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Y—RN—FT0 V=L LTHRZES

HA RDZDETIEY — F—F 4 V— L OMBELIC C BLY C++ WRZER T3 HEZHHAL X3,
CHEZETBEED CHREERTZ2ETTHOHELWVWS XD D, FXZENLDY — L EERT 2 AATD
HDTI,

2.1 C ¥ C++ IZ& 3 Python DR

C7ur7r0EEHEH>TWARS, Python IZH7ZRMHARAAEY 2 —LEBMNT2DIEE OO THH
TTo ZOFREY 22—, PWEREY 2 =) (extension module) %5 &, Python DEHFETZRVWD
DI HLVHABRAAF TV 27 bDFE, ZLTETD C 74 77 VHEBE S AT 53— ITHT 50
CHL. BTEBZ LSRR D T,

JEREY 2 =%V R— T 5729, Python API (Application Programmer’s Interface) Tlk—# 0D BIL,
<7 uBIOERERMEL TV T, Python 744 AV AT LADIFL A LDOMEAND 7 7 AFE R L
TWE 3, Python API i&, ~v & "Python.h" 4 ¥ 271 —FLTC YV —RIZWMHIAAET,

JRREY 2 =D a Y A NVTTIRIE, Y 2 —VOMHBPLY AT LDREHFEIHKF L E T, FHlIZROTET
FEIL £ 95

AR CHRDA Y& —7 =24 RF CPython KEHODDTHDH, T KBIIREY 2 —LIZUEHLD
Python EETIEEMEL €A, ZLDHE. CHIEREZE 2L 2B TIZH D Python EHD - DI
PHERTEZEBAEETT, 2223 DREALEZVWIEDN C 54 75 VDOBEBRY AT La—LERY
M3 ZeTHEHE. ctypes DB WL cffi 54 757 VDFAEMEFTITARNETT, ZNOHDEY 2 —1IE C
a—Fe A X =724 AL, CHIREZEVTa VA ILT 3 DIZEKANRT Python FEEMD X b BN
%% o7 Python a— FEEIETINE T,
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2.1.1 HELA

spam (Monty Python 7 7 YOI TFR) L WIHODIIREY 2 — A Z2ERT 2 2ICLT. C 7475V
BIEL system() 12X % Python £ ¥ X —7 = A ZEAER LIV LET, ! ZOBEIE null THRIGX AL
¥ 77 XTI e D, BREELET., COBBELTO X S5ICL T Python 225 0HE S &5
L7znwe LT,

>>> import spam

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

%7913 spammodule.c ZIEMT 2 TADLMDET, (IGHtL LT, spam WO HARTDEY 2 — L ZERK
TEHE. EYa—NVOFEEN A7 C 774 /% spammodule.c EFFRZ LIZ/ - TWVWET; spammify
DEISICRTEZEY 2 —NVADEHEITIE, HIC spammify.c ICHTEET, )

ZDT 7 ANDEPD 2T TFDOISICLET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

T, Python API ZHUDIAAE T (BELSH, £ 2 —LVOHRICET 2HAR. SR RZEINL
£9)o

AMR: Python &, AT AR K> TUIEEANY XOERICHE TS I58 7V Tuty B ERET-oTVS
DT, Python.h ZWTNDIFENY XX D BEHICA V71— F BRIFEDEHA

Python.h %# A > Z/)L— R¥ BH{IC, #IC PY_SSIZE_T_CLEAN 2EHKT 2 Z L BRI NE T, Zo~vrn
DIFFICOVWTIE IBRES a—ILEBTONT AZER 2L TLZE W,

Python.h TERIN TV —F 5[OS v AU, & THEEE Py £721& PY v TuwE s, 727
L. BHENY X7 > A VANDERIIRE LT, DD L, Python NTEEICHES Zrickd W5 H
B2 5. "Python.h" [ FWL D DEHEAN Y X7 7 4 )L <stdio.h> . <string.h> . <errno.h> . B X
<stdlib.h> 24 Y7L —FLTWVWET, BREDANY X7 7 A LD AT A FIZZFAUE. "Python.h" 230
¥ malloc() | free() BX U realloc() ZEHEERL £,

RIZT 7 4 MBS 2 NAEE,. Python 3 spam.system(string) #FHfi3 2 BRICFFUCH I 2 Z 2 iz
% C BT (ZOBBERMINCED XS O THE. BTTSOILD ET):

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))

ROR—STEER)

1 ZOBBADA VR 72— AFTTIRKEREES 2 —L 0os IZH D ET — ZOEKERAZ DI, B CHEBENLAZRL IV
5TF

6 E2E Y—FN—T14VY—IIGLTHERZES
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(FiDR— 25 D %)

return NULL;
sts = system(command);

return PyLong_FromLong(sts);

Z ZTlE, Python @518V A b (flziX, H—D "1s -1") 226 C BAEICEITSIBICZOEEAHL T
9, C BEBIR T Zo5[#zHb, HEMNIC self BXY args EMIINFE T,

self BIBUCIZ. BV 2 — L LNV OBBTHIEEI 2 —h, XV Y FIJIEATI 27 b A VAR ADE
ENhET,

args 518UE. SIBDA o7z Python R T NATI 27 bADKRA Y RITKEDET, XNV ANOZERIL,
O L OBROGIHEY A MBI 2 &5 18ITHIG L £ 3, 518U Python 7Y =2 F T3 — C BT
I TMADEITIRIE. A7V 25 C OERETERIERD £8 A, Python APT OBE%
PyArg_ParseTuple() 5|8 0M%EF v 7 L. C OEICEH L £3, PyArg_ParseTuple() &7 ¥ 7L —
P RS T, I T Y 27 PR I lE ANS C ZBOBEHFIL £, ZhiZon
TRETHLIHHAL X,

PyArg_ParseTuple() &, ®TOFIEMNELWREZHF o TWT, 7 FLRAEL SN SEBICHET I BERE
RELEZWCE kEn) ZIRLE T, ZOMMBAERSIFVA I 2ET LB () 2RLET, BRED
e, BEGET AN XS 20T, ECH LK (BlicdH 2 X 512) $<CICNULL ZIRT L5 LT
L&,

2.1.2 |RE/NGE: T5—cHN

Python 4 27V X 2fk%2@E LT, —DOHEELIMD RO H D £3: 2L, B WKL 72358,
BIARREEE Y M LT, =7 —%/R"3fH (EHIE NULL KA V&) ZRIRIRLZV, WS e TY, fist
34 Y27V RAOENR 70— "NVERICRFESNET; ZOMED NULL OBE. FlANIMHEZ Thiwy
Ttk ET, Foora—rOLERIE, IS o 7 (HEE (associated value)” (raise XDH _FIFK)
ADET, HEOMHEICIZ, =7 —DOFREHED Python 3 — KRN LBEICAR Y 7 L =2y 7 (stack
traceback) AAD £F, ZNHD=DDZHII. sys.exc_info() @ Python TOHR & EffiZe C DL T
F (Python 94 75V V7 7L Y AD sys TV 2a— T 2HZSHLTLLEZIV, ) T7—DBLXDED
WWRZFESINZ P EERT 2123, CASDEBITOVWT LA TBL e HEETT,

Python API TiX, HAREDHINELY b TE2DDBBEEVWOPERLTVET,

ot d I HVWLNZDIX PyErr_SetString() T3, 5IEIIHINA T 22 b C XFHITT, HIFHA
7Y =7 MIEE., PyExc_ZeroDivisionError D XS REFKFADL 7Y 27 FTF, C XFINITF—
DFER%ZR L, Python XFHA 7Y = 7 MIEMXNTHIND ” [FEE” RFEINE T,

b5 —OFHLZEE Y LT PyErr_SetFromErrno() 23» D £3, ZOEEKIsIBuHS T2 b, NEE
378 = NVZER errno D HMERL FT, b o & SIHREIEII PyErr_SetObject() T. =204 7
T2 b I ENBEEZTIBICED T, TASBEBICE S A 7Y =2 MZIE Py_INCREF() %5 £Ed
HHEEA,

FlstAE Y P IR TWVWE 1Y S 2iE, PyErr_Occurred() %o TIFBIICHANONE T, Z OBEIIIA

2.1. C*® C++ IC&3 Python D3R 7
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FEORNA TS 27 P 2R L ET, FIASFREL TOWRWEEICIE NULL 2B L 29, @HEiE. BEHRoRED M
POEITT —DBRELZPEHFITE 213372 D T, PyErr_Occurred() 2MUHTHEIED D FHA,

BIEL g 2PV T £ 25, RIE OBIBOM U LICKR L7z 2 e 2§ 5 &, f BiRIZT 7 —ff (KK NULL
® -1) ZIRZARERD FEA, L2 L, PyErr_*x() B O WThr 2O HITHERT HDFEA — ¥
B, g BT TRIFUHLTWANS TS, RNWT f 2FU0HLEZa—- R 7 —%2n3EEZ BS5ZFUHL
fcd—F IOBF 282D £903, FFRIC PyErr_x (O 3 UKL EEA . UTRKICHKE XS - 25—
DERHFHLWVEREIZ, BPICT 7 =2 LBEED T TIRE L TWE 05 TF, T7—2 Python £ ¥ &
FTVRDRXA A= FIZEGET 3 &, BEETHD Python 2 — RiZ—KEIL L, Python 7125 <2 EE
L7ty o2 LEZS L LET,

(£Y 2= PyErr_*() BIZ D 5 —EMUCH LT, IDEFEHRTI —X v - %RM4T 2 X 5 RWH
HDET, ZOEIBRRMTIEZ I TARETT, LIdWA, —fRVZHEAIE LT, PyErr_x() Z{AE HFEX
HEBEIZRL, 2 TIEZS —DRERICBET 2HEMEZRIMRICRDNIBETT: ZhICKD, FAED
BAED IR A RIEHDP S KRBT 200 LNFERA)

H LB H L TOMMEDRBIC L 5 Ty P pIf 2 S 21213, PyErr_Clear () ZFFUNHI LT
BIAREEZ I RIVICIHE L2 TR AR D TR A, T7 %A VX F) ZIZFE L% L, BETT (2t
DIEEZRToTD, MBEISRD 0D LI CRENTZ L57R) =7 —UHEZER2TIHEITDA,
PyErr_Clear ) ZM-UHT X5 ITFRETT,

malloc() DIFRH LRHUR, FITHIAMT LR TIFR D £¥A —— malloc() (%7213 realloc()) % EHENT
O LTWwW3 a— Fid, PyErr_NoMemory () ZM-UH LT, KMERITEZRIRIIRD EFRA, A7V =S
2T 2 2 TORE (213 PyLong_FromLong()) {& PyErr_NoMemory() OM-UHI L ZH EETL %
5 DT, ZOMAIDBIRT 2 DIXES malloc() I T a— FZFTT,

¥ 7. PyArg_ParseTuple() &\ 5 EHERFINZFROT, BHDIRE 2 — FE2RTBEKIZ/ VT, Unix ©
AT L=V, MEDY L ZBRICiEY e E2EOEEIR L, KR LZEEICE -1 2 RLET,

BRI, T —BUREZRIRC. (27— RETLIETRBICAERLTLE> ATV 27 PITHfLT
Py_XDECREF () % Py_DECREF() ZM-UH L T) ZANE R FREELIToTLZEW!

OB RS 2 OERIZ, 2 —FITHERICWIER SN E T, PyExc_ZeroDivisionError D X 512, &£TD
HAAAD Python FISNIIMIGT 2EEHEAD C A7V 27 v 23d b, BEEMATEES, d3b5A.
HOBEPUIE ATHORIIRD FRA — 7 7 ADRIT RPN o722 £ 2R T DI PyExc_TypeError Zfio 7
DIFLARWTLZIWV (ZOHEEEE S PyExc_I0Error DHICTRNETL & 5), 518V R McRIED
H B5E121E, PyArg_ParseTuple() 172\ T\ PyExc_TypeError i L 3, 51 DOMEDRIE O HiFH
ZHZTWIED, £ DMz 5N ESLMZ T X7h - 7551213, PyExc_ValueError 2HYI T,

EY a2 — VEBOHLEHANGERETEE T, ERT DL, @FHE7 7 A VOEEETITHN A TV 2
FMEBOBESEITVWET:

static PyObject *SpamError;

ZL T, Y 2 -1 OYIHEBEE (PyInit_spam()) OHT, BINF T2 =7 b 2> THMIEL £

PyMODINIT_FUNC
PyInit_spam(void)

(RDOR=I12Fi <)

8 E2E Y—FN—T14VY—IIGLTHERZES
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(FiDR— 25 D %)

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 TOFIHNL TP =27 b DARETIE spam.error IZHR 2 Z 2 ICHEEL T ZE W,
PyErr_NewException() B%{i&. bltin-exceptions TR 541 TW 3 Exception 7 7 A% H[KT F AT
ROy 2 A BERTE £ 3 (NULL Db DTl 7 5 R &2 L 758 1351TF),

SpamError ZHUI. F7ITERINFINN T 7 ZANOBREHRFFT 2 Z L ICHER LTIV, ZHIEFEN
72T A0 a— FRINA T 27 b 2D 2 — A BRETE 2720, TV 2 — 1 oH Ik
M LTBISN 2 5 A EZ 7% 7D, SpamError 23856 TAYD K4 > & (dangling pointer) 12725 TL £bR
WEHIZTB7DIC. 7R TRBIBEME L TE» X% D $¥ A, b L SpamError BR5 T DR
AVRZHESOTLES &, Ca—FAfIAEREHL LS Lz Zica7 Xy FRERILZVEER 25| 2
ITIehHhET,

ZoBNzH B, BBORED ERIC PyMODINIT_FUNC % 5 HiEIC oW T Tilm L £ 9,

PyErr_SetString() XD X5 MU T 2, JLREY 2 — L THIH spam.error ZXEHT 22BN TE
£

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts);

2.1. C % C++ I2&3 Python DR 9
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2.1.3 BIICES

HIFEDOBEBOBNCR 2 v, SEEUTOERTIEHBETE ST T

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

T DFEITIE. PyArg_ParseTuple() 23ty FF3HIAMI Ko T, IV A ML DIT T AT
ZWZNULL (A7 227 bADKRA YR Z2BRT XA TOBBICBIT 27 —BRHE) ZIRLET, =7 TR
R 518 LTE AL XTHEIZ e — A VAR command ICAE—3NTVWET, ZOHREIERA > &K
ATHD, RA VEZPHELTWEFINH L TEESTON S L 3ESNTVERA (Eo T, FHEC T
¥, Z¥ command !X const char* command ¥ L CEHUNIEFRBAUIRD FHEA)

KDL T, PyArg_ParseTuple () TR XFH % L T Unix PAR system() ZMOCHLTWET:

sts = system(command) ;

spam.system() & sts % Python A 7Y =7 & L TREAIZR D A, ZHUTIE. Pylong_FromLong ()
AR S g

return PyLong_FromLong(sts) ;

LOHETIE, Py_BuildValue) 3B A T 27 b 2IRLET, (£5. BHTT S, Python iZBVTIE
t—7 LD TY 2y M EOTE!)

il &SGR Z R S 700 (void %2R BIE) 1253 % Python DBIEUZ None ZiRSAIFRD FH Ao
BIEIC None ZIREH 21213, UTO XS 2BEHAZMEWE T (Z DB X Py_RETURN_NONE < 2 BIZHE
EXRTVET):

Py_INCREF (Py_None) ;
return Py_None;

Py_None 355k7% Pyhton 7Y =2 + TH 3 None IZHIiET 2 C TOHATT, TNETRTERLELS
WIELAYDOaAYTHFA LT 7" T5—" 2EKT % NULL KA ¥ X 2 IXEWV, None (X#li#t72 Python D4 7
U= bTT,

2.1.4 EZa—ILOXV Y RT—T )L AL

XTC. BN L7z X 512, spam_system() % Python 702 J 405 ¥ 5o THUHTH%E I SR
L3, £33, BBHALE T FLRZ 7 XY v FF—7)1 (method table)” IZH|2EF 2 HEHXH D %3

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

ROR=STEER)

10 E2E Y—FN—T14VY—IIGLTHERZES
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(FiDR— 25 D %)

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

VAMEFZD=DHODIT > MY (METH_VARARGS) WCIEE LT Z IV, T ¥ V& C BBDMES I
UHLIRKEA V2TV RICRZ 720D 7 57 TF, #E ZDfEIE METH_VARARGS 5> METH_VARARGS |
METH_KEYWORDS D3 CF; 0 1X[HR D PyArg_ParseTuple() DZE{LIEA b5 Z ¥ ZEIKL 75,

METH_VARARGS 7213 21 5354, C B#E. Python L)L TO5 A5 PyArg_ParseTuple() MM TE %
XTNOFATHEINS D LBELRITIUIRD $EA; ZOBBICOWTORFMIZ T THIL £3,

BIBUICH — 7 — FEIBMNEINZ 22 hoTWE DR B, =7 14—/ FIZ METH_KEYWORDS t v
Mty PTEES, ZOHA. C BIZE =5/8C PyObject * XM T 2 k528X D %
HAe ZOATY =7 ME F—V—FolBOBHECZD T, 25 LABBTIRZBERT 21213,
PyArg_ParseTupleAndKeywords() Zffio T 7Z2& W,

AV RT—=TMIEY 2 —VERDOWERERD SSBINTWARITIUIR D FHA:

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* stze of per—interpreter state of the module,
or -1 4if the module keeps state in global wvariables. */
SpamMethods
s

RIS, ZOMERIE. T 2 —VOUIEHEEBNTA > 2 7Y 2RI R D 8 A, O LEEBIEE
P a—VOARFTE name £ L7z ZIZ Pylnit_name() EWHERITRINIRS T, EV 2 -1 77401
NTERINTVWEHDDHH, HE—DIE static BRTRITNIRD FEA:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

PyMODINIT_FUNC ZB#DR D % PyObject * IZR 2 XSIWES L. 77 v b7 3 — L2 HITHHEY
s, FEDV v 27EE (linkage declaration) ZEFRT 2 Z 2. EHIZ C++ DHGEIIIEEZ extern
"CMIZEHE TS I EICHER LTSV,

Python 702 J A% T spam £ 2 —/L% import §% ¥ X2, PyInit_spam() 2MEEHhE T, (LT
2% % Python NOMDAAIIET 23Xy FE2BRLTLEEIN, ) ZI0OET 2 —AATTV 2T 2K
3 PyModule_Create() DIt EY 2 — LV ERICH ST — 7/ (PyMethodDef HEARDELS) 12ENT
MiictEshizey 2 -, MAAABEME 7Y =7 M3 A I E T, PyModule_Create () IXfER L 72
EV 2 NF TV INNDERA VY REZRLET, HEIZT—ICLoTEFEKRTT220db LNELRAL, E
Va2 — VAR S AL T & 2 o 75 81TI1E NULL 2850 d LA EE A, init BIEBIZEY 2 -1 A7
Pzl bPEBEHLITIGR L, 204 sys.modules ICFHAZINS X2 LARIFIUIRD £HA,

2.1. C*® C++ IC&3 Python D3R 11
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Python N &®IiAte ¥ %2, PyImport_Inittab 7 — 7/UVICEIEL TWT® Pylnit_spam() BAEUZBHENNY
WIEMEEN R A, WL T — 7 WCEY 2 — A %BI1F %1213, PyImport_AppendInittab() %Z{f-oT<
WV, FORICEH TS a Y TEY 2—L% import LET:

int

main(int argc, char *argv[])

{

wchar_t *program = Py_DecodeLocale(argv[0], NULL);

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

exit(1);

}

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

PyImport_AppendInittab("spam", PyInit_spam);

/% Pass argu[0] to the Python interpreter */

Py_SetProgramName (program) ;

/* Initialize the Python interpreter. Required. */

Py_Initialize();

/* Optionally import the module; alternatively,
tmport can be deferred until the embedded script
imports it. */

PyImport_ImportModule("spam");

PyMem_RawFree(program) ;

return O;

}

AR: BT AN (X713 fork() RD exec) DM AL TWRWIREE) IZBT 2O > 2 7) &
IZBWT, sys.modules HIY MY ZBRELL DR a v k4 VIEAEY 2—)L% import L7zDF 2
CELVHRREY 2a— W Ko TIEMEZAETC 2 20D D £7, HHREY 2 — LV OIEFIE. NHT — X MG %2 )
B3 23 K K SHDLTRETT,

XD EENLEY 2 — X, Python Y — ABLHYIZ Modules/xxmodule.c ¥ WHZKATTA->TWVWET,
D77 ANMIT YT L—P e LTHHAHATEET L, Bl LTHHDET,

EM: xmodule i spam ¥ £z D, ZERFEWIEAL (multi-phase initialization (Python 3.5 OHFHERE) % -
TWE T, Pylnit_spam %' PyModuleDef #i&K L, €Y 2 — L DAEKIZKIC import BTV E T, LB
FEFIHILIC DWW T OFMIE PEP 489 2B L TL 2\,

12 E2E Y—FN—T14VY—IIGLTHERZES
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215 a1 I >

HUWIEREY 2 — V222 X512 FET, L ODE#: a4k, Python ¥ AT A5 DY ¥
7. BHERoTVET, BIHAAA (dynamic loading) 2> TW2 D45, EEDFMIIESTD S AT 408
o TV RENFHARAADIERIC L o TEDL LD LIFEA; F LI, HHREY 2— 1O FIZEIT 2
B (CHBLY C++ WEROEILF E) . Windows 128 % L RIZBFRT 2 8MEROE (Windows £
TO CHELUV C++ HWREZ2—ILODEILE &) 2ZRLTLIZZ W,

R ARAAEFZ R o7z, Y 2 — L EER Python £ > 2 7)) 20— L TEBEX20WEEIZIE, 4
YRTVROENFREEZLZELTHEA FLETNRR SR 7ZSTL x5, Unix Tk, FELRILICZ
DIEEIZE THHMTY: BICAEDEY 2— 7 7 4V (FIZIX spammodule.c) ZJEH L7z Y — AEAY)
@ Modules/ 74 L7 + VIZEE, Modules/Setup.local ICHZAD 7 7 4 LV EFIAT 2L TO—1T:

spam spammodule.o

EFBMLT, Py 7L RADFT 4 L2 YT make #FEITLT, A YR FVXEHELRTZEI T,
Modules/ ¥ 774 L 27 F U T% make ZEITTE X I, Hid o T 'make Makefile’ #5Z4TL T Makefile
EHELVELTEIPRINERO D ¥ A, (ZOME#IE Setup 7 7 ANVEEET 272 NITRBETT, )

EIa—NABPIDITATIVEN IR TOVWEIRERDZGE, 9477 VHRET 7 A NVIHNIHETEF
T, FIZIBUTOESI2LET,

spam spammodule.o -1X11

2.1.6 C »*5 Python BIfi=FUH T

ZNETIX, Python 260D C BBOMUH LICERZEVWTHARTEE LR, EIATIDH: CHhroHD
Python BABOMUH LD Z/-EFHTT, £ hbiF, WbWwa " a—iNy 7” HlEYR— T2X54k5
477V BERT 2BCIE C OEEENER TS, 5 C A Y27 2 —Apa—ANy Z72FHL TV E5HE,
FIFDOREZ 123 % Python 2— FTlX., LIXUIE Python v o <ica—inNy ZHEBEERIRMET 204
ERHDET, T EFETIZX, C TELNa— Ny ZHEH S Python TErNza— 1%y 7B
EMHUHT IO TIMEDNHZTLE I, dbBAHA. HOHRDEZOLNET,

IR Z 21T, Python A ¥ & 7'V XA HEICH G L%, Python BN -0 DIFHES > &
7z—=AbHDFTF, (Python R—F2REDANFZ2 Mo THEHTHECOWTHNRT 2200 DI1EHD
FHA - ZOFEICHEIEND 576, Python Y —2X 32— F D Modules/main.c IZH2, A~ FI74 F
Tyay -c DFEERZFETILEIWV)

Python B OFEONH LIZEHE TS, 3. COa—RFIINLTa—ANy Z7%2EFL LS 5% Python 7
077 LE, MS1DHIET Python OBEA 7Y =7 b 2EIRQERDEFRA, TDEHIZ, I—NAN Ny
B (F23 204 > 27 2 —R) ZREFQIRD FRA, TOa—n Ny 7 EREDIECH X
NPz, 5lEE XN Python BIEA 79 2 7 bADKRA Y 2B 70— NVERBIC — HBWVIE, ¥
YRGS — RFELE T (BB 7Y =22 b % Py_INCREF() 5 &5 K IERLTL XN, iz, B
TOXILEMPEY 2 — VDK >TVWEIETL xS
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static PyObject *my_callback = NULL;

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

{
PyObject *result = NULL;
PyObject *temp;
if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
if (!PyCallable_Check(temp)) {
PyErr_SetString(PyExc_TypeError, "parameter must be callable");
return NULL;
}
Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;
}
return result;
}

Z OBIEE METH_VARARGS 7 5 7 %o TA > 2 7)) XI2BFE QIR D £8 A; METH_VARARGS 7 7 71
DVWTIE, EZa—ILOXAY Y RT7—7 )L L AIHALBI% THBIL TWE§, PyArg_ParseTuple() B r Z
DFIEIZDOWTIE, WERED 2 — LB TONT AZER KR L TWE T,

Py_XINCREF() B XU Py_XDECREF() &, A 7Y =7 MIWFTEBRAIV U b EA VT UR YN/ TR
YIFFB-0D3 7 u T, NULL KA Y EABEINTHRBBETZIHEATT (idvwi, FofnTtid
temp 25 NULL ICR2 Z2EH D EXEA), ThoDvr/une B AY Y MzoWwWTik, BRBADY ME Tt
BALTWET,

ZO%, =Ny ZEBE O TRAR: 5. C BB PyObject_CallObject () ZFMFUHEL %, 2D
BIEUCIZ =2 D51%L: Python B Y Python BAEDFIE Y A +23H D, WINHIERED Python A 7Y =2
FERTRA VEETT, SV AMIBZEZTINA T 7 2 TRINER ST, ZOEXE5IEOBITR
D %5, Python BI¥Z 51507 L CHOHE DR S, NULL DX SV EEL %3, B—o5 |5 clEEE R
H3ois, HERE (singleton) DX L% L 5, Py_BuildValue() OFXCFHIFIC, ¥
—AU LoERMLT— PR LASEMND D 2356, COBBUIE TV ZRLET, UTIAIZRL %3

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);
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PyObject_CallObject() & Python A 72 =7 bADKRA Y RERL EF: 24U Python BIE» 5 DR D
fEiZ72 D %5, PyObject_CallObject () (&, FIHUIH LT ” Bl A v > FHIIL (reference-count- neutral)”
T3, LOBITIRE IV ZAER LTIV A P LTIREELTE D, 2D X 7 )LE PyObject_CallObject ()
DI UE&IC Py_DECREF() XN TWVWE T,

PyObject_CallObject () IZRDEEX LT "H LW 7V =7 b: FiFIERN S NI4T =7 v, BT
DFTI 2 VDBBITV U VAV I VRA VM LEESDERRLET, oT. ZOA Tz b2 u—N
NEBURF L WDTRWRED, 2 AZORVEICERAZ TS (LA, 25 THERBE L))
LD ETREDfEA 7Y =27 % Py_DECREF() LARITIUIRD XA,

i3Wwi, RO{E% Py_DECREF() F 2R1ICIE, A NULL TRWAF =2y 7 L TEL ZEDPEETT, b
L NULL %25, PR U7z Python PAEUABISN Z X L TR T B 5 TWE T, PyObject_CallObject ()
ZHUCHLTWS a— FEMKS £72 Python 25 UHEIATW2OTHIUR, FEIZ C a— FBEDEZ W
CHLTW3 Python 2 — RIZT T —fERERRIRIERD A, FRUTED, A VR TVRERAZ Y 7 b
L—2%HALED, BISELIES 27200 Python 2— RZIEEH LD TEX£F, HIA0XEHEBATEE
ofeh. L7l RWwDizs, PyErr_Clear () ZFFATHIAZEEREL TEH QIR D FEA. FIZIZIMUTO
L2 LET:

if (result == NULL)

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

Python 2 =l Ny ZJBHBELYARAS Y EZ 72 —R R L7ZVRLICX> T 518V R+ %
PyObject_CallObject() ICHARUTNEROLWVWHESDHDFT, H5 7 —ATIE. a—1 Ny 7K
EIRELEDLHEULA YEZ 7 2—2%NM LT, 5BV R NBEXNRTVE0d LOERA, RO —2
T LW IV EEEL TRV R M 2EIRIERLRV2S LAERA, ZOHEGROBEHELDIT
Py_BuildValue() ZMERD 5 TT, HIRIF. BEOARY Pa—-FzELLZTFE UTOXkS5KRa—F
EHES Z2ICRBTLE 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) ZMUH LOEHK, TI7—F =2 v 7 XD BANCEIN TS Z 2IERL T X W

i, BEBICEZXIE., 20— FEELTED D £HA: Py_BuildValue() EAETVAREIZBEVE DL
NI, Fxv 7 LTELIRETT,

WHEOFHE F—7— FEIE%EFE—F$5 PyObject_Call() Zffio T, ¥— vV — F5lH%EH>S BEEIEONH
LETZZeMNTEET, LOHIXFAT L5112, Py_BuildValue() Z{F- CTHEEZIED £ 7,
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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) ;

2.1.7 HERET 21— LB TDONIT X Z RH

PyArg_ParseTuple() PARUZATO LS ICEE SN TV T:

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

518 arg 1& C B & Python WEINZ5[ VA MR A EZINATI 27 P TRITFNERD £ A,
format BIXUFEXSCFES T, Python/C API V7 7 L Y A~ =2 7)L®D arg-parsing Tfan X T\ % FHk
CIEDRIXZD TR A D D5, ZhZhOEHDT FL AT, HFRXTFHNHSRE LRI o TW
BRI D R A

PyArg_ParseTuple() & Python 265 X 672 5| AR ERENTL o TV B 0N 25 DITH L,
PyArg_ParseTuple() IIMFUH L OBRICE XN C ZHD 7 FLADBEMBREZ RO 2N L K0
CCRERLTLEEIV: SZTHEVWELETE, a—F2827 592238 bLRiEAL, PREDT
726D REy FEXEYIZ EEEZLTLEVE S, HEIK!

O LANCREEE N 4 7Y = 7 PADBIRIETRT BA 2] (borrowed reference) 127D $9; Zh b
DATI 27 bOBRATV Y 2T 7 U XY P LTIRD FEAI

PTFCWL o0 H LAIZRL 9

#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(O */

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

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:
FCCC0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 HEREZ 21— ILEBDF—T—F/INF XX

PyArg_ParseTupleAndKeywords() &, U TO XS CEESINATVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format »$7 X &% PyArg_ParseTuple() b D[R U TF, kwdict R X X3 F—v — F5|HD
Ao 7HE T, Python 7Y XA LS AT LADLE =TI AR UTRIMD £F, kwlist 787 X ZI3ENRT
A REHANT 272DDXFH 575, NULL #i SNz X b TT; %87 X X4 format ROEUEHRITT
LTEPOHEDIRCBEZINE T, Y13 %L PyArg_ParseTupleAndKeywords() IFEHZIR L., ZhlHD
SE T EY e I e X L TR IR L %5,
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AR F—TU PR TWREE, RIVEARTFIRLUTHIEEA! kwlist MICIFEL RV — 7 —
P8 X X E N6, TypeError OXHZ5IZE I L XS,

UTEF—T—F2flioE2a—nHlZRLE T, T4 Geoff Philbrick (philbrick@hks.com) 12 & 2% 7
B LfEd L TVET:

#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, "il|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)keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
};

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
I

PyMODINIT_FUNC
PyInit_keywdarg(void)

RDOR=I 1% L)
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(FiDR— 25 D %)

return PyModule_Create(&keywdargmodule) ;

2.1.9 ERDEZERT S

Py_BuildValue() (& PyArg_ParseTuple() OXHUIMIET 2D TT, ZOBEBIILTO XS ICERIN
TWVWE g

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

Py_BuildValue() &, PyArg_ParseTuple() Dadikd 2 —HDOHEXHPMICU A FEXHBMZEEML £5. %
2L (BB TIER L ANZEDNS) 5IEERA &2 TIERL, REDHETRINIIRD £E A
Python 2> 6O S iz C BIBDHRSEE L CHEYIZ, #727% Python A 7Y =27 P ZIRL T,

PyArg_ParseTuple() &IZ—DE S HHiH D £9: PyArg ParseTuple () 3 —58% X T NTF 5 B8
HH FF (Python D5V A MINEINIXFEIC X T Le LTREIN S0 5TF) A5, Py_BuildValue()
R INEERT 3 L IERD 8 A, Py_BuildValue ) EEALFHIHICERBMB o ZhLL EA - T
WRIGHEICDAR TV EEELE T, FERXFEYDZER S, None ZIRLET, Zonh—o2DFEAXHAR S,
ZOERBMUPIEARAL TVEMEIDOF TV 27 MZRDET, FAZXDB0R 1 DX T NVIRIELVDR S,
TN 2 ASEIN TN F T,

WFICHlZRLET (FIROH LEE, A1CHSE N3 Python %R L E):

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

1, 2, 3, 4, 5, 6) (1, 2>, 3, 4)), G, 6)
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2.1.10 BRAV >V FE

CRCH+DEIOIREFETIE, 0l I7~vRB b —TLDOXE) ZHINCHERLZVERLZD T3EEHLD
DET, T L7MEEE C TEREE nalloc() ® free() TITWE T, C++ TRERAEMWICH U E® CHEHE
T new % delete DMEONE T, ZIZ T, UTO#HEIX C OELEICREL TITVWE T,

malloc() MHERT 2R TDOXEY 70y ZE, REINTIE free() ZHEIC—E/Z IO L CTHIHATRE X
EBVDOTS—NMCRE IR D FH A, £ 2T, BURIIC free() ZIPIHT ZEHAEZEWIRD T, HD X
FV TRy ZIINLT, free() 2R 2721230000 TZO7 RFLRAREHILTLES &, Juavy
DEALTWEXEVRZ IO I AR TS 2FTHAMATERI R ET, THEXEY Y =2 (memory
leak) EMHINTVWET, WS, O I L08H2 XV 708y Z7IZNLT free() ZMATBERM L, %
D7By 7 RENHITES T2, HlD mallocO) MUHLIZL > TITbIh 70y 7 A L E%Ez
EZUET, ZHUIMRHRFEAXEY O (using freed memory) EMINE T, ZHIFHILIhL TV
T=RIZHTEBMEFRDO X ROVHER — a7 &7 BokBW AR v a — 2IIERD
LET,

I BHE2XEV Y —27DFEEIZa— FHOEBBTRVWIIEE TS, FlRIX. H2B80HZ2XE) Ty
ZHER L. (MO0 EZITo T, BETRy V2T 5L LET, ST, BROZERMEREZZEL T, §F
HiWsa7AM2EMT28, =7 —&EF2HHEL, BEBORPTUHEZRT IS5 1CR20D LNAEEA,
COBFTORTHEEZ L &, EIAZXT) Ty 73 FERLENLTVOTY, 2— FHAZTENX
NEGEERICESI TS, ZOEIBRRAEY Y= B—HHIVAATLES &, BEVEBHZIAZVWEEIZ
BRAEBZEVELSDDET: 71X TIZ. 2 TORBIFIHE L O L TIEFADDT 2REIGL
MEET. 20— TIEL AL O ERIIEYROFELE LR > TWa 7D, XEV Y =25
PR B DIF, BROHEEL T 7 a e A0 =2 2R FTEBEMED Ho GEIRon 205 TT,
WoT, ZOMOTI —%F/MNRICLEDE L5 a—7T 1 ¥ 7HNLHIEZIT T, FEOXEYV Y -2 %
BT 2 Z e DEERDOTT,

Python 1% malloc() % free() ZIEWIC I FAT A7z, XEV V=7 DRFIRICNZ, BENIZXEY
OEREIET 2IERNETT, ZODITBIINT-DBBB A Y > ME (reference counting) & MHIEN S
FHETT, 2RIV Y MEOFHEIIEHTS: 2 TOA 727 M2WE AV Y EBHY, A7 =7 Mk
LBPEIPIREFEINT DT EEAL I VRA VML, ATV 27 NI 2B HIREN T
VXY PLET, AV YEABPERIIKE S0, ATV 27 PAORBOSEIHIREIN-Z2 ik, 7
Yzl MIBRENE T,

b5 —ODOMBIXEEI I N— a1 7> a ¥ (automatic garbage collection) EWHENTVWE T, (B 7 >~
MERAIR=—YaL 7y a VBBO—2 LTEITFoNL b HHDT, Z22XKHlT 27012 %H X " H
g (automatic)” ZfF-oTVWET, ) HEIAR—YaL 7> a YORERFIEIX, 22—V free() ZHIRIN
WRIERSTEWZEIZHD FT, (FERAEY OAMAAEDL AR LTFREIATVET — 25, Zhid
722 HETEDDERA, ) CTBIIHEAR-—YaL 7Y ayORAIFZ. BICAMEDD 2 TR—ya
LI ZPFIELRVE NS 28T, 2RUTH L. BHA D ¥ MEIEARED H 2 FEEPITE % T (malloc()
% free() ZFIHTE 2 D0FMHETT — C HFHEEIINEZRIEL TVET ), WODHD, THRREDDH 2
HR=YAL T RN CTHRZLICREPD LNEEAN, ZNETEZRA T Y METRL o TV LS
W3RN D T,

Python Tld. BRI ARSRA Y ¥ MEDEEZIToTWE—/T. SROMIRZ ML T 2 7-D12@  15IRS
SRR HBEAE (cycle detector) BIEMEL TWE T, BERSRMHEEMO BT, B, FERIC,2D 5 TIEER
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ZROEREZXICE T T IV r—2a v ERRETEXT; tWwH Db, BRIV Y MERT 2o R—
vavrryaryEEL o TREZRIIBERZ» S5 TY, BREZRIE. (FESRO5E &0 T) HEADS
WRA oA 7T =27 b oIEMENE 7D, BRANOA 7Y =27 MI{ELAIFELRDZRA YV F2Fib %
3, WA RBIRA Y MEDEETIX, L AERSBEVRT 24 7Y = 7 M LTz 2 SRz
WELTH, BRSBNOEDA 7Y 227 MBS 2 XEV SHEANHATE XA

TERZEMBHMRIERZREER L T2 I I 2 AT IEINT 2 2 TEE T, g Y 2 —Mid. ETRI
AR 2 TN T 2REA ¥ X — T = — AT THRL, BHEBEZELE 2 FE (collect O BIE) BIRALL
£5, BRZBBILHEEIA > ay0ar R ML ARENET,; 774V FTREENTOVETH,
(Mac OS X #&%) Unix 77 v b7+ — LD configure A2 U 7 F T --without-cycle-gc # 7> a
25 T T, BV FRICHENLS 2 2 e TE XY, HRSRRIEGD ZOHETENMLINZGE, ge &
FHATERLSZRD T,

Python ICHIT3BBAT Y &

Python 123, ZATV Y FDA Y7 VXY MR T 7 VXY FRUH T2 DD~ 1, Py_INCREF(x) &
Py_DECREF(x) »'® D %3, Py_DECREFQ) (. ZHA Y Y’ IZEFEL LRI, A7V 27 FOXEY
FEBATVE T RN 272827012, free() ZEEZMIHLEEA — Z2ORODICA T =7 b D
BA 7Y =7 b (type object) ZNLET, DD (OENDDD ETH), £ TOA 7Y =27 MIZH
BOMATI 27 MINT 2R Y EZBAoTVET,

XT, FRERZEMME > TWVWET: WD Py_INCREF(x) % Py_DECREF(x) XXX VOTL & 557
F3. W OPOHEGHA» HHDERTLEE WV, ¥F. A7V 227 M7 HE (own)” ENdZ&iEHD
FEA; LU, H2A4AT72 27 MINT 2BBOFTE own a reference 3 TEXE T, A7 =27 FOBIRAY
Y ME ZD0A TV =7 PHABROFEERZI TV EME ERINTVET, ZHOMEEE. SRIL
B2 72 5 72BRIC Py_DECREF () ZM-UHTHEIZHWE T, BROFTEMHIZERE (transfer) TEF 3, i
Z8 (owned reference) OMIITIE, T, fRfFF 5. Py_DECREF() ZIMFUHT. L WVWH =DDHFEND D
¥9, MAESREABLEhS e, XAV Y- %25 2RI LET,

F7Y 27 MT 32HIE, B (borrow) HATRET T, 2 ZHROMAE L. Py_DECREF() ZMA TId7k
DEEA, HHER ZROEE»OMEH L2 EZ TSR2RFLET TERD $¥ A, TEEDLS
BEMELBRTHERASEEMES v, MBEAA TV RHHALTLE S BMAH 20T, s aidzb
FHA I

ZROMEHAPZROME XD ER TV IR, a—FHED S 6%6@%%@@%T£BE%V$L’C:B< &
SHEELALSTHLIETY — HloEWHZ2 TR BHZROGEICE, LHOBRHTHBER T LTS
XEVY =27 DfEMREET IRV, WS e TY, #iZ, Fﬁﬁi DHARLRIZ. T<EEDICRRD
a— FH, REECESROMBHITTHERINTL o LRICZOZREZM 5 20 Lvwn X 5 R ki
HBLWVWI LT,

Py_INCREF() ZM-UHiF &, [EHASREZMESRICEECTEZ LS, ZOREEISROMBHITOREIITHE
L%+¥A - Py_INCREFQ) 3722z LN L. ZHROMAEPHI RERTOEMEZRLET (OF

2 BEE AT LWIRAXT 7 EHEICEELL B D FRA: BERS, BROFEEIIKAL LTBROa¥— 2T
205 TT,

*3 ’%5573‘7/ 1\7b> 1 LXJ:?E)K IDFARBZFHEF SECVWEFRA — BBATV Y FEBBERI NI AEY RICH 2720, ZOH

HEMED S D 3!
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D, L BROFAEE R UHIOREH LA SROMEZBINTORAZED $EA).

FRABHEICE DD BRAY

A7 27 PANOBREBEBRONIMNTETHEICE, A7V 27 N OFAENSIR HITE SN L1 EDLHHE
WCRBHA V27 2 —AERD—HRE D T,

AT PANOBRERTIZEACOEIL, SR 2 HICFTEHEDIEL £3, K2, PyLlong_FromLong()
% Py_BuildValue() D &S5, HLlnwAT7 =2 b 24T 2BBI 2 THAMEZHEFICELE S, 47
Pzl MDEBRICEH I RA T TR TH, TOF TV =27 VI T 2 RSROFEHEEZEF
3, HlZ1X, PyLong_FromLong() 3 X5 fEHZF* v a2 LTED, Fvrv>¥adIhfE@NOSZHREZIRES
ZeDHHET,

PyObject_GetAttrString() DX S5IZ, H2F 7TV =7 v ojloF 7Y =7 M2l 2 L5 B
i, SR DIMAEHZRELE T, 2HbH60HEPPRPHMBLICS VIS LAEEA, EWVIDIF LS
bzl —F DN DHhHHIE > TS5 5T PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B XU PyDict_GetItemString() Z®T. X 7N, VA b, FLEHEILEAS
RERLET,

PyImport_AddModule() (. EFRCEATY =7 F2AML TRT I eHAH2I2dr0rboT, HHZRE
BLUET: TOADAEERDE, ARENA 7Y =7 NI T 22T sys.modules ICREFEN 205
T,

ATV 27 bAOSIREROBBUCIE TGS, —BRIICE, BEEEMECH LFEr o SBEBHALES - 5
TR RMES 208D 5756, BIEANE Py_INCREF() ZFFOH L THNZ LAZATAEFEICKRD £3, LidFWVwA. Z
OHEANIF = > DEE LIS} PyTuple_SetItem() & PyList_SetItem() 23H h F3, I b DOBEMUK. #
SNTFIBERICH L TITEEEZ TR S>ID (take over) £F — 728 ZKBLTHTI! (PyDict_SetItem()
L ZOMHEEFTEMEEROMWD £8A — ZAbEVDIE " EED” BTT, )

Python 228 C BB X2 BI2iE. C BRI LD S5 BAOSBEEHL 3, C B
PECHLENE A 7Y 2 7 FADSIREFTE LTV DT, EASROAETFHMARIE X 2 OB ILE %
BTETTT, ZOLIRLTHASBRERELZDMICE LD LEWEEIZDA, Py_INCREF() %ffio
THTESRICT 2 DELH D £3,

Python 26O E N7z C BEDIRSSRIFFMAESR TR INIRD $EA - FTEHEIEEE,RSIFOHL
N ZHRESNET,

K

BOm0IRicBWT, —REZEICEZ 2MEHSHOFMHASPMEZ0EBI T8 T, ZOMERT
RT, 4 XY ZPIERNICIECHE N, 4 2 7TV ZBBROFEEICSRBEZREIRTLES R
BRLTVET,

HoTBIRESF—XDIBERYD, ZLTHRHEBERDDIZ, VA MERIIHT ISR E2MHED TV AEICHE
%%, BB WATY 27 MIRF % Py_DECREF() O TF, filZI3:
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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! */

FoBEEIZE S, 1ist[0] NOBHEZMEHL. X2 1list[1] Z{H 0 TEX#HZ, FRICIZIFLEHALELS
BEHALTVWES, MMELZVESICRIETR? THZ S TEREVDTT!

PyList_SetItem() QMO EBIH L TAEFL &5, VAMIETOHERBIIWNLTSREREL TV
OT, BR 1 2EZEZ2, DHOBER 1 2HELES, 22T, HETOER 1 P2 —VPERZ 7 ADA
VARVATHD, EBIZIDIITAN __del__ ) XYY REZEERLTVAERELEFL LS, ZDITR
AVARYADBBAD Y D 1 ol A, VAMOIBRBERETSL, A VAXVAD __del__() X
Yy RBECHINE T,

7 5 2% Python TEPNTWBEDT, __del__ O 1IMEED Python a— FZETTEE T, 2D __del__0)
2 bug) BT S item WKL ARERIEELTWVWADTL 2507 ZOHED! bug) WE LY A A
_del__ O XYy FDLEETE22 T 5L, del 1list[0] ORREZFH OISR EETTETCLEIVE
T, DL ZOHET 1ist[0] KT 2RZOZROPMESINTLE S &, 1ist [0] IZBENIT BTV X
F VIR, FERIC item IZERRMEICHR>TLEVET,

FIRE DK D AU, ERIIEE TS, —RCSREEZHEHPEEX L VDTS, ELLEET 2 -1
YEUTOESTHRD T

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) ;

CHIEEBICH - 7255 T T, LRIDAN—Y 3 > D Python 1IZ1&. ZDOANZO—FEREATWT, __del__Q)
XYy FERES LTI ELEPRVOREFTARL=DIC C Ty HCTHYFRBZER LZADBVWE L.

“oHIZ. EHASEA ALy RICEBRLTWAS 7 —Z2TY, EHIZ. Python 4 > & 7V X2 5 EEK
DALY RiE, Z0—=—NVA Y RTVEOy IPF TV 27 MVEMEEREFELTVE D, HWIHE
LESZWEHHEHA. 2iIZWA, By 7% Py_BEGIN_ALLOW_THREADS ~ 27 1 C—RIVICARBR L 72 D,
Py_END_ALLOW_THREADS THEHR LD TEEd, IhbHD~wruidryny 7o % 1/0 MO L o &M
WEKEPN /O PRETIT2FETOMIHORL Yy BB TatydZ2FHATES X5 CLET, HLHIT,
DT oS Eofl e l7-EEZIZHATVET:
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void

bug(PyObject *1list)

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

NULL R1 >4

—ERe LT, A 7927 bAOBRESIBICE 28I —92 NULL K4 VX2 ET I FHALTES
T EZS5I22ar7 Rk DE (O, HeTa7RyT25|ERZIT) 28 TLiS, — A A7V
OB ZIRT X 5 LRI, PIADOREZRTIHEICDA NULL 2R L £3, 518020 LT NULL
T A MR VERE, BEELEULEZTIR-> /A 7Y 27 OB E BT, 5T - K4
DREELAHY NULL 7 R b 21T 213, TUERT A MO REIITbHA, 22— FI3 X DEHICH Z itk E3,

o T, NULL DT A MEIATI =27 v " FBER, THROBMED NULL 1222503 LA WERAS VX221
oz ERFICLEL & 9, malloc() . BN ZEEH T 2 RIEEMED H 2 B Z DT T,

~ 21 Py_INCREF() B X f Py_DECREF() & NULL KA Y XDF = v ZB{TWEHA —— LHL. ZThALD
~ 27 v DZ{tHTH % Py_XINCREF() 3 XU Py_XDECREF() 35 = v 7 Z1TWVWE T,

REDA 7Y z7 MUZOWTHNRS v 1 (Pytype_Check()) & NULL R4 Y XDF = v 7 2{TVWEHE
A EDBRLETH, BARBRZEZPHELTA TV 27 bOBREFEARNZIRICE, 25 Lz~ aihiild
TS RED D 2 DT, RN NULL RA Y XDF 2w 72T 5 NRBRTAMIKoTLEI DT,
BIZHFNZ <7 212l NULL F = v 7275 Z{LFEHD D 8 A,

Python 206 C Bz OHI 3HMIZ. C BIRCEE N 2518V A (FITVWI 2 ZAD args) HRLT
NULL ISR SR VK SMHIF L TWE T —— EBICIE, B AR K5 EL TwEd, ™

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

2.1.11 CH++ TOILKRES 2 —ILIERKL

C++ THIREY 2 —VIMEKTEZ T, LWL ODHIRAEDH D £F, X4 > 72 F 4 (Python £ >~
RFVZ)IF Cary 47 Tary I LENY Y7 ENTWEDT, 7a— UVERPHNA 7Y 27 bra
VAN RTERTEERA, XA T 0T T L0 CHt a2 R4 FTY 7 ENTWERL ZHIERHET
3% D FH A, Python £ X 7Y X0 S XN B8 (FR2EY 2 — A #IHALEEE) 1%, extern "C" %
FoTEFLRITNUIRD FHA, Tz, Python Ny X7 7 4 )L% extern "C" {...} KANZREIH
DEHA--- VKRNV __cplusplus (BIED C++ T4 JIEBRTIDI VAL EZERLTVET) BER
ENTVB L EIZ extern "C" {...} PTbNE LIIZ. Nv XTI 7 A LT TREILNATVENSTT,

* 2 HRO” O U E > T 258103, ZOREGER SN EEA — BFEO 2 — FIZZVEZICIEROMOH LKA
AHNHEF
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2.1.12 #5EREZ a—J)LIC C APl ZiRt9 3

% K DIRIRE Y 2 —/WIHUZ Python » & 2 2 Hi7- R BRI 2 25 2 7210 T8, RRTHEREY 2 — b
WD a— FHBMROINREY 2 -V THEMZRZERH D T, HIZIX. H2EY 2 -V TRIEFHZEDOZNY
ALDESWCEET S " aL s ay (collection)” 77 RAZEELTWEhS LNEEA, BxS5EURL
BEBLEDRIELZDTE S C API {2 724240 Python V A MDD X512, ZOHilkal rzyay
HMOIIRE Y 2 — ) S EHRFTESL L 5I1CF 213 —ED C B ER > TR IR b 8 A,

—RT2r ZEHEHEZR I BICBEE (5B AHA static RELIWFEFTEITI) FT, #EYUIRAY X
77 ANEREEL, C API Z2F NI X0, B2 ET, ZLTEBDOL A, 2TOIKREY 2 —H
Python 4 & 7Y ZIZHEITHNICY Y 72N TV AHEREIEEELE T, £ ZAEY 2 —HHF
SA4TSVDFEIIE. —DODEY 21— L TERINTWVWEY Y RAPUDEY 2 — A SRARIRZ LD
D EF, AIREOFEIIEARL =T 4 YIS RATACEDET; HZP AT L& Python 4 Y 2T ) e 2T
DIGREY 2 —VHICH—O 7 a — o LiaZHiZ2ERZ HE L TV E T (121 Windows), HlDY 27 A13E
Ja—DV Y IRCIDAENSE Y VRV EHRNCIEET 2L0ESH D 3 (AIX BZ2O—FITT). F
72Dy A7 4 (1F2 A YD Unix) TlE, o IS 2 E I LTRELTVWES, 2L T 2222 UK
AR B — > VERE LTAHETH->TD, MUHLZVEABRDA 7Y 2 =R FERFr— FIRTWian
ZeEoTHHETF!

Mo T, AMRMED D S > Y RADOAEIIITSREEZ L TIER SRV 2 ICh D ¥, D% W ILRE
Ja—HDETDOY VKRUX static LESERIEXRD FHA, HBMNIED 2 — 1V OWHEHEEBEIET, Zhik
(EZa—ILDOXAY Y FT—=7IL LS TRz & 5 12) MDILREY 2 — L & ORI THEIDEZET 2
DRI Z72DTT, i, MOWIRES 2 — 057 7 R% FlFZIRITTIEAEVL >V RUIFIDORDH
TREATRERD £H A

Python 13® 24E5kEY 2 — D C LNV DER (KA ¥ &) ZHIDEY 2 — VIS 72 ORFIR L
Capsule (7 7)) 2L TWE T, Capsule 381 ¥ & (void *) ZillEF % Python 07 —&HTH,
Capsule 1 C API 2N LTOAER LD 7 7R LD TEZTH, M Python 7Y =7 beFEIL &
IWCZIELTEET, &b, Capsule IZEREY 2 — LV OZATZEBNICH 2 LATCRATE T, fho
PIREY 2 —MWEIZDEY 2 — /L% import TE, KICHFTZHIG L. &%IZ Capsule ND R A ¥ & ZHUF
L%,

PEREY 2 — LD C APl Z T 27912, B4 %AHET Capsule DMEONE T, FBEKE 1 2047V«
7 MZANZ=D, £2TD C API DK A ¥ ZEeH|% Capsule ICANSE ZENTEET, LT, KA &t
FTARRERPIR L Vo 7ok A RIEER, a—FEZEBELTVWEES 2125347V MET 2 —L DT
R HETHHTEET,

CDFERENIL TS, Capsule D name ZIEL K RET 5 Z L IFEETY, PyCapsule_New() & name
51% (const char *) ZH(D %3, NULL % name (ZJET Z & DFFAI SN TVETH, name ZRET S &
PHOHERLET, ELLARTZMNIY SN Capsule 135 2BEOERITRAZEHE2RD £33, AT
STV Capsule 2l Capsule ¥ XA F 2 HEMWNZGFEEIDHD XA

Kz, C API 2Bi3 2729 Capsule IZIZRDNV—IZHE - 72 HHFTRNIT B RETT:

modulename.attributename

PyCapsule_Import() &5 fEF|EEIX. Capsule DHAFIHB Z DL —MIZ—HLTWVWS & ZIZDA, B

2.1. C % C++ I2&3 Python DR 25




Extending and Embedding Python, J1)J—2X 3.7.17

Capsule BHTRHZNTVWS CAPI 2R —FFT A2 N TEET, ZOEHITLD, C API D2 —¥—
M, FEFEICIELW C API 2L TW3 Capsule 20— R CERZ L 2ELDZ N TEET,

T ofltix, #AFieRAT 2EY 2 —LOEFIZE AYOARIE» D £330, KL{fFbhd541477Y
PEBBICHEYR Y T —F 2 FHLET, 2O7 7R —FTiE, &2TO C API 4 v & (flfFcid—o7%
T &, Capsule DL 725 void KA Y ZDEINMRIFL T, HLREY 2 —MITHEFT 2Ny X
T 7 AME,. BT 2—D import ¥ C API RA VX 2HE T2 k5 FllT s~ ru2iftLE9; 754
7Y FEYa—UE, CAPI X7 Z7EATIRRICI D7 a2 R TT,

iR 2HOEY 2 — ik, BGEAE HiD spam €Y 2 =V EBIEL/D DTT, B spam. system ()
X C 9477 VK system() ZEHEMUIH X F., PySpam_System() 2N L ET, ZOMBEbEA
A EBIZIE (BTOa~< Y FIZ "spam” 2172 0ok 5R) EDIAAA-UEEITVWEST, ZOH
¥ PySpam_System() ¥ %7z, MIOIEFREY 2 — I NI E T,

BI%( PySpam_System() (&, LD R TORR L FFRIC static TES Shi@E D C TS

static int
PySpam_System(const char *command)
{

return system(command) ;

spam_system() ITIFMB IR SRWEEN I N TVETS:

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

{
const char *command;
int sts;
if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
sts = PySpam_System(command) ;
return PyLong_FromLong(sts) ;
}

EY 2 —)ILDSTEICDH B LT OFT

#include <Python.h>

DERIC, UTOAT2R43EML TS

#define SPAM_MODULE

#include "spammodule.h"

#define IX. 7 7 A /L spammodule.h 24 > 7L — FLTW3DABL4HTZ AT 2HDES 2 — L TH -
T VATV RMEY 2=V TRBRVILEANY X T 7 A NVICHZBT1-DIEbNET, KEIZ, EYa2—L
DHILBIRNZE C API DR A ¥ XEHZHHUET 2 K 5 FRLRFUIZRD $EA:
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PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;

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

/* Initialize the C API pointer array */
PySpam_API[PySpam_System_NUM] = (void *)PySpam_System;

/* Create a Capsule containing the API pointer array's address */

c_api_object = PyCapsule_New((void *)PySpam_API, "spam._C_API", NULL);

if (PyModule_AddObject(m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object) ;
Py_DECREF (m) ;
return NULL;

return m;

PySpam_API 7% static E EEENTWVAS ZLIZFERE LT XV, £5 LRIFAUL, PyInit_spam() 23#&
TLR2ERZRA VR LAEHEBLTLEVWE T

5L D DOKETIENY BT 7 4 )L spammodule.h IZH D, UTDXS5ICHR-TVWET:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System_NUM O

#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;

RDOR=I 1% L)
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(RIDR=I D5 DREE)

#else

/* This section s 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_Systen() ~D7 7t ZFREBHEDIZZ 547> FED 2 IH LEFIUEE 5BV ¥ 1%,
HIHHEREEUAN T D import_spam() PARL (£7ld~2rn) O LTY:

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

D7 7u—FDOEERREIL. spammodule.h DIRRHMICL DL WVWH T TT, LidWVWR, BEBOEAR
WA AFINE DD LELRDT, HXHE—ERLIENLXTAET,

%2, Capsule 1. HEHIHEEINTVEI R, VX EXETVMBMHELEZYBERLZD T 3 BICRNCER
. I —OEERIRELTVE 2 WnS Z g TR D FHA, FMlE Python/C APT Y
77 VLY AR= 27D capsules, 3 XU Capsule DELEES (Python Y —Xa— REERYH D7 7 41
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Include/pycapsule.h I XU Objects/pycapsule.c RSN TWVET,

E
2.2 INRDBDESE: Fa—rUTI

Python Tl&, #AAAD str B list D L 54 Python 2 —F2HEETEL2H L WEE C LRE
Ja—LOEENEBETEET, 2TOIHBEORD a— FIZH 238 — IS DT, EXIR0 BRNICH
RLTBIREMOVWIEDLHDET, TOFRF2 XY MEIZFDFEEIIOWTORX LWAMTT,

2.2.1 EXRNGRI L

CPython 7 ¥ &4 A& Python DETDA 7Y =2 % PyObject* MDZER L His L £3, PyObject* &
Python & TOA 7Y =7 b® 7 HEJER (base type)” &> TWEF, PyObject MGk EH BT BEHY
Yh e, AT DO P HEFTI 2T b (type object)” NDRA Y EXDAEFEL ET, T ZITIXENENE
BINTVET; I T2 M BIRIE. B2BEDND 24727 I OBRRINIZD, XYV v RO
b, oF 7Y 7 MkoTRIEENIZD Lz 212, D (C) B4 > 27 ) X oiEh 3
DOERELET. 6D C BRI " X4 7 XY v F (type method)” ¥ TN T,

ZRHDT, HILWIRROBZER L 720 e Zid, LWL 7Y =227 P25l I nwbiI T3,

ZODFDZ FHERZEIDBRENTL 25056, LTI CHRREY 2 —JL custom IZH S Custom &\ 5
ZHTOFH LUWEIZER T L, RIBRBEELERRED 2 —NLE2HITTEBEET:

AR 2 THAL TV RHIE, BNE RO 2 ERT 2 MR FEEFIETT, ThIEE AL O%H
TtakdDiDTT, CAPI Tld, PyType_FromSpec() B %E v, b — 7 LICHE SN IROE & 5E
FTEEITH, IOV TEIDF 2— P Y 7ATEBVEEA,

#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,

I

ROR—SEER)
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(FiDR— 25 D %)

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

—EIHET 2125 ko L EPZWVTTH, FIOBEIDIEFL oDERIT L BoTVAR I EEVWET, 20D
774 NTIE, 3ODBEREPERINTVET

1. Custom 77T T I b DR EATVSH: ZhD CustomObject MHEAT, Custom £ Y A XY AT
LI 1 [T X' VERITONE T,

2. Custom B! ¥ D Xk 5 ITRDHES B TN CustomType HEERT, 77 7L BIERA Y XDEEH %
EELTOVET, FHEDRMENERSINIE 21T, ZOBEBKRA V&2 4 2TV EBPRIITEE T,

3. custom EY 2 — L Z ST B Z4p Pylnit_custom BAEE ZNICHEFKT 3
custommodule HEER T,

FIRMIIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

2D Custom 7Y =2 FDHNETT, PyObject_HEAD X ZNZFNDA 7Y = 7 MEEERD LTI H
JH7%% DT, PyObject BID ob_base L WHHARID 7 4 — /L REEFRL £F, PyObject T (2L 2h
Py_REFCNT ¥ 27 BB XU Py_TYPE X7 a7 7R RATER) BIF 7V 27 bADRA YRS A T >+
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DS NTVWETS, o7 a)pHEIRTHLHEE, MEAOL A 7Y b2l 7Ny ZJEA R
T74 =V RZEMTESZL51CT5%DHTT,

FR: Lol PyObject_HEAD v 27 n kit Ianyiddh iHA, SonbhtkIanryEEMLA
WESIZREMITL IV 22 BEHET a4 7bHDET,

b5 DA, —RINZIEA 7Y = 7 NIRRT PyObject _HEAD R4 5 — 7L — b Oficd F— X B HEL T
WES: FlZE, Z4uE Python #EHEDFEI/ NSO ER TS

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BBHEA T 27 PDERTT,

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,

AR Ri2H 2 K512 C99 R & A NDIETRA 2L F % 5 T, PyTypeObject OFHIBILOMEN T 4 —
NRETETHANZD, 74—V FEESTAHFIIKEMH 72D BT ICHEEL20EBEDLET,

object.h IZH % EED PyTypelbject DERICIZ LDERIIHZ2 LD DD EZLD 74—V F b
Fo TIWKHTETVARVLT 4 =L FE C ay L Lo TERTHDLNL DT, BETHRWVIRD IR
NCIMEDTE %2 L2 WO —fRINZAFIEIC R o TV E T,

—BIZ1D2FD27 44—V FEWD LT TVWEEL & 5:

PyVarObject_HEAD_INIT(NULL, 0)

ZDffiE. LTz ob_base 74— FOHHHLICHED KR A 5 —FL— T,

.tp_name = "custom.Custom",

HELTCWRHOARTTT, ZHE, A7V 7 DT 74V POXFHRERLL I — X vt —JICHNE
T FIZIERDED TS

2.2, HROBODESR: Fa—LUTI 31
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>>> "" + custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

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

ROZRID, T 2 —NFHEEY 2 - NVIZBILROHFOMTZ Fy b TORWEHAANTE > TWD Z &I
HEELTLEX N, ZOEAIE, Y 2—& custom THUX Custom 2D T, BlDHHI% custom.Custom
WRELE Lo EBEO Ry MIZDA Y R— 1+ R2%f5 DId, pydoc Y 2 —/L% pickle EF 2 —L ¥
B F- 8 27 DICEERD TS,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

tp_basicsize . H LW Custom f YA XY R%EES L % Python BEND B TEIREXEYREDL BV
BRODPEHZ7=DDHDTT, tp_itemsize IFAIEY A XDA T I 27 P TOAMED DRDT, +4 XH
AETHENA T =27 P TIE 0 ITTRNETT,

AR DRI-0X A4 T% Python TH 727 5 X{LAIREIC LI WEE, 20X A THEEX AL T2RT
tp_basicsize # b o TV A L ZEMPEKD L I IIHEPEL LB HDET, 2DXA 7% Python DY
TR LI E, 2D __bases__ VA MNIWEDRIZDXA THRANTK 2 X2 LRTUIRD 4
Ao IBRVELT—DIERLIIHRIZZDXATD __new__() XYV v REFFUHTZ2IXTERILDZE
T, ZOMEEENET 212X, DRICHRZDRA 7D tp_basicsize FZDHEEXA TEIDHRELLT
BLIZETT, FLAYDGE. HRIDEXAL 71X object oy Z 5 TRIFIUIREX A4 FIXF—XHADR >~
NEBMULZDDTLEI DS, Lo TREZEORITHEMT 5720 Z0&EMIEHLZINTVET,

Py_TPFLAGS_DEFAULT 227 9 A7 5 V% FLEL £7,

.tp_flags = Py_TPFLAGS_DEFAULT,

FTRTOHI T F 7 ZOEREEDTBIMENDHD £F, ZHUIRIKTD Python 3.3 FTITERINT
WETRTDORAYAZHALET, ZFHUEDOX U ARRER S, MET2 757D OR 2L 358D D
£,

ZDHID docstring 1& tp_doc ITANFE T,

.tp_doc = "Custom objects",

AT VPERTES XSIZ, tp_new NV FIZRMT2HENDH D £9, ZHid Python D X
Yy ¥ __new__() YFEFDOLDOTTH, HRINIZEZZ2RER DD 3, 50HBATIE. API D
PyType_GenericNew() & L TIRMENE T 74V M2 ZDEEEZ T3,

.tp_new = PyType_GenericNew,

77 ANVDED DEFIEE - EHIRARLT VD D2 BWE A, Pylnit_custom() O—HDa—Fixz >
TR WTL x D
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if (PyType_Ready(&CustomType) < 0)

return;

ZAUE, NULL iICHIH L X7z ob_type dEH T, WL DD X U N=% iy 7 7 + L METHED T,
Custom BZHIHAL L £ 3

Py_INCREF (&CustomType) ;

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

T EEYD 2 —ILOFEICEMNMLES, 253528 T Custom 27 7 ADMEULRH LT Custom 4 ¥ A X
VAPERTE S LSk £

>>> import custom

>>> mycustom = custom.Custom()

HETT! D DEEIXE L REZTTT; custom.c EVIHFD T 7 A NI ZETDa— FEHFZIAAL,
ROWEEFFD setup.py THEL FT:

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

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

ZLT, Yz TS ANLET

$ python setup.py build

F5% custom.so 77 ANNDBY T T4 L7 PVIREREINET, £D7T 4127 FVIZBEIL T, Python %
EE L EF - 2N T import custom LT, Custom A 7Y =7 b T#HERZ ESICKR->TVWBIETTT,

ZARICOTRLLL DD FHEA, LR?

B 5 A, BIED Custom BIZHIHAICRITITVWET, b T —XZ2FKHoTWwWiWL, M TEEHA, #HK
LTH T I IABER LI XTERVDTT,

AR: ZoETIE, FEHED distutils EV 2L E2HoT CHREZEALFLTOVETH, HEDL—-2
=Tk, IOHFLL, BRFEINTWVS setuptools 74 77V ERFHAT A Z e 2#HRELET, ZhEifT
SHEEXENMTZ2I2EZDFF a2 XY POHMHNTT DT, Python Packaging User’s Guide ZZH L
TLEEW,
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2.2.2 BEROY YV TNICT—REXY v FZEMNT S

COERDY V TINIZT =R XYy REBMLTAZL E S, DWTIZ, ZOREHRKS S22 LTHHH
TEX2X51CLFET, ZZ2TEFLVES 2—)L custom2 22 ., ZhoDEEERBIML £9:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 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, "|00i", kwlist,

ROR—SEER)
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&first, &last,
&self->number))

return -1;

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

}

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

}

return O;

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

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 = {

RDOR=I 1% L)
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PyVarObject_HEAD_INIT(NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof(CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

};

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;

ION=VaryTliE, W ObDEEEBIRVET,

KT include ZEBML 73

#include <structmember.h>

FTILHLTINTTH, 2D include KBRS 12DDESHA>TVWET,

Custom BliZ D CHERIC 3 DD T —XEMW first . last . BX L number 2d DX 5127 D F L7z, first
¢ last BHEX Y7 7 — A P2 =LY 7R b r—L%HEM L7z Python XFHIT. number BN C FEETOHE
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BofEcts,

THUTLZMS e, ATV 27 FOBERZRD X 512D £

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

} CustomObject;

WEREHIRET—XNTELDT, A7 =27 FOEID HTEMBICEL TI X D EEBEICRZBENDD
59, ER, 727 FORERRXY v RHERETT:

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,

ZDAY v FiE. £3 =20 Python BEDZR A > %227 V7 L% 3, Py_XDECREF() 135/5%% NULL O
F—RAZIELLKRAET ( 2R tp_new PERPTRBRLALGEICEIDZET), TOX Yy FiE DFK
A 7Yz bOR (Py_TYPE(self) THHLET) DX 2N tp_free ZMUIHL, 77V 27 FDXEV %
FMLEST, A7 227 FDBID CustomType TH 2 LIER SR VEIRFER LTIV, RERS, +7
Sz NIV TIITRADA VAR ALY LAR WL LT,

AR LD destructor NOHIRIZRZHUINETT, ¥R S, Custom_dealloc 75 CustomObject *
SEe L 2 L ERLE LA, tp_dealloc BIBID R A ¥ X PyObject * 5lEEZ TS Z ko TW
205 TT, b UHRINCEENZ LR TUE, av L I8 HEERHTATLED, Uk, CitBT54
TV MERADRYE—T 4 ALTT |

T 7—=RAMA—LETAMRI=2BEXTFINHIHUEL L TBE/2WDT, tp_new DFEEZRBIMTEZ2ITL
FL&D:

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) {

RDOR=I 1% L)
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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.

AR tp_new IHIRIIIC tp_init ZMUFH L TEWVWIT ERA. ZHIA VX =TV XDESTTITS 729
T3,

Z D tp_new DFEHL, tp_alloc ARy PEMUHLTXEY 2EHYTET:

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

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

AR 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.

AR B LI tp_new (BEEX A 7D tp_new £7:21F __new__() ZMATWVEDHD) BIED 2D
HIX. EITRDX Y v FIRRIEFZ D000 TEDXY v REFUIZTLEZREL LS L LTUE WIFHEA
DRIERH TR EZEICRD TBE, BEZOD tp_new XMUHT L. H 5 WX type->tp_base->tp_new
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ZREELTLIEE N, Zo5LRWVwe, DREPERLTZA 7D Python %727 5 A5l Python TEFR
SNV TRABMAL TWBGEIC FKHDPRVGEEDR DD £, (VDT 2DX5B8Y 7275204
VAR A% TypeError Z S FI2/ES Z L BAAIREICA D £, )

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

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF(last);
self->last = last;
Py_XDECREF (tmp) ;
}
return O;
}

ZAUX tp_init X Y 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.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle
module by default doesn’t call __init__() on unpickled instances). It can also be called multiple times.
Anyone can call the __init__() method on our objects. For this reason, we have to be extra careful
when assigning the new attribute values. We might be tempted, for example to assign the first member
like this:

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

(RDR=I 1)
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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 ZOBWATV YN 1 IDRKRENWCIEETEZHE

« when we know that deallocation of the object™! will neither release the GIL nor cause any calls

back into our type’s code;

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

cyclic garbage collection®?.

CITEA VARV ZAERZRBMELY LTRZAZX5ICLEVDTEN, TRV DD HERD D £95,
Hor HEFHELFER. A VANODEBEFEZBITT:

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 */
};

ZLT, ZOEHK% tp_members Ay MIANEL &k 5:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the TRV B4 %Z BEIET 5 section below for details.

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

NULL if the attributes are deleted.
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Z Z Tl Custom.name() EMEHEINAZAY v FEERELEFL LD, ZNWE 77 —A b+ 3 —4 first 7R+
7\~A 1ast %EI‘%L?‘:Y??U%%@jj?/‘I7 ]\O)%_ﬁ‘_ﬁt Lfﬁbi\j—o

static PyObject =*

Custom_name (CustomObject *self)

{
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);
}

ZOXYy Fid C B e LTEEIN, Custom (HZWE Custom DY TV T R) DA VAR Y A%HE—5|
ML TZIEDET, XV FIZDRARZEDA YRRV ZAZRAIOF B LTRZI 6B IFIUIRD 24
Ao LIFUIRNESIEE ¥ — 7 — FEIEBZIT e D 35, SEIIRICHLEZRNOT, EEFBDX T LD
FoU—FEBOFHEDIWMLRVILIKLET, ZOXY v FiZ Python OLITD XY v F 2 EfliT3:

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.

ST XYy FRERLEDT, TITAY Yy FERHOA Z/ERT 2 0ERH D £3:

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

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

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

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

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

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

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

D

223 T—EEMEZECENHIETS

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);
}

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;

(KDR=I1Z%i<)
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}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = O;
}
return (PyObject *) self;

static int

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return 0;
}

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

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

{
Py_INCREF (self->first);

return self->first;

static int

RDOR=I 1% L)
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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) {
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},

RDOR=I 1% L)
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{NULL} /* Sentinel */
};

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom3.Custom",
.tp_doc = "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,
.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) {

RDOR=I 1% L)
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Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

first B Y last BHEEZ LD ZE0LKHIHIT 27201201, DRAXL XA FD getter BIE Y setter BAEUE i
WET, PITE first B SEZ ST 2B (getter) & T OBEMITMEZ F&H T 2 B (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) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");
return -1;
¥
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
¥
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;

return O;

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

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

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

deleted or if its new value is not a string.

Z ZTld PyGetSetDef MEADAEAZ DL D £3:
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static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
};

ZLTIN%® tp_getset ARy MIEHFLET:

.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.

T/, AUNERDPLEFINSDBEHERWTEBEZEL £ 5:

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

F/2. ZIZ T tp_init A"V FIBEINZBDE L TXFHNDAZHA TSI IEIETI2HENDD
ESCIES

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

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

return -1;

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

}

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

(KDR=I1Z%i<)

*3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing
their reference counts, however, we accept instances of string subclasses. Even though deallocating normal strings
won’t call back into our objects, we can’t guarantee that deallocating an instance of a string subclass won’t call back
into our objects
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self->last = last;
Py_DECREF (tmp) ;
}

return O;

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

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

T, BIFEEDLIZEIIE. ZOEY 2 — W FHLEE e LB ACH 2 ES 2 — VB EEFHLEL &
9. ZLT setup.py 7 7 A VICBIMDERE L DX FET,

224 BBAN—UALYSavEYR—1T3

Python (Z:term: JEERA R — a1 7 & (GC) #hE<garbage collection> ‘% d > TE D, ZIUIFERA T
VI e, ReZABRAVIDPEOTRITHREATLIZILDNTEES, ZOLIRKKEA T2 b
DEZWPERLTVDH BRI D XA ET, L ZRUTOHZEZTIREW:

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

ZORITIE. BOEEEIKDVAMREDE L, XDV MR HIBRLTD, ZRUIIEHTEEAD
ZSHREELEFLODTETHS, BRIV Y MIERIE D FHA, BLWI 21IZ Python IQIXEERA N—
PaLy REEENCE DV A NPT ETHE I EMH L, BRTEET,

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:

*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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#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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

} CustomObject;

static int

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

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

RDOR=I 1% L)
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}
return (PyObject *) self;

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

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

return -1;

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

}

if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
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;
}
if (!PyUnicode_Check(value)) {

RDOR=I 1% L)
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PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF(value);
Py_CLEAR(self->first);
self->first = value;

return O;

static PyObject =*
Custom_getlast(CustomObject *self, 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 %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,

RDOR=I 1% L)
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"Return the name, combining the first and last name"
}’
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom4.Custom",
.tp_doc = "Custom objects",
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

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

EERLEZZRICEENI DD LOABRWENEA 7Y 27 M LT, traversal XY v FIZEX N visit ()
BRUE N E T, visit O BABUIANERA 7Y = 27 b &, traversal X YV v RIZIEINBID5IE arg 25|15
LT hET, ZOBBIZDENPIEEDEGEITRINZ2BHOERRL 5,

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;

}

AMR: 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 0;

}

Notice the use of the Py_CLEAR() macro. It is the recommended and safe way to clear data attributes
of arbitrary types while decrementing their reference counts. If you were to call Py_XDECREF () instead

on the attribute before setting it to NULL, there is a possibility that the attribute’s destructor would call
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back into code that reads the attribute again (especially if there is a reference cycle).

EMR: 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 79 7% 7 5 AERD 7 7 7 WTMAET

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTHT TY, tp_alloc ARy M EXIX tp_free NY R I8FErNLT0IUE, ZNOZERAR—Y 2
L272a itflizzd X5BIETIUIIVDTT, 1ZL AL DINRKRIZBIINICRE S N—Y a v 25
TL &S,

2.2.5 MOBOYIT IS XZES

BEFORIE AR L7 H L WVIERI 2B S 2 2 e B TE 3, MlAAARD MK S 2 DRI TS, &
%i7% PyTypeObject ZfliHICHIHTEZ 2056 TF, ZHUTLERT, PyTypeObject MEAKRZILREY 2 —1
MTHEET2DEEHLWTT,

ROFITE, B A 2D list BlZRK L 7= SubList BEZ2ERLTWE T, HLWEIEED Y X My
SERICHEBER D D T3, BIMTHED S 7 > ZEHEPT increment() XYV v REF > TV

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

>>> print(len(s))

(RoR=1ki L)
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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 xkwds)

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

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

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,
.m_name = "sublist",

.m_doc = "Example module that creates an extension type.",

RDOR=I 1% L)
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.m_size = -1,

}s

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;
X
return m;
}

RTb»d k512, V—RAa— FEHIDH D Custom DIFLIFHITUTVWET, EH5Hrrzhzhz R RTw
RN

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both
PyListObject * and SubListObject x*:

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
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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;
}
return m;
}

PyType_Read ) ZM-.XFHIC, BOMEIERD tp_base Ay MIEDH LN TWRITNEIRD VA, BIFD
BIZ KT 2 B121E. tp_alloc AR v b % PyType_GenericNew() TH®D ZQHEEIHH FHA, - HERD
Tar—a YEEBMKEINE T,

Z D&, PyType_Ready () BIEEIER, XA ATV =27 b EEY 2 — BT 2 D, EARMNZ Custom
DOFlEFRTTT,

i:1pE 3
2.3 Defining Extension Types: Assorted Topics

O TR EXFRFEEAREREZA TAV Yy P, ZNOWMAETEHDTHENITOVWT, o FHL
%9,

BITid PyTypeObject DEFE TS, 7Ny LI FTLAELNLRVNLDONDX Y NIFENTH D 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 */

(RDR=I12%i<)
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/* Methods to implement standard operations */

destructor tp_dealloc;

printfunc tp_print;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

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

setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

/* 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;

RDOR=I 1% L)
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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;

destructor tp_del;

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

unsigned int tp_version_tag;
destructor tp_finalize;

} PyTypeObject;

TeBAD XYy FRHD ETH, THEARITDETZ2HEEIDHD FEA, ERLLWEDRD 26, E
ET203ID35DTKDINTTLIENFILALTT,

FTTRFEINATVETL 9D, ZOMERIZOVWTARICAETVE, HARAYFSIZOVWTEDELWL
EMERELET, LArLINSDX U ADPHERPTERIN TV AIEFIEALE T, 20Wo0F, Zh
LDRX Y ANOENBIEFIIELNREEIC L2 5DE25TT, ZLOBAVHIEAMELRDEZ, HEX T3
AUNABTRTEENT VA2 o TET, HLLAMELBICEDE THEEZEET S TT,

const char *tp_name; /* For printing */

CHUIOAHTT T, FIOETHA L K512, ZhIfLRGHTHEA, 1ZEALEZHENTEDNS B
DTY, ZNRDT, ZD X5 BRGHTRICILOTH 2 5 A2 EA T ZEW!

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INHEDT7 4= RiE, ZOBOF T =27 FFHLAMER SN L ZICENLZTDORAEY ZEHI D Y ThT X
WOD%E T Y RA LR LUE T, Python IQIZFEEDO#ER (LFINRX IAREZIRBELTLIIZEW)
2T BHARABDYR— DR EEDHD, Z I T tp_itemsize X U N\DMHELNF T, ZhdiZOoVTIX
HrTINET,

const char *tp_doc;

Z 2iZiE Python 227V 7 MY 7 7L ¥R obj.__doc__ % doc string %K 3 & TDXFF (B2 WVWIEZD
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7 FLVR) ZANET,

TR, BOBERNZAY v FITEAE T, IZLALDILRORAZDXY v F2RELET,

231 7710 F 54 XERXREVIRR

destructor tp_dealloc;

BDA VAR ADBEA Y Y b0 D, Python 4 Y X PV XBZNEZELUTCHAHALEL RS L,
COBBDIMINE T, BT RNEXEV ZZORPREL TV, ZALBNI S ETTRERUHEDL D %
BEd, Thox AL NET, A7V 27 P ZNAKRD ZZTHRREINZ2DENDH D £F, OB
DFNZ. UTFDES5%BDTT

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

XEV RRBITCO L DOEERDIE, LWHELDFSNI V> SVWFEDF RN LT, BERS, O
BIEUX Python £ > X7V XBZA Xy 72 tDIRBICR T & IR S Z D206 TY, ZLT (BH
DBIED 5 DEIFTR L) BINDTDITZA X Yy I HEEREINZ L ElE, TTIKREL TV AHIHREXEY
fRIBIR 2 T2 b DIEDH D X A MR OREED B 275 5 BIEEBIMO Python ®a— FEFTLTLE S
L ENSBBINDPRAELTVWE I 2BAT 200 LOLEEA. ZHEA VX T ZPRREIE LTI —%
FESHDZ ZLIZOBBDET, ThEMHCIELWHER, KETRWRELZFETS 2 RIS Dfils 2
MRELTBE, BbokbZNZMICRET I8 TF, 24X PyErr_Fetch() 3 X Uf PyErr_Restore () BA%X
S Z2IX o TAlREICR D £5:

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 ezception 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 */

(RDR=T1Z%i <)
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PyErr_Restore(err_type, err_value, err_traceback);

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

AR XEVBBBEBOFTLREBITAZ 2RV O2HIRAH D 3. 1 DHIE, Z2ORA
(tp_traverse BX U tp_clear ZffioT) ARN—=yalL 7> ayzH¥R—bLTWVWSEHAE. tp_dealloc B3
MUOHEINEETIZ, BHEENT 7 A FIFIARXSINTLEI ATV FPORYN=DHED/LZETT, 2
DHIE. tp_dealloc D TIEA TV =7 MEIFLERKEIZHZZ L TT: DX BRIV I 0THD
EWVWSZeTY, (Loflcd 2 K57%) EMLATY =2 1% API OFFUH LTI, tp_dealloc % FERF
OCHL, ZHERBPS7 792 2T25IL2R20HLNEEA,

Python 3.4 513, BHR T 74 F 74 XD a3 — Fid tp_dealloc IZED T, b DIH LI BEATHL
tp_finalize EWHEIX Y v REfS Z e BSHERIATVE T,

BE:

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

232 ATV CRI

Python Tlk, A7 =7 FOXFHIREEZERT 2D 200D FHBH D F3: repr() BEEM S 75k
. ostr) BBEMS HIETT, (print ) BIBUIHIC str O ZMUHLET, ) ZNODAY R YL S
HAMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr N FZRBMUHEINIA Y AR Y ZADFHNRBZEN LT CFINA TS = 7 P 2R RBED D
DET, BHERFIEUATOLS LD TT:

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

tp_repr NV FIPHEESNTORITIUI, 4 Y E 7V XIZZDRD tp_name L ZDA T =7 P D—ER
WOEZ & B WTFINERBZER L 5,

tp_str NV F T ¥ str() OBARIE. £ED tp_repr "Y' FI ¥ repr() OFRICHLELET, 2Fbh. Zh
¥ Python D2 —F»BF 7927 DA VAR YR LT str() ZMHUH Lz 2icidhEd, 20
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BOEER tp_repr N FIDZNEIEFHITETVETH, HFoN 2 XFIRBIABOIHD Z L 2 ENE
NTVWE T, tp_str BIESNTVRWEE, 2D DIC tp_repr N F IO E T,

PR NESGE A NG

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

233 BtZEET S

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

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

Python 12 2 DDEHEANY FSOMEH R—FLTWET, BEZI ORI ELr—HZ2HEET 22 TX
(. ZRLDENI—HOMMBHEDARTE charx ¥ L TZITIAZ DN LTS 5> —HoMZEEO A%
PyObject* & LTS, tWHHDTT, ZAZHDORIZOFEEII o THED L WHZHZET,

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

VAT 74

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

FT7V27 bOBUEAD T 72000 (T H L THIAT Z) BMiRREL 7% 513, PyObject* Zffio
TEMZEMHT 2% LT, B (generic) RFEHEZMR F3, FHEDTIFHEL L ZEMHEANY K 7 OHE
H1E Python 2.2 2B F L AYTERIIHLABDELZ, LU, ZLOBNEER., ZOoHMLLIFZ5L51C
7o TeRSFMNZE A A = X 5% 5 XS HH TR TEVEE A

BN GEEZEERT S

FrAY ORI BHL BIEMES KT, TE, L0 &S BBESEME L WAZOTL X 557 ZAH
7T RERIE T DTDTT

1. PyType_Ready () 2WHIN7 & &, T TREBHEOAHTIN DD > TS Z L,

2. BUEZZRLEDRELLD T 5 22, FlLilsk D7D DM BRRHIE TR, TBR LD RE
L7fEICH L TEARIRIED FEITT 20 E w2 &,

INHDEME. BHEOMER, EIFHEINI XA I VT FREBEBNESNT 2R OREZ YRS DT
HBENPEVoTZ L IZRABHIKIZRT DO TERNI LIZERL TLZE W,

When PyType_Ready () is called, it uses three tables referenced by the type object to create descriptors
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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=TNERATEA T2 D 3 DODR YN LTEEEINTVET:

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

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

is an instance of this structure:

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

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

2HFHDOT—TNE A Y AZ Y AR E NS T —Z L EENICDO T 5B 2 ERT 2 DIV
o WD D C DFMIZRANTR—FSNTEY, 772 2mAH LEHICOHAEFESARICHTE
X5, TOT7T—INTHEDN L BEEIIRD XS ITERSINTVWET:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

CDT—=TNDELY I VIIH LT TAIVTE BMEREH. B2 A Y AX Y 20MERI S L 5 21
WXL TENLDBEMENE T, type X U NIiE structmember .h Ny X TERINLBEDa—- N2 D
BATVARENRDHDET, ZOHEIX Python IZBIF2HE CIZBII2EZEDEIICEMLH S 0EED
2H5DTT, flags A VNI ZDBUREDE ST 7 AXNDIEHGIHT 2 7 5 7% NS 2D 12ffbh
9,

UTD 77 7HERIZ structmember .h TERZINTEH., IHHEE Yy P22 D OR 2H- THAE DY
LRET,
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E Bk
READONLY HXHCERETERZRW,

READ_RESTRICTED | #lfEE— K (restricted mode) TIFZMT Z 40,
WRITE_RESTRICTED | fillfRE— F (restricted mode) TIFZEHE TE R\,
RESTRICTED HIFRE— F (restricted mode) TIXSIHEH S TERL,

tp_members Zffio 720 DOEHWH AKX, ETRICHEONE T A7V FXZERLTBE, Bt —7
NHEZTFAPEEVTEL Z2IRE-T, ZOHETERSINIZTRTOREMIC doc string % BIEAT 5
N2X5KCFT22TT, 77V —>avy3Infvyituaxrsya vyl APl 2ffioT, 79247V
TEMPBETFRAZYTRERODE L, 20D __doc__ BM%M - T doc string #Foh %3,

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

PBEDRICHELIEBIEDEE

FEERHMICT 5720, Z 2Tk charx 2572 N—Y 3 Y DAERLET, name X7 X—X DI A > X —
7 x4 A¥ LT charx %Z{f5 % PyObject* ZfES DDEWL2H D FHA, ZOFITIX, LOEFRYZRH]
ERIL Z 2R D £ 353, Python 2.2 TEME NHEHNRBOY R—- b icehxd, Z
NINY R I7OBBDIED IS LTHEN 2D 2HBALE T, ZNT, 2t R ZOKRET IR S 2 HEH
HHrrE, MEESTHXOWDEDLRLTL &9,

tp_getattr NY R A T =27 PHABEBUANOSREZERT 2 L ZXMEINET, ZHUE. 207 7 RD
__getattr__() XV v RRMINZTH A SRM L MUK T THROHEIIET,

MTrehlzrmL x5, :

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

{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong(obj->data);
}
PyErr_Format (PyExc_AttributeError,
"'%.50s' object has no attribute '%.400s'",
tp->tp_name, name);
return NULL;
}

The tp_setattr handler is called when the __setattr__() or __delattr__() method of a class instance
would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an
example that simply raises an exception; if this were really all you wanted, the tp_setattr handler

should be set to NULL.

static int

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

(RoR=1ki L)
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(FiDR— 25 D %)

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

return -1;

23.4 ATV FDOLER

richcmpfunc tp_richcompare;

tp_richcompare N> N ZIIHBNBEISE R I Wz ZWCEEH N E T, __1t__ O D XSk HIREEX
Yy R AIZHEAEILTED, PyObject_RichCompare() ¥ PyObject_RichCompareBool() »»& dIFUH X H
£7,

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.

CHENERA Y ZDF A APFELTFIUIFELVE BT — 2oy > 7L 3ETS:

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

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

newdatatype omitted */
sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;
switch (op) {
case c = sizel < size2; break;
case 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;
}
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2.3.5 HKRWATORILOYR—-F

Python {3W< 2% D H{RME “Tobar” 2 R—FLTVET, ZOSEFHTIREDA VR —T =
A 212DV T abstract TSN TWE T,

A number of these abstract interfaces were defined early in the development of the Python implemen-
tation. 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;

BENDATY =27 PBERS =T VA, HEIVEFHEDL SIS ES LT LVRSIE Zhehic
C @ PyNumberMethods Hi&{A, PySequenceMethods #itiff, ¥ 7:i% PyMappingMethods #iEAD 7 KL
A ANET, TNHIWHYIREZANTD ANRLTHIDPEVERA, TS5 25 72Hid Python OECAR
YV —RIZH % Objects TADIFBIEMTEBTL & Do

hashfunc tp_hash;

COBEE. DL ICLEREBIE. T—&BDA VAR ADNANY aB/ERIRTIOICLET, XD
VI EH T3

static Py_hash_t
newdatatype_hash(newdatatypeobject *obj)

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

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

as seen above.

ternaryfunc tp_call;

OB, ZORIDA Y A Z A TR LTSNS L ZICHINET, 22 XEH L objl i
ZDA VARV ADPA->TWT, Python 27V 7+ T obji('hello') ZHEIT Lz T3, tp_call N>
PRI NE T,
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ZOMBIE 3005 ¥E e D T

1. self I LOMRE 227 —ZBDA VAR Y ZATT, 728 ZIFFFCH LA objl('hello') D
AL self X obj1 i h £3,

2. args 3T LOFEZBIAL TWE X LT, 2 2Hh 6582 31213 PyArg_ParseTuple ()
ZEWET,

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.

LT tp_call OB RFEETT:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

tp_iternext corresponds to the Python __next__() method.

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

the same guidelines apply as for Python classes:

« 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.
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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.

2.3.6 5§88 (Weak Reference) DH7R—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).
B

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 mecha-
nism. 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 needs 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);

RDOR=I 1% L)
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(FiDR— 25 D %)

/% ... remainder of destruction code omitted for brevity ... */
Py_TYPE(self)->tp_free((PyObject *) self);

2.3.7 z0fBLB V3

In order to learn how to implement any specific method for your new data type, get the CPython 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 &YV C++ HRDEIL R

CPython @ C #:5RI: #HAMLEA 2= 7 AR -1+ LHEE S 4 77 Y (Bl Linux @ .so 77 4 L%
Windows @ .pyd 7 7 L) TT,

AYR—PTEZ XD, £ESA 77 VIEMF X 2IREET PYTHONPATH Rz udesd, 7> 41 %%
EY 2 —VAIHIZ, BYRIERFICZ o TORITAUTWIT EHE A, distutils 2o T3 & ZiZ. BENIZ
ELWZ 7 A VEADPERINE T,

WELEB D S 2 F v FRDE B HTT:
PyObject* PyInit_modulename (void)

Z DRI LA E Y 2 — LD, PyModuleDef A4 Y A X Y A%IK L E T, 5 LW Z & X initializing-modules
PR TLIEE N,

FHNZ ASCIL LM TWRWEY 2 — L OHE, BI%# I3 PyInit_<modulename> O <modulename> %
EY 2 VHTEEHZ 2D TRITNIRD £€ A, multi-phase-initialization > T3 & ZiX, £
T a— NI ASCII PADFH A FT, 205G, ML D %H1E PyInitU_<modulename> T,
<modulename> {INA 7% 7 VX — 227 TEEH#LZX T Python @ punycode T> 3 —7F 4 ¥ 7Ty a—
FL72dDI2H D £3, Python THL RO X5 BAUEICHR D £5:
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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

120EFEIA 77 VIEBROUILEBEERT L2 T, BROEY 2 -V 2T XR—-1F 52 i3]
BETT, LL, 7740 PTIR7 7 ANVAITHE LR L2AMIT LS L LRVWDT, BEDEY 2—
NEA VKR=PEEBZRZES VRV v 7V IPMEDA VR—X =25 BEBNHDET, LI X
PEP 489 @ ”Multiple modules in one library” Bz SR L TL 72X W0,

2.4.1 distutils IC&% C &V C++ #HIREZ a—ILDEILER

EERE Y 2 — & Python IZ& EN 2 distutils 2> T/ FTEE T, distutils ZNA4 F VU0 7=
DIERDBI AR =P LTVWEDT, T—FPIRES 2 —EA VA= T BRI, BFLDav 47
distutils 2P EE WS DT TEDHH VA,

distutils X—=2D 8w Fr—I12i%, BKEIX 27V 7+ (driver script) £ 72 % setup.py A > TWE T,
setup.py ZHED Python 7027 L7 7 A VT, FLAYDHEEUTO XS BRNEICE>TVWET:

from distutils.core import setup, Extension

modulel = Extension('demo',

sources = ['demo.c'])
setup (name = 'PackagelName',
version = '1.0',
description = 'This is a demo package',

ext_modules = [modulel])

Z®D setup.py £ 774/ demo.c BHB L E, DTFToavrk

python setup.py build

2FEfTF B L, demo.c A XA LT, demo W I HATDILIREY 2 —% build 74 L7 M UAIC
ARLET, AT AR Ko TEEY 2= 7 7 A LIE build/lib.system 77 4 L7 b VITERE N,
demo.so X demo.pyd LW o AHNIRZ ZeHD T,

setup.py AT, 2> FOFETIZTANRT setup BIZIFIH L TITVWE S, ZOBBIIAIZEFED X —7 —
FEEEIRD 3, LOHITEZO—HMEFE->TVWRIITEFEA, do L BENICWI &, ZofflofhT
FRXy =Y R EILRTELDDRXERE, v r—YONBELZHEELTVET, @H, v r—JIiF
Python Y —RXEY 2= LR RFaX b, 3705 =YL VLo LFIOEY 2 —LH A D FTF, distutils
DFEEEICET T 2 35X, distutils-index IZENLT WS distutils D RF 2 XY FZ2BIRLTL XV, ZOH
TIHEIREY 2 =L DN RIZOWTOAHAL 5,

BREIR 7V 7 b O E D LT 572012, setup() "D EERID o THELTEBL Z 23Xk HD
| EV2a—NDYRAIT, VUR E A
70 F2E Y—FRN—FT0 V=B LTIRZES
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PIADA VARV A >TWET, FEORITIX, demo WS ZLZDIWIRES 2 — L EERLTWT, H—
DY —RXT7 74 demo.c ZaAV AN LTELFRTEAEIOERLTVET,

ZL DA, WREY 2 —NLDOEL FIZd o b EHECRDE T, 2W0IDZ, SV oy P ERLIA T
Y DBNMTEEPRHEINZ R e BHENETT, BIZIEULTDT 7 A ABZDEFITT,

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 = 'PackagelName',
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])

ZORITIE. X XEHRHENMENTAREET setup () DIFIHEINTVETH, By 7 —I 2T 512
HlcoTE, AXERZMITITEL Z PRI NE T, FHREY 2 —VEKIZDOWTOX XERITIE, 7V
TREYYER, A VIV—RT7A4NVDT4VI M), FA4T7VDT 4L Y, 4757V W0olzds
ENDH D FET, distutils I ZZDIERE IV A FIBLTRRZSRH A TELE T, HlZX Unix TiE. L
DFRERFUTD LI Bar’4rasy Ficksrd LLEEA

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

InsDavwy F o4 YZEHEHWTELNZ D DT, distutils D2 —HIX distutils XIELL a~< > F %
EITTBEALTLIEZEW,
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2.4.2 HiERED 2 —I)LDEH

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, 2SR REFEITLET

python setup.py sdist

BEICXoTEY —RBHAYCBMD 7 7 A VEED 2 HENH D £F; Z4UTIE MANIFEST.in 7 7 4 L%
VN E 5 FEL <X manifest 2B L TL 72X W,

V—Za— N E S EARERTERD, XU T FREAAL FVEAMBERTEE T, 77y 74— 412
T, UToavwy FowFahz#nwE s,

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

2.5 Windows tT®hD C &V C++ #IERET 2 —ILDEILF

Z DFETIE Windows [[1F @ Python E3RE Y 2 — L% Microsoft Visual C++ % {# o TIER S 2 HiEicD
WTHHBIZAR, ZOBRIHIREY 2 — LD UL FBRED XS CEHET 20000 THLLWEREZIBNE
3o ZOFHHIE, Python IEIREY 2 — L Z21ER T % Windows 712" < ¥, Unix ¥ Windows DM T
SELEAVRTESZLIRY 7 by =7 DIFRICEIKD D 5 Unix 7027 7<DORGICe o TEATY,

EY 2 LOEFITE. ZOMTHILTWAEHELD S, distutils I2X237 /B —F THREY 2 -1 %2
NEFTBE58DFE T, F72, Python % L K LI b C a2 84 00 ETT; #H & Microsoft
Visual C++ T3,

AR: ZOETIE, Python D= 3 YEEPIFELEINTA->TWELL ZADT 7 L VEZIZOWTHIN
FT, INODT7 7 A NLAE XY TRINEZAN-Va VHFETREINET; 'X' 1Xf#H>TW3 Python V
V—RADRAT v == ayE S, "Y' FvAF—N"—Ya BB TT, HlziX, Python 2.2.1 ZfH->Tw
B 5, XY WEEBICE 22 122 5,
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25.1 Brsbor77O—F

Windows TOHFREY 2 =L DLV FiZiE, Unix AU X 512, distutils v r—I % fio7 L MME
(ol FEO @Y OT7 I —FnH D T, distutils ICX 27 70 —FIRNEFL AL DIEES 2 — v
THOELWVWEE T distutils B IERED 2 — LD E L Ry F—IflIZ oW Tk, distutils-index
WHDET, INOEZARYBICFHTITOLRINERORVWE DS GE, BES A TISVEI 21D
winsound @ 7B 27 b7 7 A APEBFIZHERDPD LULER A

2.5.2 Unix & Windows DtEHES

Unix ¥ Windows TlX. 2— FOETRFGHARAAICEL BRI RTX A AHVTVWET, #Ifn— FXh
2X9MEI2—NELEILRLESETIEIC,. HODZATLABED LS ICHIET 20H > TEBNTL R
X\,

Unix Tl&. EEA 722 b (1s0) 77 AT BT I 6035 a—F, 2LTTrT 7 LANTHS BE#H
RTF=EBASTVET, 7748707 I MMEEIND . ZNODOBBP T —XIIHNT 27 741D
I—FADRTOZRIE. XEVATHES T —EPHEINTVWS, 7077 AHOEBROSFZEST L5
WEBINET, ZAUIERTITIZY Y7 BIECHD £5,

Windows Ti&, B > 277477V (.d1l) 7 7 4 MITIER S T3 D B (dangling reference) 35 D ¥
Th, ZORDY, BBRT—EZNOT7 7R3Ny 27 v TT7—=T V% LET, {E->TDLL a—FDH;
Gy EITRCRA Y EZR 7077 40X Y EOIELWEFZET LS IEBET20BEIH D THA; 20D
D, 3= FEHEW DLL Oy 27 v I 7 =A%, vy 77 v 77— 70 BEREETRICERR OB
T=REETIICBEINET,

Unix 1213, =054 750774 VKR (La) LeBHD EHA. .a 77 A VCRBEROA 7Y 22 7 7
AN (o) BIBRDa— KB A->TWET, HEF 7V 27740 (Ls0) BIEKT %V ¥ 7 WD BLFgH
2. VY ABERGFORAEZEBAINTICEET 22 XHDET, ZOLEYVVAHFIATIVADF TV =
II77ANERRLUETS,; b LENFHRO02, VY ARZDF T2 b7 7 A2 THDaA—R
ZHDIABET,

Windows Tld. Z20FERDIA 77V, @A TIV A VR= b IATI7VDNDLET (EBELD
1ib EFEHENTOVET), # T4 77 V1& Unix KBWJ 2 .a 77 A VIUTVET; 2O 7 7 4 i,
DEWEC T IAENZ X5 RA—=FBA>TWET, 4 Y R— T4 77 V& HEAIIRE ORI T
WARETIER L, DLL 2’u— FEINRRTHEETZ I 2RHET 2720 EbNE T, VrhidA >
R=bFA T UDLDEREME-TLY 27y T —=TNEERK L, DLL IZA > TWRVIEAITE#Z 2
2L ET, 77V 5= a R DLL Y Y27 E3N330, A VK= IFA4 T VRERINE Z DD
DET, ZDFAT7I7VE, 77V —2 2> DLL NS Y RVIREST 2 X 57, FERIERE N 32T
® DLL Tffi5 72 BEIc ) £3,

ZooEe—-RFEY2a—, Bt CEZEKL, loa—-Fravy s A 265322 L %3, Unix Tid,
A.a % B.so® C.50 ZEILRT AL XDV U AIRELLEVE LEEA ; ZARZETIE. 2—FiEZ
JERDAEN, B COZENENARHITHOAY - 2F>TLEVWE T, Windows Tid, A.d11 ZE LT
52 A lib BEALFENET, BRCOYU Y ZIZIT A1Lib ZELE T, A.1ib IZEa— FRiZA->TVEH
Ay BIUIZA ODa—FRIZ7 7R 3T 3 7DIFETRICAVLNZIERIBA > TWBEITTY,

2.5. Windows ET®D C 5LV C++ HEREZa—ILDEIFR 73
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Windows T4 ¥ RE—1+ 74 75V OFHIL import spam 2§32 K52 DDTT; ZOEIFIZ L - T spam
DHFNTT 7R ATEETH, a—FOat—2EIFRLAEDIELEEA, Unix TE, 7477V D
VY23t L A from spam import * WZBITWET; ZOMETIHEMICa—Foar—24KL £73,

2.5.3 DLL ERH®DXEE

Windows fR® Python & Microsoft Visual C++ TEJL RENTWET; a4 S&F5 2, 5 %L
BELZD. LAado7D LET (Borland =R 5 F<EELEEA), ZOHIDERD DEITIE MSVC++
A DEAT 9,

Windows T DLL Z{E3 2 B¥E, pythonXY.lib 2V Y HIZEXRIER D E¥ A, HIZIF=>0D DLL .
spam & ni (spam OHNIZIE C BB A - TWA L LET) ZE A F T2, UMToa~vy FE2FETLET:

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

RO~ KT, =DOD7 7 A)L: spam.obj . spam.dll L spam.1lib 23 TE F 3, Spam.dll Il
(PyArg_ParseTuple() @ & 57%) Python BIEI e < Ao TWEEAM, pythonXY.1lib @5 F T Python
a—FNZ2HEDIFEZEIETEET,

ZOH®Da<w Y RTiE, ni.dll (BXY .obj & .1ib) B TE, ZDFA4 77 Vid spam & Python EfTE
KA ORBERBRE 5o TROTFIUE IV HI> TWE T,

ETOHINFNY 77 v T T =TV FICRHAEINZ2DITED D £¥ A, MDEY 2 —)L (Python BiE%
EAZET) o, BEOHBINTHPRZ 2 & 512F 3121, void _declspec(dllexport) initspam(void)
X PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 51Z. _declspec(dllexport) THE
EERQREZRD T8 AL

Developer Studio IZMEH IR REDA Y R—1F 475V % DLL X% 21AAT, ETER0H 14 X%
100K 8 KESLTLEVWE S, FARIA 77V 2BVWHLAETFHR Tay=2 o Tax7 1) &
A7aTEEF TV h) ZTIBELT, AVR— b4 TSVDER ZIEELE T, 2%, @Yk
msvertxx.1lib 74 7 VDY X MIBIMLTLZE W,

74 E2E Y—FN—T14VY—IIGLTHERZES
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Python 4 ¥ X =7V XDHETRA 7 TV r—arv LTEITINBEEREZIES DTE L. CPython
HEODRERT7 TV = a YOHFIEDADHPEE LW DD ET, ZOHITIEZDLFVIEDIAA
B BEIC OWTEHIAL 9,

3.1 7SV 75— 3> AD Python DEDHIAH

AIETIX, Python ZILERT 2 41E, ThbH C BEED A4 77 V% Python IO THEERZ LIRS %
TR DOWTIRRE Lz, R LS R Z e ZFOAETHEITTEES: 20Ud. BHFD C/C++ 77V 7 —
¥ a vIZ Python ZHDAA THEEZ LT 2. EWVWHIBDTT, HHAARITHI LT, 7SV Fr—>ay
DM S DOHEEE C % C++ DD DI Python THETES LS5 D FT, HDIAAIZZ L ODHET
FMATEFT; 2—¥2 Python TRZ VT 2FEE, 7V Fr—>ay2EFEFAMNITORE E5CT
5, LWVWIDOBZDO—HITT, T I=, FFEOHKREZE Python T DIICHE I Z2GEICHTEHEDLD
WWHDIABEITI L B TEET,

Python D ®HiAAIL Python DR BTV ETH, 2LELEVWI DI TIED D XA, ZDEVIE,
Python ZERLZGECE T TV —2a DAL > 725 2EkAY LT Python £ Y X7V X TH 3
—7 . Python ZfAAAAZHZEIE, X4 70T 22 Python BBEFRLARV — Z2ofbbiz, 7
TV —2arDH b —EOBRT Python 4 &2 7Y X EFEH L TH &2 0 Python 2 — FEFETXH
5 B LIRWV, W ZETT,

$E - T, Python OHDAAZEITIHAE, BIEODXA 7Szt LR ITERD ERA, X4 > 70
T LR BRI NIR SN 2 D—2IZ, Python 4 Y X7V 2@t B D T35, 2ichidbkliL
bR Py_Initialize() 2O I RIERD FHA, A7 a2 LT, Python fllica~> K54 V518
ZET DB L EITVWE T, 20K, 7705 —2a O8I ThbA V2TV XEMUHES L5
2D %7,

AR TYVREMUHTICIE. BRZ20VWLO2DHIESH D £F: Python XA A - 7z XFH %
PyRun_SimpleString() X ¥, stdio 77 A VKA Y X T 7 A% (ZREZTF7— Ry E—YNT
a— FEBINT22H23D0HDTT) % PyRun_SimpleFile() WKET., Y WVWoBATT, ThETOR
ECHIA L EKEQREZM U LT, Python A 7Y =27 bEMELZVHEALEZD HTEF T,

BE.:

75
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c-api-index Python C 4 & 7 = —ADFHMI D~ = 2 7 LICEDIPNTWET, DERIBFRO KT
TZHBFITT,

3.1.1 RKEDIEDAH

Python D DAADRD HELERIZ, BEKES Y Z 72— 2DFHTY, TOA & 7x2—RF, 77
Vr—2ayeRhh 3208V Python X7 ) 7 M2FETT57200bDTY, HlRXzhiE, —>
D7 7 AN ETMSEIOERELFERT 2DIHATE XTI,

#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() DRNCFFNETHREDSDH D £F, ZHUTEI DA Y EZ TV RICT
VERALTATITIVNDNRRERZD ZEBHRET, Hi\ T, Python 4 > X 7Y X% Py_Initialize()
THIHHE L, W T — Fa— KX Python 227V 7 b THN e RBEOH NI EFEITLET., 2Dk
Py_FinalizeEx() OMUMH L TA Y X T VXEKT L, 707 20K TIREE T, EEOT0 S F LT
¥, Python 227V 7+ MDY —R, BZLLTFA LT 4 XL—F T 74, T—RRX—=ZADLE
DHLZWEEZ20d LAEE A, Python 2—F%Z2 7 7 £ 250D Hi312ld. PyRun_SimpleFile() B4
BEE5D00XVTL &5, ZOMBMIIXEY ZHRLT. 774 VONAEZR— FT53FRHEzENTIA
N

76 £ 38 RRAERTTVIT—2a>AD Python 5251 LDEDHAH




Extending and Embedding Python, JJ—2X 3.7.17

3.1.2 BRKEDIEDAADSHEAHT: BIE

EKHEL V27 2 — A%, Wi Python 2 — FE27 7V 5 =2 a U bRITTERLIIRLTAIET
B, 7SV —>ar Python 23— RO TOTF—ZDPLHE DI, ZHEADIKEoTHEDLDLVDHDTT,
F—RZDROED ZELEWES, EDEKEDAS X7 2 —ZAFFCHLEFALZL T3 A, D%
 Ca—FzErQRRLRVLDIC, IZFMTHTELXISITRDET,

Python DLk #DIAAIZ, BEZZEZ, FRICEETH 2 VS e IKERERARRD FRA, THET
DETHMLTELIE Y 7DIFLALDPHDIABLTHEHTREED T, ZhZ2RT DI, Python 256 C
ANDYIRZATD 2 — FORBRIIIME2 T 20EZXTAEL £ 9:

1. ¥—&{li% Python 725 C IZZ&H#¥ %,
2. BEANTAEZH T C—F > OBBITEH L2170,
3. FFUH L TR LN T —4{H C 205 Python IKE#T 5,
Python ZHDALEAITIE, 41 VX7 2 — A3 — RT3 ERIEILLTO LS 1ITk D £
1. 7—&{E% C 75 Python IZ&¥LT %,
2. XN 7=fE% > T Python 4 ¥R 7 = — Z)L—F > ORI H L ZFT0,
3. UH L TR s 7 — XMl Python 225 C IZ&#T 5,

—RLUTAD2 X518, T—REMDRAT v Fx, ST T — X ZHRET 25 APED > DICHEDE TH
WANEZ 72T TY, ME—oMERIZ. 7 XEOMIZH L —F 2 TF, IRZITIEREICIE C L—F
VEEUHU F52, EHAADBIZIE Python v —F Y Z2FFEUCHL ET,

ZDETIX, Python 226 C A, ZLTEZDOHANE T =X EEMTZ2HFECOVTTEMLETA, T2 1E
LWBBOFWERLS —DRWHIZOWTTTIKHBELTWA3HDEIRELET, s ofllfEiconTtix
ARV ROIRC A HEDZ L ZABKBVD T, DERERICOVTIILFIOZERZSBTE 9,

3.1.3 #RIEDHIAH

BUNZBIRS 2 707 F 23, Python A2V 7 MNOBEEEETTE27-0D0bDTY, #BREAKES VX
72— AT TR L FREIC, Python £ Y X 7Y XIE7 7V r—>a v EHPHh e AL EH
A (D ROETRHEDTEEIILEHELET),

Python 227 V7 bATEBRBIN TV EIEBEZETT 27003 — FIITO XSk 3

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

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

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

int i;

RDOR=I 1% L)
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(FiDR— 25 D %)

if (argec < 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 i1s a new reference */

if (pFunc && PyCallable_Check(pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (1 = 0; i < argc - 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;
¥
}
else {
if (PyErr_Occurred())
PyErr_Print();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

RDOR=I 1% L)
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(FiDR— 25 D %)

}

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

}

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

return O;

ZDa— R argvl1] Zffio T Python A7 V7 b a— KL, argv[2] MICHEE S N7-4H1OBEEZ O
HU T, BROBEGIBU argy BLAIFOMDfEIcR D £3, 2oyvr 0% AVNAIILLTUYY L
(CTELFATAREERE call EMUEL x5). UTDXS57% Python 227V S M 2EfTT5 2L LET:

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

return c

FATHRIUT DX 512725133 TT:

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

COREDOKAEZET 212137077 AR VEINARETEELTH, FLALIE Python 726 C ANDF—
REBP L F —EDT2HD T — FTF, Python QDAL L WS Bl & D FBRIEOE I T O 2 —
P oinE 287 T

Py_Initialize();

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

A4 & F) ZOEPANE. 22 Y 7 Mi& PyImport_Import () Zffio CitARAENET, ZDL—F VX
Python XFH % 5I¥ICH 3 B ERH D, 7 — XLl —F > PyUnicode_FromString() THEEEL 7,

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

/* pFunc is a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;
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QU RZ YT IDEAAENS L, PyObject_GetAttrString() Zfi- TRERLHZIE T £,
HHEIBRZ Y T IHIFEL, WG LA 7Y 27 PRARUH LATREA 7Y = 7 FTHIUE, 20X TP =7
MBI THZ2EZATELIABRVWTL LD, 22TTRT I AIEAEBDIHIEDO R T AEEIES £
3, Z0#%. Python Az TOa— FTHOHL T

pValue = PyObject_CallObject(pFunc, pArgs);

EHEU

BRI 2 3B, pValue & NULL 1272 %2>, BIRDRERD EANDSRMBA o TWE T, HEZHANLRKRIIE
BRFTRBREMMBL TLZE W,

3.1.4 B&iA £z Python DILE

ZZETIX, HHAAL Python 4 Y X PV RET7 TV — a VAROEEEIC T 72T 2FEREH D =8
ATUL 7, Python API 2ffi5 &, HDABLA VX FVREPIRT B8 TT7 SV =2 a YRIEND T 2
TRAEAREICLE T, 2D, 77V =y aryTREINTVWEIL-F V2o T, HDAABA VX TY
REPIRTD2DTT, BRI DEISIKEZFTH, 2hEFXVCVDLITEHD FRA, SLHoT,
77V —2arh Python £ YR TV RERH LI WVWI I EBE 2o 2 ENTATLEIWN, ZORD
D, 77V 75— ayhB( Y IL—F U DEED T, H7rbEED Python EHRES 2 — 1 E2FELS LD LS
12, Python 268NV —F V27 72 RATESL L S1TFT 2370 — (glue, B) a—F2FHEL EZTLIIZE W,
BIZIZLLFD &L S1CTT:

static int numargs=0;

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

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

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

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

};

static PyObject*
PyInit_emb(void)
{
return PyModule_Create(&EmbModule) ;
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Loa—1F% main() BABROICLIHALES, £72. UTOZOD % Py_Initialize() OFEUHL
DENZHEAL X3

numargs = argc;

PyImport_AppendInittab("emb", &PyInit_emb);

I B ZDODITIE numargs ZEE WAL L. HeiAA Python 4 ¥ & 7V X5 5 emb.numargs () BEEIC 7
TJEXATEDEIICLET, INOLDIIREY 2 — VEKEMS . Python 227V 7 AT LS5k
BTEFET,

import emb

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

EEO7 TV r—>ayTlE. 25 LEXAY Yy RT7 7V —a YN APL % Python IZRB$ 2221
7hET,

3.1.5 C++ Ik 3 Python DIEHIAH

C++ v 7 2912 d Python ZHODIADET; BEICE S 2. 5o THDIALIIIE->TWVWS C++
IR DFMHRTF L ET; —BRINICIE, XA YTl I0% C++ TEE, C++ av 4 7 %ffioTom
TIN%AVNRAN - VYT TEIREDRDHBTL & 5, Python BE%Z C+4+ TA Y AN LEBITLEEITD
D EH A

3.1.6 Unix R AT LICEIFEANAILE) VD

Python 4 ¥ X7V X %77V r—a VIZEDALDIZay 45 (LY Uh) KETXREELWI Z 7
PRESTORMETRVWAD LULERA, ZHEEHIZ, Python B354 75V ET 2 — LI LTY 27 3h
7z CEIHEIR (.so 774 V) L LTHEEINLDDEZR— FTI2REND L5720 TT,

WBERAVRAN - VI DF TS a vyl d7-9IZ, pythonX. Y-config A7 UV 2R FF (Zhid
Python A ¥ & b —VRRCAR X /2H DT, python3-config 227V 7 b bFIHHKZ b LI EEA),
CORZ VT MIA T arnEl b EIH, EENCERZOIZIATL & 5:

o pythonX.Y-config --cflags 3RO a >y i 47> a2 LET:

$ /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 {IHRED Y 7+ T a v 2L £ T

$ /opt/bin/python3.4-config --1ldflags
-L/opt/lib/python3.4/config-3.4m -lpthread -1d1 -lutil -1m -lpython3.4m -Xlinker -export-

—dynamic
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ER: L Python N—Y a YH(F (2 DD AT 4D Python & H7#7zHETEIL R L7 Python) TD
RELZ BT 272912, L TORID & 512 pythonX. Y-config 13X S A TEEI L /21Z5 BRWVWTT,

HLIDFIETS T WARFIUL (L2 ZHUILTO Unix W T 7y b7 4+ —LATEET 2 Z & %2R
32 HDTIZRWT T, bug reports (T ), HRLDIATLDRAFIv 7)Y 7IZONTD
F¥axX> h%ZFiA, Python @ Makefile DAY XA NF T a Y RFARZBENDHZTL & 5 (Makefile
DGFTZ TN %121 sysconfig.get_makefile_filename() ZfH-TL/Z& W), ZDHE. sysconfig E
P a— DU OBRIR D 5, ZAUC X o THRENNIMATZ VI >y AN - V70X T a v
& 7a 77 ACHETE T, Bl

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

2to3

RAsE&E

ARSI IT 4TI INIBITBT 7 4L bD Python 70> 7 TF, A VR TVRTA VRS
T4 TWEFENSZ - FHTISHTEET,

AVRIITATIINIBVWT, A yFrrEhl-a—F7ay 7, MET23EADXY D XFOHM
Chigal. ARG, BHEN. == A/ oWl 7Tar—x—of%ic, a—F2 ANT BRI RN
%57 %)L +® Python 71> 7 T,

Python 2.x ® 22— K% Python 3.x D2 — FIZEHFT 2V —LTF, Y —RIA— FEEHLTEOMRE
MR Z KA (traverse) 35 Z & TRAITZ 2, IEAHEOKRED Z NI L £5,

2t03 IFFHES 4 75 VD 1ib2to3 & LTHMTE XY, BEDY — L LTOMEA 22V T+
Tools/scripts/2to3 & L TIREEX N TWVWE T, 2to3-reference ZHMML T 72X\,

abstract base class (MRILEKZ 7 R) MIRIIE Y 5 21Z duck-typing ZH5ET % DT, hasattr() 2 ¥

DD T 27 =y 7 TEMEIFTH o 72D MIITFR S (B Z1F magic methods DHE) HBEITA ¥ &
72— ARERTHHERRMEL 3, ABC 3MRAE (virtual) 727 A Z2EALET, ZHIB2
FIADPHMEK L ERAD, £ TH isinstance() X issubclass() IZFHENET; abc TV 2 —
NDEF 22Xy MESBLTLEXW, Python 121k, £ DiARAA ABC DFEIflEhTWE T, Z
DOXRIE, (collections.abc €Y 2 —/LT) 77— X#iE, (numbers £ 2 —/LT) ${. (io BV 2 —
JLT) A MV —24, (importlib.abc EY 2 —LT) A Y R—= 1774 YERUIBR—-KX—T7, abc E
Ya—nZHHALTHED ABC Z1ETE %9,

annotation (7 /7 —>a ) ZR. 77 R@EME. BD T X =20 D EIZEFRT 2 7~ Td, 1HAINIZ

XD type hint & LTHEDLHRTVWET,

O—AVEBDT ) T— a VIFETRIIE 7 7 ATEZEAN, Fn— LB, 7o 2E%. B
BO7/77—rayidEhtheda—L, 77 A, B#OD __annotations__ fFHEIEICRIFEI T
WES,

BEREDELIADI D % variable annotation, function annotation, PEP 484, PEP 526 S L T 7
2V,

51# (argument) (FE5IE) BRI TREIC, B8 (7213 AV v F) ICEITHETY, E5lBu2ix 2 B

HHET:

o F—TU—F5I¥: BEITOH L OB IBORNCEHA T DO Wb D (Fl: name=) Ko, ** IZHEF
TiEEOROEE LTHEINLIE HIZIE. RD complex() DMFUIHI LTI, 3 & 5 2% —
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7 — FEIETY:

complex(real=3, imag=5)

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

o fIBSIE: ¥—V— FEIEDLANDOFIEL MEBEFIBUXSIEY X b DETICEL 22 TE, /2 %12
WilY 7z iterable DEFL LTETIENTEET, XX ROFITIE 3 & 5 1 XMAHAES E
T9:

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

FHRIBIROEEIC B W THEI E O —AAZRHICEHID G TohE 3, DL T2TSHANTON
Tid calls ZBRL TSIV, YRy 7 RRZBVWTEGFEERTLDIZHo 225 2 el
Kxd, dHfiS MBI e —ANVERICEH D B THRE T,

5% . FAQ @ FEFEERGIBDENIATE2? . PEP 362 2L T &0,

asynchronous context manager (JEFfAa > 7F X b= —I %) __aenter__() & __aexit__() XV v
FZEHKT S LT async with XNOREZEHT 24727 b T3, PEP 492 TEAZINE
L7z

asynchronous generator (JE[FHIY = & L — &) asynchronous generator iterator %3R3 B TF, async
def TEFEI NN —F VEBIZETOE T yield REFOHRTERD 3, yield Rid async
for W—7THATEZHEOM I ZER T 2DIMMHINE T,

HEFIERIAY = 2 L — 2R L 30, WRICK > Tid IEREAS T RL—2 1T L—% 25T
Landh £3, BRSNLERPIHS 2 THRWEGE, RO Een iz @AL £,

FEMBAY = 2 L — ZBIEICTIE, async for XX async with X2 TR await RdDHZZ 2D
h%d,

asynchronous generator iterator (FEFEIEAY = 2 L —& A4 7L — &) asynchronous generator BAETTHER S A
2477 MTT,

ZHE. __anext__ () AV v FEMEoTIHEEH XNz T2 awaitable 7Y =27 b %IRRT asyn-
chronous iterator T3, Z @ awaitable A7 =27 NI, RD yield XNE TOIEFIAY = 1L — KB
BOREZFEITLE T,

yield 12K 27=TNC, ZOMETOFITIKE (09— AVEH e FFRED try X) LHIZ—RHEIE X
F9, _anext () TRINMHD awaitable 12Xk > T RS TR L —F2 1 FL—42 PERICH
fla/z &, LB EEELES, PEP 492 BX U PEP 525 #Z2 L TLZX W,

asynchronous iterable (JEFIIH A 7 F 7)) async for XOHFTHHATE 247227 b T, BHOD
__aiter__() XYV v B2 5 asynchronous iterator 2R3 1ULR D ¥ A, PEP 492 TEAX
NFE L7,

asynchronous iterator (JEFAMAA 7L — &) __aiter__() & __anext__() XYV v FEFEELLATY
=7 N T, __anext__ & awaitable 7 7Y = 7 b BRI RITINIERD £¥ A, async for I
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StopAsyncIteration B ZXH S 2 £ T, JEFMA 7L —&D __anext__() XY v FET
awaitable #f#Ik L 3, PEP 492 TEAXINh L7

BY (BM) A7 =7 McBEffIIoh, Fy PRERCX > THREITSREINZETT, X 47
Dzt o DEM @ BEFoTWBE, ZOBMEZ 0.0 TSHEINE T,

awaitable (fFF%RIEE) await N THHIT 2 2 PHRK2 A7 27 2 TF o coroutine 2>, __await__() X
VY RBRBHZATY 27 FTT, PEP 492 22 L TLE X W,

BDFL ZEIER =M GMEE (Benevolent Dictator For Life) DBE T3, Python O, Guido van Rossum
DZ LTI,

binary file (VN4 FV 7 7 AV bytes-like 7T TV b DiRAHAABIUHEZRAANTES T7A1ILAT
IV TS, XM FVT 7 ANDENE NAFVE—F ('rb', 'wb' or 'rb+') TH»NZT 74
)b, sys.stdin.buffer . sys.stdout.buffer . io.BytesIO X° gzip.GzipFile. DA Y A X VX
T

Str ATV FORMAEFEENTEZ 77 A NF TV 27 MTOWTI, text file BBRLU TS W,

bytes-like object bufferobjects ¥R — h LTWT, C FEDOEMKT H#i L7z contiguous Ny 7 7 — %42
HEATEER L 7Y = 7 b, bytes, bytearray, array.array . %< O—f#V72 memoryview 7Y =
7 bR ZTHUCHTZD £F, bytes-like A 7Y =7 M T—XEME. NAF VT 7 A ANDRIE, VY
T FEREHLERERE, NMFVTF—X2ERTZ2VALVWARBEECHHT SN TEET,

BODPDEETEINA TV T —XE2LBTIHENHDET, ZOHIEORF 2 X bTIEEL 75
HEETEEX bytes-like 77V 227+ KERLTWET, ZHEAGER ANy 77 —F 7P =7 ML,
bytearray ¢ bytearray @ memoryview REDVZENE T, Fiz. MOBOIPDEETIIRERA
TV VDAL F ) F—& (7 HAHLERAD bytes-like £ 7Y =27 b)) ZRELE T, U
bytes & bytes @ memoryview A 7Y =7 BB ENE T,

bytecode (/N4 b a—F) Python @Y —Za— Fid, Python 7125 4® CPython 4 > X 7Y X DN
KHTHHAL FT— FAL AV SLASNET, A4 FT—FIE .pyc 77 A MF v v o2 IS4,
FL7 7 ANVH_EHICETEN L ZR3IDEHRIRDET (Y—RI—=F2H6NL Fa—FA O
Eoary 4 VEEEINET), 20 ” HlESFE (intermediate language)” 1&. &4 D NA P a—F
WIS T 2 EMEE 2 EITS 5 REYS Y TEET e WA E T, BEERIFEREL LT, N ba— R
B72 % Python R~ VEITEINEST % Z ¥, Python VU —ARBTEETH 3 Z & I3HFFEA TV
A,

NA FPa—FOMS—EIZ dis EX2a—L IZHDHET,

US5R (FFR) A—F—EHA TV =2 b RIERT 5720072 7L — T, 77 RERIWE,. 202
FADA VARV ALOBERETZAY v FOBEREEAE T,

class variable (27 7 RAZEH) 7 7 A LITERSI N, 7 FALNLT (DFD, 7 F7ADA VARV R ETRI
LIZ) ZHESINZZZHNE LTWHRERTT,

coercion (B M URID 2 518z 5 HEORPITON S, HEBDA VAKX Y ZADHIDRINDIEER D
ZHTT, FlRIE, int (3.15) IIFE/MEAB B 3 ITEH L £ 3, LA L 3+4.5 TIE, &518Z
BUMERZL D (— O3B — D3R EV N INE %2 3 2 AN [F U BN AT 2 7217 4UE TypeError
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FIADBENT S NFE T, BREIDS D o720, TRTOLEIE. L ZHBERMTH->TH, HIZ 3+4.5
Tld7 < float(3)+4.5 2 WS k52, 7u 7 I~—0E UBICERILL R ITIEW T EHA,

complex number (HEZFRE) XI<HOLNTVWEEBREZNIRL =D DT, IRXRTORIIFER L O L LT
KINF T, BEIIEEEHN (-1 OFAR) KE KBTI 0T, —RICBEETIE 1 eFHEHrN. T¥
TiE j eFEHINET, Python FEZEEBITHAAATHIGL, BEORILEZI > TWE T, BEHIIRE
2§ DY TEEE T, FlXIX 3+1j TT, math B 2 —LOERBIEFIHT %1213, cmath Z{#
WET, HEROMERIED» R D EERBYOMET T, DEEEZEURITIUR IEIZREW R EHL
TLE>TELWTL x 9,

context manager (27 FRAX M3 —I %) __enter__() & __exit__() XYV v FEERT S I LT with
XHNOBREEZEHET 24727 +TF, PEP 343 2B LT FXW,

context variable (Y7 F X MER) a7 F X MKFEL TRZZEEZFROZR, ZHE. H2E-DED
BARDEFAL Yy RTRAEDVEZAL Yy FE—ALZA L —YRETVET, LrLaryTF2 MEH
T, 1 DDOEFTAL Y FIQWDHhDa Y 7F R MHHDE, ar7F R MERO TR ARz
JEFIAR R 7 DA DEBIFTT ., contextvars ZHZML T X\,

contiguous Bz, JHifit) Nv 7 7 DIEIC C-ERE E721X Fortran EHt TH2HEIC. ZDNy 7 7 135
MLTWVWRLAREET, TaRXITAY 7 71d C #fHTH D Fortran #HE TS, —RITOHEFITIZ,
ZOHEBIMBTAEY LTHHET 2 L5 CHEIN. RFEPELR2HHE DI TWLEF TS %
To ZXOLO CERRENTE. XEV 7 FLRAECERZ K2 BICEREOBRAFHRINCED
DKt U, Fortran 2 S TERYIOBRZ FORINCE = £ 3,

JN—F> (AL—F) al—FLEIIN—F DI —BEIERTT, 7 L—F kD shiz
gL AD, BlokdonzHgmgr»ro5HET, aL—F IEZL OkA RS »S5 A5, HE, B
322D TEET, 2—F VI3 async def XTEETZZET, PEP 492 2SR L T Z& W,

coroutine function (2N —F YBIEK) coroutine A 7Y = 7 b IR TETT, a1 —F VBIBUT async def
NTHEEXN, await, async for. LU async with F—V—RFZEOZ e HERET, Zhbid
PEP 492 TEAIIE L,

CPython python.org THMF XA TW3, Python 7025 I v/ SEOEHEN R FEHE TS, "CPython” ¥
WO HEEIE, ZDFEE% Jython % IronPython & W o 72D 3EEE ¥ XAI3 2 EHHE 2 55 1CHH X
nNEI,

decorator (7L —%) IO Z RS BEIELT, #H. Qurapper M TR ZAH i L CGHEAZNES, 72
L — Z O— 7 FFFIZ. classmethod() ¥ staticmethod() T,

TAL—RDOXEEZ S VR VAT 2l —TF, XD 2 OOBBERIIEHRIVICA TS DT :

def f£(...):
f = staticmethod(f)

@staticmethod
def £(...):
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FICHEZD 2 Z ACDFEELETH, DENMFONTERA, TaAL—XITOWTFHLL X BEBER B
TR IR EZE DFFa XY FE2BBLTLEIW,

descriptor (FRAZVTFX) XY v K __get__(), __set__QO, HBW\WF __delete__() ZERLTWVWEAT
P MTT, BB TABUENT AV TR TH2 L E, BERRICK - T, LTV 3RIR
EERM O I E T, BH. get,set,delete D7=DIT a.b EEL L, a DI FRAFENTE IV s
b EMBRLETD. b BT AV T RTHENIZNETNDTRAZ Y TERXY v RHEMUEHEINET,
TR7 ) T ROMERIE, Python 2R EME T2 ETHERDET, 2W0IDE. TARAZ Y TR ZD,
BEL. XY o R, TaX74, JIAXY v R HIXY v ¥, ZLTRA=—RIFADZREVo72%
 DHEBEDRAE 72D 5T T,

TRV TEZDRAY v FIZBEUTEEL &, descriptors 2R L TL 72X W,

dictionary (%) LR D ¥ — R EIMISAT 1 2 HABESI T3, __hash__ () XY v F& __eq _ ) XYY R
ERELLEBEOF 7Y 27 F2F—IZTEE T, Perl Tld Ny > a (hash) eI TVWET,

dictionary view (###H ¥t 2 —) dict.keys(). dict.values(). dict.items() 25RFTA T =7 F T, &F
HOHHO# Lt 2 —2R®ELFT, bbb, HENLEINLZ b a—3ZhE ML x5, &
FY 2 — 2RI RIRY X MIZT 5121E list(dictview) ZHL TLEE W, dict-views 2%
LTSN,

docstring 77 A, B, EY 2 - NVORYIORTH 2 XTI T IV TT, ZDAA — b DETRICIIIE
WHENETH, arv LM Rk THRAEH, 20772, B, TP a2—1D __doc__ @M LT
RIFENET, AV baRARIZSayTES GRIEFE: BEXLTERTES) OT, A7V FDFR
FaxXy b eE ARG TT,

duck-typing 247V 7 bBELWVA VR T 2 —RAZR>TWEADPERET H2DIATY =7 +Oil%
Ranwrsar7s I 72240 TY, RO, BRicA 7Y 227 XYy FRRBEENIFIEND
bz LET, (FEADISIRAZT, 7LD XIRBIE ZHUIT AL THZ,1) 4 ¥
X7z —RERMIDEHRTZ2 T, EFLFFA vy ENza—Fid, RVE—7 4 v 7R &
LCERBMEERM EXEET, By 7 XA 270X type() % isinstance() IZ &k 2 HIEZ B £ 5
(7272 L. B2 R4y 7% MREEI SR THMTETLIdTEET, ) 2ofbb, HARIC
hasattr() H[ES FAFP a7 oI 7%2FHLE T,

EAFP TEER]%Z L 2 X DFHFLEFE D ADAS (easier to ask for forgiveness than permission, ¥ —7 14 —®
ZH) ) OB$TE, 2 Python T bR Twda—7F 4 Y Z2AXALTIR, BEIENZF—S
BUENPTFETZ2DDEREL. FORENR > TORGECHNERIEL T, ZOfETTFRLEY
53—=FT 4 VT ARA M, try XB LU except XD/ TADZDPFRETT, ZDT77=v 7
E. COXIRFHETIIMMEbITWS LBYL AZ A L EMIRINLR S DTT,

expression (X)) AILDOELFHEiXN 2., —F L FHDHEX (a piece of syntax) TF, FWRZ 3, ik
VT I, Al BT 7R, HETPEETCHLRY, H2RTROEROEAELTT, o
Z L DEFELEV, Python TEERZBOETOMBRERIKN L VI DI TIEHD £ A, while DX S
e R LTRERZRY X 8HD EF, RABATIERIXTT,

extension module (EIREY 2—) C % C++ THLNZEY 2 — LT, Python ® C API Z#FHL T
Python a7%a1—#—a—FeRehehLET,
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fstring "' R 'F' DRI W SCFESY) T Z U fstring” 2 FHER, 24U T 4 —7 v MEALES]
V7 I OFMEEOZMTT., PEP 498 3B L T X\,

file object (77 ANF T =2 ) Tid VY —AAND 7 7 4 V&M API (read() % write() XYV v K
ERODD) ZRALTWEA T2 b TY, 774047V MR ERERETFRICE T,
FEDT 4 R LD T 740, ZOMDEXA TDR ML —IREET AL R (FIZIX, EEAHT,
AVAEYURNY T 7, VTv b AT, FE)ANDT IV EREHENTEET, 77404727 ME
file-like objects X streams & MM F T,

T7ANT T2l MCBEBRICE3IEEIDEST: O NAFV—=T7A)L, Ny 7 7ENi= NA
FU=T7A), ZLTTFALT77A4I T, A VRX—T7 24 A& io EY 2 — L TERINLTWV
FT, 77ANK T =0 bEAEBIERENLITIEX open () BIEEES Z 2T,

file-like object file object ¥ AT,
finder (774 Y&) 4 YR=FZNTVBEI 2—LD loader DFEAERTT 247922 b T,

Python 3.3 IETIX 2 D 7 7 £ VXA H D %3, sys.meta_path THHAX NS meta path finder
¥. sys.path_hooks T EN 5 path entry finder TH,

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

floor division —FITWVVNE WEEEIZ LD B EEERRE, floor division HE T // T3, HIZIE, 11 // 4%
21272, float @ true division DFER 2.75 L EAD FF, (-11) // 41F -2.75 & IhSVLAHIC AL
DBZDT -3I1XRZILICHFERLTLEXW, PEP 238 2L TLZX W,

function (BI%Q) MEOCH LANCMEZ R T —HOX D Z v TF, BBIIZ 0L ED K518 2ET ek
T, REDEITRICSIBEFEH T2 Z e AR E T, |58 AV v . function 2SI L TL X0,

function annotation (BI#(7 /77— a2 ) BIED X5 X —XRREDED annotation TF,

BT 77— avid, @HIZEEYF oD ifEbNET: AIZIE ZOREZ 2 2D int BD5|
Brelis e s, 7 int MORDEZFO EHRFE ATV T,

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

return a + b

BT /) 7—3 a v OXEER function O TR INATVWE T,
HERED AN D B variable annotation ¥ PEP 484 #HMEL TL F X\,

__future_ HEHORWHTT-RSEREEZTREDA VX T Y X TEMNCT 3201707 I <nFHATE
BELEY 2 — LT,

__future__ Y 2 —JL% import L T*DOEEE T AU, #i7zRAEREL WD TEMX Nz DH W0
DT, WOBET 7 4L OEREICR 2 0b2 ) 3

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (HAR—yalL 7y ar) ThPREEDNS Z L DRV EY 2RS5BT, Python
d BREAY e, ERSREBE LB T BRI R—YaL s X 2o ThHR—yaLrryay
ZITVWETS, IR=—Yalr7Xd gc BV a— Ve fioTHRETEET,

JIRL—=& (Y= AV —2&) generator iterator 2R TBIKT T, @EHOBBUIMTVWE T2, yield X%
FORTHRLED £7, yield Hid, for L —FTHATE 2D, next() B THEZ 1 >FOWDHL
7D TE5, HOM P ZAERT 2 DIHEHENET,

WEREY 22 L —ZBEBERLETH, URICE>TRE PxRL—FATL—R 246535 EH3HD ¥
T BRISNLEBERDPHS L TRWEGE, LD DI 2 BEE2 AL 5,

generator iterator (¥ = 3L —X A 7L —2X) generator BABTERINDE ATV =7 FTT,

yield D7 NICHEFTEATIREE (AFTAKSPARWED try XX E2ET) 2L T, WEIE—RIIcH
WrxhgEd, DzRL—F1TL—4 PEHAINZ ., FHILMEZTIS L ES (B OB ET
DI IHT LWVIKEED S BAGAT 2 D & MBIV T ),

generator expression (Y z L —&K) A 7L -2 %2RIKXTT, FHOKNIC, V—TE-EERT S for
fi, #WiPH, 2 L CAHISATEER if HisooWnWTWwa K5I Ed, &5 LTRSS R sMilo
BRI TEEZ AR L £ 3

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

generic function (Y =3V v ZBE) Bz 2800 LA UHEL 5 2 BEHEE» SRS N 2 T3, Y
HURHC EOEEZHNE 2T 4 Ry F 7LV R LS EDRESNET,

single dispatch. functools.singledispatch() Fa L —&, PEP 443 2SR L T X\,
GIL  global interpreter lock SR LT IEE W,

global interpreter lock (7B — N A ¥ XY &y ) CPython £ ¥ X7V ZBPHAHLTWS, —FIZ
Python ® N1 FOd—F Z2FT323A Ly RIZ—2FB I TH 2 2Ha T 2 HATY, Zhick
D (dict BREDEELRMAAAMEEL) A 7Y =7 bETADFER T 7 2120 U TR ICZ S
1272 % DT, CPython OFEERS Y TNZRDET, A X TFV 2k y 7§52 T, vLF
Taty ¥ yHEL BUAINLD AR PG EH]AIT, A VXY X eI LS ALy METE
X512 ¥,

7272 L. BEEDR 2 W0IEANED WL D DIIEEY 2 —id, Ffie Ny ¥ 2382 PO EOE WL
35 EICGIL 2RI 2 X5 TVET, £ 1/0 U ZF 256 GIL I XH IR
INFET,

WEW? HHARRALF ALy FIL” LA v 2 7)) 2 (HEh S 7 -2 2flirvhETr Y 75 3)
MEAFINE LD, BN o707 a3 DGEDRT 3 —< Y ADBEP 72O THIL T8
ATLze ZORT7 =<V AOREEZREIRL X5 2552, SHEXXDEHICR DRI R bAEM
THEEZILNTVET,

hash-based pyc (v > a2X—=X pyc 7 7 A V) IEMEZHGT 272012, WIET2Y -7 7 A LORE
BEHRA TR Ny Y 2 lEFHT 24 ba—FDX vy vy > 27740 T,
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hashable (/v > 2 A[RE) Ny 2 afEE LA TP =2 b eld, AP EDS LAy ¥ 2 fliR D
(__hash__ () XYV v FPRE), MOF 7T 27 FEHBBTES (__eq__ O XYV v FOBRE) 7
V7 bTE, AfERANY S 2FEATY 27 MEBTE Uy & 2R FFORENDH D 3,

Ny Y abRRATI 27 PEHEDF —REEDOX A LTHEZA % T, HEPEED T — X MG
EAFRTA Y & 2 fHZ > T2 25T,

Python ®A I 2 — X ZARMAABL TSI 227 ME, IBEAYDNY & 2ARETT, (VR FFEED
£97) I2a—FTNRAVTFIENY T aPARET T, (XTI NR frozenset DEIR) £ Ia—&T
NRaAYTHIE. BREPINY Y aAfETHE L EDANY Y 2A[RETT, T—F—ERDI 7 ADAL ¥
ARVATHDIEIRATI 227 METFT 74NV M TAY T amd[fETT, £ ET (HHEZRWT)
FEBSEFIEIEFEMMTH D, Ny > afliF idO LhEsNE T,

IDLE Python OFEABIFEEREE (Integrated DeveLopment Environment) T3, IDLE & Python OfHER
RECATICRI S TV S BRI ZEREO 7 4 X 4 &2 7)) RERET T,

immutable (f I 2= 7)) EEDHEERio7cA T2 b TT, A I2a—XTNRFTI =7 MTiF,
i, XFH, BEEXRTAREDRDHDET, IOHDFA 7V 27 MIMEEZEZ ONFERA, FlDOEZE
HEIE DB FieA 7027 PRERLRTNERD EFR A A 32 =K TNRBRA TV =2 b
E EEDANY ¥ 2 @R 72 2NN CTEHEREEZ R LT, HEDXF—BZOHITY,

import path path based finder 75 import 3 %€ Y 2 — L E2REKT 2507 (£721& path entry) DV X b,
import 1, ZDV R MIEH sys.path 2HRETH, ¥ 7y r —YOHFIB Y =P D
__path__ BE»S K ET,

importing »2%EY 2 —/)L® Python 2— FAHDESY 2 —/LD Python a— FTEZX % & 5125 2 0HE
T,

importer TV 2 — A ERLTR—-FT 24 T7I 7 b, finder & loader DEEBLTHHE24A T2 b,

interactive  (XfE&[Y) Python ICENFEHIA & TV ZHH D, XRREA 2TV EDTay T MIANT
5 LHIFBICEITSNTHIRZ R 2 2 e A TE X T, python M55 FTICEITL TSI W,
(AYE2—=RDAA Y A= a2 =75 Python DMFENA > X T X2 EHTE20b LNAEEA, )
MEENA 2TV R, LT AT 7 2R L TARRD, BV 2 -0y =Y OHZINWTAS
(help(x) ZHZTBWTLZXW) OIZIEFICER LR Y —LTT,

interpreted Python 134 ¥ 2 7V XKD FFETH D, 2284 FFFHFEOMBMEL EF, (Nf Fa—F
AYRATDDHBTDIT. TOXFFEKRTITD, ) TITOA Y& FYXFiELIE, Y—RAa—FD
T 7 ANE, FTFEITABEERC L THhLFETIE D e o R LIC, BEEFETTES 2 2R
LET, A 27V EZERDOFFEIIER. 2> 1 FBRAOFFEI DR TNy Z7O¥ A4 7V
WHOD, TRIT ADFATIE—MITENT T, WEH S L T LI W,

interpreter shutdown Python 4 ¥ X =7V X—3> v v bRV U ZEFINLFIC, T 2= TXRTOD
VT 4 INVBNEREEZ IR D, TRTOMR LY Y — R BRECHKT 2. Kk 7 = — X1
ADET, ZO7x2—XF AN=DAL T2 2@ BEFTHL T, ZAIREIDZ—-F—ERDT X
F 57 & —% weakref A — Ny IRPUEIHENLZZEDBHDET, v v PRV Y7 =2 —AHITHE
fTaNda— R ZAPMRET IV Y —ADRTTIEBRELEWY (X B20NEF74 77V —ET 2 —
X warning BT T) 7-DIcHEA RFISNCER L 3,
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AVR—TYVENS vy AT 3 EREHIZ  main TV a2 —IRETEINTWERAZY I+
DEITHET LI TS,

iterable (KIERJREA 7Y =7 b) BRE—HIC 1 D3 OREEZ2 A7V 227 FTF, KEWHEA TV =2
F OBz, (1ist, str, tuple EW o) B TOY =7 Y AHP dict ° 7 7AINA T Ik
Vo RO DIEY —F VAT BB WIE Sequence BRI EREE L2 __iter__ () XYV v Fd
__getitem__() XYV v REROEREDI I ADA VARV ABETENE T,

REFTREA 72 = 27 P for W—THRZDMZL D —F R GRiE: 2ITOI—7r Y AL
3= Y ZBITR R OB e WS EIR) DR E L 72 3R (zip(O), map(), ...) THHATEE T, K
EAlREA 7Y = 7 b R AABBEE iter ) D5IMELTETE, A 7027 MIWT 24 7L —4%
BLET, 2OA4 7L —RE—HOMERG| S FTEIERNT T, BEIIRKERREA 7Y 27 %25 R
WiE, iter() BMAEDATL =R ATV 27 VAN THRIET20EEH D $H A, for XTI
DEMEZ HEIFNCTIT V. — R OZBZER L T =T 2R LTV A HA 7L — X 2R/ L %
To AIT7L—R | =TV DL —2 3ZRLTLIEZ N,

iterator (A 7L —R) T—XOWMNERHTEA T2 b TTo A TL—XD __next__() XV v K&
DIRUMFNH S (E 7213 AA BB next ) WCHET) . MODOHDOEEEZ—DTORLET, 7—
207K 785, Kb DT Stoplteration At ZEH L 3, ZORKT, /7L —&A 7=
MIRETEBD., ZHLIEE __next__() Z{EMATD StopIteration TXHLFET, 1 71—
R, ZOATL—=2ATY =7 FAKEERT __iter__() XV v FEFEELRINUILSLVOT,
A4 7L =MD iterable ZZHE T 2I1ZL AL DEMCTHATEE S, 3o E b & LEABNIEED
RIEZITD &5%a—FTF, (List DLIR) avy7F+A 7Y =7 ME, BHZ iter ) BfucA 7
Y7 MZELED for M—=TFHNTHES 2N, FilBREHOA TV —XZ2ERLET, Thz A
FL—RTITBS T2k, MDA TFL—> 2 Y THABADOFEUA TL—&A 7Y 27 b EHHIC
BRI/, BOaAYTFDEIITHR->TLELET,

FM BRI typeiter I2H D T,

key function (F—B8%) ¥ —BIEL H2WIEFREREKLIZ. YV — FRIEFLEO 7= OfEZ KSR L]
REA 7Y =7 b (callable) T3, BIRIX. locale.strxfrm() % ¥ —RBIEUCH 21X, v Fr —LIKFD
V—1rDBEEIDo oY =X —%IRLET,

Python ®% < O — M 3F —BREZ T D ZROWM MIERL 7L — FezEH L £ 3. min(O, max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) F23H D £79,

F—PBAEED HIERIZ WL 205 D T, HlZIX str.lover() XV v FERKIFNLFEEXFIL &
WY — FERITIF BB LTS Z e HERET, HSWEL lambda r: (r[0], r[2]) D &S
7% lambda 26 F —BIB21E2 2B TE£F, F7/. operator EY 2 —/Lid attrgetter(),
itemgetter(), methodcaller() ¥\ 95 3 DDF - A I 7 X Z B L TV ET, F B
DIED 2 NG DAL Sorting HOW TO ZSEL TL &0,

keyword argument 25| 2SI LTI I W,

lambda (7 &%) X D4 > 74 YBRT, BRI OHES A 2IFHlizhs 1 20 R 284 F T,
7 LRI EE D M50 lambda [parameters]: expression TJ,
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LBYL Z2EBIEDH (look before you leap)) DTS, TDa—7 4 ¥ 7 ZAXANTIE, O LPHR
R2ITHENS. BIRIVICHTIESRF (pre-condition) HIEZ1TWE T, FAFP 770 —F L MERYT, if
X037z K S AMDN S ORI TS,

~VF ALy MEINLRETIE, LBYL 7 7m—F13 " B27 @R ” R BREOHAIREE 5| %
EZFTVRIBPHDEF, flZIX. if key in mapping: return mappinglkey] X W5 22— Fid,
HEDE. FDAL v ROBERLBEDHNIC mapping 5 key FEDRLS CEMLET, ZOMEIX, vy
75250 EAFP 770 —F %5 Z e THRIRTEET,

list (Y AF)Python DMAAALD =TV TF, VAPEWSHEHATTT, V227 VR MTERL,
MDOEFETE S B (array) ERIEDO S OT, HEEADT7 7L XIF O(1) TT,

list comprehension (VA FANEEG) =7 Y AHORTH 2 WE—HOERZIUHEL T, ZOMR» 5415
VDA RMZIRS, a2 FRFIETT, result = ['{:#04x}' .format(x) for x in range(256)
if x % 2==0]1 35,055 255 X TOMBE 16 EEHEL (0x..) LAEXFIN»H%225 ) X b
EEBLET, if Hildd 7> a > TF, if HinRWEE, range(256) DR TOEEINHINE T,

loader EY2—L%R—FF23547Yx7 b, load_module() EWVIHZRDRAY v REERL TWARITN
B EHA, B—X=IE— BRIV finder D HIRSINE T, #HMllld PEP 302 %. abstract base class
IZDWTiX importlib.abc.Loader ZZfRL TL 72X\,

magic method special method D < 7213 7=[AFKFET T

mapping (¥ v ¥¥ 7)) EBEOF —HKEZ VK- L TWT, Mapping » MutableMapping @ fGREJEK
TR THEINIZXY v FEEELTVWEaYT7F A7V 27 T3, fHlZIE, dict, collections.
defaultdict, collections.OrderedDict, collections.Counter 72 ¥ T7F,

meta path finder sys.meta_path #MZ L TI& 547z finder. meta path finder IX path entry finder & B
RiEHH EFT2. FIWTT,

meta path finder 235255 % XY v FIZDOWTIX importlib.abc.MetaPathFinder #ZHR L T 72
é L\O

metaclass (XX T FR) VFADY FTATT, 77 RAERIFZ. 7 I7RA%, 7 I7RADFHEL, BEIZ 52DV
APEEDE T, AXZITRIF. ZAS 305 LTRITMD., 77 RA2E32HEZEVE T, 1F
CAYDF TV 27 MEASIEEX RIEXZ 75 20D) 77 40 b OEEEZREMEL TWE T, Python
DR DIIHARRLDAR Y FRABEHTESLRTT, I FLALDI—F—IZW->T, X&X7 7 RiE
EBEDZNSDTY, LirL, —HOBHETIE, XX7 IR TILH Y M RGEZREEL %
T, R RARXEET 7 RADOu B S5/D, ALy Re—=TJWEEMLED, A7V 27 FOERE
BIFLZD, YN b rRFEET LR, ZLOGETHHEAET,

FEMIIE metaclasses 2SR L TL Z & W,

method (XY v F) 7 7 ARKKOPTERINBE, 2027 72AD4 YRR ADEMELE LTHOHEA
THE. AV Y FBA VYRR YRAA 7YV 27 b H— 518 L LTRUMD £3 (Z0H -5 BIEF
self LMHINET), B & RRA TR —T 3ZRLTIEZ W,

method resolution order (XY v FRIRIAFF) PREREHICEIE Y 5 AR ER MBI N2 HFE TS, 2.3
DD Python 4 ¥ & =7V ZMERT 2 713 1) X 4 DOFMICDWTIE The Python 2.3 Method
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Resolution Order ZZH L TL 7Z& W,

module (&Y 2—/l) Python 22— FOMEHAME LTIERH AT 27 FTT, TV 2—VIIEED

Python # 7Y =7 b2 EOHAIZEMERD £ T, €Y 22— importing DUEIZ X - T Python 12
MAAENET,

NYT—=2 ZBRLTLIEZZWY,

module spec EP 2 —lEBR—FFT23DIMHbN 3 AV FR— MEDERE ZLHAIZEMTT, importlib.

machinery.ModuleSpec DA Y A X Y A TT,

method resolution order ZBHRL T Z&E W,

mutable (I 2—X 7)) I2—XTARATIV =7 ME 1d) ARSI R EREETEET, 1

Sa2—27)) BELTEE,

named tuple 7 HHEIffE X TL7 LW S HEEE. ZTNVEMALTWNT, 4 7y 7 AWM L EHRITH LEN

EEoTO7 7L ABTELZEREOHLY 7 ATHEHENTWE T, Z0MP 7 7 IIMOIKRED £ -
TWAIrddHhET,

time.localtime() % os.stat() DRDEZEZLWVL O DHAAARIIAHIMN E X I TT, i
DX sys.float_info TI:

>>> 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) W D004 & X TVZHAAARII L o TV T, ZOMICd AR E X T
Z. BEHEDZ T AERT tuple AL, ZRIDT7 4 — L REERLTERTEET, Z0E53%7
ZAFFEHTENRD, collections.namedtuple() 77 7 M UPBKTIER LD TE %9, BRED
HEE. FETEOLARIN & &2 TRl AABDGHIN & &2 T EENI IR X Y v R Z2EBIT
EEI

namespace (%HEIZ4M) ZBOIEMEINZHFI TS, BETEMEIIHEL L TEEINE T, AEiZEEICIEA

T2 D (RAYy FO) ARFIRRobDEF TR, RFINEZS D, KB LRbD, ZLT
HARABDDDHBH D 53, HETEMELETOERZC Lo TEY 2 - HE2YR—1+F
%o Bl Z1XB9%L builtins.open & os.open() FHHIZEMTXAIENTVWE T, /o EDET 2 —
AP ZERE L TVE0IHRT 22 22k o THITREMIEATHE L RTEZ R L 3. HIRE
random.seed() X itertools.islice() & EL ¥, TN ZNEY 22—/l random X itertools T
FEIXNTWVDE Z DAL T,

namespace package (BH(ZE/M Ay r—I) BTN r—YDary7re LTHREEEN 2 PEP 420 package

o Namespace package 138 Z 6 K WHER 2 H 723, __init__.py 7 7 A AR WD, regular
package B2 H £7,

module ZZHR L TL 72E W0,
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nested scope (R A FINRa—T) SMUTERIN TV IEKESIT 2HEET T, BlRIE. H 25D
BOBOHFTERINTWAEE, NMUOBEIZIMIOBEKF TR ESIBTEET, 2R FEhi
Aa—=FRET 7 4N M TREBOBRZIHTE, ZHORARZTELVDOTERELTLLEE WV, B—
ANZERE, mDHAMDR a2 —FTERZHABTELE T, FRIC, e — oV ERZfS £ 7a— N
N DOEEFAEE L LT, nonlocal THMIIOZRICEZIADF T,

new-style class (TR XA NI FR) S TR ERTDI FAF 7Y =7 MZfb TV ZEMIT O W]
T, DHTD Python D N—=Y a YTl iREZANVT FADAD __slots__ . TARZ T X,

__getattribute__() . Z7AXY v R, ZLTHNAY v FED Python OFr LW, LR HERE
FMEATEFE L

object (A7 ¥z b) KRB (BIECME) L ERINLREIBN (XY v F) 2022 TOF—X, b LI
BTO HIRZAINIT TR ODRMOHEKT 72D ¥,

package (Sv 7 =) ¥ TEY 2 —ARHRNIY Ty r =Y BL L OHEK D module DZ 2 TT,
HMIZIX, Sy 7= __path__ BIE%EFFD Python £ 7Y =2 F T3,

reqular package ¥ namespace package S LTL 7Z2E W,

parameter ({R518) AT OEMET B (2 AV YR ) OERICBWTHEDNZIT 2 Z5|H 2EELF
T, REIECE S D D 5

o UBXLIFEF—T—F: (IB TELEF F—T—F3 I L TET I TEI5/0EEELE
o T ZIBLLTD foo R bar DL I, T 7 4L~ DIRGIEOEETS:

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

. UBOH: MBIk TOAGZ5NEEIMEEEL ¥, Python IX3IBAMBEDATHS Z ¥
REFET B LHEED D FRAS, HAALERCIIMEO AL HERSS D (Hl: absO) 2B Y
ES

o F—U—FER: ¥—VU-—FCIoTOAGALNZ5HERELET, ¥—V— FEHDGIHK%Z
EFRTE 25X, BIZIELLTD kw_onlyl R kw_only2 @ X512, BBIERDIRGIEY X M
B ERMES B EZITRD x» B TT:

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

o HAERME: (MOR5IETRICRZ T SNEEDOMES BUTIZ C) EREDERONIES Eh 5 2
LNBZZERIELET. ZOXIRIRGIEE. ITD args @ X 5 KRG DHIIC * 2DF 3
Zr TEHRTEET:

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

o FAIERF—T—F: (MIORGIBTRICZY HNEEDOF -V — FEIBUCMZ T) RO D
F—U—F5BRE5Z5N2 e RIEELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRI *x Z2DF 3 TERTEE T,

BB A 7> a vy e NEDSIBOEL HHIEETE, 72 a vO5IICIZF 74+ MEBIEETE
%9,
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w518 . FAQ @ 3|1 K5I DE NI T 2?7 . inspect.Parameter 2 7 A, function 2
Yav, PEP 362 2SR LT 1ZE W,

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

path entry finder sys.path_hooks IZ#® % callable (D% D path entry hook) DR L7z finder TF, G %
SNz path entry XHBEY 2 —NE BT 2 HEEH > TVWET,

NRRALY P =T 7 A VEDPHEET B RV v FIZDOWTIE importlib.abc.PathEntryFinder ¥ %
LTI,

path entry hook sys.path_hook U R MZ®H % callable T, $5E X7z path entry CHBEY 2 —L%E R
DY B FEEF - TWBIEEIZ path entry finder 2B L EF,

path based finder 77 #JV @D meta path finder @ 1 2%, €Y 22—V D import path ZMEL T,

path-like object (path-like A 7Y =27 V) 77 A VT R T L RRA%ERLE T, path-like A 7Y =7 M, %
A%RT str A7V 27 MR bytes A7V =2 b, £703 os.PathLike B b a v ZHEE LI T
7 hDENDTT, os.PathLike 7B FaLZHF K- L TWEF 7Y 27 M os.fspath()
EOHT LT str £720d bytes DT 7 A LT AT LNRRAZEHTEE T, os.fsdecode() &
os.fsencode() X ZNEH str HBWVIE bytes ICRZDEMRIET 2 DIMHEX T, PEP 519 TE
AENE L7,

PEP Python Enhancement Proposal, PEP (%, Python 2 I 2 =5 4 I L TEREZMT 2. HB W
Python OHHEHES € DMWERETICOW TR T 2 HFITXETT, PEP & HBEIC DWW T OfiER
Fefirufiak L 1R R 3 2 e Dl (BEm) ZIER 2 NETT,

PEP 1. #FHEREDIREIC»H 5, 33 2 =7 1 I X SMEREDEME Python 127 S 28k HRMT
DXENDTD DI LM O 25 e Z2HEKLTWE T, PEP 0FZHCEII2=7 41 NDEE
Eztis> 2. RMERZELT 2 COHEBIDD £,

PEP 1 22 LT ZE W,

portion PEP 420 TEF XT3, namespace package IZJBT 5. HED 7 7 A D (zip 7 7 4 MK
MENTVWEHEAELHZ)1D2DF 4 L7 bV IZEHE N2 D,

I3 |# (positional argument) 5% 2B L T2 X W,

provisional APl (EE API) S 4 75V 0% BIRVEREED HEHEIVICIRA SN DTS, 2D XD
BAVERT 2 —ANOREREHIL, HETH2 L INTVIMEIPARFEINTOERAN, a 7S
W EoThEr AR ENIUI, BAIEHMLETE (f X7 2 —RADHIRETEEND) DTDOIZE
T ZOEIBEFEFORAITONEDDTED N FHA - 24U API ZHAADINCIERE L X
NTCWARERBRREPBER LI 2ICOATONET,

& APL 12O\ TH, BRATAHMEDOBRWEE R TRERFE) ARSI TVWET, MERHHLZ
e T RITERB IR ZR T RNETT,

o7k, BHES A TSVREEL 2374 Y —ICEVWHB LA 6L Z L,
FRRE B X TELLZHIT SN FE T, 5l PEP 411 2B LT 723 W,

provisional package provisional API SR LT EE W,
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Python 3000 Python 3.x U U —254 >®=v 2 %—ATF, (Python 3 AEWIIRDFET - = EIZ M &
NIZEETT, ) "Py3k” kSN2 dbHD ET,

Pythonic D FFET— AL E X T TE»NIza— FTIE# <. Python OFHIC—EINIRA 7 14 F 2120 >
7B ZHRa— R, flziE. Python O—ii 4 7 4 4 L Tl& for XEMH->TA T I 7LD FTRT
DEZIFE>TL—TLET, DR DEFEICIFZOAMEAZROVDT, Python IZIEATWARWA
BROD DY v X —%ES5hb LA FEEA:

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

ZAUTH L. Ehwiz Pythonic 24K

for piece in food:

print(piece)

qualified name (Bffi%) £V 2 — DB — L2 aA—=T 05, ZOEY 12—V TEHRINLZ T A, B
XYy FAD, 7 RR” BRT Ky VKL TT, PEP 3155 TERINTVWET, by TL~ULDRY
B s 7 A TlE, BEiGIEA 7Y =227 FOARTERLTTT:

>>> 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 NAADOBRBTHEDLNS 2, TLEMH (fully qualified name) IZTXTOBASSy F—I % &
2D Ky F K. HlZ1E email .mime.text ZERL £ 3

>>> import email.mime.text

>>> email .mime.text. name _

'email.mime.text'

reference count (ZRAV U b) H2F 7T 27 MTHT2ZRO, BRIV IB0RBR s E, ZD
A7Vl VEIWEINE T, BRIV Y MEEE X Python @ a— K RiZi3BNFRAD, CPython
HEQFEEREHRTT, sys BV a—lE, Tulov—>MEREOLF 727 VOSBRI Y Y MEHIS
72D getrefcount () BIEIZIRHELL TV F,

regular package faftfU7%. __init__.py 77 AVEELT 4 L 27 U 2 LTD packages
namespace package B LTL 72 E W0,

__slots. ZS5RANTOEST. A VAZRABHOHEEBEDODLUDERLTBE, f VARV ARER
HEbR 5222 T, XEVEHWLET, 2T I EONET7 7= 7 TTH, ELLIESEAPL
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Vo X—RDT, Mkr—X, BIZIEATVYIFERE e 257 TV r—> a3 Y TA VAR Y AN KE
WKHFEET 2, EWV0ol ERRE, bR VORRZNTT,

sequence (¥ —7 Y R) BEA VT R X DMEBNIRERT 7 R % __getitem__() FiEAXA YV v P&
CTHR—=—PL, BEZRIRT __len__ () XV v REEFRL iterable T, MHARAAS —F7 > R
%, list, str, tuple, bytes 2 EDH D £9, dict IF __getitem__() & __len__() dH¥K—FL
FIH, MROBBIIBETIIR MEED immutable ¥ —%2{H5 728, =7 Y ATIERLTYEY
27" (mapping) £ AR EINTVWEDTERELTLIZE W,

collections.abc.Sequence HIRIE Y 7 Rd__getitem__() % __len__() 7213 T7%< count().
index(),. __contains__(). __reversed__() XD JEBERA VX -T2 A AEZERLTVET, Z
DIFRENTA V=T 2 A A FEEL TV BAUL register() 2T 2 2 & THRIVNICERT 2
T EMRHKE T,

single dispatch generic function D—FETEIEZ—D>DF IO X VBRI E T,

slice (RFA4R) — R =TV O—WEEOLA T2 b, AT74RIF, BFREL [1 THERAONLHE
BoBoicanyzEL ZeTESNET, BIZIL, variable_name[1:3:5] T3, AHEIN (HF)
LTl slice A7 Y =7 FEARRTHAL TWE T,

special method (¥ X Y v ¥) & 2HNFE DIRIE. HIZXME % 3 2 72912 Python 7 HIFERICIEH &
NBZXYy R, ZOFEEDOXY v Fid, XYy FEORAIERRICT VX =237 2 DOPD0WTWE
To FFEAX YV v RIZDOWTIX specialnames TR XN TWE T,

statement () XUFAA —F (A=FD” 70y 7") ITARAIRBERTT, I X »F—U— K2 oMM
NBHDODEL LM TT, HBHICIE if. while, for BHD X T,

text encoding L=a— FXFH| k> a—F$2a—7Tv 27 TI,

text file (7FAMT77A0) str A7V =7 b 2FHAEZTED file object TTo LIELIE. 7FA 77
AVBFEBIIAL MEFOT— XA MY =LA T7 272 AL, THFA IV OA—T 1 7 2T
WET, 7FA M7 74 LDFNX, sys.stdin, sys.stdout, io.Stringl0 £ Y AX VAR % T ¥
AFE=F ("r'or 'w') THWZT7 741V TT,

bytes-like 7T TV b BHRAZEETELZ 77403727 MZOWVWTIE. NA1FUT 71 35
LTSS W,

triple-quoted string (=E 72 # — FXFH) 3 DOEKE L7 +— PElE (V) AT RA MR T 4 — () THZE
NXFH, BEHED (—E) 74— PXFINHRTREATE 2 XFINEVE DD FRAHN, Eoh
DHHTEHATT, 12202200 Ll +— MIBEEZ RS —FMLICEL LD TEET L, 17
M (\) 2R CHOEBITICERD 2 2D TELZDT, FFaXyi—yaryIFhEEL
IRFIC RIS ER T,

type (&) Python A7 =227 P OBIEA T 2 7 b BED LI RO ZRDET, HHWEIATI =/ b
W2 TVWET, A7 27 POBIX __class__ BHET7 272 AL%D, type(obj) THIGL 7
hHkET,

type alias (A V7 R) RO T, BZHENFITRALTERL £35,

B4y 7R3 BEeY b Z2HMLT 2DICHEHTTY, HlZI:
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from typing import List, Tuple

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

pass

CHERDESITEDFHAR TS TEET:

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 (e > ) Z. 77 REW. BB T X —=Z2RDEDOFRF XN 8I245E T % annotation
T3

e » MIWATIZR K Python TRFRHITIED D TRAD, HHVAEENTY —1iCe s THAHTH D,
IDE ®a—F i V77 7 &) Y ZTOFYPNHTRD 5,

Jua—NLVEKR 77REHE BET. a—-F LV EH TRV DDA ¥ X typing.
get_type_hints() THUSTZ %7,

HEREDFIHD S % typing & PEP 484 2SR L TL X0,

universal newlines F¥ X FRA MY — ADRRED—DT, LUTOITRTEZITREEFH#RL F9: Unix DITR
HE '\n'. Windows OFE '\r\n'. &\ Macintosh DRE '\r', FHFEICOVWTFHL L IZ. PEP
278 ¥ PEP 3116, X5IZ bytes.splitlines() $ZML T X\,

variable annotation (Z¥(7 / 7— 2 Y) BB 2027 7 ZABED annotation .

ZRDH 207 7 ARMEICHERZ I 722 i3, AARDRERTY:

class C:

field: 'annotation'

BT ) F—aid@EE EE L oD iEbRET: flXiE. 20X int OEZERZ L
PHIREINTVWET:

count: int = 0

BT 77— a YOI OWTIE annassign SiCHEH L TWE T,
Z DREREIC DWW TR L CW 3 function annotation, PEP 484, PEP 526 &L T 72X W,

virtual environment (RAEIRIG) WHAFAICYI D EEX N ETRIETS, 2HUT kD Python =% 77V
r—aYFRICY AT L ETHOTWA MO Python 7 V7 — a Y OXEENCTHT 2 2 272l
Python Xv 7 — D4 YR b= EFEITI N TEET,
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venv ZZIRAL TL 72X W,

virtual machine (REE<=> V) BRCY 7 MY 2 7LD ERI Nz Y ¥ a—K, Python DR~ >~
F. AN ba—RFary LIl N1 RO—F 2FEITLET,

Zen of Python (Python ®1ED) Python ZHfE LA T 2 L TOEZ 725, Python OFKGHFERAIL H¥%
Y2 MZLdDTY, WigE7m> 7 b T 7import this” ¥ 3232 2DV R M EFTMDHET,
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8%

CORFaAXYMIDOWVT

ZDORF2RXY I, Python DR Fa Xy M 2FELREANE L TELONL FXFaXy ety yo
Sphinx Z#H|fH LT, reStructuredText B DY — 2 54EMRXNE LT,

FFaxXx>bezoy - #HoOBREIX, Python B L FRRICTEEICRI YT 4 7TOEHNTT, b LHKREN
B LWL, YO LI TRIEEWVHNIZDOWT reporting-bugs R—I 2 ZEFE W, HTILWLWKRT VT 4
FTIFVOTHEGTY! GRIE: HAZEROMEIZOWTIE, GitHub £ ® Issue Tracker THiE 2 BE WL
i‘j—o)
EPNIRRT R

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FrOIERET, FFaXr D%

CEEEF L
e Docutils B =2 b. reStructuredText ¥ docutils V—1t v b ZEML E L=,

e Fredrik Lundh @ Alternative Python Reference 72 =27 b5 Sphinx 132 D74 T 7215 %
L7z,

B.1 Python RF¥aX> b+ BEtE

%< DF 4P Python §if. Python #5475V, ZLT Python F¥aX>7—>a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEARNTTIEH D 30V X b
7y 7L THHET,

Python 2 2 2=7 4 25 DIEHRBE L BRI ZDORBEL LV R Fa X v 7—rayidEFhEEA
Tl -HhHHLS!
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C.1 Python DFESE

Python (& 1990 D4, * F >~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZH) T Guido van Rossum I & 5T ABC &IHIN 2 SiEOBMSEEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWE F2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido 1 &KEY 7 =Y =7M 1L X + > i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python OBFIHE DD, W 2HrDNN=YarE VIV —-RALEZE
L7z

2000 F 3 H. Guido & Python @ 2 7B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FE 10 H, PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH8) 12D ¥ L7z, 2 LT 2001 4E, Python B3 25N ELIRE T 272D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ ZH) 23256 B L7z,
Z D ¥ % Zope Corporation 1 PSF OFBEBICkD £ L7,

Python OV VY —R@3ETH -V V- (=72 YV —RXDEFKIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERINICAT, T —HZRIZL A LD Python VY —2R1& GPL A#IZRo TV T; %
VY —ZARDVTUIFTRICKEDTHD £,

Jy—2 | R—=2 FEEE FEF) GPL Hif:
0.9.0-1.2 | n/a 1991-1995 | CWI yes
1.3-15.2 | 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 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DU 2.1.1 2001-Bif£ | PSF yes
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FMR: TGPL Aty 25 ERBIX, Python 78 GPL TEHHAZNTWBE 2 WHEKTIEH D £ A, Python
D4y RAFLT, GPL 2BV, ZELEANA—Y a VERMATARICEEL2F—F Y —RI2LRLTH
PEVWERA, GPL HE:F DS A4 Y ZADF T, GPL TY VU —X2ZNTWABflidY 7 hY =7 & Python %
MHAeEbELNETY, ZNLHD T4 LV ATIEZSTIEDD A,

Guido RO T, TNHDVV—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

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

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.7.17

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

3.7.17 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 3.7.17 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 3.7.17 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 3.7.17 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

3.7.17.

4. PSF is making Python 3.7.17 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 3.7.17 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.7.17
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.7.17, OR ANY DERIVATIVE
THEREQOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
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6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python 3.7.17, 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 provisioms.
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

RDOR=I 1% L)

C.2. Terms and conditions for accessing or otherwise using Python 105




Extending and Embedding Python, J1)J—2X 3.7.17

(FiDR— 25 D %)

http://www.pythonlabs.com/logos.html may be used according to the permissions

granted on that web page.

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

C.2.3 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
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law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

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

conditions of this License Agreement.

C.2.4 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.
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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
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

RDOR=I 1% L)
108 98 C & BRE>51tEVX



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

Extending and Embedding Python, JJ—2X 3.7.17

(FiDR— 25 D %)

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VY7wvhk

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.

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
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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
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
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/

(RDOR=1ZFE <)
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mailto:zooko@zooko.com

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

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

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

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

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

distribution of the software without specific, written prior permission.

C.3.6 UUencode 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
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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 conditions:

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

prior permission.

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

C.3.8 test_epoll

test_epoll EY 2 —LIRDEHZEZATVETS:

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 conditioms:

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

(RDOR=I12Fi )
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

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

C.3.9 Select kqueue

select Y 2 — X kqueue f Y Z— 7 2 — ROV TDRODEHNEZEATOVET:

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

algorithm. 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
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furnished to do so, subject to the following conditions:

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

Original location:

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/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
documentation for such software.

*
*
*
*
*
*
*
* or modification of this software and in all copies of the supporting
*
*
* 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.

*

***************************************************************/
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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:

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/)"
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* THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT ~~AS IS'' AND ANY

* EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR

* PURPOSE ARE DISCLAIMED. 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.

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

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

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,
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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 libfli sources unless the build is configured

--with-system-1ibffi

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

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
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freely, subject to the following restrictions:

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

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

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

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

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THEHALTWE Ny ¥ 27— 7L DFEE
1%, cfuhash 782 =227 OB DITEDZET:

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
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)
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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

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.
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