Extending and Embedding Python
%7 3.9.0

Guido van Rossum
and the Python development team

+—H 26, 2020

Python Software Foundation
Email: docs@python.org






Contents

1 A =0 T 3
2 AMEISE 0 TRAIE R 5
21 R CEiC++ P B Python . . . . . . .. 5
211 —AEEEITIT . e e 5

2,12 RTERRRISEHE . .o 6

213 FIEIBITF .o 8

214 BEHOPVERFFIEAGEREL . . . . 9

215 HRIRAEEEE . ... 10

2.1.6  FECHIREM Python BREL . . . . . o o 11

217 BB EEBIISEL . . o e 12

2.1.8  APIRERBINEBFESE . . . 14

219 MIEEEEAE . . . o . e 15
2110 BIFFFEL . . . 15
2111 FECH+ TIREPRE . . e 18
2112 BPIEAHURAE CAPL . . .. 18

22 HEMNPREEE: HFE . . . e 21
0 - 21

2.2.2  Adding data and methods to the Basicexample . . . . . . ... ... ... ... ... 25

2.2.3  Providing finer control over data attributes . . . . . . .. ... L. 31

2.2.4  Supporting cyclic garbage collection . . . . . . . ... L. Lo e 36

2.2.5 Subclassing other types . . . . . . . . o e e e e e e e e e e 41

23 EMPREAE CZET L 44
231 BEEFINTEREIL . - o o o o e 45

232 RBREIR . 47

233 BB . e 47

2.3.4  Object COompariSON . . . v v v v v v v e e e e e e e e e e e e e e e e e e e e e 49

2.3.5 Abstract Protocol Support . . . . ... oL 50

2.3.6  Weak Reference Support . . . . . . . . L 52

237 HEZEUL .o e 53

24 MHICICH PR .. o 53
241  fEfdistutils ECHCH TR . .. ..o 53

242 KRBT B . o 55

2.5 AE Windows A CHICH B . o o o o 55
251 ZEESSULEH . . o e 55

2,52  Unix fil Windows Z[E]IZE5E . . o o o o e 55

253 DLLAJEERREERT . . . . o e 56

3 AEEREV IR iR A CPython iafrif 57
31 FHENARRFAPYthon . . . . . 57
3.1.1  Very High Level Embedding . . . . . ... ... ... ... . .. . .. .. ...... 58




3.1.2  Beyond Very High Level Embedding: Anoverview . . . . . . ... ... .. .......
303 AR
3.1.4  Extending Embedded Python . . . . . .. ... . ... ... ... ... ..
315 FECH g A Python . . . . . ..
3.1.6  FEZUnix BEFHIRFIEEE . . . o o o
A ARiEXHER
B SCHfEM
B.1  Python SCRYTTHRE . . . . . . . e
C Py RIvEaliE
CA IRIFIITIER o o
C2  RHELAHAD 2 Python USSR - o o o oo
C2.1 T PYTHON3.9.0  PSF¥FRIPMY . . o o o o e e e e
C22  J7T PYTHON 2.0 fy BEOPEN.COM ¥FR[ P8 . . o o oo v oo
C.23 T PYTHON 1.6.1 ¥ CNRIVFFIHML « . o o e e e e e e e e e
C24 MTFPYTHONO09.0 £ 128 CWIFRI ML . . . o o o oo oo
C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.0 DOCUMENTA.-
TION . . e
C3 WM RTIE SIS . . L e
C.3.1  Mersenne TWIStEr . . . . . . . . o v i it e e e e e e
C32 B e
C33 JHEEEFMSE . . . e
C34 Cookie BHE . . . . . . e
C35 PATIBEE . . . o o e
C.3.6 UUencode 5 UUdecode BREL . .« « v v v v v oo e e e e e e e e e s s e e e
C3.7 XMLIEFREERERM . . . o
C.3.8  test_epoll . . . . L e e e e e e e e e
C.3.9  Selectkqueue . . . . . . . . e e e e e
C.3.10 SipHash24 . . . . . . . e e
C3.11 strtod I dtoa . . . . . . .
C.3.12 OpenSSL . . . . o e e e e e
C3I3 eXPat. . o o ot e e e e e e e e e
C3.14 TIbfli . . . . e e e e
C3.05 zlib . . . e e e
C.3.16 cfuhash . . . . . . . . e e e e
C3.17 Hbmpdec . . . . . . . e e
C.3.18 W3CCHNNREM: . o e
D AL
#5l

63

75
75

77
77
78
78
79
80
81

81
81
82
82
83
83
84
84
85
85
86
86
&7
87
90
90
91
91
92
92

95

97




Extending and Embedding Python, %47 3.9.0

ASCRIA T AR C B Co+ G B R DA AB IR I Python MFRESRAYDIRE . X LEBEHA (AT
PASE SCBA R AL, 38 T DARE SORTRIXRERRI e HOT IR SO IEA A 1 )k Python fFRREER IR AE 75—
MR, AIEY RIES . W5, RN T ge gy Rk, PMEEI pAsiES (78
IBATI) INEEIARRES T, AR E A R G SRR

A SRR AR B4 5 Python FYEASIH . A XiZIESWIEIERNY, #2174 tutorial-index . reference-
index 25 T W IE A 2 o library-index A& B AOXT R IEAL . sECRIBEL (P9 &A1 Python 45 )
W SCRY, A HA T 12N e R

KT HEA Python/C APT IFRAIN 41, 155 ML c-api-index .

Contents 1



Extending and Embedding Python, %% 3.9.0

2 Contents



CHAPTER 1

HERNS=ATH

AAEE U T VR CPython fRUAS I — S S b i) B Y FEAYEEA TR 55 =J5 T.H., 4l Cython | cffi
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CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

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

WIRRESH C, TIHTE) Python Py E AR R M. DA WA REH Python BRI, W PAE N
extension modules RS2 SEPUFI P EXT G280 T C EREM ARSI .

NT A€, Python APT (W HIREFF St 1) €T —RIKE. RHASH, LAV Python iZ17
I R GERY K7 A% . Python (1) APT n] DAEAE—A C IESCFH5I ] "Python. h" KPR -

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

1Eff: C 47 N CPython, 3 JEAIHUICIALE HA Python SCBL ETAE. YERZHAEOLT , Mzt S
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 =N EBBBF

IEFRATBIE — AP AR spam (Monty Python #7522 fr 3 W HI B #)...) I H AL ZERIE XY C JE R 4L
system () ' [1§J Python £z 1. XA R 4H 32— DA null 5 1 FAFER SHOF IR — M4 R4
PATE Python H AU 77 2R I M bR £

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

HEAI#E— spammodule.c XfF. (B4 L, WER—ABHI spam, WX LI ER C LM
spammodule. c; QIRXMERY FARF K, ANl spammi £y, WXL SCAFRT DAY spammify .
co)

SR IR R AT A
VAN 1 B AAERRIERI o5 LT, SRR — AN BT BB T
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#define PY SSIZE_T CLEAN
#include <Python.h>

X £ A Python APL (BISRAREN, ARATATYEIX HLAS IR B H AR RS B HIHERR) .

1M BT Python ] B £ i L —LSERgma sl R0 b ARUE K SOOI IRAS 2 3, PRI A 5 A AT A o 3k
AEZ BT, R *F 5 * include XS0 Python.h.

WeF2 B 2HE Python. h {i5E X PY_SSIZE_T_CLEAN ., ZXEIZIUY B H4ny A R TN ENTFL
%

JrAAE Python.h W LM Pl WA SER R A Py Bk PY BIZK, CUEARMESK SCH e LRIk LE R
Hho FZEEIEAE, Wi T AL Python @Rt il iz, "Python.h" i G T —2UARiE KL S0
<stdio.h>, <string.h>, <errno.h> fl <stdlib.h>. UWHJGHEF L SCHAERM RS EAELE,
RS HERHERE malloc (), free() fil realloc ().

NS SRR C R B IR BT A, 24 Python F3A3K spam. system (string) HOR{ER
BRECR B (AR PSR B e B i )

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong(sts);

}

HNEEMESES RN E GHNEMmE “1s-1") B Z4 85 C M SE. C R /WA
B, AT self Fl args .

MR BREL, self ZRHRTIRBBSR 5 AT RGN 15 735

args ZHEF5 1> Python [ tuple Xf & 1545l , HH &S24, A tuple WX —NEHSH XL
SR 4R & Python X4 - BAEFRATHY C s H B AT T3k 75 200 HfE 454 C . Python API Hify
PRi# PyArg_ParseTuple () &S ERADER LN CH. B AR E T B2 SEEE
T DL S AFAE B S AR C AP BT, 4075 B RY S5 1

PyArg_ParseTuple () TETA SECEA IEM2EAL H AL B4 4 W7 e AL 33 Rk i ik LR, 2 ] B
(EZ). HAEEEATLUSEIHR MR (F). EELFTFH, & MBsEE R, M0 iRk EmT DAPE#
IR 8] NULL (552 611 B L)

W

21.2 XFHRHFE

7. Python i Réds A — DN EEAYBIH]: U— DB, B BB R AT IR W AR (G
N NULL $68%F) . Sl TR Wit s S e R s b s AR 5o NULL R R A H . A4
AERAER TR RER CRBE” (B raise AYEE ABE) . 85 = AASR AL A Python fURD 4
BEDEOL N AORR I (R . X = AV EHE Python ft sys.exc_info () WISERAE C XY (S0
Python JEZ% 1) sys BUREIY) . T HFE AT T BRGE RA &2 7 U2 AR E BT

Python APT 15 ST — 4 i KOk 1 Tk B25

W M W E /2 PyErr_SetString (). HZHEFHEXN LM C £ H. FEXN L Kk 21%
PyExc_ZeroDivisionError IXAERTE X AS . CFIFRIGHREREK, Hg4E4 h—1> Python
TR AT N T < RPRAE

6 Chapter 2. FEFS=%TAMEY R
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F—H AR EEE PyErr_SetFromErrno () , U#EZ N REMNER, FEMALSHELREE
errno J1. fil IR EREOEAE PyErr_SetObject () , WEMNEEL, 49N FHX L FHIIR. /R
ANFELA ] Py_INCREF () AL s 2] HoAh sk 50 S E0F 4105 | VL

YRAT A PyErr_Occurred () FEAE IR IEOL PRI G E T 58 . DORFRR 24 Hl w04,
B QR AR & A R R 0] NULL, R AT E ] PyErr_Occurred () RAF REOHH 26 %
HETERAR, MR AZBEMGR BHE A k.

G f V55— B ¢ WA E S T, 4 ) D3R — R G NULL 5 -1).
© R MR PyEre_ () M- SORIEIE L0 g AL T . £ VLT b U 3 o] —
SORHLT AT, I R R PyEre_s O, HOLSHE — R BRI C2 o SR )
YRR 7. — Hx/EHRE] i Python ARSI RER, & 2 IE 24 RIAFTAY Python [k
i Python ¥ B A6 2 105 4 AL R

(FEHLEREOU T, U SCRERS A L E PyEre_* () BRI IPRAIAO BRI S, 9T HAEX 2
DL AT AR o (H R 3% I — B, XA E, I RERECE R RIERMEERER: K2
TR 2 b T PR R T R )

REUEE 220085 phy— A~ 2R W) e R0 ) BT B B S, S AR AU W PyErr_Clear () BAMIgE
Br. CAIBM Y4 PyErr_Clear () MME—IFLLR AR ENERFH R G R T2 g et H Ok
AhFEE (ATRE RSl A i, SRR ) .

FFR KM malloc () PR UAEE S — D5, malloc () (8% realloc () ) R H & 245098 H
PyErr_NoMemory () iR [FIFRRIER. A X548 K% (Bl PyLong_FromLong () ) EE&X A4
T, FrPAAN R T EIEHH malloc () AU,

WEEERZ, BT PyArg_ParseTuple () SFHERBISL, &[0T EELCRASHE 1 ok L0 F#A0 2R o] IE(H
S FARFRMI . MPA -1 F7R R, AnlH] Unix R0 —H.

B, MARIR B AN R IR S AR B B R E R GEA A IRE 201 XTI AT Py_XDECREF () B
Py_DECREF () JEH)!

PG E WA T H e &R T AR B, FTA B Y Python & #AG XF . W= B C b4, il
PyExc_ZeroDivisionError, {RUJPAE M A EAT. 245K, WV YL HE HEERE - NEMH
PyExc_TypeError JRFR—P A TLERFTI G KM% H PyExc_IOError). WIRSHIIER M
#i, PyArg_ParseTuple () HMEGHEF 5K PyExc_TypeError. WIRRBE—ASEMHLIALT
R T 2 b0 2 Hofth 2544, & B ] PyExc_ValueError,

PRULAT AR AR AR S ME— B 0 . 75 SR SCPR R A B — N isx e &, e

static PyObject *SpamError;

HHAEARRIBIE R AR %L (PyInit_spam () HEH— 58X SRR 1L

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

21. £/ C & C++ ¥ & Python 7
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B E R E N5 Python &4 /& spam.error . |fij PyErr_NewException () EREAIPAGIE—/N3E, H
HKN Exception (JRIER S — P28 A A NULL ), éﬂi”ﬁfﬁﬂ bltin-exceptions .

MR B2 B @K IRAF T SpamError M—51H, X @A EMW. AT B LR IR s, 7500
SpamError Rl <84T .

—2x1118 PyMODINIT_FUNC fE N @m@*@mﬂm
spam.error S A AEY SR Pl 83 PyErr_SetString () BREUAA, WIF:

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts);

2.1.3 EFFIF
[ B RO, ARSAZI R A AR

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

WRAESEY ) T PRI B 45 5%, BRI [B] NULL (AR AR B G 36410 sk B0 4 Bﬁ’%ﬁlﬂm/?), X
T PyArg_ParseTuple () EMFH . fﬁ1&faﬁ?’%&ﬂ’]??~?$ﬁéﬁ%m 3| JRr i AR H command.
ﬁ%~’|‘?§ﬁﬁf§fﬁ#ﬂﬁ$ﬁj%@%& BRI A (KRR E C AR B command IV 24 IE A

7/ const char *command).

N—ANEAfE ] UNIX R EE system () , HHAMINSEZNIA M PyArg_ParseTuple () HUH
HY:

’sts = system (command) ; ‘

AT spam.system() BB AR 0] sts B AFE K Python Xf %, X il i ff I E AL
PyLong_FromLong () ﬂé%ﬁ,

’return PyLong_FromLong (sts); ‘

TEXFPEILR, SR E—NEETS, (X PXTRSTE Python Hi HLE 45 HE)
WK C sRERA A AR EME GR ] void BpRED , WILAZiR Ml None o (K] PAF] Py_RETUN_NONE
FERGER):

Py_INCREF (Py_None) ;
return Py_None;

Py_None 2453k Python X4t None i} i) C £ F5. 2 — I HIEK Python X 4L ifii A2 NULL f54,
WIATPT,, JEEERZE LT CPERE R,

8 Chapter 2. RERE=FTREBT R
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2.1.4 ERFGERNIIGCERL

AT R spam_system () Qg Python F2J7f f. HERELREHA A W] LAY Python i 1, FFZeE X —
ANJ 3¢ method table”

static PyMethodDef SpamMethods[] = {

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

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

HEH=AZSE(METH_VARARGS ) , EMMREHFES MM C I AIHBI. Alik{if METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 fUFf#iJf] PyArg_ParseTuple () HJIEIHA &,

4 5 B i ] METH_VARARGS , MR %< % fF Python & 3k twple #% XM S 5k, H & & i A
PyArg_ParseTuple () #7RIT.

METH_KEYWORDS {HF/REZ KETSE. XM T C MR EHEZH =4 pyObject * Xf%, &
FEMBE, i PyArg_ParseTupleAndKeywords () RN Z%K.

XTI IRR AL ITRIE LR BT -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per-interpreter state of the module,

or -1 if the module keeps state in global variables. */
SpamMethods
bi

SERI RIS ITAE 1B 25 FERE RS AT IR L R AL . WU LR B 44 4 Py Init_name () , H:H name
E@%ﬁ%lﬁ’]@% HWZ%E CHFE static , HAEBH SRR :

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

1% PyMODINIT_FUNC FEH] T B 4E R PyObject * iRMIZRAYL, mEMEMF-G R EEHE A dr, DA
C++ AR extern "C"

24 Python FEFF IR S A spam fiki}, PyInit_spam () 28 H. (4 XA Python B RES IL T . )
BRI PyModule_Create (), AL IR ABENT S, IR FAEREE L3R B 215 N E R
BN G m A QL (%% 2 —4 PyMethodDef Z5HAM%4H) . PyModule_Create () iR
(8] —ANF 1) BT QIR S (R R A B T R & DR B P T ) R B g 1 P 1k, B AR B TE 3k A o
tgﬁ“ﬂcm“ IR [H] NULL . #IRAE PR AR IR R G 25 Hof 3, X AR E T ARSI A% sys . .modules

2 A Python i}, PyInit_spam () REASH AN, BRIEIIE PyImport_Inittab RHE. ZR
T4 iR, [ PyImport_AppendInittab () , A[IERIRE MR A

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

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

Q)

21. £/ C & C++ ¥ & Python 9
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/* Add a built—-in module, before Py_Initialize */

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

}

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

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

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

PyMem_RawFree (program) ;
return 0O;

HEff: T sys.modules MR SEMAR B S B4 FBOEE] IR RL 2 MRS (SN fork () M
Bl exec () ) RAE—SLy BT B /R4 R . 3 REBTHE AT ATERD SR A N SRR 4 A I 4 HH 2 o

2 e T A B AL B B 11577 Python YRS Modules/xxmodule.c H1, X &8 SCHAT DA FHAEIR
P ARG, BiE 24> . I modulator.py £ & 78 YRS & 4Tk Windows 2225w, AL T — AN fA] B
GUI, ks AR se ol i sk BORIN 5, HLa DAAE BUBEE A AT . IASEE Tools/modulator/ H 5%, %
& README DA T f# ¥

Hfi: AMEEATN spam BT, xxmodule i T % M 47451t (Python3.5 4G5I A), PyInit_spam
2xiR [ —A~ PyModuleDef 514 {4 , K501 @ MBS F AN . 417552 PEP 489 2 B IG 1k -

2.1.5 YmiFFOsksE

EARREE AR S Y R ZHl, VRETEEMM s B Python REEAIFMEER:. W RIREH
AN, X REH A EAE R G SSIMEBYLE 2 EEIES % RIEY R =Y (e
C/C++ Fr e FT), PAMAE Windows FIRiFFRENFIMEE (£ Windows LA C Ao C++ ¥ & F7).

WA BRI E, SCE IO AR VE R Python R —F5r, UG MOBL &I &

HEH R . a7 Unix EARM, HFTREHARM SCH: (spammodule . ¢ SN HCEE MR H 45
PR AT Modules/ HR'F, WI—478] Modules/Setup.local FIRVRIA S

spam spammodule.o ‘

IRJETETIUZ H iz 1T make SR E P EERAS . (R PATE Modules/ 1 H (/] make, {HEIRAAZI
JEEH Makefile UfF, M5z rmake Makefile’ fir-. (YRR Setup SCIFHRT ZEXFEERAE. )

URARI BT BB AR, X LE AT A I AR B SR B, 28 S

10 Chapter 2. RMEAE=KT AR &R
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spam spammodule.o —-1X11

2.1.6 7£ C hifH Python FE#

oAk, FAT—EHACHEE L THE Python ] C e %, HSLGad R ARG M, wiie i C ¥ Python
IZ@I XTE Rl R EC P CHA A WA C O R, 822 S XA [l R .

SEIZHYJZ, Python fReds @ LBy FEMIARY , FF4FRiE Python s EEL AL TARMER . (X LA FRA R
#r Python fURSfE A AR T3, ARA D4HIATAZ% Python/pythonmain. ¢ HfY —c iy Ui, )
1 Python PR%L, 15 5L Python F2)y 2% Python sRECH R . W% fe A~ eR B (alCHHE 1) RSB, 4
P XA BN, 42 R 7e B R A7 Python eRECW R INTRET, BRI (Py_INCREF () RSG5 T4,
BN R RMEAT 2K ER . BIANITE:

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;

A REL U ] METH_VARARGS ARG yEMF 2 MR RERS , XAEAL 3 7 ik A Ao s 10 3 3 BT ik
PyArg_ParseTuple () BREUILSHIN STRYTEIR B ik ey A4k o

Py_XINCREF () fl Py_XDECREF () XAl 8/ g b— % m5 T8, 3 H 24 787E NULL #5841
HJI%TﬁéﬁEiri‘ (=R pEi=vis ﬁ/l\LTjCEPtempﬁT A NULL)., WZAHXAGEES% 5|t F5.

RS, 4B R, RRFHE A C K4k PyObject_CallObject () . ZEREAWNNS4L, l:ﬂ]%[ﬁ
JET¥8%, 51045 Python Xf4:: R Python pR%, MHZHF%. %WJ%M\@TE' ot g, H
KEERISE AR . B S HGIE A Python pR%Y, WG A NULL s{— 25704l B — S50
B, WEA—HICH. Py_Buildvalue () 2FEHAELFEFRET X EFETHHENSZ 15K
ISR [ —AN e 4

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

arglist = Py_BuildvValue (" (i)", arg);

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

21. £/ C & C++ ¥ & Python 11
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PyObject_CallObject () & [] Python X} 4 8 4F, X L /2 Python pR % Y 12 I fH.
PyObject_CallObject () & —MX HSH 51 HITHIC X" W 6l 9o g f 1
SR, I HAE PyObject_CallObject () ZJG V. RMi T Py_DECREF () .

PyEval_CallObject () WURIIMEER “F” #Y: B2 DHEINE; WARUANER, H¥nT
SUHITEC FroABRIRIRAEIE S RIRAFAE A R B, ARTF XX AMEE A Py_DECREF (), RIFEARXTHL
T AA (R AR,

HRERX M 8, REER— s B R F{EA & NULL, WSR2 1)E, Python RIS A EIFF A 5H
o WA PyObject_CallObject () W) C LIS E7E Python H ALY, &5V 24 37 BliR o] — 4%
BAASFIH: Python P 1, DATERFREZRAETT ENER I 9(5 ., 83118 75 Python AARS RBAL % S 45 . 40
X TCEME SN AGAT, WY 4@ pyErr_Clear () RIGERFH . Hl0:

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

AT FAR R R R, AR B — DS HE PyEval_CallObject () o fEXEENEILTSEG
e Python FEfFHR LAY, Gl id 32 1ML B [0 R AL, AR AR B SN E e feid . 73 h—LEmp e
VREA i — BT tuple SRAZESHL. RFAATTIAHZ Py_Buildvalue () MAUIE tple. B0, 4%
TR — A FHEXTR I T A

PyObject *arglist;

arglist = Py_BuildvValue (" (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) ;

W% Py_DECREF (arglist) FifEALL BN, TR IR Z Al MR EEE iR,
W Py_Buildvalue () W] AR AR 255,

RIAFERE, HXETFSHIHM pyobiject_Call () , FELIHFWES M T SE. A L5
T, FAEEH Py_Buildvalue () Rtk 7ML,

PyObject *dict;

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

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

2.1.7 R REHHSH

BR¥ PyArg_ParseTuple () HEHIMIR:

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

ZA arg WAR—ICAIN G, B Python #4145 C sEUNS BN format SRR — AT
FiHy, 1R E% Python C/APL T A1 (1) arg-parsing. FIRSHCE AR MhE, KRB GKFHF
ORI o

YL PyArg_ParseTuple () 2AMIfliF5 21 Python 242, AJCIARRIN ek 4 fibiy C ARt , 4n
RIXHEHH T, rTRESTENTFHRINLE AR, /.
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FERATAT ] 2 B2 k) Python XRG4 ka9 515 AZLEBENHIT HTE
— LR BT

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

int ok;
int 1, J;
long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

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

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

f('spam')

f('spam', 'w')

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

I3
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (i1i)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
3

Py_complex c;

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

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

2.1. {#f C & C++ #' & Python
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2.1.8 LY RAMHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAEHAUNTF:

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

arg 5 format 25 PyArg_ParseTuple () BRI E X—5. kwdict T2 215 R =125 Python
IBATHHE ) R B . kwlist JE S 2 DA NULL 85 B AR 5%, BN RIES: 4FNARS
53k H formar 2585 BAHVCES . AR IATHEN, PyArg_ParseTupleAndKeywords () £k B HH,
TR MR 5 | A — A0 24 1 7

MR BN CAE M T S RN O AR, ANTE kwlist WK KB 7 S8 8L TypeError St

N2 X SEF TR, VE& 2 Geoff Philbrick (phibrick @hks.com):

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

static PyObject *
keywdarg_parrot (PyObject *self, PyObject *args, PyObject *keywds)
{

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

static char *kwlist[] = {"voltage", "state", "action", "type", NULL};

if (!PyArg_ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))
return NULL;

printf("-- This parrot wouldn't %$s if you put %$i Volts through it.\n",
action, voltage);
printf ("-- Lovely plumage, the %s —- It's %s!\n", type, state);

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void (*) (void) )keywdarg_parrot, METH_VARARGS | METH_
< KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC

(T IgkED)
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(£ L£50)

PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;
}

2.1.9 MWEERIE

X% PyArg_ParseTuple () fRAHL, FEHUIT:

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

B — AT, 5 PyArg_ParseTuple () MIfd], (HESHbie A B bt da4t (i A %5 eR
B, MR . 2GR R —A> Python X4 & Tk [0 C s i 45 Python RS

—A~5 PyArg_ParseTuple () BIARFE, J&TH ] AERT 2Bk R Bl —~ T4l (Python S8 HLIR LA 2
TENTREIA o), o T 45 HoAth Python pEAS 4. Py_BuildvValue () IR EEAERMITAH,
LT 1 ASHE A oTd, MnREa SR None , — S FUNE R FHEZSEIN 5.
SRR HIE N — KBS TH, Sl — e RN Ied, TR A S o R .

BI5 M2, A2 Python {HE54):

Py_Buildvalue("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('"hello', 'world')
Py_BuildvValue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 4506)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue("{s:i,s:i}",

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

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

2.1.10 S|RAE

TE CIC++ 1B 5, FEIy AT sh A B A E i (heap) Y4 NAE. 75 C B, i@t malloc () Fl
free () K5EM. TE C++ HZHAE new Fl delete SRELHMIE KT EE .

FAH malloc () AECHINER, BAHER free () BMF| AN EE 2. MK free () )
RILAER B, AR —DNNFRE T free () WA SENIFE, X H Y FEALERE T 45 0 ik Jo vk B
R . XU P AR . T — N AEEE free () TUAJS, BAM—ANFe4FEVITIE, -0 (6
mall;c() Eﬁ%ﬁ%ﬂ\]ﬁ%%ﬁﬁ*%o XM 2P 64, ZE T RV LA, core dump, #iR4h
F PR A

AT AR S AR A — LU AN WL AR AR i b tn— SRR T INAFRAS , T SR, ARG

RERCNATHL . BAE — LU0 R RO A BT S ot PRI A iR A 1, AR5 i AR R [l 1

XARA T e R AR N AE, Rl E g . XA TR, —B5IA, R AR AT

MEVARGIN Y, B R R A R AR, i B SO AR BRI RN AY, B DA (O KWz

ggﬁﬁ%ﬁﬂﬂﬁﬁ@%&ﬁﬁ KA. I, A 2R e A, G AR LT 2 SRR fre/ MK
Hixo
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Python jiiid malloc () Ml free () W& KRN BCNIRERL, [FIARER TRk A 77 Mt AN BT 44T . bt
BRI 51 R T A, HFPRILR B BRI GRS — TR, TR A S R T T
BCEAEA K, U TR O, FoR M REABAAER LT, MR AMER T

7R B FERen. CA NGRS R S kg, T R2aX By A 30" HPAIX
P E SR B U0 2 PR T ZER I free () o G — M2 dlatd BE s A7 B
SRR FEAME) . B2 R C, A ATRARR) B Sk e, mis] v BOu e AR R AR Y S B (L2
malloc () Ml free () PECERIHIAY, X2 CHpMEHLRED) . WIFAEA —RK 2 MW BAERY A 3 b
Pelulie s, (HAEBCHTFRA L2055 ik TAE.

Python i AL GER05 N VHELSC I, dBARBE TORERIGINAS . LA ING | HIIERR . X5 FoF54H O B
sk BIE TARERT I, RS TR — g . 5 IR AR (RTREEE) HI5IH T4
5, P AEFR AR RIS TG AR 00 SRS T HESE B [l AR 5 | B ER IR &
HCE BRI ARG, WA BCA IR LASNY S T

TR T DRI SR ORI I . g BEHUR B T Ir VEia A IS (collect O B0 , T ELATDL
A BT A RS GRBF PRI 2l 24 JE TVl IR LA, 0 DAZER A5, 45 Unix
T4 ({03 Mac OS X) ffi ] ——without-cycle—gc #i#] configure A, WIS IEFHIN B,
gc BRI T .

Python Shiy5| A4

W% Py_INCREF (x) fll Py_DECREF (x) , S&ACPRS|HAITHUYER . Py_DECREF () HHAYES|HIT
BE K O BPEHO S . H T RIE, HARSHBERA free () , MA@ E M £ 2 2 209 B BES4EF ke
e HTXAEH @A), R ERES— 1810 H SRR 1845

KW A EKIH [l ] Py_INCREF (x) fl Py_DECREF (x) ? AT L5 A—LE. %A N
=R, RATPA I —A 3R B — X . —RERr 5 HECE SCHIA S SR . 51
WAHEASHEVHH Py_DECREF () , #E5| FIRFFRER. 51 HMIIA X R AR L. A =Fapikfit
BEIAWGI I £k, fE6E. JHH Py_DECREF () . &ICALE — M KI5 S SENEIE

SETTLL A2 —AREREE . RS R R BA%RT Py_DECREF () . A0 R RE R A X 4
R IR . LT AL TN 5 0 A P AT AR, 52 A

FE AT 5 B AR AR E R OB ki EAMBSIN, B3, @5 AR TR0 AR Y
PR o A R A — SE R IR A AU _E A5 AT RE TSI & AL B S B X 4R

T A AHA SN, @A Py _INCREF () o XAXPIC LM B AAF RS, X R
ASERIPASIN, HA TR E T G &Lt LA B, Rz A A &8R-

HAEAN

B MRG LB IE — R BORT, SRR 1 VA% ds E P KR M2 E S5

RZ B BOR A3 R 5, LB HIA R wE, Pra Qg R m ik, 51
PyLong_FromLong () fl Py_Buildvalue () , &fZEMA XRGHENE . MEEXNRAZHIEN
9, ARUISR AT ABRIF R R EOHT5 1 . — 36812 PyLong_FromLong () 4E4f | —MRATEMIZAF, HA]
PAIR IR E A7 T H B85 1 -

WZ 5 — DR R R R, e EEs X &R, Hlil PyObject_GetAttrString() . iX
Bt AW, — R KRE AP Z 6/ PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #RZIREIMICH . HF. FHE SRS .

PR Py Import_AddModule () &R BER G, WA T RES R MIAIEHF X5 XA REE A —A>
ARG XS EAFELE sys .modules B,

Y ARAG XG5 | B — AR B, R R BUR S A0 . WERFREAEE, 6T Py_INCREF ()
AR AT A . XA A EERFISL: PyTuple_SetItem() Ml PyList_SetItem() .
X LE PR B Z AL RIS KX R, MRSk (7 PyDict_SetItem () KHFEIZASHEZTIH X
#, i1 IEFEH).

2ARIE ST — A SRR ERN: IWAH AT KL
SRR D 1 B, SRR S AT DA AR AR, A AT AR S BT«

16 Chapter 2. RMEAE=KT AR &R



Extending and Embedding Python, %47 3.9.0

YA C R Python P FIIF, 2 IR I 7 R USRS S IH - T EIAXIR IS, BreAE
85 | 2 i T DAPRAUE B R SR 1] o B 05 5 75 B sl s v, il R A 15 L

WL JEH Py_INCREF ()
Python ¥ Fi M C sREGR [ B9 XT 55 | IS U@ 304 5 | --- A & R R EE S 45 R & .

fERSagE K
AOBUAFON, RS AEARTCE, (HAIT RS20, Sl w2 ROy Reas i, Il aE
FEGIRIWAFE AL EXGIH .

e BRI M R OLR (T Py_DECREF () F|—NIERMR, WX XG5 RN H—1 o1k
MIeE . 2SI

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

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

XARECE S —ANE B 1ist (0], SRJEEHR 1ist (1] MM 0 , BJEITEEHMEIH . Bk TLE
IR, HEAARE,

BATREZEHIRAIEA PyList_SetItem() . FIEIAETIH THIA KR, FroAY AR 1 9t 5t
WAL B JE AR R B 1. BIERER I R 1 2 P e RSB, HARBEOXANZRE X T __del ()
Ik MFIXA LT HITER 1, B2 EHERSTHM __del () k.

BESK 2 Python EIf), __del__ () J¥ER PARATAE S Python f0H%. 27 A HETE bug () By item JEIFT]
W, 2. RFFELET bug () ¥ __del () FIEVIE, stal ASAT— MERESEH del
list[0] , R EEE XX EMEIH, SFHEERERNAE, MM item AL,

FRRTTIRR, MARALE TR, RS 1 WG TR IR AR 1 eR AR AT

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

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
I3

BB . —NHEAA) Python 147 T 3X 4> bug [ARFR, T—28 AFESE T R ERHTE C g
FEFH A4 __del__ () FEELKIK.

KA AN 28 — A L A5 5 | M AL AR AP . %, Python fiRERs B2 AR TLEHE AR 71
B4, PEMAA2RBIRTE Python BRI 23 [A]. HATPAMEH % Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, BRI Py_END_ALLOW_THREADS . iXifi % HISe#EHZE /O M AN, fifsHAh Lk
FENT DAESETE VO MR AL B . AR, W R RS IR 2 AR A —RERY 1)

void

bug (PyObject *1list)

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

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

NULL {84t

HH, HSZ RGN SR BN A B E AT NULL 48481, I HA IR 2 5 0 (5
TELAG S BUZDRAR) o R B0 35 | T4 e GE 7 A ZHR W] AR T S AR 9] NULL. Al NULL
SR SR RAE T 1 2 R R0 R E AT IR X G A 25 FO A e B - AR A s BRI UL, Fi&
SFEOCA TUAARIN M AR T 8

I IOMEERAE “YRL” FAGI NULL, BPZERRIRE)— ATk NULL pg484F, Bk H malloc () 5§
T ITRET | K S8 1 R R sk o

Py_INCREF () fll Py_DECREF () &% A2 NULL 84 —— (B2, B2 Fh Py_XINCREF () Hl
Py_XDECREF () NG .

T RIRE 2 X R IEBUA 2 (Pytype_Check () Al NULL #8461 — [A R, A K8 AU & L
XA ML — X R AU R BUNE R Z —, XA STTRI. AIFEHAT NULL &
TAEIR

C RO AP 2 PRI 4y C BB SRR BBl args) 4R 204 NULL - SEFR_EE SRR
B h—Aodt.

LA GRS NULL 4541 “WtEE” 45 Python IR &2 AN LAY HE IR -

2111 £ C++ P REY &

SETTAAE Ct FA SRR, FURATREIR. AR LR (Python fIRER) JE M C ik i
BERER), 4 R A X G AR AR R P SR ot 2R R BB S A . b8
2 Python MRRESTAT GE 6L HLH I L B RT) AL ATFWI Y extern "C, T ATE extern "C"
(...} HLALE Python SkSCPENIAR RIFATEE, WA L TH% _ cplusplus NCLZ R4 A
19T (FATBLAL Cr A SR AN ).

2.1.12 59 RIERIR{E C API

MY FEBHRAL T B s B2 Python i, (EAT I REALER LA ARt n] AGCH b AR Rt
Mo B0, — A9 R ] PASZ N2 collection” e L2 WA T . k142 Python 51| F227
?ﬂ%ﬁ{C APT AAVFY A HOR A ZAES 515, IXASHTRY RG] DA — M C BT T 45 Hofth 7 ik
FAEM .

TFIRAR ARG R AT EHE R EFRFEWE static), SAMAZAILICE, AR CAPLISCRY. 5K
P _EAEA 3 RS ORS J A HERE 2 Python fERESR 002 PT ATE R AR . MBER DAL PR RIS, —
AMBLER AR5 SO 7 — MEHOAR T I . AT LGRSO T B R e, — 28 R GEHY Python ffRE SR (4 1)
&Rt 4 25 18] (B4 Windows), A LEMAESER IR &5 20— I EL S ALFS L (T2 AIX), =X
HPRHE TR A RS (A Unix 251). BVERAHS2 4Rl WA, R I ARt ] 6 i A 2k .

A REAE LT BN REXAT S ] WAEMUEAT . X REWRE Y R L BT A S X A static
B RS RI AR (L eR R, RIS S A R di 4 o R (FE B AR 7 ik A A s A B B PR
XEMERT S 1% 4 0 1 A 1 75 2R A A 1

Python 42 fit T —MEF BB HLEI R AL 1% C ZOEE (RED, M— P B 5] —4~: Capsules. —4>
Capsule ;2> Python {#li2k2H, {7744 (void *). Capsule Hfigiiid H C APL KRBT, {H
A PAfR At Python X 5 — e i . H, FRATAIDASEE — A9 Reptiar 24 25 4 5 HAh " A
AT PAF KA, SRBUX A4 FHE, S5\ Capsule ZRIFES .

S AR IHZ WS TR 2052 i, XS HIEAR AL, R TR EZ IR
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Capsule WA Z Fi 7 C APL 59 LI . 44~ %0T DA F © #Y Capsule, (3 BTy C AP 54t
P DA — DB L, Bl PR & 745 Capsule. FEERIRIUGEEH AT DA Z A=K, L& Fomibith
(R

TERARBEFMEATE, IEAi A VR Capsule iy AR L. AL PyCapsule_New () #2524 F5E
% (const char *); RVFREA—A NULL ALK, EHRAGRIBBURIEE AR T
) Capsule $24t T —ER P HIBATIN A 224 A ATATRY DT sUREIX 73 PR fin 44 1Y Capsule.

okt , Capsule T %55 C API, H AW AiZEiGun s :

modulename.attributename

fEFIE % PyCapsule_Import () A PAJT A AGHE T Capsule $4t1Y C API, {{¥E Capsule )44 VLRt
e XAMT A C AP PR T i BE ARG Hf 2 TSk 2 A IE ARG C APL

W0TR B 7R TR R S AL R S B DT IE . TR I L. TP C APT 4
B (GBI 0 78 void R IR, IFETHARAE ) Capsule. W BREEHRK SO L T 250 B
FABBANGI C APL 545 & P b LG 2AE ) C APT i XA~ 7= /]

S AREE I H spam iR, S H —/A a6 T BY%. BREL spam.system () AHFEFM C FHE
B system() , H—PEE PySpam_System () &HTTIA, M4IRPLL S AEL (F 408 in”spam”
FH L), KB PySpam_System () &S H A HANY R,

PR PySpam_System () 244l C AL, M static gl HAbd A0 kE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () RN H & ek:

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);

}

BT, FEHATA:

#include <Python.h>

A S PiAT:

#define SPAM _MODULE
#include "spammodule.h"

=

#define A TEHEL R EMAEA S H B, MIARE Pk, 24, BB RILGR LRI 7
WAL C APL 354144

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam API[PySpam API_pointers];
PyObject *c_api_object;

Q)
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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;

VR PySpam_API FHN static ; HAMEHEHSTE PyInit_spam () 45 E1HK!
3 spammodule . h B —H#E TAE, BHERWTFR:

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H

#ifdef cplusplus
extern "C" {
#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam API_pointers 1

#ifdef SPAM_MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
*/
static int
import_spam(void)
{
PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);

Q9]
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return (PySpam_API != NULL) ? 0 : -1;
}

#endif

#ifdef __cplusplus
I3

#endif

#endif /* !defined(Py_SPAMMODULE_H) */

B ) i AL B b Z5THE HC A0 46 Al bR B HL 4 R R ) PR X import _spam () (BCH AR R) A BE 15 17 B 4L
PySpam_System()

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RFITIAR ERER AU, U spammodule h il TR, MK, XIHEANE T AR KL, BEARGEH 2 AL
. B DAL B ).
i Jri i 2B R Y 52 Capsule $24I T#ISMYTIRE, T 176 AE Capsule HLAYHEEF (14 A7 70 FEMIREIL

72 % Python/C APl 2% F-JJ} ) Z 75 capsules £ Capsule 1328 (f£ Python VRS & 47611 Include/
pycapsule.h fll Objects/pycapsule.c),

22 HENT REE: HiE

Python 145 C § AL E SCAT PAM Python RS HH RN RB 2, XRQ N ER) st Al 1ist 288,
Efiﬁ?f JEE R AR ER G — M, (HRAEBIT IR 2 1, ERRE TR L2407y . X Se XX~ 3
BN

2.2.1 Kl

CPython JafTIN R it Python XA A 2EAY Pyobject * (785, RIFTA Python Xf 4 iy~ Bfili 844",
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#define PY SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

XHFR R 7 B, X 20 TR b —FREx % L. AjC(*EXT~1¢$
1. Custom ZEXT4 object & T CustomObject &M, X2 NEA Custom SEHAEE—IK .

2. Custom type [J4Th: iXs& CustomType 50K, Hog LT —Hehn iR AR EH8 5, S8Ry
B R A EAE o

3. ¥hEAL custom fEHL: PyInit_custom ERECHIXTN 1) cust ommodule 4EHy{A .,
SRS

typedef struct {
PyObject_HEAD
} CustomObject;

B HE X RFTL &1, PyObject HEAD J25 il SR M AERE N R GEMIA Z 1T, FIPAE X
—ANRAf pyObject FBIY ob_base , W& T — M REHE 2R LA —A 5] T8 GX AT AA
% Py_REFCNT fll Py_TYPE X4y, FHZMRAMG, (HASMHmFBnT DAUH R .

22 Chapter 2. RMEAE=KT AR &R




Extending and Embedding Python, %47 3.9.0

HEfif: AR PyObject _HEAD A /5. BAMNNIN S & FEEU RS LR A

IR, KGR THE PyObject _HEAD fEfig#dush, AN Flan, WHE X T HRER) Python 77 /5
e

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

BB AL AR B E S

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

bi

TEfR: BN L C99 MR RN IRTL , PAESS BT Y PyTypeObiect B, HAMRE ZIRATE
TR, AR AT DA KT T B E W -

1t object .h H5LkRE i PyTypeObject A WA FE NHELH) FE. AR TER2H C %ixdi
TR, @HEIME A RAMITEENT, BRAMRHEHEEEN].

A ek —ma, BR—ITFE:

’ PyVarObject_ HEAD_INIT (NULL, 0)

XA sl A, HCARIIR RN B3R 2 ob_base T

’.tp_name = "custom.Custom",

FATRRIUA PR o R BAEFRA TR X R BN SCARFIR L AR LA T R, Biln:

>>> "" 4+ custom.Custom/()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

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

Note that the name is a dotted name that includes both the module name and the name of the type within the module.
The module in this case is custom and the type is Cust om, so we set the type name to custom. Custom. Using
the real dotted import path is important to make your type compatible with the pydoc and pickle modules.

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize
is only used for variable-sized objects and should otherwise be zero.

{#fi#g:  If you want your type to be subclassable from Python, and your type has the same tp_basicsize asits
base type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your
type first in its __bases__, or else it will not be able to call your type’s __new___ () method without getting an
error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize than its base
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type does. Most of the time, this will be true anyway, because either your base type will be object, or else you
will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_ TPFLAGS_DEFAULT.

.tp_flags = Py_TPFLAGS_DEFAULT,

All types should include this constant in their flags. It enables all of the members defined until at least Python 3.3. If
you need further members, you will need to OR the corresponding flags.

We provide a doc string for the type in tp_doc.

.tp_doc = "Custom objects",

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

the API function PyType_GenericNew ().

.tp_new = PyType_GenericNew,

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

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

This initializes the Custom type, filling in a number of members to the appropriate default values, including
ob_type that we initially set to NULL.

Py_INCREF (&CustomType) ;

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

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

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

That’s it! All that remains is to build it; put the above code in a file called custom. c and:

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[Extension ("custom", ["custom.c"]1)])

in a file called setup . py; then typing

$ python setup.py build

at a shell should produce a file custom. so in a subdirectory; move to that directory and fire up Python --- you
should be able to import custom and play around with Custom objects.

That wasn’t so hard, was it?

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

{Ef::  While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained setupt ools library. Documentation
on how to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.
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2.2.2 Adding data and methods to the Basic example

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

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

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

} CustomObject;

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

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

CustomObject *self;

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

if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {

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

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

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
sfirst, &last,
&self->number))
return -1;

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

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

}

return 0;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
3

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

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

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

bi

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

bi

QS
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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;

This version of the module has a number of changes.

We’ve added an extra include:

#include <structmember.h>

This include provides declarations that we use to handle attributes, as described a bit later.

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

The object structure is updated accordingly:

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

} CustomObiject;

Because we now have data to manage, we have to be more careful about object allocation and deallocation. At a
minimum, we need a deallocation method:

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

which is assigned to the tp_dealloc member:

.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the
case where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_free
member of the object’s type (computed by Py_TYPE (self)) to free the object’s memory. Note that the object’s
type might not be CustomType, because the object may be an instance of a subclass.

{Ef#:  The explicit cast to destructor above is needed because we defined Custom_dealloc to take a
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CustomObject * argument, but the tp_dealloc function pointer expects to receive a PyObject * argu-
ment. Otherwise, the compiler will emit a warning. This is object-oriented polymorphism, in C!

We want to make sure that the first and last names are initialized to empty strings, so we provide a tp_new imple-
mentation:

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

and install it in the t p_new member:

.tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in
Python as the __new___ () method. It is not required to define a tp_new member, and indeed many extension
types will simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this
case, we use the t p_new handler to initialize the first and 1ast 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. t p_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 Cor __init___ in Python) methods.

#f#: tp_new shouldn’t call tp_init explicitly, as the interpreter will do it itself.

The tp_new implementation calls the tp_alloc slot to allocate memory:

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

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

{Efi#: 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.

{Ef#: If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new__ () ), you
must not try to determine what method to call using method resolution order at runtime. Always statically determine
what type you are going to call, and call its t p_new directly, or via type->tp_base->tp_new. If you do not
do this, Python subclasses of your type that also inherit from other Python-defined classes may not work correctly.
(Specifically, you may not be able to create instances of such subclasses without getting a TypeError.)
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We also define an initialization function which accepts arguments to provide initial values for our instance:

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return O;

by filling the tp_init slot.

.tp_init = (initproc) Custom_init,

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

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;

But this would be risky. Our type doesn’t restrict the type of the £irst member, so it could be any kind of object.
It could have a destructor that causes code to be executed that tries to access the £irst 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?

* when we absolutely know that the reference count is greater than 1;

 when we know that deallocation of the object! will neither release the GIL nor cause any calls back into our
type’s code;

* when decrementing a reference count in a tp_dealloc handler on a type which doesn’t support cyclic
garbage collection?.

! This is true when we know that the object is a basic type, like a string or a float.
2 We relied on this in the t p_dealloc handler in this example, because our type doesn’t support garbage collection.
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We want to expose our instance variables as attributes. There are a number of ways to do that. The simplest way is
to define member definitions:

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

bi

and put the definitions in the t p_members slot:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the /2 7 % 4
& 72 section below for details.

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

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

The method is implemented as a C function that takes a Cust om (or Cust om subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as well,
but in this case we don’t take any and don’t need to accept a positional argument tuple or keyword argument dictionary.
This method is equivalent to the Python method:

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

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

Now that we’ve defined the method, we need to create an array of method definitions:

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

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

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom?2 (), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

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

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

1)

2.2.3 Providing finer control over data attributes

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

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

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

} 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("");

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

}

self->number = 0;

3
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,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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;
I
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");

return -1;

QS
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tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0;

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

Py_INCREF (self->1last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
I3
tmp = self->last;
Py_INCREF (value) ;
self->last = value;
Py_DECREF (tmp) ;
return O;

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

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

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

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

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

QS
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

To provide greater control, over the first and last attributes, we’ll use custom getter and setter functions. Here
are the functions for getting and setting the first attribute:

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

Py_INCREF (self->first);

return self->first;

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

(T IU7EED
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Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

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

The setter function is passed the 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.

We create an array of PyGet SetDef structures:

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

bi

and register it in the tp_getset slot:

.tp_getset = Custom_getsetters,

The last item in a PyGet SetDe £ structure is the “closure” mentioned above. In this case, we aren’t using a closure,
so we just pass NULL.

‘We also remove the member definitions for these attributes:

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

bi

We also need to update the tp_init handler to only allow strings® to be passed:

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;

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

Q)

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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}

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

}

return 0;

With these changes, we can assure that the first and 1ast members are never NULL so we can remove checks
for NULL values in almost all cases. This means that most of the Py_XDECREF () calls can be converted to
Py_DECREF () calls. The only place we can’t change these calls is in the tp_dealloc implementation, where
there is the possibility that the initialization of these members failed in tp_new.

‘We also rename the module initialization function and module name in the initialization function, as we did before,
and we add an extra definition to the setup. py file.

2.2.4 Supporting cyclic garbage collection

Python has a cyclic garbage collector (GC) that can identify unneeded objects even when their reference counts are
not zero. This can happen when objects are involved in cycles. For example, consider:

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

In this example, we create a list that contains itself. When we delete it, it still has a reference from itself. Its reference
count doesn’t drop to zero. Fortunately, Python’s cyclic garbage collector will eventually figure out that the list is
garbage and free it.

In the second version of the Custom example, we allowed any kind of object to be stored in the first or last
attributes*. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add
arbitrary attributes. For any of those two reasons, Cust om objects can participate in cycles:

>>> import custom3
>>> class Derived (custom3.Custom): pass

>>> n = Derived()
>>> n.some_attribute = n

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the cyclic
GC, our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

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

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

} CustomObject;

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

Q)

4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary st r subclasses and therefore still create reference
cycles.
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Py_VISIT(self->first);
Py_VISIT (self->last);
return 0O;

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

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 = 0;

}
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;

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

}

if (last) |

Q)
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tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0O;

static PyMemberDef Custom_members|[] = {

{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},

{NULL} /* Sentinel */

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value) ;
Py_CLEAR(self->first);
self->first = value;
return 0;

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

Py_INCREF (self->last);

return self->last;

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

(R
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return 0O;

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

bi

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

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

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

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

QS
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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:

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{
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 0O;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the
traversal method. The visit () function takes as arguments the subobject and the extra argument arg passed to the
traversal method. It returns an integer value that must be returned if it is non-zero.

Python provides a Py_VISIT () macro that automates calling visit functions. With Py_VISIT (), we can mini-
mize the amount of boilerplate in Custom_traverse:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

{Ef#: The tp_traverse implementation must name its arguments exactly visit and arg in order to use
Py_VISIT().

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

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

Notice the use of the Py_CLEAR () macro. It is the recommended and safe way to clear data attributes of arbitrary
types while decrementing their reference counts. If you were to call Py_ XDECREF () instead on the attribute before
setting it to NULL, there is a possibility that the attribute’s destructor would call back into code that reads the attribute
again (especially if there is a reference cycle).
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{Ef#: You could emulate Py_CLEAR () by writing:

PyObject *tmp;

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

Nevertheless, it is much easier and less error-prone to always use Py_CLEAR () when deleting an attribute. Don’t
try to micro-optimize at the expense of robustness!

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

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

Finally, we add the Py_TPFLAGS_HAVE_GC flag to the class flags:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

That’s pretty much it. If we had written custom tp_alloc or tp_free handlers, we’d need to modify them for
cyclic garbage collection. Most extensions will use the versions automatically provided.

2.2.5 Subclassing other types

It is possible to create new extension types that are derived from existing types. It is easiest to inherit from the
built in types, since an extension can easily use the PyTypeObject it needs. It can be difficult to share these
PyTypeObject structures between extension modules.

In this example we will create a SubList type that inherits from the built-in 1ist type. The new type will be
completely compatible with regular lists, but will have an additional increment () method that increases an internal
counter:

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

(N dkse)
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static PyObject *

SubList_increment (SubListObject

{

*self,

self->state++;
return PylLong_FromLong (self->state);

static PyMethodDef SubList_methods[] = {

bi

{"increment", (PyCFunction)

SubList_increment,

PyObject *unused)

METH_NOARGS,

PyDoc_STR("increment state counter")},

{NULL},

static int

SubList_init (SubListObject *self,

{

if (PyList_Type.tp_init ((PyObject *)
return -1;

self->state = 0;

return 0;

static PyTypeObject SubListType = {

bi

PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = "SubList objects",
.tp_basicsize =
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT |
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,

static PyModuleDef sublistmodule = {

bi

PyModuleDef_ HEAD_INIT,
.m_name = "sublist",

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

.m_size = -1,

PyMODINIT_FUNC
PyInit_sublist (void)

{

PyObject *m;

SubListType.tp_base =

if (PyType_Ready (&SubListType)
return NULL;

&PyList_Type;
< 0)

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

Py_INCREF (&SubListType) ;

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

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

sizeof (SubListObject),

Py_TPFLAGS_BASETYPE,

"

(PyObject *) &SubListType) < 0) {

42
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As you can see, the source code closely resembles the Cust om examples in previous sections. We will break down
the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

When a Python objectisa SubLi st instance, its PyObject * pointer can be safely castto both PyListObject
* and SubListObject *:

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

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

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

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

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

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

Py_INCREF (&SubListType) ;

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

return m;

Before calling PyType_Ready (), the type structure must have the t p_base slot filled in. When we are deriving
an existing type, it is not necessary to fill out the tp_alloc slot with PyType_GenericNew () -- the allocation
function from the base type will be inherited.

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic
Custom examples.
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typedef struct _typeobject {
PyObject_VAR_HEAD

const char *tp_name; /* For printing, in format "<module>.<name>"

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
/* Methods to implement standard operations */

destructor tp_dealloc;
Py_ssize_t tp_vectorcall_offset;
getattrfunc tp_getattr;
setattrfunc tp_setattr;

*/

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

or tp_reserved (Python 3) */
reprfunc tp_repr;

/* Method suites for standard classes */

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

/* More standard operations (here for binary compatibility)

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

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

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

const char *tp_doc; /* Documentation string */

/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

*/

Cr

it
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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;
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’const char *tp_name; /* For printing */ ‘
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’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ‘
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’const char *tp_doc; ‘
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destructor tp_dealloc;
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static void
newdatatype_dealloc (newdatatypeobject *obj)
{

(FIEED
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free (obj—>obj_UnderlyingDatatypePtr);
Py_TYPE (obj)-—>tp_free (obj);
}
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static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)-—>tp_free ((PyObject*)self);

{Efft: There are limitations to what you can safely do in a deallocator function. First, if your type supports garbage
collection (using tp_traverse and/or tp_clear), some of the object’s members can have been cleared or
finalized by the time tp_dealloc is called. Second, in tp_dealloc, your object is in an unstable state: its
reference count is equal to zero. Any call to a non-trivial object or API (as in the example above) might end up
calling tp_dealloc again, causing a double free and a crash.
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2.3.2 WRET
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reprfunc tp_repr;
reprfunc tp_str;
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T

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

%%‘&ﬁ?‘éﬁi tp_repr ABIRESY, MEREARIFIRME M tp_name MYFIRIL A AL G HE—F7 R

The tp_str handler is to str () what the tp_repr handler described above is to repr () ; that is, it is called
when Python code calls str () on an instance of your object. Its implementation is very similar to the tp_repr
function, but the resulting string is intended for human consumption. If tp_str is not specified, the tp_repr
handler is used instead.

N AR R BT

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

2.3.3 BHER

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

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

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

/L. */

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

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

Most extension types only use simple attributes. So, what makes the attributes simple? There are only a couple of
conditions that must be met:

1. The name of the attributes must be known when Py Type_Ready () is called.

2. ANTERRREBRICR BV @ A R e, AT AR R IBUERAE
TR, WHRAK @M (B A S3E ] SOR S ) A7 Aty =t A AT BR 1«
When PyType_Ready () is called, it uses three tables referenced by the type object to create descriptors which
are placed in the dictionary of the type object. Each descriptor controls access to one attribute of the instance object.
Each of the tables is optional; if all three are NULL, instances of the type will only have attributes that are inherited

from their base type, and should leave the tp_getattro and tp_setattro fields NULL as well, allowing the
base type to handle attributes.

A object:: AU = A7 B

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.

The second table is used to define attributes which map directly to data stored in the instance. A variety of primitive
C types are supported, and access may be read-only or read-write. The structures in the table are defined as:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The t ype field should contain one of the type codes defined in the st ructmember.h
header; the value will be used to determine how to convert Python values to and from C values. The f1ags field is
used to store flags which control how the attribute can be accessed.

PR R & 58 X AE:file: * structmember.h ’; ‘B4 10T PA{# ] bitwise-OR 2H & .

B 2X
READONLY WA 5

READ_RESTRICTED Not readable in restricted mode.
WRITE_RESTRICTED | Not writable in restricted mode.
RESTRICTED AN AR, WAIE,

An interesting advantage of using the tp_members table to build descriptors that are used at runtime is that any
attribute defined this way can have an associated doc string simply by providing the text in the table. An application
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can use the introspection API to retrieve the descriptor from the class object, and get the doc string usingits ___doc___
attribute.

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

Type-specific Attribute Management

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

The tp_getattr handler is called when the object requires an attribute look-up. It is called in the same situations
where the __getattr__ () method of a class would be called.

it

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

static int

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

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

2.3.4 Object Comparison

richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the
rich comparison methods, like __ 1t__ (), and also called by PyObject_RichCompare () and
PyObject_RichCompareBool ().

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_LTor 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.

Here is a sample implementation, for a datatype that is considered equal if the size of an internal pointer is equal:
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static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

/* code to make sure that both arguments are of type
newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case Py_LT: c = sizel < size2; break;
case Py_LE: c = sizel <= size2; break;
case Py_EQ: c = sizel == size2; break;
case Py_NE: c = sizel != size2; break;
case Py _GT: c = sizel > size2; break;
case Py_GE: c = sizel >= size2; break;

3

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

return result;

2.3.5 Abstract Protocol Support

Python supports a variety of abstract *protocols;’ the specific interfaces provided to use these interfaces are docu-
mented in abstract.

A number of these abstract interfaces were defined early in the development of the Python implementation. In par-
ticular, 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 pro-
tocols 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;

If you wish your object to be able to act like a number, a sequence, or a mapping object, then you place the address of a
structure that implements the C type PyNumberMethods, PySequenceMethods, or PyMappingMethods,
respectively. It is up to you to fill in this structure with appropriate values. You can find examples of the use of each
of these in the Objects directory of the Python source distribution.

hashfunc tp_hash;

This function, if you choose to provide it, should return a hash number for an instance of your data type. Here is a
simple example:

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;

Q)
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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;

This function is called when an instance of your data type is “called”, for example, if obj1 is an instance of your
data type and the Python script contains obj1 ('hello'), the tp_call handler is invoked.

This function takes three arguments:

1. self is the instance of the data type which is the subject of the call. If the callis obj1 ('hello"'), then self
isobjl.
2. args is a tuple containing the arguments to the call. You can use PyArg_ParseTuple () to extract the

arguments.

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.

Here is a toy t p_call implementation:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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_1iter corresponds to the Python __iter__ () method, while tp_iternext corresponds to
the Python __next__ () method.

Any iterable object must implement the tp_1iter 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.

¢ Objects which can only be iterated over once (usually due to side effects of iteration, such as file objects) can
implement tp_1iter 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_1iternext should always set an exception and return NULL.

2.3.6 Weak Reference Support

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).

S

Documentation for the weakre f module.

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

1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The object’s
constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. Setthe tp_weaklistoffset type member to the offset of the aforementioned field in the C object struc-
ture, 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),
bi

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);
/* ... remainder of destruction code omitted for brevity ... */

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

In order to learn how to implement any specific method for your new data type, get the CPyrhon 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;

}

S UL:
"F#k CPython JF{CISRAS.  https://www.python.org/downloads/source/
GitHub |-3% CPython JR{CiZIY) CPython JiiH .  https:/github.com/python/cpython

24 W CIC++ ¥ B

—~ CPython ] C §" &2 — AL (Fli— Linux [/ .so, mi# Windows [ff) .pyd), H&E&GH
—A~ s R F

RTHSA, HZFENAE PYTHONPATH R, HaWA W44 Gy &, @ iE 4y . 4iiH
distutils [, 2 H 34 SOER S04 .

IR AL R E T P AN

PyObject* PyInit_modulename (void)

%R0 ] SERE T IR AL 1 AR, B —> PyModuleDef 5Lffil. £ initializing-modules T ffFEE 24157

XTFAE ASCI 4 ig it 44, BREUL IR PyInit_<modulename> , $f <modulename> i Akt
4% . 240§ f] multi-phase-initialization B, V4 F] 9 ASCII Z5hi% E’J*%ﬁ%@ PUIS TG Ak PR A 24 2
PyInitU_<modulename> , [fij <modulename> F5%L ] Python f] punycode 9t , HEFS 758N T L]
2. 1r Python Hi:

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

A ME— B BU H 2MER, l5d E LEAPIIR R A T A T3 A o B B E E A
ﬁ, DR A SR I A B T SR BRI OB B 7 — A B 2 $ Ak BT, {E PEP 489 1
B2 R

2.41 (&M distutils {932 C #01 C++ '@

PR AT A distutils SR, X2 Python FHFHY. distutils 03 #5a) —db 6, AP g ik asm
distutils B AEL Y e«

—A~ distutils WA T —NRNHA setup.py o XJE4E Python SO, KREHEHMEBMBE R, FHilLk
W
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from distutils.core import setup, Extension

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

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

WL setup.py , MM demo. e, BfTHIT

python setup.py build

X2YEF demo. ¢, RIGTAE— AT BB demo 7EH Sk build B, KT RS, B SCHFS0E
HEATHFRFE U build/1lib. system , ZFA[fERZ demo. so B demo.pyd .

FECMF setup.py B, FPASIER A D setup B xR AR Z [ R R v 24, B
T F 1 R T — 74 FRRITREE R0 TR E THRERIUEE, AREE TENE. EE—
ML EFEL B, WR Python RYJRASEIHL . OB, T4 . 5S4 distutils fY3CRY, 7E distutils-index
KT EHEZ distutils PRFPE; AT AR H BT R 2

HH B S setup (), MBI I A, F a0 b ol F K setup () 11
ext_modules Z¥ & —F| ¥ A, A2 Extension R BlFHmSEBlE LT R
44~ demo , MIEL—IFEE LM E demo . ¢ o

WL, W RAERNL , FHEAIMYTAE B g SCRIPE . 417 )1 s T X2t

from distutils.core import setup, Extension

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

long_description = '''

This is really just a demo package.
LN B |

ext_modules = [modulell])

(I R setup O FEVHIITBIOME S T UL, RIEHERM ARG, PR R, H
AT HUALEIRE X, include FSE, PEESE, FEo MOBUTARIRRS, diswtils SRS AL b B AT
P BIIIAE Unix b, Z55URI0F 5% d &

gcc -DNDEBUG —-g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—~VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

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

BEESATACRS A TR H Y5 distutils ] PR %M (5 distutils SEIERGTE .
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2.4.2 HAIREYY RIRIR

B RO LI, A= 2R E .
R Pl R AR B R, W] DA 2517

’python setup.py install ‘

B AES P N RIS AL BB n] bhs T

’python setup.py sdist ‘

HEERT, FEAERMEMGOROESEIMICE; Xl MANIFEST . in SCHFSEEL, £ manifest
RS .

TSRV R AT R Ntk e i ] AR R R AT . BUR T ERTE, PAR AT —4
A] DA S 5 i BUAT 55

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

2.5 7 Windows t#33& C 1 C++ ¥ J@

X — B LAY T A 4 ] Microsoft Visual C++ 4178 Python (1) Windows " @Ak, 4R )5 FRHL A 26 H
TAENUE ARG 25 B . XS AR R BFiE H T Windows F2)3 2% 2] #4 78 Python §™ DA J Unix #2
J¥ D2 ) QT A BEAE Unix ﬂ] Windows _| 35 68 B4 2 R0

R EAE A distutils Jy SCORA Y AR, TN AT iR e . RIS FH M C 4%
ol A4 Python; 3l # &y Microsoft Visual C++,

i X —FEHE e T 2SR 4nhY Python AN S 1 SCIEAS o X 88044 AR R R XY IIRAS R AR
TS, X R RITE ) Python & AT U ERUCA ST 'Y " KR IA S B, QAR )
& Python 2.2.1, XY ¥k 22,

2.5.1 iEzi5HEA

7t Windows 1 Unix EAGEY EELRAA P 1 distutils MoREHIMEIIRE, SFaT 3
. distutils 7738 GE T REZHE R M distutils MEFIFTOY RAEIAY SO I distutils-index., 41
RARK DRI E TR EF A, IEAWIE—F winsound FrifE PEBTHLK I H SCPF T BE S ARAHE B -

2.5.2 Unix 1 Windows Z gl =%

Unix I Windows X} TAUR A AT ] T 58 AR AE . FERas il E nl sh 8 A i e 2 A,
BT RIR F)?H%I ARG ] TAER

A& Unix 1, R (. so) AR iR R M RO AURD , A SRR 7 T 2 Y R 4
PR - é‘tiﬁ%&’*?ﬁﬁﬂ“ S, O SCPRAURD HR ok 28 e BORI i ) 4 v | AR S A ) A
Hh BRI AE N A BT IBCEL R SE R B . IR BEAS B — R R AR

& Windows H, —ABIASHER A (. d1L) SCPEP oA S5 U o @il — AP AT bR Al gL
PRI P ILAEIEA T DLL AU A eI T HEA B0 B, (UM E 26 M T DLL &4k, IF
HAEIZATI AR R 2B AT [0 R 1 ok RO 5
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£ Unix H, RAFAE—FRZESCIE (L a), BRI AZDXGIT (o) RIS, TEBIEIL X RICE (- so)
MR T B, BERAR T RE S R ILE A ANE AR R 2 E I B S o BEREAR-RFAE AR X G 30
BRE; WRIE T, HHEE SRR BN GO BT AU .

1E Windows 1, FEAEMIREREY, BSEMSARE @ RAHE - 1ib). FSERLT Unix 19 . a 30
BUEHELEN T HOFENARNL . SAREREAR LU il sE s te i e e Al aEm, I BoRE
DLL i st th BT A2)5 oo X AREER 3 o] 1 0k B S AR5 B A R 3 DARE 6 i R (55 7E DLL
HRFRRATF . S4— A AR DLL 9858, mTResAEM— NS AR, R T MRy 5L
DLL H A SR A7 i 13X L4455 1) DLL.

BOARIETE R PRSI E AL B f1 C, BN 4= — U A 7E Unix b, /R RERFA.a
1Lt iR E N B.so fll C.sos %KAEF—%JI BRAFEPIR, XFE B M C X 3iA BN H CHEIA. 75
Windows |+, Zfi¥ A.d1L ¥FFIBTGRIEA. Lib, /R M SR A Lib EREEELSH T BAIC, A.1ib HFAH
R B RO RESITRH T Ui A BAREREE .

1€ Windows I, i S AER SGZMH import spam; EilARW AT spam 4 FR, HIHF A4
B—ANERMEIA . 7E Unix b, 8828 — N EEHBZE from spam import *; EoAlE—HME]A,

2.5.3 DLL gY=cpr{E
Windows i Python & H] Microsoft Visual C++ 2w ; fff F HAthZm %25 /T ieA T T fEA1T ({2 Borland &
IR AT LARY) o X —TT AR TR HOE T MSVC++.

24 7E Windows 114178 DLL B, {ROAGURF pythonXY . 1ib B 45 5EHHs . BL4m1EM 1> DLL, spam £l ni (£
i1 spam HRE|R) C BRED, TRE 24 H DA v

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

BRI T =AY spam. obj spam dll 1 spam.lib. Spam.dll ANELE{F{] Python pR%Y
(Bl PyArg_ParseTuple (), {HEMHM pythonxY. Lib A RAKIE A4 I B HY Python (LA .

’éﬁ*%‘gvﬁJLT ni.dll (PAJ .ob3j il . 1ib), EHGEAMATA spam LA Python R AT F R E Fir
A R

NN R PR S S H B AR E . R AT A (6235 Python) #REER BIMRIMIAR AT,
RE | _declspec (dllexport) , FUUNYE void _declspec (dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H—#f,

Developer Studio R I A K EARH A EIETTEIF AL, AR IATSCHER/NE M 100K, ZHEBEAT,
50 I H 1 B A A RE I R4S E Zes BN . FFIERAN) msvertxx. 1ib MBI FESFEF .
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A E KRN FE RN CPython iZ1THY

A, e S EAE Python RS R4 LN N RE s THY €, 1l & A 6 CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

The previous chapters discussed how to extend Python, that is, how to extend the functionality of Python by attaching
a library of C functions to it. It is also possible to do it the other way around: enrich your C/C++ application by
embedding Python in it. Embedding provides your application with the ability to implement some of the functionality
of your application in Python rather than C or C++. This can be used for many purposes; one example would be to
allow users to tailor the application to their needs by writing some scripts in Python. You can also use it yourself if
some of the functionality can be written in Python more easily.

Embedding Python is similar to extending it, but not quite. The difference is that when you extend Python, the main
program of the application is still the Python interpreter, while if you embed Python, the main program may have
nothing to do with Python --- instead, some parts of the application occasionally call the Python interpreter to run
some Python code.

So if you are embedding Python, you are providing your own main program. One of the things this main program
has to do is initialize the Python interpreter. At the very least, you have to call the function Py_Initialize ().
There are optional calls to pass command line arguments to Python. Then later you can call the interpreter from any
part of the application.

There are several different ways to call the interpreter: you can pass a string containing Python statements to
PyRun_SimpleString (), oryoucan pass a stdio file pointer and a file name (for identification in error messages
only) to PyRun_SimpleFile (). You can also call the lower-level operations described in the previous chapters
to construct and use Python objects.

S

c-api-index The details of Python’s C interface are given in this manual. A great deal of necessary information can
be found here.

57



Extending and Embedding Python, %% 3.9.0

3.1.1 Very High Level Embedding

The simplest form of embedding Python is the use of the very high level interface. This interface is intended to
execute a Python script without needing to interact with the application directly. This can for example be used to
perform some operation on a file.

#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 0;

The Py_SetProgramName () function should be called before Py_Initialize () to inform the interpreter
about paths to Python run-time libraries. Next, the Python interpreter is initialized with Py_Initialize (),
followed by the execution of a hard-coded Python script that prints the date and time. Afterwards, the
Py_FinalizeEx () call shuts the interpreter down, followed by the end of the program. In a real program, you
may want to get the Python script from another source, perhaps a text-editor routine, a file, or a database. Getting
the Python code from a file can better be done by using the PyRun_SimpleFile () function, which saves you
the trouble of allocating memory space and loading the file contents.

3.1.2 Beyond Very High Level Embedding: An overview

The high level interface gives you the ability to execute arbitrary pieces of Python code from your application, but
exchanging data values is quite cumbersome to say the least. If you want that, you should use lower level calls. At the
cost of having to write more C code, you can achieve almost anything.

It should be noted that extending Python and embedding Python is quite the same activity, despite the different intent.
Most topics discussed in the previous chapters are still valid. To show this, consider what the extension code from
Python to C really does:

L. 548 Python Y %(H %] C,
2. Perform a function call to a C routine using the converted values, and
3. Convert the data values from the call from C to Python.
When embedding Python, the interface code does:
1. et C 1y %da{E %) Python,
2. Perform a function call to a Python interface routine using the converted values, and
3. Convert the data values from the call from Python to C.

As you can see, the data conversion steps are simply swapped to accommodate the different direction of the cross-
language transfer. The only difference is the routine that you call between both data conversions. When extending,
you call a C routine, when embedding, you call a Python routine.
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This chapter will not discuss how to convert data from Python to C and vice versa. Also, proper use of references
and dealing with errors is assumed to be understood. Since these aspects do not differ from extending the interpreter,
you can refer to earlier chapters for the required information.

3.1.3 4R\

The first program aims to execute a function in a Python script. Like in the section about the very high level interface,
the Python interpreter does not directly interact with the application (but that will change in the next section).

The code to run a function defined in a Python script is:

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

int

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

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

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

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

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

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

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

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

return 0;

This code loads a Python script using argv [ 1], and calls the function named in argv [2]. Its integer arguments
are the other values of the argv array. If you compile and link this program (let’s call the finished executable call),
and use it to execute a Python script, such as:

def multiply(a,b):
print ("Will compute", a, "times", b)

c =20
for i in range (0, a):
c=c¢c+b

return c

RGN

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

Although the program is quite large for its functionality, most of the code is for data conversion between Python and
C, and for error reporting. The interesting part with respect to embedding Python starts with

Py_Initialize();

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

After initializing the interpreter, the script is loaded using PyImport_Import (). This routine needs a Python
string as its argument, which is constructed using the PyUnicode_FromString () data conversion routine.

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

Once the script is loaded, the name we’re looking for is retrieved using PyObject_GetAttrString (). If the
name exists, and the object returned is callable, you can safely assume that it is a function. The program then proceeds
by constructing a tuple of arguments as normal. The call to the Python function is then made with:
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pValue = PyObject_CallObject (pFunc, pArgs);

Upon return of the function, pvalue is either NULL or it contains a reference to the return value of the function.
Be sure to release the reference after examining the value.

3.1.4 Extending Embedded Python

Until now, the embedded Python interpreter had no access to functionality from the application itself. The Python
API allows this by extending the embedded interpreter. That is, the embedded interpreter gets extended with routines
provided by the application. While it sounds complex, it is not so bad. Simply forget for a while that the application
starts the Python interpreter. Instead, consider the application to be a set of subroutines, and write some glue code
that gives Python access to those routines, just like you would write a normal Python extension. For example:

static int numargs=0;

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

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

bi

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

bi

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

Insert the above code just above the main () function. Also, insert the following two statements before the call to
Py_Initialize():

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

These two lines initialize the numargs variable, and make the emb .numargs () function accessible to the em-
bedded Python interpreter. With these extensions, the Python script can do things like

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

In a real application, the methods will expose an API of the application to Python.
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3.1.5 7£ C++ thigr A\ Python

It is also possible to embed Python in a C++ program; precisely how this is done will depend on the details of the
C++ system used; in general you will need to write the main program in C++, and use the C++ compiler to compile
and link your program. There is no need to recompile Python itself using C++.

3.1.6 7E3k Unix RGpomiFFonsE

It is not necessarily trivial to find the right flags to pass to your compiler (and linker) in order to embed the Python in-
terpreter into your application, particularly because Python needs to load library modules implemented as C dynamic
extensions (. so files) linked against it.

To find out the required compiler and linker flags, you can execute the pythonX. Y-config script which is
generated as part of the installation process (a python3-config script may also be available). This script has
several options, of which the following will be directly useful to you:

* pythonX.Y-config —--cflags will give you the recommended flags when compiling:

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

pythonX.Y-config --1dflags will give you the recommended flags when linking:

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

{Ef#: To avoid confusion between several Python installations (and especially between the system Python and your
own compiled Python), it is recommended that you use the absolute path to pythonX. Y-config, as in the above
example.

If this procedure doesn’t work for you (it is not guaranteed to work for all Unix-like platforms; however, we welcome
bug reports) you will have to read your system’s documentation about dynamic linking and/or examine Python’s
Makefile (use sysconfig.get_makefile_filename () to find its location) and compilation options. In
this case, the sysconfig module is a useful tool to programmatically extract the configuration values that you will
want to combine together. For example:

>>> import sysconfig

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

>>> gysconfig.get_config_var ('LINKFORSHARED")
'-Xlinker -export-dynamic'
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>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
<. ATRAETE:
o A2 AL b ARPRACES AT I BRIARY Python $27RFF, AU6E: ZEbrgAaddl, BO0 - FafF
ZW (B3ES. ks, ES8=E5), s MRz )E.
* Ellipsis NEHFE.
2to3 —>Kf Python 2.x f{A%H%45 A Python 3.x UASHY T H., REASALFEICHS 4310 A AR A R AL 3k g AT AR
AT ) AN AT I A

2t03 WTERRHEREH, B 1ib2to3; Mt —MIMSL AN A Tools/scripts/2to3. &
I, 2to3-reference ,

abstract base class -- fIR M TR KPR ABC, J@Xtduck-typing BI#h 7S, BHEAL T —FpE S O 3%
Fa, M2 FHALR G EU hasattr () B TRMECE HEC R (FlangH EAR5). ABC
SIAT T2, XM IEg& B HAb3S, (HAWIRERY isinstance () Ml issubclass () ik
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp), 807 (FF numbers ) i (FE 1o i), S ABRASFIMESS (F£ importlib. abe
i) o ARATPAE ] abe BHCRAIE H 21 ABC.

annotation -- JEfig CECR| NS R BEM: . REUES SR IMMERIARE, B ENE  ype hint AR .

SRR LA AT R TV, R4t . SRR IR 2 BIER . ARt
B __annotations__ #piRJEMETF.

Z: W variable annotation, function annotation, PEP 484 ] PEP 526, XJUHINEEHH NE .
argument -- S5 7LV BREHE 4 function  (B{method ) WHEH. S35 RWiFh:

o RHEF A TERREOR I P T A AR AT (B0 name=) SUFAE NS TERTTAA ** 15
JRHLAEM A 250K, 3 FI 5 AEPA TR XY complex () B Y@ T Kt 7S

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

s EE A AET RETFSHSEC MESEOTH T SHON RIS AL S8 wia
WA * Witerable RRITTRGAE A . 20IRUL, 3 F1 5 LA M P BT B SEC

complex (3, 5)
complex (* (3, 5))
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awaitable -- A 25 R0 R GETE await FRPHEHXTER . WA coroutine B2 HA __await__ ()
IR . S0, PEP 492,

BDFL “&5{-ZZM#E" W45, HI Guido van Rossum, Python A1) .
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"wb' or "rb+") FTHE M. sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSEHI.,
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AIARXT G (0 HEE T RNAEY) s IR A B T4 4E bytes PAK bytes X4 memoryview,
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coercion -- JFISRIEEHE 60 S AR R 2R B S B RAE T, —FhR AU SE 0 R U 40k o —Fh 2R
B, BN, int (3.15) @XFIETF SR REAEL 3, BAE 3+4.5 1, SRR IR—3 (—4>
J2 int, —A>g float) , PHEWAEARAH R B GEAHM, A IAF5 % TypeError. WEREA
%%%Tﬁﬂ%ﬂ, TP BRI W AR S B — M A R 2R AL, BN S Y float (3) +4.5 1
AN 3+4.5,

complex number -- 525 XL RGP R, Hd g BUEEEER R A SRR A R AL
EECEERCANL (-1 FPPIR) MSEREE, EEAERARE N 1, TR EN 5. Python P&
TXER SR, R TREZEC TG BEEE— 3 B2, Fl 3+15. WARFEZ math Bk
DI GE%F B EZ BOR AR, M cmath, EAEIM & — R R BRI EAE . SRR 1%
HbsE, ZMEATHE IR S T

context manager -- |- FICHPIEY TE with i) P, EdE X __enter_ () fl _exit__ () F¥&
K= HIAFARSHIN G . S0, PEP 343,

context variable -- |- F 305 —FRIEH B LR SCAT ARA AFRIPER B . XRUTFAELR R
PR PATERE T AR A ANFEP AR A, W ETFCEERY, — M Tdfdngis
HZA TR, BT  RE ARSI KRS AR TiEE:. 20 contextvars.

contiguous -- ¥E8; — NEp IR R C #4218 Forran % 5t SW0A R HELEN . F4EZ /2 C Al Fortran
LN . FE—4EB T, Frf 2 B U AE AR TP I AE S HESY SRS LR s =5 0T
TEZ 4k C-IESEA Y, 244 AR HES I B — AR5 V5 A 4% B i fe i . {H2 7E Fortran
LR NE ARG etk

coroutine -- Pt T BIRERYE— BB . IR AT AER — Rt ATFAE S — GBI AT pA
TEVFZ AR EREA L BIAKSE . EATAEE asyne def AR, 2L PEP 492,

coroutine function -- PPpFRERREL 1R [B]—coroutine ST HIREL. IMERERTET asyne def {BA]2RE X,
HA] el await. async for fl async with K@, XE4ERH PEP 492 5] A K.

CPython Python #ifiE = HHITESZI, #F python.org b % 7. "CPython” —ii] [ T b B4 I S B 5
S PLAG14n Jython B IronPython AH X jjl .

decorator -- 2E4MH%Y IR [ R — N EREUI R AL, EEMH ewrapper EVATE AR TREUS e . 20
#RE ILA F4JFE classmethod () fll staticmethod ().

AR U —FEIRNE, DA AR SR S Ese %

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

FUFEBLE WA T, R IFHGER . A7 XGRS T T 5L S S 000
.

descriptor -- ik 3y (FTEXT __get_ (),__set_ () B __delete_ () FERNL. B—1HKE
PRSI, EMEIRE E T S R A R il . EEIE T, B a.b SRR, BE
SMER— AN BT SHE a 2RI AR FRN b XS, (BUR b 22— R, WS TE XY
HTRR R T . BRI A o8 O &2 B IR 2 YR FRAR Python i 5658, [RUORIX B4 2 SRR A BL AT
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B XA L T ERE 25 E, 15257 descriptors BY ffiiA #5708 H 57

dictionary -- ‘y 8t — N SEPELAL, HAP T B BEA ST B A Y A . BT DLRATATHA __hash__ () A0l
__eq__ () HYERXTSR. 7E Perl 155 H#1H hash.

dictionary comprehension -- “y2lLifi: 35X Ab A>T RGBT A B0 43 JT R I R B 45 R L —
MEESY, results = {n: n ** 2 for n in range (10) } HHH—1HEn F{E n **
2 BRSSP FL . Z: I, comprehensions
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FHAE . BN TFIZE DN EISHE, XERE L FHRSER, WEESHHN A, 2
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docstring -- SR AR (098, BB 2 ISR — D Rb U R A7 B P . EAE RS IAT
I 2m, (HoPRERT R BIF A FIESR . sREEREE) __doc__ @tk . T En TN
B PNAE PR R G SR PR LT (o

duck-typing -- 181289 J5—FPgafE KAS , BIFAMKEERE SR SR B0k e K2R/ A I\ D, m
T EEFA SR (CRERGN T, WEREGN T, IRaEERENT.”) BT
SRR O AR E 2R, B R RS AT A R 2 SRR T R G M. Y12 AR g0 (il )
type () B isinstance () ¥ill. ((HEEH NSRRI 0] DUEE A 46 508 % fERAb S, ) SR
Hl hasattr () KSZEAFP %ift.

EAFP KGR ICRIFRTER D) TESCHES . X Fh Python # F AU 2 B RS 2 M5 E T 75 1 Bt sl S A7
T, e E A RIS . DXFR S P KUAS 1 st @ Kz try Al except iB4]. T
AT 2 BT LBYL WA, 35 0T C FiF 2 HAhig & .

expression -- A A A PUK HEFAMERIBE I, Ha)igul, — PN ERBRERTTENFEEE. 4
R BT EEASEREOR LR, EARAH SR ME. S HMES AR, IFE
A G S AR R RR . EA R HER B statement , BN while, WREWEJE TiE4]
[IE|= 525

extension module -- JJEE DA C 5 C++ i S AUFE, f ] Python ) C API K 51E 540 DA AR
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f-string -- f-F4Fp VA £ B0 F BIR I EAT R I EE R e B AR S AR R T
RS, =0 PEP 498,
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SEPR AU Z R BRSO RS TR A = ) S, G =t SO AR R . AR E
SOAE o B, B SO SR HITE 5 U2 open () BRER

file-like object -- SLPEIRRXR file object [F)IF] LiF],

finder -- Ry —Fh 22l AR T AL loader IXTS

M Python 3.3 2 fFAE PP ALAY A R 8% T3k 12 & 4% il A sys.meta_path fififfl, PAKpath eniry
finders Bl & sys .path_hooks ffiff].

LT 5 0 PEP 302, PEP 420 1 PEP 451,
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// 4 2R -3 FIRkGE -2.75 @ TR ARGBIEER . L PEP 238 .

function -- FREL T DAV I35 3R ]SS AMEL — 25 4] o i8] DA AL ABASE 2> 240 HFAE R BUA I T
i . 59 Wparameter, method 1 function 277,

function annotation -- FEchr: B EX B EE 280K [l {E i annotation .
PREFRYE I T £ 2042 7« FInpA T B Z A int SEOFHIER A4 int {H:

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

BRI E B I AR L function —77
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>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L3[Rl FEHOR TR AT A A5 RIS #E . Python &340 5 | AR —A R ke
WANFTREAEER | B PR ER 3 RS R A TR I g o WTRAET T oo Aok fs il 3% [ i 8%
generator -- ZERREY R[] Ngenerator iterator AL, BB RARARGEE R, AHESHET HAHE yield
FERAPAE = E — R VAL for-TEFRAE H B2l next () BRELZE—IRHL.
W R TE A AR, EAEREEE S T T RE 248 AR B E R E . WERFEF LSS L, iF
it FH AR ARE G
generator iterator -- 2l K ESERES generator BB A EIINT A .
BAS yield SIGHFEHSFAEIE, CELHIA BRI TRS (BFE R B AR ry 1547]) . M4i% £
A 2SR BT, B NETFA B RS AT (X5 R IR T e 3 8 eR 4 22 5RO ) -
generator expression -- /B RIE R IR B —MERINFRIEX . EHEREMBGE IR EHHH E X
T— AR W for £A], PAS—DWHEN 1 F4). PURE RIS HINEREAE L
—ZRS{H:

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

generic function -- {Z RIpREL N a4 2 8L SR [R) B AR 19 22 41 eR BB 4 BUEY) R B . 6 T P s 2 pla 9 B2
SRR R A RS S
YWiE 2 Wsingle dispatch RiEFESH . functools.singledispatch () #EMigsA K& PEP 443,

generic type -- {Z IR W DAIE S npe; EENAARBGI 1ist. AJHT R EIZT FlizE.
2 PEP 483 ¢ TN, DL typing St A4 SR T I

GIL #: Wglobal interpreter lock

global interpreter lock - 4 RFEAB CPyihon JRFERITR I FIHLE, TR -hE% U2
FEAE YT Python bytccode, SEAUIILT R FATRBIR (45 dice STapyisn) (b4
(OB 1 T CPython SCAL. 45 LR RE BT LRRE 26 2 Bz 7 8, LR M2
e THEZ AL PEER ER AT
ik, HESCARUE PR B EE =y PR BT AR 5 T N AE AT T B AR BUAT 55 0 4 B A R R
GIL. It4h, 7E4UT VO #1ERHb S 2 2Rk GIL.
B (PARSAIR BB e e 2 Bdi ) “ B A" fRRE S IR AT, X 4
TG A A A PR A PR DL IR BE o R IR Fh P BB R R AR B AR R AR, AT
XEPALED

hash-based pyc -- A& TS A1 pye. (AT 66 7 0T RS 2 R AT R4
. 2 pyc-invalidation.

hashable -- WA — X G2 W A (L Q0 A AR R B N B AN O0AS , SiFR -l TToa A (EREHEE
__hash__ () F¥), HATPAREABS LA (ERERA _eq () H¥E). AIWEARXTSY0
WA ARG A E LR S5 R A AR A
AT A AR AT S RS S B B AR A R T PR A X S 5 A A E N e (L
KA Python Fity R A B R AR AN TRAH (NSIRRTI) AR R
AR (IUTEAA froenset) (AT TTIIE RSN IR R A AT 17 X956
M RBRINR T . BAITERERR—EANHE (BRIERSHCWER), BT AERNE K25
TEMH id ().

IDLE Python f IDE. “SSIF 4% 5% S FR5E" MISE5CHS. 12 Python bRl ST BUFHFH SR 0B 7
R 2.
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immutable -- AR[AE B FEERIR G . AR RO . FARHFDCH . XFERIXTRARERIAL -
R ALITAFAH — DA FRE, WL BTHT X 5. BN TR 2w B A E R 7 B H AR,
BUANAE A~ i i

import path -- S A HZAME (B 2458 ) AMNPNE, SPRIMIpath based finder i A $,
SAHW. TESAR, WAESFEEEKRE sys.path, HXFREARBELATHEREH EHEH
__path__ J@.

importing -- F A 4—MEH ) Python AU AE 73— MEEH ) Python AUAS T 6 A 72 .
importer -- FAZY EHIIBBIRIXTS . WX GBEIE T finder & T loader

interactive -- 28 . Python 747 — B AMRREAR , RIR AT ATEARREAR S /75 e i AT Rk, S Rp
PATHERHLGIR . AFAWSEMIEE) python fiyd (R ATEARIY TS HLIT IR B v e A0
ISR EAT) o RN OB AR B SR DR G B IR X Ay SN AR (A help () ).

interpreted -- fiFFE%! Python — @ MRREALET, SZMMARHIFALET, BRI DO d 1577
TS G i B AP AE T 2 A7 TSR] o 3K R WR A YR S ] DA L B A7 i A 4 2 s B 2 T A T SRz
Fro FPREIE T R B A AE S AR IT AR R Y, HR AR PR iEf e EE. &

Dinteractive.,

interpreter shutdown -- fRFEZT CPH PRI, Python MR &e-RE A —MEFIRIZTT B BOT 2 2R
BUTTH E M BEGTIR, B AR P NS 45 . EIR S BRI A DI 35 . XSl
S ATH AR B 5 | I P A AT o T8 R PP Be AT AR T RE B 2 A A5, RO TR
B BHRCATA R (F RGBT AR s LS5 ) -

FEREAS 5 2R P R A __main_ AEBREETIETT I AR B 58 kAT -

iterable -- nEAUR R AEAS 1B —IR M H AL A TR G2 . WTIAAR R B BT A8 B A e 102628 (Bilan 1ist,
str fil tuple) DAL EEARFHZRAIBIAN dict, ST & PAKE X T __iter_ () H¥EoEsesl
T2 X __getitem () IARIER HE LRMR.

AR T for JEFRLA K2 AT E—DFIIRMTT (2ip O L map () ..)o H{—AH]
BRGNS EALLNERE iter O B, BRREZMGAIENAL . X AEE T E
EAR AR A ARG, REEAF R iter () 80 3 CAHEARXTS
for iR MR A S AL BRAR LA, BIEE— NG H R iy 44 248 5 DORTETR S R R AF ik g . 2

Diterator sequence [)j\ ﬁgenemmro

iterator -- R3S FRF R —IEREIRRAATS . ERRAERIIN _next_ () FE (BFHAELN
HEMRE next () ) RREARERH A 2484 5 T 5] & StopIteration J# . FiX
IR S P BRI AR, REEH L _ next_ () HEHSHIRE| A StopIteration
T, BREUIESE __iter_ () FEHKRBRENZIERZENZH S, HItERL 0 2%
RXFG, g T HAL B S 3E R 6. — A E BN & 2 R EE 5 IR AL
TS . a5 (B0 1ist) FEMRERRMHEAZ A iter () REECETE for MEERH (& IR
SRR AR IE AR . ANARAE R O AR 1 2% A I 2 1R R AE 2 Fi kAt A e gl A R (]
—EREN S, ARG S DR
25 B EF typeiter.

key function -- B pR%L R B FREE PR R 2L, = REWS IR o] T HE R s HEN OB i v R R &, i,
locale.strxfrm() ] HFHEM—FE4E KEHET 2 2 78
Python W5 122 T. HEB o4 FH B sk Bk ¥ Hl e R HEM 84 4 50, P46 min (), max (),

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

FAE— R 2R . B, str.lower () HEF AHIEZA I NEHEF BB R % 5
Ah, R BCR A E T lambda FEEREAIE, Bl lambda r: (r[0], r[2]). i~ operator
PR AL T =AM R A& #8 © attrgetter (). itemgetter () Mlmethodcaller (). HEE
QAT HE R 17 PASRECA 8N FH gt R A s 1

keyword argument -- G355 2 Wargument,

lambda >t flexpression ¥ U4 NIRRT, FRX AR IS POR(E. 4 lambda pEUIN FITA

N lambda [parameters]: expression
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LBYL “JefrF JGBEER” Wi s . XA RS 0 S KRS S AESEA TR 1) B0 4% 2 i e s A i 4 4 8
PEXAE 5 EAFP J7 UG SO EE , R R R AT 1 £ 154
TEZ AR, LBYL XS FE “&F/” M BRI A ZMmS . flan, AR
if key in mapping: return mappinglkey] W REH TIE/EBAEZ )G HAMLFEM mapping
RS IR T key T A o X TR SE AL NS EAFP J7 ORI

list -- §1# Python & (1) —Ffsequence. HIRAAHNFR, (HHEEMITHME S P m s %,
MFF TR RIS I EE R O(1).

list comprehension -- FUFHE S AT 1 6 B A7 S840 TE 2 4 B G T B R
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] KK —
A~ 0 3 255 i NI S HEf R EON B AR E (0x.) 9813, Ho 16 A2 ATRRy, AISRAE g I
range (256) WA TCRA AL,

loader -- JIEZT 7153 MBS L. BELHE L4 K load_module () WYy ¥E. MR EH H —
A finder 128, IS PEP 302, XfT-abstract base class W] Z:Jl, importlib.abc.Loader,

magic method -- FEAR J51: special method f)AEIE =R XA .

mapping -- Wt —Fp SRR R A R OIF SE B T Mapping 3 MutableMapping 52 528 1 ir i E
FERERNS., RN RH T4% dict, collections.defaultdict, collections.
OrderedDict PAM collections.Counter,

meta path finder -- JCRRIERIRES sys.meta_path B R BT IR 8] W finder. TG AR 3 28 Spath entry
finders FFAE KIPAHH A .

5% importlib.abc.MetaPathFinder T fRICIRR Hoas T sSC B ik .

metaclass -- LR —F T AIERRIAE., FE LWERYL . RPMAMELRTN R, JoRATHRZ Bk =4
SHOFRIER NS . IER SN H AT R IS S ER AR BRIASE L. Python 4R3I 2 AATE T
A PABE B8 Lot KRR I FKIEARTREXA TR, HYFE LI, JeZErT e atam m i
RO % . ENCEMTICRBEHDI HE ., gt et mET g, SCsasl, Lk
HAbF2AE55 .
B2 112 I metaclasses.

method -« Jjik 16N HEE IDEAL, WRAER VIO AT, i 2RIt 4
VERHEE —A~argument GRH 440 self). &I function Flinested scope.

method resolution order -- Ji I fFHTIIF 7 VAT I 5 i 70 A 4 i 57 N 48 2R AL 28 B FH Y S8 5 T
WA F Python 2.3 J7 i iy 1 fEH 2.3 i Python f#EHT#R T FHAH & AR -

module - BStk {1 % /2 Python FURH)—FRALSURLT. 4 BH AT AL A0 G4 %5161, 6425 Python
X5 . BERATE i importing $RAFHENEF] Python H
55 Wpackage.

module spec -- BEYRUAE — a4 2], Hop a5 T I AR B A A X A B J& importlib.
machinery.ModuleSpec HJSEH.

MRO Z: iLmethod resolution order ,
mutable -- W[ AR AT ATEI 1d () PREFIEDE OO0 N S HIBUE . 7316 S Wimmutable .

named tuple -- B4 e8] ARif “HAool” ol fI LMo 5 oo, HHHEAH Rl RG]0k sl 4
PRIBHER T B AR S B m] eI A AR

AENERMETAAICH, 04 time. localtime () Mlos.stat () KEREI{E. H—B1T %

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

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

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

True
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HLEAZTCALR N EER (Bl B sl 1) o sk, RS JTdlR il MR E UM tuple 4k
RIS PR Bi O 2Ok ATE . XS AT T95, s [ T) K% collections.
namedtuple () Q. JF—MIrsGL LU IN— T TS SN B AL ST T EsN ik

namespace -- iy 43N] 74 S AE RS BRI . i S 0E R RN ER, B8 SR iRE
A (FEITYEZ W) o finss 25 [l kB 1k 2% i 58k SCRpps Ak . i, %k builtins. open
5 os.open () Wil B R 2SR XA o 144 2 () o B A A S S BB pR A5O3 Bl
et AT 4. i, random.seed () B itertools.islice () XFEEIH T X
R B random 5 itertools FEHL BISZIIRY .

namespace package -- iy #4342 PEP 420 fir5| A1 —F U8 FVE 02 28 package, w44 2504 A]
PAEA SR IR, HAiA T X Sregular package RIF), FREANTEA __init__.py X
B[ % Wmodule,

nested scope -- iREFE I 7E—ANE SGERE NG| HASERE T, Blan, 785 — KAz WE LR EmT DA
5| ATE AR . R REE A IERBAA RS AR RETC . R RS S A2 R T
WEE . 2200, &RAEMZESWERT2RmA%E . #id nonlocal XEFW NIFE
ANINZEVE R

new-style class -- Fi X X} T H @& 8 T A BX LRI W IHFRIE . 765551 Python hit 4%
v, BB AR (1 A Python 3 (4 38 RIGHr Ik, Bl __slots__. #iAFF. FRAEJE M.
__getattribute_ (). EKHEMBSHESE,

object -- X AT HAIRGS (JEMESE) PALTE AT (5¥E) W%dE. object H2 LA new-style class
H e 2 HL 24

package -- {4, —Fh ] & AR B E I AL 5 P ) Python module, MWFEAR Lk, W2 HA __path__
JE ) Python A5,

%2 W regular package Flnamespace package.

parameter -- JE5 funciion (S7¥%) & PSR, BHEE KA DA Z I —Aargument (BEHR:
LIS, 2A40%E). AIMES:

* positional-or-keyword: B BT, 8 — 0 DAER AL F 20 A2 AT DA 5 42 A4
BARSES . EREARES KR, BIANHR foo Al bar:

’def func (foo, bar=None): ... ‘

* positional-only: {URAIE, $8E— A REBEL M EEANSE RAEES Ll T e m e
XS INRFPENZIFEE—A / FFREL, BT posonlyl Hl posonly2:

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

o keyword-only: {{FRIHEETF, 5 —A> HEGHE X BEFEANSE . (URXEFIE S EE 7
BRBUE LTES R & BB TS AL AN AL E TR S ZHi—1 * REX,
BN R kw_onlyl Fl kw_only2:

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

* var-positional: WIAZRE, € AT AR — MEREE R AL E SHA B TS (e A
BZEEZMMESHZ)GE). BMESWEETEES AR = KE L, IR HEE args:

’def func (*args, **kwargs): ... ‘

* var-keyword: WAZ KGR, H55E A DMRIUE R R TS (MIIEHAES S 20 K
RYSHLIG). ZFESEEAEILSAREINS ~* RE 3, BIA LR kwargs.

JEZ Al PARIIN 35 5 AT MG RE SR, tha] DA R el e SR e BRI E -

5% Wargument RiEFEELH . S ESHX P HE ILE S, inspect .Parameter 2%, function
45D\ % PEP 362,

path entry - BAE A 11 import path WRI—ANERMAL L, Stipath based finder IR B P AR
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path entry finder -- ¥4 A A ES AT — 7] 8 I X % ] sys.path_hooks (Bipath entry hook) & [f]
[ finder , RIS RETE L path entry g iFREHL o

5% importlib.abc.PathEntryFinder DA T #BKIEA BRI LIS T

path entry hook -- BFEA LVEy¥ —Fhal 8 05, FER038 AT & 4R e path entry TR LA 1K DL T BE
%[l sys.path_hook ¥R [E]—"path entry finder.

path based finder -- J£ TP FRMIAE IR ES BRAM—Fp Uik 12 &3R5, AIHE—Nimport path AT FATS

path-like object - JEIRRRX R NFE DU REHENN R KEEXNFZT IR — RN EERER str
BH bytes XA, B[ PAR— TP T os.PathLike MPINAIR . — 1 H+F os.PathLike
PR R AT E S os . fspath () RGN str B3 bytes RAEW LM RGEFE; os.
fsdecode () fll os.fsencode () AIHE 5 RIMLRIRAT str B bytes HRBPLIL . XI5 2
i PEP 519 2| A1,

PEP “Python iR U" MHEHHE . —> PEP L@ (it S0, JHKia Python #LIXFRAEMER, 2l
TR~ Python {3tk M Hlk BE Bk BAEE . PEP 1 2448 BORS i 0 F52 A KRS A1 T4 BURF 1 A S FR
ip
PEP [ A i ) RO R U WA OGRS S DR S 15 DA S R b 20U A Python ALV B3R
9SSRI AL . PEP A4S A STUEAEAL X RS IR, IR R R S AT A SOR .

%10 PEP 1.

portion -- 5y 4 BNy 44 23 AL BAAS H SR SCHH R A (BT REAFICT —A> zip SCUE) , Bk X
i, PEP 420,

positional argument -- i & %5 S Wargument.

provisional API -- #5¢ APT ¥ 5¢ APL 2 $545A R HERRTE AR UE P 1Y 1) )5 2 1 PRALE 2 AN I ) SR 2 1
IR Dl E AP ERUCE, HREHMAMC S &, il BB DT B 1 & A A0 B
TN HEAT R G (LR ZEED ) . WAEBOF A X BEREIET - AUE AP N
N RIS FEH ) ™ B BL A P G B 0 BRI AT BB 2o ik AL
B2 X APTSRUL, 15 AR BB il “ SRR 587 —— A A I
R R AT R SE SR B —Fh ] S5 A T R T R
AL B AR SR VAR HE PERF SN BT B, N 2= TR0 MR KR MBSO BRI T . TR L PEP
411,

provisional package -- 8¢ {U, Z: Il provisional API,

Python 3000 Python 3.x A RMMERR (X4 FHERAS 3 1 KA IEEE T R 2B 1) o A
HBAEE N “Py3k”,

Pythonic 35— Lol — B AURD S 25208 T Python 1555 S JH 00 KU FIBES: 1 AS 2 ) i 5
AR AR SE BT . BN, Python [y I A2 B £or TEAIFER A Py — A m] & AU SR
WA TCR . W2 HAE F B XRS5, IR 2428 Python ) AAT I & e 1 — N7t
K

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

TR ¥ B 15735 5 Pythonic (77 4 /& X FEY:

for piece in food:
print (piece)

qualified name -- FUE AR —A-PAUS S0 FRZFR, Tm MBEH )4 R E k8 2t v g A2
BRI YA “BRART, MOEE XL PEP 3155, XFi i EHRI R B2, FREZFRSX 54—
2

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

(P oUgkzh)

7


https://www.python.org/dev/peps/pep-0519
https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-0411
https://www.python.org/dev/peps/pep-3155

Extending and Embedding Python, %% 3.9.0

pass

>>> C._ _qgualname_

L} C L}

>>> C.D.__qgqualname___

'Cc.D'

>>> C.D.meth._qualname_
'C.D.meth'

R TG AR, R IR S AR AR R AR DS A B B A AR, e S A
ACHL, U email .mime. text:

>>> import email.mime.text
>>> email.mime.text._ name_
'email .mime.text'

reference count -- 5[50 X EFE XS 0951 AR . 24— NZ 05 % 2B, Bra B 9 TR
BORERC. 51 IO Python A5 Sk Uil & @ AW LAY, H'E & CPython SEL— D X4EICE . sys
HE LT —A> getrefcount () BREL, R 51TV F B R [MIRFE XTS5 | AL

regular package -- W Ml L5 M package, BIINALEA—4 __init__.py SUFRTHR.
%2 W namespace package.

_slots__ —FEFEIRNFRRY A, il ad FUSE A W] SR LS X SR F RS BRSO MR AT A R ARX A
BIGARGAT, (HRHEN AR, SRl R DRCE DL R R, BUAIRAE 77 1o I AR
e, HEHH PR EKE LS.

sequence -- J5l] —Ffiizerable, T SZFFEAT _ getitem () FRERJ AR ARG | R A TR
Pil), HE X T —NREFIKIER __len_ () k. WEMFHIRAA 1ist, str. tuple
flbytes, ERER dict ¥ HF __getitem_ () Fl_len_ (), HEHINNE T MRS
5, F e AR AL ) immutable BT AEFEEL

collections.abc.Sequence IR ELEN T —NTEEEWED, BIfE __getitem__ ()
_len_ () ZANXEINT count (), index (), __contains__ () fl __reversed_ (). LI
W R AR DARE I register () SRR

set comprehension -- A4 X Ab B —ASALEAR XIS A e B A U BRI IR I 45 AR G — Bk
EY¥E, results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} BN FEFEE
& {'r', 'd'}. & comprehensions,

single dispatch -- Y5}k —Fhgeneric function 73JRIL, HELHEET BASHIZERIREREN -

slice -- Y) )i 5 HAL S T REE sequence [—HR NS . YR 2 Fiatrick @@, & 11+
BRI AE B4 nEiT, il variable_name[1:3:5], H¥EE (Fhn) FRicfENFRHEH
slice X%,

special method -- 8k Ji7k —Fh i1 Python FR=CiE H 1 /73, SR XSRS ZE B B A T4 o A 491 A AH I 45
Lo X HER AR JRECAAUT R4 . Rk ) SCRY 2 0L specialnames

statement -- i&4) EAERTFE (— MU “H7) WAL RN . — BRI DA —expression By AT
B FILEN, FHI if. while 5f for,

text encoding -- SCAZRY TR Unicode P45 ER 4 k45 B ) w245

text file -- SCAR LA —FhERAE LS str MR W file object. 8 H— > LA SO SE i@ 15 18] — AT ) 2717
BRI B s Ak Brext encoding, SUARSCAFR B FALFE PASCAR R ("o 8 'w') FTHF SO,
sys.stdin, sys.stdout PAf io.StringIO HJSEH.

il BFbinary file TRBEGIE 7 %34 & H3CHX 4.

triple-quoted string - =315 FHh BRAM S AMELNGS () HEHIG () TR, EIE
b F 5 A T — 5 | AR AR R A A 2R, (R AT . R RRE AR ER P
B GE SUE [ SRINE 5, I ELAT DA 71T JC i T FEBEAE , 740 SO R R AT
.
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type -- 3% AP > Python X R & FAT AR X SAEA R, BHMAXTRPZEAL, ]
PAVIRIER __class__ J@lk, izELU”type (ob3) KK,

type alias -- JORUHH, —ASFAW[E SR, B ZURHEIRAURIE A5 E PR RAT
RAUNZ VR R i 2 3w o il

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

AT DA A R AT s

Color = tuple[int, int, int]

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

Z W, typing Fl PEP 484 HA A %f I eI 4R o
type hint -- RMIPE5R annotation A5t RN, BREITE S S0R METE & R R 283,

RABRJE T AT, Python AZORFEMHE, (HHATNEESIA AT TR, 7RIk IDE s
Hfrh 4 5 EHA

SRR KRR R RPN T AT typing.get_type_hints () K5, [HEHA
B PA.

ZIL typing fll PEP 484, H At LI RERYLEAR 4 o

universal newllnes - JEIH% A7 — RSO K, AR ?%%‘Klﬂ%ﬂjﬂ TEER bR Unix 1917
LERYE . Windows FJZ5E '\r\n"' DA IHR Macintosh [ 24 5E . Z: I PEP 278 #1 PEP
3116 # bytes .splitlines () THEEZ HEBLA.

variable annotation -- 2 71 i Xj‘ﬂlr R E M annotation.,
TEARE AR RSB PERT, A PTBEHEh R

class C:

field: 'annotation'
A AR E g AR R AR s BIAnPA AR R AU EZ int JERR(A:
count: int = 0

AR AR TEYE LN R RE I annassign —Y
S % function annotation, PEP 484 Fil PEP 526, H.rp3f I FeA A4 R

virtual environment -- JEHIIAEE —FR FHHME PR B 0021 TR R, fi4 Python | PRI IR A 40 %
T+ Python 43 K WA 2 T8 Al — R 58 iz 7THyHAth Python I AR FIIFT A .

HZIL venv,

virtual machine -- JEHIHL — & 5E 4l A B2 LATTHEAL. Python [ ML AT AT 5 g 2R 4 BT A i
W) bytecode.

Zen of Python - Python 2§ 51, Python ity G725, A7 My TR 5 (S MG . A7 HUL K
WA TS AR AT A import this”,
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APPENDIX B

i AA

KSR A reStructured Text JF3CRY, f Sphinx  (—A4~% 12 Python SUR{S ISR NAS) B

ASCRIFIE BT T REER T A5t 4@ th G B 58 i, ORI Python AR By—#f, WERAARS S5k, 15
1% reporting-bugs TAFANT S5 . FATBE G R ) SR !

AR s -
* Fred L. Drake, Jr., @i 7 H T 54 Python SCRYH) T HAE, PAKIRS THE% 21030k
o Docutils #f0) W H, AT reStructuredText LA F1 Docutils Z0/4-E 44
e Fredrik Lundh, Sphinx M ftli[#¥] Alternative Python Reference T H H13%45 TR £ {F-mhAH .

B.1 Python IC#TRiikE

H 24 Python i#i75, Python #3HEEE il Python SCRYA SR A, i Python J5 fUT %A ff) Misc/ACKS X
B T A TR

AT Python 4L X Y5 ARITIHK, Python 44 1 AN H €5 B ST - I AA1T !
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4E 1. H , Guido A1 Python #%.0>J & ] A %% %] BeOpen.com {2 ## T BeOpen PythonLabs [#{BA . [A]4F
+ A, PythonLabs [#] pA\ %% | Digital Creations (¥{ >}y Zope Corporation; [, https://www.zope.org/), 2001 4|
Python # {34 2% (PSF, Ul https://www.python.org/psf/) B, % &% R34 Python AH & H1TH AT
Az dEE FlZH4E . Zope Corporation FFE 2 PSF Rl L5

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RWAE | BB Fh mEE GPL %% 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 GEE | 201 2001 %4 | PSF =y

{Efit: GPL A A EWRE Python #£ GPL R &1 . 5 GPL AJA|, Frf Python ¥ nJEAR SRR A4 K AG R
JaBIIAS, T TR IR T R . GPL )V n]E 45 Python W PAS H B e GPL R A& ff YAk 45
EER; B HENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRERS( LAH &M Python B)RmF0F M

Python A SCRS ) I V7 AT 3BT PSF 4 T #7350

M Python 3.8.6 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

H2e 0 S 7E Python FRAR @ BT AR VAT . XEEVFal S MV Z TR —FF . A Kk
VAT R SEBE 51 48 S RO Fe Ak PR ey 35 TG 5o 33t

C.2.1 FiF PYTHON 3.9.0 iy PSF #FE{HiY

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

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

3.9.0 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 3.9.0 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2020 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.9.0 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 3.9.0 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
3.9.0.

4. PSF is making Python 3.9.0 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.9.0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.0
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.0, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.9.0, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FHF PYTHON 2.0 gy BEOPEN.COM o] {ipiX
BEOPEN PYTHON FFJi4 A M3 &5 1 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

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

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

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

(R
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7.

granted on that web page.

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

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

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

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

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

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

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

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

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

(N oiaRs:)
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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 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ a]Hpix

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.0 DOCU-
MENTATION

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

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

C.3 #Ur R Ha0 3T aIE SIS

A58 Python Z A7 SR I 50 =7 FPFRVF TIOR8, %0 B AN se B BRI R 19
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C.3.1 Mersenne Twister

_random B ET hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html "~ 2 /)

. AT REMA AR e B (750):

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

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

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

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

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

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

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

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

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

C3.2 EfEx

socket B (fi ] getaddrinfo () fl getnameinfo () PREL, XL AL ¥E WIDE I H
/Iwww.wide.ad.jp/) R EESE SC R,

(http:

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

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

modification, are permitted provided that the following conditions

are met:

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

2. Redistributions in binary form must reproduce the above copyright

(FgkzE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

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

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

C.33 RLEEFIRS

asynchat fll asyncore fHE & A R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies FizRal4 DA H:

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

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

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

C.3.5 HiTERR

trace BHALE AT A

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode 5 UUdecode F#k

uu AL DA R

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

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

(CFgkzs)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML & i 2=EAH

xmlrpc.client fEHEE DA FHEH:

The XML-RPC client interface is

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

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

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

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

C.3.8 test_epoll

test_epoll MR F AT AEI:

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
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the following conditions:

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

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

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

C.3.9 Select kqueue

select BERIKT kqueue [ AL AR FHEIH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.

C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [} SipHash24 2 ¥ERISEH . EREPAT
—=
FEH:

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

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

The above copyright notice and this permission notice shall be included in

Q)
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all copies or substantial portions of the Software.
</MIT License>

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

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c XML T CIEF MY dtoa Fil strtod pREL, HIT-KF C 1B F WP BRI FAF R 1 TG
iy David M. Gay 19 [q) 4% SCEFIRAETNSE, %0424 5 m] M http://www.netlib.org/fp/ F#%. 2009 4F 3 H 16 H
For 2R 3 1 J 1 SO B AR BSOBCRIA W] e B

/‘k*‘k*‘k*‘k*********‘k*‘k*********‘k*‘k*********************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

* % o

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

C.3.12 OpenSSL

WARBAERG WA, W hashlib, posix, ssl, crypt Bl ] OpenSSL ke mibEfg. Bboh, EHT
Python [1Y) Windows Fl Mac OS X 424 #%2 )7 1] AE {U3% OpenSSL FER#5 D1, B AYE AL A i T OpenSSL
AER S DL

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.

*

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

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

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

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

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

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

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

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

* % ok X % ok %

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.

Q)

88

Appendix C. FSEFI¥FoliE




Extending and Embedding Python, %47 3.9.0

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

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

the code are not to be removed.

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

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

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

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
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.]
/
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C.3.13 expat

BRIEBEN ——with-system—expat BB THE, T pyexpat AR M5 expat YR DG

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

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

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

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

C.3.14 libffi

BRAEGE ——with-system-1ibffi U THH, I _ctypes ¥ ARt Libffi JAHE DM T

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

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

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

(N gksr)
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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

AR ——with-system—libmpdec Bl E THZEE, &N _decimal FEHERE F A4S libmpdec JE H#2
DUAS R

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N X EH

test f (lib/test/xmltestdata/c14n-20/) H1f{) C14N2.0 X E 2k P+ W3C B https://www.w3.org/TR/
xml-c14n2-testcases/ , HAR$E BSD ¥ A[IF (=42M) %47:

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
”AS 1S” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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JRALBTA © 2001-2020 Python Hffhk4r 2. OR B AT AR

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU
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95



Extending and Embedding Python, %% 3.9.0

96

Appendix D. R



5

EFE
...,63

2to3, 63
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_ future__, 66
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AL E

PYTHONPATH, 53

A

abstract base class —— £ E%,63

annotation -- JEf#, 63

argument -- F#, 63

asynchronous context manager -- 3 %
EFTXEEE, 64

asynchronous generator —-— 354 i %, 64

asynchronous generator iterator —-- =3
P AR R A, 64

asynchronous iterable -- # % ¥ #% X
%, 64

asynchronous iterator -- #FH&RE, 64

attribute -- B4, 64

awaitable —-- F&%#FXT4, 64

B

BDFL, 64

binary file —— Z 3% XfF, 64
bytecode -- F ¥, 64

bytes—-like object —— FHFEXL, 64
C

callback —-- [, 64

C-contiguous, 65
class —— 2,64

class variable —— %4 &, 64
coercion —- HEH| XA H##, 65
complex number —— £ #, 65
context manager —- T X%, 65
context variable —-- FTXZEE,65
contiguous —— #% %, 65

coroutine —- WA, 65

coroutine function -- WA E#, 65
CPython, 65

D

deallocation, object,45

decorator —— ¥, 65

descriptor —— #H®HE, 65

dictionary -- 4,65

dictionary comprehension —- FHIEESRK,
65

dictionary view —-- FHANE, 66
docstring —- XAHIFEHE, 66
duck-typing -- #FEA, 66

E

EAFP, 66
expression —- FKikH, 66
extension module —-- ¥ BH# I, 66

f-string —— f-F/4#, 66

file object -- XHX 4,66
file-like object —-- XHEX %, 66
finalization, of objects,45
finder —— & E, 66

floor division —-— & BB i, 66
Fortran contiguous, 65

function -- E#, 66

function annotation -- EHArIE, 66

G

garbage collection -- % Hik, 67
generator, 67

generator —— 4 &k #, 67

generator expression, 67

generator expression -- 4 gk BERAKR, 67

generator iterator —— A4 R E%RE, 67

generic function -- R A& B, 67

generic type —-- R A KA 67

GIL, 67

global interpreter lock -- 4 fF @B #
8, 67

H

hash-based pyc —-- ET%%HW pyc, 67
hashable —-- HWHF, 67
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IDLE, 67

immutable —- A 7%, 68
import path ——- & AKHR, 68
importer ——- B A#, 68

importing -- & A, 68

interactive -- X &, 68

interpreted -- f@EEA, 68

interpreter shutdown —-- R XM, 68
iterable —— H#&ERX4£, 68

iterator —-- # R %, 68

K

key function -- %%, 68
keyword argument —- X%#FHH, 68

path based finder —- HETEEHNERE 71
path entry —— B#ZAH,70

path entry finder —— BEANDZEHKE, 71
path entry hook -- BEANBHTF,71

path-like object —— BEEXZ,71
PEP, 71
Philbrick, Geoff, 14

portion -- #4771

positional argument —-- L& 5%, 71
provisional API -- # % API,71
provisional package -- #HZE M4, 71

PyArg_ParseTuple (), 12
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch (), 46

PyErr_Restore (), 46
PyInit_modulename (C &#k), 53

L PyObject_CallObject (), 11
Python 3000, 71
lambda, 68 Python #EZEN
LBYL, 69 PEP 1.71
list —— 7%, 69 PEP 238, 66
list comprehension —— F|k#EHFRA, 69 PEP 278’73
loader —-- fu##,69 PEP 302, 66, 69
M PEP 343,65
PEP 362,64,70
magic PEP 411,71
method, 69 PEP 420, 66, 70,71
magic method -- BEAJ %, 69 PEP 442,46
mapping —— B4, 69 PEP 443,67
meta path finder -- TLEAZA&EKE, 69 PEP 451,66
metaclass -- TG, 69 PEP 483,67
method PEP 484,63, 66,73
magic, 69 PEP 489, 10,53
special, 72 PEP 492, 64, 65
method —— ¥, 69 PEP 498,66
method resolution order —- 77‘/2%7]‘)? i PEP 519,71
7, 69 PEP 525, 64
module —— 3, 69 PEP 526, 63,73
module spec -- HEHHH, 69 PEP 3116, 73
MRO, 69 PEP 3155,71
mutable —-- T 7%, 69 Pythonic, 71
PYTHONPATH, 53
N
named tuple —- B4 T4, 69 Q
namespace —— w4 %, 70 qualified name -- fR=Z &, 71
namespace package -- W& %4, 70
nested scope —-— ﬁufzéﬁlﬁ}ﬂﬁ’ 70 R
new-style class —— # XX, 70 READ_RESTRICTED, 48
O READONLY, 48
reference count —-- B|fit#k, 72
object regular package —— H#Aa,72
deallocation, 45 repr
finalization, 45 [FIE & %, 46
object -- Xt%,70 RESTRICTED, 48
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package —- 4,70 sequence —- JF%,72
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single dispatch —-- B4k, 72
slice —— Y 5,72
special

method, 72
special method —-- 4% F ik, 72
statement —- iEA4],72
string

object representation,46

T

text encoding —- X AR, 72
text file —— XAXH,72

triple-quoted string -- Z§|E5ZHH,72
type —— £A,73
type alias —- %(#&j| 4,73
type hint -- XA, 73
universal newlines —- #/JA#4T,73
V
variable annotation -- FTEF#,73
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repr, 46
virtual environment -- E#IFIE, 73
virtual machine -- E#HL, 73
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