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ZORF2XYMTE Python £ Y X7V REHIRT2HLVWEY 2 — 1% T C £21F C++ TEL FiEL
R L TVWET, ZOXIRET 2= A TR LVWEBZERT 2720 TIERL. HILWES, ZoXYy b2
ERTDIENTEET, FFaXy bTRERMO7 7Y 7 — 2 > T Python 2IESiEE L THAST 272912,
Python 4 ¥ XYV X% 7 7V r— a NITHEDADHEZOWTHEHLET, KR, TROIRL—T 4 >~
7Y AT WD (FATH) B— FEFR— P LTOWRE, BREY 2 —APENICS A4 75V icu—FEh5 &
ST, BV a—A%aAV ALY VI T BFIRICOVWTHI L £5

ZDFRFaRXYMTlE, F&EE Python ICOWTHBNARHAFREZRLEEHLETVEDERELTVWET, FEX
X572 Python SFBD AN, tutorial-index ZFA T 72& W, reference-index Z#i®H1E, Python FFEIZ
DWT LD EANLREREZEONE T, Tz, library-index TlE, Python \ZJAVWVEMAEEZ 726 L TWAEE
oA 7y =2 MU B BLXUY (HAAA. BLU Python TEPNLZDDDOWAD) €Y 2 —MZDWTHR
FLTVET,

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







ONE

EITITHOH—RKN—FT1 Y=

ZDHA EBHIN—FTZDIE. TDN— 3 >D CPython D—# e LTIRMEEELTWS, IERE(ERT 270D
HARW LY — L2 TF, Cython, cffi, SWIG, Numba D X 578 — K 8—F 4 &Y —)Li, Python ® C B X
O CH+ HERZEK T 27200, KO EEr D X DS AFEZREL £9,

BE:

Python Packaging User Guide: Binary Extensions Python Packaging User Guide (&34 7~V JE5R DAE LA E B
WIRBMERZY — N hN=LTWBRT TR, ETHDICREINRES 2 -V 2E2 Z e EE LW
DOREA ROV THM L TOE T,


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




TWO

H—RN—FT0Y—I B LTHRZES

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

2.1 C X C++ IC& 3 Python DL

C7ur77r0FEZHEZH>TWA7% 5, Python IZH7ZRMHAAAEY 2 =L ZBMT 2DEEZHLDTHET
T ZOHFREY 2 -, fEBREY 22— (extension module) Z{E>S ¥, Python REETA RN _DDZ ¥:
MLWHAAAA 7Y =227 PORE, ZLTE2TD C 7477 VHBES AT 23— LT 2O L, 23T
X5X51TRkDET,

JEREY 2 — V%Y K- +F 5725, Python API (Application Programmer’s Interface) TIx—H DB, ~
7B LOERERELTWT, Python VXA LA AT LDIFL ALY DHIEAD 7 7 ZAFEERHEL TV E
7, Python APT &, ~v & "Python.h" ZA > 27)L—FLT C Y —RIZHWHIAHLZET,

IRES 2 — 1D a4 IIVFEEZ, TP 2a—VOHBRPI AT LADREFIFEIKFL 5, iEMIBROETHA
LE,

AR: CHIRDA ¥ &X—7 24 RF CPython ICEBEDDDTH D, ZHUT K BILREY 2 —FiEH D Python
FETIIMELERA, ZLOHA, CIEEEL 2 2T TED D Python EHED DI Z MRS 2
ZEWEFA[EET T, e ZR, BDREDLEVWZIEN C F4 77 VDB AT a—V2RUHT & THS
G, ctypes 503 cfi 74 77V DHHAEZMRETANETT, THHDEY2—NMF Ca—Re AV Z—T =
A AL, CHEREZENTa Y A LT 2 DITEHRT Python M D X b @ WBHEEL b 72 Python 2— K%
ErETINET,



https://cffi.readthedocs.io/
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2.1.1 HELA

spam (Monty Python 7 7 D4 TIR) L WIHDIIREY 2 — AV ZERT B2 8CL T, C 7477V
B system() 132 Python 4 ¥ X—7 =4 AZEH L2V E LET, 1 ZORKIE null THRIHINZZF v
XA REIBICE D, BEERLET, ZOBKEMUTOLS5I12L T Python 25 NHE2 X5 L7
WELET,

>>> import spam

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

%713 spammodule.c ZERT 2L ZTADHMEDE T, (BHte LT, spam L WO HHTDEY 2 — L Z2AEKT 2
BE. BV 2 NVOERENA-72 C 77 A V% spammodule.c EMERZ L IZH > TWVET; spammify D K 51
RIE2EY 2 - VHADHEITE. B spammify.c X TEXT, )

ZDT 7 ANDEPD 2T TFDOISICLET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

ZAUC. Python APl #BD3ARET (REA S, £V 2— LOMRICHT 330, EEERTEZBML ET).

AMR: Python 13, AT AL o TRIEHEAY FOERIIHEE T2 L5277 aby B ERBREIT-o-TVWED
T, Python.h ZWVWFhDIFEHEN Y XX D BHIICA ¥ 71— F BRITHED FEA

Python.h %4 > Z7/)L— K ¥ BH[IC, HIC PY_SSIZE_T_CLEAN %/EHKT 2 Z e BRI NE T, 2O~/ v
BUZOVTIX R ED 2 —ILEBTONS X ZER 2SR L T X0,

Python.h TERINTWV L LI—FhSHAHD > ¥ FUE, RTHEEE Py £7213 PY BMPTnE 3, 7271,
BHEAN Y X7 7 A VANDERIIFRZ T, fliHOLDH L, Python ATREICMHES 22222 e WnsHilin s,
"Python.h" iFW < D DIFEHEAN v X7 7 £ )L: <stdio.h> . <string.h> . <errno.h> . B XU <stdlib.h>
BEAYINL—=FRLTVET, BEDANY X T 7 A AP AT 4 LIk T, "Python.h" 2B malloc()
free() BLUY realloc() ZEHEERL X7,

RIZT7 7 A BT 2 WA, Python 3 spam.system(string) ZiHMii3 2RI ENE Z 223 C
BT S (OB REINCED XS5 I TIE, BRTI D2 D £7):

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

const char *command;

IKDR=12%e <)

1 ZOEBADA VR 72— R TTIHEHREET 2 — L os WHD ET — ZOBBEEAZLDIZ, BMTEBENLZAZRLEZVES
<%

6 B2E Y—FN—To VIR LTHkRZES
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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 o5V 2+ (flziX, BH—dRK "1s -1") 225 C BEBICEITSIRICZOFEEML TV E
T, C BRUIEIC o058 His ., HHEIIC self BLUY args EFHENF T,

self BIBUTIE. EY 2 — VL RNALOBEBTHIUTES 2— A, XV v RIZIEF TSI 27 b VAR Y AHEX
nEI,

args 5180E. BIBIDA 57 Python R INFTI 27 bADERAL VRIZKRDET, XTSVHNOFKERIE, HOH
LOBDOFIEY A MBI 285185 L E T, 5180& Python A 72 =2 b TF - C BBTHIEUE - T
PEITIIINE, A7V =27 2o C DEIE#HERIEIR D £2 A, Python API OR% PyArg_ParseTuple()
FEIOTEF = v 7 L, C DIHIZEEL ¥ 3, PyArg_ParseTuple() &7 ¥ 7L — b XFF M- T, 5184
TV VoMY ZEhnl iz AN C ZBOMEHRIL T, T DOWTIIERTHLIHHLET,

PyArg_ParseTuple() &, £ TOLFIHMBIELWHEZR o TWT, 7 FLRAEL SN ERICKT I HERZRIF
L7z Z2IWCH (JEEnr) ZBL %9, COMBUINERTIBY XA M 2ET el () 2IRLET, BREOLE. B
BUREY) 72 B 2 kT 20T, MCH LENE (Flicd 2 X 512) TSI NULL 2R T LI LT X0,

2.1.2 |RE/NGE: T5—cHN

Python 4 & 7Y X &fkZ@ LT, —DOHEEZWMHRDLBH D 9 Zhud, BB KKL 72855, H
NREE LY LT, =7 —%RTH GEFIX NULL B4 V&) ZIRIQAFRLZV, 2WS 22 TT, flshd4
YR TV ZNOEIIL 0 = NVERBIRIFESNE T, ZOMED NULL 058, fPHIMbEE ThRnZ gk
DET, H_Orm— VZERIE, HIFtD 7 (HEfE (associated value)” (raise XD 5I¥) BAD £3, 5
=ZOfEiiE. =7 —OFERD Python 2 — FWNE 5 GEICAX Y 7 b L—RA Ny 7 (stack traceback) 25A D
E3, TNHD=D2DEHII sys.exc_info() @ Python TOHKiR r Fffi’zx C DL TT (Python 74 75
VY77 LY AD sys Y a— VIZHETEHIZSBL T I, ) T7 =YD X5 ICZITEIN S0 % IR
T2, INHDEBICOVT I A TEL ZeEHEETT,

Python API T, HAREDEINELY b TE2DDBBEEVWOPERLTVET,

botdXHWHMNZDIE PyErr_SetString() T3, 5IIAHINA T =2 + & C XFHITT, HlsA T
¥z 7 MIEH. PyExc_ZeroDivisionError O X5 RWERFADA 7S =2 FTF, C FINEL 7 —DJFH
ZR L. Python XFHA 7Y = 7 PIZEILTHSNO ” MEE” TREFESNE T,

b5 —OFHKREE Y LT PyErr_SetFromErrno() 23% h ¥, ZORBUI5IBUCHISN TR e D, (TEHEIEZS
0 — NV errno D HHEL FT, o & S INHNZREISIZ PyErr_SetObject () T. Z20DF 7Y =7 b,

2.1. C % C++ IC& 3 Python DR 7
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sk e (FEEZSEC D E T, ZASBEICIET A 7Y =7 M Py_INCREF() Z5BEEH D FHA

sk DIE » P ENT VB E S 2, PyErr_Occurred() #ffio TIFHEMNICTARONE T, ZOBBIIHAED
BN A T 27 b RIBLET, FIADFREEL TVWRWEEIZIE NULL 2R L 3, @FE. BARORY E»H =
T —DHEELZ2EHHITE 213372 D T, PyErr_Occurred() 2MUHTHEIED D FHA,

BI%C g ZIFONHS f 23, BIEOEBROFOH LICKKLEZ L 2T 2 L, f BRET 7 —fE (K#€1E NULL %
-1) ZRERERD A, L L, PyErr_x() BB OVWTA2 2O THER D FEA — BERS, ¢
BFTIERHL TV 25 TE, 0T f 20 LEa— P25 —%2R3EE BS5EFUHLAEI—R I
B2 iz 29, FRRIC PyErr_x(O) 13 MUHLFELRA - UTABCHEZET — 25— DORIFAELVE
PIE, RANCT T — 2 LB T CICiE L TW 305 T3, 5 —2 Python 4 Y X 7Y XD XA ¥ L—
FWEET 3 2. HEFETHD Python 2 — FiZ—KHEIL L., Python 7r 77 <28 E LIS NY K I 2EHRL
Mz LET,

(B 2—» PyErr_*() BIZ b 5 I LT, X0FMRZI —X vt —Y 2RI 2 X5 RKALDH
DET, SOXIBKRNTIEZS TRETT, BV A, —fRAVLHAIE UTE PyErr_x () Zf[E DO
Fidad, 23T —DFEKICETAIEMELIMERICEZDZETT: 2L D, 122 A Y OBIEIHA
B B RKT 2505 LLEHRA)

DB L TOREORBUT X o Tl v b INpI4b 2 13 51213, PyErr_Clear() ZM-UFHI L CTHilsH
REEZARINCHEL RS TERD ERA, 27 —%2 A4 V2TV ZFE L 72 %<, BHEIT ([ thofE¥(x21T-
720, MR SR oD EIICHENIT S L57%) =7 —IHEFERIIT S HEICD A, PyErr_Clear ()
EOHT X5 ICTRETT,

malloc() DOMFUHLARIMUE, HIZHIFMC L2 TR D $HA - malloc() (F71& realloc()) ZEKEMN
HLTWw3 a— FiX, PyErr_NoMemory() ZFFUHI LT, K ZRITEEZRIRERDEVA, ATV %
AT 22 TOBE (121X Pylong_FromLong()) & PyErr_NoMemory() OMEUH L EZFEERTLE S DT,
Z OMAIDBERT 2 DIXEH malloc() ZFFUOHTa— FEZITY,

¥ /. PyArg_ParseTuple() &\ EHELRFINZERNT, BHOIKE 2 — F2RTEKIZ/Z-VTW, Unix DR
TLa—LeRU L, MEPEN LRI e 22X EOERR L. RRLEZGEIIE -1 2 RLET,

BRI, T —EREZRIBRC (27— RETI2ETRBIRAERLTLE>ZA TV 27 Pzl T
Py_XDECREF () % Py_DECREF() ZM-UH L T) ZANEEFEELIToTLZEW!

EORHINEIRT D DFERIE, T—FIZTEEIIWIERSNE T, PyExc_ZeroDivisionError @ X 512, 2T
HIABD Python FIFMZIIMIET 2EEEAD C A7 =7 bAHD, BEMATEES, dbAA. flHtoiE
FRIZBELITORERDERA — 77 A VDHIT R 2722 & 2R T DI PyExc_TypeError Z -7z DI L7k
WTLZEW (ZOHEIEBE S PyExc_I0Error DFICTNETL k9 ), 5V X MCHEDH 2551213,
PyArg_ParseTuple() 72\ T\ PyExc_TypeError ZiEH L 3, 5IDEIFEDHAZEZ TWD, £
DD T2 TR ESEM 2T X7 - 72855121, PyExc_ValueError 25#YI TS,

ED a2 LEEOH AN ERTEET T, ERTHIE. BEIET 7 A VOSHEIICEN A T =7 VE
BOEEEITVWETS:

8 B2E Y—FN—To VIR LTHkRZES
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static PyObject *SpamError;

ZLT, EY 2—VOWHHLEE (PyInit_spam()) O T, HIS ATV =7 v 2o THIELL 5

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 XAV TOHIHNA TP =27 b DHAETIE spam.error IZR 2 Z 2 IKHFEEL TL 72X W,
PyErr_NewException() BI%{i%. bltin-exceptions TR 54TV % Exception 7 7 AL HJK T 7 R ITHD
Btk 7 5 ZBIERT E %5 (NULL Ofb b icfio 7 7 22 L 723551351 TT),

SpamError ZRUZ. 7 IER S NIBIN T 5 ZANDBREHEFFT 2 Z L ICH TR L TLEZ WV, ZHUIE NI
AT DO — RPN F T 27 b RED 2 —ADLRETE S0, TY 2 — o SHiIlER L 72
No 5 ADRZTL 72D, SpamError 3.3 56 T2 D KA » & (dangling pointer) 12725 TLEDRVEIICT S
=iz, 77 RN TBBREE L TE»ERD FHA, b L SpamError BXR5 T D KA »XiZkkoTL
F58. Ca—FafiAzEH L LS e Lt Bicar Xy FRERLRVEERZG SR T 2D D £9,

ZoBNcH B, B DR D BRI PyMODINIT_FUNC %f# 5 KIS OWTIRETHEML T,

PyErr_SetString() ZXD XD WKMUH T &, LREY 2 — L THIH spam.error ZEH T2 TEET:

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

const char *command;

int sts;

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

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts);
}
213 BIICR3

FIEEOBBOBNCRES &, SEEIUTOFERTEHMETEZ 2139 TF:

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

Z DEATXIE. PyArg_ParseTuple() 3ty FF2HMC ko T, IV R MM LD T —HE T &
W NULL (A 7222 bANDRA Y Z2RTZA TOREBUICBT 27 —1RH) 2 BLET, =7 —-TRiTNh
. 5l LTES XX FIEIR T — A VB ER command ICa¥—3NTWET, ZOREFIRS VZRATH
D, KA VEZPEL TV B XFANH L TEENTONZ LIFBEINTVWERA (o T, 1FHE C Tldk. B8
command & const char* command ¥ U CHEUNZERETILZD EEA),

RDITIE. PyArg_ParseTuple () TF7=3F4% T L T Unix B system() ZM-UCH L TWET:

sts = system(command) ;

spam.system() & sts % Python 7Y =2 & L TREIRIIALD FH¥A, ZHUid, PyLong_FromLong() %
VN,

return PyLong_FromLong(sts) ;

LA TIE, Py_BuildValue() 3R A 7Y =7 b 2IRLE T, (£5. B TT S, Python iZBWVWTIEk —
TEOF T 27 MaDTE!)

Al & A 73l %2 R E 72 WBIEL (void ZiRFBIRK) 1IChG 3 2 Python OBSEII None 2R AX7% D ¥ A, M
BT None ZIRE #2121, UTo X5 2EHAAZEWE T (Z OEMA)IE Py_RETURN_NONE ~ 27 BIZHEE XN
TVEY):

Py_INCREF (Py_None) ;

return Py_None;

Py_None 3597 Pyhton 7Y =2 b T®H % None IMIET % C TOHMTT, TNETRTELISIIFL
AYDAYTHFAMT " T7=" ZEKT 2 NULL KA > & LIiFE WV, None I#liFt7 Python A4 7Y =7 +
T3,

10 B2EY—FN—FTa V=G LTHLEZES
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214 E2a2—IDXYy FT—TIL e HIHALREEK

XC. ANCHIR L2 X 512, spam_system() % Python 70277 A5 ¥ 50> TMUH T2 IO SRLE
T E3UE. BB T FL X% " XY v F7—7)0 (method table)” IZF|2E 5 2 HEHNH D £3:

static PyMethodDef SpamMethods[] = {

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

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

VAR MERO=DHDIT Y VY (METH_VARARGS) IZIFE L TLZE WV, 2O F VI, C BIAHME S PO LR
WEAVRT) RIBZDZ72DDT7 5 7 TF, 8% 2 OfEIX METH_VARARGS %» METH_VARARGS | METH_KEYWORDS
DIFTTT; 0 1XIHKXD PyArg_ParseTuple ) OZE{LE b3 Z e ZEKL £3,

METH_VARARGS 7213 2 5354, C BBUZ. Python LNV TDF5[#A PyArg_ParseTuple() 23ZHTE 2327
NOERTHEINZ DD LHELRITIIUIRD 2R A; ZOBBICOVWTOFMIZ T THMEL £3,

BEICF — T — FolEDEINE 2 ICRoTWVWEDR S, =7 1+ —/LFIT METH_KEYWORDS £’y + &2t v T
xF3, ZOHA, CBEBIIE=58UC PyObject * 2ZHE T2 L5 HRERD FHA, ZOFTI =7 M,
F—U— FoOBECED 3, 25 LK TIEZMEINT %1213, PyArg_ParseTupleAndKeywords() %
o TLEE W,

AV y BT =T NEEY 2 - VERDHERP OSHENTWRITNEZD 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 ORI, £ 2 — L OWHLBEIRNTA > 27V 2SR D $¥A. WIHILBEREEY 2 —
NDHHT% name & L7zt ZFiZ Pylnit_name() & WO HLHATTRIFIIR ST, EF 2 -7 7 A VNTERS
NTVW2HDOD5 5, ME—0DIE static BRERTRITNUIRD FHA:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spammodule) ;
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5. FEDY > 7 EF (linkage declaration) 2E#ET 5 Z . X HIC C++ DHEAEICIIBIE extern "C" ITH
EY5ILIERLTLIEE W,

Python v 23 AD3¥]® T spam € 2 — /L% import 3% & ZiZ, PyInit_spam() DMHINE T, (MULTIZ
»H% Python NOHDABLIZEHT2aX Y P 2BRLTKIEEN, ) ZI0HET2—AAF TV 27 P2IBET
PyModule_Create() 2SFFIZAL, £ 2 —LEFRICDH 5T — 7/ (PyMethodDef HHEIRDALH) 1B WNTHI7z1C
fEon T8y 2 —iZ, MABABBEBA 7Y = 7 P2 A SN E T, PyModule_Create() EMEMLAES 2 —IL
AT PADRAVEBRLET, HALT I X-oTEREKRTTE20H LNERTAL, Y 2 —2HEE
SHHULT & 725 0 723581213 NULL 2B 3228 LRE R A, init BIBUZEY 2 — A TP =27 M2 LITIC
BL. £72 sys.modules WHIHHAZNZ X5 LRFIUIRD £8 A

Python ~H#®iATe ¥ &2, PyImport_Inittab 7— 7 LICIEEL TWTH PyInit_spam() BIBUIHEIVICIX
MEENFER A, PIHLT — 7 ICEY 2 —)L%BIT %12iE. PyImport_AppendInittab() Zffio T X W,
ZFORIZA T a v 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");

TKDR=1Z%E <)

12 B2E Y—FN—To VIR LTHkRZES
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HIDR— % 5D E)

PyMem_RawFree (program) ;

return 0;

AR H—0FmE AW (%7103 fork() D exec() MM AL TWARWIKREE) 2B 2 EBBD A &2 7)) &1
BWT, sys.modules 5LV MY ZFREALZLDFiRa v A VFEAES 2 —)L% import LD T 2e. Hi
REY 2— M X o TIMEZAEL 2 2B D £9, HHRESY 2 — L OIEE . NERT — XS 2 0L S 5 B%
WKL K SHDLITARNETY,

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

EMR: xmodule |I spam & HE7 D, ZERFEVIEAL (multi-phase initialization (Python 3.5 OHFit#E) Zffio T
W% J, PyInit_spam 4% PyModuleDef #iK L. £ 2 — L DAERIFEZIC import HEITTWE 3, ZEFEHIHA
LIZOWT ORI PEP 489 22 L T ZE W,

215 a1 I >

HLWIEBREY 2 — LB H X2 X5 XK LT, TLRZODMEE: a2 %41k, Python Y27 AADY ¥ 7,
o TWE T, BVFHAIAA (dynamic loading) 2o TWa D746, FEDFHMIZEDTD S AT A0ME- T
WARHINHAAADIERICE o TEDLZ S LNERTA; LA HREY 2 -1 OV RICHETIE (O B&
U C++ PEROEJLE E) 2, Windows 2B % L RICEFRT 2 BMEROE (Windows ETD C LT
O+ HEES2—LOEILE B) 2BMLTZEW,

BN ARAERMEZ o7z, Y 2 — L E2HEE Python £ Y27 ) ZO—FUT L TEBELZWIEFIZIE, 4 V&
TVRDOENLFREXEFLTHEL R LARTNUIR SR LRBTL & 5, Unix Tld, FERZ 2ITZOMEEE
CTHHMTT: BICEEDEY 22— 7 7 4L (Bl 213 spammodule.c) % BB L7z Y — AR D Modules/
T4 L7 bUICEE, Modules/Setup.local IZHZTD 7 7 A VEHIHT %LU T O—17:

spam spammodule.o

ZBMLT, by L NALDT 4 L7 MU T make #FEITLT, A X TV XEHEIL KT B/ TT, Modules/
Y7574 127 P TH make #ETTE X T, Hid o T 'make Makefile’ #5EfT L T Makefile ZHEHEILFL
TEPRITNUIZOLDERA. (ZOIEE Setup 7 7 A NVEEET 27 KITHETT, )

BV 2—ADRIDIATIVEY VT ENTWIRENDIHE. 7477V BRET 7 A MTHIETEET, B
ZIFUATD XS L % T,

2.1. C % C++ IC& 3 Python DR 13
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spam spammodule.o -1X11

2.1.6 C 75 Python &MU HT

ZHETIE, Python 26D C BBOMPUIH LICERZBEVWTHARNTEE L, EZATIODH: CH560D
Python FABOMUIH L FEHTS, 2 hbiF, WbWw3 " a—nA Ny 7" B8EIR-+F2X58747
FVRERT BBICIZZ OBEENER TS, 2 C A YR T2 —APa—ANy ZEHHLTVBEE. HED
BREZ 1213 % Python 22— FTIX, LIZLIE Python r 27 o <iZa—i "y ZEEERIEST 20EBLH D £
3, 2D BHEETIE, C TEIMUZa ANy JEED S Python THE2Nza—n 2y ZEBETOHT XS
W ARBERHZTLEI, dbHAA. MOHRDEZONET,

FE Z 22, Python 4 ¥ & 7'V Z G HEICHIEIF O LC &, Python BIMZM U 72D DIFHEL > &
7x—=AbHDFF, (Python R—HFZREDANLFZME > THRIETHEZOWTHRT 2205 D1EHD %
HA - ZOFEICHEIEND 5725, Python ¥ —X 32— F® Modules/main.c IZH %, A~ P74 A+ F>a
Vo—c OFHERRTLIEZZ W)

Python BN LIZHE TS, £3. COa— R LTa—nANy Z7E2ERL L5 & $5% Python 7
Z LiE. 52D HFET Python OBEA 72 27 2 EIREIRD FHA, DD, a— Ny 7 EHFRHE
B (Fhi3zoiof v&27 2 —R) 2R FEA. 20—y ZEFEEHDITCH S FRIC,
| ZEX N7 Python A 72 2 7 b ADKRA V&% 70— NAVEBIT — HE0VIE, ¥ THIETIRIGINT -
RELET (B4 72 =2 % Py_INCREF() 92 &5 X<HEELTLEZE W), fIZIE. BUTD X5 2B
EV 2 —D—FITR->TWVWBRIETLxI:

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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HIDR— % 5D E)

return result;

Z OEFUE METH_VARARGS 7 7 7% ffio TA > &2 7Y Zi28HE I D £ A; METH_VARARGS 7 7 ZIZDOW
T, EVa2—ILOXY Yy FT7—T )L ¥IHALEIE THAL TWEd, PyArg ParseTuple() Bt Z D5
OV, IRES 2 —IILEBTONS X 2B IR L THET,

Py_XINCREF() B XU Py_XDECREF() X, A7V 7 MW TEBRAV Y MEA VI URY N/ TIZ YR b
T30HD% 78T, NULL RA Y XPEINTHREBIHEETEZHATT (230 A. LORATIE temp 53
NULL I27%22 ZEEHD FHEA), ThoD~rueBAT Y MZoWTE, BBATY ME THIHL TV E T,

ZDH%, a =Ny ZEBEMOCHTHREDRZ 5, C B PyObject_CallObject () 2FFUHL £3, Z DR
IIE =205 Python BI%E Python BIED5IE VY XA v 3B D, WIFNHEED Python 7Y =7 b2 FE
FTRAVEZHETT, 5IBVRAMIFERZEZINA T 27 bTRIINEZRZRS T, ZOEIEFFIHOBITRD £5,
Python BI#(Z 5187 L CTHEOH T D4 6, NULL 22220 R I 2EL £ 3; H—05 [ B CHEEZFOHTOR S,
HEIR (singleton) DX 7L %EL £F, Py_BuildValue() OFEXCFF|IHIC, LufFizixz—@EU ELoEA(L
A= RPA o 7HIFEMH D 2556, ZOBBIZZ IV ERLET, UM chlzRL£73:

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»S5DRED E
1272 D 3, PyObject_CallObject () &, 51EUTH LT 7 A v > ML (reference-count- neutral)” T3,
FOBITIERZ IV EEBRL TR R e LTIRMEELTE D, 2D X IUX PyObject_CallObject O OMEUH
LE#IZ Py_DECREF() SN TWVWE T,

PyObject_CallObject) XEVMEX LT ?H LW + 7V 22 b FRIERINIA TV 227 b, BHFEDA
T2 MDBEAT Y VA VI VRA VP LESDERLET, (o T, ZOF 7T Ve ru—r VA
FIELZVDOTRVAED, 722 2 ZORDFHICEED 2 TH (LA, 23 THIUIRBEB!) @A LADN
ETRYVEATY =2 % Py_DECREF(O) LTI D XA

idWwx, RO fE% Py_DECREF() F 2 HiiCiX, {25 NULL THRWAIAF v 7 LTEBL I PEETT, dL
NULL 72 &, PR U7z Python BIBUIMIA 2K L TR T S 6TV F, PyObject_CallObject () ZFFLN
HLUTWwW3a— FHEMKD £/ Python 26MOHEINTWEDTHIUR, SEEF C a— RPEHSEFRSHLTY
% Python 2— FIZT 7 —EBURMEZ R X REZRD TR A, ZHRCED, A VX TVRERX Yy 7 b L—R%H)]
L7zb., BISNE S 2728 ® Python 2 — FZFFUCH L7 TEE T, FINOEELITAIEEZ 272D, LK
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BRWDK 6, PyErr_Clear () ZMATHINZHEEL TE2RERD VA, BIZEZUTOESICLET:

if (result == NULL)

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

Python a2 — il Ny JHEEEYARAL VXA T7 2 —RRXLEZVWR2ITE-> T 5%V X b%E
PyObject_CallObject () WCHARINRLROBRVWGEEDDHDET, H27— AT, a—ANy ZEBEHEEL
TDERIUA YR T7 2 —=2A%MA LT, GV R FSEINTVEI0S LOUER A, $RAIDF—ZTIE, FiLnx
TNEBRELTHRHV A P 2EIRQELRLR0I2S LLERA, ZOHRERDEHRODIE Py_BuildValue() %
MR DHTT, flZAR BEOARY bPa—FERELLZTIUE. UTOXS5KRa—F2H52212k5TL X S:

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) BNHLOER., T7—F v 7 XD IFIKEINLTVE ZLIZERLTLIEZIW £
Joo BEICE 2R, 203 — FIZSELTEHD D 8 A: Py_BuildValue() E ATV ARZRZBHWVWE0d LIT,
F v LTEBLIRETT,

WHEOFH L ¥ —v— F5IE%E Y R— T2 PyObject_Call() 2ffio>T, F—U— F5[HEMES BEFFCH L
ZFHIeTEET, LOBIERIL L9512, Py_BuildValue() Z1Fo THEZIED £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) ;
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2.1.7 HERED 21— ILEABTDONS X 2 ERH

PyArg_ParseTuple() BRI 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 AR TIAL T 27 bTRINERD FHA,
format BIEIFEXSCFHIT, Python/C API V7 7 L Y A< =27 )LD arg-parsing T X TV 2 FIRIHE
DRI D TR A, RDDFIEUL. ZhZhOEHD 7 FL AT, ERCFNR SR E 2RI 2 o TWRIFIUL
7D EE A

PyArg_ParseTuple() ¥ Python il 65 2 5 N5 BB ELRAICR > TV BTN 2 DITH L,
PyArg_ParseTuple() ZFFUH L DRI SN C ZHDT FLANAMBREZFHOPHARLN LN &
WHERBLTLRZEW: ZZTHEWRLRTE, -7 7922350 b LNERAL, PR HTRELDR
Ey b2 XEYICEHFEZLTLEVE T, HEWK!

IFOH LAt EN S A 7Y 2 7 PADOBIIZTRT EA 2 (borrowed reference) 127D £9; 2504
Tz OBRAV T 7 UX Y FLTIERD FEA!

DITFIZWL O LAIERL £

#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 DR 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() (&, YUTOD XS ICHEEINTVET:

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 — RE|IBDA -7
HET. Python 7Y A A AT ADBEZ NI RARXE UTRITEWD £, kwlist %7 X RZ13E 85 X X 25805
T B7DDLFHND BB, NULL #¥mE iz A M TT; K87 X X4 format FORUERICH L TED» B
DIECBEEINE T, BIT % L PyArg_ParseTupleAndKeywords () ZE %R L. ZhLSOHEIIE#EYI%
BIsL 2 X L CTRZIR L %3,

AR: F—U—FEEEF->TWEEHE, XTVEANRTIILTHEZZEA! kwlist NIEELRWF—TU—F
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RTRXARZPEINTH5E. TypeError DEHZEFIZEI L E I,

MTFxF—v—F 2oty 2a—HlZRLE T, Z4UT Geoff Philbrick (philbrick@hks.com) (2 &% 7w
FoflEd 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%i <)
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HIDR— % 5D E)

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

2.1.9 ERDEZEET S

Py_BuildValue() (& PyArg_ParseTuple() OMMICAIET 2D DTT, ORI TD XS5 ITERSINLTY
9

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

Py_BuildValue() %, PyArg_ParseTuple() DF#T 2 —EHOFRBEMICUAFARMEZETHRL T, =720
(BBADITIER L, AL S) 5IEERA Y& TIE R, REDMETRIINUIR D £¥ A, Python 22
LI N7z C BBNRTEE UTHEYIR, #7274 Python £ 7Y 27 b 2IRLET,

PyArg_ParseTuple() &I3—2iE 5 mAH D %9 PyArg_ParseTuple() I3HE 518 % X T NMIZT 2 H5ENDH D
%7 (Python DF[# Y R MIWEINIZHIC R 7L e LTRE SN 2505 TF) 25, Py_BuildValue() & &7
NEERT 2 L3R D ¥ A, Py_BuildValue ) EEAFHNIFICERBAL O ZIL EA - TWEHEIC
DARTNVERERL ET, EXXTHINZ2ER S, None ZIRLET, Tohh—20EXHNRS, Z0HENHL]
DR LTV BRISLDA T 27 MIRDET, FAXD 0 1 DX TIVIRIEVDOR S, FEAFHIZ AL
FEILCHWE 3,

IFehlzrmL 23 (RO 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

B2EH—FN-—To V-G LTHRZES




Extending and Embedding Python, J1)—X 3.8.19

2.1.10 8ROV &

CRCH+ DEO REETIE., a5t —7LOXEBY) RENCHEERLEDBR LD T 2EELHD F
T, T35 ULEEE C TR nalloc() ® free() THHWE T, C++ TREAEMNIZHE UCEKTHEHET new %
delete DMELNE T, 22T, UTOHERIX C DEFAREL TITWE T,

malloc() AHEMRTZ2RTOREY 70y ZiE, BAEKINCIE free() ZEEIC—EZ IO L THARTREX €Y
DT = NVIZREIRIERD VA, £ T, BYIRFFC free() ZMUHT I RAERICED T, HEIAEY T
0y 2N LT, free) 2R o723 2D6TZDOT FLRAZEHILTLE > &, 7ay 28 HEALT
WAERXEVIZT OIS LT T 2FETHAMATERIRDET, ZHUEXEY Y =7 (memory leak) &N
TWET, B, T L03H2XE) 70y 7L T free() ZIFATEBERN L, 2070y 7 20
FEorF52. D malloc) MUHLICX>TIThbha 7y 7OBEMALEHEEZREZ LET, ZIUIMBK
HEAAEY DM (using freed memory) EWMHINE T, ZAUIPHHLEI N TORWT = XI5 2 S e kD
FLBVIER — a7 &y T BokBl RAlf@kr 7y a — ZEIERILET,

I BHBZAEV ) =27 DFAEa— FHOTETRVIBERE TS, flZE H2MBDH2XEY) Ty 7%k
L. MS20OEEIT-o T, HETRy Z72MMT22 LET, ST, EROBERAHRELEE L C. FHEICNT
27 AMEEBEMTSE, 752 L. BRORPTUHEZRET L5120 LOAEEA, ZORPTOD
MTHOHEZZE, BRINLZATY 70y 73R LENPLTVOTY, 22— FBRTEMENGE IR
ZITT, ZDEIBAXEVY =D —HHIVAATLES &, RVEBRHINARVWEZICREZ 23X HD
T L5 X AEBOKRTIZ. 2 TOBBITCHLOIIH L TIZFADDLTAREG LAREE S, 20— TiEL
A Y DRI BRI Y EOREGEZE > T0a72d, XTI —IBHLLICR 2D, BEWEEELT
W dat A0 =7 2RI TEBEME LMo HBBIROoNE 05T, {toT. OO I —ZH/NRIC
LB EI%a—T 4 ¥ THNPEIE R T. FEOXEY ) = Rl 2 Z e EERDTT,

Python % malloc() % free() ZIEWICILKFHT 272D, XEV V-7 DRFIEICINZ, BBRENTZXEVD
FRZPILT 2EIEBRBETT, ZODITEINT-ONSR AV > ME (reference counting) & XN 2 Fik
TT, ZRA Y Y MEOFHEIIHHETYT: 2 TOA TPz 7 MIWEAI VU RBDHH, A7V =7 MTHT 2280
EIDIRMREINOAT U REAL Y7 YA L, A7V 27 MIWT2BRPHIBRENIET 7V X ML
F9, AVUEPERIIR oD, ATV 27 PADRBROSBIMHIRE NI Z 8IZR D A7V =7 MIRRE
nxd,

b5 —DODIKIZHEIS R—aL 7Y a ¥ (automatic garbage collection) EMHENTVWE T, (BRAY > b
HBRIAR=—Tarr7yaBEO—2 LTETOLNLIdH2DT, Z22XHIT 2 DICHEHE 7 HE
(automatic)” 2o TWVWE T, ) HEIAR—YaL 7y a YORELAKIE. 2—9D free() ZIRIIC X
BATEVWZ2ZHD EF, EEPXEVOEMAAEDFIARL LTERINTOVET — A, ZHUIE-2F
ETEDHDEHA, ) CBIZHHBAIRN—YaL 7y a yORMEE, BIZAMEDOD 2 HR—YaL 7 ZPBEE
LRVWEWS 2T, Z2RUTH L. BIA T Y MERAREDO D 2 EEHNTE LT (malloc() % free() ZF
HTZ20MHMHETY - CIEERINZRIELTVET), WOoDHR, tHaRtEDH 2 HR—TaL 7 xh
CTHRADEIIIRE2DH LNFRAN, ZRETEZRAY Y METRL o TW L LBHNIERVWD T,

Python Tl&. IEHNAESEY Y ¥ MEDEEZIT> TWVWE—F T, SROFEREZBH T 2720128  HRSEMR
HiIFEHE (cycle detector) HIRMLL TV, RSO B, P T EHiE HEC»2O L FTERSROE
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MERUICE T T V= a v eMETE5T; LwH0dh, ZRAV Y MERTEfioAR—YaL s a
YEEICE o THERBRIIPF AL 25T, HRZRIE. (HEZROGEL 8D T) MENOBRBA o747
T Mo END D, ERNOA 7Y 27 M3IFAIEFERDOBRA Y > b T, WHRSRA v

Y MEDRETE, R AERZREZEKT 2472 =7 MITH L THIZELS SR vwEe LThH, BERSRAD
EDATY 27 MBI S XEVBHFNHATEREA,

RSB EIERZREZER L TV I I 2 /AMIFEINT 2 28 TE £, gc BY 2—Mid, FTRICHT
WEMINCT DRREA VX —7 = — AT T, BH&ERZESE 2T (collect O BIRY) HiRALL $5, IR
ZIRHBEA 7> ar0arR—xV FMEERRSINE T, 7740 FTREFATVETH, (Mac OS X %
&%) Unix 77 v b7 4 — LD configure A7 Y 7S+ T ——without—cycle—gc AT aryrES5 T, B
FIACIEML T 2 2 B TE X T, BRSNS ZOHETEMLEINTGE, gc ERHTERIARD £3,

Python ICHIT3EBAT > ME

Python 1ZiZ, ZADV Y DA Y7 VXY MR T 7 VXY F2UET S DD~ v, Py_INCREF(x) &
Py_DECREF(x) »3® D £, Py_DECREF() &, AV ¥ b RIZEFE LIS, A7V 27 DX EYRIK
BITVWE T, FMEZR 27D, free() ZEHETUIHLEFEA — ZORDHICA T =7 FOBA T
Yz b (type object) ZNLET, ZDDIC (MOHWNSDHD T4, RTOA TV 7 MIHEGORA T
7 MINTBERAVEBA-oTVET,

ET. FLRERREEMDPE > TWEF: WD Py_INCREF(x) % Py_DECREF(x) ZfiXIEX\WVDTL x 557 ¥
F. W oD DFERIID HED XTI, EF. ATV 22 M3 EH (own)” SNBILEHD FH
Ay LL, 24727 MIHT 3BBOFTE own a reference 3 TEET, A7V 27 P OBEHIT Vb
F, FOX TV 27 W BROMBEZZ T TVAEMEERINTVET, ZROMEHFII. SROBERL R -
7-B#Z Py_DECREF() ZM-UHF&E 2 VE 3, ZROFTEMIIZEE (transfer) TZ 3, MAESR (owned
reference) DMEITIE, T, RFT 5. Py_DECREF() ZFUH T, tWI =20 ERH D 15, fTAZRE
MELUEhde, XEVY—7%5|ZRILET,

F 7Y 27 M T BB EH (borrow) BARETT, 2 SBOEAE X, Py_DECREF() ZMFATIIRD %
BA, HAEIZ. SROMEED» SMEHA LT BEI TSRERE LT IR D £ A, ITEEISR L HEE
L7 THEASEBEMES b, BBIEAX TV RHHALTLE S G H 20T, sy h g4,

ZHROMEHANZROMA LD SENTVE R, a—F2ED 52500 WK TSHEFERL TH X5
FELBLSTHEDILTY — HloEwizdyid, BHZROEE I WHOBHTHREZK TLTHAEY
V=27 0fEMREET I EARN, EWVWS ZETY, WIS, FTEXD B PMZRAIR, S HIRAZa— N
ERTIIZROMERATTTHESINTLE > LRICZDBHEM S 2D LAWK S RMIbmIk A H 5 L5 2
LT,

Py_INCREF() M U5, [EASREMESRICEETEE T, ZOREEISROMBHITORBIITHEL F

2 BE@E ERT A LWI AR T 7 IEHEICIIELL H D FRA: BRERS, BROFMEERIMKAL LTSBOav—%2fF->Tw3H
5T,
B BEBAHT Y I L UERY I DEANZ AR SESVEELRA — BRIV FERBERESNIZXEY LB B0, ZOMHEEH
_ fhoX 7Y MicfbhTw A alaEEAH D )
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HA - Py_INCREFO @3Hi7zfiESReLM L. ZROMAEEPHI RELETOHEZRLET (DX D, #
TZROE#E X, LHTOFTEH L Rk SROBEEZETNITORIZRD /A,

FRAEHEICE DD BRAY

FT7V 27 PANOBREEABONMETIHEICIE. A7V 227 FOFEENISRE HITTEIN 21 ELHAEIC
A v &7 = — 20— e h £ 7,

ATV PANDOBREIBETIZL AL ORI, B HITFHEHEDIEL £3, £, Pylong_FromLong() %
Py_BuildValue() ® X512, FHILWA T =7 bR T I2HBUIETHMAEEZHEFICELES, A7
FOERRCIIHF A T 2 7 PTRATH, Z2OA TV 27 MTWT 2R SROFEHEZHE T, HlRIE,
PyLong_FromLong() I X5 fEZF v+ v > 2L TED, Fv v P aSNLEANOZREZETIHHD £7,

PyObject_GetAttrString() D k512, 24TV 7 b ojloA T =7 M 2T 2 X 5 BB £ 7=,
SR DIFTEMEZEELET, 2500 HEFPPHMBLIZC V2D LAEEA, 2V DIEF XL fibdr—
F DWW DI T2 5 TWBE 55T T PyTuple_GetItem() | PyList_GetItem() . PyDict_GetItem()
. BXU PyDict_GetItemString() X2 T, XL, VR b, FLEHELSLEHASBERLE T,

PyImport_AddModule() &, FEFCWEA 7V 27 P E2ER L TRI I EDH 2 I hhrboT. BHSREZEL
F9: CADARER DI, ERENIA TP =7 M 2FTAESHRIL sys.modules KRFFEN2H0 5T,

F TV 27 bADOSRBEROBBUCIETHA. —BIciE. BRI OCHLFErLSBEEHLES — 3%
REFET2REDD 5745, BN Py_INCREF() ZM-UMH L THY. LAFAEEICRD £3, i3VA. 2ol
WZIE o DEERAEIS: PyTuple_SetItem() ¥ PyList_SetItem() 23HH 3, Zh o DBEEIE. EINz5]
BERZIH U THEHLZR-ID (take over) £F —— 722 ZKMULTHTT! (PyDict_SetItem() & ZD{HfH
TR TSI £EA — SRR 7 WEO” BT, )

Python & C B U H Sz Bcid. C BIEIIECH LD S5 BAN0ZREEH L £3., C oY
HLMEA 7Y 227 bANDOZREZFA LTV DT, EHZROAEFHBDRIES 12 DB B 2R %
TTT, ZOXIICLTHEASRBERFELZOMICE LD LI2WEAICDA, Py_INCREF() %ff- THrESR
T BREDH D ET,

Python 226U &7 C BRDIR T SREIFESRTRINELD ¥ A - FTEHEIZBIE D SO LA
NERHEINTT,

&K

BV IR BWT, —REFEICAX 2EAZROMAPMEZ 0EBITIehH D %5, ZOMEITAN
T A V&7V EZDERIICIF O SN, 4 V2TV ZBBROAEFICZREBEESETLE >R EBRL
TWET,

Mo TBINETF—2DIBRHD, ZLTHRHBEERDIDIZ, VA FERIIHTI2SBEMD TOIEICHKE =
%3, BfinA 7Y 27 MicHtd % Py_DECREF() OfffT3, il Zik:
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void
bug(PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

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

FoBEBIEE T, 1ist[0] "NOBHEEMHEH L., Xz 1list[1] 2 0 TEX#HZ, BRI XIFILEALESR
FHEALTOVEST, MMELZVWESICRZETR? THLES TERVDTT!

PyList_SetItem() DUHOFWNZEHL TAHAEL x5, VA MIETOERIIHLTEREZFAELTVEDT,
BE 1 B2, DETOERE 1 2HELE T, 22T, LETOER 1| BD2—HERI FADL VARV R
THD, EHWRXIDIITAD __del__ O AV Y FEERLTVEIERELEL kD TDITAL VARV AD
ZRATV Y IR 1 Eo7GE. VAIBSREBRET I, A VAXVRAD __del__() XV vy RRHUHIH
N

2 7 2% Python TEPNTWADT, __del__O IXMEED Python 2 — F2EITTEFET, ZD __del__0O
2 bug() KB 2 item WA FRERILELTVEDOTL 527 ZOMED! bug) IKHELAY R b A
_del__ O XYY F»LEETE22 32k, del 1ist[0] OEEFFOL IR EFITTETLEVE T, b
L ZOHET 1ist [0] I T 2 RBEOSROMEINTLE S &, 1ist [0] ICHETIF ST W7 X £ VIZFK
S, AERANC item FEARMEICKR > TLEVE T,

FIRED KD AU, BREEET Y, —RWCSREEZHEP T L VD TS, ELLEET -2 a Ui
UTDE512imh %3

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

Py_INCREF(item);

PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0);

Py_DECREF (item) ;

CHEEBICH - 725ETT, LEIDAN— 2 > D Python K&, TOANTZDO—HEBEATWT, __del__() X
Vo FBRES LTI ELEDRVDLEFTANS /2012 C TNy A CHYMHEZES LIZADVWE L ..

ZoHE, EHZESAL Yy FIBIRL TWE 75— TF, @HEIE, Python 4 Y X ) RIZBIF2EBD AL v
Fid. 70—\ VX TVZay 78470 PEMEEPFRELTVWE D, EVCHBELES Z2iEHD
FH A, 2IZWVWZ, B v 71X Py_BEGIN_ALLOW_THREADS ~ 27 v C—IFIZfRER L7z D, Py_END_ALLOW_THREADS
THERLEDTEES, chon~wrnid7ny Z70RI 3 /0 MO Lo X BErd, /0 AR TT

24 F2ZFH—FN—FT 1 VY—ILER L TEREED
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5ETOMMDRAL y FHTaty HZ2HHATE L LI LET, WSS, LT OB Lol e U7-RE %z
EHATVET:

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 bADOSBESIRIC L 2BIE 2 —D NULL KA VX E2EFTETFHRLTEL T, #
25232 ar7RAIRE (. HeTarXry 7 z252RIT) 28 TLid, — /i, ATV =7 bADZ
MRS &5 BRI, BINOREERTHEICOA NULL 2R L £, 5180 LT NULL 7 X + 2{Th
ROVERZ, BB LR LER IR 724 7Y 27 b 2 OBEBA 5 Z2E T2 5 TT — K4 OBFEED NULL 7
A2 METZR, TRRT A PPKEITbA, a—RidX D E#EIcEH 2 eickd 9,

E>T,NULL DT A MEIATI 27 D " FAEJR", THROBMED NULL I 230d LAKRWEKRAL VX EZITH -
J22 EICLEL & 5, malloc() o, BN ZEEH T 2 AIREMD B 2 FEL Z DTS,

~ 27" Py_INCREF() 3 XU Py_DECREF() X NULL KA Y XDF = v 7 R{TOEEA — LI L. TheD<
v DZ{LFTH % Py_XINCREF() B XU Py_XDECREF() ¥F = v 7 BfTWE T,

FEDA Tz MUZOWTHFHNRZ <28 (Pytype_Check()) & NULL KA Y RDF = v 7 BITVERA —
BOIRLETH, BRARBELRLZEZEELTA TV 27 PORZHFRNZEICIE. 25 Lie~v vkl TS
WEEMBH B DT, ARNC NULL RA Y RXDF 2w 72T BLTNRBTAMIR>TLESIDTY, Meifivs <
IZE, NULL 7 = v 7 2T 5 Z{LBIEH D $E A,

Python 20 & C BAEZIMFOHITHMEIX. C BEICEZINS5Y AN (BITVWS & ZAD args) 3L T NULL
WKERLBWEIFIHEL TVWET — ERICE, B IV k2 K5 FELTugE s, ™

NULL KA > &% Python =% LU " A L” TLES &, BAURTI—%F|ZEILET,

* 2 [HRO” O LB Ef-> T0 258103, ZOMHGER SN EEA — BFEO 2 — FIZ@ V2 IEROMUH LMY 4
HhhxEF
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2.1.11 C++ TOHEES 2 —ILIERK

CH+ THRDIREY 2 —VMIMERTEZ T, 2E LWL O»HIRBDH D £F, X4 > Fu2 54 (Python 4 V&
TVE)IFCav g 7 TaAry A AIN) Y7 ENTVWEDT, 70— VERPHNA 7Y 27 v ear R
FOOURTHERTEERA, XA Y77 I C++ VA FTYYI7ENTVERL ZHUIMETIED D
¥ A, Python £ &7V X H6MUOH SN2 BE (FHTEY 2 —AAIIALRIEL) 13, extern "C" 2o TH
SLARTNUIZD X8 A, £/, Python Ny X7 7 f L% extern "C" {...} KANZHBEZIDHD FEHA--- >
YRV __cplusplus (BED C++ a2V A FIEETIOTVRAEZERLTVET) PDERINTVD L X
extern "C" {...} DTONELIIZ. "Nv XTI 7 A VARTTREIPNTVWENSTT,

2.1.12 #E5REZ a2 —JLIC C APl ZiRt9 3

%2 DILFRE Y 2 — LIEHIZ Python 20 & X 2 ¥i7z 72 BRI 2§ 2 721 T35, RICIEREY 2 — LN
DaA— RHPMUMDILIRE D 2 — L THERLR LD T, FlIRIE H2EY 2L TRIEFHEDZNY X bD
E5WCHETS " ar s ay (collection)” 27 5 ZAEHELTVWELD LAERA, BrILY YR MEERLE
DIEEL72DTE 2% C API 2 A 721810 Python V X MDD X 512, ZOHiz%al 7 a VB oiRRE
Ja— L EEEETE S X513 2I2E—#D C e o TwRIFEIR D £8 A,

—RF 3 AUIMEHEZZ b BHICBEE (DB AA static RELWFESETR) FUVT, @Yy X7 7 4
NefEL, CAPI 2FH T LI WG, WA ET, 2L THEEDOL ZA, 2 TOHIREY 2 — % Python 4
YETVRITEITHINCY Y7 ENTVARHAIIE S FKEELE T, LIANET2-AHRHESIATIV D
BEICE, —DODEY A — AL TERINTVAY VRABMMDEY 2 — A SRR e 23H D £5, Akt
DFHEIARL =T 4 YV RATLIIZEDET; DB AT LI Python £ Y2 TV X 2 TOIRREY 2 — LA
WWH—D 7 a— L ARTZEE 2 R L TV E S (H121E Windows), BDT AT AIFZEY 2 =1 DY ¥ 7 FHZEL
DAFN Y Y RAEIRINCIEE T 2R ERH D £3 (AIX BZ20—FITT). 220274 (1FLAYD
Unix) Tld, EoHIEZEREE LTIRBELTVE S, ZL T, AT YR — UL E UTAHT
HoTd, MUHBLEVEBDOA-/2ED 2= Ern— FEINTWARNWI 2o THD 7!

o T, AIMED D & > Y RN DOAHMCIIA SREE L TER ORI IR D T, DEDBREY 2 -1
FOETOY VAT static LEEBRARERD FE A, BISHNIEY 2 —LOFLEIK T, 2 (E¥a—IL
DAYy FT—TILEPHAEEEE TRz k5 12) MOIREY 2 — L O THHEIHERE T 2 D2 Et 2 7-9
T, Fioy MOIRED 2= h 57 7 R% FBlFZRITREABWL > U RMIHOR) FTRMEERIERD %
A,

Python 3H 2 LREY 2 —1D C LRALDER (KA V&) ZRIOEY 2 —MZJE T 720 ORI M Capsule
(A7) ZHREEL TV E T, Capsule 3K 4 ¥ & (void *) ZFME S % Python @7 —&ZHTF, Capsule &
CAPI ZNLTOARER LD T 7R LAD TEXTH, MO Python F 7Y =27 FEEL XS IIZIFELT
XF9, & hbir, Capsule lFHREY 2 — LV OAFIZEMAICDH 2 HANTRATEE T, MOIRREY 2 —LE 2
DEY 2 —/)L% import TE, RICHHTEEIF L. &H%IZ Capsule NDRA ¥ X2 HUGF L £ 3,

PEEREY 2 =@ C API 2T 572912, #ARFIET Capsule MO E T, FEE 120+ 7P 27
MZARTZD, £2TD C API OERA ¥ REgH% Capsule AN Z N TEFE T, ZLT, KA VXT3
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RIFREE L Wo oA BIFEIR, a— FRIEHELTVWRAEY 2L 547V P EY 22— DETIZER
LZHETHHMTEET,

EDNERERNIL TS, Capsule @ name ZIELRET 5 Z LIFEHETT, PyCapsule_New() ¥ name 5|
¥ (const char *) ZH(D £3, NULL % name 2T Z L FFAIENTVWE T2, name ZFRET 2 T & &<
HEREL 3, ELARTEMIT S0/ Capsule 3 & 2REOFETRMZ LML RL £ 3, Azl IohTnik
W Capsule Zfid Capsule & XHIF 2HENRAGEED D £HA

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

modulename.attributename

PyCapsule_Import() & 5 {EF|BIEIZ. Capsule DEFINRZ DAL —MIZ—HL TWVW3 & 22D A, I
Capsule BHTABXNTWVWS CAPI 20— F323 20 T&E%d, ZOXEFCLD, C API o2 —%—23, fif
FIWZIE LW C API ZFIL T3 Capsule 20— R TEX/Z L 2ELD LI N TEE I,

LTofITi,. AFEAHT2EY 2 —LOEFIIZL AL OARMPIELD 32, KL{ffbhd74 77V %
EBBRICEY R 7 7R —F2EEHLET, 207 7a—FTid, £2TD C API RA & (FIHTEF—>2/RFTT
A1) %, Capsule DL 7% void KA Y ZDEINRIFL F 3, HIREY 2 —MITHIRT 2Ny X7 7 4 L,
EY2—®D import £ C API KA VX Z2HGET 2 L5 FiHTs2~ruz2i@tiLEd;, 7947 bET 22—
3. CAPI X7 7 RTBANI I D~V B EMERIZITTT,

ZiiE NBET 2HOEY 2 — W, BELE HO span TV 2 — AV EEBIELZDHDTT, B spam.system()
2 C 9477V system() ZEHEITIH XF, PySpam_System() ZFFUOHL ET, ZOMBEdH A
Ay FEBEICE (BToa~<y FIC "spam” 2322 0wo72k57R) EDAAA-TZUEEITVET, Z OB
PySpam_System() 13 %7, MMDIIRES 2 — I RS NET,

BI%% PySpam_System() &, O TORE L FHIC static TEHS S NEHD 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<= 1%i)
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HIDR— % 5D E)

return PyLong_FromLong(sts);

EY 2 —)LDSTEICDH B LT OFT

#include <Python.h>

DERIC, UTOZ T2 EBML 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
TATYPEY 2=V TRBVWIEEZANY X T 7 A VA BTN E T, RRIC, €Y 2 — L OYIHILE

B C API R A ¥ ZRESN 2T 2 &5 FRHRLATFIRD $EA:

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 % static EHEEINTWVS Z L IFERELTLEZXW; 5 LARFHUL, PyInit_spam() 25T L

T2 BRZRAVETZLVAFHERLTLENE T

PHL D DKEBTIENY X7 7 4 )L spammodule.h NIZH D, LUTFTD XS 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 AFEZHELE/DITIFIA TV PEY a—MAH L ZF ISRV L3, W]
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{LBIENTD import_spam() B (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;

ZDO7 7a—FDOEERRAIL, spammodule.h DRRHMRIZIRBZ L \WVWD T TT, Tz, SFEBOERNR
WRIIAMEN2DDEFRURDT, FEEHE—ERIFERNETAET,

B1%iZ, Capsule 1X, HHICHREINTWE R, VR EXE VAL DBHRLED T 23BCRICER 2R, 35—
DORREZ IR L T B WS T e M TE2 R D TEA, #illid Python/CAPI YV 77 LY Ax=a7
LD capsules, B & Capsule DFEZELEy (Python ¥ — 23— FEHEYH D 7 7 £ )L Include/pycapsule.h
B XU Objects/pycapsule.c IHBNHENTWET,

R E
2.2 ILRDBDESE: Fa—rUTIL

Python Tid, MHAAAD str A% list BD K 57 Python 2 — FSBRIETE2H L WS CIEREY 2 —
NOEENERTEET, 2 TOIWRDEID 2 — RIZH 288 — /D DT, EEIRD ZRNICHEFEL THBL
REMPWZ DD ET, ZOFF XY MIZFDFEEFIZOWVWTORE LWAFITT,

2.2.1 ERWHI L

CPython 5 ¥ & A4 4l Python O TOA 7Y =7 b % PyObject*x ML L B L %3, PyObject* &
Python & TOA 7Y =27 D ” BER (base type)” &> TWE 73, PyObject ERBEHIE BRIV +
Y. ATV D P EIF TV 27 b (type object)” NDKRA Y XDAEFLE T, I IWKEEESERINT
WET; BTV M BRI, DABEBEDLRDH AT 27 M rLBRREINTZD, XYy RBEIIh D, i
DATI 27 MEkoTHfEEND Lz ZiZ, £ (C) DA V2TV X0 oMEN 2002 REL 5,
Ihoo CEIE” 24 7 XY v F (type method)” LFHINF T,

ZFHNRDT, FILWIRBROTEZER LV ik, HTILWEA 7Y 27 P RERTHRIE I WD TS,
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ZDOFOZFHERZESDBRNTL 290056, MU CHREY 2 —JL custom IZH B Custom & W\ i
DFLWAIERERTZ, BNRENSEERE S 2 — L EDITTBEET:

AR: I THALTWRHIE. 8% RO E2ERT 2 EHNRFEREGETT., ZhUIFLALDHETH
B72HDIEDTT, C API Tl PyType_FromSpec ) Bz, b —7 LICEE I N/IROM S EFR T
EFID. ZHRZDVTEIDF 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, O0)
.tp_name = "custom.Custom",
.tp_doc = "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=I12HiL)
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HIDR— % 5D E)

Py_DECREF (m) ;
return NULL;

return m;

—EICHHET 212D ko L EMBZWVWTT, FIDEIDNIZE oD0ERT L KoTW0E I eEVWET, 2077
ANTIE, 3ODBEENERINTVET:

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

2. Custom B XD LS ICIRBHES 2 T4 CustomType HEERT, 77 7L BIBURA VX DEE D 2E
FELTVET, FEDRMENERSI NI 212, ZOMBRA V&% 4 Y X TV XHFRIATEE T,

3. custom EY 2 — A& Y5 GHLT 25 2D Pylnit_custom B ZHCBEfR T % custommodule
MG TS,

FIRMEIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

Zhh Custom + 7Y =2 bDNAETT, PyObject_HEAD IZZNZFNDF 7Y = 7 MMEEEDITHICHER D
DT, PyObject B D ob_base L WHHAHID 7 1+ =)L FZEFEL £, PyObject 2l (ZH 24 Py_REFCNT
7B BLYPy_TYPE ¥ 27 uhb7 VERATED) BA T2 bADKRA Y EZEBRAY Y P HZATY
¥9, COIZulHEINTORHEEE, MERoL 4 7Y M EMRLL. 7Ny ZJELFTT 4 —)L FEEM
TE2L52F2%4DTT,

AW LoflTiE PyObject HEAD ¥ 27 R DZICEIanydHhEHA, SohbkIanryE2BiLARVE
IR EMITLAEZI WV ZhEEE T2 1 7bHDFET,

b5 AA, —INCIEA 7Y = 7 MIFFEHER 72 PyObject _HEAD KA 7 — 7L — bOfICd F— X 2 HFL TV
9 HlRE. Z4Ud Python BEHEDTZE NI D EFR TS

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 = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

AR LIZH B X512 C99 R XA VOt EMIHHET 25 T, PyTypeObject OFHIBHILOIENT 1 — L F
FTETCIAERED, 74—V FE2ESTAEFRICLAEH 7D BT ICHEEE202BEDLET,

object.h IZ®H % FEFED PyTypeObject DEFICITI LOERICHZ2 LD b o ZLD 74— F BHDHET,
CZWRHTETOWRWTZ 4 — LRI Carvf FI2&-oTERTHDSNAZDT, BRETRWVERDFRINICIXHE
DIEEE LRVOP— IV RIEIEICR > TVWET,

—EIZ12FD7 4=V RERD EIFTOWEFEL & 5:

PyVarObject_HEAD_INIT(NULL, 0)

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

.tp_name = "custom.Custom",

FHELTWIHOHHTTT, Tl A7V 27 bDT 7 40 FDOLFHIRBRRP LT — X v —=J BN E T, i
ZIERDED TF:

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

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

BOBHTD, TV 2a—LHEEY 2 —NIZBT BHMOHEOW T % Fy FTORWEHRNCZ>TWD Z I
BELTLEEW, ZOHHIEX, Y 22— custom THRUX Custom DT, BDHH[% custom.Custom IZF
ELF L7 FEEDOF Yy MIZDA VR— %R ZfES DIE. pydoc EY 2 —/L% pickle EY 2 —/L & M
BRI B DICEERDTT,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

tp_basicsize &, HL VW Custom 4 Y AKX Y A%/E% & % Python BENDHTEIRNEXEUNEDL 5WVWED
DEHB12DDHDTT, tp_itemsize ZAIEY A XDA TP 27 b TOAMES DHRDT, A4 XAWAETHK
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WA T2 P TIE 0T RETT,

AR BRDXA % Python TH 727 5 A{LAIRBIILIZWEHE, 20X A THREEX A FLFL
tp_basicsize b o TWVWH L EEMWKD L ZICHENETL 2B HDET, Z2DX A 7% Python OY
TR L E, £D __bases__ VA MIREDRTZDXA THRINCL 2L LARTFNEIRD EFRA, &
SRV LT —DRERLIZDRIDRATD __new__() XV vy FEMPIET I ETERIARD XS, ZOM
REE AT 2121, DR HRZZDX A 7D tp_basicsize ZZDHEX A TEIDHRKELLTEBL LTI,
FLAYDHE, HRIZDRA X object . T TRUITFNZEERA ST —XHDX U ANZBMLIZHD
TLEIDS, Lo TREIEDTHEMNT 272D 2 0FKMFEHmZINTVETS,

Py_TPFLAGS_DEFAULT 27 2 A7 7 V%2R ELFE T,

.tp_flags = Py_TPFLAGS_DEFAULT,

IRTOBI TSI ZDERZED TBABLEDNDHD £F, ZHUIKRMKTD Python 3.3 ETICERINTWVS
FTRTDRAANZHALET, ZNULD RV ANDBRER S, WIET 27570 OR 2L 25688 HD £5,

ZDEID docstring 1% tp_doc ICANZE T,

.tp_doc = "Custom objects",

AT VBPERTES XS, tpnew " FI 2RI IHENH D £9, Z4Lid Python D X
Yy F _new__ O tFAFDOLDTITH WRNIZEZZ2LENDHD £, SD5ETIE, API B O
PyType_GenericNew() & LTRHESNLZ T 7+ L+ 2ZDE MR FT,

.tp_new = PyType_GenericNew,

77 ALDED DFFIEE o HIRARLT VDD BWVE T2, Pylnit_custom() D—FD a3 — FixZ 5 Tk
BWTL & D:

if (PyType_Ready(&CustomType) < 0)

return;

ZAUZ. NULL IC#IH{b X 7z ob_type HEH T, WL DD R Y N—%EHY)% T 7 + 1 METHE DT, Custom
REWIH L 3,

Py_INCREF (&CustomType) ;

if (PyModule_AddObject(m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;
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IR T 2a— L OEEEICEBMLEST, 253228 T Custom 7 7 ADM-UH LT Custom 4 Y AZX VA
DPIERTE 2 X512 T3

>>> import custom

>>> mycustom = custom.Custom()

HUETT! D OEEIZE L FZIITT; custom.c EWVWIHHTD T 7 A NI ZETDaA— FEEHEZAA, XD
NEZHD setup.py ZHELET:

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

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

ZLT, Yz TOISCANLET

$ python setup.py build

T3 custom.so 77 ANV TT 4 L7 MVIERINET, ZDT 4 L2 b VIKEBEIL T, Python ZiLH)
L%d - 2N T import custom LT, Custom * 7Yz 2 b THRDZ K51 >TVWBIETTT,

ZARICETRLLL DD FEA, LR?

B A A BED Custom BUIZHHAKRITITVWET, MdTF—XEFFoTwiWnwlL, Ay TEFEHA, AL
TH IS5 AR EATERVDTT,

AW ZOXEHETIE, BHED distutils £V a— L Z2foT CIRZELVFLTWETD, BHEDI-XF—
ATIiE. EOHFLL. REFEIN TV S setuptools 74 77U RFATAZ e R MRLET, ZhefTd HikE
XEMTZZ2IEZDFFa XY sDFEHNTIT DT, Python Packaging User’s Guide 2SR L TL 72X\,

222 BEROY Y TNICT—REXY v RZEMT S

ZDEARDH Y INZT—REXYy FEBIMLTAEL x5, DVWTIZ, ZORERES S A LTHHATE
5X21CLFET, TITEHHLWVWEY 2—)L custom? 22K h, TNHDOEREREBINL £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=212Hi <)
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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<= 1%i)
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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, O0)
.tp_name = "custom2.Custom",
.tp_doc = "Custom objects",

.tp_basicsize = sizeof (CustomObject),

(Ko<= 1%i)
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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;

ZDON=TarTE, WSObDEEFEEBIRWVWET,

LIT o include ZEBML £73:

#include <structmember.h>

FTILHETINETH, 2D include WKIXEMEEZRS 2DDESHA> TVET,

Custom Bk 2 C WGk 3 DD T —XREME first . last . BLL number Zd DX SR D FE LT, first &
last JBHEX 7 7 — A b2 — L8 7 A b2 — L% L7z Python XFFIT, number BIEIE C SEETOREHDHE
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T

THUTLZMS e, ATV 27 FOBERZRD X 512D £

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

} CustomObject;

VWEREHIRET —XNTELDT, A7 =227 bORID BTEMBICHRL TR LD EEIRZ 2 BESDH D £
T, WK, 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 OBIBUL tp_dealloc X Y NIZRAZINZFE T,

.tp_dealloc = (destructor) Custom_dealloc,

DAYy FE £3=20 Python BHEOZRAIY > 227 L% T, Py_XDECREF() 135(%25 NULL @
F—AZIELLTZAET ( ZHUL. tp_new DEH TR LG HICEID ZET ), ZOXY v Fif, oA
7Yz bR (Py_TYPE(self) THHULET) DX VN tp_free UL, A7V =27 FOXEY ZHMKL
£3, A7V FOAID CustonType TH 2 IFM LR VAICHERL TLZE W, RERL, A7V 27 M
YT TADA VAR APDH LN WELTT,

AMR: LD destructor NDARHRBIZIIINE TS, 72E72 5. Custom_dealloc 2% CustomObject * 5l
Brer s ERLELID, tp_dealloc BID KA ¥ XX PyObject * 5IEEZITMBZ Z IR >TWE05
T3, & LBIRINICRIZH 2 LRITIUE, a v A IPEEERHTEITLE D, ZHd CltBI347Y 2 b
BHDORY =7 4 XLTT !

77 —=AMRA—LETRA PRI =L EEXTFINHIE L TBEZWO T, tp_new OFEELBIMT 2 I ICLFE
Lzxo:

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

CustomObject *self;

(Ko<= 1%i)
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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 =L 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.

FAMR: tp_new I FIRINIC tp_init ZFUCH L TIEWITERA. ZHEA Y EX =TV ZPESTTITS72DTT,

Z D tp_new DFEIEIL, tp_alloc ARy FZMUHLTAEY ZEI DY TET:

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

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

AEMR: We didn’t fill the tp_alloc slot ourselves. Rather PyType_Ready () fills it for us by inheriting it from
our base class, which is object by default. Most types use the default allocation strategy.
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AR S UM tp_new (FEIEX A 7D tp_new £721& __new__() ZFFATVSDD) ZIED 20 DR HIE,
FATRD XY v FRRIEFZ O o TEDX Y v REMURETHIrZIEL LS L LTE WIEEA . 2REIHY
HFRZHINCIRO THB &, EHEZOD tp_new 2T, H2WI type->tp_base->tp_new ZHEH L TK
EEW, 2O LRV, BRIEPERLIZX A4 7D Python 72 7 X5l Python TEFRIN/Z7 7 X bk
LTWAGEIR ELEDPRVGEERDHDET, (DD, TOEIRY T I FIRADA VAKXV A% TypeError
ZHEFIHMEL ZEBAATRRICRD $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 *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;
Py _XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py _XDECREF (tmp) ;
}
return O;
}

ZAUX tp_init X U NIRAZIHE 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.

Uunlike 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.
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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?
o ZOBMAVI IR 1 LDREFVEHETEZ LG

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*?.

ICTREA VARV ZAEREREL LTRAZ2E5CLAEVOTTR, ZHIZIEWSDObDHFERHDET, o
YREEHEIX. AVADERERE LB LT

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, ZOEHEY tp_members A0y MIANEL x5

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the #

MBS % EIE T S section below for details.

L ZHRBZDOATY 2 7 b BXFINRER R DHARA TTH 2 LSBT D ITIBE T,

*2
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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 —RXA b F—4 first T A MR —4
last ZEFEL2XXFHNZ2ZDOA TP 227 bOZHIE 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 ARE 51 L
LTRITEDET, XYY FIZDRICEDA VARV AZRYIOFEE LTI e 6 RITNUIR D ERA, LIFL
WEAES B =V — R RZTe D 32 SHENIRICHRERNDOT, FEETBDOX TV X —v— F5lHL
DFHHELWMOR NI LIZLET, ZOXY v Rl Python DL TDX Y v ¥ Effi 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 FEBEHOEY ZEN T 20E8H D 3

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

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than
self)
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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 TAEMECEFH<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)

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

ROR— kL)
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static PyObject *

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

{

CustomObject *self;

self

}

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

if (self->first == NULL) {
Py_DECREF (self);
return NULL;

}

self->last = PyUnicode_FromString("");

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

}

self->number = 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,
&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;
(Ko<= 1%i)
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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)
{

PyObject *tmp;

if (value == NULL) {

ROR— kL)
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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"
1,
{NULL} /* Sentinel */
};

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

(RDR=I12HiL)
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.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 BHEEZ XD 20 LKHIHIT 27201218, HARL XA D getter B Y setter B Z (H &
o MU first BIED SMHEEBUG T 2B (getter) . Z DBIEICEZISNT 2 BI%L (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)
{

PyObject *tmp;

if (value == NULL) {

(KDR=I1%i)
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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;
}
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 MEADAHIZ 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 */
};

ZLTZN% tp_getset A0y MIERRLET:

.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 XUNERDPSRBINSDEMZFRNVTBEXL & 3¢

static PyMemberDef Custom_members[] = {
{"number", T_INT, offsetof(CustomObject, number), O,

"custom number"},

(Ko<= 1%i)
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{NULL} /* Sentinel */
};

¥/, 22T tp_init AV R IBEINZ DL LTLFHNOAZHAIT 2 X5 ICEBIETZ2HENHD 5

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, "|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;
Py_DECREF (tmp) ;
}
return 0;
}

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, BEEBLELIE, ZOEY 2 —NFHILREM E MIUHLBIRINICH 2 EY 2 — VB ZEBELEL 2 5. £
LT setup.py 7 7 A MTEMDERE S DR ET,

*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
. . s . . . , . .
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224 BRAN—DOAL I3 =Y R—-+T3

Python (&:term:“fEBRA R = a1 7 & (GC) #hE<garbage collection> ‘#H o TED., ZHFIFERA TV =
I he, REABRAV VI PER TR TCOEATLII D TEET, ZOEIRRFIIA T =7 s DSED
TEERLTVWA L ZIRIDZE T, e B TOFEEZEZ T ZE W

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

ZofITIE. BOEEZIL DYV R M 2EDE LR, ZEZZOV R M2 HIBRLTH, ZRUIETEHENOSR
BPERERLO0TEITIL, SRV Y MEIERIZWERED R A, ELWI 2IZ Python IR R—YaL
7 ZIRENBZ DYV AP ARETHL e 2B L. BRcE%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
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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<= 1%i)
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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<= 1%i)

2.2. HROBOES: Fa—LUTI 53




Extending and Embedding Python, 'J1)—2X 3.8.19

(AIDR=I 25 DfE X))

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=I12HiL)
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}s

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom4.Custom",
.tp_doc = "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:

2.2. HROBOES: Fa—LUTI 55




Extending and Embedding Python, 'J1)—2X 3.8.19

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 2D LA WEREA 79 = 7 M LT, traversal XY v FIZEI N7z visit () B
PREOE S, visit() BIEIAREA 7227 + 2, traversal XV v RIZIEXNEBMD5IE arg #5118 LTE
DET, ZOBBZZDENIEEADEEITRINZEBEHROELEL ET,

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;

}

AM: 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).

EM:  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% 7 5 AERD 7 7 7 WTMAET

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTSET T, tp_alloc AR v b ERIX tp_free NV FIBFErATOIUE. ZRLEZERIR—-—YaL
72a ifEAZESBETEIVDOTT, 1ZLAYOINRERIZEBMNICRMEEINZ N—Pa v 25T
L&,
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WAF OB 2 A& U728 UWVIRRBL 2 EN S 2 S e AT E F 5, MHARAARD LMK S 2 DIFHCHE TS, KER
PyTypeObject ZfliHICHIHTZ 2025 TT, ZAUTLLRT, PyTypeObject MEKRZILNRE Y 2 — L THE
THDRELVWTT,

ROBFITIE. b4 2D list BEHPA L 7= Sublist BEZER L TVWET, HILWELIER OV X My 24
WCHEER D D 358, BIMTHEO DY > X2 %23 increment () XY v FEEo TWET:

>>> import sublist

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

>>> print(len(s))

6

>>> print(s.increment())

1

>>> print(s.increment())

2

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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 <)
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static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = "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;
}

RTbhb»d L5112, V—2a— FIZRIOHD Custom DL IEFEICLTVWE T, EH>HEn 2 FNTNE R TVE
£7,

typedef struct {
PyListObject list;

KoR=1ki L)
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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=—S B
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return m;

PyType_Read () % FERNF(IC, B OWIERD tp_base A vy MIMH LN TVWRIFNERD $HA, BIFOR
AT BRI, tp_alloc AR v k% PyType_GenericNew() THD ZNEIIH D THA, - HERD 7 1
r—a VBRI E T,

Z DX, PyType_Ready() BEZIEU, XA T4 7V =227 M EEY 2 —~NBIMT 2D, FEAMNZ Custonm
DB EFE LT,

b 3

2.3 Defining Extension Types: Assorted Topics

O TR EFXEREBENRERRA TRXAY vy R, ZNoDAETE2HDTHI0IIOVT, o AL
5,

LUF X PyTypeObject DEFHET T, TNy ZENL R TLAELALONL DDA Y NZEWTHD 5

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=I12HiL)
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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/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

/* 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;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

(RDR=I12HiL)
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destructor tp_del;

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

unsigned int tp_version_tag;

destructor tp_finalize;

} PyTypeObject;

fcKBAD XYy FEBHD TR, TOZARITODET 2HLEIDHD FHA, ERLELVEND 2746, FLT
Z2DEFZDIBEDTLDOITPTILILDIILALTT,

FTTRFHINTVBTL £ 90, TOMERICOVWTARICERTOE, 22 Y FII2o0TEDEELWIER
PRHLET, L2LIALDX UADPEERF TERINTVBIEFIERLE T, 203D, ZhbDX Yy
NOBIN B IR SERI BRI L 2 DL 5 TS, ZLOBEVHIZAMBLEDE, BELTEX Y ABTA
TEHEEINTVEHIZ L o TET, HLAERRICEDETHEEZET S22 T,

const char *tp_name; /* For printing */

CHUILDHHTT Y, BIOETHI L L 51, ZhUIix RIGHTHA, F ALY RBZENTHELN S DT
Fo ZNIRDT, ZD XS BRIGHTRISDTH S S ARTEEATLZEI W]

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INBEDT7 44—V RE, ZOROFTI 27 bDRFHLIMEREINZ L ZCENFIToXEY 2E D B THIE LW
D% T VXA LR LE T, Python WA ERDOHEER (CFEANRX INIREZBBLTLEZZ W) IS
BHAABDYR— b DHHEEDHD, ZIT tp_itemsize X U A\DPHLNET, THBHIZOVTIEH L TIN
9,

const char *tp_doc;

Z ZZ& Python AZ V7MY 77 1L >R obj.__doc__ # doc string iR & EDLFEH| (H2WVEEDT K
LR) ZANET,

TR, BOBERNZAY v FITEAE T, IZL AL DINRORAZDXY v F2RELET,
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destructor tp_dealloc;

BDA VAR ADBRA YV b BERIZHRYD, Python 4 Y X 7Y XBZREELTCEAMHA L k22, TD
BEBAIHEN T T, T REXTY 2 ZORMBER_RL TV, 2RI EIT TR ERUHED D 25513,
FNHEZZRANONE T, A7V 27 bERAKRS ZZTHRINZDENLD D ET, ZOBEKDENX, LIT
DEIBDBDTT:

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

X E Y R TO  DEELZ DI, NG H OBV 2 XWFEEDIT RN 2T, Rk b, BRH DR
1% Python 4 > 2 7V XBAX Y Z7ETTORBICRET & ZIZMHINE ZeNZ2VHSHTT, £ LT GEE OB
HDERTRL) BINDIDITA Ry I PBEERIND L Zid, TTRFEEL TV LH0580 5 X E V) BRI Z ST
2H5DEHD FRA. BIBHDOBEBD B 2725 FELEBIMO Python Da—FZETLTLED &, 205130
ADBFEELTVWDR I EBRAIT 200 LNLERA, THUIA VX TV XPERIBFL L7 -2 REIEL LI
DIEMD ET, THEHCIELWHIKIR, KETRVERELFETT 2GS OB ERELTEE, Kbo
b ZNZITTICRST 28 TF, ZHUd PyErr_Fetch() 3 XU PyErr_Restore() B ZfliS5 Z 1T X o THIRE
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static void

my_dealloc(PyObject *obj)

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

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */

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

cbresult = PyObject_CallObject(self->my_callback, NULL);
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);

(RDR=I12Fi )
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Py_DECREF (self->my_callback) ;
}
Py_TYPE(obj)->tp_free((PyObject*)self);

AR X EVBHEBOPTEZRIATA S Z2IEW S O2 IR D D $9, 1 DHIZ. 28N (tp_traverse
BEK tp_clear ZffioT) HR—YaL s> aryieHd K-t LTVWBEYEA, tp_dealloc BFEFHENZ ET
W2, WEINT 7 A FITAREINTLEI ATV PORYAN=PEDHZ L TT, 2 DHIE tp_dealloc
OHFTEA TV 227 FEIFLERREBICHZZLTT: DFDBWAV Y EDB0THEE VI TT, (LD
WKHdEO%) kA7 22 b AP OFFOH L TIE, tp_dealloc ZHEMUIH L., —EREMH,L7 T v
PaTBHIERRBREPDBLNERA.

Python 3.4 22513, BHER 7 7 4 F 54 XD a— FiX tp_dealloc IKED T, DY IKHLIBAZINL
tp_finalize EWHBIX Y v REfS Z e BSHERIA TV E T,

BE:

PEP 442 THLWZ 7 4 F 54 XDMEHADGHHAI A TVE T,

232 ATV CR|

Python TlX, A7V 27 FOXFHIRBEEERTZ2DIC 200D HRHH 5 repr) BAEEM S HikL,
str() BAEZM S AETT, (print() BIEUIHIC str() ZMFUFHLET, ) 26DV RZIEEE 5 A
TE%¥9,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY FZ@EFERHEENZA VARV ZADLFHRBERM LU IXXFHA TS 27 VR TRERDHD F
T, BELHEUTOLS DT

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

tp_repr NY FIDBEEINTVARITIUI, 4 VX TV RIEZZDHD tp_name ¥ ZDA 7Y =7 + D—E R
% dBEVWTXFHRAEERL 3,
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tp_str N2 F7 ¥ str() OBRIX. LD tp_repr NY F T ¥ repr() OERICHSLET, 2F b, ZhiZ
Python D2 — K9P+ 7 I 27 bDA Y RAX A LT str() ZFFCH L7z 2IINE T, ZOBEBOE
X tp_repr N FI7DZNEIFFHITB TV E T2, Bon 3 LFHRIUIAMIHO Z L zERIATWE
3o tp_str BHRESINTWVRWEA, 22D DIZ tp_repr NY FIMHbNET,

IVQNESHE A Qi

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

233 BE=EETS

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 & 2 DDEHAY F5OMlEFE—FLTVET, BEE ORI L5 oM EET 523 T&
(. ENSDENIE—HOMMEMEDLHE charx ¥ LTZIFI 2 DICH LTS 5 — 4 OMIZRM D% %
PyObject ¥ LTRZIMS, L5 bDTT, ZRZAORIIZDFEEI L > THEAN I WA EHZ ET,

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

VAT 74

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

A7 PORBEANDT 7 EANORIZ (TH L THAT %) BIRRIEIZIIT251E, PyObject* ZffioT
BN EM ST 2B LT, MY (generic) REEZMR $3, FEDORICKHLL ZEMEANY F J OREMIX
Python 2.2 2 HIFE AL TRICKRABDE LTz, LU, ZLOFNIER. ZOFHULLIMHR 2 & 51T o B0
72X A =X L2 H 5 L5 BEHEINTIREVEE Ao
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RN GEMZEERT S

FE AL ORI Bl BHEEZM 5720 T, TR EDXSREENHEMZL WA Z2DTL & 507 Zhbz
FTREFMNIT LK DTHTT:

1. PyType_Ready () DIz &, T TIEBEDOAHIBDIroTVE Z Lk,

2. BEESHLEZDRELED T2 L 212, KRGO 7D DMBRNETHRL, RS LEDERELE
fEIZN U T AREED FEITT 2REDR RN &,

NS DEME. BHOMESR. [ENGFTEINZ XA IV, RSN LT — 2R EOBREZ YL D TH D
MEWVS T Z L ICRASHINERT DO TIERVWI BIHERL TN,

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=INERATE T2 PHHD 3 DDA YN LTEESNTVET:

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.

2FEHDT—INIE, A VAR ARSI S T — R e EEIC O SN BHEERT 2DIHVET, W
2B D C DFIEMNRIIAY R—FENTED., 7272 %25AR LEHICOHAEXARBICHTEEST, 20
T— IV THONZEERIEIRD XS ICERI N TVET:

typedef struct PyMemberDef {
const char *name;

int type;

(RDR=212%i <)

2.3. Defining Extension Types: Assorted Topics 67




Extending and Embedding Python, 'J1)—2X 3.8.19

HIDR— % 5D E)

int offset;
int flags;
const char *doc;

} PyMemberDef;

DT —=TNDELY VW LT TRAIZUTE BPERS . BEEZA VAR 2 ZAOMERD SR L 5 %800t
LTZENLEMEINE T, type X ¥ Nid structmember .h Ny X TERINZHDOaA—-FE2VDEDHEATY
ZREMHD ET, ZOfHIX Python iIBF 2y CICBI2EELYDEIICEBRL DS EEDLHDTT,
flags XU NFZOBUBED X ST 7L RINZ0%GIHT 27 7 7 %2ENT 2DIfbitg 3,

MTo7 o Z7HERIZ structmember .h TEHREZINTED, ZHbEEy b2 D OR 2H - THASDE LR
£3,

EH =13
READONLY MM EETE W,

READ_RESTRICTED | #llfRE— F (restricted mode) TIIZRETZE R,
WRITE_RESTRICTED | fillfRE— K (restricted mode) TIFZEHE T X2\,
RESTRICTED HIFRE— F (restricted mode) TIZBMEHEHH TERL,

tp_members Zffio 72U L ODEHEWHAHEIR, ETRICHEONE TRV FXEZER L TBE, Hicr—7 4
WKTFRAPEBEVWTEL Z2IZL- T, ZOHFETERINZITXNTOREMIC doce string ZREHEMIF SN2 LS
WKFBZLTT, 77V 7 —=2ary3Iof vy taRRr7yaryf APl 2ffioT, V7 I9RATV 27 b BT R
ZVTFRERODHBL, 20 __doc__ JEBM%# > T doc string #8550 F T,

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

BEDRICKHE LI B DEE

FEEBMIICT 2728, ZZTiE charx 272 N"N—Y a3 v DAERLET, name X7 X —XDOHI A > & —
7 x4 X2 LT charx 2ffi5 ) PyObject*x ZES L DENL2H D EEA, ZOHITIE. LOBFRIYZRH & FH
U Z e 2B D £330, Python 2.2 TEMEXNBIIRBOY K-+ 2FbFTITeh £3, Iy
FIOBBMBED LU THIENZ DD ZHIALET, ZNT, L A ZDOWEELIET 2 0B H 5 & =, {1
ZEI TRV DRETL & 9,

tp_getattr NY RS W@3 A7V 27 P BEUANDOSREERT 2 2CENET, ZhE 207 57D
__getattr__ () XY v R INZTHA S RN R TR T CHREIHINE T,

Tl zrnl 5, :

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

ROR=—S B
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HIDR— % 5D E)

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;

234 ATV FOHR

richcmpfunc tp_richcompare;

tp_richcompare N R Z I HEBAUEPSE R XNz e FICMOHENE T, __1t__ O D&k IERLEX YV v
F WML TH D, PyObject_RichCompare() ¥ PyObject_RichCompareBool() » &6 dIFUHENE 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_GT, 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.

CHUIHNERRA B DY A ADFELFHUIFELWE By 7 — &MY > FARETY:

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

PyObject *result;

int c, sizel, size2;

(RDR=I1ZHi <)
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HIDR— % 5D E)

/* 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 c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
}

result = ¢ 7 Py_True : Py_False;
Py_INCREF (result);

return result;

2.3.5 HRMATORILDOYR—+

Python 1W< 23D HRMWA “Irnbanr” 2HR—-—bLTVET, INSEHEHTIRFEDLS VX —T 214 R
IZ2OWTIE abstract TR XN TWVWE 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;

BHEWOATY 27 P BUESRS — T VR HEVERHEDOL SIS SF5 L5 LEVWELE, 2hzrhic C
@ PyNumberMethods #§i&{A. PySequenceMethods Mi&ifA, *7:!3 PyMappingMethods #HE{AD 7 FL 2% A
NET, INLHICHYIRMEEZ ANTH ANRL THLEVEEA, 205 %M - 726l Python OFLAR Y — &I
% Objects TADIFEIEMNTESLTL & I,
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hashfunc tp_hash;

ZOBEE. BLES 2Lk slE. F—XBDOA VARV ZADNAY S 2 FKERIRTEOICLET, RDOITH
fi ) TG

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;

COBEIE. ZORIDA Y AKX AN T LTINS & 2HENET, 22 21EH L objl IZZD
A VAR YA A5 TWT, Python A7 Y 7T objl('hello') ZFEIT L7z T 5L, tp_call N¥ K I
N E T,

ZOBE 3o BEE b ET:

1. self IWMUHLONREH2ZF—ZHDA VARV ZATT, 722 ZIXMUH LA obj1('hello') DIFA.
self 1X obj1 12k H £,

2. args WIPUCHLDFIBEZEMAL TR XSV TT, 22658 %2MD H3I2id PyArg_ParseTuple()
ZNE 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.

DITIX tp_call OffiBREHELTT:

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

PyObject *result;

const char *argl;

const char *arg2;

(Ko<= 1%i)
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HIDR— % 5D E)

const char *arg3;

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

¥

result = PyUnicode_FromFormat (
"Returning -- value: [Jd] argl: [Vs] arg2: [%s] 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 3528 (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 EOMVWBEWS

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 5LV C++ MIRDEILF

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

AVR=FPTEBZ LS. H£ESA 75 VIMHX B IRET PYTHONPATH BiIcRITHIERSH T, 774 L4 % E
a2 — VIR A, BYIRIERTICR o TOWRIFAUIWIT FH AL distutils Z->TWwW2a & =&k, HIFWICIEL
W7 7 A NVEDPERINE T,

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

Z DOBFUIIIAEA Y 2 — L d, PyModuleDef £ Y ZAX Y A%IBELE T, #f LW I ¥ IX initializing-modules
PSR TLIEE N,

FHNZ ASCII L2l o TOWARWEY 2 — L OHE, BE#IE PyInit_<modulename> O <modulename> % E
Ja— VA TEEER 72D TRIFIUIR D 48 A, multi-phase-initialization Zffio T3 & ZlX, £V 22—
T ASCIL A DX FH R £F, ZDHE. YIHHLEI D41 PyInitU_<modulename> T. <modulename>
BNA 707X —Ra7 CTEEHZT Python @ punycode T>aA—F 4 ¥ TCLya—RLEdDITHD
%73, Python TE 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 77 VICEBOMIILEBEEHR TS 22T, BROEY 2 -2 T AK— T3 ZLIXAIRET
o LHL. 7740 TR 7 7 ANBIHS LR LIRAMIT IS e LRVWD T, BRDES 2—1%2 4 ¥
A= PSEZRES YRV v 7 ) Y2 PMEDA Y R—X =25 RBENDHD £F, sFLI tid PEP 489
”Multiple modules in one library” Bz SR L TL 72X W0,

2.4.1 distutils IC&3 C LU CH++ IEEEZ a—ILOEILR

JEIREY 2 —id Python I2& N 3 distutils 2> TEIL R TEF T, distutils 1ZN4 F VR 77— DIERK
P R—FPLTWVWEDT, T—FPIWREI 2 —L %A VAP =T BEEIZ, BT LDHar 4 7% distutils 5
WL WS DT TIEDD EHA.

distutils R—=Z2D ¢y o —I12iE, BREJR 7 VY 7 b (driver script) £ 72 % setup.py DA - TWE T, setup.py
WFEED Python 7R 275 A7 7 A LT, L ALDHELUTO LI BNEZR > TVET:

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])

ZD setup.py £ 77 A /V demo.c BbHBrE, LIFOavr K

python setup.py build

ZHETTBH L, demo.c AV AL T, demo &WIKHTOIIREY 2 —% build 74 L2 b UPIZAERKL
¥9, VAT AR Ko TEEY 22— 7 7 4 Wd build/lib.system ¥ 77 4 L2 b VIS4, demo.so R
demo.pyd EWo HARNCR D ZENHD T,

setup.py WTIE. 2~ FOETIZTART setup BEZIFSH L TITWE T, ZOBBBZEEOF -7 —F
SIBERD £, LORITIEZDO—HEHoTVWRIZTEERA, bo L EAENITWI &, ZOFlOHFTIE Y
=Y ENRTEDDXREHRE, Ny F—IVONEEZIEL TVWET, @HE. /v 7 —I12iE Python Y —
AT 2= LR RFa XY b, BTN F—=IFL Vo LHIDOEY 2 —Lb A D 7, distutils OFEREICE T 2
M. distutils-index IZHFDN T WS distutils D RF 2 X b ESBLTL IV, ZOHITIERITREY 2 —

24, C BLY CH++ IRDEILF 75
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LD RIZOWTDOABAL 73,

BXEhR 70 7 P DR KD KT 27012, setup() NDOGIHZHTS o TEHAELTBL e X< HDF T,
L ofITIE. setup() @ ext_modules FILIREY 2 —L DY XA M T, VR MDKLDEHIL Extension 7 F
ADA VAR YRR STWVWET, LOFITIE, demo EWHIHDIKREY 2 —LEERLTVT, H—DY—2X
774 demo.c FAVNRANLTELRTBEISERELTVET,

ZL DG, THREY 2— LDV RIEb - 2 HHEICRED T T, LW0WHDIE, TV ey ERLIATIVD
BIEEPDBEICRZ ZBHE0HTT, FIZIZMUTDY 7 4 A ZDERFITI,

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 ZEBMDEBINSNIIRET setup(O) BRI HEEINTOWETH, My F —I 2 LT 21D
oo TR, XXERZMITITELS ZeHERINE T, HREY 2 —VEKIZOWTOX XEHRICIE. 7V 7o
TYBER. AVINV—FT7ANDT AL I M), FATIVDTALIZ MY, FA TV EVSTABENDHD
F9, distutils IXZDEHRE >4 FWIECTEZZLD FTIEL FF, HlZIE Unix TIE, LOREZDT
DESHariravwy RiZkzhd LILERA

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

Ihsnavwy R4 YEEHEEWNTEIPNZD DT, distutils ® 22— distutils SIEL  a~ > FEET
FTHEEHALTLIEE N,
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2.4.2 HiERED 2 —ILDEH

PRRES 2a—NZSFEALRTERLS, Z@YOHEWGEHD £7,

IV RI—HFREBES 2—LE2A VA=A LIS EEZFT; TR R2ETLET

python setup.py install

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

python setup.py sdist

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

V—2a— FEAi % 5 EHEERTERSH. AV T FEAL FVEAYBIERTEE S, 59 P 7+ —AIG0
T, UToa=y FowsFhyrzlnEd,

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 Windows tT®hD C &V C++ #ERET 2 —ILDOEILF

Z DETIZ Windows M} D Python JEIREY 2 —L% Microsoft Visual C++ #ff o TERT 3 F1EICDOWT
fHELICIAANR, ZDRITHIREY 2 — LD EL FHRED LS IREET 2D OV THLLWERZENE T, O
B, Python #RIREY 2 — L2 {EK T % Windows 7027 J <, Unix & Windows DT TH £ LN RFT
X255V 7 b7 DEBICEIEND S Unix 7RI <DWHFICE > THEHRATT,

EV 2 LOEFIE. ZOETHALTWEAHELD B, distutils ITX 37 70 —F THIREY 2 —LZELF
T5E58DET, 7z, Python LR LAZBIfEbNz C a v g I8BETT; @K & Microsoft Visual
C++ T

AR ZOETIE, Python D=2 a YEEIFEEINTA>TVEILLZIADT 7 4 VZITOWTHN X
T, INBEDT7 7 ANAIE XY TREINZ A=V a YEHRNETREIINET; 'X' 13- TW2 Python V1Y —2R
DAI ¥ —=N=Ta EE, "Y' E3AF ==Y 3 VBEETT, HlZIX. Python 2.2.1 ZfioTW37% 5, XY
WEBICIE 22 12k h T,

2.5. Windows ET®D C 5LV C++ HEREZa—ILDEIFR 7




Extending and Embedding Python, 'J1)—2X 3.8.19

25.1 Brsbor7rO—F

Windows TOHRRE S 2 —/LDEIL FiZid, Unix LR U X512, distutils Sy —I 2oL FIEE
OHIH L FEIO B D7 Tu—F2bHD 5, distutils ICX27 70 —FIHNILALDIRES 2 -1 TS F
CWVWEF T, distutils 2o IERES 2 — LD R Ry 7 —IBIZDOW T, distutils-index 125 D %
T INOEARBICFEFTITORITINER SRV b o258, BES A 77V EY 2 —I)LD winsound @ 7
0yl b7 7 ANHEE AP S LLEE A,

2.5.2 Unix & Windows DtEHES

Unix ¥ Windows Tl. 22— FOFETRFGAAAICEL BRI T EXAL 2V TVWET, BIln—FXnd X
SKHEZ2a—NAEZEALRLID ETARNC. BODIRATFADRED LS ICEHET 20 > TBWTLEEI W,

Unix T, #£EF 727+ (iso) 77400 T I ahffisa— K, 2L TTar o ANTHES KA
F=RZBPA>TVET, Z77AANTRT I LEEGEINZ L, ZhoDBEECeT —XIINT2 774 1Da—F
NOETOBRIX, A TYNTHEC T —ZPMEINTWS, 7027 sHOEBROEHEET X5 KEHI R
F5, ZHUIEARMXY V7 EBIECHIZD T,

Windows Tl BIIV > 27 74759 (.d11) 7 7 A WIS 5 T3 B (dangling reference) 13&H D 4 A,
ZORDOY, BT —EANDT 72 RBNV Y 7T v T T—=TNAENLET, {€->T DLL a— FOGFE, FITH
WHRAERTR T T AXEY EOELWEGZET LS IKBIET 242 3EHD 8A; ZobD, a— FEH
W DLL Oy 77y T T7F—=TNEEN, Ly 77y 77— VARRETRICEBROBERP 7 — X 2T L 512
BlEshET,

Unix 12, M—D54 75977 A BR (L) LB EHA. .a 77 4 UREROA 7Y =2 b7 741
(.0) HRD A= FHRA-TWVWET, £EA T2 b7 7400 (.s0) ZEKT 2V Y 7 UEOBREHIZ, Vo h
FERBT OB FIEBT 2 ABHDET, COLEVYARIATIVNDA TV =2 b7 7 4L
ERELET; b LANTAROD 2, VY ARZDOA T2 b7 7 A Ao Tha— FERDAAKET,

Windows Tld. Z20FERDIA4 757V, BNIAL T3V AL Y R=bIA4TIUDBHDET (¥55H6H .1ib
CIEENTVWET), #7477V Unix B2 .a 77 A VBTV ET; 2O 7 7 A UZiE, BEIGT
THDIAENZ E5RA—FDPA>TVET, 4 VB -1 F74 77 V& ERMITFEE DA T HARIETIER
{.DLL u— RFSINRSTHFETE2 I ZHAET 2720170 HbhEST, VoyAEA Y R—-b 734751
PODBEREMF->TLy 27 v FF—TNEMER L. DLL iIZA> TOWARVWENTE#EZZLS5CLEST, 77V
r—2a R DLL Y Y27 E3N330, A YR—bIATTVDEREINZIERHDET, ZOFA4T 5V
F, 77V =23y DLL NO Y Y RMIFES 2 X 572, FERIEE L322 TD DLL Tffi 5 72 DI EIZ
ZHET,

Zoo#Ha—FEY2—N, Bt C2ERL. floa—Fray s A 26325 L%9, Unix Tid, A.a %
B.so ® C.s0o ZEILRTHLEDYUARKELEDIE LERA ; ZARZIEEZTHARE a—FEIZERDAZ
. BY CorhzhPEFTHDar—%2K->TLEWVWE T, Windows Tid, A.d1l ¥ L FT 3 A.1lib %
ELFENET, B C DY 2IZE A1ib ZELE T, A.1ib IZEa— FiZA-oTWERA; BIIC A Da—
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FIZ7 78R T %5 27DIFTRICHWS NS THRB A > TWERETTT,

Windows Ti&A4 ¥ K—+ 74 77V OFHIX import spam ¥ T2 & 52D TT; ZDEIEIZE - T spam D
HENCT 72 ATEETD, a—FOab—Z2@lc/ER L DIZLEEA, Unix TR, 7477V D) ¥ 7
¥ LA from spam import * I TWVWET; ZOHETIIMEINICa—FOav—24EKL £,

2.5.3 DLL ERHDOERE

Windows fiZ® Python (% Microsoft Visual C4++ TEIL REIRTWET; lloa v L SE@FS . 5 FEE
L7D. Ldorb LET (Borland & —H5 2 <EBIfEL 8 A). < OHOHD OEHIE MSVCH FlF Ot
/S G

Windows € DLL %Z{EK3 23, pythonXY.1lib 2V > I EAER D €A, HIZIE=DD DLL | spam
¢ ni (spam OHNIZIE C BB A-oT0WEELET) ZEALFT2I2E. UToavxy FEFEITLET:

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

BPIDAY Y RT, =Z=DD7 7 A )L: spam.obj . spam.dll B XU spam.lib DT Z ¥ 3, Spam.dll 12k
(PyArg_ParseTuple() @ X 97%) Python BAEUII R A5 TWEH A D, pythonXY.1lib DB 5 F T Python
A—-FZEDOF2ZLIETEET,

ZoOHDaw Y FTIE ni.dll (BXUY .obj & .1ib) B TE, ZDF4 77 Vid spam & Python FEITERH
DORERERE LS5 TADFE LW AHI>TVE T,

ETOHMAFBNY 77y TT =TV ECRHENZDITEDHD FRA, DOEY 22— (Python Bik%
BAET) o, BEOHAFPRZ 2 L5129 %121, void _declspec(dllexport) initspam(void) %
PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 51Z. _declspec(dllexport) THEHEEH
372D FHE A

Developer Studio I3 E SR KEDA Y KR— 154771V % DLL I22E2AA T, ETERDH 4 X% 100K
BRELLTLEVE S, THAZA 72V ZBVWVHLEZTR, (Tedzr rodaxr ) X477 2%
O oD ZTBEHL T, AVYR— b S5A4TS)DER RIEELE T, ZOK%, YR nsvertxx.lib & 7
ATV DY X MIBILTLIEEW,
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THREE

KRBT TV Tr—23>AD PYTHON 52321 LDIEDHIAH

Python 4 ¥ X —7VXDHTAAL 7TV —a>e LTEITEINBEREREIES DT <. CPython % &
DRERT TV —2a VOFIZHEDADHREELWIeAH D FT, ZOHTEZDO LFWEDIAAICED
BN DOWTEBAL F5,

3.1 7SV 75— 3> AD Python DEDHIAH

AIETlX, Python LR T 2 /57E. $7b5E CHD 4 77 V% Python IZFE D THEEZ IEER S % ik
WCOWTHRE LA, RACEIRIEZHDOHFETHEITTEES: 203, BHD C/C++ 7V r—ar
IZ Python ZHDAA THEEZRILT 2. L WVWIBDTT, HDAAEITHIZ LT, 7V r—yaryofishy
DOEREE C R C++ DD DI Python TEETEZ L5122 D ET, HDAARZZL DB THHTE £7;
2 —%H Python TRZ Y P 2EE 77V 75—y ayERENHFAMEITORE LIICTE, EWVWSDRBZ
O—HITT, TrZI<h, FEOHEEE Python T DEICEF LG5 ICHTEED-DICEDAARITS T
EHTEET,

Python O ®HAAIL Python OIREYUTWETH, LA EWVWI DI TED D A, ZDEWIE, Python
EIRLEGECE 7 TV r—2 a4 7u s AEKAR Y LT Python 4 Y& 7V X TH 35—,
Python ZHAAAALGEIIE. X4 > 7125 512k Python 23R LA W - Z2ofb bz, 77V & —
> aryDdH BT Python 4 &2 7V 22N LTH &2 D Python 2— FZETEE3 — b L
N, W5 22 TI,

$€ > T, Python OMDIAAZITIEHE, BEDOA AL a7 a2 -MELARTRIERD Z8A, XL ars
LR SRITIUTIZ SRV 2 D—DIZ, Python £ ¥ X7V XDFHULSH D 5, 2Pk L b B
Py_Initialize() 2FEUHXRIIRD FXA, 7> a2 LT, Python filica~> Fo 4 VEIBEEST =D
WHEBIEFSCH L ZITVWET, 20%. 77V 5 —2a DL IThA VXAV R EZREHES2 X512k %7,

AR TVREMRPIHETIICE. BR2Z20L 020K ENDD £3: Python XA A » 72 XF5 %
PyRun_SimpleString() X F. stdio 77 A VKA VX774 0% (ZRWEZF— X v E—-—IYNTa—
RERFANT 2720720 DHDTT) % PyRun_SimpleFile() KT, W BEATT, ZNETORETHHA
U7 EKEDBEEFECH LT, Python 7Y =27 b EBELEZDFEHLZD B TEE S,
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BE:

c-api-index Python C 4 ¥ &Z 7 = —ZDFMIZ 2D~ =2 7 MICEPATVE T, BDELRFEROKEMNIZ 212
H51FT T,

3.1.1 EKEDIEDHIAH

Python DM ®HAADR S H LR IZ. BEAMES V272 —2DFHTT, 2O V& T72—RF, 77V
r—=2ayeR bW T 3HENRV Python X7 Y F I Z2ETTEDDHDTT, flRXZHE, —oD7 7
AN ETA S ORELFER T 2DICHHTEET,

#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 FF, T IDA YR TYRIZT VX
ALBTATITVNDNRAZIRA 5 Z EHHRKET, KT, Python 4 > X 7'V X% Py_Initialize() THIHiL
L. i To—Fa— FEhi Python 227V 7+ THA e IO ZHEITL $9, £D#, Py_FinalizeEx()
DOMETHLTA YEX TV REKRTL, 7R 77008 TIHEET, B F 4 TlE, Python X7V 7+
PHDY =2, BEOLLKTFAMLT 4 ZAL—F IR T 740, T—EZRX=APOWMOHLIWEEZZ0d LA
F4H A, Python 2a— K% 7 7 £ 45D H311E, PyRun_SimpleFile() BAEUEE S DX WVWTL x5, T
DI EV EHRL T, 774 VONEERR— RT3 FMEEANTINE T,
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3.1.2 BRKEDIEDAADSHEAHT: BIE

EKEEL X 7 2 — 1%, WAV Python a3 —F 27 7V r—2a v bETTEL LI LTINETH, 7
TV —>ar¥k Python 3= FOBTOT—ZDRDEDIZ, HEXADRIE->THEDLVHDTT, 7—XOD
ROWMDZLIVES, KDEKEDA V27 2 —AMPH L ZRHA LR TERDEEA, £DZEL Ca—F
EEPREZLBRNMDODIZ, IFFMTHTEL LR ET,

Python OyE5E ¢ AKX, @5 ZFEX, FUCEETHZ VS T ICERERIZRD EFHA, ZRETOE
T L TEZ MYy 7DIF L AEDPEDIAATHDTEED EF, ZNERTZHIT, Python 226 C ANDIA
REATS 2— FOEBIIIM 2T E20EZTAEL &5

1. ¥—&{li% Python 725 C IZZ&H#¥ %,
2. BEANTAEZH T C—F > OBBITEH L2170,
3. FFUH L TR LN T —&{H C 205 Python WKE#T 5,
Python ZHDATLIHEIIE, 41 VX7 2 —Ra—FPTH51EEEIUTO LSk £3:
1. 7—&{E% C 75 Python IZ&¥LT %,
2. XN 7=fE% > T Python 4 ¥R 7 = — Z)L—F > DBEFIEUH L ZFF0,
3. UH L TR s 7 — XMl Python 225 C IZ&#T 5,

—RLTH»2E51. T—XZEHORT v Ad. SEETT —XZET 2 HANED o DIZEDLETHIZA
NEZ 2T T, —OHEERIX, T—2EMOMICH B V—F > TF, HWREZITHIBECE C v—F 2y
HUE32, #DIAADEICIE Python V—F Y ZIECHLE T,

ZDETIX, Python 25 C A\, ZLTZOMANL T —RELEHT L HEICOVTIEHERLET A, F20 EL
WEDEWARLT T —DIWNHIZOVWTITIKHEHRBEL TWE3IDRELET, INS5DHEIEICOVWTIEA >~
RTVZDILFR A SED B 8 ZADBKRVDT, BDERFHRICOVTIILFTIOELZSRTE XTI,

3.1.3 #RLIEDHIAH

BONCHIRS 2 7025 L. Python 227V 7 N NOBEBEETT270DDbDTT, BEKES VX T2 —2R
BT 2HI TRl e FEIC, Python £ Y XAV XIE7 7V r—>a v b EHEPD DI LERA (D5 XD
HiTRhe DT 2X5ZHLET),

Python 227V 7 M ATERSN TV ZFEITT27-00a— NI TO X512k bD £7:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

(Ko<= 1%i)
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HIDR— % 5D E)

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<= 1%i)
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HIDR— % 5D E)

}
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+ %0 — KL, argv[2] WICIEE S N=LR10MEEEUH
L¥3, BROEKS I argy BLYIFOMOEICZD $F, 2o7urJa% AVNAILLTUYY L (TE
TeRATATRES % call EMEUPE L & 9). UTD XS5 % Python A7V 725732522 ICLET:

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

return c

FEATRERIIAT DX 512722139 TI:

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

COREDHAEZFELT 21237007 LR VE S PRETEXTH, FL AL Python 226 C ANDT—XE
PRS- HEDDHDa— FTY, Python DHDAA L WS Bl &k BUKTROE DT O 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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A &2 7Y 20K, A2 VU 7 Mi& PyImport_Import () 2o THAAENFE T, Z DL —F Vi& Python
XFENE G BUCH B E D H D 7 — X2V —F > PyUnicode_FromString() THEEEL %73,

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

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

}
Py_XDECREF (pFunc) ;

Or/URZ7 ) 7 EHHAAENS &, PyObject_GetAttrString() Z - TRELRLRIZHGCEE T, 4l
MAZY T MIFEL, BB LA 7Y 27 PBAMRCH LATREA 7Y 2 7 P THIUL, 20X 7Y =7 +25E%
THDHEEZATELXABRVWTLEI, Z2ITI/RT I LEEAEBDICEIBOX TINAREEIEAE T, TDE,
Python B ZUATOa— FTHFHL £

pValue = PyObject_CallObject(pFunc, pArgs);

BRI L % IR 3B, pValue 1X NULL 127222, BABKOR D EADBBHA > TWE T, HEANZRIES
FRBEEBMLTLIEE W,

3.1.4 B2&iA £ 7z Python DILFE

ZZETIE, HHIAA Python £ Y 2 SV RET TV — a VAEOBEEEIC Y 72 XT3 FERH D EBAT
L7zo Python API 2ffi5 | HBDAHLA VX FVRXEHIRT D28 TP SV —> a YRIEAND 7 7 A% A]HE
WLET, 2%D, 77V —>a VTIREIATWEIL—F V2 fio T, HOAARAL VX TV REIETZDT
T, BRI LDEISWCERZIEITY, ZRUIEVEVDIITED Y EFHA, SLDHoT, 77V 5= ard
Python £ Y X 7V X ZEE L7220 225 1o BNTATLKEEWN, ZOROY, 77V Fr—>a v
TN—FOHEEN T, HFbEED Python IHEEY 2 — L 2EL HD X 512, Python 2 5FNL—F L7
JERATEZ LT B N— (glue, M) a—FZFELELEZTLEZI WV, FIZIZMTOLSIZTT:

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<= 1%i)
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HIDR— % 5D E)

"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% nain() BEFOFT S LICHALES, £/ UTOZOD X% Py_Initialize() OFFUH L D
WHALET:

numargs = argc;

PyImport_AppendInittab("emb", &PyInit_emb);

I B ZDODITIE numargs BEEHME L. HeiAA Python 4 ¥ X 7Y X525 emb.numargs () BABUC 7 7+
ATEZX51CLET, TNODIREY 2 —ABKZMES ¥ Python 27V 7 MEIMUTOLS R HTE
EEa

import emb

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

EKBEO7 TV r—2ayTlE, 25 LAYy RT7 7V r—aYAND API % Python AT 2 Z 22D
£9,

3.1.5 C++ Ik 3 Python DI2HAH

C++ 7u 2 AFICH Python ZHMIAD T T, BEICS S5 L. I o THDAL LI FH > T3 C++ AL
ROFEMNHERF L E T, —INCIE, X4 > 7ar 0% C++ TEHE, C++ av 4 9%2fFfoT v r70%
aAVRAN VYT FTERENDHBTL & 5, Python BIE%E C++ Ty XA L LEBILBEEIHD FH A,
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3.1.6 Unix R AT LICHIFRAVNAILE) VD

Python 4 Y2 F VYV X%E7 7V 75— a VIZHOADLDIZay 47 (V) KETREELWI I 7% R
HIDWEEE TRV LNLER A, ZHERIC, Python 254 72 VETa— LTy 73z CH)
fIHRE (.so 774 1) L LTHREINEBDE 0 — FF20ENDH272DTT,

BRIV RAN VY IDF T arilb /29I, pythonX.Y-config A7 VS FMEZ 3 (Z ik
Python 4 ¥ & b —)LEHCAER X7z H DT, python3-config A7V 7+ bR b LOLERA), 2O
AV T MIEA T arhELLHD 30, EEMNTEAROEIINATL & 5:

o pythonX.Y-config --cflags {IHRD I A AT a AL T

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

o pythonX.Y-config --ldflags IFHROV > 7+ S a v 2HAL ET:

$ /opt/bin/python3.4-config --1ldflags
-L/opt/1lib/python3.4/config-3.4m -lpthread -1dl1 -lutil -1lm -lpython3.4m -Xlinker -export-

—dynamic

AR R Python N—2 a YHTE (2 D DY AT 4D Python & HR7zHETE L K L7z Python) TOIEHEL
ZHET 57012, L TOFID & 51T pythonX. Y-config (it S A CTEEIL 21Z 5 BRWVWTT,

HLIDFIETI L V2RI (S22 ZHUIETO Unix WR 77y b7+ —ATEET 2 Z 2 2RET
% H D TIFERWT T2, bug reports I TT), HRILEDIRATLDEAFIv I YV IZIZDOVTDRFa R
> b EFEA, Python @ Makefile DAY A VAt 7Y a Y RARZRBENDH 2 TL & 5 (Makefile DIGFTE N
%1213 sysconfig.get_makefile_filename() % ffio T 7Z& V), ZDHFA. sysconfig £V 2 —AMBEIC
VOBERIZEDET, SR Ko THREMPMTIMA TN AL - VY 7 DA TS a VRl R Ta 5 LIS
MHTEEd, HIRI:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

2to3

B

AVRIIT 4Tz NIBITAST 741D Python 70> 7 b T, A VRTVRTA VY RITT 4
ZWCETEINSa— FHTESHTERT,

RDHDDVEZHLNFT:

o AVERIITATVINMEZBVWT, ATV IEINTza—FTay s, MET2EHDRXY]D XFOM
ChfggN. AEan, HFEN. == A/ oA, 731 -2 -z, a— R2ANT3BICERREh
577 %)L @ Python 70> 7 MTT,

o HHAAALDER Ellipsis

Python 2.x ®a— F#% Python 3.x D3 — NIZE#]T Y — L TT, V—Ra— Rzt L TZ DR
ZE (traverse) 372 Z & THHAITE 5, RO 2L £7,

2t03 3RS 4 77V D 1ib2to3 L LTHATE X T, HEDOY - L LTOHEZ LR 27 Y 7 A
Tools/scripts/2to3 & L THRMEEEI N TV X F, 2to3-reference ZZMML T I\,

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

DT 7=y 7 TEMEHFTH o7 D WIPIZERS (B Z1F magic methods DHE) HAEICA VX —T = —
AR ERTD2HERRERML 3, ABC 3R (virtual) ¥ 727 7 2A2BALET, IR 7 A0 5
AL EBAD, ZNTH isinstance() X issubclass() WKERHENET; abc TV 2 — LD FFa
XY P EBRLUTLZE W, Python 123, ZL DflAAA ABC 2RI A TWE T, DX,
(collections.abc EY 2 —/LT) 77— XHi&, (numbers £ 2 —LTC) #, (io EY 22—/ T) A VU —
2. (importlib.abc EY 2 —LT) 4 Y R—=1+ 774 Y EZRIB =X —T7F, abc EYV 2 —LZHHLT

HMED ABC Z1ERTZ £3,

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

type hint £ L THEDONTVWET,

Q—ANVEBDOT ) T—a VIFFETRICIE 7 7 X TEERAD. Zu—rOLZH 7 7A@ B
7 T=YavidEnEhEeY a2, 7R, BBD __annotations__ FHEMICRREATVE T,

BEREDFIADS B % variable annotation, function annotation, PEP 484, PEP 526 &ML T Z&X W,
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argument (E5|E) BIBR MO TEIC, BB (F203 XV Y ) KEITHETT, ESluid2@Es D £75:

o F—TU—F3IE: BBTOH L OB I BORNIEAF 23O Wb D (fl: name=) %2, ** ITHLlT 7= EE
EoHoEr LTEINZF1BL FlZIRX. RD complex() DMUH LTI, 3 & 5 23F%F—7— K5
T3

complex(real=3, imag=5)

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

o fIESIH: ¥—7— NEEHLANDGIR, (ESIRUIGIEY R P DEFICE L ZEMNTE, £ * ITHlT
7o iterable DERE LTEST ZEMNTEET, HIRIIE. ROBITIE 3 & 5 3T HMET TS

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

FEIBUIBBDOERIC BN THEIN EOr — A AZBICE D B Tohkd, DL T2IT 5 HANTOWTIE
calls ZBL TR E WV, YRy ZRARXBVWTHGIBERTLDIZHoWHHEES T KT T,
il 7 fEIR e — A VZERSEHID 4 Toh T,

R51% . FAQ @ FEIBERGIBOENIMTIR? . PEP 362 2L T T W,

asynchronous context manager (JERIFAZ > 7F A b~ —Y %) __aenter__() & __aexit__() XY v F%
FEFKTSHZ LT async with XNORBELZEH T 247222 T3, PEP 492 TEAZINE LT

asynchronous generator (JERIHAY = % L — &) asynchronous generator iterator %3R3 B TF, async def
TERINTZarL—F VEABIZHTOE T, yield REFFOHATRELD £3, yield X async for
N—TTHEHTE2EDOUM S EAERT 2 DIFHINE T,

HEIIEFAY = 2L — ZBBERLE T2, RISk -> TR RS XL —21TL—& 2838556
BHD ET, BHNSNEERPHAL P TRWEGE, PR DI e 2 BiE2EHL £ 5,

JEFHAY = 2 L — XBAEITIE, async for XX async with X772 TR avait Rdb D22 H D
3

asynchronous generator iterator (JEFIAY = L — & 4 7L — &) asynchronous generator B THEK XN %
F 7Tl MTT,

ZAUE, __anext__ () XYV v FEMo TR X7z X2 awaitable A 72 = 7 b %ZiRT asynchronous
iterator T3, Z D awaitable & 72 =7 ME. XD yield ANE TOIEFIAY = 2 L — X B DO AME T
TLED,

yield I2< 3702, ZOMBETORIFRE (1 —HAZH L RERED try ) MIZ—F 1S h %

T, __anext_ () TERINZMD awaitable iI2 & > T RIS T RL—F 1T L—4 BERICHBIA
e &, P LEM ARG L £ 9, PEP 492 8X U PEP 525 22 L T3,

asynchronous iterable (JEFEIA A 7 Z 7)) async for XOFTHHTES2 A7 227 T3, HHOD
__aiter__ (O AY v Ed» 5 asynchronous iterator 2RI IR F¥ A, PEP 492 TEHAX

920 18 A & A5



https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0525
https://www.python.org/dev/peps/pep-0492

Extending and Embedding Python, J1)—X 3.8.19

NEx L7z

asynchronous iterator (JEMEMH A 7L — &) __aiter__() & __anext__ () XY v FEFERELLATY
=27 T3, __anext__ & awaitable X 7Y =7 P 2RI RFNIEX7Z D £E A, async for &
StopAsyncIteration fISV 2k 32 £ T, IEAMA 7L —&X D __anext__() XYV v K2HRT awaitable
ZRIRLE T, PEP 492 TEHAIIE L7,

attribute  (B1E) 7Y =7 McBEM T SN, Fy PRERC X > THRBITERINZETT, flREF 47
Pzl b o DEN a ERo TR E, FORERMIE 0.a THRINZF T,

awaitable (fFH&FTRE) await R CTHAT 2 Z e R Z AT =27 b TT, coroutine 2> __await__() XV v
KRHZATI 27 FTT, PEP 492 2B L TLEE W,

BDFL &ARIE =& EMEE#E (Benevolent Dictator For Life) OBS T3, Python OfF#E. Guido van Rossum @
Z&T9,

binary file (N4 5V 7 7 A V) bytes-like ZT TV b DiARAABIVEZRALNTES TJ7MILATox
Tk TS, XM FVT7A0DHNE N FVE—TF ('rb', 'wb' or 'rb+') TN T 7 £ 1,
sys.stdin.buffer . sys.stdout.buffer . io.BytesIO ¥ gzip.GzipFile. DA Y A XV ATY,

Str A7V 2V FPOMABHENTEL 7 7 ANATT =27 MIZOWTIR, text file BZRLTLZE W,

bytes-like object bufferobjects Z %R — b+ LTWT, C FFEDEKT Hifi L7z contiguous N v 7 7 — EHE{kn]
AEl2 A 7Y = 7 b, bytes, bytearray, array.array ®. %< O—f#V72 memoryview # 7Y = 7 b3
ZAUTH D £F, bytes-like A 7Y =7 NI T—XEHE, N FVU T 7 AAANDRIE, V7 vy FERIEH
LB ERYE, N FUTF—XEBERTZVAVARBECHHT 2B TEE T,

RODPDBIETEINA TV T —RELET 2RENDHD FT, ZOWEDO FF 2 XY P TREL "HAFE
A[REZZ bytes-like £ 7 =7 M KEKRLTWET, ZHEARERANY 77 —F 7Y =7 ML, bytearray
¢ bytearray @ memoryview REDEFENET, T/, HOBODLDIMETIIAELRA T =27 PO
AFVTF—=& (" HAH LEHD bytes-like 777 1) ZRELEF, Z4UTII bytes & bytes D
memoryview 3 7Y = 7 M EENE T,

bytecode (/N4 b2 — F) Python @Y —Z 23— K&, Python 712 J 4 ® CPython £ > & 71 X DNFEREKH
THENA Fa—FAaryRfLEnEd, N ba—FaE .pyc 774 MZF vy adh, AL7 7
ANP_FEHICETEINZ L ZREDEHRICRDET (V=R =F2o6L ba— R NOFHEDa >4
MIEEINET), 20 " HRIEFE (intermediate language)” 1. %% DA+ a— RIxtin 3 2 $EMEE
RHEITT A REYSY TEEST 2 VWAET, BEERERL LT, N Fa— FIEER S Python KAE~
UBITEWES 32 Z 2%, Python VY —RBTHRETH 3 Z 23S TVEHE A,

NA ra—Foma—Eid dis EVa2a -1 ZHHET,
callback (=N 7)) RERD D ZRERTHEITEI NS 72DI5 e LTHEI N 2B

class (ZIR) 2—F—EFA Tz b 2FHT272DD7 L — T, VI7RAERIEE. 207 IR
DA VARV ALOBERETEZAY vy FOEREEZAET,
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class variable (27 7 AZEH) 7 7 A LITERSIN, ZFALNLT (DFED, VJFRADA VARV A ETIERL
I2) AHEINZ ZEEZHNE LTWHBEKTT,

coercion (BU#EH]) AU D 2 518z HEORTIITON S, H2HDA V2R ZADHNDEIANDEEERDZE
T35, HlZIE. int(3.15) FIFEVNBURBUE R 3 WAL £ 5, Lo L 3+4.5 Tl &518035H
B ) (—oFBE —OFE/MNIGEE) . NEZE 3 2 R0 E CBNC AT & 21T UL TypeError fil44A3
BFongd, MlHs R0/, TRTOGIIE. 728 A AR TH->TH, HIZ 3+4.5 TiF& L
float(3)+4.5 ¥ WS k512, Fur o< =R UCRICIEFL L 2wl £8 A,

complex number (HFEE) L<HONTVEFEHREZNIRL72H DT, IRTORBUIFEH L EHOME LTERE
NFE T, BEEELEEN (-1 OFAR) KEHzHTLb 0T, —RIE¥TIE 1 eEFE2rh. T¥TIE j
LEINE T, Python 3EFBICHAAATHIGL., BEOKRILEZM > TWET, BEHIIREIZ j &0
UTEEFT, HlAE 3+1) TF, math €Y 2 — VOERFIREZFA T 21213, cmath Z{HVF 3, HHE
HBOMEAED 2D BELRBEEOKRE TS, HEEZECRITIUE, IZSEEVZEHELTLE>TLWT
L&,

context manager (27 FA I —TV¥) __enter__() & __exit__() XV v F%REFRTSZL T with X
NOREEZEMT 247927 FTF, PEP 343 2R LT ZX W0,

context variable (27 F A MEE) a V7 F X MKFL TEREZFOEL, ZhE. D2ZEBOEDE %
DFFAL Yy FTRZEDBIAL Yy FR—HLZA L =P TVET, LALIYT7TFAMERTE, 1
DDFEITAL Y NIZWL DDAy TF A HH DG, 2 ¥ 7 F X MERO T RIS IEFRBI & 2 2
DEHDBY T, contextvars ZZML T X W,

contiguous  (Bi%E. Hiit) Ny 7 7 HIEIEIC CHEET 7213 Fortran &t TH25EIC. £D Ny 7 7 338k L
TV EARBREET, ¥rXTL Ny 7 713 C @i TH D Fortran @ TT, —XITORLHITIE, ZDHERHR
FATREY LTBHET 2 KO CEEIN, RFAELR2ORE DM T EF TS E T, 2XILOD
C-H RS TIE, X TV 7 N L RAIRCER 2K 2 B3 RBEOBATHRINCLD % DITH L, Fortran
HEAE RIS TR BRA OIS A FHRANCEN & 57,

coroutine (IN—F V) AN—=FLEFHTN—F DI —BREXTT, 71 —F 3 RD i
HHAD. Hlokd s MEr o HE T, ar—F L IIZ L ORRABRMIELH AL, 15, BT
EMTEFT, aL—F VIF async def X THEETZET, PEP 492 2ZRL TS W,

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

CPython python.org TEAA XL TWA, Python 1027 I v 7 FFBEOEMERNLRFELE TS, "CPython” ¥\ 5
HERIX, Zo0%E%E%R Jython % IronPython ¥ \Wo 725y XBIF 2 XRENE LS ICHHAINE T,

decorator (7L —%) BIOBMUE R TRIBCC, @, owrapper HXX TRIMZ MY LCHEASWE T, FaL—
2 DO— &7 FFFZ. classmethod() ¥ staticmethod() T,

TAL—RDOEEZ I VR VAT a2l —TF, XD 2 OOBBERIIEHRWICA TS DT :
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def £(...):
f = staticmethod(f)

@staticmethod
def f£(...):

FICHESD 2 2 ZWCDIFEELETH, HEDHDLDAFTEA, T7aL—XICOWTHLIE, BEEE BX
L IZIRERDEFF 2 A FESRBL T,

descriptor (FAZVUTR) XYV v F __get__(), __set__Q, H5WIIE __delete__() ZERLTVELF T
I ITT, BB FRABUENT RV TR TH 2L &, BHEERICK - T, FEL TV 2RI BIEHME
UHINET, BHE. getset,delete D7=DIZ a.b EEL 2, a DI TRAFHENTA I 27 b b 2HEKEL
ETH, b BTRAIZV TR THNEZENETNDT A ) FRZRXY y RRREFHEINET, TARAZ Y TXZOH
fiild. Python 2 BT 2 ETHEYZDET, 2WOIDIE. TRZVFRZZRN, B XYy R, 7
ORT 4, ZIAXY v R, BIXY v R, ZLTR=NZF72ADBEE Vo722 OREEDORE 05
T3,

TRAZVTEZDRAY v FIZEUTEL &, descriptors 2L TL 72X W,

dictionary (#f&F) EEO ¥ —Z{EICAIGA T 23 HALYITY . __hash__() XY v F¥ __eq _ () XAV v FEE
BLREEOA TV 2 FEF—ICCEET, Perl TlE vy & a2 (hash) LIHEATVET,

dictionary comprehension (FFEMNEIKGL) iterable NOETH 2 WE—HOERZUE L T, ZOME» B2
HETZRT a7 MrEZXF T, results = {n: n ** 2 for n in range(10)} £33, ¥—n
P n % 2 NS BEEFE LA L 3, comprehensions #ZH L TL Z&E W0,

dictionary view (##&E 2—) dict.keys(). dict.values(). dict.items() MR FTA T =7 bTT, BH
DHHOHN s 2 —2RH L EF, T0bb, HEILEINI a2 —BZAERML 5, #E
L2 —ZlENC TR Y R M2 51213 1ist(dictview) ZH L TLZE W, dict-views ZZH LT
&,

docstring 7 7 A, B, EY 2 —VORHVIORTH 2 XFHNV T IV TT, £DAAL — b DFETRHTITMHR X
NETH, a4 X THAIEN, 207 IR, BB Y 2—-1D __doc__ BYEL LTIRIEE L
FT, AVIFRARIZ Y a v TES GRIE: BHEELTBRTES) OT, A7V bDRFa XUk
F REERNRIGIT TS,

duck-typing H2A4 7P 27 FDBIELWVWA VR T 2 —RER> TWADPERETIDICA TV =7 FOBE R
WTRZTIVIRARANTT, Rbbic, BiicA 7Y 27 bOXY vy RRBEEIMEN Dbz b
LET, ((TEADXIICHAT, 7EADXICHNE, ZRUET AL THS,1) A ¥ X7 2 —A%H X
DEWRTZ2Z2T, LR F¥ALvyE3hiza—Fik, RVE—T74 v 7B 2HFLTERRMEZA LT
T X7 XA Y7 type() % isinstance ) WX A2HELX BT E T, (XL, ¥4V I %
HREEISX THIZETS2ILdTEET, ) 20b b, HIIZ hasattr () HES EAFP T2
SVIRAALET,
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EAFP TEBA[%2 2 2 X DEFL%2FE D DA S (easier to ask for forgiveness than permission, ~—7 4 —Dik
H) ) OIETF, Zd Python TILL b TWBa—F 4 ¥ 7 ARA LT, BHEIIENZF—CEED
FET 2D EREL. ZDRED > TWGEIHI 2HIEL £ 5, ZOMBETFRCEIZ2a -7 4
VITAZA MR, try XB XU except XD EADHZDHBRHTT, ZD77=v 271k CDXS
REBTILIMHONTNS LBYL 2AXA L 5BINES DT,

expression (R) (2D EEFHliE N5, —F & %D DX (a piece of syntax) TF, Sz 5, iV
T I, Al BT 7R, HETPHEEMTOH LAY, ERERITROEROMAERTT, lOZL D
b LEW, Python TIIEFHO R TOMBERNR L WI DI TIEH D FHA, while DEIIZ, K& L
TREZZNX DD %5, RABRTREBRINTT,

extension module (#LIREY 2—) C % C++ TEPN/ZEY 2 —/L T, Python ® C API ZF|H L T Python
aryPar—F—a—-FeehehLIT,

f-string  'f£' X 'F' AEBITWIXFINY 7 I UL string” 2 FEER, 2T T x—< v FEALTFINY
77V DR OZFFT T, PEP 498 3L T L3,

file object (77 ANF TV =27 b)) FRHDY Y —ZAD T 7 4 L&A API (read() % write() XV v FEF§
DHD) EREALTVWEATI 27 bTT, 774047 T 27 NI, fEINLFRICL - T, EED
TFTARZEDT 7400, ZOMDRA TDR ML —IRMETNA R (FlZIF, BEEAHS, 4 XEY
Ny T2 VT b LT F)ANDT IV RARBNTEE T, 77 A4 TV 22 NI file-like objects
X streams ¥ SFHINFE T,

T7ANFA T2 MTBERWE 3 BEIDEST: FO N1 FU—=T7AIL, Ny 7730/ N1+
=774, ZLTTFALT 7ML TF, /YR —T7 x4 RF i0 EY 2 — L TERINTVET,
77 AN TY 27 N RAEZREHERN 72 TR open() B EMES Z 2T,

file-like object file object ¥ RFR TS,
finder (774 Y&) A Y R=FZINTVBEY 2—1LD loader DFEREATTZ2A7Y 227 b TT,

Python 3.3 T 2 MO 7 7 4 Y XDH D $7, sys.meta_path THHAEINS meta path finder
©. sys.path_hooks T XN 3 path entry finder T3,

Iz OWTIZ PEP 302, PEP 420 BX U PEP 451 2B LT X\,

floor division —FITVVNZIWEEIZALD 2 HEFERE, floor division A TIE // TS, HIZIE, 11 // 413 2
1272, float @ true division OFER 2.75 LB D FF, (-11) // 41& -2.75 2 INSVWAIC DB D
T -3 RKABZZLIHEFELTLEEXW, PEP 238 2B L T XV,

function (BI%) MEOCHI LENCMEZ RS —HOXD Z & TF, BIICIEZ 0 Lo E518 2T Z L3R E T,
FEDRITRHI T B2 RS2 Z e ik E 5, R5IE. XYV v R, function ZBL T X,

function annotation (BT 7—3 a ) BIBD 8T X — X RIR DED annotation TF,

BT/ 7—>ayid, BRI EEYE OoDIEbRES: fIZIX. TR 2 2D int HD51E
D ISR, £ int OBV EZFO LIS TVWET,
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def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a v OXER function O TR INATVWE T,
HEREDIBAD D B variable annotation ¥ PEP 484 2ZMEL TL X\,

_ future_ HBEOLRWHILLSEREZBIEDA > X 7Y X THMIT 272012707 5 <HHHT & % it
{Jy‘{:&?\/\‘l ""]]/—’C‘\j_o

__future__ Y 2 —/L% import L TZDELZFAMIT4IUX, ¥z ELTD TEMEX N0 nwD
T, WOBBT 7 4L FOREICZ 200D 3

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

garbage collection (HFR—yaL 7> ay) ZLREHbDIZ ZDRVWXEY ZFRT 208 T3, Python
. ROV Ve, ERSHERH UBET 2ERIN-—YaL 7 & 2o ThHIR=YaL sy a Y &fT
WET, IR=YalLr7Xid gc T 2—NZMlioTIRIETEET,

generator (¥ =t L — &) generator iterator 2R BET T, EHOBBUCLITHE T, yield REFFOM
THEEDET, yield Rid. for V= THATE/ D, next() B THELZ 1 >3 OMOH LD TE 3,
HDM N ZAEW T 2 DIHHEINE T,

BEIEY 2 AL —ZBZHELE I, WRCE-sTE Pz RL—FMTL—% 25T HEVRHD £7,
B S NERPH S 2 TrWgGE, RO e B2 AL £,

generator iterator (¥ =L —& A 7L —2X&) generator BATHERZINE T TV =7 M TT,

yield D7 MIZRATFEITIREE (RFTABSCAR WD try R 2 ET) ZalR U T, WEIE— Rl
NET, JxRL—FA4T7L—& Hfchs e, T LEMNEZIEL 3 (@HOBEBIETOLNR
BT LWIRRED S BAR S 2 D L MIRIYTS),

generator expression (¥ =t —&ZN) 4 7L —XZ2BITXTY, HHOKZ, V—TEREZERT S for fi
HiPH, 2 LU CHEATRER if HiAt0 oV TWV3E XS IR T, 25 LT hizd, SMlloBIEc
RS L £

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

generic function (¥ =3V v Z7BI#) Bix 58U LRI Ci#EZ 5 2 BBE D SRS W 2 BET 3, FEOHL
FHCEDERELZHN 2T 4 28y F 7TV LI DRESNET,

single dispatch. functools.singledispatch() 7L —x, PEP 443 ZZML T 72X W,

GIL  global interpreter lock BB L TLEE W,
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global interpreter lock (Z'B— VLA Y X T Y ZBa v 7)) CPython 4 ¥ X7V ZPFIHA LTV, —EIZ Python
DNAEI=F 2ETTE2ALy FIF—2REFTH2 2R3 2EHATT, Zhickd (dict
REYDEBEBMAAAREED) ATV 27 FETFADFERET 7€ 2IH L TREBRINICZ 212 5 DT,
CPython OFEENS TR DET, A VXSV A2 ERYy 7 $T5Z2 T, wAF T Ry
HET 2UMHHD IR Mg EHRIT, 4 V2TV XEMBICTLF ALy FMETES X512k D 9,

7272 Uy BBUEED 2 WIEAHRD W K D DIRIRE Y 2 — Ui, FfEe Ny ¥ 2t HREOFEOEVILE L §
% ¥ X2 GIL 2R T 2 X5 ICRGEI SN TWE T, %7, [/O Lz 3 2586 GIL 3EICHREn T,

MR HHASAVF ALy M Led 27V & (R 7T -2zl vkETr vy 73 2%) H6
FEINFE LD, BRI Taty FPOHEDRT 4+ =< Y ADEP>TOTHIHLELATL
Joo TONRT7 =3V ADOMBEERRRL LS T2, EENIDEMICHR VAT FBEMT 2 E 2
LRTVWET,

hash-based pyc (/N > 2= pyc 7 7 A L) IESHEHFIT 27012, BT 2V =R 7 7 A L ORMEER
RATREBRL ANy Y2 HZ2FHT 2 Fa—FDFy v 22774 LTT,

hashable (/v ¥ 2 ®[RE) Nw 2 adgE ATV =27 beid, EFHBTEDO R VA Y2 fliZHD
(_hash__ () AV v FABE). O+ 7V =2 b LHEBATES (_eq O AV v FAKE) +7
Pz FTT, AR Y > 20[REA TV 2 7 PRABTHE Uy & 2 BE2FRORERDH D £5,

N T AARERA T 2 7 FERHEOF —REEDA U AN— LTHZ T, HERELSD T — ZEEIZN
Ay Y 2l R F>TVWER5TT,

Python @4 2 2 =X 7T NVRHBIAALT TSI =27 NI I FEAEDR Ny P 2A[RETT, (VA MPHIFO K
572) T2a—RITNZAYTFIEINY T aPARET T, (X IR frozenset DX H72) 4 I a—&X TNz
YTFIE BERNY Y ARETH I L EDHNY Y aA[RETT, TP —EEDI FADA VARV AT
HBEOIBRFATI 2T MIT 7 AN P TAY Y aA[RETT, Z061EET (HEZRNT) HEBMRIZIESE
flicdH b, »y > afliid idO) XDELNET,

IDLE Python O#i&EFIFHEREE (Integrated DeveLopment Environment) T3, IDLE & Python OfFHER AL
MIZFEE SN TV EAN RO LT 4 2 4 VX7V XEIHTT,

immutable (4 3 2—X70) EEOMERE -/F TV 22 FTFo 43 2a—XTARE TV 22 Mcld. 5K,
XHEF, BRXORTIABERBD £F, THEDF TV 22 MNAERZER SN H A, HOMERESE S
BT, HieA 7Y 22 P ERERLRTIEED E€A. 4 I 2—XTARE TV =2 MiE, BED Y
S afHEPREE R BRI CEERZE TR LET, H#EHEOF—2Z0HITT,

import path path based finder %3 import 3 2 E€Y 2 —VE2REKT 251 (L7213 path entry) DY R b, import
. 20OV R MIEE sys.path 2ORETH, 7y Fr—YOHEEIH Y r—2 D __path__ EM
"o HRET,

importing »2EY 2 —/L® Python 2 — FMFIDEY 2 —LD Python 2— FTHX 23 L 5ICT 3UHETT,

importer BV a2 —AZELTE—FT2XT7T 27 b, finder & loader DEHSTHEDHEFTI 27 b,
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interactive  (Xf&EHY) Python ITIEMEEHIA > X 7Y ZHH D, XPRE2Af v 2TV 20 Tar T MTANT S
CHIERICFITINTHRERZ Z A TEE T, python 2B 5IHELEXTWKEITLTL LIV, (av
Pa—RDAAL Y A=a2—»5 Python DXFENA VX7 X R TES20d LOLEE A, ) XEENA ¥
RTVREFE, HLOTATF7EALTARED, TV 2 — ARy F—IDOHFETRNTAS (help(x) BHZ
TBWTLEZE W) OIZIFFIERNZY =TT,

interpreted  Python 134 > & 7V ZJERDEFFETH D, a2 84 FSFHEOMNMIMEL £, (N ba—Far
NATDDZ7D12, ZOXRFNIBHKTTD, ) TITOA VXTIV RGFGELIE, V—RAIT—FDT7 74l
. FTEAABEHRRCL THOETIE 2L Vo BER LIS, BEFETTEZILREKRLET, 1 ¥
£ 7Y ZBAOFETEE., 2284 FIBROFELD I TNy 7OV A4 7 VWb OD, Fur
7 L DFITE—MRITENT T, WEER BTSN,

interpreter shutdown Python £ ¥ X =7V X =¥ v v PRV EEFINLFIZ, T 2 -1 TRTDY
V7 4 IVBRNEREEEZ R YD, TXNTOMMRLEY Y — R ZEMENCERT 2, Filk 72 —XCAD
T ZOT7x—RXF AN=JOAL IR 2EBENTHLES, CARED IV —ERDTA 77 X —
X weakref I =N Ny IDBIPPHEINZZEDBHDET, Py v FRU Y72 —XHPIETFENSa—-F
F. ENDKIEFET DY Y —ADTTIHEREL W (KK H2HNE T4 75 Y —EY 12—/ warning HEHE
TY) 7DITkkA RBISMCER L $9,

AVER=TVEDPT %y FEY YT BERERIF __main__ Y 2 —AREFTEINTVWERIZY S MOE
TP TLIEZETT,

iterable (RIEFIFEA 7V =27 M) BREE—HFIC 1 DFT0REZ A7V =27 M TF, KIERREA 7Y =7 +offilic
3. (list, str, tuple YW o 7k) RTOY =7 Y ABP, dict R T7AINFTIIF oD
DDIEY — o v RBY BB WVIE Sequence BEMEREFEE LTz __iter__() XY v Fh __getitem__() X
Vo REFROEED I FADA VARV ANEENE T,

RAERREA 7Y 2 27 M& for L—THRZDOMEZL D> —r v R (REF: 22 TOY—Fr Y REiE, ¥—7
¥ RBITI3 L T2 DF LN S FER) BSRE Y R BRI (zipO), map(), ...) THIATE 3. KEATHE
TV M RHAALBEE iter O DEHIBE L TET L, ATV 27 MINFT 2471 —X%RLET, Z
DA T —RIFZ—HEOEZ 5| FEFTEIMHEH TS, MERIREAREL 7Y =27 b2l SBICid, iter() %
PEATEDA TL—RA T 27 b B TRIET 2MBEEIH D F¥ A, for XTI Z DEIEL HEIRICIT
W, RS DERMEER L TL—FZEILTWARA T L — X2 HHLEST, 17L—%2 ., =47
VATV —2 BBRULTLIEZ W,

iterator (A 7L —XR) T—XRDOPNERHATE2ATI 27 b TT, A 7L =KD __next__() XY v FZ#D
BUMERH S (R 3HHAA LR next ) WCET) &, MADOFTOERZ—DOFTORLE T, 7M1
{725k, b DIZ StopIteration fINZEHLET, ZORRT, A7V —XA 7227 MIRET
BH, ZhLFE __next__ () Z{[EFFATD StopIteration ZEHLET, 4 7L —XIiE, 204 T
L—&2F7Yz7 PEEZIES __iter__() XY v FEEELRITNERLRVDT, 4 7L —&IEftho
iterable Z %M 3 21ZL AL DB THHATEE T, BoZF D & LAHIMIBERORIEZITS X57%a—
FTF, (list D& H7%) ary7+-+ 7Y =27 Md, BHZ iterO BBUCA T Y =27 M LD for
N—TWNTES 72N, FBREAOA T L —XZERLET, ZNOE2ATL—XTITB 32k, Hi
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HDOATL—=>a Yy THAFBADEILCA TL =24 7Y =27 bZBEMIGRT 2D, DAY TFDEII
fgofbibij—o

PRI IBEIE typeiter I2H D 5,

key function (F—BI%) ¥ B H 2 WVIEHEBEK L E. VY — FRIEFLB D720 DOEZ RSO L ATRE
7Yz 27 b (callable) TF, flz1Z, locale.strxfrm() % F—RFCH X, vy — U KFOY -+ D
HEICD s oY =P F—2IRL T,

Python DZ L DY — i % —BEEZ WD BROWIESL 7V —FALE2EHL £3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) ENH D 3,

F—BBEER HIEIFWL 20 H D 3, HlZIE str.lower() XV v RERXF/NIXFEZRXFILIZVY —
PR F—EBRELTHS Ze KT T, HBWE, lambda r: (r[0], r[2]) ® X 57 lambda
A oxF—BEEZ 2 TEET, 7. operator EY 2 — /LI attrgetter(), itemgetter(),
methodcaller() W9 3 DDFXF—Ba> A+ 77 &2 LTVET, F—BROIMED T EMWTTD
filix Sorting HOW TO 2SR L TL X\,

keyword argument FE5|E S L T ZE W,

lambda (7 4 %) 4D 4 ¥ 54 VEET, O OHINE 2IFHiiEhd 1 20 X 2EAFT, T4
XA ZME M1 lambda [parameters]: expression TTJ,

LBYL TZ 25Dt (look before you leap)) OMETS, ZDaA—7 14 ¥ AXA VTR, FFOH LKL
7oA. BRINICHESEH (pre-condition) HIEZITWE T, FAFP 77 a—F L0 IRYT, if XHk
CEAMONZ DRI T T,

~NAFALy MEENLEBETIE, LBYL 77 —F13 " A2” #ffr 7 MR BEOHSIREZ 5 &
ZFTVRIBHH ET, BlZIE, if key in mapping: return mappinglkey] W95 a— Kk, HIED
%, MDAy FOBEREKRDENT mapping 25 key ZHDFRS L RML £5, ZOMER. vy 275250
EAFP 7 7/u—F %25 Z L THIRTE %7,

list (YA b) Python DMARAAD =T 22 TF, VAPEWSHATTIA, V27V XTI, fio
ECE DB (array) & [FAEDH DT, BHEADT7 7R O(1) TT,

=g C

list comprehension (VX FPAWKE) > — 7 Y AFORTH L VWE—HOERLZUH LT, ZOR»5725
ANEIRT, av7 FRFIETT, result = ['{:#04x}'.format(x) for x in range(256) if x
h2==0132k.0»5 255 FTOMEMZ 16 ELHEREK (0x..) LEXFHNH225 ) A MEAERL £
T if HildA 7> a 2T, if HiBL WA, range(256) DR TOERSUH SN E T,

loader £V a2—N%0— K354 7I =7 b, load_module() EWIHATD XY v REEZERL TVWARITIUIR
DEVBA, B—X—I3—MINT finder 2 HRENE T, FHMlE PEP 302 %, abstract base class 12w
Tl importlib.abc.Loader B L TL 72X W,

magic method special method M < 12) 12FAFKE TS
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mapping (¥ vy BV ) {FEDOF—HFEXE VK- L TWVWT, Mapping »* MutableMapping @ fHHRHEK >
TJA THEINIZAY vy FEEELTWEaYTFA TP 227 b TF, BRI, dict, collections.
defaultdict, collections.OrderedDict, collections.Counter 2 ¥ T3,

meta path finder sys.meta_path ZMEK L THE S N7 finder. meta path finder i& path entry finder ¥ Bf&
3D D ETH, HYTE.

meta path finder 23352 XY v FIZDOWTIE importlib.abc.MetaPathFinder # & L T 2
ISR

metaclass (XXZ T R) 7 F7ADI FATT, 7 I7RERIZ. 7I7RA%, 77 ADEFL, HEYZ 7 ADY A b
PEDET, XX 7 7RF, #06 3058 LTRIUIMD, 77 RA2E2BELEZAVET, 1ZLAY
DF 7Yz 7 MEMEGEE GREX X7 7 AD) 77 40 b OFEELREEL TV E T, Python 2R D
WBAHRRLDARY T AEMERTEZHTT, FLALDI—F —ICH-> T, XRXT 7 RFLLBEDRN
BDTT, LeL, —HOBHBHETIE, XE 7 7 RAZWNITI LAY Mgkl £, e 23BN
7eRADu o7z, ALy Re—=THE2EBMLED, 7927 bOEREEBHLZD, V7L
VEFEETZRYE. ZLOBETHHAINE T,

FEMIIE metaclasses ZZHR L TL &0,

method (XY v F) 7 7 ARKKOFTERSINLBE, 2D77ADA Y AR ADEIEE LTHOH S5
By AV Y FBA VAR VAL T 27 b 2E— I L LTI £F (ZOFE 5 HITEE self &
IR ED) B & RAMEINEZXO—T 3ZRLTLIEZ 0,

method resolution order (XY v FERIEF) FRERPICHIK Y 7 AN ERZ BRSNS IEHTT, 2.3 DD
Python 4 > 2 =7V ZHFAF 2 713V XL DFMIZDWTIE The Python 2.3 Method Resolution
Order ZZIRL T E W,

module (3 2—1) Python T — ¥ QMBI Y LTIZ76< A7 =2 b TF, Y 2— MIERED Python
FTV 2 VEEUARIERMERLE T, Y 2 —MZ importing DUIRIZ X 5 T Python IZHAAEN
S

NVT—2 ZBRLUTLTEE N,

module spec EY 2 —EBR— KT 23DEbONE A ¥ HR— FEHOIFRE FCHATZEMTF, importlib.
machinery.ModuleSpec DA Y A X Y XA TF,

MRO method resolution order ZBML TL FEW,

mutable (2 2—X70) T2 =X TNRATI =2l M 1d0) ZER PR EZEETEES, 1S a—
2T)) BBRMLTIZE W,

named tuple 7 ZHiIfTEZ X T L WS HFER. XTIV EHRLTWT, 4 0T v 7 AT EZRIIH LEMZ
FoTO7 7 ABTELZEEDERI FRARICHEINTVWET, 2R 7 RIMOMEED Fio T3
bbb EI,
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time.localtime() *® os.stat() DR HEZET WL O DHAAABIIAHIT & R T TS, oAl
¥ sys.float_info TF:

>>> 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

(EDBID & 512) WL O DOHAHFIMT & X TG AABLTRNI R > TWE T, ZOMIZH HFITE X T,
WEDZ Z AERT tuple ZMAR L., AHIO7 4 — LV FZERL TERTEXT, Z20L54K7 5 RAEFF
) TE W=D, collections.namedtuple() 777 M UBITIER L7 D TX £3, REDOAEIX. FH
TEVWIHAFIT E X TR AIAADKRIMT & X T IZINTI R X Y v RE2BINTEE 3,

namespace (FARTZEM) ZRPBNE N2 LTS, ARMZEMEHEL LTHRESIAE T, ARTEMICEA T
T PD (XY RD) ARNFIRRBRobDIT TR, AR D, KBRS D, 2L THAIA
ADBDHDH D F3, LATEMEEBHATOEREZC I ICKXoTEY a— A M2 K- T 5, HIZIZH
#{ builtins.open ¥ os.open() WFHHIZEMTRAENTVET, /ol EOEY 2 — A0 ZELE
LTWR2HHRT % Z 8 ko THARTZEBIEAT M RTFHEZ 3R L 3, HlRIE. random.seed() %
itertools.islice() &FEL ., ZHZNEY 22—/l random X itertools THEREINTWVWS Z 2 HHH
LM TT,

namespace package (H#lZEM <y 7 —2) BT Rvr—yDar7Fe LTREEEINS PEP 420 package o
Namespace package X8 %Z & { PRI EE 3.
CEEDFT,

_init__.py 7 7 A WD, reqular package

module 2B L TL ZE W,

nested scope (F R FEIN/Ra—7)IMITERSIN TV EIERESRT 2HRETT, HlZ3. » 2B HO
BB OFTERIN TV E5E. NEIOBEEIIMIOBEKF oL ESRTEE T, A A I Ra -7
W77 4 b TREROZIRIZFHNTE, ZRORAEFTERVOTHERL T ZE WV, B—A VAL,
RONADOR 2 —FTEREHGAFEELE T, FERIC, 70— VERE[S & 7a— L ERiZEfE oz
AEELFE T, nonlocal THMUDERICHZIADET,

new-style class (FTRAXAND T R) GTREETDI FAATY =7 MHONTW BT D EWAHTT 37, ARG
D Python DNN—= a YT FIRRANDT FZADAED __slots__ . T ATV VTR, __getattribute__()
I TAXY B FLTHEHIXY v F%ED Python DHF LWV, SREREREERFIFACTE E L

object (A7 Y =2 b) K (BHCMHE) LERSNLRZEBED (XYY F) 2502 TOT7—X, BLIE 2T
DHAEZAINT A ODFRMDIEKS FADZ L,

package (VSv =) BT EY 2 —ASLHRTH TRy r—I2EL I L OHIKS module DZ ¥ TF, HMY
MZiE, Sy =% __path__ BH%EFD Python #7227 F T,
reqular package £ namespace package B L TL 72X\,
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parameter (1RG5 AT OEMAET BE (2 AV YR ) DERICBWTHENZIT 2 Z3|18 ZHELET, K
SIS DD 9

o MUBEFRLEF—T—F: B THEIWE F—T—F5|H L LTEIT N TEI5BEHEELET,
ZHUITz e ZIBBLT D foo % bar DX 51T, 77 40 b ORGIBOEEHTS:

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

o NEHEM: MEBEIXL-TOAGALNZGIHMEEELES, MEHFHOLIEIL BEERDTIHED Y X
POHTZENLDRAIZ / ZEDDI I TERTEFE T, BIZIETEED posonlyl & posonly2 1EfiE
HRHSIBICRD 5

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

o F—U—FRERH: F—U-FREoTOAEILNDFIHERELET, ¥—V—FEHOFHEER
TEBEANE. FIZIELITD kw_onlyl % kw_only2 @ & 512, BERDIRGIE Y X Miz&DHI-A]
ZREMBESIBEZEZHD x D% TT:

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

o AIERMWUE: (MORIIETEICRT SNLEREOMET BTN T) EEOEKDOMES IBHEZ 5
N2 eZiEELET, TOXSRIRGIEE. LT D args D& S ITRGEADRNC x 22035 28T
ERTEET:

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

o AIERF—T—F: (fhORFIBTEICZI SNLTEDF— Y — FEIBICZ T) LR * —
U— REBHBEZND e BEELE T, DX REIEE. EOBID kwargs D & 512K 15%
DHNT **x BT B L TERTEFET,

WREIBEA TS a Y eHDGIBOESL HHIFETE, 7> a YO5/8UTET 7 4V MEBIEETZ
£9,

REI1E . FAQ @ FE5IE ARG B DENITTTH? | inspect.Parameter 27 7 A, function 22 > =
¥, PEP 362 22 L T EEWw,

path entry path based finder 5 import 33 EY 2 —VEEET import path LD 1 DDFFTTT,

path entry finder sys.path_hooks IZ® % callable (D% D path entry hook) 23R L7z finder TF, G2 o
7z path entry WXHBEY 2 — Ve HEOF 2 HEEZH>TVET,

NRALY ) =T 74 Y EPFEETZ XY v FIZOWTIX importlib.abc.PathEntryFinder 2Z [ L
TLREW,

path entry hook sys.path_hook U R MZ® % callable T, f8E X N7z path entry WXH B EY 2 —LE RO
2 IEEH > TWBEEIZ path entry finder I BL F 3,
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path based finder 77+ +®D meta path finder @ 1 D&, €Y 22—V D import path ZMEL FT,

path-like object (path-like # 7Y =7 ) 77 A NI RT LRRAERLE T, path-like A 72 =7 ME, 2%
KT str A7V 27 bR bytes 7Y =7 b, ¥£7/1d os.PathLike 7B ba L ZEEL LA TI 27 b
DENPTT, os.PathLike 7B FANEZHR—-FLTWVELF TP =7 M os.fspath() ZMHEUSHT Z
ET str £721% bytes D7 7 A NI AT LRRIZEWITEZ 3, os.fsdecode() & os.fsencode() I
FhEh str HB VI3 bytes ICRZDERAET 2Dl R ¥3, PEP 519 TEAXNE L,

PEP Python Enhancement Proposal, PEP &, Python 2 I 2 =7 4 I L TIHBRZRET 2, H20iX
Python OFHEHESC Z OBERLEREIC OV TR T 28FETT, PEP &, #EEIC DWW T OEER R Hiffi
LR  IRR T 2 HERE DIl () 1o R 2 RE T,

PEP &, #EREDIRRBCH 25, I 2 =7 4 1T X 2 REHREDHEM . Python 1272 302 RGEHRWT DL
FNDDDR O L 722 2 ZBRILTWEd, PEP 0FEICZaI 2 =7 1 NOAEEKZT
S5, RMERZNELTZZDEBIHD X7,

PEP 1 Z2ZRLTLEZEW,

portion PEP 420 TEF XN TW 5, namespace package \ZJE T 5. HED 7 7 4 D (zip 7 7 £ VITHEMN
ENTVEHEDDHS) 1 D2DT 4 L7 MV IIEHE N D,

positional argument (fIB5|#) E5|H 2L TLZX W0,

provisional APl (B7€ API) #E¥EZ 4 75V 0% HAMEIREED HETHEINICERA SN DTT, 2D X574
VET z—ANORKEREFZ, WETHZ L INTOIMIFIFINTOERAD, a7HEEICL-T
DBy Bl XU, BAFEEIRREE ({2 72— ADHIRETEEND) PITOhAET, 2D XS
REBIFIOLRAIITOLNZBDTIED D FHA - ZHUX API ZHAADENCIERE SN TWERR
RGHBBEE L7 ZIZDOATONE T,

BE APLIZOWTH, BTAMEDBWEHIR TRETFER) LARINTWET, BERIMHAL 5SS
THRITEIRBRIRREZ R T RETT,

Zo7at A&, EES A TS VEBMErREZTVA V7 —ICEVHEBUADONS Z kL, KX
PHEICELLERITONT T, #liE PEP 411 22 L TL XV,

provisional package provisional APl B L TL X W,

Python 3000 Python 3.x VU —254 D=y 7 3*—LT7F, (Python 3 2R WFRDEE - EHIESL L2
ST, ) "Py3k” el N2 2 dbHHET,

Pythonic MO FFET—MIVRE X TErNIza— FTIE#R . Python OFHC IR A T 14 & 25 7%
Zha— KA, flziE. Python O—&i7% 4 7 4 A LT for XEFoTA T I ITINLDIRTOEE
WKESTL—7LET, tDZ < OFFEICIEZOMMEAIZHRND T, Python IR THWARWANIZRDDIC
BEDOAY > R—=2{50b LOLERA:

for i in range(len(food)):
print(food[il)
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ZHAUTH L. Fhwiz Pythonic 2277

for piece in food:

print(piece)

qualified name (B#ith) €Y 2 — 1D a— NV RA=TH5H, ZDEY 2 — LV TERSINLT TR, B X
Vo RAD, 7" RR” BRT Ky PRI TT, PEP 3155 TERSINTVET, +y LD
79 AT, BEiRREA T2 FOARTEFRIETT:

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

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

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

BV 2 NADBRTHELNS &, BRLEMR (fully qualified name) 1IZTXTOF Ny ¥ —I 2 G2
DRy bR, HZ1F email .mime.text ZEKL 3

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

'email .mime.text'

reference count (BIRADV U 1) 24 T7Y =27 MINT 22RO, ZRATV VR0 ICkolt & ZDA
TV MEIWEINET, IV Y MIEEI Python ®a— F EIQIEBENEEAD, CPython FE
DEBERBERTT, sys EVa— L&, Tl ov—2PWIEEDA T 27 VOSBRIV YV EHIZ20DD
getrefcount ) B ZRALL T,

regular package m#if7. __init__.py 77 A VEELT 4 L2 MY 2 LTD package,

namespace package FSBLTL X0,

_slots__ Z7S5ANTOEET, A YVAZVABHOEEEZH O UDERL TBE, 1 VAKXV AFEZHR
FTHIET, XABVERHNLEST, 2R L FbNE77=v 27 TI, ELLFSWEAPL MY vF—
BRDT, il —A, BIZIEX BV DHERBE L 827 TV r—2a Y TA VARV ADKEIHFIET 5.
EWVoltt BRRE, HHLRVDHBERR MTT,

sequence (=7 Y R) BRA VT R K DMBIIRERT 7 A% __getitem__() A Y v FZELT
PR—-—FL. BEEIRT __len__() XV v REEFELT: iterable TT, MARAAS —F > ZBNZIX, list,
str, tuple, bytes REDH D 9, dict I¥ __getitem__() & __len__() P R—FLEITH, BEK
DERICEER T KR D immutable 7% — 25 720, ¥ —7 Y A T3 <y Y2 (mapping) &
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AREINTVEDTHERELTILE W,

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

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

) —_—

__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 @—FETHRIEITZ—DODFIBMOENT X DEIREINE T,

slice (RT7A4R) — i =T VR O—WEELATI 27 by RAT7A4REZ, BFERL [1 THRONEHD
BoficaaryzEL ZeTELNET, R, variable_name[1:3:5] T3, AfEN (RF) L5
slice A 7Y =7 F2WNETHHLTVE T,

special method (kX Y v V) & 2 BUTKRE DR, BIZXME % 57012 Python 22 HHEERICFE N S h
2RV v R, ZOFEDOXY v Fid, XYy FEORAILRRICT VX —Xa7 2 OBDOVTVWET, K
FRA Y w FIZDWTiE specialnames TR I A TVWE T,

statement () XIERXA —bF (A= FD” 70y 7)) TAARBERTT, XE X 2F—U—FroMlZh
2H5D0DEE LN TT, #BEICIE if. while, for 2’H D 3,

text encoding Z=a— FFH|zLrya—-FF3a—-7v 7T,

text file (TFRAVMT77A4N)str 7020 M eGAEEZTES file object TS, LIELIE. 7FA M7 74
WEEBRICAAL MEROT =X A M) =217 72 AL, TFALIVIA—T1 27 ZHPNCITVE
T TXARMTZ7 74 VDAL, sys.stdin, sys.stdout, io.Stringl0 4 Y AR VAR EERTHF A E—
F('r"or 'w') THWEZ 74 LTT,

bytes-like 7T T b BHAEETEZ 77 AN TV 27 MZOWTE, N1 FUT 71l SR L
TLEE W,

triple-quoted string (ZE 7 4 — FXFH)) 3 0D LT 4 — bElE (") 7R w7 4 — () THELE
FH, WED (—H) 74— P LFINHANTRIT E 2 XFINTEWNEDH D FEAD, ZO0OMETH
HTT, 1002200827 4+ — bEBEER TRy —FHLICELS 2N TEE T L, TlFCE (\) %
bR THHEBUTICE D2 TEZDT, FXaXy 7 —a Y FHEE S FHICRICERTT,

type (&) Python #7227 FOBIIA T 27 B DES5RDDIERDET, HOWHF TP =7 MIA
ERoTVWET, A7V 27 OBNE __class__  BMT7 722 0L7%2D, type(obj) THE LD HK
x93,

type alias (WA V7 R) RORIHT, BEZFEANFITRALTERL £,

M4y 723 Ber b 2HMLT 2DICHHTY, flZIE:
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from typing import List, Tuple

def remove_gray_shades(
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:

pass

CHEBRDESITEDFHARTSTEET:

from typing import List, Tuple
Color = Tuplelint, int, int]

def remove_gray_shades(colors: List[Color]) -> List[Color]:

pass

FEEEDFAAD ® % typing ¥ PEP 484 &ML T2 & W,
type hint (B> b)) Z8 7 7X@ BB 5 X — 2B D EOFRF XN 2 B2 HE S % annotation TT,

Ble ¥ MIHETIER { Python TIREHITIED H RAD., #HRENTY —1Mic o THEHATH D, IDE
Da—FfisEL V77272 Y Y TOFFITED 35,

Ia—rOVER, 77 R, BT, n— AL B THEVHDDE L ¥ M typing.get_type_hints()
THRBTEET,

FERED AN ®H % typing ¥ PEP 484 &ML T 2 & W,

universal newlines T¥ 2+ 2+ VU — LADEFRED—DOT, UTFOIRTEITRLBML T3 Unix DITRKRE
"\n'. Windows OFE '\r\n'. &\ Macintosh DFE '\r', FHAFEICOVWTFHLZ. PEP 278 ¢
PEP 3116 , X 5IZ bytes.splitlines() SR L T2,

variable annotation (Z¥7 /7 —ay) BB 5037 5 REED annotation .

ZRDH BN 7 AREICERZH 72 & 23, AATRERTT:

class C:

field: 'annotation'

ZR7 /) T7—aid@FEEBEEYF oo ET: flX. ZOZEEE int DEEES Z 2
REhTVwET:

count: int = 0

ZRT 7 T— a2 ORI OWTIE annassign HiCHREH L TWE T,

Z DREREIC DWW TR L TW 3 function annotation, PEP 484, PEP 526 ZZMR L TL 72X\,
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virtual environment (RAEERER) HEAANICU)I D BES N FTRE TS, Z4AUT kD Python 2—% &7 7V 7 —
P aYiERUY AT 4 ETEHWTWA MO Python 777V 77— a2 Y OEENCFH T 5 Z £ %< Python
Ny r—=IDA VA=V EHFETI LD TEET,

venv 2SR L TL ZX W,

virtual machine (A< >) BRIV 7 by 2 7IZX D ERSNza Y ¥ a— &, Python OfRf~ 1iE, N
A ba—=FRary Lt IRMN L N FO—F ZEITLETD,

Zen of Python (Python ®f&b) Python ZHELFH T 5 L TOEZ L5, Python OFKEHHEAIL Bz Y
AMELAEZSBDTT, MiE7m > 7+ T 7import this” T2 2DV A MEFDET,
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Python & 1990 FFR DD, F 5 ¥ XiZH % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC LN 2 SFEOHRMEEL L TEARINE L, ZOHRELD
A% 2 Python IZEHBAL TWE T2, Guido &5 HTH Python BEE DT> TVET,

1995 £, Guido 3 KEY 7 =Y =7 ML X b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

2000 £ 3 H. Guido ¥ Python ® 2 7 Bi%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 1ZBEF 2 HINWMEZRE T % 7= DIEE A Python Software
Foundation (PSF. https://www.python.org/psf/ Z8) #iLb LIFE L7, ZDr F Zope Corporation i
PSF oBRBIZZRD $ L7

Python DV V=R IR TA =TV Y =R (=7 >V —RDEFEKIZ https://opensource.org/ #BLTL 2 &
W) TF, BRINICAT, T —#FERIZEA YD Python VY —21% GPL BUCK>TWET; £V IV —X
KOWTRTRICEEDTHD £5,
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Jy—z | "= FEEE HEF) GPL Hi
0.9.0-1.2 | n/a 1991-1995 | CWI yes
1.3-1.5.2 | 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 2.1+2.0.1 | 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-BifE | PSF yes

ER: TGPL Hift) w5 RBUE, Python 28 GPL THAIEHN TV 2 WS EKTIZH D 8 A, Python O F
Ay RAFET, GPL WV, BELAANA—Va Y Z2MATBICERE 2 -T2 =R LR THDLEVE
YA, GPL HE¥iD I 42 ZADTTIE, GPL TV VY —XRXNTWAMOY 7 b 27 ¥ Python ZHAGHYE
LRETH, ZNLHNDIT A4 ATIXZESTED D FXE A,

Guido DFERD T, ZNHDV YV —RZAREIC L T EE 0%ZL DRI VT 4 TDHRI ATEH L E7,

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 3.8.19

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.8.19 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 3.8.19 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 3.8.19 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 3.8.19 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
3.8.19.

4. PSF is making Python 3.8.19 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 3.8.19 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.19
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.19, 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.
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8. By copying, installing or otherwise using Python 3.8.19, 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=I12HE <)

C.2. Terms and conditions for accessing or otherwise using Python 113




Extending and Embedding Python, 'J1)—2X 3.8.19

HIDR— % 5D E)

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 3.8.19 DOCU-
MENTATION

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

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,

(Ko<= 1%i)

114 1 C & B >1E> X



Extending and Embedding Python, J1)—X 3.8.19

HIDR— % 5D E)

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=212Hi<)
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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, http://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

(RDR=I12Fi <)
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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

(RDR=I12Fi <)

C.3. Licenses and Acknowledgements for Incorporated Software 119




Extending and Embedding Python, 'J1)—2X 3.8.19

HIDR— % 5D E)

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 —LIIRDEHEZEZATVET:

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 £ VY X —7 2 — A OWTDORDEHEEATHE 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%i <)
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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 http:
//www.netlib.org/fp/. 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 Mac OS X 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:

* 1. Redistributions of source code must retain the above copyright

* notice, this list of conditions and the following disclaimer.

* 2. Redistributions in binary form must reproduce the above copyright

* notice, this list of conditions and the following disclaimer in
* the documentation and/or other materials provided with the
* distribution.

* 3. All advertising materials mentioning features or use of this

* software must display the following acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

* 4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to

* endorse or promote products derived from this software without
* prior written permission. For written permission, please contact
* openssl-core@openssl.org.

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

* permission of the OpenSSL Project.

* 6. Redistributions of any form whatsoever must retain the following
* acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit (http://www.openssl.org/)"

* THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT ~~AS IS'' AND ANY
* EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

(Ko<= 1%i)
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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<= 1%i)
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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%i )
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the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.14 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 THHL TWd 1y ¥ 27— 7L DHEE,
cfuhash 72 =27 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<= 1%i)
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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) 2008-2016 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%i )
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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 (¢) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted pro-

vided that the following conditions are met:

e Redistributions of works must retain the original copyright notice, this list of conditions and the

following disclaimer.

o 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.

e 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 PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTTAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, 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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Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.

Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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