they are the C equivalents of the members of the Python tuple returned by sys.exc_info(). These are
the exception type, exception instance, and a traceback object. It is important to know about them to

understand how errors are passed around.
Python API Tid., B4 REDFINEZLY b T 2DDBBEVOPERLTVET,

ot dIXHWHNZDIE PyErr_SetString() T3, 5IEIHINA T =7 & C XFHITT, HlskA T
¥ =7 MIEH. PyExc_ZeroDivisionError D L S RERFADA 7Y =27 P TF, C XFHNIL 5 —DJHA
%R L. Python XFH[A TV =7 McEBENTHHND ” HEBE ITREFEINET,

b5 —DOHMHLERE LT PyErr_SetFromErrno() 2% D 9, ZOREISIEUCHINZ T2 D, HEMEIZS
0 — NV errno D HHEL ET, b o & SIHNZEEIZ PyErr_SetObject () T. =204 7Y =7 b,
Bl e HEEZS I D 5, TAHBBICEST A 7Y =27 MiE Py_INCREF() 25 HEEH D FH A,

2.1. C % C++ IC& 3 Python DGR 7
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Ay B ENTVSE 2L 52X, PyErr_Occurred() % ffio TIEMEEMICHANONE T, Z OBEKIIRED
BISAA 7Y =27 PRIBLE T, BISHFEEL TORWIEEICE NULL 2R L3, @FEE. BEEORE»S
T —DFREL 7 EHFITE 21372 DT, PyErr_Occurred ) ZFFUHITHEEIH D FH A,

RIS g ZEUHT f 25, AIEOBBOMOH LICKBLZ e 2T 2, f BRIZT 7 —fE (KK NULL %
-1) ZIRERIEXR D EFHA, LA L., PyErr_x BAEEHOWIT L ZIFUHTHET HD EFHEA — RELL, g
FTTRMIHLTWE DS TT, RWT f #MOHLZa—-FH 7 —%2R3HE BSEFUHLAEI—F 13K
T IR DETH, [FARRIC PyErr_* 1 MU LEFEA . DIFRARRICHREE T - =5 —DRHFHELWERIL,
BONCT T —2MRE LEBES T TIHRE L TWE 25T, 75— Python £ Y XY ZRD XA 2 L—FIT
FET 3 2. BHEFITHO Python 2 — FIZ—KEIE L, Python 70277 < aE LI F o2 ELHZ
St LE7,

(EY 2= PyErr_* Bz d 5 —ENUOH LT, XDFMARLS X v =Y %2R MT 2 X 5 RIRWHDH D
F9, COXSBRATEZI TRETT, LIFVA, —RINRERIE LT, S OBIBOR M b IO H 3R B
2L LB TRET S —DBERICHT 2 EMELSBRICZDAETT: ZAICED. 1FL AL OBRIEIEE L 7258
W 5 5HF 25 LNLEHRA)

H 5T L TOUEORBIT X o Tl v I 2 Al $ 51213, PyErr_Clear() ZM-UCH L CTHiISt
REBZIRINCHE L RS TR ERA. T7 %A X7V ZIE L <, BATT (I o/EE%21T-
7D bR SR oD XIICHENPIT S L57) =7 —UHEZERIIITIHEICDA, PyErr_Clear ()
EMHUHET EICTRETT,

malloc() DFECN LARRUIE, HIHIFMZ LR TER D £2A - malloc() (E721F realloc()) T EHEMY
HiLTw3 a— N, PyErr_NoMemory() ZMUH LT, KR ZRIMEZRESIRAELDERA, ATV =27+ %
T 52 TORE (Bl 21X PyLong_FromLong()) & PyErr_NoMemory() DU L ZFEEETLE S5 DT,
Z OHBAIHBER T 2 DIXEE malloc () ZMHUH T a— K2 T,

% /2. PyArg_ParseTuple() &\ EHERFINERNT, BHOIRE 2 — FERTEKIZ/ZWVTWY, Unix D> R
FTLa—)Le AT, MWENEN LB e -3 EOEEZIRE L, RRLUESEIE -1 2 RLETD,

REBIC, 7 —FREZETEC (27 —BRETL2ETRBMCERLTLE2 AT =227 MITHLT
Py_XDECREF () % Py_DECREF() ZM:UH{LT) ZANBZTEEIITo T EW!

ORI R T OFERIE, - IERICWIER b E T, PyExc_ZeroDivisionError ® X 1. &2 TODH
HIABD Python FIFMNZIIFIGT 2 EEHEAD C A7V =27 v 235D, BEFANHTEET, dbAA. flfloiE
FIFELATORERDERA — 77 AVDHIT R 2722 8 2R T DIT PyExc_TypeError Zffio 7z DXL 7K
WTLZZ W (ZDHEIFEZ S L PyExc_I0Error OHICTRETL & 9). 518V R MHEDN D 2551213
PyArg_ParseTuple() 1372\ T\ PyExc_TypeError Z X L %3, 5IHDENIFEDHPAZEZ Tnih, £
DDz TN E M7z X 2D o 725812, PyExc_ValueError 2SH Y] T3,

EY 2 —LVEHBEOHELHNDERTEE T, ERTBIE. @EIEZT 7 A VORERNICHN LA T 27 VE
BOESEITVWET:

static PyObject *SpamError;

8 B2E Y—FN—To VIR LTHRZES
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ZLT, Y 2 VOMYHLBIRL (PyInit_spam()) OHT, FS A7 =2 + 2> THHHLL £9:

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

Python L XA TOHIHNA T =27 b DHAETIE spam.error IZR 2 Z 2 IKHEEL TL 72X W,
PyErr_NewException() BE%{i%. bltin-exceptions TR 54TV % Exception 7 7 A% HJK T 7 R ITHD
B2 5 ABMERTE £ (NULL O i 7 5 22 H L 75E135TY),

SpamError ZEUE. #7iTER S NN T FZANDBREMERFT 2 Z L ICHTFEL TSV, THEREN R
T D a— FRFINA TS 27 V2T 2a— A ORETELD, TV 2 -0 oHiIER L 726
N AR ZIL D, SpamError 2355 23D KA > & (dangling pointer) 12> TLEDRVWEIIZT S
722, 77 AT ABBEME L TEIAUERD TR A, L SpamError 555 R D RA Y RIiZk->TL
F58,. Ca—FPNEEHL LS e L 2IRa7 Xy 7REMLURVEEHZG ISR I ZeBH D £5,

Zofhch 3, BEEDR D ERIZ PyMODINIT_FUNC %Zf# 5 KIS OWTIRETHML T,

PyErr_SetString() ZRXD X5 WXM-UH T L. JLRES 2 — L THIH spam.error ZAHT S5 TEFT:

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");

(Ko<= 1ZHi)
2.1. C X% C++ I2&3 Python OHLFE 9
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HIDR— % 5D E)

return NULL;

}

return PyLong_FromLong(sts);
}
2.1.3 BIICRS

T OBBOBNCRES &, SEEIUTNOFETXEHMETEZ 2139 TF:

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

Z DFEITXIZ. PyArg_ParseTuple() A3ty FF 20T Lo T, GV A MM SO T —MRET L &
W NULL (A 7322 bANDRA Y Z2RTZA TORBUICBT 27 —1RH) 2L ET, =7 —-TRkiIh
3, 5 LTE 22X FIEE e — AL ER command I —3NTWVWET, ZOHFIIRAS VXRATH
D, KA VEZPEL TV B XFINH L TEENTHONS LIFBEINTVERA (o T, 1FHHE C Tld. B8
command & const char* command ¥ L CGEHUNIERETILZD £EA),

KDL T, PyArg_ParseTuple () TIF73F4% L T Unix B system() ZM-UCH L TWET:

sts = system(command) ;

spam.system() I& sts % Python 7Y =7 b & L TREAIIRD $¥ A, THUIE, PyLlong_FromLong() %
VT,

return PyLong_FromLong(sts);

LOGETIE, BEA 727 b RIRLET, (£, BHTT S, Python CBWTIde—7 Lo+ 7Y =7 b i
DTT!)

il s FGREZ IR S 72 WBIR (void %2R 3 REEL) TGS % Python OBIEUZ None 2R AL D ¥ A, B
BT None ZIRE #2121, T &5 2EHAAZEWE T (Z OEMA)IE Py_RETURN_NONE v 27 BIZHEE XN
TWVWEY):

Py_INCREF (Py_None) ;

return Py_None;

Py_None \X¥¥5k7% Pyhton 7Y =2 b TH2 None X532 C TOARTT, INFTRTELZLSKIEL
AXDaAYTFAMT 7 T7—" 2B KT S NULL KA ¥ X 2IZEWV, None Z#li#4 Python DA 7Y =7 b
T3

10 B2E Y—FN—To VIR LTHRZES
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214 E2a2—IDXYy FT—TIL e HIHA{LREEK

XC. ANCHR L2 X 512, spam_system() % Python 70277 A5 ¥ 50> TMUH T2 IO SRLE
T 3. BB T FL X% " XY v F7—7)0 (method table)” IZF|2E 5 2 RENH D £3:

static PyMethodDef SpamMethods[] = {

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

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

VR MERO=DHDIT Y VY (METH_VARARGS) IZIFEE L TLEZE WV, 2O F U, C BIAHME S PO LA
WEAVRT) RIBZDZ72DDT7 57 TF, 8% 2 OfEIX METH_VARARGS %» METH_VARARGS | METH_KEYWORDS
DIFTTT; 0 1XIHKXD PyArg_ParseTuple ) OZE{LEfHbI 2 Z ZEKL £3,

METH_VARARGS 7213 2 5354, C BB, Python LNV TD5[#A PyArg_ParseTuple() 23ZHTE 2327
NOFBERTEINZ DD HELRTNUIRD T¥A; ZOBEKICOVWTOFMIE N THIEL 55

BEICF — T — FolEDEINE 2 ICRoTWVWEDR S, =7 1+ —/LFIT METH_KEYWORDS £’y + &2t v T
EF9, ZOHA,. CBEBIIE=518UC PyObject * 2ZHE T2 L5 HRERD FHA, ZOFTI =7 Mg,
F—U— FolOBECED £, 25 LBKTIEZMEINT 51213, PyArg_ParseTupleAndKeywords() %
o TLEX W,

AV y BT =7 NEEY 2 —VERDHERP LSHEINTWRITNEZD ZEA:

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 4if the module keeps state in global wvariables. */
SpamMethods
};

FRRIC, 2 ORISR, B 2 — L OWHLBEIBNTA ¥ 2 7V 2SR D $¥ A WIHLEEEEY 2 —
NDHHT% name & L7zt T PyInit_name() & WO HLHATTRIFNIRS T, EF 2 -7 7 A VNTERS
NTVW2HOD5 5, ME—0DIE static BRETRITINUIRD FHA:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spammodule) ;
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5. FEDY > 7 EF (linkage declaration) 2EFT 5 Z . ZHIC C++ DHEAICIIBIE extern "C" ITH
EY5ILIERLTIEE WY,

Python 7023 AD3¥]® T spam € 2 — /L% import 3% & ZiZ, PyInit_spam() DMHINE T, (LUTIZ
»H % Python NOHDABLIZEHT2aX Y P 2BRLTLEEIN, ) ZI0HET 22— VATV 27 P2IBET
PyModule_Create() #3FFIZAL, £ 2 —VEFRICDH 5T — 7/ (PyMethodDef HHERDHELH) BN THI7z1C
fEon 7Y 2 — iz, MAABBEBA 7Y =7 P23 A SN EF, PyModule_Create() EMfEMLES 2 —IL
AT PADRAVEBRLET, HALT W X-oTEERTTE20H LNERTAL, Y 2 — 2 HEE
SHIEMET Z 73202 0 72358121 NULL 23R 358 LLE R Ao init BIBUZEY 2 — A7 27 P REUH LTI
BL. £72 sys.modules WHIHHAZNZ X5 LRTFIIRD £8 A

Python N &iAtr ¥ ¥1Z, PyImport_Inittab 7 — 7/VICFETEL TWTH PyInit_spam() BAEII HEIAVICIX
MEENFER A, PIHLT — 7 ICEY 2 —)L%BIT %12iE. PyImport_AppendInittab() Zffio T X W,
ZFORICA T a Y TEY 2—)L% import LET:

int
main(int argc, char *argv[])
{
wchar_t *program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {
fprintf(stderr, "Fatal error: cannot decode argv[0]\n");
exit(1);

/* 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 argu[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,
tmport 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");

KDR=12%e <)

12 FE2EY—FN—Ta V-G LTHEREZED
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(FIDR=I 5 DfEE)

PyMem_RawFree (program) ;

return 0;

AR B0 mr AN (£720F fork() RD exec() DT AL TWIRWIREE) I2BIF 28D A > 2 TY X
BUWT, sys.modules 5LV MY ZFREALZLDFiRa v A VFEAES 2 —)L% import LD T 2e. 4k
REY 2— M X o TREMEZETC 228D D $5, IHREY 2 —LOEEIE. WNET — X &2 7S 55
WL K SHDLITARNETY,

O EENREY 2 =L fIlE. Python Y — ABAAYINC Modules/xxmodule.c £ WHHEITTA->TWVWET, 2D
77ANMET YT — b LTHAMMATERT L, BBl LTHmMD I T,

AMR: xmodule X spam & Rz, ZERFEMHAL (multi-phase initialization (Python 3.5 OFHERE) %> T
W% J, PyInit_spam A% PyModuleDef #iK L. £ 2 — L DAERIFEZIC import BEITTWE 3, ZEFEHIHA
LDV TOFMIE PEP 489 2B L T E X,

215 a1 I >

HLWIEBREY 2 — LB H X 2 X5 ET, TLRZODMEHE: a4k, Python Y RATAADY ¥ 7,
o TWE T, BFAIAA (dynamic loading) 2o TWa D746, MFEEDFHMIZATDS AT A0ME- T
WARHINFHAAADIERICE o TEDLEZ 2D LNEVTA; LA WREY 2 -1 OV RICHETIE (O B&
U C++ IEROEJLE E) 2, Windows 281 % L RICERT 2 B8MEROE (Windows ETD C LT
O+ BEES2—ILOEILE B) 2BMLTZEW,

R AAA R Z R o7z, Y 2 — LR HEEK Python 4 Y2 7Y 20— L TEBEZWESICIE, 41U &
TVEDENLFREZEBELTHE LN LRINUUIRSKRRETL & 5, Unix Tl FHRZ 2122 OMEXEE
CTHHMTT: BICAEDEY 2 -7 7 4L (Bl 213 spammodule.c) 2B L7z Y — AR D Modules/
T4 L7 bUICEE, Modules/Setup.local ICHZTD 7 7 A VEHHT 2L FO—17:

spam spammodule.o

ZBMLT, by L RXADT 4 L7 FUTmake #FEITLT, A VX FVXEHEIL KT B/ TT, Modules/
Y7574 127 P TH make #ETTE X TH, #id o T 'make Makefile’ #5EfT LT Makefile ZEHEIL FL
TBLPRITNUIZROL D ERA. (ZOMEER Setup 7 7 ANV EEET 27 KITHETT, )

EV2—ADRIDIATIVEY VT ENTWIRENDIHE. 7477V BRET 7 A MTHIFETEE T, Hi
ZIFUATFD XS5 L %9,

2.1. C % C++ IC& 3 Python DGR 13



https://www.python.org/dev/peps/pep-0489
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spam spammodule.o -1X11

2.1.6 C 75 Python BBSEFUHT

ZHETIE, Python 2260 C BEOMIH LICERZBVWTHERTEE L, EZIATIOH: CH50D
Python BBOMUHL S E/EGHTT, bt WbWwd " a— Ny 7" BEIR-bT2X548547
7V RIS 2 BCIE C OBENERNTT, 2 C A Y X—T 2 =P a—ANy ZZ2FAL TV 255, FF
DOREREZ 1R T % Python 2 — FTWX, LIX U Python v 2o ~ica—il "y ZEER T 2 08N H D
F9; 2o EFEETE C TEINLa—ANy ZEED S Python THINa— %y 7 BBEFOHT X
T EMENHLTLE S, bbAA. MMOHBRDEZONE T,

FEER Z 212, Python 4 ¥ &2 7Y ZIIHHEICHIFIFEOH LTE, Python BEZMFIH T DFEREL > 2 —
7x—=2AbHDFF, (Python R—HFZREDANLFZME > THRIETHEZOWTHRT 2205 D1EHD %
BA - ZOFEICHEIEND 5725, Python Y —X 32— F®D Modules/main.c IZH %, A~ P74 A+ F>a
Vo—c OFHERRETLIEZZ W)

Python BABOFERHE LIEFETT, 3. COa—FIWLTa—ANy Z72EHL XS5 T3 Python 7’1
7' ME. IS DFET Python OBA 7Y = 7 P2 EXRERD EVA, TDLDIT, T—Ny 7 ER
B (F72i32oftid 4 > 2 —T7 = —R) ZEMEERIER D FH A, TDIT—N Ny ZEFREIBDIT O X 7B
12, 5l EJE XNz Python A 79 227 bADKRA VX E 70— VEBIZ — H BV, ¥ 2@ REgRn
— RELET (B4 7Y =7 % Py_INCREFQ) 2 &5 K<HFEELTLEZW), flZIE. LUFD & 5 2B
MED 2—ND—FIZK->TVWBZETL x5

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

}

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

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

result = Py_None;

KDR=212%i <)
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(FIDR=I 5 DfEE)

return result;

Z OEFUE METH_VARARGS 7 7 7% ffio T4 > &2 7Y Zi28HE IR D £ A; METH_VARARGS 7 7 ZIZDOW
T, EZVa—ILOXY Yy FT—T )L ¥IHALREIE THHL TWE 3, PyArg ParseTuple () Bt Z D5
OV, IERES 2 —IILEBTONS X2 ER IR L THET,

Py_XINCREF() B XU Py_XDECREF() X, A7V 7 VW TEBRAV Y MEA VI URY N/ TIZ YR b
T320HD% 78T, NULL RA Y XPEINTHREBIHRETEZHATT (L3VA. LOWATIE temp B3
NULL I3 Z2EHD FHEA), ThoD~rueBRAY Y MZoWTE, BRBATY ME THIHL TV E T,

ZD%, a =Ny ZEBEMNOCHTREDRZ 5, C B PyObject_CallObject () 2FFUHL £3, Z DR
IZIE =2 D54 Python BI%y Python BID5IE Y XA v 3B D, WIFNHEED Python 7Y =7 b2 FE
FTRAVEZHETT, 5IBVRAMIFERZEZINA T 27 bTRIINERS T, 2OEIEFFIHOBITRD £5,
Python BI#Z 5187 L CTHEOH T D4 6, NULL 220X I 2EL £ 3; M—05 [ B CHEEROHTOR S,
B (singleton) DX FN%E L ¥ F, Py_BuildValue() OFEXFFIHIC, ¥uflFiziz—MXU ELoEA(L
A= RPA o 7HIFEMH D 256, ZOBBIZXZ IV ERLET, INchlzRLET:

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 A 7Y =27 hADKRA ¥ ZERLET: 24Uk Python BEH»H5DRED E
1272 D 3, PyObject_CallObject () &, 51EUTX LT 7 A v > ML (reference-count- neutral)” T3,
LOBITIERZ IV EAEB LTI R e LTIREELTE D, 2D X I UX PyObject_CallObject ) OMEUH
LE#IZ Py_DECREF() SN TWVWE T,

PyObject_CallObject) XEVMEX LT ?H LW + 7V 22 b: FRIEREINA TV 227 b, BEHFEDA
Tz MDBEAT Y VA VI VRA VP LESDERLET, (o T, 20X 7T Ve ra—r LA
IELZVDOTARVAED, 722 2 ZOR D FHICEED 2 TH (LA, 23 THIUIRBE L)) @A LADN
ETRYVEATY =2 % Py_DECREF() LTI D XA,

2i3WZ, KD fE% Py_DECREF() ¥ ZH(ICIX, {HAS NULL THWAF =2y 7 LTEL ZEHPEETT, b L NULL
25, MO L7z Python BEEIIHIN EZEH L TR TIE LA TWVE T, PyObject_CallObject () ZMEUH L
TW3a— FEKD £72 Python 22 5MFHINTVWEDTHIUL, FEIEX C a—RPEZENEHLTWS
Python 2— FIZZ 5 —EURMEZIRZRIEZ D EFVA., ZHUTED, A VXV REIRA Xy 7 L —R2HNILT:
D, BISENIES 2 720D Python 2— FEFFUCHLZD TEE T, HIAOEEBRIEEZ 572D, Lz kv
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D745, PyErr_Clear () ZMATHIAZHEEL TE PRI FHA, FIZIZLLTFD XS LET:

if (result == NULL)

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

Python 2 — A Ny ZJBEBEELEARALA VY EZ -T2 -2 LEVILICE> Tk 5BV 2%
PyObject_CallObject() XS5 ARUTNIBBRLLWEEDHDET, H27— AT, a -1y Z7EEE
HBELLEDERUA YR =7 2—R%ZNLT, 5l VAPBEINATVI2D LAEEA, RO —2
T LRIV EBEL TRV A P 2EI QAR ROV 2b LAEEA, ZOHAERDBHLOIF
Py_BuildValue() 2FERSD A TT, HlZIE. BEOANY ba—FE2ELLZTIUE ITFO LS Ra— REfHf
DT EITKRABTLED:

PyObject *arglist;

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

Py_DECREF (arglist) BMUHLOER, T7—F =z v 7 XD IENICEI N TV I EICHERLTLEIWV! £
Joo BEEICE ZE. 203 — RIZERTIEH D £HA: Py_BuildValue() EXEVARRBICBHWVWE0d LT,
Frzv 7 LTBLRNETT,

WE DS F—v— F58E ¥ K- F % PyObject_Call() Zffio T, F—v— F5l%EE> BEEFEOH L
BN TEET, LOBIEFEIT & S512, Py_BuildValue() ZfE-o THELZED £3,

PyObject *dict;

dict = Py_BuildValue("{s:i}", "name", val);
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) ;

16 F2E H—RFN—ToV—ILELTHEREZES
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2.1.7 HRED 21— LB TDINS X 2 ERH

PyArg_ParseTuple() BAEUIIM TO LS ICEE STV E T

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

518 arg 13 C B 5 Python KWEINBF BV A IR ARETIAA T 27 bTRINUERD FHA,
format BIEFFEXSLFEHIT, Python/C API V7 7 LY A< =27 )LD arg-parsing T X T W2 FIRIHE
DRI D TR A, RDDFIEUL. ZhZhOEHD 7 FL AT, FERCFINR SR E 28U 2 o TWRIFHUL
7D EE A

PyArg_ParseTuple() ¥ Python fll2» 65 2 5N 5| BB ELRABICR > TV BTN 2 DITH L,
PyArg_ParseTuple() ZFFUH L DRSS C ZHDT FLANAMBREEZFROPFHARSN LN &
WHERBLTLZEW: ZZTHEWRLRTE, -7 7922350 b LAERAL, PR HTRELDR
By b2 XEYVICEHFEZLTLEVE S, HEK!

IFOH LA EN S A 7Y 2 7 PADOBIIZTRT EA 2 (borrowed reference) 127D %9, T 5DA
Tz OBRAV I T 7 URX Y FLTIERD FEA!

DIRIZWL O LAIE R L £5:

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

int ok;

int i, j;

long k, 1;
const char *s;

Py_ssize_t size;

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

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

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

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

2.1. C % C++ IC& 3 Python DGR 17
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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:
Fecc, 0), 400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 HERED 2 —ILEABDF—T— KNI XA

PyArg_ParseTupleAndKeywords() (., U FD XS ICHEEINTVWET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

const char *format, char *kwlist[], ...);

arg ¥ format 787 X 213 PyArg_ParseTuple() Db D LR UTT, kwdict X7 X XZF -V — REIDA -7
HET. Python 7Y A AT ATADPBEZ NI RARXE UTRITEWD £, kwlist %7 X RZ13E 85 X X &5
T BDDLFHND BB, NULL #ImE iz ) A M TT; K87 X XA format FORUERICH L TED» B
DIECBEESNE T, BIT % L PyArg_ParseTupleAndKeywords () ZE %R L. ZhLSOHEIIE#EYI%
BiIsL 2 X L TR ZIR L %3,

AR: F—U—FEEEF->TWEEHE, XTVEIANRTIILTHEZZEA! kwlist NIEELREWF—TU—F
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NRTRXARPEINT5E. TypeError DEHZEFIZRLI L F I,

MFReFxF—v—F2lio7Ey2a—HlZ/RLE T, Z4UT Geoff Philbrick (philbrick@hks.com) (2 &% 7w
FZoBlEb LIl LTVETS:

#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, O, NULL} /* sentinel */
I

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
_1,
keywdarg_methods

KDR=12%e <)
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HIDR— % 5D E)

PyMODINIT_FUNC
PyInit_keywdarg(void)
{
return PyModule_Create(&keywdargmodule) ;

219 FEDEZEET S

Py_BuildValue() & PyArg_ParseTuple() OMMRICHIET 2D TT, ZOBBIIMLTD XS5 ITERSILTY
9

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

Py_BuildValue() (&, PyArg_ParseTuple() D8k 3 % —@HDOEXBIITPAEXBN 2L £5. 2L
(BBADHITIER L, ATNfEbiS) 5IEERA Y& TR, REDMETRITINUIR D £¥ A, Python 22
LI E N7 C BfARIEE L TEYIZR, #i7z/k Python £ 7Y =2 F2RL %9,

PyArg_ParseTuple() &I3—2E 5 mAH D £9: PyArg_ParseTuple() I3HE 518 % X T NICT 2 H0ENDH D
%3 (Python DF# Y R MIWEBINIEZHIC R L e LTREEN 205 TF) 235, Py_BuildValue() && 7
NEERT 2 L3R D ¥ A, Py_BuildValue ) EEAFHNIFICERBAL O ZhL EA - TWEHEIC
DAHRTINVERBELET, FRXLFHND2ER S, None IBLET, Tonh—o20HEXEMNL S, £oFXHAL
DR LTV BAISHLDA T 27 MRV ET, FAXD 0 1 DX TIVIREEVDOR S, FEAFIIZAL
TPV E 3,

UM ZRL 3 (LRFFOH LAIZ, GRS 25 Python fHZRL £7):

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("()") O
Py_BuildValue("(i)", 123) (123,)
Py_BuildValue("(ii)", 123, 456) (123, 456)
Py_BuildValue("(i,i)", 123, 456) (123, 456)
Py_BuildValue("[i,i]", 123, 456) [123, 456]

Py_BuildValue("{s:i,s:i}",

"abc", 123, "def", 456)
Py_BuildValue(" ((ii) (ii)) (iid",

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

{'abc': 123, 'def': 456}

«a, 2), 3, 4), &, 6))

20
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2.1.10 BRAU >V ~E

CRCH+ DE5EHETIZ, Turs<iie—7LOXE) ZECHEELEZDBRLED T3BEELHD £
T, 29 L72E¥E C TEBE# malloc() R free() TTWE T, C++ TEAEMICHE UEBK THE T new %
delete BMfEOLNFE T, 2T, UTD#EMIE C DFABEL TITVWE T,

malloc() DHEMRTZ2RTOREY 70y ZiE, RAEINCIE free() ZHEIC—EZ IO L THARTREX €Y
DT = NVIZRERIERD VA, £ T, BEYIRFFC free() ZMUHT I PAERICED T, HEIAEY T
0y 2N LT, free) 2R o723 PD6TZDOT FLRAZEHILTLE > &, 7ay 28 HEALT
WABRXREVIZTa T LT TAH2FETHANATERSRDET, TAEXEV Y =7 (memory leak) EFHIN
TWET, B, T L03H5XE) 70y 7L T free() ZIATBERN L, 2070y 7 Z2{EWViE
FEorF52. D malloc) MUHLICX>TITbha 7y 7OBEMHALEEEZREZ LET, ZIUIMBK
BEARXEY DM (using freed memory) EWHINE T, ZAUIPHILZ N TORWT = XI5 22 e kD
FLBVIER — a7 &y T BokBl Rk 7y > a — ZEIERILET,

I BHBZXEV ) =27 DFIEa— FHOTETRVBRE TS, flZE H2MBDH2XE) Ty 7%
L. MS2OEEIT-o T, HETRy 7 2@RT22 LET, 3T, EROBERAHELEEL C. FHEICNT
27 AMEEBEMTSE., 752 L. BRORPTUHEZRET L5120 LOAEEA, ZORPTOD
MTHOPEZZE, BRIV 70y ZE3BHRLENLPLTVOTY, 2— FBRTEMENGE IR
ZITT, ZDXIBXEVY = —HHIVAATLES &, ROBEBRHINARVWEZICRZ 223X HD
T L5 EAEBOKRTIZ. 2 TOBBITCHLDOIIH L TIZFADDLTrREG LARE S, 20— TlEL
A Y DRI BRI Y BEOREGEZF > Tna72d, XTI —IBHLLICR 2D, BEWEEELT
W dat 20 — 7 2RI TEBEME LMo LGB IR 0256 TT, {toT. OO I —ZH/NRIC
LB EI%a—T 4 ¥ THNPEIE R T. FEOXEY ) = &) 2 Z e PEERDTT,

Python % malloc() % free() ZIEHICILKFHT 272D, XEV V-7 DRFIEICINIZ, BENTZXEYD
Rz 2EIEBRBETT, ZODITEINT-ONSR A U > ME (reference counting) & WEEH 2 Fik
TT, ZRA U Y MEOFHIIMHETYT: 2@ TOA TPz 7 MWV U RBDHH, A7V =7 MIXT 220
EIDIRMREINZOAT U REAL Y7 YR L, A7V 27 MIWT2BRPHIBRENIET 7V X ML
¥9, AVUEPERIIR oD, ATV 27 PADRBROSBIMHIRE NI Z 8IZR D A7V =7 MIRRE
nEd,

b5 —DODMIIIEE S R—Y a7 ¥ a ¥ (automatic garbage collection) EMHINTVWE T, (BAH 7 b
HBRIARN=—Tarr7yaBEO—2 LTETOLNLIdH2DT, Z22XHIT 2 DICHEHE 7 AE
(automatic)” 2o TWVWE T, ) HEIAR—YaL 7y a YORELRARE. 2—9D free() ZIHRINIC XIE
BATEVWZ2HDET, (EEPRPXEVOEMAAEDFIRL LTERINTOVET — A, ZHUIE-2H
ETREDHDEHA, ) CBIZHHBARN—YaL 7y a yOREIE, BIZAMEDOD 2 HR—YaL 27 ZDEE
L7ZWVWEWS ZETY, AU L, BRI Y Y MERAIMED H 2 FENTEET (malloc() * free() ZF
HTZ20MHMHETY - CIEERINZRIEL TVET), WOoDHR, TRaRttEDH 2 HR—yaL 7 xh
CTMRABZEIITREDPH LNERBALN, TNETESBWA Y > METR > TV LBMZIZRVWDTT,

\

Python Tid. EHiNHRBIRA Y > MEDFERIT-> TWE—/5 T, SIROBEREMET 2 720128 < HRSEM
IR (cycle detector) HIRMELL TV, RSB B, P T, B HEC» 2O FTERSROE
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BERICETI 7 TV r—ay2BETEET;, W08, BRIV Y VMER G EHolohR—Yar sy a
VHEIICL o TIERZRIEBFHHALZ2 5T, HRSRIE. (HEZROBEEDT) HAENOSRP Aot 7
T MBERENS D, BRANDA 7Y 27 M3I&LIEERDOBRA Y V M 2Rb g3, WAINZRSRA Y

Y MEOFEETIE, e ZERBBERR TS24 7Y 227 M L THIZEZL SRRV LT, FRSEBAND
EDATI 7 MZETAHAEY SEAHTEERA,

TERZEMHBEEIEZ D X S BRAR=IF 4 7L (M L7z & 5 RIERZRA 7Y = 7 b) ZHH L CHEINT 2 2
EMTEET, g BV 22— V20D X5 BRHEHEOIT (collect O BIE) Z4RMT 2L L HIT, BWEDLDHOD
4 YR 72— 2B X OB Z ZTRICIEINC S 2 AR LTV E T,

Python ICHITZBRAV Y &

Python 2, ZRADV Y bDA V7 U XY MR T 7YX MM T 225D~ 1, Py_INCREF(x) ¥
Py_DECREF(x) »3® D £F, Py_DECREF() &, AV ¥ b RIZEE LIS, A7V 227 bDOXEY RN
BITVWE T, FMEZR-E 272D, free() ZEHETUIHLEFEA — ZORDVICA TS =7 F WA T
=2 b (type object) ZNLET, ZDRDIZ (MOHNSHD £31), RTOAT7Y =7 MFHEDOHA T
Pz MINTEIRA Y EBA-oTVET,

T, FREKREEMDE > TOWET: WD Py_INCREF(x) % Py_DECREF(x) 2 ZIZXVODTL x 52?7 ¥
. W O DORFEFIA» HHRDEIETLIEE Y, £3, A7V =227 ME 7 5E (own)” EhzZiddbbh 8
Ay L, 2F 7727 MIHT 2BBOFTE own a reference 3 TEET, A7V 227 FOBBEHIY VT
F, ZOX TV 27 W BROMALZZ T TVAEME ERINTVET, SROMEHFIF. SROBERL R -
72B#IZ Py_DECREF() ZWUMHFREZHVWE T, ZHROFAEMIIEE (transfer) TXE T, FTAESHR (owned
reference) DPEEICIE, ET. RE T 5. Py_DECREF() ZIFUH T, WO =2DHEND D £F, FrESR%E
WL ENZe, XEYV V-7 %5[ZRILET,

A7V 7 PT35I EBH (borrow) BATRET T,  ZHOMHEX. Py_DECREF() 2MFATIERD £
Hh, EHER. ZROMAEED HMEH LHRZEBA TSRE2RE LT TERD $¥A. IEEIZSRZHKE
LB TIERSIRE[S b, BBGEAX TV ZEHLTLES L2 d 2 0T, #ixhar il 84, ™

SIOMBHPSROFE LD BEN TV SR, a—F R D 523H00 I MEREETSREFERL TEL LS
FELESTHELIETY — flosuwhzdiud, BHSRoLEIE. LWHOBRPTHEBERTLTHXEY
V—ZDfBEETZ DRV, EWS ZE T, Wi, ATELD AR EIE, T dICRI 23— R,
FECRBZROMBHTTHERERINTLE > RRICZOZREM S 22 d LAWK S B LRALH 5 e nwS
T,

Py_INCREF() ZWMUHF &, EHZREZMASRICERETEZ %3, ZOREZSROMEHTORBICIZFEL E
A - Py_INCREFQ) 3#i 7= EZE2AER L. ZROMAEEIHIREZRTORMEZHRLET (DFED.
7R ZROMEE . UEIOFEH LAk, SROBEEZBETNCTOERD TEA),

2 BEE ERT A LW AR T 7 IEHEICIIELL H D) FRA: BRERS, BROFEERKAL LTSBOav—%2fF->Tw3H
5T,
B BEAT Y I L UUERY S DEANZ AR SECVEELRA — BRIV Y FERLERESNIZXEY LB B0, ZOMHEEH
_ fhoX 7V MicfbhTw AR D )
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FRABHEICE Dh B RAY

FITT 27 PANDBHEEZEBONMCETESICE. 722 FOFREENSHEHLICEINZ L EIDEIC
B A v 2 —T7 2 — 20— 2 h £5,

FT7I2 7 PADOBRERTIZEALOBKIE. SR 2 DICHEHDIEL £3, I, PyLlong_FromLong() %
Py_BuildValue() O &5, L WA T =7 F2ART 2B R THAMEZHEHFICELES, 70272
MOEBICIIH B A T 2 7 PTRATH, 20X TV 27 MTHT 28R SROMEHEEZBRE T, HlZE,
PyLong_FromLong() IZ X< M5 fHZF » v 22 LTEBH, Fr v P aIhLENDZREZETIELRHY T,

PyObject_GetAttrString() D k52, H2ATI 27 b2 oRlOATI =7 M 2N T 2 X 5 BB £ 7=,
ZRE LD IFTAHRERELE T, 2H00HBPPHBELICLWADLAEEA, EWVS DI Kb 21—
F DWW OB T2 o TV B D5 TT: PyTuple_GetItem() | PyList_GetItem() . PyDict_GetItem()
. BXU PyDict_GetItemString() IL T, X7, VR b, FIFHELSBEHSRERL T,

PyImport_AddModule() (&, FEBWEA 7Y =27 F2ERL TRT I EDH 21T rhrboT, BHZRZEL
¥ CHADARER DI, ER SN A T 27 MW T 2FESIRIE sys.modules IZRFFENZ 06 TT,

F TV 27 bAOSREROBEBUCETHE, —BINciE. BEBRNIMUCHLFE»SSBEEHLET — SlE
RET 28D D 5725, BAEUANE Py_INCREF() ZWFUH L THN. LZZFTEZ IR D £3, tidvwi. ZoOFH|
WKIZZ o DEELHA}: PyTuple_SetItem() ¥ PyList_SetItem() 23 H 3, ZhoDBIEUL, JExNhiz5]
BERITH L THTAHEZ RS HLD (take over) £F — 728 ZKMLTHTT! (PyDict_SetItem() ¥ ZDffifH
BATEHEEZRSID XA — B 0DIX 7 HED” B TT, )

Python 205 C BB XN 2BRCiE. C BEWEFEOCH LI S5 BADOSBEEHL £ 5, C Moy
HUENEA 7Y = 7 FADOBREFTE LT\ DT, [ERSROAFHR R X 2 O BEBD U 2K § %
TTY, ZOXIRXLTEASHEHRGFE L DMICIELZD LIZWSEEICDA, Py_INCREF() %{f- TATESR
2T BRENRDHD FT,

Python 722 6O &7 C BBANETBIIIATASRTRINILD $HA — FTAMEZEED Sl LA
NEREINTT,

&K

BhmoicbBwt, —REFCAZ 2EASHROMMPHEZ O EBITIehnHD T, ZOMEFTAN
T A V&7V ZERINICIF O SN, 4 Y 2TV ZBZROAFICSREBEGESIETLE >R EBRL
TWETS,

HoTBRNREF—2DIBEHRHD, ZLTHRHIDEBBERDIDOEZ, VA VERIIHTZ2SREMGD TV ARICKES
3, BfRnwA 7Y 27 MRS % Py_DECREF() DT, #il XX

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

(Ko<= 1ZHi)
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HIDR— % 5D E)

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

FoBEEIZE S, 1ist[0] "NOSBHEEZMEH L. XIC list[1] 2 0 TE X2, REBICIZFCEHLE-SH
FHAOLTVWEST, MMERVWEIICRZIETR? THZSTIERVWOTT!

PyList_SetItem() DMEDHENZEIH L TAHEL & Do VR MIRTOEZIIN L TSREMBE LTV DT,
BRI 2Bz, DATOERE 1 ZHELE T, 22T, MATOER 1 BD2—PEKRI 7 ADL VARV R
THDH, SR IDITAD __del__ O XAV Y FEERBLTVWAIERELEL kD TDI TR VARV AD
SRAT Y I 1 oG8, VAMNPBRERETSIL. A VRAXVAD __del__() XY v FRREFHEN
£7,

7 7 A& Python THLPNTWADT, __del__O) FEE®D Python 23— FZETTEFET, ZD __del__0
2 bug() WBIT S item IKMHAPAERIEZLTVWEZDTL & IH? ZOED! bug() IKELZY R A
_del__O XYy FoBEETE22 35, del 1ist[0] ODMREFOLIBXEETTETCLEVET, b
L ZO#ET 1ist [0] 1T 2 mBEOSHIIMEINTLE S &, 1ist [0] IZBETT STV X € VIR
XA, AERANC item X RMEICR>TLEVE T,

MRE DR D7 AU, BRI T, —RAINCSRERZEPLHIE LI VDT, ELLEET 2 -V a ik
IVENOPE N RS

void

no_bug(PyObject *1ist)

{
PyObject *item = PyList_GetItem(list, 0);
Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0);
Py_DECREF (item) ;

}

CHIREBICH 57235 T T, LURIDON—Y a3 D Python 1IZ1&, ZOANZO—FERBEATWT, __del__() X
Vo RRES LT ELELRVOREFHRE DI C TNy HTHYREZESL LA VWE L ..

ZoHIR. BASESAL Y RICHERLTWSE 7 —RATT, @I, Python £ ¥ X7V XIZBIFREBDAL v
Rk, Za—of 27V a2uay 23479 =7 MEMSERERELTVWSRD, BWIHELES Zidd b
FHA, LIXWVWA, By 71X Py_BEGIN_ALLOW_THREADS ~ 2 1 C—RICf#ER L 7= D . Py_END_ALLOW_THREADS
THESLEDTEES, 2hsoxrrid7ay 7oz 3 1/0 MUH LA X Bhi, 1/0 2558173
2FTCOMICMDAL Yy R 7aty HZ2RHTEZ LX5ICLET., HL2IZ, UITFOREE Lol L7 ME%
WHATVETS:

24 F2FH—FN—FT 1 V—ILE L TIEREZED
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void

bug(PyObject *1list)

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

NULL R1 >4

R LT, A7V 27 bADOSRESIEICE 2B13 2 — 2 NULL KA VX2 EFTETFHRLTBLT, #
2352 arRyATns (I HrTaAZ XY TEIERIT) 2L TLE S, —H A7V=2 b0
JE2R T & 5 RBEBIE RIS, BINDREEZRTBEICDA NULL 2B L %5, 580k LT NULL 72 b 2{7h
ROHEEE, BBIELE LRI 724 7Y 2 7 OB 5 ZETH S TT — &4 DB NULL 7
A2 P ETRER, ARRT A MPRETOH, 2 - FE IV ERFECE ik b ET,

o T, NULL DT A MIA TP 27 bD ” FAEPRF, $2DBMED NULL IZK 2500 LAVKRWES ¥ X E2ZITH -
22 EICLEL & 5, malloc() o, FlAEEHS 2 RIEEMD B 2 BE Z DT 3,

~ 7278 Py_INCREF() 3 XU Py_DECREF() X NULL KA Y XDF = v 7 Z{TVELA — LI L. Thbo~x”
o DZLETH S Py_XINCREF() B KX Py_XDECREF() ¥F = v 7 TV E T,

BEDATY 7 PRIZOWTHHARNSE Y71 (Pytype_Check()) & NULL KA ¥ RDF = v 7 #FFVEHA —
BEDIRLETH, BARBRIMEPMEL TA TV 27 PORERENZERCE. 25 Liz= 7 v 2kl THECHS
WEDH 5 DT, AN NULL KA Y RZDF 2w 7% T2 TNRBTAMIBROTLEIDTY, Briird~r
2iZid, NULL F = v 7 21T 5 ZLBIEH D £8 A,

Python 206 C BAEZIMFOHTHMEX. C BEICEZ NS5V AN (BITVWS & ZAD args) AR LT NULL
KRLHOEIRIAEL TWET — ERCE, e Ik 3 IS5 REELTwgE s, ™

NULL KA > &% Python 2—H# L~ "B L” CTLES &, FARLS— %25 %L ET,

* 2 [HRO” O LB Ef-> TO 255810, ZORHGER SN EEA — BFEO 2 — FIZ@ V2 RIEROMUH LMY 4
HhhxEF
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2.1.11 C++ TOIRES 2—ILIERR

CH+ THRDIREY 2 —VMIMERTEZ T, 2E LWL O»HIREDH D £F, X4 > Fu2 54 (Python 4 V&
TV CarRL T Tary I AER) Y I7ENTVEDT, V= UVERSPHNA 727 b2a v R
FOORTERTEERA, XA XTI C++ TV A FTYYI7ENTVERL ZHAUIMETIED D
¥ A, Python 4 &7V X H6MOH SN2 BE (FHTEY 2 —AAIALRIEL) 13, extern "C" 2o TH
SFLARITNUIZD X8 A, £/, Python Ny X7 7 f L% extern "C" {...} KANZBEIDHD FEHA--- >
YL __cplusplus (FRIED CH++ AV R4 FRERTIDYVRLEERLTVET) PERINTVDS L EIC
extern "C" {...} 2MfTONB XIIT. "Nv X7 7 AL TTREIATVWEIDHTT,

2.1.12 #EREZ a2 —JLIC C APl ZiRHtT 3

%2 { DILERE Y 2 — LIEHIZ Python 20 & X 2 ¥i7z 72 BRI 2 1§ 2 721 T8, RIIEREY 2 — LN
Da— RHPMUDILIRE D 2 — L THERL DD T, FlRIE HZEY 2L TRIEFHEDZNY X D
E5WCHETS " ar 2z a Y (collection)” 27 5 ZAEHELTVWELD LAERA, BrILY YR MRERLE
DIEEL72DTE 2% C API 2{H A2 7-fE%0D Python V X MDD X 512, Tz al 7 a VB oiiRE
Ja— L EEEETE S X513 51I2E—#D C e o TwRIFIR D £8 A,

—RF 3 AUIMEZZ b BICBEE (DB AA static RELWFESETR) BV, #@HYIRAY X7 7 4
NefEL, CAPI 2FH T X WART, IWEAET, 2L THEEDOL 24, 2 TOHIKREY 2 — % Python 4
YETYRITEITHINCY Y7 EINTVARHAIIES FKEELE T, LIANET2-ABHEST A TIV 0D
AR, —DODEV A — L TERINTVAEY VYRADBMMDED 2 — A SRR e 23H D £5, Akt
DFEIARL =T 4 YV RATLIZEDET; DB AT LI Python £ Y X TV X 2 TOIRREY 2 — LA
WWH—D 7 a— L AHTZEE 2 HE L TV E S (Fl21E Windows)o BDT AT AIFEY 2 —1D VY ¥ 7 FHZEL
DIAFN DY Y RAEIRINCIEE T 2B ERH D 53 (AIX BZ20—FITT). 22D 274 (1FLAYD
Unix) Tld, Eo Mg ZEREE LTIRBELTVE S, ZL T AT YR — LR E L TAHT
HoTdh, MUHLEVEBDA-T2EY 2 —nErn— FINTWRERNWI 2o THD 7!

o T, AIMED KD & ¥ Y RN DRI SREE L TER ORI IR D T, DEDREY 2 -1
FOETDOY VAT static LEEBRARRD $E A, BIIHNIEY 2 —LOFHHLEIK T, 2 (E¥a—IL
DAYy BT7—T )L LS TRz & 512) OILREY 2 — L & ORI THARIDERE T 2 DE T 3729
T, Fioy MOIRED 2= h 57 7 R% FBlFZRITREABVL > U RUIHOR) FTRMEERIERD %
A,

Python 13 2LREY 2 =L D C LRV DNEH (R4 > &%) ZRIOEY 2 —VIHET - D ORI Capsule
(B Fen) BEREEL T0E T, Capsule lFRA & (voidx) ZFMET % Python O 7 —&BITF, Capsule & C
APl ZNLTOARER LD 77X LD TEE T, D Python A 7227 FeRU LS RIFELTE
5, £ hbi}. Capsule IZEIREY 2 — VOAFZEMANCH 2 LHNTKRATEE T, MOILRES 2 -T2 D
EY 2 —/L% import TE, RICHRETZEIE L. &#%IZ Capsule NORA Y Z2EELET,

JEEREY 2 =D C API ZRNBT 5729012, #ARFIET Capsule WMEONE T, SFEE 120X 7Y 27
MZARTZD, £2TD C API OERA ¥ REgH|% Capsule IANDE Z N TEE T, ZLT, KA VXT3
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RIFREUE L Wo oA BIFEIR, a— FRIEELTVWARAEY 2L 547V FEY 2 —LE DETIZER
LZHETHHMTEET,

EDNERERNI LTS, Capsule @ name ZIELRET 5 Z LIFHEHETT, PyCapsule_New() ¥ name 5|
#{ (const char*) ZH{D £3, NULL % name 2T Z & HFFAIEINTVE T A, name ZFET 5 Z & i<
HERL 3, ELSARTEMIT SN7 Capsule 3 & 2REOFETRMUZLMLRL £ 3, Azl IohTnik
W Capsule Zfid Capsule & XAIF 2HEWNRAGEED D £HA

R, C API Z28\BH$ 2729 D Capsule IZIZRDNL— K - =L [T BRETT:

modulename.attributename

PyCapsule_Import() & 5 {EF|BIEIZ. Capsule DEFINZ DAL —MIZ—HL TWVWB & 22D A, fHHIZ
Capsule BHTABHXNTWVWS CAPI 20— F3$232 e T&E%d, ZOXEFICLD, C API o2 —%—23, fif
FIZIELW C API ZFILTW5 Capsule 20— R TELZ e ZlEIPDLENTEET,

LTofITI. AFIEAHT2EY 2 —LOEFIIZL AL OARMPIEID 32, KL{ffbhd74 77V %
EBBRICEY R 7 7 —F2EEHLET, 207 7a—FTid, £2TD C API RA & (FIHTIE—>2/FTT
A1) %, Capsule DfEE 7% void KA Y ZDEINRIFL F 3, HREY 2 —MITHIBT 2Ny X7 7 4 LA,
EY 22— import £ C API KA VX Z2HET 2 L5 FiTs2~ruzi@tiLET;, 7947 bET 22—
3. CAPI K7 7R RTBANI I D~V B EMERIZIITT,

ZEiE NS 2MOEY 2 —Nid, BEAG D spam TP 2 — L EBIELEDDTT, B spam.system()
2 C 9477V system() ZEHEITIH X F, PySpam_System() ZMUOHL E3T, ZOMBEdH A
Ay FEBICE (B2Toa~<y FIC "spam” 222 0wo7zk57R) EDAAA- MR TVET, Z OB
PySpam_System() 3% 7. MOHGREY 2 —MITH RSN E T,

BI%% PySpam_System() &, O TORE L FHIC static THE SNEHED C B TS

static int
PySpam_System(const char *command)
{

return system(command) ;

spam_system() ICIFMWMBICE SR VWEELHINTVETS:

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) ;

(Ko<= 1ZHi)
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(FIDR=I 5 DfEE)

return PyLong_FromLong(sts);

EY 2 —)LDSFEICDH B L TRDOFT

#include <Python.h>

DERIC, UFOAT2R3BML TS

#define SPAM_MODULE

#include "spammodule.h"

#define IX. 7 7 4/l spammodule.h # 4 > 7L — R LTV DP4HT 2 AT 2HOES 2 -1V TH->T, 7
FATYEEY 2=V TRBVILEANY R T 7 A VTR Z 2 T-DIEDNE T, RIRIC, €Y 2 — 1 OFIILE
B C API OR A4 ¥ ZEAZHHET 2 X5 FRLATUIRD TH/A:

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;

PySpam_API 7’ static EHFEIN TV Z L IKFEEREL T Z XV, 25 LARITAUZ, Pylnit_spam() 25T L
2 EBRLRLVETLUALEERLTLEVE S

5L DDKEBTIENY X7 7 4 )L spammodule.h NIZH D, LIRD X SICh->TWET:
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#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System_NUM 0O

#define PySpam_System_RETURN int

#define PySpam_System_PROTO (const char *command)

/% Total number of C API pointers */
#define PySpam_API_pointers 1

#ifdef SPAM_MODULE

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

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

#else

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

static void **PySpam_API;

#define PySpam_System \
(* (PySpam_System_RETURN (*)PySpam_System_PROTO) PySpam_API[PySpam_System_ NUM])

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

static int

import_spam(void)

{
PySpam_API = (void #**)PyCapsule_Import("spam._C_API", 0);
return (PySpam_API != NULL) 7 0 : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

PySpam_System() D7 7 v AFEZGE/DICIFIA TV PEY a—MUIH LTI L SRV ki3, 7]
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{LBIENTD import_spam() BAE (X723~ n) OMUH L TT:

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;

D7 7u—FDEERRAIZ. spammodule.h RREMICIRZ L WS T8 TT, idWVWR., FEBOEARRZ
WRIERAMEIN2BDERLARDT, FEEHZ—ERIFERNITTAE T,

B1%i1Z, Capsule 1X, HHICHRBEINTWE R, VR EXE VAL DBHRLED T 23BCRICER 2R, 35—
DORREZ IR L T B WS T e M TE2RIEZ D TEA, #illlid Python/CAPI YV 77 LY A =27
L@ capsules, B X f Capsule DFEEEERS (Python ¥ — R 2 — FEAAYWH D 7 7 £ ) Include/pycapsule.h
B LU Objects/pycapsule.c IZBRNSENTVWET,

BE
2.2 INRDEDESE: Fa—rUTI

Python TliZ, MAAAD str Bl list BID K 57 Python 3 — R S#ECTE2HLWEE CIHREY 2 —
NOEENERTEET, 2TOIWRDEID 2 — RIZH 288 — /D DTTH, EEIHD ZRNCHEMFEL THBL
REMPWZ DD ET, ZOFF XY MIZFDFEEIZOVWTORE LWAFITT,

2.2.1 EXWNBIL

CPython 7 ¥ & A4 L% Python OE2TDA 7Y =2 b%, Python DETOA TV =27 bD 7 HJER (base
type)” T# % PyObject* BIOEr Rz L £F, PyObject MilifkE B BEAUVE 2, ATV b7
AT N ADRA VY RDAEFLET, I ZIWQEEMENERINTVET,; A7V =7 M, BIZIE
HBEUEDV DDA T 27 PROMRINLD, XYy RBRINTZD, oA TP 27 Mok o THRIEINAD
L7z 22, ¥ (C) BBA v 2 =TV 2= oEN2D02RELET, 206D CBKIE "X Y v R
(type method)” EMHINE T,

ZHNRDT, FILWIRBROTEZER LIV 2k, HTILWEA 7Y 27 P RERTHRIE LI WHDIT TS,
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ZDOFOZFHERZESDBRNTL 290056, MURIC CHREY 2 —JL custom IZH % Custom & W\ i
DFHLWHERERTZ, B/NRENSEERE 2 — L EDITTBEET:

AR: T THALTWRHIE. 8% RO 2 ERT 2 EHNRFERETETT., ZUIFLALDHE T
B72HDILDTT, C API T, PyType_FromSpec () Bz, b —7 LICEE SN /IROM S EFR T
EFIM. ZHRZDVTREIDF 2— b U ZATIEFRVER A,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

}s

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

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

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

(RDR=I12Hi L)
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HIDR— % 5D E)

Py_DECREF (m) ;
return NULL;

return m;

—EICHHET 212D ko L EMBZWVWTTA, FIDELIDIZE oD0ERT L KoTW0E I eEVWET, 2077
AT, 3ODERPERINTVET

1. Custom Z T TV b DR ZATWSH: ThD CustomObject HEER T, Custom 4 VAKX VAT
121 720 X' ) ERPTONE T,

2. Custom B XD LS IIRBHES 2 T4 CustomType HEIERT, 75 7L BIBURA VX DEE D B¢
FELTVET, FEDRMELERSI NIz 22, ZOBBRA V&2 4 Y X TV XHFRIATEE T,

3. custom EY 2 — A& S G T 25 2D Pylnit_custom B ZHICBEfR T % custommodule
MIER TS,

FIRMEIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

A Custom A 7Y =27 FOHNETT, PyObject_HEAD (ZZNZHDF 7Y =7 M EEARD I HER S D
T. PyObject BID ob_base L WHHAHID 7 4 —L FZEFR L 7§, PyObject BTl (£ 24 Py_TYPE ¥ 7
0B XU Py_REFCNT v 27 b7 72 RATER) BIA TV 27 bADKRA VR BB YV MRS T E
T, ZOZuBHEINTORHEEIE, MEROL A4 7Y MRl 7Ny JEL R T 14—V FEEMT
X5X517372DTT,

AR LoOfITIX PyObject_HEAD 7 n DRIt Ianyiddh iHA, SohhkIanyZBEMLAVE
IR EMITLAEZIV: ZhEEE T2 1 7bHDET,

b5 AA, —RINCIEA 7Y = 7 MIFEHER) 72 PyObject _HEAD KA 7 — 7L — bOfICd F— X B2 HEHFL TV
9 FlZIE. Z0UE Python BHEDFE/ MIREDERTT:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0HIEMIA TS 2 7 FDEETT,
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static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

AR RIZH B X512 C99 R XA VDRt ERMIHHET 25 T, PyTypeObject OFRHIBHILDIENT 1 — L F
FTLTHARED, 74—V FE2EETIEFIKREME o720 BT ICEFEI202BEDLET,

object.h IZ®H % FEFED PyTypeObject DEFICITI LOERICH L2 LD b0 ZLD 74— F BHDHET,
CTWHTETWARWIZ 4 — L RZCaryf ko TEuTHD N3 DT, RETHRWVEDBHRIICIHE
DIEEZE LRV OP— R REEICR > TVWE T,

—EIZ12FD7 44—V RERD EIFTOVWEFEL & 5:

PyVarObject_HEAD_INIT(NULL, 0)

Z DR, BTNz ob_base 7 4 —L FOFHALICHED KA 5—F1L— + T,

.tp_name = "custom.Custom",

FHELTWRHOHHTTT, 2. ATV 27 bDT 7 40 FOLFHIRBRRP LT — X v —=J BN E T,
ZIERD@ED TF:

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

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

BOHHTD, TV 2 —NHHLEY 2 —NET LHOAROW % Fy M TORWEARNCTE > TWD Z T
BELTLEEW, ZOHHIX, Y 2 —Z custom THUX Custom DT, BDHH% custom.Custom 1T
ELF L7 EEDOF Y MIZDA VR—F%RZES DIE. pydoc EY 2 —/L% pickle EY 2 —/L & A
R B DICEERDTT,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

tp_basicsize &, HL W Custom 4 Y AKX Y A%/ES & % Python BENDYTEIRNEXEUNEDL 5WVWED
DEHZ7DDHDTY, tp_itemsize FAIEH A ADA T 227 hTOAES BDHRDT, H A APAIETH
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WA T2 P TIE 0T RETT,

AR HRDXA % Python TH 727 5 A{LAIRBIILIZWEH A, 20X A THREEX A FLFRL
tp_basicsize b o TWVWH L EEMPKD L ZICHENETL 2B HDET, Z2DX A 7% Python DY
TR LI E, £D __bases__ VA MIREDRTZDXA THRINIL D2 LI LARTFNIRD EFRA, &
SRV LT —DREBRLICDRIDRATD __new__() XV vy FZPIET I ETERIARD XS, 2O/
REEEEET 21213, DRRHRZZDXA 7D tp_basicsize ZZDHEX A TEIDHRKELLTEBL LTI,
FEACDHE. BRIZDX AL X object D £ TRIFNUIHEXA ST —XHADX AN ZBMLd D
TLEID5, Lo TREIEDTHEMNT 272D 2 0KMFEHZINTVET,

Py_TPFLAGS_DEFAULT 27 A7 7 7% ELF T,

.tp_flags = Py_TPFLAGS_DEFAULT,

IRTOBIT ST ZDEBZED TBABEDNDHD £F, ZHUIKRMKTSD Python 3.3 ETICERINTWVS
FTRTDRAUANZHALET, TNULD RV ANDBRBER S, WIET 27570 OR 2L 268 BHD £5,

ZDEID docstring 1% tp_doc ICANE T,

.tp_doc = PyDoc_STR("Custom objects"),

AT VHBERTES XS, tpnew " FI 2RI IHENH D £9, Z4id Python D X
Yy F _new__O YFAFDODOTITN, HRNIZEZ2HE DD $3, S05ETIE. API B
PyType_GenericNew() & LTRHESNDZ T 7+ L+ 2 ZDE MR X,

.tp_new = PyType_GenericNew,

77 ALDED DFFIEE - HIRARLT VDD BWVWE T, Pylnit_custom() O—FD a— FixZ# 5 Tk
BWTL & D:

if (PyType_Ready(&CustomType) < 0)

return;

ZAUZ. NULL @b X 7z ob_type HEH T, WL DD X Y N—%EY)7%2 7 7 + 1 METHE DT, Custom
REWIH L 5,

Py_INCREF (&CustomType) ;

if (PyModule_AddObject(m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;
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IR TS 2a— L OFEEICEBMLEST, 253228 T Custom 7 7 ADMULH LT Custom 4 Y A X VA
DPIERTE 2 X512 D T3

>>> import custom

>>> mycustom = custom.Custom()

HUETT! D OIEEIZE L FZIITT; custom.c EWVWIHHID T 7 A NI ZETDaA— FEEHEZAA, XD
NAEZFiD setup.py ZHEL X!

from distutils.core import setup, Extension
setup(name="custom", version="1.0",

ext_modules=[Extension("custom", ["custom.c"])])

ZLT setup.py EWVI 77 AN ZDEIICEZAA, ZLT, LFRD LS

$ python setup.py build

T3 custom.so 77 ANV TT 4 L7 M VIKERINET, ZDT 4 L2 MV IKBEIL T, Python %)
L%J - 2T import custom LT, Custom A 7Yz 2 b THRDZ K51 >TWBIETTT,

ZARICETNLLL DD FEA, LR?

B A A HED Custom BUIIHHACRITITVWET, MdTF—XEEFoT\wiWnwlL, Ay TEFEHA, AL
TH IS5 AR EATERVDTT,

AR ZOXETIE, D distutils £V a— L Z2foT CIRZELVFLTWETD, BHEDI-XF—
ATIiE. XOHFLL. REFEIN TV D setuptools 74 77U RFATAZ e 2R LEST, ZhefTd HikE
XEMTZZ2EZDFFa XY sDFHNTT DT, Python Packaging User’s Guide ZZH L TL 72X W,

222 BEROYVTNICT—REXY v FZEMT S

ZDEARDI Y INZT—REXY y FEBIMLTAEL X5, DVWTIZ, ZORERES S A LTHHATE
B5X91CLFT, TITEHHLWVWEY 2—)L custom? 22K h, TNHDOMEREREBINL £3:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h”

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

(RDR=212HE <)
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int number;

} CustomObject;

static void

Custom_dealloc(CustomObject *self)

{

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

static PyObject *

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

{

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

static int

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

{

static char *xkwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,
&self->number))

return -1;

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

(Ko<= 1ZHi)
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Py_XDECREF (tmp) ;

}

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

}

return O;

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

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"
},
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

(Ko<= 1ZHi)
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.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,
};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

EIV2a—DIDNRN—=TarTlE, W OHBDEHEEBIRWVWE T,

LR o include ZBML £73:

#include <structmember.h>

FTILHETINETH, 2D include KIXEMEEZRS 2DDESHA > TVET,

Custom Bk 2 C HEKIZ 3 DD T — XM first « last . BEL number Zd DX SR D FE LT, first &
last JBMEX 7 7 — A b2 — L8 7 A b2 — L% L7z Python XFFIT, number BIEIE C SEETOEHDHE
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T

THTLZMS e, ATV 27 FOBEREIRD XS24 £

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

} CustomObject;

VWEREHIRET —XNTELDT, A70=227 bORID B TEMBICHRL TR L DVEEIRZ 2 BESDH D £
T, mIKR, A7 =7 FORRA Y v RPBETT:

static void
Custom_dealloc(CustomObject *self)

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

Z DOBEIBUL tp_dealloc X Y NIZRAZINZFE T,

.tp_dealloc = (destructor) Custom_dealloc,

DAYy FE £3=20 Python BHEOZRAIY > 227 L% T, Py_XDECREF() 135825 NULL @
F—AZIELLRAET ( 24U, tp_new DEHTERBRLIEAICGEIDZET ), ZOXY v Rif, oFicH
7Yz bR (Py_TYPE(self) THHLET) DX U\ tp_free ML, A7V =27 FOXEY ZHML
£3, A7V FOAEID CustonType TH 2 LIFW LR VAICHERL TLZE W, RERL, A 7Y 27 M
YT ITADA VAR AP LN WELTT,

AMR: LD destructor NOHIRIRAIZSUINE TS, 728725, Custom_dealloc %% CustomObject * 5l
Brer s ERLELRD, tp_dealloc BAD KA ¥ XX PyObject * 5IEEZITIMBZ Z IR >TWE05
T9, b UBRANCEIZ 2 LU, a v 4 SEEZHTLTLE O, ZHUE. CRXBIS24AT7Y =7 ¢
BHDOKRY =7 4 XLTT !

77 —RAPA—L L TR NI —LEBEXFIHNAH L TBEZVDT, tp_new OEEZFBMT S ZLICLE
Lx9:

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

CustomObject *self;

(Ko<= 1ZHi)
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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 = O;
}
return (PyObject *) self;

ZLTZIN% tp_new XN LTA YA M=V LET:

.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 tp_new handler to initialize the first and last attributes to non-NULL default values.

tp_new is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated) and
any arguments passed when the type was called, and is expected to return the instance created. tp_new
handlers always accept positional and keyword arguments, but they often ignore the arguments, leaving the

argument handling to initializer (a.k.a. tp_init in C or __init__ in Python) methods.

ERR:  tp_new FBRMIC tp_init ZFFCH L TEXWIT ERA, ZHUEA VX =TV RZBREDTITI72HTI,

Z D tp_new DHEIEIX, tp_alloc ARy FZMUHLTAEYV ZE DY TET:

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

AXEVEID Y TIIERT 256 LOAROVDT, FEIHEDHNIC tp_alloc DFERD NULL TRWHF = v 7 LR
IR H FEA

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

AR S U tp_new (BIEX A 7D tp_new £721 __new__() ZFFATVE3D) ZIED 20 DRR HIE,
FAWRDAY v FERIEFZ O o TEDAY v REMULETPEZIEL L5 LTE WIEEA . DRITHT
B2 EHINCIRO THB &, EEZOD tp_new 2T, H2WIE type->tp_base->tp_new ZHEH L TK
72EWV, 2O LRVE, BREBERLIZX A T D Python %72 7 XD Python TEFRI N2 T R bitkE
LTWAGEIRELEDPRVGEERDH D ET, (DD, TOEIRY T I IFIRADA VAKXV A% TypeError
ZHEFIHMEL ZEBAATREICR D $9, )

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

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &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;
}

ZAUZ tp_init X U NIRAZINE T,

.tp_init = (initproc) Custom_init,

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

on success or —1 on error.
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Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle
module by default doesn’t call __init__() on unpickled instances). It can also be called multiple times.
Anyone can call the __init__() method on our objects. For this reason, we have to be extra careful when

assigning the new attribute values. We might be tempted, for example to assign the first member like this:

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

self->first = first;

But this would be risky. Our type doesn’t restrict the type of the first member, so it could be any kind of
object. It could have a destructor that causes code to be executed that tries to access the first member;
or that destructor could release the Global interpreter Lock and let arbitrary code run in other threads that

accesses and modifies our object.

To be paranoid and protect ourselves against this possibility, we almost always reassign members before

decrementing their reference counts. When don’t we have to do this?
« ZOBWAHY YA 1 ADREVEEETEZHE

o when we know that deallocation of the object*! will neither release the GIL nor cause any calls back

into our type’s code;

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

garbage collection®?.

CITEA VARV AZERZBEL LTRAZBES5CLAEVOTTIR, ZHIZIEWDbDHERDD ET, o
YREEFIEIX. AVADEREREZ BT

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 */
}

ZL T, ZOEHR% tp_members A0y MIANEL & 5:

.tp_members = Custom_members,
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Each member definition has a member name, type, offset, access flags and documentation string. See the #&
R B 1% EIE T % section below for details.

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

are deleted.

Z ZTl¥ Custom.name() MHINAZ XY v REEFELEL D, ZHE 77— XA b F—4 first LT A PR —4
last ZEFE L2 XXFHNZ2ZDOA TP 227 bOGHIE L TRLE9,

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);
}

ZOXY v R C By LTEEXN, Custom (H B W Custom DY TV FR) DA YRRV AZE 5L
LTRIEDET, XYY FIEDRIRZEDA Y ARV RAZEAIDFIEE LTRITE HRFUIRD A, LIFL
WEAES B F— v — R RTe D 32 SHEIFRICHRERNOT, FEETIBDOX TV X —v— F5lH
DFHHELWMOR NI LIZLET, ZDOXY v Rl Python DL TD XY v ¥ 2 FEffi T3

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

Note that we have to check for the possibility that our first and last members are NULL. This is because
they can be deleted, in which case they are set to NULL. It would be better to prevent deletion of these

attributes and to restrict the attribute values to be strings. We’ll see how to do that in the next section.

XT, AVYFEERLEZDT, ZITAYy FEBHOEY ZEN T 20ENH D £3:

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
},
{NULL} /* Sentinel */
I
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(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than

self)

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

Finally, we’ll make our type usable as a base class for subclassing. We’ve written our methods carefully so
far so that they don’t make any assumptions about the type of the object being created or used, so all we

need to do is to add the Py_TPFLAGS_BASETYPE to our class flag definition:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

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

Extension("custom2", ["custom2.c"]),

D

223 T—EEMEZE CEHN<HIETS

In this section, we’ll provide finer control over how the first and last attributes are set in the Custom
example. In the previous version of our module, the instance variables first and last could be set to

non-string values or even deleted. We want to make sure that these attributes always contain strings.

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h”

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)
{

ROR=D1F)
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Py_XDECREF (self->first);
Py_XDECREF (self->last) ;
Py_TYPE(self)->tp_free((PyObject *) self);

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

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &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;

(Ko<= 1ZHi)
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Py_DECREF (tmp) ;
}

return 0;

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

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

Py_INCREF (self->first);

return self->first;

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

return O;

static PyObject =*
Custom_getlast(CustomObject *self, void *closure)
{

Py_INCREF (self->last);

return self->last;

static int

Custom_setlast(CustomObject *self, PyObject *value, void *closure)

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

return 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 */
}

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"
},
{NULL} /* Sentinel */
};

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

.tp_new = Custom_new,

(RDR=I12Hi L)
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.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,
};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

first JEMEY last @R KD 2 HIHIT 2720121%, B AR L XA D getter BIE Y setter B E (H\ &
Fo LUNIZ first JBPED S HEZHIGS 2 B (getter) &, ZDBMEIIEZ NS 2 BISKL (setter) T

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

Py_INCREF(self->first);

return self->first;

static int

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

(KDR=21%i)
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PyObject *tmp;
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
¥
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;

return O;

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

the attribute to get or set based on data in the closure.)

The setter function is passed the Custom object, the new value, and the closure. The new value may be
NULL, in which case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted

or if its new value is not a string.

Z ZTld PyGetSetDef MEADAHZ DL D £7:

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 */
};

ZLTIN%® tp_getset Ay MIEFLET:

.tp_getset = Custom_getsetters,

The last item in a PyGetSetDef structure is the ”closure” mentioned above. In this case, we aren’t using a

closure, so we just pass NULL.

o AUNERDPSLBINSOEMZRNTEEEL £ 5:
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static PyMemberDef Custom_members[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
};

7o, 22T tp_init AV R IHPEINZ DL LTXFHIDOAZFAIT 2 X5 ICBIET 248D D 5

static int

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
&first, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF(first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF(last);
self->last = last;
Py_DECREF (tmp) ;
}
return O;
}

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

there is the possibility that the initialization of these members failed in tp_new.

ST, RIEED LI SIT, ZOEY 2 — AN e OIHMERIBINICD 2 EY 2 — VA ZZEELE L £ 5, Z
LT setup.py 7 7 A MITBIMDERZ S DR FET,

*3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing their

reference counts, however, we accept instances of string subclasses. Even though deallocating normal strings won’t call

) )
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224 BIRANR—2AL I3 Y R—+T3

Python & BIRAN—IIALIH (GC) KEE 2d o TED, THEIAELRA TV =7 b, ReZAZRAV U+
BEOTHRSTHHATLIENTEEY, ZOLSBRRRBE AT =227 OSBRI TVWLH L ZITEID
ZFT, RERZBUTOHIZEZTLZE W

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

ZOBITIE, HOEBZIKDVRAMEED E L, ZEAZDOY R MR HIFRLTSH, ZHUIESTHENOSR
ZELERLEOOTEIT 06, ZRAV Y PEEOIREBZAD $H A, BLWI 22 Python ICERAR—YaL
7 RBHAANTE Z DV R MHAETH 2 Z e 2B L, BRTE %9,

In the second version of the Custom example, we allowed any kind of object to be stored in the first or
last attributes™. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses

may add arbitrary attributes. For any of those two reasons, Custom 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;

} CustomObject;

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

Py_VISIT(self->first);

Py_VISIT(self->last);

IKDR=12%e <)

*4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary str subclasses and therefore
still create reference cycles

2.2. HROBDES: Fa—LUTI 51




Extending and Embedding Python, 'J!J—X 3.10.18

(FIDR=I 5 DfEE)

return O;

static int

Custom_clear (CustomObject *self)

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

}

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

(Ko<= 1ZHi)
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&first, &last,
&self->number))

return -1;

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

}

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

}

return O;

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

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

Py_INCREF (self->first);

return self->first;

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

(Ko<= 1ZHi)
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return O;

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

Py_INCREF (self->last) ;

return self->last;

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

return O;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{
return PyUnicode_FromFormat(")S 7%S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name
1,
{NULL} /* Sentinel */

(RDR=I12Hi L)
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}s

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

};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

};

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;

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

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

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

BRLUESRICEEZN DD LA WEREA 79 = 7 X LT, traversal XY v FIZEI N7z visit () B
PREOE S, visit() BIEUIANEA 72227 + 2, traversal XV v RIZIEXNBMD5IE arg #5118 LTE
DET, ZOBEBZZDEIFIEEADEEITRINZEBHROEELEL T,

Python provides a Py_VISIT() macro that automates calling visit functions. With Py_VISIT(), we can

minimize the amount of boilerplate in Custom_traverse:

static int

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

{
Py_VISIT(self->first);
Py_VISIT(self->last);
return O;

}

AFR: The tp_traverse implementation must name its arguments exactly visit and arg in order to use
Py_VISITQ).

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

static int

Custom_clear(CustomObject *self)

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

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

code that reads the attribute again (especially if there is a reference cycle).

AFR: You could emulate Py_CLEAR() by writing:

PyObject *tmp;

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

Nevertheless, it is much easier and less error-prone to always use Py_CLEAR() when deleting an attribute.

Don’t try to micro-optimize at the expense of robustness!

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

reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void
Custom_dealloc(CustomObject *self)

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

®%IC, Py_TPFLAGS_HAVE_GC 75 7% 27 5 AERD 7 7 7 WTMAET

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTS5ET T, tp_alloc AR v b EIX tp_free NY FIBErATOVIUE., ZRLEZERIR—-—YaL
72a iR SESBETEIVDOTT, 1ZLAYOINRERIZEBMICRMEEINZ N—Pa v 25T
L&,
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WEAF DR 2 kK U728 UL WVIRRIL 2 EN S 2 S e AT E F 5, #HARAARD LIRS 2 DFHCHE TS, BER
PyTypeObject ZfliHICHIHTZ 2025 TF, ZAUTLLRT, PyTypeObject MEKRZILRE Y 2 — VI THE

T2DEFELNTT,

ROBFITIE. AL b4 2D list BEPA L 7= Sublist BEZER L TVWET, HILWELIER O U X My 24

WHEERD D 50, BIMTHEDOD Y > X ZHEPT increment () XV v REFRioTWET:

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

>>> print(len(s))
>>> print(s.increment())

>>> print(s.increment())

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state) ;

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

};

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

return O;

(RDR=212Hi <)

58 F2E H—RFN—ToV—ILELTHEREZES




Extending and Embedding Python, 'JJ—X 3.10.18

(FIDR=I 5 DfEE)

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof(SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
3

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

};

PyMODINIT_FUNC
PyInit_sublist(void)

{
PyObject *m;
SubListType.tp_base = &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;
}

RTb»d L5112, V—Z2a— FIZRIOHD Custom DFF L IEFITLTVWE T, EH D2 FNTNE R TVE
£7,

typedef struct {
PyListObject list;

Ko=)
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int state;
} SubListObject;

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

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
*x 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 O;
}

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

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

it by calling its own tp_new.

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

the module initialization function:

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

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

Py_INCREF (&SubListType) ;

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

ROR—SEL)
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return m;

PyType_Read () % MERNFNIC, B OWERD tp_base A vy MIMH LN TVWRIFNERD $HA, BFOR
KT BBR2IE, tp_alloc A8 v b % PyType_GenericNew() THI®ZREIH D FHA, - HER D7 1
r—a VBRI E T,

Z DX, PyType_Ready() BEZIEU, XA 747V =227 M EEY 2 —~NBMT 2D, FEANZ Custonm
DR LR LTI,

FESE

2.3 ERDEDES: 2L vy

COMITIRIEFXEREBENFERRA TXAY vy R, ZNoDAETE2HDTHEI0IIOVT, o AL
£73,

LUFIX PyTypeObject DEFETT o TNy ZEILE TLAHELALNVNLDODDX Y ANEENTHD 3

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 suttes 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;

(RDR=I12Hi L)
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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/exzpanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/% Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */

ROR—STER)
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PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

TcKBAD XYy FEBHD TR, TOZAKITDET 2H0EIDHD FHA, ERLELVEND 2746, FET
Z2DEFZDIBEDTLDOITPTILIEMNIILALTT,

FTTRFHEINTVBETL £ 90, TOMERICOVWTARICARTOE, 22 Y FIIZo0TEDEELWIER
PRHLET, L2ALIALDX U ADPEERF TERIN TV BEFIERLE T, 203D, ZhbDX Y
NOBNBEFIELZEEC & 2 DD TT, ZLOBAVBIZAMRLOE, BEET 2 XY WA
TEENTVEHZL > TET, HILMERBICEDLETEEEE T2 Z LTI,

const char *tp_name; /* For printing */

CHUIBIDOHHTTS, AIOETHIAL L X512, ThIL LRIGHTHA, 1ZALEZKENTHEDN S DT
T, ENROT, 2D XS RIFHTRIUDTH S 5 A2 EATL IV

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INBDT7 4=V FE ZOMDATI =27 bBFLIMERSN L EZIRENLTOXEY ZEID YT IV
DY% T v R4 LH/RLE T, Python WIIAIZEROMEAR (XFHNRX TAREZBIBEL TR E W) T3
LHABIABDY R— DD ZEEDH D, Z I T tp_itemsize X U A\DMHELIET, T HIZOVWTIEHE TSN
9,

const char *tp_doc;

Z ZZ& Python AZ V7MY 7 7L >R obj.__doc__ # doc string #iRFT & EDLFEH| (H2W0EZEDT K
LX) ZANET,

TIERIZ, BOFEARRZ XY v FIEAZ T, ZLAYDIBROBN DAY v FEREL T,
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destructor tp_dealloc;

BDA VAR ADBRA Y > b BE¥RIIZHRYD, Python £ YR 7Y XBZREELTCEAMHA L RZE, 2D
BBDITHENE T, T REXEY ZZORIPMERFL T, ZRLBNS D ETTNEBRUED D 2 5513,
ENSEBZZIANLGNE T, A7V PENANRD Z I THRREIN2DBERDD 35, ZoMKoHNIE, LI
DESIBDBDTT:

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

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack() before clearing

any member fields:

static void

newdatatype_dealloc(newdatatypeobject *obj)

{
PyObject_GC_UnTrack(obj) ;
Py_CLEAR(obj->other_obj);
Py_TYPE(obj)->tp_free((PyObject *)obj);
}

XE Y R TO  DEELZ DI, MFED OBV o XWFEEDIT RN 2T, Rk b, BRH DR
1% Python 4 ¥ 2 7V XBAX Y 7 ETTORBICRET & ZIZMHEINE ZeNZ2VHSHTT, £ LT (GEF OB
LDERTRL) BINDIDITA Ry 7 PEERIND L Zid, TTREEL TV LH580 5 X E V) BRI Z ST
5H5DEHD FHA. BIRHDOBEBD B 2725 FELEBIMO Python Da—FZETLTLED &, 205130
ADBFEELTVWDR I ERAT 20 LNLERA, ZHUIA VX TY XPERIBF L7 -2 REIEL LI
DM ET, THZEHCIELWHIKIR, KETRVWERELFETT 2GS OB ERELTEE, Kbo
7bZNZITTICRST 28 TF, ZHUd PyErr_Fetch() 3B XU PyErr_Restore() B Zfli5 Z 12 X o THIRE
[R5 I

static void

my_dealloc(PyObject *obj)

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

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

ROR— k)
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/* This saves the current exception state */

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

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

/* This restores the saved exception state */

PyErr_Restore(err_type, err_value, err_traceback);

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

AR X EVBBBEBOTTLRIITAS Z L IZIFW L O2fillRA2H D £3, 1 DHIZ, ZDHD (tp_traverse
BEUY tp_clear ZffioT) A=Y alL 7> aryi3KR— L TVWBEEA, tp_dealloc KL XNZ ET
2. HEEINTZ 7 A4 FIARXEINTLEI AT I DA UAN=DPENHRZEZ LT, 2 0HIE, tp_dealloc
OFTEA TV 27 NIFRLERIREBICHZ 2 TT: DEWBWBAT Y IR0 THEL 0 2T, (Lofl
WZH23 LK) BHRA T2 b API O LTI, tp_dealloc ZHEMUIH L. ZEHRERN L7 T v
PaTBRILRREIND LNEY A

Python 3.4 22513, BHLR 774 F 74 XD a— FiX tp_dealloc KEDT. b HITHLIBEAINL
tp_finalize L WHMIX Y v F2S Z e AHERIA TV T,

BE:

PEP 442 THLWZ 7 4 + 54 XOHEHABHHAI A THE T,

232 ATV KRB

Python Tl&, #7327 bOXFHIREAEERTZ2DIZ20D°D DD T3 reprO BEEM S Hike,
str() BIZES FIETT, (print() BIBUIHIZ str() 2O LET, ) TOHDOAY FZIEEH 5 HEHME
TEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY FZEMPIHENA VAKX Y ZADXFHNRBZIEN L X FHNA 7Y = 7 bR TREND D F
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To fHELHNZLLTD L 5B DT

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

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’s tp_name

and a uniquely identifying value for the object.

tp_str NV FZ7 ¥ str() OBfRIE. LD tp_repr NV KT repr() OBRICHY L E T, 2FbH. 2k
Python D2 —RK»BF 7927 bDA Y RAX AW LT str() ZFFCH L7z 2ICEINE T, ZOBBOE
13 tp_repr NV FIDZNEIFFITB TV E T2, Bon 2 LFHNRBUIABIHO Z L 2 BRI A TVE
T, tp_str BEESINTVWRWIEAE, 22D DIZ tp_repr NY R I HELNE T,

IVENESL A Qe

static PyObject *
newdatatype_str(newdatatypeobject * obj)
{
return PyUnicode_FromFormat("Stringified_newdatatype{{size:’d}}",
obj->obj_UnderlyingDatatypePtr->size);

233 Bit=zEEIT S

For every object which can support attributes, the corresponding type must provide the functions that
control how the attributes are resolved. There needs to be a function which can retrieve attributes (if any
are defined), and another to set attributes (if setting attributes is allowed). Removing an attribute is a

special case, for which the new value passed to the handler is NULL.

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement
the functions for one pair. The difference is that one pair takes the name of the attribute as a char*, while
the other accepts a PyObject*. Each type can use whichever pair makes more sense for the implementation’s

convenience.

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

VAT 74

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

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

mechanism that is available.

BTN GEEZEERT S

AL ORNZ Bl BHEEZM 5720 T, TR EDOXSREENEMZL WA 2DTL & 527 ZHhi
FTREZFMHIZLSDTHTT:

1. PyType_Ready () 2MEIN- L &, T TIXBEDAHEIBDIroTVWE Z L,

2. BUZZRLZDBRELLD T2 212, FAlZEERO D DUBBRE TR, $RBRLEDRELE
S LT EARBIEDFITT 2REN RN L,

IS DEME. BHOMESR, EIFEEINDI XA I VT, EREEHENET— IR OBREZY IO TH S
MEWVS T2 Z LICRAGHINZRT DD TR VI LIIEELTL XN,

When PyType_Ready() is called, it uses three tables referenced by the type object to create descriptors
which are placed in the dictionary of the type object. Each descriptor controls access to one attribute of
the instance object. Each of the tables is optional; if all three are NULL, instances of the type will only have
attributes that are inherited from their base type, and should leave the tp_getattro and tp_setattro fields
NULL as well, allowing the base type to handle attributes.

T=TNIERATE T2 PHD 3 DODR YN LTEEEINTVET:

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

If tp_methods is not NULL, it must refer to an array of PyMethodDef structures. Each entry in the table is

an instance of this structure:

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods
inherited from a base type. One additional entry is needed at the end; it is a sentinel that marks the end of
the array. The m1_name field of the sentinel must be NULL.

2EHDT— TN, A VAR AN SN2 T — X L EENISO T o B2 ER T 2DIEVE T, W
{2HD C DFMIBANRIR—rENTED, 77 R ZeHmAHLEHICHHAEZARBICHTEET, 20
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TN THODNLWERIIRD XS ICERINTVET:

typedef struct PyMemberDef {

const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

ZOT7T—=TADELY FVIIH LT TRIV TR BMERESN, [l A 2R 2OMERP SHith L 5 2800t
LTZENOLBIMENET, type X U NF structmember .h Ny X TERINLHEDa—-FE2UVEDOFATL
ZREDNDHD ET, ZOfEIF Python iIZBIF 2L C B 2EZEDEISCEBRLH S 0EEDZHDTT,
flags XU NFZDEMEBRED X ST 7 RSINL 02T 27 7 72 BNT 2D fb g g,

MUTD 77 Z7HERIE structmember .h TERZINTED, ThsiELy b T2 D OR 2Hl-> THAGDE SN
N

E =k
READONLY MOXTICEE T E W,

PY_AUDIT_READ | Emit an object.__getattr__ audit events before reading.

N—3 3 ¥ 3.10 TZH: RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

tp_members #ffio 72U 2 ODHHEWFIHEIX, ETRICHEONE TR 7V T XEZER L TBE, Bicr—7 1
WTFFAPEBNTBLILICE-T, ZOHFETERSINZITRTOREMIC doc string ZEEMITHN2 KD
KFBZLTT, 77V —=2ary3Iof vy taARr7ya v APl 2ffioT, /7 I9RATV 27 b BT R
Y TREROHL., £d __doc__ JEIE%EE > T doc string 21350 F T,

As with the tp_methods table, a sentinel entry with a name value of NULL is required.

PFEDRIKHE LI BIEDEE

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

what needs to be done.

tp_getattr NY RS W@3EA 7227 P BBEBUANDSREERT 2 2CENET, ZhE 20757 R0
__getattr__ () XY v R INZTHA S5 RNEFACIRA T THEIHINE T,
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INehlZ Rl £9, -

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;
}

The tp_setattr handler is called when the __setattr__() or __delattr__() method of a class instance

would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example
that simply raises an exception; if this were really all you wanted, the tp_setattr handler should be set to

NULL.

static int
newdatatype_setattr(newdatatypeobject *obj, char *name, PyObject *v)
{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);

return -1;

23.4 ATV PO

richcmpfunc tp_richcompare;

tp_richcompare N F Z 3N ER SNz & ZITF I NE T, __1t__ O D X574 IR Y v
R B ILTH D, PyObject_RichCompare() ¥ PyObject_RichCompareBool() 7°& I XN E T,

This function is called with two Python objects and the operator as arguments, where the operator is one of
Py_EQ, Py_NE, Py_LE, Py_GE, Py_LT or Py_GT. It should compare the two objects with respect to the specified
operator and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate
that comparison is not implemented and the other object’s comparison method should be tried, or NULL if

an exception was set.

CHEWERARA 2D A ABFELTIUIFLVE ARy 7 —2RDY > FLFEETS:
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static PyObject *
newdatatype_richcmp(PyObject *objl, PyObject *obj2, int op)

{
PyObject *result;
int c, sizel, size2;
/* code to make sure that both arguments are of type

newdatatype omitted */
sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;
switch (op) {
case c = sizel < size2; break;
case : ¢ = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}
result = ¢ 7 Py_True : Py_False;
Py_INCREF (result);
return result;
}

2.3.5 HMEMNAEIORIILDOHR—F

Python 13\ <20 HRMAE “Fu bal” Z2HR-1PLTVET, INOEHHTIREDS VX -T2 4 R
IZOWTIE abstract TSI XN TVWE T,

A number of these abstract interfaces were defined early in the development of the Python implementation.
In particular, the number, mapping, and sequence protocols have been part of Python since the beginning.
Other protocols have been added over time. For protocols which depend on several handler routines from
the type implementation, the older protocols have been defined as optional blocks of handlers referenced by
the type object. For newer protocols there are additional slots in the main type object, with a flag bit being
set to indicate that the slots are present and should be checked by the interpreter. (The flag bit does not
indicate that the slot values are non-NULL. The flag may be set to indicate the presence of a slot, but a slot
may still be unfilled.)

PyNumberMethods  *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BHEVWOATI 2 7 P RERY T VA, HBEIVEHBO LIS ES KO LwRLIE, ehiehuz C
@ PyNumberMethods #iE{K, PySequenceMethods #i&E (K, F7-1% PyMappingMethods HHEKD 7 F1L X% A
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NFEF, INOKHEYREEANTDANKL THIDLFEVERA, N5 EH 5 726iE Python DR Y — &2
&% Objects TADIFLIEMNTESLTL & 9,

hashfunc tp_hash;

ZOMIE. BLES 2L BIE, T—&ZHMOA VY RZ Y ZADNAYy P aFZERRT IS LET, ROFH
fizefcd:

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 is a signed integer type with a platform-varying width. Returning -1 from tp_hash indicates an
error, which is why you should be careful to avoid returning it when hash computation is successful, as seen

above.

ternaryfunc tp_call;

OB, ZOMRDA YRR A T LTINS & ZIFIENET, 2L ZIEH L objl IZZD
A YRRV AP Ao TWT, Python 227 Y 7} T objl('hello') 2FEITLAE T 5L, tp_call N F I3
BNhEd,

ZOBEX 3o BE L b ET:

1. self BWMUHLONRE 2257 —ZBDA Y ZAX Y AT, 728 ZIEFECH LA obji('hello') DFA.
self 1¥ obj1 Ik H £3,

2. args BIPUHLOGIBZRNL TVWE X T LTS, ZI2658 2D 31213 PyArg_ParseTuple ()
ZENE T,

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support
keyword arguments, use PyArg_ParseTupleAndKeywords () to extract the arguments. If you do not
want to support keyword arguments and this is non-NULL, raise a TypeError with a message saying

that keyword arguments are not supported.

IR tp_call OB FEETT:

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

(Ko<= 1ZHi)
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(FIDR=I 5 DfEE)

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: [Vs] arg3: [%s]\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the
instance for which they are being called, and return a new reference. In the case of an error, they should set
an exception and return NULL. tp_iter corresponds to the Python __iter__() method, while tp_iternext

corresponds to the Python __next__() method.

Any iterable object must implement the tp_iter handler, which must return an iterator object. Here the

same guidelines apply as for Python classes:

o For collections (such as lists and tuples) which can support multiple independent iterators, a new

iterator should be created and returned by each call to tp_iter.

o Objects which can only be iterated over once (usually due to side effects of iteration, such as file
objects) can implement tp_iter by returning a new reference to themselves -- and should also therefore

implement the tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. An iterator’s tp_iter handler
should return a new reference to the iterator. Its tp_iternext handler should return a new reference to the
next object in the iteration, if there is one. If the iteration has reached the end, tp_iternext may return
NULL without setting an exception, or it may set StopIteration in addition to returning NULL; avoiding the
exception can yield slightly better performance. If an actual error occurs, tp_iternext should always set

an exception and return NULL.
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2.3.6 5588 (Weak Reference) DHHK— k

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak

reference mechanism without incurring the overhead on performance-critical objects (such as numbers).
BE:

Documentation for the weakref module.

For an object to be weakly referencable, the extension type must do two things:

1. Include a PyObject* field in the C object structure dedicated to the weak reference mechanism. The

object’s constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. Set the tp_weaklistoffset type member to the offset of the aforementioned field in the C object

structure, so that the interpreter knows how to access and modify that field.

Concretely, here is how a trivial object structure would be augmented with the required field:

typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

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

The only further addition is that tp_dealloc mneeds to clear any weak references (by calling
PyObject_ClearWeakRefs()) if the field is non-NULL:

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 FOMHWLA NS

In order to learn how to implement any specific method for your new data type, get the C'Python source
code. Go to the Objects directory, then search the C source files for tp_ plus the function you want (for

example, tp_richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the

PyObject_TypeCheck () function. A sample of its use might be something like the following;:

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

2E:
Download CPython source releases. https://www.python.org/downloads/source/

The CPython project on GitHub, where the CPython source code is developed. https://github.com/python/

cpython

24 C B5&U C++ HRDEIL R

CPython @ C #RiRIE #IEALEAE 2 =7 XK — LA T A 75 Y (. Linux @ .so 7 7 4 L% Windows
D .pyd 77 A4N) TT,

AVER—ITEZEDIC, HEF A4 77 VI3#H X 2IREET PYTHONPATH LicRFhE b3, 774 V&% E
a2 — VIR A, BYIRIERT ISR o TORIFAUSNIT FH A, distutils Z2->TWwW2a & =%, HFICIEL
W7 7 A VEDPERINE T,

WELBEB DS 2 F v FRDE BHTI:
PyObject *PyInit_modulename (void)

oMt enEY 2 — b, PyModuleDef 4 YA X Y AEBRLET, sfLWVWI XX
initializing-modules ZZBM L T 72& W,

FAETNC ASCIT L5 TWRWEY 2 —LOBE, BT Pylnit_<modulename> @ <modulename> % E
Va2 LZTEEEZ DD TRITIR D £H A, multi-phase-initialization 2o T2 ¥ X, TV 2 —1
T ASCIL AN DX FH R £F, ZDHE. YIHHLEI D %A1 PyInitU_<modulename> T. <modulename>
BNA 707X —Ra7 CTEEZ T Python @ punycode T>aA—F 4 ¥ TCLya—RLEdDITHED
%73, Python TEH XD X5 BRIz D £3:
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def initfunc_name(name):
try:
suffix = b'_' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode('punycode') .replace(b'-"', b'_")

return b'PyInit' + suffix

120HET4 77V ICEBOMIILERE EHR T2 22T, BROEY 2 -2 T AKR—+F 5 ZLIXAIRET
o LAl 7740 TR 7 7 ANKBIIHSLEBARLIRAMIT LS L LEVWO T, HBRDEY 2—1%2 4 ¥
A= PSEZRES YRV v 7 ) Y IPMEDA Y R—X =25 RBENDHD £F, sFLWI tid PEP 489
”Multiple modules in one library” Bix S L TL 72X W0,

2.4.1 distutils IC&3 C $&LU C++ ILERES 2a—ILDOEILER

JEREY 2 —id Python IZ& N 3 distutils 2> TEIL R TEF T, distutils 1ZN4 F V% 7= DIERK
P R—FPLTWVWEDT, T—FPIWRES 2 —L%E A VAP =T EEIZ, BT LDHar 4 7% distutils 5
RELY WS DI TEHD FHA,

distutils R—=Z2D ¢y o —I12iE, BREJR 7 VY 7 b (driver script) £ 72 % setup.py DA - TWE T, setup.py
IZEIED Python 7027547 74 LT, FLALDBEUTRDI S BNBEIC K-> TVWET:

from distutils.core import setup, Extension

modulel = Extension('demo',

sources = ['demo.c'])

setup (name = 'PackagelName',
version = '1.0',
description = 'This is a demo package',

ext_modules = [modulel])

2D setup.py £ 77 AL demo.c BHBrE, DIRDavr K

python setup.py build

ZFTFT B L, demo.c &AL AL LT, demo &WVWHHHTDILGREY 2 — /L% build 74 L2 b URIZAERL
¥9, VAT LAWK TEEY 22— 7 7 4 Wd build/1lib.system ¥ 77 4 L2 b VIZAER S 4. demo.so R
demo.pyd £ WS AHNCR D ZENHD £T,

setup.py WTIE. 2~ Y FOETIZTART setup BEZIFSH L TITWE T, OB EEOF -7 —F
SIBERD £, LORITIEZDO—HEHoTVRIZTEERA, do L EAEKIITWI &, ZoOfloHFTIE Sy
F=IRENFTERDDAXERE, Xy =V ONBERIEEL TVWE T, @H. Xy 7 —212id Python ¥V —
AT 2= RFa XY b, BTN F—=IF L Vo LHlDEY 2 —Lb A D T, distutils OFEREICEE T 2
FEAIE, distutils-index IZHFHNT WS distutils D RF 2 X b ESBLTL IV, ZOHITIRITIREY 2 —

24, C LY CH++ IRDEIL K 75
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LD RIZDOWTDOABAL 3,

BXEhR 70 7 P DR KD KT 27012, setup() NDOGIEZHTIS o TEHAEL TBL e X< HD F T,
L ofITIE. setup() @ ext_modules FILIREY 2 —L DY XA M T, VR MDKLDEHIL Extension 7 F
ADA VAR YRR STVWET, LOFITIE, demo EWVWHIHDIKREY 2 —LEERLTVWT, H—DY—2X
774 demo.c AV NRANLTELRTBEISERELTVET,

ZLDGE, IHREY 2= LDV I - b EHICRD T, LoD, TV aty HERLIA 770D
BHHEEPBEIR D 2D LD HTT, BIZIZLLND 7 7 4 W32 DFEFITT,

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [('MAJOR_VERSION', '1'),
('MINOR_VERSION', '0")],
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],

sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0',
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building',
long_description = '''

This is really just a demo package.

[
>

ext_modules = [modulel])

ZOFITIEZ, X ZEBMDBINSNIIRET setup(O) BMEREEINTOWETH, By F —I2HET 21D
oo TR, XXERZMITITES eI E T, HREY 2 —VEKIZOWTOX XEHICIE. 7V 7o
TYBER. AVIIV=—FT 7 ANDT AL I M), FATIVDTALI MY, FA4A TV EVSTAGENHD
F9, distutils IXZDEHRE >4 ZWECTEZZLD HFTIIEL FF, HlZE Unix TIE, LOREZDT
DESHariravwy RiZkdhd LILEETA

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-i686-2.2/demo.o

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

—demo.so

Ihsna<wy R4 VEEHEEWTEI»NZD DT, distutils ® 22— distutils 2S1IEL  a~ > REET
FTHEEHALTLIEE N,
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2.4.2 HiERES 12— L DEH

JHRES 2a—NEZSFEALRTERLS, Z@YOHWLEHD £7,

ITYF2—PREFEES 2 -V ZA VAPV LEIEEZFET; THUE REFTLET

python setup.py install

BV 2RV TFREY ARy F =T RERLE T, 2SR REFEITLET

python setup.py sdist

BE & o TRY —REAYNENMD 7 7 A L EED ZREDH D £F; TAUE MANIFEST.in 7 7 A L& fHun
F 9 3 L <& manifest S L TLZX W0,

V—2a— R % 5 EHERTERLSH, AV T FEA PV BIERTEE ST, S5y P 7+ — A4S0
T. U Foa=y FowvwsFhyrzinE s,

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 Windows ET®D C &V C++ #ERET 2 —ILDEILF

Z DETIZ Windows A1} D Python JEIREY 2 — L% Microsoft Visual C++ #ff - TERT 3 FIEICDOWT
fHHIRN, ZORIHVREY 2 — VDLV PR ED XS ICEHET 2 DI OVWTHLWEREZANE S, 0
B, Python #EIREY 2 — V%2 EK T % Windows 702 J <&, Unix & Windows DG TH £ ELRT
X2X5%Y 7 b7 OEBICEIEDH % Unix 70277 <DRTICE > TEHTT,

BV 2 LOFFIE. ZOETHIALTWEAHELD B, distutils ITX 37 70 —F THIREY 2 —LZELF
T5E58DFET, 7z, Python LR LBz C avo8q IRRBETT; @& Microsoft Visual
C++ T

AR: ZoFETIE. Python D= a3 YEERFENLINTA-TVELL TADT 7 A VAIZDOWTHlILE
o INOHDT 7 AN XY TRENDI ANV a VATETREINET; ' X' 3o TWwW3 Python VU —2X
DA v == a VEB, 'Y E~vAF—N—Va yBFEETT, HlZiE, Python 2.2.1 - TW\Wa7% 5, XY
WEBICE 22 122D 5,
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25.1 Brsbor7rO—F

Windows TODHLRES 2 — LD EIL FIiZl&, Unix EF U & 512, distutils Ny 7 —I 2ozl MESE
Ol FHO @D 07 Fu—F»H b £3, distutils ICX27 TR —FIRFLALDIIREY 2 -1 TS F
CWVWEF T, distutils 2o IERES 2 — LD R Ry r—IBIZDOW T, distutils-index 125 D %
To ZNOEARBIFEFTITORITINEIR SRV b o258, BES A 757V EY 2 —ILD winsound @ 7
0yl b7 7 ANHEE AP S LLEE A,

2.5.2 Unix & Windows DIHES

Unix ¥ Windows Tl. 22— FOFETRFGAAAICEL BRI RTEXAL 2V TVWET, BIln—FEns Xk
SKHEZ2a—NAEEALRLID LTARNC. BODIRATFADRED XS ICEHET 20 H > TBWTLEE W,

Unix T, #£EAF 727+ (iso) 77400 T I ahffi5a— K, 2L TTar o ANTHES A
T=EABA>TVET, 77 AT 0TI MFEEEIND L, ZNLOBBP T —XINT 2774 1Da—F
NOETOBMIZ, XEYNTHEES T —ZDBEEINTWS, 7025 AFOEBOEHEZET LS ICEHSh
9, ZAUIEEARINCIZY Y2 BEICHTD T,

Windows Tl BIIV > 27 7475V (.d11) 7 7 A MZiES5 I3 h B (dangling reference) 13&H D 4 A,
ZORDLY ., BT —2ANDT7 72 REFNV Y 7T v T T =TV ENLET, > T DLL a— FOGE, FEiTl
WKCARA Y EZB T I L XEY EOIELWEEZHET LS IBIET2HEEIH D FHA; Z20oROD. a— FIIHE
W DLL Oy 27 v 7T =A%, Ly 77 v 77 —7 )V ARIGFATRICEBOBEES 7T — 2 2T 51
BEXNET,

Unix IZi&, —DF4 75V 774 MR (La) L2HDELA, .a 77 A NVKBEROA TS =27 b7 7400
(.0) RO a—FBA->TVWE T, HEA TSI =27 b7 740 (.s0) BIERT 2V > 7 WBOBREFIC, VA
WERGATORELRBANTFIEBT 22 0HDET, ZOLEV Y AIEIATIVNDOET T =227 b7 7401
ERZELET; LI THROD2L, VY AREDA T2 b 77 Ao R2TOa— FERDAALT,

Windows Tld, Z20ERDIFA TV, HHNIATIVEEAVRE=LI7A4T77V2HHET (Y556 .1ib
CIEENTVET), #7477V Unix I8BIF 2 .a 77 A VBTV ET; 2O 7 7 A UZiE, BEIGT
THDIAENZ E5RA—FDPA>TVET, 4 VE -1 T4 77 V& ERINITREE DA T ARIE TR
{.DLL u— FEINRSTHFETE I 2T 2720120 HbhES, VoyAEA Y R—-b73 4751
PODEREM->TLy 27y FF—TNEMERL. DLL IZA> TOWAVWHNTEZ#EZZLS5CLEST, 77V
r—2aYR DLL Y Y Z7E3N330, A YR—bIATTVDPEREINZIERHDET, ZOFA4T 5V
F, 77V =23y DLL NO Y Y RUVRIFES 2 £ 572, FERIEE L5242 TOD DLL Tffi 5 72 DI EIZ
AII- S IS

ZooEe—-RFREY 22—, Bt CEZEKL. Bloa—F7ay s A ZHET2 LES, Unix TlE A.a &
B.so ® C.s0o ZEILRTHLEDYUARKELZDIE LERA ; ZARZIEEZTHARE. a—FEZERDAZ
. Br CoEhZhDPETHDaY—%2K->TLEWVWE T, Windows Tid, A.d1l ¥ L FT 3L A.1lib %
ELFENET, B C DY 2IE A1ib ZELE T, A.1ib IZEa— FiZA-oTWERA; BIIC A Da—

78 F2E H—RFN—ToV—ILELTHEREZES
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FIZ7 78R %5 27DIZFTRICHWVS NS HERB A > TWBERETTT,

Windows Ti&4 ¥ K—+ 74 77V OfFHIX import spam ¥ T2 & 52D TT; ZDEIEIZE - T spam D
HENCT7 72 RATEETH, a—Foa—2@ iR LDIEL A, Unix TE 74750 Y o
¥ LA from spam import * I TWET; ZOHETIIMEINIZa—FOav—24EKL 75,

2.5.3 DLL {ERDXERF
Windows Python is built in Microsoft Visual C++; using other compilers may or may not work. The rest
of this section is MSVC++ specific.

Windows T DLL Z{EF % B1E. pythonXY.1lib 2V Y A XER D £/ A, HlZIEF=>D DLL | spam
¢ ni (spam OHNIZIE C BIBAA-TWEELET) ZEAFTZIE. UFOa~vy FE2EITLET:

cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.1lib

RYIDaA<Y T, =DOD7 74 )L: spam.obj . spam.dll E KX spam.lib 23T X £ 3, Spam.dll IZiX
(PyArg_ParseTuple() @ X 5 72) Python BIEIIL < Ao TWEE AP, pythonXY.lib DB 2 F T Python
I—FZEDOFZZLIETEET,

ZOH®av Y FTiE, ni.dll (BXUY .obj & .1ib) B TE, ZD I 4 77 VJ spam & Python FITHA+
DRE LR 2 £ 50 o TROTFURE XV AHI > TVE T,

ETOFANFBNY 77y T T =TV ECRAZINZ2DITIEDD F¥A, lOEY 2 —)L (Python BiEk%
BAET) o, BFDOFAITHRR 2 K513 %512id. void _declspec(dllexport) initspam(void) %
PyObject _declspec(dllexport) *NiGetSpamData(void) ® & 512, _declspec(dllexport) THE ¥4
72D EE A

Developer Studio ¥ EH %2 KEDA Y RK—1+F4 75 V% DLL IZZE-3AAT. ETEROY A4 X% 100K
HRELLTLEVE T, FHRIA 72V RBOHLEZGIUE, (Taycr boTaxs 4] X4 707 %%
O, TV Uh) RTCBEHL T, A VR— b SA4TSVDEE 2IEELET, 20%. #Y)4R mnsvertxx.1ib % 7
47 ZVDOVRMIEMLTLIZZ W,

2.5. Windows £ET®D C 5LV C++ HFREZa—ILDEIFR 79







THREE

KRBELGT TV Tr—23>AD PYTHON 52321 LDIEDHIAH

Python 4 ¥ R —7VXDHTAAL 7 F VI —a>re LTEITEINBEREREIES DT <. CPython % &
DRERT TV —2a OFIHEDADHREEZLWIeAH D T, ZOHTEZDO LFWEDIAAICED
BT DOWTEBAL F5,

3.1 D7 SV 75— 3> AD Python DIEDHIAH

AIETlX, Python LIRS 2 /57E. $7b5E CHD 7 A4 77 V% Python IZFE D THEEZ IEIR S % ik
WOWTHRE L7, RCEIRIEZHDOFETHEITTEES: 20U, BHD C/C++ 7V r—ar
IZ Python ZHDIAA THEEZIILT 2. L WVWIBDTT, HDAAEITHIZ LT, 7V r—yaryofishy
DREE C R C++ DD DI Python TEETE2 L5122 D ET, HDAARZZL DB THHTE £7;
2 —%H Python TRZ VY P 2EE 77V 5 —2ayEENHFAMEITORE LIICTE, EWVWSDRBZ
O—HITT, TrZI7<h, FHEOHIEE Python T DBEICEF 2G5 ICHTEED-DIEDAARITS T
EHTEET,

Python O ®HAAIL Python OIIRE YT VWETH, LA EWVWI DI TED D A, ZDEWIE, Python
EIRLEGECE 7 TV r—2arDX 4707 AR LT Python 4 Y& 7V XTH 23—,
Python ZHAAAATZEEICIEX. XA > 7025 5121& Python DR LRV - Zofbbhic, 77V 7 —
> arDdH BT Python 4 &2 7V 22X LTH &2 D Python 2— FZ2ETEE3 — b L
N, VW5 22 TI,

€ > T, Python OMDAAZITIEHE, BEOAAL a5 a2 -MELARTREIRD ZHA, XL Tar>
LR SRITIUIIZ SR NI 2 D—DIZ, Python £ Y X7V XDFHHLSH D 5, 2Pk L b B
Py_Initialize() 2FEUHXRIIRD FXA, 7> a2 LT, Python fillica~> K54 VElBEEST =D
WHEBIESH L ZITVWET, 20%. 77V 5 —2a D IThA VXAV R EZRIHE2 X512k %7,

A VRTVREMRPIHETICE. BR2Z20L 020K ENDD £3: Python XA A » 72 XF5 %
PyRun_SimpleString() X F. stdio 77 A VKA VX 774 0% (ZRWEZF—RXvE—YHNTa—
REFANT 27207210 DHDTT) % PyRun_SimpleFile() KT, W BEATT, ZNETORETHHA
U7 EKEDIREEFECH LT, Python 7Y =27 b EBELEZDFEHLZD B TEE S,
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BE:

c-api-index Python C 4 Y& —7 = —ZADFMIZZ D~ =2 7 LICEPATVE T, DERIFROKEHTTIFZZ
WZHBI1E3TTT,

3.1.1 E/KEDIEDHIAH

Python O DAALDRED HHELFENRX, BEKES V42— 2 —XDHHTT, 2OV X—=T7x2—XE. 77
Vr—2aryeR bW 3 20EN R Python X7V 7 M 2ETT (005D TY, HlRIEIHnE. —D0
77 AN ETRShDBERFERT 2 DICHHTE X,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

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

Py_SetProgramName () !¥ Py_Initialize() DRICFFIETHESH D £F, IV A YR TFTYRIZT VX
ALTATITVNDNRAZIRA 5 Z EHHRET, KT, Python 4 > X 7'V X% Py_Initialize() THIHIL
L. e To—Fa— FEhi Python A7V 7+ THA e IO ZEITL $9, £D#, Py_FinalizeEx()
DOETHLTA YEX TV RERTL, 7R 77008 TIHEET, EEOFarF 4 TlE, Python X7V 7
PHDY -2, BEOLLKTFAMLT 4 ZAL—F R T 740, T—EZRX=APLWMOHLIWEEZZ0d LA
¥ A, Python 2a— K% 7 7 £ 5D H3121E, PyRun_SimpleFile() BAREME S DX WVWTL x5, T
DRI A TV ZIERLT, 774 VONEZE— FF52FMEEAVTINE T,
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3.1.2 BRKEDIEDAADSHEAHT: BIE

EKHEL VR —T7 2 — 2%, WiH B Python a— FE7 ) 5 —2avhoETTEBZLIICLTINE TN
77V —¥a >t Python 23— FOBTOT—ZDRLDIWDIZ, HEADIKE>THHEDLLWVWHDTT, 7—4D
RO ELEVWES, KDEKEDA Y EZ—T7 2 —AFFCHLEFHALZL TERD ERA, EDEL C a—
FEEIQRRLRVDLDIC, IZEMTHTESLXLSITRD ET,

Python OyE5R L AKX, @5 Z2EX, FUCEETHZ L0 I ICERERRIZARD EFHA, TRETOE
T L TCEZ MY 7DIF L AEDPEDIAATHDTEED EF, ZNERTHIT, Python 225 C ANDIA
REITD a— FRERICEMAEZT20EZITAHAZL L.

1. 7 —%{&% Python » & C IZZ&¥T %,
2. BNl % > T CL—F > ORBIEOH L Z1TW,
3. MU L THE o7 — &Ml C 55 Python ICE#T 3,
Python ZHDIATIHEIIE, 4 VX =7 2 —Xa— FPTHERIUTO LR E3:
1. 7—&{E% C 75 Python IZ&¥1T %,
2. Z I 7@ %o T Python f ¥ X —7 = —Z)b—F ¥ OBIBIFOH L 2170,
3. U L TR LN T— X1 Python 225 C IZE#ET 5,

—HLTH»2 51, T—XZEHORT v Ad. SHEETT —XZET 2 HANED o DIZEDLETHIZA
NEZ 2T T, H—OHEERIX, T—2ZEMOMICH B V—F > TF, HREZITIBECE C v—F 2y
HUZ32, #DIAADEICIE Python v —F Y ZIEOCHLE T,

ZDETIE, Python 226 C A\, ZLTZDHANE TFT—XEEMT 2 HHECOOVTI#FRLETA, /2. IEL
WEIRDFEWTRL T — DIV HIZOWT T TIREALTVWEDDEHRELE T, TN5DHIEITOVWTIEA &~
RTYRDOILIREMEED B & ZANRNDT, BELIFHRICOVTIEMEIOEEZ SR TEE T,

3.1.3 HRREDHIAH

BYNHIRT 570 F LiE. Python X7V 7 MAOEBEETT22D0bDTT, #HEKES VX -T2 —
AT B EITET A e RIS, Python A Y27V XE7 TV —>a vy eEERPD EDIELERA (25, X
DEITPH DT ELIEHLET),

Python 227V 7 FATERSN TWLEMZFTT 27003 - FEUTO LSk D 7!

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

(Ko<= 1ZHi)
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(FIDR=I 5 DfEE)

PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;

int i;

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

return 1;

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

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);

/* pFunc s a new reference */

if (pFunc && PyCallable_Check(pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (1 = 0; i < argec - 3; ++i) {
pValue = PyLong_FromLong(atoi(argv[i + 3]));
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;

¥

(Ko<= 1ZHi)
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(FIDR=I 5 DfEE)

}
else {
if (PyErr_Occurred())
PyErr_Print();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}

Py _XDECREF (pFunc) ;
Py_DECREF (pModule) ;

}

else {
PyErr_Print();
fprintf(stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;

}

if (Py_FinalizeEx() < 0) {
return 120;
}

return O;

ZDa— R argv[1] #{f>T Python 227V 7+ %u— KL, argv[2] PWICIEE SN 4R10MEEE EUH
LET, BROBEG B argy BAIFOMDEICHRD £, 20w 0% AVNAIILLTU>YY L (TE
TeRATATRES R call EMUPE L & 9). UTFD LS5 % Python A7V 7+ 2FT35 2L ET:

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

return c

FEATRERIIA T DX 51272139 TI:

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

COREDHAREZFEIT 21237007 LR VE S PRETEXTH, ZLA LI Python 226 C ANDT—XE
BT —HEDDHDa— FTY, Python DHDAA LS Bl &k D BUATROE I IO a— P 544
23T

Py_Initialize();

pName = PyUnicode_DecodeFSDefault(argv[1]);
/* Error checking of pName left out */
pModule = PyImport_Import(pName) ;
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A4 27 Z2OHEAL%E,. A2 VU 7 Mi& PyImport_Import () Z{Ho THAAENFE T, Z DL —F Vi& Python
XFENE GBI B EDH D 7 — X2V —F > PyUnicode_FromString() THEEL %737,

pFunc = PyObject_GetAttrString(pModule, argv[2]);

/* pFunc is a new reference */
if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

O /URZ7 ) 7 EHHAAENS L, PyObject_GetAttrString() Z - TRELRLRIZHSTEF T, 4l
WRAZYT MIFEL, BB LA 7Y 27 PBARCH LATREA 72 2 7 P THIUL, 20X 7Y =7 +25EE
THHREEZATELXABRVWTLEI, 22T/ I LEEAEBDICEIBOX TIAMEIEAET T, TDE,
Python B ZUTOa— FTHEFHL £

pValue = PyObject_CallObject(pFunc, pArgs);

BEE ALEE 2 L9 BR. pValue (& NULL 1272 %%, BABOR D EANDZERDA o TWE T, [HZHFANLEICIES
FTIRBREMRIL TS0,

3.1.4 1BHiA N7z Python DILFR

ZZETIE, HHIAA Python £ Y2 SV RE T TV — a UAKOEEEIC 7 72 XT3 FERH D EBAT
L7zo Python API 2ffi5 | HDAHLA VXSV REZHIRT D28 TP SV —> a YRIEAND 7 7 A% ATHE
WCLET, 2Fh, 77V —>a VTIREINATWEIL—F U 2fio T, HOARAL VX TV REIETZDT
T, BRI LDEISWCBRZIEIY, ZRUIEVEVDIITED Y FHA, SLDHToT, 77V 75— ard
Python £ Y X 7V X ZEE L7220V 225 1o BNTATLKEEWN, 2ORLY, 77V r—>a vy
TN—FDEEZDT, H0dbEED Python HEEY 2 — L E2EL »D & 512, Python 2256F/NL—F 7
JERTEZ LT BT N— (glue, M) a—FZFELELEZITIEZI WV, FIZIZMTOES12TT:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObjectx*
emb_numargs (PyObject *self, PyObject *args)

{
if (!PyArg_ParseTuple(args, ":numargs"))
return NULL;
return PyLong_FromLong(numargs) ;
}

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,

(Ko<= 1ZHi)
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(FIDR=I 5 DfEE)

"Return the number of arguments received by the process."},
{NULL, NULL, O, NULL}
¥

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

I

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

LDa—7F% main() BEFOFT S LICHALES, £/2. UTFOZOD X% Py_Initialize() OFFUH L D
WHALET:

numargs = argc;

PyImport_AppendInittab("emb", &PyInit_emb);

I B ZDODITIE numargs ZEE ML L. AL Python 4 ¥ X 7Y X725 emb.numargs () BABUC7 7+
ATEZX51CLET, TNODIREY 2 — B ZES ¥ Python 27V 7 MEIMTFOLS R eHTE
EJEa

import emb

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

EKBEO7 TV r—2ayTlE, 25 LAYy RT7 7V r—aYAND APL % Python RT3 Z 212D
7,

3.1.5 C++ Ik 3 Python DI2HIAH

C++ 7u 2 LIS Python ZHMIAD T T, BEICS S5 L. I o THDAL LI H > TW3 C++ AL
ROFEMNHEF L E T, —INCIE, X4 > 7ur 0% C++ TEHE, C++ av 4 9%2fFfoT v r70%
aAVRAN VY IFTERENDHBTL & 5o Python BIK%E C++ Ty XA N LEBILREEIHD FH A,
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3.1.6 Unix R ATLICHIFRAVNAILE) VD

Python 4 ¥ X SV X% 77V r—2a VIZHDRADLDIZay 47 (VD) KETAREELWI I 7% R
HIDWREE TRV LLER A, ZHERIZ, Python 2594 77 VEYa— LTy 73z CH)
MIEEE (.so 77 A V) £ LTHEINEDDE O — KT 20ENDH572HTT,

WERAVRAN VY I DF T a il 529, pythonX.Y-config A7 VS FMEZ 3 (Z ik
Python 4 ¥ & b —)LEHCAER X7z H DT, python3-config A7V 7+ bR LOLERA), 2O
A7V T MEA T arREL DY ETH, EEMTEHZDIIATL & 5:

o pythonX.Y-config --cflags [IHRD I A AT a v 2HhL T

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

o pythonX.Y-config --ldflags —-—embed IFHEREDV > 7T a v 2 ML ET:

$ /opt/bin/python3.11-config --1ldflags --embed
-L/opt/1lib/python3.11/config-3.11-x86_64-linux-gnu -L/opt/lib -lpython3.11 -lpthread -1dl1 -
—lutil -1m

AR EE Python N—Y a YH7FE (2 D DIF P X7 LD Python & HR7zHETE /L K L7 Python) TOIREL
ZHET 57012, L TOFID & 51T pythonX. Y-config (i S A CTEEIL 721Z 5 BRWVWTT,

HLIDFIETI FLV2RITINURX (S22 ZUIETO Unix IR T Iy b7+ —ATEIET 2 Z 8 2RET
% H DTIFRWT T2, bug reports I TT), HRILDIRATLDEAFIv I YV IZIZDOVTDRFaR
> b EFEA, Python @ Makefile DI Y %A )Vt 7 a Y RARZRBENDH S TL & 5 (Makefile DIGFTE N
%1213 sysconfig.get_makefile_filename() % ffio T 7Z& V), ZDHFA. sysconfig £V 2 —ADBEIC
MOBERIZREDET, S Ko THREMPMIIMA T NI AL - V7 DA TS a VRl E Ta 25 LIS
MHTEEd, MR

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

2to3

AVRIIT 4Tz NIBITABT 741D Python 70> 7 b T, A VRTVRTA VY RITT 4
ZWFETENEa—-FHIC A HTEEX S,

RDHDDVEZHNFT:

o AVERIITATVINZBVWT, ATV IENTza—FTay 7, MET2EHADRXY]D XFOMM
ChfgIN. A4Ean, HFEN. =F=:S A/ oA, 731 -2 -z, a— RE2ANT3BICERREh
577 %)L @ Python v > 7 MTT,

o HHAAALDER Ellipsis

Python 2.x ®2— F% Python 3.x D3 — FIZE#T 2V — LT3, Y —Ra— FZEHL TZDEHIAR
Z M (traverse) 372 Z & THHAITE 5, RO 2L £7,

2t03 IFHEZ 4 77V D 1ib2to3 & LTHHTEL Y, HKDY -2 LTHR 2 Z2 Y 7 7 Tools/
scripts/2to3 & L TR N TV E T, 2to3-reference ZBML T E W,

abstract base class (IRELES 7 R) MREIE T T R duck-lyping EHTET % b DT, hasattr() KX DI

DT 7=y 7 TEMEHFTH o7 D WIPIZERS (B Z1F magic methods DHE) HEICA VX —T = —
A% ERTDHERRERMEL T, ABC 3K (virtual) ¥ 727 522 BALE T, ZHIRIZ 7 A0 5
WAL FEVEAD, ZNTD isinstance() X issubclass() ARSI N ET; abc EV 2 — LD ¥ a
XY PEZBLTLEZ W, Python 123, £ DilARAA ABC EMEATVE T, ZORRII,
(collections.abc EY 2 —/LT) 7— X Hi&, (numbers £ 2 —LTC) #, (io EY 22— T) AV —
2, (importlib.abc EY 2 —T) 4 Y R—=1+ 774 Y Z/RIB =X —T7F, abc EYV 2 —LZHHLT
MEBED ABC Z1ERTZ £7,

annotation (7 ./ 7—aYv) B 77 A@EMH. BBOD T X — 2R D EICBEGRT 2 7T, BElicED

type hint £ LTHEDONTVWET,

Q—ANVEBDOT ) T—a VIFFETRICIE 7 7 X TEERAD. Zu—rOLZH] 77 A& M. B
7/ T=YavidEnrhEeY a2, 75 R, D __annotations__ FHEMICRREATVE T,

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this function-

ality. Also see annotations-howto for best practices on working with annotations.
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B8 (argument) (3180 BIECEIEUHSBAC, B ($7213 XV v F) CHEF T, HE 2 /s b

asynchronous context manager (JEFIfAa > 7F X b1 —T %)

£7:

o F—TU—FEIE: BBITFUOH L OB IEORNENTF OV d D (fl: name=) 0. ** IZHE 72 FF
EoHoEr LTEIN5IE. HlZIE. XD complex() OMEUNH L TIE, 3 & 5 25%F—7— F5[#
T9:

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 53})

o {IESIE: F—v— R5IELMDOFIE. MBS IBUIEIEY A P OEFICEL e TE, iz * IH
7z iterable DEZREL LTEIT BN TEET, HlZIX. ROFITIE 3 & 5 1dMAHMAESIETT:

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

EFBUIEBOERICBOTHRIN EOa - AZBHICE Y Y TonE T, b Y TEITIHANIOWTIX
calls B LT 7EE WV, YV Xy 7 RAZBWTHFIBERT=-DICHoWBEMHS Z e HKE T,
Ml X NS fEE e — A AEBICEI D Y THNE T,

®315 . FAQ @ E518 K5 IEDEBNIAITTH? . PEP 362 2L TL 720,

__aenter__() & __aexit__() XY v %
EFT DL T async with XNORGEZEH T 247227 T3, PEP 492 TEAIhE L7,

asynchronous generator (JEFIHAY = & L — &) asynchronous generator iterator %R 3 BT, async def

TERINTZar—F VBEBIETWE T, yield REFHFOHTERLED £3, yield ik async for
N—TTHATEZ2EOM S EERT 2DIHHINET,

WENIIEFAY = 2L — ZBIBERR L £ 32, RiCk-> TR RS XL —21TL—&2 237556
BHYET, BRSNLERPH L2 THRWEGE, B wen B Ee AL £,

JEMIY = 2L — X BEICIE, async for XX async with X2 TR await RdbHBZ 2 HHD
£7,

asynchronous generator iterator (JERIHAY = 2L —& A 7L — &) asynchronous generator B THEK I 3

F7Y 22 FTT,

ZAUE, __anext__() XV v FEMHo TIEYRH XNz L =12 awaitable + 7Y = 7 b %iIRT asynchronous

iterator T3 Z D awaitable 7Y =27 NI, XD yield NETOIEFMIY = x L — KB O AL FE
TLES,

yield 12K %7K, ZDHETOERITRE (v — I VZEHE RERED try ) WHE—FF S %
¥, __anext__() TRINMD awaitable I2& > T FFEHAS T RL—RATFL—4 PERICHM XN
o &, Rl LFERTEEE L3, PEP 492 BX U PEP 525 28 L T EX W,
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asynchronous iterable (JEFEIA A 7 Z 7)) async for XOFTHHTE 247 =27 T3, BHHOD
__aiter__() XYV v Fd 5 asynchronous iterator B X2 TERD T4 A, PEP 492 TEA X
NEL%

asynchronous iterator (FEE I A 7L — &) __aiter__() & __anext__() XV v FERELLZATY
=27 MT9, __anext__ & awaitable & 73 =7 P ZRIKRIINIEHRD £H A, async for &

StopAsyncIteration ISV X3 2 £ T, IEFAMA 7L —&X D __anext__() XYV v RK2HRT awaitable
ZRIALE T, PEP 492 TEAXNE L/,

BM A value associated with an object which is usually referenced by name using dotted expressions. For

example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers,
for example using setattr (), if the object allows it. Such an attribute will not be accessible using a

dotted expression, and would instead need to be retrieved with getattr().

awaitable (fFf%RIHE) await N CHHT 2 Z e R E AT 27 M TH, coroutine H. __await__() XAV v
RBHZ2F 7227 FTT, PEP 492 2SR TLEX W,

BDFL AL =K EMEE (Benevolent Dictator For Life) OBS T3, Python OfE#E. Guido van Rossum @
2T,

binary file (XA FV 7 7 AN byles-like ZTP LI b OHRAAABIVEZRAANTES J7AILFTox
Ik TS, X FVT7A40DHNE. N4 FVE—TF ('rb', 'wb' or 'rb+') TH»NT 7 £ 1,
sys.stdin.buffer . sys.stdout.buffer . io.BytesIO % gzip.GzipFile. DA Y A X VA TT,

str A7V FDFAEEIVTEDZ 77 AT TV 27 MZOWTI, text file BBRLTLZE W,

borrowed reference In Python’s C API, a borrowed reference is a reference to an object, where the code
using the object does not own the reference. It becomes a dangling pointer if the object is destroyed.

For example, a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong reference
in-place, except when the object cannot be destroyed before the last usage of the borrowed reference.

The Py_NewRef () function can be used to create a new strong reference.

bytes-like object bufferobjects Z %R —kr L TWT, C FEDEKT ##i L7z contiguous Ny 7 7 — 22 {HLA]
BE#2 A 7Y =7 b, bytes, bytearray, array.array . %< O—f72 memoryview 7Y = 7 b3
ZACY D £F, bytes-like A 7P 7 NI, T—XEM. N F VT 7 AANDRFE. Vv bMEEH
LIEERYE, "L FVF—XEBERTZ20VAVAREECHHT 2 e RN TEE T,

BODPDRETEINAFV TR LETI0EDRDHDET, ZOREDOFF 2 X PTIRIL "HAHE
AREZR bytes-like A 7Y =7 P ICEKRLTWE T, ZHEARERANY 7 7 —F 7Y =27 MZId, bytearray
¢ bytearray @ memoryview REDEHFENE T, £/, OB ODLDRETIIAELRA T =27 PO
AFVTF—=& (7 HAHLEHD bytes-like #7322 }7) ZREL EF, £HITIE bytes & bytes O
memoryview * 7Y = 7 FEENE T,
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bytecode (/XA k2 — F) Python @Y —Z2— K&, Python 7127 4® CPython 4 ¥ & 7V X DNERFEI
THBBEAL A= FAL VAL LENET, A4 b a—FiE .pyc 77 AMCF vy S adh, FAL7 7
ANP_EHIZETINZ L ZREDEHRICRDET (V=R =F2o6NS ba— R NOHEDa >4
MIEGEXNET), 20 " FEE (intermediate language)” 1. &4 D N4+ 2 — FIIHIRS % HEKGEE
ZHEITTS RETOY TEET 2 0AET, BERERL LT, N4 ba— FEEL S Python 8~
UBITEWES 32 Z 2%, Python VY —RBTRETH 3 Z e 3 s TuEEA,

NA Pa—Foms—Eid dis ES2a—L HHET,

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

the following syntax:

callable(argumentl, argument2, ...)

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

__call__() method is also a callable.
callback (=N 2) RO D ZHREETHEITINZ D158 LTHEXh 5B

ISR (VFR) A—HF—ERA TV 2 VEERT 272007 > FL—+TF, 77 RAERILE, 2075
ADA VAR ALDEEET BV Y ROEREEAE T,

class variable (27 7 2ZH) 7 7 A LICERIN, 7 FALNRLT (0FD, JIRADA VAR YA ETERL
W) EBEEIND ZEZHMNE LTWSAETT,

coercion (BUEH) M TR 2 5182 S HEORPIITONE, HE3RDAL VARV ZADHORNDIEEDZE
#ood, BIRIE int(3.15) IXVFEV/INBURECE BEL 3 ICAFIL £, LA L 3+4.5 TlE. &5 8u3H»
High (—O3BEL — o3 EFE/NBURE). A% 3 2H1ICF URICE#T 22 Ud TypeError fI54AH3
BFongd, MmsRr o/, TRTOGIIE, 728 AR TH->TH, HIZ 3+4.5 TiF& L
float(3)+4.5 ¥\ 5 X312, 7uZ I~ —HFEUAICERL L 2T UITWIT 8 A,

complex number (ERH) L<HOLNTVEIFEHREMIRL72d DT, TRTOBIFEH L BH oML LTERX
NET, BEEEBEN (-1 OFHR) KEHEHI L 0T, —BICHFETE i rFrh, TH¥TE j
LEPNE T, Python IEBEHICHAAATHIGEL, BEORILTWM-> TVET, EIIIKREI j 22
JTEEET, HlXIF 3+1j TT. math Y 2 — L OEELIE R T %121E, cnath ZVE T, HHR
BOMHIEZ2 D GERBEFOBET T, BEEEECRTIUE IZEFEVREHLTLE->TLVT
Lx9,

context manager (A7 XA A—T %) __enter__() & __exit__() XYV v FEERT S I LT with X
NOBRREZEMT 2479227 b TF, PEP 343 2B L TLFX W,

context variable (Y7 FZX MER) a7 F X MKFL TERREEZROER, ZHUI. D 2EBOMEHIE %
DETAL Y FTERREDBZAL Yy FE—ALX L =JIHUTVWET, LrLay7FXMERTIE 1
DDFETAL Y FIZWLDOHhDay T A MBH DA, ar 7R MO F 3RS ZIER &2 X 2
DERDBIFTF . contextvars ZBRL T X W,
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contiguous  (BE#E. Ei5K) Nv 7 7 HIEIC C-EH 7213 Fortran &t TH2HEI1T. ZONy 7 7 138K L
TV EAREET, ¥rXTL Ny 7 713 C @i TH D Fortran @ TT, —XRITORHITIE, ZDHERHR
FATREY ETBHET 2 KO KEEIN, RFXER2OBE DM TV EF TS E T, ZXILOD
C-H RS TIE, X TV 7 FLRAIHCER 2K 2 B3 RBEOBATHRINCLD % DITH L, Fortran
HHE L ELA TR DIR A FHBRANCH E 5,

J—F> (Ar—FY) ar—FYEIIN—F DL —RNZERTT, 71 —F ViFRD sl
RPBAD, ok sl mhr ot s, aL—F B ZL OkARIEN S A5, 2, BT 2
ZEMNTEET, ANV—F Uik async def XTEETEZET, PEP 492 2ZRL T Z&E W,

coroutine function (2 —F YBIE) coroutine A 7Y = 7 PR TEITY, 2 —F VBIEIE async def X
THIEXN, await. async for. BX U async with F—V—FE2EOZ MK ET, Zh bk PEP
492 THAZINE L7

CPython python.org TEAAENLTWA, Python 1027 I ¥ 7/ FFEOEMERNLRFEIE TS, "CPython” ¥ W5
HGEIX, Z 5% Jython % IronPython ¥ \Wo 72D 5EEE » XBIF 2 XREBNE LS ICHHINE T,

decorator (7L —%&) IO %R I BIE T, B, Owrapper M TR ZLH i L GHEHZNES, 7aL—
2 DO— &R 72 FFFZ. classmethod() ¥ staticmethod() T,

TAL—RDOEEZ I VR VAT 2l —TF, XD 2 OOBBERITIEHRMICA TS DT :

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

@staticmethod
def f(arg):

FUH&EA 2 7 RCHFELE T, DEDEDIEEA, 7L —XIZOVWTEFLIE, BEUER B &
P IVIRAER DRF a2 X 2SR TLIIZEN,

descriptor (FRZVTER) XYV v R __get__(), __set__Q), B2V __delete__() ZERLTWVWSA 7V =
JbTT, 27 7 ABMENTRAZ VTR TH2 L&, BIFRRICE T, FHE ST K512 EIEDLIT
CHEhE3, @, getset,delete D72 a.b LEL L, a DIV FAFHENTAH 7T =7+ b ZMRKL
FTH. 0 BTRAIZVTRTHUEZENETNDTAZ ) TRV y FRRFHEINET, TARAZ Y TXOHE
filZ. Python Z7FE< BT 2 ECTHERDET, LWVWOIDIE. TRZVFRZZDN, L XYy R, 7
OXRT 4, ZTAXY v R, $IXY v B, ZLTA=RT FADBBE V5 72% L ODEEEORBTZH 5
T,

FRZYTFEDRXY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide ZZ B L TL 72
W,

dictionary (#¥F) EE D & — 2 EINETT 28885 TF, __hash__() XYV v F¥ __eq__ () XY v FEHE
ELERDA TV 27 b 2FXF—ITTEE T, Perl T3y > a (hash) eI TVWE T,
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dictionary comprehension (FFEHNERAD) iterable NORTH 2 WIE—FOBERZME L T, ZOME1LR S
HEPRT a7 MREZHTT, results = {n: n ** 2 for n in range(10)} £ F 5, ¥—n
M n % 2 W) 2EFEEZAER L 3, comprehensions S L TL Z&E W,

dictionary view (#f&HE 2 —) dict.keys(). dict.values(). dict.items() PR TA T =7 bTT, &H
DHEHOEHN A 2 —2RHE LT, §2bb, HEILHEINLI b a—3ZhZ2 ML £3, §FEH
Vo —ZEHINCSERZ Y R MZT 512iE list (dictview) ZFH L TL 2V, dict-views 2B LT
72E W,

docstring 77 R, B, TV 2 —VORAIIONTHEIXFHNV T INTT, ZDAA — b DETRHTIIIEHR X
NETH, ar L 7 RZEoTHAlEh, 202772, BB €Y 21D __doc__ BIEE LTIRIFES R
FT, AVIRARI T a vy TES GRIE: B LTSBRTZ3) OT, A 7927 D RKFa X%
H EHERN IR GATTE,

duck-typing H2A TV 27 I DBIELWVA VR =T 2 —2AEFS>TVEPERET DA TV =27 FORER
BRWTRT T IVITRZANLTT, bbic, BiicA 7Y =7 DX Y v RREEDFEIZN I D bz
DLES, (ZPEADESIKEZIT, 7ADESRKEITIE ZRETLLTHS.)) A VY R—Tz—A%
BEIDEHRTLI T, LR TS v Eza—RE RVE—T7 4 v 7 RREZHF L TCE R R L X
BET, Xy 7 XA I type() % isinstance () ICKBHIEZ BT E T, (2L, Xv &4V
I% HREEV SR THTETAILdTEET, ) 20RO D, HAC hasattr () HIESP FAFP 7n
oIV RMALETS,

EAFP TEBAI% 2 2 X DEFL%2FE S WAL (easier to ask for forgiveness than permission, ~—7 4 — DIk
AN OMETT, Zd Python TIALL LN T VWS =T 4 ¥ T AXA)LTIE, BEITENZ X —EMES
FIETH2DDEREL. ZDIRED R TOWEHEIHINZHRL £ T, COMBTFERSETF2a—-74
YT ARA NI, try XB XU except XD K SADHZDHRHETT, ZD77=v 273 CDES
REBETLIMEDNTVS LBYL ZX A LML S DT,

expression (R) I DELFHiIN S, —F & FH DX (a piece of syntax) TF, SR 5L, K&V
77V, 4. BT 7 A, HETPHEBIFOHE LY, BEERITROBEZOMAELTT, HOZD
Sab L #EWV, Python TREFBORTOMBERI AL VI DI TIEDH Y FHA, while DX 51T, REL
TREEZAZRN X 35D £3, RABATRIRLIXTT,

extension module (RIREY 2 —1) C % C++ THELNZEY 2 —/LT, Python ® C API 2F|fH L T Python
ayer—HF—a—FrhebhLET,

f-string 'f' % 'F' DRIV XXFESNY 7 I MK Vstring” EMEER, 2T 7 —~< v FEAXFEHY
77V OFEMEEOLFFTT, PEP 498 LT 23\,

file object (7 7 A NI TV 22 ) FUDY Y —ZAAD T 7 4 LI5A] API (read() % write() XY v K&¥Ff
DHD) ERALTWEATY 27 bTT, 77A40F 7020 ME, fERENLFRIZE T, EED
FTARZEDT 7400, ZOMDERA TDRA ML —IRBETNNA R (FIZIF, BEAHS, 4 XEY
Ny Tz ITy b NAT F)ANDT I RAZHENTEE T, 77 ANVATT =2 ME file-like objects
X streams & XN FE T,
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T3 AN T2 MIQWFEBX3IEEIVET: Lo NAFU—=T704)L. N7 7Ehi= N1F
=T 7). ZLTC THFRART77A4I TF A VX —T 24 AT io BEY 22— LTERINTVET,
T 7 ANF T 27 b BAELIEENTL T open ) BEUEfES Z 2 T,

file-like object file object ¥ [AFET T,

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the

operating system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system

encoding fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be used

to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read ()

function: see filesystem_encoding and filesystem_errors members of PyConfig.
See also the locale encoding.
finder (774 V&) A YR=PINTVWBEY 2—D loader DFERERTTEA T 227 b T,

Python 3.3 YT 2 MO 7 >y 4 Y X3 H D £, sys.meta_path THHXNSZ meta path finder
¢ . sys.path_hooks T X3 path entry finder T,

FHICOWTIX PEP 302, PEP 420 B8X U PEP 451 2B L TL X W,

floor division (V1D TRRE) — L WEEICYI D T2 HEEMRE, YD B TREEE T // T, Hlxid.
11 // 413 22k, 2R ENFRCFENEBOBEDRETIX 2.75 28 BoTx¥ 3, (-11) // 4
& -2.75 2 INEWAIZ A2 FRIE: ADEERAOADEITI) DT -3 1482 I LITHERLTLEZ
W, PEP 238 ZZHLTLZE W,

BE¥  (BIE0) MO LANZEZ RS —EHOXD Z e TY, BEICIZ 0 LD R348 #ET e PR ET, FER
DEITRHZSIBEFHAT 2 Z e PHK T T, R AV v E, function 2B L TL 72X W0,

function annotation (B¥(7 /77— a>) BBD 5 X —&ZLIEDED annotation T,

BT/ 7—>arid, BEEFEEYE ODIEDATS: fIZIX. ZOBKE 2 2D int HD51%
ZHS LHIfFE N, £ int OB D EEFO L HfFETVE T,

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

return a + b

BT /) 7—3 a v OXER function O TSN TVWE T,

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto

for best practices on working with annotations.
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_ future__ A future statement, from __future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python.
The __future__ module documents the possible values of feature. By importing this module and
evaluating its variables, you can see when a new feature was first added to the language and when it

will (or did) become the default:

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (HFR—YalL 7> ay) ZhEEDLDNSZ Z 2 DRV EY ZFRT 2 TF, Python
F. BRA T Vb ERSRERH UBES 2RI —YalL 7 X effioThHR—yav s> arziT
WET, IR=Yal 77Xt gc T 2—NZMlioTIRIETEET,

JIRL—& (Y x=H VL —RX) generator iterator 2RI BT, BEOBBICLITWE T, yield XEHiD
MTHRLEDFET, yield . for V—FTHHATED, next() BETHEZ 1 DFOWMOH LD TE
%5, EHOWM O ZERT 2 DIHEHENET,

BEIEY 2 AL —ZBZELE T2, WRCE-sTE Pz RL—F4TL—% 25T HEVNHD £7,
BRI ENERPH S 2Tl E, RO e 2 B2 AL £,

generator iterator (¥ =z AL —& A 7L —2X&) generator BIITHERINE AT =7 M TE,

yield D7 MIZRATFEITIREE (RFTABSAR WD try R 2 ET) R U T, WHEIE—Rc
NET, DxRL—FA4T7L—& M d . L EMVEZIGL T (@FOBEBIETOLTR
T L WIRTE D S B46 S % D & RIRAIT ),

generator expression (¥ =t L —&ZN) 4 7L =22 BT TY, HHOT, V—TEREERT S for fi
#PE, Z L CHBARER if Hi OOV TWa K 5ICRAE T, 25 LTS nRiE. SHlloRIRcm
RS L £

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

generic function (¥ =3V v Z7BI#) 22 58U LRI C1#EZ 5 2 BBE D oM S W 2 BET 3, PO L
FHCE DEEZ WD RIET 4 ANy F7ATVXLCEDRESHET,

single dispatch, functools.singledispatch() 7L —x, PEP 443 ZZML T Z &0,

generic type A type that can be parameterized; typically a container class such as list or dict. Used for

type hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL  global interpreter lock B L TL 1Z&EW,
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global interpreter lock (Z'B— VLA Y X T Y Zua v 7)) CPython 4 ¥ X7V ZPFIHLTWS, —EIZ Python
DNAEI=F 2ETTE2ALy FIF—2R3TH2 2R3 2HEMHATT, kb (dict
RYDEBEBMAAAMEED) ATV 27 FETFADERET 7€ 2IH U TREBRIICLZ 21T 5 DT,
CPython OFEENS TR DET, A VXSV AR Evy 7 $T5Z2 T, wAF T Ry
HET ZMHINLD TR+ 5| MR, 4 V& T XREMRIIILF ALy FMETE2 K512k D £73,

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

always released when doing I/0O.

BRI BHHASALVF ALy ML Lef &7V & (HSh 7 =& 2flirvhiETay 23 2%) 235
RINFELRED, KRy I0 Ty PDGEDNRT 3 =<V ADEP>TZOTHIILERATL
J2o TDORT =< ADMEERRL ES 2528, EERIDEHCEVRETFaX IBEMT22EX
LNTVWET,

hash-based pyc (v ¥ aX—2Z pyc 7 7 A V) ELHZHRHIT 272012, WMET DY —R7 7 4 VORI TR
REZI TR Ny Y 2 B2 AT 2L Pa—FOFy v > 2774 LTI,

hashable (/v > 2 \[GE) Ny adiE BA TV =7 b i, EFHBFEDLRO Ay Y 2 HEZFD
(_hash__ () XY v R2RE), MOFTV =z b L HEATE2 (_eq () AY v FANE) +7
V7 bTY, AfERANY Y2 ATV 2 7 MEIBTE Uy & 2 HEFFORENH D 7,

Ny Y aA[RERF TV 27 PIFHEDF —REEDRAN— LTHZ T, HEREESDT — 2HEEIIN
BTy Y a5 ffioTWBE 6T,

Python ®4 I 2 =X ITAREHAAF T =7 I IFL ANy Y 2aR[RETT, (VA MPEHED X
572) T2 —RITNZAVTFIENY Y aPA[RET T, (X IR frozenset DX H572) £ I a—& 7Lz
YTFE EHEBNy T AFETHL L EDHNYy Y aFRETT, I—F—ERDI FADA Y ARV AT
HBEOIBFTO = MET 7 AN FTHAY Y adfETT, Z061EET (HEZRNT) HEBRRIZIES
fficsd b, Ny aflld id) LB ET,

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and inter-

preter environment which ships with the standard distribution of Python.

immutable (£ I 2—&7N) BEDEZF07cA T2 M T A 32 —KRTNRATY =2 M, BUHE.
XTI BEXERTIAREDRDHDET, TNHDOA TV =7 MIEREZONEEA, FOEEZFTEIES
BRI Hi7e A 70 227 PRAERLRTIERD S8 A A 32— T7ARA TV =7 ME BEED Y
¥ 2l R L 72 IR CTEHBEREEZRZLET, HEDOF—2ZOHITT,

import path  path based finder A3 import 3% €Y 2 — L EMKRT 2501 (L7213 path entry) Y A b, import
. 2OV R MEIEYE sys.path 25RETH, TR0 F—IOHFEFH v —2D __path__ B
PHBHRET,

importing »%EY 2—/L® Python a— FMHIDEY 2 —LD Python 2— FTHZ 2 X 5ICT 20T,

importer EY a—LEEL TR —FFTE2F 7T b, finder & loader DEBLHTHHE2FTI 2 b,
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interactive  (Xf&EGAY) Python ITIENEEH A > X 7V ZHH D, XPRE2Af v 2TV 20 Tar T MTANT S
CHIERICFEITINTHIRERZ Z e A TEE T, python BB ELEZ FTIKEITLTL LIV, (2
Pa—RDAA Y RX=a—»5 Python DXFENA > X TV REEEFTE 20 LOAFEEA, ) MEEHA >~
TV REZE, HLOTATFT7EALTARED, FEY 2 — ARy F—IDOHFETRNTAS (help(x) ZHZ
TBWTLEZE W) OIZIFFIERNZY — LT3,

interpreted  Python 134 > & 7V ZJERDEFFETH D, a2 84 FSFHEOMMMEL £, (N ba—Far
NATDD B2, ZOXRFNIBHKTTD, ) TITOA VXTIV RFiBLIE, V—RAa—FDT7 74l
. FTEAABERRCL THrOETIE 2L Vo BER LIS, BEFETTELILREKRLET, 1 ¥
£ 7Y ZBAOFEITEE., 2284 FIBROFHELD I TNy 7OV A4 7 VWb OD, Fur
7 L DFITIE—MRITENT T, WEER BTSN,

interpreter shutdown Python £ ¥ X =7V X =¥ v v PRV EEFINLFIZ, £ 2 -1 TRTDY
VT 4 IARNEREEEZ R YD, TXNTOMMRLEY Y — R ZEMEMNCERT 2, il 72 —XCAD
T TOT7x—RXF AN=JOAL IR 2EBENTHLES, CARED IV —ERDTA 77 X —
X weakref I =N Ny IDBIPPHEINZZEDBHDET, Py v MUY 7 2 —XHFIZETFENSEa—-F
F. ENDKET DY Y — AN TTIHREL W (KK H2HNE T4 7T Y —EY 12—/ warning HEH
TF) DI A R NCER L T,

AVR=TVEDPT %y FEY YT BERERIF __main__ Y 2 —AREFTEINTVWERZ Y TS MOE
TP TLIEZE T,

iterable (RIEFIREA 7V =27 M) BREE—FIC 1 DFT0REZ A7V =27 M TT, KIEAREA 7Y =7 Foffilic
. (list, str, tuple WV o 7)) RTOY =7 Y RABRP, dict R T7AIF TV I b oo
PDIEY — o v RBY BB W0IE Sequence BT FEE LTz __iter__() XY v Fh __getitem__() X
Yy REFROEED I FADA VARV ANEENE T,

RAEAREA 7Y 2 27 M& for L—THRRZDMEZL D> —r VR (RE: 22T TOY—Fr Y REiE, ¥—7
Y RTITIR L T2 DF 8N S FER) BRE Y 2 2R (zipO), map(), ...) THIATE $3., KEATHE
7Yz M ERHAAHBEE iter O DL LTET L, ATV MIMNT 24 7L —X%RLET, Z
DA T L —RIEZ—HEOMEZ 5 FETEIMHEH TS, MERIREAREL 7Y =27 P25 B3, iter() %
FEATEDA T L —=RA T 27 e A TRIET 2MBBEEHD XA, for XTI Z DEIEL HEINICIT
W, R EL OERMEER L TL—F2RILTWAA T L — X2 HHLEST, 17L—%2 ., =47
VATV —F BBRLUTLIEZ W,

iterator (A 7L —XR) T—XRDOPNERHTE2A T2/ b TT, A 7L =KD __next__() XY v FZ#ED
RUMERH S (R 723 HAA LR next ) WCET) &, MADOFOERZ—DOFTORLET, 7—FH7R
{725k, b DIZ StopIteration fINZEHLET, ZORRT, A 7LV —XA4 7227 MIRET
BH, ZhLFE __next__ () Z{[EFFATSD StopIteration ZEHLET, 4 7L —XIiEZ, DA T
L—247Y =7 PABRZIES __iter__() XY v FEEELRITNERLBRVDT, 4 7L —&IIftho
iterable 223 21ZL AL DB THHATE XS, BoZ D & LAHIMIBERORKIEZITS X57%a—
FTF, (list D& H7%) ar7+-+ 7 =27 Md, BHZ iterO BBUCA T Y =27 M LD for
N—TNTES 72N, FiBREAOA T L —XZERLET, Z0E2ATL—XTITBS 32k, Hi
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HoDOAFL—a Yy THEABADEILA TL—ZF 727 F2EIGRT 2, ZOarFFD LI
f;ofbibij—o

P2 IBEIE typeiter I2H D 5,

CPython RZEDF#l: CPython does not consistently apply the requirement that an iterator define
__diter__Q).

key function (¥ —BI%Y) *—RBI%L. &5 WVIZRABMBE I, Y — M RIEF O b OfiE %R IO H L AlhE
7Y x 7 b (callable) TF, fflZ 1. locale.strxfrm() ZF - XX, v —AKEFDOY -+ D
HEICDo b oY =+ F—%2IRL %,

Python DZL DY — Vi F—BHEZZ WY BROU S IES 7L — b2 EEL 3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BBEER HIEIIWL 20 H D 3, HlZIE str.lower() XV v RERXF/NIXFEZRXFILIZWY —
FE2ITOF—BBE LTHES 22K E T, HSWE, lambda r: (r[0], r[2]) O XS5 7 lambda
A oF—BBEEZ e TEET, 7. operator EY 2 —/LIX attrgetter(), itemgetter(),
methodcaller() W95 3 DDFXF—Bfa> A+ 77 &2 LTVET, F—BROIMED T EMWTTD
fili% Sorting HOW TO 2ZMRL T X W,

keyword argument E5|H ZZR LTI W,

lambda (7 A4 %) XD A4 > F 4 VBT, B Ehiz 2iCHizhs 1 20 i 28459, 74
XA Z1E S M lambda [parameters]: expression T3,

LBYL [Z23%5%EDM (look before you leap) ) OIETT, ZDaA—7 4 Y7 AXA LTI, FUOHLPHRRE
1T 9 H0S, BIRANCHTRSEM (pre-condition) HEZITWE S, FAFP 770 —F EXMRAYT, if XHi
CEA[FDNZ DDFHENT T,

JAF ALy RMEINLBRETE, LBYL 7 7r—F13 " B27 #fRr 7 RR” BREOHEIREL 5| Zik
CTVRIZRHDET, HlZIE, if key in mapping: return mappinglkey]l ¥\ 5 a— Rk, HED
%, MDAy FHBERKRDENT mapping 25 key ZEHDBRS L RBML £5, ZOMER. vy 275250
EAFP 7 7/a—F %5 Z L TR TZ £,

locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding(False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes

filenames.
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list (YA b)Python DMABAAD =T 22 TF, VAPEWSHATTTA, V7YX PTIEARL, fio
S CE O HLA (array) EFEEDH DT, HEADT 7RI O(1) TT,

list comprehension (VA PAWXE) =7 Y AHOLTH 2 VIE—HOERZWIE L T, 2R Z Y
A MEIRT, AV 7 PRAETT, result = ['{:#04x}' .format(x) for x in range(256) if x
h2==0] 32k, 0H»5 255 FTOMEEE 16 EHEEGL (0x..) LEXFHH»EH225 ) R AR F
T if HildA > a3 2T, if HiBL WA, range(256) DR TOEBRIUH SN E T,

loader EYa—N%0— K334 722 b, load_module() EWILRID XY v REEREL TOWRITIUIR
DEVBA, B—X—13—INT finder 2 HIRENE T, FMllE PEP 302 %. abstract base class 122w
Ti& importlib.abc.Loader S L TL 72X W,

magic method  special method @ £ 723 7-FIFEFET T,

mapping (¥ vy BV 7)) {TEDOF—HEXE VK- L TWT, Mapping »* MutableMapping @ fHHHEK >
TJA THEINIZAY v FEEELTWEaYTFHFA TP 22 b TF, BRI, dict, collections.
defaultdict, collections.OrderedDict, collections.Counter 2 ¥ T3,

meta path finder sys.meta_path ZME L THE SN finder. meta path finder i& path entry finder ¥ Bf&
3H D EIH, HYTE.

meta path finder 23252 XY v FIZDOWTIE importlib.abc.MetaPathFinder # & L T 2
ISR

metaclass (XX S R) 7 5ADY FATY, 77 AERIZ, 7 7R, 7 7ADEEL, HESFZADY X b
PEDET, XX F7RF. 206 3 2%5 e LTRIIMD., 77 AE2BETAVET, IFLAY
DA 7Y =7 MEASEE RIE: XX 77 2AD) 77 4L b OEERLEHL TVE T, Python 2RI 0
WEHARLDAR YT T AR TESRTT, IFLALDLI—F—ICH - T, XAXZ T RIELMBEDRN
BDTT, LaL, ~HOHETIE. XX7 7 RIANTT LAY MeiiEzR#LET. L Z3BEY
rraou W ol ALy Re—=TMWEEMLD, A7V 27 bOAEREEH LD, ¥ ZL
VEFEETZRY. ZLOBETHHAINE T,

FEMIIE metaclasses ZZHR L TL &0,

XYy R (XYY R) Z7IARMROHPTERINZEK, ZDI77ADA VARV ADEME LTHRUHEN
Ba. XYy FBA VAR YRAAT7Y 27 b eH— 518 L LTRIWD £3 (ZOHE—518ILEE self
CIENET), B ¥ RA SN O—T 3L TLIZE W,

method resolution order (XY v FERIEF) FRERPICHIK Y 7 ADRENERZ BRSNS IEHFTT, 2.3 DD
Python 4 > 2 =7V ZHFHAF 2 713V XL DFMIZDWTIE The Python 2.3 Method Resolution
Order ZZIL T E W,

module (€Y 2—/V) Python 22— FOMBKHEN L LT3 AT 27 P TT, €Y 2 —MIFEED Python
FTV 2 VEEUANIERERLE T, Y 2 —MIZ importing DUIRIZ X - T Python IZHAAEN
S
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NYT—2 ZBRLTLIEZZWY,

module spec EY 22— EB—RKFT23DIffb s 4 v R— MEEOHERE L HANZEMTT, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

MRO method resolution order ZBMBL TL FE W,

mutable (I 2—XTN) Ia—XTABATI 2 M, 1d0) RERS L BMEELECEE T, 1S 2—
2T)) BBRLTLES W,

named tuple 7 &HiIffE X FA7 WS HEEX. ZFTSALERERLTWT, 4 Ty 7 AN BRI LB %
FoTD77ERABTEZIEEDRIRY S AGHEINTVET, 2082 5 XIMLOKEED > T W3
ZeddbhEI,

time.localtime() % os.stat() DRV HZZLW D DHAALRIHHFIN E X TS LTT, o)
¥ sys.float_info TY:

>>> sys.float_info[1] # indezed access
1024

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

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

True

(EDFID X 512) WL O DEHIN & X T MFHHAABEN R > TWE T, ZOMITHHHIN E X 7 id,
HEDYZ 7 AEHKRT tuple ZHA L, HEIDT7 4 — L FEERLTERTEE T, 20 L54K7 7 RIEF
BCE WD, collections.namedtuple() 7 7 7 M VB CTIER L7z D T&E £ ¥, HHEDHIEE. FH
TEVIHAFIT Z X TR AIAADARIT & 2 T NMTIIR R X Y v RZBIITEE T,

namespace (FH(Z2MH) BRI SN LT T, AEIEMIEEHEL L TEESINE T, AEfEicE st 7
Pz D (XY RD) ARNFIZE 72072 TRLE, RFAED D, KN D, Z L THAA
HDHDHH Y T, HHIZEHIEARTOFEREZHC ZLICLk o TEY a— WY R— T 5, HIZIXH
$ builtins.open ¥ os.open() BHHIZEMTXAHEINTVWE T, £/l YDEY 2 — DB ZEE
LTWBH0HHRT 2 28Ik o THARTZEBIE TG e RTFEZ SR L $9, #1213, random.seed() X
itertools.islice() &&FEL &, ZRZFNEY 2 —/l random X itertools THERIEINTWVWS I HHH
5 TT,

namespace package (HHIZERI Sy 7 —2) T Rw r—IDar 7+ LTOAREMREIN S PEP 420 TER
Iz package T, HRIZER Sy 7 =D 3WHEIRRAZFEL RV Z e 23 CTE, __init__.py 774V
R0, reqular package 13RI D 3,

module 2SI L TL 72X W,

nested scope (R A FEINTRI—=T ) HMITERZIN TV IEHK ST 2MERET T, HlRIX. 2B IO
B O TERI N TV E5E. NHlOBEEZIMIOBEKFOZHESRHTEET, * A PEhkRra-T
(77 4V b TREBOSREI DN TE, ZRORARTERVOTERL TSV, =R,
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BOAMDR 2 —FTEREHABTE LET, FARIC, 70— UEREES & 7a— ULEGETZER OE %
MAEZLFET, nonlocal THMIDEBUCE ZIAD T T,
new-style class (FIAXANT FR)STIERTDY 7AFTY =27 MELILTW 2T OE WHETT I, LAA]

@ Python D= a YTk iR XA NI T ADAD __slots__ . TAZ VSR, __getattribute__()
VI TRAXYw B, ZLTHMXY v FED Python O LW, ZHELERERFIHCTE % L7,

object (A7 =7 1) KA (BIERMH) LERINARLZEN (XYY F) 2502 TOT—X, $LE 2T
DFHAZAINT ZZA DRBOEE S FADZ &,

package A Python module which can contain submodules or recursively, subpackages. Technically, a package

is a Python module with a __path__ attribute.
reqular package ¥ namespace package ZZIRLUTL ZE W,

parameter ({R51%1) ZRITOFEERT BE (2 AV Y E ) OERICBOTHEENZT 2 Z3|8 2EELET, K
SIS D D 5

o UIBFLEF—T—F: UE THIWE F—T—F3 e LTEIT P TEZ5|8EHELET,
ZRUIT ZIELLTRD foo R bar DX ST, 77 4V DREIFOBEETT:

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

o NEBEHEM: MEBIXE-TOAGALNZGIMEIEELES, MESFHOLIEIX BEERDTIED Y X
FPOHFTEZENLDERAIC / ZEDB I TERTEE T, HIZIETRD posonlyl ¥ posonly2 1ENiE
HRHBIBICKR D £5:

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

o F—U—FRER: ¥F—V-FRZLoTOAEZOLNZ5HERELET, ¥—V— FNEHOF|HEER
TE25AME. FIZIELITD kw_onlyl < kw_only2 O X 512, BABERDWEIEY A McED=A]
EEMBSIBEIEZHD * DETT:

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

o AIERME: (ORFIETECZ SNMEREOMES IS A T) EEOEBOMES A E 2 5
NZZeRIEELET, 2D LI RRFIEE. BLTD args D & 5 ITRGIBEZDOFNC * 2213528 T
ERTEZ T

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

o HAERF—T—F: (fhDORFIETRICZT ONIEREOF -7 — R Z T) EEOEED * —
V—FREIEBPEZONE I EHELET. ZDXIREGIEE. LOHID kwargs D X 5 12K5 ¥t
DHNC ** ZOFBZ I L TERTEE T,
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REBIBUEF 7> a vy e MEDSIHDOELLBIEETE, 7> a D58 T 7+ MEDIEETE
9,

RE1%0 . FAQ @ FEFIE e RFIEDEWZMTTH? . inspect.Parameter 7 7 X, function £ ¥ 2
. PEP 362 22 L T EEw,

path entry path based finder 5 import § % €Y 2 —LE2ET import path £ED 1 DDGFITT,

path entry finder sys.path_hooks {2 % callable (D% D path entry hook) 23R U7z finder TS, G A b
7z path entry W2HBEY 2 —NVERDFEHEEH>TVET,

NRRALY M) =T 74 VRPFEETBE XY v FIZOWTIX importlib.abc.PathEntryFinder # & L
TLEEW,

path entry hook sys.path_hook U R MiZd 3 callable T, $5E X7z path entry ITHBEY 2 —LE BOUF
LHERH > TWBIGEI path entry finder ZiBL E T,

path based finder 77 # L +®D meta path finder @ 1 2%, €Y 22—V D import path ZMREL FT,

path-like object (path-like # 7Y =7 }) 77 A VT RT LRRAERLE T, path-like A 72 =7 ME, 2%
T str A7V bR bytes A7V 2 b, F721% os.PathLike 7R b aVEEEL AT I 27 b
DENPTT, os.PathLike 7B F A ALZHR—-—PLTWVELF TP =7 M os.fspath() ZESHT Z
ET str £721% bytes D7 7 A NI AT LRRIZEWITEE£ 3, os.fsdecode() & os.fsencode() I
ZHEN str H BV bytes IZR2DZRIET 2 DI R £F, PEP 519 THAZIF L7

PEP Python Enhancement Proposal, PEP (&, Python 2 I 2 =7 4 Xt L THEHREZRMT 2. H20iX
Python OHHERER Z DWMIELERIEIC OV TR T 2 REITEHTT, PEP &, FEREIC O W T OB HIh
AR IR E T 2 HRE DIl (FER) 21X Z2RNETT,

PEP 3. #HHSREDIRRIChD 2, a3 2 =7 412 & 3 HEIREDER . Python 1272 X 2 ZEHAWT DL
DD DOHEEMOEHEL 223 2 2EKLTWES, PEP OEFEEZEICIZ2I 2 =7 1 NOBEER LT
52k, RMEBERZNENTZ2ZLDEBHBEDD 5,

PEP 1 2L TL 72X W,

portion PEP 420 TEZR I T\ 5, namespace package BT 5, BED 7 7 A D (zip 7 7 4 MTHEN
TNTVWEHEDDHZ) 1 2DT 4 L7 MV ITHNE DD,

&5 |8 (positional argument) 5|8 2B L T2 &0,

provisional APl (& API) {5485 4 75V &7 HARMRALD HEHERNICPRAN SN DT, ZD X574 A
VR—=T 2= ANDORKERLEH L, WETHZ L INTOIEEMHFINTOERAN, a7HEHICL-
TRE L AR IR, BRAEEIBEE (VX2 —7 2 —ADHIRETEEN D) PMTONIET, 20D
EOBREBILRAITONEDDTIEDH D ERA - ZHUd API 2HAATLENCITRE L S TWiE
KIGRMDPBEE L Z2IZDATOIE T,
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E APLIZOWTH, BITEMEDBZWEHIX TREFER LARINTWET, BERHAL 58
THRIT ALK E R T RETT,

Zo7at2zkh, BES A TISVIMEr R T VIRV TAD SN Z L, R
PREZTELLEFRTONE T, 3l PEP 411 2B LT X W,

provisional package provisional APl #ZR LT EX W,

Python 3000 Python 3.x YU —R54 D=y 73 —ALT7F, (Python 3 AEWIFFRDFE - IEHIES Nz

SUTF, ) "Py3k” ERENZ LB D ET,

Pythonic MO FFET—RNARE X HTErNza— R Tk {. Python ORI A T 4 F 212 - 72%

2R a— KR, BlziE. Python O— %4 7 4 F L Tld for XEMH->TAT I ITNDITNTOEH
WKE->TL—FLET, tDZ < DFFEICEZOMAMEAIZRND T, Python IR THWARWAIZFRD DI
BHED AT > 2 =% F50d L EEA:

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

ZAUTH L. Ehwik Pythonic &K

for piece in food:

print(piece)

qualified name (Bffi%) €Y 2 -1 DB =NV RA=THh 5, ZOEI 12—V TERINLT T A, BB X

YV FEAD, 7 RR” BRT Ry MEEIL TS, PEP 3155 TEHRINTWVWET, by FLLDREER
79 ATIE, BfiEA 727 bOZRIEFELTT:

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

pass

>>> C.__qualname__

VC'

>>> C.D.__qualname__
'C.D'

>>> C.D.meth.__qualname__
'C.D.meth'

EYV 2 —AADOBRTHDLNS &, RREMB (fully qualified name) X T XTORRY =V EL 2K
DKy +EFREL, HlZiF email .mime.text ZEMKL £

>>> import email.mime.text
>>> email .mime.text. name _

'email.mime.text'
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reference count (BRA TV b)) 24TV 27 MINTEBRO, BRAVV EB 0BT E ZDA
TV MIWEINE T, BRI Y Y MOEFIE Python ® 2 — F EQEHNERAD, CPython FE
DEERBERTT, sys BV a—Z, 7l o5~—nEEDOA 7227 bOBRBAY Y 227250
getrefcount () PAEZIRALL TV T,

regular package ZfAI7R. __init__.py 77 A VEBLT 4 L7 MU & LTD package,

namespace package FZBLTL X0,

_slots__ ZS5ANTOEET, A YAZVABHOEEEZH O UDERL TBE, 1 VAKXV AFEZHR
THIET, AEVEHNLET, 2RI fFbhs77=v 7 TIP, ELLFESXEPLMY v F—
BRDT, filsr —A, BIZIEX BV DHERBE L 827 TV r—2a Y TA VARV ADPKEIHIET 5.
Vol BRRE, HDLRVDHBIRZ MTT,

sequence (=7 Y R) BRA VT R K DMBINRERT 7 A% __getitem__() A Y v FZEUL T
PR=—FL. BEEIRT __len__() XV v REEFELT: iterable TT, MAAAS —F > ZINZIX, 1ist,
str, tuple, bytes REDH D FF, dict & __getitem__ () & __len__() dHR—-PLEITH. KK
DB TR EED immutable R¥ =25 720, =57 Y XTE R vy Y7 (mapping) &
AIRENTVDDOTHERL TSN,

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

b -

__reversed__(). Types that implement this expanded interface can be registered explicitly using

register().

set comprehension A compact way to process all or part of the elements in an iterable and return a set
with the results. results = {c for c in 'abracadabra' if c not in 'abc'} generates the set

of strings {'r', 'd'}. See comprehensions.
single dispatch  generic function D—FTHEEITZ—DODFIBDOIENC X HBEIREINF T,

slice (RF9A4R) =R =T V2 O—FEELATI 27 be AT RE BFRL [1 THEZOLNEROD
BoMicaary2HEL e TESNET, B2, variable_name[1:3:5] T3, AFEIMN (HFF) LBk
slice 7Y =2 FEWNETHHL TWE T,

special method (R X ¥V v V) & 2 RUTKEDRIE. B Z3MNEZ § 572912 Python » HHEEICHF U Eh
2RV y R, ZOFEHDOXY v i, XYy FHEORHLRRICT VX =227 2 DDV TVWET, F
BREA Y v RIZDWTIE specialnames TR Z N TWVWE T,

statement () XWEAA —F (Z—=FD” 70y 77) CAAIRZERTT, X X 2F—v—FroliIh
2H5DDEELMNTT, HBHFICIX if, while, for H D T,

strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the
code holding the reference. The strong reference is taken by calling Py_INCREF() when the reference
is created and released with Py_DECREF () when the reference is deleted.
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The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the strong

reference, to avoid leaking one reference.

See also borrowed reference.

text encoding A string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To

store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as ”encoding”, and recreating the string from

the sequence of bytes is known as ”decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text

encodings”.

text file (TXAMT7AN) st ATV 27 M EHAFETES file object TS, LIFLIE 7FR V774

VIEFEBCAAL MEFOT— XA MY —LHIZ7 72 AL, THFAMIYIA—FT 1 7 ZHABMITVE
T TFARMT7 74 LVDHIZ, sys.stdin, sys.stdout, io.Stringl0 4 Y RAX VAR E R TFA M E—
F('r'or 'w') THWEZ 74 LTT,

bytes-like 7T T b BHAEETELZ 77 ANF T2 7 MZOWTE, N1 FUT 71 SEBL
TLEE W,

triple-quoted string (ZHE 77 4 — FXFH)) 3 0D L2 4 — bELE (") 7R w7 4 — () THELL

type

XFF, BED (—E) 74— NXFINHEANTRETE 2 XFINENNIDH D FHAD, BO0OEHTH
T3, 100200l +— bEEZ Ay —HLICEL e TE T L. THbCT (\) %
b THEBITICEDRE N TEZDT, FFa Xy i— g YT EE L RICRHIERN TS,

() Python #7222 bOREA T 27 b BREDISIRDDPERDET, HOWEHATT = r MIE
EROoTVWET, A7Y27 bOBNX __class__  BMT7 7 A LU0, type(obj) THUF L7z h HK
%9,

type alias (Bx 4 V7 R) BMoFI#AT, BN FIRALUTERL £3,

M4y 7R3 Ber b 2HMLT 2DICHHTY, flZI:

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

CHEBRDESITEDFHAR TS TEET:

Color = tuplelint, int, int]

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

pass
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HEEDFADI H % typing £ PEP 484 S L T2\,
type hint (Bl > b)) B 7 7 R, BED 5 X =2 PR DEOIRFEIN ST RIEE T 5 annotation T,

e > MIWATIZE K Python TIXEHITIEH D FEAD, BV TY —1ict > THRATH D, IDE
DaA—FHTEL ) 777X ) Y TOFHFITRED £,

Ja—NVER 77 REH, BT, - EETRVWHDDAL v M typing.get_type_hints()
THRTEET,

FEEEDFIHD D % typing ¥ PEP 484 2SR L T X\,

universal newlines 77X A N A+ VU — 2 DERIED—DT, UFDIRTEITREFEML £ 3 Unix DITRIE
"\n'. Windows OE '\r\n'. &\ Macintosh OFRE '\r', FHEIZOVWTEEL LI, PEP 278 ¥
PEP 3116 , X5IZ bytes.splitlines() SR L T X\,

variable annotation (Z¥(7 /7 —> a2 >) ZHH20IE7 7 REED annotation o

ZRD B NE 7 7 ZABMICERZ T 72 & 21k, KA IMEETT:

class C:

field: 'annotation'

77 T7—ayid@EEEEY L OoFdifbnEd: FlZIE, ZOZEEX int OfEZES Z & 2 H
FIhTnExd:

count: int = 0

BT )T — a YOI OWTIE annassign fi TR L TWE T,

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see

annotations-howto for best practices on working with annotations.

virtual environment  ({RABERER) tHARAANCY) D BES N RATERE T Y, ZAUC X D Python 2—H# e 7 7Y 7 —
Y aVIFFAUYRAT A BTN TWA D Python 7 7V 7 — 3 Y OZEFNCTFHT % 2 272 { Python
Ry T —=IDA VA= VEEHFETIZENTEET,

venv ZZIR L TL ZX W,

virtual machine (A=) ZRIY 7 by =7k DERS N3 Y ¥ a—%, Python DR~ E A
Ara=Fay LI IHBUN L N FO—F ZETLET,

Zen of Python (Python ®1&D) Python ZHE LAMHT 2 L ToOEZ L5, Python OEHEAI EH¥ %2V
ZAMZLdDTT, XahE7r> 7 FT "import this” ¥ 2L ZDVY R MEFHDFT,
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CORFaAXYHMIDOWVWT

ZORFa2XY A, Python O FFa Xy b2EFELZENE LTELNT FXaxy b7 atyH D Sphinx
ZHRIFA LT, reStructuredText FERD Y — 2 H4EMINFE L=,

FFaxXybrZzoy— 1oL, Python BH EFIRICEEICR T VT 4 7OENTT, b LHRIVEEK
L7zwWis, YOX5TREXI VIO WT reporting-bugs R—=S 2 ZETE WV, HILWRT VT 4 7idWo
THEHNTI! GRiF: HARREROMEIZOWTIE, GitHub E® Issue Tracker THEZBBEWL £3,)

EFNAYT L

e Fred L. Drake, Jr., AU I F L@ Python FFaX > by =ty FOIERET. R¥aXrbrD0Ei%
HEF L

o the Docutils project for creating reStructuredText and the Docutils suite;

e Fredrik Lundh @ Alternative Python Reference 1Y =2 b & Sphinx X2 D74 77 %18 %
L7z

B.1 Python R¥ a2 X2 BikE

%< DFj & Python 38, Python #5475V, ZL T Python F¥aXy7—>a ITHEHLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBML TS AL EHAHCTEDDETHIR N Ty 7L
THH %7,

Python a3 2= 4 25 DEHIBM L B R FTEZDOEBL LW FFa Xy F—ya YiddETFNFELATL
o - DAL D!
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C.1 Python DFESE
Python & 1990 FFR DD, F 5 ¥ XiZH 5 Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC L MHIN 2 SFEO®RMSEL L TEARINE L, Z0HRELD
A% 7D Python IZEHBAL TWE T2, Guido X5 HTH Python BEE DI > TVET,

1995 4, Guido 3 KEY 7 =Y =7 ML R b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

2000 £ 3 H. Guido ¥ Python ® 2 7B F — 413 BeOpen.com (2 D . BeOpen PythonLabs 5 — 4 ##EA L
¥ L7z, [A4E 10 A, PythonLabs 9 — 4% Digital Creations (Bif£®D Zope Corporation, https://www.zope.org/
ZH) 1D £ L7z, £ LT 2001 £, Python (ZBEF 2 MM EZRE T % 7= D DIEE A Python Software
Foundation (PSF. https://www.python.org/psf/ Z8) #iLb LIFE L7, ZDr F Zope Corporation i
PSF oBRBICRD $ L7

Python DV VY —REIR2TAH =TV Y =R (=72 YV —RDEFEKIZ https://opensource.org/ #BIRLTLIZE
W) TF, BHRIICAT, T —#FERIZEA YD Python VY —X1% GPL BUCKR>TWET; £V IV —X
KOWTE FRICEEDTHD £5,
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JYy—2 | R—=2 FEF R GPL Hi:
0.9.0-1.2 | n/a 1991-1995 | CWI yes
1.3-152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DIR% 2.1.1 2001-3fE | PSF yes

AR: TGPL By w5 ERBUX, Python 25 GPL TEAMHINTVWE WIS EKTIEH D ¥ A, Python D7
ALY RFET, GPL WV, ZELAANA—Va Yy Z2EMTBICERT 2 -T2 Y =R LR THDLEVE
YA, GPL HfiDZ7 A2 ZADTTIE, GPL TV VY —REXNTWAMHOY 7+ =7 ¥ Python ZHAGHYE
LRETH, ZNLHNDIT A ATIXZESTEDD FXE A,

Guido DFERD T, ZNHDV YV —RZAREICL T EE 0%ZL DRI VT 4 TDHRI ATEH L ET,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSFE License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under

the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code falling
under that license. See Licenses and Acknowledgements for Incorporated Software for an incomplete list of

these licenses.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.18 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 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 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 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, 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.

C.2. Terms and conditions for accessing or otherwise using Python
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8. By copying, installing or otherwise using Python 3.10.18, Licensee agrees

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

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

form and its associated documentation ("the Software").

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

Software, alone or in any derivative version prepared by Licensee.

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

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

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
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.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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 THEREOF.

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
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 provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python

1.6.1 that incorporate non-separable material that was previously distributed

(RDR=I12Hi <)
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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 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 DOC-
UMENTATION

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

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,

(Ko<= 1ZHi)
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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 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/

~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

(RDR=212#i<)
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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)

C32 VYT7vyhk

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

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

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l 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. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.3 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l 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 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES

KDR=12%E <)
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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 Execution tracing

The trace module contains the following notice:

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 0'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 and UUdecode functions

The uu module contains the following notice:

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

A1l 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 Remote Procedure Calls

The xmlrpc.client module contains the following notice:

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 conditioms:

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

KDR=12%E <)
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Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

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

C.3.8 test_epoll

test_epoll EY 2 —LIIRDEHEZEZEATVET:

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.
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C.3.9 Select kqueue

select EY 2 — X kqueue f Y X — 7 £ — AZOWTDORDEHEEATHE T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<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>

(KDR=12% <)
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Original location:
https://github.com/majek/csiphash/

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

C.3.11 strtod & dtoa

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

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

*

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.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN 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.

¥ OO X X K X X X X X X X X ¥ *

ok ok K K o oK oK K K ok ok K K ok ok oK K ok ok oK K 3 ok ok ok 3 3 ok oK oK 3 oK ok ok 3 K K ok ok K K ok ok kK ok ok ko Kok ok kR ok /

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy
of the OpenSSL libraries, so we include a copy of the OpenSSL license here:
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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:

. 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.

. 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/)"

. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to

endorse or promote products derived from this software without
prior written permission. For written permission, please contact

openssl-core@openssl.org.

. 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.

. Redistributions of any form whatsoever must retain the following

acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT ~“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

(Ko<= 1ZHi)
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* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
* PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR

* ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

* SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

* NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

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

* HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
* STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

* ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
* OF THE POSSIBILITY OF SUCH DAMAGE.

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

* Hudson (tjh@cryptsoft.com).

*/

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

* All rights reserved.

* This package is an SSL implementation written
* by Eric Young (eay@cryptsoft.com).

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

* This library is free for commercial and non-commercial use as long as

* the following conditions are aheared to. The following conditions

* apply to all code found in this distribution, be it the RC4, RSA,

* lhash, DES, etc., code; not just the SSL code. The SSL documentation

* included with this distribution is covered by the same copyright terms

* except that the holder is Tim Hudson (tjh@cryptsoft.com).

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

* the code are not to be removed.

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

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

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

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

* 1. Redistributions of source code must retain the copyright

* notice, this list of conditions and the following disclaimer.

(Ko<= 1ZHi)
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* 2. Redistributions in binary form must reproduce the above copyright
* notice, this list of conditions and the following disclaimer in the
* documentation and/or other materials provided with the distribution.

* 3. All advertising materials mentioning features or use of this software

* must display the following acknowledgement:

* "This product includes cryptographic software written by

* Eric Young (eay@cryptsoft.com)"

* The word 'cryptographic' can be left out if the rouines from the library
* being used are not cryptographic related :-).

* 4. If you include any Windows specific code (or a derivative thereof) from
* the apps directory (application code) you must include an acknowledgement:

* "This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

* THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ~“AS IS'' AND

* ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
* ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

* FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
* DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

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

* SUCH DAMAGE.

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

* [including the GNU Public Licence.]

*/

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

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

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

permit persons to whom the Software is furnished to do so, subject to

KDR=12%E <)

C.3. Licenses and Acknowledgements for Incorporated Software 127




Extending and Embedding Python, 'J!J—X 3.10.18

HIDR— % 5D E)

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi:

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. 1IN 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,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the system

is too old to be used for the build:

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 restrictionms:

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

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

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

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

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc TEHL TWE Ny ¥ 25— 7L DFEEIF,
cfuhash 72 =227 bOBDICEDS X

Copyright (c) 2005 Don Owens
A1l 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

(Ko<= 1ZHi)
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copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

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

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec:

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

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

KDR=12%E <)
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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
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

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

are met:

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

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

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

specific prior written permission.

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

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/
sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users

may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsys-

tems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-
WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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COPYRIGHT

Python and this documentation is:

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

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.

Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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